020CT2003 SPECI FI CATI ON CHANNEL ESTI MATI ON DEVI CE AND METHOD, DEMODULATI ON
DEVI CE AND METHOD, AND FADI NG FREQUENCY DECI SI ON DEVI CE AND METHOD 5
TECHNI CAL FI ELD The present invention relates to a channel esti matiloh0CT 2003
devi ce and net hod, a denodul ati on device and nethod, and a fading
frequency deci sion device and nethod. More 10 specifically, the present

I nvention relates to a channel estimation device, a denodul ati on device,
or the like that 1is applicable to a nobile comunication nethod for
transmtting sounds and data in i nvironment. In addition,
the present invention relates toq%éﬁgkggﬁ%'u gﬁion device and nethod in
conformty with the COMA nethod which carries out mnultidi nensional
connections by diffusing data to signals over a broad band using a

di ffusi on cQARINEIC ESTIMARIOR DEVECE ANDMETHOD] DEMADUARAT I AN IBVKCRAND
ART In a nobile comunication environnent, the anplitude or phase varies
due to RayMET@ON adAND EAPINGtERREQUENCHIREGESTION DERICE| AND/MEDEGD ons
of a nobile station and a ground station. According to the phase
nodul at¥ on 25 nethod for transmitting information using a carrier phase,

differential coding is erally used to load information on relative
phases of EE&*MHQFQ%E‘%Q foll ow ng synbols, O2 0 C 12D03 and a receiver
carries out del aypd JELEEHOInLANIRN Yo a B¢ tPhUB AR s t BT TRI O

data. This del ay
device and method, a demodulation device and method, and

a fading frequency decision device and method. More

10 specifically, the present invention relates to a channel
estimation device, a democdulation device, or the like that
is applicable to a mobile communication method for
transmitting sounds and data in a fast fading environment.
In addition, the present invention relates to a

15 demodulation device and method in conformity with the CDMA
method which carries out multidimensional connections by
diffusing data to signals over a broad band using a

diffusion code operating at a rate higher than a data rate.

20 BACKGROUND ART
" In amobile communication environment, the amplitude
or phase varies due to Rayleigh fading associated with
movement of the relative locations of a mobile station and
a ground station. According to the phase modulation
25 method for transmitting information using a carrier phase,
differential coding is generally used to load information

on relative phases of a preceding and a following symbols,



detection, however, differentially codes the transmtted data as described
above, whereby one-bit error within a 5 wirel ess section correspond@gt% 3
two-bit error in the information data. Thus, at the sane signal po OC] J003
i nterference/ noi se power ratio (SNIR), the two-phase phase nodul ation

met hod (BPSK nodul ati on) has a higher reception error rate than
synchronous detection by 3 dB. to In addition, absolute synchronous
detection that identifies and determ nes an absol ute phase of a received

Stecti | ter _ of a recei v
L% o] LA BEEIChy R R EE BB dOce BRI Sl AL BY ¢
environﬂen{mdlﬁe SRINE thieS R{OVERAL 1dnMRidw4 . haphbgeaeppeged which

inserts pilot synbols between data synbols so as to use théese pil ot

synmbol s t odeskidgtien @ ledastelr,f ai fitharoiet balsynbolies G efrdmhemiretlees for
inserting pilot synbols, for exanple, tinme-nultiplexes data synbols and

pi | ot 20 syattal s Mesconibedambsive 1 | weemrebyl mirexi bt netthred; wWithinl@ .
Docunents 1 to 3, which will be cited bel ow, propose channel estimation
met hodsS uswagelifss t seetion igREse spongs: &Y. a Thwoabdingkrer( fineciheni ¢

I nformation 25 Communi cgtion S% ety Jourpal Vol. J72-B-11, No.1, pp. 7 to
15, Januar yRiesmagh@prfiatayg 1 EEofREniSANS FLIREAAR IR n§©

cbove probNVEy SRt R PG nH PR pared: | yLR). Fhs S pes e PREEE, ng”
pil ot symbgbdulation method (BPSK modulation) has a higher reception
error rate than synchronous detection by 3 dB.

0 - In addition, absolute synchronous detection that
identifies and determines an absolute phase of a received
signal for each symbol has an efficient reception
characteristic, but it is difficult to determine the
absolute phase in a Rayleigh fading environment.

15 To solve this problem, a method has been proposed
which inserts pilot symbols between data symbols so as to
use these pilot symbols to estimate a channel for the data
symbols. One of the methods for inserting pilot symbols,
for example, time-multiplexes data symbols and pilot

20 symbols into one channel (time multiplexing method; FIG.
16). Documents 1 to 3, which will be cited below, propose
channel estimation methods using this time multiplexing
method.

The document 1 (Electronic Information

25 Communication Society Journal Vol. J72-B-11, No.l, pp. 7

to 15, January 1989, SANPEI "Land Mobile Communication

16QAM Fading Distortion Compensation") proposes a method



I nserted between data synbols (information synbols) at a fixed cycle and

t he phases of which are known. This nethod 5 inserts the pilot synbols into
a communi cation channel at the rate of one pilot symbol per severa) 7987 4003
synbols to estinmate a transm ssion path based on received phases of the
pil ot synbols. Signals received during each pass of each transmtter are
nmeasured at pilot synbols before and 10 after a desired data synbol section
for anplitude and phase, and the neasured values are interpolated to

estimte d conpensate for,transm ssjon path variations within the data
Symhol sedtiorEobamterine "FRPYE Rl Phr B GHIEbMAdN A i on 15
Society T | te BSR4 Ad\{%)c I "l% i [ t he
Ml ti sl ot %%%ﬁ%ggi&g afgl nggéﬁéﬁlﬁel sta?:r?gﬁnon t oggv(i\'n%% %gtaignbol S
i n DS- COMy' N s 0F PRAS B t v d B ld0Ea f SymBaN ey i(Nt AEmALE Bn2 &Gt Bs § hatngl
estimation using nore pilot synmbols. A channel for data synbols is 20
esti mat ed fuist&g ci%'d:Dé aydithe phisses of ktlivteardakaowsy.nbdsi ametioded
cycle. Specifically, pilot synbols (estimted conplex fading envelope) in
a pluralitinsértsothe piflotesymipalis eimto A gtonmenipatihion ohaneeliat
estimated are averaged (i n-phase addition), and the average value 25 is

subj ect ed the veaht 04 P& Rt BYRGOd BeTgiRaRrakcdala BTN te
ohanel e EThS e K anouSERAhe e ALY Y FRUE TR IR g
| nter f er enggo 1 ol OLYRbSH 4! | WgnPR6!FBUe & GGHIAY GaldH YdWsi 97
each transmitter are measured at pilot symbols before and
10 after adesired data symbol section for amplitude and phase,
and the measured values are interpolated to estimate and
compensate for transmission path variations within the
data symbol section.
Document 2 (Electronic Information Communication
15 Society Technical Report RCS97-74, ANDO at el. "RAKE
Reception Using the Multislot Weighted Averaging Channel
Estimation Method with Pilot Symbols in DS~-CDMA") proposes
a method for carrying out more accurate channel estimation
using more pilot symbols. A channel for data symbols is
20 estimated using pilot symbols inserted between data
symbols at a fixed cycle. Specifically, pilot symbols
(estimated complex fading envelope) in a plurality of slots
before and after a slot for which a channel is estimated
are averaged (in-phase addition), and the average value
25 is subjected to weighted averaging using a weighting factor
to obtain a channel estimated value. The channel

estimation accuracy is thereby improved to prevent thermal



Soci ety Techni cal Report RCS98-20, ABETA at el. 5 "Characteristics of the
DC- CDMA Adaptive Plural Synmbol Weighted Averagi ng Pil ot Channel

Transm ssion Path Estinmation Method") proposes a nethod of adapti VQﬂyUCT 2003
controlling a weighting factor to reduce the effects of thermal noise while
I mproving the capability of following 10 fading variations. According to
this nethod, channel estinmation involves weighted averaging, and this
weighting factor is sequentially varied using an adaptive signal to

det erm ne g gpt b@'md’ﬁﬂﬂ?éb@g 1%1%@;%@'4:9& dfféﬁ@%éf&%é' £gopt hods

I nclude not only 15 I me nul tipl exing nmetho ut also a parallel tine
mul ti pl exiggheet Bedt(idis.1) and a parallel nmethod (FIG 22) that
time-multiplex pilot synbols into a control channel parallel-multiplexed
for a data chanmecumentt I3 ([@liattebniiorel mfibtrmplteamCommbndcattios 20
desirabl e to execute accurate channel estimation by subjecting the pilot
synbolst(ﬁQ@lgﬁveEQﬁhﬂhgﬂhgRﬁwonﬁﬂ%@S&ﬁe%ﬂ(ﬁﬁ@ﬁ@ﬂ &dt it ed val ue for

the data synbols in the data_chann In addition, accaording to the
et hods | ' GRCEREREFLPELE5, 515 i dheF DIl AAABhE VR PHUFABCHYEPOL ar e

R Son PR S ety T MERE TR g R
ooy o LB Ra SRRy, SRomSREaChotliss e sderianasously
a fixed controlling a weighting factor to reduce the effects of
thermal noise while improving the capability of following
10 fading variations. According to this method, channel
estimation involves weighted averaging, and this weighting
factor is sequentially varied using an adaptive signal to
determine an optimal weighting factor.
The pilot symbol insertion methods include not only
15 the time multiplexing method but also a parallel time
multiplexing method (FIG. 1) and a parallel method (FIG.
22) that time-multiplex pilot symbols into a controeol
channel parallel-multiplexed for a data channel.
For the parallel time multiplexing method, it is
20 desirable to execute accurate channel estimation by
subjecting the pilot symbols to weighted averaging to
calculate a channel estimated value for the data symbols
in the data channel.
In addition, according to the methods in Documents
25 1 to 3, channel variations within each slot are assumed

to be small, and the same pilot symbol is used for all the

data symbols within one slot to obtain the same channel



wei ghting factor, and when the weighting factor for slots 5 tenporally
renote froma desired slot is increased to reduce the effects of therngl

noi se, the capability of following fading variations is disadvantagggﬁgﬂWB
degraded, thereby causing the channel estinmation accuracy to be degraded.
Anot her problem of the nmethod in the Docunent 10 3 is that despite the
solution of the problemof the Docunent 2, the use of the adaptive signal
process may make the configuration of a denodul ati on devi ce conpli cat ed.
In the nobile; Aapgy LQN epMi he ldH 4580 &S due
to Rayl ei g‘#’?ﬁ@?‘ng agg%%%lgf ed@&&z?@\’% tﬂ trr%%érrgﬁtgpg‘ﬂ t he ?%FE???Z’%’?,%’;% ons

of a nobil@j shatapit ag@ddsaydl géat darinther sypchnaioup. detection
process using pilot signalS is known as a nethod for conpensating for the
vari ati ons of theuatheit,utheanephadein dhef Documesity 2 pyovideisze fmkedpl e
passes. 20 According to this nethod, a transmtter transmts a known pil ot
si gnal , wweikghtiagifiaatermmand arkenatlle wehgbtdng fantialEOE 1I5L0BS| ot
signal to estinmate a channel. _ Then, the estjnated ¢hannel vectqr . is used
to corecttamparadd Hrremaifa fLHPhae  AGALOS rsTSB}‘PlEn1§qu“€c‘fee%s?8 RRKE 25

< gnal . SITRRSERe RS HEF oBta | hEERY, ARyt bk, Bandt L LERDRE”

affects daf@lﬂﬁ@a‘iirf%gag‘r%‘ffaggg%ﬂdﬂﬁéngi§ﬁ§.EEQQMag'ébﬁglya@é’{qﬁﬁﬁbﬁ e

tenporal sections propriate weig sequence. One sequence that
i mproves tfreeB®YN@tausing the channel estimation accuracy to be

degraded. Another problem of the method in the Document

10 3 is that despite the solution of the problem of the
Document 2, the use of the adaptive signal process may make
the configuration of a demodulation device complicated.

In the mobile communication environment, the
amplitude or phase varies due to Rayleigh fading associated

15 with movement of the relative locations of a mobile station
and a ground station. The synchronous detection process
using pilot signals is known as a method for compensating
for the variations of the amplitude or phase to effectively
synthesize multiple passes.

20 According to this method, a transmitter transmits a
known pilot signal, while a receiver demodulates and
temporally averages this pilot signal to estimate a channel.
Then, the estimated channel vector is used to correct a
phase of a data signal, which is then sdbjected to RAKE

25 synthesis, thereby achieving demodulation using power of
the received signal.

Since the channel estimation accuracy directly




estimati on accuracy is conventionally used as the weight 5 sequence. Wen
the receiver estinmates a channel, the channel estimtion accuracy can be

i nproved to enabl e high-quality conmunication, by using an approprﬂﬁﬂEszﬂ
wei ght sequence to average pilot signals. The appropriate wei ght sequence,
10 however, depends on propagation conditions, principally, the novenent
speed, as descri bed above. That is, at a | ower novenent speed, channel
variations occur at a |lower speed, so that a wei ght sequence that

TR AT 5y S Bl N e BT
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to enabl e guguiesidy. hsUséghkadertigaer Ymp it tEgeetharnmsul ting in
degradati on of comruni cation quality, an increase in transm ssion power:
requi red, astdamaddsen iaccoerany st converaphonal 1ycnsadds Ithaddeight,

met hods for varying the wei ght sequence 25 depending on the novenent speed
i ncl ude® a #egHeAMCHE - detecting the novenent speed to vary the weight

sequence depending on_the detected sgeed. A probl em of this nethod,
020CT2003 howeve¥heps thgaraGe} veT sfesdMidic 13 SrnaRRElacy Glannel

detect 1 on LSb UM AALALY A SRS DR HEIE e PR AR |
capacity capp@uri®ation, by using an appropriate weight sequence to
average pilot signals. The appropriate weight sequence,
10 however, depends on propagation conditions, principally,
the movement speed, as described above.

That is, at a lower movement speed, channel
variations occur at a lower speed, so that a weight sequence
that increases the averaging time is effective, whereas

15 at a higher movement speed, fast channel variations must
be followed, so that a weight sequence that reduces the
averaging time to some degree is effective.

However, the known channel estimation method using
only the one weight sequence fails to enable averaging

20 suitable for every movement speed, resulting in
degradation of communication quality, an increase in
transmission power required, a decrease in communication
capacity achieved.

In addition, methods for varying the weight sequence

25 depending on the movement speed include a method of
detecting the movement speed to vary the weight sequence

depending on the detected speed. A problem of this method,



5 realized. DISCLOSURE OF THE INVENTION It is an object of the present

I nvention to carry out accurate channel estinmation in the parallel hi 1o
mul ti pl exi ng nethod by subjecting pilot synbols to weighted averagp dﬂﬁ&mﬂ
cal cul ate a channel estimated value for data synbols in a data channel. It
I s anot her object of the present invention to carry out accurate channel
estimation by dividing data synbols 15 within a slot into a plurality of
data synbol sections, selecting pilot synbols appropriate for cal cul ation

Cynbol SechPBRYSAma SRR o e phe St BBt h CalBhdatl INSHEE Ny (o
cal culate hBEcchanfie!S2IbWANG bl ¥21h0% of Mgl ded) MhRpTdveRafE data

symbol section. i's yet andt her jectof the resenf invention to
decide a fga¢i R@rintBHLEAEY oRPASRIBPIER) bNARdud oAt inaltuaanshisheop | ot

synbols. It is still another object of the present invention to realize
channel espowetd aeqpiredl, and ant bactradisyy in eqapacy tysicannoti ingl er
configuration. It is still another object of the present invention to

di rectly deeaddizesifrom reception quality, weight - 7 0 2 CC7 2003
sequences effective on various novenent speeds for use, thereby inproving
comuni cation quality, reducing the anount of transm ssion power required,

and incregﬁé%gﬁk?gﬂg@?agu%HﬁﬂfﬁVhﬁ@EBﬁity' 5 1n order to acconplish the

obj ect af
It is an object of the present invention to carry out

accurate channel estimation in the parallel time
10 multiplexing method by subjecting pilot symbols to
weighted averaging to calculate a channel estimated value
for data symbols in a data channel.
It is another object of the present invention to carry
out accurate channel estimation by diﬁiding data symbols
15 within a slot into a plurality of data symbol sections,
selecting pilot symbols appropriate for calculation of a
channel estimated value for data symbols within each of
‘ the data Symbol sections, and subjecting the pilot symbols
to weighted averaging to calculate the channel estimated
20 value for the data symbols in each data symbol section.
It is yet another object of the present invention to
decide a fading frequency based on an inner product value
of the pilot symbols. It is still another object of the
present invention to realize channel estimation optimal
25 for the fading frequency using a simpler configuration.
It is still another object of the present invention

to directly determine from reception quality, weight



according to the invention as clained in claim1, a channel estinmation
device conprises: weighting factor generating neans for generating

wei ghting factors for weighting and averaging pilot 10 synbols, QQIHHJWB
time nultiplexed with a control channel, which is parallel nultlplexed
with a data channel; and channel estimation value cal cul ati ng neans for

wei ghting and averaging the pilot synbols using the weighting factors and
cal culating a channel estimation 15 value of data synmbols of the data

channel . ALAI&hBES! @ﬁﬂ&tmgnbhowa&sl&ﬁgl fBYemarf adpadds Fort hes&hannel
estimation device as clained in claim1l1, the weighting factor generatlng

means genqitdesbyeigiitongingacbantir Dcdtivaediuali tel geidugiong aner agi ng
mean val ues 20 of the pilot synbols in a plurality of slots of the control
channel , ambuft chanmansadsisimn gowerl reqgaitaedat and incaesaswnghtseand
averages the nean val ues of the pilot synbols using the weighting factors
and cal culcaeBunieatdighreaprasiityat i on val ue of the data synbol s of the

dat 25 ch . A di to th t I 3 th

Channeh eot | mat 11h GRYPEe ths AHSPRBALAR (1 R IBF & AEOHPBSDTAOASR03 ( ho
ht f h | ot

symbol < Arer eipf Ear EREAPER IPRCRE ARar el £ PRLM 279 Edilil o1 e

clained -ids€igh®idn idevickheompaigdsesti mation deV|ce as clainmed in any
one of

weighting factor generating means for generating
weighting factors for weighting and averaging pilot
10 symbols, which are time multiplexed with a control channel,
which is parallel multiplexed with a data channel; and
channel estimation value calculating means for
weighting and averaging the pilot symbols using the
weighting factors and calculating a channel estimation
15 wvalue of data symbols of the data channel.

According to the invention as claimed in c¢laim 2, in
the channel estimation device as claimed in claim 1, the
weighting factor generating means generates weighting
factors to be used for weighting and averaging mean values

20 of the pilot symbols in a plurdlity of slots of the control
channel, and the channel estimation wvalue calculating
means weights and averages the mean values of the pilot
symbols using the weighting factors and calculates the
channel estimation value of the data symbols of the data

25 channel.

According to the invention as claimed in claim 3, in

the channel estimation device as claimed in c¢laim 1 or 2,



!

clainms 1- 3, the weighting factor generating neans divides the data
synbols in the slots of the data channel into a plurality of data nbo
sections, selects the pilot synbols appropriate f or calculat ing ﬁé@CTZNB
channel es t Imat ion 10 value of the data synbols in each of the data
synbol sections, and generates the weighting f actors to be used for

wei ghting and averaging the pilot synbols; and the channel estimtion

val ue cal cul ati ng nmeans takes wei ghted average of the pilot synbols using

the wei ghti{ng ue%trpf:ggégfg fid cathat Eét@ﬁnﬁf@@r‘&bcﬁiﬁﬂlﬁié’ﬂ talgle of

the data synbols ™o the data synbol sections. According to the

i nventi on gsséitaiorRf o thledpDlDt isymbdiEs Gl AGt$Riff Ahgl@OceEras
claimed in claim4, wherein in order to calculate the channel estination
val ue 20 ofhaheaedata synbols of the |ast data synbol section of the i-th
(i: integer) slot and to calculate the channel estimation value of the
data symbol s of Aagoridisg ds dhesympysntsienan pkained(inglaimmds| dn, the

wei ghting factor generatin ans selects the sape Rpil.ot synmbol and. 25
generaties thE RDAIME hoePhaMFiaary B6vIEEd FDCHRIBARE: Ag 2% Q08 &6 ng ¢ he
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plurality of data symbol sections, selects the pilot

symbols appropriate for calculating the channel estimation
10 wvalue of the data symbols in each of the data symbol
sections, and generates the weighting factors to be used
for weighting and averaging the pilot symbols; and the
channel estimation value calculating means takes weighted
average of the pilot symbols using the weighting factors
15 and calculates the channel estimation value of the data
symbols of each of the data symbol sections.
According to the invention as claimed in claim 5, in
the channel estimation device as claimed in claim 4,
wherein in order to calculate the channel estimation value
20 of the data symbols of the last data symbol section of the
i-th (i: integer) slot and to calculate the channel
estimation value of the data symbols of the first data
symbol section of the (i+l1)-th slot, the weighting factor
generating means selects the same pilot symbol and
25 generates the weighting factors to be used for weighting
and averaging the pilot symbols.

According to the invention as claimed in claim 6, the



factor altering nmeans for altering the factors that are used in taking the
wei ght ed average according to the fading frequency decided by the ﬁ?ﬁj[ﬁgﬂlﬂ}
frequency decision neans. 10 According to the invention as clainmed i
claim7, in the channel estimation device as clainmed in any one of clains
1-6, a transmssion rate of the data channel differs fromthe transm ssion
rate of the control channel. According to the invention as clained in claim
8, a 15 denodul ati on device conprises: weighting factor generating neans

for generathafnelekegtlindt {oft@evite Be vIednicd ey idite A cvaimai ng
pilot synbols being tinme nultiplexed in a control channel that was

paral | el nuksi, plfererthéogebhpriwiddr: a data channel ; 20 channel estinmation
val ue cal cul ating nmeans for weighting and averagi ng the pilot synbols
using the weightifadiagt 6requandyrdealisdion imeans channdecdstingt tbhe
val ue of data symbols of the_ data channel; and channpel vari atlon

conpensat |%dh‘ﬁgn§lfe!ﬁu?'3°¥o'ﬁ’ﬁé?éiatc?‘hgaﬂhéﬁﬁ'@lr REGIEEnvaLua PRt he

synbol S usin g the neI i mati on val ue cal cul ated by the channel
esti mat orPY4Ple S 3t| ﬁ‘é‘ ans. - 10 020CT2003 According to the

i nvention as C'a'r&@c LA IngAnehAd GrTd PAUEDRY HREI A1 ORoSEVERE

COI'TpI’I ses: inner pr OdUCt ue C at1 ng neans cal cul at1. ng an I nner

product vahye Gkeld ol takiwy Sthehireh ght el @avé FRgBUhECRIRKETy 6 htBe
control channel, which is
fadlng frequency decided by the fading frequency decision
means.

10 According to the invention as claimed in claim 7, in
the channel estimation device as claimed in any one of
claims 1-6, a transmission rate of the data channel differs
from the transmission rate of the control channel.

According to the invention as claimed in claim 8, a

15 demodulation device comprises:

weighting factor generating means for generating
weighting factors to be used for weighting and averaging
pilot symbols being time multiplexed in a control channel
that was parallel multiplexed together with a data channel;

20 channel estimation wvalue calculating means for
weighting and averaging the pilot symbols using the
weighting factors and for calculating a channel estimation
value of data symbols of the data channel; “and

channel variation compensating means for

25 compensating channel variation of the data symbols using

the channel estimation value calculated by the channel

estimation value calculating means.

- 10 -



parallel multiplexed with a data channel; and deci sion nmeans for deciding a
fading frequency based on the inner product val ue cal cul ated by the.inner
product val ue cal cul ati ng means. 10 According to the invention as 81200203
in claim10, in the fading frequency decision device as clainmed in claim
9, the inner product value cal cul ati ng neans conprises: normalizing neans
for normalizing nmean val ues 15 of the pilot synbols in each of two slots of
the control channel; inner product val ue cal cul ati on executing neans for

cal cul ating an i aaebrRieH Glo Mtldleimfehbeontar cldiwpsd ofn tEBa {MOgpi hot
synbol s normalized by the 20 normalizing neans; and inner product val ue

aver agi ng fiadisd frequenay rpdimeonpdesicte wwdmpsisalscul at ed by the inner
product val ue cal cul ation executing neans over a plurality of slots of
t he-control chankBherapyaBig¢hevadsiesian egrbatingnmaeans dosi si on executing

Vel Uo - 11CA3SORPRIRS ALARIEE BF ALY HTEII6 00 Bkl el STBRALE aghicHoans
o0 e 4 ARl iy B kB B MR BB AR ST
inner prodygt-Malde RyPE2PeeLLa WEth"A®Hata channel; and
decision means for deciding a fading frequency based
on the inner product value calculated by the inner produclt
value calculating means.
10 According to the invention as claimed in claim 10,
in the fading frequency decision device as claimed in claim
9,
the inner product value calculating means comprises:
normalizing means for normalizing mean values
15 of the pilot symbols in each of two slots of the control
channel;
inner product value calculation executing
means for calculating an inner product value of the mean
values of the two pilot symbols normalized by the
20 normalizing means; and
inner product value averaging means for
averaging inner product values calculated by the inner
product value calculation executing means over a plurality
of slots of the control channel, and
25 the decision means comprises
decision executing means for deciding the

fading frequency by comparing the inner product value

- 11 -



product val ue averaging nmeans is larger than a certain constant val ue, the
fadi ng frequency deci sion device perforns the normalizing, the inner
product value calculation, and the inner product val ue averagi ng %g%ﬁg¥§mu
10 values of the pilot synbols in each of two slots having a farth
interval in the control channel, and decides the fading frequency by
conparing the averaged inner product value so obtained and a threshold

val ue corresponding to the farther interval. 15 According to the invention

as cl ai medyi8ral@dntk? théNihpdd a;siwaué{eleeaqw actﬁé'fagga e £:6s 5n§! @i med

in claim9, the”i nner product val ue cal cul ati ng nmeans rises:

normal i zi ng thaesHekd nealalki.zi ng the nean 20 val ues of the pilot synbols
in each of two slots of the <control channel with respect to each of

mul ti pat h si gnalasccordimaisenl the RAKEnddmn msigclanmexd drodiuicdimal e

cal cul ati on executing neans for calculating the inner product val ue of the
mean 25 vinddee @faqfﬁwtﬁfﬁﬁﬁf-ilﬂGSYs@ﬁﬁéBé%gﬁﬁﬂpﬁedswlahmelﬂoimlaimg
means wth 6es ct to each of the |tipath signals; - 12 020CT2003 5
first i'nnetOpr gﬁﬁ ¢ utDEed RFMUAEaNe s aveERISGhPY nEnenABASH oduct

val o= of GPERu: IEWRY, bt e Y LGPl drugr iR

constant value, the fading frequency decision device
performs the normalizing, the inner product value
calculation, and the inner product value averaging on mean

10 wvalues of the pilot symbols in each of two slots having
a farther interval in the control channel, and decides the
fading frequency by comparing the averaged inner product
value so obtained and a threshold value corresponding to
the farther interval.

15 According to the invention as claimed in claim 12,
in the fading frequency decision device as claimed in claim
9,

the inner product value calculating means comprises:
normalizing means for normalizing the mean

20 wvalues of the pilot symbols in each of two slots of the
control channel with respect to each of multipath signals
to be used for RAKE combining:

inner product wvalue calculation executing

means for calculating the inner product value of the mean

25 wvalues of the two pilot symbols normalized by the
normalizing means with respect to each of the multipath

signals;
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second i nner product value averaging neans for averaging the inner product
val ues averaged by the first inner product val ue averagi ng neans over a
plurality of slots of the control channel, and the decision neansﬂZUC]ﬂq;
conprises 10 decision executing neans for deciding the fading frequency by
conparing the inner product value averaged by the second inner product

val ue averaging neans and a threshold value. According to the invention as
claimed in claim13, 15 in the fading frequency decision device as cl ai ned

in claim 12, when thegijpper ire{rfgwc;srd@wﬁ PH2LRIGYSBad 18 SREQRE FoRer

product value averaging nmeans is larger than a certain constant value, the

fadi ng freaveitygiegitheoinmay prodest ddfuddhoMeast bE fife Bt i pASH
product value 20 cal cul ation, averagi ng of the inner product val ues of each

of the mul siijgaialsignbktwlaterd byethgi igner pheduatervalpreoduackcwbatiderover
the plurality of slots on the nean values of the pilot synbols in each of
two slots RFAGYLiRgfEPARS: idR@rval in the control channel, and decides

the 25 fading frequency by c aring the averaged i nner product value so
obt ai ned and a thr _eshogﬁc\?éll gvg‘é’c?r’?g’ér&hﬁir'rtﬁa*hdq e ePFagLRg MPARS F8T. - 13
0.5 0y £ ARG hAOChE LHRC KA, VBB B GL OY ng DR
val ue cal cyhR{d PG FEENE tCYMAIS Wveraging means over a plurality of
slots of the control channel, and
the decision means comprises
10 decision executing means for deciding the
fading frequency by comparing the inner product value
averagdged by the second inner product value averaging means
and a threshold value.
According to the invention as claimed in claim 13,
15 1in the fading frequency decision device as claimed in claim
12, when the inner product value averaged by the second
inner product value averaging means is larger than a
certain constant value, the fading frequency decision
device performs the normalizing, the inner product value
20 calculation, averaging of the inner product values of each
of the multipath signals, and averaging of the inner
product values over the plurality of slots on the mean
values of the pilot symbols in each of two slots having
a farther interval in the control channel, and decides the
25 fading frequency by comparing the averaged inner product
value so obtained and a threshold value corresponding to

the farther interval.
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5 normalizing means for normalizing the nmean values of the pilot synbols in

each of two slots in the control channel; inner product val ue calculation
executing means for calculating the inner product value of the megm @
val ues of the two pilot symbols normalized by the normalizing neans for &%

or nore cases wWith varying inner product nmeasuring interval; and inner
product val ue averagi ng neans for averaging the inner product val ue
calcul ated by the inner 15 product value cal cul ati on executing means over

a plurality of spgtgrefi r@et&%éoin%%rﬁledn W hcigsRed it Ehefm0i 4 the

i nner product measuring intervals, and the decision neans conprises

deci si on exgGthé 'ﬂhdﬁ@@$ﬁél%u§ﬁ@ydd661@1@m?aefv§.@é?asfd‘:Eﬁ!ﬂfh@@VlﬁSd:]Jﬂlhhe
i nner product val ue for of the inner product neasuring intervals

averaged b9,the inner product val ue averagi ng neans. According to the
invention as claimed in claim15, in the fading frequency decision device
as claimed in clhtmimEerproducheyatyrpeadrigadiiie Maans cOMRIBSLAg neans
for calculating the dlfferegce_of t he inn&%ugroduct val .ues for two inner

product’ neasuring i nt e*OEME LA SBEBY St MRFmalizing Ltiermeges
Prodict Ve SgBNeIA £ TRATEr. WIARSL 5! VR, ASEITIGR S BHCRIY E30p ¢ o
differencecgﬁkgwfndﬁghnggqns
inner product value calculation executing
means for calculating the inner product value of the mean
10 wvalues of the two pilot symbols normalized by the
normalizing means for two or more cases with varying inner
product measuring interval; and
inner product value averaging means for
averaging the inner product value calculated by the inner
15 product value calculation executing means over a plurality
of slots of the control channel with respect to each of
the inner product measuring intervals, and
the decision means comprises
decision executing means for deciding the
20 fading frequency using the inner product wvalue for each
of the inner product measuring intervals averaged by the
inner product value averaging means.
According to the invention as claimed in claim 15,
in the fading frequency decision device as claimed in claim
25 14, further comprising difference calculating means for
calculating the difference of the inner product values for

two inner product measuring intervals averaged by the inner
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5 According to the invention as clained in claim16, in the fading
frequency decision device as clainmed in claim9, the inner product val ue

cal cul ati ng means conprises: nornalizing means for normalizing meafl MH T8
10 of the pilot synbols in each of two slots in the control channel with
respect to each of multipath signals to be used for RAKE conbi ning; inner
product val ue cal cul ati on executing neans for cal cul ating the inner

product value of the nmean 15 values of the two pilot synbols normalized by

the normal bebdieaps) eoravtewoa@ing%sﬁﬁ%;em\éfgﬂsg&wqié&ggg pPr oduct

measuring Tnterva th respect™to eac I path signal's; first

i nner produﬁbdwdm%aueaﬁg! dediREs R faﬁi&\érrﬁgé@@ehbg ¥ g P& PEHECT
val ues of each of the nmultipath signals calculated by the inner product

val ue cal ctihet ddrf f exenacti g Loedrsst edl t by r ehpedififfe ranbeotatlltmiaténg
product neasuring intervals; and second inner product val ue averagi ng
neans for M280&eraging the inner product values averaged by the first

cont ol channel - MPERTHEEHECES EReatAvEn il a3 ool olmeacizosya eiop
1 ch att 9504 e pr oduct
means for Bcraf dreHEs FuonietBr dolReroR el AR B LA TR BB TR R 1or
each 9, '
the inner product value calculating means comprises:
normalizing means for normalizing mean values
10 of the pilot symbols in each of two slots in the control
channel with respect to each of multipath signals to be
used for RAKE combining;
inner product value calculation executing
means for calculating the inner product value of the mean
15 values of the two pilot symbols normalized by the
normalizing means for two or more cases with varying inner
product measuring interval with respect to each of the
multipath signals;
first inner product value averaging means for
20 averaging the inner product values of each of the multipath
signals calculated by the inner product value calculation
executing means with respect to each of the inner product
measuring intervals; and
second inner product value averaging means for
25 averaging the inner product values averaged by the first
inner product value averaging means over a plurality of

slots of the control channel with respect to each of the
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5 of the inner product neasuring intervals averaged by the second inner
product val ue averagi ng nmeans. According to the invention as clained in
claim 17, the fading frequency decision device as clained in claibt? 0062003
further conprises difference calculating neans for 10 cal cul ating the

di fference of the inner product values for two inner product neasuring

I nterval s averaged by the second inner product val ue averagi ng neans,
wherein the decision executing neans decides the fading frequency using

al so t he dihhereqafodattunaefibinghendiefrveienceandd cal cul ati ng neans
According to the invention as clained in claim 18, a channel estimation

devi ce for cal cuthei dgcd shemnmeansstgomprbaesal ue of data synbol s using
pil ot synbols in a channel in which the data synbols and the pilot synbols
20 are tinme multipl exedeCésiem eecubigh mapnscfer desddinggtheans for

dividing data, synbols in a slot of, the channel ipto a pluraljty of data
symbol i nt bROANG LRAGREPRY HIIGRY SHRBoLENEH DRAIEE, vALHe o i$ACh! a

Cnterval - anE Eereriln RRraRC Rt R Y P A e P ng e
pi | ot SYIDeL8ondNChnBANRELRRE PALAS WldiSFAGUNRIAY eans for - 16 D

2 0 C 12003 wel ghting and averagi ng the pilot” sylbol's using the weighting
factors and cal cubabidg iy chentike eatvemliicn) ayatlaimbdddim shyammwl B7during

each data synbol interval. According to the invention as clainmed in claim
19, the fading frequency decision device as claimed in claim
16, further comprises difference calculating means for
10 calculating the difference of the inner product values for
two inner product measuring intervals averaged by the
second inner product value averaging means, wherein the
decision executing means decides the fading frequency
using also the difference calculated by the difference
15 calculating means.
According to the invention as claimed in claim 18,
a channel estimation device for calculating a channel
estimation value of data symbols using pilot symbols in
a channel in which the data symbols and the pilot symbols
20 are time multiplexed, comprises:
weighting factor generating means for dividing data
symbols in a slot of the channel into a plurality of data
symbol intervals, selecting pilot symbols suitable for
calculation of a channel estimation value of data symbols
25 during each data symbol interval and generating weighting
factors for weighting and averaging the pilot symbols; and

channel estimation value calculating means for
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\
5 in the channel estimation device as clainmed in claim18, in order to
cal cul ate the channel estimation value of the data synbols in the |ast
data symbol section in the i- th (i: integer) slot and to calcul atey ﬂg 2003
channel estimation value of the data synbols of the first data 10 s% BI
section in the (i+l1l) -th slot, the weighting factor generating neans
sel ects the sane pilot synbol and generates the weighting factors to be
used for weighting and averaging the pilot synmbols. According to the

nventi on Geighisted afCk¥eR2Pingl BHen gk, £apRel 165 | &Pk ORdevi ce as

claimed in claim18 or 19, the weighting factor”generating ans generates

the wei ghtvedigHtaint@rSatgols uned &alcwiainddaabtaafs PoLEE imER3byal ues
of the pilot synbols for each of the plurality of slots of the channel,
and t he chyadsle axf | dataoaymbiols Zurahgukaicdnglateans yinblods wet ghtrad .
average of the nean val ues of the pilot synbols using the weighting
factors and cal BGFREESLRR LR hBRReln¥ent#an oS valaameid time albaims§Ahol s

n craiin 240 606" AL eafEmetdtin e hoaces coladnad e Tt Sone of
of ‘the pi1f 2ans EogueifEL it efaBRbT B3 AEGR! Ve HR AcFRe | O
Accordi ng Hathhesymyensi en %%é'ﬂﬁﬁddh&&[%ﬁﬁ%%% seldis gappelhgsti mati on
device as clainmed in any one of clains 18-21, turther conprises:
th (i: integer) slot and to calculate the channel
estimation value of the data symbols of the first data
10 symbol section in the (i+l1l)}-th slot, the weighting factor
generating means selects the same pilot symbol and
generates the weighting factors to be used for weighting
and averaging the pilot symbols.
According to the invention as claimed in claim 20,
15 1in the channel estimation device as claimed in claim 18
or 19, the weighting factor generating means generates the
weighting factors to be used for weighting and averaging
mean values of the pilot symbols for each of the plurality
of slots of the channel, and the channel estimation value
20 calculating means takes weighted average of the mean values
of the pilot symbols using the weighting factors and
calculates the channel estimation value of the data symbols
in each of the data symbol sections.
According to the invention as claimed in claim 21,
25 in the channel estimation device as claimed in any one of
claims 18-20, the weighting factors are determined

according to positions of the pilot symbols in the slots
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5 fading frequency decision neans for deciding the fading frequency based
on the inner product value of the pilot synbols; and factor alteri neans
for altering the factors to be used for taking the wei ghted averadfﬁ@CszB
according to the 10 fading frequency decided by the fading frequency

deci sion neans. According to the invention as clainmed in claim23, a
denodul ati on devi ce conprises: weighting factor generating neans for
dividing 15 data synmbols in the slots of a channel into which the data
synbol s andfpithnd shahalked .are tine nmultiplexed into a plurality of data
synbol sections, selecting pilot synbols appropriate for calculating the
channel esti mati &cocatding otot hbheddnaesyinbmh sas nckadmed irhectaim gpnbol
sections, 20 and generating the weighting factors to be used for weighting
and aver agith§ tFhapnedt esigirtiophdevdica s nalpdmedalie aaycongt iof) neans
for- weighting and, averagi the pilot synbols using the weighting factors
and cal cul &t §hﬁgéﬁinnéﬂﬂ%EQ?ﬁaFPEPQi?Qéﬂue of the data synbols in each

O s oohenccF R TRy, TR FIENG. aldrl S MERERSRRR AR SRS (R . 28
oo P oAg eASAen, SURG ORI SISETBEPARR TGP 82 e
pilot éymbols; and ’
factor altering means for altering the factors to
be used for taking the weighted averaging according to the
10 fading frequency decided by the fading frequency decision
means.
According to the invention as claimed in claim 23,
a demodulation device comprises:
weighting factor generating means for dividing
15 data symbols in the slots of a channel into which the data
symbols and pilot symbols are time multiplexed into a
plurality of data symbol sections, selecting pilot symbols
appropriate for calculating the channel estimation value
of the data symbols in each of the data symbol sections,
20 and generating the weighting factors to be used for
weighting and averaging the pilot symbols:
channel estimation value calculating means for
weighting and averaging the pilot symbols using the
weighting factors and calculating the channel estimation
25 value of the data symbols in each of data symbol sections:

and

channel variation compensating means for
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5 a fading frequency decision device conprises: inner product val ue

cal cul ating neans for calculating an inner product val ue of pil ot §¥%??Is
in a channel in which data synbols and the pilot synbols are tine 2003
mul ti pl exed; and 10 decision neans for deciding a fading frequency based

on the inner product value cal cul ated by the inner product value

cal cul ating neans. According to the invention as clained in claim?25, in
the fadi ng frequency decision device as clainmed in claim 15 24, the inner

product vatompealset bigngharaed cemildtsPen ofothel datagdskadisld Qising
normal i zi ng nmean val ues of the pilot synbols in each of two slots of the
channel ; theechargiittestimatdareuwaliien cadeout ahgd2dynredns €bannel

cal cul ating the inner product value of the nean values of the two pil ot
synbol s noPFhimadd iy vaduensakdylAkingeHeRnSnd i nner product val ue
averagi ng neans for veraqi ng .t he. i nner .product val ues cal cul ated_by the
i nner 25 productC98l n&%&ﬁ?oﬁ“@%‘mrhga §l'89§r15’[54 Mi 29" of
slots qf the I sl £ ' -9 020CT2003
deci$i§n égegép?%' %%%%QHF§?9aecudﬁ%ﬁnggggﬁé%$Hgé@ﬁgéﬁﬁﬁ%y by conparing
the inner produci,yahUugrpHeseoed1he (L éRDEE iROHEdn Y akye aver agi ng

means and a threshol d val ue.
calculating an inner product value of pilot symbols in a
channel in which data symbols and the pilot symbols are
time multiplexed; and
10 decision means for deciding a fading fregquency based
on the inner product value calculated by the inner product
value calculating means.
According to the invention as claimed in claim 25,
in the fading frequency decision device as claimed in claim
15 24,
the inner product value calculating means comprises:
normalizing means for normalizing mean values
of the pilot symbols in each of two slots of the channel;
inner product value calculation executing
20 means for calculating the inner product value of the mean
values of the two pilot symbols normalized by the
normalizing means; and
inner product value averaging means for
averaging the inner product values calculated by the inner
25 product value calculation executing means over a plurality
of slots of the channel, and

the decision means comprises
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!
5 According to the invention as clained in claim26, in the fading
frequency decision device as claned in claim 25, when the inner product
val ue averaged by the inner product val ue averaging neans is Iargd}Zﬂﬁhmma
certain constant value, the fading frequency decision device 10 perforns
the normalizing, the inner product value calculation, and the inner
product val ue averaging on nean values of the pilot synbols in each of two
slots having a farther interval in the control channel, and decides the

fading frequency by cgesiid@nt BRedVAidPdnéANar FRITOUKELdDnyaltife SO
obt ai ned and a threshol d val ue corresponding to the farther interval.
Accor di ng fiziifg Emeenidmry abyctampd-ing cthemifdiher iprodactadiaibuér equency
deci sion device as clained in claim?24, 20 the inner product val ue

cal cul at i myemagedc byprtihsesinmernpiriodieg rmeahige f averagidlg AMmegnseandal ues
of the pilot synbols in each of two slots of the control channel wth
respect t @ ddeheshodd tY3HeP-signals to be used for RAKE combining; 25

mer 8700t vl 45 S okl B USSR TRRTS Loy P4 gy e e
o o oL AR P HTLSHOP BE808 1 NeCASRERL e RRED o] i
aver agi ng 4die {RBAM tWNLdehe¥aprodurit epgluel avee-dgid i Bt Bhe inner
product wvalue averaging means is larger than a certain
constant value, the fading frequency decision device
10 performs the normalizing, the inner product value
calculation, and the inner product value averaging on mean
values of the pilot symbols in each of two slots having
a farther intérval in the control channel, and decides the
fading frequency by comparing the averaged inner product
15 value so obtained and a threshold value corresponding to
the farther interval.
According to the invention as claimed in claim 27,
in the fading frequency decision device as claimed in claim
24,
20 the inner product value calculating means comprises:
normalizing means for normalizing mean values
of the pilot symbols in each of two slots of the contrel
channel with respect to each of multipath signals to be
used for RAKE combining;
25 inner product value calculation executing
means for calculating the inner product value of the mean

values of the two pilot symbols normalized by the
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5 signals cal culated by the inner product val ue cal culation executing
means; and second inner product val ue averagi ng neans for averagi nfyZt0fé 2003
i nner product val ues averaged by the first inner product val ue averaging
means over a plurality of 10 slots of the channel, and the decision neans
conprises decision executing nmeans for deciding the fading frequency by
conparing the inner product value averaged by the second inner product

val ue averagi ng neans 15 and a threshold value. According to the invention
as cl ai nechémalldizimp meanst ke thadiegpéceqtenaactecdti bhedmulac pathl ai ned
in claim 27, when the inner product val ue averaged by the secon I nner
product vadignaileragi ng means is larger than a 20 certain constant val ue,
the fading frequency decision device perforns the normalizing, the inner
product value cal cul &ivst hnepEgPEFedCt fealupeavpragiag weares HPreach

f th | tipath._ si I d ' f the_i duct
the pl ur alFYSTBBBEBe hnRe REGHUSS Yalties OF eaenpf GRaId Pakbeach

of two slo N RN =T @VA ' t h eci des
el " 25 ShiPRYSL AR R ot R ilnd e ShSasOR! oh g S0V 00
2003 val ug38cAklidig etk aRd ; 2anly eshol d val ue corresponding to the farther

interval. According to the invention as clained in claim?29, in the fading

frequency deci si on deweeond thaereprodueitavalue averaging means for
averaging the inner product values averaged by the first
inner product value averaging means over a plurality of
10 slots of the channel, and
the decision means comprises
decision executing means for deciding the
fading frequency by comparing the inner product value
averaged by the second inner product value averaging means
15 and a threshold value.
According to the invention as claimed in claim 28,
in the fading frequency decision device as claimed in claim
27, when the inner product value averaged by the second
inner product value averaging means is larger than a
20 certain constant value, the fading frequency decision
device performs the normalizing, the inner product value
calculation, averaging of the inner product values of each
of the multipath signals, and averaging of the inner
product values over the plurality of slots on the mean
25 wvalues of the pilot symbols in each of two slots having
a farther interval in the control channel, and decides the

fading frequency by comparing the averaged inner product
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5 24, the inner product val ue cal cul ati ng nmeans conprises: nornmalizing
means for normalizing the nean val ues of the pilot synbols in each Bﬂ[Hqum
slots of the <channel; 10 inner product value cal cul ation executing neans
for calculating the inner product value of the nean values of the two
pil ot synbols normalized by the nornalizing means for two or nore cases
with varying inner product neasuring interval; and 15 inner product val ue
averagi ng neans for averaging the inner product val ues cal cul ated by the

i nner  progatuevaouebta nedt and axehvbish® IBansl Wy etodrblsyoriding €b slots
of the control channel with respect to each of the inner product neasuring
i nt erval s, thad f20-tther dénteiroraleans conpri ses deci si on executing nmeans for
deciding the fading frequency using the inner product value for each of

the inner produchCRRESIMNJQ nkke vinveafdogyap lakwed dneclaiodud? ., val ue

averagi ng peans. 25 Accarding to the invention,as claiped in claim 30, the
f adi ng freﬁﬂg?r}é? fé’é%’r%? %@?Bgya e‘&?‘ﬁ?‘ﬁﬁu‘h?ﬁleﬁa?ﬁlcg,lmﬁgr IRGLaiWpri ses
di fference,gal cul ati ng neans for - 22 020CT2003 cal cul ating the difference
of the 1 nnér ‘product values for two inner product neasuring intervals

averaged by the {RESINnEFYPHEAuER WL AL ADENTa TS me WY B s &8¢1 i on
executing neans decides the fading frequency al so using
normalizing means for normalizing the mean
values of the pilot symbols in each of two slots of the
channel;

10 inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by the
normalizing means for two or more cases with varying inner
product measuring interval; and

15 inner product value averaging means for
averaging the inner product values calculated by the inner
product value calculation executing means over a plurality
of slots of the control channel with respect to each of
the inner product measuring intervals, and

20 the decision means comprises

decision executing means for deciding the
fading frequency using the inner product value for each
of the inner product measuring intervals averaged by the
inner product value averaging means.

25 According to the invention as claimed in claim 30,
the fading frequency decision dévice as claimed in claim

29, further comprises difference calculating means for
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5 the difference cal culated by the difference calculating neans. According
to the invention as clainmed in claim3l, in the fading frequency 'Eiﬂma
device as clained in claim24, 10 the inner product val ue cal cul at B
means conprises: normalizing nmeans for normalizing mean values of the
pilot synbols in each of two slots of the channel wth respect to each of
mul ti path signals to be used for 15 RAKE conbi nation; inner product val ue
cal cul ati on executing neans for calculating the inner product value of the

mean val uealofultadni pglthe Sinhdesencenefi gied ivnéhprodaelti ¢adgesnears for
two or nore cases with varying inner product 20 neasuring interval with
respect totwachnpertpeoductimaaaurdinghanseriials aviersged dquthevhhoer

aver agi ng neans for averagjng t he i nner product val ue of each of the

mul ti pat h PEPENSTS ¥aleg aveFasingemeans. preemeinydhe decigian on 25
executin ] ct. ta each_pof the.inne r oduct asurin
intervalg;g§§§ﬁ§gé§kﬁ$%ﬁ§rhﬁﬁﬁﬁkﬁ Bﬁﬁu%agﬁﬁgi'ﬂ qﬁﬁaﬁyféﬁgq 9%185 2 OCT
2003 aver aghRg gti | p es,AYgLa first

o oducts varnBd diiEr SReREeDbadit S0 By ERA Ak UL daluidEfhg
channel wi hbBanhespect to each of the inner product neasuring intervals, and

According to the invention as claimed in claim 31,
in the fading frequency decision device as claimed in claim
24,
10 the inner product value calculating means
comprises:
normalizing means for normalizing mean values
of the pilot symbols in each of two slots of the channel
with respect to each of multipath signals to be used for
15 RAKE combination;
inner product value calculation executing
means for calculating the inner product wvalue of the mean
values of two pilot symbols normalized by the normalizing
means for two or more cases with varying inner product
20 measuring interval with respect to each of the multipath
signals;
first inner product value averaging means for
averaging the inner product value of each of the multipath
signals calculated by the inner product value calculation
25 executing means with respect to each of the inner product
measuring intervals; and

second inner product value averaging means for
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5 the decision neans conprises deci sion executing neans for deciding the
fadi ng frequency using the inner product value for each of the inngUCIZNB
product mneasuring intervals averaged by the second inner product val ue
averagi ng neans. 10 According to the invention as clained in claim32, in
t he fading frequency decision device as clainmed in claim 31, further
conprising difference calculating neans for calculating the difference of
t he inner product values for two inner product neasuring intervals
aver aged lywdbhegihgsthendnnerepyrddott vadues averrgged byanhe #Biarsetn t he
deci si on executing neans decides the fading frequency also using the
di f f er encelnma¢rupzodardly veaheuei Averagcarg deeanbaovey reegnburadddryiof to
the invention as clained in claim33, _20 a_channel estination device that
cal cul at eSkoERaphebhecsonkdiqlo Fhanne lovitly Fesnaetster egaciaes dhenel
using pilot symbols of, a pilot.channel which is rallel multiplexed with
the data c’tféfh?\%l pPIo tl Ju ?S%?'Bﬁt ilr{bt?]é‘é?g?'g ating neans for dividing
dat a %5 symbol s 4 & Sigaﬁwmﬁeé OcamE#W#ﬂ%ty of data synbol intervals,
I'tab or calcula

selecting pilot synbol'sS suitable ion of a channel estimation

val ue of data synmbol s gecisi®r06%3e% 1hiy i MBafaCF At desyilelg i tHEr val and

generating weighting factors for weighting and averagi ng the pil ot
synbol s; afadihgnfce@siricptusingaltbhe daimet aprogurdansalive fori gdclmg and
averaging the pilot synbols using the
of the inner product measuring intervals averaged by the
second inner product value averaging means.
10 According to the invention as claimed in claim 32,
in the fading frequency decision device as claimed in claim
31, further comprising difference calculating means for
calculating the difference of the inner product values for
two inner product measuring intervals averaged by the
15 second inner product value averaging means, wherein the
decision executing means decides the fading frequency also
using the difference calculated by the difference
calculating means.
According to the invention as claimed in claim 33,
20 a channel estimation device that calculates a channel
estimation value of data symbols of a data channel using
pilot symbols of a pilot channel which is parallel
multiplexed with the data channel, comprises:
weighting factor generating means for dividing data
25 symbols in the channel into a plurality of data symbol

intervals, selecting pilot symbols suitable for

calculation of a channel estimation value of data symbols
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5 weighting factors and cal cul ating a channel estimation value of data
synbol s during each data synbol interval. According to the inventiﬁz i?
clainmed in claim34, in the channel estination device as clained in (04T 2003
33, the weighting factor generating neans generates the 10 wei ghting
factors to be used for weighting and averagi ng nean values of the pilot
synbols in each of a plurality of sections in the pilot channel, and the
channel estimation val ue cal cul ati ng neans takes wei ghted average of the

mean val uegy pinpngabhl @htay 89fbd 11T ntE ARE1 B8 Ydiord R i heChRi G thy

cal cul ates the CThannel estination value of the "data synbdls in each of the
data synbofastekisofer wétghtdinyahd hber itofe 93 10 Wisi@tbo s ¢laaidn 35,

t he channel estimation device as clainmed in claim33 or 34, further
conprises: 20 fazhagnédeqednioyatdonsvalueanaltad addnglimganbe £foradi ng
frequency based on the inner product value of the pilot synbols; and
factor al tweiahtidshandraypraging tvhef pdderts symbedsyssdnidrthaki ng t he

Fad g o r HELABH L3 EACHOTRoand GELERARRGND & HEARDE: st daatiaPred i n
C ol m 30, vaile, RETHOL e fuble, HAEL SRELTHAOL SRHUGE, BRHAEL !
differs from then¢Egpaings ity v1d eiRbehfe ol |4 crdfmeadl in claim 34,

in the channel estimation device as claimed in claim 33,

the weighting factor generating means generates the

10 weighting factors to be used for weighting and averaging
mean values of the pilot symbols in each of a plurality
of sections in the pilot channel, and the channel
estimation value calculating means takes weighted average
of the mean values of the pilot symbols using the weighting

15 factors and calculates the channel estimation value of the
data symbols in each of the data symbol sections.

According to the invention as claimed in claim 35,
the channel estimation device as claimed in claim 33 or
34, further comprises:

20 fading frequency decision means for deciding the
fading frequency based on the inner product value of the
pilot symbols; and

factor altering means for altering the factors to
be used for taking the weighted average according to the

25 fading frequency decided by the fading frequency decision
means.

According to the invention as claimed in claim 36,
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5 According to the invention as clainmed in claim37, a denodul ation device
conprises: weighting factor generating neans for dividing data sylﬁtzog[is[ 03
a data channel into a plurality of data synbol sections, selecting pilo
synbols of a pilot channel 10 that was parallel nultiplexed together with
the data channel, appropriate for calculating the channel estimation

val ue of the data synbols in each of the data synbol sections, and
generating weighting factors to be used for weighting and averagi ng the

pi | ot synbahsthiéSchhantl esstimation dewvieeasdldimgdneananiyooneweifght i ng
and averaging the pilot synbols using the weighting factors and

cal cul ati nglaismsshihndb . evhienginna Vzhnsmisshendzaiesynbotbeofladzch of
the data synbol sections; and 20 channel variation conpensating neans for
conpensat i Fjanme k HhkhEersafiran o e trapshdes L9nbbrse ofi ddre neidrinnel
estimati on_yal ue cal cul ated by the channel estimation value cal cul ating
neans. Accgﬁﬁqﬁ? v the invention as clainmed in claim38, 25 a fading

| reauency dect 1 Bcded 66, COTTESSundcMElo” RUCH ol sl bty 89 roans

for calculating an 1nner” produc

020CT2003 Ri inddaraeionhigedirise Pebmphalsgsi ti pl exed with a data channel;
and deci sion neans for deciding a fading frequency based on the inner

product val ue cal cwéaghd img tfectonegemeartatcing means for dividing
data symbols of a data channel into a plurality of data
symbol sections, selecting pilot symbols of a pilot channel

10 that was parallel multiplexed together with the data
channel, appropriate for calculating the channel
estimation value of the data symbols in each of the data
symbol sections, and generating weighting factors to be
used for weighting and averaging the pilot symbols;

15 channel estimation value calculating means for
weighting and averaging the pilot symbols using the
weighting factors and calculating the channel estimation
value of the data symbols of each of the data symbol
sections; and

20 channel variation compensating means for
compensating the channel variation of the data symbols
using the channel estimation value calculated by the
channel estimation value calculating means.

According to the invention as claimed in claim 38,

25 a fading frequency decision device comprises:

inner product wvalue calculating means for

calculating an inner product value of pilot symbols in a
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5 val ue cal cul ati ng nmeans. According to the invention as clainmed in claim
39, in the fading frequency decision device as clained in clain138ﬂ gﬂﬁ 0
i nner product val ue cal cul ati ng means conprises: 10 nornmali zi ng nea% gp
normal i zi ng the nmean value of the pilot synbols in each of two sections of
the pilot channel; inner product value cal cul ation executing neans for

cal cul ating an i nner product value of nean values 15 of the two pil ot
synbol s normalized by the normalizing nmeans; and inner product val ue

averagi ng peant dHan@@Er abiikt te paAPLNL 1BNOGICEt M9l HRsdC #ixH af edaby t he

I nner product value cal cul ati on executing nmeans over a plurality 20 of
sections othammechanmed, and the decision nmeans conprises deci sion
executing neans for deciding the fading frequency by conparing the inner
product val ue a%efFigd®miraans fordesisting axilaug‘érw/érr@gm@t}cmednd 25

a threshol d val ue, Accordiag%}o the invention as clained in claim40 in

the fadi ngoPr BafiehR)eacRFenls lu¥alte salqubakediby dhg hnney prpgugtc
12003 %?, ﬁ§§%§r§?4§$§éFmﬁ§?ﬁéaxglue averaged by the inner product val ue

aver aging na céftain constant value, the frequency

deci si on device ﬂ@tﬁmfd&éf@o PREMheGod NEs | A8 mREOdYCic M Wes g,

cal cul ation, and the
in the fading frequency decision device as c¢laimed in claim

38,
the inner product value calculating means comprises:
10 normalizing means for normalizing the mean
value of the pilot symbols in each of two sections of the
pilot channel;
inner product value calculation executing
means for calculating an inner product value of mean values
15 .of the two pilot symbols normalized by the normalizing
means; and
inner product wvalue averaging means for
averaging the inner product values calculated by the inner
product value calculation executing means over a plurality
20 of sections of the channel, and
the decision means comprises
decision executing means for deciding the
fading frequency by comparing the inner product value
averaged by the inner product wvalue averaging means and
25 a threshold value.
According to the inventiop as claimed in claim 40,

in the fading frequency decision device as claimed in claim
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1

5 averaging of the inner product values with respect to the nean val ues of
the pilot synbols in each of two sections having a farther intervab i ;@&
pil ot channel, and decides the fading frequency by conparing the a g#ﬁa

i nner. product value so obtained and a threshold value 10 corresponding to
the farther interval. According to the invention as clained in claim41,

in the fading frequency decision device as clained in claim38, 15 the

i nner product val ue cal cul ati ng means conprises: nornalizing neans for

nor mal i zi nggt hgh@antha! #afedd gheaettovaliddFetragea bpfthbeinwer
sections of the pilot channel wth respect to each of multipath signals

t o be usedptoduRAKElmdi aivegagimgrmpaagudis Veatgecalttidmta oceexadut i ng 20
means for calculating the inner product value of the nean values of the
two pil ot €9RBEaRthvadue 2z Ehebfremyenay feldis on dentceinerfesmsctheo each
of the multi signals; first inner product val ye averagi ng neans for

25 aver agi ﬂ@g?‘%g-jiw' ﬁ%d&fn%’él%%d%}?tr‘ééﬁ@& P@é%%%l%fl' aRd BBetipath
0720 ar 2Bueredaah o A M SR oYt het T e e SRS LERRG the
| nner 853?""%58@?31%?}%@% PY1bRE slynibtf1s | {8 aBhOBYC LWl AYShRY! NI
having a farther interval in the pilot channel, and decides
the fading frequency by comparing the averaged inner
product value so obtained and a threshold value
10 corresponding to the farther interval.
According to the invention as claimed in claim 41,
in the fading frequency decision device as claimed in claim
38,
the inner product value calculating means comprises:
15 normalizing means for normalizing the mean
values of the pilot symbols in each of the two sections
of the pilot channel with respect to each of multipath
signals to be used for RAKE combining;
inner product value calculation executing
200 means for calculating the inner product value of the mean
values of the two pilot symbols normalized by the
normalizing means with respect to each of the multipath
signals;
first inner product value averaging means for
25 averaging the inner product values of respective paths of
the multipath calculated by the inner product value

calculation executing means; and
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!
sections of the pilot channel, and 5 the decision neans conprises deci sion
executing neans for deciding the fading frequency by conparing the_inner
product value averaged by the second inner product val ue averagingnﬂéuﬁﬂmn
and a threshold value. 10 According to the invention as clainmed in claim
42, in the fading frequency decision device as clainmed in claim 41, when
the i nner product val ue averaged by the second inner product val ue
averaging neans is larger than a certain constant value, the fading

frequency decision 15 j r n lJ zl [ ct
quency | SI SBYHA8 %?é?hgﬁohﬂ%t %ﬁgmé éb%%at%is}?%;ﬁ%ﬁpfa;?u

value calculation, averaging o I nner product val eac t he

nul ti pat h grepagingdthaviaiggtNngrotivide valniis Hretdged dyuahe\FErrshe
plurality of sections with respect to the nmean val ues of the pilot synbols

in each ofinmer2prehicboneabae ayerdgitgemenniserorsria pharapillidty ohéinnel ,
and decides the fading frequency by conparing the averaged inner product
val ue so obeatiemsamf athar pddeitd ehaneelgommslponding to the farther
i nterval . According to the invention as clained in claim43, 25 in the

c

fading5frequenpytﬁ 9@9&?%&&@%@39§<9Qﬁﬁﬁﬁﬁ?ﬁ claim 38, the inner product
hormal 2 g the nean WHTOBROr DHCBFTBe BR < vh SaeH B ERE
sections pHqiRg FrQjuéhéy9"®y comparing the inner product value
averaged by the second inner product value averaging means
and a threshold value.
10 According to the invention as claimed in claim 42,
in the fading frequency decision device as claimed in claim
41, when the inner product value averaged by the second
inner product value averaging means is larger than a
certain constant value, the fading frequency decision
15 device performs the normalizing, the inner product value
calculation, averaging of the inner product values of each
of the multipath signals, and averaging of the inner
product values over the plurality of sections with respect
to the mean values of the pilot symbols in each of two
20 sections having a farther interval in the pilot channel,
and decides the fading £frequency by comparing the averaged
inner product value so obtained and a threshold value
corresponding to the farther interval.
According to the invention as claimed in claim 43,
25 1in the fading frequency decision device as claimed in claim
38,

the inner product value calculating means comprises:
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{
I nner product val ue cal cul ati on executing 5 neans for cal culating the inner
product val ue of the nean values of the two pilot synbols normalized b
the normalizing neans for two or nore cases with varying inner pr@ddHﬁzmﬂ
measuring interval; and inner product val ue averagi ng neans for 10
averagi ng the inner product vales cal culated by the inner product val ue
cal cul ati on executing neans over a plurality of sections of the control
channel with respect to each of the inner product neasuring intervals, and

the decisi on means comuimedizinfpane@ntr EareIrmeLishiay EeESmban
deciding the fading freguency using the inner product value for each of
t he i nner ypabdast ofedhe i phlott eywdlel svenagadhby fi hehe i hwer geraddiiohsval ue
averagi ng neans. According to the invention as clainmed in claim44, 20 in
t he fadi ngofrtheePdlateceBaBRedovice as claimed in claim 43, further

conprising difference cal cul ati means_f or al culating the difference of
t he inner product.vmlﬁﬂp?ﬁrprd&§QEMV?ﬁH@rﬁ§iﬁﬂ&@tﬁ8§s&%%EPFthrva!g
25 exeout ity hBaheEogeiha Eind R PYFERCRREGTRE Yo HE St S TIFE, Srce
hocordi ng ToiPRe (Tvents o as TS ee Mo termal Fed) kg e r equency
deci si on deyimalasitidinisths £ ot aiwd oIBmore cases with varying inner
product measuring interval; and
inner product value averaging means for
10 averaging the inner product vales calculated by the inner
product value calculation executing means over a plurality
of sections of the control channel with respect to each
of the inner product measuring intervals, and
the decision means comprises
15 fading frequency decision means for deciding
the fading frequency using the inner product value for each
of the inner product measuring intervals averaged by the
inner product wvalue averaging means.
According to the invention as claimed in claim 44,
20 in the fading frequency decision device as claimed in claim
43, further comprising difference calculating means for
calculating the difference of the inner product values for
the two inner product measuring intervals averaged by the
inner product value averaging means, wherein the decision
25 executing means decides the fading frequency using also
the difference calculated by the difference calculating

means.
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|

5 the inner product val ue cal cul ati ng nmeans conprises: normalizing neans
for normalizing the nean values of the pilot synbols in each of the
sections of the pilot channel with respect to each of multipath sp;nﬁﬂﬁmﬁ
to be used for RAKE conbining; inner product val ue cal cul ati on executing 10
means for calculating the inner product value of the nean values of the
two pilot synbols normalized by the normalizing neans for two or nore
cases with varying inner product neasuring interval with respect to each
of the nultipat Acsiarding t6 thestinventignoaaccladimesl dverckain 4bans for
averagi ng the inner product value for each path of the_multipath cal cul ated
by the i nnd phedtee1ng fELqESNGY 9635 I8 &aViiRe AdaRda iespbaim o
each of thg i nner product neasuring intervals; and 20 second inner product
val ue aver &Png means for averaging the inner product val ues averaged by

the first inner tﬁl{eofﬂﬁﬁ%ﬁ’ﬂkﬂﬁu%"t%ﬁgﬂégcgﬁégﬁJﬁn&.wﬂi&i{é‘:g,jr ﬁseé‘?‘:t ' ons

of the control channe respect fo ea e~ i nner oau neasuri ng
intervalis, and 25 the A0z BgNMeGHH I SESnILMa i1 RN CENE Raafeans for

deciding the fading frequency using the inner product value for each - 31
0 2 0 C7 2Qed dBethengilpiodsgmboasuin rachtefvahe awer agast bynshe
of the pilot channel with respect to each of multipath
signals to be used for RAKE combining;
inner product value calculation executing

10 means for calculating the inner product value of the mean
values of the two pilot symbols normalized by the
normalizing means for two or more cases with varying inner
product measuring interval with respect to each of the
multipath signals;

15 first inner product value averaging means for
averaging the inner product value for each path of the
multipath calculated by the inner product value
calculation executing means with respect to each of the
inner product measuring intervals; and

20 second inner product value averaging means for
averaging the inner product values averaged by the first
inner product value averaging means for a plurality of
sections of the control channel with respect to each of
the inner product measuring intervals, and

25 the decision means comprises

decision executing means for deciding the

fading frequency using the inner product value for each
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second i nner product val ue averagi ng neans. According to the invention as
claimed in claim46, the fading frequency decision device as clained in
claim 5 45, further conprises difference cal cul ating neans for cal Bdl&fﬂiﬁﬂﬂj
the difference of the inner product values for two inner product intervals

averaged by the second inner product val ue averagi ng neans,

whe

rein the

deci sion executing neans decides the fading frequency also using 10 the

di fference cal cul ated by the difference cal cul ating neans.

Acco

rding to

t he i nvent bdnthse draieedroducdi meddurngeinbdrivarl estvemaged bycltdenel |
conprises the steps of: generating_weighting factors to be used for
wei ghting $scoifl alenegi PFYluet ¥oive AYAFagirgn@eansiplexed in a

Contnel  hean! AR g L) Lo, THA L Eis ATt

dat a
fol

Bt 865 and

calculatin ' i i . 2 ¥m§o fith at a
channel . Agtl:%r %f&%ﬂf% fﬁ%hﬂ%bg’ tidgﬁé%l%{'a‘?gn%gqen%asal m%@?a Jaﬁné%%&&' for
deci di ng t 38 f aqjPenbieeoRiiiis€8MILEFRYddlce 8hTRRIM ¢ 144! fBLAY NEoAN

i nner product value of pilot synbols 25 being tine nultiplexed in a

control chealeluldeingethe pidfféebndd bifpthaelnhegaphedunitt fadudd Eor

channel ; and deciding the fading frequency based on the inne

r -

32 020C

12003 prodtwo vaner product intervals averaged by the second inner

product value averaging means, wherein the decision

executing means decides the fading frequency also using

10 the difference calculated by the difference calculating

means.

According to the invention as claimed in claim 47,

a method for estimating a channel, comprises the steps of:

generating weighting factors to be used for weighting

15 and averaging pilot symbols being time multiplexed in a

control channel that was parallel multiplexed together

with a data channel; and

averaging the pilot symbols using the weighting

factors and calculating a channel estimation value of data

20 symbols of the data channel.

According to the invention as claimed in claim 48,

a method for deciding the fading frequency, comprises the

steps of:

calculating an inner product value of pilot symbols

25 being time multiplexed in a control channel that was

parallel multiplexed together with a data chan

nel;

and

deciding the fading frequency based on the inner
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According to the invention as clainmed in claim49, a channel estimation
nmet hod for calculating a channel estimation value of data synbols ﬁg@ﬂgZNﬂ
pilot synmbols in 5 a channel in which the data synbols and pilot sy

are time nultiplexed, conprises the steps of: dividing the data synbols in
the slots of the channel into a plurality of data synbol sections,
selecting the pilot synbols appropriate for acquiring the channel 10
estimation value of the data synmbols in each of the data synbol sections,
and gener aproguati ghdlug.factors to be used for weighting and averagi ng
the pilot synbols; and wei ghting and averaging the pilot synbols using the
wei ghti ng fact or3cendddaiatatihg inveotdmelastlatmednini®hadmesdf t he
data synbols in each of the data synbol. sections._According to the

i nventi on @schaingl eptimgithoip meghad: AoF R lEvipding thechanned

f , .ses th t .20 | ati ' duct I f
bi ot synbBFE AL LPn eaneR OF Hatd wefasdsmsed il [PEosYelints fir e °
ti tinl : deci.di . >
product’ vanuShagpe A d GRS S Bd B8 Senbb 04 A pIITH SV oEe ARG
channel estiifRt WL tBhDestedor cothgrisbbngha gl gggstimation val ue of

data synbols of a data channel using - 33 0 2 C ] 2003 pilot synbols of

a pilot channel @hatidiaxy pheafbéla symbols in the slots of the channel
into a plurality of data symbol sections, selecting the
pilot symbols appropriate for acquiring the channel

10 estimation value of the data symbols in each of the data
symbol sections, and generating weighting factors to be
used for weighting and averaging the pilot symbols; and

weighting and averaging the pilot symbols using the
weighting factors and calculating the channel estimation

15 wvalue of the data symbols in each of the data symbol
sections.

According to the invention as claimed in claim 50,
‘a method for deciding the fading frequency, comprises the
step of:

20 calculating an inner product value of pilot symbols
in a channel in which data symbols and pilot symbols are
time multiplexed; and

deciding the fading frequency based on the inner
product value.

25 According to the invention as claimed in claim 51,
a channel estimation method for calculating a channel

estimation value of data symbols of a data channel using
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mul ti pl exed together with the data channel, conprises the steps of:
dividing the data synbols of the data channel into 5 a plurality of data
synbol sections, selecting pilot synbols appropriate for calculatl&g t he

channel estimtion value of the data symbols in each of the data dyni¥di 2003
sections, and generating weighting factors to be used for weighting and
averaging the pilot synbols; and 10 wei ghti ng and averaging the pil ot
synbol s using the weighting factors and cal cul ati ng the channel estination

value of t521683( SaMIbPLS oen L4810 bh«an@féla EHaROLa S gL aRg 1 ACCON di NG

to the invention das clained inclaimb5 15 in a metho eci ding the

fading f relﬂﬁi'ﬁ&?léi’@d faskdy@ghefr ﬁﬁllthnﬁhel datteccHaanddse GonpAiskBNEhe
product val ue o pil ot synbols of a pilot channel that was parall el

mul ti pl exedtepgetdfer with a data channel. According to the invention as

claimed in claim53, 20 a denpdul ati on device conprises: channel
estimating neansdiﬁﬂdmag\ﬁh@)¢ﬁtm Bymﬂﬂlﬁzﬂf Beerbdatgr exannehabnge equal

to two)_in nu of chann estl on val ues by |ghted avera i ng of
i1 ot & gnal BLOTR LY HE G5 R eﬁe&a’cm t 8 5

Channol st MEB g2 b&ﬂ-‘&@c’f’f’%ﬁ%@ o ngfﬁ%*‘fﬁ@ﬁfoﬁh%ii@o%ﬁﬁﬁﬁgfg“ "

respectiveya13d d¥ Ztﬂbcdzt%owoieelm il S6HURREL TR 4 eEyRpAeNsat i on;

and
sections, and generating weighting factors to be used for

weighting and averaging the pilot symbels; and
10 weighting and averaging the pilot symbols using the
weighting factors and calculating the channel estimation
value of the data symbols in each of the data symbol
sections.
According to the invention as claimed in claim 52,
15 in a method for deciding the fading frequency, the fading
frequency is decided based on an inner product value of
pilot symbols of a pilot channel that was parallel
multiplexed together with a data channel.
According to the invention as claimed in claim 53,
20 a demodulation device comprises:
channel estimating means for deriving N (N is natural
number greater than or equal to two) in number of channel
estimation values by weighted averaging of pilot signals
in time using N in number of weighted sequences:
25 compensating means for compensating data sequences
using the respective channel estimation values;

RAKE combining means for RAKE combining respective
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reliability judgnment neans for selecting one data sequence having hi ghest
reliability fromthe N data sequences after RAKE conbination. 5 @ ﬁiﬁéﬁf
to the invention as clainmed in claim54, a denodul ation device c ﬁg }
channel estimating neans for deriving N (N is natural nunber greater than
or equal to two) in nunber of channel estimation values by wei ghted
averaging of pilot signal 10 in time using N in nunber of weighted
sequences for data sequences of predeterm ned frame nunber; conpensating

nmeans for e@mgnsdali AgtdakbaqResseaftiMEdiiPehearael veasdannel
estimation val ues; RAKE conbi ning neans for RAKE conbining of the N data

15 sequences aft geldaipcnstyi jndgamh it eheabs| fox jselbsebingeare fdata

selecting N (N : natural number, N < N) in nunber of mebghting sequences

from the NS@aeneguRardngs fdglrekE sedAdiabill tidfsemedthen N dasadat a
el'ecti on SPORAGTES (BFERE FOREREREAbANKIRy performod per o
el iability | udobveerdifly (EOTHALRaRRt B MECER HEL e h SR
channel  25aeHdniBdh PAL YBhUAM IE1 8Bhpeideyaging in time using N
wei ghti ng sequences, the conmpensating neans conpensating data sequences
using N channel chahinedt bt ived tiosg Mden AT de3dvihg NOCT 260 €@shilni ng
means RAKE conbi ni ng respective of NI data
number greater than or egqual to two) in number of channel
estimation values by weighted averaging of pilot signal
10 in time using N in number of weighted sequences for data
sequences of predetermined frame number;
compensating means for compensating data sequence
using the respective channel estimation values:
RAKE combining means for RAKE combining of the N data
15 sequences after compensation; and
reliability judgment means for selecting N' (N':
natural number, N' < N) in number of weighting sequences
from the N data sequence after RAKE combining and selecting
one data sequence having the highest reliability from N
20 data sequences,
selection of the N' weighting sequences being
performed per a predetermined period, for remaining data
sequences until performing the reliability judgement again
the channel estimation means deriving N' channel
25 estimation value by weighted averaging in time using N'

weighting sequences, the compensating means compensating

data sequences using N' channel estimation values, the RAKE
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|
sequences af ter conpensation, and the reliability judgnent neans
sel ecti ng one data sequence having the highest reliability from tg'e? h\t
data sequences. 5 According to the invention as clainmed in claimb55, 'Lﬂmﬁ
t he denodul ation device as clainmed in claim53 or 54, the reliability
judging nmeans for judging reliability of the data sequence conpri ses:
error-correction decoding neans for performng 10 error- correction
decodi ng of the data sequence after the RAKE conbination; CRC (Cyclic

Redundancyc &g iy tmExhsaRAKE FGBAPEning rxdpaetive GIC i t gatdded to
t he data sequence; ~ CRC decodi ng neans for decoding the CRC for the data 15

sequence; $equensasafdeirecbmpenesinsoh ramdttéet red iahd 1 ptesenbgnent
absence of a f rame error based on a decoding result of the CRC, . nunber-
of - franmomeansoselkreting efengddaba segwenge Raving mhedrighesie frane
errors in a previous |ly- determned _neasuring tine;, and weight sequence

and data sEf dabdg Heanfresy ths*‘el”éct@ﬁ@?t FEREFERPSsequence having high
sequende 5o so AveaTIaRy T TRE“LhURR DT AR CLE AR T Rl Sore. *°
(5ot 14, HIS SRR HochyIRe s SRR gy Bath BI 6T 9405 10
the reliability judging means for judging reliability of
the data sequence comprises:
error-correction decoding means for performing
10 error-correction decoding of the data sequence after the
RAKE combination;
CRC (Cyclic Redundancy Check) bit extracting means
for extracting CRC bits added to the data sequence;
CRC decoding means for decoding the CRC for the data
15 sequence;
frame error detecting means for detecting the
presence or absence of a frame error based on a decoding
result of the CRC;
number-of-frame-error counting means for counting
20 the number of the frame errors in a previously-determined
measuring time; and
weight sequence and data selecting means for
selecting the weight sequence having high reliability and
the data sequence that is demodulated using the weight
25 sequence so selected based on the counting result of the
~ frame errors.

According to the invention as claimed in claim 56,
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the reliability judging neans for judging reliability of the data sequence
conprises: error-correction decoding neans for performng 5
error--correction decoding of the data sequence after the RAKE 0.7 0CT 2003

conbi nation; |ikelihood information extracting neans for extracting
| i kel i hood information that is cal cul ated when performng the
error-correction decoding of each of the 10 data sequences; |ikelihood

averagi ng neans for averaging the extracted likelihood information for a

previ ousl y; ndgher FeiRfiuBAe16hNEelitRy ANG:MRIAEE $RIBERGGN 65131 &@tm
sel ecting neans for 15 selecting the weight sequence having high

reliabilityhandeltiladidal ey spadging mband Folemly dhgdragiiag i het yweoght
sequence so sel ected based on the averaged |ikelihood infornation.
Accor di ng thet datianveegquencas compmisiesn claim 57, 20 in the denodul ation

device as clainmed in claim53 or 54, the rellablllty udgi ng nmeans for
judgi ng reliabilit8rpPr- Pﬁ§ﬁﬁﬁ§%%%q@@ﬁ@@hﬂﬂmﬁ¢§ﬁ§ ﬂﬂﬁxﬂ¢¥ OE@WQQ

cequences SFEBF-GRITeREL OB A BRI (. 108 GU F RS PORBRGS Ak Rt ieans
for averaghRﬁEt%%“F%ﬁggﬁighlon result of the electric power for a - 37

020CT2003 previ ous erm'ned nmeasuring tine; and
likelihood information extracting means for

extracting likelihood information that is calculated when
performing the error-correction decoding of each of the
10 data sequences;
likelihood averaging means for averaging the
extracted likelihood information for a previously-
determined measuring time; and
weight sequence and data selecting means for
15 selecting the weight sequence having high reliability and
the data segquence that is demodulated using the weight
sequence so selected based on the averaged likelihood
information.
According to the invention as claimed in claim 57,
200 in the demodulation device as claimed in claim 53 or 54,
the reliability judging means for judging reliability of
the data sequence comprises:
electric power calculating means for calculating
electric power of each of the data sequences after the RAKE
25 combination;
electric power averaging means for averaging the

calculation result of the electric power for a
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wei ght sequence and data selecting neans for selecting the weight sequence
having high reliability and data sequence that is denodul at ed USinﬁz%ﬁ?
wei ght sequence 5 so sel ected based on the averaged el ectric power: 2003
According to the invention as clainmed in claim58, in the denodul ation
device as clainmed in claim53 or 54, the reliability judging neans for
judging reliability of the data sequence conprises: 10 signal -to-noise
ratio(ratio of a signal power to a noise power) calculating neans for

cal cul ati ngrevisugnat-detaeinitadimeashreadh tafmé peadat a sequences after

t he RAKE conbi nation; signal-to-noise ratio averagi ng neans for 15

aver agi ng the cal sugdghbnseguédnicofanfiedsitynadelechinge meais ofbor a
previously-determ ned neasuring tinme, and weight sequence and data

sel ecti ng $hfsting sheeweilght meqitenne Rayirachighvrad labghleyiamd| ity

d the dat that i | at ed ' the wei ght. 20 seqguence so
Colectog Hiata ShiARCe ORas o SRR (o Eea el o e Wealhy shapa e ng

nvention & £baliRdd bk thd Nkl AP ALL RO IR e o cfal red i

claimB53 di°s erelrabrlity judgl ans for “judg é¥rability of
25 the data sequenssraQwRy ItsfSt:h@ri&&eﬁ%&fo@ptdsorbﬁﬁfﬁgansnr%%}[ﬁﬁ]a, ag

performng error-correction decoding of the data sequence aft

020CT2003 fIMKEheodbimoaulation device as claimed in claim 53 or 54,
the reliability judging means for judging reliability of
the data sequence comprises:

10 signal-to-noise ratio(ratio of a signal power to
a noise power) calculating means for calculating a
signal-to-noise ratio of each of the data sequences after
the RAKE combination:

signal-to-noise ratio averaging means for

15 averaging the calculation result of the signal-to-noise

ratio for a previously-determined measuring time; and
weight sequence and data selecting means for

selecting the weight sequence having high reliability and

the data sequence that is demodulated using the weight

20 sequence so selected based on the averaged signal-to-noise
ratio.

According to the invention as claimed in claim 59,
in the demodulation device as claimed in claim 53 or 54,
the reliability judging means for judging reliability of

25 the data sequence comprises:

error-correction decoding means for performing

error-correction decoding of the data sequence after the
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CRC bit extracting neans for extracting CRC bits added to the data
sequence; CRC decodi ng neans for decoding the CRC for the data 5 sequence;
frame error detecting neans for detecting the presence or absenceU ﬁgﬁz
frame error based on a decoding result of the CRC, nunber--of-franmg- rg$
counting nmeans for counting 10 the nunber of the frame errors in a
previously-determ ned neasuring tinme; |ikelihood information extracting
nmeans for extracting |ikelihood information that is cal cul ated when

per f or m ngrREKEOIcousbiegtion ;decodi ng of each of the data 15 sequences;

| i kel i hood averagi ng neans for averaging the extracted |ikelihood

i nformati on for a @R@vbbiskxtmatieing mdamsasor rextractiag GRCghits
sequence and data sel ecting neans for 20 selecting the wei ght sequence
havi ng hi ghdded dist Ithg daga SadweReesequence that is denodul ated using

t he wei ght sequen sp sel ected based on the.counted pnupmber of frape
orrore of the il urdks dpdta fipdeths drodeatiiny e diicaon Fha 4488
inforng;iog qﬁgnéggprding to the invention as clained in claim60, in the
denodulat | BRIFENTEE as clainmed in claim53 or 54, the reliability judging

gﬁanfi fsce);'j udgi ng #ehhabklddor HetedPin® hddds 2083 W &lat fngequrice
" 'presence or absence of a frame error based on a decoding
result of the CRC;
number-of-frame-error counting means for counting
10 the number of the frame errors in a previously-determined
measuring time;
likelihood information exfracting means for
extracting likelihood information that is calculated when
performing error-correction decoding of each of the data
15 sequences;
likelihood averaging means for averaging the
extracted likelihood information for a previously-
determined measuring time; and
weight sequence and data selecting means for
20 selecting the weight sequence having high reliability and
the data sequence that is demodulated using the weight
sequence so0 selected based on the counted number of frame
errors of the plurality of data sequences and the averaged
likelihood information.
25 According to the invention as claimed in c¢laim 60,
in the demodulation device as claimed in claim 53 or 54,

the reliability judging means for judging reliability of
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error-correction decodi ng neans for performng error-correction decoding
of the data sequence after the RAKE conbination; 5 CRC bit extractjn

means for extracting CRC bits added to the data sequence; CRC decd@?%§lzw3
nmeans for decoding the CRC for the data sequence; frame error detecting
nmeans for detecting the 10 presence or absence of a frane error based on a
decoding result of the CRC, nunber-of-franme-error counting neans for
counting the nunber of the frame errors in a previously-determ ned

measuring thEedakn 4E&GhEheP(MMpEakeyl.ating neans for cal culating
el ectric power of each of the data sequences after the RAKE conbination;

el ectric pover avesngohgcorarsct Donadectd ity Meangalfay giéPRokRSwg of the
el ectric power for a 20 previously-determ ned nmeasuring tine; and wei ght

sequence aadrdat-zotectiog desosliirog ofetlretdapat hbequengld afrprentkehavi ng
high reliability and the data sequence that is denodul ated using the
wei ght selfEBceosbiratioBd based on the number of frame errors 25 and the

aver aged eIectricé&a&e&. According to the invention as clainmed in claimb6l,
i n the denodul ati eBiteeXirackRd PRABSaEALRRETagting¢RG bitsc

12003 t he éghgab@dtéhéuggkggggﬁﬂgnégg judging reliability of
CRC decoding means for decoding the CRC for the data
sequence;
frame error detecting means for detecting the

10 presence or absence of a frame error based on a decoding

result of the CRC;

number-of-frame-error counting means for counting
the number of the frame errors in a previously-determined
measuring time;

15 electric power calculating means for calculating
electric power of each of the data sequences after the RAKE
combination;

electric power averaging means for averaging the
calculation result of the electric power for a
20 previously-determined measuring time; and
weight sequence and data selecting means for
selecting the weight sequence having high reliability and
the data sequence that is demodulated using the weight
sequence so selected based on the number of frame errors

25 and the averaged electric power.

According to the invention as claimed in claim 61,

in the demodulation device as claimed in cliaim 53 or 54,
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t he data sequence conprises: error-correction decodi ng neans for performng
error-correction decoding of the data sequence after the 5 RAKE

combi nation; CRC bit extracting means for extracting CRC bits adddtZ 067 f0p%
dat a sequence; CRC decodi ng neans for decoding the CRC for the data
sequence; 10 franme error detecting neans for detecting the presence or
absence of a frame error based on a decoding result of the CRC
nunber - of -frane-error counting neans f or counting the nunber of the frane

errors in @Anprewlaus vt deyejaigeag M dmAtsl Yudgihy riaébipiﬂ9ic)§%arati0

calculating neans for <calculating a signal-to-noise ratio (ratio

signal pobhe Wata n®egeencecrcongrieaek:of the data sequences after the
RAKE conbi nation; 20 signal-to-noise ratio averagi ng neans for averaging
the cal cul ati on resurorofornectyonl decating meaniso flawr performing
previ ousl y-determ ned neasuring tinme; and wei ght sequence and data

sel ecti ng’ RERRE TaRTTeet &R AgCRAIpY Qeqthacdakavraguensge raf tasi they and

the 25 d equence that is denodul ated using the wei ght sequence so
sel ect ed 35853 gﬁmﬁﬁﬁnﬂ "B87 of frame errors and the aver aged

si gnal -t o- noi se ra(%ﬂa@- bit4bxtFactdgAR83ne UM At FACHIRd RERTH 2R RS
clainmed in claim62,
added to the data sequence;
CRC decoding means for decoding the CRC for the data
sequence;

10 frame error detecting means for detecting the
presence or absence of a frame error based on a decoding
result of the CRC;

number-of-frame-error counting means for counting
the number of the frame errors in a previously-determined

15 measuring time;

signal-to-noise ratio calculating means for
calculating a signal-to-noise ratio (ratio of a signal
power to a noise power) of each of the data sequences after
the RAKE combination;

20 signal-to—noiée ratio averaging means for
averaging the calculation result of the signal-to-noise
ratio for a previously-determined measuring time; and

weight sequence and data selecting means for
selecting weight sequence having high reliability and the

25 data sequence that is demodulated using the weight sequence
so selected based on the number of frame errors and the

averaged signal-to-noise ratio.
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a denodul ati on device conprises: channel estimating neans for weighted
averaging of reception pilot signal using a plurality of weighting 5
sequences and deriving a plurality of channel estimtion val ues;
denodul ati ng neans for inputting data sequences and outputting a %Z@ﬁéﬂmgy
of denodul ated data sequences using the plurality of channel estimation
val ues; and 10 reliability judgi ng neans for selecting one denodul ated
data by maki ng judgnent of reliability of the plurality of denodul ated

data sequences. AEGOisith (Lol PRo! BSAILASE! AR «H UTAAR 6ol 0 the

denodul ati on device as clained in c erelra y judgrhg

nmeans conpai gemcRlEsting JdBASe f 8bmpei®dd ng predeterm ned nunber of the
wei ght sequences from anong the plurality of weight sequences based on a

judgnent result ohanesldlalidt imaefnoghmedny & ot Wwe Dfhdedd avieatagh Bigt of
sequences, and 20 the denodul ati ng neans perforns the denodul ati on using
only the pregepdriromedidofberigral hasimiggiat phepahity, ofihemighéing
predet erm ned nunber of the weight sequences were selected. According to

t he i nvent FEHUENGES 3REA dardvdng &4 plusnlityef qehannrd: p&t imat tenas
clainmed in any,cQne of claimse 53-63, the pilot signals are tinme nultiplexed
in a contrdf"EWdnnel that was parallel multiplexed together with a data -

42 0 2 OCT 20034gh@aRRfl at Myh&inEheodad ApRRISRS Gdth SUAAELs ana

outputting a plurality of demodulated data sequences using
the plurality of channel estimation values; and

10 reliability judging means for selecting one
demodulated data by making judgment of reliability of the
plurality of demodulated data sequences.

According to the invention as claimed in claim 63,
in the demodulation device as claimed in claim 62,

15 the reliability judging means comprises selecting
means for selecting predetermined number of the weight
sequences from among the plurality of weight sequences
based on a judgment result of reliability of the plurality
of demodulated data sequences, and

.20 the demodulating means performs the demodulation
using only the predetermined number of the weight sequences,
when the predetermined number of the weight sequences were
selected.

According to the invention as claimed in claim 64,

25 in the demodulation device as claimed in any one of claims
53-63, the pilot signals are time multiplexed in a control

channel that was parallel multiplexed together with a data

- 42 -



According to the invention as clained in claim65, in the denodul ation
device as clained in any one of clains 53-63, the pilot signals are tine
nul tiplexed in one 5 channel together with the data sequence. Accompdi ngf J0%3
the invention as clainmed in claim66, in the denodul ation device as
described in claim®65, the channel estimating neans divides the data
sequence in the slots of the channel into a plurality of data sequence 10
sections, selects pilot signals appropriate for calculating the channel

esti mat i oncKahue 10fid henslaha tie $€8 SbquihEat BsSeAMAEMmSRSt i ons, and
cal cul ates the channel estimation value of the data of each of the data

sequence secti ongcbyprddinghtticotla@di avenadior) ddeckalimededn L imoEs,
signals. According to the invention as clained in claim67, in the

denodul at i bn theidenmadudladiivgd daving asebiined s ang-o3e efiechaims
signals are_contained in_a pilot channel that was parallel nultiplexed
toget her whP8h @heQR&aPQQOEhﬁ%ﬁﬂa%%nﬁﬁﬁmﬁﬁ?Qr@uaﬁﬂﬂkﬁﬁﬁ@né@ ORé€cor di ng

to th t | 6 t he denodul at d

¢l ai mod i nC Pé%%l%%és%tﬂgahgmé} UL Bt b SRTRESH T tos (he SZL a
t t ti l.ect

i.egﬁz{‘iea'pBrSpr. afLbERdd € 8 4 AFENEIh M0 o PRImeB® XTI MG

data in eagh fhet B@Mﬂé@ﬂaﬁnaev&% Iﬁl%ieséféb@al qW @1%%.&%%@&@6'

estimati on value of the data - 43 2 OCT 2003 in each of the data
sequence sehhn@mﬂ.@su&maﬁﬁnggnaads divides the data sequence in the
slots of the channel into a plurality of data sequence
10 sections, selects pilot signals appropriate for
calculating the channel estimation value of the data in
each of the data sequence sections, and calculates the
channel estimation value of the data of each of the data
sequence sections by weighting and averaging the selected
15 pilot signals.

According to the invention as claimed in claim 67,
in the demodulation device as claimed in any one of claims
53-63, the pilot signals are contained in a pilot channel
that was parallel multiplexed together with the data

200 channel containing the data sequence.

According to the invention as claimed in claim 68,
in the demodulation device as claimed in claim 67, the
channel estimating means divides the data sequence into
a plurality of data sequence sections, selects pilot

25 signals appropriate for calculating the channel estimation
value of the data in each of the data sequence sections,

and calculates the channel estimation value of the data
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averagi ng the selected pilot signals. According to the invention as clai ned
in claim®69, a denodul ation nmethod conprises: 5 the step of obtaining N

pi eces of channel estimation values by tine-weighting and averagi fg 802003
pilot signals wusing N (N natural nunber greater than or equal to 2) sets

of wei ght sequences; the step of conpensating data sequence using each 10

of the channel estinmation values; the step of RAKE conbi ning each of the N
sets of the data sequences after the conpensation; and the reliability

j udgrment s Ep%?%ff?f?%%gg?g% Sseéquﬁfmcfeh%e@cti NGNS AY LAa

hi ghest relia anong the N sets of the”data sequences after
the RAKE geabhogligpnehécsendididad opiheti BiHdXs, as claimed in claim70,

a denodul ati on nmet hod conprises: the step of obtaining N (N natural nunber
greater 20 thamiocoeddialg tto 2hei Eneendfiiothamel Leshedatinoe ladinues? , by

ti me-wei ghting and averaging pilot signals using N sets of weight
sequences &i demogiyertion mephed ctemprdses:ni ned nunber of franmes of data
sequence; the step of conpensating the data sequence using 25 each of the

channel’ esti mat i ontR@BIEP ofebtpdping Rade P rhgnasdhestifadek@nof t he

ot oS gl Y P EEI By { M ging £n6D: 18 iRt
using N (N: natural number greater than or equal to 2) sets
of weight sequences;
the step of compensating data sequence using each
10 of the channel estimation wvalues;
the step of RAKE combining each of the N sets of
the data sequences after the compensation; and
the reliability judgment step of selecting one set
of the data sequences having the highest reliability from
15 among the N sets of the data sequences after the RAKE
combination.
According to the invention as claimed in claim 70,
a demodulation method comprises:
the step of obtaining N (N: natural number greater
20 than or equal to 2) pieces of channel estimation values
by time-weighting and averaging pilot signals using N sets
of weight sequences with respect to a previously-
determined number of frames of data sequence;
the step of compensating the data sequence using
25 each of the channel estimation values;
the step of RAKE combining each of N sets of the

data sequences after the compensation; and
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1

natural number; N <N) sets of the weight sequences having high reliability
fromanong the N sets of the data sequences after the RAKE conbi nati on and
sel ecting one set of data 5 sequence having the highest reliability)§ oM
anmong the N sets of the data sequences after the RAKE conbi nati on,

wherein the selection of the N sets of the weight sequences is conducted
at reqgular intervals, and throughout a period up to a tinme when the
judgnment of 10 reliability is nade next time, with respect to remaining

part of the data segdepgeialyil EdgREneSs L8Pl AL 8ctamdNe! (NN
pi eces of the channel esti rratioir}ej\(/g:f ues are og?ai ned by ti gv\ei (f:;hti ng and

aver agi ng hhaguls b rampienceN ‘ gili)ngeltize o thet RedhhitheasRicméesclqaenaes; in
the step of 15 conpensating, the data sequence is conpensated using the N
pi eces of thighchedddabickitydirem amgdngdhe N adis sifepheclathsdyi@nces
conbi nati on, each of the N sets of the data _sequences after the

conpensat i &% ter e RAKE serbination and selpghiing wnedetnefsdasa one

t of the dat 20 i t he, hi teliability i | ect f
among the: SRAUBTCS draTaseshE bitaRE LA bidR iy dF o eaP ARG s |
%a' med | ns@t@bqulthe' At Q@c?ﬂgﬂl:%té YL h Heaﬁﬁéﬁ'ﬁﬂggﬁa@ﬁm 69 or

, the réliabilrty judgment  step conprises the steps of:

error-correction dgpedieit it d¥lReSEI8ANse Phéal’ ddesRAKE REHE Dghiton;
extracting CRC bits added to the data sequence; - 45 0 2 OCl2003 decodi ng
t he CRC w sequ=pees is dondiatbedegqitenesyular intervals, and
throughout a period up to a time when the judgment of
10 reliability is made next time, with respect to remaining
part of the data sequence, in the step of estimating the
channel, N’ pieces of the channel estimation values are
obtained by time-weighting and averaging the data sequence
using the N' sets of the weight sequences; in the step of
15 compensating, the data sequence is compensated using the
N’ pieces of the channel estimation values; in the step
of the RAKE combination, each of the N’ sets of the data
sequences after the compensation is RAKE combined; and in
the reliability judgment step, one set of the data sequence
20 having the highest reliability is selected from among the
N’ sets of the data sequences.
According to the invention as claimed in claim 71,
in the demodulation method as claimed in c¢laim 69 or 70,
the reliability judgment step comprises the steps of:
25 error-correction decoding the data sequence after

the RAKE combination:

extracting CRC bits added to the data sequence;
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detecting the presence or absence of a frame error based on the

denodul ation result of the CRC, counting the nunber of the frane errors in
a b5 previously-determ ned neasuring tinme; and sel ecting the meightUZDCT
sequence having high reliability and the data sequence that is denndulaggg
using the weight sequence so selected based on the counting result of the
frame errors. 10 According to the invention as clainmed in claim72, in the
denodul ati on nmethod as clained in claim69 or 70, the reliability judgnent -

step conprises theastedsny Ith@!CRC—ﬁch_eﬁéé?éc@e’éQOEH@_dé‘lfa%@@éﬁ@é?”ce
after the RAKE conbination; 15 extracting [ikelihood information '

cal cul ated when pdetecting aheopraserceian aesencegobfa etwcdmoefetbherdat a
sequence; averaging the extracted |ikelihood information for a
previ ous| ybdsiad onetheegdemadiglat ien aeswlrt sef ethen§RGe wei ght sequence
having high reliability and the data sequence that is denodul ated using
the wei ght sequencECY¥BtINE EREY BHURE T PR HELGEFRTEY ETFREF| Afod

dermdur &t | Sreer st Recbte i FY b ashah e BB B & Moty udgrent
S50 OO L Soon e AaARt s PRUCHERGHTR BSLELS BBIngTnegR of the dats
reliability and the data sequence that is demodulated using
the weight sequence so selected based on the counting
result of the frame errors.

10 According to the invention as claimed in claim 72,
in the demodulation method as claimed in claim 69 or 70,
the reliability judgment step comprises the steps of:

error-correction decoding the data sequence after
the RAKE combination;

15 extracting likelihood information calculated when
performing error-correction decoding of each of the data
sequence;

averaging the extracted likelihood information for
a previously-determined measuring time; and

20 selecting the weight sequence having high
reliability and the data sequence that is demodulated using
the weight sequence so selected based on the averaged
likelihood information.

According to the invention as claimed in claim 73,

25 in the demodulation method as claimed in claim 69 oxr 70,

the reliability judgment step comprises the steps of:

calculating electric power of each of the data
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averaging the calculation result of the electric power for a

previ ousl y-determ ned neasuring tine; and selecting the weight sequence
having high 5 reliability and the data sequence that is dempdul ated 2;‘Bt1“§b03
t he wei ght sequence so sel ected based on the averaged electric power.
According to the invention as clainmed in claim74, in the denodul ation
nmethod as clainmed in claim69 or 70, 10 the reliability judgnment step
conprises the steps of: calculating a signal-to-noise ratio of each of the

data sequegggeRfd&s hHPecRARE WRkRabbahifyeigding the calculation result
of the signal™- to-noise ratios for a previously-determ ned neasuring 15

time; and sel ecti ngvéragiRigthe egadoad dtE@omordsaght ofl it ldXecendct he
data sequence that is denodul ated using the weight sequence so sel ected
based on tpewawerfaapeda prgvalouslnededaratired 20eAsuaridiqigt imet handiventi on
as claimed in claim75, in the denodul ation nethod as clainmed in claim69

or 70, the reliabfelegtingnehe wedghdorfraeencendastipd bBighperfor i ng
corbi nat | ofeLighat T Eeny thecdBr A SaUBAFoL ARG HRCPURAILALES Ui ng
LD S bt Hher SARESh ! Boblel 3 SOUTARS o SEASELL U0 ISR PRGSEACR .
of the CRGelectric power.
According to the invention as claimed in claim 74,
in the demodulation method as claimed in claim 69 or 70,
10 the reliability judgment step comprises the steps of:
calculating a signal-to-noise ratio of each of the
data sequences after the RAKE combination;
averaging the calculation result of the signal-
to-noise ratios for a previcusly-determined measuring
15 time; and
selecting the weight sequence having high
reliability and the data sequence that is demodulated using
the weight sequence so selected based on the averaged
signal-to-noise ratio.
20 According to the invention as claimed in claim 75,
in the demodulation method as claimed in claim 69 or 70,
the reliability judgment step comprises the steps of:
performing error-correction decoding of the data
sequences after the RAKE combination;
25 extracting CRC bits added to the data sequence;
decoding the CRC with respect to the data sequence;

detecting the presence or absence of a frame error
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counting the nunber of the frame errors in a previously-determ ned
nmeasuring tine;, extracting |likelihood information that is 5 cal cul ated when
perform ng error-correction d decoding of each of the data sequenceﬂsz; 0CT 2003
averagi ng the extracted likelihood information for a previously-determ ned
measuring tinme; and sel ecting the weight sequence having high 10
reliability and the data sequence that is denodul ated using the weight
sequence so sel ected based on the neasured nunber of the frame errors of

the pluralbiyedl onha it decdBANYGRSs@DE blfe theremed | i kelihood
i nformati on. According to the invention as clained in claim76, 15 in the

denodul ation net hasbwst£hgi te inumbéheofofthrd af ramé9earrois Lhea
reliability judgment step conprises the steps of : error-correction
decodi ng tpeesdbaslgrudatesminest medsuRAE doame nation; 20 extracting CRC
bits added to the data sequence; decoding the CRC with respect to the data
sequence; det ect gt Factphgs dridie bihapdeddd rmatipBndhat okSpased on the

O S5 bt B orS g e QU e e A MRS IBEPORD 2.,
o o e EAETL e, AU A, Bt D1 corbinat Foni - 48 02072002
averaging the extracted likelihood information for
a previously-determined measuring time; and
selecting the weight sequence having high
10 reliability and the data sequence that is demodulated using
the weight sequence so selected based on the measured
number of the frame errors of the plurality of the data
sequences and the averaged likelihood information.
According to the invention as claimed in claim 76,
15 in the demodulation method as claimed in either of claim
69 or 70, the reliability judgment step comprises the steps
of:
error-correction decoding the data sequences after
the RAKE combination;
20 extracting CRC bits added to the data sequence;
decoding the CRC with regpect to the data sequence;
detecting the presence or absence of a frame error based
on the decoding result of the CRC;
counting the number of the frame errors in a
25 previously-determined measuring time;
calculating electric power of each of received data

sequences after the RAKE combination:
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power for a previously-determ ned neasuring time;, and sel ecting the wei ght
sequence having high reliability and the data sequence that is denodul ated
using 5 the weight sequence so sel ected based on the nunber of fr

errors and the averaged el ectric power. According to the inventionﬂaggmm3
claimed in claim77, in the denodul ation nmethod of as clainmed in claim®69
or 70, the reliability judgnent step conprises the steps of: 10
error-correction decodi ng the data sequences after the RAKE conbi nati on;

extracting CRC bi tsgy@dginigo e ¢kl eulatioic esWbBEodEnghehe 1RE M ¢h
respect to the data sequence; detecting the presence or absence of a frane
error 15 pawed dox e prewvdionts kesdéteomimnesdl GRCasoaimg rnoginnéde aondber of
the frame errors in a gr_evi ousl y-determ ned neasuring tine; calculating a
si gnal -t o- noi se r &ekeoringcithy weddhfassearepeacbavimerhigh RAKE

for a pr L‘x’é‘éﬁ%ﬁu&éﬂ?%ﬁﬁ%&ﬁ%ﬁ%@?ﬁé?ttﬁ%ﬁﬁ@%& afedigighe
Gemvaurat oot bitrr oAt hahEnih s iAo b dBa R SRR O FramBer of

the franegpppelss aqgﬂ_{;ﬂg AV sk g98alkliQs Zr%éﬁgrr_atio. According to the
i nvention as clainmed in claim 78, - 49 020CTZ003 a denodul ati on net hod
conprises the stRpsoffiing to the invention as claimed in claim 77,

in the demodulation method of as ciaimed in claim 69 or

70, the reliability judgment step comprises the steps of:

10 error-correction decoding the data sequences after

the RAKE combination;
extracting CRC bits added to the data sequence;
decoding the CRC with respect to the data sequence;
detecting the presence or absence of a frame error

15 based on the decoding result of the CRC;

counting the number of the frame errors in a
previously-determined measuring time;

calculating a signal-to-noise ratio of each of the
data sequences after the RAKE combination;

20 averaging calculation result of the signal-to-
noise ratios for a previously-determined measuring time;
and

selecting the weight sequence having a high
reliability and the data sequence that is demodulated with

25 the weight sequence so selected based on the number of the
frame errors and the averaged signal-to-noise ratio.

According to the invention as claimed in claim 78,
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wei ghting and averaging pilot signals using a plurality of weight sequences
to obtain a plurality of channel estimation values; 5 deriving a plurality
of denodul ated data sequences from a data sequence using the pIumﬂ&lQUbNM
channel estinmation values; and sel ecting one output data sequence by
maki ng judgnent of reliability of the plurality of denodul ated 10 data.
According to the invention as clainmed in claim79, in the denodul ation

met hod as clainmed in claim 78, based on the judgnment result of reliability
of the plusalbibdiflattcoRdbhRE dPdmp£EaEeNaae St8pgdeyser m ned nunber of
15 wei ght sequences are selected fromanong the plurality of weight
sequences, and af twsigheting erid cavedaguay giibot shgoads theinge aof only

t he sel ected wei ght sequences is performed. According to the invention as
cl ai ned i nptugiahigy oRowenghite shquenCesi 4o mhtwinas glaimetity afy one
of claimse 69-79, the pilot signals are time nultiplexed into a control
channel t hghangaedaragtWnakirn MRS oget her with the data channel in

whi ch t dat | i ned, A di t ' ti | ai med
it on UETEELRE S M AT ey SE HsnBdun & eelf P R RGeS L
69-79, th ' i | ' 3 [ i . th

Stk i ne GEReid s HAE! SedfifncdidthS! ERE B dIRPLEPE o i1 000 Nl

cl ai med i ngghkadmRt8%n values; and

selecting one output data sequence by making
judgment of reliability of the plurality of demodulated
10 data.

According to the invention as claimed in claim 79,
in the demodulation mefhod as claimed in claim 78, based
on the judgment result of reliability of the plurality of
demodulated data sequences, a predetermined number of

15 weight sequences are selected from among the plurality of
weight sequences, and after the selection, demodulation
through the use of only the selected weight sequences is
performed.

According to the invention as claimed in claim 80,

20 in the demodulation method as claimed in any one of claims
69-79, the pilot signals are time multiplexed into a
control channel that is parallel multiplexed together with
the data channel in which the data sequence is contained.

According to the invention as claimed in claim 81,

25 in the demodulation method as claimed in any one of claims
69-79, the pilot signals are time multiplexed into one

channel together with the data sequence.

- 50 -



1

in the denodul ation nethod as clainmed in claim8l, the step of estimating
a channel divides the data sequence in the slots of the channel into a
plurality of data sequence 5 sections, selects pilot signals appropl?&Ce&2003
for calculating the channel estimation value of the data of each of the
dat a sequence sections, and cal culates a channel estimation value of the
data of each of the data sequence sections by weighting and averagi ng the
selected 10 pilot signals. According to the invention as clainmed in claim

83, in the demgbatgngmiidiathasifahtaébn Byl 2tedf 16l d1Bim 6279, the
pilot signals are contained in a pilot channel that was parall el

mul ti pl exeintidgetdemiodalattilba niethokbachabatiredbhhachahm 8he théastsepuence.
According to the invention as clained in claim84, in the denodul ation

met hod as efagstdmatigigian@mannad disgdes tdseidatangeguemomeln dikedes
the data sequence into a plurality of data sequence sections, selects

pilot sigraletsoofpiker chapned HateuRaPlaFaet¥nafindates $HEUeBEe al ue
f the data in,each of fhe,dat ti nd | ates th
channels esERELOGE v AFBLOBE S, R REL o6 inaden SRHToRETEEE R¥hence secti ons
by wei ot | 081 80 AHAHAE chARrE] KL LANALIAL URL Soe2Fnl (daddsoabove
confi gurat I On, accur e Channe estimation can be carrie out 1 n the
parall el tégeh W4 tind edaba BRIQUKhOY §ebkita@ndd #hHOtaliidEeb0a- 51

020CT2003 wei ghted averaging to cal culate a channel estinmated val ue
channel estimation value of the data of each of the data
sequence sections by weighting and averaging the selected
10 pilot signals.

According to the invention as claimed in claim 83,
in the demcdulation method as claimed in any one of claims
69-79, the pilot signals are contained in a pilot channel
that was parallel multiplexed together with the data

15 channel containing the data sequence.

According to the invention as claimed in claim 84,
in the demodulation method as claimed in claim §3, the step
of estimating a channel divides the data sequence into a
plurality of data sequence sections, selects pilot signals

20 appropriate for calculating the channel estimation value
of the data in each of the data sequence sections, and
calculates the channel estimation value of the data of each
of the data sequence sections by weighting and averaging
the selected pilot signals.

25 With the above configuration, accurate channel
estimation can be carried out in the parallel time

multiplexing method by subjecting pilot symbols to
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for data synbols in a data channel. In addition, accurate channel
estimation can be carried out by dividing data synbols within a slot into
5 a plurality of data synbol sections, selecting pilot synbols apprq]qr@gtmw
f or calculation of a channel estimated value for data synmbols within eac
of the data synbol sections, and subjecting the pilot synbols to weighted
averaging to calculate the channel estimated value for the 10 data synbol s
in each data synbol section. Further, a fading frequency can be deci ded

based on @8iLARYA ab%fi’#g?ix‘{@lﬁ@ A1dbeabe! QicriAhhSestimddi P ue

channel estinmation optinmal for the fading frequency can be realized using

a sinpler gopf dat=atdyibold lim addat@nchanineX he above configuration of
the present invention, by preparing a plurality of weight sequences
rangi ng from onelmhatidhid¢dares attacaitee clianneloest imyveibent caredoe f or

increasing the averaging time to some degree to one that beconmes effective
at a hi gherazuigsh énthtb¥pddviddng dlakd ngymbe &/ fbghig ai sdato toke

(i me | % ordaPUita et SabaoEHTRT bnSBrIdaitt ngoPheRhid bl 1tua gnt
setuence S PER R uBRoLR LA O BAIReEd B BRAE BB cat s on
qual i ty, redugiengdhefRUBYnPlo1d NALEHE ASIREIDYET theddd s sphtol
increasing the - 52 0 2 2003 conmuni cation capacity.
sections, and subjecting the pilot symbols to weighted
averaging to calculate the channel estimated value for the

10 data symbols in each data symbol section.

Further, a fading frequency can be decided based on
an inner product value of the pilot symbols. In addition,
channel estimation optimal for the fading frequency can
be realized using a simpler configuration.

15 In addition, with the above configuration of the
present invention, by preparing a plurality of weight
sequences ranging from one that becomes effective at a
lower movement speed for increasing the averaging time to
some degree to one that becomes effective at a higher

20 movement speed for reducing the averaging time to some
degree and using all of the plural weight sequences
constantly or at fixed time intervals to execute
demodulation processing in parallel, a weight sequence
effective on various movement speeds can be directly

25 determined from reception quality for use, thereby
improving communication quality, reducing the amount of

transmission power required, and increasing the
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It is possible to use weighting sequences which are adapted to various
novenment speeds to perform channel estimation with high accuracy b
perfornming channel 5 estimation using a plurality of weighting factéﬁﬂCT1M3
constantly and sel ecting data sequence and weighting factors with high
reliability by reliability judgnent wusing received data sequence. Further,
by periodically selecting a small nunber of 10 weight factors and using
only the selected weight factors for channel estimation within a fixed

peri od Of<£}§ﬁuni%%ﬂﬁxn9nc5§§cﬁ. em can be dimnished. In addition, weight
sequences effective on various venment speeds are directly determ ned

fromreception IHf twpssyiboe gdeusehwedhphteinid! s@guenipesy *iEBh cire
communi cat | on qual Ity, a reduction in transm ssion power requi red, and an

I ncrease iadaptednitmatvani cagagidvemanhi speedsTheo apevEoand atdenebbj ect s,
effects, features, and 20 advantages of the present invention will becone
nore appa&ehimatden helthl highhfereeacyt ban Rerfedpingeshannekr eof taken

A AP S EEGOILI i A2 RELEE LG PTI O T
sLructure QlndeShEY ARICRATACVL EBHL LA Mhce SandORETLIROER G oo
factors with high reliability by reliability judgment
using received data sequence.
Further, by periodically selecting a small number of
10 weight factors and using only the selected weight factors
for channel estimation within a fixed period of time, loads
on the system can be diminished.
In addition, weight sequences effective on various
movement speeds are directly determined from reception
15 quality for use, thereby enabling improvement of
communication quality, a reduction in transmission power
required, and an increase in communication capacity
achieved.
The above and other objects, effects, features, and
20 advantages of the present invention will become more
apparent from the following description of embodiments
thereof taken in conjunction with the accompanying

drawings.
25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing an exemplified configuration

of a frame structure of a signal received by a demodulation
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Fig. 2 is a view for use in describing howthe denodul ati on device
according to the first enbodinent of 5 the present invention estinﬁ5es
channels; Fig. 3 is a block diagramshowi ng a configuration of a 0CT 2003
denodul ati on device according to the first enmbodinment; Fig. 4 is a block

di agram show ng a configuration of the channel estimation unit according
to the first 10 enbodinent; Fig. 5 is a block diagram showi ng a
configuration of a fading frequency decision unit according to the first

enbodi nentde¥ige @dco@d¥hgwtid laistiast nembbExeshti bifedhd Speakewnltat i on of
the channel estimation value; Fig. 7 is a viewillustrating an operation to
cal cul at e imreentidomel estinmation value for the respective data synbo
segnents obtai ned by neans of separating the data synbols in a single
slot; 20 Fig. 8 Fk9a ¢i % ia |ubevafioay use cinadesoridringehophdihrel

timati I for th ti t I ts that
ARl s ot e L RRESERES NS €Y R 2T g tedE or o o
s a view [hLUsLEAd0 £RLEHLAYPNS PlnbBes 2 glianRg!. estimation val ues
or the respéctive data synbol ~ segnents that are obtdi ned by neans of

separating the def@ $WHQY Hidrie éﬂ&@f&n%ﬂ&gmg% cen%ig&éftﬁefl?»ofi g. 10
Is aviewillustrating calculations of the channel estimation values for
the respeciidemdanaadyidwldevice according to the first embodiment;

Fig. 4 is a block diagram showing a configuration of
the channel estimation unit according to the first

10 embodiment;

Fig. 5 is a block diagram showing a configuration of
a fading frequency decision unit according to the first
embodiment;

Fig. 6 is a view illustrating an exemplified

15 calculation of the channel estimation value;

Fig. 7 is a view illustrating an operation to
calculate the channel estimation value for the respective
data symbol segments obtained by means of separating the
data symbols in a single slot;

20 Fig. 8 is a view illustrating calculations of the
channel estimation values for the respective data symbol
segments that are obtained by means of separating the data
symbols in a single slot;

Fig. 9 is a view illustrating calculations of the

25 channel estimation values for the respective data symbol
segments that are obtained by means of separating the data

symbols in a single slot:
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segnents that are obtained by neans of separating the data synbols in a
single slot; 5 Figs. 11A and 11B are views for use in describing a b3
of the fading frequency decision; Fig. 12 is a graphical representapﬁgﬂﬁgﬁ
a sinmulated result obtained through a conputer, in which the abscissa
represents a neasurenent tinme and the ordinate represents 10 a neasured
value with the fading frequency (fDTslot) being used as a paraneter; Fig.
13 is a diagram showi ng rel ati onship between Figs. 13A and 13B; Figs. 13A

and 138 are block;gl.agialt shV4dW ARPLEREa i QU1GHIALIARLToE Ehd adi ng

frequency decision~unit 150 according to rst enbodinent; Fig. 14 is

a schemat i ghdna@IaMBSOImERbAl Faltiedh) £EX AR rddpébe ivddag d REMRHTY
decision; Fig. 15 shows an exanple of different transm ssion 20 rates for

t he dat a asdgoemntrslthatamrsd obtidained Ity meamn sl oefvisiegp aatwond mg t2hé réantea
configuration exanple of a signal received by the denodul ati on device in
accor dances¥ibl lishel e@oRdn@Hsbd? ket of the present invention; 25 Fig. 17

dovi co 3 acoor dRAEE it e ISdEGHEE CHOBHR rERE, USesdn GosCEaPIRBER F g
%gtgsaap?L$§%?%§52? 'geggs%ﬁaaggefge&%%%é?ngggfsigﬁ;one sl ot are divided

Fig. 12 is a graphical representation of a simulated
result obtained through a computer, in which the abscissa
represents a measurement time and the ordinate represents

10 a measured value with the fading frequency (fDTslot) being
used as a parameter;

Fig. 13 is a diagram showing relationship between
Figs. 13A and 13B;

Figs. 13A and 13B are block diagrams showing another

15 configuration of the fading frequency decision unit 150
according to the first embodiment;

Fig. 14 is a schematic diagram for explaining an
example of the fading frequency decision;

Fig. 15 shows an example of different transmission

20 ‘fates for the data and control channels;

Fig. 16 is a drawing showing a frame configuration
example of a signal received by the demodulation device
in accordance with the second embodiment of the present
invention;

25 Fig. 17 is a block diagram showing a configuration

example of the demodulation device in accordance with the

second embodiment;
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intervals and a channel estimation value is calculated for every data
synbol interval; 5 Fig. 19 is a drawing show ng a case where data Sénbols

in one slot are divided into a plurality of data synbol intervals Gh@Ch 2003
channel estimation value is calculated for every data synbol interval;

Fig. 20 is a drawing show ng a case where data synbols 10 in one slot are
divided into a plurality of data synbol intervals and a channel estimtion
value is calculated for every data synmbol interval; Fig. 21 is a draw ng

showi ng a case whgye Uatis syabalwding Bhoward alcase %érd%tﬂt%Bhﬁr ality
of data synmbol 15 intervals and a channel estimation value is ‘cal cul ated

for everylidabaesyshot aneediatidddgingd s pdukrald iy sifodatm asymbod
configuration exanple of a signal received by the denodul ati on device in
accor dancelfiteAvaks @Nd @ ehoddicdefs tdmahtopreabne iseakwvehated foirg. 23
Is a block dia showi n confi tion exanple of the denodul ation

devi ce in S¥ESLE dg%'eavxf’m ”H:ﬁ’g‘da mbodi ment; Fig. 24 is a block diagram

Seoor iohee vt hoFERS ?2.%%§‘e§§§§3n§%?5°%1§‘h§ Jich s B3ATELIS D& HRaLE case
where dat aj gy @ 55]:056&11:@ &1%?2(2 an gﬂnne ﬁg‘g?eb aﬁ%tdd ﬂrﬁgointo a

plurality of data synbol interv I mation va
intervals and a channel estlmation value is calculated for

every data symbol interval;
Fig. 20 is a drawing showing a case where data symbols
10 in one slot are divided into a plurality of data symbol
intervals and a channel estimation value is calculated for
every data symbol interval;

Fig. 21 is a drawing showing a case where data symbols
in one slot are divided into a plurality of data symbol

15 intervals and a channel estimation value is calculated for
every data symbol interval:

Fig. 22 is a drawing showing a frame configuration
example of a signal received by the demodulation device
in accordance with the third embodiment of the present

20 invention;

Fig. 23 is a block diagram showing a configuration
example of the demodulation device in accordance with the
third embodiment;

Fig. 24 is a block diagram showing a configuration

25 example of a channel estimation section in accordance with
the third embodiment;

Fig. 25 is a drawing showing a case where data symbols
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calcul ated for every data synmbol interval; Fig. 26 is a draw ng showi ng a
case where data synbols 5 in a data channel are divided into a plurality
of data synbol intervals and a channel estimation value is cal cul@} @07 768]
every data synbol interval; Fig. 27 is a drawing showi ng a case where data
synmbols in a data channel are divided into a plurality of data 10 synbol
intervals and a channel estimation value is calculated for every data
synbol interval; Figs. 28A and 28B are draw ngs to explain the concept of

det erm ni ngnaaf AHtW EhaBMICYErdi @ivaAed i s ag gmu&m\mw éf awdwpl e of
channel 15 estimation using pilot signals; Fig. 30 is a diagram show ng
rel ati onshspmbetinveiamteFvgds Al amdcBaBnedi gsst Bdtapa @B we eibl ock

di agranms showing the fourth enbodinment; 20 Fig. 31 is a di agram show ng
rel at i onshfplicax ﬁpgsevﬁnyamatalsymhqk interyad:31B are di agramns
show ng a nDdIflfatlon of the fqurth enhodi nent; 32 is a block

di agr am showi ng ¥ h8-r¢fikHaA ¢rgwing shaytad alﬁﬁ?‘ed‘fl%fﬂ d3%a I?Yé?%%lﬁ ment ;
05 oo e LRSS DS AN LYY 4 bty the
reliabili t¥wﬂb‘&grﬁ9€e£‘{}hﬁ.sofaﬁcfeaSéﬁﬁﬂh@le@?@irﬂgﬂion value is
calculated for every data symbol interval;
Fig. 27 is a drawing showing a case where data symbols
in a data channel are divided into a plurality of data
10 symbol intervals and a channel estimation value is
calculated for every data symbol interval;
Figs. 28A and 28B are drawings to explain the concept
of determining a fading frequency;
Fig. 29 is a drawing showing an example of channel
15 estimation using pilot signals;
Fig. 30 is a diagram showing relationship between
Figs. 30A and 30B;
Figs. 30A and 30B are block diagrams showing the
fourth embodiment;
20 Fig. 31 is a diagram showing relationship between
Figs. 31A and 31B;
Figs. 31A and 31B are diagrams showing a mecdification
of the fourth embodiment;
Fig. 32 is a block diagram showing the reliability
25  judgment unit of the fifth embodiment;
Fig. 33 is a block diagram showing the reliability

judgment unit of the sixth embodiment;
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Fig. 35 is a diagramshow ng relationship between Figs. 35A and 35B; 5
Fig. 35A and 35B are bl ock diagrans showng the reliability judgne 5[ﬂﬁqh
of the eighth enbodinment; Fig. 36 is a diagram show ng relationshig 03
between Figs. 36A and 36B; Fig. 36A and 36B are bl ock diagrans show ng the
10 reliability judgnent unit of the ninth enbodinent; Fig. 37 is a diagram
showi ng rel ati onship between Figs. 37A and 37B; Fig. 37A and 37B are bl ock
di agrams showing the reliability judgnment unit of the tenth enbodi nent;

and 15 Fig. 38 Fsgan 34 listd adleskslveigiting ledir DAGt theneeitianilntiyhe
fourth to tenth enbodi nents. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The
best node fiudgrentyiwgisuof Hehe nsevendi wmboddmen2 be described with

reference to the_acconpanying drawi ngs. (First Enmbodinment) Fig. 1 is a view
showi ng an exenpf i8i- ecrIPP oh$| @uﬁl&tai%?ﬁm ofhawingretatitensaig Evgaal
received b ;4 de%l ati 5 device according to a first enbodi nent of

t he present *8fve dul ation device according to the present

i nvention receiv an # | 3t@s {jﬁ
channeIQand a coﬁ % anneﬁ %E %%@B@#é di%ﬁﬁﬁhpleggﬁagﬁfh %e dat a
channel . TB@r%aﬁiritﬁhﬁﬂﬂﬁmeﬁ@fﬁhg% Uﬂ“%ﬂ%”éi@h@ﬁﬂéﬂﬁééiméﬁﬁb0|5 of a
known transm ssion patftern (of which phase is known, exanpl e,
Fig. 36 is a diagram showing relatlonshlp between
Figs. 36A and 36B;
Fig. 36A and 36B are block diagrams showing the
10 reliability judgment unit of the ninth embodiment;
Fig. 37 is a diagram showing relationship between
Figs. 37A and 37B:
Fig. 37A and 37B are block diagrams showing the
reliability judgment unit of the tenth embodiment; and

15 Fig. 38 is an illustration showing a dominant

conception in the fourth to tenth embodiments.

BEST MODE FOR CARRYING OUT THE INVENTION
The best mode for carrying out the invention will now

20 be described with reference to the accompanying drawings.

(First Embodiment)
Fig. 1 is a view showing an exemplified configuration
of a frame structure of a signal received by a demodulation
25 device according to a first embodiment of the present
invention. The demodulation device according to the

present invention receives and demodulates signals on a
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5 when phase nodul ation is the primry one;. This is called a parallel
time nmultiplexing technique. The received signal (phase and anplitude) at
the pilot synbol is used as a reference signal to estimate channell7 0CT 2003
fluctuations of data synbols on the data channel. 10 Fig. 2 is a view for
use in describing how the denodul ation device according to the first

enbodi nent of the present invention estimtes channels. The pilot synbols
are used for the channel estimation. Mre specifically, the pilot synbols

(estimat edygoaplogs Adi NGndS 2L VELAPSE) chalin® SUAEE! 8 LR GONEL gt
ﬁ nf re s

conbi nation to take an average value thereof In two or ots. A

wei ghted muMeplidiee@VRiele thel WRSta chahfelihen Thakeibnkbl tBandxanpl e,
wei ghting factors ao,al to thereby calculate a channel estimation val ue ~

"', 20 FigcafZried drimdemadltdyplatied pilolie symeboks ofstai katowm val ued '
(n) for the data synbols in the nth slot with the channel estimation
val ues of tramsmiggio) patderydof) whilsh phaseel s &naowmi ifor exampke. (n-2)

is obtained fromthe average of the_ pilot synbols in hﬂf,Za (n—ig th
pi | ot bl ockBepnrphase meﬂﬁé@qb‘fo%llls SHEPTIMATY One )y ¢ H¥5 18 Grlded. The

The. cal cul o PBR-LMSE boBeribeT ol SrinS, et endl clRelEeBnta; 57
"(n) ~ai gjghatl)ghldse 5RA amplitude) at the pilot symbol is used
as a reference signal to estimate channel fluctuations of
data symbols on the data channel.

10 Fig. 2 is a view for use in describing how the
demodulation device according to the first embodiment of
the present invention estimates channels. The pilot
symbols are used for the channel estimation. More
specifically, the pilot symbols (estimated complex fading

15 envelopes) £ are subjected to coherent combination to take
an average value thereof in two or more slots. A weighted
sum of the average values& ' are then taken with, for
example, weighting factors &,, &, to thereby calculate a
channel estimation value§ ''.

20 Fig. 2 is for the calculation of the channel
estimation value& ''(n) for the data symbols in the nth
slot with the channel estimation values of from & '(n-2)
to& '(n+3). The channel estimation value § '(n-2) is
obtained from the average of the pilot symbols in the

25 (n-2)}th pilot blocks that is formed of all pilot symbols
in the (n-2)th slot. The channel estimation value& '({n+3)

is the one for the (n+3)th pilot block. The calculation
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1

Wth many pilot synbols belonging to different slots enables highly
accurate channel estimation. This is 5 because in an actual nobile
propagation environnent, interference signals generated due to thef =T 2003
noi se (the noise affects nmuch particularly at cell edges to mnimze the
transm ssion power), and by cross-correlation from other users, are added
to the desired signal of the current 10 channel, and the channel estimtion
accuracy i s degraded because of the phase and the anplitude of the

i ved ' t hat, . o fading. F th
receive 4 OP§ @algg&¥r§&éﬁwgdﬁnggfg§q¥§%§p adi ng or e cases

where the TranSmi'ssion pOwer 1s contro each slot, the pilot
synbols in different slots have different 15 power. However, the channel

estimation erroy,, dye todthe ower_ difference is.less than the reduction
effect by the& the nﬁfﬁgﬁhééfgﬂﬁETh?erference tianals caused from using
pilot synbols in noreisiots. Fig. 3 is a block diagram showi ng a
configuration of 20 a denodul ati on device according to this enbodi nent.
The denodul ati on device of this enbodi nent conprises a data channel

mat ched filter WRthanaweyayiboiktswdldpls bedvonging Handdif freatembdsIdtser

106, a channel _estimation unit 120, a nultiplication unit 108, and a RAKE
conbi ner 1anabigs Isighhpdacauriteethapngde sl Hatdonhi s Tisodl Frent i s

based é 63? 8%&;72003 gH_tg% %gge qév#gion mul tiple acc%%%v&ﬁgwﬁﬁ,
ar chi t éct UPBCAVEEWeErE0 B Gap P R At Ot RECRIE bt BBefifY IFB8h ‘may be
P o BB A deyhans BRiRerLa dse BbCbhbhal Hoids LehRo (he
noise affects much particularly at cell edges to minimize
the transmission power), and by cross-correlation from
other users, are added to the desired signal of the current
10 channel, and the channel estimation accuracy is degraded
because of the phase and the amplitude of the received
signal that vary at every moment due to fading. For the
cases where the transmission power is controlled for each
slot, the pilot symbols in different slots have different
15 power. However, the channel estimation error due to the
power difference is less than the reduction effect by the
thermal noise and interference signals caused from using
pilot symbols in more slots.
Fig. 3 is a block diagram showing a configuration of
20 a demodulation device according to this embodiment. The
demodulation device of this embodiment comprises a data
channel matched filter 102, a delay unit 104, a control
channel matched filter 106, a channel estimation unit 120,

a multiplication unit 108, and a RAKE combiner 110. The

25 demodulation device according to this embodiment is based
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5 (TDMA) and the frequency division nultiple access (FDMA). Fig. 4 is a

bl ock di agram showi ng a configuration of the channel estimation unit
according to this enbodiment. The channel estinmation unit 120 of tHHCT 2003
enbodi ment conprises a slot synchronization detector 122, a pilot 10
synbol averaging unit 124, delay units 126, 128, and 130, nultiplication
units 132, 134, and 136, a weighting factor controller 138, an adder 140,
and a fading frequency decision unit 150. The channel estimation unit 120

may  be 'rreheﬁﬁateeabndw@swmwﬁs%@ceéét@cﬂﬁm)vsk&m&cﬁuf@y be
I mpl enented in the formof software wth, for exanple, a digital signa

processor Ho@dver d.t 94 appdtestk ﬂhagrmspﬁ%&@talwénmﬁtmay pé a
fadi ng frequency decision unit according to this enbodi nent. The fading
frequency deplsiedh toi dehbdiudfa2lonhdeveesdimsedconpoitdesra nornal i zation
unit 152, an inner product calculator 154, a first averag unit 156, a
second avepaghifemteresginghdingithenbimeddivisdonmult 13168"3‘ FECYHEr at i on
of the demgdul ation dE¥E§% accordin 25 thi

descr bo MIDMALARERES EsSaupncs Bivtatanaruth bR 2Carsmd P INA hed
A R A et e b o Rt
mul tiple pghle chageRil %t@fuébfohm@hytda@boyaq&@ t@@h&@lbﬂ@o@m@ﬂel
mat ched filter 106 despreads a received spread signal on the control
channel wi The kthaprieddestdmatepbn candépdddl ngf this embodiment
comprises a slot synchronization detector 122, a pilot
10 symbol averaging unit 124, delay units 126, 128, and 130,
multiplication units 132, 134, and 136, a weighting factor
controller 138, an adder 140, and a fading frequency
decision unit 150. The channel estimation unit 120 may
be implemented in the form of hardware. Alternatively,
15 it may be implemented in the form of software with, for
example, a digital signal processor (DSP).
Fig. 5 is a block diagram showing a configuration of
a fading frequency decision unit according to this
embodiment. The fading frequency decision unit 150 of
20 this embodiment comprises a normalization unit 152, an
inner product calculator 154, a first averaging unit 156,
a second averaging unit 158, and a threshold decision unit
160.
An operation of the demodulation device according to
25 this embodiment is now described with reference to Figs.
3 through 5. The data channel matched filter 102 despreads

a received spread signal on the data channel with a spread
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5o0on the timng of the nultiple path reception by the individual users. The
slot (pilot block) synchronization detector 122 in the channel esthﬁghhgﬁ
unit 120 detects the position of the pilot synmbols on the control 03
The pilot synbol averaging unit 124 averages the received 10 channels for
the pilot synbols in each pilot block to estimate the channel for the
correspondi ng pilot block, based on the timng information received. The
estimated channel information for each pilot block is supplied to the

del ay unitgoiebrepBicatibpSAding bn ¢ReSe iy Iof RAaRPeuptipiie pawh tine.
Subsequently, with the weighting factor generated by the weighting factor
control | er r&d@gptien nbit thlel datd Dnidoals uk2;s 134Thandoh3Gol arldahheladder
140 carries out the weighting averaging (weighting sum to calculate the
channel esmafatiedh fil ter 206Adesmpoveads, afoeceiymd spredad 2ignhd omannel
estimation value for the data Synbol in the nth slot ma be cal cul at ed

with the pthstcenddel shanngd s fhe spreagicosie lcglorendings g
tural _number, to, th +K) th pilot. hlock (K =3 inth le in Fig.
P er Aty sie e LBTpbh o) atte, SR L 8upd Bt T nka of BYathe  h e’
ilot bl -Qf ; s K+1) thpi b t B R . Fig. 6
P ot i o EPRY AT S0 & Phe ™ FE¥ok % 80! Syflotorl £htonT) 9
channel eshiefeidsrvatdeinl thd Ghémnelhestiael ogsthiat 10 i@étecke the

data synbols in the nth slot is calculated with the pilot blocks of from
(n-1) th phleoposidcion @f Hehe rpdl}oh piinbbllsl ook thiencomtssel esthannel.
The pilot symbol averaging unit 124 averages the received
10 channels for the pilot symbols in each pilot block to
estimate the channel for the corresponding pilot block,
based on the timing information received.
The estimated channel information for each pilot
block is supplied to the delay units 126, 128, and 130 to
15 cause them to happen at the same time. Subsequently, with
the weighting factor generated by the weighting factor
controller 138, themultiplicationunits 132, 134, and 136,
and the adder 140 carries out the weighting averaging
(weighting sum) to calculate the channel estimation value.
20 As shown in, for example, Fig. 2, the channel
estimation value for the data symbol in the nth slot may
be calculated with the pilot blocks of from the (n-K+1)th
pilot block, wherein K is a natural number, to the (n+K)th
pilot block (K= 3 in the example in Fig. 2). Alternatively,
25 considering a delay, it may be calculated with the pilot
blocks of from (n-K+1)th pilot block to the nth pilot block.

Fig. 6 is a view illustrating an exemplified
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5 aratio of the weighting factors may be a _1: a o: al = 0.4:1.0:0.4. It
Is preferable that the pilot blocks closer (intinme) to the data sgg@g& ﬁé
whi ch channel estimation value is to be cal culated have a larger v Z
the weighting factor. Such a closer pilot block 10 reflects nore the state
of a propagation path upon the reception of the data synbol because the
propagation path varies at every nonent. In the frane configuration in
Fig. 6, the pilot blocks (pilot synbols) in the slot occur previously

(that is, thewwi#tienabedthe charil ssdemhriba Hadiud) 1h FEqthes
possi ble that a better channel estimtion value be obtained wth the ratio

of the weithlet icigarimel oesthhatfion exsbhpéefon the datan shmbols2ih. @h@ 6. As
apparent fromthe above, to determne the weighting factors dependi ng on

t he | ocati oitho$lpfielpidadicebatediyol hitthe pd 1sitob LoictkenhofeEnbms( m Al i
channel estination value of higher accuracy. In Figs._2 and 6, all pilot

symbol s i nPid@ksIRlogketo dhe 1+ hEhe Riddtaibbacks t BB dhdheevesti.mati on
value. _In _additjon, _t average, of the.pilot synbols in the pilot 25 bl ock
i s cal clil afed™ekdraft Egﬁné’q]ffg(lmghgﬁﬁ%%rr& ¥ g@heﬂ‘ acf . Cppwers t he
channel esfi Aty ofn. yahue ;e d | |y s I | ot
cymbol s | n g it PHeE TEY 13" prt SERBIEC AR COuRe ¥aSRE lobRE D

det er m nedclieiseachini t2he )SWHOLhé 0dhdlige diirbdEi 8t Wi &Y ecREBN1 t he

pil ot synbols. No average calculation is required for the pilot block
havi ng onl gsdrimapiion vgikbel is to be calculated have a larger value
of the weighting factor. Such a closer pilot block
10 reflects more the state of a propagation path upon the
reception of the data symbol because the propagation path
varies at everymoment. In the frame configuration in Fig.
6, the pilot blocks (pilot symbols) in the slot occur
previously (that is, they are located on the left side in
15 Fig. 6). It is thus possible that a better channel
estimation value be obtained with .the ratio of the
weighting factors of, for example, @ _;: Q&,: @, =
0.2:1.0:0.6. As apparent from the above, to determine the
weighting factors depending on the location of the pilot
20 symbols in the slot often results in the channel estimation
value of higher accuracy.
In Figs. 2 and 6, all pilot symbols in the slot are
used for the calculation of the channel estimation value.
In addition, the average of the pilot symbols in the pilot
25 block is calculated before taking the weighting average
thereof. However, the channel estimation value may be

calculated using only some of the pilot symbols in the slot.
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5 Wiile the sane channel estimation value is applied to all data synbols
in the single slot in Figs. 2 and 6, the data synbols in the slot may be
separated into two or nore data synbol segnents to select a sultaldz00T 08}
synbol f or the calculation of the channel estinmation value in each 10
data synbol segnent. In this eventl the pilot synbols are averaged with
the weighting f actors to estimte the channel estimation value for the
data synbols in each data synbol segnment. Fig. 7 is a viewillustrating an

aperatl on +elGeaaittd ahe kit hage! peSHIPIAA ¥l Wadhiopl sagect i ve

I
data synb Segne ai ne ns of separating the ata“synbols in a

si ngl e sl oymbB1Ft8- téket Bﬁecﬁéﬂaﬁltir@ffaivr&tégf’é‘ oIS AN € dvabi§d Wi th
the pilot blocks of fromthe (n-1)th pilot block to the (n+l)th pil ot

bl ock 20 fNo bherdsie szlbalatciprenis fidhuired  fapdthd) pilokebileek the
channel estimation values are calculated with the pilot blocks of fromthe
nth pilot havira onke ¢ne2pild qli |symbbllock for the data synbol segnents

(4), (I%)e, and (6). The channel estimation values may be calculated with
the sare 25 wei gheidg tha samechapngd: gsdimpiiengiaiue ds agpdiedand

(PR AT et T R RS T
A0 5o PEREL Rt syilon 1th (e ToF ey ool DSpRRELAN L OLSYERS oke
synbol s i nmbe dath sBolVsdghen®@eblsd léctm A dble pilot symbol
for the calculation of the channel estimation value in each
10 data symbol segment. In this event, the pilot symbols are
averaged with the weighting factors to estimate the channel
estimation value for the data symbols in each data symbol
segment.
Fig. 7 is a view illustrating an operation to
15 calculate the channel estimation v.alue for the respective
data symbol segments obtained by means of separating the
data symbols in a single slot. In Fig. 7, the channel
estimation values are calculated with the pilot blocks of
from the (n-1)th pilot block to the (n+l)th pilot block
20 for the data symbol segments (1), (2), and (3). Likewise,
the channel estimation values are calculated with the pilot
blocks of from the nth pilot block to the (n+2)th pilot
block for the data symbol segments (4), (5), and (6). The
channel estimation values may be calculated with the same
25 weighting factor for the data symbol segments (1), (2),
and (3). Alternatively, these values may be calculated

with different weighting factors. This is also true for
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5 1)th slot and the cal cul ation of the channel estimation value for the
data synbols in the first data synbol segnent (2) in the nth slot. The
average of these pilot synbols are taken with the weighting factorUrZ(ﬂCT 2003
obtain the channel estimation value for the data synbols in each data
synbol 10 segnent. Figs. 8 through 10 are views illustrating calculations
of the channel estinmation values for the respective data synbol segnents
that are obtained by neans of separating the data synbols in a single

slot. In Fias bt B 47hipoah sbymdes syahol g Pef osggang two synmbol s after
the current synbol in the slot on the control " channel serve as the pilot

synbol s. Upon theneBigoe?i othefsihe phaotebymbal dvesadevioedefdorthe
certain Number of pilot synbols is calculated while shifting the synbol
posi tion stadexdiatelon @ theFthannglt lesduigha tdonnyadwer &g idleigddba the
pilot synbols for each pilot block is obtained. Instead, the pil ot

synbol s arﬁYBHQ%ﬁI%“a@%@a&@ﬁRMQ¢¢@h§YWPR$u$¢@P3P§Cﬂdﬂ 1¢|F$§ (®- four
| ot nb k t dat nbol
P o oo & Erostel Sad orhBefantiy 4hHdE 82 #é%?gﬁ#ﬁg%%g SE TR SH | ot
|
symbol s ar@afl'.ﬁ%d]fBQ #%%&@5 lggibnﬂnacgﬁ:% 29?%:% s Seé%nt%c?ﬁ sq%] 2003

symbol in a single s s th Separate 10,

ei ght pil o{2gyfBoktheamtiiseTot 0 tmse hbéra‘@%@.ﬁlfﬂe@ée?ﬁl@)t Baﬁntsﬂ@ie
synbol in a single slot is separated into three segnents.
are taken with the weighting factor to obtain the channel
estimation value for the data symbols in each data symbol
10 segment.

Figs. 8 through 10 are views illustrating
calculations of the channel estimation values for the
respective data symbol segments that are obtained by means
of separating the data symbols in a single slot. In Figs.

15 8 through 10, two symbols before and two symbols after the
current symbol in the slot on the control channel serve
as the pilot symbols. Upon the estimation of the channel,
an average value for a certain number of pilot symbols is
calculated while shifting the symbol position successively.

200 In Figs. 8 through 10, no average value for the pilot
symbols for each pilot block is obtained. Instead, the
pilot symbols are directly averaged with the weighting
factor.

In Fig. 8, four pilot symbols are used to take the

25 weighting average. The data symbol in a single slot is
separated into three segments. In Fig. 9, four pilot

symbols are used to take the weighting average. The data
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5 1n Figs. 8 through 10, the sane pilot synbol is selected for the

cal cul ation of the channel estimation value for the data synbols Hﬂ%bfﬁ 0
| ast data synbol segnent in the ith slot, where i is an integer, an @
calculation of the channel estimation value for the data synbols in 10 the
first data synbol segnent in the (i+l)th slot. The average of these pil ot
synbols are taken with the weighting factor to obtain the channel
estimation value for the data synbols in each data synbol segnent. In this

enbodi ment gyvinhe Weh ki Rg gl oftsi ¥38th 4 8epaktatadiift d Foures8end saver age
are varied depending on the fading frequency. The fading. frequency

deci si on ubnt Fig0 Meci déghttheiket ngyhmbedisereye based dw tthekavehage val ue
for the pilot synmbols. The weighting factor controller 138 varies the

wei ght i ng vaigbt iz cavernggoeo t fheadatata osympoY dgula . sThglead gt fiequency
decision unit 150 norpalizes the average values for the pilot synbols in
each of theePagatadtingRh FP@%rﬁ?S‘F‘eeﬁénnel to cal culate an inner product

value. 25 Figs. 1lA.and 1 e Vi or, use _in descripi concept of
the fadi ng frequ%ﬂé?lt%sc'i lqeoﬁﬁrﬂggth%, i HHEi 8§melféi+ﬁeggﬁ'§ﬁ&ells P
estimation ' e 0 S 0] 3 A ; t her
to a Iarge?gggglé‘race%ed vn\‘;(% Fﬁ%‘ tsci%ofmﬂ'?igfg?&?t l?aft %\eoﬁﬁﬁéggaﬁ%%?ggggt ed by
a snmal | er {raduRgfolr eBecaara SHmbdlHvirdehed 1laatydatia) sty degmant ue.

On the contrary, as shown in Fig. 11B, the channel
in the ith slot, where i is an integer, and the calculation
of the channel estimation value for the data symbols in
10 the first data symbol segment in the (i+l)th slot. The
average of these pilot symbols are taken with the weighting
factor to obtain the channel estimation value for the data

symbols in each data symbol segment.

In this embodiment, the weighting factors used for

15 taking the weighting average are varied depending on the
fading frequency. The fading frequency decision unit 150
decides the fading frequency based on the average value

for the pilot symbols. The weighting factor controller
138 varies the weighting factor according to the decision

20 result.

The fading frequency decisionunit 150 normalizes the
average values for the pilot symbols in each of the two
slots on the control channel to calculate an inner product
value.

25 Figs. 11A and 11B are views for use in describing a
concept of the fading frequency decision. As shown inFig.

11A, the channel estimation values in the slots correlates
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5 estimation values in the slots correlates with each other to a smaller
degree with the faster fluctuation of the fading, indicated by a Iﬁr%&r
fading frequency. This provides a smaller inner product value. Fig! 2 i 2803
a graphical representation of a sinulated 10 result obtained through a
conmputer, in which the abscissa represents a neasurenent tine and the
ordinate represents a neasured value with the fading frequency (fDTslot)
being used as a paraneter. In Fig. 12, a threshold value is set to, for

exanpl e, Ow3tholeddi® HBABY &b VAl ysrg@xord@gré@ watheaile yigigr the

fading frequency is a fast fading of . or larger. The fading frequency

of 0. 3 orflagatat Sonde€i thd Bha@irddge muaeéd\/wyua istnasllBe k ef allliagy t he
threshol d value. The normalization unit 152 in the fading frequency 20

deci si on ufireqiEncpr nelhzgs price iales age lagigess ¥romerhprogidatt vgbbel.s in
two pilot blocks, that is, two slots on the control channel. The inner

product capemtat%rcqgaragan-cm%t%laoyﬁ |1ﬁh<ﬁl$)f o@i&@t M%&%@npﬁé average
values _for the two nor I|zed pj The de dulat ﬁeV|ce

L or iy es timdt Pl AT e Sl kbt s TR GRrs Rkt o5 W HED: eachy
per or s { g BAKGna £00bI AR ANy} EnPRFEP"¢e B8, BILERLIZEL b o g\% gner -

67 020 product a cul ation eac f the mu S used

for the RAKREAIQIP) niﬂalaat@ﬁf%y bgdiakera fa@ihg nerreqn et vwha@,s
obtained fromthe nmultiple paths are averaged by the Tirst averaging unit
156. |If suplrovides a smaller inner product value.
Fig. 12 is a graphical representation of a simulated
10 result obtained through a computer, in which the abscissa
represents a measurement time and the ordinate represents
a measured value with the fading frequency (£DTslot) being
used as a parameter. In Fig. 12, a threshold value is set
to, for example, 0.3 for the measured value in order to
15 decide whether the fading frequency is a fast fading of
0.3 or larger. The fading frequency of 0.3 or larger is
decided when the measured value is smaller than the
threshold wvalue.
The normalization unit 152 in the fading frequency
20 decision unit 150 normalizes the average values for the
pilot symbols in two pilot blocks, that is, two slots on
the control channel. The inner product calculator 154
calculates an inner product value of the average values
for the two normalized pilot symbols.
25 The demodulation device according to the present
embodiment is a demodulation device which performs the RAKE

combining and it performs the normalization and inner
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1

5 averaging is not to be performed anong the nultiple paths, the first
averaging unit 156 is not required. The average val ue cal cul ated by the
first averaging unit 156 is further averaged anong the plurality of 2(3t2803
by the second averaging unit 158 (for exanple, the inner 10 product val ues
(1), (2), and (3) are averaged in Fig. 11A). This may reduce possible

I nfl uence of thermal noise. If such averaging is not to be perforned anong
the plurality of slots, the second averaging unit 158 is not required. The

threshol d geehdicdn ¢ éuilf@ioAMIYLedbR S¥CLARe muldt ¥l depadhauhiled by
t he second averaging unit 158 with the threshold to performa fading

frequency fleei $hen.RAKPecofbdalilng a¢ desdediiall aboel .of Thiee iplnsal ity of
regions the fading frequency belongs to, by performng a threshold
deci si on wprbhdagir eseluesr editaihdy Sromr &hestmapbt 1pDeTipa thesli agef r equency
decision is perfornmed with the threshold in the present_enbodi nrent and
however, iavaaadask BeribendfdIForae®BAFARS WiughSeal c&fadugts. According

cal col a1 rRVARAGME LBk blane P L RETAICPROE S, S DY LA P  ho
i1 b f. ' . dh . | be, f
ampl o)t PiRe A SR ERE TR 7 OFSE, L0 e Chagh BB Tl 05 The pi 1 ot

bl ocks (1) and (Bhel dvEiragel LAWY ddse1hpedel rt’heofﬂﬁétsh_ebr@ﬁn%
exanple, the pilot blocks (1) and (3) in Fig.11A). Aternatively, the

fadi ng freqgnémcysSdedissfarthoy avepeyédramonyythel plhatiligyofi misstgr oduct
of one by the second averaging unit 158 (for example, the inner
10 product values (1), (2), and (3) are averaged in Fig.11lA).
This may reduce possible influence of thermal noise. If
such averaging is not to be performed among the plurality
of slots, the second averaging unit 158 is not required.
The threshold decision unit 160 compares the average
15 value calculated by the second averaging unit 158 with the
threshold to perform a fading frequency decision.
Specifically, it is decided which of the plurality of
regions the fading frequency belongs to, by performing a
threshold decision with a preset threshold by several steps.
20 The fading freguency decision is performed with the
threshold in the present embodiment and however, it may
be performed, for example, through calculations.
According to the present embodiment, the fading
frequency decision is performed by calculating an inner
25 product of the average value obtained from the pilot
symbols of two pilot blocks. These two pilot blocks may

be, for example, those for adjacent slots (for example,

- 68 -



5 pilot synbol and another pilot synbol wi thout any pilot block. If an

I nner produce (its average value) of pilot synbols (their average val ue)
(for exanple, an output of the second averaging section 158 in Figl?29(Ti2803
| arger than 10 a predeterm ned val ue, an average value calculated from the
pil ot synbols of two slots at a longer interval in the control channel may
be subjected to the normalization, the inner product calculation, the

i nner product averaging anong the nultiple paths, and the inner product

aver agi ng tlipe POIGL ok HT @l ) tan@f( 5] Qhsrag . desali bpd Rboy P& ddey the
aver aged i nnefr product value may be conpared with a threshold
correspondtigetosioth (£Fdwngedmpheer thle tpd 1gert bookshd fadand (3 eqlency
decision. As seen froma graph in Fig. 12 for the inner product 20 value
with a fadiig-1l3duenditsrrabivedat.erthd of adiiggef réquengyf dequsricors, it
IS possible to easily performthe_ fading frequency decision with a

t hr eshol d MR aR8ePEr iR Emed ch¥e cad GURiubRgy afe dMnar | BPradpetaf, &9e| ar ge

di fference jn jpnner . products (that is,. i gher resolJutiopn) . 25 . he
Cont r ay. BbfokoRgmit a1y paptBied dufof SERbo T e thofH ol Tot
perforn1tq§1$@€ing frequency deci sion because such a difference in inner
products is relatively - 69 020CT2003 small (that is, a |ower resolution).

The resol ution fioF dAWenricadipBodiieaugIdi£satapade wNedyedrbyiist easi ng
an interval between slots which include pilot synbols used for inner
product cadywbalisoftheir average value) (for example, an output of
the second averaging section 158 in Fig. 5) is larger than
10 a predetermined value, an average value calculated from
the pilot symbols of two slots at a longer interval in the
control channel may be subjected to the normalization, the
inner product calculation, the inner product averaging
among the multiple paths, and the inner product averaging
15 among the plurality of slots as described above and then
the averaged inner product value may be compared with a
threshold corresponding to such a longer interval to
perform the fading frequency decision.
As seen from a graph in Fig. 12 for the inner product
20 value with a fading frequency as a parameter, for higher
fading frequencies, it is possible to easily perform the
fading frequency decision with a threshold because a
difference in frequency results in a relatively large
difference in inner products (that is, a higher resolution).
25 On the contrary, for lower fading frequencies, it tends
to be difficult to perform the fading frequency decision

because such a difference in inner products is relatively
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5 (inner product neasurenent interval). For this purpose, if an inner
product value with a lower resolution is initially obtained (from pil ot
synbols of slots at a shorter interval) and the inner product val L{F% 0BT 2003

| arger than a predeterm ned value (that is, the inner product 10 va
a frequency | ower than a predeterm ned fading frequency), nuch nore
accurate decision can be nade with respect to a wder range of frequencies
from hi gher fading frequencies to |ower fading frequencies by using an
i nner pro vgl | a_hi Qnﬁ r ' (yrom pil ot synmbols 15 of
slots at agﬁg%&eﬁﬁh%egr%gr)af c}r e f%%#%glt?r élcfu'ency deci si on. For
exanple, if an ifRer rpERdWA vRl £6r (1bfec2VEaAiRg WieQhefbiRd YakYROl S
(their average value) of adjacent slots (iInner "product measurenent
interval =epAan¥ed WP inteewdlind fan entepiv@l aebweent stfotidewheednd
averaging wunit 158 in Fig. 5) is a value corresponding to a fading
frequency egcdudeo pdrldbwymivbia auspdefiotreininesd predwehcyal culda tfhoing
frequency decision can be made with a nmuch higher resolution by performng
t he t hrieshbiangdacpsioseh nepsnsenent Aademrablet Yarubhds PUIROSSnbol s

ot. Tt tReamdfiner REBRRTH Yo TP utHhod 1geEh EramLatLen Ss0cr2003

is a val ue; Is ' A f adl e t?cgi‘é‘l 0] over _t han a

pr edet ermjﬁégrt g‘?@%?‘?@%ﬁ%ﬁ?@ (ta‘#e&?a 1{%8'& %ﬁ%ﬁquencyogegilgtogn éé\gnabe made

{fﬁre aCfU:@hebtelay it &Bvadl) aMdetHYE ofwedrvVprodudit PFaADheSYBAlargéra
ree-slo

than a predetermined value (that is, the inner product

ue 1S

10 wvalue is a frequency lower than a predetermined fading
frequency), much more accurate decision can be made with
respect to a wider range of frequencies from higher fading
frequencies to lower fading frequencies by using an inner
product value with a higher resolution (from pilot symbols

15 of slots at a longer interval) for the fading frequency
decision.

For example, if an inner product value (its average
value) of pilot symbols (their average value) of adjacent
slots (inner product measurement interval = one-slot

20 interval) (for example, an output of the second averaging
unit 158 in Fig. 5) is a value corresponding to a fading
frequency equal to or lower than a predetermined frequency,
the fading frequency decision can be made with a much higher
resolution by performing the threshold decision on another

25 inner product value of pilot symbols at a two-slot interval
which is longer than the previous interval by one slot.

If the inner product value for a two-slot interval
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1

5 interval which is longer than the previous interval by one slot.
Accordingly, the resolution can be enhanced by increasing the inner

product neasurenent interval gradually. (The reason why the inner BﬂdHUdmw
measurenent interval is varied froma smaller value to a |arger value 10
in this way is that the frequency which can be decided for a given inner
product neasurenent interval may becone |ower as the interval increases.)
It should be appreciated that several inner product calculations with

di fferent §gngr viQfictofeaspoRiteiiy €6 hnraiMie £R8ghenRsf fhid ith
paral l el and an appropriate result can be obtained fromevén such a

st ep- by-step ldweirsthanaa peedetzarmbhedeldwerafseguerdcyp tiye dbadgngo. |t
shoul d be further appreciated that two or nore inner product val ues can be
cal cul at edE netimedidy eleqaisiiomercar(bgrovddet mosxs aeerena tiedte sl wsiog
performthe fading freguency decision. Figs.13A and 13B are bl ock_di agrans
showi ng andRhdpnepMTYURGLi Fitidie tPk Padprhg spimiRERCcHtdecitdhige uilPti50

sccor L0 8o Sl SPUn SRIEE ol GRS LI SHTRY FoieRi B U1

aver aging Ghore - AOPOTABRSNG, i o dhEut skl cafiBe Mitancedthy o

168-1 and if8redsindgi ther amer©psratiuert widdsdhEmeaitd ihEleeiranon unit
170. In the configuration exanple of Figs. 13A and 13B,
gradually. (The reason why the inner product measurement
interval is varied from a smaller value to a larger value
10 in this way is that the frequency which can be decided for
a given inner product measurement interval may become lower
as the interval increases.)
It should be appreciated that several inner product
calculations with different inner product measurement
15 intervals can be performed in parallel and an appropriate
result can be obtained from even such a step-by-step
decision as described above for a short time by doing so.
It should be further appreciated that two or more
inner product values can be calculatedwithdifferent inner
20 product measurement intervals to perform the fading
frequency decision. _
Figs.13A and 13B are block diagrams showing another
configuration of the fading frequency decision unit 150
according to the present embodiment. The fading frequency
25 decision unit shown in Figs. 132 and 13B comprises a
normalization unit 162, delay units 163-1 and 163-2, inner

product calculators 164-1 and 164-2, first averaging units
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5 the inner product cal culator 164-1 cal cul ates an inner product value for
an i nner product neasurenent interval of one slot and the inner prﬁiqﬁi
cal cul ator 164-2 cal culates an inner product value for that of two"sl TJNB
(that is, every other slot). 10 After the inner product values for these
different inner product neasurenent intervals are averaged anong the
multiple paths by the first averaging units 166-1 and 166-2 and further
averaged anong the plurality of slots by the second averaging units 168-1
and 168- 2, 1blte Idi ddr &66e 21,5 sspeondi avemaigin®Ouniteullsses] aaddf flagence
between the inner product values for two different inner product

measur emeng.i @& éiviEference pharaickoneundén 1t0% améra gecdiscionvanndtf or a
one- sl ot ig& rval and that for a two-slot interval). Then the deci sion
unit 170 p ornms 20 the fading frequency decision by using the inner

T Tor emae bot AR AR S GUAREIEY edillnd Be il Puia (NG LK TR, 20
Figs. 43Atqed ilrﬁ?erbpkhamec el SE B oMY § ecﬂ%ﬂl@t%@?%fisin%fmd the

averagi ng anong the plurality of slots are pertorned but either one or

nei t her of proecmyvétuepebiromiednner Zﬂrﬁdac(ﬁc neduréflents iftareghemati c
di agram for explaining an exanple of the fading frequency decision. In the

exanpl e obfFiope 18lothandadihey inreuepesydisdi stahcudatmde b§du@ing a
point Pl (gé%gdgagggrgntgg;égugrgggg%C%aiﬂéﬂ%géntgat of two slots
(that is, every other slot).
10 After the inner product values for these different
inner product measurement intervals are averaged among the
multiple paths by the first averaging units 166-1 and 166-2
and further averaged among the plurality of slots by the
second averaging units 168-1 and 168-2, the difference
15 operation unit 169 calculates a difference between the
inner product values for two different inner product
measurement intervals (a difference between the inner
product value for a one-slot interval and that for a
two-slot interval). Then the decision unit 170 performs
20 the fading frequency decision by using the inner product
value for aone-slot interval, that for a two-slot interval,
and a difference between them.
It should be appreciated that in the example of Figs.
13A and 13B, both the averaging among the multiple paths
25 and the averaging among the plurality of slots are
performed but either one or neither of them may be

performed.
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5 two-slot interval coincides with the difference (absolute value) first),
a point P2 (a point where the inner product value for a one-slot interval
coincides with the difference first) , and P 3 (a point where the 0 h6&T 2003
product value for a one-slot interval coincides with that for a two-sl ot
10 interval first). That is, as the result of such fading frequency

deci sion, any frequency will be decided to be |ower than the fading
frequency at the point P 1, to be equal to or higher than the fading
frequency at thepgintdPik andschemart iidaihiagrafadiony éxpliadndngtanhe
point P2, to be equal 15 to or higher than the fading freqc ency at the

poi nt P2 sxampderft fhe fpdingifmequenoyndgcisione pdimttimg exampdebe

hi gher than_the fading frequency at the point P3. It houlg gtb}'a eC| at ed
that such ¥ediLdonl fmythe d ha EFREUERCY (s iiernts dnade | t

hould 20 be furt that, it d
Zeglum on t%aﬁofﬁ% @alséa B epl nW 5@2 F%egagp%%\é}to‘ﬁéﬁ E"élor %j(gﬁl &t ed
for andinnggoDEe %Cipgﬁée}.ﬁ}ﬁf'@d‘itnéfaégvﬁéth fhe'&{ PEBretidd I(dﬂg@meaer

product va Ues>cal cu nor e erent intervals could provide nuch

nor e thor%ﬁue35f§|.§"§t5)' o pbirad®it i(anpotin® (Er thieedueivy plasdgten can

be nmade by using only several i nnér product values without - 73 02 OCT
2003 any drdleedice aeaehevisdidtonntiervahicaiaseldeslwi thhdhwiddif feazenaet he
exanple of Fig. 14 will be used for decision Based on thus decided fading
frequency, fingtuei gind By (Bapodintcathene| the 188near pEOAURL W binei figr

Factor. a one-slot interval coincides with that for a two-slot

i0 interval first). That is, as the result of such fading
frequency decision, any frequency will be decided to be
lower than the fading frequency at the point P;, to be equal
to or higher than the fading frequency at the point P, and
lower than the fading frequency at the point P;, to be equal
15 to or higher than the fading frequency at the point P; and
lower than the fading frequency at the point P3, or to be
higher than the fading frequency at the point Pj.
It should be appreciated that such decision may
eliminate the need for threshold establishment. It should
20 be further appreciated that it can provide more thorough
decision than the case where only one inner product value
is calculated for an inner product measurement interval.
Therefore, still more inner product values calculated with
more different intervals could provide much more thorough
25 decision.
In addition, the fading frequency decision can be

made by using only several inner product values without
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5 Considering the exanple of Fig. 6, if thL fading frequency 1is higher, a
| arger weighting factor is used for pilot blocks close (intine) to the

data synbol s for which channel estimation values are to be cal cul aqugcl]aﬂm
conpared with that for a |lower fading frequency. That is because, for 10 a
hi gher fading frequency, channel fluctuation for data synbols for which
channel estimation values are to be calculated is quite different from
channel fluctuation for pilot blocks distant (in tine) fromthese data

synbols. &Ry &iﬁf&k@n@m&ﬁlw@%ohhe L] ghhiltngg%-@qt aglnléatﬂrfé Widp a

| ower fading frequency is a _1: a 0: a 1=0. 6 the “weighting

factor ratpg f®rtRehega@ipIaddAOFigequenGyils pa vked foradbcdd vd. 0:0.5
(on the assunption that the pilot blocks in the nth slot, those in the
(n+1l) th slot, dasedoyethus dhcifedfafiisigpfraequeriape thenwelightok@r, to
data 20 synbols for which channel estimation values are calculated). It

shoul d be &pBFEE KA TRbLET| A 3gheaFieenthecmdaabhng FRCERF ght i ng
Fadi ng 17 cqaenegSung Ehe B B Pl BLCEE, R, FRaTheChEeRle e
Co L] Ony B 1 OBy el el iRl: ook ctbaled e dEspt bec
Spoci 11 cal 3 i he Goenr Corl e ey mn e S
conj ugat esestimbd icmneluest arat tonbgatadsulated, as compared with
that for a lower fading frequency. That is because, for
10 a higher fading frequency, channel fluctuation for data
symbols for which channel estimation wvalues are to be
calculated is quite different from channel fluctuation for
pilot blocks distant (in time) from these data symbols.
For example, suppose that the weighting factor ratio for
15 a lower fading frequency is @ _;: & 3: ¢ ;=0.2:1.0:0.6 and the
weighting factor ratio for a higher fading frequency is
@ _y:®y: ®;=0.05:1.0:0.5 (on the assumption that the pilot
blocks in the nth slot, those in the (n+1)th slot, and those
in the (n-1)th slot are close,' in this order, to data
20 symbols for which channel estimation values are
calculated).
It should be appreciated that, in the present
embodiment, the weighting factor used for calculating a
weighted average varies according to the fading frequency
25 but a fixed weighting factor may be used.
The channel estimation values (the output of the

adder 140) calculated as described above are used to
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5 to conpensate for such channel fluctuation. Then the RAKE conbi ner 110
carries out coherent conbining of the conpensated signals. It should be
appreciated that, in the present enbodinent, the data channel has DEqHﬁQﬁ@
transm ssion rate 10 as that of the control channel but these two channe
may have different transm ssion rates. Fig. 15 shows an exanpl e of

different transmssion rates for the data and control channels. In the
exanple of Fig. 15, the control channel has half the transmission 15 rate

of the data_channel.. n i C | tra ] $S$l.Qnchat ed for
t hese chanﬁgwgﬁqﬁﬁﬁ%g¥gre5b9§a%¥;¥%éﬁﬁggk&§¥{§¥%%?g§ng&%ﬁi§§¥§?§ﬁ
synbol s. (Sec ¥Eﬂ§? i | ' I @34k N PATaE hane
configurat?gna%% anp(g §§%§)§§Qﬁ£ ﬂ?e%Zﬁ%ﬁhqﬁe ?ﬁ% ggﬁ%ﬁ%?gg%gnﬁgEVice in
accor dancegpklch fiiea FE¢ONEhadedpFeald ahtiaheyritRskdtard MENtiphiedhby
denodul ati on device in accordance with the present enbodi nent receives and
denodul at ethe gogndiexfcdhjagatmEmedf i bthehchlandsth aghbnbs: iand ypalves
synbols are tinme nultiplexed (tinme nultiplexing system. A signal
recei ved byot¢vmppnsate feapsushcehanngdhidactamptiende) Thepsthg BAKECT
2003 is used as a reference signal to estinmate chagneL flu tgﬁ%ions of

data symboFSmbAnes %&ﬂb&ﬁf?ﬁ%ﬁi?&ErF@ eﬁ%ﬂ% qarR 1Sy isb O+ at i xed
accor danceCB e Lo S8BT S0 ai et i s the same as the channel - |

It should be appreciated that, in the present
embodiment, the data channel has the same transmission rate

10 as that of the control channel but these two channels may
have different transmission rates.

Fig. 15 shows an example of different transmission
rates for the data and control channels. In the example
of Fig. 15, the control channel has half the transmission

15 rate of the data channel. Even if such different

transmission rates are used for these channels, channel

estimation values can be obtained from pilot symbols.

(Second Embodiment)

20 Fig. 16 is a drawing showing a frame configuration
example of a signal received by the demodulation device
in accordance with the second embodiment of the present
invention. The demodulation device in accordance with the
present embodiment receives and demodulates a signal of

25 a channel in which data symbols and pilot symbols are time
multiplexed (time multiplexing system). A signal

received by this pilot symbol section {(phase, amplitude)
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1
estimati on nethod in the denodul ation device in accordance wth the first
enbodi nent of the present invention. Fig. 17 is a bl ock diagram shoy %
configuration exanple of the denodul ati on device in accordance mﬁtnﬁqﬂg 003
i 0 present enbodi ment. The denodul ati on device in accordance with the
present enbodi nent conprises a matched filter 202, a delay unit 204, a
channel estimation unit 220, a nultiplication unit 208 and a RAKE conbi ner
210. Al though the denpdul ati on device in the present enbodinent 15 is al so

conpliant Wt lsadCRMA §ysbERIrdrice Ssagaa1Passidd eimh@edfHanh88 present
I nvention to denodul ati on devices conpliant with other systens (for

exanpl e, THlActystteiornof Mata systizol.s . Theiderodyimito s adsy iicssentelie
present enbodi ment carries out nmultiple access transm ssion by 20
spr eadi ng a&n&pgd@ta ngymbowsdada. @%@@nant@@"f@l% spTBGdP@g’imlﬁ)ble faster

t han an |nformat|on rate e copfi rat| exarrpeof the chann
esti natlonesﬁf‘rma A FW‘%\?R‘gﬂﬂ’aﬁ & 'E‘HdP éirﬂvje%o‘d? RGOS a’E‘ﬁ@ sane

Socor danoavitth T bFeSERL " hlpdd fnERE"1E. t‘?%ér CEREORL T ngfRdT |
Fig. 4. SI F;t WM&%@&H&H‘1rﬂ€h@C&QﬁxoéﬁaaC1ﬁt&?%\PiéQtu§lé@&:lrcﬁ&ﬁéh' ons

I n a channe /6 02 OCT 20 I n which data synbols and pilot synbols

are time wilkhi ﬂ:ll@(eﬂlrgbeeﬁwdmmtl off ehanpresénthd Mwehtgonf.requency
decision unit of the present enbodinent is also the sane as the

confi guration exBhgleldf ilshe feldicly &iagrgmeshowiseysaogondiiigurs@t dbnt he
first enbogixg}enrgleogft rt]:(iale demodulation device in accordance with the
10 present embodiment. The demodulation device in
accordance with the present embodiment comprises a matched
filter 202, a delay unit 204, a channel estimétion unit
220, a multiplication unit 208 and a RAKE combiner 210.
Although the demodulation device in the present embodiment
15 1is also compliant with a CDMA system, it is also possible
to apply the present invention to demodulation devices
compliant with other systems (for example, TDMA system and
FDMA system). The demodulation device in the present
embodiment carries out multiple access transmission by
20 spreading a signal into a wideband signal using a spreading
code faster than an information rate.

The configuration example of the channel estimation
unit 220 in accordance with the present embodiment is the
same as the configuration example of the channel estimation

25 unit 120 in accordance with the first embodiment of the

present invention shown in Fig. 4. §Slot synchronization

detector 122 detects pilot symbol locations in a channel
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present invention shown in Fig. 5 (it can also be configured as shown in
Fig. 13A and Fig. 133). The operation of the denodul ati on device of the
present enbodinent is also the sanme as the operation of 10 the 02 0CT_2003
denodul ati on device of the first enbodi nent of the present inventiozn. Ha
18 is a drawi ng showi ng a case where data synbols in one slot are divided
into a plurality of data synbol intervals and a channel estimtion val ue
is calculated for 15 every data synbol interval. In the exanple of Fig. 18,

for data sygbghildh (laBhSs{mbaA 4rd. pd 1GRBIbESE! ARl Aimeal ue is
calculated using the (n-1) th pilot block to the (n+l) th pilot block, and

for data syobtliplesssdal sSTHS) cand iguljat honhexaeiplestofrathen falimgi s
cal cul ated using the 20 nth pilot block to the (n+2)th pilot block. The
channel efrequensy dgaissionrungitaofybhel presentaembodimant (2§ aksd be

cal cul ated using a sane weighting factor or usin different wei ghting
factors. THR®s§ %p?p?i%%etg’od’aﬂleg%?ﬁwp Gy ?sofsf%&mfi%n 25

VN?J EZV% RS T Plek dhi et PETHR FL Do FEEY SRR | T

' - T . 3 S | i ' . f
data cymbopEerei Myenklofshddih KOG° & (11048 a Ko WL ORR el
pilot synfgl showsel et Rigand 3Meamd ! Pigsymas) j s wei ghted and averaged to

cal cul ate a channel estimation value of data 5 synbols during each data
synbol interval .The operation of the demodulation device of the
present embodiment is also the same as the operation of
10 the demodulation device of the first embodiment of the
present invention.

Fig. 18 is a drawing showing a case where data symbols
in one slot are divided into a plurality of data symbol
intervals and a channel estimation value is calculated for

15 every data symbol interval. In the example of Fig. 18,
for data symbol intervals (1) and (2), a channel estimation
value is calculated using the (n-1)th pilot block to the
(n+1l)th pilot block, and for data symbol intervals (3) and
(4), a channel estimation value is calculated using the

20 nth pilot block to the (n+2)th pilot block. The channel
estimation values for data symbol intervals (1) and (2)
can be calculated using a same weighting factor or using
different weighting factors. The same applies to data
symbol intervals (3) and (4).

25 Moreover, in the example of Fig. 18, in calculating
a channel estimation value of data symbols in the last data

symbol interval (1) of the (n-1)th slot and calculating
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Fig. 19 to Fig. 21 also show cases where data synbols in one slot are
divided into a plurality of data synbol intervals and a channel es@ﬂﬁfﬂﬁﬂ
value is calculated for every data synbol interval. In the exanple

Fig. 19 10 to Fig. 21, two synbols before and two synbols after a control
channel slot are pilot synbols. Furthernore, in channel estimation, an
average value for a certain nunber of pilot synbols is calculated while
novi ng the synbol position successively. In the exanples of Fig. 19 to
Fig. 15 2% dldmielyabelimatriodi vatuky ofidit dsgmbboderiagethewEtirmt

cal cul ating an average value of pilot synbols for each pilot block. In the
exanpl e ofdafiay. sweboflodmttwal sy@iolaf atreuntdr slgt wedglaimey mhbot
averagi ng and data synbols in one slot 20 are divided into three

i nterval s symbaheisxafpectsid mpd the Rddohi sEILSINEA vetehtieddang
ot Srval S avenAgen Eoadaiilets & Rtuty fstimat foncvhte R garar,,
i ght| ' t ' 25 di vi ded int
the oo Pre SUhEYE| AUrIBL KR BaTi Mhioql) Pty 20, B0 H T S o
channel esti mat igQRy valoue ook j dat 81 Y9! shew' ¢A8ekhgnbas! dat&BsyRibd s C 1

2003 data synmbol 1™terval of “the ith (i: an integer) slot and cal culating
a channel jgstén@t&dotyvalree difvildéd intwls pluraindtiyhef idatadsymsylrbol

interval of the (i+l1) th slot, a same pilot synbol is selected and the
pi | ot synbigitéxvalacigdiachannel asigbnatdosavadug ésacahehdatedfiomt i on
every data symbol interval. In the examples of Fig. 19

10 to Fig. 21, two symbols before and two symbols after a
control channel slot are pilot symbols. Furthermore, in
channel estimation, an average value for a certain number
of pilot symbols is calculated while moving the symbol
position successively. In the examples of Fig. 19 to Fig.

15 21, pilot symbols are directly weighted and averaged
without calculating an average value of pilot symbols for
each pilot block.

In the example of Fig. 19, four pilot symbols are used
for weighting and averaging and data symbols in one slot

20 are divided into three intervals. In the example of Fig.
20, four pilot symbols are used for weighting and averaging
and data symbols in one slot are divided into five intervals.
In the example of Fig. 21, eight pilot symbols are used
for weighting and averaging and data symbols in one slot

25 are divided into three intervals.

In the examples of Fig. 19 to Fig. 21, in calculating

a channel estimation value of data symbols during the last
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val ue of data synbols during each data synbol interval. |In the present
enbodi ment, weighting factors used for weighting and averagi ng are changed
according to the fading frequency. However, it is also possible t o 0uls® Ta2003
fixed 10 weighting factor. Data synbol channel fluctuations (fading f

| uctuat ions) af ter despreading whose timng is determned by the del ay
section 204 are conpensated using the channel estimation value obtained by
t he channel estimation 15 section 220. Mre specifically, channel

fluctuati ong gr BB PYoFULhBPE YNNG it flesPEégdrakaoty s s by

a conpl ex conjugate of the channel estimation value. Then, the conpensated

signal s argaredbaRethd a PbASAnBY et fAKEi otoRRiNes @£0da2@ lsymithel gr esent
enbodi ment, data synbols and pilot synbols in a channel have a sane

transm ssiduringethéuf irdatdatandpnbodninpierstalsyfbthe { a+flldhckawtel can
al so have different transm ssion rates. 25 (Third Enbodi nent) The above

concept cah same bdladpiswibed ispsediectedsgndethe pigdlob symbelodes Fig.
22 15 3 e g shon o S LIame oo i el on, SXamble sl Apiangl diecel v
DTSt o hReRE oS ORI BB SRk gRBRO R bR S
a pilot channel . pyinehy i8R t@bBodiment, weighting factors used for
weighting and averaging are changed according to the fading
frequency. However, it is also possible to use a fixed
10 weighting factor.
Data symbol channel fluctuations (fading
fluctuations) after despreading whose timing is determined
by the delay section 204 are compensated using the channel
estimation value obtained by the channel estimation
15 section 220. More specifically, channel fluctuations are
compensated by multiplying the despread data symbols by
acomplexconjugateofthechannelesiimationvalue. Then,
the compensated signals are combined in-phase by the RAKE
combiner 210.
20 In the present embodiment, data symbols and pilot
symbols in a channel have a same transmission rate, but
data symbols and pilot symbols in the channel can alsoc have

different transmission rates.
25 (Third Embodiment)

The above concept can also be applied to a parallel

system.
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mul ti pl exed with the data channel (parallel system). A received signa
(phase, anplitude) of the pilot synbol of this pilot channel is us %
reference signal to estinmate 10 channel fluctuations of data synbolgiﬁfhﬂg
data channel. In the parallel system unlike the parallel tinme

mul tiplexing systemor tinme nultiplexing systemthat transmt/receive
pil ot synbols using sone slots, pilot synbols are transmtted/received
consecutively, and 15 therefore the concept of a "slot" is not so

inportant. For pigs peasena WreiwimdgesAivintfliaL Hitshé Ncbhligidratién
channel estimation nethod in the denodul ation device in accordance with

t he presentxampde mxfhta isighadi caldeivdd bgmthas ddmodhihaheélonesievbdteon
nmet hod by the 20 denodul ati on device in accordance with the first and
second enbodapeerdance wpsdi fike ekhipdeemiiadimengxpifaithel present Fig.
23 is a block diagram showing a configuration exanple of the depodul ation
devi ce | n HE¥ERYAMTE wHHE ARNodelaE OB RS EAEEH RAICOTRRNGEBUERE REN

device i n accordance.,with th resent_ enbodi C ri ses, a_.channel
Tetcned [ipraresdShpdineht PeERTYe S Re TERbgf IS B dh Bk Sosdone)
mat ched fi h el | hat | 3t i oha Ul g o4 ion unit
308 and a ﬁﬁé %gx%)r}rﬁeeir: %ﬁlg a iﬁ %ﬁg}ﬁﬂta Rg&@&e'm%dﬁf'g?i (:)LhryJ e%#é:%ailé% t he
present ehqitipllexd® Wwith eopldand vhhhin2 ICOMaBx3l1eM Syistemil SOA

possible 5 to apply the present invention to denodul ati on devi ces
conpl i ant meckiveldksigysbnfpiidse , eampplidudeVio §ydtepiamit symbol of
this pilot channel is used as a reference signal to estimate
10 channel fluctuations of data symbols in the data channel.
In the parallel system, unlike the parallel time
multiplexing system or time multiplexing system that
transmit/receive pilot symbols using some slots, pilot
symbols are transmitted/received consecutively, and
15 therefore the concept of a "slot” is not so important. For
this reason, slots are not indicated in Fig. 22,

The channel estimation method in the demodulatiocn
device in accordance with the‘present embodiment is
basically the same as the channel estimation method by the

20 demodulation device in accordance with the first and second
embodiments, but specific examples will be explained
below.

Fig. 23 is a block diagram showing a configuration
example of the demodulation device in accordance with the

25 present embodiment. The demodulation device in
accordance with the present embodiment comprises a data

channel matched filter 302, a delay unit 304, a pilot
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FDVA system). Fig. 24 is a block diagran1sLomAng a configuration exanple
of a channel estimation section in accordance with 10 the present

enbodi ment. The channel estimtion unit 320 of the present enbodiA%%pCszB
conprises a pilot synmbol averaging unit 324, delay units 326, 328, 330,
etc., multiplication units 332, 334, 336, etc., a weighting factor
controller 338, an adder 340 and a fadi ng frequency 15 decision unit 350.
The configuration exanple of the fading frequency decision unit (fading
frequency €rahnsiednmatiitieBFA)1 e 306 preshanhn@lbeditiaidticn lrei 8810 As t he
configuration exanple of the fading frequency decision wunit 150 of the
first enboali meitigflicetpopesemit n¥@ét and 20 RAKEWNCOMbANgr 83X¢an al so be
configured as shown in Fig. . 13A and Fig. 13B). The operation of the
denodul at |%ﬁtb@\ﬂ§ﬁét5‘9 @ﬁ@o%ﬂ&‘é}fﬁ’ desberendm the BregepdseeRodingnt same

as the operat on of du atlﬁg%? vice,of th flrsi and 25 cond
erbod: ment £5 #50 Sempd LA B EStan, afeis BieR Ppsmitleln a
data channgh abpid gedp !._—ats% ft Ala@ht 60l A dnoafld a 1A 18003 pmmo!

i nterval s and nne Stl ue IS or every at a

synbol i ntébiﬁ?hlarft Wit IE6AHHY e syt dmhd - ( £0x eqﬂr@pﬁyn‘qqimeyﬁﬂérwm into

I nterval s each interval containing 3 synbols, and a channel
esti mati onFPMAUGvsstem) cul at ed using the corresponding pil ot synbm
interval (3-synbol configuration) on the tine

Fig. 24 is a block diagram showing a configuration
example of a channel estimation section in accordance with

10 the present embodiment. The channel estimation unit 320
of the present embodiment comprises a pilot symbol
averaging unit 324, delay units 326, 328, 330, etc.,
multiplication units 332, 334, 336, etc., a weighting
factor controller 338, an adder 340 and a fading frequency

15 decision unit 350. The configuration example of the
fading frequency decision unit {(fading frequency decision
unit 350) of the present embodiment is the same as the
configuration example of the fading frequency decision
unit 150 of the first embodiment of the present invention

20 shown in Fig. 5 (can also be canfigured as shown in Fig.
13A and Fig. 13B).

The operation of the demodulation device of the
present embodiment is also basically the same as the
operation of the demodulation device of the first and

25 second embodiments.

Fig. 25 is a drawing showing a case where data symbols

in a data channel are divided into a plurality of data
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scal e and pilot synbol intervals before and after. More specifically,
channel estination value " is calculated by weighting channel estimation

val ue (0) obtained from 10 averaging the 3 synbols in the pilot synpol 2003
i nt erval correspondl ng on the tine scale, channel estimation values e
"(-1) and ~ ' (1) obtained fromaveraging during the pilot synbol intervals
before and after, with a0, a , and ajL, respectively and averagi ng them
15 Fig. 26 and Fi g. 27 are also draw ngs showi ng cases where data synbols

in a data sywabodl iartetvildedndt® ehaphwlalddyimbtdana vwambel isnterval s
(one interval for one synbol) and a channel estimation value is calcul ated
for everycaicalatebif dmesery data slyabel igdtérraalon, Innti2e ewampye val ue
for a certain nunber of pilot synbols is calcul ated whi I e rmovi ng the

synbol pos‘i’ﬁl%hgsugéesgﬂ\‘siél ?Ymhchw Rrexdkplesdointpginge il & gvibh,

pilot symbols are. directl hIed nd averaged wi.t hout weighting and
aver agi ng a8 e Yfhg § aISlYE‘ f% I BPGSM %Eas in the

Pxam LS prettinadiod %é‘ﬂﬁee&@%&B{llElt%d 3P4 9UERR | B SuBBBhA G used

for weighti averagi ng and a

wei ghti ng @ﬂﬂo%vggﬂsbtlgm%e&wng?@ fé%fmlﬁ‘dfrdb&f‘fgﬁﬁh%loiyﬂ'%‘?ﬂ thlentim@

exanple of Fig. 2 four pilot synbol's are wused for weighting and
aver agi ng sodle pnidipisyobasyubed ihdrenweaitbafoxed andraftien. i sMobanged

for every two data 5 synbols. In the present enbodi nent, the weighting
factor usedspecifically, channel estimation value £ " is calculated
by weighting channel estimation value £ '(0) obtained from

10 averaging the 3 symbols in the pilot symbol interval
corresponding on the time scale, channel estimation values
E'(-1) and & ' (1) obtéined from averaging during the pilot
symbol intervals before and after, with «¢,, ®¢_, and @,
respectively and averaging them.

15 Fig. 26 and Fig. 27 are also drawings showing cases
where data symbols in a data channel are divided into a
plurality of data symbol intervals (one interval for one
symbol) and a channel estimation value is calculated for
every data symbol interval. In channel estimation, an

20 average value for a certain number of pilot symbols is
calculated while moving the symbol position successively.
In the examples of Fig. 26 and Fig. 27, pilot symbols are
directly weighted and averaged without weighting and
averaging after obtaining an average value of pilot symbols

25 as in the example of Fig. 25.

In the example of Fig. 26, four pilot symbols are used

for weighting and averaging and a pilot symbol used for
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for weighting and averaging i s changed according to a fading frequency.
However, it is also possible to use a fixed weighting factor. 10 Fig. 28A
and Fig. 28B are drawings to explain the concept of determ ning aﬂf?ﬁtpﬁ]{]}
frequency. The fading frequency determ ning nethod of the present

enbodi nent is basically the same as the fading frequency determ ning

met hod of the first and second enbodi nents. In the first 15 and second
enbodi ments, an average val ue of pilot synbols of each of two slots is

used. |In theighdsialy £ARCHWERRgingNiavenadyad! £6robvRiryotosy n@aks of each
of two pilot “channel intervals is used. The two interval's can be
di scont i nugymbarl .comri nheuexatipslo®mifi Fdaus 27 foarcpdd off smbabs @&B¢. The
nunber of pilot synbols included in one interval can be one or two or
nmore. | n thagegr Foahwaskghtiingnandagvierading saedof phéoti symbahdisedond
enbodi nents, if a calcul ated inner Rroduct value _is |arger than %@'&@

t

pr edet er ni fBF YaAGHtiNg ang A& rPg1pg 155CRANIAGREOR RYGTHW

val ue by incr a ing the interval (inner product neasurenent interval) at
whi ch pﬂ@ﬁ :'ﬁmol used for calculation of the inner product - 83

020CT2008 val ue 1 (gt Edent ehBoBiiRINOSTH GolOMAdY IR opyagh T e

i nner products by chanding the inner produc nmeasudr enment 1 nterval and
deci des t hgolragidiggi € €Ageaed disdrggingsas WiRingé@ddecotalites. tb ghannel

fluctuations (fading fluctuations) after despreading whose timng is
det er m nedf£hdimhe fildgyenoyt. However, it is also possible to use a
fixed weighting factor.

10 Fig. 28A and Fig. 28B are drawings to explain the
concept of determining a fading frequency. The fading
frequency determining method of the present embodiment is
basically the same as the fading frequency determining
method of the first and second embodiments. In the first

15 and second embodiments, an average value of pilot symbols
of each of two slots is used. In the present embodiment,
an average value of pilot symbols of each of two pilot
channel intervals is used. The two intervals can be
discontinuous or continuous (discontinuous in the case of

20 Fig. 28). The number of pilot symbols included in one
interval can be one or two or more.

In the present embodiment, as in the case of the first
and second embodiments, if a calculated inner product value
is larger than a predetermined value, it is possible to

25 calculate the inner product value by increasing the
interval (inner product measurement interval} at which a

pilot symbol used for calculation of the inner product
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304 are conpensated using the channel estimation value obtained fromthe
channel estimation unit 320. Mdre specifically, channel fluctuations are
conpensated by 10 multiplying the despread data synbols by a coan@%UCszB
conj ugate of the channel estimation value. Then, the conpensated signal’s
are conbi ned i n-phase by the RAKE conbiner 310. In the present enbodi nent,
as in the case of the first 15 enbodi nent, data channels and pil ot
channel s can al so have different transm ssion rates. (Fourth Enbodi nent)

At first, pglaveragiiitsert8ad oftaiki halsSigiPsible €8 eRAMElaEStERBLI ON

to be used in the fourth to tenth enbodi nent of the present 1nvention wll
be descri berd mbiie imferepreduris gby28hatyii@wthel Anher plodhiem a
comuni cation counterpart station, a known pilot synbol of a transm ssion
pattern (phassumement pinteryabdandt decizes stiphafadimdyl £t eéguaenicsy
transmtted together with an information data synbol. At this tinme, the
pi | ot synbdFings thase r hpeen RPEWGEi H@dWes: as shown in Fig. 29 but - 84

020CT2003 a1 20, ChEREL! Sl e MR AR AgSe W ob od of i 11 o
il Pl e, SSSPYRLRINE, ol 9ol U AL ELepTISLERY F ey T e O
per 1;] orm COPPENadld UbrhPEASE ted LLhG0RheOlciatREMUBEEA L §7298 e 2
obtained from the channel estimation unit 320. More
specifically, channel fluctuations are compensated by
10 multiplying the despread data symbols by a complex
conjugate of the channel estimation value. Then., the
compensated signals are combined in-phase by the RAKE
combiner 310.
In the present embodiment, as in the case of the first

15 embodiment, data channels and pilot channels can also have

different transmission rates.

{Fourth Embodiment)
At first, an averaging method of a pilot signal in

20 channel estimation to be used in the fourth to tenth

embodiment of the present invention will be described with

reference to Fig. 29. As shownh in Fig. 29, from a

communication counterpart station, a known pilot symbol

of a transmission pattern (phase when a primary modulation
25 1is phase modulation) is transmitted together with an

information data symbol. At this time, the pilot symbol

is not transmitted continuously as shown in Fig. 29 but
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estimation value is derived by averaging the pilot signal of preceding and
follow ng zone of a reception data to be 10 corrected the phase. In the
exanple of Fig. 29, in order to derive a channel vector of N(th) Pl 2003
the comunication channel, preceding and following pilot signals are
averaged using a weighting sequences a (here a = (a(k)Ik =... -1, 0, 1,
...) 15 1t should be noted that when averaging is perforned using the

wei ghti ng sequences, averaging is performed wusing the weighting sequences

ni £, 1n LRGP ERnt oY W e T F Chon D5 TR 4k cthe” P
uni ¢, [0 ¢REFod ' TE Y aif Bl _ >
cequence. CBUR Sy SoANRoL R8yTLETE DA PO NS mBFEEb LeRinkh G n e

averagi ng ofilghei )it SeSh@lek pdeikith @ sPiste i FLf 18nesdRE Pate ¥eighting
sequences. Then, using the derived channel estinmation 25 val ude, the
reception dgsaens ehgdulatied. By nmaking judgnment for credibility of a
plurality of denodul ation data, data of the highest quality is selected. -
85 0 25 0C12003 On orndeat heor phaderm egkimdtbopostiphaseof doickatatsbhoe of
wei ghting sequences on the basis of result of judgnent of credibility of

t he denoduPit &d REARAdRE ER. @At { EPnRerfomm GORBLAStIan pekhadde In this

case, ST, 3ePE S PERt Bk FISuIER I duieL
estimation value is derived by averaging the pilot signal
of preceding and following zone of a reception data to be

10 corrected the phase. In the example of Fig. 29, in order
to derive a channel vector of N(th) symbol of the
communication channel, preceding and following pilot
signals are dveraged using a weighting sequences a (here
a={a(k)|x = ... -1, 0, 1, ...}

15 It should be noted that when averaging is performed
using the weighting sequences, averaging is performed
using the weighting sequences after simple averaging per
arbitrary block greater than or equal to a chip unit.

In the fourth to tenth embodiment which will be

20 described hereinafter in detail, in a demodulation device
according to the direct sequence CDMA system, the channel
estimation value is derived by weighted averaging of the
pilot signal using a plurality of predetermined weighting
sequences. Then, using the derived channel estimation

25 wvalue, the reception data is demodulated. By making
judgment for credibility of a plurality of demodulation

data, data of the highest quality is selected.
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Figs. 30A and 30B are bl ock diagranms showing the fourth enbodinent. In

t hese drawi ngs, 1 denotes a 10 despreading unit, 2(including 2-1 toU%lﬁMZMﬁ
denote channel estimation units, 3 (including 3-1to 3- N) denotes
multi-pliers, 4 (including 4-1 to 4-N) denote RAKE conbi ners, 5(including
5-1 to 5-N) denote FEC decoders, 6 (including 6-1 to 6-N) denote CRC
decoders, 7 (including 7-1 to 7-N) 15 denote franme error nunber counters,
8A denotes a reliability conparator, 9 denotes a reliability judgnent

unit and 10 denoéls fdtfl? r It“rjh o?qlf%ﬂé%&(ﬁ fgyétpolg@gé% Next,

operation of th ment denodul atr1on I ce

shown in Pd.)ﬁsweﬁgﬂt&fﬁb %%Wéﬂlbeﬁeoneﬁﬁbabﬁgis OF Felsylt dff Rl dgtﬁanepread
signal is input fo the despreader 1. The input reception spread dat

sequence o8$ dfeﬂuhmiityr@ﬁathpréeﬁaﬂmﬁateﬂﬂdaﬁadqummnqpLmnwt@erS

timng of nultiple path. In the channel estimtion units 2, N(N ~"' 2) in

nunmber ofofha mergmmngls@qumdor bmt@m Pgsavedagiosplatioe isge 0

2 OCT 2003 pilot signals are provid pil ot signals eraged with
respecti vePﬁEiE@FFFIE}fg Qri¥eR¥edhs, ‘ﬁe%ahﬁ:eng t%ﬁ%‘éﬁapgést ﬁ@ai‘i‘q‘éﬁﬁé

estlnatlon ¥ | ues the nultiplier 3, phase correction is performed 5 by
nultlply|r1 ﬁ8q35§8$5%d data sequence of the comrunication channel with

conpl ex copipgata-Rit{68PEE! itt FORPRR! ERBIIIBhERR)val ues.
Figs. 30A and 30B are block diagrams showing the

fourth embodiment. In these drawings, 1 denotes a
10 despreading unit, 2(including 2-1 to 2-N) denote channel
estimation units, 3 (including 3-1 to 3-N) denotes
multipliers, 4(including 4-1 to 4-N) denote RAKE combiners,
5{including 5-1 to 5-N) denote FEC decoders, 6 (including
6-1 to 6-N) denote CRC decoders, 7 {(including 7-1 to 7-N)
15 denote frame error number counters, 8A denotes a
reliability comparator, 9 denotes a reliability judgment
unit and 10 denotes a first switch.
{Operation of Fourth Embodiment)
Next, operation of the fourth embodiment of the CDMA
20 demodulation device shown in Figs. 30A and 30B will be
explained.
At first, a received spread signal is input to the
despreader 1. The input reception spread data sequence
is despread using a spread code replica depending upon a
25 timing of multiple path.
In the channel estimation units 2, N (N = 2) in number

of the weighting sequences for performing averaging of the
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Next, in the RAKE conbiners 4, the signals after phase correction is
coherent conbined in all of RAKE fingers and 10 input to the reliability
judgnment unit 9. In the reliability judgnent unit 9, at first, deﬁ?d[imgmﬁf
the error correction code is perfornmed in the FEC decoders 5 to out®p

I n nunber of decoded data of the weighting coefficient from#1 to #N. 15
In the CRC decoder 6, decoding of CRCis performed using the extracted CRC
bit anong decoded data sequence to nake judgnent whether frame error is

present orpR9ht! &iddPys hbe Y iasl.] Uﬂﬁgeﬁtilté’tté‘f%thi@oafféor nunber

counter 7. 20 In the frame error nunber countér 7, counting the frane

error nunbaveplerfaNtyidth i ngs pe petiived wefi girtelied essiiiedcay/ it padfainanes is
performed to input the counted nunber to the reliability conparator 8. In

t he rel i abtbi dertompathagchannaildgerehimatiitor8BA7al@8st.he dat a sequence
having the least_frame error nunber is selected fromthe frame error
i nformation of NBefhenB@ltipbigebud i RRase cQIitRCHAOR By PAXEOrRGdt he

I A N o CRE e el N A
Cat | L el ot 408 i AL VO BB LR SRR 5 RARDSEEORLY
are used gshAWhcANGSCiMaby orelreinsdg data having high reliability
Next, in the RAKE combiners 4, the signals after phase
correction is coherent combined in all of RAKE fingers and

10 input to the relia_bility judgment unit 9.

In the reliability judgment unit 9, at first,
decoding of the error correction code is performed in the
FEC decoders 5 to output N in number of decoded data of
the weighting coefficient from #1 to #N.

15 In the CRC decoder 6, decoding of CRC is performed
using the extracted CRC bit among decoded data sequence
to make judgment whether frame error is present or not to
input the result of judgment to the frame error number
counter 7.

20 In the frame error number counter 7, counting of the
frame error number present during a period of predetermined
number of frames is performed to input the counted number
to the reliability comparator 8.

In the reliability comparing and judgment unit 8A,

25 the data sequence having the least frame error number is
selected from the frame error information of N sequence

to output the foregoing data by switching the first switch
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through reliability judgnment using the reception data sequence to permt
channel estimation at high precision. 10 On the other hand, using the
result of CRC decoding, judgnent to |lower of the frame error ratiol@dHT2803
performed by selecting the weighting sequences having frane error.
(Modification of Fourth Enbodinent) In the explanation set forth above,
whi |l e channel 15 estimation to CRC decoding is perforned constantly using
N i n nunber of weighting sequences, |oad of the systemcan be reduced by

the fol | owimgtaodinfd ceds DhedAsaRlidngdti on of the fourth enbodi nent is

shown in Figs. 31A and 31B. 20 In Figs. 31A and 31B, the sane portions to
those in {BEfécdr tdf dhdvodtre Bmbedtbimenh)Fi gs. 30A and 30B are identified
by the sanme reference nunerals. 11 denote second switches. At every given
period, concer ni&g egnlaiteedaheves bpthenboprébtmbadiateunsdamielr anes,

all of the second, swtches 11 _are turned_ ON to performagperation of the
For egoi no BSEIRA LM & BIIRAL RBPE vy Cabibrccee s e

nunber > 1 caiskARYTY ' Pekbbbbeld GHE bretBhic s KooRBi®adnse i on
reliabil'ityotpek %ﬁﬂ&@owgvfa&a%@%ﬂoﬁresepé@dgca%- wid@r judgnent of

reliability, conCerning 5 remal ning data sequénce until|l perform ng
reliabilityimildamzsuslaibyiseldetiongedaty Havind teghatelaabd Iseepnd

switches 11 of the sel ected weighting sequences are turned
through reliability judgment using the reception data
sequence to permit channel estimation at high precision.

10 On the other hand, using the result of CRC decoding,
judgment to lower of the frame error ratio can be performed
by selecting the weighting sequences having frame error.
(Modification of Fourth Embodiment)

In the explanation set forth above, while channel

15 estimation to CRC decoding is performed constantly using
N in number of weighting sequences, load of the system can
be reduced by the following modification.

A modification of the fourth embodiment is shown in
Figs. 31A and 31B.

20 In Figs. 31A and 31B, the same portions to those in
the fourth embodiment shown in Figs. 30A and 30B are
identified by the same reference numerals. 11 denote
second switches.

At every given period, concerning data sequence of

25 the predetermined number of frames, all of the second

switches 11 are turned ON to perform operation of the

foregoing fourth embodiment is performed in N sequences.
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ON, and ot her wei ghting sequences are turned OFF. Thus, simlar operation
to the foregoing fourth enbodinment is 10 perforned in N sequences ziiQ%
selected N in nunber of weighting sequences. It should be noted @ CT°2003
Figs. 31A and 31B show exanple in which tw sequences of weighting
sequences #1 and #2 are selected (N = 2) and only two sequences are in 15
operating condition. (Fifth Enbodi nent) (Construction of Fifth Enbodi nent)
Fig. 32 is a block diagram showing the reliability 20 judgnent unit of

this fifthagebqdiirenthe Qrbad abici t pnghdghlercksugotr espand {RetBenNrourth

enbodi nent and will be omtted fromdisclosure. The sane portions to the

fourth enbatiurerit nember . b =Fi §s.< B)ALannEr afewedett fngddyuenbassame

reference nunerals. 12 (12-1 to 12-N) denote 25 |ikelihood averaging units.

( Oper at i onhdVipg highhFediiadni 1itRekh, thecfarparisrg firame inumkesodraent of
nt _ynit. wll be explained.

the - 89 0 0Q1 200 eliability jud
Oper ati on Sﬁieﬁgﬁgf'f teondldg dggfﬁgﬁ&ﬁﬂik¥¢¥ho§8 TRt our t h
enbodi nent -eX: Lgn [ ht . RAK | signal is
I nput ?% tﬁgagé%ﬁgggo etg g%%ﬁﬁﬁﬁa%hénggg 3%%83%&3%566g%%@ﬂ%gfggtﬁhe error
correcti onjy@edRds a@%’ifrp&ﬁﬁhb%@k‘b@%&ﬂf%‘iﬂié‘in@ﬁr%l OrBI%f‘f s?é/v%ﬂa_t | ng
sequence #1 t6 #N, and in conjunction thérewth, 11ikelihoo nf or mati on
cal cul at edswharhayg arl ofrtkketse@lected weighting sequences are turned
ON, and other weighting sequences are turned OFF. Thus,
similar operation to the foregoing fourth embodiment is
10 performed in N' sequences using selected N' in number of
weighting sequences.
It should be noted that Figs. 31A and 31B show example
in which two sequences of weighting sequences #1 and #2

are selected (N' = 2) and only two sequences are in

15 operating condition.

(Fifth Embodiment)
(Construction of Fifth Embodiment)
Fig. 32 is a block diagram showing the reliability

20 judgment unit of this fifth embodiment. Other functional

blocks correspond to the fourth embodiment and will be

omitted from disclosure. The same portions to the fourth

embodiment shown in Figs. 30A and 30B are identified by

the same reference numerals. 12 (12-1 to 12-N) denote
25 likelihood averaging units.

(Operation of Fifth Embodiment)

Next, operation of the fifth embodiment of the
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Is input to the |ikelihood averaging unit hz. 10 In the Iikelihood
averaging unit 12, input likelihood is averaged over the predeternhned
nunber of franmes, Y franes (here, Y: natural nunber, Y 1) to input ¢ G 1803
reliability conparator 8. In the reliability conparator 8, fromthe

l'i kel i hood information of the N sequences, the 15 data sequence having the
hi ghest reliability is selected as information output. (Effect of Fifth
Enbodi ment) As expl ai ned above, according to the fifth enbodi nent, by

using the }ékehbRagdy N QagRENN ifd €U 21 4 P Uk PL4 PhedZ0 6RERRAL G
decodi ng, judgnent reflecting communication quality (bit error ratio or the

i ke) can e peheer Mrthct {dhdilf idaicloncdrek dpdids Eobodho )off nthée

f oregoi ng expl anati on, while channel estimation to CRC decoding is

per f or mred fousthnembadimgnt2and iexplahet ion ighemheofig isequeiicesd.| oad of

the system can be reduced bé_the foll ow ng nodification. The nodification
é

of the fifth entte RMEembinedgidnad dscinpypdaéng FESG dgagder
[oplacing 41 FRRRAECndG90E Ykkodind B R, Lkeakl SBrtbdiipdour
S s, oot e pREobo SHSIE R RE Tt hile |,
SN to perfpé iyARINY is@@;[défné@% 1 ke #H0I 88a! DM'ddh PAREELBRNEhe s R, MBd i N
sequences. Also, inthe reliability judgnent unit, N (here N
likelihood information calculated upon error correction
is input to the likelihood averaging unit 12.
10 In the likelihood averaging unit 12, input likelihood
is averaged over the predetermined number of frames, Y
frames (here, Y: natural number, Y = 1) to input to the
reliability comparator 8. In the reliability comparator
8, from the likelihood information of the N sequences, the
15 data sequence having the highest reliability is selected
as information output.
(Effect of Fifth Embodiment)
As explained above, according to the £fifth embodiment,
by using the likelihood information calculated upon error
20 correction decoding, judgment reflecting communication
guality (bit error ratio or the like) can be performed.
(Modification 1 of Fifth Embodiment)
In the foregoing explanation, while channel
estimation to CRC decoding is performed constantly using
25 N in number of weighting sequences, load of the system can
be reduced by the following modification.

The modification of the fifth embodiment can be
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\

natural number, 1 S N < N in nunber of weighting sequences 10 havi ng high
reliability in the foregoing frame nunber are selected. After jud%nzre[ﬁ\& ﬁﬁ]
reliability, concerning remaining data sequence until performng I
reliability judgment again in the foregoing tinme interval, only second
switches 11 of the selected weighting sequences are turned 15 ON, and ot her
wei ghti ng sequences are turned OFF. Thus, simlar operation to the
foregoing fourth enbodinent is performed in N sequences using selected N

i n nunber @bnstRuHdd Bys e@panaesng (dife Taaban i i uddnén Enedtneat ) 20
In the foregoing explanation, in the |likelihood averaging unit 12, in
addi ti on tbthe medhddocatisdmpbE theefagrid embdidimehEl shoo tim Figs.
predet ermi ned nunber of franmes, Y franes (here, Y: natural nunber, Y ? 1)

., wei ght ed31Avapdgidd® wikthobtheof ifdileanbgdiment rikewnyvanuE ithd 33- et hod
for selecting the maxi num val ue nmay, be taken. (nijth Epbodi rrer}%% -9 02
OC12003 ( Const r et i 9VeL¥ SWﬁPE’er%HP nEpnEeF g daka, FEAREICH S
showi ng th el iabj Lity .Jjudg it-0 | S. Si ' her
functi %nal Fh%l 85%?3(#0%%%{%%%% ‘;gu%Fﬁm&ﬁ)’oﬁ ;n}l;n? %gﬁ:g.lﬁs%‘%cggd's
omtted fr LGl r h i@#& t NSl dbei shown
in Figs. S%ﬁlgg %??gzlwaf%rlgdggti iegﬁgytet Pgrggnfgﬁréﬁgéﬁgﬁg.e numerglﬁg 13

(i ncl udi ngfFddedotingl Foldt Hesmmboednmesit dal @d o oraed( DheNakegueticds xt h

Enbodi nment)
Also, in the reliability judgment unit, N' (here N':
natural number, 1= N' < N) in number of weighting seguences

10 having high reliability in the foregoing frame number are
selected. After judgment of reliability, concerning
remaining data sequence until performing reliability
judgment again in the foregoing time interval, only second
switches 11 of the selected weighting sequences are turned

15 ON, and other weighting sequences are turned OFF. Thus,
similar operation to the foregoing fourth embodiment is
performed in N' sequences using selected N' in number of
weighting sequences.

(Modification 2 of Fifth Embodiment)

20 In the foregoing explanation, in the likelihood
averaging unit 12, in addition to a method of simple
averaging of the likelihood to predetermined number of
frames, Y frames (here, ¥: natural number, Y = 1), weighted
averaging, method for selecting the minimum value and

25 method for selecting the maximum value may be taken.

(Sixth Embodiment)
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10 Next, operation of the sixth enbodinment of the reliability judgnment

unit will be explained. Operation of other functional block corresponds to
those of the fourth embodi ment and explanation thereof is omittedg?2%371TNg
RAKE conbi ned signals are input to the power calculators 13. In the power
calculators 13, powers of the signals after RAKE conbination in N
sequences are calcul ated and averaged over the predeterm ned period. The
averaged power calcul ated values are input to the 20 reliability

conpar at or ¢ chA st del bAPLE! By -0 PBhbBA igidk t ) udgnent unit 8, the data
sequence having the highest reliability is selected fromthe power

cal cul ated val uesigi.n38 sequemdasck odiaguam ehidweindECGrhecodaiabilityhe
error correction decoding is perforned in the FEC decoder 5 and 25 is
out put as junfigmemt amiduofuthiq Bfiftddt esfbiaén ExrboQtivemt functebgnalned
above, in the shown sixth enbodinent, - 92 0 2 0 C T 2003 by using the
recepti on bdaeksafaarreprendofist e ohopgth anbediment anfhewill ment

to nmake the reception wer reater n be perforned. Thu C nj cati
qual ity (PPAFEEE £5OT SIS IFSHRE | | FBF SAMCLROTTHRSLC FRF HUF LB si nce

ament ohobBRL Yoo, 05, FXUs DVaBET BRGLR FEC daRAtnged et o
Enbodi ment  hbn sk 08 £8RERG S IAEARIEN. 13 AHeE 188k nERtI PN apd 13-

N) denote power calculators.

(Operation of Sixth Embodiment)

10 Next, operation of the sixth embodiment of the
reliability judgment unit will be explained.

Operation of other functional block corresponds to those
of the fourth embodiment and explanation thereof is
omitted.

15 The RAKE combined signals are input to the power
calculators 13. In the power calculators 13, powers of
the signals after RAKE combination in N sequences are
calculated and averaged over the predetermined period.

The averaged power calculated values are input to the

20 reliability comparator. In the reliability comparing and
judgment unit 8, the data sequence having the highest
reliability is selected from the power calculated values
in N sequences to input to the FEC decoder 5. 1In the error
correction decoding is performed in the FEC decoder 5 and

25 is output as information output.

(Effect of Sixth Embodiment)

As explained above, in the shown sixth embodiment,
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10 power calculation is performed constantly using N in nunber of

wei ghti ng sequences, |oad of the system can be reduced by the foll ow ng
nodi fication. The nodification of the sixth enbodi mrent can be Conﬁtiﬂﬁhzﬁs
by replacing the reliability judgnment unit of 15 the nodification

fourth enbodi ment shown in Figs. 31A and 31B with the sixth enbodi nment
showmn in Fig. 33. At every given period, concerning data sequence of the
predet er mi ned nunber of franes, all of the second sw tches 11 are turned

ON to per figy %Qﬂﬁglattirﬂﬁ_f%céﬁ%i%% fregei BE tUHAKE TBOMLIRY 1 SnPehf or med
I n N sequerices. so, inthe reliability judgnment unit, N (here N:

nat ural nuwdEiabl®iNy fuNgniehthymirignénvet@hidkig thequesesst i dypowehi gh
reliability in the foregoing frame nunber are selected. After judgnment of
reliabilitgreabarecamdeSperfiermead). dditaiseqoemmmnintat ipsr gorad gy
reliabilit judgnent again in the foregoing tine interval, only second
swi t ches WfpgmerRreareEatdonerghhendikeduenbebeatBrrevigdh amdalre. 0o C T

2003 QN, d oth i ght i S, t d CFF. .Th i_miJ

oper at Pon 1 EReIPABEI P § GER LA SBDH HerEss B B, MR FR bt ences
' I R E  Wei ght 5 ' t

(Const  uctt i el RBai 1 38 OF L8 SGRNCBEFng oY RRLRT KocdlEy o he

reliabilityysspgdgaent unit of this seventh enbodiment. O her

(Modification of Sixth Embodiment)
In the foregoing explanation, channel estimation and
10 power calculation is performed constantly using N in number
of weighting sequences, load of the system can be reduced
by the following modification.
The modification of the sixth embodiment can be
constructed by replacing the reliability judgment unit of
15 the modification of the fourth embodiment shown in Figs.
31A and 31B with the sixth embodiment shown in Fig. 33.
At every given period, concerning data sequence of
the predetermined number of frames, all of the second
switches 11 are turned ON to perform operation of the
20 foregoing fourth embodiment is performed in N sequences.
Also, in the reliability judgment unit, N' (here N':
natural number, 1 = N' < N) in number of weighting sequences
having high reliability in the foregoing frame number are
selected. After judgment of reliability, concerning
25 remaining data sequence'until performing reliability
judgment again in the foregoing time inj:erval, only second

switches 11 of the selected weighting sequences are turned
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10 functional blocks correspond to the fourth enbodiment and wll be
omtted fromdisclosure. The sane portions to the fourth enbodi nent shown
in Figs. 30A and 30B are identified by the sane reference nuneral si? 187 2003
(including 14 -1 to 14-N) denote SN ratio calculators. 15 (Operation of
Sevent h Enbodi nent) Next, operation of the seventh enbodi ment of the
reliability judgment unit wll be explained. Operation of other functional
bl ock corresponds to those of the fourth enbodi mrent and expl anati on

thereof i sypm éh@dot%%rT%i%iﬁQ”Qéﬁ%lﬁﬂegé‘aéf‘e af @rhBAUDFFO g N ratio

calculators 12. Inthe SNratio calculators 14, SN ratios of the signals
af t er RAKEs pfhafalopdira bidhs eguehee E air€go £a[C flodirath astbademavar aged over
the predeterm ned period. The averaged SN radi o cal cul ated val ues are

i nput to tperfésmed iiabiN | tsequepaest osifg Igseléeeted| Nabihi hymbempasfit or 8,
t he data sequence having highest reliability is selected anong SN ratio -
94 0 2 0waigh$ing|gR@WAeBESFal ues in N sequences to be input to the FEC
decoder. 5. Error correction decoding is performed in the FEC decoder 5 to
out put ’as the information out put. (Effect of Seventh Enbodinent) 5 As

expl ai ned | néﬂg eventh enbodi nent, Dby using the SNratio
after RAKEP%)%%P%;& I on ?%El(rae itébi lity judgnment, judgnent to make the SN

rati o greaf @onSdruR iPEr 68" BedrenttVSEmBOARWRIAA} | on quality (frame error
ratio or the like) can be inproved, and al so, since judgnent

Fig. 34 is a block diagram showing the reliability
judgment unit of this seventh embodiment. Other

10 functional blocks correspond to the fourth embodiment and
will be omitted from disclosure. The same portions to the
fourth embodiment shown in Figs. 30A and 30B are identified
by the same reference numerals. 14 (including 14-1 to 14-N)
denote SN ratio calculators.

15 (Operation of Seventh Embodiment)

Next, operation of the seventh embodiment of the
reliability judgment unit will be explained. Operation
of other functional block corresponds to those of the
fourth embodiment and explanation thereof is omitted.

20 The RAKE combined signals are input to the SN ratio
calculators 12. 1In the SN ratio calculators 14, SN ratios
of the signals after RAKE combination in N sequences are
calculated and are averaged over the predetermined period.
The averaged SN radio calculated values are input to the

25 reliability comparator 8.

In the reliability comparator 8, the data sequence

having highest reliability is selected among SN ratio
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10 of reliability can be made by perform ng FEC decodi ng, reduction of the
| oad of the system becones possible. (Modification of Seventh Enbodi nent)
In the foregoing explanation, channel estimation and SN ratio cal chidGIdA3
is perfornmed constantly using Nin 15 nunber of weighting sequences, |oad
of the system can be reduced by the follow ng nodification. The

nodi fi cation of the seventh enbodi nent can be constructed by replacing the
reliability j udgrrent unit of the nodification of the fourth enbodi nent

Ay G SRR W, i
number I ﬂ_r&}e SeceRdd i rgm(gé@@al é'ﬂ: LYED grﬁllecahtrp fgs form

oper at i on o e or egol g fourth e ment orma n N sequences.

25 Al'so, IFEd heeé8hbabid ity oUdpENtagiNthe an(dl&ﬁ&tﬁbn odipywl nunber, 1
CN < N in nunber of weighting sequences having high reliability in the

f or egoi ng (fBfafectuotieSearenthOBmb@@ine T 2003 sel ected. After judgment of
reliability, concerning remaining data sequence until ﬁerform ng
reliabBlity | ud@@xplaegmrhduabwe fmé@%ﬁ shevRE e vRRERgmbadimentt ond
switches 11 of the selected weightin uences are turn and ot her
wei ght i ng b¥elgdmceihe aNixahig gf @FWPQF%?‘&tF%ﬁl%%tY

o e00L 00 A e Sk el B N AU lEBR Y Wnibict e N
performed. Thus, communication quality (frame error
ratio or the like) can be improved, and also, since judgment

10 of reliability can be made by performing FEC decoding,
reduction of the load of the system becomes possible.
(Modification of Seventh Embodiment)

in the foregoing explanation, channel estimation and

SN ratio calculation is performed constantly using N in
15 number of weighting sequences, load of the system can be
reduced by the following modification.

The modification of the seventh embodiment can be
constructed by replacing the reliability judgment unit of
the modification of the fourth embodiment shown in Figs.

20 31A and 31B with the seventh embodiment shown in Fig. 34.

At every given period, concerning data sequence of
the predetermined number of frames, all of the second
switches 11 are turned ON to perform operation of the
foregoing fourth embodiment is performed in N sequences.

25 Also, in the reliability judgment unit, N' (here N':
natural number, 1= N' < N) in number of weighting sequences

having high reliability in the foregoing frame number are
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(Construction of Ei ghth Enbodi nent) Figs. 35A and 35B are bl ock di agrans
showing the reliability judgnent unit of this Ei ghth enbodi nent. The
functional bl ocks other than the reliability judgnment unit 15 corr@éb&ﬁbﬂmb
the fourth enbodinent and will be omtted fromdisclosure. The sane
portions to the fourth enbodinent shown in Figs. 30A and 30B are
identified by the sane reference nunerals. (Operation of Eighth

Enbodi ment) 20 Next, operation of the eighth enbodinent of the reliability

judgment widiedtkld.beaeti edgmener alff afel Phbathary f unsicealink ock
corresponds to those of the fourth enbodi mrent and expl anation thereof is

om tted. TEem&KPKEngoddd teedseqoealce ametihpperiforbindgEfel2abdddoder s 5.
Decoding of the error correction code is gerforned in the FEC decoders 5
to output Hedguedtoagaiw in thedaregainggt tmefintpenad -#QntlfY gRcoadl al so,
| i kel i hood - 96 020CT2003 infaormation cal cul at ed uBon error rrect on S

i nput to Ft‘ﬁthfl%fl1%?@;&%%%%Meﬁ@tFﬂ%ﬁ%q PK‘QQ%S‘Sg’

1 f
Taress v OB tanfiGthA2 e dgh (115G "FRaRHELd M8 CIFRERTRREY THIRE ©
rel i abi l”é’uﬁfiﬁ?{@%@r?ﬁtl%aet %“%f@sf@ac hn?”fbﬁ‘i‘t@ﬁ%nﬂ%&ﬁ!ﬁén@: decodi ng

of I s~ per usin bit extr romth sequences

decoded bypéfﬁoEﬁ@diqepdﬁ'r JedeenBke hBdawEricld-vbatRerihhgubare gfror is
present or not to input the

weighting sequences.

10 (Eighth Embodiment)

(Construction of Eighth Embodiment)

Figs. 35A and 35B are block diagrams showing the
reliability judgment unit of this Eighth embodiment. The
functional blocks other than the reliability judgment unit

15 correspond to the fourth embodiment and will be omitted
from disclosure. The same portions to the fourth
embodiment shown in Figs. 30A and 30B are identified by
the same reference numerals.

(Operation of Eighth Embodiment)

20 Next, operation of the eighth embodiment of the
reliability judgment unit will be explained. Operation
of other functional block corresponds to those of the
fourth embodiment and explanation thereof is omitted.

The RAKE combined signals are input to the FEC

25 decoders 5. bDecoding of the error correction code is
performed in the FEC decoders 5 to output decoded data with
the weighting coefficients #1 to #N, and also, likelihood
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result of judgnent to the frame error nunber calculator 7. In the frane
error nunber calculator 7, counting of the franme error nunber present in
the predetermined Y2 15 frane (here Y2: natural nunber, Y2 1) is perfp0GEan;
to input the counted nunber to the reliability conparator 8. In the
reliability conparator 8, the data sequence having the highest reliability
Is selected as the information output based on the |ikelihood information

20 input fromthe |ikelihood averaging unit 12, anong the sequences havi ng

the | est f1@eBrugiiioin irhes1 BEsed upod o df A 6Ee: I HideE 86 N

sequences output fromthe frane error er calculator 7. (Effect of

Ei ght h Enbggd neakk 13hdsd expbaiatgichq@benetr e the shown Ei ghth enbodi nent,
by using likelihood information cal cul ated upon error correction decodi ng
in addition to tiwe theuht ke fiteed avearagifg udi € 12 Cinp2(03 ikedbdioddom t he
result of CRC decoding, in reliability judgnent, the judgnent factors are
mut ual |y cesbavesaged peyert the ingedetpamined, pymgasnct (wamescaty on 1
of Eighth Enmbodinent) 5 In the foregoin explanggion, channel estination
and CRC deeameRg (hensy 1Hr nRatugiads MMetsi §g=N 1 h BanhBPudt tawthsting

o 1 cat L eRE T rFEIPRBAYAT the & ghth embodi ment can b 10

- constructed by rgplach Wrhde hehtabihi tMel eeMBboddt ©f decoding of
CRC is performed using CRC bit extracted from the data
sequences decoded by the FEC decoder 5 to make judgment

10 whether the frame error is present or not to input the
result of judgment to the frame error number calculator
7.

In the frame error number calculator 7, counting of

the frame error number present in the predetermined Y2

15 frame (here Y2: natural number, Y2 = 1) is performed to
input the counted number to the reliability comparator 8.

In the reliability comparator 8, the data sequence

having the highest reliability is selected as the
information output based on the likelihood information

20 input from the likelihood averaging unit 12, among the
sequences having the lest frame error number based on the
frame error information of N sequences output from the
frame error number calculator 7.

{Effect of Eighth Embodiment)

25 As explained above, in the shown Eighth embodiment,

by using likelihood information calculated upon error

correction decoding in addition to the counted frame error
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' I
the nodification of the fourth enbodi mrent shown in Figs. 31A and 31B with
the ei ghth enbodi nent shown in Pigs. 35A and 35B. At every given p%rad ﬁﬁ)
concerni ng data sequence of 15 the predeterm ned nunber of franes, ?““3
the second switches 11 are turned ON to perform operation of the

foregoing fourth enbodinment is perforned in N sequences. Also, in the
reliability judgment unit, N (here N : natural nunber, 115 N < N) in
nunber of weighting sequences 20 having high reliability in the foregoing

r _ _ abil i 0!
rame numMigingee SRPCLRE. rALLAN | SE0aRE! aa.tcorcﬁ[zii@,y' iJhL YelBBELRA. e

remai ni ng data Sequence until performng reliabi agai

foregoi ng {ihagmenHite’ Ve &lnhgm&e;@rﬂhcwécagé hltifal e s6hBGtRM Webght i ng
sequences are turned 25 , and ot her wei ghting sequences are turned OFF.
Thus, sinpépmigpetation reltbdiflareyojudghemtt.n enbodi ment is perforned
in N sequences using selected N in nunber of - 98 0 2 OCT 2003 wei ghti ng
sequences. (MpBdifficattion 2 of Eighth Ehwbeddment)n the foregoing

explanation, in the likelihood averaging.unit 12 in addition to a t hod
of sl e 5 aver BB TE SOTHO TR ATPUORAES OprcHBABAA ned HIBBEFOBANTr ancs,
Y ranes (BgEcanXbu i SRR batiithes atathbkay VRN 87 A RLARMOP, fL oY
mey be takgen; ghQ iy MelpfeedsTenbhd( GenehbUsikeRrP L Weh feinch aeHY)
the following modification.
The modification of the Eighth embodiment can be
10 constructed by replacing the reliability judgment unit of
the modification of the fourth embodiment shown in Figs.
31A and 31B with the eighth embodiment shown in Figs. 35A
and 35B.
At every given period, concerning data sequence of
15 the predetermined number of frames, all of the second
switches 11 are turned ON to perform operation of the
foregoing fourth embodiment is performed in N sequences.
Also, in the reliability judgment unit, N' (here N':
natural number, 1= N' < N) in number of weighting sequences
20 having high reliability in the foregoing frame number are
selected. After judgment of reliability, concerning
remaining data sequence until performing reliability
judgment again in the foregoing time interval, only second
switches 11 of the selected weighting sequences are turned
25 ON, and other weighting sequences are turned OFF. Thus,
similar operation to the foregoing fourth embodiment is

performed in N' sequences using selected N' in number of
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Figs. 36A and 36B are bl ock diagrans showing the reliability judgnent unit
of this ninth enbodi ment. The functional bl ocks other than the rel Dqtmj(]lmm
judgnment unit 15 correspond to the fourth enbodinent and will be omftte
from di scl osure. The same portions to the fourth enbodinment shown in Figs.
31A and 31B are identified by the sanme reference nunerals. (Operation of

Ni nt h Enbodi nent) 20 Next, operation of the ninth enbodi nent of the
reliability judgment unit will be explained. Operation of other functional

bl ock corr, the fourth enbodi mrent and expl anation
| SR LnY Atiees

thereof is © conbi ned signals are input to the power 25

cal cul at orMa3iFRcllte dIPVEr o akEG WP EdBodliiRoper of  the signals after
RAKE conbi nation in N sequences are calculated. After averagi ng over the

predeterm ned - 139 tRe2fOCERI(Bg pexpddndthiconal ¢nl atted Vikegdihovddput to
the reliability conparator 8. On the other hand, in the FEC decoders 5,

decodi ng aferagiod amibridct iion ashdibt fenpéof @ meithodogfpimpteded 5
data with the weighting coefficients #1 to #N, and, in the CRC decoder 6,
decodi Ag FVERRILEGHOF otredlikeddhgedpte pagdakesninedmaedes: f

sequences decoded 3¥ the FEC _decoder 5 to make judghent whetdfer the frame
error is IFaReder & fHAmes (hEEe 1 ntl i cRptured Bhese & (Feldrane 10

error numher; SREEY 2b8raGird, MAAHI@Porr kb eIUINS L HE AW 3hih va1£QuUNt i Ng

of
and method for selecting the maximum value may be taken.

10 (Ninth Embodiment)

(Construction of Ninth Embodiment)

Figs. 36A and 36B are block diagrams showing the
reliability judgment unit of this ninth embodiment. The
functional blocks other than the reliability judgment unit

15 correspond to the fourth embodiment and will be omitted
from disclosure. The same portions to the fourth
embodiment shown in Figs. 31A and 31B are identified by
the same reference numerals.

(Operation of Ninth Embodiment)

20 Next, operation of the ninth embodiment of the
reliability judgment unit will be explained. Operation
of other functional block corresponds to those of the
fourth embodiment and explanation thereof is omitted.

The RAKE combined signals are input to the power

25 calculator 13. In the power calculator 13, the power of
the signals after RAKE combination in N sequences are

calculated. After averaging over the predetermined
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the frame error nunber present in the predeternined Y franme (here Y2.
natural nunber, Y Z 1) is perforned to input the counted nunber to(Q@HET 2003
reliability conparator B. 15 In the reliability conparator 8, the data
sequence having the highest reliability is selected as the information
out put based on the power cal cul ated val ue, anong the sequences having the
| est frame error nunber based on the frame error information of N
sequences output 20 fromthe frane error nunber calculator 7. (Effect of

Ni nt h Enbgskieodl), Aheexidlaiukalt@dovaluen ilshd nphovtani ttiéd eabedbidnity by
using the received power after RAKE conmbination in addition to the counted
frame errorompabetomr dnthe result 25 of CRC decoding, in reliability

j udgnment, the judgnent factors are nutuaIIéEconbined to permt strict

reliability judymehie othey band o in TtheoBECVHEGAIRES on - 1d6CA4 G
Enbodi ment) _11n the f i | ' h | estimati d

decodi ng | BEreE Conmebiion s 18 pREtaHmed Ho Sherih Ahcadiences.
| oad of, th 1 | pyi dificati h
modi 11 Gat 1 e Ehp Flle Fe LHLTRY, Bect ictettl #1100 MR MG TAORRITE,
reliabilitypéudgaBakrugl,t aebodiifty BEidrEatd Yopfothed awiiy eRed fent

shown in Figs. 31A and 31B with tThe ninth enbodi nrent shown 1 n Figs. 36A

10 and 36Bex#traetedy fiomnther data comgeenceg ddcodequeycad FEC
decoder 5 to make judgment whether the frame error is
present or not to input the result of judgment to the frame

10 error number calculator 7.

In the frame error number calculator 7, counting of
the frame error number present in the predetermined ¥ frame
(here Y2: natural number, Y= 1) is performed to input the
counted number to the reliability comparator 8.

15 In the reliability comparator 8, the data segquence
having the highest reliability is selected as the
information output based on the power calculated value,
among the sequences having the lest frame error numbef
based on the frame error information of N sequences output

20 from the frame error number calculator 7.

(Effect of Ninth Embodiment)

As explained above, in the shown ninth embodiment,
by using the received power after RAKE combination in
addition to the counted frame error number from the result

25 of CRC decoding, in reliability judgment, the judgment
factors are mutually combined to permit strict reliability

judgment.
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t he predeterm ned nunber of franes, all of the second swtches 11 are
turned ON to performoperation of the foregoing fourth enbodi nent b?
performed in N sequences. 15 Also, in the reliability judgment unit, |\GCT 2003
(here N : natural nunmber, 1;5 N < N) in nunber of weighting sequences
having high reliability in the foregoing franme nunber are selected. After
judgnent of reliability, concerning renaining data sequence until
performng reliability 20 judgnment again in the foregoing tine interval,

only seconfy,§ Vet idd ¢f otfh‘ilisrﬂk‘?cﬁ:x‘ﬂﬂo\éﬁig%j‘g sequences are turned

ON, and ot héer weighting sequéences are turne Thus, simlar operation

to the foregoi ngrd Qud i | A5 xp PanAAoe "BHanhdY eSRGUWRIELSNn AT
selected N in nunber of wel ght'i ng sequences. (Tenth Enbodi nent) - 101

020CT2003 ¢rondécodting ief pearfidirimiodbnenan thiygss vd Nt Jilhvisee &f ock
di agranms showing the reliability judgnent unit of this tenth enbodi nent.
The functwehghtbingrlsegquérceshahotldeofethabilyisten gvdgmbe neduced by
correspond to the fourth enbodinent_and will be omtted fromdisclosure.
The safe pehei pdlaving medddd cakbeldi nent shown in Figs. 31A and 31B are

identified b t I ef | s, . Il on. of Tenth Enbodi t
10 Next . oper at I THe oRORHE A HOBrBdd thin b LB et nad R T [ £ Bigment
uni t w11 060 £YRLAINGE &y RAIFHAOIng % ngt PET 1 BBATHY Fudybis G 1 EPNTS 1O

t hose of t
the modification of the fourth embodiment shown in Figs.

31A and 31B with the ninth embodiment shown in Figs. 36A
10 and 36B.

At every given period, concerning data sequence of
the predetermined number of frames, all of the second
switches 11 are turned ON to perform operation of the
foregoing fourth embodiment is performed in N sequences.

15 Also, in the reliability judgment unit, N' (here N':
natural number, 1= N' < N) in number of weighting sequences
having high reliability in the foregoing frame number are
selected. After judgment _of reliability, concerning
remaining data sequence until performing reliability

20 judgment again in the foregoing time interval, only second
switches 11 of the selected weighting sequences are turned
ON, and other weighting sequences are turned OFF. Thus,
similar operation to the foregoing fourth embodiment is
performed in N' sequences using selected N' in number of

25 weighting sequences.

(Tenth Embodiment)
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fourth enbodi nent and expl anation thereof Is omtted. The RAKE conbi ned
signals are input to the SNratio 15 calculators 12. In the SNratio
calculators 14, SN ratios of the signals after RAKE conbi nation i I\d[: 003
sequences are calculated and are averaged over the predeterm ned g &}
The averaged SN radi o cal cul ated values are input to the reliability .
conparator 8. 20 On the other hand, in the FEC decoders 5, decoding of the
error correction code is performed to output decoded data with the

wei ghti ng qeefifderest Sofhl 0 Tdht BN Bmbidd ffisn £ PRC decoder 6, decoding of
CRC is performed using CRC bit extracted fromthe data sequences decoded

by the FEC 25 defadey. B1X anle 3j7@igiEnt bvbekheliddeahbashowiing the
present or not to input the result of judgnent to the frame error nunber
cal cul at or reliabliDRity FudgmezO0urn it tde thasetentty embdidimeakcul Bher 7,
counting of the frame error nunber present in the predetermned Y frame
(here Y2: fangtaiopghirkockspuherdhan tharseliabibityt redgwmendtt enitunber

PR R L LT SRR R S T T L
oot OBl M abroghe | M ARL' RobRUBHEY Vil BondtRN L1E
[ O ol AL HRGIO NS 6199, | AR i [Tegmatt ausmEELofokg! o
enbodi nent the same reference numerals.

(Operation of Tenth Embodiment)

10 Next, operation of the tenth embodiment of the
reliability judgment unit will be explained. Operation
of other functional block corresponds to those of the
fourth embodiment and explanation thereof is omitted.

The RAKE combined signals are input to the SN ratio

15 calculators 12. In the SN ratio calculators 14, SN ratios
of the signals after RAKE combination in N sequences are
calculated and are averaged over the predetermined period.
The averaged SN radio calculated values are input to the
reliability comparator 8.

20 On the other hand, in the FEC decoders 5, decoding
of the error correction code is performed to output decoded
data with the weighting coefficients #1 to #N, and, in the
CRC decoder 6, decoding of CRC is performed using CRC bit
extracted from the data sequences decoded by the FEC

25 decoder 5 to make judgment whether the frame error is
present or not to input the result of judgment to the frame

error number calculator 7.
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by using the SN ratio after RAI<E conbination in addition 15 to the
counted frane error nunber fromthe result of CRC decoding, in reliability
judgrment, the judgnent factors are nutually conbined to pernmit std@dxT 2003
reliability judgment. (Modification I of Tenth Enbodi ment) 20 In the

f oregoi ng expl anati on, channel estimation and CRC decoding is perforned
constantly using N in nunber of weighting sequences, |oad of the system
can be reduced by the follow ng nodification. The nodification of the

tenth enbodi ment ;gaphbef rédmeC QAHIH G GROEY EEREAUADE e, RJURPihGlYF
judgment unit of the nodification of the fourth enbodi nent shown in Figs.

31A and 31Bhwi fhambeeteoirmenbed peatkesitodn e prgsde 8&AmindBY Hiram&CT
2003 and 37B. At every given period, concerning data sequence of the
predet er mi (hereulfier natuimedmesimize +, df = he) sks grar femnedhes idpatethar ned
ON to performoperation of the 5 foregoing fourth enbodiment is perfornmed
in N sequefiebgtedynymber Qe the | BelrebilifynepmPasiatonN 8 (here N :

t I nber, 1S N j f i ghti havi hi gh
naturalsnumber 18 Mesaligb LIRS, cAhaSLALLDS, SERUCARES SIARR N
reliabllityq GHACards gy Be@%ﬂiﬂgb‘iﬁ%f@é‘?&&ie%@d f?rERPm ng
reliability ‘judgnment again in the foregoi'ng tine rnterval, only second

swi t ches 1in@¢brinke: £6h i €futeha868NEgn G SN 28 3l chlldierh t &8l valde Ot her
wei ghti ng sequences are turned OFF. Thus,

among the sequences having the least frame error number
based on the frame error information of N sequences cutput

10 from the frame error number calculator 7.

(Effect of Tenth Embodiment)
As explained above, in the shown tenth embodiment,
by using the SN ratio after RAKE combination in addition

15 to the counted frame error number from the result of CRC
decoding, in reliability judgment, the judgment factors
are mutually combined to permit strict reliability
judgment.

(Modification 1 of Tenth Embodiment)

20 In the foregoing explanation, channel estimation and
CRC decoding is performed constantly using N in number of
weighting sequences, load of the system can be reduced by
the following modification.

Thé modification of the tenth embodiment can be

25 constructed by replacing the reliability judgment.unit of
the modification of the fourth embodiment shown in Figs.

31A and 31B with the tenth embodiment shown in Figs. 37A
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simlar operation to the foregoing fourth Lnbodinent Is 15 perfornmed in N
sequences using selected N in nunber of weighting sequences.

(Summari zation of Fourth to Tenth Enbodinents) Fig. 38 is an illustration
showi ng a doninant conception in the fourth to tenth enmbodi nents &kPChIHEd
20 above. In Fig. 38, 30 denotes despreader, 40 (including 40-1 to 40-N)
denote receiving unit, 50 (including 50-1 to 50-N) denote quality
measuring units, 60 denotes a quality conparing and judging unit, and 70
denotes amanQuBpwt. swtch. 25 Nanely, in the denodul ati on devi ce according
to the direct sequence CDVA system weighted averaging of the pilot
signal using preietevergedipleur geriyod! wengeinming data 62QUEINES of
sequences is performed to derive the channel estimation values. Then,

usi ng the Heei p@@d@feﬁmm@@t nymben 98| fzames heatdceifvddelasacpad

domodul at | O HsheS d LeABRT CHIBRA (N oEOpBEREATN PPERE AN GhALPEy (50,
possi bi' tﬁgéﬁéﬁi?&wt%@%ﬁéﬁlﬂﬁiﬁéﬁ%ﬁ@g ot RoSaiendgst pe

result of AEQS”ETh‘ﬁhérfbiﬁhbﬁyﬂﬁ Yiu ul gtre & fequences.

In this case, 10 subsequent on iIs per?orned only by the

sel ect ed vwaﬁh&ba%ﬁﬁaegncsé Nt SR L&ﬁl mmw ¥82Gh t3hd Befilunves
estimation unit 2 of the fourth to the tenth enbodi rents,” the channel

having high reliability in the foregoing frame number are
selected. After judgment of reliability. concerning

10 remaining data sequence until performing reliability
judgment again in the foregoing time interval, only second
switches 11 of the selected weighting sequences are turned
ON, and other weighting sequences are turned OFF. Thus,
similar operation to the foregoing fourth embodiment is

15 performed in N' sequences using selected N' in number of
weighting sedquences.
(Summarization of Fourth to Tenth Embodiments)

Fig. 38 is an illustration showing a dominant

conception-in the fourth to tenth embodiments explained

20 above. In Fig. 38, 30 denotes despreader, 40 (including
40-1 to 40-N) denote receiving unit, 50 (including 50-1
to 50-N) denote quality measuring units, 60 denotes a
quality comparing and judging unit, and 70 denotes an
output switch.

25 Namely, in the demodulation device according to the
direct sequence CDMA system, weighted averaging of the

pilot signal using predetermined plurality of weighting
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estimation units 120, 220 and 320 in the first to third 15 enbodi nents may
al so be used. As described above, according to the present invention,
accurate channel estimation can be carried out in the parallel ting?0¢7 2003
mul ti pl exi ng net hod by subjecting 20 pilot synbols to weighted averaging to
cal cul ate a channel estimated value for data synbols in a data channel. In
addition, accurate channel estimation can be <carried out by dividing data
synbols within a slot into a plurality of data synbol sections, selecting

pilot 25 ropr ' SHEE I val ue
for data :%%Qgieglc%l%?hﬁ %%Eogﬁ{etﬁgﬂ%g%i%g%bg%easecti-on%,éggéﬂ?f}ﬁjjf%%ti ng

the pilot wyrheks t ehedi Jikethg tA8T e PREEAENEN AL Yt DPatd odavallelss, t he
channel estinmated value for the data synbols in each data synbol section

Furt her, athadregefivegudatha den demalidgldeéddbd46d oo make guekgmenduzt val ue
of the pilot synbols. In addition, 5 channel estimation optiml for the

fadi ng fregebhapidddty mf replivzal Ly mef denedndatden dakativoselere
accurate channel_estinmatiQn. h hi d, .1 I h
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for system gupgcpblatihld e Is1bES 8bnCOISite SRiBdtednbY skligdmsbag
frequency decision unit can be used not only for setting
on the basis of the result of judgment of the reliability
of the demodulated data sequences. In this case,
10 subsequently, demodulation is performed only by the
selected weighting sequences.
It should be noted that, as the channel estimation
unit 2 of the fourth to the tenth embodiments, the channel
estimation units 120, 220 and 320 in the first to third

15 embodiments may also be used.

As described above, according to the present
invention, accurate channel estimation can be carried out
in the parallel time multiplexing method by subjecting

20 pilot symbols to weighted averaging to calculate a channel
estimated value for data symbols in a data channel.

In addition, accurate channel estimation can be
carried out by dividing data symbols within a slot into
a plurality of data symbol sections, selecting pilot

25 symbols appropriate for calculation of a channel estimated
value for data symbols within each of the data symbol
sections, and subjecting the pilot symbols to weighted
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15 the weight factor for channel estimation but also for operation
switching or paraneter setting for various individual techniques the
performance (transm ssion characteristic) of which is affected by pz% 0
novenent speed of a nobile termnal (portable termnal), for exanp ,Egglm
swi tching between an operative and inoperative states for transm ssion
power control or for transm ssion diversity. |In addition, according to the
present invention, a weight sequence effective on a novenent speed is

directly gs%f%glgﬁ i I 'RAEPEd FhAldride | Us t'BRatEBCTERY2PoeNERL NI

| mprovenen nicatiron quality, a reduction 1n transm ssion power
required, gataalyniHdESSeni BadtONA&hCalbib Capastivnachi eved. Mre

specifically, thé - 106 0 2 O CT 2003 present invention can provide the
fol | owi ng ef f ectBurthé) ,Sancadirighiregaeacyes asuiblealdes fded Vma s edson
novenent speeds can be sequentially selected, accurate channel estimation
i s possi bl 2n imergpmotustavadaec pfohhespidotty ayaMicsdss on Jpowsid kehon: ed,
i mprovenent of reception quality, and an increase_in cgnmunication
capaci ty aehpeped egbimakdiopn omrimali fed f&e dAing| fECARMNFRCERR one
o e el Gl eBRIUPEE W BUREE PG HEE R B G 1S 10 System ()
ot oo G o OEECLE0LRA, R 2V st Y s Mo atpanod
accurate the absolute synchronous detection method can be used to
reduce the SNIR required to obtain a required reception
10 quality (reception error rate). As a result, the required
transmission power can be diminished to increase the
capacity for system subscribers.
The results of decision obtained by the fading
frequency decision unit can be used not only for setting
15 the weight factor for channel estimation but also for
operation switching or parameter setting for various
individual techniques the performance (transmission
characteristic) of which is affected by the movement speed
of a mobile terminal (portable terminal), for example,
20 switching between an operative and inoperative states for
transmission power control or for transmission diversity.
In addition, according to the present invention, a
weight sequence effective on a movement speed is directly
determined from reception quality for use, thereby
25 enabling improvement of communication guality, a reduction
in transmission power required, and an increase in:

communication capacity achieved. More specifically, the
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15 reliability determ nation can be acconplished. (5) By using the power or
SN ratio of the data sequence during data reliability determ natio¢1Zl t he
[

reliability can be determ ned faster and nore sinply, thereby rest UIEMQJB
an increase in hardware scale. 20 The present invention has been descri bed
in detail wth respect to various enbodinments, and it will now be

apparent fromthe foregoing to those skilled in the art that changes and
nodi fications may be made wi t hout departing fromthe invention inits

br oader asrt?fééenepﬁm%‘ilﬂohscme prBE0as ORhet HI1Ef K Engl l@ftﬂé%@é’Pe”dEd

claims to "cover all such changes and nodifications as fall within the

true spirit of thel) ngeAteomeigH®7sequen@dsl $098able0&F ol vhivbols A
channel estinmation device conprising: weighting factor generating nmeans for
gener at i ng mowegahitnged ©r sahobevsegfuényiadd yavsrbac hgdpi lastcusgtbol s,
which are time nultiplexed with a control channel which is parallel

mul ti pl exeChvpnhed @atimaddaindls Passidntenel Thisi epabdgs al tedugtd@mt i ng

Fact or s Sand ARSI G L% MANRF ESaRhEBAon PRI Bar SOREBELA sai g
ot 2 ChanShaa EGS! Rotf S EhBRLLIR, [AF! Ghimnd L £54 BGachp o 0 10
achieved.

(2) Except for a fixed period of time, a selected one
of the weight sequences alone can be used to simplify the

10 system.

(3) By using the CRC to determine the reliability of
data, accurate reliability determination can be achieved.

(4) By using the likelihood obtained during recovery
of the FEC to determine the reliability of data, accurate

15 reliability determination can be accomplished.

(5) By using the power or SN ratio of the data sequence
during data reliability determination, the reliability can
be determined faster and more simply, thereby restraining
an increase in hardware scale.

20 The present invention has been described in detail
with respect to various embodiments, and it will now be
apparent from the foregoing to those skilled in the art
that changes and modifications may be made without
departing from the invention in its broader aspects, and

25 it is the intention, therefore, in the appended claims to
cover all such changes and modifications as fall within

the true spirit of the invention.
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slots of said control channel. 2. A channel estimation devi i si ng:
wei ghting factor generating neans for generating weighti ngcfag?glrjgl fsl)pg.
wei ghting and averaging pilot synbols, which are tinme multiplexed WRiZt 0 Ta2003
control channel, which is parallel nultiplexed with a data channel; and
channel estination value calculating means for weighting and averagi ng
said pilot symbols using said weight il% factors and cal cul ati ng a channel
estimation value of data symbols of said data channel, wherein said
wei ghting factor generating neans divides the data synbols in the slots of
sai d data ghramMsel into a plurality of data synmbol sections, selects the
pil ot symbols appropriate for calculating the channel estination value of
the data synbols in each of the data synbol sections, and generates the
\évslmg)glt !Spga]{]gct qf%fd}‘r{m elgmeﬂnémiromeieyﬁtdmg:camrthmgi ng the pil ot

_ ; sai d .channel _esti mat | ca ti e
wei ght ed aver ad® S p#?%‘foréyn%%q%il%g?ﬁ% sg‘%hgwe?g)rﬁ?éﬁéacto sgand
cal cul at esyd tyhwihannefaessiant ifor 0 w&igbt irEno3and 109V3\F39&g‘90f Fﬁ"h%o‘i:lat a

synbol s of%vea?c%esof t“r}ﬁ.gtqt aiﬂéan_Jimeseqﬁd%le’&eahewghannal esdntnedl on

devi ce as dincraim wherein in order fo cal

_ _ _ ! culLate th

esti mat i orcivatnel , of whhehdata s PFd 1d edf trﬁéqua%ie ‘?a ¥yiBol asgc |onng:‘
the i-th (i i idfegetd slot and to calculate the channel

channel estimation value calculating means for
weighting and averaging said pilot symbols using said
weighting factors and calculating a channel estimation
value of data symbols of said data channel,

wherein said weighting factors  are determined
according to the positions of said pilot symbols in ther

alots of said control channel.

2. A channel estimation device comprising:

weighting factor generating means for generating
weighting factors for weightihg and averaging pilot
symbols, which are time multiplexed with a control
channel, which is parallel multiplexed with a data
channel; and

channel estimation value calculating means for
weighting and averaging said pilot symbols using said
weighting factors and calculating - a channel estimation
value of data symbols of said data channel,

wherein said weighting factor generating means
divides the data symbols in the slots of said data channel
into a plurality of data symbol sections, selects the
pilot symbols appropriate for calculating the channel
estimation value of the data symbols in each of the data
symbol sections, and generates the weighting factors to be
used for weighting and averaging the pilot symbols; and
said channel estimation valus calculating means takes
weighted average of said pilot symbols using said

weighting factors and calculates the channel estimation



estimati on value of the data synbols of the first data synbol section of
the (i+l)-th slot, said weighting factor generating neans selects the sane
pilot synbol and generates the weighting factors to be used for wef gpgiTrig3
and averaging the pilot symbols. 4. A channel estimation device conprising:
wei ghting factor generating neans for generating weighting factors for

wei ghting and averaging pilot synbols

contr ol
channel

val ue of said pilot synbols;
factors that

estimation val ue cal cul ati ng nmeans for
sai d pil ot vaynisol ef udihry saite GEVBALS nPh aershs ahd W cdP&Ri n§YEPChannel
estimationggliugsof data symbols of said data channel; fading frequency
deci sion nmeans for deciding the fading frequency based on an inner product
_ and factor altering nmeans for altering the
ractors arrﬁguw%ﬂrmblt aé@'gtgn?@i&;h V@éf@M@daavenagaeaca@r i gih 021 he

adi ng frequency deci de sai adi requenc eci sion _nmeans,.b. A
channel es*R&ELSN l&eﬂrg]@%d?ﬁ)r?as]i%&aq%eit&#i%%% oefsstg]e“r‘laetfla T n‘gra%r%%ms for
gener at i ngofwehghidatg fsaetbels fofr ties gl tnglaened
whi ch are ti
which is par

channel, which is parall el nuﬁglprexed with a data channel;

TR, TSP RE Rl | Bafec i eB 2cARdurls “crdO chbanue!.
estimation wvalue of the data symbols of the first data
symbol section of the (i+l)-th slot, said weighting factor
generating means selects the same pilot symbol and
generates the weighting factors to be used for weighting

and averaging the pilot symbols.

4. A channel estimation device comprising:

weighting factor generating means for generating
weighting factors for weighting and averaging pilot
symbols, which are time multiplexed with a control
channel, which is parallel multiplexed with a data
channel; -

channel estimation value calculating means for
weighting and averaging said pilot symbols using said
weighting factors and calculating a channel estimation
value of data symbols of said data channel;

fading frequency decision means for deciding the
fading frequency based on an inner product value of said
pilot symbols; and

factor altering means for altering the factors that
are used in taking said weighted average according to the
fading frequency decided by said fading frequency decision

means.

5. A channel estimation device comprising:

weighting factor generating means for generating
weighting factors for weighting and averaging pilot
symbols, which are time multiplexed with a control

ich are time multiplexed with a

wei ghti ng and aver agi ng

iseptpidmtof syhbol s



channel ; and channel estimation value cal cul ating neans for weighting and
averaging said pilot synbols using said weighting factors and cal cul ati ng
a channel estinmation value of data synmbols of said data channel, .wherein
a transmission rate of said data channel differs fromthe transmi §4i®H 2003
rate of said control channel. 6. A denodul ati on device conpri sing:

wei ghting factor generating neans for generating weighting factors to be
used for weighting and averaging pilodti&ynbols being time nultiplexed in a
control channel that was parallel nultiplexed together with a data
channel ; cdragnadl estwhbthonival geredlledl atmuly: ipdans=d orwitbi glat i mtatend

aver agi ng sai d‘beﬁi-jl ot nynbol s using said weighting factors and for

cal cul ati ap nriffl® esti mati on val ue of data synbols of said data
channel ; and chanrmelelvar estioationpernsaluag wadrslisingonpefdasi ngfoxhannel

variation of. sai.d dat ybal g Lhg C I L&t 19 Yl ey ia
cal cul at ed"ebjggsnsa]in cﬁgl%egqrgsrﬁgﬁh | oﬁtaggal egﬂggl CSLI atdiﬂf}Tg means?l vm_elr ein
sai d wei ghteéightdiatd ofackrietodni fadcudabdndi iy tSAME po ST IR R sai d

pilot symiplg d nd heye 5! Qiodf s S9¢ ds£0Mtd 2 Chdtiedl, 7. A denodul ation
devi ce conprising: weighting factor generating geans. or , generatin
wei ghting fact eftexeime asEFNGPLFSIGR | RECENdChv TS ngd"‘g'bzi‘l dt l's

bei ng ti mggediPdl eKeemi NeheCOoON@isnthingl rate of said control

channel.

6. A demodulation device comprising:

weighting factor generating means for generating
weighting factors to be used for weighting and averaging
pilot symbols being time multiplexed in a controcl channel
that was parallel multiplexed together with a data
channel;

channel estimation value calculating wmeans for
weighting and averaging said pilot symbols using said
weighting factors and for calculating a channel estimation
value of data symbols of said data channel; and

channel variation compensating means for compensating
channel variation of said data symbols using the channel
estimation value calculated by said channel estimation
value calculating means,

wherein said weighting factors are determined
according to the positions of said pilot symbols in the
slots of said control channel.

7. A demodulation device comprising:

weighting factor generating means for generating
weighting factors to be used for weighting and averaging
pilot symbols being time multiplexed in a control channel
that was parallel multiplexed together with a data
channel;

channel estimation value calculating means for

weighting and averaging said pilot symbols using said



that was parallel nultiplexed together with a data channel ; channel
estimation value cal cul ating neans for weighting and averagi ng said pil ot
synbol s using said 0 2 OCT 2003 - ill weighting factors and for 02 DCT 2003
cal cul ating a channel estinmation value of data synbols of said data
channel ; and channel variation conpensating neans for conpensating channel
-variation of said data synbols using the channel estimation val ue
cal cul ated by said channel estimation ¥dl ue cal cul ati ng means, wherein
said weighting factor generating nmeans divides the data synbols in the

sl IOtStOf rs]ab@li@?&mgham@énb I rsi ahQ 8opl ¢adbiulytdhgdat ehayned! esedimainion

sel ects the Ilot,.s ol s oprirate. for_.cal cul ating t channel
estimation ‘O%f‘b% f TR ﬂ@@%b%# ss?'Jrf;e ita o%qrﬁéeldgtaaﬁsynbol secti ons,
aﬂd g_elner at e?mt P@hm&h@htirmgiaai:cbnr sotnpeheat i@ dméans wépgh ttompeansd tareg agi ng
the pilot s ol s, and. i n est] ' I cal cul ati ns
takes weig ?%EP%&e?ggéagiogagggﬁgﬁ%? §§%§§%g%%g¥%gq§§%%} gg?gﬁ??hg actors
and cal cul at®sindeiehamvedluescatsuilatedyabye $¥id hehgmngelsy isdlisadiianch of

the data sypbple SEfdi iné-meoaﬁ@,m)dm ation device conprising: weighting
factor generatl\r/\‘ghrreans or %tenerati ng, wei ghti ng factors to be used for
S

wei ghting and avereEgiy FRAG sYAHORSIBRI ndafFRE mARRPFRXEE i n Watht r ol

channel thaivivess panal deta nuihbol exed thgeshetswothsaidatiata channel
into a plurality of data symbol sections, selects the
pilot symbols appropriate for calculating the channel
estimation value of the data symbols in each of the data
symbol sections, and generates the weighting factors to be
used for weighting and averaging the pilot symbols; and
said channel estimation wvalue calculating means takes
weighted average of said pilot symbols using said
weighting factors and calculates the channel estimation
value of the data symbols of each of the data symbol

sections.

8. A demodulation dewvice comprising:

weighting factor generating means for generating
weighting factors to be used for weighting and averaging
pilot symbols being time multiplexed in a control channel
that was parallel multiplexed together with a data
channel ;

channel estimation value calculating means for
weighting and averaging said pilot symbols using said
weighting factors and for calculating a channel estimation
value of data symbols of said data channel;

channel variation compensating means for compensating
channel variation of said data symbols using the channel
estimation value calculated by said channel estimation
value calculating means;

fading frequency decision means for deciding the
fading frequency based on an inner product value of said

pilot symbols; and




channel ;
vari ation

|

channel ; channel estimation value cal cul ati ng neans for weighting and
averaging said pilot synbols using said weighting factors and for

cal culating a channel estimation value of data synbols of said dagﬂ%ngZW3

channel variation conpensating nmeans for conpensating ch

of said data synbols using the channel estinmation val ue

cal cul ated by said channel estimation %xglue cal cul ati ng neans; fading
e

frequency

deci si on neans for deciding “fading frequency based on an

i nner product value of said pilot synbols; and 020CT2003 112 fag%fr
altering means fectart elitayine feandr fornalterng sthe fadiory &ak

wel ght ed ayepageeacqa difleide Lo Ladhnsehr aqesage denisiafiiy sal dHeadi g

frequency

. tion device
factor genéadindgimegnencyr dgsices: ibyg saddd gﬁﬂ‘f’rﬁﬁ 5T

wei ghti ng
channel

eci sion neans. denodul a

ERSNEY BESISIRY or

fBdnaveraging pilot synbols being tinme nultiplexed in a control
that was parallel nmultiplexed together with a data channel
channel estinmation value cal cul ati ng nmeans for

wei ghti ng and averagi ng

sai d pil ot gsynbal demsdngasabe deeigbt cogpkastiogs and for calculating a

Variati on compeheaT g eate Al o OREREN Sy Mok S6aNEherat g anne

vari ation

npensat i ‘ . _
weighting factors to be used for weighting and averaging

pilot symbols being time multiplexed in a control channel
that was parallel multiplexed together with a data
channel;

channel estimation wvalue calculating means for
weighting and averaging said pilot symbols using said
weighting factors and for calculating a channel estimation
value of data symbols of said data channel; and

channel variation compensating means for compensating
channel variation of said data symbols using the channel
estimation wvalue calculated by said channel estimation
value calculating means,

wherein a transmission rate of said data channel
differs from the transmission rate of said control

channel.

10. A method for estimating a channel, comprising the
steps of:

generating weighting factors to be used for weighting
and averaging pilot symbols being time multiplexed in a
control channel that was parallel multiplexed together
with a data channel; and

weighting and averaging said pilot symbols using said
weighting factors and calculating a channel estimation
value of data symbols of said data channel,

wherein said weighting factors are determined
according to the positions of said pilot symbols in the

slots of said control channel.



channel variation of said data synmbols using the channel estinmation val ue
cal cul ated by said channel estimation value cal cul ati ng neans, wherein a
transmssion rate of said data channel differs fromthe transm ssipn ({42603
of said control <channel. 10. A nethod for estinmating a channel, conprising
the steps of: generating weighting factors to be used for melghtlng and
averaging pilot synbols being tine nultiplexed in a control channel that
was parallel nultiplexed together with a data channel; and weighting and

averaging said pilot s S u3|n sai.d wei t|n factors and cal cul atin
a channel éétlﬁ&tl@ﬁth%gb ]bfeaﬁ B2ty RF0l 3 g*l & dat8Mehasnes, Eﬂ%relng

sai d wei ghtgitegsf agt:ors are detern1ned according to the p03|t|ons of said
pilot synbols in the slots of %rol hannel %}% 2&03 - 113
11. A nethod foPeBEEAdrEn¢ =33 éﬁﬁela S i ?IR&IH%? S9N ERRr at i ng

wei ghti ng hmmcnteragimgusedotomymhqﬁa|hgingnd1mmymuﬁtmpxmxeﬁ synbal s
Conetner T GBAEERE SKRlahl1 2 c£80 Hls CRIRASH o "G VEEPELEN| SLoGULRLE! exed
Snnel Ve aver grn

t oget her wth a da I ng an g sard
synbol s uswnghsaldatﬂecghnnﬁé faa@ors and cal cul ating a channel estinmation

val ue of data syghgh$ifh 3@4ddalragihaR@lid pilot symbols using said
weighting factors and calculating a channel estimation
value of data symbols of said data channel,
wherein said step of generating divides the data
symbols in the slots of said data channel into a plurality
of data symbol sections, selects the pilot symbols
appropriate for calculating the channel estimation wvalue
of the data symbols in each of the data symbol sections,
and generates the weighting factors to be used for
weighting and averaging the pilot symbols; and said step
of weighting and averaging and calculating takes weighted
average of said pilot symbols using said'weighting factors
and calculates the channel estimation value of the data
symbols of each of the data symbol sections.

12. A method for estimating a channel, comprising the
steps of: '

generating weighting factors to be used for weighting
and averaging pilot symbols being time multiplexed in a
control channel that was parallel multiplexed together
with a data channel;

weighting and averaging said pilot symbols using said
weighting factors and calculating a channel estimation
value of data symbols of said data channel;

deciding the fading frequency based on an inner
product value of said pilot symbeols; and

altering the factors that are used in taking said
weighted average according to the fading frequency decided

by said step of deciding.



wherein said step of generating divides the data synbols in the slots of
said data channel into a plurality of data synbol sections, selects the
pilot synbols appropriate for calculating the channel estimation vabhygy 20
the data synbols in each of the data synbol sections, and generates the
wei ghting factors to be used for weighting and averagi ng the pil ot
synbol s; and said step of weighting and averagi ng and cal cul ati ng takes
wei ghted average of said pilot synmbol stusing said weighting factors and
cal cul ates the channel estinmation value of the data synbols of each of the
data synbol, sectjons. ,12 net hod. for. esti_maLi ch : rispag the
steps of: 'er iﬁ'&t\}&ﬂdgh?f)ﬁg %gjf%ér)éslr?% Be %gggn?%f wel g ﬁ%gHBanﬁhé}
averagi ng pitegps syfibol s being tinme nmultiplexed in a control channel that
was parallel multi 0, ;M t a.cfhan ' I O Neh 2

averagi ng said p?“r‘g%‘e%'gﬁ%%@gﬁgﬁﬁb@aﬁ"@%ﬁ?gﬁ?i %8 %(I(:atdo\g?rgndé érga}]l,cit}?%ti ng
a channel estd maveoagingl usibdt dsyabeyabdiesing &img dtld ghaHRd : i8ec? di ng
the fading CY, 0 i r Lovet  valuei pfesad d yiddther
synbol s; aﬁ%ga eriﬁb t he a2¥%¥3 ?ﬁgt %?E usé% in tag?ag sai d (%eighted
aver age acoovh iy data hehan@ghy #8@quency decided by said step of

deciding. 0 2 0 {Jif98ng 444 a¥dradingt Beddf pilest isyabolg aschannedid

conprising égfahgigéB égctors and calculating a channel estimation

value of data symbols of said data channel,
wherein a transmission rate of said data channel
differs from the transmission rate of said control

channel.

14. A fading frequency decision device comprising:
inner product value calculating means for
calculating an inner product value of pilot symbols, which
are time multiplexed with a control channel, which is
parallel multiplexed with a data channel; and
decision means for deciding a fading frequency based
on the inner product value calculated by said inner product

value calculating means.



|
generating weighting factors to be used for weighting and averaging pil ot
synbols being tinme nultiplexed in a control channel that was parall el
mul ti pl exed together wth a data channel; and wei ghting and averaﬂieﬁnﬁjﬁfﬂ]bf
pil ot synmbols using said weighting factors and cal cul ating a chan
estimation value of data synbols of sald data channel, wherein a
transm ssion rate of said data channe13differs fronlthe transm ssion rate
of said control channel. 14. A fading frequency deci sion device
conprising: inner product value cal culating neans for cal culating an inner
product value of pilot synbols, which are tinme multiplexed with a control
channel, which is parallel multiplexed with a data channel; and deci sion
nmeans for deciding a fading frequency based on the inner product val ue
cal cul ated by said inner product value calculating neans. O2 OC T 2003
-- 115 15. The fading frequency decision device as clained in claim 14,

wherein sa gl i nmefe PFRQUAY \f&*d@@@é ulatiisg Jrealevicenals sekaimedndin zi ng
means for normalizing nean val ues the pilot synbols in each of two
slots of sHlaimdni s eihemdinnel ; | nner product val ue cal cul ati on executing
means for calculating an inner product value of the nean
said inner product value calculating means
comprises:
normalizing means for normalizing mean values
of the pilot symbols in each of two slots of said control
channel;
inner product wvalue calculation executing
means for calculating an inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means; and
inner product value averaging means for
averaging inner product values calculated by said inner
product value calculation executing means over a plurality
of slots of said control channel, and
said decision means comprises
decision executing means for deciding the
fading freguency by comparing the inner product value

averaged by said inner product value averaging means and

a threshold wvalue.



val ues of the two pilot synbols normalized by said normalizing neans; and

I nner product val ue averagi ng neans for averagi ng inner product val ues-

cal cul ated by said inner product value cal cul ati on executing MBans [ QMR %3
plurality of slots of said control channel, and said decision neans
conprises decision executing nmeans foi}geciding the fading frequency by

conparing the inner product value av ged by said i nner product val ue
averagi ng neans and a threshold value. 0 2 OCT 2003 - 116 16. The fading
frequency decision device as clainmed in claim15, wherein, when the inner
product val ue averaged by said inner product val ue averaging neans is

L ger e s 2SS CafRAD! BReg By Al S Ml 168 AL RS B,
and said '@l%ixﬁrfﬁucﬁh&%% ?V&fﬁéﬁ' PHEOINTRAN prddWieE Qhlie R)é;ﬁé gyrmool s
in each of Two slofé having a tarther interval® in sard contrgl C a%nel

and deci degyy 56 d A fgresieBeYvAY ueO BRI dd tedites a8 d d PG tRAAdUCt
val ue so obt'ained and .a threshold value corresponding to said farther

i nterval . W/ celhtaiadtogstieentergsyudecisaiidn fdelime faseghannsgd darisianm 14,
wherein said inner product val ue cal cul ati ng neans conprises: normali zing
means for dewnwetepexgfonmsneand normalizing, said inner product value
calculation, and said inner product value averaging on mean
values of the pilot symbols in each of two slots having
a farther interval in said control channel, and decides
the fading frequency by comparing the averaged inner
product value so obtained and a threshold value

corresponding to said farther interval.

17. The fading frequency decision device as claimed in
claim 14, wherein
said inner product wvalue calculating means

comprises:

normalizing means for normalizing the mean
values of the pilot symbols in each of two slots of said
control channel with respect to each of multipath signals
to be used for RAKE combining:

inner product wvalue calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means with respect to each of said multipath
signals;

first inner product value averaging means for



val ues of the pilot synbols in each of two slots of said control channel
wWth respect to each of nultipath signals to be used for RAKE conbi ni ng;
i nner product val ue cal cul ation executing neans for cal cul ating th8Z2i0{7e3
product value of the nmean values of the two pilot synbols nornalized by
said normalizing neans with respect {p,each of said nultipath signals;
first inner product val ue averagi ng neans for 020CT7003 - 117 averaging
t he inner product values of each of said nmultipath signals cal cul ated by

sai d inner g iné_altth% £ithsy! ;,trio%@feganh% BANSach G £e§aRd i nner

product val ue averagi ng nmeans fo averagi ng the inner product val ues

averaged bymspt dpAthSkigndies dMDEUTh ' Wy AT @ NGeFEPRDAWEE value
plurality of slots of said control channel, and said decision neans

conpri ses @ericubatévec Exeagutians feansecadidng the fading frequency by
conparing the inner product value averaged by said second inner product
val ue averagi ng means s®uapbrdtineeh@uoduciicvalge averaging neagsefior
deci sion device as clainmed in claim17, wherein, when the inner product
val ue aver &aragingathesinpsd preducgt d@%‘t‘e%ﬂﬁéré\&@%gtm&‘%gngli@t

| arger than a certai nstqft val ue, sai d fading frequeng

1S deci ionf
devi ce per fOIHE" sBEGEUTor nif Y& ngVeLAL IR RPN SHE eapﬁgﬁéiiﬁyapiom
averaging Qf; &€ LENGa i %Yhtrol channel, and

said decision means comprises
decision executing means for deciding the
fading frequency by comparing the inner product wvalue
averaged by said second inner product value averaging means

and a threshold value.

18. The fading frequency decision device as claimed in
claim 17, wherein, when the inner product value averaged
by said second inner product value averaging means is

larger than a certain constant value, said fading freguency
decision device performs said normalizing, said inner

product value calculation, averaging of the inner product
values of each of said multipath signals, and averaging
of the inner product values over said plurality of slots
on the mean values of the pilot symbols in each of two slots
having a farther interval in said control channel, and
decides the fading frequency by comparing the averaged
inner prodﬁct value so obtained and a threshold wvalue

corresponding to said farther interval.



val ues of each of said nmultipath signals, and averaging of the inner
product val ues over said plurality of slots on the nean val ues of the.

pil ot synbols in each of two slots having a farther interval in sai@Z? 0T 2003
control channel, and decides the fading frequency by conparing the

averaged inner product value so obtahggd and a threshold val ue

corresponding to said farther interva 2 OCT 2003 - 118 19. The fading
frequency decision device as clainmed in claim 14, wherein said inner

product val ue cal cul ati ng means conprigses: nor | zj ng neans _f.or .

hor mal | zi n Ot he FBfn LA BESEBPARRGT | G050 QT HLeacASoF IAIRRToLE i
said controgl .channel: inner product value cal cul ati on executing means for
calculatinﬁiﬁﬁg‘ﬂﬁhéwhﬁfﬁﬁu%t val ue of the nean values of the two pil ot
synbol s normal i zed .hy saj ﬂﬁ!' [ fgCases with
varying inner pﬁgﬂgﬁtlﬁéggu ?%g |% e?g%ﬁgﬁg%%igg%éﬁﬂﬁﬁ%dﬂ%§ ?alue

aver agi ng ggﬁ§%{§gs:averaging the i nner product val ue cal cul ated by said
i nner product val ue cal cul ati on executing nmeans over a plurality of slots

of said control channehgaridl i 28AGCmdanh€agbronoxneel i nhag frosiucean
measuring intervals, and said decision nmeans conprises deci sion executing

means for gdediuisigof hthef pdilat fswyoedsy imsieach hef | tver spodduckn vaadd for
each control channel;
inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means for two or more cases with varying inner
product measuring interval; and
inner product value averaging means for
averaging the inner product value calculated by said inner
product value calculation executing means over a plurality
of slots of said control channel with respect to each of
the inner product measuring intervals, and
said decision means comprises
decision executing means for deciding the
fading frequency using the inner product value for each
of the inner product measuring intervals averaged by said

inner product value averaging means.

20. The fading fregquency decision device as claimed in
claim 19, further comprising difference calculating means
for calculating the difference of the inner product values

for two inner product measuring intervals averaged by said



of the inner product neasuring intervals averaged by said inner product
val ue averagi ng neans. 20. The fading frequency decision device as clained
in claim19, further conprising difference cal culating nmeans for 07 0CT 2003
calculating the difference of the inner product values for two inner
product neasuring intervals averaged bxgsaid 0 2 0 CT 2003 - 119 inner

product val ue averagi ng neans, wher & htgaid deci sion executi ng neans
deci des the fading frequency using also the difference cal culated by said

difference cal culating neans. 21. The fading frequency decjsipn deyice as
cl ai ned i ningier RrRAUGRSfRL HeRAYRTRAREYI PRERtt {%{%ﬁﬂfﬁéﬁﬂbs:{r@é’ns

conprises: nornma]izing neans.for .normgli zj .mean. val u of pLL ot
synbol s i n & +n9v&esarrb§ sd?ﬁlgﬁsdr{?’b%t#galngnra}frﬁ% uéﬁﬂ{ r!'lé‘;ts%g%thb'%oeach
of nmul ti path si e S | 34 ) I RQELVE e
calcuIatioﬁﬁg&é%gE#%ﬁgR%%m%éxéﬁh%a gu tF%% i%}ggﬁﬁ?ﬁggbgﬁgi va E§%§F t he
mean val ugs.{gthe two pilot synbols normalized by said nornmalizing neans
for two or nore cases with varying inner product neasuring interval with
respect to each of said nultipath signals; first inner product val ue

averagi ng neans for averaging the inner product Values of each of said
mul ti pat h s2hnal Theal fadangd fne@aocyndecigicmcdeviceeas claimed in

claim 14, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing mean values
of the pilot symbols in each of two slots in said control
channel with respect to each of multipath signals to be
used for RAKE combining;

inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means for two or more cases with varying inner
product measuring interval with respect to each of said
multipath signals;

first inner product value averaging means for
averaging the inner product values of each of said
multipath signals calculated by said inner product value
calculation executing means with respect to each of the
inner product measuring intervals; and

second inner product value averaging means for
averaging the inner product values averaged by said first

inner product value averaging means over a plurality of



cal cul ati on executing nmeans with respect to each of the inner product
measuring intervals; and second i nner product val ue averagi ng neans for
averagi ng the inner product values averaged by said first inner pp%qgﬁtuw
val ue averagi ng nmeans over a plurality of 020CT2003 - 120 slots of*s 'J
control channel with respect to each of the inner product neasuring
intervals, and sai d decision neans compPiSes decision executing nmeans for
deciding the fading frequency using the inner product value for each of

br oduct - valthp Ber Egrab onane b ¥ T RER Resiiedy GECRRCH BRTEne, o
|l aimed in, | , t | S§ LS | cul ati f
car culat | n THEE GPEPAHSY (REpsHRIY LA eI~ or o inmer

product measuri ngsd ¥ ef¥elis BYET A88AsD:ompEisgacond inner product val ue
aver agi ng neans, erein sald decision executing nmeans decides the fading

frequency using also idwcisiber enicscwtingl aieethdyfoni dediidengndhe
cal cul ati ng neans. 23. A channel estinmation device for calculating a
channel esfadbhgofreajuenof dstiag )t snoem@yndectsyadsls Far gashunnel

in which said data synbols and said pilot synbols are tine Ih&pleﬁﬁg,,
sai d channedf dehe aneR PEOIMSt AeAFUSING: LOERFHA IR ar‘é%lfﬁggée r 6

means for diyiding data symiold i fus QelagBhd HAHE 1nto aplurality

22. The fading frequency decision device as claimed in
claim 21, further comprising difference calculating means
for calculating the difference of the inner product values
for two inner product measuring intervals averaged by said
second inner product value averaging means, wherein said
decision executing means decides the fading frequency

using also the difference calculated by said difference

calculating means.

23. Achannel estimation device for calculating a channel
estimation value of data symbols using pilot symbols in
a channel in which said data symbols and said pilot symbols
are time multiplexed, said channel estimation device
comprising:

weighting factor generating means for dividing data
symbols in a slot of said channel into a plurality of data
symbol intervals, selecting pilot symbols suitable for
calculation of a channel estimation value of data symbols

during each data symbol interval and generating weighting



synbol intervals, selecting pilot synbols suitable for «calculation of a
channel estimation value of data synbols during each data synbol interva
and generating weighting 0 2 GC7 200j - 121 factors for weighting a@@ﬂﬂ]zmﬁ
averaging said pilot synbols; and channel estinmation val ue cal cul ating

means for weighting and averaging said pilot synbols using said weighting
factors and cal cul ati ng a channel estil@dti-on value of data synbols during
each data synbol interval. 24. The channel estination device as clainmed in

cl aim 23, erein in order,to cal cul ate the channel estination va%u of
the data s%ﬁgr?n Ofe Wekehging ﬂﬂéo@vggeg%’ﬂ i$p1PeP140H, gyM ?ﬁrﬁéger)
sl ot and tggﬁglculate the channel estimation value of the data synbols of
the first synbol section in the (j-+I) -th slot, said weighting f

actor generati ng:ﬁ?ﬁéls%lsﬁrﬁa{:ﬂgns%‘péIggéa)[lmi dm%%.’?\? ??5 the

wei ghting factor e use or welghting and averaging sal ot

synbol s. 25e iRt §hg Al eatrbiRig Gty dgHiae pal ot s FRBolis € 2h 332idr 24,

wherein said weighting factor generating neans generates the weighting
factors toweightdagorfactghti and asdlavdaading arahanalelese ot itad jobh ot
synbols for each of the plurality of slots of said channel, and said
channel estalwei of datae synbolst iduriwganeachksa v symbe lavieytgevads. t he
mean val ues of said pilot synmbols using said weighting factors and

cal cul ates the channel estimation value of the data synbols in each of the

data symbol 24. The channel estimation device as claimed in claim 23,

wherein in order to calculate the channel estimation value
of the data symbols in the last data symbol section in the
i-th (i: integer) slot and to calculate the channel
estimation value of the data symbols of the first data
symbol section in the (i+l}-th slot, said weighting factor
generating means selects the same pilot symbol and
generates the weighting factors to be used for weighting

and averaging said pilot symbols.

25. The channel estimation device as claimed in claim 23
or 24, wherein said weighting factor generating means
generates the weighting factors to be used for weighting
and averaging mean values of the pilot symbols for each
of the plurality of slots of said channel, and said channel
estimation value calculating means takes weighted average
of the mean values of said pilot symbols using said
weighting factors and calculates the channel estimation
value of the data symbols in each of the data symbol

sections.



sections. 0 2 OCT 2003 - 122 26. The channel estimation device as
clainmed in any one of clains 23-25, wherein said weighting factors are
determ ned according to positions of said pilot synbols in the slotys gff 2003
said channel. 27. The channel estinmation device as clainmed in any one  of
clainms 23-26, further conprising: fading frequency decision nmeans for
deciding the fading frequency based &&2t he i nner product val ue of said
pil ot synbols; and factor altering neans for altering the factors to be
used for taking said weighted averagi ng according to the fading frequency
deci ded by said fading frequency decision neans. 28, A denodul ati on device
conprising: weighting factor, generating neans for dividing, data synbols in
the slots #ba chehdeFhapnglnRiscHindeiant deviFenass Caadnid ok 3A¥oPEear e

e R SRR e
t ' ; '
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symbol s; chaingheesliid@d i 88 %alie QRAQHbLALI ng means for  weighting and
averaging saird pilot synbols using said 020CT20C3 - 123
27. The channel estimation device as claimed in any one
of claims 23-26, further comprising:
fading frequency decision means for deciding the
fading frequency based on the inner product value of said
pilot symbols;: and
factor altering means for altering the factors to
be used for taking said weighted averaging according to
the fading frequency decided by said fading frequency

decision means.

28. A demodulation device comprising:

weighting factor generating means for dividing
data symbols in the slots of a channel into which the data
symbols and pilot symbols are time multiplexed into a
plurality of data symbol sections, selecting pilot symbols
appropriate for calculating the channel estimation value
of the data symbols in each of the data symbol sections,
and generating the weighting factors to be used for
weighting and averaging said pilot symbols;

channel estimation wvalue calculating means for

weighting and averaging said pilot symbols using said



wei ghting factors and cal cul ating the channel estimation value of the data
synbols in each of data synbol sections; and channel variation

conpensati ng nmeans for conpensating channel variation of said dat ﬁﬁﬁqﬂﬂ
using the channel estimation value cal culated by said channel ﬁﬁ

val ue cal cul ating nmeans. 29. A fading frequency decision device conpr|5|ng.
i nner product val ue cal cul ati ng meansidr -cal cul ati ng an i nner product

val ue of pilot synbols in a channel in which data synbols and said pi | ot
synbols are tinme nultiplexed; and decision neans for decidin di ng

frequency Weskghténg Feldtves IR LChdiaie 1% e £RANBF s & Jr% Lon
product vaI e cal atl neans The _f adi ng equen CiSLO evi ce
as cl ai med¥ u%l%f# @r%Y‘Hbg’j'lsdlpnﬁépgpf’gd‘aéiavﬁmg%c]a %ﬁgﬂg ‘means
conprlses.%héjmﬂ|2|ng means for normal i zi ng nean values of the pilot
synbol s in h of two slots of said channel; inner product val ue

cal culation execut idihn ABENY ofrdfa r%fc{)ﬁ“l:%hi%&éé‘&hﬂ”ﬁ{ea(ﬁé)df@}: val ue of the

mean values of the two pilot sy s nornalized by said nornmalizing

neans; and Qmp&kE a0y cHadnel et iAtd®Ic bV shud dwtiagyabotenssiag
averagi ng the i nner product values cal cul ated by said inner
the channel estimation value calculated by said channel

estimation value calculating means.

29. A fading frequency decision device comprising:
inner product value calculating means for
calculating an inner product value of pilot symbols in a
channel in which data symbols and said pilot symbols are
time multiplexed; and
decision means for deciding a fading frequency based
on the inner product value calculated by said inner product

value calculating means.

30. The fading frequency decision device as claimed in
claim 29, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing mean values
of the pilot symbols in each of two slots of said channel;

inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said

normalizing means; and



product val ue cal cul ati on executing neans over a plurality of slots of the
sai d channel, and sai d deci sion neans conpri ses deci sion executing neans
for deciding the fading frequency by conparing the inner product W?%%ETZNB
averaged by said inner product val ue averagi ng neans and a thresho

value. 31. The fading frequency decisigp device as clamed in claim 30,
wherei n, when the inner product value averaged by said inner product val ue
averaging neans is larger than a certain constant val ue, said fading

frequency decision devjggeperf/ydBceal,d e BréEhiIngS M&ahdNgo Product

value calculation, and said inner product value avVeraging on nmean val ues

of the pil ofveyabalty theedahedf produdoialis 88 Lculfat Ay AT Yand 0
said control channel, and decides the fading frequency by conparing the

aver aged i npeodugtotadiues galewba bhoai eredcandngy hbaasholirérvalpkurality
corresponding to said farther interval. 32. The fading frequency decision
devi ce as cbhi sdotish of| the Faidhehannedai candner product val ue

cal cul ating nmeans conprises; nornalizing means for nornalizing nean val ues

0 2 OCT 2003 - 128aigf dawlpirpt MQARDHI GOMATESE® of two slots of said

control channel with respect, to each of. nultipath_si |s.to be .used for
RAKE conbi ni ng; i nner p&%gd‘(,stl%l%esglgéﬁllgaﬁ% ﬁxggﬁg{bra?gcl ing the

fading frequency by comparing the innexr product wvalue
averaged by said inner product value averaging means and

a threshold wvalue.

31. The fading frequency decision device as clamed in
claim 30, wherein, when the inner product value averaged
by said inner product value averaging means is larger than
a certain constant value, said fading frequency decision
device performs said normalizing, said inner product value
calculation, and said inner product value averaging onmean
values of the pilot symbols in each of two slots having
a farther interval in said control channel, and decides
the fading frequency by comparing the averaged inner
product value so obtained and a threshold value

corresponding to said farther interval.

32. The fading frequency decision device as claimed in
claim 29, wherein

said inner product value calculating means
comprises:

normalizing means for normalizing mean values



means for calculating the inner product value of the nean values of the
two pilot synmbols normalized by said nornalizing neans with respect to
each of said multipath signals; first inner product val ue averagi nb? G€A1803
for averaging the inner product values of each of said nmultipath signals
cal cul ated by said inner product val ue_ cal cul ati on executi ng neans; and
second i nner product val ue averagi ng t€ans for averagi ng the inner product
val ues averaged by said first inner product val ue averagi ng neans over a

L S P e B LR B B
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device as cualdtEkdh RAKH BkpiWk@E N, when the inner product value
averaged by said second inner prodidct val ue averaging nmeans is |arger

than a certain constant ivalese, psaddctadidibué r eguendiat 0661 skeftevhge
perfornms said normalizing, said inner 0 2 0 CT 2003 - 126 product val ue
cal cul at i onmeanst dgimnmgaktcuhatimeertheE ddudr pabddas tofradaeh off tdad thean
mul ti path signals, and averaging _of the inner product values over said

plurality oVadiu®s ofnthege tnpidotesorbehs pormakizedl byl sabdh of two

slots having_.a farther interval,in said control channel, and
n%rmangLng means w1éh respect to each of said multipath

signals;

first inner product value averaging means for
averaging the inner product values of each of said
multipath signals calculated by said inner product value
calculation executing means; and

second inner product value averaging means for
averaging the inner product values averaged by said first
inner product value averaging means over a plurality of
slots of said channel, and

said decision means comprises

decision executing means for deciding the
fading frequency by comparing the inner product value
averaged by said second inner product value averaging means

and a threshold value.

33. The fading frequency decision device as claimed in
claim 32, wherein, when the inner product value averaged
by said second inner product value averaging means is

larger than a certain constant value, said fading frequency

decision device performs said normalizing, said inner



deci des the fading frequency by conparing the averaged inner product val ue
so obtained and a threshold value corresponding to said farther interval.
34. The fading frequency decision device as clainmed in claim29, vheper mng
said i nner product value cal cul ating nmeans conprises: nornmalizing neans
for normalizing the nean values of the pilot synbols in each of two slots
of said channel; inner product val dge €&l cul ati on executing neans for

cal culating the inner product value of the nean values of the two pil ot

synbol s normalized b ai d ornpualizing neans for two or nore cases wth
varying i nnBFO‘%'}%HL}éf%a%%f?H then vaAveraginghet pheudanamproduct

' agi he.i . . val | qul db id
ner . prodUEL YA (R CAREEN Bt i BB AP Ak - 06H S (RfaRUEF 281031 of
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deci si on exggauthBim@BaANPalaesiesi €hapiist dpAboY sk iﬁ%‘&&ﬁyoﬂsﬂ[;@(g dfiggnner

product value for each of the inner product” measuring intervals averaged
by said inhewvimgducEaraher aetagivad naansaidScoleréadeharinenyensa
deci sion device as clainmed in claim34, further conprising difference
cal cul ati ngdecides the fading frequency by comparing the averaged
inner product value so obtained and a threshold value

corresponding to said farther interval.

34. The fading fregquency decision device as claimed in
claim 29, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing the mean
values of the pilot symbols in each of two slots of said
channel;

inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means for two or more cases with varying inner
product measuring interval; and

inner product value averaging means for
averaging the inner product values calculated by said inner
product value calculation executing means over a plurality
of slots of said control channel with respect to each of
the inner product measuring intervals, and

said decision means comprises



means for calculating the difference of the inner product values for two
I nner product neasuring intervals averaged by said inner product val ue
averagi ng nmeans, wherein said decision executing rmeans deci des thelA8T g3
frequency also wusing the difference cal culated by said differenbe
cal cul ati ng neans. 36. The fading fregggncy deci sion device as clained in

I

claim 29, wherein said inner producf ué cal cul ating means conpri ses:
normal i zi ng means for normalizing nmean values of the pilot synbols in each

of two slots of said chanoelioW UkdOsPeRl meLaeEot Mddidehl tihgnals to
be used for RAKE conbination; inner product val ue cal cul ati on executing

neans for galdihgt FR@dquEnépnasipiPdiee vahee prddectesaluslfies ehchno
pil ot synbols normalized by said normalizing mneans for two or nore cases
W th varyi ref itheeripnedustodmeds meiagur hngr intenval g @éspecaged bycaadid sai d
mul ti path 020CT2003 - 128 signals; first inner product value averaging
means for Javeergbmpduetiviaduep@sRrEaIIACuESFHN®ach of said nultipath
signals cal cul ated by said inner product value cal cul ati on executing nmeans
Wi th respect to each of the inner product nmneasuring intervals; and second

oy ana B o § Mo RIS ELERIENEY acRiU AR ek iBd WP PARANE 1401 UeS
claim 34, further comprising difference calculating
means for calculating the difference of the inner product
values for two inner product measuring intervals averaged
by said inner product value averaging means, wherein said
decision executing means decides the fading frequency also
using the difference calculated by said difference

calculating means.

36. The fading frequency decision device as claimed in
claim 29, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing mean values
of the pilot symbols in each of two slots of said channel
with respect to each of multipath signals to be used for
RAKE combination;

inner product value calculation executing
means for calculating the inner product value of the mean
values of two pilot symbols normalized by said normalizing
means for two or more cases with varying inner product

measuring interval with respect to each of said multipath



I nner product val ue averagi ng nmeans over a plurality of slots of said
control channel with respect to each of the inner product neasuring

i nterval s, and said decision neans conprises deci sion executing neqpﬁgtpzmu
deciding the fading frequency using the inner product value for eac o]
the inner product neasuring intervals averaged by said second inner
product val ue averagi ng neans. 37. Thk2$ating frequency decision device as
claimed in claim36, further conprising difference cal culating nmeans for
calculating.the difference of the inner product values for two inner

pr oduct negéﬁqqkfintervals averaged by said second inner product val ue

averagi ng means, \Ahereifﬁggg._: gflrf@ficﬁg%&&u%)&e%tﬂd%g dﬁéﬁ&gi}iﬁ wRsah§efbadi ng

frequency al so wusing eren calcul ated by said d erence

cal cul at i ”%g%iné&:hé\iﬁﬁé‘ﬁ%ircﬂﬁéﬁ&ﬁ&Dﬂedfﬂi&ﬁ:ﬁ o sedld muditebpath
channel 02 0 -7129 estimation value of data synbols of a data channel
using pil gl grbelom REuBapeldoby cdebdelnnbr grodupiraalele caliculteked with
sai d data channel, said channel estinmation device conprising: weighting
factor genesamicduiginganeahsr wdithi diespelat ato ssadb| 8fi hhealanaiamierdusio a
plurality of data synmbol intervals, selecting pilot synbols suitable for
cal cul ati omegfsuringnisitastakasi 88%Yal ue of data synbols during each data

symbol interval and generati g el o) 5ot Gheks hoerify ok Mdaiisor

averaging the inner product values averaged by said first
inner product value averaging means over a plurality of
slots of said control channel with respect to each of the
inner product measuring intervals, and
said decision means comprises
decision executing means for deciding the

fading frequency using the inner product value for each
of the inner product measuring intervals averaged by said

second inner product value averaging means.

37. The fading frequency decision device as claimed in
claim 36, further comprising difference calculating means
for calculating the difference of the inner product values
for two inner product measuring intervals averaged by said
second inner product value averaging means, wherein said
decision executing means decides the fading frequency also
using the difference calculated by said difference

calculating means.

38, Achannelestimationdevicethatcalculateseachannel



and channel estimation value calculating means for weighting and averaging
said pilot symbols using said weighting factors and calculating a channel
estimation value of data synbols during each data synbol interval.n (1 mﬁ
channel estimation device as clainmed in claim38, wherein said meigﬁp 3
factor generating nmeans generates th$2$eighting factors to be used for

h

wei ghting and averaging nmean val ues o e pilot synmbols in each of a
plurality of sections in said pilot channel, and said channel estimtion

val ue cal cul ating means takes wej ghted f ih I f id
pi | ot synb@lséi%\ﬁbogai"&lqﬁei%tdfgﬁaf%X‘E‘E\F{" raﬁﬁf O@al‘iﬁh‘{?%tn‘g 29&%#%&9%'
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symbol s; agg{fméﬁigﬁlH@@iEbngg&ﬁﬂﬁgiﬁggering the factors to be used for
taki ng sai d weighted average according to the fading frequency decided by
sai d fading frequeniggheeaysEastoreaenerdt ifgenehasnebrediimnting detvace as
claimed in any one of clains 3 8 -4 0, wherein a transm ssion rate of
sai d data symbwbs dinffserisd fehamnkd timdisne spluradditey 9 £ sdpgapisymebol
intervals, selecting pilot symbols suitable for
calculation of a channel estimation value of data symbols
during each data symbol interval and generating weighting
factors for weighting and averaging said pilot symbols;
and
channel estimation wvalue calculating means for
weighting and averaging said pilot symbols using said

weighting factors and calculating a channel estimation

value of data symbols during each data symbol interval.

39. The channel estimation device as claimed in claim 38,
wherein said weighting factor generating means generates
the weighting factors to be used for weighting and
averaging mean values of the pilot symbols in each of a
plurality of sections in said pilot channel, and said
channel estimation value calculating means takes weighted
average of the mean values of said pilot symbols using said
weighting factors and calculates the channel estimation
value of the data symbols in each of the data symbol

sections.



channel . 42. A denodul ati on device conprising: weighting factor generating
means for dividing data synbols of a data channel into a plurality of data
synbol sections, selecting pilot synmbols of a pilot channel that wgg (€T 2003
parall el nultiplexed together with said data channel, appropriate for

cal cul ating the channel estimation Vf% e of the data synmbols in each of

t he data synbol sections, and generat @ wei ghting factors to be wused for
wei ghting and averaging the pilot synbols; channel estimation val ue

cal cul ating

; : : . . i d oil b Usi
Ca o o oo e o d AL LR AR DR A R XIS N
- 131 Va'Q§c°§9th%d%%ﬁbnyBMﬁiféiﬁg?h of the data synbol sections; and

channel variatioh conpensating neans For conpensating the channel

variation of said %@iﬁﬁg?ggguéﬁf%éais&@ﬂ%aﬁét EpRt i(ﬁbi’@iizlg the

cal cul ated by said chan I matTon val ue cal cul ati ng neans.

fadi ng freogeatygdeeedjudih@eVbh£828068 tEENghnempafoRidtugalval BE said

cal cul ating neans for cal culating an inner product value of pilot synbols
in a pilotpthatnelymbdoks;iandgarallel nmultiplexed with a data channel; and
deci si on neans for deciding_a fading frequency based on the inner product
val ue cal cul ated byfaateriahéeringmeangfor aiteqing dhechastors to

be used for taking said weighted average according to the
fading frequency decided by said fading frequency decision

means.

41, The channel estimation device as claimed in any one
of claims 38-40, wherein a transmission rate of said data
channel differs from the transmission rate of said pilot

channel.

42, A demodulation device comprising:

weighting factor generating means for dividing
data symbols of a data channel into a plurality of data
symbolsections,selectingbilotsymbolsofeapilotchannel
that was parallel multiplexed together with said data
channel, appropriate for calculating the channel
estimation value of the data symbois in each of the data
symbol sections, and generating weighting factors to be
used for'weighting and averaging the pilot symbols;

channel estimation value calculating means for
weighting and averaging said pilot symbols using said

weighting factors and calculating the channel estimation




44. The fading frequency decision device as clained in claim43, wherein
said i nner product value cal cul ating neans conprises: normalizing neans
for normalizing the nean value of the pilot synbols in each of twop 2 p ]
sections of said pilot channel; inner product value cal cul ation execupiggu
neans for calculating an inner product.yalue of nean values of the two
pil ot synbols normalized by said nornaﬁlzing neans; and 0 2 OCT 2003 - 132
i nner product value avera~Tft~'--L(M J-%.L- averaging the inner product

I | ¢cul d | dy.1 | ti '
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conpri ses deGits| SRsexaef i ng neans for deciding the fading frequency by
conparing the I nner product value averaged by said inner product val ue

averagi ng neans anghahridl eghglit tviddnecodpendwt{adi ngarsegfiency deci sion
device as clainmed in claim44, wherein, when the inner product val ue

averaged lpompensatieg prieeluchanalede variagiog tdasaid datgersymhbolsa
certain constant value, said frggéfnqg_decision device_ perforns said
nor mal i zi ngis iseg dthanehanreilic e sidnat tancveduarcabasladiaf NEr 8§ty of

the inner product values wth reﬁpect tf tqg mean val ues of the pil ot
symbol s i nchannel estimation value calcu ating means.

43, A fading frequency decision device comprising:
inner product value calculating meaﬁs for
calculating an inner product value of pilot symbols in a
piiot channel which is parallel multiplexed with a data
channel; and
decision means for deciding a fading frequency based
on the inner product value calculated by said inner product

value calculating means.

44. The fading freguency decision device as claimed in
claim 43, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing the mean
value of the pilot symbols in each of two sections of said
pilot channel;

inner product value calculation executing
means for calculating an inner product value of mean values
of the two pilot symbols normalized by said normalizing

means; and



each of two sections having a farther interval in said pilot channel, and
deci des the fading frequency by conparing the averaged inner producb val ue

so obtained and a threshold value corresponding to the farther inte JACT 2003
46. The fading frequency decision device as clained in claim43, wherein
said inner product value cal cul ati ng neans conprises: normalizing neans

for normalizing the nean 020CT2003 = 138 - yal ues of the pil ot synbols in
each of the two sections of said pilot channel with respect to each of

mul ti path signals to be used fo KE _conbi ni_ng.;.  LLonetn. val ue

cal culoat i on egecuti ng l%éﬁs pfrocfé‘égﬁcﬁrla %%Q&f‘%gaf’nfnig "bér éo.fgugcti Ev!E‘aI ue of the
mean val . | I | | r s 2 nmeans
with res pg%?e?fglgtélaar%% ggbgs:né%t[;}a gﬁggsl:?}ganéa%?gcﬁﬁfi?éldr? e%épﬁ)gﬁé{gf/al ue

averagi ng gRaAR oY a 1ML LA 4 PEohNEREcRLAGY el dIBved! al BEALENIMey pat hs
of said I'ti path cal cul ated by said inner product value calculation

execut i ng graBsctashseofndaihechpnoedlct amflue averagi ng neans for
averagi ng the inner product values averaged by said first inner product
val ue aver agi ng seads demts hopl medns ycomprd&ssts ons of said pil ot channel
and sai d decision neans conpri ses decision executing qfans for q§$iding t he
decision executing means for deciding e
fading frequency by comparing the inner product value
averaged by said inner product value averaging means and

a threshold wvalue.

45. The fading frequency decision device as claimed in
claim 44, wherein, when the inner product value averaged
by said inner product value averaging means is larger than
a certain constant value, said frequency decision device
performs said normalizing, said inner product value

calculation, and said averaging of the inner product values
with respect to the mean values of the pilot symbols in
each of two sections having a farther interval in said pilot
channel, and decides the fading frequency by comparing the
averaged inner product value so obtained and a threshold

value corresponding to the farther interval.

4¢. The fading frequency decision device as claimed in
claim 43, wherein

said inner product value calculating means
comprises:

normalizing means for normalizing the mean



fadi ng frequency by conparing the inner product value averaged by said
second i nner product value averaging neans and a threshold value. 47, _ The
fadi ng frequency decision device as claimed in claim46, wherein, wh&A CH003
i nner product val ue averaged by said second inner product val ue averagi ng
means is larger than a certain constant val ue, said fading frequency
deci si on device perforns said nornafi%?%g? said i nner 020CT2003 - 134

product val ue cal cul ati on, averaging of the inner product values of eacn

of said ”U'w}éj?aleg S@%@pi\?ﬁiﬁ‘éﬁ&ﬁ%ﬂg iff J?;ﬁhié‘f‘efhﬁr RO Ly ﬁgﬂ%ﬁ%’er

said plurality of sections t espect to the nean values of

synbol s i noeaghidl gilotechhamelnayitl sekpddiertd nbgeMabs skt dpRitiot
channel , and decides the fading frequency by conparing.the averaged inner
product valsgtegaalebttad ned asdd fiduw eRAMED combieingrr esponding to said
farther interval. 48. The fading frequency decision device as clained in
cl ai m 43, wherein sai d inner poelecet vuhlsecaaldéalabgome@eecobimg ses:

normal i zi ng neans for normalizing the mean values of the pilot synbols in
each of thdneapssEem §adcwkatipg phpolnagsnpacdushdrabieoREt thel wean

cal oul at1 on XSS 01 (RENES oy PR CUBHAR ASchliss B deckatal o of the
for two OrﬂE%ﬁa&%%%h&“ﬁQaﬁgr%ﬁ%%iﬂgggect to each of said multipath
signals;
first inner product value averaging means for
averaging the inner product values of respective paths of
said multipath calculated by said inner product wvalue
calculation executing means; and
second inner product value averaging means for
averaging the inner product values averaged by said first
inner product value averaging means over a plurality of
sections of said pilot channel, and
said decision means comprises
decision executing means for deciding the
fading frequency by comparing the inner product value
averaged by said second inner product value averaging means

and a threshold wvalue.

47. The fading freguency decision device as claimed in
claim 46, wherein, when the inner product value averaged
by said second inner product value averaging means is

larger than a certain constant value, said fading frequency

decision device performs said normalizing, said inner



product neasuring interval; and inner product val ue averagi ng neans for
averagi ng the inner product vales calculated by said inner product val ue

cal cul ati on executing nmeans over a plurality of sections of said qprgtpz
channel with respect to each of the inner product nmeasuring intervats, %M

sai d deci si on nmeans conprises 020CT2003 - 135 fading frequency deci sion
means for deciding the fading frequem® Uusing the inner product val ue for
each of the inner product neasuring intervals averaged by said inner

duct I ' -+49.. The fading.f LS '
01 i mea 1 L ERRE S8 FER 1 ATaellr Ay #94nY B RERE BRARCES, O
cal cul at! ngaifigslidd L0 R Jdifa | RATEARNAN LiYALYSS 4RI dPBrbidgner
product measuring.interval s average y “sal d I nher product val ue "averagi ng

means, Wwheggighé ﬁirﬁxeﬁ'%ﬁf@&ﬁ&t%&iﬁbisngv@%‘éi_ﬁe?ld@&ltﬂt? badkBe thirgusency
using also the difference calculated by said difference 'cal cul ating neans.

50. The fafing Hexpeetytdedird anedavivad.vrss cofi thd ipilct asymhd lsvhiEnei n

said i nner product value cal culating nmeans conprises: nornalizing neans

f or nor mal @achgo £ Haworsac t ek sdwvingre fgrttthesyimiesval Tasfibd pihkotwo

sections of said pilot channel with respect to each of nultipath signals

to be usedchannrAkEagshBiagides the fading frequency by comparing th
averaged inner product value so obtained and a threshold

value corresponding to said farther interval.

48. The fading frequency decision device as claimed in
claim 43, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing the mean
values of the pilot symbols in each of the two sections
of said pilot channel;

inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means for two or more cases with varying inner
product measuring interval; and

inner product value averaging means for
averaging the inner product vales calculated by said inner
product value calculation executing means over a plurality
of sections of said control channel with respect to each
of the inner product measuring intervals, and

said decision means comprises



I nner product val ue cal cul ati on executing neans for cal culating the inner
product value of the nmean values of the two pilot synbols normalized by
said nornalizing means for two or nore cases with varying i nner pfdddEhk 2093
measuring interval with respect to each of said 0 2 OCT 2003 - 136
mul ti path signals; first inner produc&agalue averagi ng neans for averaging

the inner product value for each path said nmultipath calcul ated by said
i nner product value calculation executing nmeans with respect to each of

the inner product nea§gd gg%ﬁéﬁgﬁéﬁqﬁg%%gggﬁsgéyﬁg ngd&ggﬂg?%gjd

aver agi ng nmeans for averagi uct ues aver age

first i nnghPEAAYGg 3l SNEYas PHgNBRESLAME r pridAiSL JA1eé £seddORS of
sai d contrglheghgnnelgvm té#ﬁ%espgerct togeach of t:ll:"lg) i nner product measuring

i nterval s, oEn@hes dirthale G 56 QUCHEABS SAANNIG Satt dleechsisoavexendd hy meahd for
deciding the fading frequency using the 1nner product value for each of
t he i nner pmoderctpredaurt galueeavaragimgageadnsy. said second inner
product val ue averagi ng nmeans. 51. The fading frequency decision device as
claimed in claim50, further conprising difference cal culating nmeans for

cal cul at g e, dhid Sk RERa0l LIS dOIeT  RLONEL Vi UES, L8 chutnely

TP s el g, SREHPhOR ESREHYIIIh HAFE £Io6h 8% DEun At iy kicdtgn Y
for calculating the difference of the inner product values
for the two inner product measuring intervals averaged by
said inner product value averaging means, wherein said
decision executing means decides the fading frequency

using also the difference calculated by said difference

calculating means.

50. The fading frequency decision device as claimed in
claim 43, wherein
said inner product value calculating means

comprises:

normalizing means for normalizing the mean
values of the pilot symbols in each of the two sections
of said pilot channel with respect to each of multipath
signals to be used for RAKE combining;:

inner product value calculation executing
means for calculating the inner product value of the mean
values of the two pilot symbols normalized by said
normalizing means for two or more cases with varying inner

product measuring interval with respect to each of said



the difference calculated by said difference calculating nmeans. 0 2 OC
12003 - 137 52. A nethod for deciding the fading frequency, conprising
the steps of: calculating an i nner product value of pilot synbols éﬁ?hE?
time nultiplexed in a control channel that was parallel nultiplex 2003
together with a data channel; and deciding the fading frequency based on
said inner product value. 53. A chanhéf &stimation nethod for cal cul ating
a channel estimtion value of data synmbols using pilot synbols in a

channel in [ i d nbols and pilot synbols are tine nmultiplexed,
i Lpdfh’ st

conpri sing eps o viding the data synbols in the slots of said

channel into a plural @M@E_ﬁﬁhéﬁﬁﬁwu@@%mé,a&eﬁ@tﬂ md&nspiFlogt
synbol s appropriate for acquiring the channel estimtion value of the data

synmbol s i nataata@inghehdattnnaympalodiect i vatuea®bigesscht paghwe Hhsaigl
factors to be wused for weighting and averaging the pilot synmbols; and 0 2
OCT 2003 - midaipethhdalgabhdtadetsyi sgidaiangr gqprodued] svakiueg sai d

wei ghting factors and cal culating the channel estimation value of the data
synbol s i nCaltnbating GHeCeyAbd means|whth zespeqtt fod edsth ge€i &y t he

fading f req_lilenné‘,%/, prgcc)iil%rg Srlrlggstuq:%.r?gt; efngé:rvals: and

second inner product value averaging means for
averaging the inner product values averaged by said first
inner product value averaging means for a plurality of
sections of said conﬁrol channel with respect to each of
the inner product measuring intervals, and

said decision means comprises

decision executing means for deciding the
fading frequency using the inner product value for each
of the inner product measuring intervals averaged by said

second inner product value averaging means.

51. The fading frequency decision device as claimed in
claim S0, further comprising difference calculating means
for calculating the difference of the inner product values
for two inner product intervals averaged by said second
inﬁerproductvalueaveraghﬁ;means,whéreinsaiddecision
executing means decides the fading frequency also using
the difference calculated by said difference calculating

means.



cal culating an inner product value of pilot synbols in a channel in which
data synbols and pilot synbols are tinme nultiplexed; and deciding the
fading frequency based on said inner product value. 55. A channel 02 0CT 2003
estimation nmethod for calculating a channel estimation value of data
synbol s of a data channel using pilot_synbols of a pilot channel that was
paral lel multiplexed together with saitrd’data channel , conprising the steps
of : dividing the data synbols of said data channel into a plurality of
data synbol sections, selecting pilot synbols appropriate for cal culating
the channel estimation value of the data synbols in each of the data
synbol sections, and generating weighting factors to be used for

wei ghting and averaging the pilot synbols; and weighting and averagi ng said
pil ot synbols using said weighting factors and cal cul ati ng the channel
estimation value of the data synbols in each of the data synbol 0 2 QU
20D3 - 139 sections. 56. A nethod for deciding -the f adlng frequency,
wherein the fading frequency is decided based on an inner product value
of pilot synbols of a pilot channel that was parallel nultiplexed together
with a data channel. 57. A denodul ati on device conprising: channel
estimating neans f or deriving N (N is natural nunber greater than or

equal to two) in nunber of channel

52. A method for deciding the fading frequency,
comprising the steps of:
calculating an inner product value of pilot symbols
being time multiplexed in a control channel that was
parallel multiplexed together with a data channel;: and
deciding the fading frequency based on said inner

product value.

53. A channel estimation method for calculating a channel
estimation value of data symbols using pilot symbols in
a channel in which said data symbols and pilot symbols are
time multiplexed, comprising the steps of:

dividing the data symbols in the slots of said channel
into a plurality of data symbol sections, selecting the
pilot symbols appropriate for acqguiring the channel
estimation value of the data symbols in each of the data
symbol sections, and generating weighting factors to be

used for weighting and averaging the pilot symbols: and



estimati on val ues by wei ghted averaging of pilot signals In time using N

I n nunber of wei ghted sequences; conpensating neans for conpensating data
sequences using said respective channel estimation val ues; RAKE cqppbnj?a3
means f or RAKE conbining respective of said N data sequences after
conpensation; and reliability judgnment nmeans f or selecting one data
sequence having highest reliability-fitdh said N data sequences after RAKE
conbi nati on. 58. A denodul ati on devi ce conprising: channel estimting nmeans

for deriving N (N.i,s . natural _nunber greater.than or equal] to fwo). in
nunber of channeWeiERt 1R &YSFRAIEDIRAHH %ﬁ/@ﬁ’gg?‘fjgsé’fsb‘?‘g(ﬁa%ﬁignal
in time usin ' u ' f f
predet o m Hed qHeRRd EREEte TS REteRTArINE tre UndtfidlL SFUIRATEOR
sequence a 0%he fra Usiigo3al dif esRER! iofe N8k ae MBS ILON
val ues; RAK l%%%ﬁ?ﬁi%geheangafo RAKE conb?ningcbf sald N datd sequences
after conpgpsaii®ns.and reliability judgnent nmeans for selecting N (N
natural number, N < N) in nunber of weighting sequences fromsaid N data
sequence after RAKE conbining and selecting one data sequence having the
highest reliability fromN data sequences, selection of said N weighting
sequences Bdinng Rpadtheddfoar degpiddingetlienctrdbngod ramieneifai ni ng data
sequences until perform.ng said reliability judgenent
comprising the step of:
calculating an inner product value of pilot symbols
in a channel in which data symbols and pilot symbols are
time multiplexed; and
deciding the fading frequency based on said inner

product wvalue.

55. A channel estimationmethod for calculating a channel
estimation value of data symbols of a data channel using
pilot symbols of a pilot channel that was parallel
multiplexed together with said data channel, comprising
the steps of:

dividing the data symbols of said data channel into
a plurality of data symbol sections, selecting pilot
symbols appropriate for calculating the channel estimation
value of the data symbols in each of the data symbol
sections, and generating weighting factors to be used for
weighting and averaging the pilot symbols; and

weighting and averaging said pilot symbols using said
weighting factors and calculating the channel estimation

value of the data symbols in each of the data symbol



agai n said channel estimation neans deriving N channel estinmation value
by weighted averaging in time using N weighting sequences, said
conpensating neans conpensating data sequences using N channel ety pEt e
val ues, said RAKE conbi ni ng means RAKE conbi ning respective of N data
sequences after conpensation, and said reliability judgment neans

sel ecting one data sequence having th&3?hrghest reliability fromsaid N
data sequences. 59. The denodul ati on device as clained in claim57 or 58,
wherein said reliability judging neans for judging reliability of said
dat a sequefiC& Tises; error-correction decoding neans for perforning
error- correction decoding of the data sequence after said RAKE

conbi nati on; CRC (Cyclic Redundancy Check) bit extracting neans 020CT2003 -

141 for eg}é act anpetReodifer aftdedaiAgsehd datd npduenpeencERCwiieansii ng
ec

means for oding the CRC for said data sequence; frame error detecting
means for gelestddingheregquesencd odeatisint doaded dname tnner paxstuch a
decoding result of said CRC, nunber-of-frane-error counting nmeans for
counting saiXhewbenlaft symboksw R erpidoitnchapnali haty was Pafankhel
measuring tinme; and wei ght sequence and data selecting neans for selecting

the wei ght muduptexes itRgatpar ditdpiai dgtaneranneat a sequence that is

denodul at ed usi ng the wei ght

57. A demodulation device comprising:

channel estimating means for deriving N (N is natural
number greater than or equal to two) in number of channel
estimation values by weighted averaging of pilot signals
in time using N in number of weighted sequences;

compensating means for compensating data sequences
using said respective channel estimation values;

RAKE combining means for RAKE combining respective
of said N data sequences after compensation; and

reliability judgment means for selecting one data
sequence having highest reliability from said N data

sequences after RAKE combination.

58. A demodulation device comprising:

channel estimating means for deriving N (N is natural
number greater than or equal to two) in number of channel
estimation values by weighted averaging of pilot signal
in time using N in number of weighted sequences for data
sequences of predetermined frame number;

compensating means for compensating data segquence



sequence so sel ected based on said counting result of the frame errors.

60. The denodul ati on device as clainmed in claimb57 or 58, wherein said
reliability judging neans for judging reliability of the data seqenggl 2003
conprises: error-correction decoding neans for performng error-correction
decodi ng of the data sequence after said RAKE conbination; |ikelihood

I nformati on extracting neans for eXt?éetTng | i kelihood information that is
cal cul ated when performng the error-correction decoding of each of the

data sequenfemgl kuald oogpaeelisdl %ﬁﬁgizf%tcf}r\igﬁ%id‘gréﬁﬁgs:e” ract ed

| i kel i hood I on a previous 003 - 142 determ ned

measuring time; gtk meldHiATAYaRE8naNto #at K E I @b LAUnGEePSdDd N galtect i ng
t he wei ght sequence having high reliability and the data sequence that is

denpdul at e aphsfckie At @bt congrpesation ;semit ed based on said averaged

| i kel i hood information. 61. The denodul ati on device as clainmed in claimb57
or 58, wherein ssmbiablilddiyijydgmegitngnaenss fioor §etigchgna & 1 abNI'isty of

t he data sequence conprises: electric power calculating nmeans for

cal cul ati ngra‘ensailr namhsder Bf €ablh an pvahes L Eddaiabdd ng (I9AYGREFCRAKE

Conbina“(M¥r§*egggdzﬁxg§£a?£%éiéﬂ@eng%¥%gcﬁAﬁﬁeE%Mﬂ¥hf35dand
selecting one data sequence having the highest reliability
from N data sequences,

selection of said N' weighting sequences being

performed per a predetermined period, for remaining data
sequences until performing said reliability judgement
again said channel estimation means deriving N' channel
estimation value by weighted averaging in time using N'
weighting sequences, said compensating means compensating
data sequences using N' channel estimation values, said
RAKE combining means RAKE combining respective of N' data
sequences after compensation, and said reliability
judgment means selecting one data sequence having the

highest reliability from said N' data sequences.

59. The demodulation device as claimed in claim 57 or 58,
wherein said reliability judging means for judging
reliability of said data sequence comprises:
error-correction decoding means for performing error-
correction decoding of the data sequence after said RAKE
combination;

CRC (Cyclic Redundancy Check) bit extracting means



calculation result of the electric power for a previously-determ ned
nmeasuring tinme; and wei ght sequence and data sel ecting neans for selecting

t he wei ght sequence having high reliability and data sequence thato?i 003
denodul at ed using the wei ght sequence so selected based on said ave 5%3
el ectric power. 62. The denodul ation QQFiQe as clainmed in claim57 or 58,
wherein said reliability judging neans for judging reliability of the data
sequence conprises: signal-to-noise ratio(ratio of a signal power to a

noi se pover fogaleGitl PdéPEnGE AN Tl t6akhelded I £ 3aitl Wptat Qulfisfcaati o of
each of the data sequences after 0 2 0 CT 2003 - 143 said E

conbi nat i onCREI geadod bagomeansat f or adesad ityy "eAss ORT feoresadidiodahe
calculation result of said signal-to-noise ratio for a

previ ousl y- degaemawd neasuring tinme; and wei ght sequence and data

sel ecting neans for_ selecting the weight sequence having high reliability
and the data sequebEaMeh&TrLGr d@RHEGItare WeARG ﬁM¥v@@gﬁFtkﬁmu§h@e S0
sel ect ed based on said averaged signal -to- noise r

tio..63. Th .
denodul at i cRTEEANEE LT FAFREGE Ricihifhame #rE8r %\ﬂrﬁﬁ%iﬁ’l“s%i §epaqldbg| ity

j udgi ng nea r. j uggij rejd ability of the data sequence conpri ses:
error-correggﬁgﬁjhé%gd%%gdhéggg'for performng error-correction decoding

of the data sequencgu@bke’-c¥al frafBKEGIYPIAIN €Phg means for counting
said number of the frame errors in a previously-determined
measuring time; and
weight sequence and data selecting means for
selecting the weight sequence having high reliability and
the data sequence that is demodulated using the weight
sequence so selected based on said counting result of the

frame errors.

60. The demodulation device as claimed in claim 57 or 58,
wherein said reliability judging means for judging
reliability of the data sequence comprises:

error-correction decoding means for performing
error-correction decoding of the data sequence after said
RAKE combination:

likelihood information extracting means for
éxtracting likelihood information that is calculated when
performing the error-correction decoding of each of the
data sequences;

likelihooa averaging means for averaging said

extracted likelihood information for a previously-



CRC bit extracting neans for extracting CRC bits added to said data
sequence; CRC decodi ng neans for decoding the CRC for said data sequence;
frame 'error detecting nmeans for detecting the presence or absenc @8{ 3
frame error based on a decoding result of said CRC, nunber-of -frﬁ Jgrp@r
counting nmeans for counting the nunber of said frame errors in a

previ ously-determ ned neasuring ti mel%2 Kel i hood information extracting
means for 020CT2003 - 144 extracting likelihood information that is

cal cul at ed ;when erformn [1Qr- recijiqn decodi ng of each of the data
sequences;dFH%5W£h%8 5§%¥%ﬁ$ﬁ58m§§ﬂ?1céﬁgveraging said extracted

|1 kel i hood i nf or ML 3RHO0Ts dqRbRYE A~ afERCSHINSCk IRES it | £8R: and

wei ght sequence and ta selecting neans for selecting the weight sequence

havi ng hi gheneld@bhdii tie 4081 ghlte seafuie @S URNEEn § Nt ghsrdenatul i €4 asang
t he wei ght sequencé so sel eCted based on said counted nunber of frane

errors of the matal seyueincat ahadguencdesmaeddlatiell aveiagedhd i kelighdod
information. 64. The denodul ation device as clained in claim57 or 58,
wher ei n sasequanadi ot sglagtad heawdfon padd myerapedbilikegldhoowk dat a

sequence conprises: error-correction decoding neans for perform ng
information.

61. The demodulation device as claimed in claim 57 or 58,
wherein said reliability judging means for judging
reliability of the data sequence comprises:

electric power calculating means for calculating
electric power of each of the data sequences after said
RAKE combination;

electric power averaging means for averaging said
calculation result of the electric power for a
previously-determined measuring time; and

weight sequence and data selecting means for
selecting the weight sequence having high reliability and
data sequence that is demodulated using the weight sequence

so selected based on said averaged electric power.

62. The demodulation device as claimed in claim 57 or 58,
wherein said reliability judging means for judging
reliability of the data seguence comprises:

signal-to-noise ratio(ratio of a signal power to
a noise power) calculating means for calculating a

signal-to-noise ratio of each of the data sequences after



error-correction decodi ng of the data sequence after said RAKE

conbi nation; CRC bit extracting neans for extracting CRC bits added to

sai d data sequence; CRC decodi ng nmeans for decoding the CRC for sai[]dz GIE‘HB[]}
sequence;. franme error detecting neans for detecting the presence or
absence of a frame error based on a diggding result of said CRC

nunber - of - frane-error counting means$ counting 0 2 0 CT 2003 - 145 said
nunber of the frame errors in a previously-determ ned neasuring tine;

el ectric poweridREKEALbD iITRRPSoHOr calculating electric power of each of
the data sequences after said RAKE combination; electric power averaging

means for averagi ngsigndl-ced cuibabeotd sy hvakaldin 'ﬁ%&ﬂéﬁfﬁ#fr for a
ata

previ ousl y-determ ned neasuring tinme; and wei ght "sequence an

sel ecting namm;&gﬁngsbheccamgwﬂ&tﬂmmgmésﬁgqugﬂcgahgy@qgﬂhaghtﬁaﬂég@éjty
and the data sequence that is denodul ated using the weight sequence so
sel ect ed ba¥@&ish £Qr danpmestieislyade termised ame sxnici ngetdges; ehad ric
power. 65. The denodul ation device as clained in claimb57or 58, wherein
said reliability julgrAEGtnS8RueREe) dayl ptaecspdisidt ingomesdns dbox

Sequence CogpN e ing {1 'u?é’iéﬁ%téé’&u%%%%d ré%irlr_leéat rffiél?rrgfifa%rir?_ingy and
the data sequence that is demodulated using the weight

sequence so selected based on said averaged signal-to-

noise ratio.

63. The demodulation device as claimed in claim 57o0r 58 ;
wherein saidrreliability judging means for judging
reliability of the data sequence comprises:

error-correction decoding means for performing
error-correction decoding of the data sequence after said
RAKE combination;

CRC bit extracting means for extracting CRC bits
added to said data sequence;

CRC decoding means for decoding the CRC for said
data sequence;

frame error detecting means for detecting the
presence or absence of a frame error based on a decoding
result of said CRC;

number-of-frame-error counting means for counting
the number of said frame errors in a previously-determined

measuring time;

likelihood information extracting means for



error-correction decoding of the data sequence after said RAKE

conbi nation; CRC bit extracting neans for extracting CRC bits addg§]z§§£2mm
sai d data sequence; CRC decoding neansfforddeco?ing Eﬂe CRC foaczagr
sequence; franme error detecting neans for detecting e prese

abgence of a frame error based on a_d ggdLng result of said CRC, 020CT2003
- 146 nunber--of-frame-error counting nmeans for counting said nunber of
the frame errors in a previously-determ ned mneasuring tine;

si gnal - t o- nekdract ingchi kellatidwd ri&%rﬁlﬁrtlcﬁﬁltﬁlﬂtaﬁ'sna cﬂﬂ%@éﬁt‘?hg%i €
ratio (ratio of a signal power to a noise power) eac a

sequences aPB@fOEmngRQKEGnﬁﬂmnﬁéCﬁﬁﬂnﬂdﬁwbdiﬁgngfsédﬁﬁId¥éﬁﬁ%a&heg
means for averaging the calculation result of sald signhal-to-noise ratio

for a previ 888UWEHEE 8¢ ni ned neasuring tinme; and wei ght sequence and data

sel ecting neans for, selecting weight sequence having high reliability and
the data semﬂyme %ﬁgP'é?Q@ﬁnﬁﬁﬁﬁﬂﬁﬂﬁﬂlﬁgaﬂﬁaﬁmighvemagmngesamﬂ

|l ected b d of .fra errors and said averaged
:?gﬁgl?to ﬁ%lse ré@gﬁ lg% Qﬁﬁ%d&dﬁ%?ﬂ?ﬁé?ﬂc§Q£NﬁnP§¢H&04ﬁ%Mnel

estimating agggiﬂfgeaehgggﬁkfwgr@gh%g(gndreceptlon pil ot signal using a
plurality of weighting

weight sequence and data selecting means for
selecting the weight sequence having high reliability and
the data sequence that is demodulated‘using the weight
sequence so selected basedlon said counted number of frame

errors of the plurality of data sequences and said averaged

likelihood information.

64, The demodulation device as claimed in claim 57 or 58 .
wherein said reliability judging means for judging
reliability of the data sequence comprises:

error-correction decoding means for performing
error-correction decoding of the data sequence after said
RAKE combination;

CRC bit extracting means for extracting CRC bits
added to said data sequence:
CRC- decoding means for decoding the CRC for said data
sequence;

frame error detecting means for detecting the
presence or absence of a frame error based on a decoding

result of said CRC:

number-of -frame-error counting means for counting



sequences and deriving a plurality of channel estimation val ues;
denodul ati ng neans for inputting data sequences and outputting a Blurality

of denodul at ed data sequences using said plurality of channel est dreli(Tol003
val ues; and reliability judgi ng neans for selecting one denodul ated data
by maki ng judgnent of reliability of said plurality of denodul ated data
sequences. 0 2 OCT 2003 - 147 67. Thé4deffodul ati on device as clained in
claim 66, wherein said reliability judging neans conprises selecting neans

for selecti ' n er of the wejght sequences from anong said
plurality o%qav\]gﬂﬁg géeg‘uégﬁgcet%éj%aa%% W%rﬁub‘grfbﬂrer‘é%%V§18qué¢$§@FﬂQ@' of
sai d pl ural ipley; Qg-ggnngﬁ {ed data sequences, and said denodul ati ng neans
performs the Jgﬁodﬁl tiontghsing only said predeterm ned nunber of the

veight  sequences, wWieteaid poadel Ul dgflaRitPmdind NEoyeLaloy FRAYHIES.

were sel ected. 68. The denodul ati on device as almed in any oné

57-67, wher @lechricppostesighatachr oft itke dHbh REEEnERs2 FH¥EF0La14
channel that was parallel nultiplexed together with a data channel I'n
whi ch sai d &XEE segmbad@tiizonont ai ned. 69. The denopdul ation device as
clainmed in any one of clajns 57-67, wherein said pilot signals are tine
mul tipl exed in one ERSMTLE RRVAEr a¥PTIa%HNE Weans for averaging said

calculation result of the electric power for a
previously-determined measuring time; and

weight sequence and data selecting means for
selecting the weight sequence having high reliability and
the data sequence that is demodulated using the weight

sequence so selected based on said number of frame errors

and said averaged electric power.

65. The demodulation device as claimed in claim 57or 58 ,
wherein said reliability judging means for judging
reliability of the data sequence comprises:
error-correction decoding means for performing
error-correction decoding of the data sequence after said

RAKE combination:

CRC bit extracting means for extracting CRC bits
added to said data sequence:
CRC decoding means for decoding the CRC for said data
sequence;

frame error detecting means for detecting the

presence or absence of a frame error based on a decoding

result of said CRC;



sequence. 70. The denodul ati on device as described in claim®69, wherein
sai d channel estimating neans divides the data sequence in the slots of
said channel into a plurality of 0 2 OCl 2003 - 148 data sequenc '
sections, selects piiot signals appropriate for calculating the @ﬂaQHezum
estimation value of the data in each of the data sequence sections, and
cal cul ates the channel estimation val4€ of the data of each of the data
sequence sections by weighting and averaging the selected pilot signals.

71. The denodul ati on device as. clained in an ne of clai 57-67, .
where-in said pil o URRRET L tr aRaT aFFOF FAUNY 1T RETHE T GIHAt kAT

Ceuence. AL S EEREORFcoiRe £ e o Hef Bl S B R R AN D

channel esgﬁ@@ghg ngﬁqgﬁnglvides said data sequence into a plurality of
dat a sequence secfions, selects pilot signals appropriate for calcul ating

t he .channel esti mat4 aIaE@adﬁiééerﬂﬁaéidhfﬁ@ba@ﬁdd“héﬁﬁ@ feaguence
sections, and cal cul d&tes the channel estimation value of the data i n each

of the dat az#bqueaddrsecii sagnaly- ek gbisrg rati avéragiing dfeassliemtad
pilot signals. 73. A denodul ati on nethod conprising: the step of obtaining
N pi eces ofpahanmntd @sidise ppweril efedgh ahdhgedghd sgamnaesragbed t he
pilot signals _using N (N _natural number greater than or equal to 2) sets
said RA combination;
signal-to-noise ratio averaging means for
averaging the calculation result of said signal-to-noise
ratio for a previously-determined measuring time; and
weight seguence and data selecting means for
selecting weight sequence having high reliability and the
data sequence that is demodulated using the weight sequence
so selected based on said number of frame errors and said

averaged signal-to-noise ratio.

66. A demodulation device comprising:

channel estimating means for weighted averaging of
reception pilot signal using a plurality of weighting
sequences and deriving a plurality of channel estimation
values;

demodulating means for inputting data sequences and
outputting a plurality of demodulated data sequences uéing
said plurality of channel estimation values; and

reliability judging means for selecting one
demodulated data by making judgment of reliability of said

plurality of demodulated data sequences.



of wei ght sequences; the step of conpensating data sequence using each
020CT2003 - 149 of said channel estimation values; the step of RAKE

conmbi ning each of the N sets of the data sequences after said 02 OCT.2003
conpensation; and the reliability judgnent step of selecting one set ~of
the data sequences having the highest reliability from anobng the N sets of

the data sequences after said RAKE “c nation. 74. A denodul ati on net hod
conprising: the step of obtaining N (N - natural nunmber greater than or
equal to 2) pieces of channel estimation values by tinme-weighting and
averaging pilot signals using N sets of weight sequences with respect to a

previ ously t er myned .fra of data sequence; the siep.af
conpensat i nget’ herql(}g§ad§§1q en]fzgééﬁél ngFe e]a‘jé‘?‘l g% g%agu% N8 céﬁ’r'ﬂa??dn

val ues; theasdeRiaf RAKE conbining each of N sets of the data sequences
after said conpensation; and the reliability judgnent step of selecting N

(N: natural nunbe;aidd'zﬁ\jli&si;mfy;jhag\miég&teasﬁﬂwiaégiémeait%
reliability fromanong said N sets of the data sequences after said KE
conbi nat i omeadss Eloactsebecthd ng gprefdedatramizesdenambleayicf) the hicigist
reliability from annqg@éhe N sets of the data sequences after said RAKE
conbi nat i orSedRENESS t B efmendHredid splurRligeyyr sobf weAghteiggguences

based on a judgment result of reliability of said plurality
of demodulated data sequences, and

said demodulating means performs the demodulation
using only said predetermined number of the weight
sequences, when said predetermined number of the weight

sequences were selected.

68. The demodulation device as claimed in any one of
claims 57-67, wherein said pilot signals are time
multiplexed in a control channel that was parallel
multiplexed together with a data channel in which said data

sequence is contained.

69 . The demodulation device as claimed in any one of
claims 57-67, wherein said pilot signals are time
multiplexed in one channel together with said data

sequence.

70. The demodulation device as described in claim 69,
wherein said channel estimating means divides the data

sequence in the slots of said channel into a plurality of



sequences i s conducted at regular intervals, and 020CT2003 - 150

throughout a period up to a tinme when said judgnent of reliability is nade
next time, with respect to remaining part of the data sequence, |@2 0
step of estimating the channel, N pieces of the channel estinmation valdgs
are obtained by tinme-weighting and averagi ng the data sequence using the
N sets of the weight sequences; in-saf® step of conpensating, the data
sequence i s conpensated using the N pieces of the channel estinmation

fath sequeltAtaASURBRRE EBRIOMIT | ELechABLLET P Adna T SARRTPRAL Bt

| bi | d f h h
el i abi 1§ (3F9% %%?@&l?fﬁ%%%ﬁ%hg%%éf%sdéierﬁgtéﬁﬂij&%i&%% hkndalo0ce!
The denodul & i Of-AesROEHLASaS LA g%gsaét}hcgé géfée%pgﬁogl% 74nd'BaNelgL 3858 the

reliability judgnment step conpris error-correction

decodi ng t hehglahalseaHenret abhekralidd b RAKke c@abanat eAcHEf ashénNdatEC
bits added to said data sequence; decoding the CRC with respect to said

dat a sequergegquedekesidatgidie py asehghtingabadnaveafagd g e ere bectleadsed
on said denodul ation result of the CRC, counting the nunber of said frame
errors in @ipetvisdgnglget erm ned neasuring tine; and sel ecting the wei ght
sequence havi ng hi gh

71. The demodulation device as claimed in any one of
claims 57-67, wherein said pilot signals are contained in
a pilot channel that was parallel multiplexed together with

the data channel containing said data sequence.

72. The demodulation device as claimed in claim 71,
wherein said channel estimating means divides said data
sequence into a plurality of data sequence sections,
selects pilot signals appropriate for calculating the
channel estimation value of the data in each of the data
sequence sections, and calculates the channel estimation
value of the data in each of the data sequence sections

by weighting and averaging the selected pilot signals.

73, A demodulation method comprising:

the step of obtaining N pieces of channel estimation
values by time-weighting and averaging the pilot signals
using N (N: natural number greater than or equal to 2) sets
of weight sequences;

the step of compensating data sequence using each



reliability and the data sequence that is denodul ated using 020CT2003 - 151
the wei ght sequence so sel ected based on said counting result of the frame
errors. 76. The denpdul ation nethod as claimed in claim?73 or 74, {6 2003
said reliability judgment step conprises the steps of: error-correction
decodi ng the data sequence after said,RAKE conbi nati on; extracting

| i kel i hood information cal cul ated when performng error-correction .
decodi ng of each of the data sequence; averaging said extracted |ikelihood
i nf or mat i onoff saiad prhanned \esteimatiieed v&ageEi;ng time; and selecting the
wei ght sequence having high reliability and the data sequence that is
derpdul ated using the wieghtof RMKEC eomb beirgt eddhaserl BhesH Geveraged
likelihood jnformation. 77. The denodul ation method as claimed in claim?73
or 74, wherblf SR rgeausncas aHtgremaid eponpemsatetonhe astdps of

cal cul ati ng 6|6Ctrifﬁ sequences after said RAKE

ower .of ,each of the data .
conmbi nati on; averag 8 %%ilé&lﬁd%}(imﬁ%gmtt sgepsafoselesting quassetor a
D oot Y 0e" EhE BEBRYY e E 1RG" £ndhS Gt T 1EHIN oF Fom®
among the N sets of the data sequences after said RAKE

combination.

74 . A demodulation method comprising:

the step of obtaining N (N: natural number greater
than or equal to 2) pieces of channel estimation values
by time-weighting and averaging pilot signals using N sets
of weight sequences with respect to a previously-
determined number of frames of'data sequence;

the step of compensating the data sequence using
each of said channel estimation values:

the step of RAKE combining each of N sets of the
data sequences after said compensation; and

.the reliability judgment step of selecting N' (N°:
natural number; N'<N)} sets of the weight sequences having
high reliability from among said N sets of the data
sequences after said RAKE combination and selecting one
set of data sequence having the highest reliability from
among the N sets of the data sequences after said RAKE
combination,

wherein the selection of said N’ sets of the weight

sequences is conducted at regular intervals, and



reliability and the data sequence that is denodul ated usi ng 020CT2003 - 152
the wei ght sequence so sel ected based on said averaged electric power. 78-
The denodul ation nethod as clained in claim73 or 74, Wherein-saiﬁlzm‘..l2
reliability judgnent step conprises the steps of: calculating a 003
signal -to-noise ratio of each of the data sequences after said RAKE

conbi nation; averaging the cal cul ati okf*@esult of said signal-to-noise
ratios for a previously-determ ned neasuring tinme;, and selecting the

i gh havi hi gh . iabilit 1d t he dat ] € t hat
Gomadul at S TP HEROS BePREoGhaionts Sotddieiatnpassd didanantycpaged
' | -t 0-nQj i 79, T d | ati t_.hod lLai med i |l aim 73
or 074 ndrafabin b s vt fe  SPRR rame B h nepegt” e r?eingqémegg
f ] = ' ' fa t n er sai RAKE
Conbi nat | oA eg OEcFRECHRR FEERME 140 Eatd Sreb Be RERaa Mt fagohhy " he
CRC with I e hell 0 g cbg@&éssgqu%;cr}&elgﬁlg?_t Eﬁ%%ﬁs%%gé gg.%ence

of a frame error based on said decodi ng _ counting Said
nunber of tdietdined byrioide-red gt Bivg QuUsd wviatay ith §ach Serstls isiyieABe 0 2

0 CT 2003
using the N’ sets of the weight sequences; in said step
of compensating, the data sequence is compensated using
the N’ pieces of the channel estimation values; in said
step of the RAKE combination, each of the N’ sets of the
data sequences after the compensation is RAKE combined:;
and in said reliability judgment step, one set of the data

sequence having the highest reliability is selected from

among the N' sets of the data sequences.

75, The demodulation method as claimed in claim 73 or 74,
wherein said i‘eliability judgment step comprises the steps
of:

error-correction decoding the data sequence after
said RAKE combination;

extracting CRC bits added to said data sequence:

decoding the CRCwith respect to said data sequence;

detecting the presence or absence of a frame error
based on said demodulation result of the CRC;

counting the number of said frame errors in a
previously-determined measuring time; and

selecting the weight sequence having high

reliability and the data sequence that is demodulated using



- 153 extracting likelihood information that is cal cul ated when
performng error-correction d decoding of each of the data sequences;
averagi ng said extracted |ikelihood information for a 03
previ ousl y-determ ned neasuring tinme; and selecting the weight sg&Jgﬂgg
having high reliability and the data fgﬂuence that is denodul at ed using

t he wei ght sequence so sel ected based said measured nunber of the franme
errors of the plurality of the data sequences and said averaged |ikelihood
i nformatio 80, .The. d | O t chaj ' Lt.her  of ¢l.aj 73
or 74 whePBen Aol Otr o R b R BBan bTEY, ofl Bl o funEuid”
error-corr ' odli L d.d uences after said RAKE conbi nation
extracti ng§%§éq& ?@faggé%g ftsgé@gi aotslgsq'sequence; decoding the CRC with
respect to said data sequence; detecting the presence or absence of a
frame error based on the decoding result of said CRC, counting the nunber
of said frage erfahesdemciiubaeibouatyhdel asn:hadmeehiw chgim #8; or 74,
calculating electric power of each of received data sequences after said
RAKE conbi wheirein sackdgieniahdlddly jhdoment ehagp compid ges| taers Eepgover
for a previously-determ ned neasuring tinme; and selecting the weight
sequence h&¥i*ng high D 2 OCT 2003 - 154

error-correction decoding the data sequence after
said RAKE combination;

extracting likelihood information calculated when
performing error-correction decoding of each of the data
sequence;

averaging said extracted likelihood information
for a previously-determined measuring time; and

selecting the weight sequence having high
reliability and the data sequence that is demodulated using
the weight sequence so selected based on said averaged

likelihood information.

77. The demodulation method as claimed in claim 73 ox 74,
wherein said reliability judgment step comprises the steps
of:

calculating electric power of each of the data
sequences after said RAKE combination;

averaging the calculation result of said electric
power for a previously-determined measuring time; and

selecting the weight sequence having high

reliability and the data sequence that is demodulated using



reliability and the data sequence that is denodul ated using the weight
sequence so sel ected based on said nunber of frame errors and said
averaged el ectric power. 81. The denodul ati on nmethod of as clained in claim
73 or 74, wherein said reliability judgment step conprises the [5?8pF2003:
error-correction decodi ng said data sequences after said RAKE conbination
extracting CRC bits added to said data58equence; decoding the CRC with
respect to said data sequence; detecting the presence or absence of a

frame error a th decodln resylt count.i ng the nunber
of S&Hﬂff&ﬁ%g % éb s %ug? iﬁﬁqﬁ%eﬁaﬁﬁgziqrﬁP%ﬂm@v%%PEQQH|ng
a signal - tg;pehse L ? each of the dat a sequences after said RAKE
conbi nati on; "aver agl culation result of said signal-to- noise ratios

for a preV|oust- detern1ned measuring tinme; and selecting the weight
sequence having a high reliability and the data sequence that is

dermodul at ed78i-t h Theedembdhil HEDHIE ML 5640 S8 L LThndasHd &Ihiﬂﬂemlﬁ"i?e’m of
said frame errors and said averaged signal -to-noise ratio. 82.

denodul at i owheweliodsaeddhrediimd thet gt ppdgoént sxtepfﬂ:omgramam\teteagdﬁ‘éb@l | ot
signals using a 020CT2003 - 155 plurality of weight sequences to obtain a
plurality oPf:channel estimation val ues;

calculating a signal-to-noise ratio of each of the
data sequences after said RAKE combination:;

averaging the calculation result of said
signal-to-noise ratios for a previously-determined
measuring time; and

selecting the weight sequence having high
reliability and the data sequence that is demodulated using
the weight sequence so selected based on said averaged

signal-to-noise ratio.

79. The demodulation method as claimed in claim 73 or 74,
wherein said reliability judgment step comprises the steps
of:

performing error-correction decoding of the data
sequences after said RAKE combination;

extracting CRC bits added to said data sequence;
decoding the CRC with respect to said data sequence;

detecting the presence or absence of a frame error
based on said decoding result of the CRC;

counting said number of the frame errors in a

previously-determined measuring time;



deriving a plurality of denodul ated data sequences froma data sequence
using said plurality of channel estinmation values; and sel ecting one

out put data sequence by making judgnent of reliability of said plﬁrﬁ#%%%
of derpdul ated data. 83. The dermpdul ation method as clained in cl 8 ,M
wherein, based on the judgnent resultégﬁ1reliability of said plurality of

denodul at ed data sequences, a predet ned number of wei ght sequences are
selected from anong said plurality of weight sequences, and after the

sel ection, denodul agkppaliil rﬂiﬁ@l%ﬁ%dﬁ gﬂﬁéfh%}igﬁﬂﬁﬁgﬁﬁgﬁfight

sequences is perforned. 84. e denodul at1 on od as clarme n any one
of clains 8183 lated aities Pl PbrAting ardtlor HEr+bA® i td ' a
control channel that is pargjllel nulnﬁ pl exed togﬁ%ﬁg%dﬁtbhatgkgﬁg‘g%%%ﬁ
channel in @achh ofiithe ddadaserpmercies ;cont ai ned. 85. The denodul ati on
met hod as claimed in any one of clainms 73-83, wherein said pilot signals
are time nultipl ex®@@eragdnehe ahdngait nagfedel iketllilsadd dafarrserience
20CT2003 156 86. The, demodul ation nethod as clainmed in claim85, wherein
sai d step()OESﬁlﬂﬁ?Yﬁoﬁggﬁﬁd%ﬁeﬂmép&gsWﬁﬂ%ﬂﬁaﬂa tdmpienaadin the slots

of said channel int rali of .dat.a sequence sectjons, selects pilot

si gnal s appropriatéﬁafegkida tHe weld%t seq ence:%av1ng high
reliability and the data sequence that is demodulated using
the weight sequence so selected based on said measured
number of the frame errors of the plurality of the data

sequences and said averaged likelihood information.

80. The demodulation method as claimed in either of claim
73 or 74, wherein said reliability judgment step comprises
the steps of:

error-correction decoding said data sequences
after said RAKE combination:

extracting CRC bits added to said data sequence:

decodingtheCRCwithrespecttosaiddatasequence:
detecting the presence or absence of a frame error based
on the decoding result of said CRC:

counting the number of said frame errors in a
previously-determined measuring time;

calculating electric power of each of received data
sequences after said RAKE combination:

averaging the calculation result of said electric
power for a previously-determined measuring time: and

selecting the weight sequence having high



for calculating the channel estimation value of the data of each of the
dat a sequence sections, and cal culates a channel estimation val ue ﬁf t he

data of each of the data sequence sections by weighting and averag a&tﬂﬂﬁﬂ
selected pilot signals. 87. The denodul ati on method as clainmed in any one
of clains 73-83, wherein said pilot §%gngls are contained in a pilot
channel that was parallel nultiplexed together with the data channe
cont ai ning said data sequence. 88. The denodul ati on nmethod as clainmed in

claim87, wedricinisaid sherhd datid saguRG ce thatnek dbrbdes seed (¥ dg
sequence into a plurality of data sequence sections, selects pilot signals

appropri at e ther waightasegmerne: sbaspdlecisstd bated val usa D hemoked aoFEN
each of the data sequence sections, and cal cul ates the channel estimation
val ue of th&Irdme @Frezsh and t$ridapyegmgadcelectiriionspowerwei ghting and
averagi ng the selected pilot signals.
81. The demodulation method of as claimed in claim 73 or
74, wherein said reliability judgment step comprises the
steps of:
error-correction decoding said data sequences
after said RAKE combination;
extracting CRC bits added to said data sequence;
decoding the CRC with respect to said data sequence;
detecting the presence or absence of a framererror
based on the decoding result of said CRC;
counting the number of said frame errors in a
previously-determined measuring time;
' calculating a signal-to-noise ratio of each of the
data sequences after said RAKE combination;
averaging calculation result of said signal-to-
noise ratios for a previously-determined measuring time;
and
selecting the weight sequence having a high
reliability and the data sequence that is demodulated with

the weight sequence so selected based on the number of said

frame errors and said averaged signal-to-noise ratio.

82. A demodulation method comprising the steps of:

weighting and averaging pilot signals using a



020CT 2003

- 155 -

plurality of weight sequences to obtain a plurality of

channel estimation values;

deriving a plurality of demodulated data sequences
from a data sequence using said plurality of channel
estimation values:; and

selecting one output data sequence by making
judgment of reliability of said plurality of demodulated
data.

83. The demodulation method as claimed in claim 82,
wherein, based on the judgment result of reliability of
said plurality of demodulated data sequences, a
predetermined number of weight sequences are selected from
among said plurality of weight sequences, and after the
selection, demodulation through the use of only the

selected weight sequences is performed.

84. The demodulation method as claimed in any one of
claims 73-83, wherein said pilot signals are time
multiplexed into a control channel that is parallel
multiplexed together with the data channel in which said

data sequence is contained.

85. The demodulation method as claimed in any one of
claims 73-83, wherein said pilot signals are time
multiplexed into one channel together with said data

sequence.
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86 . The demodulation method as claimed in claim 85,

wherein said step of estimating a channel divides said data
sequence in the slots of said channel into a plurality of
data sequence sections, selects pilot‘signals appropriate
for calculating the channel estimation value of the data
of each of the data sequence sections, and calculates a
channel estimation value of the data of each of the data
sequence sections by weighting and averaging the selected

pilot signals.

87. The demodulation method as claimed in any one of
claims 73-83, wherein said pilot signals are contained in
a pilot channel that was parallel multiplexed together with

the data channel containing said data sequence.

88. The demodulation method as claimed in claim 87,
wherein said step of estimating a channel divides said data
sequence into a plurality of data sequence sections,
selects pilot signals appropriate for calculating the
channel estimation value of the data in each of the data
sequence sections, and calculates the channel estimation
value of the data of each of the data sequence sections

by weighting and averaging the selected pilot signals.





