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QUALI TY I N CDVA SYSTEM BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NV tf¥m4
The present invention relates generally to a nethod and an appar at us

measur enent of communication quality in a 1o nobile conmunication system
using a CDVA cellular system Mre particularly, the invention relates to a
nmet hod and an apparatus for nmeasuring desired signal power, interference
signal power, SIR and propagation pat@s between transmtter and receiver,
as connunlcatlon quality. Also the |nvent|on relates to a nethod 1s and a
syst em f orARIRPAR A iD I'F . ME 47 o

conmuni cati on quallty u3|ng channel s spread by relatlvely Iong known
spreadi ng code constantly tQHA&KTY oINHGDMANGYGTIM base stations. 20
DESCRI PTI ON OF THE RELATED ART In CDVA cellular system it is required to
detect a synchronization chip timng of a channel to neasure, nanely a
reception chip timng in conventional neasurenent of 25 comruni cation

qual ity (propagati on chaBACKEROINE O THE JWOMENTBEONnoted that the
reception chip timng is premsed to match with a position of a path
betiween transmtter and receiver in tine effective for conmunicati on.
Next, for setting a -60CT2004 2 correlation detector called as finger for
the reception chip tiningHELRePFVITHE sl N EBNIEEON si gnal vector in the
reception

The present invention relates generally to a method and
an apparatus for measurement of communication quality in a
10 mobile communication system using a CDMA cellular system. More
particularly, the invention relates to a method and an apparatus
for measuring desired signal power, interference signal power,
SIR and propagation paths between transmitter and receiver, as
communication quality. Also the invention relates to a method
15 and a system for detection of synchronization suitable for
measuring communication quality using channels spread by
relatively long known spreading code constantly transmitted by

installed base stations.

20 DESCRIPTION OF THE RELATED ART

In CDMA cellular system, it is required to detect a
synchronization chip timing of a channel to measure, namely a
reception chip timing in conventional measurement of

25 communication quality (propagation characteristics). It
should 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 communication. Next, for setting a



chip timng froma correlation value. Fig. 1 shows a process for deriving a
desired signal power 5 and an interference signal power. The si gnal_g%(tt[%
set forth above is a sumof the desired signal and the interference 04
signal. Therefore, a received signal vector obtained within a certain
given period (normally about 3 to 5 synbols) is sutmed and averaged to

t ake obtained vector as a desired signal vector. 10 The desired signal

power is derived as a power of the desi,red signal vector- The interference
signal vector is derived from a_variance of the received signal vector
with t SRIAG iHel aspd@ctayanrliestt @s dsingeer £de. ther vecemd ign pChémgt h
to be used in correlation is referred to as one synbol. 15 Effective paths
bet weefi R HAE deBhYiRGc§ FECHIE8ENEIINGL MRRECFhiBe thE TEELPRLAY in
urban area in general (here, <chip rate is_about 4 Mps) . Accordingly, in
order €8igbttaiMiRGefT@Esid LOETGAYT iSTeYE1Re interference signal power
and SIR for _all of the effective paths, caqrrespondi ng nunber of _fingers

are 20 requfidd {o5BeWAoR Ié?@%%??v@?’rcﬂef:ﬁé”&%@r dﬁé"ﬁ({?@é’c’t%‘?aév%‘?‘g&irng
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averaged to take 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 correlation is referred to as one symbol.
15 Effective paths between transmitter and receiver presents
in about three to five paths in urban area in general (here,
chip rate is about 4 Mcps). Accordingly, in order to obtain the
desired signal power, the interference signal power and SIR for
all of the effective paths, corresponding numbér 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,



I s added and subtracted by preceding and follow ng synbols to separate
into received signal vector per each transm ssion antenna. Next, the CT 2004
desired signal power and the interference 5 signal power are derived ﬁ
perform ng the foregoing calculation per each received signal vector. By
conbining the desired signal power and the interference signal power
obt ai ned for each transm ssion antenna, the desired signal power and the
i nterference signal power upon use of-the transmt diversity 10 is

nal vectar_ .for
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a nobi e measurenent vehicle™for measuring comrmunication 25 quality while
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each path according to novenent of the nobile neasurenent vehicle.
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constantly - 6 0 C T 2004 - 4
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 at every two symbol
period. Accordingly, number of samples to be used in averaging,
namely number of received signal vectors, becomes smaller in

15 comparison with the case where the transmit diversity is not
applied, to degrade measurement precision for each transmission
antenna. When number of samples 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



performed and position of the finger has to be updated. Wen updating

speed is lowrelative to novenent of the path, the reception chip tigm@gzm4
and path position can be offset. Therefore, obtained nmeasured val ue cannot
be correct. 5 As a nmethod for detection of synchronization chip timng,
nanely a nethod that the nobil e equi pnent detects of synchronization with
the connecting base station at a preceding stage to perform neasurenent of
comuni cation quality, so- called 3-stap-cell search nmethod is used in a
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scranbling code), the 3-step cell search rfethod cannot be effective
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whi ch CPICH of the base station as object for neasurenment is spread.
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called 3-step cell search method is used in a wide band CDMA

10 (hereinafter referred to as W-CDMA) cellular system. More
particularly, so-called 3-step cell search method is a method
performing detection of synchronization using three channels
of PSCH (Primary Synchronization CHannel), SSCH (Secondary
Synchronization CHannel), CPICH (Common Pilot CHannel)

15 transmitted from the base station. A cause why three channels
are used by the 3-step cell search method is that the code of
the channel transmitted from the 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, detecticn of synchronization may be performed by using

25 only scramblingcode, inwhich 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



- 5 immediately after detection of synchronization and when the
synchroni zation chip timng may be determned with a certain range,-60(T 2004
conpl ete synchroni zation detection is not required. Furthernore, it is
possi ble to perform neasurenent of a service 5 area by installing pseudo
base station in advance of actual installation of the base station. In
such case, it is not efficient to transmt three channels correspondi ng
PSCH, SSCH and CPICH by the pseudo bage station for neasurenent. By the
conventional nethod, for measuring comunication 1o quality (propagation
char aciomestiialeg Lyt afit@r pletestomn abrsenghironidaietenr angalwhaen athe
fingers are provided in nunber corresponding to nunber of the paths, and
i nst al FYNCHT Pvizatden sthimachinipge My deepiebaradined iwd hl) ahaentabe
certainly matched with the position of the path. Also, it is not efficient
15 f or T@bss.r FAPPL6HE (SHChBPnAGAIcronf dehfpltdomns safbl Heguinedrval
upon deriving the desired signal power, the interference signal power in
each rBEgthegmeRep iFdfPogrivhe bPHRPTRORE MeaSPIaRantigt @ SATVHCEhat
nunber of sanples and_sanpling interval are different depending upon_ 20
whet hePTeAakSH 1n8tFdlding PSedppl DaFrshat iopudthadprace f metual
convent i onal, .met hod, 0 erform detectjon of synchronization of the
channefPE& - Heh8t é’%,ot DREP &r{%&l‘?‘ﬁan IheSURBNEASG 0 bE ASadifted is
requireg t.o . be i e&%icient. SUMVARY OF THE | NVENTI ON. The e
| Pvent FEA S hchO vbF RBRTG HErOBrBHE L5e EOrRERRGT 488 PECH, BSCH
and CPICH by the pseudo base station for measurement.

By the conventional method, for measuring communication

10 quality (propagation characteristics) at high precision,
correlation detectors called as fingers are provided in number
corresponding to number of the paths, and installation position
of each finger (reception chip timing) has to be certainly
matched with the position of the path. Also, it is not efficient

1s for constraint condition for number of samples and sampling
interval upon deriving the desired signal power, the
interference signal power in each reception chip timing.

On the other hand, it is not efficient in that number of
samples and sampling interval are different depending upon

20 whether transmit diversity is applied or not.

Furthermore, in the conventional method, upon performing
detection of synchronization of the channel to be measured,
channel other than the channel to be measured is required to
be inefficient.

25

SUMMARY OF THE INVENTION

The present invention has been worked out the problems set



6 .. forth above. It is therefore an object of the present invention is to
provi de a communi cation quality nmeasuring nmethod and an apparatus for
measur enent of communi cation quality (propagation characteristics)ﬂﬁ&ﬂ12%4
hi gh precision and high efficiency by 5 taking all chip timng in a range
set at a reception chip timng detected in a prelimnary step of
measurenent, and generating two tinme series having several period of tine
difference from a received signal vec¢éor of the same chip timng obtained

Wi thi neoatREAHAVR .01 Y8Ni ReFh@fe £52 R0 BB R 8¢t tAE HHESRNAS eRkvd i £8hI ON
Is to provide a synchronization detecting nethod and apparatus which can

per f or pydebegtbol o & WHh@eRi 2alith f@halBasuU @R Ir hghh8t hoxestla Ahgh
precision and high reliability. A further object of the present invention

to proypfgratuProyibasiireaidon odeteminiic ¢t hod @«Mliﬂﬁ?ﬁ( %&:bi}d@ﬁﬁ.ﬂo_ﬁan
perform detection of synchronization for neasurenent at hig speed, high

preci stparapd dvioht 1 €5l aliitiH Ynwgih| pridaisibh adidveisgh YeEF idiidhed. biyn
order to acconplish the above-nentioned object, 20 according to the 1st
i neent£@Ring &0MMuAligatisingudnl Ayrameas geithg tnathedepit idVisitieh Itiming
system detecting a reception chip timng of a channel to be neasured and
nmeasurdefectednin @Gtgml imahakry, stemwres ascaturensait esagdngeata gt hgp
of generating two series of data consisted of a tinme series data 25 of a
det ect tdovhlime zediesimeving esveatal deéryed bdr tomes diwbfegerpe ef rom
periods, with respect to the reception chip timng where the detected

val ue bevmreivelesignel wactior o&l theashane chép toning phitegnedarithin

matrix of the two series data generated
a certain given period.

10 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 reliability.

A further object of the present invention to provide a

15 synchronization detecting method and apparatus which can
perform detection of synchronization for measurement at high
speed, high precision and high reliability while transmit
diversity is applied.

In order to accomplish the above-mentioned object,

20 according to the l1lst invention, a communication gquality
measuring method in CDMA cellular system detecting a reception
chip timing of a channel to be measured and measuring
communication quality, 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 timing where
the detected value becomes the same; matrix calculation step

of deriving covariant matrix of the two series data generated



-6 OCT 2004 - 7 in the tinme series generating step; first power
calculating step of deriving a desired signal power and an interfere%llcoetI 2004

signal power in the reception chip timng from ei genval ues of the
covariant matrix; and SIR calculating step deriving a SIR at s the
reception chip timng fromthe desired signal power and the interference
signal power. Wth this nethod, the desired signal power, the interference
signal power and SIR can be neasured - without restriction of sanple nunber
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a SIRat the reception chip timng fromthe desired Ssignal power and the
series.

10 According to the 2nd invention, a communication quality
measuring method in CDMA cellular system detecting a reception
chip timing of a channel to be measured and measuring
communication quality, comprising: time series generating step
of generating two series of data consisted of a time series data

15 of a detected value and a time series data delayed for one, two
or more periods, with respect to the reception chip timing where
the detected value becomes the same; adding step of deriving
an add vector from addition of received signal vector between
two points close in reception timing when the two series data

20 generated in the time series generating step becomes a
particular correlation value; subtracting step of deriving a
difference vector from a difference of received signal vectors
between two points close in reception timing; second power
calculation step of deriving a desired signal power and an

25 interference signal power by averaging the add vectors and the
difference vectors; and SIR calculating step deriving a SIR at
the reception chip timing from the desired signal power and the

interference signal power. With thismethod, the desired signal



interference signal power. Wth this nmethod, the desired signal - 6 0 CT
2004 - 8 power, the interference signal power and SIR can be sinply-&fdT 2004
preci sely nmeasured without restriction of sanple nunber and sanpling
interval in series. According to the 3rd invention, in the 1st and 2nd

I nvention, 5 a communication quality nmeasuring nmethod in CDVA cel |l ul ar
system further conprises third power calculation step of deriving an

aver aged desired signal power and an-a¥eraged interference signal power by
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channel s are per I me divislon I generating two series
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th invention, 1n I nvention, a ~20 conmuni cation quality measuring

met hod;hgtﬁ,@%c%ﬂﬁiééssxati% gotrd PeEateid5esn f 98 phoBowRr-iGA ey 8hi on
step o eriving an averaged desired signal power and an averaged

i nterfgyeragedi &@@ix@w@i@aavgba@ﬂga@d ghMeaviefdgsldf i areidteEesieed
signal power and the interference signal power obtained in the first 25

power sabgallapowe s e paitt riaeagndveewRyimalicllaayiee s peiddErom the SIR
calculation step, the SIRis derived fromthe averaged
desired signal power and the interference signal power obtained
10 in a first power calculation step and the second power
calculation step, and in the SIR calculation step, the SIR is
derived from the averaged desired signal power and the averaged
interference signal power.
According to the 4th invention, in the 1st and 2nd invention,
15 when the channel to be measured is plural and only one correlation
detector is useful, correlation detection of a plurality of
channels are performed in time 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 communication 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
25 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



desired signal power and the averaged interference signal power. According
to the 6th invention, in the 3rd invention, when -6 OCT 2004 - 9 thes (T 2004
channel to be neasured 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 SIR5 calculation step, the SIR of a plurality of
channels are derived in tinme divisiong ﬁmcording to the 7th invention in
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According . . ventlon a comunication quality 20 neasuring
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system further comprises 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 other hand, when all chip timing
in the measurement window including the detected reception chip
timing are taken as object for measurement, effective path can
be derived from the value of SIR of each chip.
According to the 8th invention, a communication quality
20 measuring apparatus in CDMA cellular system detecting a
reception chip timing of a channel to be measured and measuxring
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



where the detected val ue becones the sane; matrix calculation neans for
deriving covariant matrix of the two series data generated in the t4i§@(T 2004
series generating neans; first power -6 OCT 2004 - 10 cal cul ati ng nmeans for
deriving a desired signal power and an interference signal power in the
reception chip timng from eigenvalues of the covariant matrix; and SIR
cal culating neans deriving a SIR at the reception chip timng fromthe
desired 5 signal power and the interfgpence signal power. Wth this

thod, the_desired si I ,.the interfer [ SIR
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po

i nterference signa Wer by averaging the add vectors and the
According to the 9th invention, a communication quality

10 measuring apparatus in CDMA cellular system detecting a
reception chip timing of a channel to be measured and measuring
communication quality, comprises: 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,

15 two or more periods, with respect to the reception chip timing
where the detected value becomes the same; adding means for
deriving an add vector from addition of received signal vector
between two points close in reception timing when the 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 difference 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



25 difference vectors; and SIR cal cul ating neans deriving a SIR at the
reception chip timng fromthe desired signal power and the i nterfe_rgﬁgﬁ
signal power. Wth this nmethod, the desired signal power, the interf i
signal power and SIR can be sinply - 6 OCT 2004 - 11 and precisely
measured wi thout restriction of sanple nunber and sanpling interval in
series. According to the 10th invention, in 8h or 9th invention, the
comuni cation quality nmeasuring appargtus in CDVA cellular 5 system
further conprises third power cal cul ation neans for deriving an averaged
desi r eandi pacipedar mgas uiedvdrtdyedt yesbrictdedeodi §aap lpmammpgr and
perform ng averaging in_a given period fromthe desired signal power and

t he i nsampdiscelntghvpl goweteBbeadi-ned in the first power cal cul ation
means and a second io power calculation means. According to the 11th
invention, iAc@eRddnPLR theehlitdh invgitniene thdhhkICr bl hp¥emteons
plural and only one correlation detector is useful, the tine series

gener athagcagnis igst el quablivenageldrddyd PPt yhar pBviePMangedda1 b@&r age
interference is signal power in time division, and the SIR cal cul ation
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According to the 12th invention, in_the 11th invention, the conmunication
qual i t YeRRYIRY R apParaced ideehhRdc ShInk PQV@Feﬁ‘\%r‘i“ﬁe?"@&?ﬁﬂ‘?ges
fourth power_ cal cul atiign g:eans for, 20 d%rivin an aver aged desired. signal
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power obtained in the first power calculation means and a second
10 power calculation means.

According to the 11th invention, in 8th or 9th invention,
whenthechanneltobeneasuredispluralandonlyonecorrélation
detector is useful, the time series generating means derives
the averaged desired signal power and the average interference

15 signal power in time division, and the SIR calculation means
derives the SIR of a plurality of channels in time division.

According to the 12th invention, in the 11lth invention,
the communication quality measuring apparatus in CDMA cellular
system further comprises fourth power calculation means for

20 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 power calculation means and a second power
calculation means.

25 According to the 13th invention, in the 10th invention,
the communication quality measuring apparatus in CDMA cellular
system comprises third power calculation means foxr deriving an

averaged desired signal power and an averaged interference



cal cul ati on neans. 25 According to the 13th invention, in the 10th

I nvention, the conmmunication quality neasuring apparatus in CDVA celgﬂfqmm
system conprises third power cal cul ati on neans for deriving an averg eJ
desired signal power and an averaged interference - 6 0 CT 2004 - 12

si gnal power by perform ng averaging in a given period fromthe desired
signal power and the interference signal power obtained in a first power
cal cul ati on neans and the second powerixcal cul ati on neans. 5 According to
the 14th invention, the co ni,cation quality, nmeasuring apparatus in CDVA
cel | Ul BRIk AGH (e DCHPFTLES AT GLAT Gh R B Lol T §PRgL BSt hs
bet ween transmtter and recei¥ﬁgltq be ef.fective for onnunic%h{on.franla
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construyction,, judgnent can be done easily whether_the reception_ chip
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SIR obtained in the SIR calculation means. With this

10 construction, judgment can be done easily whether 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

15 for measurement, effective paths can be derived from the value
of SIR of each 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 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

25 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



spreadi ng the channel to be neasured; delay step of delaying one of
received series detected in the correlation detection 25 step for omnef 0CW3004
or nore synbol period within a range where nmutual correl ati on between
transm ssion synbol series is 1 and influence of a propagation path can be
regarded as the sane; vector calculation step of calculating difference
vector and -6 OCT 2004 - 13 add vector fromdifference value and add val ue
of respective received signal vectors;of the sane reception chip timng in
t he other received series detected by the correl ation detection step and
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quality calculation step of calculating a desired signal power, an )
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Spreadh@%fgyiﬁg@nﬂfkhin a range where the correlation between the
10 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 1l6th invention, a communication quality
15 measuring method detecting reception chip timing of channel to
be measured repeatedly transmitted transmission symbol series
of respectively different known pattern using common spreading
code from different antennas upon use of transmit diversity 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 wvector and

add vector from difference value and add value of respective



to be neasured; delay step of delaying one of received series detected in
the correlation detection step for one, two or nore synbol period wjéﬂtr @4
range where nutual correlation between 25 transm ssion synbol series ﬂ
different antennas is 1 and influence of a propagation path can be

regarded as the sane; vector calculation step of calculating difference
vector and add vector fromdifference value and add val ue of respective -

6 OCT 2004 - 14 received signal vectars-of the same reception chip timng

in the other received series detected by the correlation detecti.on step
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correlation be n nsm ssion synbol series is smaller e.
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conmmuni cation quality measuring apparatus further conprises
measured and applying the transmit diversity, can be measured
10 precisely and easily.

According to the 17th invention, in the 15th invention,
the communication quality measuring apparatus further comprises
vector selection step of selecting only result of calculation
at the same reception chip timing of received symbol matching

15 respective transmission symbols of the different antenna among
difference vector and add vector calculated in the vector
calculation step when a mutual correlation between transmission
symbol series is smaller than one.

According to the 18th invention, in the 1l6th invention,

20 the communication quality measuring apparatus further comprises
vector selection step of selecting only result of calculation
at the same reception chip timing of received symbol matching
respective transmission symbols of the different antenna among
difference vector and add vector calculated in the wvector

25 calculation step when a mutual correlation between transmission
symbol series in the different antenna is smaller than one.

According to the 19th invention, a communication quality

measuring apparatus detecting reception chip timing of channel



vector selection step of selecting only result of calculation at the sane
reception chip timng of received synbol matching respective transm'&s@boi’hm
synbol s of the different antenna anong difference vector and add ve
calculated in the vector 25 calcul ation step when a nmutual correlation

bet ween transm ssion synbol series in the different antenna is smaller
than one. According to the 19th invention, a comrunication quality
measuring apparatus detecting receptiog chip timng of channel - 6 0 CT
2004 - 15 to be nmeasured repeatedly transmtted a transm ssion synbol

seri estef bg lRARLESE: dapeatepiyt SMantgnhbhedr éndrkansmisshami eabedt
quality, conprises: correlation detection neans for performng correlation
det ect B8FigS ek e vEROsIyRALHSFRg a0 d RYFECEWANGE P eBEPAGNhePEhannel to
be measured; delay nmeans_ for del aying one of received series detected in
the cofPEVEIigiat Yenedindd tot e P AT HRBS t GOTAC FbE 20BYABSP IS IRDAGRREI n a
range where nutual correlation between transm ssion synbol series is 1
and i nfPFeReE TRATRIRFBAFHEIGH: 1R e hRChd e ¢dr FRF 2L VEHe SIS ¥Rt or
cal cul ati on neans for cal cul atifgg difference vector and add vector from
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a rangg \é@ﬁ‘{ eiﬁ@fu&ﬁ(:reeloaéiEPerSb%%'{ion path can be regarded as the

10 same; vector calculation means for calculating difference

vector and add vector from difference value and add value of
respective received signal vectors of the same reception chip
timing in the other received series detected by the correlation
detection step and the received series‘ provided delay in the
15 delay step: and communication quality calculation means for
calculating a desired signal power, an interference signal power
and SIR from the difference vector and the add vector calculated
in the vector calculation step. With this method, by providing
a time difference within a range where the correlation between
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 communication quality
25 measuring apparatus detecting reception chip timing of channel
to be measured repeatedly transmitted transmission symbol
series of respectively different known pattern using common

spreading code from different antennas upon use of transmit



20 the transm ssion synbol series is 1 and influence of the propagation
path can be regarded as the sanme, the desired signal power, the -§0C7T 2004
i nterference signal power and SIR can be sinply and precisely nmeasured.
According to the 20th invention, a comunication quality 25 nmeasuring
apparatus detecting reception chip timng of channel to be neasured
repeatedly transmtted transm ssion synbol series of respectively

di fferent known pattern using common- ispfeadi ng code fromdifferent
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detection step and the received series provided delay in the delay step;
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signal power, an interference signal power and SIR fromthe difference
vect or digfe ddret addtaenaerisal cahatiadfinehbe w€cagyrophgaltdtaropatitegcan Wt h
this method, the desired signal power, the interference
be regarded as 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 provided delay in the delay step; and communication
15 calculationqualitymeans for calculating a desired signal power,
an interference signal power and SIR from the difference vector
and the add vector calculated in the vector calculation step.
With this method, the desired signal power, the interference
signal power and SIR can be measured more precisely. With this
20 method, the desired signal power, the interference signal power
and SIR of the channel to be measured and applying the transmit
diversity, can be measured precisely and easily.
According to the 21st invention, in the 19th invention,
the communication quality measuring apparatus further comprises
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



signal power and SIR can be nmeasured nore precisely. Wth this 20 net hod,

the desired signal power, the interference signal power and SIR of thd(T 2004

channel to be neasured and applying the transmt diversity, can be
measured precisely and easily. According to the 21st invention, in the 19th
I nvention, the communication quality neasuring apparatus further conprises
25 vector selection neans for selecting only result of calculation at the
same reception chip timng of receivedrssynbol matching respective
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SIR can be neasured nore precisely. Wth this 15 construction, the desired
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precisely. According to the 23rd invention, for measuring
respective transmission symbols of the different antenna among
10 difference vector and add vector calculated in the vector
calculation step when a mutual correlation between transmission
symbol series in the different antenna is smaller thanone. With
this construction, the desired signal power, the interference
signal power and SIR can be measured more precisely. With this
15 construction, the desired signal power, the interference signal
power and SIR can be measured more precisely.

According to the 23rd invention, for measuring
communication gquality 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

25 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



comuni cation quality in a nobile receiving station in a nobile

communi cati on system enpl oying a COVA cel lul ar system using 20 cha éﬂ
spread with spreadi ng code and constantly transmtted froma base'g? ﬁlﬂ%
a synchroni zati on detecting nmethod in COMA cellular system conprises the
step of: in the nobile receiving station, determ ning a synchronization
chip timng of a channel to be neasured by detecting partial correlation
val ue between 25 spreading code to be mgeasured and a received signal. Wth
this npethod,, since the partial correlation value is derived between the
spr eadiB§eESdEDf the channel to be measured and the received signal
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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 value derived

15 by averaging of detected plurality of partial correlation values
in the averaging period by detecting the partial detection
values per set sampling period.

According to the 26th invention, in the 25th invention,
upon averaging process of the detected plurality of partial

20 correlation values, the synchronization chip timing of the
channel to be measured is determined using an averaged value
by preliminarily calculating the averaged value by power
averaging process or vector averaging process.

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

25 the synchronization chip timing of the channel to be measured
is determined by enabling setting of process of the averaging
process for a plurality of times and using the averaged value

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



val ues per set sanpling period. According to the 26th invention, in the
25th invention, upon averaging process of the detected plurality of 6 0CT 2004
partial 20 correlation values, the synchronization chip timng of the
channel to be neasured is determ ned using an averaged val ue by
prelimnarily cal culating the averaged val ue by power averagi ng process or
vector averagi ng process. According to the 27th invention, in the 26th
i nvention, 25 the synchronization chihp timng of the channel to be
measured is determ ned by enabling setting of process of the averaging
proceser f diffegantal avgragimagee thadudimF£arh BFOCEFR- val ue derived by a
plurality of tinmes of averaging process by the same - 6 0 C T 2004 - 19 or
di fferent aAPegradngetifodie 2&3‘3% nver§donac dhiisters herestprming
i nvention, the steps of ﬁerfonntng synchroni zation chip timng detection
pr ocesSYREhIQNGH 2@kl pRyChép LN RAYERTREET PTAGL IR OF 23P4UFG ik K,
and making judgnment 5 whether synchraonjzation _chi tining Qf a.channel to
be mosRENAHIes 9.5 8eEANES SPAREPTE PRo? 4RO Alddl v AMGLTBK T2 I HAEME Y tof
timng value and a_standard devi ati on_ val ue, the nchr.oni zati on chi
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range, ,or synchroni zation detection is_to be | o perforired ain., .Wth this
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determpned. 13 /4SO0E el QI &P Do’ BLeHd LNarb8" iPWN éPlined with
providing a given range, or synchronization detection is to be

10 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 measuring
communication quality'in.ainobile 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
value between spreading code to be measured and a received signal.
With this method, since the partial correlation value is derived

25 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,



comuni cation quality in a nobile receiving station in a nobile

communi cati on system enpl oying a COVA cel lul ar system using channelg (T 2004
spread with spreadi ng code and constantly transmtted froma base station,
a synchroni zati on detecting device in CODVA 20 cellular system conpri ses:
the nobile receiving station including neans f or determning a

synchroni zation chip timng of a channel to be neasured by detecting
partial correlation value between spreading code to be neasured and a
received signal. Wth this nethod, Si fite the partial correlation value is
deri ved b eanseincimdas eadiagchede f6fl tdre ihamseld tpobhe derastt £dnand
the received signal, three channels are not required for synchronization
det ect itdre paocioiall ngproel hd 180t railmeeanidon, synchireniStat i onertii pnt imGn@CT
2004 - 20 the nmeans includes a matched filter is used upon detection of

t he pardf atheochelnag bntw abeemeyacs wragnibr deiteatte®d bhi pelguamgiadfi v he
channel to be neasured is detected by sequentially rewiting the code in

t he matmgheditihgethaNeddehiis Sheonmsatabedod ilsyamhr o zlat thhisdet ecti on
using partial correlation can be perforned at high speed, high precision
ands higgnseruabiilon.y. syecbrénigatlemedetectiinrertisbng plaet2idah and 30t h

I nventions, the neans prelimnarily sets an averaging period 1o and

sanpl i mppeelatiion gévabee perisumed pdhigh spaehnohiglt pareates doni and and
determ nes the_synchroni zation chip timng of the channel to be neasured
on t he hegh stet1abddiifey deri ved by averaging of detected plurality of

partial correlation values .in the averaging period by detecting the
partial detedtG@arding to the 31st invention, the Z9th and 30th

inventions, the means preliminarily sets an averaging period
10 and sampling period in advance of performing the 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 values

in the averaging period by detecting the partial detection
15 values per set sampling period.

According to 32nd invention, in the 31st invention, upon
averaging process of the detected plurality of partial
correlation values, 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 32nd invention,
the means determines the synchronization chip timing of the
channel to be measured by enabling setting of process of said

25 averaging process foraplurality of times and using the averaged
value derived by a plurality of times of averaging process by
the same or different averaging device in each process.

According to the 34th invention, a synchronization



15 val ues per set sanpling period. According to 32nd invention, in the 31st
I nvention, upon averaging process of the detected plurality of partiéw
correl ation values, the neans deternines the synchronization chip ti Hbmm
of the channel to be measured using an averaged value 20 by prelimnarily
cal cul ating the averaged val ue by power averagi ng process or vector

aver agi ng process. According to the 33rd invention, in the 32nd i nventi on,

t he means determ nes the synchroni zatisan-chip timng of the channel to be
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synchroni zation detection is be perforned again. Wth this lo net
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j udged. Al so, upon perform ng nmeasurenment of communi cafion quality using
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eternggiéhronization detection is to be performed again. With this
10 method, correctness of the detected synchronization chip timing
can be easily judged. Also, upon performing measurement of
communication gquality using the measurement window, position
and width of the window can be determined.
According to the 35th invention, in a mobile communication
15 system employing CDMA cellular system using a common pilot
channel constantly transmitted from a base station in a mobile
communication system upon use of transmit diversity for
measuring communication quality in a mobile station being
measured, a 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 and subtraction before and after symbol, and
determining synchronization chip timing on the basis of a value
25 derived by addition of the received signal vector inpower. 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



According to the 35th invention, in a nobile comunication 15 system

enpl oyi ng CDVA cel l ul ar system using a common pilot channel constantl
transmtted froma base station in a nobile conmmunication systen1u§dHﬁd@%
of transmt diversity for nmeasuring comrunication quality in a nobile
station being neasured, a synchronization detecting device conprises: the
20 nmobil e station separating received signal vector obtained by
correlation detection of received signal -per synbol into received signal
vect or gpr t ransm sioncﬁqﬁggga by performing addition and subtraction
bef or e SYRFTHAR 23 ARG A& 4€M%r ni ni ng synchroni zation chip timng on
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synchroni zation chip timng detection process geflned in 35th
According to the 37th invention, synchronization

10 detecting method in CDMA system determining synchronization
chip timing on the basis of a value derived by performing
synchronization chip timing detection process defined in 35th
or 36th invention for a plurality of times and performing
addition of obtained plurality of powers.

15 According to the 38th invention, in a mobile communication
system employing CDMA cellular system using a common pilot
channel constantly transmitted from a base station in a mobile
communication system upon use of transmit diversity for
measuring communication 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 of 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



or 36th invention for a plurality of tinmes and performng addition of
obtained plurality of powers. 15 According to the 38th invention, in_@ 00
nobi | e conmuni cati on system enpl oyi ng CDVA cel lul ar systemusing a ¢ Hﬁ%g 4
pil ot channel constantly transmtted froma base station in a nobile
conmuni cation system upon use of transmt diversity for neasuring

comuni cation quality in a nobile station being 20 neasured, a
synchroni zati on detecting device conprdsses: the nobile station separating

recei ved signal vector p&r se recejived signal vector obtained by

det ect FRGUEFHIEI EPF oS YRENTRY aéggkggﬂﬁ?ﬁ%?ﬁFﬁ&'additipn and subtraction
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antennas.

10 According to the 40th invention, a synchronization
detecting device in CDMA system determining synchronization
chip timing on the basis of a value derived by performing
synchronization chip timing detection process defined in 38th
or 39th inventions for a plurality of times and performing

15 addition of obtained plurality of power.

According to the 41st invention, in a mobile communication
system employing CDMA cellular system using a common pilot
channel constantly transmitted from a base station in a mobile
communication system upon use of transmit diversity for

20 measuring communication guality in a mobile station being
measured, a communication quality measuring method comprises:
in the mobile station, received signal wvector obtained by
correlation detection of received signal per symbol being
separated into received signal vector per transmission antenna

25 by performing addition and subtraction before and after symbol,
and a desired signal power, an interference signal power and

SIR being calculated by deriving add vector and difference

vector of two received signal vectors spaced for a plurality



chip timng on the basis of a value derived by perform ng synchronization
chip tinming detection process defined in 38th or 39th inventions forb &7 2004
plurality of times and performing is addition of obtained plurality of
power. According to the 41st invention, in a nobile comrunication system
enpl oyi ng CDVA cel lul ar system using a conmmon pilot channel constantly
transmtted froma base station in a nobile conmunication system upon use
of transmit diversity for 20 neasuring?comunication quality in a nobile

stati o be{RBo1NgASH 68s BeGONTRMY §AL SN dtHladh £ ¥nABAS WridgpArFRathing
conprises:” 1 n the nobile station, received signal vector obtained by
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recei ved signal” vector per transm ssion antenna 25 by perform ng addition

and suypifRCctho8 heiteld anghaht eheSy¥tlol padiaddesr etbisi@nay ROMLadd@n
i nterference signal power and SIR being calculated by deriving add vector

and difd &t 6RCENAVEREO i BF elrtih d 8GRl VeSir Sh B NBho eghibd 3 sSpRbet thie phase
plurality - 6 0 C1 2004 - 24 of synbol periods per transm ssion antenna,

and pefdPiatien a¥ethe Hespreabss drial heeatldrv@atotoafddihe diftieimendse
vector. Wth this nethod, when the synbol period for deriving the add

vect ortwddsihibodi ffertodecuactoer Bgnodwvedsynmed syrihgnpidees idhsa Gamrbeat i on
of the desired signal vector due to fading within the tw synbol period
can beimgnoved, iregspopogtpreciisd osamgdeberumbproved in proportion to
sanpl e nunber. According to the 42nd invention, in the 41st invention, the
add vect or amicohdidigf ftey driive 42pdodnmea tdern vedinf the st t bnveodiivoad,
signal vector of one transm ssion antenna and the
the add vector and the difference vector are derived from the
10 received signal vector of one transmission 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 by adding a predetermined
correction value.
According to the 44th invention, in a mobile communication
system employing CDMA cellular system using a common pilot
20 channel constantly transmitted from a base station in a mobile
communication system upon use of transmit diversity for
measuring communication guality in a mobile station being
measured, a communication gquality measuring apparatus
comprising: the mobile station includes means for receiving
25 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



desired signal power, the interference signal power and SIR are derived by
adding a predeterm ned correction value. According to the 43rd inyq?@¢P@
in the 42nd invention, the desired signal power and the interference sig gﬁ
power are is averaged, and the desired signal power, the interference
signal power and SIR are cal cul ated by adding a predeterm ned correction
val ue. According to the 44th invention, in a nobile communication system
enpl oyi ng CDVA cel | ul ar system usi ng- ascoemmon pilot 20 channel constantly
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proportion to sanple
measuring precision can be improved in proportion to sample
10 number.

According to the 45th invention, in the 44th invention,
the means derives the add vector and the difference vector from
the received signal vector of one transmission antenna and
derives the desired signal power, the interference signal power

15 and SIR by adding a predetermined correction value.

According to the 46th invention, in the 45th invention,
the means averages the desired signal power and the interference
signal power, and calculates the desired signal power, the
interference signal power and SIR by adding a predetermined

20 correction value.

As set forth above, according to the present invention,
the communication quality (propagation characteristics) can be
measured with high precision by generating the time series data
of the received signal vector at the same reception chip timing

25 obtained in certain given period and the time series data shifted
the data in time for several periods. Also, by performing
communication quality measurement using the measurement window,

without depending upon variation of the path between transmitter



I 0 nunber. According to the 45th invention, in the 44th invention, the
nmeans derives the add vector and the difference vector from the recgj ﬁ
signal vector of one transm ssion antenna and derives the desired sfggg 04
power, the interference signal power is and SIR by adding a predeterm ned
correction value. According to the 46th invention, in the 45th invention,
the nmeans averages the desired signal power and the interference signal
power, and cal cul ates the desired sigrmal -power, the interference signal
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R L W el S CLR e A
Cor i os A ESh Rt LSS ets oY RURRF L IPILACY GLEPRSRTRLRS A g pdtn

perf or Bercgﬁ‘@'ﬂ&ﬁb%ng“%hietﬁé é'ﬁegﬁﬁb oy Hx%éél?ré@aééf:%@%‘ées i, ndow,

wi t hout dependi ng “upon variation of the path between transmtter -
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envi ronment, novi ng neasurenent of the conmmunication quality at high
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positions thereof can al so be neasured accurately. 5 t he ot her hand,

accor djgfet® ilhe fELSABRsUPERHhONCcansSiBE edONkY athdngh spebd ,Maasyhed is
used, synchroni zation detection for measurenent can be done at high speed,
hi gh preetision antldhhgkhr ele BbabillytvAl s;lda, canecefse of
synchronization detection under the premise of communication
10 guality measurement using the measurement window, 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 diversity is applied, synchronization detection at
15 high speed, high precision and high reliability. Also,
measurement of the communication quality at high precision can
be done at high speed and high 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.
BRIEF DESCRIPTION OF THE DRAWINGS

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

of a W-CDMA type mobile communication system, to which the



synchroni zati on detection under the prem se of communication 10 quality
measur ement usi ng the neasurenent w ndow, only position and mﬁndowg&hﬁfﬂmé
of the measurenent wi ndow is required. Thus, conplete synchronizati
detection is not required. Furthernore, according to the present invention,
even when transmt diversity is applied, synchronization detection at 15
hi gh speed, high precision and high reliability. Al so, neasurenent of the
comuni cation quality at high precisien can be done at high speed and high
ef ficiency. The_abovE?and,other ggj cts, effects, features and advantages

of thePpPESTH FMERELGR Wi 12DR ‘more apparent 20 fromthe followi ng
description of enpodi nents fhereof .taken in? conjunction wth the.
acconpanyi nglgﬂga i nb%.a%ﬁt]é(:uf')é§éﬁlll9ﬂ OGPV B 'fil(%‘z’ségE iué:&]to?sogn
i||USté?ii%Q showi ng a process for deriving a desired signal power and an
interf e signal power; Fig. 2 is a block diagram show ng an overal

construction,. of W CDVA & nnglle onmuni cat.i on_syst.e to mhiqp.the 6
T 2004 27 Bidsehiis et HrHRROLpR, Soweny Apting BLE hE PREFGH Kowi ng
' ICH, FEiag 4. A ' i
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explangF I'on an operation 1n” the case when a matched filter
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the case when a matched filter is used in a correlation 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 detectingmethod
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 second
embodiment of the synchronization detection method;

Fig. 8 is an illustration showing a received signal power
distribution after power averaging process as the equalizing
process;

20 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 performed as equalizing process in the
second embodiment of the synchronization detecting method;

25 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 procedure by the vector averaging process;



lo applied; Fig. 6 is an illustration showng a principle of operation of

t he second enbodi nent of the synchronization detecting nmethod according to
the present invention; Fig. 7 is an illustration showi ng the case whér{al004
power 15 averagi ng process as an equalizing process in the second

enbodi nent of the synchronization detection nmethod; Fig. 8 is an
I1lustration showi ng a received signal power distribution after power
averagi ng process as the equalizing - psoeess; 20 Fig. 9 is a flowhart
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averagi ng proc tration e wher
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enbodi hen roni zati S an

1T ustgakbais ‘."E&gtﬁedi??ééé’h'{i R v&fd€ion perfor m ng vector averaging

process as equdlizing process; Fig. 12 1s a flowhart show ng a
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process; - 6 04 - 28 Fig. 13 is an ilMustration show ng a principle

of sopefahiify Rftddeibhl prssdadieenth afha syRehr ehivadinantelxcting net hod

according to0 the present “invention; Fig. 14 is a flowhart show ng a

synchrgﬁhéﬁydﬂiggEQOHSd@ﬂgd@uﬂgtm@ﬁu&uprocedure in the third enbodi nent
of the ~synchronization detecting nethod; Fig. 15 is an illustration

showi ng a prrogi. pl % i¢f afpEl dhketratoion Rt dwing la prhediiterd oFf operation
synchroni zati on detecting net hod
of the fourth embodiment of a synchronization detecting method
according to the presént invention;

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

Fig. 17 is an illustration showing a principle of operation
of the fifth embodiment of a synchronization detecting method

15 according to the present invention;

Fig. 18 is a flowchart showing a synchronization chip
timing detection procedure in the sixth embodiment of the
synchronization detecting method;

Fig. 19 is a block diagram showing an overall construction

20 of themobile station, to which the present invention is applied:

Fig. 20is 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 anillustration 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 communication quality measuring



according to the present invention; 10 Fig. 16 is an illustration show ng a
frame structure of CPICH and the received signal in the case where a
transmt diversity is applied; Fig. 17 is an illustration show ng a6 0CT 2004
principle of operation of the fifth enbodi nrent of a synchronization
detecting nethod 15 according to the present invention; Fig. 18 is a

fl owmchart show ng a synchronization chip timng detection procedure in the
si xth enbodi ment of the synchronizatign_detecting nethod; Fig. 19 is a

bl ock di agram showi ng an overall construction 20 of the nobile station, to
whi ch Med@sent invention is applied; Fig. 20 is an illustration show ng
a principle of operation of the first enbodi ment of a communication quality
nmeasuring nEifod2dckDad hdluS it bpRsEIVIingehPIdNCipYe off opergtion
illustration showing a_principle of operation 25 of the second enbodi nent
of a cOfmifieatRdbrdggMiadinRatuPing SRMNSYLIGREICH P2 bt HeMSAsRRiNg

I nvention; Fig. 22 is an illustration shomﬁn% aresult of simulation in

the seB@tIRUMARIFREMTE thetREmPRARERT ohNYERS QP easuring -6 OCT 2004 -
29 nethod; _Fig. 23.is an.illustratjon showing a pringiple of operation of
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to the'B;%%?n Lanntlon'.S Fi 24.is an illustration s oggpﬂ a result of
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met Nod; ot hod;

Fig. 25 is anillustration showing a principle of operation

of the fourth embodiment of a communication qualify'measuring
10 method according to the present invention;

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

Fig. 27 isan illustration showing a principle of operation

15 of the sixth embodiment of a communication guality measuring
method according to the present invention:

Figs. 28A and 28B are illustrations showing a result of
simulation in the fifth embodiment of the communication quality
measuring method;

20 Fig. 29 is a block diagram showing an overall construction
of a mobile communication system applying transmit diversity;

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

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

Fig. 32 is an illustration for explaining a delay process

one embodiment of the present invention;



Fig. 25 is an illustration showing a principle of operation of the fourth
enbodi nent of a communication quality neasuring 10 method according %o HQe
present invention; Fig. 26 is an illustration showing a principle of" 0CT 2004
operation of the fifth enbodi mrent of a communication quality neasuring

met hod according to the present invention;, Fig. 27 is an illustration
showi ng a principle of operation 15 of the sixth enbodi nent of a

comuni cation quality measuring nethad according to the present invention;

Figs, 284 and 28837 & 1 LoL AU, oW 9.2 L3l ndhg 3 pLatign Tn the
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2004 - 30 Fig. 33 is an illustration for explaining a vector

cal cul ation pygcess ijs oag e teatish hRWwIrgeOPICH /IBdONuskl &f 34 is
an illustration for explaining a vector selection process and
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present invention; Fig. 35 is an illustration show ng CPICH upon use of
W-CDMA system;

Fig. 36 isan illustration showing a principle of operation

10 of the first embodiment of the communication quality measuring
method while transmit diversity is applied, according to the
present invention;

Fig. 37 is anillustration showing a principle of operation
of the second embodiment of the communication quality measuring

15 method while transmit diversity is applied, according to the
present invention;

Fig. 38 is an illustration showing CPICH upon non-use of
transmit diversity in the mobile communication system using
W-CDMA system;

20 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 guality 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



transmt diversity in the nobile comunication systemusing WCDVA system
Fig. 36 is an illustration showing a principle of operation 10 of tHel(T 2004
first enmbodi ment of the communication quality neasuring nethod while
transmt diversity is applied, according to the present invention; Fig. 37
Is an illustration showing a principle of operation of the second

enbodi nent of the comunication quality neasuring 15 nethod while transmt
diversity is applied, according to thél! present invention; Fig. 38 is an

1S makhom S 80t ERhERUP AR veRsuss ofs ;tsgmigat cﬂa@éfaixg td Pehe
Sys an

nmobi | e communi cati on system usi ng Fig. 39

i1 ustpat Igﬂn§hﬂ%@éﬁt§oﬁrIQﬁhP|e of operation of the third enbodi ment of
the co nication quality measuring method while transmt diversity is

used, accordrﬂg tgotig aﬂrffﬁﬁkttc'a\te.ﬂiﬂ %‘hovﬂﬂg 40réSuae bklyihhqta@ﬂon
showi ng a result of sinmulation 25 in the third enbodi nent of
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Fig. 41 is an illustration showing a principle of operation” of the fourth

embpdi geRhod Jptn cagBURCairORsHigl idivd®astying - 6 OCT 2004 - 31 nethod
while transmt diversity is applied, according to the present invention,

and Fig. 42 is an illustration showng a result of sinmulation in the
fourth enbodi mnent of the communication quality measuring s method upon use
of transmt di METSILED DESCRIPTION OF PREFERRED EMBODIMENTS

At first, detection of synchronization as a method for
10 detecting a synchronization chip timing will be explained and

then measurement of communication gquality will be explained.

(1) Synchronization Detecting Method
Fig. 2 shows an overall construction of a W-CDMA type mobile
15 communication system, to which the present invention is applied.
The mobile communication system is constructed with a base
station 201 and a mobile station 202. The mobile station 202
includes a synchronization detecting portion 221 detecting a
synchronization chip timing of a channel to be measured for
20 communication with the base station and measuring a
communication 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
communication with the base station and measuring of
communication gquality, a time series generating portion 223 for

generating a time series data of a received signal vector after



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS At first, detection of
synchroni zation as a nethod for io0 detecting a synchronization ChiQ—%hE}ﬂﬂ&
wi |l be explained and then neasurenent of comrunication quality wll
expl ai ned. (1) Synchronization Detecting Method Fig. 2 shows an overal
construction of a WCDMVA type nobile is conmmunication system to which the
present invention is applied. The nobile comrunication systemis
constructed with a base station 201.a3d_a nobile station 202. The nobile
station 202 _ includes a Sﬁnchronization det.ecting portion 221 dechtjng a
synchr SAFESLAH. OR P ES RERGToT S8 AaAABIUAY SRt TRAEH R F ¥ capculatin
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reception signal for the synchronization timing candidate, and
10 a synchronization chip timing determining portion 2212 for
determining synchronization chip timing from the partial
correlation values of respective candidate timings. |
Fig. 3 shows a frame construction of CPICH (common pilot
channel). In one frame, a hundred fifty symbols are contained.
15 One frame is 10 msec. period. In the shown embodiment, as the
channel to be measured, CPICH constantly transmitted from each
base station is used. Namely, in the synchronization 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 varyving the code to be written for
25 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



detecting portion 2211 deriving a partial correlation with a reception
signal for the synchronization timng candidate, and 10 a synchroni zati on
chip timng determ ning portion 2212 for determ ning synchronizati of (i34
timng fromthe partial correlation values of respective candidate
timngs. Fig. 3 shows a frame construction of CPICH (common pilot channel)
In one frane , a hundred fifty synbols are contained. 15 One frane is 10
msec. period. In the shown enbodi nent,;jas the channel to be neasured, CPlICH
constantly transmtted fromeach  base station is used. Nanely, in the
synchr Aveas igeferatt fRg ARdEEddl S| Hae oRY PCchiraiie? a t 50BeChARs ridHlnghe
partial correlation between the spreading code of the channel to be 20
neasur BYTEheImRre e et Vabdildial candbg Prakovadbywhepeatiag getaaiion
correlation becones maximum  is derived for detecting synchronized chip
tim ngPﬂ-%Y’é?hﬁoﬁd{?&?ého?‘iqlPeP Ginipe d goFeveda etdfasn 286 deted ghtnghe
partial correlation value is _derived with sequentially varying the code to
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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 detail, the synchronization detection
method according to the present invention may be performed with
15 setting sampling rate at X times of that in one chip length for
over-sampling.
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 partial 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
25 numbers of leading ends of the frames. Thereafter, partial
correlation between each code of synchronization timing

candidate and the received signal is sequentially derived as

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



certain range, or by nmaking judgnent whether synchronization detection has
to be perfornmed again or not. On the other hand, in the enbodi nent of
synchroni zation 1o detection which will be described later, a time-§QCT 204
resolution of a synchronization timng is assunmed as one chip length for
sinplification. However, when the synchronization timng is detected in
greater detail, the synchronization detection nethod according to the
present invention may be performed wit], 15 setting sanpling rate at X tines
of that in one chip length for over-sanpling Fig. 4 shows a principle of
oper at sgnchfrarhezation tdmbouy reanddflaties syrstabhy zachdp §amdarg orherehod
according to the present invention. In the first enbodi nent, an object 20
for paat¢amdidate havdmg &hsemaximas pelakpanong hespesi OPe @ obtatked as
the channel to be neasured, a chip timng, at which synchronization can be
est abl cehdddateggabopomen idelay preofickes. t L Agtariewedcked tadte sthsol .
Then, as synchroni zation timng, 150 candidates are generated with

r ef er enbtatigesy nbbninyg mmbehe syncdummbzahdoroichie timdng orfhekB&fter,
partial correlation between each code of synchronization timng candidate
and t hehpaaaily deo shgniedssiBeduential |y derived as shown in Fig. 4 to
obtain a power deIa&éLile per each - 6, OCT 2004 34 synchronization tim ng

candi date. FFRHNtGPMEFYSHER nG PRI L BAUEHHi CRARNAAT AGSt ﬁﬁam%ﬁﬁﬂeak

ot cobdthe SAE (FRSUBBPEhedit | it AGIAS 1oh O WA LAl 2 LPFoRPANBEL FPng

of thebg %gggﬁﬁeé‘%é@oggaiwgg%fering channels. Considering process
gain, power of the interference signal is restricted for chip

10 length to be used for ordinary correlation detection. 1In the
embodiment shown in Fig. 4, partial correlation is performed
at 256 chip length (1 symbol = 256 chips), the process gain is
256, and an average power of the interference signal becomes
1/256.

15 In the first embodiment of the synchronization detection
method, when the received signal power of the chip timing
matching with an effective path position for communication is
higher than or equal to a received signal power at other timing,
detection of the synchronization chip timing is successful.

20 Accordingly, by setting the 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



In WCDVA system a plurality of channels are transmtted at the sane
frequency, all channels other than the channel to be neasured becone
interfering channels. Considering process gain, power of the inter fdr@Hc20i
signal is restricted for chip 10 length to be used for ordinary correl ation
detection. In the enbodinent showm in Fig. 4, partial correlation is
performed at 256 chip length (1 synbol = 256 chips), the process gain is
256, and an average power of the interfierence signal becones 1/256. 15 In
the first enbodi ment of the synchroni zati on detection nethod, when the

recei vebiesgifihgdwel LEpnt HS PPPSLBFedy ot 2hi 61N reakracted jareopgt h
position for comunication is  higher than or equal to a received signal
power 4BOottHaring neagdidgdiast# bntef #IRO synchroni zation chip tinmng is
successful . 20 Accordin%ly, by setting the chip length (unit for bl ocking)
for partialB¥othel Birst PBRRILMPRERaBi PREY-O8F raEbs8d) fogetledia Ghingf
the synchroni zation_chip timng becones higher. Fig. 5 is explanatory
i || ust EBEi GYTshepRizatden thhe tafdnduferd BemdtkHeREFilter is used in
the correlation detectin 25 portion of the mpbile station, to which the
present i nveherbn thesfcend FREamtBeRE bl (die | SYRSBF bz ati on of
partial correlation to.rewite code.in th CH:d filter _per 15 ec.
e ShodR LR LG TS LR GANT 11 hDE GHEBLE B o | b1 95008 SEbR AR Ep e
mat ched filter, is consisted g 256 chi ps ext%acteg gnnggl 150 ttning 21
candi dSEESTAF 1T PERFCE 1ih F_é’PCZH%HdJr_ it bt P pERGT FEERT BUORo?
det ect Isplgwnt 9.% ?‘nghﬁoﬂliiiti)gndgglcgitﬂera .ng lcriar%h%em]b J{ngCCOnununication
system, it is generally influenced by multi-path fading, the
10 power of the received signal (correlation detected value)
fluctuates significantly. Also, since partial correlation is
used for correlation detection, precision in correlation
detection is not always high.
Fig. 6 shows principle of operation of the second
15 embodiment of the synchronization detection method according
to the present invention. In the second embodiment, the partial
correlation value of each synchronization timing candidate
within a given period is averaged to detect synchronization chip
timing using obtained average value. Accordingly, assuming
20 that number of samples of respective timing candidate within
the equalizing period is N, a period required fir detection of
the synchronization chip timing becomes N*10 msec. As an
averaging method, there are a method to perform power averaging
process and a method to perform vector averaging process.
25 Fig. 7 shows the case where the power averaging proccess
is performed as equalizing process in the second embodiment of

the synchronization detectingmethod. A received signal vector

at a timing t of the synchronization timing candidate #i and



5 Next, the second enbodi nent of the synchronization detection nmethod wll
be explained. In the second enbodi nent, equalizing process in the
synchroni zation detecting portion 221 shown in Fig. 2 will be deserf MHJ004
In the nobile comunication system it is generally influenced by
mul ti-path fading, the to power of the received signal (correlation
detected value) fluctuates significantly. Al so, since partial correlation
is wused for correlation detection, precision in correlation detectionis
not always high. Fig. 6 shows principle of operation of the second 15
enbodi frestcloi ptimembemc kr Dni Zlae i symdeteci sons sembddasctds dil g . Qg ke ) ,
present invention. In the second enbodi nent, the partial correlation value
of eacthseysghchmiondtz anionnt igiogndagstislate taf ten efnabipertiicm s dvkr aged
to detect synchronization chip timng using obtained average val ue.
Accor dangl g, passunialy G0iphaumpemhet bt ShepEFRLEL rigspresuped: iaf Ry i« -
candidate within the equalizing period is N, a period required fir,
det ecti on ofIntthe ppwsr anNiezd ohd GHGCes & i@ dasian bane omseE e CAS wmd
averagi ng nethod, there are a nethod to perform power averaging process
and a seghed pPowWsYT fbsncadeudatad fgpngtheoreseivesl signalsyepdahecfase
where the power averaging process is perfornmed as equalizing process in
the seeanll sypsdiramizatliorhd igyingreandidade danskSURSAIVEHE LA MeckPved
signal vector at a timng t of the synchraonization timng candidate # and
- 6 ogrupbexr of3the calGibahafpERCRIVEY e FYHbIOWEE LSsANBTALLT ReKk(t)
, Q@ _k(t))., the synchraonization tin candi date after equalization is
b ~aRUNEDEORh At LER RS CRABTARE Sy il THE BO¥Ged BLUS after
equalization thus obtained, the synchronization chip timing of
10 the channel to be measured is determined. The power averaging
process is characterized in that when sample number N is
increased, a standard deviation of the received signal power
at a timing other than the true synchronization chip timing
becomes smaller (note that the average value is held unchanged) .
1s Fig. 8 shows a received signal power distribution after
performing power averaging process as the equalizing process.
After detection of partial correlation for a certain scrambling
code at 256 chip length and averaging power in sample number
5, 10 and 15, Fig. 8 shows a distribution of the power value
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. 8, when the sample number N is
increased, the standard deviation of the power wvalue of the
received signal in the true synchronization chip timing becomes
25 smaller. As a result, probability of success of detection of
synchronization becomes high.
Fig. 9 shows a synchronization chip timing detection

procedure in the power averaging process. At step S1,



In the power averaging process, the instantaneous received 5 signal power
Is calculated fromthe received signal vector of each synchronization

ti mng candi date, and subsequently, N in number of the cal cul at ed- bdddiNHd
signal power is averaged per synchronization timng candidate. By the
power value after equalization thus obtained, the synchronization chip
timng of to the channel to be neasured is determ ned. The power averagi ng
process is characterized in that whenssanple nunber Nis increased, a
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the power averaging process. At step OCT 2004 - 37 synchroni zation
det eCtgon hewbd av@ lrfg 54 e rLormeunahr 41123 hemrid i patedrditdatgngs

set (i = . At step
candidate or all chip timing. At step S$10, retrieval of the
10 maximum power of the received signal is performed for all
synchronization timing candidate or all chip timing. At step
S11, the synchronizationchip timing is determined. At stepS12,
synchronization detection is terminated.
Fig. 10 shows the case where the vector averaging process
15 as the equalizing process in the second embodiment of the
synchronization detection method. In the vector averaging
process, the received signal vector of each synchronization
timing candidate is averaged respectively on I side and Q side
(N in number). Subsequently, the received signal power is
20 calculated from the values of I and Q after averaging, the
synchronization chip of the channel to be measures is determined.
Since the vector averaging process is premised in that the phase
rotation of the desired signal vector due to fading in the
averaging period can be ignored, in the example shown in Fig.
25 10, asampling interval per one synchronization timing candidate
is set at 1/15 msec.
In the foregoing vector averaging process, by increasing

number of samples to be averaged, the average value of the power



partial correlation calculation is performed. At step S4, received signal
power is calculated. At step S5, check is 5 perfornmed whether i < t 5@
satisfied or not. At step S6, i is increnented. At step S7, checkq$€0 12004
performed whether k < Nis satisfied or not. At step S8, k is increnmented.
At step S9, power averaging is performed at all synchronization timng
candidate or all chip timng. At step 510, retrieval of the 10 maxi num
power of the received signal is perforyged for all synchronization timng
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process,” by increasing “nunber of sanples to be averaged, the average val ue
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true synchroni zation chip
synchronization chip timing. However, fading is not added. As

10 can be appreciated from Fig. 11, when the sample number N is
increased, the average value of the power of the received signal
in the true synchronization chip timing becomes smaller. As a
result, probability of success of detection of synchronization
becomes high.

15 Fig. 12 shows a synchronization chip timing detection
procedure in the vector averaging process. At step S21,
synchronization detection is initiated. At step 522,
synchronization timing candidate is set (i = 0). At step 523,
partial correlation calculation is performed. At step 524,

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 all chip timing of synchronization timing candidate #i. At
step S27, the power values are calculated for all chip timing
of the synchronization timing candidate #i. At step 528, check

25 1is performed whether i < max i is satisfied or not. At step S29,
i is incremented. At step S30, retrieval of the maximum power
of the received signal is performed for all synchronization

timing candidate or all chip timing. At step S531, the



timng becones small (standard deviation is unchanged). Fig. 11 shows a
recei ved signal power distribution after performng vector averagi-ngQ(7 2004
process as the equalizing process. 5 After detection of partial
correlation for a certain scranbling code at 256 chip |l ength and averagi ng
power in sanple nunber 5, 10 and 15, Fig. 11 shows a distribution of the
power value of the received signal at a timng other than true

synchroni zation chip timng. However- 3pading is not added. As 10 can be
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success 0 ection of Synchroni zati on becones high. 15 Fig. 12 shows a
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correlation calculation is performed. At step S24, 20 check is perforned

whet heg o ke feNpre sttt SEhedrtidiol - PheSteR rd2mbédifmenicrerenhed. At step
S6, vector average is derived for all chip timng of synchronization
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chip timng of the synchronization timng candidate # . At step S28, check

25 i's pecbanneshpbdEimenti setmorths adbatiesS i athme 1pot pritcss poB29, | is
increnmented. At step S30, retrieval of the maxi num power of the received
si gnal efgaapefiorgreskdoesal basy mehramt z8oroa pliumaigi tandf datieesy. alBvehi p
timng. At step S31, the - 6 0 C1 2004 - 39
in each process, using the average value obtained by averaging
10 foraplurality of times by the same or different averagingmethod,
the synchronization chip timing of the channel to be measures
is determined.

In the third embodiment, averaging operation is repeated
twice. At the first stage of averaging, N1 in number of vector

15 averaging process is performed per synchronization timing
candidate. Subsequently., the power value is derived from the
received signal vector after vector averaging for deriving N2
in number of averaged values. At the second stage, the chip
timing where the received signal 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 value of the received signal power in
the synchronization chip timing other than the true

25 synchronization chip timing becomes small for N1 in number of
samples. Subsequently, by averaging in the second stage, the

standard deviation becomes smaller than N2 in number of samples.

As a result, probability of success in detection of



synchroni zation chip timng is determined. At step S32, synchronization
detection is termnated. Fig. 13 shows a principle of operation of LW?U 2
third enbodiment of the synchronization detection nmethod according FB 004
the present invention. The third enbodi mrent of the synchronization
detection nethod is further inprovenent of the second enbodinent set forth
above. Nanely, process of equalizing process can be set for a plurality of
times. Even in each process, using the average val ue obtai ned by averaging
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At step 543, partial correlation calculation is performed. At
10 step S44, check is performed whether kl < Nl is satisfied or
not. At step 545, kl is incremented. At step 546, vector
average is derived for all chip timing of synchronization timing
candidate #i. At step S47, the power value_as are calculated for
all chip timing of the synchronization timing candidate #i. At
15 step S48, check is performed whether i { max i is satisfied or
not. At step S49, i is incremented. At step S50, check is
performed whether k2 < N2 is satisfied or not. At step S51, k2
is incremented. At step 552, power averaging is performed at
all synchronization timing candidate or all chip timing. At
20 step S53, retrieval of the maximum power of the received signal
is performed for all synchronization timing candidate or all
chip timing. At step S54, the synchronization chip timing is
determined. At step S55, 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



- 40 synchronization becones further higher in conparison with the case
of one tine of averaging operation. In the third enbodinent, a per| ﬂ
required for synchronization detectionis (NN x N2 x 10) nsec. 6 Ch;m4
shows a synchroni zation chip timng detection procedure in the thlrd
enbodi nent of synchroni zation detection nethod. At step $41,
synchroni zati on detection is initiated. At step S42, synchroni zation
timng candidate is set (i = 0). At_sf1ep S43, partial correlation
calculation is perfor At 10 step S44, check jis performed whet her kI <
Ni is EEPP?ﬁSe IEbrthf% 0%9%%%9 §45 s te sthatfemthedimgpts: &Pl
vector _avera s rlved f al,l chip timng of s nchronlzatlon t|n1n
candi REBTALIL; ng5, ap eUﬁaw& tHn GETReSeare s 64 PoPlUBALLHYp
timng of the s throngatlon |n1n di dat e At 15 step S48, check is
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perfor r all synchronization timng candidate or all chip timng. At
step Phe synchroni zation chip timng is determned. At step S55,
synchronlzat det-e g 2 [ e
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to the present invention. M in number of synchronization chip
10  timings detected after averaging are prepared. Then, the
synchronizationchip 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 (measurement 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. Subsequently,

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,

25 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.



-6 OCT 2004 - 41 process in the foregoing first to third enbodi ments for a
plurality of times and using the averaged value of a plurality of -§0(7T 2004
synchroni zation chip timng values and the standard deviation val ue.
Therefore, in the fourth enbodi nent, check is perforned 5 whether the
detected synchronization chip timng is reasonable or not. Fig. 15 shows a
principle of operation of the fourth enbodi nent of the synchroni zation
detection nmethod according to the prasent invention. Min nunber of
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synchronrzati dn
propagation path 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 determined 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 the antenna #1 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:

R(0) = P, ¢ (0)- A + P, ct,(0)- A+ N(0) (1)

25
wherein R(0) is the received signal vector after correlation
detection, P,, and P,, are transmitting power of CPICH in

respective transmission antennas, N(0) is interference signal



detection. - 6 OCT 2004 - 42 Next, explanation will be given for the
synchroni zation detection nethod in the case where transm t diversLiyUtp2m4
applied in CPICH Fig. 16 shows the frame structure of CPICH and the
received 5 signal in the case where the transmt diversity is applied. a
1 is a vector variation anmount dependi ng upon propagation path fromthe
transm ssion antenna #1 of the base station to the nobile station, a2 is a
vector variation amount dependi ng upons; propagation path fromthe
transm ssion antenna #2 of the base 20 station to the nobile station. These
are va¥PE§Cfr-omtime to tine according to novenent of place of the nobile
station. On _the other hand, the signa] .trapsnjtted from h ant enna of
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vector after correlation detection, Ptl and Pte are transmtting power of
CPICH in

(Pa [ail? + Py [@a]F) (2)

10 and the interference power as expressed by:

(In{? (3)

wherein ( ) expresses an average.

15 Next, the received signal vector combined as expressed by
the foregoing expression (1) will be separated into the received
signal vector from each transmission antenna. For separation,
two continuous symbols are used. Assuming (i)th symbol (wherein
i is even number) as a symbol to be a reference, the received

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

. _RE+D+RE) o, NE+D+ NG
@) = = =R ——

(4)

if2+l R(i+1) - R(i) = P, o, (i) + (_1)”2*'[ fw

RO = (-1 Ey Ey

25

The foregoing equation (4) use approximations of &,(i + 1) =



respective transm ssion antennas, N(O is interference signal -6 OCT 2004 -
43 vector. The synchronization detection is detection of the pOSiIB(B'ﬂT%[M
synbol #0 in the nobile receiving station. It should be noted that
comuni cation quality measurenment upon use of transmt 5 diversity which
wi |l be discussed later, is derivation of the desired signal power as
expressed by: (Pt1 |l a1l 2 + Pt2 1 a2 12) 10 and the interference power
as expressed by: (IN 12) (2) (3) whergj,n_( ) expresses an average. 15 Next,
the received signal vector conbined as expressed by the foregoing
expres$i dri X 13ndi 1A, (de separ at ed ;i{dtlo the received signal vector from each
transm ssi on_antenna. For separation, two continuous synbols are used.
Assum ng (i )X¥hRgsyAtolshiawer 8i RTINGEPEQeREn@RRFIt hanaody Bl feupdhy
reference, the received 20 signal vector rl and r2 from each antenna is
expr essBRogiimant j 9f Rthes synchppnizgtipn (detegtion methed agcording
(-1)i~+~ R(i+1) - R(i) - P, a, (i) + (-1)~r2+t V(i+1l) - N i%e 2A 2A 25 (4)
The f of@gdihey RIERSENEN LEVEREECRppr SREPMENIGTC @R 12t OR JeBegEL D04 - 44
5 detects leading position (synchronization chip timing) of CPICH
from the received signal. #0 to #149 in Fig. 17 are
synchronization timing candidates generated by the
synchronization timing candidate generating portion 2210 shown
inFig. 2. It shouldbenoted thatunit forblocking is one symbol.
10 Calculation of correlation with the received signal is performed
by sequentially extracting objective symbel number among the
synchronization timing candidates #0 to #149 and using spreading
code (256 chip length) corresponding to the symbol number.
For example, assuming an average number of vector is N,,
15 from the synchronization timing candidate #i, 2N, + 1 in number
of symbols in series from 2(N, + 1)i is selected for correlation
calculation. When matched filter is used in correlation
calculation, a timing to finish correlation calculation for all
of the synchronization timing candidates is T, = 10 x (2N, + 1}
20 [ms].
Next, from the obtained received signal vector R(i) and
R(i + 1), the received signal vector from each transmission
antenna is separated using the foregoing equation (4). Here,
number of received signal vectors after separation belonging
25 in the same synchronization timing candidates is N; in number
per one transmission antenna. These N; in number of received

signal vectors averaged per transmission antenna, and finally,

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



al(i) and a2(i + 1) a2(i). Fig. 17 shows a principle of operation of the
fourth enbodi nent of the synchronization detection nethod accordingggngm‘
the present invention. The synchroni zation detection 5 detects | eading
position (synchronization chip timng) of CPICH fromthe received signal.
#0 to #149 in Fig. 17 are synchronization timng candi dates generated by
the synchronization timng candi date generating portion 2210 shown in
Fig. 2. It should be noted that unit.fs@r-blocking is one synbol. 10

Cal | ati f | ati ith t i ved si i d .h

Calcul i on, L Serrel Al on il Lh Lhe recsived SLar L ber L o
tim i dates, #0 t o_#149 d [ di d 25 ' th
(| g panddales, 50 Lo LD and using Sy sad oy code (298 shipobenall)
of veelorchg, Mnad tALaT L Bipchrenl satlonlmag, Sandl sty A 1
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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 T, = 10 x (2N,
+ 1) x N, [ms].

At step S61, synchronization detection is initiated. At

15 step S$62, synchronization timing candidate is set (i = 0). At
step S63, partial correlation calculation is performed. At step
S$64, check is performed whether k1l < 2Nl + 1 is satisfied or
not. At step S$65, k1l is incremented. At step 566, 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 569, check is performed whether i < max i is
satisfied or not. At step $70, i is incremented. At step 571,
k1l is reset to 0. At step S$72, check is performed whether k2

< N2 is satisfied or not. At stép §$73, k2 is incremented. At



- 45 the case where the nunber of vector average Nl is 2. In practice,

the foregoing calculation is perforned for all of 256 chips. On the 9@@2@04
hand, the foregoing calculation is executed with over-sanpling of X't

of one synbol, calculation is perforned 5 for nunber of sanples of 256 x X
The synchroni zation chip timng is determ ned by synchronization timng
candi date having the nmaxi num power value and the chip nunber in the
synbol . Fig. 18 shows the synchroni zatgeon chip timng detection procedure

in the sixth enbodi ment of the synchrgnization_ 1o detection nmethod. In the
shown 8EB8dSTEh kbxéEpTassitthe Oper fdd S%é?ﬁjﬁ% f SOV AV GBI HEri od
frominitiation of synchronjzation detectjon to finishing there Is. Tl =
10°x (DREESEME AT Y MR opd 60T S ARHPGns ST (et ot 1 BpL i SR LD
initiated., At 15 step S62,. synchronization timng candidate is set_ (i = 0)

A C5EB3nGa, Nlarttap Ba8rolt t BRCH ALt REXIERIT HEHe FACR (EE Soa
check is perfornmed whether ki < 2Nl + S tisfied or. not.. At, step S65,
(1 15 FREPaTEM ot SRR L b RBBEOFBES VRl 31 Jnar b op P8 Tty LT aERser

ant enna w_th, respect L chi,p.20 tim,.n of e nchroni zati.on finkn
cardli dgRdidgates QF 3@3 g{"x’r?cgbﬁlé\ge‘r a?@sggleptﬁzgreg ?v%%ggl ]g‘ﬂﬁéﬁlzv%%%éqr.‘sg
are derjved. At, ste §] t he averaged r.ecei Si L P onverted
into FREPpIETRE ﬂlg ?@rgdeaﬂq%ﬂﬁg‘ang%t FT R h%?goﬁ%\;%a}f%gé&g%lﬂrlzos%ect i ve
antenngs,are sumed. .25 At S69, check is perfornmed whether i < max i
S sa?reé:ﬁc Dt h t.te%tmll%ge{f)ggm, I is increnmented. At step S71, Kkl is

reset to 0. At step S72, check is perfornmed whether k2 < N2 is satisfied
or not. At step S73, k2 is increnented. At

(2) Communication Quality Measuring Method
10 Next, the measurement method of communication qualitywill
be explained. Fig. 19 shows overall construction of the mobile
station, to which the present invention is applied. The mobile
station 202 has the same construction as that of Fig. 2. The
communication quality calculating portion 224 includes matrix
15 calculation means 2301 for deriving covariant matrix from two
time series data in the received signal vector generated in the
time series generating portion 223 and performing calculation
of eigenvalues, power calculating means 2302 for calculating
the desired signal power and the interference signal value using
20 the eigenvalues, and SIR calculating means for deriving SIR.
On the other hand, using a control portion 2304 as component
of the mobile communication system, a path between transmitter
and receiver effective for communication is derived using the
SIR value derived in the SIR calculation means to control the
25 synchronization chip timing information portion 225 for
achieving measurement of more precise value.
In the shown embodiment, with reference to the

synchronization chip timing obtained in the synchronization



- 6 0C12004 - 46 step S74, kl is reset to 0. At step S75, power
averaging is perforned at all synchronization timng candi dates or _aﬁil?

chip timng. At step 576, retrieval of the maxi mum power of the rece Q}e@m
signal is perfornmed for all synchronization timng s candidates or all chip
timng. At step S77, the synchronization chip timng is determ ned. At

step 578, synchronization detection is termnated. (2) Communication

Qual ity Measuring Method 10 Next, the aveasurenent nethod of comruni cation

o | cdelasitfits HaPhhvlh 2hE Gl PTent of e Eiph it o8 alh iRen

?tf dt92° fi‘% Lﬁ?iﬁ%sﬁf{‘%@%ﬂﬁt?Haase#pﬁ?ﬁ?%@'ﬁ%ﬁ%ﬁ;{@?gﬁ%ﬁi\e‘a 2301
si gnal m\?@(ﬁ e‘ﬁ%ﬁ{érHﬁté&réatnttﬁlem&%?ﬁ%%ét?}éiﬁg“gtsll%gbgg?ﬁféﬁr:ggrzgcgln\éed
Cal cul ating Ftfe amkiTaas: 8ot PeveRTe 8% e FrErpl SRR LS
net o REP B IR, B (AffmphSoAtoh S0 B AR g R MePaShi 1
ComMUINGEAU 245t 8Me R RHLOREVERR OIS L heEn 1N dRGEHY R PdLEbIIHE

for conmmni nirs using the R val ue rived in the SIR

cal cul %@ﬁu@@fént&eggeyi@n bhe tRe fUBShZRE WhabiRvidfhNgs taken

i nformation portion 225 for achieving measurement of nore precise value. In
the shauncebedintBell, VidPe! ebshenCR iDL 168 i8ygebeaniceat iciisht nihG RY

obtained in thé synchroni zation
presenting in the measurement window. In order to derive the
10 desired signal power and the interference signal power in the
chip timing k, a series 1 is established by arranging the received
signal vector of the chip timing 1 in a certain given period
(averaged period, and a series 2 is established by a time series
data of the received signal vector distanced from the series
15 2 for several symbols.

Next, covariant matrix of the series 1 and the series 2
is derived to calculate eigenvalues thereof. By performing
operation shown in Fig. 20 using the eigenvalues thus derived,
the desired signal power and the interference signal powexr at

20 the chip timing k can be derived as averaged values within the
averaging period. It should be noted that the operation for
deriving the powers from the eigenvalues shown in Fig. 20 is
effective only when correlation between two series is relatively
high. 1In other words, the foregoing operation is only effective

25 when the time difference between two series is sufficiently
small relative to a variation of the desired signal vector due
to multi-path fading. In the shown embodiment, there is no

limitation in sampling interval (data interval in one series)



- 6 OCT 2004 - 47 detecting portion, all chip timngs in a certain range
are taken as object for neasurement. Nanely, comunication quality _ 0CT 70
nmeasurenent using the neasurenent window is performed. Fig. 20 shows @ 04
principle of operation of the first 5 enbodiment of the comunication

qual ity nmeasuring method according to the present invention, a chip |ength
to perform correlation detection and the neasurenent wi ndow width is taken
as one synbol. Here, consideration isgiven for chip timng k presenting
in the neasurement window_In order to derive the lo desired signal power
and t rROAnRERDETe e SPAERHCDORYMPRT IRE ¢RAFR EPnORP KSeH18Eies 1 is
establ i shed by arranging the recei ved nal vector of the chip timng 1
in a certai itlgispupar beanotask ittt %@pggr RNabe s 0 e"safﬁpnl§se§’tleﬁﬂ3r'§hed
by a tine series data of the recelved signal vector dis nced fromthe
seri estheasnveraging @Ay ffptel tRek?, CLOVEM YAt Usall kD6 LIRS s@tus 1
and the series 2 is derived to calculate ej genval ues t .. B

per f or @R nighe opER&F Banghowmt B ArFitge Zﬂuc&‘h’g‘ﬁfﬂgallé E}%ﬂvg ‘ggrtl’r’ﬁ%d der?¥ed,

t he desired, si naI power arég‘/éhe |nt rfere ce SI

th hi
it lngaIFaf,ta‘rPH foeloiEasas ert erd s "She” asa%t?ﬁ%epfe%eff%‘a'. P
ted that t t f d
o Sgnvaéfﬁag sl?i’(ﬂiolf?’?n e 9%? ?Dt'ho%fﬁéfldvgrk’rvmi“yn ShoREP AR SRS
1 t
ont y_ cireLitYe mrdiutintns vl GPife Snd hetsuk ey %99*‘3%“0 pe'fﬁ‘ on i

tine rence WO~ Ser| S
suffic I ar, fpth
b %h‘éesé &4 %b‘i’ﬁaé veshor
due %ﬁ%}’%o r%#%é H%ll\i? E%ané ov?ﬁde 0 rrg e Ps no a
detecting portion may be measured as the chlp timing k.
10 Fig. 21 shows a principle of operation of the second

embodiment of the communication quality measurement method
according to the present invention. When correlation between
two series, namely when the correlation value is greater than
or equal to 0.85, the desired signal power and the interference
15 signal power can be derived from an add vector and difference
vector relative to the received signal vectors having reception
timing close to each other between time series. More preferably,
at the correlation value greater than or equal to 0.9, the desired
signal power and the interference signal value are derived at
20 comparable precision as the first embodiment of Fig. 20.
Further preferably, at the correlation 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
embodiment of Fig. 20 and with more simple calculation method.
25 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



limtation in sanpling interval (data interval in one series) -6 OCT 2004 -
48 and nunber of sanples (nunber of data in one series). It shoul d beCT 7004
noted that greater nunber of sanples within the averaging period results
is closer value to the true value. On the other hand, SIRin the chip
timng k can be derived fromb5 a ratio of the obtained desired signal power
and the interference signal power. On the other hand, in case of

comuni cation quality neasurenent notsousi ng the neasurenent w ndow, the

Synchro g9 SILR LB SLAL R R o Pigshion At decting
f ' f th di h Lcati [ .

o S AEHER S 25500 AP TP el ORI A K,
t t [ | t l.at i ) i

DeLIEeh, YGeRE | Bl ARTTLATNIIE R LA Pl R bR O

deri . . i.ff l.at.i

P SETo0R SEGNAFA AT Y AP (B D e
t ' | 5. f bl : [

g e R e S

S 002 4ah3, Ul e . POCCOmANE PRl Phudir 1 MOIN ] che

t han Oéx\r/glﬁggﬁgnrg}e o5 ddie vlesldred, s gnatveaVeh Bind dlGwh dBhbanenRGer ,

si gnal “derived at conparable precision as the first enbodi ment
of FiggiRQ1adyith pREe rSivgd eembbaihiitonsiiekhodn 2540 21he shewe is

enbodi ment, a tine difference between tinme series (delay tinme difference)
as onepg¥AlR11y heoaddmiecittion for the sampling interval and the

10 sampling number.

In the shown embodiment, in the time series generating
portion 223 shown in Fig. 19, in addition to generation of two
time series data of the received signal vector, generation of
time series data of the add vector and difference vector is also

15 performed. It should be noted that, in the shown embodiment,
since the eigenvalues are not required, matrix operation shown
in Fig. 19 becomes unnecessary.

Fig. 22 shows a result of simulation in the second
embodiment of the communication quality measuring method.

20 Namely, Fig. 22 shows examples of the result of output of the
desired signal power and the interference signal within the
measurement window derived by simulation. In the simulation,
it is assumed that two signals, in which a certain code is spread,
arrive with 5 chip delay. Namely, the position of the first path

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

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



and difference vector are derived fromthe received signal vector between
adj acent synbols. At first, using Nin nunber - 6 0 CT 2004 - 49 of T 2004
di fference vector within the averaging period, the interference sigﬁgp
power is derived by operation shown in Fig. 21. Next, the desired signal
power is derived using N in nunber of add vectors within the averaging
period and already derived 5 interference signal power. Froma ratio of the
derived desired signal power and theg,nterference signal power, SIRin the
averagi ng period can be derived. Even in the shown enbodinent, simlarly
to t helheraveragddigpar kndwhsi h5EPgsymbolishand jtdhe samphing Abteinva bt i on
for the sanpling interval and the 10 sanpling nunber. In the shown
enbodi hent, symbetde t ilte sleeudd @@h@ﬂ%QQgthﬁgrFhﬁﬂRﬁEﬁ%Hﬁﬁnthﬁ Bignadb, in
addition to generation of two tine series data of the received. signal

vect oraryavéngt iadn the se@@ndrPathdisa sst the BEd Sved JFoveH leaper@h%e
vector is also 15 perfornmed. |t should be noted that, in the sho .

enbodi pever ofithe signal gthvaVissrt Hae FeEat Ry mat TR %‘BEF&&%&H‘%OV\M
in Fig. 19 becones unnecessary. Fig. 22 shows a result _qf si gghgggljn t he
sedonddetgpddionedts PeEHRIBoRHER EaTok e iqxﬁﬂéﬁgﬂpilﬁﬁl%éﬁ: ; 1P
Nanel y, F&gh 22 shows exanples of the result of output of the desired

si gnal 188 -and the interference signal within the neasurenent w ndow
derived by simulation. In the si.nmulatjon it is @as t i gnal s,
o which & B RoCGMOTS SpPRARCiitel 0 R abERRShd NTeR O Fhe

at U dhpdaiment | 58" R b SnkiR 1 bENL R 3 e PATELhG ni il dlg second
according to the present invention. In the shown embodiment,
i0 by averaging the desired signal power and the interference
signal power derived in the foregoing first and second
embodiments, more stable value (average value) can be obtained.
In the shown embodiment, at first, an average values of the
desired signal power and the interference signal power are
15 derived per N1 in number of chips in the average period using
the methods in the first and second embodiments (primary
averaging). Then, as secondary averaging, N2 in number of
desired signal powers and the interference signal 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,



chip. The signal arriving at the second path acts as interference signal

in the first path and the signal arriving at the first path acts as
interference signal in the second path. - 6 OCT 2004 - 50 The avera@ﬁﬂETZM4
period is 1500 synbols and the sanpling interval is 1 synbol. It should be
noted that the power of the signal arriving at the second path is set to

be 5 dB |l ower than the power of the signal arriving at the first path. The
correlation 5 detection is performwtsh four tinmes over-sanmpling of 256

chip Iengt1 Fig. hows a principle of operation of the third
embodi &Ent %‘Fltiﬂée @@Hﬁﬁﬁ%é??éntﬁﬂ’élf?‘??e %@%ﬁﬁ@%@ﬁd@n%ep&.w% t he
pr esent |nvent|on In the shown enbo nent to eﬁ avera QF% desi red

signal powerfifd £Be SHESf &r BAARCIRHRaPE p9ﬁ§x fet PRe@T PYrEddbi ng
first and second i ments, npre stable v av e val ue n be

obt ai n€@POdiM&THe %Eb&geerﬂ%’éﬂ‘%ﬁFat&to‘? |‘I‘%‘"E‘fl§h’ &V‘é’? ms‘s’? t he
desired signal power, and the interferepce signa omer are 15 der.i ved, per
N AGReRS h pehe ot RSt P REL G | qtfé‘?f%‘?h%‘ﬂ?"ﬁ%’"l%th st

0, Sk @Fe%déﬁsghfeg&. Sﬁ%%%‘éﬁiggaa%)ﬁ%uﬁﬁée A
oDt " Y 4 BRI B R GERR R, Sihmbb 9032%’%%’99
g Pt R Al S R
qualit¥1@%ﬁ§Hhﬁpgegﬁﬁn?@mﬁgﬂﬂﬂhéhgg.OfAs shown in Fig. 25, with taking
two symbols as set, measurement of other channel within the
10 sampling period becomes possible. In a certain given period,
measurement data of a plurality of channels can be obtained at
substantially the same. In the prior art using the vector
averaging, since there is a limitation that "phase wvariation
of the desired signal vector due to multi-path fading in the
15 averaging period, should be ignorable." Therefore, when number
of channels to be measured is large number and the averaging
period is relatively long, time multiplexing of other channel
within the sample period is difficult.
Fig. 26 shows a principle of operation of the fifth
20 embodiment of the communication gquality measuring method
according to the present invention. In the shown embodiment,
primary average is derived by time multiplexing of other
channels within sampling period of one channel. Then, secondary
averaging (averaging in power) is performed from the result
25 obtained by the primary averaging.
Fig. 27 shows a principle of operation of the sixth
embodiment. of the communication quality measuring method

according to the present invention. In the shown embodiment,



25 sinulation is the same as those of Fig. 22 except for averaging nethod.
Averagi ng sanple nunber is 5 in the primary averaging and 300 in theEUE72%4
second averagi ng. The averaging period in total 1is 1500 synbols. Conpari

with the results showmn in Fig. 22, - 6 OCT 2004 - 51 it should be

appreci ated that nore stable values can be obtained. Fig. 25 shows a
principle of operation of the fourth enbodi nent of the comuni cation

qual ity neasuring nethod according t{@2the present invention. In the shown
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channelﬁ can be obt ai ned at substantlally the sane. In the prior art using
the vegtdr™ §§%rag|ng, since there is a limtation that "phase variation

of the desir gg%' 953l ‘réergc]‘loéaﬂu hb% ’Eﬂé'mﬁ%ﬂtfsa@f“%i@uiﬁﬁi% aMer éng

perlod shou é |gno erefore en nunber annels to
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mul ti plexing o e sanple period is diftficult. Fig.

26 ShOWiga arepnqgls 9&%@%9%%&41%&'féael%@r@pghamnbmefhe

comuni cation quality nmeasuring nethod according to the present invention.

I'n thepaheWirBif9d IRl a tRONTaNY tReCEagR cHndErt Vol &y Rige. mptapdexing of
ot her channe s Within sanpling period of one channel. Then, secondary

The averaging method performs only averaging in power per chip.

10 Fig. 28B is a profile of SIR per each chip 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 by

15 deriving the received signal power per chip in the
synchronization detecting portion 221 shown 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 results 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 detecting portion 221,

precision in measurement is degraded since the measurement is



averaging (averaging in power) is performed fromthe result 25 obtained by
the primary averaging. Fig. 27 shows a principle of operation of th%[ﬁhx@@
enbodi ment of the communi cation quality nmeasuring nmethod according to't
present invention. In the shown enbodinent, - 6 OCT 2004 - 5 2 at first,
primary averaging is perforned per one channel, and other channels are

mul tiplexed in the secondary averaging period to obtain the values after
secondary averagi ng of respective chagnels. 5 Figs. 28A and 28B show t he

results of sinmulation in.,the, fifth_enhodi nent_of the co icati.qn. qual ity
meas urR¢gt GEMS .athggﬁ%QA%¥F%P%r6F' &Eﬁﬂ%b?ﬁPwefﬁ%uéggﬁdpﬁs 5%omer
performn i.nmul gtion in the sanme condition as Figs.. 22 and 24. . .The
averag‘?%gﬁgtlﬁgd f SPHEUFHSA &P agitfly ﬁ-ﬁa PSRRPERdCati N AYgIAtY ogp s
a profile of _SIR per, each i p derived using the desired signal power and
the i M@LFErERGe ’ﬁ%b?npgée‘ obtained fromFig. 22. Conventionally, the

I ti f th h b f ' ' ' ' s d d h
Conchr oni 2a@n R nBE RS o g beeiOTRe PR e FEE rme Moo mum

desectHChEPiar SATFBR GGy BRYSRE B Rl dFoBYRRTIANII 00

si nce @Qgﬁg%ihfggg@é% PRYRLs! EaRh akCkAl %@aégﬂnﬂggrcﬁﬁlmi ng to

interf Cesi power’, the pat position eas et ected

from the. ngak §ﬂ%tﬁy el ﬁrsf‘?’ffd’%@ccﬁf&@nﬁﬂé@iﬁn@nk@r egsetfk ERBtrol

I nterference signal” power, judgnment whether the peak value is the actual

path pESHE58A ¥304 shown in Fig. 19, judgment is made whether the
reception chip timing is offset from the path position effective

10 for communication from the measured SIR value or not. If
judgment is made that the reception chip timing is offset from
the path position, the synchronization chip timing information
portion 225 shown in Fig. 19 is controlled to modify the
synchronization chip timing.

15 On the other hand, in case of the communication guality
measurement premised by the measurement window, for all chip
timing in the measurement window, the desired signal power, the
interference signal power and SIR are measured. Therefore, SIR
profile shown in Fig. 28B is obtained. In Fig. 28B, SIR < 0 is

20 certainly established at positions where the path is not present,
and SIR > 0 is established at positions where the path is present.
In the control portion 2304 shown in Fig. 19, the peak value
where SIR > 0 is established is detected to detect the path
position effective for communication.

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

is performed by controlling the synchronization chip timing



not, is difficult. On the other hand, it is not possible to distinguish
whet her the peak is results in presence of the path 25 or the peak & 007 2004
results in fluctuation of noise only by the peak value of the power. Wen
error is present in the synchronization chip timng in the synchronization
detecting portion 221, precision in neasurenent is degraded since the
nmeasurenent is -6 OCT 2004 - 53 perforned at a chip timng different from
the path position effective for conmsmieation, in the comrunication
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chip e other hand, iIn case of comuni cation quality

neasur egR8L nkf R §LHahtiliE FBageE YoM Nndow, for all chip timng in the
measur enent W ndow, the desired signal power, the interference signa

power and SIR are neasured. Therefore, SIR profile shown in Fig. 28B is
obtained. In Fig. 28B, SIR< 0 is 20 certainly established at positions
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where the path is present.
Diversity
10 Fig. 29 shows overall construction of the mobile
communication system applying transmit diversity. The mobile
station 202 has the same construction as that shown in Fig. 2.
The time series generating portion 223 is constructed with a
delay circuit 3301 delaying the received signal vector after
15 correlation detection for a predetermined delay symbol number,
a vector calculation portion 3302 deriving a difference vector
and add vector from difference and sum of the received signal
vector, and a vector selecting portion 3303 selecting 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

serieg is assumed. While two antennas of the radio base stations



In the control portion 2304 shown in Fig. 19, the peak value where SIR> 0
is established is detected to detect the path position effective fop 0CT 2004
comuni cation. 25 Wen judgnent is nmade that the position of the neasurin
wi ndow and the wi ndow wi dth are not appropriate, nodification of the
position of the neasuring w ndow and the wi ndow width is performed by
controlling the synchronization chip timng -6 OCT 2004 - 54 information
portion 225 of Fig. 19. By such contrgk,- even when the path position
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( portion . en communi cation 1's perfornmed applying
transné;:plaining correlation detection process in one embodiment of
the present invention. In general, a transmission series s1(t)

10 from the antenna #1 and a transmission series s2(t) from the
antenna #2 are subject to respectively independent fading cl(t)
and c2(t). These two series are received after combination in
the space. Accordingly, ignoring transmission delay. a
received series becomes r(t) = cl(t) * sl(t) + c2(t) * s2(t).

is Here, considering a time range where influences of the
propagation paths are regarded as the same, fading can be
regarded as constant, cl{t) =cl and c2{t) = c2. Therefore, the
received series becomes a given value per combination of the
transmission series si(t) and s2(t).

20 For example, when the symbol of the transmission series
of the antenna #1 at a certain timing is assumed as A and the
symbol of the transmission series of the antenna #2 at the certain
timing is assumed as A, the received series becomes X. When the
symbol of the transmission series of the antenna #1 at a certain

25 timing is assumed as A and the symbol of the transmission series
of the antenna #2 at the certain timing is assumed as B, the
received series becomes Y. As set forth above, in a time range

where the influence of the propagation path is regarded as



diversity as the channel to be nmeasured, the channel repeatedly
transmitted a known synbol series of respectively different patterns Ui 0t
comon spreadi ng code is assunmed fromtwo 25 different antennas of the
radi o base station. When the conmunication applying transmt diversity is
not performed, the channel repeatedly transmtted a known transm ssion

synbol
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value becomes 1. Namely, the delayed received series delayed
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.

Fig. 31 shows a process of correlation detection in one
embodiment of the present invention. A symbol as correlation
unit taking t,,; + iA T as leading end of the received series
r'(t). is assumed as r'(ty,; + iA 7)), and correlation detection
process is performed by the correlation detector, such as
matched filter set the code m(t,,; + i/A T ) spreading respective
of corresponding symbol, the received signal vector series r(t,y,,
+ iA 7)) after correlation can be obtained. Thus, the received
signal vector is assumed as r,(t;,, + iA T). It should be noted
that A 7T is a period of one symbol length, j is a repetition
number of the series pattern in one frame, i is symbol number
in the pattern, k is a reception chip timing in 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

series is assuned. Wiile two antennas of the radi o base stations -

the reception point as conbined in vector
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ect to respectively



of the antenna #1 at a certain timng is assuned as A and the synbol of
the transm ssion series of the antenna #2 at the certain timng is-gag$sqNEy
as A, the received series becones X. Wien the synbol of the transm ssion
series of the antenna #1 at a certain 25 timng is assunmed as A and the
synbol of the transm ssion series of the antenna #2 at the certain timng
I's assuned as B, the received series becones Y. As set forth above, in a
time range where the influence of t-he7propagation path is regarded as - 6
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as fr shows a process of correlation detection in one

enbodi geRbeef Tt hes Eeseat iARYd ®MmutipIkolomstrer Felpait vnionnplertiaking
tj+i + 1A t as leading end of the received series r' (t) , is assuned as
r' (t o#l thel Adadnsmisdionr rimiéonpdettentri on process is performed by the

correlation detector, such as
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 - IA T) delayed for
delay symbol numbexr I, the received signal vector r(ty, + i
A T) in the reception chip timing k in the symbol and from

15 difference and sum of the received signal vector series r(t,,,
+iAT - IAT), namely r,(t; +iA T ) at the same reception chip
timing, at which the series is delayed for delay symbol I,
difference vector and add vector are derived. The add vector
becomes &, (t;) =1 (t; +1iA T) +r (ty+ iA 7 ) and the difference

20 vector becomes B, . (ty) = Ity + 1A T) - r(t; + 1A 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 communication

25 quality calculation process by a preliminarily set vector
selection information sel; ,(t,;), namely the difference vector

and the add vector. The vector selection information is

information ON = 1 and OFF = 0 per symbol.



20 matched filter set the code mt j+Il + i At) spreading respective of
correspondi ng synmbol, the received signal vector series r(tj+l + i-89CT J004
after correlation can be obtained. Thus, the received signal vector is

assuned as rk(t j+ + "At) . It should be noted that Ar is a period of
one synbol length, j is a repetition 25 nunber of the series pattern in one
frame, i is synbol nunber in the pattern, k is a reception chip timng in

the synbol. On the other hand, it issgssunmed that information of the

| eading end position, the synbol position.an o on of the cha,nnel frame -
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the mobile communication system using W-CDMA cellular system.

10 CPICH is consisted of 150 symbols per one frame, 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
transmission symbol series is once reset per one frame,

15 regularity of the four symbol period is not continued at the
boundary of the frame. Therefore, in order to obtain a series
where the correlation of the transmission symbol series becomes
1, 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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beconmes aik(tj) =rk(tj+i +iAt) +rk(tj + iA) and the difference 20
vector becones (31 _k (t j) =rk (t j+l +1 At ) - rk (t j + A tl&nd?f%4
34 shows a process of vector selection and a process of comunication
quality calculation in one enbodi ment of the present invention. The vector
sel ection selects output of the vector calculation process to be input to
the communi cation 25 quality calculation process by a prelimnarily set
vector selection information selfk(tj),_ namely the difference vector and
the add vector. The vector selection information is information ON =1 and
OFF = 0 per FsiygboB6 showscr 2ppinciggle ThE eppmafiieniof &bw ifirst
cal cul ation uses input add vector a '(t) and the difference vector '
i _k(t gnbodtmemtaet dihe fpmpBEndikée tdiol cientdtyeReqdsusagd; Re&hog é’r{gé“
signal power is derived, and froman average of the add vector and the
aver agis® off thact sensBidRiveEesidiy ackeibisn 9 4@ shgRTe6Rd: 1PYeR R,
SIRis derived froma ratio of the desired signal p met1§$d tge
i nt er fER@nSENShFRN1Fa0EePR BefeBEieRols GRS IRbRWIE Yt FAKIPGFME
diversity in the nobile comunication systemusing. WCDVA cel |l ular system
i 05 CRIYIRPPiscassitdiedetayspedmihi s pﬁ'@%%m‘ss rﬁﬁf&b%l§y%‘ﬁo?n?eﬁi% d.
consisted of four synbaols (A A A A .is transmjited fro he ..ant enna #1
ond- o SymeYmRate BAKRRE S 4 BP 11 Bt LA EO SR 2 B BRAP LS ST E: od
fromthe antenna #2. Since the ransm,ssion synbol .serjes_is .once,reset
per oner@#RgnPoYRdaRy figr PQF §pa ﬁg P6ﬁ$1§§N%0¥YE%ﬂ%ﬁi+§ 8%%%%&%hued at
the boundary of the frame.. Therefor i r . i | re
the corPEFERSE ot ihs TratLAl LoRo eyl s Sor B8 taapnpert THd Torile
2 can not be 1. Since this make is difficult to derive correct
10 add vector and difference vector, by setting the vector
information of part of unmatched symbol in the frame boundary
in the vector selection process, result of correct calculation
can be obtained in the communication quality calculating

process.

15 Fig. 37 shows a principle of operation of the second
embodiment of the communication quality measuring method upon
use of the transmit diversity according to the present invention.
Communication quality is calculated with tasking one symbol as
delay period. In the series 1, excluding first symbol from the

20 leading end of the frame, odd number order symbol match with
the symbols in the series 2, but even number order symbols from
the leading end of the frame do not match. Therefore, the
correlation value of the series 1 and series 2 does not become
1. With leaving this, correct add vector and the difference

25 vector can be calculated. Therefore, by setting vector
information to off = 0 for the first and even number order symbols
from the leading end of the frame, correct result of calculation

can be obtained in the communication quality calculation



1, the delay period has to be set at one frane. However, in case of the
series provided such | ong delay should go beyond the range 20 where I@%ETZ%4
i nfluence of the propagation path is constant to nake 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 synbols to avoid frane
boundary, the 25 delay period synbol sios-taken as one synbol, and a net hod
for selgﬁt%@g;only correct add vector and the difference vector appearing
every BER&f synbol with taking one synbol as the delay period synbol. - 6
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part of unmatched synbol in the framé boundary in the vector selection

procesgouresyhibf £Hd iridd culwhi®e thantbanghliasisieeni Syhbel series
communi cation quality calculating process. is Fig. 37 shows a principle of

Ope[]atd'ignr@éetrpeﬁeﬁw¢raﬂ@ptﬁm HfmibHE ico o teai € pmauatohy iMasusi ng
e ne aipgge frame boundary is not generated. Therefore, by applying
10 any delay period, correlation of the transmission symbol series
becomes 1. Accordingly, at arbitrary delay period where time
correlation of the propagation path becomes small, correct add
vector and difference vector can be derived.
This demonstrates capability of correct measurement of the
15 desired signal power and the interference signal power when the
transmit diversity is not applied using either the method of
calculating the communication quality with taking four symbols
as delay period as shown in Fig. 36 or the method of calculating
the communication quality with taking one symbol as delay period
20 as shown in Fig. 37. Accordingly, even when the base stations
applying the transmit diversity and the base stations not
applying the transmit diversity are present, it becomes
unnecessary to change calculation method and the calculation
method is used commonly.
25 Fig. 39 shows a principle of operation of the third
embodiment of the communication gquality 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



use of the transmt diversity according to the present invention.

Comruni cation quality is calculated with tasking one synbol as del

period. In the series 1, excluding first synmbol fromthe 20 IeadingﬁiQ@Tgm4
the frame, odd nunber order synbol match with the synbols in the series 2,
but even nunber order synmbols from the | eading end of the frane do not

mat ch. Therefore, the correlation value of the series 1 and series 2 does
not become 1. Wth leaving this, cornﬁct add vector and the difference 25

vector can be cal cul at ed. Therefore by tting vector information to_off
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the frame, carrect result @f calcul ation be obtained.in th
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received signals. The received signal vector for each
10 transmission antenna is calculated from the foregoing equation
(4) using the received signal vector obtained by correlation
detection.
Next, the add vector and the difference vector are
generated per each transmission antenna. The desired signal
15 power and the interference signal power upon use of transmit
diversity are derived from the add vector and the difference
vector for each antenna. InFig. 39, Nupon deriving the desired
signal power and the interference signal power is number of
samples of the add vector or the difference vector per one
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



transmt diversity is not applied using either the nethod of calculating
the communication quality with taking four synbols as delay period-&s((T 2004
shown in Fig. 36 or the method of calculating the comunication quality

wi th taking one synbol as delay period 20 as shown in Fig. 37. Accordingly,
even when the base stations applying the transmt diversity and the base
stations not applying the transmt diversity are present, it becones
unnecessary to change cal cul ation neIQQd_and t he calculation net hod i s

used co . 25 Fi 39 ;shows a nci pl e of oper.atjon of he thir
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interference signal power can be calculated with high precision.
10 Fig. 41 shows a principle of operation of the fourth
embodiment of the communication quality measuring method upon
use of the transmit diversity according to the present invention.
With taking CPICH as the channel to be measured upon applied
of transmit diversity, the communication quality measuring
15 method not requiring the vector selecting process 223 of Fig.
29 will be explained. In the shown 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. InFig. 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. 1In Fig. 41, N upon

deriving the desired signal power and the interference signal



15 power and the interference signal power upon use of transmt diversity
are derived fromthe add vector and the difference vector for each.%gcyzm4
antenna. In Fig. 39, N upon deriving the desired signal power and the
interference signal power is nunmber of sanples of the add vector or the

di fference vector per one 20 transm ssion antenna. For exanple, when the
averaging period is 150 synbols (nunber of synmbols in one frane), for
exanple, N becones 74. On the other-taand, in Fig. 39, correlation
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invention. Wth taking CPICH as the channel to be neasured upon applied

correlation detection is performed from the leading end of the

10 frame for simplification. However, correlation detection can
be not necessarily performed from the leading end.

Fig. 42 shows a result of simulation in the fourth
embodiment of the communication quality measuring method upon
use of transmit diversity. Condition of simulation is the same

15 as Fig. 40. Fig. 42 shows the value before correction by the
transmitting power. At the path position between the
transmitter and receiver, it can be appreciated that the desired
signal power and the interference signal power are calculated
at -3 dB lower than the set values. On the other hand, the

20 correction value is (P, + P.,;)/P,, = 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.



of transmt diversity, the communication quality neasuring 15 nethod not
requiring the vector selecting process 223 of Fig. 29 will be expl aim@e 2004
In the shown enbodi nent, fromthe received signal vector obtained from
correlation detection, only received signal vector for one transm ssion
antenna is derived fromthe foregoing equation (4) . Here, the

transm ssion antenna 20 to be selected is either antenna #1 or antenna #2.
Calculation is sinple as the antennaé#l-is selected. In Fig. 41, the

a”teU”ﬁHAﬁlfsséﬁ%fﬁhﬁdlﬁﬂ the selected transm ssion antenna. Next, for the
obt ai ned receilved signal vector in one transm ssion antenna, the add

vector and the difference vector 25 are generated. The desired signal
power and the interference signal power upon use of transmt diversity are
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upon deriving the desired si'gnal power and the interference signal 6 0 CT
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vector per one transm Ssion antenna. For exanpl e, when the averaging

perg 00mes shia® @ WP ne ddibey Gdmauihelat idh eitafi 89e) charhei &XapBlepyN

becones 74. On the other hand, upon derivation 5 of the desired signal
power @aﬁkptrtiegimjgrference signal power, (Ptl + P#Z) /Pti is a correlation
val ue which is a known value. Here, Ptl and Pte are transmtting power of
CPI CH i n eachimbr aestiessigunapheing diepshofil geherntiidyt twb, siridg. ofl,
correlation detection is performed fromthe | eading end of the 10 frane for
si npl i fiatat icomsibtedeof ervtbhat seridst eldtonofan detewtedevadsss i dyd
performed fromthe leading end. Fig. 42 shows a result of sinulation in the
fourtha time series data delayed for one, two or more periods, with

10 respect to said reception chip timing where the detected value
becomes the same;

matrix calculation step of deriving covariant matrix of
said two series data generated in said time series generating
step;

15 first power calculating step of deriving a desired signal
power and an interference signal power in said reception chip
timing from a eigenvalue of said covariant matrix; and

SIR calculating step deriving a SIR at said reception chip

timing from said desired signal power and said interference

20 signal power.

2. A communication quality measuring method in CDMA cellular
system as claimed in claim 1, which further comprises
third power calculation step of deriving an averaged
25 desired signal power and an averaged interference signal power
by performing averaging in a given period from said desired
signal power and said interference signal power obtained in said

first power calculation step and a second power calculation step,



enbodi ment of the comunication quality neasuring method upon use of
transmt diversity. Condition of sinulation is the sane 15 as Fig. 4q%051gm4
42 shows the value before correction by the transmtting power. At

path position between the transmtter 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 (Ptl + Pte) /Pti-=s2-(3 dB) . Accordingly, by adding
the correction value of 3 dB, the desired signal power and the

i nt er f 8*&nce signal power can be correctly measured. -6 OCT 2004 - 64 WHAT
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serlessdat of(s %gtected value and a tine series data delayed for one,
two or SHoP ]pé%‘% with 14 respect to said reception chip timng where
t he, detected value becones the sane; matrix cal cul ati on step of deriving
covariant matrix of said two series data generated in said tinme series
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derivin sa reception chip
channel to be measured is plural and only one correlation

detector is useful,

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

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

channels are derived in time division.

15
4. A communication quality measuring 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,

20 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
25 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



timng fromsaid desired signal power and said interference 20 signal
power. 2. A communication quality neasuring nethod in CDVA cel lular _ Iqmm

as claimed in claim1, which further conprises third power calculatioh’s
of deriving an averaged 25 desired signal power and an aver aged

i nterference signal power by performng averaging in a given period from
said desired signal power and said interference signal power obtained in
sai d first power cal cul ation step andéa-second power calculation step, - 6
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sai d average aver age eren St gnal
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third power calcu atlng st ep, sal aver ged esired signal power Sai d
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sai d §?E# ?éu ation step, sald ﬂﬁ of a plura |t§ o%%EQLannE s are %Elved
i ngtines gh¥hSifywedd 4. A communication quality measuring nethod in CDVA
cellular”systémas clained in claim1l, characterized in that when the
channel to be neasured is plural and only one correlation

ep

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

path detection step of deriving paths between transmitter

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

said SIR obtained in said SIR calculation step.

7 A communication quality measuring method in CDMA cellular
system detecting a reception chip timing of a channel to be
15 measured and measuring communication quality, characterized by
comprising:
time series generating step of generating two series of
data consisted of a time series data of a detected value 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
25 generating step becomes a particular correlation value;
subtracting step of deriving a difference vector from a
difference of received signal vectors between two points close

in reception timing;



detector is useful, 20 correlation detection of a plurality of channels is
performed in tinme division for generating two series generated in t-he)SR0BY
reception chip timng per channel. 5. A conmunication quality neasuring

met hod in CDVA cellular 25 systemas clained in claim4, which further
conprises fourth power calculation step of deriving an averaged desired
signal power and an averaged interference signal power by averaging a

gi ven period fromsaid desired signal epower and - 6 0 C T 2004 - 66 said
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pat i'On Step Of deriving pat weeh transmtter to and receiver
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said SIR calc l'on s nmuni catTon quality neasuri met ho
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conpri sk Bfa Hﬁg%éﬁ[ies generating step of generating two series of data
consisted of a tinme series data of a detected value and a tinme series data
del ayed for one, two or nore periods, with 20 respect to said reception
chip timng where the detected val ue

8. A communication quality measuring method in CDMA cellular
system as claimed in claim 7, which further comprises
10 third power calculation step of deriving an averaged
desired signal power and an averaged interference signal power
by performing averaging in a given period from said desired
signal power and said interference signal power cbtained in a
first power calculation step and said second power calculation
15 step, and
in said SIR calculation step, 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 cellular
system as claimed in claim 8, characterized in that when the
channel to be measured is plural and only one correlation
detector is useful,

in said third power calculating step, said averaged

25 desired signal power and said average interference signal power

are derived in time division, and
in said SIR calculation step, said SIR of a plurality of

channels are derived in time division.



beconmes the sane; adding step of deriving an add vector from addition of
recei ved signal vectors between two points close in reception tinipg %@Q%A
said two series data generated in said tine series 25 generating st B
becones a particular correlation value; subtracting step of deriving a
difference vector froma difference of received signal vectors between two
points close in receptiontimng, - 6 OCT 2004 -- 6 7 second power

cal cul ation step of deriving a desiredssignal power and an interference
signal power by averaging said add vectors and said difference vectors;
and SIR cal culating step deriving a SIR at said reception chip 5 timng
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cal cul gti tep: |4 second power calculation 15 step, and in said
S| caﬁ%&%&?ﬁgﬁggggg?aggﬁd SIRis derived fromsaid averaged desired
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in clapmr o alad 36 ¥iteQivisiah ¥BeNgbRRrating two series generated

in the same reception chip timing per channel.

10 11. A communication quality measuring method in CDMA cellular
system as claimed in claim 10, 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 powexr and
15 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 averaged interference
signal power.
20
12, A communication quality measuring method in CDMA cellular
system as claimed in claim 7, which further comprises:
path detection step of deriving paths between transmitter
and receiver to be effective for communication from a value of

25 said SIR obtained in said SIR calculation step.

13. A communication quality measuring apparatus in CDMA

cellular system detecting a reception chip timing of a channel



channel to be neasured is plural and only one correlation detector is
useful, in said third power calculating step, said averaged 25 desired; 0CT 2004
signal power and said average interference signal power are derived in

time division, and in said SIR calculation step, said SIR of a plurality of
channels are derived in tinme division. - 6 a CT 2004 - 68 10. A

communi cation quality nmeasuring nethod in COVA cellular systemas clained
in claim7, characterized in that whensthe channel to be neasured is

plural _and only one correlation 5.detector is useful, co rglation det ecti on
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matrix calculation means for deriving covariant matrix of
said two series data generated in said time series generating
10 means;
first power calculating means for deriving a desired
signal power and an interference signal power in said reception
chip timing from eigenvalues of said covariant matrix; and
SIR calculating means deriving a SIR at said reception chip

15 timing from said desired signal power and said interference

signal power.

14. A communication quality measuring apparatus in CDMA
cellular system as claimed in claim 13, which further comprises:
20 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

25 means.

15. A communication quality measuring apparatus in CDMA

cellular system as claimed in claim 14, characterized in that



path detection step of deriving paths between transmtter and receiver to
be effective for conmmunication froma value of 25 said SIR obtainegamg 4
said SIR cal culation step. 13. A communication quality measuring ap t@@
in COVA cellular systemdetecting a reception chip timng of a channel -6
OCT 2004 - 69 to be measured and measuring conmunication quality,
characterized by conprising: tinme series generating nmeans for generating
two series of data consisted of a timg series data of a detected value and
5 atine series data delayed for one, two_or nore _perjods, with respect to
sai d r¥bep:tha %W?ﬂrﬁ%é%@ﬁ§qq%i detRtvEGLRANEON b SR S O kahkon
matri x _cal cul ati on nmeans for deriving covariant nmatrix of said two series
dat a g8RECATQF | 1SsHF8LUwe series generating 10 neans; first power
calculating neans faqr deriving a desired signal power and an interference
si gnal powerSfhdshhd I Ppts o a Lt patimh Peantn e HiRes §édbavergged
covariant matrix; and SIR cal cul at] nmeans derivi% a SIR at sajd
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interference sjgnal .power 14. A conmunication quality neasuring apparatus

i n COMAD LISV E§408m RS aimed in claim 13, which further conprises:
20 third power . | at | on ans for_ derjving an_aver d__desi.red signal
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a given.period f oanaidnﬂggared .s@gnal power and said interference signal
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16. A communication guality measuring apparatus in CDMA
10 cellular system as claimed in claim 13, characterized in that
when the channel to be measured is plural and only one correlation
detector is useful,
correlation detection of a plurality of channels is
performed in time division for generating two series generated

15 in the same reception chip timing per channel.

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

calculation means and a second power calculation means.

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

transmitter and receiver to be effective for communication from



first power calculation neans and a second power cal culation 25 nmeans. 15.
A communi cation quality nmeasuring apparatus in CDVA cellular system as
claimed in claim 14, characterized in that - 6 O C T 2004 - 70 whef btHd 2004
channel to be neasured is plural and only one correlation detector is
useful, said third power cal culating nmeans derives said averaged desired
signal power and said average interference signal power 5 in tine

di vision, and said SIR cal cul ati on neans-derives said SIR of a plurality

of channels in tinme division. 16. A _comunicatiqgn quality nmeasuring
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in that when the channel to be neasured is plural and only one correlation

detector is useful, correlation detection of a plurality of channels is
ener at ed
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further conprises
data consisted of a time series data of a detected wvalue and

a time series data delayed for one, two or more periods, with
10 respect to said reception chip timing where the detected value
becomes the same;
adding means for deriving an add vector from addition of
received signal vector between two points close in reception
timing when said two series data generated in said time series
15 generating means becomes a 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
20 signal power and an interference signal power by averaging said
add wvectors and said difference wvectors; and
SIR calculating means deriving a SIR at said reception chip
timing from said desired signal power and said interference
signal power.
25
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



path detection nmeans for deriving a path between transmtter and receiver
to be effective for comuni cation from-6 OCT 2004 a val ue of said:ﬂgmcyzm4
obtained in said SIR cal culation nmeans. 19. A comunication quality
measuring apparatus in CDVA cellular systemdetecting a reception chip
timng of a channel 5 to be neasured and neasuring comuni cation quality,
characterized by conprising: tinme series generating nmeans for generating
two series of data consisted of a time series data of a detected val ue and
a tinme series data delayed for .one, two _or r eriods, wth 10 respect to
Sai d 088G TR Li ROKGTWABo hav aeAda L d e Tee T EBESmSS IHe L JRHeT
addi ng, means for deriving an.add.vector.fromaddition of receiyed.sigpal
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data generated in said tineéferies ﬁeneratin neans beﬁﬁpes a
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ng, Second power talcu eriving a
des'reg %% signal power and an interference signal power by averaging said
add” velE8PS -and sai d difference vectors; and SIR cal cul ati ng neans deri vi ng
a SIR at said reception chip timng fromsaid desired signal power and

said interference signal power. 25 20. A communication quality measuring

ggrr;g; apY4s | "a O] b4t RonS YA B9 RbAISTRANG &bBaFatths WHhCEDMA t her
cellular system as claimed in claim 20, characterized in that
when the channel to bemeasured is plural and only one correlation
10 detector is useful,

said third power calculating means derives said averaged
desired signal power and said average interference signal power

in time division, and
said SIR calculation means derives said SIR of a plurality

15 of channels in time division.

22. A communication quality measuring 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 plurality 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 averaded interference signal power



third power cal cul ati on neans for deriving an averaged -60012004 - 72
desired signal power and an averaged interference signal power by -§0C7 2004
perform ng averaging in a given period fromsaid desired signal power and
said interference signal power obtained in a first power cal cul ation neans
and said second power calculation 5 neans. 21. A conmmunication quality
measuring apparatus in COVA cellular systemas clainmed in claim20,
characterized in that when the channelk to be neasured is plural and only

one correlation, 10 detector is.useful, sai.d :(i}l rd %8mr cal.cul ati ng} rr(ﬁans
der i veRYsAVATAGHNE &l IIHER (ReELPGnEF OfbRe S AP SHF el 299884 PMET etdlce
signal power, .in tinme division, and said .SIR. cal.culation ans .derives said
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qual it asur,i ng apparat us in_CDVA |1 ul ar syste s.claimed in claim
1o, chEPLEPIATARN  HoERT Stheh DRECHRAHARYSE oA A ER TESLral and
only one correlation 20 detector is useful, correlation detection of a
plurality of channels is performed in time division for generating two
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si gnal pomerpé@hoﬁgté%¥¥bn means for deriving a path between
transmitter and receiver to be effective for communication from
a value of said SIR obtained in said SIR calculation means.
10
25. A communication quality measuring method 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 quality,
15 characterized by comprising:
correlation detection step of performing correlation
detection of received signal using a code series spreading said
channel to be measured;
delay step of delaying one of received series detected in
20 said correlation detection step for one, two or more symbol
period within a range where mutual correlation between
transmission symbol series is 1 and influence of a propagation
path can be regarded as the same:
vector calculation step of calculating difference vector
25 and add vector from difference value and add value of respective
received signal vectors of the same reception chip timing in
the other received series detected by said correlation detection

step and the received series provided delay in said delay step;



- 73 by averaging a given period fromsaid desired signal power and said
I nterference signal power obtained in said first power calculation_g%%ﬁﬁm4
and a second power cal culation nmeans. s 24. A comunication quality
measuring apparatus in CDVA cellular systemas clainmed in claim19, which
further conprises path detection neans for deriving a path between
transmtter and receiver to be effective for communication from a val ue of
said SIR obtained in said SIR cal cul at7sjon nmeans. 10 25. A conmuni cati on
quality peasuring nethod in CDVA cellular systemdetecting reception chip
tim n@®% channel to be neasured repeatedly transmtted a transm ssion
synbol series of a

K . d 1 .
comuni cat &praa%nw{c‘;\}“{‘qgp%%éié&y?”ﬂy@%ﬂ%ifc?g%ﬁ%ﬁgé Cohebatin °
ﬁ g é’%a%é‘?l?g?s@%ig%%%%g&i&ﬁﬁt@% %ﬁﬁgﬁee{ R %&ﬁ%ﬁ%‘%@%&ﬁ HHmor
. ; tect
ctep (O AnG LERF I hor o EpRant st S HEN e SR faPEfA g AEa "

correlatipn_between nsm_ssi.on synbol series is 1 and influence of a
prépadﬁ??gﬂr &ﬁﬁ?%%%£§8%ré§%?§éd as the same; vector calculation step of
calcul ating difference vector 25 and add vector fromdifference val ue and

add val ue of respective received signal vectors of the sane reception chip

timnggn (NEMNEA1ESEINPGRA €5 el eaLefoPiiethioh qor COMA ban 1dpi#pt i on
step and't he recelveﬁ series provided delay 1n said delay step; - 6 OCT
2004 system as claimed in claim 25, which further comprises
vector selection step of selecting only result of
10 calculation at the same reception chip timing of received symbol
matching respective transmission symbols among difference
vector and add vector calculated in said vector calculation step
when a correlation between the other received series detected

in said correlation detection step and the received series

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 series detected in

said correlation detection step for one, two or more symbol



- 74 and conmunication quality calculation step of calculating a desired
signal power, an interference signal power and SIR from said differ_% 2004
vector and said add vector calculated in said 5 vector calcul ation step.
26. A comuni cation quality neasuring nmethod in CDVA cellular system as
clainmed in claim?25, which further conprises vector selection step of
selecting only result of 10 calculation at the sanme reception chip timng
of received synmbol nmatching respective transm ssion synbols anong
difference vector and add vector calculated in said vector calculation
step phrnod curtlimt forangevaenerBe mxtherl reesiredd vt ebegi@emnied in
said correlation detection step and the received series 15 del ayed in said
del ay trepsmissidn symhad 6a&iexy inAsgoitnihiicberentqaatiennasatsrl rynd

met hod in CDVA cellular systemdetecting reception chip timng of channel
to be ipfdwesdte reheat paopagatntant padh G P sregagigardl asek M
respectively different known pattern using common spreading code from

di fferent arveahas gpésulsxt bpntshapnef @rlendiatingdibberengegyector
measur enent of conmmuni cati on gual ity, characterized by conprising: .
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recei ved signal using_a code series spreading said. _channel to be neasured,
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detection step for one, two Or re synbo] - 6,0 C T 2004 - 7 ,
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step and the received series provided delay in said delay step:;
and

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

vector calculation step.

15 28. A communication quality measuring method in CDMA cellular
system as claimed in claim 27, which further comprises
vector selection step of selecting only result of
calculation at the same reception chip timing of received symbol
matching respective transmission symbols 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



period within a range where nutual correlation between transm ssion synbol
series in said different antennas is 1 and influence of a propagatigncpasy
can be regarded as the sane; vector cal culation step of cal culating

di fference vector 5 and add vector fromdifference value and add val ue of
respective received signal vectors of the same reception chip timng in
the other received series detected by said correlation detection step and
the received series provided delay inzgaid delay step; and 10

conmuni cati.on qﬂaﬁit% %alqulqiion step of cal culating a desired signal
pover , TR Yer FRRRRE L ETI AT poVe FOIIRF 15 H¥f om sai d difference vector
and said add vector .cal culated. i.n said _vector calculation step..15.28. A
Communi cat | GIORERILALY Soedar FFG et M EBtn Rt SR DS e b CHOH e
in clqant27,.mhicgifurther oqprisis vect or se#ection steﬁFofd§${ectiq€
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synbol . mat chi respective transm ssion synbols of the different 20
antennﬁhﬁﬂﬂﬁg‘gg?f%?eﬂggs§gg?%f and add vector calculated in said vector
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conpri $+98smission symbol series is 1 and influence of a propagation
path can be regarded as the same;

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

15 delay step; and

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

20
30. A communication gquality 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



correlation detection nmeans for performng correlation detection of
received signal using a code series spreading said channel to be megsgren
5 delay neans for del aying one of received series detected in said
correlation detection step for one, two or nore synbol period within a
range where nutual correlation between transm ssion synbol series is 1 and

I nfl uence of a propagation path can be regarded as the sane; 10 vector

cal cul ati on neans for cal culating diffierence vector and add vector from

di fferﬁ%iggggipujgnagg ad(&et\ﬁ_azlr# QER %%’Z ti YELT %ﬁ%l Vgﬂlél gnal vectors of

t he sa tTon"C received series detected by
said correlation detectlon step and the recelved series provided delay in
said 15 delay step; and conmuni cation quality cal cul ati on nmeans for
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performing measurement of communication quality, characterized
by comprising:

10 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

15 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 means for calculating difference
vector and add vector from difference wvalue and add value of

20 respective received signal vectors of the same reception chip
timing in the other received series detected by said correlation
detection step and the received series provided delay in said
delay step; and

communication 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.



del ayed in said delay step is smaller than one. 31. A communication quality
measuring apparatus in COVMA cellular systemdetecting reception chi (T 2004
timng of channel to 5 be neasured repeatedly transmtted transm ssion
synbol series of respectively different known pattern using common
spreading code fromdifferent antennas upon use of transmt diversity and
perform ng neasurenent of conmunication quality, characterized by
conprising: 10 correlation detection_ngans for perform ng correlation
detection of received signal using a code series spreading said_ channel to
be nmea82red;Adepmrunsigation @daddhy) BRasHr T apparadusesigeCPMPed in
said correlation detection step for one, two or nore synbol 15 period

wi t hi ncaldadge wirgttemas@lavned| biioha bt hberwhiahsisthexr SpmRITisesi es
in said different antennas is 1 and influence of a propagation path can be
regar ded as Y@etoamselaetion sgansg afPbnsSedREting eBLyUILRSWYTIPOHT erence
vector and add vector fromdifference val ue and add val ue of, 20 respective
recei vedleudidl ior @t epopameeregeP i sthigh tdming airaseivef s Bihel
recei ved series detected by said correlation detection step and the
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transmission symbol series in said different antenna is smaller
than one.
10
33. For measuring communication quality in a mobile receiving
station in a mobile communication system employing a CDMA
cellular system, using channel spread with spreading code and
constantly transmitted from a base station, a synchronization
1s detecting method 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 measured 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 filter
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.



cellular systemas clainmed in claim31, which further conprises vector

sel ection neans for selecting only result of <calculation at the SanFUCszé
reception chip timng of received synbol 5 nmatching respective

transm ssion synbols of the different antenna anong difference vector and
add vector calculated in said vector cal culation step when a nut ual

correl ation between transm ssion synbol series in said different antenna
is smaller than one. 10 33. For neasgping comunication quality in a
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averaging period by detecting the partial detection values per
set sampling period.
10
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 1is determined using an averaged value by preliminarily

calculating said averaged value by power averaging process oOr

vector averaging process.

37. A synchronization detectingmethod 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 detectingmethod in CDMA cellular system

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



and sanpling period are prelimnarily set in advance of perform ng said
synchroni zati on detection, and the 5 synchroni zation chip timng of-éngjzmn
channel to be neasured is determ ned on the basis of a value derive y
averaging of } detected plurality of partial correlation values in said
averagi ng period by detecting the partial detection values per set
sanpling period. 10 36. A synchronization detecting nmethod in CDMA cellul ar
system as claimed in claim35, charaggerized in that upon averagi ng
process of said detected plurality of partial correlation values, the
synchramd zgampd id PeTiPHg agte tee LABARST itly peefedsudyange; €5det er mi ned
using an averaged value by prelimnarily cal cul ati ng sai d averaged val ue by

pover REEfagmigProred ssypchrnbzabiepagiete ot beRss anty the synchroni zati on
detecting nethod in CDVA cel lular system 20 as c%iined i n clain132q,
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set in advance .of perfor@ ng said synchroni zation detection, and the
set sampling period.

39. A synchronization detecting method in CDMA cellular system
10 as claimed in claim 38, characterized in that upon averaging
process of said detected pluralityof 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 oOr

15 vector averaging process.

40, A synchronization detectingmethod in CDMA cellular system
as claimed in claim 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 detectingmethod in CDMA cellular system
characterized by comprising the steps of performing
synchronization chip timing detection process for a plurality

of times as defined in any one of claims 33 to 40, and making



synchroni zation chip timng of the channel to be measured is determ ned on
the basis of a value derived by averaging of 5 detected plurality OtEDC12W4
partial correlation values in said averaging period by detecting the
partial detection values per set sanpling period. 39. A synchronization
detecting nethod in COVA cellular system io as clained in claim 38,
characterized in that upon averagi ng process of said detected plurality of
partial correlation values, the syncilonization chip timng of the channel

to be frRaghesd wisetBERr ByiRthHohNgadl Yk RPgdtYalivey kyr ps ethBnp 1 | Yo
cal cul ating said averaged val ue by power averaging process or 15 vector

aver agb89mpheiassd #8. t& DEChE parAdne Wetl 86t by ARIFege] BaCA 6£ hul ar
system as clainmed in claim39, characterized in that the synchronization

chi p tprupalafty hef channgl talhe naesud est 4833Q ddaria fednbyagmad) i tige
setting of process of said averaging process for a plurality of tines and

usi ng ghacavernigedt ¥ehuehigert ivinby of pihy ath&ynefl tiorase aheaverag s
process by the same or different averagi ng nethod in each process. 25 41.
A sync@eoeirrdinah wWhthcpruy iihgda iGkRA cahbel,arorsysyrohronaract tonzed
by conprising the steps of performng synchronization chip timng
det ect deteptdoessi s otoabel watfoymedf agaies. as defined in any one of clains
33 to 40, and naking - 6 OCT 2004 81 judgment whether synchroni zation chip
timng of a channel to be neasured is to be determ ned using an average
value of a plurality of timng value and a standard deviation val ue, the
synchr 3i- zat¥ oF méapuriliichgosmumeCakimieupd Ify ddagupediile receiving
station in a mobile communication system employing a CDMA
10 cellular system, using channel spread with spreading code and
constantly transmitted from a base station, a synchronization
detecting device in CDMA cellular system characterized by
comprising:
said mobile receiving station including means for
15 determining a synchronization chip timing of a channel to be
measured by detecting partial correlation value between

spreading code to be measured and a received signal.

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 valuerand 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



5 determned wth providing a given range, or synchronization detection is
to be perfornmed again. 42. For measuring communi cation quality in a Tﬂ@hlﬁ
receiving station in a nobile conmmunication system enploying a CDVAY 04
cel lular system using channel spread with spreading code and constantly
transmtted froma base station, a synchronization detecting device in
CDMVA cel lul ar system characterized by conprising: said nobile receiving
station including nmeans for 15 determigni ng a synchroni zation chip timng of

a channel to be _neasured by detecting partial caqrrelatjion _value between
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CT 20 ance of-pertformn al d-synchroni zatron cti1on,” and

det er nLpes %mﬁﬁ h P lon chip timng of the channel to be neasured
on thgéggsﬁs f%ﬂéapﬁgﬁ'erived by averaging of detected plurality of

partial correlation values in said s averaging period by detecting the
partial detection val ues per

45. A synchronization detecting device in CDMA cellular system
as claimed in claim 44, characterized in that upon averaging

10 process of said detected plurality of partial correlation values,
said means determines the synchronization chip timing of the
channel to be measured using an averaged value by preliminarily
calculating said averaged value by power averaging process or
vector averaging process.

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 the channel to
be measured by enabling setting of process of said averaging

20 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 device in each process.

47. A synchronization detecting device in CDMA cellular system
25 as claimed in claim 42, characterized in that said means

preliminarily sets an averaging period and sampling period in

advance of performing said synchronization detection, and

determines the synchronization chip timing of the channel to



set sanpling period. 45. A synchronization detecting device in CDVA
cellular system as clained in claim44, characterized in that upon. ¢ o1 9004
averaging io process of said detected plurality of parti al correlatioH

val ues, said neans determ nes the synchronization chip timng of the
channel to be measured using an averaged value by prelimnarily

cal cul ati ng said averaged val ue by power averagi ng process or vector
averagi ng process. 15 46. A synchronizmtion detecting device in CDVA
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syq&hronization detection, and determ nes the synchronization chip timng
of the channel to -6 OCT 2004 - 83 be neasured on the basis of a val ue
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cellular system
process of said detected plurality of partial correlation values,

said means determines the synchronization chip timing of the
10 channel to be measured using an averaged value by preliminarily
calculating said averaged value by power averaging process or

vector averaging process.

49. A synchronization detecting device in CDMA cellular system
15 as claimed in claim 48, characterized in that said means
determines the synchronization chip timing of the channel to
be measured by enabling setting of process of said averaging
process for a plurality of times and using the averaged value
derived by a plurality of times of averaging process by the same

20 or different averaging device in each process.

50. A synchronization 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



as claimed in claim47, characterized in that upon averaging process of
said detected plurality of partial correlation values, said neans

determ nes the synchroni zation chip timng of the i0 channel to be ~ bt
usi ng an averaged value by prelimnarily calculating said averaged val ue
by power averagi ng process or vector averaging process. 49. A
synchroni zati on detecting device in CDVA cellular system 15 as clained in
claim48, characterized in that said- mgans determ nes the synchroni zation

chip timng of the channel, to . be neasured by enabl.i etting of process
of Sai BYRGETQN AL pPOCELSR oFLBLBPUPH IR FRRTRES 4ty RRIRGAEHF SR ot Sged
value _derived by a.plurality. of times _of averagin rocess by the sane 20
or a1 AEFERNIAY 491 RY BEAELAF AT cac BT chanBRy O STRRRSAI A bhon
detecting device in ﬁDMﬁ_cellq%ar system. characterized by conprising neans
for pelP&ERHPT shichiPoki® 2% °5WP§ A9A Y det ection process for a
plurality 25 of times as defined in any one of clains 42 to 49, and naking
j udgnment whet her synchroni zation chip timng of a channel to be neasured
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conmmuni cation quality in
mobile station being measured, a synchronization detecting
10 method in CDMA cellular system characterized by comprising:
said mobile station separating received signal vector
obtained by correlation detection of received signal per symbol
into received signal vector per transmission antenna by
performing addition and subtraction before and after symbol,

15 and determining 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 cellular system
as claimed in claim 51, characterized in that the

20 synchronization chip timing is detexrmined on the basis of a value
derived by addition of an average vector derived by averaging
received signal vector per each of a plurality transmission
antenna obtained over a plurality of 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 methoed in CDMA cellular system

determining synchronization chip timing on the basis of a value



nobi |l e station being neasured, a synchronization detecting 1o nethod in
CDMVA cel lul ar system characterized by conprising: said nobile station
separating received signal vector obtained by correlation detectionb@CT 2004
recei ved signal per synbol into received signal vector per transm ssion
antenna by performng addition and subtraction before and after synbol, 15
and determ ning synchroni zation chip timng on the basis of a value
derived by addition of the received signal vector in power. 52. A
synchrqni zati on detecting nmethod in CDVA cellular system as clained in

cl ai m 98104t Y ePPFEQTM R B aBYPRATAN SIALRPHNIFHE ol BhPE CEksgtien
determ ned on the_basis, of i val derived by addition of an gverage
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transm ssion antenna.qhtained oyer .a plurality qof period with taking a
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transm ssi on antenna becones orthogonal between antennas. 53. A
synchroni zati on detecting nmethod in CDVA cel |l ul ar system determ ni ng
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10 device in CDMA cellular system characterized by comprising:
saidmobile station includes means for separating received
signal vector per separating received signal vector obtained
by detecting correlation per symbol by performing addition and
subtraction before and after symbol, and determining
15 synchronization chip timing on the basis of a value derived by

addition of the received signal vector in power.

55. A synchronization detecting device in CDMA cellular 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 plurality of pericd with taking a unit where
symbol pattern of signals transmitted from a plurality of

25 transmission antenna becomes orthogonal between antennas.

56. A synchronization detecting device in CDMA cellular system

determining synchronization chip timing on the basis of a value



said nobile station includes nmeans for separating received signal vector
per separating received signal vector obtained by detecting correlation
per synbol by perform ng addition and subtraction before and after éﬂHﬁEM,
and determ ning 1s synchronization chip timng on the basis of a val ue
derived by addition of the received signal vector in power. 55. A
synchroni zati on detecting device in CDVA cellular system as clained in
claim 54, wherein said neans determ ngg the 20 synchroni zation chip timng
on the basis of a value derived by  addition of an average vector derived
by aveP&FiVEG ¥%i Redtodimymg %XBP&I%%Z%%%ﬂnoPhalEbl‘iﬂJﬁ?-Pﬂy A& RS kLo on
antenna obtained over a plﬁrallty of period MAt t ak] nit, where
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ant enna becones ort onal e ween ant epn synchroni zati on

et ot PRETQERILRG ] ARG OGPt égaeéﬂ]ﬁﬁvsﬁﬁnlm AP SyRRRPSH zat i on chi p
timng on the basis of a value - 6 0 C T 2004 - 86 derived by performng
synchronization chip tining detection process defined in claim54 or 55
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vect or
mobile station being measured, a communication quality

10 measuring method in CDMA cellular system characterized by
comprising:
in said mobile station, received signal vector obtained
by correlation detection of received signal per symbol being
separated into received signal vector per transmission antenna
15 by performing addition and subtraction before and after symbol,
and
a desired signal power, an interference signal power and
SIR being calculated by deriving add vector and difference
vector of two received signal vectors spaced for a plurality
20 of symbol periods per transmission antenna, and performing

averaging process of said add vector and said difference vector.

58. A communication quality measuring method in CDMA cellular
system as claimed in claim 57, characterized in that said add
25 vector and said difference vector are derived from the received
signal vector of one transmission antenna and said desired
signal power, said interference signal power and SIR are derived

by adding a predetermined correction value.



by correlation detection of received signal per synbol being separated

I nto received signal vector per transm ssion antenna 15 by performn
addition and subtraction before and after synmbol, and a desired sigﬁ%ﬁTZMé
power, an interference signal power and SIR being cal culated by deriving
add vector and difference vector of two received signal vectors spaced for
a plurality 20 of synbol periods per transm ssion antenna, and perform ng
averagi ng process of said add vector_agid-said difference vector. 58. A
comuni cation quality measuring nethod in CDVA cellular systemas clained
in claimb57, characterized in that said add 25 vector and said difference
vectorggre d rived fromthe recejy nal, vectar. o _on ansni ssjon
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trans rom a ase % I on ommuni cat1 on systen upon use
of trg % it diversity for neasuring comunication quality in a nobile
station bei'ng neasured, a comunication quality neasuring apparatus in
CDMVA cel | ul ar systen1characterized by

60. In a mobile communication system employing CDMA cellular
10 system using a common pilot channel constantly transmitted from
a base station in a mobile communication system upon use of
transmit diversity for measuring communication quality in a
mobile station being measured, a communication quality
measuring apparatus in CDMA cellular system characterized by
15 comprising:
said mobile station includes means for receiving received
signal vector obtained by correlation detection of received
signal per symbol being separated into received signal vector
per transmission antenna by performing addition and subtraction
20 before and after symbol, and calculating a desired signal power,
an interference signal power and SIR by deriving add vector and
difference vector of two received signal vectors spaced for a
plurality of symbol periods per transmission antenna, and
performing averaging process of said add vector and said

25 difference vector.

61. A communication quality measuring apparatus in CDMA

cellular system as claimed in claim 60, characterized in that



is conprising: said nobile station includes neans for receiving received
signal vector obtained by correlation detection of received signal.p&bc12m4
synbol being separated into received signal vector per transm ssion
antenna by perform ng addition and subtraction 20 before and after synbol,
and cal culating a desired signal power, an interference signal power and
SIR by deriving add vector and difference vector of two received signal
vectors spaced for a plurality of symigol periods per transm ssion antenna,
and perfaqrmng averagin r Qces f said add _vector and said 25 difference
Vect or 5269 MR Rl PUEFoadiaPY) VRCEHT | Ot path i F SLeORE S8 thE:
system.as clained in_claim®60, . characterized in that_ -6QClL 2004 - 88 aid
means BEPMEOCoErGeird SOOI P ST O (it dietn JBLEGROM ARHATHRA 2R ved
si gnal ,vect ar_ of ransmn ssi on Entenna and_, enivegﬁgaid desi red si.gnal

t
pover , SE1T 4% T8r 8REE T8t LB "l SR By LS BoPrEuct 9 RPrhod
ti | ue. 62. A icati it i ng. t i n CDVA
cel | ul BP8gs puld S T8R! B PN a7 Br e hilp st ar oo e APLAB VRS- roans
aver ages said desired signal power and said interference signal power, and
calcul ates said desired signal 10 power, said interference signal power and

SIR by6§Qdiqg 80mﬂﬂﬂ¥%§%f%ﬂead§¥f§§nﬁggsﬁ@fﬁa apparatus in CDMA

cellular system as claimed in claim 61, characterized in that

said means averages said desired signal power and said

interference signal power, and calculates said desired signal
10 power, said interference signal power and SIR by adding a

predetermined correction wvalue.





