24 JANUARY 2006 -1 SPECI FI CATI ON 5 TRANSM SSI ON PONER CONTROL DEVI CE AND
METHOD, MOBI LE STATI ON, AND COMMUNI CATI ON DEVI CE | N M2BIARUODKRAdS CATI ON
SYSTEM FI ELD OF THE | NVENTI ON The present invention relates to transm ssion
power control devices and nmethods, 10 nobile stations, and comuni cation
devices in nobile conmmunication systens, -and, nore particularly, to a
transm ssi on power control device and nethod by which transm ssion power
control is performed on the transm ssion power of a nobile station that
perfornms 15 wirel ess comruni cati on wePRCArarmioky of base stations in a
nobi | e conmmuni cation system and a nobile station and a conmuni cation

device in the nobile communication system The present invention also
relates to a transnT%%NéNI§éMk?NC%QWEBIC@@ﬂﬁﬁHJZ@EﬁﬁéEdévﬂbéW%?HQﬁpch

transnlsslon DSMBF CO?@?%&LESST@QWEQJ”BQN@“C@QﬂdNﬁﬁKﬁﬁéﬁlQﬂgﬁQﬂﬁr ?f a ‘h
communi cat i evice that perfor ansni ssion_and reception w
anot her %hunlcation devif gﬁg%gﬁhﬁgﬂﬁﬁiNgFéﬁgﬁp%§?%%T§§ power contr ol
infornatlon that is determ ned based on reception signal quality and is to
be used in a tg@gigi§§jggﬁgoggggﬁgqééPl operation in the other

conmuni cati on . THE | NVENTI ON Japanese Lai d- Open
Patent Application No. 9-B196D9earsd ddesent iePha¢lsttedntPol | ing

transm ssion powansm&,ssmr{ Ib@nd@vgron&rmle%eo&c@s @mlﬁeﬁhawson t hat

performs r 0 CcOo nlc ti,on 35 wt | ural i se, stations in_a CDVA
Tobi Lo comuni GaPTAR SHAEH T BBR0RATRLL bE th B S5 Tanen S8 S Pover 24
JANUARY 2006 2commun1catlon systems, and, more particularly, to a
transmission power control device and method by
which transmission power control is performed on the
transmission power of a mobile station that performs
15 wireless communication with a plurality of base
stations in a mobile communication system, and a
mobile station and a communication device in the
mobile communication system. The present invention
also relates to a transmission power control method
20 and device by which transmission power control is
performed on the transmission power of a
communication device that performs wireless
transmission and reception with another
communication device and transmits transmission
25 power control information that is determined based
on reception signal quality and is to be used in a
transmission power control operation in the other

communication device.

30 BACKGROUND OF THE INVENTION
Japanese Laid-Open Patent Application No.

9-312609 discloses a method of controlling
transmission power in a soft handover process of a
mobile station that performs radio communication

35 with a plurality of base stations in a CDMA mobile
communication system.

In accordance with this transmission power



control nethod, each of the two base stations that are to receive signals
fromthe nobile station neasures the signal-to-interf 24 BACEARY 296n0i Se
power ratio (hereinafter referred to as the "reception 5 SINR', and
generates transm ssion power control bits (each of which represents a power
increase or a power decrease) so that the reception SINR approaches a
target SINR. The transm ssion power control bits are then transmtted from
each base 10 station to the nobile station. The nobile station neasures the

reception Sl NRcwinthr Jiespeehotio @aeh i giieé twanshistd ede d £ oshthentwo base
stations. Regardi %%the recepti,on Sil Nprof egﬁh ba%e lstat' on. as t he
reliability |e?é&F dach-t¥ an8mi*dsioh powtr “18 &6Ftrol HrE“tPAnsnitted from
t he correspondinrgshase that sognatlhaenvbiterSeacnor performsiaet pansm ssi on

power control ogenali ok £ ROWRL 1 NAIRASLNY +QPELALHAN, « A POYRY odecr easi ng
operation, or a %ower mal nt enance operation) based on the transm ssion 20

power contrbl BIf'& tr #Tsthi YEBATAGH dacin Pases 1ePafiviEr MrRtEpecPritEal |y,

if the recepti gaa@hNR f cfh DaR ekpirhe dase stpbwers incmwpuad 60 ar | ower

than a predeterm ned referen lLevel, the 25 fransm ssi ower control bits
transmtted frg?%htehre({ Calgeeasé%gt F%neca{iraet righg%rﬁgﬁegs luor?r_esiofl}_\}i |l e and therefore
are ignored. |aspegad . ches ransargsitord INjower Toentren soper st dwnpoESFoner

increasing opekrati QN afi s PQVRr +¢RG 6as gy PPeLat irfen isa 30 Bgkkor med based
on the transm ssi on power contro bits transmttg?‘d fromthe other base

) |,
station. Y t A& ECEDtTONTSENBS Lo ot balR - st Ao ke efhar 1 9% or
| ower than thempredetesr niinedreeketdroe 3 BVRI ywithhe etsipartstn ssi @acphower

control bits fgomhath base, 35 shatdons are tegarded as yuweliable, and the

current transm Ssion power is maintalned regardless ose transm ssion
power control BPE&rdimg heheeE8FEPHH 22U JANUARY 2608 P:se statlon as

the reliability level of each transmission power

15 control bit transmitted from the corresponding base
station, the mobile station performs a transmission
power control operation (a power increasing
operation, a power decreasing operation, or a power
maintenance operation) based on the transmission

20 power control bits transmitted from each base
station.

More specifically, i1f the reception SINR
of one of the base stations is equal to or lower
than a predetermined reference level, the

25 transmission power control bits transmitted from the
base station are regarded as unreliable and
therefore are ignored. Instead, a transmission
power control operation (a power increasing
operation or a power decreasing operation) 1is

30 performed based on the transmission power control
bits transmitted from the other base station. If
the reception SINRs of both base stations are equal
to or lower than the predetermined reference level,
the transmission power control bits from both base

35 stations are regarded as unreliable, and the current
transmission power is maintained regardless of those

transmission power control bits. If the reception



SINRs of both base stations are higher than the predeterm ned reference

| evel , a transm ssion power control operation is perfes4mUARE2W60N such
transm ssi on power control bits as to decrease the 5 transm ssion power. By
t he above transm ssion power control nethod, a transm ssion power control
operation is perforned at the nobile station in such a manner that the
transm ssion power is reduced based on the 10 transm ssion power control
bits having the higher reliabilities anong the transnm ssion power control
bits transm tt%@l\fﬂ’@%ﬁalﬁbtba@%s?é atPpiodbusre efifjred entnbnans@ ssion power

control can beplsp forrre n\M@ ga reason bI e.co ni cation _qual i %}/ 15 | evel
i s maint ai ned. P& Hobi T §HaticdT pett or ng ¥ titi fumTrHt & 3B PTY Tn t he
reception Sl NRsomsasuf edpartlionespeaqiet bothedbase est atnt omgcho obtain a
conposi te Sl NRyBaseds 000 hhg oGIPesid €r Sl NBthtsh%ser:QJ | f 2D-g5A1L ILQN

generates and transmits transm ssion power control bits to each base
station. Based [GR*IR ST ARASRPESTon power control bits transmitted from the
nobi |l e station, each basesgt ahicornerd Otﬂsnamltsrsa.rmsmp&m@ﬂ powerrccont r ol

operation. 25 In thhed abgvg 5%%”%”5155150'@” 8‘9"‘% c%%q:trro Oog%rlﬁlt 'o%” at a nobi | e
station in a nob |tl comuni cation sy t® he “r'ecepti RO0f 'dach base
station is reg@ﬁde‘@l%f@edeﬁtabh@ Hmle]deoﬁt@héont rl@nﬁﬁ@sl@nmpém@rr cont rol

bits transm ttegfdomd h@r§Qs§1qrsrsels:npqswgrba§er%rda}dém pbdougven, ttkhee
reception SINR is measured based on a al

he nobile statio
transmitted fr Grﬁaé’aséﬁ%%ls%nsig&f’le&n caﬂré%robePf‘BFnE‘ﬁd%ht%etPéﬁg 'ssi on
power control repedreiibhntasst amramq]ttahm thensingaallqunmenncaﬁtopmdl ity (the

conposi te S| NRj, , s d&ﬂgmetgaveér g};@bl & 3haldon. Bpgause of this,
t he reception SINR does not necessariT y reflect the true 24 JANUARY 2006 -4
eff1c1ent transmission power control can be ‘

performed while a reasonable communication quality

15 level is maintained.

The mobile station performs maximum-rate
combining on the reception SINRs measured with
respect to the base stations to obtain a composite
SINR. Based on the composite SINR, the mobile

20 station generates and transmits transmission power
control bits to each base station. Based on the
transmission power control bits transmitted from the
mobile station, each base station performs a
transmission power control operation.

25 In the above transmission power control
operation at a mobile station in a mobile
communication system, the reception SINR of each
base station is regarded as reliable, based on the
transmission power control bits transmitted from the

30 corresponding base station. However, the reception
SINR is measured at the mobille station based on a
signal transmitted from each base station also
performing such a transmission power control
operation as to maintain the signal reception

35 qguality (the composite SINR) at a certain level at
the mobile station. Because of this, the reception

SINR does not necessarily reflect the true



conditions (such as the fading condition and the distance) of the electric
wave transm ssion path between the nobile station and2¢edEWUARE2008t at i on.
Particularly, in a soft handover process, the 5 conditions of the electric
wave transm ssion path between the noving nobile station and each base
station constantly vary with time. Therefoge, it is preferable to take into
consideration the true conditions of the electric wave transm ssion path in
10 a transm ssion power control operation at the nobile station. In this
manner, the trajb%faﬁﬁi@ﬂquwrcratast@ﬁeneaallagstoaid@ﬂtg@ﬂ badreduced, while

the predeterm ned co ni_cati.on ty is_maintained. Conventiqgnally, a
nobi | e station ‘{dl‘rfdtaanggg s& %t a? Jtlf}rggt "Be¥ o rrﬁr}safﬁlﬁ)sf'f)gngr‘?ltgéi on and
reception of sibgrtatsen theeatoibldtdwestamancam ol | lwa senABAItdAtn on system
each control the I@&‘?Q‘ci oqrp%of@ Baﬁdfo@'élowwcgggnertheﬁe mobi | e

station neasures the sig to- interference plus noisé power ratio
(herei naft ef rcéjfféﬂ”éﬁoflé 8§ ttH'lée "erje%‘ébﬂﬁnwglvﬂ?t)r%%fhlFééﬁé‘ctpatfd'l each
reception si gn&leﬁx,reoérmthEebals;erlsigatm@mllandtartagﬁf dsnd heacrceptsicon SI NR as

the reception S|tgancalonqgg tt%gltﬁﬁs \EI Qn th% dlfferenc;fahbgt\@/gen thle 25

reception SINR®@nd @'targ e ndbiFe ¢t on Generates
transm ssi on pmfe;mblal thi tte Keakht of consilcle negprasehs arpewer i ncrease

or a pover de®ase)iodbecRiHe stationct hard ransiitssthen tANsM ssion
power contrgl blts (transm,ssion power 30 control |nformat|o§) to the base

station %Et%%fi“bﬁs&Bﬁt PAE T heC R FAASNCRG Gh- power baSed It he
transm ssi on pcsvmtmmt rofnbitths s traamsat { t ed of rt(rrartshmmbohepswn ot while

neasuring the siecepli one SR Wigh L £5PEG! (LA Leach ragepLioae35 signal from

t he nmobil e statl on, Based erence between the reception SINR and
a target S| NRPIGHE BasBisegt COTYENeF &t &8Nt AdRdRi 95| bh PBWBI 224 STANUARY

2006 -5 Conventionally, a mobile station and a
15 base station that perform radio transmission and
reception of signals with each other in a CDMA
mobile communication system each control the
transmission power in the following manner.

The mobile station measures the signal-to-

20 interference plus noise power ratio (hereinafter
referred to as the “reception SINR”) with respect to
each reception signal from the base station, and
regards the reception SINR as the reception signal
quality. Based on the difference between the

25 reception SINR and a target SINR, the mobile station
generates transmission power control bits (each of
which represents a power increase or a power
decrease). The mobile station then transmits the
transmission power contrcl bits (transmission power

30 control information) to the base station.

The base station controls the transmission
power based on the transmission power control bits
transmitted from the mobile station, while measuring
the reception SINR with respect to each reception

35 signal from the mobile station. Based on the
difference between the reception SINR and a target

SINR, the base station generates transmission power



control bits, and transmts the transm ssion power control bits to the
nobi |l e station. The nobile station generates the tran2dASHARY Po¢er control
bits to be transmtted to 5 the base station, as described above, while
controlling the transm ssion power at the nobile station based on the
transm ssion power control bits transmtted fromthe base station. By the
above transm ssion power control 10 operations at the nobile station and
the base station, the transm ssion power at the nobile station is
controll ed so tdhatttbe bpeceptiand StNRnhamithke dasec sdatinon sdppr gaohes t he
target SINR Al e, transm ssi on [ t.he base station is 15
con'?rol |l ed so t Cgr%tfég Péggsptsgl’gonﬁé%hﬁggﬁtehgsttﬁn%?lg station approaches the
target SINR Even if ther&@haamokhbagésaitdorhagadwidd t¢dnshesuch as the

distance and thesfadingicendidion)cohtthe @iadd rie Maverahansissi s path
bet ween the_nobile station and the 20 base,%tsezqtl n, the glle station and
the base sPatidh cAASHerfGrm¥igndf EFEASH @hd: VEéeftion with a

stabl e recepti apstgoal igyaltity, trousmisshont powecessatliet masiiiessi on power
consunpti on, bysgilt.eig‘golégsteroaméﬁ op, RRWAS; GO Qo &n QRGRAII0NS; « Yhen

t he above transm sSion power contro operations are properly perforned at
the nobile statidnSBAGEHe e BhatPeAe SdcH rT¥teption SINR at  the nobile

station and the base stat @@n_ﬁﬂ@qb@b@stggn\@iﬂimsm@nr}ebatairveloyltrlaﬂ ow range,

with the target SINR. being.in.the nmddle i.ch is shown as the "NORVAL"
region in {)G %?r?g\%@\?gr%te\r}cehne WheR Re S tabovE! tal"%%s gs%@ﬁepower control

operations are spropenly ther floranesni s héonepeptdon S| NRe ningbtl 1835 cont i nuousl y

decrease and mve; evey fikomdhie-d 8T 98t soSkNRt ash ShovpepRibhe sTARNQRVAL"

region of FIG 20. The reasaons of the conti n%ous decr ease_of recegti on 24
JANUARY 2006 _§he base station approaches the target SINR. Also,

the transmission power at the base station is

15 controlled so that the reception SINR at the mobile
station approaches the target SINR. Even if there
are changes in the conditions (such as the distance
and the fading condition) of the electric wave
transmission path between the mobile station and the

20 base station, the mobile station and the base
station can perform signal transmission and
reception with a stable reception signal quality,
but without unnecessary transmission power
consumption, by the above transmission power control

25 operations.

When the above transmission power control
operations are properly performed at the mobile
station and the base station, each reception SINR at
the mobile station and the base station fluctuates

30 within a relatively narrow range, with the target
SINR being in the middle, which is shown as the
“NORMAL"” region in FIG. 20. However, even when the
above transmission power control operations are
properly performed, the reception SINR might

35 continuously decrease and move away from the target
SINR, as shown in the Y“ABNORMAL” region of FIG. 20.

The reasons of the continuous decrease of reception



SINR are considered as follows. In a case where the reception SINR at the
nobi | e station keeps decreasing, the transm ssion powat JANBARDROGper ati on
based on the transm ssion 5 power control bits generated fromthe nobile
station is not properly performed at the base station. One of the reasons
of this is that the reception quality of_ghe transm ssion power control
bits transmtted fromthe nobile station through the uplink is not 10
adequate at the base station, and, as a result, a transnm ssion power
control operatisrnnbased @ansd_icfé‘]_eé@nésvabmeswfsr_omthe vaI ues repr esent ed by
the transm ssion power c?ntrol bits ener%tned froem g? Ie Stat tion is
performed at the base sta o, Classel'he atise of tetﬁsp BI m T es) de% Fn that
the transm ssimoybpbses tetnmolkefes aléoneat inige rftdqulérastsaltuS@mon

transmtting transm SébH'ErBQ""‘?Jp&PQHQh BLkgd ich Noie ”@Egﬁé% slg4 Jpgr for med

in such a manner as to mnmaintain the reception quality of the transm ssion -
20 power coftr OB sCARtE Pr &dcteraenedaqadl ity ™ evef mabitke stk et ati on.
I n the above sifdiatié®nprbberneceaepit bormgdakict yhef Eﬁdﬂﬁetﬁaﬁsmo&SI orompewer

control bits tr mtted fromthe base, statiqn eterl LAt 2 t he
mobi | e station Odfagt 9 fﬁ%saél%r é)aget% gtfﬁe %Krhg%ep ion PS‘? f% lthe
station. As a rasuthe tapnpmirsepan tPanshi §§m¢r¥0dovmt%ohrﬁ@|smﬁéwd| onis

perforned at tfterdnpbtrhs abatilan.sei s Eh@obmrqn% tpangpi 8 g Pover
control Opfl‘atl the 30 rgﬁep%leson qual i t%/1 of e transn ssi.gn power
control Vs LR tEed T Trobrf BT8P at PG det @r 7 of 568 Tt athe base
station. Furthermorenisséont pdweer detet rol abberadfi¢hebagedpbinon qual ity of
the transm SsiOf OV . CoaLiQls DidnatnlnG Base SIgi00en da B s ssion

power control operation is not properly performed at se station,
resulting in & HarihessHesr @25 OfCRer P acBptiSory S Nre et hE %4 LINUARY

2006 -7 mobile station is performed at the base station.

15 The cause of this problem resides in that the
transmission power control operation at the mobile
station transmitting transmission power control bits
is not necessarily performed in such a manner as to
maintain the reception quality of the transmission

20 power control bits at a predetermined quality level
at the base station.

In the above situation, the reception
quality of the transmission power control bits
transmitted from the base station deteriorates at

25 the mobile station due to the decrease of the
reception SINR at the mobile station. As a result,
an improper transmission power control operation is
performed at the mobile station. Due to the
improper transmission power control operation, the

30 reception quality of the transmission power control
bits transmitted from the mobile station
deteriorates at the base station. Furthermore, due
to the deterioration of the reception quality of the
transmission power control bits at the base station,

35 a transmission power control operation is not
properly performed at the base station, resulting in

a further decrease of the reception SINR at the



nmobile station. If this situation continues, the conmunication between the
nobi |l e station and the base station m ght be term nat 2dJANUARY 20446 a
conventional CDVA nobile 5 communi cation system a base station and a nobile
station performtransm ssion and reception of various types of information
(such as the information as to inherent spread codes to be used, and the
information as to the signal format of each 10 individual channel) through a
common control channel, before a start of information data transm ssion

bet ween the basgoistiaéi enraandf he mbbthesskatiuetiodr ansAisSIedn afider ecepti on
of signals in a redeternlned fornat ar then erfo d throu a5
|nd|v?dual chanfr@lSUaaf&rmiched Dated  of Fhe 5%00% ségglous t)flgg:sl1 of

i nformation, sdmaset@tegu@m|mﬂgh@|©ﬁategwn@hﬂ6ﬁizatlon bet ween the two

stations. The process of pastabi shi @gn§)égq,_t1roqlrglzaém@ﬂ ey ihe carried out
t hrough the procedures shown in FIG 21. 20 As shown in FIG 21 a base

station 200° stHTRUE+SASHCSS| D bF M s| @nQF@ 5 ' ot @UeR BANPNEP B ¥ 17 mat
(downlink transstission) p(e@)for'ﬁhetsalgﬂthsllbn tarel doswepokotr afsm ssi on

contain transm\;grt ogugoxtgﬁhescogﬁgroljlfg%gtgor an(ssr{]csﬁlgg Qg\é/er contr ol

i nformation 25 represen OwWer [ ncrease or a power decrease) that
exhibit a predet @rtfh@tpéﬂt éran. t% hobeFentssbent 100dper tor e used,

synchr oni zatl Omndi that kafofiat ide skgnal shfe amddel basemstatd o200 ((2).
Through sync roni.zation ini tgatl ﬁf)m nchroni zation i s 30 establ | shed

(downl i nk ync Ut At Pen &rHBHT Sh (2 AR oA RN AR e,
est abl i shnent dcfefcslyeachremazai ioh, it hermebiiloe staata onraﬁemStsamcm

transm ssion of éﬁ@@@bsth@ 3 Jyedet et mhped (ORIl ndwyphLnk cLransm ssi on)
((@, while perform ng a 35 transm ssion power control operation based on

the transni ssi'OfpoRersSéent ratd bfSCPRaPefhi KitIRMeS pPedet er mi ned
pattern. 24 JANARY28001in8d format are then performed through

15 individual channels determined based on the above
various types of information, so as to establish
signal synchronization between the two stations.

The process of establishing synchronization may be
carried out through the procedures shown in FIG. 21.

20 As shown in FIG. 21, a base station 200
starts transmission of signals in a predetermined
format (downlink transmission) (D). The signals in
the downlink transmission contain transmission power
control bits (transmission power control information

25 representing a power increase or a power decrease)
that exhibit a predetermine pattern. A mobile
station 100 performs synchronization initiation for
the signals from the base station 200 (®). Through
the synchronization initiation, synchronization is

30 established (downlink synchronization establishment)
(®). After confirming the establishment of
synchronization, the mobile station 100 starts
transmission of signals in a predetermined format
(uplink transmission) (@), while performing a

35 transmission power control operation based on the
transmission power control bits that exhibit the

predetermined pattern.



The base station 200 perfornms synchronization initiation for signals
transmtted fromthe nobile station 100 ((c)). ThrougR4 #AUARY AWAr oni zat i on
initiation, synchronization is 5 established at the base station 200 (uplink
synchroni zati on establishnent) ((c)). A certain period of tinme is required
fromthe start of signal transmssion ((ck)l fromthe base station 200 till
the establishnent of uplink synchronization ((c)) at the 10 base station
200. In the above process of establishing synchronization, the transm ssion
power control operation athd heaf,r@bisltets_toa{im 1@Qrﬁaymbe performed as shown
in FIG 22. 15 |ni thalolnylzathleorpalsg %E.%ttll%n need Start dﬁ@nl i nk
transmi ssi on whi¥ 8 hot réceivi ng signal’s romt i I e StHET o TSO (see
(D of FIG 21)frdnetékommbihe baseisnatliocan B0 tralﬁsmtlgh tthansm ssi on

power control bé%ﬁchl}}%tnlrz%l@crfcﬁ?nin@t@gtﬁ%tteré&r@éh@oﬁ%%tt@fgn poyer increase
(a pattern only ~consistin a%tlts of "1") as the signals. After
Ilﬁ’ﬁﬁt f

confirm ng Phe e8taBris RBWRRFAK S tsafrﬁﬂﬁo%@gat PBllrl(“(}ﬂ of FIG 21),
the nobile Statégﬁchlr@@xlsztaafﬁcsn|@§E§B§|1r$gm{ehﬁ:trm SSh OBep@WEm at time 25

tl for the uplin n%rp sﬁagelrjlaf% g (leq,w vagﬁe%n'([3 o gggrocf FtJG 2121 The

nobi | e station 100 the gra creases ransSm Ssi on po fLr om an
initial val ue P&de‘sanmsrie:dl f ¢{@m afztcrrans}’réssiaele lsosstiom 206 Itiike, thne

seco sance, 1 bysastathssion s Bew R Al gkt @ b ne-

The transm SI on go ontr% iy
transm ssi ¢ cBﬁtat Q%"i's much shorter than a tine required for
est abl i shing synchronl zat ilon Pet weenveheroglsEide @65 ssatbdn stih@and t he base

station 200. Th@&ﬁ&ﬁ&emz%%eoﬁ hetﬂéaee%%%%lp&w%o@eetr@ wal ye reaches
t he maxi mum val ue Pmax in the transmni ssion power 24 JANUARY 2006 -9
operation at the mobile station lOO may be performed

as shown in FIG. 22.

15 Initially, the base station 200 needs to
start downlink transmission while not receiving
signals from the mobile station 100 (see O of FIG.
21) . Therefore, the base station 200 transmits
transmission power control bits that represent a

20 pattern of a constant power increase (a pattern only
consisting of bits of “1”) as well as the signals.
After confirming the establishment of downlink
synchronization (@ of FIG. 21), the mobile station
100 starts increasing the transmission power at time

25 tl for the uplink transmission start (equivalent to
@ of FIG. 21). The mobile station 100 then
gradually increases the transmission power from an
initial value PO determined from a transmission loss
or the like, in accordance with the transmission

30 power control bits (1, 1, 1, 1, ...).

The transmission power control cycle in
accordance with the above transmission power control
bits is much shorter than a time required for
establishing synchronization between the mobile

35 station 100 and the base station 200. Therefore,
once the transmission power control value reaches

the maximum value Pmax in the transmission power



control operation in accordance with the above transm ssion power control
bits, the, transnission power is maintained at the nmal#IANVARY 2W6Pmax. |In
this manner, the nobile station 100 5 performs such a transm ssion power
control operation as to increase the transm ssion power to the maxi nmum

val ue Pmax, while transmtting signals. Afger uplink synchronization is
established at the base station 200 through the synchronization initiation
10 of the signals (at tine t2), the base station 200 neasures the

signal -to-interdetense pbusangicse POVWREcokdhing < her€h nehkeaveferred to as
the "reception SINR wi th res ect to ﬁac? |qpal fronkthe base . station
100, regarding'%ﬁe ?GCSB%IOH st he°15 receptlon S|gnaF1quéﬁ|?y Based
on the differemnENebeLaBEﬁlmh@JHEGép@tonhSINRxadea‘Y@lgetPSBNR that is set

i ndependent |y of the receptiqn ;S NRinhbe base nﬁﬁi@nsggglg‘?ﬁna}(}?@ es
transmi ssion power_control bits (each of which represents.a power jncrease

or a 20 pomér RS £2ERY . STRE Basle 31 M+ BA 1200 PAGT ??%ﬁEﬁ#t@Hﬁﬁ?tlon
transm ssion poﬂvmrt@onht@bablet sHeo thensmobslierstpdveon £60 thadowd 1 itum

transm ssi on). ]2%% %Itn?ge Wﬂeﬂ]?e) p&}zgg%ﬁxt%h Sz:L I{Oflsl S 685% abl i shed at

the base station ron 1 S performng
such a transm\&lbfmkpémrlhé@rﬁltlr@tio%@raﬁl Qﬁ@@h@h@féré‘aséhq P se

transm ssion p%ti@ntb@omﬁlﬂaﬁawa&ws P &hr&ﬁmﬁo@f ihhitS,a then
reception f NR f{/ rr;qthe nobi.l e statjon 1 hi gher thanr#%@? t ar get
[

SINR 30 (exctessl Riaf 97151 nivfddi atBFy © t’er hteh;&h?ﬁ‘l nk2 i zation
i s establishedmndasamsassshen spawerl - cont nok rifietrs d'd® pb‘pses@ntseng)cawer

conti nuous powatJ?@CQﬁé%@l%%t@f f@éké(rgéeeft%t ed ﬁ{éeﬁré? upld Dk
synchroni zation 1s 35 established at the base station frer time t2),

the nobile statSORN100itRarsFPESsithafdcllugiome!l tFaPRntesi DS hil e
perform ng a trsansiiSsi D00powelg a2 IMNUARY 268Qeptlibn SINR as the

15 reception signal guality. Based on the difference
between the reception SINR and a target SINR that is
set independently of the reception SINR, the base
station 200 generates transmission power control
bits (each of which represents a power increase or a

20 power decrease). The base station 200 then
transmits the transmission power control bits to the
mobile station 100 (downlink transmission).

At the time when uplink synchronization is
established at the base station 200 (at time t2),

25 the mobile station 100 is performing such a.
transmission power control operation as to increase
the transmission power to the maximum value Pmax.
Because of this, the reception SINR from the mobile
station 100 is much higher than the target SINR

30 (excessive quality) . Immediately after the uplink
synchronization is established, transmission power
control bits “0” representing a continuous power
decrease are normally generated.

After the uplink synchronization is

35 established at the base station 200 (after time t2),

the mobile station 100 transmits signals (uplink

transmission) while performing a transmission power



control operation based on the transm ssion power control bits generated
fromthe base station 200 in the above manner (cl osed24dUARNENO] ). As a
result, the transm ssion power at the nobile station 100 is 5 controlled so
that the reception SINR at the base station 200 can be nmintai ned at the
target SINR In this situation, the nobileystation 100 starts transmtting
signals including information data in a predetermned timng. 10 In the
above transm ssion power control operation at the nobile station 100 before
information dat@dtansmogeiraniicn staséadohettreen dhesmbase osit atdwsr 200 and
the nobile station 109 pER he rgonbé Iae g&aklrgn 100, tbraasgm £§t§_l glnazl§ V\:hl le 15
controlling the?ransm SSi onqp 1fo I NCrease Faccor danté with
the transmi ssi dritpowes vecomnmsit b(@%o(iid 1o0p Clontro} repPesentfaguat,

continuous powsd ”€f§ﬁ§%ﬂsfs%r&§{“§é#@|rf éthlhfée nh:@fﬁele Sé@&'t@;%nmﬂ)o afger
downl i nk synchr oni zatjion Wt ase %t ation 200 is

est abl i shed® at®%'her PobFFe S& étriao% tltﬁ’)% fgf:?@Flﬂr‘rreSWRl AtFF&S PASe By this

transm ssi-on ponesttont LOD eper aid¢ anaitheinkecept itre quakyey ofidr gnals from

t he nobil e stati on 0 y r [ e at.i 0. 25
Thus, the dovvnllll nk sj;'l/%c r%rllllazgloﬁlon %}t@tﬁgggé%e g%et‘f?%nl 8 S %nr}%go

est abl i shed i n tarResm} F&4nst &janaly tpelsdgndl trfememe §5Pon darfd rieeepti on
process bet vveerbrtg@e@@g@ls@@t ltOﬁnl?chQ and the nobile station 100, however

t he trans §5| on power at g{_ g stati,on , 100 shoul d Ongér/f
mai nt ai ned~at such a tran%ﬁﬁ gﬁeoﬁabp%‘ﬁ%r FAPFERTTAC R HROY BEe SO St gnal
quality (the regeptaonosl AR, ther rexanpéeytedndoe Lhnilme Adned at the target

quality (the t%ﬁf‘érﬁ’c\@on El%rtaex@f@zll@hé%%nt he té@a[@ﬂéé%%‘&w@?é’i@rtl’{é" ue
after 35 time t2 1n FIG 22). If the transm ssion power value at the nobile

station 100 is Bawg e3s281P5 219 %l’fﬁh% WBP&&%@B@HWn&PQasM%o a val ue
close to 24 JANIMRYL 2086a+idbn 100 transmits signals while

15 controlling the transmission power to increase
rapidly in accordance with the transmission power
control bits (1, 1, 1, 1, ...) representing a
contihuous power increase transmitted from the base
station 200, after downlink synchronization with

20 each signal from the base station 200 is established
at the mobile station 100 (after time tl in FIG. 22).
By this transmission power control operation, the
reception guality of signals from the mobile station
100 is rapidly improved at the base station 200.

25 Thus, the downlink synchronization at the base
station 200 can be established in an earlier stage.

In the signal transmission and reception
process between the base station 200 and the mobile
station 100, however, the transmission power at the

30 mobile station 100 should only be maintained at such
a transmission power value that the reception signal
quality (the reception SINR, for example) can be
maintained at the target quality (the target SINR,
for example) (see the transmission power value after

35 time t2 in FIG. 22). If the transmission power
value at the mobile station 100 is increased to the

maximum value Pmax or increased to a value close to



t he maxi num val ue Pnmax despite the transm ssion power at the nobile station
100 being controlled in such a manner as to only mai n#IANYARY 208¢ept i on
signal quality at the target quality at the base 5 station 200, the
transm ssion power at the nobile station 100 tenporarily becones excessive
at the tine inmediately before informatiopjdata transmssion is started
bet ween the base station 200 and the nobile station 100. This results in 10
unnecessary power consunption through the uplink, and unnecessary radio
resource consungié onaatmuhe vdlase Bhaki desp00.e DIISCLOBUREN®E sTHEM | NVENTI ON
15 Therefore, aJirst.obieat ofpihe present Jgweptlon L8.toprovide,a
transm ssi on power contro device t hat can performa’transm ssion power
control operatdwen farmanmsi laes dewi @elYt ARILAG &1t otkOnskPgeP4tiun t he
condi tions of thegehechihg iwWavet 20nLr aRSHLSSIRLPALP bet ween ghe nobil e
station and_ each base Zb%tlo in a sgstenmln whi ch the bile station
performs radi o TonmiAfcatPon Wid hE2 PPULEFEAR O Bake? §t &fFom¥P M Second
obj ect of the gpreseot LAYentdngrpisridypbeviotea exobedeistatitont2db t hat can
be proper!y coniyol | el By;SUGh 2 b4 FaPSTSiglon AOMBL GoRLrol device that
performs a transm ssion _power “control operation for the nobile station. A
third object oftidespiegért ilfventdbhefisPesracs: privvidess etarisiiss?®h power -
control nethod ai’mﬂ ﬂl:i‘e_\!i ﬁelgtilhast scmpdéﬁveob_.a gomsi nlﬂ;@gsldecriﬁla_se of
reception sjgnal_qualit el ow a predeterm.ne uality. level .i.n.a
connunicat?gn dﬂVﬁ%%e§ﬁéfy er'forns°r a ?Btﬁfﬁhgﬁﬁ%%?%% Sh FEEt on of
signals 35 w t rrhotheecessmmi caidboh despuecandanrawspiion wrtargm ssi on
power control igfosrnatiencthhatgare determ ned based on the reception signa
quality and 24 JANUARY 2006 -12 are to be used in a transm ssion power
control

DISCLOSURE ‘OF THE INVENTION

15 Therefore, a first object of the present

invention is to provide a transmission power control
device that can perform a transmission power control
operation for a mobile device, taking into
consideration the conditions of the electric wave

20 transmission path between the mobile station and
each base station in a system in which the mobile
station performs radio communication with a
plurality of base stations. A second object of the
present invention is to provide a mobile station

25 that can be properly controlled by such a
transmission power control device that performs a
transmission power control operation for the mobile
station.

A third object of the present invention 1is

30 to provide a transmission power control method and
device that can prevent a continuous decrease of
reception signal gquality below a predetermined
gquality level in a communication device that
performs radio transmission and reception of signals

35 with another communication device and transmits
transmission power control information that are

determined based on the reception signal guality and



operation in the other conmunication device. A fourth object of the present
inventions is to provide a comunication device equi ppeANWARY 2006h a 5
transm ssi on power control device. Further, a fifth object of the present
invention is to provide a transm ssion power control method and device that
can performa control operation to reducejpnnecessary power transm ssion 10
power consunption at a nobile station, and help to establish

synchroni zation in an earliest possible stage before information data
transmi ssion i sirstestied hebweam thet mphshesstiain gbwaed achase1l station. A

si xth object of_the present |tr}11veen§|}9enr|éo%gutngc%rtoivolrgedgvrirgten | e ,station that

SRS gl 18 .
can be properlf control'l ed by such a transm ssion power control” nethod as
to control the fowangni ekl eatpodertid pheseptbillng ssttatdon. 1Fotachi eve t he

first object, tHe present codRudivetion pEovides 15888 M $SHon Ravey
control devicé that controls the transm ssion power of a nobile station

based on transmdtYh PONEP O8G0l SO hF8F nHEVTSsuppl i ed from each base
station to the nobile statirahdm aa nbbfte obrmdt caf i bheSyseemnith 25 whi ch

a plurality Of.-%se%rt%?ﬁi 00s 1,0 D6, radio; connected | nt{a‘gwggs%oﬁta}éfn each
supply the mobi'l e - stati on the transm ssion power controf Information that
i s generated basddwh *edefevdrSsigrat ganl peyforas | @ppedoiln claim 1. This

transni ssi on pWMYr 301 §ANLROI c@RM LEuNNELHEBS ryA JJ WS Nt 88h8R11s@SSn
cal cul ator_that cal culates a.transni ssi on el ect rbc wave

| n .an
transmi ssi bh p&Y Vet wWR2A"FRE Hdbide @ sT%Pilgsﬁsﬁlrﬁfte]a%rh’ bak8 &F4E d based
on a predeter mstesd signakyhcansmizadi fnoimeach draskel 85t spasisalw t h a

fixed transm ssiQn POYEE, r@Nd nd o A ANSTH S§LRA RQURIs£LOL [ iiaf ormati on
determ ner that determ nes which transm ssion power control 24 JANUARY 2006

-13 i nfor mat i of HaF &S bREGEEET e (PSP sSTEa Ipdnetnd a base

station. A sixth object of the present invention 1is

15 to provide a mobile station that can be properly
controlled by such a transmission power control
method as to control the transmission power of the
mobile station.

To achieve the first object, the present

20 invention provides a transmission power control
device that controls the transmission power of a
mobile station based on transmission power control
information supplied from each base station to the
mobile station in a mobile communication system in

25 which a plurality of base stations to be radio-
connected to the base station each supply the mobile
station the transmission power control information
that is generated based on reception signal quality,
as claimed in claim 1. This transmission power

30 control device includes: a transmission loss
calculator that calculates a transmission loss in an
electric wave transmission path between the mobile
station and each base station, based on a
predetermined signal transmitted from each base

35 station with a fixed transmission power; and a
transmission power control information determiner

that determines which transmission power control



control operation at the nobile station, based on the transm ssion power
control information that is supplied fromeach base staiANARYD20Me nobile 5
station and the transm ssion loss in the electric wave transm ssion path
between the nobile station and each base station that is calculated by the
transm ssion loss calculator. In this trangfission power control device, 10
the predeterm ned signal, based on which the transmssion |loss in the

el ectric wave transm ssion path between the nobile station and each base

station is cal clu{@dlerﬁiatmnt Lanyy tdeduseamieach thagesmstat ban pyvdr a fixed
transm ssi on power Accor e tra s?ﬁs i.on_ | oss %al culated in
S

.ngl t
thi s manner accﬁ?rrhtt%? ?Eﬁfggé%t y&l%epggnﬁl SUSUER" as PERE eétigth and
the fadi ng condilté omjam$émibheloel goivér waverplansmesianipat thiset ween t he

mobi e stati O%Lﬁﬂﬁ @ﬁhfeew eSRANALNG. b2 g S LA Q- t}?@sﬁgb?ﬂ on the

transm ssi on l oss I n e electric wave, transm ssion path between each base

station and>t hé taiolit e2Beatién WL RN S88ORhe OSSanisti S8FoR 1 FGWETL C cont r ol

i nformation transm ttegninosseach dmaisie betatiean the tiebMDbi ke astiaird on, whi ch
transm ssi on 25 power control |nformat n,_shaoul d .be us d i transm ssion

power control oﬁgd;)a% on %f’ tehSta JCQ 5ti'Sn Claslcdle#e?m ng

transni ssi on poweEnoht $ obni ﬁb@ﬂmab@uldépér mnation is perfor med based on

the conditions 30 of thergl egtird ctff@rvgmig@@%m %wmr p@&!@t%w@%fé@ mobi | e
station and each base station, while weightin performed on the

transm ssi bh pduks PTIRE FBFMERESH rFaWrbﬁlr nbﬁéé’g’r @éhc"gl%\??htpﬁe condi ti ons
of each corresporudismgi et eohr Lo swavien 35hér absnitsdiconwPpat ht rdakiig ihds aspect

into consi der%tltqp %é@wé@ﬁ‘ %%“%{Hh%; gi\%%\gﬁéng%g%f oél%fcgeggg% of the

present invention, the transm ssion power cont r ol
i nformation detérdfiifet hayCpAcMddeiedy, i1s transmitted from each base

station with a fixed transmission power.

15 Accordingly, the transmission loss calculated in
this manner accurately represents the conditions
(such as the length and the fading condition) of the
electric wave transmission path between the mobile
station and each corresponding base station. Based

20 on the transmission loss in the electric wave
transmission path between each base station and the
mobile station as well as the transmission power
control information transmitted from each base
station to the mobile station, which transmission

25 power control information should be used in a
transmission power control.operation at the mobile
station is determined.

~ The transmission power control information
determination is performed based on the conditions

30 of the electric wave transmission path between the
mobile station and each base station, while
welghting is performed on the transmission power
control information in accordance with the
conditions of each corresponding electric wave

35 transmission path. Taking this aspect into
consideration, in the transmission power control

device of the present invention, the transmission



wei ght corrector that perforns weighting on the transm ssion power contr ol
information supplied from each base station to the nob4 JANGARY 206, so t hat
a 5 greater weight is given to the transm ssion power control information
supplied froma base station having a snmaller transm ssion loss in the

el ectric wave transm ssion path to the rrppjlle station, the weight
corrector thereby generating weight 10 correction control information; and a
conbi ner that conbines the weight correction control information

correspondi ng t,tde £HARSHIISSIOHL RONEL o BORLRQIrmidd Or fRYI R finem t hg base
stations, and thereb generates conposite transm ssion power control 15
i nformation, tHEVERGRECESRCEQT d Ebn B oI © I STSvedt b Ha®Pnd Neen

gener at ed fromuhenswi gbt onC@rawett atonasot! dinfednat cdai Budpllired hf Som
transm ssi on paower, control . device, %h ransm,ssi_on r contral

i nformation det(':‘earcrrlal ﬁ%?sﬁefécramlr?ens . %%cﬁogﬁalﬁsn%%as?gﬁwﬁqﬁér r?&choan‘i rol

i nformationSi s aueaber usedgit a s ransem sspPohsovera wont g siiocop@catdon at  t he

mobi | e station,.asedh odntrheGaMRAsi § €ppt k@RS M oD POYET s¢aRtiIr
information generated fromthe conbiner. a case )FAr?ere t he

\ 25 | _
transm ssion pdiefinEoht PBR LM oried T ORI EPARSMHATYH ¥ ohf'8alh S5dse C st at i on
can contain a fWawt wvabkuemiepriesernddtiy ao caet ralbistatssaol oa,paves i ncrease

and a second YAl g, ¢ eppesenting @ £0081 ob SLALYS f @ pouer 30 decr ease,

and where the no station Teceives transm sSi on power control
i nf or mati oh0f r 1A EERAt 1 BASEOSTATlont RECEM36EPIdedind oh Galpénstthe kbbve

transm ssion pewRIL GRS ehel RfcargrRt | @Ar deter Binnfon trey1 | Nelrude s e d .
deci sion unit that %erform; a 35 hard _decision.on the value of the conposite

transmi ssion p&Ert CoRe Pl “OnfSr fHtT oh” GRABFECEE ™ HUNTTE he 8BSk ner, using a
predet er mi ned tiwfeshoddigd JANDARNM096se 15 tedliveys asard athedelby cl ai m 3.

This transm ssiQherates composite transmission power control

15 information, the weight correction control
information having been generated from the weight
corrector, as claimed in claim 2. In this
transmission power control device, the transmission
power control information determiner determines

20 which transmission power control information is to
be used in a transmission power control operation at

"the mobile station, based on the composite
transmission power control information generated
from the combiner.

25 In a case where the transmission power
control information transmitted from each base
station can contain a first value representing a
control status of a power increase and a second
value representing a control status of a power

30 decrease, and where the mobile station receives the
transmission power control information from each
base station as a soft decision wvalue, the above
transmission power control information determiner
may include a hard decision unit that performs a

35 hard decision on the value of the composite
transmission power control information generated

from the combiner, using a predetermined threshold



power control information determ ner determ nes which transm ssion power
control information is to be used in a transm ssion pYWANWRK 2086 operation
at 5 the nobile station, based on the result of the hard decision. It is
nore preferable to mnimze unnecessary power consunption by a transm ssion
power control operation. Therefore, in the;gbove 10 transm ssion power
control device of the present invention, the predeterm ned threshold val ue
used by the hard decision unit is closer to the first value by a
predet erm ned arunt, f eemctikemddidie vakue 3het vimenst beahishdts siadie and t he

second val ue 15 |nclud the tr i an hover nLr i.nf ormation
transnitted fron each” SPtfﬁl ﬁn% 9-%g%?§n% ermﬁ%%ﬁe ?n AT 4. In the
above transni ssifoihcpohernsovitasoion devves, Cprmé:rmledﬂem@nmﬁédomhrl@hm d val ue

is closer 20 49 the-fi kst sval e, depEssent | b%%& C@&ﬁf%lsgate%toﬂonaaeow
i ncrease by a predeterm ned anount. Accordi the hard deci sion unit

usi ng the ~PhrédholBORAL Ge Site gt | PREF P&(ﬁﬁ%ﬁ?ﬁﬁ%lFr8ﬁ1ﬁﬁ§ R de of

t he conposite tdensgissi.on power control 25 information that the control

status is not to |ncreas% trgﬁ%ﬂ%%éiBPFQQQQTé1Aﬁ%@'&fﬁEEEZe transm ssi on

power control can be perforne ower ric power. In a case where
the transmi ssi oMppRepsazy ENNTDO| CORE BRRALOGN Y shshfepedipsdmreach of the

base stations gHy&pntahRralf idpdryel 48 .t hahe fBy ESENL S @nheoRtgH)e status of
a power |ngéease and ,a second value t presents_a_control status of a

power decrease JﬁﬁﬁsﬂhﬁﬁéophéxﬁﬁﬁfI%OggéP}o o35 G%cef vERSt RE %5 iHsni ssi on
power control iinfwsmatoon ttreanrsmde¢ edrhiomdedadiredheheé badeestwmddnsyas a

soft_deci sion wal ug, - ihacahQue,d ransdi $8i 80 RQNET: £OPRE Ok 3 24 J ANAARY 2006
-16 |nfornat|on etermner may Inc i rst
by a predetermined amount from the mlddle value

between the first wvalue and the second wvalue

15 included in the transmission power control
information transmitted from each of the base
stations, as claimed in claim 4.

In the above transmission power control

device, the predetermined threshold value is closer

20 to the first value representing a control status of
a power increase by a predetermined amount.
Accordingly, the hard decision unit using the
threshold value is more likely to determine from the
value of the composite transmission power control

25 information that the control status is not to
increase transmission power. As a result,
transmission power control can be performed with a
lower electric power.

In a case where the transmission power

30 control information transmitted from each of the
base stations can contain a first value that
represents a control status of a power increase and
a second value that represents a control status of a
power decrease, and where the mobile station

35 receives the transmission power control information
transmitted from each of the base stations as a soft

decision value, the above transmission power control



decision unit that perforns a hard decision on the value of the conposite
transm ssion power control information generated from2isheNvcarbrovsr, using a
5 first threshold value; a second hard decision unit that perforns a hard
decision on the value of the conposite transm ssion power control
information, using a second threshold valu 6t_hat is different fromthe
first threshold value; and a control 10 information generator that generates
first control information that represents a control status of a power

i ncrease, second; @BkQlt idH o &BE AR R v epfri@%aés 3 gontgelnstatus of a
power decrease, Qr . third contro%al nf or tlon that represents a control 15

status of power ABFASEREncE!Lbak toﬁe§ F3%i v 2Fds FEC 361 2 heCRi FEE hard
deci sion unit andadueded Siton d:empbtsmfe tthearssmnmsllbar@od&m stomtualt, as

e D o2 MR rolla A AN30h 3L 00GPOURT, CONL | Obr i BLYT AL g det e m ner
det erm nes t hat contr ormati on genera I(T:]f"romthe control
i nformati on Sgenéit&Bér tlhsfetsdlcbbdﬁéélués tah(éﬂ‘?tf?%\@nh§§ﬁoﬁiep‘dv€e¥0n cent kol

information in athEaNeRIrSS Ol PAVBE reoBlials i Hpesat Lag ataithhe spbihe
station. In this transni ssi.on 1;gower control device val ue of the

conposi te transnf88PER IgGnert® ?)Iﬂf?filmlnnfp@r"’r’r:artl%%nﬁﬁﬁbé Oera{?ae? than both
the first and sesdond khrsestiold vakaesplmhwdleusnmahbér ist kbnf botdénthe first

and second threshpld val ueﬂsl + RY 6oy Qﬁgl\/\@gn the Lirst threshold val ue
and the 30 second tﬂr eshald value. These three oss?bl e sit uatlfons can be

associ at ed Wl h tRECEMASE PP BFr28P 4t G@att rﬂae%%é%ﬁﬂscéﬁtrrsdq &eatusel and

the third controhrstatus.ord tt}hétﬁﬁégrlél’s%frﬁj’s'ibi ec&ﬂatrOUh&t%BtM ansnkssi on
power control i nfornatl on. transm t1 f om a st ati Qn havtlggtt he

electric wave tF¥aishi $§i6n path ?ogfjﬂ sta?l 8ﬁm|an poor JANUARY

2006 -17 conditibaPEssaottt aﬁ<e¢pmhr©lc<§r¢§|td@r a@fo&’q pPAvEle decrease, or
third control information that represents a control

15 status of power maintenance, based on a decision
result of the first hard decision unit and a
decision result of the second hard decision unit, as
claimed in claim 5. This transmission power control
information determiner determines that the control

20 information generated from the control information
generator is tc be used as the transmission power
control information in a transmission power control
operation at the mobile station.

In this transmission power control device,

25 the value of the composite transmission power
control information may be greater than both the
first and second threshold values, may be smaller
than both the first and second threshold values, or
may come between the first threshold value and the

30 second threshold value. These three possible
situations can be associated with the first control
status, the second control status, and the third
control status.

| It is more preferable that. the

35 transmission power control information transmitted

from a base station having the electric wave

transmission path to the mobile station in poor



process of determ ning which transm ssion power control information should
be used in a transm ssion power control operation at BhEANBARY 008t ation. 5
Therefore, in the transm ssion power control device of the present
invention, the transm ssion power control information determ ner may
include a selector that selects the transm;ssion power control information
transmtted fromthe base station having 10 the snmallest transm ssion | oss
in the electric wave transnmission path to the nobile station, the

transm ssion Ioss,ohail&goqallcyl@@edt_eseehhqnﬁd ansAk sgleo Hioss cal eykator, as
clainmed in claim6. In ansnlsS|on}§$ r . control device, the 15

transni ssi on pomBFoggﬁFr61 |$ﬁé?ﬁﬂfpéﬁgd@i nbF 2 RGBS M He P WHEEN

transm ssion powepnc¢ewtlr dlnfdmhatmati show d dodeuasdd iinn aa tramsmission

power control ?8&%&'Qﬂn@%réfeoBQPbkﬁo%téi OPhebﬁéQQl%”Lﬁi '%ﬁa”S”iSSiO”

power control ormation selected by the sel ector
transn153|onfbomEFeééﬁﬂ%ﬂ i bR Aratom STttt He MeP OHE TafP ot r ¢t aft fEige
t hrough 5, trnsOEran&mgﬂﬁiwhpOMEVeﬁanbmolﬂﬁécwﬂahsmnsshﬁﬁH§@@@f can have

t he same structure -3 q] §E$Qtlgg any. of of clalns 7 thrqﬂgﬂBQ. It is nore

preferable to mi nrm-ze po et consunptlon by ir angny55|on pdﬁer control
operation. Therefelection ttieatransarssi emepovernsoonsion device ofnthel

present inventi omnfta%a%qotrf a@§§h§§w&e@0vyeﬂon¢09ﬁé%a@@f Qi o deteng ner
may i ncl ude: a wej rrector t hat perforns melg hting on the transm ssion

pover cont r di° iﬁbgrﬁﬂﬁ I Suppf FBETE FSMOBackP Hase SFQFl §0-the YA¥Bi |l e
station, so thattaageedtserioveighthi sogithen tab 3bet heattiamsnitsé on power

contr of inf ormat 90.SHRRJoth T50m ALBSE bt on.bavina @ Smel | et

transmission loss 1n the electric wave transmssion path to the 24 JANUARY
2006 -18 nobil e SFAPEHR,SHURE wePght CRIFVESIRT t hefepyaimed in claim 6.

In this transmission power control device, the
15 transmission power control information determiner
determines which transmission power control
information is to be used in a transmission power
" control operation at the mobile station, based on
the transmission power control information selected
20 by the selector.

Like the transmission power control
information determiner of any of claims 3 through 5,
this transmission power control information
determiner can have the same structure as claimed in

25 any of claims 7 through 9.

It is more preferable to minimize power
consumption by a transmission power control
operation. Therefore, in the transmission power
control device of the present invention, the

30 transmission power control information determiner
may include: a weight corrector that performs
weighting on the transmission power control
information supplied from each base station to the
mobile station, so that a greater weight is given to

35 the transmission power control information supplied
from a base station having a smaller transmission

loss in the electric wave transmission path to the



generating weight correction control information; and a control information
generator that generates control information based on24 MNURYERO6COr recti on
5 control information designed to give priority to correction information
closer to the transm ssion power control information representing a control
status of a power decrease, the weight correggtion control information being
sel ected fromthe weight 10 correction control information that are
generated fromthe weight corrector and correspond to the transm ssion

power control infekmaki e ddansn thedwehicom t&lﬁrb@é@oirt %W(—:Qré%y as clained in
claim10. This transm_ssion ‘% V\ﬁmcont rol_.nfor ma% 5 et erm ner
determines that ¥RREESMEAS TPt Pom © Sgertdt at W FP € TWHht 1

infornmation genezatior ic®ntmp belnfedmas ithe gemmsat ssi mﬂnaaovmneoateel

[ nformation i'n acLf ARSI SSI QN AONELNCBOLLY oONEatL80GAL: Lhe mbLL g,

station. 20 In a case where the transm Ssion power control rration
transnitted ©ronfeRehosf ltnrfé?rrb%*éboétﬁﬁsé%l nt@ oAt HEn P& A4ty vBPue t hat

represents a con&dseke&&atous 1Q‘ff@rrﬁ@\t\@6nl RAIBASE 8ddtha $eCehvas uent hat
represents a control stat oJS % gager decr ease gnd wher e t he b| l e
station receiveB°Yfié £Pans & stBhC hREr CCorft 401 €T RF & At iorF 1t T aRsni t t ed
from each of thesbasesstodt iconscwsr adsofreasdeci Bhieonweabbé, cxcrter%ébbﬂ/encontrol

i nformation geneéé‘ﬁ‘éEo'Iain'f'Mrh'éj@mﬁ BéECAgd%Qé15é@E'eHnEEo¥nhacthe3Q~@§<5ﬁ9r”B a
hard deci sign on the value of the weight “correction control information

that are genérat 897 PF&mThe SRRt E:BlfPéc‘,“tad?l dtR3Fr 8SFomF %" & hed
transm ssi on povxeromomhreolwemj}ot nabdt+ o8 cttoansmd t@@lrréspnsmeaaﬂb otfhé he base

stations, using e%ﬁ eAqt &y %&%UQFE&%Q%' iy Vr?%éJPm %an sr%n

sel ects one of t ecl si1'on resu corres on ransm SSI on
power control 24fg<mum¢ 2GS a@ath@aﬁmtau%rﬁltmﬁ%ﬁq tlfleGlfarléfm]t(he base

stations, so This transmission power control information

15 determiner determines that the control information
generated from the control information generator 1is
to be used as the transmission power control
information in a transmission power control
operation at the mobile station.

20 In a case where the transmission power
control information transmitted from each of the
base stations can contain a first value that
represents a control status of a power increase and
a second value that represents a control status of a

25 power decrease, and where the mobile station
receives the transmission power control information
transmitted from each of the base stations as a soft
decision value, the above control information
generator may include: a hard decision unit that

30 performs a hard decision on the value of the weight
correction contrcl information that are generated
from the weight corrector and correspond to the
transmission power control information transmitted
from each of the base stations, using a

35 predetermined threshold value; and a selector that
selects one of the hard decision results

corresponding to the transmission power control



that priority can be given to the hard decision result representing a
control status of a power decrease, as clained in cl aeedJANUARYR@6control 5
i nformati on generator generates the control information based on the hard
decision result selected by the selector. As described above, it is nore

preferable to give priority to the transntgﬁﬁpn power control 10
information transmtted froma base station ving the electric wave
transm ssion path to the nobile station in good condition, and to mnim ze

unnecessary power nGNstiPfdont riherafiare; #Pohhenet ARSM $84 PNcRARYE coNt T ol
devi ce of the present 15,|nvent|on,bthe.transnlss on_power control
i nformation det efffre® ey’ + hél G&8: P& (Fafshi 5% 6A° ﬂ5§§§d%%?§F6ﬁnunit t hat

det ermi nes whet heesedch répaasanssingn d assncabtubatedsby f he poarsn ssion
| oss cal cul ator ;g snalder ébaglaiﬁre%dmﬁterﬁr{ﬁhé‘% 20 transm Scrsbf?‘er 9ss; and a

control information generator that, e transm ssion [oss decision
unit deterni mes LRACIHHE1PRANSATNEEAGR Y X ¢52t8fmlther aHER 2 he

predeternined trangwirgtd ©Ioh 068sedgeheratesh £0at Hek iisnfoar neé s @ntbased on the
25 transm ssion pOﬁpr cont.rol bnforgatlon fromthe base station
€% §

correspondi ng t 0°tHE TrBhst s5'6n FasS " et ernined to be smaller than the

predeterm ned transm ssi onA$ogsscuhibred hdbavansiitssisomdossprdéeirsbdr uni t

determ nes that LwoOrdmye; 30: LLaRgmSs o1 05588536 SMmId ercbhapgyhe
predet erm ned transmi ssion | oss, "generates control information based on the

t ransni ssi o howePIEFMIOION | hF BPRBELILHE He'ST GRed PESE P& prioRi £FVEHTt he
transm ssi on poweheC@lidcd ri of vavat iternen0isesid0 pheh I tyraasmbBsilien power

control infornatg%gtg%g{Q§eq%%ggnF§n%q@¥6H sgg&u§oogﬁqg%9%%% decr ease anong

the transnissi on power contr [ rmation transmite UARY 2006 -20
fromthe base st HPNEEES TOFY eBPUALI KGRSO el ¢ ofherefore, in the

transmission power control device of the present

15 invention, the transmission power control
information determiner may include: a transmission
loss decision unit that determines whether each
transmission loss calculated by the transmission
loss calculator is smaller than a predetermined

20 transmission loss; and a control information
generator that, when the transmission loss decision
unit determines that one transmission loss is
smaller than the predetermined transmission loss,
generates control information based on the

25 transmission power control information from the base
station corresponding to the transmission loss
determined to be smaller than the predetermined
transmission loss, when the transmission loss
decision unit determines that two or more

30 transmission losses are smaller than the
predetermined transmission loss, generates control
information based on the transmission power control
information designed to give priority to the
transmission power control information closer to the

35 transmission power control information representing
a control status of a power decrease among the

transmission power control information transmitted



nore transm ssion | osses, and, when the transm ssion |oss decision unit
determnes that all the transm ssion |osses are not SHaIANSARYZA06t he 5
predeterm ned transm ssion | oss, generates control information based on the
transm ssion power control information designed to give priority to the
transm ssi on power control information closgf-to the transm ssion power
control information representing 10 a control status of a power decrease
anong the transm ssion power control information transmtted fromthe base
stations, a5 cl aimed thecbaism Etatildis toanspbsaiddmgpoverticentwel or

|nformation deternlnet.dgheungs thal.Lhe,gant (aled Mol MREL RO, 13 gefer at ed

fromthe control ormati on generator 1S’ to be used as ransm ssion
power control i¥F®F ndeFaAirR &ntitarkeestoneporBe tcgntl dtheoperation at the

mobi l'e device. Torachheygibhe ifdssis abj&Chott BRaphRSEHha?Ochavention al so
provi des a L‘%ansms i on gower gontrol. devi cht hat controls transm ssion

pover of a ndbi I SSELETEAESs &d B I RHSAT sSPE R  p et ot § of O TAF8fmat i on
transmtted frommedecimaetibhebbasel @t athensrioshhesiohi Ipowd at contirnla

nobi | e 25 conmuni j t is ' e of, ..t he. . S ions to be
radi o- connect ednltrg@%%@?ﬁ%%?l glgsstl n@ncygugg??egr{lﬁgl%ﬁﬁoe %?%ti on the
transm ssi on povefanTBREFOHP ROt Ot ¥ hat 11§ cgerdifimed pasedtenthe

reception signalti@émiysias @loaidretdmt £bai thidrm3@ iDH SrdpA0S8hEShen power
control devige incl urg,?s&a it rtarésr(r)i Sal onqué)%sdgg[r%%ls%t or that_calcul ates a
transnissi of | oss A" th@ efeltric Wave XTansSnt'ssi on paatnhorb%t%%n t he nmobil e
station and eachtwinshesbasa powgd onentbhasednbnraapriadetteramsmitsiegnal 35

transmtted fromeaghcRf bhecbase Statd onss Wi hiRed ifed 14 aRSIHSSi on powver ;
a fading condition measurer that neasures a fading conditjon of the 24

JANUARY 2006 - 21 thobi FEAREREASHC " U hgC RBREPLI oft f@tT 8 i Pr  t hat

determiner determines that the control information

15 generated from the control information generator 1is
to be used as the transmission power control
information in a transmission power control
operation at the mobile device.

To achieve the first object, the present

20 invention also provides a transmission power control
device that controls transmission power of a mobile
station based on transmission power control
information transmitted from each of the base
stations to the mobile station in a mobile

25 communication system in which each of the base
stations to be radio-connected to the mobile station
supplies the mobile station the transmission power
control information that is determined based on
reception signal quality, as claimed in claim 13.

30 This transmission power control device includes: a
transmission loss calculator that calculates a
transmission loss in the electric wave transmission
path between the mobile station and each of the base
stations, based on a predetermined signal .

35 transmitted from each of the base stations with a
fixed transmission power; a fading condition

measurer that measures a fading condition of the



determ nes whether the fading condition of the nobile station neasured by
the fading condition neasurer is better than a predet 2rIANIBRYCWAGI tion; 5
and a switch controller that validates a first transm ssion power control
information determner when the fading condition determ ner determ nes that
the fading condition of the nobile station_ pbg-better than the predeterm ned
condition, and validates a 10 second transm ssion power control information
determ ner when the fading condition determ ner determ nes that the fading
condi tion of themsbhile stsitatidon & Sfaatinketioerdidiasn t hetpredeter rimed

condition. In thhg ﬁ{l m ss‘lgh [, power, ¢o trdcilrl 15codr? 19_ th% fi rst
transm ssi on power nf or at ron deter ner i ncf‘u8 a vve| ght

corrector that @ebﬁéﬁmtwéﬂgcm|rmga@nrteﬁebtyrarhsemfsasqimgpg@edltc@mrol

information trangphtted f rlcgﬂ@@@@epfth% abase &iad iRDsebobhg inmhid e
stati on, SsO that a 20 gl‘ eater wel giLven to the transm SSI on power

control inforhatfBA &r ZFehth e%ozfgf)?ﬂ-gaeﬁa%‘as?t a3 o2 havi AgfdrSrtal | er
transm ssion | ossfanstmheseJcectpScmervvauettcbansimf&smmt:pahhdte@etrlﬁﬁnrmbl | e

station, the velghl SO eolard hus.genebal g el Ot - caLieetlign 25 cont rol

informati on; and a conbl ner | nes ion con
i nformation that thre fagdmer fl ¥ bant Aé \R@legﬁ’tohzldﬁ egtoriand icobegsipond to

the transnmissi OntHQWE‘Fth%Of'ﬁﬂéHet@fr@IHEHl eBnliaiidH | tedaf camithe dase
stations, '1 conbi ner, enerat i nggcorrp | te trﬁnsm ssi on power

control i nfdrmatFGR™E %?nﬁ"l“s S1PANBRSSi &Y pdvie PFOF EPRf or mat i on
det er mi ner det er dehesmiiegh whqnsmssf@dingomndﬂomw@l denkomimteiron is to be

used in a transnygsiLon;PQUErILont{RL eRAk Al %%rf’i‘h%i’@n meki ke Fpatalion,
based on the conposite transm ssion power “control information generated

from the conbi neftatiRE décAiRt thahERT sEMER o\ Tht FBF™RESr mati on 24
JANUARY 2006 -22cdeterdioner incltides arsekediseridrhatoseleebatirlva

15 device, the first transmission power control
information determiner includes: a welght corrector
that performs weighting on the transmission power
control information transmitted from each of the
base stations to the mobile station, so that a

20 greater weight is given to the transmission power
control information transmitted from a base station
having a smaller transmission loss in the electric
wave transmission path to the mobile station, the
weight corrector thus generating weight correction

25 control information; and a combiner that combines
the weight correction control information that are
generated from the weight corrector and correspond
to the transmission power control information
transmitted from the base stations, the combiner

30 thus generating composite transmission power control
information. This first transmission power control
‘information determiner determines which transmission
power control information is to be used in a
transmission power control operation at the mobile

35 station, based on the composite transmission power

"control information generated from the combiner.

The second transmission power control information



transm ssion power control information transmtted fromthe base station
having the snmallest transmssion loss in the el ectric2asANUARGROM SSion 5
path to the nobile station, the selection being made fromthe transm ssion
power control information transmtted fromthe base stations to the nobile
station. This second transm ssion power conthol information detern ner
determ nes which transm ssion 10 power control information is to be used in
a transm ssion power control operation at the nobile station, based on the

transm ssion povgeteenihelr iddoidBEI anssealeacied buath@ea%lce@é Ofhel n the
above transm ssion pover control 15 deyi g V\hﬁ? fad| n ondﬁ] @n of
the mobile statFBAMPEIEEHEY Q%Vé?lrtﬁg,n%rré) et’8t ]ﬁr&?i Sﬁldltﬁ‘%hs F
transm ssi on poméromomhleolbaism‘ osration shoulry Dleeusedlilest transm ssion
power_contr ol operahian sak od Me IpbLL e aLald el 51 def et m nad haseds ;00 the

20 transni ssion [oss at accur at el y repr esents t conditions o
electric wave traashi §8i dhpaIPL bet Aan i€dch T eset §EitdRTaREi™e RdBEI e

station, as welfres @Ret hediansHs 56h0pop@Werc €ODES DI mlf@&@farmim@n
transnitted fromthe ba élt |ons e 5thetrgD@|Iesgt|t% & eother
hand, when the Ffaal ﬁg con | 5 70h" of P Ehe°F5bi1 & 5t AT ofiCi <ot %ejf er than
t he predeterni negitedhdnt-i of,highi ehcPrdnsriagsinors s poepowent riasini pébr mat i on

shoul d be used 'DnéoEﬁﬁ"&%’@S‘ns%é)&aﬂ@y\ﬁércg@ttré}lmﬂp@éa&rh@@hattrtah?srﬁl)?élgn 30
station is q$term ned based aon the transm ssion power control information

transmittedr o PREHESE Tt at i HHOFATFAG L HeP stn%llP%sPSFParJrsfh%m on loss in
the electric waveahsanssiissi gowat hcbatirbe rohefetishatitonheAcsasdlagly,

the transm ssi on%ﬁ -FGSSbCa%rgJ ol i pformation tran ﬁﬁn %g@,g A roma-base

station having ¢tric wave transm ssion pat poor condition is
~not taken into cbRSPHBRALICSN SH e RESP4LIANDARY 20B6L0P3 process of
determ ni ng which transm sgiORtHOWSHove transmission power control

15 device, when the fading condition of the mobile
station 1s better than the predetermined condition,
which transmission power control information should
be used in a transmission power control operation at
the mobile station is determined based. on the

20 transmission loss that accurately represents. the
conditions of the electric wave transmission path
between each base station and the mobile station, as
well as on the transmission power control
information transmitted from the base stations to

25 the mobile station. On the other hand, when the
fading condition of the mobile station is not better
than the predetermined condition, which transmission
power control information should be used in a
transmission power control operation at the mobile

30 station is determined based on the transmission
power control information transmitted from the base
station having the smallest transmission loss in the
electric wave transmission path to the mobile
station. Accordingly, the transmission power

35 control information transmitted from a base station
having the electric wave transmission path in poor

condition is not taken into consideration in the



control information should be used in a transm ssion power contr ol
operation at the nobile station. To achieve the first 2bJESWARY PW6present 5
i nvention further provides a transm ssion power control device that
controls transm ssion power of a nobile station based on transm ssion power
control information transmtted fromeach_gg_the base stations to the
nobile station in a nobile 10 comuni cation systemin which each of the base
stations to be radi o-connected to the nobile station supplies the nobile

station the trarﬁ%ééb@”oﬁowteﬁrﬁ)ﬂﬁiﬁb mfl@mrraiwﬂasmhatsﬂosl dedws i ned based

on reception si natrgga it mast{: ali ITE . ré Ialum él 15 T |rs transm ssion
power contr ol cllﬁéé)sr tF an 81.% i paﬁ% qhal Pty TEEEuT et Y hat
neasures the quadvey gbntthr@ltrmmgspona[tattﬁlebewﬂeehet Beatolin e station

and each of the base statians,; hasede0pna erI%dtetcgg%ggd shngl ddansmtted
fromeach of the 20 base statiqons with a fixed transm ssion power, the

quality of tRe t%%ﬁ%ﬂf-é@?’or‘fuﬁirﬁflbe‘?ﬁ@vllgeﬁeauste‘EFn?fIBf‘saéPélr RIS to which
base station thecombrbe detaldeoonhsttoohervadi commectedpnanbveer of a

transmssion poper; conit gltlo f%a[*%é&on d%%%rn@nﬁesrswé‘t Hg%te"rr MJ1es. gp whi ch
t ransni ssi on power Contro a transnission
power control operherBataen tthamybl Feedt aroon cdsdsedf ohheh®@asansni ssi on

power control i5fofBhE0Rt rtafbsrﬂéksﬁﬁef EQ@tQ%(hh of fhgopbage stations to
the nobile ation and.the uaI I%% g ranspgpﬁssgfonh path between the
nobi | e statidn %‘?fﬂrméﬁi:ﬁa&l E%msfﬁt AS TSR e £hé3S% ansni ssi on
path quality neasuaeionkntbhicse tlraaahscmssnoacptm/xbrtcconheomo@a\ljecegtamlmh
transmssion powey I[SPBEEOlth' “fnR{ thé opy should 135 PPaHéﬁgs go% tyansa ssi on

power control opera I on at station 1s determ ned based on the
transm ssi on pat?P‘ﬁEéPFtﬁfntfﬁéf“aaW aF]éW ESpredensinad JRRIGARY D06 - 24 the
condi tions of theeeépeiohcswanmlrQnshisgioas claimed in claim 14.

i5 This transmission power control device includes: a
transmission path quality measurer that measures the
gquality of the transmission path between the mobile
station and each of the base stations, based on a
predetermined signal transmitted from each of the

20 base stations with a fixed transmission power, the

' quality of the transmission path being to be used
for determining to which base station the mobile
station is to be radio-connected; and a transmission
power control information determiner that determines

25 which transmission power control information is to
be used in a transmission power control operation at
the mobile station, based on the transmission power
control information transmitted from each of the
base stations to the mobile station and the quality

30 of the transmission path between the mobile station
and each of the base stations measured by the
transmission path guality measurer.

In this transmission power control device,
which transmission power control information should

35 Dbe used in a transmission power control operation at
the mobile station is determined based on the

transmission path guality that accurately represents



pat h between each base station and the nobile station, as well as on the
transni ssion power control information transmitted frédhdAARDHEYE 5 station
to the nobile station. Furthernore, the quality of the transm ssion path
between the nobile station and each base station neasured in the above
manner is originally used for determ ning tg,which base station the nobile
station should be radio 10 connected. Accordingly, the structure of the
transm ssi on power control device can be sinplified. The transm ssion path
qual ity neasuredcihasednan tad giedef ethe nedes:itgmﬂ vd-aastrbhedifynivn each base

station with a fjix ransni ss pL esgnt di stance and
the facing condi%? gﬁ %e?w%e éh pxgx\'?g gfl’gttl on anddegﬁﬁ é’rsﬂ)gl stati on, and
is not linmited totahyopar isciisrl fa® nprnashkortg arsnbes hgnuped for

determning to W@6§9r9§5§n$6¥Méﬁhoﬁh@rHﬁthQﬁ%&“fP@m'§aEQ BRse
r adi o- connected. For.20 inst nce e to use the transm ssion

| osses, the recebtd bholeva tr?]%blpjr %dé?éﬁhoﬁ‘ed 5P HhAFTEC Ithe ile
station, or the gughatytof itterferesmespiva naiEe Ppoveeenatihe (MEcepdi on

SINR) - measur ed ?@%@908”%'&6 e%rcgfeéﬂé“ Q%gti' %”%Aea%?r&i ehigyve éﬂ‘oev%' rst

Obj ect, t he presen Inventi on SO proviaes a transm ssi on power con r ol
devi ce that contlrdMBe¥r &fAsHirss] ore bbiersefl &ooligeergiatinen Usaseti @h a soft

]gieCI si onhval uehqai%gé a@ﬁaka%lnortr@wmpet é@btllrﬁrprmupa brea&sa_ra%ltcted 30
rom each of _the base S in a ile
communi cat i ER sy%?%ﬂ??ﬁ a/n eaclh Yhe %556&53%??653 f’(gn‘tlhg‘e

r adi o- connect ed tnamhlelsr:mblnl @Cs&@h@qnsgp[i)l des itdre o@dbi be stiatplort tdv.

transni ssi on power control rippf %f‘?ﬁér@ﬂs&'ﬂ% AN 135600t 8, nna Jfdystg val ue
representing a control status a power. increase and a second val ue

representing a R¥hE? oPnstaaPEse%tea”bb%? 8e8rEds e T MRt Mar& 9 THANUARY 2006
-25 determ ned haseld vaseecepttiom sighal aqidkieldy,t@Snsmission power

15 can represent the distance and the facing condition
between the mobile station and each base station,
and is not limited to any particular form, as long
as being used for determining to which base station
the mobile station is to be radio-connected. For

20 instance, it 1s possible to use the transmission
losses, the reception level of the predetermined
signal at the mobile station, or the signal-to-
interference plus noise power ratio (reception SINR)
measured based on the predetermined signal.

25 To achieve the first object, the present
invention also provides a transmission power control
device that controls transmission power of a mobile
station based on a soft decision value of
transmission power control information transmitted

30 from each of the base stations to the mobile station
in a mobile communication system in which each of
the base stations to be radio-connected to the
mobile station supplies the mobile station the
transmission power control information that can

35 contain a first value representing a control status
of a power increase and a second value representing

a control status of a power decrease that are



clainmed in claim15. This transm ssion power control device includes: a
transm ssion path quality neasurer that neasures the QUdNUARYRIOGhe 5
transm ssion path between the nobile station and each of the base stations,
based on a predetermned signal transmtted fromeach of the base stations
with a fixed transm ssion power; and a tranggission power control

informati on determ ner that determ nes 10 which transm ssion power control
information is to be used in a transm ssion power control operation at the
nobi | e station, dasethoneth®asefd decisteptrahueigiat hguktansii s on power
control informati.on, tergn§m' ttedni r]%qeeafgigf ttrg%s iss?s%%ti Qns, to the 15

nobi | e station acnlaaltrﬁe qugl ictlflo transSm ssion ~pa between each of the

base stations ambnteol ngbiVlieestiatd brdeeasar éd amsnihes t pansaitSsians path

qual ity nmeasurefmed it 8ES hhansdi S5l Ohs POMBN queantd Pl o fdevige, the
transm ssi on_power confrol 20 infornmation dgh%rm ner.includes: a weight
S

corrector that PATIPhESwENgMI Y AT RE" Je8 st onstarae™ 604 he
transm ssi on powsclconf r ohei bfaGrenettani ohs anbristddedd ronpeadk tefrtihe=dase

stations to thesi@pé.ieﬁ%ﬁ_tsinﬁ”ctesoo_fpﬁ aagneater el ght .1 g.giuey), 40 25 the
transmi ssi on power” control information of a base station having a higher
quality in the tiasm sEE8RI FaRANITOL 3 HeCRDBPNE ISt @1 dNn2 ERENWEIgHtion

corrector thus ganeratbREreel dhir CORdecbhonet@Mliter | PhOEMELItQYmithes
conbi ner th coqﬁ.lEc esFthe wei %ht 30 correcti on.trg(l) i nformat,i on that are

generated 7 omthe el BAL SHGrredor SRGT coPPedSand 5> THE - L ard i on
power control infeorumedonnt pangmndmedssfoonpbhehasenstal i opsratthercati ner

thus generating ¢ COMPOSI 18 LRANSESSIION; PAWBH G rQl £ NhQERRL QN 3 and a
hard decision unit that perfornms a hard decision _on the valuye of the

conposi te transffssiith tpBREMISFHIDIPTREbr ARRITET lgeiet AFBATEPIM t he 24
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15 mobile station and the gquality of the transmission
path between each of the base stations and the
mobile station measured by the transmission path
guality measurer. In this transmission power
control device, the transmission power control

20 information determiner includes: a weight corrector
that performs weighting on the soft decision value
of the transmission power control information
transmitted from each of the base stations to the
mobile station, so that a greater weight is given to

25 the transmission power control information of a base
station having a higher gquality in the transmission

path to the mobile station, the weight corrector
thus generating weight correction control
information; a combiner that combines the weight

30 correction control information that are generated
from the weight corrector and correspond to the
transmission power control information transmitted
from the base stations, the combiner thus generating
composite transmission power control information;

35 and a hard decision unit that performs a hard
decision on the value of the composite transmission

power control information generated from the



the first value by a predeterm ned anount fromthe m ddle value between the
first value and the second value that can be contai ned4 JANUARY 2¢0ansm ssi on
5 power control information transmtted fromeach of the base stations.
This transm ssion power control information determ ner determ nes which
transm ssion power control information is_tg_be used in a transm ssion
power control operation at the nobile 10 station, based on the result of
the hard decision. The above transm ssion path quality between the nobile
station and eachcbasenstat i ngreastnhedsbased Wil idetpaedeterdndesr stgnal
transmtted from eac? basce satla&éokgl with %dfel xerdm A5 krap msC5|for TE r IS not
limted to any p r?lcufar form 2% ?oﬁg tteh Transm ssion pa(% qu I|ty
represents the condiiieonslsuchPasveae (dh@t ém*an‘dal@ﬁeaﬁddlw conednidon

bet ween the nobi{g) statingh anth ®achoptathedase @ﬁ@tt95§1snFC581cﬂ§tance it
is 20 possible to use transmssjon |osses, the receptign_|evel of the

pr edet er mi ned S|%‘h‘é?raFOPﬁé%b’irF%0rI§f‘5t198ntr(?rnﬁrﬁje SPgndFb-Safiler? &rence
pl us noise poweth¢abhe e( tshe triemept i othbNR)ranmsweﬁoba@edzecm cdirerol

predetern1ned SIQQ? rmgﬁig%é%ggéyﬁlﬁgg de% rm{ﬂe§twh E G@ %%%'Sénggntion

further provides a transm ssion power " control device
transm ssi on poveeWef &onwgisil elrsf%fméﬁll@aséé oP ab%oflﬁeéeélnslaon val ue of

transm ssion povv@faﬁgmrs@,lldrﬂfﬁw@fl@Bn%@nsrasﬁetﬁltﬁgnf remeachhofi1be base
stations to tohe rmblle station

i | e .co nicatjon systemjn which
chch of -t haCbastEat dbPond A% be ol B CBRNIC G 15 EhBe  Aobia e St on
supplies the nobil e statioTheheabdvansnassmors spowerpgbht qulahlm‘}or mat i on t hat

can 35 contain a,{{fSknvahue fAPIESeOLLRYoR GO rol Rt BhYS Ofa@ pover
i ncrease and a second val ue representing a control status of a power

decrease that ar®23uIARNURRY FO0B" - By dREEFARI LT aRk@dS 6AMPdcept i on si gnal

quality, as transmitted from each base station with a fixed

15 transmission power is not limited to any particular
form, as long as the transmission path guality
represents the conditions such as the distance and
the fading condition between the mobile station and
each of the base stations. For instance, it is

20 possible to use transmission losses, the reception
level of the predetermined signal at the mobile
station, or the signal-to-interference plus noise
power ratio (the reception SINR) measured based on
the predetermined signal.

25 To achieve the first object, the present
invention further provides a transmission power
control device that controls transmission power of a
mobile station based on a soft decision value of
transmission power contrcl information transmitted

30 from each of the base stations to the mobile station
in a mobile communication system in which each of
the base stations to be radio-connected to the
mobile station supplies the mobile station the
transmission power control information that can

35 contain a first value representing a control status
of a power increase and a second value representing

a control status of a power decrease that are



clainmed in claim16. This transm ssion power control device includes: a
transm ssion path quality neasurer that neasures the QuaANUARYR00bhe 5
transm ssion path between the nobile station and each of the base stations,
based on a predetermned signal transmtted fromeach of the base stations
with a fixed transm ssion power; and a transfission power control

informati on determ ner that determ nes 10 I ch transm ssi on power control
information is to be used in a transm ssion power control operation at the

nobi | e station, hasendRebih®5fd slecisteptvahnue i fiat hguhnansmm ssd on power
control mforrratmn,trgnsmtted fro fgﬁOf the base stations to the 15

ea
mobi | e station and®tRe9qadl iy ¥ the trRASmtE&ioi L pat A bBOWESNn each of the
base stations ambiteolndeivlieestiatc bndarasar ed ansrthes { panpritdsicre Jpath

qual ity Measureined £y, B chEANSE 281 00 PORR! o GANL Pl o devhee, the

transm ssi on_power control 20 informati term ner_includes: a weight
corrector tRat PerTOPHE SHeNgMIHYy Pty aensébe aedisionstvarden amd he
transm ssi on poweicieontr @hei Ma@ydTed ¢ H0ioh Eanshistdehd rom eadk tefrire=dbase

stations to the rnpbile, statia ) hat a eater_weight is.given to 25 the
transm ssi on pover® ¢dht Fo nisﬁlflorﬁtﬁcfi%ﬁo%feﬁg%‘a?ge Wt %ﬁehi&%ﬁgloa{l%i gher
quality in the twiapsnisSiignd patdndrol s heonobiWerst ationa thenweiigtion

corrector t hus ASNEF a&Bng\&Qi Qh%f&ﬂﬁé@%hoa_e%%%ﬁi%er i BBQE”@Teit%mi%es
conbi ner that conbjnes the weight 30 correction control information that are

generated tPom'theC et GRESEGEG@brP ARET c6PPESIInd 1 O THE T 1P anshi i on
power control i njeornatédonnt kansarndredss{ionnpbhe hasemstali operattieorcanbi ner

thus generating . conposiie Eﬁ:%p’%%@r?,“k%s@ﬁgﬁé ch\%t rol e NEQLURLION:, A 3

first hard decision unit that perforns a eci sion on the value of the
conposi te transfifsstbd tpoREMiEEHII®IPPHEBr RRNILEP getief aF BATEPEM t he 24
JANUARY 2006 - 28 0idhDetedUSinith edd st £t hreshelsk vat 4ei oasseeonthe

15 mobile station and the guality of the transmission
path between each of the base stations and the
mobile station measured by the transmission path
quality measurer. In this transmission power
control device, the transmission power control

20 information determiner includes: a weight corrector
that performs weighting on the soft decision value
of the transmission power control information
transmitted from each of the base stations to the
mobile station, so that a greater weight is given to

25 the transmission power control information of a base
station having a higher quality in the transmission
path to the mobile station, the weight corrector
thus generating weight correction control
information; a combiner that combines the weight

30 correction control information that are generated
from the weight corrector and correspond to the
transmission power control information transmitted
from the base stations, the combiner thus generating
composite transmission power control information; a

35 first hard decision unit that performs a hard
decision on the value of the composite transmission

power control information generated from the



hard decision unit that perforns a hard decision on the value of the
conposite transmission power control information, usi?#yaN&E0HE0t hr eshol d
value 5 that is different fromthe first threshold value; and a control

i nformati on generator that generates first control information representing
a control status of a power increase, secopnd control information
representing a control status of a power 10 decrease, or third control
information representing a control status of power maintenance, based on a

deci sion result ofmphgeti r%tsﬂﬁjdadﬁﬁjﬁtoﬂhli@sthcﬁ@ va1deci si edasult of
the second hard decision, unit This_transm ssi on power contrql .information
15 determi ner ddteidi ABSLEREE (et Tohtt bl PRAFGIT | on 8 5onBFstad Fr oif ¢ he

control informtton *g&heeabtfr the dambes used tasartshmstsausnpssriean power

control infor "Bctzdo’g% o Ievg@ns.hm S@Onum r C%%tc{?qlld ppeLati.ony af, the

nobi l e station fst o ect esent invention al so
provi des a tPansiixsi bh PoweEre IEdHt r%lfomd‘ébiecélt% @blﬁwbPédt V&S /ssi on

power of a nobilg g st atbanrbaseact kg ansAi @%m@&aowiertﬁget geh elrftrgrat i on
transmtted fromeach of se. 25 stations to t nobi | e statlonlna

mobi I e communi cat’dh E%%éﬁwlu r%%%’ha‘é%ﬂ 5f9ptrr?é5%§3engs?af s Yo
radi o- connect ed stathe obbil @osteat i oncreappl,i esdded nobntecdt ati on the

transm ssion povﬁr(foﬁ%”ci% 'rféfp‘}re@érw{‘n&hét o%t‘i%lerﬂé"égsb%%e% Y30

reception S|gnal quality, as claimed in &l aim hi s transnission power
control deviBe iFRFLRREE  aOTt AT sSPBRT Pat anf@élnl“at‘ill%agﬁpélestelﬁtl%asures
the quality of 4 heohtaasnsssitars pat hpbeevwesn inkemmbid e bakad @n and each

of e base’stau] gns. ; based an @ 5 predet ec fed sianal o LLANSILL edf rom

each of the base &t anI ons vvlth a ransm ssion
condi ti on neasureerdehias inpaggrced ta Fhdihg 2@C9ANUW@O@601290@OMJ{11 on of

the nobile stationsacfadbngsead tddher control information

15 determiner determines that the control information
generated from the control information generator is
to be used as the transmission power control
information in a transmission power control
operation at the mobile station.

20 To achieve the first object, the present
invention also provides a transmission power control
device that controls transmission power of a mobile
station based on transmission power control
information transmitted from each of the base

25 stations to the mobile station in a mobile
communication system in which each of the base
stations to be radio—connected to the mobile station
supplies the mobile station the transmission power
control information that is determined based on

30 reception signal quality, as claimed in claim 17.
This transmission power control device includes: a
transmission path quality measurer that measures the
quality of the transmission path between the mobile
station and each of the base stations, based on a

35 predetermined signal transmitted from each of the
base stations with a fixed transmission power; a

fading condition measurer that measures a fading



determ ner that determ nes whether the fading condition of the nobile
station neasured by the fading condition nmeasurer is BéIANYVARW2M06a 5
predeterm ned fading condition; and a switch controller that validates a
first transm ssion power control information determ ner when the fading
condition determ ner deternmines that the fading condition of the nobile
station is better than the 10 predeterm ned condition, and validates a
second transm ssion power control information determ ner when the fading

condition deterngggaideber mmeshd habpitbe sfradi ngn coadiftaaqagofcdml@p@hl e
station i s not ,tcter .t han .t.he re eterm ned .co |t|§§ Fglthls 15
© o 0]

transmi ssi on powet "COREPST dtm% TRe TSt w}{ertd et control
i nformati on det ecomrdét ionncudgse raolmeﬂghlst@drlrmtrwashaledpém orimes wei ghti ng

on the transm SSfQJi‘lH W%n@ﬂ“éfc% rh@é%%tﬂ % gdapsp thed foyomeach of the
base stations to the 20 nobile station, hat a greater weight is given to

the transni ssi orPPBIeFe&BHYS ﬁ?ﬁb?‘?ra?PBﬁlttlroofhsn??fiea A base station
havi ng a hi gher c@uakbnyelrn dHer tvansarseison paihs t otthesmibidieon siatéeon,

t he wei ght correcto generatin ht .25 coryr ct| n roI

i nformation; and 3" Jé i ner otrhm logn@gﬁgs lﬁle \/\/calh‘?effl cgrrectl OIF cont r ol
information thatonadétgenecstteriioart ﬁét\ﬁmrrgme?e:othéét thearfddigog respond to

the transm ssi orbcplea\@hggntorfolthé oK MRbi QR Atdiansm & t sdcheemdhs, base
stations, 35 30 conbi ner qu rating corg)oa te transm ssion . power
i nf

contr ol nat?%?lde*?ﬁlrg‘lfnﬁdst hshPBsi 6m9 povet A2 6REr 6 |er‘Ff°d"rqmt| on

det erm ner det ertraesmiwbiiom tgpansm ssnomoﬂowmfcmnmatmbnl dedreratirosris to

be used in a transglsshon O, COMKOL; ORETALi Mt Al B5qLhe Ambid e station,

based on the conposite transnssion power cont ormati on gener at ed
from the conbi ne‘?heTﬁédéééior?@rtqﬂa%%s@?oﬁhﬁoﬁ?é?b?heJAN@ARV“ZG@G nEY control
information det es@t per kAGhUdese o s€H€EERMined condition. In this

15 transmission power control device, the first
transmission power control information determiner
includes: a weight corrector that performs weighting
on the transmission power control information
transmitted from each of the base stations to the

20 mobile station, so that a greater weight is given to
the transmission power control information
transmitted from a base station having a higher
guality in the transmission path to the mobile
station, the weight corrector thus generating weight

25 correction control information; and a combiner that
combines the weight correction control information
that are generated from the weight corrector and
correspond to the transmission power control
information transmitted from the base stations, the

30 combiner thus generating composite transmission
power control information. This first transmission
power control information determiner determines
‘which transmission power control information is to
be used in a transmission power control operation at

35 the mobile station, based on the composite
transmission power control information generated

from the combiner. The second transmission power



that selects the transm ssion power control information transmtted from
the base station having the highest quality in the tranhd3NgaRHR00path to t he
5 nobile station, the selection being nade fromthe transni ssion power
control information transmtted fromthe base stations to the nobile
station, and the transm ssion path qualitys;geing measured by the

transm ssion path quality neasurer. This second 10 transm ssi on power
control information determ ner determ nes which transm ssion power control

information is t@oxb@rHjS;GQnifrb@niifﬁ@ﬁn@i@%b@ﬂll@l@/ﬁerln@]@ﬂaé@' Opraddenrat the
nmobi | e station, basg ansm ssi on power_contr ol | nf rmation

sel ected 15 by the s@Fg&otrs t‘llbe achf 8981 ERe et bbF 8B Ythe present
i nvention provi desfarmebiiloe: stratnomithat ifgormo tiee badeoscennect ethtnpase

stations in a mopjley; gﬂ@y{mogfétip@ysyﬁt gie and.l el vdess aa0na 40

conbi ner that conbi nes si gnal ransmtted fromt ase tat| ons, and
t her eby genePat é%o%léérr66§|tt1@n si ghal SCARCtiSr rRRIRH PeSorfdon Hate r est or es

downl i nk transmtsﬁwglmu@%qromﬁtpmfr@mﬂthe1cqmrm§mﬁ£tlshgmalar@@rmewé@d from
t he signal conbi 25 receptl on. qual i ty al cul at or that cal cuI ates
reception quali t€ %IP ?HS corrpos&aetls(i)gnal ge%er:ﬂ P‘?r thhe Si gna |
conbi ner; a transh®ssronspéwerioram tbl abafdtivatioingenerauored it Yeder at es

transm ssion pow@faﬁgm&g@hdnnfﬁmta;@mg%@ﬂ' fe%rs@pelcont PRkl @%Jr?&sm ssion
power of each of the base stations, based_on the receﬁtlon qual ity

cal cul ated 1By tHe2ReBepFroR AT ycﬁaltéﬁrlatl@rfo%“ﬂh §md§§|eofr?mb%‘€/ver
control infornmtdetetmanser tirgrcH hat ah sansgiitos ;icmeframimmSJ on power

control informatjon gﬁg&g&%’ﬁeq_hs:g%g rl?o]gn Eggdt r%nsam{srsér%'mggone O%V{%

informati on gererator to eac ase statlons
transmi ssi on pov&PNEBRALr 6P SdE i HesEhELEQ A4 &) MLARYORE0H3STH aBibve, as

clainmed in claim®d. transmission power control information selected
15 by the selector.

To achieve the second object, the present
invention provides a mobile station that is to be
radio-connected to base stations in a mobile
communication system, and includes: a signal

20 combiner that combines signals transmitted from the
base stations, and thereby generates a composite
signal; an information restorer that restores
downlink transmission information from the composite
signal generated from the signal combiner; a

25 reception quality calculator that calculates
reception quality of the composite signal generated
from the signal combiner; a transmission power
control information generator that generates
transmission power control information used for

30 controlling transmission power of each of the base
stations, based on the reception gquality calculated
by the reception quality calculator; a transmission
power control information transmitter that transmits
the transmission power control information generated

35 from the transmission power control information
generator to each of the base stations; and one of

the transmission power control devices described



To achieve the third object, the present invention provides a transm ssion
power control method of controlling transm ssion power24faANUARYCGETUNI cati on
devi ce based on predeterm ned information supplied from another

communi cation device, the conmunication device performng radio

transm ssion and reception with the other _genmunication device and
transmtting transm ssion 10 power control information that is to be used in
a transm ssion power control operation in the other conmmunication device
and is determ negbbasedasn clrecepdi dbn silgdal puality, as clainmed in claim

25. This transnission power, Cé)gﬁ{(g{,en\%fgodcﬂjﬁcd U&Ezgyge, 13 Stepss of

determ ni ng whet her the reception signal quality econe |ower trt1an a
predet ernmined qtRY £RFLoENP I bhdFDas Y 28T 1P RgPPHET (GhsHP Ssi on power

by increasing theetnaASHISYA L r PONRHGI B rAGREIHSNTEN Woblepr epketer mi ned 20
characteristics, %Igﬁar dl e redeterm ned _inf or mat.i on, supplied from
[

35 of Ot[he.g I8

the ot her communfCATFBAC it lWheR PRE SFecdbti DROSIFGRAI Gl ity is

det erm ned t o havefbewens drowerpp haadt fie ompraedet lee mi nedmgualdatyiom t he
qual ity determ ning; S 1SS oWer L i from
t he transm ssi oga%gﬁéré _’vtatﬁl%e %%&lﬁgggggé?}vg%%a?hggﬁkg%g%g flﬁééggo
determi nation. | &RFELIEEAMINIART oRCHBREL CFortr'ot HeEhedetnwhen t he
reception signalc@uahhtyadti diheiS0i €enadal catarmymdevi g kecorRsi d9nef t han

the predeterm ned quality, t.he transm ssio ower o tge co ni cation
device is aﬁ{}on rr%"ﬂ%f:y?ﬂrllqrréaalsel %%rmgléé&ndgnkgaetwl?hjc?h.epru§’ gﬂj Wi hed
characteristics,traegaidisédsn afonhe ppadedr mnrek theéor fat itdre supptied 35

fromthe other cosmmpheaticaRndevdeece IRQ LilsARs SshoReROMAsLf 4he
communi cation device is increased in this manner. 24 éAI,\IUAR 2006 532

Accordingly, the T7aRSRPES SO Huer BohtFol a5 claimed in cldim 2

This transmission power control method includes the

15 steps of: determining whether the reception signal
quality has become lower than a predetermined
quality; and autonomously controlling the
transmission power by increasing the transmission
power in accordance with predetermined

20 characteristics, regardless of the predetermined
information supplied from the other communication
device, when the reception signal guality is
determined to have become lower than the
predetermined guality in the quality determining

25 step, the transmission power being increased from
the transmission power value that i1s observed at the
time of the determination.

In this transmission power control method,

when the reception signal quality at the

30 communication device becomes lower than the
predetermined quality, the transmission power of the
communication device is autonomously increased in
accordance with the predetermined characteristics,
regardless of the predetermined information suppliec

35 from the other communication device.

The transmission power of the

communication device is increased in this manner.



information that is determ ned based on the reception signal quality and is
to be used in a transm ssion power control operation i2% JANYARNYIP006 5

comuni cati on device can be received by the other comunication device with
an inproved reception quality. As a result, the other comrunication device
can performa transm ssion power control opecation based on the

transm ssion power control 10 information of the inproved quality. The above
reception signal quality is not |imted to any particular form as long as
representingtrmﬂée@eﬁﬁhqnymmﬁhéytﬁénehﬁssi@ﬁﬂpon@ﬁtbQMﬂﬂbby and

transmtted fr omﬁpgr% hgagg}nggeggttle%% q} %cgaggd rmunl cation

devi ce. For inst ance, to use FReepti- on ®vel of the
signal or the SINFC?BIT-QI@@l Stlcgnahtfé‘ﬁﬁéﬁéfsrc@qﬂ Uiss n‘@@séep@l\ﬁe&d ratia)

representing t h@rgﬁgfn@sgfl otrhep&»egfla&oia@%qn%ﬁér;;@lbﬂt ekf e&?@C@t@QrSI gnal
conponents and noise. Al's t he predeterm ned charact rlstlcs of

i ncrease of the ??%EW§§|t&r?rb Y1 fayCBe & a‘iﬁfe’t\}‘ﬁ bys tl%goﬁ}%efhe
transm ssion pOVMmIdoeﬁclaﬁthorb&Imecéowﬁttht fran id@rbvaﬂsmexsam@mmer val ue

that 25 is obser%/lg:gjhgrt t he ald é Efﬁéd‘%th%r @MEOQOmEQB éanél%gce wth

t he predeterm ne aract erl stl CS, transm sSi on power gradual l'y
i ncreased, or r@§YVbeei ﬁépemfdf%lflépw Seagsmic |l ¢erparR o @\R:ﬂtr@.hd t hen

mai nt ai ned at the,eestabn bawalga cErVe’E'hlef +3Q e 4 & BPSNMHSHIAN PONBFoYal ue

tenporarily.drops _during the uall i ncreasi rocess, there will be
no probl em %\g %Emf‘ﬁg a?rérﬁ%%%lblﬂ pEwER nﬁje’?%fter the dropping is

not small er than t he tranms$w©ompepallum thidne s qlmsxdrivtad a¢ tbe 35

time of the deteryypaLiyon, T b}§/ edet eprneddf orymthgngthal is supplied
fromthe other comunication device and Is 24 JANUARY 86 -33 to be used in

a transm ssi on poWRFEEBRIELGIY dpEt affoRPLtion quality of the signal

controlled by and transmitted from the other
15 communication device to the communication device.
For instance, it i1s possible to use the reception
level of the signal or the SINR (signal-to-
interference plus noise power ratio) representing
the ratio of the signal components to interference
20 signal components and noise.

Also, the predetermined characteristics of
the increase of the transmission power may be of any
type, as long as the transmission power does not
become lower than the transmission power value that

25 is observed at the time of the determination. For
instance, with the predetermined characteristics,
the transmission power may be gradually increased,
or may be increased stepwise up to a certain level
and then maintained at the certain level. Even if

30 the transmission power value temporarily drops
during the gradually increasing process, there will
be no problem as long as the transmission power
value after the dropping is not smaller than the
transmission power value that is observed at the

35 time of the determination.

The predetermined information that is

supplied from the other communication device and is



of the communication device is not limted to any particular form as |ong
as the information is transmtted fromthe other commMiJANUABY 2d@®vi ce as 5
information to be used in a transm ssion power control operation of the
comuni cati on device. For instance, the predeterm ned informati on nay be
transm ssi on power control information generated based on the reception
quality of a signal fromthe 10 communi cati on device that is neasured by the
ot her comuni cation device, information as to the reception quality of a
signal fromthe @@nﬁanh@,@tdi Gm 4leviggshhatsiicn r@@ﬁ@fedomﬁﬁdﬂe obbettion
conmuni cati on gg ar trhen.l glOISdIeQI ;8 case V\/ngr 1m ec[ rrrrunl cation
devi ce transmt% ﬁ £PANETH s5T on power contTol FitetiDn"? 0*tHe ot her
comuni cati on devdéceithatkra fameepeéononiggra ual Ltli]_O\Ia\lalIeLCH'pplﬁ@aCheS a

target recepti 0&%9&@&%@@56@vehgeotmer r&ﬁﬁ%wea%qoqp%éwc@agsbe
easily determined. In viewof this, the above quality deternm ning step may

i ncl ude the OSstebbpPraéter rﬁ‘hgb%,h’étsﬁgr ithé r'ecaptPdn sdiogndloWetial ity val ue
has becone smal I@@ntbam @pféﬂaSttlorﬁ he eshaled dtﬁlrlmlﬂ’,llﬁétﬁlbal reds i de cl aF 6w 26.

When the 25 recef)tlg s gnacl qua |é t\é%!,nti%l 1 Eoehrpaned tQ have becone
smal l er than the st tehre olff Varug i'n SRR A ﬁreshoa\% Val ue

det er mi ni ng st eptrahemisedept itorw sk gﬂahtm@él |1tryf@$mdenemmgrﬁetblt@tﬁ®ve

becore | ower thap, b eﬁe%teerzr@é@gtggal lquélllrw k@f?@ 9y@fdy é@&ﬁrehel ng
step. Fromthe sane poi nt of viewas the abav quality eterm ni ng

step may i ncPude"PHBUBLERS 1O3Y At CRI jfipi‘:'i‘ljfglalS d?ef?%‘ﬁﬁﬁéeb\)’alﬂbe pyther
subtracting thecseceptcanisirgridvigoal i iy fvalnuec foonathect artget 35 reception

signal quality value ggg tej]rlna i 0g a\/\/gqtg};learl tg‘l‘,le i Lfer g:%%%@%%tggéal ned
in the dlfferencev ue ca ng stepls eq to or 6 -34
greater than a stRoh@ct kRéshdld Wed Ber eds byl difedP ther communication
device, or the like.
15 In a case where the communication device
transmits such transmission power control
information to the other communication device that a
reception signal quality value approaches a target
reception signal quality value, the reception
20 quality can be easily determined. In view of this,
the above quality determining step may include the
step of determining whether the reception signal
quality value has become smaller than a first
threshold value, as claimed in claim 26. When the
25 reception signal gquality value is determined to have
become smaller than the first threshold value in the
first threshold value determining step, the
reception signal quality i1s determined to have
become lower than the predetermined guality in the
30 gquality determining step.

From the same point of view as the above,
the guality determining step may include the steps
of: calculating a difference value by subtracting
the reception signal guality value from the target

35 reception signal guality value; and determining
whether the difference value obtained in the

difference value calculating step is equal to or



claim27. Wen the difference value is determned to be equal to or greater
than the second threshold value in the second threshol2d JaitagY®80ér m ni ng
step, 5 the reception signal quality is determined to have becone | ower
than the predetermined quality in the quality determining step. In a case
where the conmmuni cati on device transmts sygh transm ssion power control 10
information to the other communi cation device that a reception signal

qual ity val ue approaches a target reception signal quality value that is
controlled in apcoydancenwnt b aqredet enpebed lparaaeter, abr @hdheed sane

poi nt of view as_ ! he a?gve thré%t qual | éyf%grggtc%r m ni ng sge@er{aey n'llnr?lé‘de t he
steps of: determ i n whet Wer he T eception val'u
becones snal | er thdre aetflllﬁét ttohr%mredateal @éancaﬂt@l %@pﬁgdatdmef?e}r@lQe

val ue by subtractdng lHeth%C%@d&mstEB@lsh%ll@' '\;é/lﬁ(@l He tldomd hegt aeggt 20
reception mgnal qual i t% val ue; and det erg1 ni ngt whet her 't he di ffer ence
val ue obtai ned it MeSCEPFfEFerfde Rt UBURALEY atS M sEBBLrSedifal N3 EE or

greater than a secomethoesholtharaltiies @sedbaemad ied ghailmt28.inWene t he
reception signal U%L@i%%ydgélelf%lﬁgdqs g,?égrm' ned to have becone snaller than

the first thres | ue 1n hreshol d val ue determ ning step,
or when the difference val 48 igs Cafd e hedih6 IFewhialcasion gsst®® t han

t{le Sefﬁnd thr?:%éini’@klugub%l ttnearssa@pgg%&hrgmglg é’ﬁﬁt‘@o%o detelrm ni ntgh
step, e recept.l on Sl gha ua etermne ave pecone ower an
Ther” pr edetal m rott GLEFF L™ Hot e SFY TS HRPBPR iy S5t 87 THfG Tha

predet er m ned pareaamsgtteronbasgadadn qBbl by chatlhe tearmetackeeptl arr=xygnal

qual ity val ue i £ n e a rtic r d the
above structur esrl S va J(')J”ll\/\ﬂgu gln%l Q{a%igie%it’Zga%%ﬁU%éYaogoio% B%ﬂrtrrggelggﬁ 0%51

signal quality @é%q}?e“il%nﬁ%t Wi thi YePiafigeermined parameter, from the

same point of view as the above, the qguality

15 determining step may include the steps of:
determining whether the reception signal qguality
value has becomes smaller than a first threshold
value; calculating a difference value by subtracting
the reception signal quality value from the target

20 reception signal quality value; and determining
whether the difference value obtained in the
difference value calculating step is equal to or
greater than a second threshold value, as claimed in
claim 28. When the reception signal quality value

25 is determined to have become smaller than the first
threshold value in the first threshold value
determining step, or when the difference value 1is
determined to be equal to or greater than the second
threshold value in the second threshold value

30 determining step, the reception signal guality is
determined to have become lower than the
predetermined gquality in the quality determining
step.

The predetermined parameter, based on

35 which the target reception signal gquality value is

controlled, is not limited to any particular form,

and the above structure is valid when the target



but a variable value that varies with the control operation. For instance,
the predeterm ned paraneter nay be the error rate in therAN@EIOME@sI On 5
information contained in reception signals received by the comunication
devi ce. The above aut ononous control step may include the steps of:
generating such autononous transm ssion power control information as to 10
i ncrease the transm ssion power in accordance with the predeterm ned
characteristics; and switching control operations froma transm ssion power
control operaticdasednor ilgraIsng sl oRypewaucond rabt anfrarned i ealsuppl i ed
fromthe other ggnnunlcatlon 115 devi ce 19.a transnlsskg Rower contiol

co

operation base Bh thé a&tononnusl%raﬁsnlsgfﬁﬁdﬁ%mer tvol® |%¥%rnat|on

when the receptiareséghah.qudlds yinstadeeer riredted haverbecoire | ower than
the predetern ned, qual L Ly 'm%y”lﬁ‘eq&’ﬁé' Ly rdet %ram@'m 24 %&%mshr@ésgi@hﬁed in

claim29. It is nore preferable to prevent such situation that the

transm ssion pov&é?fci’%maﬁﬁﬁé‘césosr’a’%"fJr?e?inéfleé?&?%%qﬁ%%lgﬁ)?llsrrp’?‘?ﬁ/%h’éﬁ? in

the reception signathguabmimunideet boreviiaet.hne 25 transm ssion power

control nethod of the present, |nventlﬁﬁbnth%u%ytonogDUE c%ntrol step may
S

i nclude the steps of: determnﬁ?ﬁf%me °& transmi s5Pon péﬁer Y ncrease

anount has reachatchupeetiocerstiarsl o ahogrnewsit g heuchapsmossingr power i s

bei ng 30 lncreasteldawmggg%qa@ﬁﬁv&t@oﬁl@@o@r edeterm pedn gharacteristics;
and stopplng t he autononnug control  of /increasing the transm ssion power in

accordance @it HHeS PP 8IELEr mHiTfRP BhaF A8 ePRLS Tt P WABROERE R 3§ dhshissi on
power increase atmunprédedetrarimaedctor 3btkave risachedntihe wirtedetreg m ned

amount in the det.erpiniog sten.as £lahed i olai 030, To.achisye the

third object, the present |nven Ion provi
transmn ssi on pmﬁgeqﬁm%@a|based on transmission power contro

information supplied from the other communication
15 device to a transmission power control operation

based on the autonomous transmission power control

information, when the reception signal gquality is

determined to have become lower than the

predetermined gquality in the quality determining
20 step, as claimed in claim 29.

It is more preferable to prevent such a
situation that the transmission power 1is
unnecessarily increased without any improvement in
the reception signal guality. Therefore, in the

25 transmission power control method of the present
invention, the autonomous control step may include
the steps of: determining whether a transmission
power 1ncrease amount has reached a predetermined
amount while the transmission power 1s being

30 increased in accordance with the predetermined
characteristics; and stopping the autonomous control
of increasing the transmission power in accordance
with the predetermined characteristics, when the
transmission power increase amount is determined to

35 have reached the predetermined amount in the
determining step, as claimed in claim 30.

To achieve the third object, the present



device that controls transm ssion power of a comunication device based on
predeterm ned information supplied from another conmunidganNUamy2ecevi ce, the
comuni cation device performng radio transm ssion and reception with the
ot her conmmuni cation device and transmtting transm ssion power control
information that is to be used in a transpggsion power control operation in
the other 10 comruni cation device and is determ ned based on reception
signal quality, as clained in claim31. This transm ssion power control

devi ce incl udes: 1ra/e1€]tlﬁbht¥51dﬁ/tﬁfé§ ner t t hatmdetLrdn neswehethert tde

reception si gna ual it as beco Iotéver than a 15 r edet e(r§m ned quality;
and an aut onoroift cjo%?rgrlfa t° 7 hcr ea8a8s e 't andhiTssi%6n Sover in
accordance w't h:qmredlet earttlweld dﬁhatr(a@tleaisstii ©%, preydetdeengnefd the

predet er m ned. | ¢ Gk OB osURRldoc: 44 OFY bhe aroHiRt copmHahaaid o e ce.

when the quality 20 determ ner ermnes that the reception signal quality
has becone | dwerd &HaFS t hENEr SPSTEHM FREL CHudleitice ther £ aRdRi% 1kt Hower

bei ng i ncreased ‘Jﬂ&ﬁ@mibglbha%%m SI5¢ OFp povAr w\tadrueutélatatherobserved at the
time of the determ natlon '&o achl eye the fourth ob!é t he. resent
S:

i nvention provi dés" Joﬁ%ﬁnl Sation dev e8 FRAF ST et tidds F T8 5 s?ﬁ%%l on

power control i mforemtcontriodarnsricrreztt hat tpertf oravst ¢ abdeo utsreahsii s&i on and

reception with anoiher; S9RBUNILALd ON-Sevige, o%rtct%éﬁaﬂﬁmttﬁe tdansai ssion
power contrﬁ(g informatjon .that is deternined based on reception signal

quality ant’is @Hetsadirn £9rEsniisi 0f PGt toheroP2S§5erRion in the
ot her comuni catnem"e;dtei/enesla_;nadorqtra)liey t hat cdanitred sihr ansninsS3 bn power

based on 3% pr edgtser i pedhotarnmt on, suppbed o orm g heo oL hen , ommupl cat i on

devi ce; and any of the transm SSI 0 ower control devices o
through 36, as 2ZWaJANUARYe26@6 L3z c@%@'ﬁe@etﬁr&ldi% 3yhether the

reception signal quality has become lower than a

15 predetermined quality; and an autonomous controller
that increases the transmission power in accordance
with predetermined characteristics, regardless of
the predetermined information supplied from the
other communication device, when the gquality

20 determiner determines that the reception signal
guality has become lower than the predetermined
gquality, the transmission power being increased from
the transmission power value that is observed at the
time of the determination.

25 To achieve the fourth object, the present
invention provides a communication device that
includes: a transmission power control information
transmitter that performs radio transmission and
reception with another communication device, and

30 transmits transmission power control information
that is determined based on reception signal quality
and is to be used in a transmission power control
operation in the other communication device; a
controller that controls transmission power based on

35 predetermined information supplied from the other
communication device; and any of the transmission

power control devices of claims 31 through 36, as



To achieve the fifth object, the present invention provides a transm ssion
power control nethod of controlling transni ssion power24afaANARYD0be 5
station in a nobile comunication systemin which transnm ssion power

control information to be used in a transm ssion power control operation at
the nmobile station is transmtted froma bage station, and signal

transm ssion and reception are perfornmed 10 between the base station and the
nobile station to establish synchronization, before information data
transm ssion is staimed beatwaenr ey base station and the m)bi | e station, as

claimed in claim39. This transhrgesvm on, Rower. %ont roI get ncI udeg t he
step 15 of autononously contrc‘?ﬁ I'ng transm SSI on | “ndtease from an

initial value i nlra\cmttlanc@r\erﬁeq)r@d*erenﬁmn@@mfarxa@wem soinds; o ¥ egar dl ess

of the transm sgdofo@over el i of PRhkan ddansmiled off amdhie: base
station, after establishing 20 synchroni zation at the npbile statjon with

respect to 2 sigratiPR ot Re MPASE St QP TBHR IR %A TYRASHI <81 o Woher
control nethod, tmresmssghaln toansm sshonoand nrfecaid t bonare m&rﬁmmdin

between the base, SEALLON; 900 LMo JIRbl | €051 LHON A0 25 881 bl Lol

synchroni zati on, transm ssi ased Tromthe i nit %fr val ue
in accordance wixtetide pﬁe@étaélrsfﬁln‘@@e@héraélt ér @atfi%sStPégQPdl e?srsdof t he

transm ssion powergEont £ ok nisAfirdmdd oin&r apseidtdied, {ronmthe Hasey station,
bef ore |nfo t|on dat a 38? ansm ssmn is started betwfen the nobil e
0

station t h® PAEERt & 25 en-1 1 P he?lfa 8¢ n! oRer ot rof
‘informati on trarwmatmbdshrersnntcﬁnerd:nanszea‘statu,obefroeqazlr esefib smatriam ddater ease

of transni ssion nowery; 35:Lhe ; %b%vteﬂp%r@%swew ghar aeLerkst esareng

determ ned on the condition that, s onization is established in an early
stage, regardl e@%fm?qﬁélﬂsﬁﬂﬂl}m{ 2096C L 38Meanidhi €58 60 géwer Tbhi r ol
informati on, andddrédmBssion power control method includes the step

15 of autonomously controlling transmission power to
increase from an initial value in accordance with
predetermined characteristics, regardless of the
transmission power control information transmitted
from the base station, after establishing

20 synchronization at the mobile station with respect
to a signal from the base station.

In this transmission power control method,
when signal transmission and reception are performed
between the base station and the mobile station to

25 establish synchronization, the transmission power is
increased from the initial value in accordance with
the predetermined characteristics, regardless of the
transmission power control information transmitted
from the base station, before information data

30 transmission is started between the mobile station
and the base station. '

Even if the transmission power control
information transmitted from the base station
represents a rapid increase of transmission power,

35 the above predetermined characteristics are
determined on the condition that synchronization is

established in an early stage, regardless of the



nore efficient transm ssion power control operation is perfornmed. Unless
the transm ssion power becones |ower than the initial 2¢aANBARYha06
predeterm ned 5 characteristics can be arbitrarily set fromthe above point
of view. For instance, the predeterm ned characteristics nay represent a
situation in which the transm ssion power dxs- gradually increased, or a
situation in which the 10 transm ssion power is increased stepwise up to a
certain value and then maintained at the certain value. In the transm ssion
power control nethedmiofsidwe poesentcamwvent | bnfotrhe tauironoands thant r:ol 15

step may includg.the step of,coptroldng. ; 45 apsiLgsi0n, poyer 19,1ngrease in

accordance with gentler variation char act el’la§§l CS than vari aﬁ)l on
characteristi csléf PErEsiiedi onUpewss coift reffeamnipgdad avev e PEERHTSSSI on

power contr ol lmBQ'élfﬁtﬂ}Q{h 2@hérﬁﬂilf|1tatledfaflr@éntﬁﬁeb%i%cﬁé‘@éhﬁﬂneas clai med
in claim4 is nore re eraleib?svmtgp insmss”g rﬁo r COI’ltI‘Ol
% tAet 7O

oper ati ons ronf)pfaffa e et f e Cof gbi My Farrstli s contr ol
25 operation of abheeagtamotrous toetr.ol Fsizeplnél'heneéore:,he t he transm ssion

pover control - mELAAd of.ticedr engih o dynent on aay Luheredpobude the steps

of: determnin V\/net er predeterm ne fions for stopping the
transni ssi on poféiudditarol ippehathokhet BRIHRIa6L6RoRIEEohErol step are

sati sfi ed, afte@rbh@altlryanﬁmﬁéh@@dpow aC%ﬁf@Jath@eir atd o O¢ént hee
autonormus ont step is determ ned that the

predet er mi fi %ﬁaPﬂ“&ﬁss Ja?% p%"é{el Sfll ed‘ %r?%%eaufgﬁgﬁ?ﬁfse cORt 81 st op
condition 35 decelrrtnamnng@lle@ asui tokinmgnadyransinsdi et govwercecoatnol
operations from,fhgctransm ssion power control operation of the autononous

control step to 24 JANUARY 2006 -39 a transm ssion power control operation
based on the he transmission power control method

of the present invention, the autonomous control

15 step may include the step of controlling
transmission power to increase in accordance with
gentler variation characteristics than variation
characteristics of transmission power controlled
based on the transmission power control information

20 transmitted from the base station, as claimed in
claim 40.

It is more preferable to switch
transmission power control operations promptly at
the time of stopping the transmission power control

25 operation of the autonomous control step. Therefore,
the transmission power control method of the present
invention may further include the steps of:
determining whether predetermined conditions for
stopping the transmission power control operation of

30 the autonomous control step are satisfied, after the
transmission power control operation of the
autonomous control step is started; and, when it is
determined that the predetermined conditions are
satisfied in the autonomous control stop condition

35 determining step, switching transmission power
control operations from the transmission power

control operation of the autonomous control step to



transm ssion power control information transmtted fromthe base station,
as clainmed in claim41l. By this transm ssion power contspANUaRY2s 5
transm ssi on power control operations are switched fromthe transm ssion
power control operation of the autononous control step to the transm ssion
power control operation based on the transgissi on power control
information transmtted fromthe base 10 station, when the predeterm ned
conditions are satisfied. The predeterm ned conditions for stopping the

transm ssion poyetrgaBhiQsopergbven ebridel ashonarBYS q:smié@l oﬁt epemay be
conditions that.  can 15 be determ ned a%ﬁé}t]]e |Ie tatlon re | ess of

i nformation transitred SHBmEnehass™ %Fma ORd tﬁroaf% F an be

determ neq at theomobhke bastaats oatbased asn qlrﬁ‘maatnon ctlraalnsnﬂlted fromthe
base station. 20 In the f%ﬂhf@%r%@ﬁu%%‘%ﬁ Qgrc%%rpcero axgleltgodhe

determ ned. Therefore, in the transm ssion power control
present i nvént i BR2NERE S SHRTDIMBES EBAEEOIL tRBT EBREPE é‘rf%e‘%‘é%ﬁ?ﬁ?ﬁg step

may include thetsdepshef tm{@ﬁmgwg yhetherc ¢n 2bo pr egeterid siedopethed of
time has passed s nce a _ start tr nsmssi on govver control operation

of the autononbus®E8REHS] s‘%%%roénagﬁ& e i nihgtt RRE ™ LS Bt 8RY &F ni ned
conditions are sattsbiledpsratidte bpesedetoer mheedt panpad sgfian neowas passed

since the 30 starf-obit E%ftJM§§I anm\eﬁrt@@tf%mor:&%reata@@eof the
aut ononmous_control step, claimed in claim42, 1In the latter case, the

base stati oA trandhtPE: plwé’c?é’( er W nRHCEPARSH 8T OnC PR’ 208kt rdf i nf or mat i on

until synchronigatisbfikes .established at 35 the base station, and transmts

o B oo .0, BN COULLOL 1 LD gl B Dagefpen

nobi | e station W@eﬁrgyﬁ@mscﬁﬂ@atp@ﬁeifsContrOl operation of the
autonomous control step may be conditions that can

15 Dbe determined at the mobile station regardless of
information transmitted from the base station, or
conditions that can be determined at the mobile
station based on information transmitted from the
base station.

20 In the former case, the stop timing can be
easily determined. Therefore, in the transmission
power control method of the present invention, the
autonomous control stop condition determining step
may include the steps of: determining whether a

25 predetermined period of time has passed since a
start of the transmission power control operation of
the autonomous control step; and determining that
the predetermined conditions are satisfied when the
predetermined period of time has passed since the

30 start of the transmission power control operation of
the autonomous control step, as claimed in claim 42.

In the latter case, the base station
transmits predetermined transmission power control
information until synchronization is established at

35 the base station, and transmits closed-loop
transmission power control information determined

based on reception gquality of a signal transmitted



est abli shed at the base station based on the signal fromthe nobile
station. In this case, the autononous control stop cordIANARYI2E06r M Nni Ng
step 5 may include the step of determ ning whether the transm ssion power
control information transmtted fromthe base station has been sw tched
fromthe predeterm ned transm ssion power-gontrol information to the

cl osed-1 oop transm ssion power control 10 information, as clained in claim
43. Wen it is determned in the control information switch determ ning
step that the transmissd aoponer seertirand afbéer Bghicr dronsaibhed sf rom t he

base station hag . been Sr{}‘éé‘:?%dt rop the predeter g ned transm ssi.on 15 power
control information to St e closed-1o0p ~transm ssion power control
information, it firom détermepedet Far ttiwn pr eliet Enfisned sondihfons are

satisfied. If thetpredehes kR bnaRsHSStONIPOWeh &0 £AM F Ohgi Rft@iymati on
transmtted fromthe base station is n erly received ataﬁ?he nobi | e

ot pro
station, there PéYa ' sdidtI Fh§ SHEP tHe d%?%ﬁ@ﬁ&ﬁgoﬁrb%%?rc £r ol
i nformation transantted s fsonpbhe rbasetst@l | bn fBirglatt ilken w oagkyirteeegni zed

o oo, o OSSNl LR, s NI 1 o
may incl ude t hePsees tefriigt @F nt APAGMAMFR Ft ROWBFedengrift heln ferimed 16 ti me
has passed sincecat3Q HBsdc@16BQ AN SSE 0FnPRWRIe LUK Ok c0per ati on of
t he aut onomous control step, as clai,ned, in claim4é4. nit,is.determ ned
in the start’ tifm'ng* ettJBerﬁi nf‘ﬁgc%ta‘éﬁlq%altnt%gabpegét'emeeﬂ pEritéd of tine
has passed sincéetkemstread of the tCrartsmssiohodBapdwer vohtebl operation of
the aut ononous QQQEWini%%pst%Eet%%Qt Qle | 0 OF BRLISQN S 4 Ghe dELBLTIAYING
step is carried out. 24 JANUARY 2006 -41 By this transm ssion power control
met hod, information transmitted from the base station has
been switched from the predetermined transmission
15 power control information to the closed-loop
transmission power control information, it is
determined that the predetermined conditions are
satisfied.
If the predetermined transmission power
20 control information transmitted from the base
station is not properly received at the mobile
station, there is a possibility that the
transmission power control information transmitted
from the base station might be wrongly recognized as
25 the closed-loop transmission power control
information. To reduce this possibility, the
autonomous control stop condition determining step
may include the step of determining whether a
predetermined period of time has passed since a
30 start of the transmission power control operation of
the autonomous control step, as claimed in claim 44.
When 1t is determined in the start timing
determining step that the predetermined period of
time has passed since the start of the transmission
35 power control operation of the autonomous control
step, the control information switch determining

step 1is carried out.



the transm ssion power control information transmtted fromthe base
station is not wongly recognized as the cl osed-| oop t#243ASUARY¥R@G power 5
control information at |east in the above predeterm ned period of tine from
a start of the transm ssion power control operation of the autononobus
control step. To achieve the fifth object,-4he present 10 invention

provi des a transm ssion power control nethod of controlling transm ssion
power of a nobile station in a nobile comunication systemin which
transm ssi on power control Byntarimatimémnibeivsegdwer aconansii ssd tdro@power

control operatiQpcat, Ihe APbLLe 13 Sali 00, k3 b Ei’}?‘é”@}r%%giéﬁom a base

station, and signal transm ssion“and reception are perforned between the
base station and‘eRsThobite SE&M da dPaest abRit® syt i @RI FYALINSH,Y bef or e

i nformation dat @ecloaisie8sken the Hiasd ed- bebyean dwn baseost aldwar and 20
the nobile ?ati an, asJEcl a%rred i,n clai me. Thi,s _transm ssion power control
met hod i ncl udes PR *Step™ " 6P TEEHH6 13 hgt 7 &Rs s <ilth %69\%? based on gentle
transm ssi on powerdedrd rrol nedf pendtddm f hatmes frdesignedato pHhcrease t he

transm ssion po %ﬂ%i@s?gﬁogg%%%e 4O genbhel- Mard Aty pnygharact eri sti cs

than variation characteristic transm ssi oh power controlled based on
the transmi ssi oAYSOREMToht FBRTLORf GrHRR i on transnitted from the base

station, after synchronizapi genwidie asé gpak thr epjtdier baspeshatds@m 80 is
establ i sheqtdat tihe mgcb.i | e stragl_ii n.In grhig triansrri Ssi on_power +GQ trol

met hod, a ttan3fi sSion povereorntr a ‘oper 'l 8f 6asdd’ on t Ke" “gént | er
transni ssi on power-hoghte Dl cpptagoddtiinon tyenenased dvagerlvon tlie at manisidi &si on

power control 33+tiRfiQydTedh 0 heansn tdaehbh opthe bases stat k anyins cHper f or med
at the nobile station, whjle signal trans? ssion and recegthon are
a t

performed bet we&h 2HTE 0% JARURRY SF0G 1 42° has B T AGE OrP antCt RE MG15id et

station so as te transmission power control operation at the mobile
15 station is transmitted from a base station, and
signal transmission and reception are performed
between the base station and the mobile station to
establish synchronization, before information data
transmission 1s started between the base station and
20 the moblle station, as claimed in claim 45. This
transmission power control method includes the step
of controlling transmission power based on gentle
transmission power control information that is
designed to increase the transmission power in
25 accordance with gentler variation characteristics
than variation characteristics of transmission power
controlled based on the transmission power control
information transmitted from the base station, after
synchronization with a signal from the base station
30 is established at the mobile station.
In this transmission power control method,
a transmission power control operation based on the
gentler transmission power control information
generated based on the transmission power control
35 information transmitted from the base station 1is
performed at the mobile station, while signal

transmission and reception are performed between the



establish synchroni zation, before information data transmssion is started
between the nobile station and the base station. Even 24{JANWARYrR2806sn Ssi on 5
power control information transmtted fromthe base station represents a
rapid i ncrease of transm ssion power, the transm ssion power at the nobile
station can be controlled with variation characteristics that are gentler
than the variation characteristics 10 represented by the transm ssion power
control information transmtted fromthe base station. The gentler

transm ssi on powsrs«€osnt&al onnfaardreth®mmobinet diaiied £6 asy tuarti cul ar

form as long I e . t s ssi : p [
control infor ma%ls So%ek% ?gﬁgmggn?$%rg%§%ﬁé8gas g)%sftog‘r?%]oﬁ §§5%r_?lgitr1liot%ané(:)‘a\é\€at he
gentler transm SsidnsMpsReENcoft rotal hedr Rativee mayh demgbhdcatsde based on

information thatads PRet bakly sexddaet ed £ram tie 4 apsphssiian jpayer control
i nformation %ransmtted 20 frorJI}t e base station e generated based

, or y_b
on the average HH{OF nafT &R Odf Gt B8R pirédeEt bt Qi AEAThy- i VidF Rig t he
transm ssi on powetraicontr okp riefeortmta onaplandimddeds ¢ rom thenkasies st@t i on.

It is nore pref o%Péf?,t?hé“&%&%«?ﬁé?@%”héaﬁe%aﬂcowﬁ{eCI%EE?'e Oﬁﬂaea[@%&?”s.
pronptly at the tinme’ of stopping e transmssion power control —operation
of the gentle treaisiPssFontpoddretont kol vagied iothered breterie trdhsni ssi on

power control nretdodipt LBe tprasetah nveat ban iy Jur ERgE alcRE tde: 30s t he
steps of: d Berm ni n% whet Qe(r? redetermined conditions for stapping the
transmi ssi on’ powet®* CORLFE ng § on" dF STHE St IR T anSHESi%on power
control step arersatimdtédn dfrteersniiet¢d ahspinssien baposes teantomol operati on

of the gentle transm ssionp3a pRWEN LA FOhsahieR i Staytedand.owhen it is
determ ned that the predeterm ned conditions are satisfied_in the gentle

transni ssi on povert TRt F P24 s) AQARYE 2DBBA- 28 STop RohHi FHéA Tdéti i ni ng

step, swtchingas long as being generated based on the transmission

15 power control information transmitted from the base
station. For instance, the gentler transmission
power control information may be generated based on
information that is partially extracted from the
transmission power control information transmitted

20 from the base station, or may be generated based on
the average information of information pieces
obtained by dividing the transmission power control
information transmitted from the base station.

It is more preferable to switch

25 transmission power control operations promptly at
the time of stopping the transmission power control
operation of the gentle transmission power control
step. Therefore, the transmission power control
method of the present invention may further include

30 the steps of: determining whether predetermined
conditions for stopping the transmission power
control operation of the gentle transmission power
control step are satisfied, after the transmission
power control operation of the gentle transmission

35 power control step 1s started; and, when it is
determined that the predetermined conditions are

satisfied in the gentle transmission power control



transm ssi on power control operations fromthe transm ssion power control
operation of the gentle transm ssion power control stedJANUARYREMSSN ssion 5
power control operation based on the transm ssion power control information
transmtted fromthe base station, as clained in claim46. To achi eve the
fifth object, the present invention furthefysprovides a transm ssion power
10 control device that controls transm ssion power of a nobile station in a
nobi | e conmuni cation systemin which transm ssion power control information

to be used in add@NsIhEsteBnpeMeie 0O IAL Rt ion athikhBe nobile station
is transmtted froma base 15 statl 0 dn@nd 5| naI transr%?glfno%ﬁland reception
[

are perforned bt MEEh t heBase "t at Th 5?1 & o 47e° G o establish
synchroni zat i ontrtﬁefmJeSSanflop@artanmQrataotrapgmaqsuqm 0§ shar tueththlet ween

the base stati %ae}&qnw&aﬁbbb%e%t aédr?@ro@ss@e%' R antZQnglnals@ﬁ@ This

transni ssi on power control device includes an autononols confroller that
controls transk¥ O PohEP Lt OPeTE e’ PRERFaRT it afr 9BFHE SSipn

accordance W t hppredetesAatned characierishi esanshEgarsld essopf thhe base
transm ssi on po r control 25.information tranggltted fromthe base station,
S

after synchroni®2&t5oH wi ¢ 8l§|l§“na ¥?ont tHE B&se station is established
at the nobile station. To @cheewe v ﬁmétﬁlébjhe@tbj d¢die, pteseptresanent i on

al so provides a; tnrvaé}%ﬁéé'?ﬁrl%‘é%r SUS19ks 30 devige fhatnc gweql s

transm ssi on power of nobile station in a_nobile comunication systemin
whi ch  transhi s§|06ﬁ1i§b1</\e‘?e‘ébﬁﬁr SRR HEEPOA 6 WSUsTH PR PR Y& arhi $si on
power contr ol on@rmme)r‘smtthe Hobid enolst adi almmdzrcaentsmhteg}sftre@rm;m base

station, and 358% %al %g? %i'o%n padlge£e§gggllr%r1 are: be rﬁ!n?ﬂ e%é/veen t he

base station an atlonto I'i'sh sync ronlzalon efore
i nf or mati on dat 325241 JJANLE\RYIQ()@@J—&MQT? PRV ESCOn P st apesd themweeh t he

base station anghe mobile station is transmitted from a base

15 station, and signal transmission and reception are
performed between the base station and the mobile
station to establish synchronization, before
information data transmission is started between the
base station and the mobile station, as claimed in

20 claim 47. This transmission power control device
includes an autonomous controller that controls
transmission power to increase from an initial value
in accordance with predetermined characteristics,
regardless of the transmission power control

25 information transmitted from the base station, after
synchronization with a signal from the base station
is established at the mobile station.

To achleve the fifth object, the present

invention also provides a transmission power control

30 device that controls transmission power of a mobile
station in a mobile communication system in which
transmission power control information to be used in
a transmission power control operation at the mobile
station 1s transmitted from a base station, and

35 signal transmission and reception are performed
between the base station and the mobile station to

establish synchronization, before information data



the nobil e stat
devi ce i ncl udes

ion, as clained in claim53. This transm ssion power control

a gentle transm ssion power controll er4ttArtiarendgeol s 5

transm ssi on power based on gentle transm ssion power control information
that is designed to control transm ssion power in accordance with gentler
vari ation characteristics than variation characteristics of transm ssion

power controlle
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blished at the nobile station. To achieve the sixth object,
the present! |n@éﬁQQHP$uF?ﬁeFrﬁﬂﬁﬂ%ﬁ%l%PnBBWFé'§ﬁﬁ§%ﬁlthaﬁoqmﬂﬂ%&ks a
t ransm ssi on pow&@IQnm&feéddeybmetﬂhanasé geatrelns, taansai Ssi on pomer when

G R MTaPRGE on atn T S798 ) ARUARY Do0B52 A5 S D (he

ats tassid t shedaadnitdsd opoblile station.
To achieve the sixth object, the present

invention provides a mobile station that includes a
transmission power control device that controls
transmission power when signals are transmitted to
and from a base station so as to establish
synchronization before information data is sent to
the base station that transmits transmission power
control information to be used in a transmission
power control operation, as claimed in claim 55. In
this mobile station, the transmission power control
device includes an autonomous controller that
controls transmission power to increase from an
initial value in accordance with predetermined
characteristics, regardless of the transmission
power control information transmitted from the base
station, after synchronization with a signal from
the base station 1s established at the mobile
station.

To achieve the sixth object, the present
invention further provides a mobile station that
includes a transmission power control device that
controls transmission power when signals are
transmitted to and from a base station so as to

establish synchronization before information data is



power control information to be used in a transm ssion power control
operation, as clained in claimb5i. In this nobile stat#adaNUARE2606aNSM SSi On
5 power control device includes a gentle transm ssion power controller that
controls transm ssion power based on gentle transm ssion power control
information that is designed to control trapsm ssion power in accordance
with gentler variation 10 characteristics than variation characteristics of
transm ssion power controlled based on the transm ssion power control
information tranrsmt tes tlfléomatshae dlaﬁeicshathénl tafatrﬁrmswchlrelmiszraitsismrbm th a
signal fromthe base > st aljﬁjco i§ ‘%Sot%ﬂtfgr’?d h%selos b| |l e station. The
ot her objects, 1peatures advan es of resent | nvention will
becone nore aprraraeTﬂmISS@nDtlh@OMﬁrl mm‘gr@és@memaltolmnw@h 20 arigfegt elfite to
the accompanyi ng.iqrai 9igs. BRI EROFSCR PTLON-OF sBE DAAW MEB-ELGs sk on

illustrates sof t handover Er ocess in a mpbile communication systemto
whi ch a 25 t7an®W"& orPpbher E6mirdl 1Rt hbdern 2adSdt dahcEr fPER Y He r esent
invention is applowed; ddfxrdliera tockcdhagbam itddarsimassngnampowexanpl e

tructure of a a n C ontrol
;S)er?or lrjned by thg%?(?frcg%s éggll%n %‘Q%%}“%:%%??grb %Jte%nd&?gfqg% icts an eln;odl ment

of the present ilmiaftianior Ehad i 93 bgkedi agr AT 1T bt FARNAG 1SS Fq7 st

exanpl e structupefr thie é&@@%@ﬂa&%é)mﬁ@}\(\e@en%@t@tﬂ Qla 51 ghabndet erm ner of
t he m)bllenjs(gatl%n 35 shownln Fi 4|sgliblock di agr.am

illustrati ATt & St FuEfurt ad)f aﬁh«?ala&c. 3 UnFE 524 CPANUARY 2006
-46 FIG 5 ill ustrraatsesl sl erapphe rofcaperat led basgidc ¢m the operation unit

shown in FIG 4%r@ﬂ§mf§é§oﬁ BB%%&'Qd%ﬁﬁglikh?%&%ﬁﬂf&hatransmitted
from the base station, after synchronization with a
signal from the base station is established at the

15 mobile station.

The other objects, features, and
advantages of the present invention will become more
apparent from the following description, with

20 reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a soft handover process

in a mobile communication system to which a
25 transmission power control method in accordance with
the present invention is applied;

FIG. 2 is a block diagram illustrating an
example structure of a mobile station on which
transmission power control is performed by the

30 transmission power control method that is an
embodiment of the present invention;

FIG. 3 1is a block diagram illustrating a
first example structure of the transmission power
control signal determiner of the mobile station

35 shown in FIG. 2;
FIG. 4 is a block diagram illustrating an

example structure of a hard decision unit;



second exanple structure of the transm ssion power 5 control signa

determ ner of the nobile station shown in FIG 2; FlG247ANvARYRb@Ck di agram
illustrating a third exanple structure of the transm ssion power control
signal determner of the nobile station 10 shown in FIG 2; FIG 8 is a

bl ock diagramillustrating a fourth exanpleggstructure of the transm ssion
power control signal determ ner of the nobile station shown in FIG 2; 15
FIG 9 is a block diagramillustrating a fifth exanple structure of the

transm ssi on powe

in FIG 2, FIG ;10

of a npbile comu

r

il

is 2, Dblack diaaram

A1
cat1on system to Whi ¢

controF1si.gralidet et reners @fn tdveampbil e fstoatd ot 1 shown
ﬁ§krgg&u%egh gQGex%nple structure
at 1'SSi

ransm 'ssi on power control

met hod in accordance wit hFaf -efbddi nenPlofkt He aerexent 1 1 paveadttiow is

applied; FIG 1Ldsyblogkpdieagramdthyst pat ichG a2 28mexanple sdydet ure of
the transm ssion/reception device of fhe nD%'h§1Stat'On shown in FIG 10;
t

FIG 12 illudtr &8s eXafpPe SSEtitecof

SN hofi £62 61 he

transm ssi on/ receptwronin de¥iGce2shown in FIG 11; 30 FIG 13 illustrates

exanpl es of the

condi ti ongof bhe g eception SN Al the, abile s stalion and

exanpl es of the conditions 0O

transm sSi on power  contro aseda on

reception SINRtMEFF|exannles sgmioeke di agr &ms 111t $at FAGOAN P&l e

structure of thedtansm §§fga&r@%&m&megewcw@ o HObE! etstatdon; 24

JANUARY 2006.-47 FIG 15
power control pé&rfofhed af

IusE[ates a first exanple of the transm ssion
Phe “rfobi | e station;
FIG. 8 is a block diagram illustrating a

fourth example structure of the transmission power

control signal determiner of the mobile station
shown in FIG. 2;

15

FIG. 9 is a block diagram illustrating a

fifth example structure of the transmission power

control signal determiner of the mobile station
shown in FIG. 2;

FIG. 10 i1s a block diagram illustrating an

20 example structure of a mobile communication system

to which a transmission power control method in

accordance with an embodiment of the present

invention is applied;

FIG. 11 is a block diagram illustrating an

25 example structure of the transmission/reception

device of the mobile station shown in FIG. 10;

FIG. 12 illustrates an example structure

of the SINR monitor of the transmission/reception

device shown in FIG. 11;

30

FIG. 13 i1llustrates examples of the

conditions of the reception SINR at the mobille

station and examples of the conditions of

transmission power control based on the reception
SINR;

35

FIG. 14 is a block diagram illustrating an

example structure of the transmission/reception

device of a mobile station;



FIG 16 is a flowhart show ng an exanple 5 of procedures carried out by
the cl osed-1oop control timng determ ner of the transmd4dJaNUARYO@PL i ON
device; FIG 17 illustrates a second exanple of the transn ssion power
control performed at the 10 nobile station; FIG 18 is a block diagram
illustrating yet another exanple structurespf the transm ssion/reception
device of the nobile station; FIG 19 illustrates a third exanple of the 15
transm ssion power control perfornmed at the nobile station; FIG 20
illustrates exanpl es of theiGecondi tilonssotathe reckptsoneShNRlien @tcatidance
with a conventiqnal.dyansghsgion.pover. cont ol AEthiod: 20 ELC 2L o
illustrates procedures o est'ablishing synchronizati on between a iobi | e
station and a b&fést@tion; and FIG 22 illustrates a transm ssi on power

control operation at a nobrhke stiat i) 4 nfagGehdanCeshei Mgt Anad LQIMeENd i onal
transm ssi on p0\_AﬂeFr contra}lJ met hod., P{(I:I—I:__"’ D EMBODI MENTS FOR CARRYI NGlClJT
THE | NVENTI ON  PHe B0 F QW RGSi £3& destrIpti B &3¢ Endddr

APs S tHe

present inventi aimimg hdeeteménee 4 tie aceaspamndingn drawvkepgs.or35

(Enmbodi nent s indaefq]ciogéiance with clains 1 through 24) FIG 1 illustrates a
general exanpl e of " soft handover in a CDVA nobil e comrunication system to
whi ch a transni ssion power Fégnt ol infelt'hdEr # R34 2 AURYE 208848 afcor dance

with an enbodi mee ofrdNEnpPEESRRAl pdWieNtQBrbS 2R # &fmeinatthe rsof t
handover progess O%hl wn i aEIj.gn' 1, a nobile station M5 is radio-connected to

base m
FIG. 18 is a block diagram illustrating

yvet another example structure of the
transmission/reception device of the mobile station;
FIG. 19 illustrates a third example of the

15 transmission power control performed at the mobile
station; '

FIG. 20 illustrates examples of the
conditions of the reception SINR in accordance with
a conventional transmission power control method;

20 FIG. 21 illustrates procedures of
establishing synchronization between a mobile
station and a base station; and

FIG. 22 illustrates a transmission power
control operation at a mobile station in accordance

25 with a conventional transmission power control
method.

PREFERRED EMBODIMENTS FOR CARRYING QOUT THE INVENTION
The following is a description of

30 embodiments of the present invention, with reference

to the accompanying drawings.

(Embodiments in accordance with claims 1
through 24)
35 FIG. 1 illustrates a general example of
soft handover in a CDMA mobile communication system

to which a transmission power control method in



5 stations BSI and BS2 in the boundary area between the service areas of
the base stations BS1 and BS2, while noving fromthe sarNoarg2ee of the
base station BS1 to the service area of the base station BS2. In this
situation, the nobile station M5 10 conbi nes signals received fromthe base
stations BSI and BS2, and obtains transmsggon information from the
conposite signal. The base stations BS1 and BS2 each receive signals
transmtted fromthe nobile station MS. These received signals are conbi ned
by 15 a host Stadcﬂﬂrdéﬂéeemal’mll &n ab bBembhansd sshOnNprieRkergmati on of the
nmobi l e station NS is obtained d_om dhe conposite signal. Wth the nobile

station M5 bei ngnr adi 0= °Conneltéd 10 the base stations BSL and BS2, the 20

nmobi |l e station M5 and the Basaéhst &td bnsh8sdoard B8O Ccpesf ehmmr ds i 581 on

power control based, qwoban@ngmasc%'&@ POVEL sgatroiccmﬁéc&@ansc@ gL from
conmmuni catlon termnals. The nobile station M5 may have a structure 25

shown in FIG 2594 -Fes §Slt RENTbi4 el Bt AR PoR OMS GacY udEs2 R T R ssi on
and reception sepss aé@fv?@ealad‘e&s toansne sbeeR syt eivibatsinedgdessan error
correction encod r. data i dul at or 12 & 30 trapsm S|on power
control bit moddl aJt g ~&9 sfl}rearrgr} %é a radlo rang Qﬁ , and a
transm ssi on pomatmmrbﬁﬂeltolﬁh@r%@@fe@m ﬁé@aprqy‘ce‘s@@sb@@cwmtmi ng an

error detectinggearityrRithte %q%ad@it@nfreﬂe R 1 39s £akhbed it on data
suppl i ed f;ﬁ@ an i nformation seaurce an audi o processor or data processor)
e

in accord WA 1HeS CRESPEY S & ReTuhBanty Ofnedld 225 9 ARGARY: Z006° 2 49
met hod, for example.BIhe entiovbbaerirectt oanenceddion 1iln foended orhef dat a

provided with aparidy pititer ceach frape. The data bit,rodubator, 2,

generates a data no on sigmal Tromt rame encode
each receive signals transmitted from the mobile

station MS. These received signals are combined by
15 a host station, for example, and the transmission
information of the mobile station MS 1s obtained
from the composite signal.
With the mobile station MS being radio-
connected to the base stations BS1 and BSZ2, the
20 mobile station MS and the base stations BS1 and BS2
perform transmission power control based on
transmission power control bits transmitted from
communication terminals.
The mobile station MS may have a structure
25 shown in FIG. 2.
In FIG. 2, the mobile station MS includes
a transmission and reception separator 20 and a
transmission system that includes an error
correction encoder 11, a data bit modulator 12, a
30 transmission power control bit modulator 13, a
spreader 14, a radio transmitter 15, and a
transmission power controller 16.
Predetermined processes, such as adding an
error detecting parity bit to each data frame, are
35 carried out on data supplied from an information
source (an audio processor or data processor) in
accordance with the CRC (Cycle Redundancy Check)



5 The transm ssion power control bit nodul ator 13 generates a control bit
nodul ation signal fromthe transm ssion power control 26UASUARY 2000ontrol | i ng
t he base station transm ssion power generated in the nanner descri bed

| ater. The 10 control bit nodul ation signal indicates either "+l"
corresponding to a transm ssion power contrgd-bit "1" (representing a power
i ncrease) or -1" corresponding to a transm ssion power control bit "0"
(representing a power decrease). 15 The spreader 14 nultipl exes the data
modul ati on si gnale gener af ed é&ampmw datiee bet romodid it ©f t 1nareh ddder

transm ssion power cont r0|9blt R Ig%lgl?%dgnal}generategﬁgggg!nﬁpilplexed

transnission powers ¢on . Ads
si gnal using theasharfcaeei st Toes gzl brbodeodh liehe mobi | geseatites MS. The

spread signal  ahtai nedibyathensprigpgder 4fohscheansndd edhasqaq Hgnal of a
predet erm ned frequency fron1the radio transmtter 15 via the transm ssion

and recepti oh 25 separ at of 180 IS T rSHsh? sEPER Tp &ﬁﬂtﬁ%ﬁtpéFler 16
controls the tra@ﬁnkﬁmmmlpeweemﬂrdﬁmsrad¢0nt&bamhmﬂtmmd&Eabased on a

Lransi ssion oML gONtroly Stanal: generat el pohe mAnner depqribad Later.

The 30 transm ssSi power ~control can represe one e cont rol
operations of i ﬁ@rﬂé'amhblltl@aﬁéﬁl @s@lscm S‘Lp@V\E@n deersasi Tl eranomiessi on power,

and mai ntai ni ng NS $St ANt RAVWRTan nidie c‘ié@@%ﬂb%%ﬂ qrhteppwerm@ntrol ler 16
i ncreases or_decreases the 35 tr gnsm ssion transnltter 15

he radi o
by a predet®r nicREF Hhodnt T (BBfY 8Fﬁﬁﬂrﬁ%@£§ tﬁQQﬁﬁ%%ﬁ e FARdni Ssion
power of the radioordtasgnsmiiber td5a Itr s ANUARY 2006 » SOoaccoldanice with

t he control opeh%baoqxéﬁgégégggg% Qﬁéx%pgrt£§g§gh§%;oquomei”control si gnal .

The base stations BS ve a transm ssion system_ having the
same structure §9nadfpsponding to a transmission power control bit

“0” (representing a power decrease).

15 The spreader 14 multiplexes the data
modulation signal generated from the date bit
modulator 12 and the transmission power control bit
modulation signal generated from the transmission
power control bit modulator 13, and spreads the

20 multiplexed signal using the characteristic spread
code of the mobile station MS. The spread signal
obtained by the spreader 14 is transmitted as a
signal of a predetermined frequency from the radio
transmitter 15 via the transmission and reception

25 separator 20.

The transmission power controller 16
controls the transmission power of the radio
transmitter 15 based on a transmission power control
signal generated in the manner described later. The

30 transmission power control signal can represent one
of the control operations of increasing transmission
power, decreasing transmission power, and
maintaining transmission power. The transmission
power controller 16 increases or decreases the

35 transmission power of the radio transmitter 15 by a
predetermined amount (dB), or maintains the current

transmission power of the radio transmitter 15, in



5 transm ssion systemof the nobile station M5. Thus, the base stations BS1
and BS2 each nmultiplexes data and transm ssion power CedANUARIRO® f or
controlling transm ssion power in the nobile station M5, and transmts the
mul ti pl exed signal using a 10 characteristic spread code. The nobile station
M5 al so has a reception systemthat includes-a radio receiver 21, two

i nverse spreaders 22 and 23, a denodul ator/conbiner 24, an error correction
decoder/error detector 25, 15 an error rate measurer 26, a SINR neasurer 27,
a target SINR deiermaece?28ita IR conpacat ope2t sl raptearsitssilon

power control bit, eﬁPiH%ﬂ?%s%%n. Ge-$he spread gégﬂgis gener ated by

mul ti pl exi ng the ata and the trarism ssi on power ontfrol bits transmtted
fromthe base stations BS1Than®aps2 sraetieesi $6d mnd heSZadieht ra@ismater 21

in a soft handqwnﬁﬁpggﬁn ERe vacel yedngi aRal S AL s supRkLed R thee
inverse spreaders 22 and i nve pre%g r 22 spreads the received

S
signal 25 ust ngqﬁﬁ?§ﬁﬁﬁ%t?8rFgﬁQ?QxﬁéaHhEOBS & e~ dase” ¥ati oi'Hs1. By
doing so, the inver de=spreadeto2 Rt ains BSPeeeptd omiUaiplekgraldars a

reception tran n i nal ,(: er f ferred to
as the "receptlgﬁhﬁé%ggngﬁggg oy é{q%dfr%%%%% ?nblto t%&? E?thﬁ the’
transm ssi on poWé@n&mﬁﬁ$b@nbppwﬁﬂan§h1tb%debé#ﬁtﬁélb@S@nsﬂébl@ﬁMB81 The

i nverse spreade&ﬁg%gﬁg@@dghghgwyggpy@ge§lgm@halu%gmhéhg characteristic
spread cod t he base gtlon Qg $O|ng so, the 1nverse spreader 23

35 obtains & eE&ﬁﬁ?ﬁF%ﬁfﬁ %lgﬁﬁr%ﬂﬁi ®ception transm ssion power
control bit signal (hereinahtemobrigfeerseait{onalist ke s'a eitept BomeFRE i gnal

2") 24 JANUARY %%Gceélugé){r%ﬁ@%@e&g atorw@od%@eq%f hei transni ssion power
control bit transmtted fromthe base station BS2 he denndulator/conblner

24 denpdul at es 1&VETThbFPES2ERE St e T On? dlat & 9%&%9%4%5?5 ReFpyper

24, an error correction decoder/error detector 25,

15 an error rate measurer 26, a SINR measurer 27, a
target SINR determiner 28, a SINR comparator 29, and
a transmission power control bit determiner 30.

Once the spread signals generated by

multiplexing the data and the transmission power

20 control bits transmitted from the base stations BS1
and BS2 are received by the radio transmitter 21 in
a soft handover process, the received signals are
supplied to the inverse spreaders 22 and 23. The
inverse spreader 22 spreads the received signal

25 using the characteristic spread code of the base
station BS1. By doing so, the inverse spreader 22
obtains a reception data signal and a reception
transmission power control bit signal (hereinafter
referred to as the “reception TPC signal 1”)

30 corresponding to the data and the transmission power
control bit transmitted from the base station BS1.
The inverse spreader 23 spreads the received signal
using the characteristic spread code of the base
station BS2. By doing so, the inverse spreader 23

35 obtains a reception data signal and a reception
transmission power control bit signal (hereinafter

referred to as the “reception TPC signal 2”)



5 the inverse spreaders 22 and 23, so as to generate a conposite base band
signal. The conposite base band signal is then suppli ed JANUARE 2e06 Or
correction denodul ator/error detector 25, which perfornms error correction
decodi ng for each frane and determ nes 10 whether there is a transm ssion
error in accordance wth the CRC nethod. 4w denodul ation result is
supplied as the informati on output to the signal processor (not shown) of
the nmobile station M5. The error correction denodul ator/error detector 25
al so 15 out put s cair re¥smsndehgcticon Heesdd tat hat ih@\/\&ﬁ/&}eﬁrheﬁmblmerpe;déra

transm ssi on errar foH_gch %E%g%m'Qgégrfg mr%%% sureg g§ caI%%Iates a
frame error raté (ﬁﬁ%@ h

s recepti on FoF Mt ion T est or ed
fromthe reception signal sTke @@@9@@#ﬁ%¢gﬁ@pmb@@§ahéh%s;embégé@t@w t he

error detectionpesWid,{fem the %rercqu@pcsﬁeeétt@n_e,l%@ﬁyl@E@g/l%rerdorby
detector 25._ The SINR neasurer 27 calculates a__reception SIN

(si gnal - t o- i ht effér eritee bf BsSREFSEC A 4oweRdr ai0)5° The Far @ét’leglaﬂfﬁ a

det ermi ner 28 debmyH§M£esbabeab@mdyﬁlgﬂﬁEQthahetmbmgﬁximéobas@uwadd
(FER) of the infor fjon o omth grraor rate neasurer 26 becones
equal to the targgrg'quéflgﬁggouﬁgp lég conFroI) e SINR cgnﬁarator 30 29
conpares the red@@ﬂdﬂiéﬁ$@¥?Faﬁ§mdﬂﬁﬁﬁﬁ¢©n¥5heWh$MWQpﬁ%@@res 2Zn@it h the

target SINR trae%mﬁéce@lortrggbbe@ntgarmﬁ S K debardnngl £§te§ﬁaqn%t puts the
conpari son resu e transm ssion power control bit 35 determ ner 30

det er mi nes tthe V%ﬁﬁ?%ﬁ EP?Fﬁnéﬁl§m§ﬁ?nﬁﬁhﬁfl88nﬁﬁﬂoﬁn%nb%gﬁar&ﬁqq%
conpari son resuhhtﬁrﬂnntmEcShNngmnxﬂﬁnewdéﬁo@unm&ndnxmbsomtrdb) 24

JANUARY 2006 - 52,Mria Spegi fLal e dolnd 16, £ EGERLLAN (S N i Scopmlher  than

the target SINR, the transm SSion power contro term ne
det er mi nes t hat PERE st { BAT ﬁ@@@n(ﬁoﬁrﬁbﬁeSPNRéﬁ:ﬁ%ﬁﬁﬂoéoﬁﬁoneﬁmﬁls

| ow, and error correction demodulator/error detector 25 also
15 outputs an error detection result that shows whether
there 1s a transmission error for each frame.

The error rate measurer 26 calculates a
frame error rate (FER) as the reception quality of
the information restored from the reception signals

20 (desired signal components), based on the error
detection result from the error correction
demodulator/error detector 25.

The SINR measurer 27 calculates a

reception SINR (signal-to-interference plus noise

25 power ratio). The target SINR determiner 28
determines such a target SINR that the reception
guality (FER) of the information outputted from the
error rate measurer 26 becomes egqual to the target
guality (outer loop control). The SINR comparator

30 29 compares the reception SINR transmitted from the
SINR measurer 27 with the target SINR transmitted
from the target SINR determiner 28, and outputs the
comparison result.

The transmission power control bit

35 determiner 30 determines the value of a transmission
power control bit based on the comparison result

from the SINR comparator 29 (inner loop control).



5 determ nes the transm ssion power control bit to be "1", which represents
a transm ssion power increase. On the other hand, if tlaganea®ytzoen SINR is
equal to or greater than the target SINR, the transm ssion power control
bit determ ner 30 determ nes that the 10 reception |evel of the desired

si gnal conponents is high, and determ nes_4he transm ssion power control
bit to be "0", which represents a transm ssion power decrease. The

transm ssi on power control bit determned in this manner is then supplied to
the 15 transmi Sdsjier’l mif@@aun@zl hit todukateptidn FeoRrr dsngnal tde

transm ssi on pO\rA“i% q% bi t } I\}F{antpettced t 0 .t he. base stat |cc())r}1 r% and
BS2, which the ﬁ’élrfo?n ?5%%% Si on power CSﬁltsfnﬁssnla%rédp?)n thé

transm ssi on powert cteohibpr. 320 ddkernheesecéptti ormmsyseerapsticorhe nobil e

station M5, the)hase %@ttﬂgsd@%bﬁmﬂ Basg?ﬁgghco r?§ tbg ResePtdan SINR

of each signal transmtted from nobil ations on samnme
transni ssi o pofértSEaht?dF &8-St fi& 2BTVeS $ 50T 0PBE °25 C@??B@%Eltaﬁ& be
determ nes such“atransitisskepreewerts contrehshiits stiat pdeeFecapticens Sl NR

becones as cl osg ac%enongl bI e to thegatr et SI Nl?tl%acgsn]?l%I t he base 1Sttaot' ons

BS1 and BS2 al s0" tTanshi p| I agt “si gna‘? cons y t xeﬁi ower 30
val ue through aopi Igc;te&t:h%mnéharlhé;tha st%lm%’adswﬁh dsprieagnendestiom s

different from bla%e%pr@@fétgeﬂeblh&s%ﬁé)fmmgrt @@n%ir@tse%h@ﬂn@é the +data and
the transnission power control bit i | ot S|g transmtted from each

base statior i s GSEP TR 35286t el r’ﬁ}heg ‘11 S Whfens 5t 2P TBATERS SOt | e
station M shohll@hbe aradli e comnactead tilte at sehtmhardaverpopeoscessitrol

B 0 oo B2l shion RS IANBS, 2000 S rgpbuss el ot
should be radi éﬁ@érﬁlﬁ@(ﬂ ed, Tbaséda@ﬁ“ﬂﬁaﬂ@%n@ﬁi@?r“ cPesel bétween the
nobi | e station @@Qéﬂ%ﬁﬁé@elﬁt@hh@nmanner is then supplied to the

15 transmission power control bit modulator 13.
Accordingly, the transmission power control bit is
transmitted to the base stations BS1 and BS2, which
then perform transmission power control based on the
transmission power control bit.

20 Like the reception system of the mobile
station MS, the base stations BS1 and BS2 each
measures the reception SINR of each signal
transmitted from mobile stations on which the same
transmission power control as the above 1s to be

25 performed, and determines such a transmission power
control bit that the reception SINR becomes as close
as possible to the target SINR.

Each of the base stations BS1 and BS2 also
transmits a pilot signal c¢cf a constantly fixed power

30 value through a pilot channel that is spread with a
spread code that is different from the spread code
used for the transmission of the data and the
transmission power control bit. The pilot signal
transmitted from each base station is used for

35 determining to which base station the mobile station
MS should be radioc-connected in a soft handover

process. Accordingly, the mobile station MS



5 determined fromthe reception level and the reception SINK of the pil ot
signal or the reception Ilevel and the reception SINR afjaNeaRrvl20ds si gnal
plus the transm ssion level of a pilot signal separately transmtted from
t he base station. 10 Here, the transm ssion level of a pilot signal is
equal to the value set by notification infggnation supplied to the nmobile
station M5. The notification information contains the transm ssion |[evel
of the pilot signal to be transmtted fromthe 15 antenna of each base

station. The valﬂ&@m@gn@@lebxpllw@tw@ﬁamgftrm reecept bosel @\t@ltﬁ&Bm
neasured in the bile statlon. from E tn nsm ssj on. | evel dB‘fr/T% of the
pi | ot signal reﬁl’gge?ﬁgna ErERdhisS oJﬁO FE3§0( 5 e FeeBptitorr 1¥VER to be

used for 20 det érar mdjoacbmnarsrss) dmateslsovlalulfe stwah smbe s isubjlected to an
averaging proces; é?e@ﬁ Eﬂea%%'bqlé ”54:91?98% %Boa”cﬂé‘%é‘%‘%ag%%;&o yariation (a

fading variation) i1n tric wave transmssio result, the
reception | e¥el d@?ﬁm%éeﬁcéﬁpﬁ gifye 2159¢@EFé§@nt1€é’le s@&ﬁcéh@arl ation. The

nobi | e station Meddsthen B@@:IRUQﬁs WO ppibet ssignal or the reception

denodul ators/tr nsm Si OE ss cal cul at og gl chhz ? a transm ssion

power control effitnért SP T hatF céﬁ] © s§% 8ﬁ1 S39 e pil ot

si gnal denodul a@dn&i ttlaasrtnrssusmﬂmsn taleul atforss 311 ahds32nedch cal cul ate

a transm ssion qjsir ? pg l{%%gl fnﬁrt@&ﬁef%ﬂ' ’1‘;91 Qaa\@é chibase,, station the
ould Pe F

mobi | e statjon NS radi o- connected pecitic procedures wil |
be as 35 fol?ows. After thEepielotthd g%?nﬁ’i“éﬁ%ﬂotnt e]oe“t’?ﬁ= ofighe He i | ot
channel of one efiddwel baseegtialll agts B 241 JANUARY 20060 t 4 ianrd 1B,

whi chever is deteré’nrnr%j to nbe a base, é(gatchon Q) |cst1 t@e m)pllsl e sfatl on M5
shoul d be radio-connected, rsorecei ved by FhE%PAdi% Fetet08r o211 Vil the
transmn ssi on andqu@c@p@abmogepalrfalma‘@mn contains the transmission

level of the pilot signal to be transmitted from the

15 antenna of each base station. The value obtained by
subtracting the reception level (dBm) measured in
the mobile station MS from the transmission level
(dBm) of the pilot signal represents a transmission
loss (dB). The reception level to be used for

20 determining a transmission loss value should be
subjected to an averaging process so as to avoid
influence of an instantaneous variation (a fading
variation) in the electric wave transmission path.
As a result, the reception level can more accurately

25 represent a distance variation.

The mobile station MS further includes two
pilot signal democdulators/transmission loss
calculators 31 and 32, and a transmission power
control signal determiner 33 in the reception system.

30 The pilot signal demodulators/transmission loss
calculators 31 and 32 each calculate a transmission
loss to be used for determining to which base
station the mobile station MS should be radio-
connected. More specific procedures will be as

35 follows.

After the pilot signal transmitted through

the pilot channel of one of the base stations BSl



5 in a soft handover process, the received signal is then supplied to the

i nverse spreaders 22 and 23. The inverse spreader 22 pesASUARYaoosi nver se
spread process on the received signal, using the spread code of the pilot
channel of the base station BS1. 10 Through this inverse spread process, a
reception pilot signal corresponding to thespilot signal transmtted from
the base station BSl1 can be obtained. Meanwhile, the inverse spreader 23
perfornms an inverse spread process on the received 15 signal, using the
spread code of tdwed B$Dt whawhelvewfis héebaseisteat iton BS2a PBhrseugh this

i nverse spread eSS, ept i LLQt ,si |+ I €S i t he

pi | ot signal trzﬁs%%?idt?r 82119 t eﬁﬂ%gﬁgg%}igi %n%ls? Z&gaﬁgbggggtlg?r%% 20 The
reception pil ot Sidrar COPRErHEE byl ¥ heeCRAVEAs @ Ysprivader 22 &gt ed to
the pilot signalz1 dey@dyhat @klaifsaisd8 56h 0AnH0SS Gl b At 9ep3kathie 2 @i | ot

si gnal dermdéjl at,or/t rang]gi ﬁsi gin | oss _cal cul aLC?]r 31 dermdaFat.es t.he, supplied
reception 25°pi I8t &iYRar, "ARG TSR 52 e85 Phe Héc et ohY FevEF 9°EdBmS of t he
pi | ot signal frahdrhesdepbdeldatted tist ghalerbei sprdweieesepti amd &l (dBm

and the transniggsi on,beyvel 4B, f- the pibet, 5ignal iéygggiee@,ﬁeawe
bed above, a

notification information fromthe 30 network side as descri be ,
transm ssion | ofFCCLFH PRetBPeEtTIT VRV eStFRAIN 35100 phlR Betwee¢h t he
mobi | e station Modnd f hehbage 1sttatdianBSl bE teal WH &¢ edtabive BS1.

speci ficall t ifference .betwee r,ansnm ssijon | evel Bm_ of the
pilot 35 si %%al qglnrg}%%%_ ?gégptl?lg]ﬁv“\fse{/e%&?%éﬁ) Ii%foctehses ’pi?ofgf:se&%nla Tis
obt ai ned as t heptirlafsnt sgnoh kessresHABYIngTHE rtdcemd bht ppEenagi gnal

obt ai ned by the 34 JANUARY§2006 r 35 d nygssesspraaders 2B tsnsueplied to the
pil ot signal denodul ator/transm ssion |oss,calculator 32. Th pi | ot signal

denodul at or / t r afSHET SN | 0¥§2DER AT at P 32 HEFGFUISH TR ERE gﬁppl i ed

reception performs an inverse spread process on the received

15 signal, using the spread code of the pilot channel
of the base station BSZ. Through this inverse
spread process, a reception pilot signal
corresponding to the pilot signal transmitted from
the base station BS2 can be obtained.

20 The reception pilot signal obtained by the
inverse spreader 22 is supplied to the pilot signal
demodulator/transmission loss calculator 31. The
pilot signal demodulator/transmission loss
calculator 31 demodulates the supplied reception

25 pilot signal, and calculates the reception level
(dBm) of the pilot signal from the demodulated
signal. Using the reception level (dBm) and the
transmission level (dBm) of the pilot signal
supplied as the notification information from the

30 network side as described above, a transmission loss
1 in the electric wave transmission path between the
mobile station MS and the base station BS1 is
calculated. More specifically, the difference
between the transmission level (dBm) of the pilot

35 signal and the reception level (dBm) of the pilot
signal 1s obtained as the transmission loss 1 (dB).

The reception pilot signal obtained by the



5 pilot signal, and cal cul ates the reception level (dBn) of the pilot
signal fromthe denodul ated signal. Like the pilot si@aaANUARY 2006

denodul ator/transm ssion | oss cal culator 31, the pilot signal

denodul ator/transm ssion | oss 10 cal cul ator 32 cal cul ates the difference
between the transmission level (dBm) of thespilot signal and the reception
| evel (dBm) of the pilot signal transmtted as the notification
information, and sets the difference as,a transm ssion loss 2 (dB) in 15

the electric waveddadsnsskancpatdy bed weeppt heq mPidee spat ben sNgrand t he
base station BS%. Thcgm%aecegtl on TPC signal .1 that .is . obtaiped by the
i nverse spreadei EOF f EEFBITES S TP heCPPandrti sl o howér cditF ol bit

transnmitted 20 foidmt heidaseé skeatoidonl B8S1r/thensedepticn IPEssignal 2 that
I s obtained by the dWeLse §Er%%%%rd¥1ﬁa d FAr L %ge;%tf)%h%ttiro%”sm SSion

power control bit transmtted fromthe base station ~the transm ssion
loss 1 in the elPddidt csi@vel2sandarrs s} dhepathchatamnt £AR ABHISle station

M5 and the basgddmtion BSA phabt s iapial nedohy thhe Qidhosulsigaal

denodul ator/transm s ionn#ogs %%I cul.ator 31 ﬁnd the transmission loss 2 in
the el ectric wave 9% tansnts§Fon Sath et wesH fhe nobile station M5 and 30

t he base statiodeBS2iuhator étobnaimied byn t hespi ketlcwlignat 31, the

denodul at or/t ragarﬂostsi@fgrk9§sdg@ﬂlo@tahagt%r?@ranggﬁ s%]ml iedsko the

transm ssi on power control _signal determ ner 33 e transm ssi on power
control sigfal <35 GetEENF nér 381Gt hekng ErddSRTONLREWELT it r ol
signal for the meRidsensiatbéanl¥belbasmhonoft BRel pfiargmts Ognafl twal the

transm ssi on power_ caontrol. 24 iAN%% 2006, ; 56 bits transmtted fromthe

base stations B§fcaerPdt@ l(re‘é i 0-con ec_? e.dt{‘%fﬁel? Bi1% Station MS. In
other words, thgamrsanshiedi aa powem cont ¥oktspgnaln fdetrezr i aar 33 ddet er mi nes

the transm ssi OBPAWEIhe difference as a transmission loss 2 (dB) in
15 the electric wave transmission path between the
mobile station MS and the base station BSZ2.

The reception TPC signal 1 that is
obtained by the inverse spreader 22 and corresponds
to the transmission power control bit transmitted

20 from the base station BS1l, the reception TPC signal
2 that is obtained by the inverse spreader 23 and
corresponds to the transmission power control bit
transmitted from the base station BS2, the
transmission loss 1 in the electric wave

25 transmission path between the mobile station MS and
the base station BS1 that is obtained by the pilot
signal demodulator/transmission loss calculator 31,
and the transmission loss 2 in the electric wave
transmission path between the mobile station MS and

30 the base station BSZ2 that is obtained by the pilot
signal demodulator/transmission loss calculator 32,
are supplied to the transmission power control
signal determiner 33.

The transmission power control signal

35 determiner 33 determines a transmission power
control signal for the mobile station MS, based on

the information ¢of two transmission power control



5 control signal based on the reception TPC signal 1, the reception TPC
signal 2, the transm ssion loss 1, and the transm ssi @ JANVARY.2006n

determ ning the transm ssion power control signal, the transm ssion power
control signal determiner 33 regards the 10 transnmission loss 1 and the
transmssion loss 2 as the reliabilities ofsthe reception TPC signal 1 and
the reception TPC signal 2. Referring nowto FIG 3, a first exanple
structure of the transm ssion power control signal 15 determner 33 will be

described. In FlfGt3, ttheshiansd SSiON PRYEHaeRNI 0l i shenals 1detey iaer 33
i ncl udes two TPC denodul at ors 30t1 and 302b % TPC sof t dlggl siqQn vaI ue wei ght
combi ner 303, arfd% hardRBEEIT S Unt 't e 3090 1 Te t dedi SS9 Val ue

wei ght conbi ner w3031$ nctndes ransmei ght ocopbiieci erdn‘rded:brangeralSlO t wo

wei ght = correct ofs 2l aod %éddeaggﬂm@lﬁ@gbkg%r tHehedle: IBG dendul ator 301

denodul at es the reception nal 1 supplied fromt rse
spr eader 5 and Bt ot ss%ﬁéalle\}f’@ls%l% 6 et & ChanoRl al BE Silghed ! a]s a soft

deci si on val ue e SScept ibhe TrANSTE$81 0D, pewer o sak sBibnsuppld ed, from
t he base station Cfl The TPC denodul ajtsor 32 % nodul at es the reception TPC
signal 2 suppli &8'% rioght 367 FRETHVEr¥e SPF Rader ot DU Bats (1 | evel

value of the deimmaiesilsng@@lweas @ wofvldedigsiadn, vaheet rZRCGrSSE ioin t he
transni ssi on pover, eplor;(g(g rpglsr@é{ggmgflgrp tstge gragattl BS2. These

soft decision val ues 1 an TPC- SS2 refl ect condl t| ons of the
electric wav®@ trtarr?srh%r%ﬁ%hoﬁatll‘?s?’s Het%%%ntilﬁetr?&lﬁﬁf@%%a@?o%oﬁs #nd he base
stations BS1 artdld?)S??elI@}SDQ@ﬁ:il\é%J Vo f Fetiei Astapad,or frebes24ndANUARM 006

-57 transm ssi o ower r ol S egodul ated to the values "+1" and
-1" and t hen t&a{lﬁsm?(fee% ?ﬁ Telct of ™ a%%c?s?gn val ues TPC- SS1 and TPC- SS2

shoul d be 11+1" and "-1" ﬁftewéltn@amwﬁboﬁlﬁat@s isn fhesitdeslample
structure of the transmission power control signal

15 determiner 33 will be described.
In FIG. 3, the transmission power control

signal determiner 33 includes two TPC demodulators
301 and 302, a TPC soft decision value weight
combiner 303, and a hard decision unit 304. The TPC

20 soft decision value weight combiner 303 includes a
weight coefficient determiner 310, two weight
correctors 311 and 312, and a combiner 313.

The TPC democdulator 301 demodulates the

reception TPC signal 1 supplied from the inverse

25 spreader 22, and outputs the level value of the
demodulated signal as a soft decision value TPC-SS1
of the transmission power control bit supplied from
the base station BS1. The TPC demodulator 302
demodulates the reception TPC signal 2 supplied from

30 the inverse spreader 23, and outputs the level value
of the demodulated signal as a soft decision value
TPC-SS2 of the transmission power control bit
transmitted from the base station BS2. These soft
decision values TPC-5S1 and TPC-SS52 reflect the

35 conditions of the electric wave transmission paths -
between the mobile station MS and the base stations
BS1 and BSZ2, respectively. For instance, 1f the



5 conditions. The wei ght coefficient determner 310 of the TPC soft

deci sion val ue wei ght conbi ner 303 determ nes wei ght cehNyargoss for the
soft decision values TPC SS1 and TPC- SS2, based on the 10 transm ssion | oss
1 and the transm ssion loss 2. The weight coefficient determ ner 310
determ nes each weight coefficient in suchsa_manner that, the smaller the
transm ssion |l oss, the greater the weight coefficient. For instance, the
wei ght 15 coefficients are determ ned based on the reciprocals of the

gr ansm ssi oln IOT&S@nPC Sés-ra\-@B?i&rrll Preraei gbhreonr eaty B4d au%nbigl@lliag;seah@o S_ofth
eci si on val ue - of the.tyansm ssign ower contro it t he wei ght
coefficient 20 cdtF espbRafng tlo tei’fégltré smaélgii \(l)}ﬁlefrbs ripsg\&tésec%/,o th%%t pu'? a
corrected val ue.sdlihte avecghti ocorvelctos BRZ-SHU tarpd | BBC+ A8 2s afito wdetils¢ on

val ue TPC SS2 of Iie oL EanSHISSIpN POVEL A AQBLIS s I L LY pLNe it aca1

coefficient corresponding to the transm ssion |oss SO as to output a
corrected vaPue.Canihistfanner, the transnmission losses 1 and 2 are
considered as the reliabirhid 6s 0§ht heosoft cdeaisi @oryahuese TRG0 SSA and

TPC-SS2 of the transm ssion _power. control. bits.. I.n other ,word soft
deci si on val ue PG 3%83603F G ISP Y hie P Bveqji%%dc?ﬂgﬁg\?g ?Orﬁagh
reliability is mdtephiedsbyed greatosef ght endceeffoxi ehe. sPHe conbinern313

performs maxi numJatio rgeakicni ng, { M5} -98,t he cargect edy wal ues of the soft
35 deci si on val ues TPC—%Sl ar? TPC- SS2 out tjttea1 fromthe weight correctors

311 and 31210 Mbrteanspeiffiedl I4PS he @0fr £6Fed hfdl UesS &t eRadded up, and 24

JANUARY 2006 -5&re TR gprbicked Sidftettecidsicermialdie 3 50 odkpetriechdg om the

conbi ner 313. In a.case. ret sof t_decision.val ue. TPC-SS1 .of t.he

transmi ssi on poﬁ%?”%dﬁ?%%?gmﬂ9? 11%ﬁeng In " such @ manner %%at, the
smaller the transmission loss, the greater the

weight coefficient. For instance, the weight
15 coefficients are determined based on the reciprocals
of the transmission losses 1 and 2.

The weight corrector 311 multiplies the
soft decision value TPC-SS1 of the transmission
power control bit by the weight coefficient

20 corresponding to the transmission loss 1, so as to
output a corrected value. The welight corrector 312
multiplies the soft decision value TPC-SS2 of the
transmission power control bit by the weight
coefficient corresponding to the transmission loss 2,

25 so as to output a corrected value. In this manner,
the transmission losses 1 and 2 are considered as
the reliabilities of the soft decision values TPC-
SS1 and TPC-S$S2 of the transmission power control
bits. In other words, a soft decision value TPC-SS1

30 or TPC-SS2Z that is believed to have a high
reliability is multiplied by a great weight
coefficient.

The combiner 313 performs maximum ratio
combining (MRC) on the corrected values of the soft

35 decision values TPC-5S1 and TPC-SSZ2 ocutputted from
the weight correctors 311 and 312. More
specifically, the corrected values are added up, and



50, 0, 0, ...) transmtted fromthe base station BSI is "-0.2, -0.3, 0.1,
-0.3, -0.6, ...", the soft decision value TPC SS2 of theANUARSRII®GSI On power

control bit (1, 1, 1, 1, 1, ...) transnmtted from the base station BS2 is
"0.6, 0.3, 0.4, 0.2, 10 0.1 and the weight coefficient corresponding to
the transmssion loss 1 is 1.1, while the wegght coefficient correspondi ng
to the transmssion loss 2 is 0.9, the TPC conbi ned soft deci sion val ue
becomes "0.32, -0.06, 0.47, -0.15, -0.75 ...". 15 The TPC conbi ned soft
deci si on val ue btmc nedmbAnthie shoyveddansebn Srdinen ssppliceth dted heromar d
deci sion unit S%QMEThe gargrd%ﬁkﬁion unit 304 determ nes whether the
supplied TPC co I hed”8of = “decisi on val ue is equal to or greater than a 20
predeterm ned threshol d valwnez arassarheret e tdwef t pdedéseom nedl udr eshol d

val ue, and out puti-1die; det @i natd oot esubh %?wf?eoxt r@é‘ﬁgléii an poyer gontrol

signal. If the predeterm nes threshol d val ue i " and the TPC conbj ned
soft decision valudis0v0:32) Enppttedafrom e Rgsgsstation SS1
transm ssi on powsy “<controlosizgna.1'l,-0,31, -0,.6F ...”, i sheutspHt ed. Based

on the transnis%{qgi%omervg n%rqpcgg%gmﬂ %ﬁe %ﬁgnsnissignnpoQRJ controller
16 i ncreases the T5anst sEfon “pover the Fai ST BT aRsH €&V S5 by a
predet er mi ned armsurtr¢i heitt ridnsni ssi onl power -cont rofasighalted 1Hrar

decreases the transmsstoncpQUWRn &isdhesradi g transmgter 35, by a
predeterm ned anpunt (the transm ssion ﬁomer control signal = 0). 35 As

descri bed abbveliln the noBlFe SationIR MeCORETGH: TONLF AT AG SPS e br ned on
the soft deci siten ttad uesadP@GLiSSE aandl d$E- 5S2 sofl .tthe 2H4i JANUARY w200+ 59

transmi ssion pow%éé¥4%{thbkgﬁéégggﬂgiﬁgdtgr%mér%%a#@ﬁ?g%ﬁ%g(¥5%§$%eand

BS2, so that the transm Ssion | transm ssion path bet ween
nobi l e station iV tnd, ebleh BFC IfoHuseedt aPEsnssBIIs ol BS2ue becomes

“0.32, -0.06, 0.47, -0.15, -0.75 ...".

15 The TPC combined soft decision value
obtained in the above manner is then supplied to the
hard decision unit 304. The hard decision unit 304
determines whether the supplied TPC combined soft
decision value is equal to or greater than a

20 predetermined threshold value, or smaller than the
predetermined threshold value, and outputs the
determination result as a transmission power control
signal. If the predetermines threshold value is “0”
and the TPC combined soft decision value is “0.32,

25 0.06, 0.47, -0.15, -0.75, ...”, a transmission power
control signal “1, 0, 1, 0, 0, ...” is outputted.

Based on the transmission power control
signal, the transmission power controller 16
increases the transmission power at the radio

30 transmitter 15 by a predetermined amount (the
transmission power control signal = 1) or decreases
the transmission power at the radio transmitter 15
by a predetermined amount (the transmission power
control signal = 0).

35 As described above, in the mobile station
MS, weight combining is performed on the soft
decision values TPC-SS1 and TPC-SS2 of the



5 determined fromthe transm ssion | evel and the reception |evel of a pilot
signal subjected to no transm ssion power control (i.e4JANUARSDUG6t ed With a
fixed transm ssion power) can be regarded as being reliable. The hard
decision result of a TPC 10 conbi ned soft decision val ue obtained by the

wei ght conbining is set as a transm ssion_pgwer control signal. Based on
the transm ssion power control signal, the transm ssion power control is
performed in the nobile station MS. Thus, the conditions of 15 the

transm ssi on patdr hesweesibhe pmtgﬂ ecshatbon VB s aneh gaghtekd herhasene
stations BS1 an%éarBSZ can_be acc% gégl y tak n |nto c?nm deration in the
transm ssi on po ecoﬁF?BIlof‘(? stat o ENS hA ERENFELVE Bl e,

the threshold vdlams 20 thet he draami lecosi paﬂhmkieﬂ@@emsthet mathb 1' JOé' whi ch
is the center V@%P@ﬁ"‘ﬁﬁ”a&@ Jmdul akedy si g P:l S’w}"oﬁQst 1172 24 éség
rom t and

transm ssi on power control bits transmtted ase stations
BS2. To reabizéafgieipat tfﬁr@ﬁsmrs%lbﬁaﬁéwmssem rJoqeve%hén215 't eshol d

val ue may be setresddght by @b@%qr dpo a+Hiiotl @l@uﬁl 35 €8 @cttefae tPGavei ght
conmbi ned val ue ma easi | eterm ned t "0" whic resents a
transni ssi on poﬁé%/arbl%rﬁjr%ﬁg«@n é’r?&let%ec??%\ﬁg% §§| p%ﬁ\%?sﬁlé FS e b

performed with &iretattvehymlicwi3t ppweer) Thent meesﬂmj;mrdalduea e irey har d
decision wunit 304 cé';\,glge alﬂ)ll t rhaarlld ydé@is%tcrj;h'r% @rrangg- that

conmmuni cati on between each l e station an ase stat| on can be
proper |y est@bl iCSHRE 2RY SPifP%edlerFltsrﬂeo%‘b?FéecW%%‘ﬁlbﬁ §Yist &R 1 FLE The
hard deci si on uridmB04ingyiBaketa ast4 u@wﬁemamwbn pddhé&r 4onthisl hard
decision unit 304 Uses tuo tegresh Id Y ugs TI;I and Th2, 2% JANU RY 2006
-60 In FIG 4, the hard deci’siory unrf 302°"PREIPTde ap?lrst Ipnardf eci si on
unit 321, a secoridndbr dtbecitgiagrsmirg $1322poard mm@mhtn@np@mﬂom The

first hard deci sipn pdi o821 cperfari®n ayfardrhus, the conditions of
15 the transmission path between the mobile station MS
and each of the base stations BS1l and BS2 can be
more accurately taken into consideration in the
transmission power control for the mobile station MS.
In the above example, the threshold value
20 in the hard decision unit 304 is set at “0”, which
is the center value between the modulated signals
“+1” and “-1” of the transmission power control bits
transmitted from the base stations BS1 and BS2. To
realize efficient transmission power control, the
25 threshold value may be set slightly closer to “+17.
In such a case, the TPC weight combined wvalue may
easily be determined to be “0” which represents a
transmission power decrease, and the transmission
power control can be performed with a relatively low
30 power. The threshold value in the hard decision
unit 304 can be arbitrarily set within such a range
that communication between each mobile station and
each base station can be properly established any
time in the mobile communication system.
35 The hard decision unit 304 may have a
structure shown in FIG. 4. This hard decision unit
304 uses two threshold values Thl and Th2.



5 decision on the TPC conbi ned soft decision value supplied fromthe TPC
soft deci sion value weight conbiner 303, using the finrstvaNnoarYhaled val ue
Thl. Mre specifically, the first hard decision unit 321 determ nes

whet her the TPC conbi ned soft decision 10 value is equal to or greater than
the first threshold value Thl, or smaller_ghan the first threshold val ue
Thl. The first hard decision unit 321 then outputs the decision result.
Meanwhi |l e, the second hard decision unit 322 perfornms a hard 15 deci sion on
the TPC conbi ned soft deci girorFmal ug, tusi hGAdheisecondnt imgshad s val ue Th2,
which is snaller_t rst, thre | d.val ue Th

an the f h re
specifically, th%nggﬁgﬁa fa dJﬁ%C|%|o§ 8un|t:§§b %%f5r§?ﬁes%M1%%1?é?he TPC
conbi ned soft 20haedi deonsvalruein st egdl, eodoramgreatestihan whe $2gond

threshol d val ue fjhg, fQEs%”@J 'x%f &@@Dsi@ﬁ u%%cto%dzi %8??8&%&@4 W?aJ 2 The

second hard _decision unit hen out puts t decision result.
operation unft SQ%Cbﬁ%BGt§naﬁ*EB'%%%réPWBﬁnﬁé%d¥%f?:%BFéFﬁéﬂlPF%%H%.deC|S|on
value A supplieshpponetihe fdn sthdardcdeeifsi @iz did iOBZ&aamé aleldjﬂﬁt si on

val ue B supplled frgg%t2§3%%pond hardthgeglsg%n qplt 62§d q_qgefg%lon

result Cis outde a t'ransm $sron power- contTo
operation | ogic Mayeberasidioal in Ftige 51rwgr élarsqbe@ef:ll@alomy urift thal

deci sion val ue Ayd8crhi (e@,hlw%tne&dl@ﬁgeﬁptch%ton{ﬂhenéfgcsswbldmsSpci

decision value 1Is equal to or. greater than the first_ threshol value Thl)
while the dédisithtval b8 BIG L 160 (Whi € ﬁeéﬁelndﬁEHieEhthﬂr§ﬁé TPC conbi ned
soft decision vaiiweeshslaquwallded TH1 gr eat ematinar ttieaseeand ftirsaxshol d  val ue

Th2)  an operatign fesull G0l diis 24, JAWARY 2006 8L OULpUI Leg. 2 a

t ransni ssi on power con hat ~répreésen M Ssion
i ncrease by a rﬁ%ﬁet@ﬁﬁlﬁéﬁnwﬁﬁnﬁh%d@#ClEﬂQWm¥Qﬁ%l§ronM@&Mﬂﬁylels "0"

(which indicatesttdatctbaaTRG o 0edi 68f init 322 performs a hard

15 decision on the TPC combined soft decision wvalue,
using the second threshold value Th2, which is
smaller than the first threshold value Thl (Th2 <
Thl). More specifically, the second hard decision
unit 322 determines whether the TPC combined soft

20 decision value is equal to or greater than the
second threshold value Th2, or smaller than the
second threshold value Th2. The second hard
decision unit 322 then outputs the decision result.

The operation unit 323 outputs an

25 operation result C obtained from a decision value A
supplied from the first hard decision unit 321 and a
decision value B supplied from the second hard
decision unit 322. The operation result C 1is
outputted as a transmission power control signal.

30 The operation logic may be as shown in FIG. 5. More
specifically, if the decision value A is “1” (which
indicates that the TPC combined soft decision wvalue
is equal to or greater than the first threshold
value Thl) while the decision value B is “1” (which

35 indicates that the TPC combined soft decision value
is equal to or greater than the second threshold

value Th2), an operation result C of “1” 1is



5 decision value is smaller than the first threshold value Thl) while the
decision value Bis "0" (which indicates that the TPC2¢paoisred2eef t
decision value is smaller than the second threshold value Th2), an
operation result C of "0" is outputted as a 10 transm ssi on power control
signal that represents a transm ssion powef;decrease by a predeterm ned

anount (dB). Further, if the decision value is "0" while the decision
val ue B is_"l", i.e., if the TPC 15 conbi ned soft decision value is snmaller
than the first tdy QdVQEU%_EmaA%ﬁiEQQ@h QuWdr HeRteh1 %@yhéﬁe second

t hreshol d valueﬂér , an operation result.C of "Maintain”" is outputted as a
transmi ssi on powet2 TohtPBESENGTal? t'of Far At 3PA °OCn& DT tut FEAE S Fardhi%si on
power. A situatippedsatahnthedt hencdect si@R) val ug Ales ddéivhbhe vidieiaddeci si on

value Bis "0" .is ot |ogicall. 0ssj bl e cause i t.hreshol d
value Thl is gréﬁieﬂythéﬁgkﬁg §%§§ﬁ%§£$%r5§%§|g%ﬁhfﬁﬂgTﬁéh%thd>sﬂé5_ 25
Wth the above stadictipe b ltlge lsardna Heersitbanuriitte 304r s t hahe@shenitd

transm ssion power s TAR nhaiined mhenad besTBE qamhides sof todeci,sisom val ue
does not clearly represent a gpgﬁ{ i ncrease_Qor a power decrease (i.e., when
[

the TPC conbi ned"$bf%289° deBR Vaitle FS™EmBFCers ¢handtReStPPstY dt%shol d
val ue Thl but edualsi®l bergrieanertiichaietbedsenard hdd eshdhd Tal2ye H2).

Thus, an inadverte i e r de e r 1. SSlon_paower can be
prevent ed. Refefh%%fééﬁﬁtgggFéﬁ é?(gggggongge§§%%ﬁgh§%g gfr%cture of the
transm ssi of? powerarcohi $9i 08j gRaler dxdt i hef ig3adi Ithde depéeissdds Ian FI G

6, the sanme compQNENtSs@Sohhesedm &G e3sar 8ydangledibye 24 1 JANUARY 2006
-62 the sanme referencenrggfra s also as those in FIG 3. As can be seen

fromFIG 6, théMTHhS on power control signal determiner 33 includes
two TPC denodul ators 301 ahndr302r,aif the decision value A is “0”

while the decision value B is “1”, i.e., if the TPC

15 combined soft decision value is smaller than the
first threshold value Thl but equal to or greater
than the second threshold value Th2, an operation
result C of “Maintain” i1s outputted as a
transmission power control signal to maintain the

20 current transmission power. A situation in which
the decision value A is “1” while the decision value
B is “0” is not logically possible, because the
first threshold value Thl is greater than the second
threshold value Th2 (Thl > Th2).

25 With the above structure of the hard
decision unit 304, the current transmission power is
maintained when the TPC combined soft decision value
does not clearly represent a power increase or a
power decrease (i.e., when the TPC combined soft

30 decision value 1s smaller than the first threshold
value Thl but eqgual to or greater than the second
threshold value ThZ2). Thus, an inadvertent increase
or decrease of transmission power can be prevented.

Referring now to FIG. 6, a second example

35 structure of the transmission power control signal

determiner 33 will be described. In FIG. 6, the

same components. as those in FIG. 3 are denoted by



5 conparator 305, a selector 306, and a hard decision wunit 307. Like the
foregoing exanple (see FIG 3), the TPC denodul at or s ZOANIA®RY20® denodul at e
the reception TPC signal 1 and the reception TPC signal 2 supplied from
the inverse spreaders 22 and 23, and 10 output the |evel values of the
denodul ated signals as the soft decision values TPC-SS1 and TPC-SS2 of the
transm ssion power control bits transmtt&84from the base stations BSl and
B52. The conparator 305 conpares the 15 transnission Ioss 1 cal cul ated by

the pilot signal, denodul at r/transniss&o calcul or 31 m;%? 3
transm ssion | OE}%e SERFc ISt T by t HBMpit sét al & cﬁﬂ at’d angnmi ssi on
| oss cal cul at or and Ot pas bhese@mpdhmsmnFI@suﬁt tHwe sel ector 306 20

i nputs the Conpef%ﬁgals%%t JJ5pat Dencamnaral or . 05 B3R A6 egti on control

signal, and, base ection control ? sel ects either the
output from t herThedgenddid aidkr 3e1odikdie s The 88Ft 308ecidion val ue

TPC-SS1 of ®he &érﬂlﬂéﬁhi%erfBaB)V\lei 251 eenrbrol3 4 | &ﬁdnémh'fat&ﬂ dé@mtha base
station 851, or_t put fromithe_TPC denpdul ator chg % the soft
an

deci si on val ue TPt S%g of tlhlketr%lﬁ’%mfggfegr?mp%v%’f IEB%Fr di° 51 hitted
fromthe base stia¢i 8AC BehodB0ldfonsséléctrnah Tont deiosiugrdlie balsed on a

compar i son 1 esu{ . pdi eat inig: L, et LARSTRST 0Dc b0l ik Sbher than

the transm ssi I npu ted Into the selector 306 from
conparator 30% %%@Pééleélctfd%o@o%h%ellé&t%Stenesﬁbmf)@?fﬁr&%taﬁéjB%?)TP@nd
denodul at o1 030lutpud sekeqtdwan coat aek $>Ifgrt&1e @@ﬁ@du@@t@cﬁ@ﬂ)@ﬁw@n result

indicating that_th tr%%%nt S|onléoss §ﬂﬁ# t ha t Sﬂ%SSIOﬂ 24
JANUARY 2006 6§3I§ § 1°%S |npdt%ed into the se e%%% gG froﬁ#?ﬂ
conpar at or 305,théetsehentiors 306 Bevest sonte Qutlputs tremstrhie TRE from
denodul at or 302.1,dhgshard deci sioneeni £ 30Bgperfornms a hard

The comparator 305 compares the

15 transmission loss 1 calculated by the pilot signal
demodulator/transmission loss calculator 31 with the
transmission loss 2 calculated by the pilot signal
demodulator/transmission loss calculator 32, and
outputs the comparison result. The selector 306

20 inputs the comparison result from the comparator 305
as a selection control signal, and, based on the
selection control signal, selects either the output
from the TPC demodulator 301, which is the soft
decision value TPC-SS1 of the transmission power

25 control bit transmitted from the base station BS1,
or the output from the TPC demodulator 302, which is
the soft decision value TPC-SS2 of the transmission
power control bit transmitted from the base station
BS2.

30 If a selection control signal based on a
comparison result indicating that the transmission
loss 1 is smaller than the transmission loss 2 1is
inputted into the selector 306 from the comparator
305, the selector 306 selects the output from the

35 TPC demodulator 301. If a selection control signal
based on a comparison result indicating that the

transmission loss 2 is smaller than the transmission



5 decision on the selected soft decision value TPC-SS1 or TPC- SS2 of the
transm ssion power control bit, using a predeterm ned ubhassRak3opal ue. The
hard decision unit 307 then outputs the hard decision result as a

transm ssion power control signal. It 10 should be noted that the hard
decision unit 307 can performa hard decisgon on the soft decision val ue
TPC-SS1 or TPC-SS2 in the sane manner as that of the hard decision unit 304
(see FIG 3). Wth the transm ssion power control signal 15 determ ner 33
havi ng the abovelsds uct yee.indutte@dSh§si Qhep@lﬁl’e@t)@fr gbesifgiat tise

determ ned based on thg soft eci,sion ¥g %&H§Sl?ggccht§§g(Dof tpe
h°

transm ssi on pOV\B?’ %on?rSF blt 't rta}hesn”f th rou electric M%

transm ssi on patfrdraving 2@CtM§mn¢Ml@S@rtB@@snlSS|on | oss anpong the

el ectric wave transm ssi O@hl%atmasré)eéé\@%lb%e PR | 80 $1 8RR N5 @Wﬁ’a%@e
base stations BS1 and BS2. Accord %ﬁ? transm ssi on power control can be

per f or ned foP tHECHDBPeOSt &thcors M CWAAI & Offte AT +PBNY 231 & HEP 95551
transni ssi on patdr bepeesn2t be i | €r st ahiies iMH meeaebnafrotlheobtase
stations BS1 and BS2 is tak%p i nt o qgngh eratiy Tpe traQ%n1§§|o power
control for the “$ob¥I28 BESEEHT V5 based on -2 transn155|on power control
signal detern netEdisibe tnansmsiohepooetrudont¥iod i gdaleddtssron ner 33

having the above .gtiHcLUrg (t%*a%wsfé@ p@)«ve‘rs et esablke g it hatr nore
accurate transm ssi on _power contr perforned when there is a great

di fference betwedtPB5dthe PPIFSh Bnt?85§é§qI?qqkﬁ%?3n§ﬁ9§S|&h[ﬁﬁ%s

bet ween t he nobiger 84 ahi anhbbdantk d hel basenstatd sttt ReEeshiong weowad 0 Fl G

7. athird example 2. JANIAR 2006, - 64 strustie ofothe LLagymliss]on pover

control signal erm ner €scCri sane
conponents as tHosed i deFLelol ame dehdt edsbyg Ftllke sBne reference nuneral s

also as those in FIG 3. with the transmission power control signal
15 determiner 33 having the above structure, a
transmission power control signal 1s determined
based on the soft decision value TPC-SS1 or TPC-SS2
of the transmission power control bit transmitted
through the electric wave transmission path having
20 the smallest transmission loss among the electric
wave transmission paths between the mobile station
MS and the base stations BS1l and BS2. Accordingly,
transmission power control can be performed for the
mobile station MS, while the conditions of the
25 transmission path between the mobile station MS and
each of the base stations BS1l and BS2 is taken into
consideration.
The transmission power control for the
mobile station MS based on a transmission power
30 control signal determined by the transmission power
control signal determiner 33 having the above
structure (shown in FIG. 6) 1is preferable in that
more accurate transmission power control can be
performed when there is a great difference between
35 the transmission losses in the transmission paths
between the mobile station MS and the base stations.
Referring now to FIG. 7, a third example



5 As can be seen fromFIG 7, the transm ssion power control signal

determ ner 33 includes two TPC denodul ators 301 and 3Q2 jARUMRY abds
coefficient determ ner 310, two weight correctors 311 and 312, two hard
decision units 314 and 315, 10 and a m ni num val ue selector 316. Like the
first exanple structure (see FIG 3), the_weight coefficient determ ner 310
determ nes weight coefficients corresponding to the transmssion |loss 1
and the transm ssion |oss 2, and 15 weight correctors 311 and 312 nmultiply

the outputs of ¢he,TPC denpdulas 0E§a§9%1%@qc§102po%\€'£Céo?zrtﬁolhes1(?19511

deci sion values TPC-SS1 and TPC-S the transm ssion _power control bits
transnitted frorAeheIMpaSE s3t3atvijohjs }BgldSﬁGrE@fd by tRefwei-ght. Jehe
coefficients corgm@oadmp@nmﬁsheai renspessinoF 10ss3 drandetnedd amgni ssi on

| o0ss 2, so as tot out put _ car ecetneéievglllr%es 1Thea1h od deghy an un| 143
performs a hard “dect &1'6n~6n The' cor ¥ 8Rt a8 Wallle vf 2T he"S5ft d1e0|Isi on” " 25
val ue TPC-SS} outputted frém tden viet ghtevoreot TI3117, usihrg a predet er mi ned

threshol d val ue. tJ&@smfﬂéeqo@ﬁ%o&s@P 88ht 335 sqlg%papeaéeg%ﬁ&a% deci si on
on the corrected value of the soft decision value A TPC-SS2 outputted from

the wei ght correct®tudes, t39 JHhFempredéters nEd t#resA8Rd Pal'lRtIThe hard
deci si on out put dcﬁ@ﬂftheeh&rdﬂemmixo@ruew ,3X4io 0o¢ L €5P0RAS rie tdres

transm ssi on power contr I b|t trans te fromthe ba stat S1, while
the hard deci s:/%ln ou?pu?lizro Cﬁe %a‘gnd& eglssﬁoéln Uht £° §§43§ go(r)jrhebg’ponds to

the transni $8i orepbwer mépamuel s tuet sahsaitotred ¥¢ om t he base station BS2.

| f the values of both hard;ded sd}pin gflrgéNQ&Ig}gﬁ(g)Gsf]@@cgutrgut(%eq; ghe hard
decision units 314 and 315 are the_sane indicating_ "1"

represents a transntB8i 8/ 1FMercskt a8 6r dﬁ&t?@ﬂf&i‘?ﬁagﬂﬁgd 'ereré‘fs
represents a transigissi obefdieridecs easeyespleding to the

transmission loss 1 and the transmission loss 2, and

15 welght correctors 311 and 312 multiply the outputs
of the TPC demodulators 301 and 302, which are the
soft decision values TPC-SS1 and TPC-SS2 of the
transmission power control bits transmitted from the
base stations BS1 and BSZ2, by the weight

20 coefficients corresponding to the transmission loss
1 and the transmission loss 2, so as to output
corrected values.

The hard decision unit 314 performs a hard
decision on the corrected value of the soft decision

25 value TPC-SS1 outputted from the weight corrector
311, using a predetermined threshold value. The
hard decision unit 315 also performs a hard decision
on the corrected value of the soft decision value
TPC—-S8S2 outputted from the weight corrector 312,

30 using a predetermined threshold value. The hard
decision output from the hard decision unit 314
corresponds to the transmission power control bit
transmitted from the base station BS1, while the
hard decision output from the hard decision unit 315

35 corresponds to the transmission power control bit
transmitted from the base station BS2.

If the values of both hard decision



5 m ni mum val ue sel ector 316 outputs the value of. either one of the hard
deci sion outputs as a transm ssion power control signalsJaNUaRReodal ues of
the hard decision outputs fromthe hard decision wunits 314 and 315 are
different fromeach other (one 10 of the values indicating "1" that
represents a transm ssion power increase,_%\/gi_l e the other indicating "0"
that represents a transm ssion power decreaSe), the m ninmum val ue sel ector
316 outputs the smaller value "0" as a transm ssion power 15 contr ol

signal. In a case.ubeee blae oAl ue ol Lbeshatd Mectsion outputsigomihe hard
decision unit 314 | "1, wh he val ue of the har

deci si on out put 'ff}?%nﬁﬁlhé Hé’tod'—kde]cfi‘%-?%ﬁt&ﬁgt 31 thaporepregenmts a 1, ",
the m ni mum val uf_erézeklae;ts@rlo?ml@owﬁ puhar dselord, b@thomdidé@m@ N0
transm ssion pov%? cgntrol t% Vi he ltransm Ssign paver con%rol
signal det er m net® 33" RRVERG e ab% gfn JEt e, Pihet 2 e £F&ETsiA ssi oRC1 osses
in the transhi ssmhnlrpamhs’albm vee&elrﬁ¢h@rm3@|6l ©wtmt tont Vs azradttdqeosbase

stations BSL a%%graaﬁer %qar@f'éi ﬁ§r5e8%%siesrltdrpgoufl§h't§b' 4 tj es, and
wei ght correction 1s performed on the soft decision values TPC SS1 and

TPC-SS2 of the FFIRURSATISFoPPHHer CeBAREPS! SHiIFE t r anshi téd 3 bHet hef base
stations BSl andtiBSZnatl tkeiharsh dectphios firesultise ohakhe daejighiogorrect ed

val ues are different Qm_eac her h smal l.er_hard decisiqgn result is
set as a transniSst o é hjtrolaré ?feﬁasnetd %% BnSth trtghsm 2'6n
power controf swgfha‘thdeveﬂme@edmdhc@hnsg aRferthat anspssiemt poner control

for the nobile statkansVBohs R/ OF 1BAr cAGEOr Qg ¥, « h € 524 JANUARY 2006
-66 conditions of the transmi $siaon paths between the nobile station M5 and

the base stations*BI25#AIBSS” c%“r?*ber%FﬁsécP&?reﬁ et JAEaRes St Pover
consi deration, awkbreifserienhd mansimssi oalpeware lcants ol 3fler dutepurobdi | e

the smaller value “0” as a transmission power
15 control signal.
In a case where the value of the hard

decision output from the hard decision unit 314 1is

“1, 0, 1, 0, 0, ...” while the value of the hazrd

decision output from the hard decision unit 315 is
20 1, 1, 1, 1, 1, ...”, the minimum value selector 316

outputs “1, 0, 1, 0, 0, ...” as a transmission power

control signal.
With the transmission power control signal

determiner 33 having the above structure, the

25 transmission losses in the transmission paths
between the mobile station MS and the base stations
BS1l and BS2 are regarded as representing
reliabilities, and weight correction is performed on
the soft decision values TPC-SS1 and TPC-SS2 of the

30 transmission power control bits transmitted from the
base stations BS1 and BS2Z. TIf the hard decision
results of the weight-corrected values are different
from each cther, the smaller hard decision result 1is
set as a transmission power control signal. Based

35 on the transmission power control signal determined
in this manner, transmission power control for the

mobile station MS 1is performed. Accordingly, the



5 station M5 can be perfornmed. Referring nowto FIG 8, a fourth exanple
structure of the transm ssion power control signal detessanogry3gewi || be
described. In FIG 8, the sanme conponents as those in FIG 3 are denoted by
10 the sane reference nunerals also as those in FIG 3. As can be seen from
FIG 8, the transm ssion power control sigg?l_ determ ner 33 includes two
TPC denodul ators 301 and 302, four hard decision units 317, 318, 331, and
332, a mnimm 15 val ue selector 319, and a selector 333. Like each of the

f or egoi ng eXANPl &5n 3t heoTRC ol a1 oF ndQL 1 AN 302 dpmRGAL o d e

reception TPC sig 1 an he reception TPC si l'ited fromthe
i nver se spreadé?%blzéeaﬁaa%to(”sé’és R phe Qﬁcfeou%%FlPﬁé @@11 el B2k ues of

the nmodul ated signal seasotke a&Qﬂ‘draﬂ@Lyswme\ﬁalluﬂ_sO TP&‘l§$3;1e&%d:1Td;}C SS2q of
the transm ssion gower ontrol bhits.transnmtted fro se statJ[ons BS1

and BS2. The hard dect &l 6n “dfitS ™81 bt f BPHS “a G4t o n%5 8§C| oYt tRe soft
deci si on val e TPG:SBin Mt patt drk fpenf thee®RC denodul ator 301, using a

predeterm ned threshold Vah&%er&%%%gwd%g Fi1en  Out put from t%l&ﬁﬂ?fé‘

deci sion unit 317 correspon to the transni ssion power contr
transnmtted 30 f%W@h@%a@é SR | B BEIL STRE th A efecF SRGA Cdnisiomas
perforns a hard deed h0Aen 33hey iSOf tbelegbsk@nbewal uerdPEIES2 soutgni ted from

t he TPC denodul at or 302 determn hreshol d .val The hard
e 4 o e s LR AR e Ol SR H T o F A o PR gE R e e
transm ssi ohOpowvigre coaneokelfietrentganswie red sf rdmd hes bakesst dtn FFELBS23 . | f

the values of both hard degissi-Qf 34 JANVARY 2006 &7 gut pyts fromthe hard
decision units 317 and 318 are the sane, the m ninum value sel ector 319

outputs the val'e@RIMEFERER BN F ‘f%tﬁaﬁds&@dias]r FEBEFPATET 133 t he val ues
of the hard deciisiomeésspive fMPamddeodulators 301 and 302, four hard

decision units 317, 318, 331, and 332, a minimum

15 value selector 319, and a selector 333. Like each
of the foregoing examples, the TPC demodulators 301
and 302 demodulate the reception TPC signal 1 and
the reception TPC signal 2 supplied from the inverse
spreaders 22 and 23 (see FIG. 2), and output the

20 level values of the modulated signals as the soft
decision values TPC-SS1 and TPC-SS2Z2 of the
transmission power control bits transmitted from the
base stations BS1 and BS2.

The hard decision unit 317 performs a hard

25 decision on the soft decision value TPC-SS1
outputted from the TPC demodulator 301, using a
predetermined threshold value. The hard decision
output from the hard decision unit 317 corresponds
to the transmission power control bit transmitted

30 from the base station BS1. The hard decision unit
318 performs a hard decision on the soft decision
value TPC-SS2 outputted from the TPC demodulator 302,
using a predetermined threshold value. The hard
decision output from the hard decision unit 318

35 corresponds to the transmission power control bit
transmitted from the base station BS2.

If the values of both hard decision



5 hard decision units 317 and 318 are different from each other ("0" and
""1"), the mninumval ue selector 319 outputs the snmall4ganvaky@oes0”" as a
transm ssion power control signal. The hard decision unit 331 outputs
either 10 a hard decision result indicating that the transm ssion loss 1
cal culated by the pilot signal denodulatorf{transm ssion |oss calculator 31
is equal to or greater than a predeterm ned threshold value, or a hard
decision result indicating that the 15 transmission loss 1 is snaller than

the predeterm nad thegshebd. cHhe hard deeiisiion bun$t§32170%raﬂ§1@ dhard
decision result indicating that the transm ssiaon |oss gal cul ated by the

pi l ot signal de%%u?%?%r/?ﬁ&né%%@‘% VBs&Cc &R Gt F %é i §YUedURES 267 €0 or
greater than the/aplr@dedbérﬂumeﬁaxt heres hot dt el lhl(ard ate@l bavd dedipgiton. resul t

i ndi cating that f#h % spission [loss, 2 BS eca tﬁ@gaEgg Aredet.er m ned

t hreshol d val ue. eci sion resu eécision units 331
and 332 are 25 §1ﬁp¢ﬂ1|<é@|ca§l§@l actioh 2ont ﬁ@ld §|198na1rset®lf|ﬁére§é1 et ok 333.

Based on the sel&cti opcgent rolysighal s1+)t he nselett OfuR33asakedts & hard
deci sion output _ value A of the hard decision unjt, 317 corresponding 30 to

the transnissior poviet ERBAREr SN HiT 3+ BRENVELEE 4ot he bades&iaii bt BSl,
an out put val ue MW\ freoomttrbe migmaim val ue sel ector 319, or a hard deci si on

out put value B of the hard, cisigp i r dj

transm ssi on power contr ol gl%t 2 tr%ﬁ%mﬂj? g&from ﬁ 5‘8 §e st hetlltohnerBSZ
For instanckl ifa thherdransiisssirornr ¢vsest 11nfdd cadinertiqbnthBe predet er mi ned
threshol d val ue t%rJMYO%OQ@SSGSl \A@éi@unl%@efdradlﬁrﬂﬁél ﬁmeS% iy 1 equal

to or greater redeterm ned thre hoIdv | ector 3
sel ects the har ed‘é% %lr% O HAEFEE ikt T2t AR of OPe © (?lﬂl%lE‘&Fsﬁ nﬁﬁwletq‘ﬁ and

out puts the hardaect sioaater than a predetermined threshold value,

or a hard decision result indicating that the

15 transmission loss 1 is smaller than the
predetermined threshold. The hard decision unit 332
outputs a hard decision result indicating that the
transmission loss 2 calculated by the pilot signal
demodulator/transmission loss calculator 32 1is equal

20 to or greater than the predetermined threshold value,
or a hard decision result indicating that the
transmission loss 2 is smaller than the
predetermined threshold wvalue. The hard decision
results from the hard decision units 331 and 332 are

25 supplied as selection control signals to the
selector 333.

Based on the selection control signals,
the selector 333 selects a hard decision output
value A of the hard decision unit 317 corresponding

30 to the transmission power control bit transmitted
from the base station BS1l, an output value MIN from
the minimum value selector 319, or a hard decision
output value B of the hard decision unit 318
corresponding to the transmission power control bit

35 transmitted from the base station BS2.

For instance, if the transmission loss 1

is smaller than the predetermined threshold value



5 output value A as a transm ssion power control signal, in accordance with
the selection control signals based on the hard deci simgaNeariyt2socout putt ed
fromthe hard decision units 331 and 332. If the transmssion loss 1 is

equal to or greater than the 10 predeterm ned threshold value while the

transmssion loss 2 is smaller than the tb§§§hol d value, the selector 333
sel ects the hard decision output value B of "the hard decision unit 318 and
outputs the hard decision output value B as a transm ssion power 15 contr ol

signal, in accordance whthithe sl ectheniccantrols sighal s hased dgmes@@rhard
decision results  outputted fromthe hard decision units 331 and 332.

Further, if the t&hshi8sPORITSETMIARA Fhé St <t 631 B8R/ | 68S B BoEN
smal | er than t hes3220spI edesercmendsatdir @shakd onaldig;plihevsehectroro 838he

sel ects the outpul, yalue; MN.fr.9m ¢ hey o1 Daumyal e, seLeglor 319 and, .
out puts the out puat val ue M R"as’'a " ttansi Ssi-on “povier ~control” signal’, "in
accordance Witkuteutelvadticod conta ol rahgnalss Isasarowart henkard 25 deci si on

results outputted fromthg hard.decissop; cUNithS 33D &and; 332 coWidhbt he

transm ssion power control signal determ ner 33 having the above structure,
a transm ssi on PERE L oREFEE STgndte i R2H8t EPMlifddP by SBULRE AP Hee?Si on
result of the sdfdomlethsi bardaldase:i ofothentitanSm@issdrodm peger aantytod bit

transmtted thrqqgr lectiric ve_t ission p i t mal | er
transni ssi on | 0ss 0 Srb gsgf)gctlﬂscs ﬁvleS %gg%g]m'sczjsi%n %%?%ggée&%eaer’lnh%h%
mobi | e stati®n WBedeltesniRedbade iR 1dn¥apSe afdl BS2thal §gansmigelion

T3S seion s s thsad ey smtanog palte Sanesn L
nobi | e station an - e e stations an are
both equal to orse]gefceﬁ?’érgt?ﬁlaﬁ f& bt eﬁlé?eﬁ‘ﬁ'irl‘?egaset%%%ﬁ%l 8u§§lugil‘e,v Y€hot h

smal | er than theé& priedeter hamdd dichrisshoh dunalkug,l 8 taved sofitpdeei siton hatdes
TPC-SS1 and TPC&%%%§§oﬂh8utput value B as a transmission power

15 control signal, in accordance with the selection
control signals based on the hard decision results
outputted from the hard decision units 331 and 332.
Further, if the transmission loss 1 and the
transmission loss 2 are both smaller than the

20 predetermines threshold value, the selector 333
selects the output value MIN from the minimum value
selector 319 and outputs the output value MIN as a
transmission power control signal, in accordance
with the selection control signals based on the hard

25 decision results outputted from the hard decision
units 331 and 332.

With the transmission power control signal

determiner 33 having the above structure, a
transmission power control signal is determined by

30 the hard decision result of the soft decision value
of the transmission power control bit transmitted
through the electric wave transmission path having
the smaller transmission loss of the electric wave
transmission paths between the mobile station MS and

35 the base stations BS1 and BS2. Also, if the
transmission losses in the electric wave

transmission paths between the mobile station MS and



5 transm ssion power control bits transmtted fromthe base stations BS1
and BS2 are considered to have the sane reliabilities 280ANOARY 20d3e Sane
reliabilities), and the snmaller value ("0") of the hard decision results
is set as a transm ssion power control 10 signal. Referring nowto FIG 9, a
fifth exanple structure of the transm ssioggpower control signa

determner 33 will be described. In FIG 9, the sanme conponents as those
shown in FIGS. 3 and 6 are 15 denoted by the sane reference nunerals al so as

those shown i n_tﬁié‘fbasea@da&m%% cdL bengeen of r:om A&k h9%eqtiBe td afsm ssion
power control signal udes t ors 301 and

et PC de uIa
302, a TPC 20 sd&ft® %%Fs?g Pﬁé‘%@?%ﬁ{ Egﬁﬁl eFI§ﬁ§9hgﬁg *Hare Yeci si on
uni t 304, mhichhﬂmhtﬂma$aﬁe &@aﬁnxh@oppedeM&;mﬁndmet@xaﬁpbédﬂwakﬂ@re

shown in FIG 3.pe @oHaaé@ﬁ%% PPVEL s COPL %'5212' | pgeLekm nar f&? al so

i ncl udes a selector 306 that selects one of the t deci sion val ues
TPC-SS1 and TPCISSIpHFied PPHGH tCFfénfrF’@ldEHﬁ(ﬁJlta*ﬁTr%mBMegné IR, the

conparator 305Hdwd copapaveas tBhsa tdarespEgskher less ddatéd tbehatvfe’:lntSfIiTéSSi on

| oss 2 and outputs t he conpari, resul t s sel ection aI to
the sel ector 305305 %%glggﬁ&r Jﬁ%C| Ton°Uni't @@75%Wﬁcﬂe£ Bﬁﬁét i
t he conponents @ﬁnihbh@xampﬂéestWudnuie(“éﬁmwnfltﬂécmaﬁd ﬁhelSHansn153|on

power control %mtgeigr%%eras%fwgﬂsﬁlg@qlowep%@e§e&§ﬁtt%1334 t hat
selects either the hard decision output value 35 fromthe hard decision unit

304 or the hardsdédizston output value fromthe hard decision unit 307. The
mobile station MSin this e&a&mk&;ﬁﬂI&ANUARYFZGQG9y7QafﬂIfhﬁre&®&¢udes a

f adi ng frequenc%egﬁ%%ggg 40 apd . gﬁﬁgﬁfgs 83i'dwbé‘¢£n€} T@?gf%ﬁ

frequency neasurer 40 neasures th requency o eac
signal . The fadid®gf 9rebuency3miy e be descrlbed In FIG. 9, the

same components as those shown in FIGS. 3 and 6 are
15 denoted by the same reference numerals also as those
shown in FIGS. 3 and 6.
As can be seen from FIG. 9, the
transmission power control signal determiner 33
includes two TPC demodulators 301 and 302, a TPC
20 soft decision value weight combiner 303, and a hard
decision unit 304, which are the same as the '
components of the example structure shown in FIG. 3.
The transmission power control signal determiner 33
also includes a selector 306 that selects one of the
25 soft decision values TPC~SS1 and TPC-SS2 supplied
from the TPC demodulators 301 and 302, a comparator
305 that compares the transmission loss 1 with the
transmission loss 2 and outputs the comparison
result as a selection control signal to the selector
30 306, and a hard decision unit 307, which are the
same as the components of the example structure
shown in FIG. 6. The transmission power control
signal determiner 33 further includes a selector 334
that selects either the hard decision output value
35 from the hard decision unit 304 or the hard decision
output value from the hard decision unit 307.

The mobile station MS in this example



5 nmeasured based on the level variation of an output signal (a conposite
denodul ati on signal) supplied fromthe denodul ator/ coabjaeiaré2006he fadi ng
frequency of each spread channel may al so be determ ned based on the | evel
variation of a 10 denodul ation signal of a pilot signal in each spread
channel (see Japanese Laid-Open Patent ApplLygation No. 2000-082929, already
filed by the present applicant). The average value of the fading frequency
of each spread channel and the | argest 15 fading frequency anong the fading
frequenci es of tﬂmrtﬁ@feachhﬁﬂﬂﬁlé fanihe dsedyasndwndinegstirequentyand

measur ement val ues._Lf _th vel sir si gnal _cemponent s decreases
due to fading, the *7edp ec Sﬁ%ﬁ dﬁb@ q?and%gl I’%.%%%‘In s?gr? SowerY 20

control bit is d@qﬁmﬂed‘l@orr@sa&lor@w hget tﬁ@dlrrveqzeﬁ)rté@neSbMRchl ()‘s:;c‘e¢hto t he

target SINR  Accorgdhpghy, stikg f1adi nghir eguency ﬁ@élg@@nﬁ?aﬁlé@e%e_ based on
the variation of the transm ssjion power_ control determned in the above

manner. 25 The A $igt BecPsisGs lPrﬂtU?ﬁ dBVEAMVAdS 2 Wwhekhef eRe FHER Wy
frequency neasureihibylthe tadipusits eqernay lreasin &il(ﬁﬂallm he pahiove nmanner

is not smaller fthan L Eg&@é&av%y?w@[gqngut p}[gs t ge |S|g8n result as
e

a sel ection control srg ceiving a sel I on contro Siqgnal
correspondi ng tfcreaq@@cpm ol reesUl tsp¥oaft kb ahadilngnatecgsponbenit 41

i ndi cating that &JI@emﬁﬁgae@a\éaédieoroftl‘tl@elfewlngfalff@gygﬂcxsfl $ smal | er than
the reference value, the  selector 334 selects the hard deci si on out

val ue 35 frjo%thjee%% GE&P& Sttt 2642 Bn O&utspkﬁ%a%hé“ Racd & "i‘%n
out put val ue as chdnaasnM(Sekeol et s e chat HelDpsirgrad teRReCRbpILAG st St ect i on

control 24 JANUARY 2006,- 5§%§|2@nalafpé£§?pgrll(ile%g r}g &Qegké's%%tr esult from

the fading decision unit indi catin hat the measured value of the
fadi ng frequencyHL egR@F) to Eﬁiegrae‘éqfé@getﬁéﬁu@hé?ﬂ cflee ehedipgl ue, the
sel ector 334 sel@@d$uency of each spread channel and the largest

15 fading frequency among the fading frequencies of the
spread channels can be used as fading freguency
measurement values. If the level of the desired
signal components decreases due to fading, the
reception SINR drops, and a transmission power

20 control bit i1s determined so as to bring the
reception SINR closer to the target SINR.
Accordingly, the fading freguency can be measured
based on the variation of the transmission power
control bit determined in the above manner.

25 The fading decision unit 41 determines
whether the fading frequency measured by the fading
frequency measurer 40 in the above manner is not
smaller than a reference value, and outputs the
decision result as a selection control signal.

30 Receiving a selection control signal corresponding
to a decision result from the fading decision unit
41 indicating that the measured value of the fading
frequency is smaller than the reference value, the
selector 334 selects the hard decision output value

35 from the hard decision unit 304, and outputs the
hard decision output value as a transmission power

control signal. Receiving a selection control



5 the hard decision output value fromthe hard decision unit 307, and

out puts the hard decision output value as a transm SSi2d JANUARY 20@nt r ol
signal. Wth the transm ssion power control signal determ ner 33 having the
above structure, if the 10 noving speed of the nobile station M5 and the
fading frequency at the nobile station Ms_afe both relatively |ow weight
conbining is perforned on the soft decision values TPC SS1 and TPC- SS2 of
the transm ssion power control bits transmitted fromthe 15 base stations

BS1 and BS2, bass‘é@br@é‘ltber'&:"e@@%ﬁ@ﬁ@nto' gsses ik Zegaltthefreﬂnecméc wave
transm ssi on p%t Cglbet en the nobi] 4ftatlon I\{Stﬂ g g se stations BS1
and BS2, and a Hat Féﬁllpélstﬁril%f a*TPeS et 85f G ISA B Y4l ue
obt ai ned from t hea 120e wef ghhecdifsiimiqigf regsencas is te@nsin $si o powerter

control signal. Em 3 tﬁcggg‘felr% e sapg.as tk‘% t;kﬁl?g%ggpggéls@%gka'n% FIG 3.

On the other han movi ng speed of t e station t he
f adi ng freq@len(ﬂ}"%th%ﬁ@ gekillsd 5t AV eRUMBVare s dlz@mvehg Bsrdi gh, a

transm ssion powefc LONGAOLnSgnA7 | sandeberpured thaseraen ae&qfstlcdeci sion
val ue of the transm ssmg %ower control bit .transmitted thro

blectric wave { Mo GoT QR Barn Favi M F RS 4t RSt r SREAFOL) B9  n
the electric wave 30 transhissi aheat hanbetescwrnt owebi Fenstratli anidvis and

the base stationg 85Iy pR0-BS3. nIh %, Progesspbe d e r$aPE-8S i3 the exanple
shown in FIG 6. Accordingly, when the transm ssion paths between the

nobi | e statt®n W@Wtﬁ@eﬁgsé’fsttd’tef JheP13s BEE AR I3°$§ are t&eatiaetygin
good conditions f(ﬁecg;enweatt heef agb gl &1 equeney iMs reratbvehy 1 ow), a

transm ssi on power, contr naI for th bil.e 24 JANUARY 2006 72 statl on
M5 is determ necfeblaa}s%lciv%f(ﬁ)ybg % 'of etlr%htt(r?%%grlnns}s?i “r po%ver EQcontrol rbliih

transmtted fromahe @@9$élgmamadnlseSBS&PﬁnaSBszlndNﬂéﬁ‘\Ctﬁ§2t p&ndisssi on
pat hs between the Jmbil essbat bend¥S angethe BaS® transmitted from the

15 base stations BS1 and BS2, based on the transmission
losses 1 and 2 in the electric wave transmission
paths between the mobile station MS and the base
stations BS1 and BS2, and a hard decision result of
a TPC combined soft decision value obtained from the

20 weight combining i1s set as a transmission power
control signal. This process is the same as in the
example shown in FIG. 3. ©On the other hand, if the
moving speed of the mobile station MS and the fading
frequency at the mobile station MS are relatively

25 high, a transmission power control signal is
determined based on a soft decision value of the
transmission power control bit transmitted through
the electric wave transmission path having the
smallest transmission loss in the electric wave

30 transmission paths between the mobile station MS and

‘the base stations BS1 and BS2. This process is the
same as in the example shown in FIG. 6.
Accordingly, when the transmission paths
between the mobile station MS and the base stations

35 BS1l and BS2 are relatively in good conditions (i.e.,

when the fading frequency is relatively low), a

transmission power control signal for the mobile



5 stations BS1 and BS2 are not in very good conditions (i.e., when the
fading frequency is relatively high), a transm ssion pawaNUARN206 signal
for the nobile station M5 is determ ned based on the transm ssion power
control bit transmtted through the nost 10 preferable transm ssion path
(having the smallest transmssion loss). As,a result, transm ssion power
control can be perfornmed on the nobile station M5, while the nore
preferable conditions of the transm ssion paths between the nobile station

M5 and 15 the basesiatieps iB5HeawkBS2ear Ba’fs@lﬁerbﬂ BOthcedsider at i on
Al though a tran m55| on_power _control th ned b ruct

1 ower on%rgg % a X %hg %t t
shown in FIG 3 dnd ®& TraninPSsion %ower troﬁ g%%‘f‘ 56E 5] ec?"by %e 20
structure showndasd-lZaBiane HEl chred Ba8ed dmearhethé adragsiiequency in the

above exanpl e, s hansoLasion t@@"@ﬁoﬁ?férQlta?lgﬁalMsObéﬁHn@qebYJ dde

structure shown in or 8 can i nstead of a transnission
power controp S|Sg‘ﬂ?aql<215s o%{sél ﬁ@dﬂ R4 h%rgt Peét dfe EHOWNIPAGFFGN .t 1 9% $ hough

the nobile stati@n &5 isheaditdre cm;e@@earte@[utehﬁ§ WDs b@-é@a&tlaidlqnshféﬂ) and
BS2 in each of ththlfore?m ng exanpl es, trca im SSi oa;ﬁepg . control., can al so
be perforned forf tHe Wb P& SFati% on %0 VBt Rrodgi?t Qe tBFofERIres as the
above in a situsdataoiomhéseishdeatshinenetdabrerdV®n sthradtpanesonmecitad t o
three or nore bazg, St aédn‘?@%ol' '%le@%%sﬁw*ﬂ@tfegrecgpﬂdlggﬁxé‘ﬂ@ fds t

transni ssi on_power control information to be used in - 35 transm.ssion power
control is 5@l e®&f $5M Br 2HSRISSE Th Pover LRort P it hf bR fafMéd tSSdnsmi t t ed

fromthe base sttatamsléglbhelmty)l e SA@thOIﬂeNEltZA SANUARY s 2006 -paavanhi | e
the transm ssion | in the electric ran |on ths ween t he
pee N e AR

nmobi l e station NMS™an t he" base Pstati 'ohs A%hto
consi derati on. Moveverthe heopeeverttfd maehei opndg tions of the

transmission paths between the mobile station MS and
15 the base stations BS1 and BS2 are taken into
consideration.

Although a transmission power control
signal obtained by the structure shown in FIG. 3 and
a transmission power control signal obtained by the

20 structure shown in FIG. 3 are switched based on the
fading frequency in the above example, a
transmission power control signal obtained by the
structure shown in FIG. 7 or 8 can be employed
instead ¢of a transmission power control signal

25 obtained by the structure shown in FIG. 6.

Although the mobile station MS is radio-
connected to the two base stations BS1 and BS2 in
each of the foregoing examples, transmission power
control can also be performed for the mobile station

30 MS through the same procedures as the above in a
situation where the mobile station MS is radio-
connected to three or more base stations.

In each of the foregoing examples,
transmission power control information to be used in

35 transmission power control is selected from
transmission power control information transmitted

from the base stations to the mobile station MS,



5not limted to it. For instance, the reception |levels of pilot signals
that serve as information representing the transm ssi @aJgNaghRYodset ween t he
nobil e station M5 and each of the base station BSI and BS2 and are neasured
based on pilot signals 10 transmtted fromthe base stations, or a reception
SINR that can be calculated fromthe pilot_skgnals, can be enployed instead
of the transm ssion |losses. For further sinplification of the entire
structure, the information representing the transm ssion 15 quality should

preferably be usggifertdet erddimds § QonWhicehk LAasen staki en cldhe: iobidee st ati on
M5 is to be radjo-connected. In each of the exanpl es theangllot

f oregoj n
si gnal demodul at 07 1 EPARSHCLS R T 0s8e20 SEM (Ui B BTB S And TP hrits
equi val ent to thehetbansmsssittiolosBStabkadl ®SH samadtikansminssi on pat h

quality measur ercsoélgi&ls?ia@’ona.nd g‘ﬁe%éénsgh%s'&%pesQQ‘éerian%Q}ttlrioén s| gnal

determiner 33 is equivalent to the fransmission power control 1nfornmation
25 determ nef i metal #8itAAsE0 the- wef gkt 1866 @ enthdetrecinteron 310 and

the weight correcdesss34t and 312 agralequineal efdr$@ Lhewaidghia cpsnectors
in clainms, the conbiner 313 i qulvalent t.o the Cfﬁbln r in clajins, 30 and
the sel ector 334?%%BﬁﬁePﬁlﬁﬂaéﬁfi TagEnvatet® 97 theYs@P&ts™ i Tl ai ns.

In the foll ow ngroeithedsmention NS agedr dacte ol tthel aaprs 23 atthraoughs 38 wi | |

be descri bed. diimgnt.s. n it h. clai 25 . gh 38) 24
JANUARY 2006 - 74 5‘5'?% Fow r?;réu gné;gggggrai %%s‘(’)&n& _o?r? BLERs rém}r#rl;g% t he
present invehtioftanfrhtieferfaiite the PRECaSEAPENYF ngCdr WFFSP RER 10

illustrates an exampl enek 2aMAHO calculated from the pilot signals,
can be employed instead of the transmission losses.
For further simplification of the entire structure,
the information representing the transmission
15 gquality should preferably be used for determining to
which base station the mobile station MS is to be
radio-connected.

In each of the foregoing examples, the
pilot signal demodulators/transmission loss

20 calculators 31 and 32 are equivalent to the
transmission loss calculators and transmission path
quality measurers in claims, and the transmission
power control signal determiner 33 is equivalent to
the transmission power control information

25 determiner in claims.

Also, the welight coefficient determiner
310 and the weight correctors 311 and 312 are
equivalent to the welght correctors in claims, the
combiner 313 is equivalent to the combiner in claims,

30 and the selector 334 shown in FIG. 9 is eqguivalent
to the selector in claims.

In the following, embodiments in
accordance with claims 25 through 38 will be
described.

35

(Embodiments in accordance with claims 25
through 38)



5 communi cation systemto which a transm ssion power control method in
accordance with the present invention is applied. Thi 240aNUsREQIMGUNI cati on
systemis a CDVA nobile comruni cation systemin which signal transn ssion
and reception are 10 perforned anong nobil e stations and base stations. As
shown in FIG 10, a nobile station 100 and, a base station 200 transmt and
receive signals (including packets, control signals, and audio signals) in
accordance with the CDVA technique. The 15 nobile station 100 includes a

transm ssi on/ reception deyhgefélqowag?gﬂglapa@%@gagtﬂég,o@nd a user
interface 160. The base statigng 00 includes.a transm ssjon/reception
s

devi ce 210 and &"SGhEIeR b ol e PXESOBT| hPEFREtiBh (Stth &8 IaddTe

information, text thd me@dimpapydng nmagevingsrmati on) inputted by a user

t hrough t he user interfacegigq ofy t;he qmbile statign i Sgprogessed by
g

the signal processor 150 to generate signals in a predetermned format. The
25 signal s out pGErENTrontipe SYGHE™ proce’seh 50 raAnSMsuphpPRedot@nt he

transm ssion/receptd . devig64110, oM £ha REEf Quas pirRdeteLgiped operations
such as encodln%Wand,nDdulatlon qQn I he S|$nals. The resultant signals are

then transmtted oMt He 39 £PRASHSsi onf F 2cEPLiOn PVt 43808 the base
station 200. Upemysreeceijt of COMe siogndles dommuthhea tinbi | ey stani an 100, the

transnission/re%%mgﬁngiéﬁyicgrg%gﬂys he, base %%%@‘%l O, pgrforns 35
predeterm ned operations” such as deno Jlation an ecodi ng on the received
signals. ThE si gralforppaierarrd fMebrhliches 2 hhsAEs sinch/rarept toliigavi-ce 210

24 JANUARY 2006 -75 are thgs sasvertied dyst heosi gnalopriocessge i 220 lipnto  a

f t that be t itted t t kK. _Th ted,si |
Lranem {ted 17 oRMENE " ghat BFOEBSSON 220°T " A cOMUM Gt 1 Bh LaRRral via

(including packets, control signals, and audio
signals) in accordance with the CDMA technigue. The

15 mobile station 100 includes a transmissicon/reception
device 110, a signal processor 150, and a user
interface 160. The base station 200 includes a
transmission/reception device 210 and a signal
processor 220.

20 Information (such as audio information,
text information, or image information) inputted by
a user through the user interface 160 of the mobile
station 100 is processed by the signal processor 150
to generate signals in a predetermined format. The

25 signals outputted from the signal processor 150 are
supplied to the transmission/reception device 110,
which performs predetermined operations such as
encoding and modulation on the signals. The
resultant signals are then transmitted from the

30 transmission/reception device 110 to the base
station 200.

Upon receipt of the signals from the
mobile station 100, the transmission/reception
device 210 of the base station 200 performs

35 predetermined operations such as demodulation and
decoding on the received signals. The signals

generated from the transmission/reception device 210



5 the network. At the base station 200, the signals supplied via the
network are processed by the signal processor 220 to QQUANTARNGGG S in a
predetermned format. The signals outputted fromthe signal 10 processor
220 are supplied to the transm ssion/reception device 210, which perforns
predet erm ned operations such as encodi ng afeg_ nodul ati on on the signals.
The resultant signals are transmtted fromthe transm ssion/reception 15
device 210 to the nobile station 100. The transmi ssion/reception device 110
of the nobile siadionedl@ohRalr s Beceheed ildie Signatsssbromahei hase
station 200 then pgrfr%)g redet erbngn gagger.%lttieoc[‘ns such_as denmodul.ation and
Jie (B

R
20 decodi ng on the ?Ece:g\;;élgaéci é:r?ar} s. The si grgnﬁ goe‘ﬁ%Fa § 1% w?]‘h}%'

transni ssi on/ red8pt i onndevitee Binake soAvércedmyttdd Srgmaltipy ocessor 150
into a format that,gcanybg-handl.edal fhejusemdyterfacenl6Q.iBased, on the

converted signals, the information 25 (such as audio I nformation, text

i nformation PE- YhE IDMStBPIKnmage i nformation) is shown to the user. The
transm ssi on/reception devirge thk0 Kfs4 hetanhiohe 253@f | BRe 180 gpenfor ns

transm ssion pover ontr ol. (l%%: i nk tvganﬁméssi on. pover LgoEtr(%lh), based. 30
on transni ssi on POt *E8ntrEl Bit ST ahEnfESi &if Powret SCoRtr &1 rt'ofiat i on
t hat represents rr posesori A€Pedse Artal popegndéc ease) Pradsmiarmechdd om t he

base station 200, Jhe.trangsp SSiQN rECeRLHAR tdeVica y 210-0F 11 g base station

200 al so perfornms 35 transm ssion power_control (downlink transm ssion
power contrbf), ARG DAL FANS HESsi BIPDHOWRR &6nth bits transnitted from
the nobil e statityurdéfis24o0dANARY 206 d€6ihecarid nghlyichheerforms

ranar <% on T eSSA SR ORIbER M- ide IO st Bt he
structures in t@agubition on the signals. The resultant signals
are transmitted from the transmission/reception
15 device 210 to the mobile station 100.

The transmission/reception device 110 of
the mobile station 100 that has received the signals
from the base station 200 then performs
predetermined operations such as demodulation and

20 decoding on the received signals. The signals
generated from the transmission/reception device 110
are converted by the signal processor 150 into a
format that can be handled at the user interface 160.
Based on the converted signals, the information

25 (such as audioc information, text information (E-
mail), or image information) is shown to the user.

The transmission/reception device 110 of
the mobile station 100 performs transmission power
control (uplink transmission power control), based

30 on transmission power control bits (transmission
power control information that represents a power
increase or a power decrease) transmitted from the
base station 200. The transmission/reception device
210 of the base station 200 also performs

35 transmission power control (downlink transmission
power control), based on transmission power control

bits transmitted from the mobile station 100.



5 transm ssion power control. In the follow ng, the wuplink transm ssion
power control will be described in detail. The transmXBJANVARYeME i ON
device 110 of the nobile station 100 nay have a structure 10 illustrated in
FIG 11. As can be seen fromFIG 11, the transnmi ssion/reception device 110
has a transm ssion systemand a reception_-gystemthat share a transm ssion
and reception separator 111. The 15 reception systemincludes a radio
receiver 112, an error correction decoder/error detector 113, an error
rate neasurer lmcc@rcshNaweaweertﬁéﬁsmasslim/ﬁ:@é@ptabar dklb.ca 1a0get

SI NR det er m ner 1} %a sn155|on o%gqgg bit determ ner 118, and a
20 transn155|on m%? cORtrol” @k ra or ignals transmtted from

t he base stau(NtramﬁmaselQ@M@GQﬁptDOnhéeNama)2%&e®ﬁeth$1ba361the

transm ssion and; £ 2Cephi 90 os%%a;@t@&e 11imeThe fadi oL ecgi ver nﬂsl%f’erfor 5
an inverse spread process and 25 a denodul ati on process on each of the

reception gnaﬁ%a%%%bﬁﬁéﬂnfEﬁﬂ?ﬁ%ec??5ﬁ§ﬁlssh%h QY Feéeptilew - separat or
111, so as to gener ate arbaseibanbsigoabr cAntvdl beldeseridesdtated, the
reception signals ingclude a data signal corresponding to data 30
transmtted fron%?h% g "station 200 and a control signal corresponding to
each transni ssion power c&herdrdnsmassoony/amsyant eanfdemitike Wakeo St ati on

200. The base band shgpah cohtaiinesh thsoughyt he v demodul atigr Jprocess
per f or med on each control 35 signal is_supplied to the transn ssion power

control  bitPext¥atidFr2189 FRe fth@nshi ssion power control bit extractor
119 restores the transnlssaenqmn%ﬁe2§eéANUABM1Z&Hﬁ -¥Y,cankrol bit fromthe

base oand st anal. - Ty pasechond slgnal. obLatned iy opgh Lhe. degpdidath on

process perforne on eac a si e ra i 0 recerver I's supplied
to the error system and a reception system that share a

transmission and reception separator 111. The

15 reception system includes a radio receiver 112, an
error correction decoder/error detector 113, an
error rate measurer 114, a SINR measurer 115, a SINR
comparator 116, a target SINR determiner 117, a
transmission power control bit determiner 118, and a

20 transmission power control bit extractor 119.

Signals transmitted from the base station

200 are supplied to the radio receiver 112 wvia the
transmission and reception separator 111. The radio
receiver 112 performs an inverse spread process and

25 a demodulation process on each of the reception
signals supplied from the transmission and reception
separator 111, so as to generate a base band’signal.
As will be described later, the reception signals
include a data signal corresponding to data

30 transmitted from the base station 200 and a control
signal corresponding to each transmission power
control bit also transmitted from the base station
200. The base band signal obtained through the
demodulation process performed on each control

35 signal is supplied to the transmission power control
bit extractor 119. The transmission power control

bit extractor 119 restores the transmission power



5 correction decoder/error detector 113, which perforns error correction
decodi ng for each franme, and detects a transm sSSion erXgANUARYQ00§ dance
with the CRC (Cycle Redundancy Check) technique. The result of the
decoding is supplied as an information 10 output fromthe

transm ssion/reception device 110 to the stgnal processor 150 (shown in
FIG 10). This error correction decoder/error detector 113 also outputs an
error detection result that indicates whether a transm ssion | oss exists

W th respect to cdbteathbfirameromheherbaser &aesdreasymel . 114 cal cul ates a

frame error rate (FER) as recept gual ity o nf.or i stored
fromthe reception signal _%?%hebad%;iﬂ?ggds?‘gﬁjﬁﬁcogr%%%g%g) ,t%brg%&e(%ﬁg%ﬂghe
error 20 detectidgmeeslptiont mraeds$ rparfhemad orn coarbetipdr dexodier/ error

detector 113. The, SINK pRASYr &fe ddb £l eubates A,y ecept k8N tBAMNRrror
(signal-to-interference, plus noi ower ratio) based on each reception

se
si gnal obt ai Red 25 H§CERETY Q(ﬁc@q’%%éﬁg@é?rlf?.teﬂ{é”ca]r taratfércicycl e is
shorter than the«atarhesase ropcle rdéeti angate SN g deber suer hlame,

determ nes a targe | NR that_ the .r tiaon qual it FER). of_ the
i nformation out pag?(% e(gejél?%gn tahgtrearr?%nrll?ggggrrgarsruo?rer”il%cégg rarlélsceeqwu% ht o 30
the target qual ithe OBFe (Syedief ikediydanhy Caegst) SpaRndeterm rigre 117

performs such a cont1el orORGRAdMb@Snb0ikNGhRASE ddieayakHe 19fr dhea t asget
SINRif the reception quality of the infornation is |ower than the target
quality, and’to EP%EsgrPFl‘e e RSB SERE W HYARP SRR A VEHRE rec®pt? on

quality of the ihd oshaheonpiroddgdrer 1 han (shewrarigetrgeal Loy . (autes | oop

control) . ahe SR onpALaLar 110 24 JAMMBY. 2006, 78 companas A, reception

SINR outputted from measur er W t'h arget "SI'NR out putted
fromthe targetoSHNKE8etr RIFFOT AT e @aRhdoBUESFSE & Heh@esbihdicaftehe

conpari son. whether a transmission loss exists with respect to
15 each frame.
v The error rate measurer 114 calculates a
frame error rate (FER) as the reception quality of
the information restored from the reception signal
(the desired signal components), based on the error
20 detection result outputted from the error correction
decoder/error detector 113.

The SINR measurer 115 calculates a
reception SINR (signal-to-interference plus noise
power ratio) based on each reception signal obtained

25 Dby the radio receiver 112. The calculation cycle 1is
shorter than the data frame cycle. The target SINR
determiner 117 determines a target SINR so that the
reception quality (FER) of the information outputted
from the error rate measurer 114 becomes equal to

30 the target quality. More specifically, the target
SINR determiner 117 performs such a control
operation as to increase the value of the target
SINR if the reception quality of the information 1is
lower than the target quality, and to decrease the

35 value of the target SINR if the reception quality of
the information is higher than the target quality
(outer loop control). The SINR comparator 116



5 The transm ssion power control bit determ ner 118 determ nes each

transm ssion power control bit to be used in a transm BSIANUARMVEOs cont r ol
operation at the base station 200, based on the conparison result outputted
fromthe SINR 10 conparator 116 (inner loop control). If the reception SINR
is smaller than the target SINR the receptpon Ievel of the desired signal
conponents is determned to be |low, and the transm ssion power control bit
is set at a value that indicates an 15 increase of transm ssion power ("1",
for exagP:\IeR). h(abrﬁﬁswr@_tshehlehm%e%{iiﬁesgsaemdw&w Egogr eatersithRan the
t ar get , the reception.l.evel .of .the__desir gnal _conponents i
deternined to bén%‘?sglh?eragast K & ahidti E%irgﬁtp%\%é\fé c%lﬁJfPSI%tﬁidt it 8t a
20 val ue that indimxatesSaNdecdredasanofetr ahdm sgidormupowes Che' rdorlt

exanpl e). The transm $SLOR RQUWES,, control bit determned in this manner is
supplied fromthe transm gsion power control bit determiner 118 to a radio
transnitter 222 of the traR$®i SEiTHEDES $ySPeRO(FIsct?BRECLaPe), and is then

transmtted to ddwehasgest allisoic20rmThest EARIIT 1SS OSMSYSEem Fodde nobile
station 100 perforns ggegg%erm ned oper ations_aon the. information supplied
Heessortis

from the signal Pt GO38 T stiown TR Bl GZ )" $0eR a8 4Edi ng of an
error detecti nggariey bberedisach{ rane basaccdraanee 200t h bawe CRGY

techni que, and erfor- GREEEELLAN rLNeodi pg+ B 1R& dat gy ofngagh f# ame provi ded
with the error detecting parity bit. The encoded data are 35 then supplied
to the radi bt r &REHRITRECTI2216 THETK bOPPaRSRtERY) 1221 pelt'Grns a

modul ation on theenseded daka suppnerlén thanabowe 24rdANUARYR2006ne 79

manner, and thus generates.a. data ulation_signal . _The radig transmtter
195 a1 50" perf o M SRt ot CERT G LTI (P EmS A St b o EBRrRal i 1

supplied from tdetarmhgaiissicorepdwet. condr shebittr atetet od hen DPDBler

control bit is set at a value that indicates an

15 increase of transmission power (“1”, for example).
On the other hand, i1f the reception SINR is greater
than the target SINR, the reception level of the
desired signal components is determined to be high,
and the transmission power control bit is set at a

20 value that indicates a decrease of transmission
power (“0”, for example). The transmission power
control bit determined in this manner is supplied
from the transmission power control bit determiner
118 to a radio transmitter 122 of the transmission

25 system (described later), and is then transmitted to
the base station 200.

The transmission system of the mobile
station 100 performs predetermined operations on the
information supplied from the signal processor 150

30 (shown in FIG. 10), such as adding of an error
detecting parity bit to each frame in accordance
with the CRC technique, and error correction
encoding of the data of each frame provided with the
error detecting parity bit. The encoded data are

35 then supplied to the radio transmitter 122.

The radio transmitter 122 performs a

modulation on the encoded data supplied in the above



5 as descri bed above, so as to generate a control bit nodul ation signal.
The radio transmtter 122 then nultiplexes the control4aNuaRgdb@t i on
signal and the data nodul ation signal. The multiplexed signal is then
subj ected to a spread process using a 10 predeterm ned spread code. The
radio transmtter 122 transmts the signal-gbtained through the spread
process via the transm ssion and reception separator 111. The transm ssi on
system of the nobile 15 station 100 further includes a transm ssion power

controller 123, AR MRl @hul?4yede ghaddald MadNoheasi BE iR PagdLrn
generator 125, aﬁg a switch 126.. The tézgsmlsm on %c()wer contro] bit, 20
outputted from tHE tTAASHI SLPEW HoweTE contr 81 51 Pk FAst 8r "PES It e
recepti on systemr stiselppkeednticside poaasncesitaro panet sopbrldldertAd@8 vi a

the switch 126. r AL 1.SSI r._cont.r.ol . ontrols the
transm ssi on pom?er!r?a r?{ﬁgﬁrlﬁasgﬁo%srggﬁgﬁs%gﬁerr&l ,Pb(ggéa}ég nteﬁrerilé)f
transm ssi ondpovier dedaribedpiattP ke ansei 86ed of IR aTRt PagecoN@#IVN PDD. In

this manner, the,dd.ansaissi an paver CoRérobdat dhehdRdieetr ansmdder 122 of
the nobile statln%& 100. is perforned so tgzﬁ t he, reception, SI NR approaches
ST

30 the target SINR FHP1REHadd St oh° 20 & 31 N 1o 0P RE24 F6tei ves
the reception SIHNR deasumeduldy tiven St Nfhatasurldre bl andl eklee tsarggedl SI NR

determ ned by ! he, tA(get sRbIR et &fdi DeLplily Qb IROLIQLE LN reception
et her |

SINR to 35 determ ne : t 1sin anormal state, using predet er m ned
first thresh®l d RegdrtTARiaRE &P 1Radcteifi ned NEedGHil @ hE B3R6M Wi e ThB,

I f the 24 JANUARY 2006an8fRifecepid i ShANR bbtlal reotmBbughatde tdrer SIANR
noni tor 124 outputs a control_,signal indicating a first condition (a |ow
level , for examBJCSTT THE Fecapribi st NEPs T A GBRF Al “SRate, The
SI NK 111.
The transmission system of the mobile
15 station 100 further includes a transmission power
controller 123, a SINR monitor 124, a gradually
increasing bit pattern generator 125, and a switch
126.
The transmission power control bit
20 outputted from the transmission power control bit
extractor 119 of the reception system is supplied to
the transmission power controller 123 via the switch
126. Here, the transmission power controller 123
controls the transmission power at the radio
25 transmitter 122, based on the transmission power
control bits transmitted from the base station 200.
In this manner, the transmission power control at
the radio transmitter 122 of the mobile station 100
is performed so that the reception SINR approaches
30 the target SINR in the base station 200.
The SINR monitor 124 receives the
reception SINR measured by the SINR measurer 115 and
the target SINR determined by the target SINR
determiner 117, and monitors the reception SINR to
35 determine whether it is in a normal state, using a
predetermined first threshold value Th, and a

predetermined second threshold value Thsp. If the



5 nonitor 124 outputs a control signal indicating a second condition (a
high level, for exanple). Wen the control signal indizaahANOgRiheoefir st
condition is outputted fromthe SINR nonitor 124, the switch 126 connects
the transm ssion power 10 control bit extractor 119 to the transm ssion
power controller 123 in accordance wth theggontrol signal. As a result,
the transm ssion power control bit is supp?led fromthe transm ssion power
control bit extractor 119 to the transm ssion power controller 15 123, as

descri bed earlierecdhenohhe rgantyolisi gnabriadi catdng thge segand condition
is outputted fromthe SINR nonitor 124 éi.e., when the reception SINRis in
an abnormal st &Y tPRelgra®iHiANES ndr E8BIEAG it Patt et RI2G et at or 125

is activated withithe coatrnalisi grallowThevgrnaduadd yexanpeasi.ng i ttipattern

generator 125 generalesndshivk RAl Lern. gorpaspanding.1o.a transmgsion pover
control bit stri'ng that "i's "designed to gradually increase transm’ssion
power 25 (héreimeafieprréfdr catRwtasat Aentgrddusaldya  nendasiatg i ta

pattern). Al so ideas5Qrdaneg tWidh (4 heigantele1si gk, cihgp3wtch 126
connects the gradually increasing bit pattern generat 155 to the

[
transni ssion power control F&EM 35T ASOREFRSult, th%ngﬁaﬁéﬁlﬁj?%creasing
bit pattern genefatetd toamittibher graduatbyticedr easimgtibet SpaRt @ran igesner at or

125 is supplied to,th r i §Si p tr € . S nitor
134 mmy have. a stohtt ire oot e hstUs Al Cr i s LS TR 10,
the SINR nbhitcronpgol nbltidées tar aonpar Al 8r tP3Ehehat repapasés ont oW @Eept i on

SINR with the fidstittbreshohd valiies 240JAMUARY 2006 +83 ThAL @ SUbiFAaghor
132 that subtracts the reﬁeptl n SINR from,the tanget SI NR ngfoutﬁgts a
SINR di fferencdyaf UESASINR T & TonParator P8 1hato”Eofards the i KR

di f ference val usAsp NRedufpott eche transmission power control bit
extractor 119 to the transmission power controller
15 123, as described earlier.
When the control signal indicating the
second condition is outputted from the SINR monitor
124 (i.e., when the reception SINR is in an abnormal
state), the gradually increasing bit pattern
20 generator 125 is activated with the control signal.
The gradually increasing bit pattern generator 125
generates a bit pattern corresponding to a
transmission power control bit string that is
designed to gradually increase transmission power
25 {hereinafter referred to as the “gradually
increasing bit pattern). Also in accordance with
the control signal, the switch 126 connects the
gradually increasing bit pattern generator 125 to
the transmission power controller 123. As a result,
30 the gradually increasing bilt pattern generated from
the gradually increasing bit pattern generator 125
is supplied to the transmission power controller 123.
The SINR monitor 124 may have a structure
shown in FIG. 12.
35 As can be seen from FIG. 12, the SINR
monitor 124 includes a comparator 131 that compares

the reception SINR with the first threshold wvalue



5 fromthe subtractor 132 wth the second threshold value The. Wen the
reception SINRis smaller than the first threshold valugaKNuAryt20es
conparator 131 outputs a high-level signal, for exanple. \Wen the
reception SINRis equal to or greater than the first 10 threshold val ue ThA,
the conparator 131 outputs a |owlevel sigpal, for exanple. Wen the SINR
difference value AsINR is equal to or greater than the second threshold

val ue The, the conparator 133 outputs a high-level signal, for exanple.

Wien the 15 SINrli f feranceryakude l%*zNF{m&sgrablt%ctt&artﬁ@ereée%a%n
t hreshol d val ue The %he cog%arat or 133 ts a | ow| evel signal, for

exanpl e. The Sl NR¥onfIoP 1% fi@idretr PhY ua‘ SR Jate TIR "an up- down
counter 135, andiiantéNNPhgat €212 18Q:y:Themutputospgnals rofl 3hecgegparators

131 and 133 are in utted t ate 134, and the ut put si | .of the
OR gate 134 is mpdﬁ et %gte g%‘\gchl%f FRS ;%?D StHe T '?g? i nal
(R of the up- dowWn couat éldbig@cats:)li/\/ejr$2a§lfﬂﬁet FEend3sh resd sl

gradual I'y increasiing bth, pattgen gelréerlaé@@bﬂ@m ERQR gradiablyeirnetreasi ng

bit pattern generato 125 | i np oth counter term nal of the
up-down count er-135t lWEntgﬁf?S&ﬁLﬁp%tv% ghal f“ro Fhéjoﬂi?agﬁ?gorSg)Ei
switches to thecchitghutevel hitghe lupreownigoant erforl3xamspt eset Wareth titen
restarted, and g ‘é&dée%ﬁoht§1N‘?<Utl%Uteb<$ﬁ9£'alcot8rt e Jyah I eyel,. Wen rf&‘?' ving

a bit of the gr y I ncreasi attern “representing

i ncrease ("19, fthresdappieyalss tTﬁb\'uﬁl}tﬁavﬁpI&BﬁﬁﬁéPqé@%o@étRuFé £he
counter. Wien negselVéngl ashighaleprasentk8gpa ROV dectgase rnzhe  up- down
counter 135 subtracts 1 fromthe cpunter. 24 JANUARY 2006 -82 \Wen the
counter val ue r E4chest A" pFedeteeni Nedvrvaltu€INE L tHe ap- 67 Nt 2R 1135
swi tches its outgh# sesigndl thoetsthe Idw & evel Thihe tbet pumisd gaabrof 3the

up- down counter 135, ass el ;8% Hh& QUL PUER 9T The  Rxample. wWhen the
15 SINR difference value Agyr is smaller than the
second threshold value Thy, the comparator 133
outputs a low-level signal, for example.
The SINR monitor 124 further includes an
OR gate 134, an up-down counter 135, and an AND gate
20 136. The output signals of the comparators 131 and
133 are inputted to the OR gate 134, and the output
signal of the OR gate 134 is inputted to the start
terminal ($) and the reset terminal (R) of the up-
down counter 135 as well as the AND gate 136. The
25 gradually increasing bit pattern generated from the
gradually increasing bit pattern generator 125 is
inputted to the counter terminal (C) of the up-down
counter 135.
When the output signal from the OR gate
30 134 switches to the high level, the up-down counter
135 is reset and then restarted, and switches its
output signal to the high level. When receiving a
bit of the gradually increasing bit pattern
representing a power increase (“1”, for example),
35 the up-down counter 135 adds 1 to the counter. When
receiving a bit representing a power decrease, the

up~down counter 135 subtracts 1 from the counter.



5 gate 134 are inputted to the AND gate 136. The output of the AND gate 136
is the output of the SINR nonitor 124. The counter valgasiuaRlyeoog- down
counter 135 that counts up or down dependi ng on the value of 10 each bit
of the gradually increasing bit pattern corresponds to the increase anount
of the transm ssion control to be controllgd with the gradually increasing
bit pattern. The predeterm ned value N set by the up-down counter 135
corresponds 15 to the upper limt of the increase anount of the

transm ssiI on EOWebr_t loub@ @@nhrt@lﬂogdahmw hréaehe@r @dqaﬁé&ei;a@malsaidw%zabme
pattern. In the ile station aV|n ucture, .the

transni ssi on po&? dont FBI 9P e %Jrh%?fn r nslrlh \éﬁ E%V\BP 8t rol) shown
in FIG 13 is perdoxrhede AbesHowh levé&l G IBe Wm‘dpalt heigeeépwifortheSINR i s
fluctuating wit mﬂlcf’o»!?@ @Eh%‘%‘e& Nayd oYL range -ar qund 5%&@ get I NR 4 during

the period until “tine '), the reception SINRIs e to or greater than

the first thfesHH%e v]a$€1ea’FﬁAlnéW(fi’t% 'S‘PNRhedlAF‘IfDer%%% YaPue ASINR
representing theidderencencbetmpeerstbersar get tsld\R afight he fr egeptd vr SI NR
is smaller than the secggg t hreshol d val ue ThB. 30 Accordingly, both
outputs of the ¢6Hpar@tor§?131 and 133 in the SINR nonitor 124 are of the
|l ow | evel, and the controllhsi gmaintat pudted PrfomhehenStdRvnmortrgre 1 24

represents the f1'3r§tt-hr9££'db5h9Qs(HJ1? d OWio 18V Ekbe R r&ceLRE %M@e gentrol
signal, the 35 swt 126 connects the transm Ssion power control bit

extractor 119 t &ate k¥ anshi $8icow ighes lfohleSIelaesr”ELQE»blEagé&t@ﬂ he
transm ssi on pO\@EfrrZélsldMlBJé\R‘(oZ&Gﬁa -83cconseokbmpivtrst (o f . ﬂﬂéOOOOllllOOO) t hat

are transmttedcgarnosmtgg § art'lo gq%[g@gtxtraictgdw PX

transm ssi on power con ract OI‘ ansm SSI Ol’l pOV\BI‘
controller 123 myﬁdya@ly 1ncrea31ng bit pattern. The predetermined

value N set by the up-down counter 135 corresponds

15 to the upper 1limit of the increase amount of the
transmission power to be controlled with the
gradually increasing bit pattern.

In the mobile station 100 having the above
sStructure, the transmission power control (the

20 uplink transmission power control) shown in FIG. 13
is performed.

As shown in FIG. 13, while the reception
SINR is fluctuating within a relatively narrow range
around the target SINR (during the period until time

25 tl), the reception SINR is equal to or greater than
the first threshold wvalue Tha, and the SINR
difference value Agiyg representing the difference
between the target SINR and the reception SINR is
smaller than the second threshold value Thsg.

30 Accordingly, both outputs of the comparators 131 and
133 in the SINR monitor 124 are of the low level,
and the control signal outputted from the SINR
monitor 124 represents the first condition (the low
level). Upon receipt of the control signal, the

35 switch 126 connects the transmission power control
bit extractor 119 to the transmission power

controller 123. Based on the transmission power



5 transm ssion power control on the radio transmtter 122. This situation
is a normal situation, and the transm ssion power contyglaNaiarY»0¢1ObI | €
station 100 is performed in such a nmanner that the reception SINR at the
base station 200 approaches the target 10 SINR At this point, the quality
of the reception signal fromthe base statd-on 200 deteriorates for some
reason, and the reception SINR drops (during the period between tine tl and
time 15 t2). In such a situation, based on the relationship between the

reception SINR anghdher twrgst (SINR11d®o 0t L answmiossia poxee control bit
determ ner 118 ener at es a %ransntitssi on go r (:ontrodeO bit . to .increase the
a a 28 H

transni ssi on povwer bt he®Badé O&t atiorP2d 2ted thel t FRAs AT S t i s
transmtted fromy tties nobahemstatiicon dddet ocvhe rivdsep st atkona2@d.r Despite

that, the quality of fhe receptionsignal, framthe pase station 200
I'N eIer h%n €

deteriorates, and the reception eCOmes SN _ irst 25
threshol d vad ue tTHER RS $ AR PRy er THEN bUP publoft cheradbaparanemitlenf t he

SINR moni tor 124 stchen syd & chesyatea drheg hi ghpbewgll. Wdbhsthah, the urdown
counter 135 is activated, and the output $i nal of the, ug- down counter 135
svi tches to the HiAgH T evet OPARCY %30 GUSHTRL Ehe TAND Bt bl 1385060 Y4 S AR
noni tor 124, oltsputiesr foxoatr ah siugrala rrepnesenttihg tttee seeondticondi tion

(the high level kyds dhe.gonbral signaloout pytLed oomibe. .S Ny tor 124

switches to the second condition, e gradu Increasing bit” pattern
generator 1Y% iSdNfctivated, and the switch 126 connects the gradual ly
increasing bit pattern gengtat@n sl itrox 24t JANYARY 12006, £ 84hkhe transm ssion
power controller 123. nsm ssi.o .powe%g ontroller 123

As a result,f the}'gr
perforns the travsHssidnpeiert &Gt ot on°thE Padi'o 1t andhitter 122,
based on the graddualdiyoiaceeasbmg shirte pagd epn, and the reception SINR

drops (during the period between time tl and time

15 t2) . In such a situation, based on the relationship
between the reception SINR and the target SINR, the
transmission power control bit determiner 118
generates a transmission power control bit to
increase the transmission power of the base station

20 200, and the transmission bit 1s transmitted from
the mobile station 100 to the base station 200.
Despite that, the quality of the reception signal
from the base station 200 deteriorates, and the
reception SINR becomes smaller than the first

25 threshold value Tha (at time t2). The output of the
comparator 131 of the SINR monitor 124 then switches
to the high level. With that, the up-down counter
135 is activated, and the output signal of the up-
down counter 135 switches to the high level. As a

30 result, the AND gate 136, 1.e., the SINR monitor 124,
outputs a control signal representing the second
condition (the high level).

As the control signal outputted from the

SINR monitor 124 switches to the second condition,

35 the gradually increasing bit pattern generator 125
is activated, and the switch 126 connects the

gradually increasing bit pattern generator 125 to



5 outputted fromthe gradually increasing bit pattern generator 125. |If the
gradually increasing bit pattern is "11101110111", thrggaANARSHesSi ON power
i ncreases by a predeterm ned anount (1 dB, for exanple) and a 10

transm ssi on power decrease by a predetermined anount are alternately
performed so as to gradually increase the_gpansm ssion power. During this
process, as the reception quality of the transm ssion power control bits
transmtted fromthe 15 nobile station 100 to the base station 200 is

i mproved, nornmalth4¢ apsEhSHIE P o€oAt Eoh tro 1l perfopped als therbaset
station 200, based og the .transm ssion Eo r ;Lntro% %iets %enerat{arg in the
mobi | e station 100° 20°PR™EHiSS Hhrhef STt raRsHissiTh poneP SEomT bl Tis

aut ononously perfozmediatitime gwtet ecegtrpdn ot0hdasedion tivke griaduat | y

i ncreasing bit er gardl tLansm . ssi ower, bits
transmtted frolronﬁt%é ggg%est%éltitgﬁézcgéé&g%écl)?gi%{;i%gggat e?r ggagé;)%él)%r}l SI NR
measured by Phe SINREEgSufEOM B Df IFREUABHIY & x5 F DANI0D idods Higt T exhi bi t

the abnormal behawvépstet fierst.her dropping as indicated by the dotted |ine
in FIG 13, but gradually _in reases.d%/ggggt thle reception, SINR exceeds, the 30
u

first threshold val ue ThA at tite ¥ TGS 1 HePdsnFAEt o 131 of
the SINR nonitor" URUO AL bPS 111 , tHerdowckFevemisAsian reswbt, ihlve ecods oby

signal outputted frogLthe SN monitor 1244w tehes.Lonbhe; fif$t, condition
(the Iow | evel). e switch 126 35 then connects the transmission power

control bit!0extiettofls89ofo RHEE T rAPShEESoR PR T ORELEMiSed 123. Based

on the transm ssmhuPOVEE eCaNtdedindi é By 28 FANUARE 20062588 0" QRRLAQO004 1. . . "

that are transm.tted fromthe base station_200 and xtract%%.b t he
mission 1ng 1

transm ssi on povgtc: TORET & bi'tt BiktThe or 179" She t7anshvssion pover
controller 123 perdoess .t randmsssiorepbhen gortlricly of the

transmission power control bits transmitted from the

15 mobile station 100 to the base station 200 1is
improved, normal transmission power control is
performed at the base station 200, based on the
transmission power control bits generated in the
mobile station 100.

20 In this manner, transmission power control
is autonomously performed at the mobile station 100
based on the gradually increasing bit pattern,
regardless of the transmission power control bits
transmitted from the base station 200. Accordingly,

25 the reception SINR measured by the SINR measurer 115
of the mobile station 100 does not exhibit the
abnormal behavior of further dropping as indicated
by the dotted line in FIG. 13, but gradually
increases. When the reception SINR exceeds the

30 first threshold value Th, at time t3, the output of
the comparator 131 of the SINR monitor 124 drops to
the low level. As a result, the control signal
outputted from the SINR monitor 124 switches to the
first condition (the low level). The switch 126

35 then connects the transmission power control bit
extractor 119 to the transmission power controller

123. Based on the transmission power control bits



5 on the radio transmtter 122 in the sanme manner as in the nornal
situation. In the nobile station 100, the target SINR il4gAaconRrRyY@obed based
on the quality of received information (FER) (outer |oop control). Because
of 10 this, nonitoring only the absolute value of the reception SINR does
not necessarily help to detect an abnormalgty in the reception SINR
Therefore, the SINR difference val ue ASINR obtained by subtracting the
reception SINR fromthe target SINR 15 is conpared with the second

t hreshol d val ue T 1 1Based 10n, thetggapakicSsardrasil ttelir aRSM S ONLROVET

control is perforned. E reception, Sl s, equal .to .or reater
Chan the Tiret CHIESharuZof auidret EERBESE BT pihe of FPREr SR BT a 55 of
t he SINR nonitorcddrodwbtichesctimatherhiigh | evred whemsthe sSloNR mwh#€erence
val ue OSINR beco@&%’f?gyiilertCiZOf £AL Ehst Q% é?z‘?lsé%f?”g tw*érresé‘t?rkﬁ é!{E]" ue

ThB, and the contro resenting the second co di'tion (t
level ) 25 isJoututted Flaéiﬁhot ﬁer@NRlHBﬁirt ér221241 He| ﬁat“ﬁemafrﬁ“r%@o@ﬁg
exanple. Wth thﬂlcenérﬁbr&iagnaéltmﬁgpieﬁent| ng the second condi tion,

transm ssion power control_ is.auto usI erfor ed on the
gradual |y increasing bit patterh |rﬁo %@Qﬁ'a f(%i ES d6s95 bed  BBove.

Al'so, if the recept¢ontSbRRecarimtedeoni rtrbleomidilplrbyrp@ fyrwmeueletd ansm ssi on

power contr ol lsn@ymgeq%slwmerfpwegrb%%% %ﬁ@eogyaduelécyau @%@aS' ng
bit pattern, the counter val ue of own counter 135 the SIN

u
moni tor 1241 PeacHess t hBONBi-EdeteF rﬁtheH gﬁleué‘q\?%]é’f‘b? evVeheer @cfed%}i‘%n S| NR
becones equal tq@jegt@aheBINHmdéle hbeshelchrsashol Ty 24e J ANJARYE 2006t - 86
val ue ThA. In ot her g\grgsa'&sll{e am)u of tge trargs&l]gm o] h%% |ncrease
reaches the upper 1$Pes" resu signal romtne up down
counter 135 dropshé oSTha Ha\zﬁfleemﬁeic;e a*mdltJIae Acgmtqrobtalned by

subtracting the reception SINR from the target SINR

15 is compared with the second threshold value Thsp.
Based on the comparison result, transmission power
control is performed.

Even if the reception SINR is egual to or
greater than the first threshold value Tha, the

20 output of the comparator 133 of the SINR monitor 124
switches to the high level when the SINR difference
value Agiyr becomes equal to or greater than the
second threshold value Thg, and the control signal
representing the second condition (the high level)

25 is outputted from the SINR monitor 124, as in the
foregoing example. With the control signal
representing the second condition, transmission
power control is autonomously performed based on the
gradually increasing bit pattern in the same manner

30 as described above.

Also, 1f the reception SINR cannot be
improved promptly while transmission power control
is autonomously performed based on the gradually
increasing bit pattern, the counter value of the up-

35 down counter 135 of the SINR monitor 124 reaches the
predetermined value N before the reception SINR

becomes equal to or greater than the first threshold



5 signal outputted fromthe SINR nonitor 124 switches to the first

condi tion. Thus, the autononous transm ssion power conifRINRGEEHON t he
gradually increasing bit pattern is suspended, and the regul ar

transm ssi on power control based on the transm ssion 10 power control bits
transmtted fromthe base station 200 is sgarted. In this manner, when the
counter value of the up-down counter 135 that increases or decreases the
counter val ue dependi ng on the value of each bit 15 in the gradually
increasing bit pakteenmgaches, thehepredeter moed aadwer No £t Ré caut ononous

transm ssion power _contral based on.the %r adual I%/ i ncngraesilﬁjgo bi t "ﬁ? tern
i s suspended, so-A&RtBSAVEhtPARS InAEEESSAS | Tiet BESe tHP§ T ahsiiSsi on
power with 20 nbsl| ekeleishdad, thae Dhépruecespigroml St NRmwithle bep-dagpnoved. By

the above ”ansnEéﬁh%rquBﬁff %Pc?;gg()lcoatth H%Mélgls'[gﬁ'dorh‘l]eo Lok B

transm ssi on power e station 100 is radua | NCr easeSOI\Ahen
25 the recepbi onSS‘ENP{ll §uﬁd3£u’ft’?ﬁﬁio§éﬂmt &g 1He m?ﬁéﬁ@ﬁﬁ észl‘brﬁVbb%Feéont rol
bits generated basedhen rither resept tebnSI NRare, ttrasautbedntqa:d he base

station 200. Thu the.quality of the transm.ssion ower control.bits
Fecel ved by tho BAEBSHSEIGT 0" 3D G0 HATVRd BV TR (AT It bvenent of
the quality of thertransiy $siorppdnerncadst rolsirtdedr eeaidvethdyréhelbase

tati 200, th d at
stati on ecELAUSTILSSIAN pAQUEr 60ALEal AN beoacauatel i ARrLorgRd o

the base statl on e reception K nmeasured at 35

station 1001€an BevpFeemted ¥ r%scéﬁﬁpﬁﬂ‘d&q%ﬂ deepBasihhg oW Bation
predeterm ned oquebity Gtthededget SINK). 24 JANUARY 2006 -87 The first
t hreshol d val ue ThA and the'It S cond threshol val Le Th3 are set_ At val.ues
that are experinentally d bri hed"BA5&d ‘o 1He ?ugPu comuni ca?l?)ﬁ
states in the nobih¢teupodewm ccdymher 135 that increases or decreases

the counter value depending on the value of each bit

15 in the gradually increasing bit pattern reaches the
predetermined value N, the autonomous transmission
power control based on the gradually increasing bit
pattern is suspended, so as to prevent an
unnecessary increase of the transmission power with

20 no likelihood that the reception SINR will be
improved.

By the above transmission power control at
the mobile station 100, the transmission power at
the mobile station 100 is gradually increased, when

25 the reception SINR is not improved though the
transmission power control bits generated based on
the reception SINR are transmitted to the base
station 200. Thus, the quality of the transmission
power control bits received by the base station 200

30 can be improved. With the improvement of the
quality of the transmission power control bits
received by the base station 200, the transmission
power control can be accurately performed at the
base station 200, and the reception SINR measured at

35 the mobile station 100 can be prevented from
continuously decreasing below a predetermined

guality (the target SINR) .



5 system The predeterm ned value N corresponding to the upper limt of a
transm ssion power increase to be set in the up-down cbuANITARN3I806 S

determ ned so as to keep bal ance between the inprovenent characteristics of
the reception SINR and efficient 10 power control. In the above exanple,
whet her the reception SINRis normal is d_e% rmned fromthe result of a
conpari son between the reception SINK and e first threshold val ue ThA and
the result of 15 a conparison between the SINR di fference value ASINF and

t he second threshol d val ueTbB.f jHowever re sWRelhers the tecepthopnsl NK is
normal can al so be determ ned_fromone of the above corg;c_falri son results.
r

Particularly inS£Ee WREREDOLENSIASSFoh pofeE 56 tcdrt PeSpEFRST med with
the target SINKaas aftpxetmevalald,y whetbenihke recept i on ShhKaick uwdr mal

should be deter rgmIégm%ﬁ;%ﬁ%?%ﬁ?;i‘éhgh%b%\é%itl\r,,g)sﬁﬁ&qugiﬁ%q rlesul ts.

The nethods of determ ni ng 25 receptio normal using a
t hreshol d vabue sarsecemot Thai pa¢der ¢ el apeyeEaddenl 30 r basranthmes ot d

val ue used when {Hhe U 5cept i oRiSl NE aoes-LhsRUGR i3 n tganskt i ae Lrgm a gor mal
state to an abnornmal state can be_ different fr%msa t hreshol d .val ue used

when 30 the recéfft it SHAKE§6eSPTHBUYRC RUPFaAs i tiont § r OFF AT L&5orifal st at e
to a nornal statas A Slkcephepaltbhee datecéa nboendlmpstatemontan abnor nal

state) that can de Lhed Wt h al a r.
pr edet er m ned pecrhlggr K g%?gn‘g?gg ﬁgjnaﬁl%e%gggghgtoi\ﬁon o% ?hg\fgtlﬁaieenc%n be
made. Furthe?, @9yt heenkhown determ nation method that uses a threshold

val ue can be enployed. 241 JANHARGIZOOE «B8mbNet herabaver exaapl es, the
transm ssion power is, ragtlﬁ#llg i ncreas dwth thrgpéjg}ra ugl I y .increasing
bit pattern, coﬁtﬁqﬁ%tgl(g% nCredsET" and® power Tases’ er, the
transm ssion result of a compariscn between the reception SINR
and the first threshold value Thp and the result of
15 a comparison between the SINR difference value Asiyg
and the second threshold wvalue Thg. However,
whether the reception SINR 1is normal can also be
determined from one of the above comparison results.
Particularly in a case where transmission power
20 control is performed with the target SINR as a fixed
value, whether the reception SINR is normal should
be determined from only one of the above two
comparison results.
The methods of determining whether the
25 reception SINR 1s normal using a threshold value are
not limited to the above examples, but a threshold
value used when the reception SINR goes through a
transition from a normal state to an abnormal state
can be different from a threshocld value used when
30 the reception SINR goes through a transition from an
abnormal state to a normal state. Also, when the
state (a normal state or an abnormal state) that can
be determined with a threshold value lasts over a
predetermined period of time, a final determination
35 on the state can be made. Further, any other known
determination method that uses a threshold value can

be employed.



5 power may al so be gradually increased by a control operation in which the
transm ssion power is alternately increased fromthe curxawuARYed and

mai ntai ned at the current level. In the above exanples, the transm ssion 10
power is gradually increased until the reception SINR is inproved. However,
if the reception SINRis determned to be_gpnormal, the transm ssion power
may be increased by a predeterm ned anpbunt at once, and, while the
situation is maintai ned, whether the 15 reception SINR can be inproved
within a predeterm ned pernod raf db@@eisxde@a@mruxhelfrhhemuyyinnion SI NR

is inproved to a cerfain ggg al%&%? €rggge%r§gq%$r€%gegaer e of tinme,

the regul ar transnission omer s resune 0 prevent
unnecessary comﬂﬁﬂr@@%#ag|@n§ e it &l i ngomie imed apdweky Lhicgieasemsni ssi on

power while the ar{@%wnd@c%asse@ot ﬁ@wegéﬂmr&y@dtrshem&%gswoa}{
transm ssi on_power contr ol be resuned_after the gre determ ned period of

ti me has pasgedﬁﬁﬂﬁftﬁﬁﬁgﬁlﬁ§ ﬁﬁagﬁﬁgb?ﬂéﬁ SR $RRC hoPYbéeF A dved to
the certain degreera#lsn, innvwiierabove examphdsside pegakans transm ssion

power control ba%gg rna%h? tg%nsnissignfrgﬁesr control {Slev gn%gkimhen t he

creds
transm ssion 30 i AT éase -anount  r eac “he u ., when

t he counter vm|m§xﬁt4h@edpaGOWﬁNtonmréeni35eVﬁéaches the predeternined

value N) while the transntssion péﬂ@ve'éxé%b@@%mutgﬂé/ eephkQlilsed hased on
t he gradual bit pattern. However, 35 the transm ssi.on power

i ncreasin
value mmy be i RSl TReOT pOAL Whei et L RES SRSk BH pDGEF irictense
anpunt reaches IINR uppeimpirpivted .24 HANUJARY , 2006 =189 ddeepecept ISANKSIINR used

e S el 2dehs B Y U JBARME 00k SARLEL OLSLR LG above
exanpl es. However e average value anbng’ two or nore s
enpl oyed. may be increased by a predetermlned amount at once

and, while the situation is maintained, whether the

15 reception SINR can be improved within a
predetermined period of time is determined. If the
reception SINR is improved to a certain degree
within the predetermined period of time, the regular
transmission power control is resumed. In order to

20 prevent unnecessary control operations maintaining
the relatively high transmission power while the
reception SINR is not being improved, the regular
transmission power control may be resumed after the
predetermined period of time has passed even though

25 the reception SINR has not been improved to the
certain degree.

Also, in the above examples, the regular
transmission power control based on the transmission
power control is resumed, when the transmission

30 power increase amount reaches the upper limit (i.e.,
when the counter value of the up-down counter 135
reaches the predetermined value N) while the
transmission power 1is autonomously controlled based
on the gradually increasing bit pattern. However,

35 the transmission power value may be fixed at the
point where the transmission power increase amount

reaches the upper limit.



5 1n a case where the nobile station 100 is radio-connected to a plurality
of base stations through soft handovers, the transm sS2MNIARY 200€0nt r Ol
descri bed above can be performed based on the reception SINR with respect
to a conposite 10 reception signal obtained by conmbining reception signals
fromthe base stations. Al though the transnggsion power control is
performed at the nobile station 100 in the above exanples, it may be
performed at the base station 15 200. In the above exanples, the SINR

moni tor 124 corresponds taHderfuapttyndatierAnud g shepheorsINde quality

determ ner), and the _gra 1.y 1ncreasing bit ttern generator 125 and the

i Leh 50 126 caPPRCHRAIES 11 AUTBABRDIE ATl SFop En: SITE Hht baBroUS

controller) in cdladws. eXkepdanpar alove 8L ,sHown davneFeGe Y2 1ueoraresponds to

the first threshpld ggl%%ﬂgﬂgy 1 i hg ggegdﬁqs%ﬁg first threshold val ue
sho

determiner) in 25 clains. The subtractor 132 in FIG 12 corresponds
to the diffePence val ue cal’dulatFagestBELe( S Heelli f pepéRde aral kel 1s

calculator) in ctaiais-chheecupatat or pld3ashawy én FhSe 12 a00rdesponds to
the second threshold valu tg ternlnlng step (or_the,30.second threshold
: i*ﬁé a

val ue determ ner Y FRYefai® Q¥ Ghtal VS ArEasThgShre pater n
generator 125 alsontooiesperdsiiadtadeouat cromMis pé¢r Ansmeslsibers qubwen contr o

nf or mat i on general | pgc <3LaRd{ ofy ke, AULOBATRI. { L anSy Sshon AQuer cont T ol

35 information generator) in clainms. The sw tch ~also corresponds to the
control swi t€hi NgESERPLIPEr S U LonP EBLNSRI PohetI™P hR eNRdi FECSFel Up- down 24
JANUARY 2006 -90s cgnater £i3m siiowbéfeFbGatlideorresponds to the

determ ning step (or the dgﬁ%ﬁﬁgnqg) hangrt%%ﬁNm%. at e %3@ corres Pngg to

t he autononmous control st t eb" Cor “Fhe "Hut ohonohs " €6nt 31 - st opper) i n

pmnf%
performed at the mobile station 100 in the above
examples, it may be performed at the base station

15 200.

In the above examples, the SINR monitor
124 corresponds to the gquality determining step (or
the gquality determiner), and the gradually
increasing bit pattern generator 125 and the switch

20 126 correspond to the autonomous control step (or
the autonomous controller) in claims.

The comparator 131 shown in FIG. 12
corresponds to the first threshold value determining
step (or the first threshold value determiner) in

25 claims. The subtractor 132 shown in FIG. 12
corresponds to the difference value calculating step
(or the difference value calculator) in claims. The
comparator 133 shown in FIG. 12 corresponds to the
second threshold value determining step (or the

30 second threshold value determiner) in claims.

The gradually increasing bit pattern
generator 125 also corresponds to the autonomous
transmission power control information generating
step (or the autonomous transmission power control

35 information generator) in claims. The switch 126
also corresponds to the control switching step (or

the control switcher) in claims. The up-down



5 clains. Next, enbodinents in accordance with <clainms 39 through 58 wll be
descri bed. (Enbodi nents in accordance with clains 39 1f) JANUAwaLob$E) | n the
foll owi ng, further enbodi ments of the present invention will be described,
with reference to the acconpanyi ng drawi ngs. A nobile conmunication system
to which a 15 transm ssion power control ngthod in accordance with the
present invention will be applied has the same structure as the nobile
comuni cation systemshown in FIG 10. In the structure shown in FIG 10, a

20 nobil e S$at!Qﬂn%ﬂgaﬁnﬁﬁédeﬁﬁﬁnﬁtﬁiipﬁGZOQ2DQ%$&HéBp$T@BSﬂbS&hQﬂ_and

reception of signals (jn¢cludin packets, control, signals, .and audio

Conal 5y in acOBREHLE nEn Sthe COUR TRRNARGEE T R ons e Leath Bh 100

i ncl udes a trangmtssi bhér ecepkispordeyi te 2beli@tcncsignal cpnoeedsor 150, and

a user interfac 0._Th S [ on i.ncl ude :
SSSHr Qe el 357 anif o &P anane s aBene 1 )550PR Yy ikt on

transm ssion/ recepti-o evic a sig processor
(such as audbo icdfeermtion, 30 text information, or image information)

inputted by a user throughekhe us@fodnhentacenlGQ Qfrdbhecoohiike station
100 is processed by the sigpal processor.150 to generate signals in a

pr edet er ni ned f&#ﬁﬂmsT%é QEFQ&%Q;%it%h%ieﬁefﬂﬁﬁQWég% gnal processor 150
are 35 supplied to the transm ssion/reception device 110, which perforns

pr edet er mi ned operati choa neogi d l.ati t si gnal s.
The 24 JANUARY 2006 -gQ rggu Fa%ﬁ gigﬁg ggggg f%gﬁHf?gﬁgg$?ﬁgdB?ron1the

transni ssi off r e¢EFAWH de¥i ce 110 to the base station 200. Upon receipt of
the signals fromthe 5 nobhl enst atd 10bWl00g , t A rtvrans résiss @nheeceptd on

the present invention will be described, with
reference to the accompanying drawings.
A mobile communication system to which a

15 transmission power control method in accordance with
the present invention will be applied has the same
structure as the mobile communication system shown
in FIG. 10.

In the structure shown in FIG. 10, a

20 mobile station 100 and a base station 200 perform
transmission and reception of signals (including
packets, control signals, and audio signals) in
accordance with the CDMA technique. The mobile
station 100 includes a transmission/reception device

25 110, a signal processor 150, and a user interface
160. The base station 200 includes a
transmission/reception device 210 and a signal
processor 220.

Information (such as audio information,

30 text information, or image information) inputted by
a user through the user interface 160 of the mobile
station 100 is processed by the signal processor 150
to generate signals in a predetermined format. The
signals outputted from the signal processor 150 are

35 supplied to the transmission/reception device 110,
which performs predetermined operations such as

encoding and modulation on the signals. The



device 210 of the base station 200 perforns predeterm ned operations such
as denodul ati on and decoding on the received signals. 2RIANIIARYH086
generated fromthe transm ssion/reception device 210 10 are then converted
by the signal processor 220 into a format that can be transmtted over the
network. The converted signals are transm’_%&gd fromthe signal processor
220 to a comrunication termnal via the network. 15 At the base station
200, the signals supplied via the network are processed by the signal

processor 220 to-obtathnsi GNYrei 2rpr edeherdined,; f vt rofhe1sd gnal s
out putted fromthe signal rocessor. 220 are supplied to the 20

. P
transni ssi on/ r ecepR P oA d8vP0d TR P WhP BhAFEST st ¥ prRdelér i oper at i ons

such as encodi ngs&antlionodoloati on on the signals. The resultant signals are

transmtted fromthe transm ssiaon/reception, . .device t he .nobi |l e
station 100. 25 The transm%lgsoﬁlonr/érce%le% i 8% élvel c'selgﬂ%igf %gt()ﬁlee_cr%ebi | e station
100 that hasb5recedlvkdet Reéasiigmalls00 f r ohet e alpesel 1 e 6Ae2e0 tilen per for s

predeterm ned opesaf£Qns18UGlE as, degpdul athon And o glegodingrn@n the received
signals. The signals 30 %enerat ed fromthe transm ssion/reception device 110

are converted byP%9e°SPgRaAresr CREESHI1288 PR &S fOTRREUER& SCarfBe handl ed
at the user inteldaceiigO0on Based «reihedcenverdled. signal siginkda d nformtion

(such as audio i Lan. text . nf i (:E- j or, i jmge
i nformati oni i's d;%rg(\%mpgt%%at ﬁeroﬁ[?s(etrﬂ.é1 %@%bg%gnﬁ%snsﬁg%é%éégﬁ & evi ce 110 of
t he nobil e sPatidgre 100epeFPaMes B9ANRY §8FoR Lge\vier 2o JARBARY 22006l n1oR

control (uplink 4ransnkeskantPQue! ©KONtFehlmikased owart £ABS eSSk pover
control bits (transm ssion_  power control information %hgt represents a
h

power increase 'O° a° POWEF TEECPEEEE T r ARE M CEEF Hr o ¢ hET8™ station

200. The transnisisjonl recepeiscwmdeddCeto a communication terminal via
the network.

15 At the base station 200, the signals
supplied via the network are processed by the signal
processor 220 to obtain signals in a predetermined
format. The signals outputted from the signal
processor 220 are supplied to the

20 transmission/reception device 210, which performs
predetermined operations such as encoding and
modulation on the signals. The resultant signals
are transmitted from the transmission/reception
device 210 to the mobile station 100.

25 The transmission/reception device 110 of
the mobile station 100 that has received the signals
from the base station 200 then performs
predetermined coperations such as demodulation and
decoding on the received signals. The signals

30 generated from the transmission/reception device 110
are converted by the signal processor 150 into a
format that can be handled at the user interface 160.
Based on the converted signals, the information
(such as audio information, text information (E-

35 mail), or image information) is shown to the user.

The transmission/reception device 110 of

the mobile station 100 performs transmission power



210 of the base station 200 al so perforns transm ssion power contr ol
(downlink transm ssion power control), based on transm4yaNUARYONBS control
bits transmitted fromthe nobile station 100. 10 The transm ssion/reception
device 110 of the nobile station 100 may have a structure illustrated in
FIG 14. As can be seen fromFI G 14, the _gpansm ssion/reception device 110
has a transm ssion 15 system and a reception systemthat share a

transm ssion and reception separator 111. The reception systemincludes a

radi o receiver 1dZn+a91 %@qurg@r{ﬁ&ﬁg@ms@qw%@éfoeod%&@qt)qr ddSeqan
error rate neasurer 114 a SI.NR neasurer 115 SI NR ?O CcO ar at or 116, a

target SINR det ethi hBfR 1S54 0% rpa%‘%ﬁfsgfjélﬁrﬁc}vﬁl%%n FOR ST Set @F mi ner
118, and a transwssi onnpewer icofdrobéthoh extatactepréidntSi ganq:lcSWer

transmtted fromthe. bage st at ﬁﬁegoge‘a&%a%tégplﬂlegngrg,l%ta%_?he & M ELET Ver

112 via the 25 transm Ssion a eceptl on separator radi 0 receiver
112 performs>an Yaverséaspraad 4t oced eaﬁéanénﬁle‘if%@ﬂléF?éﬁPﬁirl&fés%e‘éhC@ach

of the receptiomisigraksesyppld g4+ o8nt b@ot rAansdr sskeprard reception
separator 111, so as to generate a baset rrJL g ai 30 As will be described
Aata Qi

later, the receptiOnSLF§rard RGHS UdeCR inbr FEERSAdiISTRE 3D dat a
transm tted fromdier basetsbat)i orb2H8dand a reorsnrios s ishgpalvecoraespondi ng to

each transm ssi %‘Jb'PQV‘@EanEBEttr%Id bﬂdlqtﬁroug %L’l‘ét§gafcé8ﬂ‘atl% base station

35 200. The base band si gnal talne deno tion process
perfornmed ohCeach confPRel trsngtlss5oBpEFESE {1 tdeviFandrils Sifontpower

control 24 JANUARY, 20865+93 ibint 1004 ragyohalt9.a Therts anssl $31101 Ponesd
control  bit extrac];Sf 1%% restores each transm ssion power control bit
from the base bard %na "The base band signal obtained through the 5
denodul ati on process perfoRsedaon achedat droingrfalG. 14, the

transmission/reception device 110 has a transmission
15 system and a reception system that share a
transmission and reception separator 111. The
reception system includes a radio receiver 112, an
error correction decoder/error detector 113, an
error rate measurer 114, a SINR measurer 115, a SINR
20 comparator 116, a target SINR determiner 117, a
transmission power control bit determiner 118, and a
transmission power control bit extractor 119.
Signals transmitted from the base station
200 are supplied to the radio receiver 112 via the
25 transmission and reception separator 111. The radio
receiver 112 performs an inverse spread process and
a demodulation process on each of the reception
signals supplied from the transmission and reception
separator 111, so as to generate a base band signal.
30 As will be described later, the reception signals
include a data signal corresponding to data
transmitted from the base station 200 and a control
signal corresponding to each transmission power
control bit also transmitted from the base station
35 200. The base band signal obtained through the
demodulation process performed on each control

signal 1is supplied to the transmission power control



by the radio receiver 112 is supplied to the error correction decoder/error
detector 113, which perforns error correction decodi ng f4«amaNeaA®RY Joo@ne, and
detects a transmi ssion error in accordance with 10 the CRC (Cycle
Redundancy Check) technique. The result of the decoding is supplied as
information output fromthe transm ssion/rgeeption device 110 to the
signal processor 150 (shown in FIG 10). This error correction
decoder/error detector 113 also 15 outputs an error detection result that

i ndi cates whet hef t aekhaBeMo3si N9 | 0SFheXittsh i Hs L 88PRGIwdL caeholrane.
The error rate neasurer 114 calc %at es . a frame error rate (FER) as the

reception qual ity bf €*X263CHE S nf of nEEFERTESSIHTEY FFORPIHE ek P BR%si gna
(the desired signahteoapdrientfsyqom basedbarset earat roigndét.ecti on resul t

outputted fromthe error cgrglreecgé'gg_ pde o%%rd(ngalrlr g%?gggg%%ort})?%bﬁje %'ggh I NR

measurer 115 cal culates a 25 reception Sl to-inter ‘ us
noi se power °r at§dNoBHIEF 1O FHEIC T BEPEILER It a?noﬁﬁéhn@@tfbyst%@afadio
receiver 112. Theycaheuhaliion xyedevks 1shoritersibhani the tdatand rapesgycl e.
The target SINR determ.ner 117 etfrnines a target §£§R sQ .that the 30
reception qualit§°TEERF16F G bf FREPEn SSthiSsut T ed! Lfrof error rate

nmeasurer 114 becosefoegusakrtror tdertarcgevtnqueldddindgbrerspectf i Tadthy, the

target = SINR detgryiner 112 perforsaouch 8 Gantsol s gpecalion s, Los Lcr ease

the value of the tar R e reception quality o ntormati on
is lower than theetaRget(Cqedis tfedandanevdédredse tAehngUse of The tar get
SINR if the receptésontqual ithe ofe 24a JANUARY 20361 + 94 kLbe inHormmtion 1S

hi gher than the targe ualit (outer lLoop control)..The SINK co rat or
18 Conpares tHeTFREERErON SR Gt PUTE BAATO THEPELRR RAGH of TL16%w ¢ h
the target SINR ©utpsatgedlf pamadessrt abfet(sBloNR det eF Aisnerl 0117, Binds out put s
the result error correction decoder/error detector 113 also
15 outputs an error detection result that indicates
whether a transmission loss exists with respect to
each frame.
The error rate measurer 114 calculates a
frame error rate (FER) as the reception guality of
20 the information restored from the reception signal
(the desired signal components), based on the error
detection result outputted from the error correction
decoder/error detector 113.
The SINR measurer 115 calculates a
25 reception SINR (signal-to-interference plus noise
power ratio) based on each reception signal obtained
by the radio receiver 112. The calculation cycle is
shorter than the data frame cycle. The target SINR
determiner 117 determines a target SINR so that the
30 reception quality (FER) of the information outputted
from the error rate measurer 114 becomes equal to
the target quality. More specifically, the target
SINR determiner 117 performs such a control
operation as to increase the value of the target
35 SINR 1if the reception quality of the information 1is
lower than the target gquality, and to decrease the

value of the target SINR if the reception guality of



of the conparison. The transm ssion power control bit determ ner 118
determ nes each transm ssion power control bit to be USIANUARY Z00@NSM SSi on
power 10 control operation at the base station 200, based on the conparison
result outputted fromthe SINR conparator 116 (inner |loop control). If the
reception SINRis snmaller than the target SHNR the reception |evel of the
desired signal conponents is 15 determined to be |low, and the transm ssion
power control bit is set at a value that indicates an increase of

transm ssi on powgie (1 Aforﬁ@rtl@earﬁpé emgh@a thearottiee harded fqudei tgception

SINR is greater ,than_ t r get r ion |evel of the 20 desired
si gnal corrponent%O t_se]éle?&’) r{r%dﬂ_t JSE hi gﬁ escﬁgit%%m{)?aﬁgrori sslljbiﬁ power
control bit is setmmtras valuedadrmptiodi 6alNés cautdeet tage fafort rdnsnd E8Ron
power ("0", for £x %mks} ﬂ@ewt é{‘s{ﬂlés't%gl%oé"@mﬁo%fcﬁbtb&'etd dfﬁ@d%mcﬂ@d in

this manner is su fromthe transm_ssi on power contr ol
deterniner 218 'ft%r%eFaéFHRt CETHHT1 2P 122 7of AT PV ERYAPsSGh T8t bm
(described | atergs @md tsmphenddansmtted to the base station 200. The

recepti on system having thﬁ abave BOlsgr ucture flyr(t:he}(ﬁ gcl ojces a
synchronous state determ AeF 130 AHA 3°eP8s &L Dop~RBRFPSI Pstart  timing
determ ner 135. Beferristar tlilily Geteahiopki slecltormansvasisarnt avansm t

data directed tocarh@raﬁsslt?»%ost@élwego% tahecfm@érhfséa%l %vﬂ@p transmts

and receives signals in a certain format to and fromthe_ base station 200,
so as to est8bl iSH EYPEhPBRIFAtITh. 2 24 HANDARE F008°198 #A Ot hik¢ 5perafion to
establ i sh synchrad zedmpar ikshe ﬁ@sinbtreeepvl&rte]cﬂf:p@mf ehes sSQWrhroni zati on

initiation baseg% % ZatL_gQall l%upﬁlr}{gg }28@5)/% nbCaEse st aEI on ht%00 and

establ i shes syn ron-thro ronlzatlon initiation.
reception SINR 1s smaller than the target SINR, the

reception level of the desired signal components is

15 determined to be low, and the transmission power
control bit is set at a value that indicates an
increase of transmission power (“1”, for example).
On the other hand, if the reception SINR is greater
than the target SINR, the reception level of the

20 desired signal components is determined to be high,
and the transmission power control bit is set at a
value that indicates a decrease of transmission
power (%“0”, for example). The transmission power
control bit determined in this manner is supplied

25 from the transmission power control bit determiner
118 to a radio transmitter 122 of the transmission
system (described later), and is then transmitted to
the base station 200.

The reception system having the above

30 structure further includes a synchronous state
determiner 130 and a closed-loop control start
timing determiner 135.

Before starting actual uplink

communication to transmit data directed to the base

35 station 200, the mobile station 100 transmits and
receives signals in a certain format to and from the

base station 200, so as to establish synchronization.



The synchronous state determner 130 nonitors the synchronization
initiation perforned by the radio receiver 112, and deteraNuvasy yhgt her
synchroni zation (uplink synchroni zation) has been 10 establi shed.

Determ ni ng that synchroni zation has been established, the synchronous
state determner 130 outputs a synchronizaggon establishing signal. The

cl osed-1 oop control start timng determner 135 includes a tinmer function,
and outputs a switch 15 control signal for sw tching pieces of transm ssion
power control i rﬂrﬂrfmiboﬁpteQabﬂdtﬁeﬂoi@s@abﬂrl%ﬂﬁrﬁysﬁéﬁﬁoﬁﬁ)%ltl@ﬂt rehe
operation of the éransm ssion/ rzlgth pt i ogog%w ce, 110 duri the operation to
establish synchronl Zations he Unet ons Sof Hhe' of o%ea I1861p control start
timng determ nieridB85twehl b@@ﬁﬁes@m@e@llgaﬁér Swrptd]eiadl fromhahter dnssi® ssi on

system of the ”Dbbtét@léﬁa@b@“ 1004 P@éé%ﬁsﬁ%%d%tﬁéﬁf@ﬁl%%&%' Qnsr Otk he
information supplied fromthe signal processaqr shown in FIG ™ 10),

such as addi hg OfP@anSBRFBE OGtZECti Ny pat FEG T t 0 each franme in accordance
with the CRC techni que, andher rsq,rn@mfdsle@tlsoetaemo;cbhgrz@intehe1@&1a of each

frame provided vvlth the g@lror dnetec(tlln% g%ltyl i L. The enco %qmge(%;%?re 30
then supplied t & he-?adi M 1501 ONTHeE rada% PP ahSmi ' Et
performs a noduifetiondon tkecsancodedl dat andugisticeednimes hehalibwe manner,

and thus generats%ﬁn@hgé‘ﬁézg‘%%r@té@é’i%ﬂnéﬂmch% r?&"c?oﬁfaﬂ%@‘ &Iy 122 al so
performs a podul d@tion 35 on the transm ssion _power control bit supplied from

the transni$$i orf Pt L EBREr ol Dxﬁtte’f:l%t%tﬂ?nelhaltl&sYn%t%r%l%ééiaitﬁ@@ dbvve, so
as to generate deanteotabilti s24JANIARYs 2006 ro96 B dit atéodesieghalinedhe

radio transmtter u(%%%f{asles rgul t r%]heg%ere %Qeﬁ_%gn sqj.akpi%s}[@ggl %tl sulzl gnal

and the data no fal® exed i gna st ected
to a spread proddss @k agdalsop edetierod ne§a§|§r dddn igpgede ThEeMiagino 135

transmtter includes a timer function, and outputs a switch

15 control signal for switching pieces of transmission
power control information to be used in a
transmission power control operation of the
transmission/reception device 110 during the
operation to establish synchronization. The

20 functions of the closed-loop control start timing
determiner 135 will be described later in detail.

The transmission system of the mobile
station 100 performs predetermined operations on the
information supplied from the signal processor 150

25 (shown in FIG. 10), such as adding of an error
detecting parity bit to each frame in accordance
with the CRC technigue, and error correction
encoding of the data of each frame provided with the
error detecting parity bit. The encoded data are

30 then supplied to the radio transmitter 122.

The radio transmitter 122 performs a
modulation on the encoded data supplied in the above
manner, and thus generates a data modulation signal.
The radio transmitter 122 also performs a modulation

35 on the transmission power contrcl bit supplied from
the transmission power control bit determiner 118,

as described above, so as to generate a control bit



122 transmts the signal obtained through the spread process via the
transm ssion and reception separator 111. The transm sziJANBWRM 2006 of t he
nobile 10 station 100 further includes a transm ssion power controller 123,
a gradually increasing bit pattern generator 125, a switch 126, and a
transm ssion start/stop controller 127. Theggtransm ssion power controller
123 15 controls the transm ssion power at the radio transmtter 122, based
on the transm ssion power control bits that are transmtted fromthe base
station 200 and mxénaetedbys 1dieal r anFleS M= POVEEnsHORtTedd 112 exkractor
119 via the sw tchlll %6, Kol 20 }péatsgdngrrlotlh%ittr ans L'lfgicgnnp%wernc ntr | bits
gener at ed from the rg&uéﬁelsy%ncre%si ng bit pattern ggneraj’tgora 25"t hese
transm ssi on powehecdatteoimdsiukatwph| shgniedr-ei rdlfe enul sfierlescked os agnehe
"gradual ly increasingnbist,Paldesd’to Thedadually bacreasifg 25 bit
pattern generated fromthe gradually increasin bit pattern generator 125
serves as transmPE3P8ieHowd corfor BPES t o Tereade ot e Arahshi 85i on
power at a slowerzpateahkanddechacseasalr aterofnedr ansBiuss othPoveEekhat is

control |l ed based on 39 trvansmhsésion power (:l%r}}rorll birtg "1,. 1 1é 1 . _ that
i ndi cate a contiNuBGS S Sower i HeT easd > THE S Gradifat | §°FREre&d! iy Bi f 2FaFt er n
may have a pattetrhl." 1, 1, 0, 1, 1, 0, 1 1 O, ... in which a set

of two bits "1 indicating{owes,hoskeases andk fesi pgl €35 ik 10"
i ndicating a_power decrease appear alternately. As already described, when
a 24 JANUARYC2006257°8y il drit Zat Fbn 1 BSLaBIS S ngt 37 §RaS IR PUEFed from

the synchronous séateodeteer magesr 43¢ratihellty ansotsssdngstdrt /fsd opern
controller 127 prompls e, adio Ly ansmhber 12219 LLansml & shonal in a

5 predeterm ned Tormat that 1's" essentia
start/stop controller 127.

The transmission power controller 123

15 controls the transmission power at the radio
transmitter 122, based on the transmission power
control bits that are transmitted from the base
station 200 and extracted by the transmission power
control bit extractor 119 via the switch 126, or

20 based on the transmission power control bits
generated from the gradually increasing bit pattern
generator 125 (these transmission power control bits
will be hereinafter referred to as the “gradually
increasing bit pattern”). The gradually increasing

25 bit pattern generated from the gradually increasing
bit pattern generator 125 serves as transmission
power control bits to increase the transmission
power at a slower rate than the increase rate of
transmission power that is controlled based on

30 transmission power control bits “1, 1, 1, 1, ...”
that indicate a continuous power increase. The
gradually increasing bit pattern may have a pattern
“1, 1, ¢, 1, 1, 0, 1, 1, 0, ...” in which a set of
two bits “1” indicating power increases and a single

35 bit “0” indicating a power decrease appear
alternately.

As already described, when a



synchroni zi ng operation at the base station 200. Mre specifically, the
transm ssion start/stop controller 127 outputs a trandUaSUARYQb@®'t Si gnal
O to pronpt the radio transmtter 122 to transmt a 10 signal in the
predeterm ned format. The cl osed-loop control start timng determ ner 135
contains a tiner that is activated with thg;transm ssion start signal
outputted fromthe transm ssion start/stop controller 127. The cl osed-| oop
control start 15 timng determ ner 135 determ nes whether the tine

measur ed by the dyrn@Eirbas-zhecone aowbl i ohahg engeral t hancatpradeier m ned

time. \Wen the asured ti has bheco ual .to or_lon than t he
pr edet er m ned t?;rr%r,1 %ﬁ% (s:ngé:g&-olnoooups c&gﬁ?r%gl %settaerrtm]t?%‘?nggéo &glteern‘i ner 135
outputs a switchoonmobsspgnaltartBefore thetmoliler stali paohPd ssttdre s

transmtting infordmlipp daka i@t heybasg statian + 2005 Lheiswifch 126
normal Iy connects the transm ssion power controller 123°to the gradually 25
i ncreasing bPt PRI heFRABLS: dOTIPR: Thethilts SSitqRtidh, fPRe Wrnsni ssion
power control | ersy2sh r pREEORES o df DS SSEOR hROWRS's £ 061t & h capercat i on for
the radio trans 'trteer 1@2 %qu ontthe %Egdgalilsy .Oinncsf g;i ?gtl%it pattern
generated from 155 GriRGar £y 30 incrdhsi ho Bt At dt n geng t0F 125. Wen
the switch contaowlitsdiyhalr L87ovtyntted 4&romaniseicivisen-steop somadl start
timng determn 5, it ch i n i .th
transm ssi on p;ﬂ\%ﬁ%%cgn%%fgﬁ%ﬁag%%t ﬁc\ga{rr?%ﬁg%tcggl g%\?gg%ereggng@ﬁ%r %I bi t

extractor 119. ISTIMA5 $7t GAEi HF AN T+ BRENTSTGT ponelr € cHALPET €r°A23
perfornms a trarsmisseéDnspaner tdaiitnoldoperatnet flBs thentadne 24 tHANUARY

2006 -98 transm.tt 122 he_t s _SSi raql: hi t hat
are transmtted tfhragcrm %%ea%ggggqggt‘%lgﬁh 26§Qan5%§>?1?[{r1a32%2%£ b)s/%?Etet %rla%%{sgmfssi on
power control KDt cextoractet 426m( thesed-droopisshbnolsitas As kept he

transm ssi on/ r eceptd am de¥i €27110 The closed-loop control start
15 timing determiner 135 determines whether the time
measured by the timer has become equal to or longer
than a predetermined time. When the measured time
has become equal to or longer than the predetermined
time, the closed-loop control start timing
20 determiner 135 outputs a switch control signal.
Before the mobile station 100 starts
transmitting information data to the base station
200, the switch 126 normally connects the
transmission power controller 123 to the gradually
25 increasing bit pattern generator 125. In this
situation, the transmission power controller 123
performs a transmission power control operation for
the radio transmitter 122, based on the gradually
increasing bit pattern generated from the gradually
30 increasing bit pattern generator 125. When the
switch control signal is outputted from the closed-
loop control start timing determiner 135, the switch
126 switches the connections cf the transmission
power controller 123 to the transmission power
35 control bit extractor 119. In this situation, the
transmission power controller 123 performs a

transmission power control operation for the radio



of the nobile station 100, the transm ssion/reception device 210 of the
base station 200 determ nes each transm ssion power CcBFANVARYI20dbased on
the reception SINRwith respect 10 to reception signals fromthe nobile
station 100, and transmits the transm ssion power control bit to the

nobil e station 100. Also, the transm ssionggeception device 210 of the base
station 200 perforns transm ssion power control in 15 accordance with
transm ssion power control bits transmtted fromthe base station 100. In

t he nobi |l e commut casmontsystiem havingd tvhe takoverstsmctsaien lefvose a start

of information apsmi_ssi b - e.s 1 0 0 20 the
mobil e station 1 %&&Eé% %gs@g ?thga{]tl o%%gggghg%tlﬁz&dm%ﬁ% g%l%t_?)gn 00
transmt and receidfel9r £80s and pest b ctafoPiattiich tht Bagh S& leemMBRANesBnt r ol

channel , and thendfapsnbt card decetye signalks dded-1psgdevermidied. for mat
usi ng i ndi vi gual channel s 25 (e pr.ead_ code channg&z{)%sel ect ed based ogb{) he

various types of informatFdKS SO st d"pEHFSHR PeF 5t POn 950 Tt abli sh
synchroni zati on.ofThehessehtilal syrocedutes,i mhtehe operation to establish

synehroni zat i on A&, {fecsaR @3 e PLocagyLes shan, e 30,LNGELG 21 In the

operation to establi: sgnchronl at1on, when synchroni zation is established
at the nobile ststdohen0800( 39N ME 23Fh, e SHHF Dlonr BRsHL ter 122,

g/hi CQ i's uEder t&&}]@mgr@h_tOioats@j%&ﬂf@@s%_&‘a@p&{m&t ag t st Qﬂft%orktésﬁ%é@f 127
ased on t synchroni zati on establ1spln nal .o uttea.fro e

e omounT R SHE PR AR N SR § PR O ShRUAier bhbes L8510 Tod,

transm ssi on/recept ioredevite 1k Stansmissiamsmpduéengcansicgialbin the

predeterm ned fardmty, €01 bnskLGi Zl)100P_ hRapsmigsl on power control
operation in response to the signal |s perforned in 5 the nmanner shown in

FIG 15. At theQﬁﬁﬁ§m+ﬁ§i9§/reception device 210 of the base
station 200 performs transmission power control in

15 accordance with transmission power control bits
transmitted from the base station 100.

In the mobile communication system having
the above structure, before a start of information
data transmission between the base station 200 and

20 the mobile station 100, the base station 200 and the
mobile station 100 transmit and receive various
types of information through a common control
channel, and then transmit and receive signals in a
predetermined format using individual channels

25 (spread code channels) selected based on the wvarious
types of information, so as to perform an operation
to establish synchronization. The essential
procedures in the operation to establish
synchronization are the same as the procedures shown

30 in FIG. 21.

In the operation to establish
synchronization, when synchronization is established
at the mobile station 100 (@ in FIG. 21), the radio
transmitter 122, which is under the control of the

35 transmission start/stop controller 127 based on the
synchronization establishing signal outputted from

the synchronous state determiner 130 of the



the start of the transm ssion power control operation, the tinmer in the
cl osed-l oop control start timng determ ner 135 is actiquanNedrw Zobs t he
transm ssion start signal 1D transmtted fromthe 10 synchronous state
determ ner 130. The base station 200 needs to start downlink transm ssion
(see (Din FIG 21) while not receiving itdeormation or data transmtted
fromthe nobile station 100. Accordingly, the base station 15 200
transmts a pattern of transm ssion power control bits "1, 1, 1, 1,
representing a toetdmiussisopdwercdmcreaséevlhicke 1d hasetastasion in a

convent onal’_system.fe.cangbe saemdyomFLG, 18 dthan. 20, synehanzation is

est abl i shed at base stafion and a signal 1 n the predeterm ned
format is transitted Him2he.radi ¢rareishnitier pRYeat admeroil, a

gragua::y !ncre@iﬂjerwa%js@%paht eepchsd, t®, the ]s-,lgn(é:l -is"%g_@!ﬂ@ﬁ:ﬂlte‘%ﬁlifrfgmthe
gradual ly ingcreasin it patter.n rat or starts being supplied to
the transm s3i oﬁﬁﬁoa}éarn%%ﬁt Fglolwélr sz%eg(?a iﬁe Séﬁt CH'® 1980 €| ﬁggt?cc?rsdance
with the gradualthe istcaeasofigthis ttppatiei s idhe povensniest onlpower _
control ler 123 gradual Ly ipgreqsgs hlgth DSHh 33! %&H\@rc%t&%ﬁ 30 radio

transmtter 122 froman initial value eterm ned,_ ased on a transm ssion
|l oss or the |ikétanth thrsngadetamie naerbdselohacddtertaei ¢ t6f ke

transnmi ssi on powsrafdd Yitoa shawer £hange (haprthemichanger oint £aasm ssion
power in aclccprdance with 35 transm ssion gowerl %ntrol bits "1, 1, 1, 1,

_.."  transnitt&d Fron theSbaSE St &9 O B0 {i Adi'cated by the dots- and- dash
line). 24 JANUARY 2006 - 10Dh@hilae <t hvec pr ealet 8P A net i ghal steribei ng
transmtted fromde 1adl o-LEARULLAS [22e W iho!Bes 1 LANST2E] 0Ny BRNer

bei ng gradual ly increased, , synchronization initiation is $er orned at the
base 5 station Z6F Pasedd oh™f RéTGrieddt et i N3E3sFgRAST Y Sfntrom the

mobile station 100. Accordingly, the base station

15 200 transmits a pattern of transmission power
control bits ™1, 1, 1, 1, ...” representing a
continuous power increase, like a base station in a
conventional system.

As can be seen from FIG. 15, when

20 synchronization is established at the base station
100 and a signal in the predetermined format is
transmitted from the radio transmitter 122 at time
tl, a gradually increasing bit pattern “1, 1, 0, 1,
1, 0, ...” generated from the gradually increasing

25 bit pattern generator 125 starts being supplied to
the transmission power controller 123 via the switch
126. In accocrdance with the gradually increasing
bit pattern, the transmission power controller 123
gradually increases the transmission power of the

30 radio transmitter 122 from an initial wvalue PO
determined based on a transmission loss or the like.
In this case, the increase characteristics of the
transmission power exhibit a slower change than the
change of transmission power in accordance with

35 transmission power control bits 1, 1, 1, 1, ...”
transmitted from the base station 200 (indicated by
the dots-and-dash line).



FIG 21). For instance, when synchronization is established at the base
station at tinme t21, the base station 200 starts out pudJANJARV M SSi ONn
power control bits each determ ned based on the 10 reception SINR with
respect to signals fromthe nobile station 100, instead of the above
transm ssion power control bits "1, 1, 1, 13090-." representing a continuous
power increase. At time t21 when synchronization is 15 established at the
base station 200, the closed-coop control start timng determ ner 135
determnes that the tinme weaser ethdyptdéetemerinkas nojnyet ibebenmg equal to

or longer than tt*}%égs'n?d@{gémf%ﬁl e ﬁé‘@loa%%‘% U%&P”EEQ' Rﬁrﬂtﬂdtﬁé)’

and therefore th transm ssi on power control cont i hues
transm ssi on poweEraNEdht § 91 ONNPREEST M@gmﬂ?ﬁdﬂlﬁélYgrmﬁﬁyeiﬁncrea5| ng bit

pattern. At t'rr%ytn%hrté}?lzQkQ%Qd'l'rQLQpl&@Déﬁohss%@rﬂféﬂrﬁ@cﬁlgageﬁzﬁremﬂﬁe 135
det erm nes that the ti rre rreasured by the tinmer has 25 becone equ to or
| onger than 1t he Sprddeétiera? heB2SEimEn ande t RERASHEFRIT @F st BER co‘r@r e

signal . Upon reae.pt2of . t hFs rsuintscte rcost rehesi giyalchtdrei z swiibah ik26
switches the cog@ec%tﬂlolngh‘?é ‘tjtgetgqr arbsAW;g%?gtg%\{eratco%hrﬁ%lchﬁ 12@?’1 to the 30

transm ssi on power control bit extractor fransmi ssi on
power control f&estehe Fadion EPANSHATEY ARPPRE L& JrisS M AS86O6r dance with

the transm ssi %M\ﬂfoz@@%nommst%at&}atd@t@rd@h%rdﬂﬂh%lmb@ﬁe@h@n t he
receptlonﬁ R with resp é%{\’g na535 omtherm | e statl n 100 and
t i

transmtted fromt ﬁé’tlb hZOrOe?%eF% ed®l 535 %r%f % he
transm ssi on powebidte theatadnol29 JANUARY2Q006 thEl atbcamm tter 122 is

controlled in aggqr %ﬁc;s%]tlh the - tgm%§sb9Qsp®ﬂer confrol bits .
transmitted fromthe base station e transni ssion powef gradually

decreases after rtelpﬁﬁstejltls%gtﬁaFOPH%W%%%tPBHeSI NRCI$SECt he base station
200 can be nmintained at aat time t21 when synchronization is

15 established at the base station 200, the closed-coop
control start timing determiner 135 determines that
the time measured by the timer has not yet become
equal to or longer than the predetermined time (an
autonomous control period Ts), and therefore the

20 transmission power controller 123 continues the
transmission power control in accordance with the
gradually increasing bit pattern. At time t3, the
closed-loop control start timing determiner 135
determines that the time measured by the timer has

25 become equal to or longer than the predetermined
time, and then outputs a switch control signal.

Upon receipt of this switch control signal, the
switch 126 switches the connections of the
transmission power controller 123 to the

30 transmission power control bit extractor 119. After
that, transmission power control for the radio
transmitter 122 1s performed in accordance with the
transmission power control bits that are determined
based on the reception SINR with respect to signals

35 from the mobile station 100 and transmitted from the
base station 200 (closed-loop control).

As the transmission power at the radio



preferable value that is close to the target SINR In this situation, the
transm ssion/reception device 110 of the nobile stati @ JARBOARVaDd6S act ual
uplink comrunication to transmt signals including 10 transni ssion data at
a predetermned timng. In the transm ssion power control operation for
the nmobile station 100 before a start of iLnbermati on data transm ssion

bet ween the base station 200 and the nobile station 100, after 15

synchroni zation is established at the nobile station 100, the transm ssion
power is controlteghsmitaecoridadhces wwbh tirled lgrdadual dycondreass ngl bt thattern

"1, 1,0 1,1, toransm'is‘é"?lio!ng g dal 8,356 Being: ¢ tf ansuhtted 4 LPPZBrBh‘E‘h bi I'e

station 100. Thus, a 20 rapid I ncrease of transm ssion power that 1s often
observed with tHETdnFeRtiioTal? &Y st BAf cam ABS M it et BEY By &iF 3d ¢ h! t He

transm ssi on powesc €9akEeel afiteaceondansge wid hhide graduakly dinct easiing bit

pattern, the_receptjon quality (the r ption . SINR), 25 at the base station
200 qui ckly ?eacé}fgs{%%cﬁage tsyta%tsjn?%s?gﬁ 56Wer° S 4f bn?ﬁéf‘eg dsited quality
(the target SINRetfanabéenwialte nedat Adcorcdiasy ybo shachroriezatd DMRcan be

established at tfie pase sstatdon,200:4 0 %r%%'s%&iiéfsei%{n?ilébé stiage. 3 30; The
A f- the ¢l osed-T0 R

predetermned tine set in the tinmer o ose op control start timng

determ ner 135 340 def efRien&PBaseds batanTedtlGrat edir £F md Citeddi redil Lhbr

est abl i shi ng synedinhzatitanmattd her basaist aticpn1 200nbasadnen signal s
transrritted]L ro It_hesbgg%.lB% s&aa,gt_;i1 on 190 r\éhd'tlte tnpfntragﬁmi%si on power
control is ei ng %%rlf\or Fed 7 I Rt of dafic B Wt T HE g?%duainl yg'i ncreasing pit
pattern. In general, the 24nJANUARYr20661sE02mpredeter abnsdotli me is set

slightly |onger c?;i'@f‘a’cbén estd Nl ednbh e HQUWBV:ESn 166 satabld shnent o of
synchroni zation at the base station 200 mght require a Ion%ter time than
the predeterni né&tf t17EC TBademdhdihi? oﬁrﬁﬂéég‘clogr?d]i@tr? NS EBEEPhE 1S HRTE ssi on

pat h station 200 and the mobile station 100, after

15 synchronization is established at the mobile station
100, the transmission power is controlled in
accordance with the gradually increasing bit pattern
“1, 1, 0, 1, 1, 0, ...” while signals are being
transmitted from the mobile station 100. Thus, a

20 rapid increase of transmission power that 1is often
observed with the conventional system can be
prevented. Even with the transmission power control
in accordance with the gradually increasing bit
pattern, the reception quality (the reception SINR)

25 at the base station 200 guickly reaches such a
transmission power value that a desired quality (the
target SINR) can be maintained. Accordingly,
synchronization can be established at the base
station 200 in a relatively early stage.

30 The predetermined time set in the timer of
the closed-loop control start timing determiner 135
is determined based on an estimated time reguired
for establishing synchronization at the base station
200 based on signals transmitted from the base

35 station 100, while the transmission power control 1is
being performed in accordance with the gradually

increasing pit pattern. In general, the



bet ween the nobile station 100 and the base station 200. In such a
situation, transm ssion power control is perfornmed inagaNvdRmEQaoswi th the
10 transm ssion power control bits "1, 1, 1, 1, ..." representing a

conti nuous power increase transmtted fromthe base station 200, during the
period between tine t3 when the transm ssipmzpower control operation is
swtched fromthe transm ssion power 15 control in accordance wth the
gradually increasing bit pattern to the transm ssion power control in
accordance w thgisid¢tanstimesi annpowes seont salidiittlsy i1cagsm tthed faloen t he

base station 20 ; j : hr qni_zatJ ' | 1 y- establ i shed
at the 20 base %saﬁqg%£%gg,taéé 'sm%%r G%%fSaegl%ﬂfjh?%ﬁ@%gg Oyfa
transm ssi on pofNGhEPBAZE LA™ fet nbbe | BaseatSitert 1amoZ eanmpehtestricted to

a relatively smadqganpent 168€et hei gbaragherinst ifhs 4 ¥ emi Rdigcatiedk by the
dotted line Ln EG 1(?% beca Z%the (Eeﬁi'Od ofrftiﬁg%% between .tinme t3 and
time t22 is %)en H Ty sh8r £l THouyhtPhé rfa s5T dRSPaver Ahdreh3es
during that perdeodiedt the pebiidd of tétmenbéthleemd i teet Baard s ttdteon 22
beconmes | ong, thgdransmssion path between 30 the base station 200 and the

mobil e station 100 is in a very bad condition. In such a case, the
transm ssi on power of the ABbSMNEstaats bRUA0OOReeds 2R D bESIL ARSI PENIF t0 a

val ue great enoughif Bstabbeshosehi gnhzabiranrate tiherhasaestati on 200. 35

Accordi ngly, .the transm ssion_power control in, accordance wth the,
transm ssi oh° po%éra%%ﬁ%?ﬁﬁoﬁi P?w%repq%%éﬁ?hnblgscoﬁti nuobUS ’ pover ‘i ncr ease
during the 24 JANWARYS 200619163 quertiodubetweemetr nerdtBeand tiraw 22 sedves

that purpose. The gl osgd-190R conidQly sfapt hLiyH:ng delergingy 135 Jdyn
out put a switch control S|gnal to 5 switch transm’ssi on power control
oper ati ons throﬁﬁ?e t3 whén the transmission power control
operation is switched from the transmissiocon power
15 control in accordance with the gradually increasing
bit pattern to the transmission power control in
accordance with the transmission power control bits
transmitted from the base station 200, and time t22
when synchronization 1s actually established at the
20 base station 200, as shown in FIG. 15. In this case,
a transmission power increase at the mobile station
100 can be restricted to a relatively small amount
(see the characteristics curve indicated by the
dotted line in FIG. 15), because the period of time
25 between time t3 and time t22 1is generally short even
though the transmission power increases during that
period.
If the pericd of time between time t3 and
time t22 becomes long, the transmission path between
30 the base station 200 and the mobile station 100 is
in a very bad condition. In such a case, the
transmission power of the mobile station 100 needs
to be increased to a value great enough to establish
synchronization at the base station 200.
35 Accordingly, the transmission power control in
accordance with the transmission power control bits

representing a continuous power increase during the



the procedures shown in FIG 16. In this exanple, the closed-Ioop control
start timng determner 135 deternmines the tinmng to IMIARBARY 0061 SSi ONn
power control operations, based on the transm ssion start 10 signal Q
transmtted fromthe transm ssion start/stop controller 127 and the
transm ssion power control bits (r) that anestransmtted fromthe base
station 200 and extracted by the transm ssion power control bit extractor
119, as shown in FIG 14. 15 Through the procedures of FIG 16 that are
carried out by thertbdséd-twsom cobheol3steard time ng22detervanethd85, the
transm ssion po rr fsthe radio transmtter 122 of the nobile station 100
may change int nner shown in FIG. 17. 20 In FIG 16, when a start of
transnission of SI gnal s (@M aptt PREEFARSA IDRLt aftaldeE (DG FIG 21)
used for establ I@@t@gmam@ﬁhrlow ztaéyoauatputt he basecst abm&&oaOOsi@@mt he

radlotransmtter the transm ssion start Si 25
the timer T i’s a%‘ﬁggpe(% (%%mlﬁy?g BEY &M i TEUC - WhePREF 4t njé}gﬁﬁﬁgér ed
by the tiner T halsebepcoweduemml showor inoigds. th@an alpr e@eiseremmplel,ne TO
(S3). If the tl{@eﬁe%g %cilteyog h@oﬁt%& T3 0L §OHB! GlQ e A1 A OPRYEE st han

the predetermned tine TO (" S3), the transm ssion power controller
123 control s trfée‘fﬁéﬁéﬂ?l%sﬁékﬁ p%wg%naf ttohé"fla*d?}b FFaRSALStSErO L 2ROV £ R
accordance with ¢betrgoaduvaldnatineseasbagehi ton paté et Pagendrsai esh f s earthe

radual |y increasjn i attern generator 5|nthe sane manner as in the
35 f or eg)c/)i ng enb%ﬂ?ﬁ@gt@ aESF“éLst% c ?ﬁ%m t%ﬁnstrﬁasr’s?%hsf)b%r of the radio

transmtter 122 sgraddaltiop |qmﬂezacsbéere>u2|7biamd1gth@l arevemi geeh epoyer
JANUARY 2006 104019@95@0&)@@58%%0%% vaeréntégggma&ﬁ;d WL Bt ta%e yAdual | y

increasing bit pattern nmeasur e tinmer T becones equal
to the predeter rﬁB%HlPPnév&é)t atri%e’fﬁragtﬁ%m ‘HX&FI BrapPMig it RPWRTi s

reset to zero (SQntrol bit extractor 119, as shown in FIG. 14.

15 Through the procedures of FIG. 16 that are
carried out by the closed-loop control start timing
determiner 135, the transmission power of the radio
transmitter 122 of the mobile station 100 may change
in the manner shown in FIG. 17.

20 In FIG. 16, when a start of transmission
of signals {an uplink transmission start: see C)in
FIG. 21) used for establishing synchronization at
the base station 200 from the radio transmitter 122
prompted by the transmission start signal D (s1),

25 the timer T is activated (S2). It is determined
whether the time measured by the timer T has become
equal to or longer than a predetermined time TO (S3).
If the time measured by the timer T is not equal to
or longer than the predetermined time TO (“NO” in

30 $3), the transmission power controller 123 controls
the transmission power of the radio transmitter 122
in accordance with the gradually increasing bit
pattern generated from the gradually increasing bit
pattern generator 125 in the same manner as in the

35 foregoing embodiments. As a result, the
transmission power of the radio transmitter 122

gradually increases, exhibiting relatively gentle



and is then increnented by +1 (55). The closed-loop control start timng
determ ner 135 obtains a value Bn ("1" or "0": herei n2#tJANUABK@AG6ed t 0 as
the "TPC bit value") of a single transm ssion power control 10 bit that is
transmtted fromthe base station 200 and extracted by the transm ssion
power control bit extractor 119 (56). Usinagothis TPC bit value Bn, the
nobi | e average value An is calculated by the follow ng equation (S7): A" =
1 {(no-1)A, +Bj no 15 1) Until the counter value n reaches a

predet er mi ned vatlueraOtes8x,t itdre ¢uwcvenent cngaafddmese wount ethen (S5), the

obt ai ni ng of thegg'g&gﬁ vglntéeregyugg%)ﬂ rand hecal culation of the nobile

average 20 value An (57) "are repeated, Wien the counter value n reaches the
predet erm ned val ue nO (" YB&ST ntie) timphaeaspined av¥r 458 vameE Ah obt ai ned

at this point rlﬁ@é@rﬁéﬂtéqﬁﬂaﬁ average pakde tefrriireedPECihket avalwuese 84
through BnO gf a_.nunber n 23 cloptl nuous %lts 25 HereéF gch TPC bi %Zlval ue
Ve h

is "1" or "O hownbf‘Pe rage vaFue AT 5 & a Yat ue rFeti% ec

ratio of the nuabeérisf tFPE LintcnehersedObyt g1t heS munmbefhef c TR dttoval ues
"1" involved in &bﬁt@w@g%rwal&%%?Jé@@éB}él%%Oﬁ 195, pakeylatd op, {see the

above equation (1)). Mre speC| I cal where synchroni zation has_ not been
establ i shed at t#e base &fation ’ﬂ)@relflﬁétﬁ’ﬁblqeef%%?‘égéovélsué% 'shdtl d be
"1", because 5 a:l)itt*lﬂeltléamsmeSsl o1 pover teamtshils i ds poarsmiddredrofromt he

base station,20 sent t ot.h nd, i_at el r
synchroni zapl onolf 5" é‘}g?gblll sltrdm%mfggegatsfe%s hﬁta}}eonbazg%)mgt%éur% ?506(& TPC
bit val ues Bn repr@sentragteo bbec@m%sthiigﬁ@rl,ssﬁ@fanléio‘t’ﬁé ot o laviek ige

val ue An becones.sppitebrthan Jsebecaysentr ansm ssp ©ONp PEWeH 16eNtEP] bits
the mobile average value An is calculated by the

following equation (S7):

A, = {(n,~14,, +B,) (1)
Ry

15
Until the counter value n reaches a

predetermined value n0 ($8), the incrementing of the
counter n (S85), the obtaining of the TPC bit value
Bn (S6), and the calculation of the mobile average

20 value An (S7) are repeated. When the counter value
n reaches the predetermined value n0O (“YES” in §8),
the mobile average value An obtained at this point
represents the average value of the TPC bit values
Bl through Bn0 of a number n0 of continuous bits.

25 Here, each TPC bit wvalue is “1” or “0”. The mobile
average value An is a value that reflects the ratio
of the number of TPC bit values “0” to the number of

TPC bit values “1” involved in the average value



determ ned based on the reception quality (the reception SINR) of signals
fromthe nobile station 100 are outputted fromthe baserst@irymog00. 15
Accordi ngly, when the counter value n excesses the predeterm ned val ue noO,
it is determ ned whether the average nobile value An of the TPC bit val ues
Bn is equal to or smaller than a reference;yalue a (0 < a < 1) (S9). Until
the 20 nobil e average val ue An becones equal to or smaller than the
reference value a, the calculation of the nobile average value An using the

obt ai ned TPC bi tcamahuesiBA i(Sdepaad edpbH6 anthaSMon Al L ey .synchroni zation
is established at 25 the pase statiogizo ,at twirre t3 shogn in FIG 17
while those steps (S5, S6, 87 S8 °anu SOy ‘dre "By S¥8pealsd > he  atio of
transm ssi on powers cont rbkenbietss alelpr esedt kg the! tasmsstetednf i t he base
station 200 becqomgs fighet. a%telxlaéd@ 41 6shawn s 30 RV G 17)  whens mobi | e

average val ue An becones equal to or smaller than the reference value a
("YES" in S9Y, te ctHoReBIRBSPICoMtI I PSYSFt COPRGRY Rkt &r HirRes ME3S- it put s
a switch controlfsingnethe (530F. sWpaiti seceipt rep ddwswi tch. contr alhesi gnal ,

35 the switch 1206‘3chceol[m§gltl tgernteraanésngfsi g? 8(%\/\@ on(grol I gr. Olzasto t he
transmi ssion power cont?or birf Skttt or “118 &nd* TheC T ARSHCSsith power
control l er 24 JANUARY. 2906d- 206 t1x3 pes ¢ o tve ta oty arslvi sshenrpaver «cont r ol

operation for the nagdi o,Lfapsmgd efe 122508389 OM d:he, o L EARSMLS SN pover
control bits that are transmtted fromthe base station 200 and extracted

by the 5 trafsnicdst o PoRePLe6nErVAITaFE BREPEctSr PRITPMEACEBAdiLTGl yiP 3R t er
time t4 shown in Fidecddset heantshainssd 651 pawpewelorfrdhepiadi o transm tter

122 gradually rease and_the t i SSi r i,.s,controlled so
that the recept %ﬁeﬁceﬁm%? figste%e Or#og?rl%en g?%fg?gﬁ%?ﬁoq%%%lgg s(ﬁtlgls?t antially
mai nt ai ned at t e asgeen SEARRat athes baselst riogn the mobile station

100 are outputted from the base station 200.

15 Accordingly, when the counter value n
excesses the predetermined value n0O, 1t is
determined whether the average mobile value An of
the TPC bit values Bn is equal to or smaller than a
reference value a (0 < a < 1) (89). Until the

20 mobile average value An becomes equal to or smaller
than the reference value «, the calculation of the
mobile average value An using the obtained TPC bit
values Bn 1s repeated (S6 and S7).

After synchronization is established at

25 the base station 200 at time t3 shown in FIG. 17
while those steps (S5, S6, S7, S8, and S9) are being
repeated, the ratio of transmission power control
bits representing “0” transmitted from the base
station 200 becomes higher. At time t4 (shown in

30 FIG. 17) when the mobile average value An becomes
equal to or smaller than the reference value «
("YES” in S89), the closed-loop control start timing
determiner 135 outputs a switch control signal (S10).

Upon receipt of the switch control signal,

35 the switch 126 connects the transmission power

controller 123 to the transmission power control bit

extractor 119, and the transmission power controller



200. In the above exanple, all the transm ssion power control bits
transmitted fromthe base station 15 200 are "1" until <yaASDARNiI28@t i ON i S
established at the base station 200. Once synchronization is established,
the transm ssion power control bits determ ned based on the reception
quality (the reception SINR) of signals fropsthe nobile station 20 100

(cl osed-1oop transm ssion power control bits) are transmtted fromthe base
station 200. In view of this, the closed-loop control start timng

det ermi ner 135 det®rpenésrwsetsherrayschsenbratboner hasnbeen esteatd i sdved at

t he base stati onfgpo I%Q/DESd%% SchaCrLJrhE@Uel‘ 1bhe bcalsoggdo}loggecontrol start

tim ng det er m ner detects a ¢ ange 1 n he transm ssi on power control
bits transni ttedllfﬁ‘W%ﬁél@éls@%’f%ttl%ntQGé btife cHahgea b8i g afrsom § hred

transm ssion powerom CORET Bhski ts Rt 1&F N200! ¥ neonsistd Bge of bE}l tt$1e30
representing_"1" to the transn ssion &%ég_ nt.r ol bltﬁg g n incl udi ng
i

both bits represert?Hy: 264 Gndowe® © ¢ such- %2 ¢ % he
cl osed-1 oop comtcobrstapl vti mfitgedet emen nér shdbvrdetrer hi @es 1t/hatthe

synchr oni zatti on fas, heeneestabld,shed, at chbe.hase, 35 atahi 00,200, Based on

the ratio of the nunber o ansm ssi on _power control bits representing "1"
to 24 JANUARY 20082dUdYlyheeriiseiedf ¥RaAnSRies GG gohes i eBnPredlehit s
representing "0%ainod pglyohherotlllraajt@oeﬂda&h&het r@@@@@@bﬁnsgmroicontrol
in accordanfﬁvmthth?eﬁ. rad (%asm b|t atterg t also the total
5 number of “th §5Fon 85\/\5 r of “oPfs jhfjll "0" over a
predet erm ned perdiodtainefdmet cdre Uead@eerﬁﬂﬁé?d at ntTFd: ®ag?, Stth@mi od
between tine t2 and tine t4 represents the period during whi ch those 10

steps S5 through S9 shown in FIG 16 are repeated (a nonitoring perjod Tw).
During the nonitoring per|68 the above example, all the transmission

power control bits transmitted from the base station

15 200 are “1” until synchronization is established at
the base station 200. Once synchronization is
established, the transmission power control bits
determined based on the reception quality (the
reception SINR) of signals from the mobile station

20 100 (closed-loop transmission power control bits)
are transmitted from the base station 200. In view
of this, the closed-lcocop control start timing
determiner 135 determines wﬁether synchronization
has been established at the base station 200. More

25 specifically, the closed-loop control start timing
determiner 135 detects a change in the transmission
power control bits transmitted from the base station
200, the change being from the transmission power
control bit pattern only consisting of bits

30 representing “1” to the transmission power control
bit pattern including both bits representing “0” and
“17. Detecting such a change, the closed-loop
control start timing determiner 135 determines that
synchronization has been established at the base

35 station 200.

Based on the ratio of the number of

transmission power control bits representing "“1” to



Tw, the transm ssion power control bits transmtted fromthe base station
200 are nonitored, and a transm ssion power control opesaANUARKkaboét he radi o
15 transmtter 122 is performed in accordance with the gradually increasing
bit pattern. The nonitoring of the transm ssion power control bits
transmtted fromthe base station 200 can-bg7started at tine t2 when the
signal 20 transm ssion fromthe nobile station 100 is started. In the above
exanpl e, however, the transmi ssion power control is not nonitored during a
pr edet er mi ned perfieodhwohberme fTOsArasti ngibnomatviare ceRtwhénbtiltes si gnal

transm ssion frqomJ P@sé@@hkg 2%, ,stargépnogrgg |t§lest@fr%gdtongguscqlé)f this,

even if a recept| on error a transm ssi power control IS found
during that peritd®3hesSetPHr PP sc%’éroéo&ﬁlt @&qwd@ﬂéenﬁﬁltﬁbﬂ%
Accordingly, therddensnysshen paeig contr phthidis nasdrt @1be rmnd tose4l 30

only during the perlodl the transm ssion _ powe Nt | bit pattern
is expected %o @hé‘hbge ‘?‘hgg Pﬁhrarbsdmdséﬁ +38h Pﬁ)wer b??e&é?gt &?\t %100 can be

reduced. The trarsnissénhingcePt’t crvalevi cpred@ tofrmBsed hpemilid e Statmen 100
may al so have the stgucture, ghowyin FIG 18. In this exanple, transm ssion
power control information &her einafter referred to 24 JANUARY 2006 -108 as
the "I/N transni ssion powefPcéitG-oll bit&r§ PE&F1hbMe BY PR titfens s2P8n

power in accordanGe W4 hreg@@'fsbelrtsﬁlh@m@lﬁgr@b@r asierigtweschhamdde change

of transm |on ovver trans si.on F%thr 5 bits_trans ted
fromthe balz(z st’ation %yoggrrgugh ener a?}é%lwv\hen si‘ghal ]('s)él‘-ﬁrg 6re§§eatatercmg1
format are trarrrs:mattcerillflgometrh@dmﬂbf)l e sPariowy 100G tmmonheobasy IisetlaJ:@@n 200

after synchroni zgt i o, 4 st eghabliisshesh atowb e caphide swx;goer:!a%mﬂ@ted
accordance with the 1/N 10 transm ssi on%g wer control és the transm ssi on

power at the noBid%" st/a¢iBASE0S G cUht#8f| 8de menitore

transmission power control operation for the radio

15 transmitter 122 is performed in accordance with the
gradually increasing bit pattern.

The monitoring of the transmission power

control bits transmitted from the base station 200
can be started at time t2 when the signal

20 transmission from the mobile station 100 is started.
In the above example, however, the transmission
power control is not monitored during a
predetermined period of time TO starting from time
t2 when the signal transmission from the mobile

25 station 100 1is started. Because of this, even if a
reception error of a transmission power control bit
is found during that period, the error bit is not
counted for the monitoring. Accordingly, the
transmission power control bits need to be monitored

30 only during the period in which the transmission
power control bit pattern 1is expected to change.
Thus, the burden on the mobile station 100 can be
reduced.

The transmission/reception device 110 of

35 the mobile station 100 may also have the structure

shown in FIG. 18. In this example, transmission

power control information (hereinafter referred to



FIG 18, the same conponents as those shown in FIG 14 are denoted by the
sane reference nunerals also as those in FIG 14. 15 LijganNiuRRyoeyi ous
exanple, the transm ssion/reception deice 110 shown in FIG 18 has a
transm ssion system and a reception system that share a transm ssion and
reception separator 111. Like the previousigxanple, the reception 20 system
includes a radio receiver 112, an error correction decoder/error detector
113, an error rate neasurer 114, a SINR neasurer 115, a SINR conparator

116, a target SIANR teterm/mert rkhvsmas §tanspiossomcoponel bants'ol Hot

determ ner 118, ) %?{:‘%'i”'ii?eoc’}la%g rpﬁgioﬁog%%'%gl%r%%?%% e“wg][tff‘”d a

synchronous sta erm evious exa
t ransmi ssion sySZ%milﬁélG@@§Q§WQuﬁhﬂr@¢§ﬁ§mﬂﬁ¥ﬂSly@aanﬁhé1ﬂﬂﬂﬁ9ﬁs@fon

start/stop cont{pérkgméalon%owrtmeﬁmt%@n%mlsysﬁ&m pyrkhercdmetydes a
transm ssion_power controller 123a, an I%a transm ssjon 2 wer controller

123b, and a Cont?ofS SWPRSHIZEY RO VIAG R3S\ tTH CoRbr Usigrfal from a
predeternlned(xyém@thEEd(mmkwshmmmalshEncenthmdéﬁksmmheﬁ 28 st tehes t he

connections of t L r ti.e Lo )
controller 123b-¥F ﬁﬁg ?FS#S%?%%%d%h%oﬁéglgongﬁbhf hzggA%%Aﬁim%gg%gglog
123a. The tranmﬁ%%tbﬁnpéﬂér&ﬁﬁﬂ?cﬁY@?hIQBazﬂﬁ&%ﬂvb% eFaASHIsSITh dbwer

control bits: tha@h@r@oban@n%matﬁl%fr@mth@nb@&e:osﬁ@ém@@ 20Q randy ext yact ed
by the tran§ﬁ155|on oner control bit extrgc%g 119 5 via_the control swtch
S

128. The trafsni Sstomn poner” E6itol P tis ety ptel??oFﬁEnlsf‘Hﬁsstﬁ%rélon
power control @orvéde aaditbet maisinid terat22nbddéd ion thetrbddrsin ssimn power

control bits. Egofofybhe. bl ansnd ssippopaner santnabsbiLaols ald cted fo
e with

one 10 slot. In accordanc e transm ssion power contraol bits, the
transm ssi on pOWb% %B%tggpp§pd123@ the same reference numerals also
as those in FIG. 14.

15 Like the previous example, the
transmission/reception deice 110 shown in FIG. 18
has a transmission system and a reception system
that share a transmission and reception separator
111. Like the previous example, the reception

20 system includes a radio receiver 112, an error
correction decoder/error detector 113, an error rate
measurer 114, a SINR measurer 115, a SINR comparator
116, a target SINR determiner 117, & transmission
power control bit determiner 118, a transmission

25 power control bit extractor 119, and a synchronous
state determiner 130. Also, like the previous
example, the transmission system includes a radio
transmitter 122 and a transmission start/stop
controller 127.

30 The transmission system further includes a
transmission power controller 123a, an I/N
transmission power controller 123b, and a control
switch 128. Receilving a switch control signal from
a predetermined controller (not shown), the control

35 switch 128 switches the connections of the radio
transmitter 122 from the I/N transmission power

controller 123b to the transmission power controller



updates the transm ssion power of the radio transmtter 122 in each slot.
The I/ N transm ssion power controller 123b 15 scans eashANMUBRY 20063 bits,
the transm ssion power control bits that are transmtted

for exanple) of

fromthe base station 200 and extracted by the transm ssion power contr

bit extractor 119. By doing so,

20 determ nes a

representative

ol

the I/ N tragngm ssion power controller 123b

representative bit that represents the majority of val ues
anong each N bits of the transm ssion power control bits (the

Wiis. V\/'Theb@rlé@irsﬁr‘dl@éi@ﬁ pelenr %ﬁ@r@EléBel"Zb/aN

transm ssi on power contro]L bits"). In accordance 25 wt

transni ssi on power” TohiT o

rBPtsénl 5T I PRIEF alrSi g on® bBﬁe?hc?&ntar%ef | er

updates the transmssiohepgofiercmoftidebaadi othrtarmsmiteratd? eixt raacdd N

SO RO S Mipeen gl eansunchin] 7Lk 0n L8 <3005 ab! Lebed Lo hey gobi | e

station 100 and tthe transm ssion

In a pre determn

123b

from

the radi o transiia efha200psrotargreld gl i?ﬁe tIThe thea PR EPARINIRETDR power

gon]E roll eL 123b dtﬂilj@ﬁ@slethQZBraahrtS{Erslsp@Bf@Qm; tQE:ldé"tﬁ“lédeﬁhtﬂo&;LSﬁn tter 122
5 fromthe initia n, eac slots =3)., on the 1/N

transni ssi on powet" %o‘?ﬂ rOF Bifs & ecﬁje a?ﬁﬁng?l%% etrhgsfgalﬁ%% £8si%h tHb%v\er
control bits, asshovwm 241JANDARER2006nt140 batEl.G EH&Sch| £t det ransm ssi on
pover control b'ttrsar?srn?ls5}é{%133%%%11118&%}8%1990&%0(1%1%199&&edthcf‘o 'Jrl\é

transm ssi on power control

are

as shown intOF glom. The 9F5ﬁ§rﬁa§§%nWioButhﬁp&artaébﬁrvhs%aeﬁ POt s based

on the I/N transmrsfs:r@n pover eond rotandit ssebangessdworeoskewliy d:hare she

transm ssi on po

transm ssi on po r

15

20

25

30

35

4P ﬁégfégg@a(s%ﬂ%ﬁégtpeaz%d 1 he oLiginal

transmltter 122 in each slot.

The I/N transmission power controller 123b
scans each N bits (3 bits, for example) of the
transmission power control bits that are transmitted
from the base station 200 and extracted by the
transmission power control bit extractor 119. By
doing so, the I/N transmission power controller 123b
determines a representative bit that represents the
majority of values among each N bits of the
transmission power control bits (the representative
bits will be hereinafter referred to as the “I/N
transmission power control bits”). In accordance
with the I/N transmission power control bits, the
I/N transmission power controller 123b updates the
transmission power of the radio transmitter 122 in
each N slots.

For instance, after synchronization is
established at the mobile staticn 100 and the
transmission of signals in a predetermined format
from the radio transmitter 122 is started at time t1l,
the I/N transmission poWer controller 123b updates
the transmission power of the radio transmitter 122
from the initial value in each 3 slots (N=3), based
on the I/N transmission power control bits generated

from the transmission power control bits, as shown



characteristics curve indicated by the dotted line, and the characteristics
curve indicated by the solid line in FIG 19). AccordindghXUARYreé oni zati on
can 15 be established at the base station 200, without unnecessary power
consunption. While the above transm ssion power control is being perforned,
synchroni zation can be established at the_bage station 200 based on signals
20 transmtted fromthe nobile station at tinme t2 shown in FIG 19. After
that, the base station 200 transmits transn ssion power control bits
determ ned baseh ontéheipeception quality (the reception SINR) of the

signals fromthe nobile stelltl Ql 100 IgSSmIlgst__chlDe ”Dobvjr'lfl\ﬁ%%‘tc'r%'l Jmts tggel /' N
transm ssi on power control [ér b-HetePm nest HE T ransm ssi on power

control bits fromihellipanddldsliont bodep 086dtlrldl0bits ekerdcdted by the
transm ssi on powef;£9Rt Lok ohi tpoq,;glr a@@)ggrgiQHlﬂCs’SQﬂ@gcor dance with the above

descri bed techni que. Based on N transm ssion power control bits, the
I/ N transm s&i on powet- cbdnt fol- Iler l123(2) cBnt Pnués -t he” safd F%njs‘él on
power control asFmdescrébed above. At a predetermined timng (i.e., tine t3
in 3 FIG 19), the control,,sw.tch 128 swi tches the negctions af {he
radio transmtter 122 to tkg ttrraanr}ssﬁ:éss?on%p \%grercou F gr T2 a S

accordance 24 JANUARY R@e6d- phl thie hI ANswrealdorit¥or BPyAal C@lmqued from

the predeterm rlﬁldwomgmgé%r mome éI@xﬁ'W‘ %ﬁlaqln Wfrgﬁgﬁﬁglsll%rn 1Z3Rcrt hen
updates the_ fransm ssi ower of the radi ansnmtter 122 in each slot,

based on the"tr aHEH 53 oh pGRET csc}rﬂ*fol'l’af)? sotnhaﬁhear%“r?éﬂ@ tted fromthe
base station 200 =ntsekssaotegddnert heontrahsmiss ofs gowenecontrol bit

Sxpyactor 110 Ahers sygehuaniaatdon, ¢ i agt gbldshed, aln 190the dase, glat f on
200 (i.e., after tine reception qualit he reception Sl
t he and the characteristics curve lndlcated by the SOlld

line in FIG. 19). Accordingly, synchronization can
15 be established at the base station 200, without
unnecessary power consumption.

While the above transmission power control
is being performed, synchronization can be
established at the base station 200 based on signals

20 transmitted from the mobile station at time t2 shown
in FIG. 19. After that, the base station 200
transmits transmission power control bits determined
based on the reception gquality (the reception SINR)
of the signals from the mobile station 100.

25 In the mobile station 100, the I/N
transmission power controller 123b determines the
I/N transmission power control bits from the
transmission power control bits extracted bv the
transmission power control bit extractor 119 in

30 accordance with the above described technigue.

Based on the I/N transmission power control bits,
the I/N transmission power controller 123b continues
the same transmission power control as described
above. At a predetermined timing (i.e., time t3 in

35 FIG. 19), the control switch 128 switches the

connections of the radio transmitter 122 to the

transmission power controller 123a, in accordance



signals transmtted fromthe nobile station 100 to the base station 200
becones nore stable. Accordingly, the variation of the4UAaNOaRY28060N power
15 after the transm ssion power control based on the transn ssion power
control bits determned by the difference between the reception signal
quality and the target quality becones relpaiively small. In such a
situation, the difference is only small 20 between the variation of the
transm ssi on power updated in each slot based on the transm ssion power
control bits transi td eQwit@m i thase stghkon sl 1 aead themvameation of the
transm ssi on power cfé)dat ed n each 3 fl ots based on the I/N transm ssion

power 25 control P E%n e Vari a?l onS after time t2, indicated by the

solid line and the broken Fhee tingnfMGsion, pA(W@Grcnwg‘WOlﬂﬁe tiddag to

switch the tr are{eé%Q@aee\ée&hceon&f&ksr@peg%eoe%»fépre% henet RARSM Ssi on
power control based on the N 30 transm ssion power control bits to the

transm ssi on® p&\foearn%bh*fF‘SF Bégedrbrﬁ‘%%}é BLPGir néﬂasterdan%% §8Fon power
control bits (i t&anénhIT@sILB)l oaR e Sehtablabirel atharel yr &l exiablsenanted at er

poi nt of tine. t he .aboye_exa e N_bits f the nsm ssion
power control f?s ar%h%c%nﬁgd r{gtdl?rhgfgpeﬁr gser’ft EH
represents the rm]msmyssaﬂnngoe@*m Nobireli bl§eteXetsr€a¢1t¢tNltlr9ansm ssion 24

JANUARY 2006 - 112 pover coptkal: iincikbulyete 18aCh OfedhepLAbindd angmi ssi on
power control bits may be the ave:gsatﬂ%e val ue of_each corresponding N bits.

In the abovk’ entiéf g, StA&iOr skt ofi- 1 53p0ver TRt r bF ) irn Bcor dance
with the gradualﬂqpepbtrmdseaqueglmyt pat¢ er acepriesp@MER 1 oo thehaut ononous

cont rol step (tha ul ononpus Nyl Lerdn! 0! gl ¢ the. £l gged doap, cont rol

start tim ng determ ner corresponds to the autononmous contr
condition 10 dettéyaritdsg steplierhe Hutlomoabas derts citakbp- condition

determner) in @aidmii@gdyt he neWiLhi d426on of the transmission power
15 after the transmission power control based on the
transmission power control bits determined by the
difference between the reception signal quality and
the target quality becomes relatively small. In
such a situation, the difference is only small
20 between the variation of the transmission power
updated in each slot based on the transmission power
control bits transmitted from the base station 100
and the variation of the transmission power updated
in each 3 slots based on the I/N transmission power
25 control bits (see the variations after time t2,
indicated by the solid line and the broken line in
FIG. 19). Accordingly, the timing to switch the
transmission power control operations from the
transmission power control based on the I/N
30 transmission power control bits to the transmission
power control based on the original transmission
power control bits {(i.e., time t3) can be set at a
relatively flexible and later point of time.
In the above example, each N bits of the
35 transmission power control bits are scanned, and the
representative value that represents the majority

among each N bits is set as an I/N transmission



corresponds to the control switching step (the control switcher) in clains.
Al so, the I/N transm ssion power 15 controller 123b showlANUARY@0618
corresponds to the gentle transm ssion power control step (the gentle
transm ssion power controller) in clainms. The predeterm ned controller that
outputs the swtch control signal shown inikFpG 18 corresponds to the 20
gentl e transm ssion power control stop determning step (the gentle
transm ssi on power control stop determiner) in clains. The control swtch
128 shown in Figsawd8 conresyongstt o tbeccentraasw échthg st/@p (the
Contro! SW tCherQrérer%%@'s%‘ %)50vge4r‘] égglz%q(i:s' ]rr:l'§ CE@" It\,@el'a\/pérage
transm ssi on power control device that controls - trahsm ssion power~of a
mobi | e station baskde onlt eardn &st ohsPpoAendcohtdotsi nformati on supplied

froma plurality of base statinsap@®vthempRliilestati eReWReR e dasen
stations to pe radio-connected to the {Igg:cle staﬁrgon each supply the nobile

station with>t h¥ahshPESEH pdiet©TBh S RForhat FOnIFREES gener at ed
based on receptiioncségaahgqlald tyyat e annobirlre s ppomaint cathen asystresmotibe

transm ssion poves gp{;grglteg)eV{tqlee COIPL L8 1AY:s @o&%?@f[‘%%‘?i R 1088 1y,
cal culator that calculates ransm ssion l'oss I1n an electric wave
transm ssi on patihoetheesdtisomobrterel asiten tarfdirebed Basermsindy oh3Sbased

on a predeterndedskghakist raNSIAd tedt bhemoeach-daseo st atiopn M dd @iohi xed
transm ssi on, power | evel ;. and a tr{alnl?sem sSsi_on _power con rolLL i nf ormati on
P hat“ e t F°co

det erm ner TEThh8s Sorpost t'e°t FRASHCSS bh 1Y ft7°81 i nf or mati on
to be used in adorahsSnissi dretpowerneont Lol copamst | ondt thhe swioleh el 36 at i on,

based on each 0fcc§1h§e§{>@ﬂ§1@ SY o, POUEE + £aAt rsQJitd'm{%n@He?n (had has been
supplied fromeach of the base stations. to the nobile station and each of

the transnissiof 35528 PHiHr %) e rfE@wA¥e transmi ssion path between the

mobi l e station and each ofltshe base sfatkessstiais hes peesrcal cul ated by

the 15 controller 123b shown in FIG. 18 corresponds to the
gentle transmission power control step (the gentle
transmission power controller) in claims. The
predetermined controller that outputs the switch
control signal shown in FIG. 18 corresponds to the

20 gentle transmission power control stop determining
step (the gentle transmission power control stop
determiner) in claims. The control switch 128 shown
in FIG. 18 corresponds to the control switching step
(the control switcher) in claims.

25



transm ssion loss calculator. 2. The transm ssion power control device as
claimed in claim1, wherein the transm ssion power contuQANUARY %4 i On
determ ner includes: a weight corrector that,perforns weighting on the
transm ssi on power control information suppﬂl ed from each base station to
the nobile 24 JANUARY 2006 -114 station, so that a greater weight is given
to the transm ssion power control |nforrr@tL|Aqr}4§uppl ied from a base station
having a smaller transnission loss in theetectric wave transni ssion path
to the nobile 5 station, the weight corrector thereby generating weight
correction control information; and a conbi ner that conbi nes the weight
correction control Lnflrymhisonseorr gependiargricd tikreicd rtans néogi il spowner

control | LOLNBL] o Jr gENe DaSFo. 10, SLaLl NS, ARdf Ner sl deper al es

conposite transm ssion power contro ormation correction
control i nPormat¢e@rtredvingoledi ogenerrdtied ffenm tpﬁelrakvgmtofcba&ect or, the

Lransmi ssi gD, poMes ORLEOhoLNOLIBLIAN LR el efinetadeber Rbnbag whi ch

transm-ssi on povver contr information is to be used in a transm ssion
power cont FafieperrateicsRdate tthe Fobile s$PaEPBONCaPasEaPlvFich@ckbhposit e

transni ssi gpz POMEN,iG@Nt ROl t rddth@E 8B Qrwaenesat.ed firhesrdha ceorhiners. 20 3.
The transm ssion power control device as_ clained in claim?2, wherein: the

transm ssi BADBEHETS CHREAOPR i THCEPREPT GH NPT afisdr Kived™f 7 OTRREAEh of the base
stati ons cesBhalMscatd2nasyét&t, val ue that represents a control status of a
power increase and a second val ue that re resentﬁ %chontrol status of a

power decrease: the nobif &SP B FelllriesTHe ST SST'Bh* poter control

information transmtted transmission loss calculator that calculates a
transmission loss in an electric wave transmission path between
the mobile station and each base station, based on a
predetermined signal transmitted from each base station with a
fixed transmission power level; and

a transmission power control information determiner
that determines composite transmission power control information
to be used in a transmission power control operation at the
mobile station, based on each of the transmission power control
information that has been supplied from each of the base stations
to the mobile station and each of the transmission losses in the
electric wave transmission path between the mobile station and
each of the base stations that has been calculated by the

transmission loss calculator.

2. The transmission power control device
as claimed in claim 1, wherein

the transmission power control information
determiner includes:

a weight corrector that performs weighting
on the transmission power control information

supplied from each base station to the mobile



30 fromeach of the base stations as a soft decision value; and the

transm ssion power control information determ ner includasuariaoss deci si on
unit that perfornms a hard decision on the value of the 35 conposite

transm ssion power control information generated fromthe conbiner, using a
predeterm ned threshold value, 24 JANUARY_20Q6 -115 the transm ssion power
control information determ ner determ ning which transm ssion power

control information is to be used in a transm ssion power control operation
at the nobile statienonhased thoh thgreesult wfidihe bar didea Sti@)nthé The
transm ssi on power_contral. deV| ce _as claine m [ t
predet er m nedp t hr 28RBS vzﬁ UseH Ontr hardpdrngglggll(%% l]q’%{}Jep Cl Pg Oser
to the first vaI@eb@yeasmﬁédetrermW%edgaﬁouimalJf&l@ntaanﬁdldIS@Merl uJeOfbet ween

the first value apd é*ﬂ%ct%%%oﬂgayé' H?ah@%‘ﬂé%%%r{ %é'ﬂﬁ tHaRsmE $sd19m power
control |nformat|on transmtted from each base stations. 15 S. The

transni ssi on powek2E6Afro Ith(feﬂ%ghésCEFéleﬁécPIi nt}é?lé‘?ﬁi’zge\ﬁﬁe?ae‘ihngt he

transm ssion powesignat rc@lrrlern‘@fdsmtt@ﬂtrbrlarismd:treﬂtibﬁm each of the base
stations contains 20 a first val ue thgLI epr es elnrtl ontrol status of a
power increase and a second vaﬁ et hat gpr &séh E ft r'olt gs}i%t us of a
pover decrease; t¢hereaobitba s:toathm]lreoép\r@@ttlman Q@anSﬁpgslldomqoot/@rthgntrol

information transpiftedss3%f ameachogh fhe ihaser gl 8L bANg @t & 1$80fbase
deci si on vaI ue; and, the transm ssion power control information determ ner

i ncl udes: alfirsithat @ deciPEihn AT EOY hEEPF& G heC A"P86 +&r d deci si on on
t he val ue of thetconpasské@on power control information, the weight

correction control information having been generated
from the weight corrector,
the transmission power control information
15 determiner determining which transmission power
control information is to be used in a transmission
power control operation at the mobile station, based
on the composite transmission power control
information generated from the combiner.
20
3. The transmission power control device
as claimed in claim 2, wherein:
the transmission power control information
transmitted from each of the base stations contains
25 a first value that represents a control status of a
power increase and a second value that represents a
control status of a power decrease;
the mobile station receives the
transmission power control information transmitted
30 from each of the base stations as a soft decision
value; and
the transmission power control information
determiner includes a hard decision unit that
performs a hard decision on the value of the
35 composite transmission power control information
generated from the combiner, using a predetermined

threshold value,



transm ssion power control information generated fromthe conbiner, using a
first threshold value; a second hard decision unit thatz4apant/are®oosa hard
deci sion on the value of the conmposite 35 transni ssion power control
information, using a second threshold value that is different fromthe
first threshold value; and 24 JANUARY 2006 -316 a control information
generator that generates one of first control information that represents
a control status of a power increase, second control information that

represents a control 5 statuseOfranReweysdecrgeaser ebrithidd £ORbEAktion
information that represents $§contr.ol. stat.us of ower. nmai nt enance, based on

a deci sion resul £e6FHHE T | Feﬁgrlalld)&i@b%huﬁftgnﬁﬁ‘c}szf‘]u%%i%?8ﬁrr esult of
t he second hard decitsiodn iumnf¢rmd@ibhe ity ansnmbssueadpdwnera camdnohikssfiommat i on

det erm ner det ergwe@g dhat- Lhe gantral, § nfor pRLi ﬁBbﬁ%”%r@é@?oRr,O%‘a%%%
control information generator is” to be used as the transm ssion’ power
control inforhatPentinge Fasuhsnpssitds poet ¢dRLFBPNR-15 operation at the

nobil e station. 6. The transm ssion power control device as clainmed in

claim1l1, wherein the transn;! Ssi gg Rower control information dftgr m, ner
includes a 20 sel ector that” sel e6fs CHE THahdnt SsPEH SFowst” Wont r 9EV 1@
i nformation transsi tlled rfadom h helbase 3st atieone havihg pireadesrathésed

transm ssi on | 058,848 LIRCLELCLURKE ol ST 380D RALY 0. Lhe.mal | e

station, which transmssion [oss 1s cal cul ated ransm ssion 25 | oss
cal cul ator, lthe £LaasH $<1 o pohek SEontriole i B of AL PER Leddtier d nafpount

determ ni ng whi chrbmaRsmiissd 08 POVBE beaRId) +héEOFARLItOR d15ud 0ahe ¥sed in a
transm ssion power c ntroll operg{gi gn at.lt no :iCI esst.atsi.on base(rj 30 on the
transmi ssion powﬁ?c88ﬁt MO IR bPHAERGS el e ed” BY STHE SIS LR QY €
control information transmitted from each of the
base stations.
15
5. The transmission power control device
as claimed in claim 2, wherein:
the transmission power control information
transmitted from each of the base stations contains
20 a first value that represents a control status of a
power increase and a second value that represents a
control status of a power decrease;
the mobile station receives the
transmission power control information transmitted
25 from each of the base stations as a soft decision
value; and
the transmission power control information
determiner includes:
a first hard decision unit that performs a
30 hard decision on the value of the composite
transmission power control information generated
from the combiner, using a first threshold value;
a second hard decision unit that performs
a hard decision on the value of the composite
35 transmission power control information, using a
second threshold wvalue that is different from the

first threshold value; and



35 7. The transm ssion power control device as clainmed in claim6, wherein:
t he transm ssion power control information transm tted:f sANOaaERhepf the
base stations contains a first value that represents a control status of a
24 JANUARY 2006 -117 power increase and a second value that represents a
control status of a power decrease; the rmgiﬁg_stati on receives the

transm ssion power control information transmtted 5 fromeach of the base
stations as soft decision values of the first and second val ues; and the

transm ssi on power control jnforpption,deteridferLhekudes ahard deci sion
unit that perforns a hard decision on the val ue o? the 10 transni ssion

power control infBPRAEIEEHF SEtRctedfby st kOSSRt bFIOHERAG L prledkt er ni ned
t hreshol d val ue, reppdschased ofotbeohasd ades sd bnarpsuktr, ideiwrad aes which

transm ssi on power co trc%Intlrgqur mati onaltsiot 0 hbaet use ne%ttsr ansnl ssi.Q

i
power control op@f&fi'6n “at t he" ROBPAIE °&t at'i on. %.gr‘f’ﬁe transni Ssiron- power
control devi ée asathai wéd a mavarndZcrehsrcei w1t hehprédetertmialed threshol d

val ue used by thﬁnﬁéma@%in%im%gpkgpklés%%&i %%oﬁﬁr%??sftiarﬁfs vapue by a

predeterm ned amount froma m e value between the first value and the

second val ue t habC%fE BERATHITRR TR t RESEAaRdis DR S poRer SSBhtt opf the
informati on transptitedafdomeachi of uhhe kase sta@ttoBSon2S&ullhect

transm ssi on pover  cont E%ld qlevli,é:ed g§scjlo i rlr}%cH n claim®6, wherein: the
transm ssi on power cOntrol” i nfor natr on ransmtted fromeach of the base

stations cohPains 30 a firtdte viaraesnhas logpmeyent scantontlr dinsymnasion a

pover increase agg:arfeaend M dient hahy! eRLASANS Bon€oBYr Al atale: 0h A
power decrease; , , ,
generated from the control information generator is
to be used as the transmission power control
information in a transmission power control

15 operation at the mobile station.

6. The transmission power control device
as claimed in claim 1, wherein the transmission
power control information determiner includes a

20 selector that selects the transmission power control
information transmitted from the base station having
the smallest transmission loss in the electric wave
transmission path to the mobile station, which
transmission loss 1is calculated by the transmission

25 loss calculator,

the transmission power control information
determiner determining which transmission power
control information is to be used in a transmission
power control operation at the mobile station, based

30 on the transmission power control information

selected by the selector.

7. The transmission power control device
as claimed in claim 6, wherein:
35 the transmission power control information
transmitted from each of the base stations contains

a first value that represents a control status of a



the nobile station receives the transm ssion power control information
transmtted 35 fromeach of the base stations as a sofJdsciariy@oes val ue;
and the transm ssion power control information 24 JANUARY 2006 -118
determ ner includes: a first hard decision unit that perfornms a hard
deci sion on the value of the transm ssion Pf control information

sel ected by the selector, using 5 a first %reshold val ue; a second hard
deci sion unit that perforns a hard decision on the value of the selected

Lransmi ssi on power, Sontf ok LALOLIR | 00, < UshROa 1 ecgnd:  begshaldh val e ¢ hat
m t I’ es

is different fr Irst T3 value:- and a contr i nformation
gener at or t hat %ﬁﬂﬁﬁ%&e%téﬁésopﬁ|%s@0%%ﬁt?8Fﬁ%ﬁ%ﬁnntlon that represents

a control status of a pome&hgn@bﬁxﬁb stg€0pd eentgidled NnfReMati on t hat
represents a coqﬁrol 15 status of ‘f wer decrease rd_control
0

or
i nformation that"5BpREERE 8 a PESIRYT ot 8t EP s 18 Oﬂ%w&ﬁoﬁa#ﬁ?3ﬁ$hﬁ§e%ased on
a deci sion resulftraaf ¢heh bifr sthehdrabeleststonngniats aawif . deciisiiom resul t of

the second hard.decisl ofeught, 30 dhe44ansmbssl Qhnuer cagtrol informtion
det ermi ner determ ning tﬁ control information generated fromthe

control information generaFBﬁ Q§aQ%ﬁiﬁ§h@%dp8§QHu§QW%ﬁ%hlé§ﬁ@ﬁﬂﬁﬁ&9

control i nforrratdlea;nemuaetrran&muws)rh peses eenrtilsdlon 2bnDpetakiron at the
nmobi | e station. The tra snl # ower con%rol evi ce gggclalned in

10.
claim1, wherei ®SHS tPangnt 84 TORoREr 6P S NiPortat? bnt50 det er i ner
i ncl udes: alWei ghtarconieston pmMeqmadmmn@lmengnmmﬂqum sheetrtarsmBsi on

power control infQrnation:sUPRIdied; 4 opreachobagse &f ati posha1he /mhbl | e

and, based on the hard decision result, determines

which transmission power control information is to

be used in a transmission power control operation at
15 the mobile station.

8. The transmission power control device
as claimed in claim 7, wherein the predetermined
threshold value used by the hard decision unit is

20 closer to the first value by a predetermined amount
from a middle value between the first value and the
second value that are contained in the transmission
power control information transmitted from each of
the base stations.

25

9. The transmission power control device
as claimed in claim €6, wherein:

the transmission power control information
transmitted from each of the base stations contains

30 a first value that represents a control status of a
power increase and a second value that represents a
control status of a power decrease;

the mobile station receives the
transmission power control information transmitted

35 from each of the base stations as a soft decision
value,; and

the transmission power control information



station, so that a greater weight is given to the 35 transm ssion power
control information supplied from a base station havi ngJANSARY e

transm ssion loss in the electric wave transm ssion path to the nobile 24
JANUARY 2006 -119 station, the weight corrector thereby generating weight
correction control information; and a contrpjginformation generator that
generates control information based on the weight 5 correction control

i nformation designed to give priority to correction information closer to
t he transnissi@@ﬂuwmﬁngﬁn&h@uddﬁgrnation representing a control status

of a power decrease, the |ght Lqrrectio ggkrgnlrﬁé“ngt ?f%@ﬁg)a

sel ected from 10 the meigh. correctlon con Fo |nfornat
generated from hieedvedght s tonr et drharick boer eSpéids tnandhes sLansmossion

pover control infQrmii OﬂnfBFm%%Schotﬁ eéjeiéé’{?élih%ybaéﬁe s§ailops,y thein
transmi ssi on_power_control infornation 15 detefm ner determ ni'ng that the

control infot mati o Yeneh&EEAoMa e control information generator is to
be used as the transm ssion peweind CHUrH| debletmat o 4 Ntleatr pESACESION
power control Qperat i on, at t he nDblle sta n,2Q,11. Tﬂ ransm ssi on
power control dev:%cec1 gecfﬁlﬁgd I'n €}a|n1§68 ﬁﬁe%&%1s? %r§n5n155|on
power control i ffremsationlionr anyein texh from eadh rof tiven bageispati ons

contains 25 a fsiero%tnd/a&wegh@qdr QRIBSENSa 8 €QNUHAIf St YISt obma thRuer
i ncrease and a second val ue presents a control status of a power

decr ease; the néﬂﬂ%?sﬁ%ﬁ?%ﬂoFgc& t &%t ransni ssi on power contro
information transmtted 38 ﬁbnmnmﬂﬂnmﬁormgtbasegﬁmﬁnaﬂmraShatsoft

deci sion val uey and 1hes copLr gle iMfArMaLLOp, geNgLat Q. 4 NIGh VRS :
represents a control status of a power increase,
second control information that represents a control

15 status of a power decrease, or third control
information that represents a control status of
power maintenance, based on a decision result of the
first hard decision unit and a decision result of
the second hard decision unit,

20 the transmission power control information
determiner determining that the control information
generated from the control information generator is
to be used as the transmission power control
information in a transmission power control

25 operation at the mobile station.

10. The transmission power control device
as claimed in claim 1, wherein

the transmission power control information

30 determiner includes:

a welght corrector that performs weighting
on the transmission power control information
supplied from each base station to the mobile
station, so that a greater weight is given to the

35 transmission power control information supplied from
a base station having a smaller transmission loss in

the electric wave transmission path to the mobile



a hard decision unit that perforns a hard 35 decision on the value of the
wei ght correction control information that is generat ed JANORRY606 Wei ght
corrector and corresponds to the transm ssion 24 JANUARY 2006 -120 power
control information transmtted fromeach of the base stations, using a
predeterm ned threshold value; and a selec{ps_that selects one of the hard
5 decision results corresponding to the transm ssion power control
information transmtted fromthe base stations, so that priority can be

given to the hard swdech Si Rer @eUldn ¢ €5 £SEPRLLRY th HUNY Ohehbabus f a power
decrease, 10 the co trol information rgene at or enerati ng the control

i nformati on bas&®SH' t heRAPE t188ci GO P esalf °L8E Tt ¥y by Ehe sel ector. 12.
The transm ssion power con&reobndevilceinfibrastebai npthématcbai mhkt wherein the

Lransri ssi on power, Nt Lol LALGLTRL0N, el et e ncludess g lignsm ssion

| oss deci sion uri “~defermnes eac transm ssion 1o
cal cul ated 20 [pRIRCEraRsAPISITOT |m%oera@éapat@1resl§w| Fér gtthan a

predet erm ned t EANYH S8 00| 5T r NG h CORE B Rhaltnfar r@iw@rgeaer@t@r t hat,
when the transmn ssion, |1 oss decision unjt ?eterm nes that one tr sm Ssi on

loss is smaller THAFThes 58" pPeYETerTi hetC f r ARSHEE OrP T 058P §EReY
control informaticamtraskdsoatlise dffr anspoesirodepowerscontnel weilngfdr mat ion

fromthe base StallOf Lo eSBARIING e o theLbANYYSH Ok | 088 dClaryg ned to

be smaller than the predeterm ned transm ssion | o0ss,
transm ssi orf | o§§1@dé'fﬁJs‘H%ﬁ GAFE Sl GRBEERAL VIO LRt 1oR e thRANdr ssi on

| osses are sl lg%rnetﬁwaﬂe@ heropr edet erdt diedl tbareMtsSt hd 0868 r r@geRIALLS
control infor based on.the transm ssion Rawer, c ntro io|nnformat| on

designed to giv prl Bty EBNERgLOR PoweE cont orma
transmitted from the base stations,

the transmission power control information
15 determiner determining that the control information
generated from the control information generator is
to be used as the transmission power control
information in a transmission power control
operation at the mobile station.
20
11. The transmission power control device
as claimed in claim 10, wherein:
the transmission power control information
transmitted from each of the base stations contains
25 a first value that represents a control status of a
power increase and a second value that represents a
control status of a power decrease;
the mobile station receives the
transmission power control information transmitted
30 from each of the base stations as a soft decision
value; and
the control information generator
includes:
a hard decision unit that performs a hard
35 decision on the value of the weight correction
control information that is generated from the

welight corrector and corresponds to the transmission



35 transm ssion power control information closer to the transm ssion power
control information representing a control status of aspaneArd@eisease anong
the 24 JANUARY 2006 -121 transmi ssion power control information transmtted
fromthe base stations corresponding to the two or nore transm ssion

| osses, and, when the transmission |oss degjgion unit determ nes that all
the 5 transm ssion | osses are not snaller than the predeterm ned

transm ssion | oss, generates control infornmation based on the transm ssion

power contro: igafvwmwﬂrld@siigmﬁr&éﬁtgwgt@éh@mltwté@ themt @a@smcﬁfs:on
power contro tion ser tothe 10 tra SSi 0 tr

i nf or mati on repptéjse %y ° gagér?tnrsdl %?Ja?%saoPrgr&&rgﬁelfv $ g@ Or%d{)t he
transm ssion powerlwontzod information transmitted fromthe base stations,

the transm ssion power conir gl iJf dtq;lna&}llgg L5 dety er(m@e(gfd%gr Mg that

the control information generated fromthe control 1nformation gener at or IS
to be used a3 t K& B %%?Bﬁtﬁomr%W?BﬂlPﬁf SOt ont FATAMEEZASHA ssi on

power contr ol @wee};tl@@nafouhenrmﬁlnh@tﬂ@w e@an%&ﬂiﬁ;eoA f ¥ ans Khes inas power
control device t. control St:n atnsm SSi on povver al nmobi JFn sta ati.qon , based
on transnission po °ont ¥ 81 ifortat§ on thﬁﬁs ttd 7 ES‘I urdity of
base stations tceadies 25 mobsheé tstratd mas ¢mt angobi IceDrUmnﬁJmtaltu@n ofystemin
whi ch each of t% e.Rase;stathons to be radio- connected to the nobile station
supplies the mobile station wi'th the transmission power control

informati ont$hat is deternitRgdCRaAseP bt FECEREICGRA™ FFFHRAPTqual ity, the
transm ssi on powenexiing dR¢ eOntaNPrisfogmad itoransBesi 60 keSS hard

cal cul ator that o calcyl At g f1tr QS SEM} 08l LALE gt ric wave

12. The transmission power control device
15 as claimed in claim 1, wherein
the transmission power control information
determiner includes:
a transmission loss decision unit that
determines whether each transmission loss calculated
20 by the transmission loss calculator i1s smaller than
a predetermined transmission loss; and
a control information generator that, when
the transmission loss decision unit determines that
one transmission loss 1s smaller than the
25 predetermined transmission loss, generates control
information based on the transmission power control
information from the base station corresponding to
the transmission loss determined to be smaller than
the predetermined transmission loss, when the
30 transmission loss decision unit determines that two
Oor more transmission losses are smaller than the
predetermined transmission loss, generates control
information based on the transmission power control
information designed to give priority to the
35 transmission power control information closer to the
transmission power control information representing

a control status of a power decrease among the



35 transm ssion path between the nobile station and each of the base
stations, based on a predeterm ned signal transmtted ¥Jianmuaryzoad the base
stations 24 JANUARY 2006 -122 with a fixed transm ssion power |evel; a

fadi ng condition neasurer that neasures a fading condition of the nobile
station; a fading condition determ ner that.5,detern nes whether the fading
condition of the nobile station neasured by the fading condition mneasurer
is better than a predeterm ned condition; and a switch controller that

validates a firstrahQmtilansy Séé@@rp@%rtrmntfrofotﬂéﬁmt lt%hr@&h@ﬁﬂbaef when
t he fadi ng condi él on ggt erm ner determ nes th condl tion of the

mobi | e station i 588t t&F FFim Tﬁﬁtbi’@&etcé’rrrﬁ%%%o% tht |t6’n Hhd-V3I Plates a
second transni sshonepowen scorg s 0bni hbesest,i gndb deter riheert wvesmt be ibadi ng

condition determget gdeterm nes,thal the s 'ggtgggdi tl'lonch}gg the mobile

station is not better than the predeterm ne condi tion e first
transm ssion 5p0\/\EFaE§th|5(§Ilonzol?$ﬁF6F maticon et ¥PHE AEF tAATUIMY: a wei ght

corrector that pgréaere wRirgH i f8anonikhe d ansad sShen peWRSs CORMMEOb1
i nformation transgn ted frr\,\g}eacg of g %ase stations to the nobil
station, so that*R3 GrBateér el yhtdi 8% givvén T 25"t hd T PFakSH Ssi On° pd
control informatiohormeansm td:emjlcﬁnech aObMSt@Ilonlh&VI‘t@ theamal | er
transm ssion | Oséﬁéﬂsﬁnﬁ‘%s%'o%CtIEév?ei“’%Snttrr%flsr‘ﬂr?ﬁé?xﬁﬁt%%h 4o dhe pobile

station, the weight corrector hus generating we correction control 30
i nformationi Oandtéaﬁé%lsﬁélont rFa‘?W%énﬁPﬁé§otlhel%<P§‘Hf‘tl&5‘r FERT TR BAR Bol
information thataisocgerenatsethtdig ontt be pwsicghtd €oF € e60amdIdy Citli& esponds to

the transnlSSIOgrgom%lS%g@HW%O*Q£OEOH%E%q_t B§P%5%%gn transmitted
from the base stations,
the transmission power control information
15 determiner determining that the control information
generated from the control information generator is
to be used as the transmission power control
information in a transmission power control
operation at the mobile device.
20
13. A transmission power control device
that controls transmission power of a mobile station
based on transmission power control information
transmitted from a plurality of base stations to the
25 mobile station in a mobile communication system in
which each of the base stations to be radio-
connected to the mobile station supplies the mobile
station with the transmission power control
information that is determined based on reception
30 signal quality,
the transmission power control device
comprising:
a transmission loss calculator that
calculates a transmission loss in an electric wave
35 transmission path between the mobile station and
each of the base stations, based on a predetermined

signal transmitted from each of the base stations



35 fromthe base stations, the conbiner thus generating conposite

transm ssion power control information, the first trardANEARN 2p@Wer
control 24 JANUARY 2006 -123 information determ ner determ ning which
transm ssion power control information is to be used in a transm ssion
power control operation at the nobile staLEQQL based on the conposite
transm ssion 5 power control information generated fromthe conbiner, the
second transm ssion power control information determ ner including a

sel ector that sglegts tthedd anshssiar iROWGIowOAt 18 e nformation 10
transmtted fromthe base st_%ﬂgn haV|n the smallest transm ssion | 0ss in

the electric wave transm $si'ot®pa¥hcPs ﬁé‘ﬁbd??%s§f§f|5 2% HeF2SRF Bt on
bei ng made from4 heatitansricssd DN powef thentraddilef stamtibon transmtted from

the base 15 stations to the npbileg SE%EBﬂquéfh§€SPHgn%ra@ﬂQ§Si0” power

control information determ ner deferm ansni ssi on power
control infofmatdehergingspevhuselleri hhg ﬁ@éﬁéﬁ@s@@@ﬁlﬁé@@rCdbn%h%l operation

at the 20 nobil gzspat Lo shassd r@@a&h%eﬁr%ksnﬂﬁélPﬁdpﬁﬁebon(&n‘@f@ﬂl
i nformati on sel ect ed bgFthe sel ect or sn155|on ower . control

device that cortFdfSrEFansniEToRT poRer 6 B §m§P§F &P 5 bhsBd on

transm ssi on powenidcontr ol |nfornat|on transnltted froma plurality of base

stations to the npbile st t| cgg@r&gfgynqggga%gqu%xfe nglglrngch

each of the base stations to e ra i 0- connected t station
suppl i es t hé Onobi FensnissataroP W ¢h FﬁétFPén§ﬁ$§%¥%ﬁtﬁ@ﬂeﬁ@&ﬁﬁW%ﬁer

information thatwhéndeher MaRBthPaseddon ibecepiiOimistgnakt@ualidys thet
transm ssi on power_conhigly eVl &R SAMBY $hl9 il Fot LRTRTSSI AN PaL.
than the predetermined condition, and validates a
second transmission power controcl information
15 determiner when the fading condition determiner
determines that the fading condition of the mobile
station 1s not better than the predetermined
condition,
the first transmission power control
20 information determiner including:

a welght corrector that performs weighting
on the transmission power control information
transmitted from each of the base stations to the
mobile station, so that a greater weight 1s given to

25 the transmission power control information
transmitted from a base station having a smaller
transmission loss in the electric wave transmission
path to the mobile station, the weight corrector
thus generating weight correction control

30 information; and

a combiner that combines the weight
correction control information that is generated
from the weight corrector and corresponds to the
transmission power control information transmitted

35 from the base stations, the combiner thus generating
composite transmission power control information,

the first transmission power control



measures the quality of a transm ssion path between the nobile station and
each of the base stations, 24 JANUARY 2006 -124 based cAJAaNpaRsieb®r m ned
signal transmtted from each of the base stations with a fixed transm ssion
power level, the quality of the transm ssion path being used for

determ ning to which base station the 5 nnghbg_station is to be

radi o- connected; and a transm ssion power confrol information determ ner
that determ nes which transm ssion power control information is to be used

ina tran5”1SS|0ﬂnf89W§&ﬂHﬂ“&é&e9ﬁ§ﬁ@E'@%ﬁgrﬁbﬁlﬂgbwh%dﬂfﬂlon based 10
on the transm ssmn gower control information transmf{ted from each of the

base stations to-fRABSTASSIH RAEENCAAG e JUPTPFTOP™ HE (runRHi YSFEN

path between theinobi keastsatiisi @andpeaelr eforithes basperatratoironst melasur ed by

the transm ssi OWTQ@]W aualidy, o 15, MEaguy, B th]e5 ﬁfnﬁ%é‘ﬁ%@' S&Jac}{‘sb DyEt oSO”t rol

device that conttol's transii s on omer tation

soft deci si oA va@%@eéfcpméﬁ§ﬁassmﬁﬁr@éﬁéPHZGKﬁbﬁmibﬁdlﬁﬁ@ﬂhﬁﬂk@n transnltted
froma plurality-.efnihase stations to the nobile station in a nobile

comuni cation systemin mhkﬁgaeach oa %he base stations to

be
radi o-connected to the nobiTE sTatPBR SUFPSTES THR" MBBIFE SCAtTThtwith the

transm ssion 25 pdowemacdotr aetafoinati anclhaticanacentaicrtca fitst  val ue

representing a oontLolsSLELS olnanPOUSL, CROIEASEADSCS seoandyalye

representlng a contro a_ power decrease at are
on receptioh0si gt glaliteyd ﬁﬂPWh@h?r§ﬁ§ﬁl§§%ﬁﬂ%%m%@vé6mnﬁﬂedeV|ce

conprising: a trmms_grtortrra&ishngygibhymsg&sqrrertﬁ@aéleafeacau;r emdde quality
of a transm ssion atQ bet.ween t.he gh Jq |onn€ ? e%ch f t he base
stations, 35 basetr on"a Srédetdt i nkd SPGnEC Y ransHEEE0  r SRS each of the

base stations wighlactiredaiarsmadeoArom the transmission power
control information transmitted from the base

15 stations to the mobile station,
the second transmission power control
information determiner determining which
transmission power control information is to be used
in a transmission power control operation at the
20 mobile station, based on the transmission power

control information selected by the selector.

14. A transmission power control device
that controls transmission power of a moblle station
25 based on transmission power control information
transmitted from a plurality of base stations to the
mobile station in a mobile communication system in
which each of the base stations to be radio-
connected to the mobile station supplies the mobile
30 station with the transmission power control
information that i1s determined based on reception
signal quality,
the transmission power control device
comprising:
35 a transmission path guality measurer that
measures the quality of a transmission path between

the mobile station and each of the base stations,



power |evel; and 24 JANUARY 2006 -125 a transm ssion power control
information determ ner that determ nes which transm SU4QANDARER2006cONt I Ol
information is to be used in a transm ssion power control operation at the
nobil e station, based 5 on the soft decision value of the transm ssion power
control information transmtted from each g&nge base stations to the
nobi l e station and the quality of the transm ssion path between each of the
base stations and the nobile station neasured by the 10 transm ssion path

quality measurer,sd&@ bhaBSPHSR| O PAVREJCANIGLI1 | Pf QR FREKOR g det&nm ner
i ncluding: a wei ght corrector that Performs weli ghtlgg qn the soft deci sion
val ue of the trdrfsTH sSF ofFowérSe 15-2bhPPSI “iiifibrivat T 5Rt FEASHATE Y PFom

each of the basestati basetlg ttes mpbd 1l etgt atfi arhye sordhatias igmeatath wei ght
is given to the 1, §SI,0 tal. i i O f e statjon
having a hi herg‘g%gg%%aﬁn?toﬁfg\,éf%%%grﬁn%%? n,tr;gjfa%}m?%}llt ggfoérr%gisll%ﬁs?g%i on,
t he wei ght cerr 6tk lehasagémer &ts nge e ghe icoreeereehceon®dl i nformati on;

a conbi ner that combines the weirHiis§obhegbiwdt Canttobli Ahatomid oot hat is
generated fromfthe vveight corrector and corr s,pcﬁgds to the 25 transm ssion

power control i foOrfEttBATt Fafsmi 4% €U P ¢ seF 3PP S7E, O P Eohbi ner
t hus generati ng caotposi e forarsmiesi 08 powere cordd olni af aremtsmoiysiand a

hard deci sion U:ﬁéwéf'a&of?@&%‘i”%oé”‘rﬁfign 3@ ded sian; oo E@‘ét}‘l%'rye rﬁiséé‘e
conposite transmssion power control information generated from the
conmbi ner, usPng & threshERa STEl et AhabOr§clcOFerreb 1R herPRLdtOVal ue by a

predeterm ned anmtHdshionea Ayl e hetoweensd hetftisthsvaldecaand the

second 35 val ue that. can , be.contained in _the.transm ssio ower control
i nformation transy tht%dsf;?grlnoé‘acaﬁl%ftdhe quality of" ERe trahdiy's S10n
path between the mobile station and each of the base

stations measured by the transmission path gquality

15 measurer.

15. A transmission power control device
that controls transmission power of a mobile station
based on a soft decision value of transmission power

20 control information transmitted from a plurality of
base stations to the mobile station in a mobile
communication system in which each of the base
stations to be radio~connected to the mobile station
supplies the mobile station with the transmission

25 power control information that can contain a first
value representing a control status of a power
increase and a second value representing a control
status of a power decrease that are determined based
on reception signal qgquality,

30 the transmission power control device
comprising:

a transmission path guality measurer that
measures the guality of a transmission path between
the mobile station and each of the base stations,

35 based on a predetermined signal transmitted from
each of the base stations with a fixed transmission

power level; and



t he base stations, 24 JANUARY 2006 -126 the transm ssion power control
information determ ner determ ning which transm ssi on PEWNUARY®004 Ol
information is to be used in a transm ssion power control operation at the
nobil e station, based 5 on the result of the hard decision. 16. A

transm ssion power control device that contr@lLs transm ssion power of a
nobil e station based on a soft decision vaI ue of transm ssion power 10
control information transmtted froma plurality of base stations to the
nmobi l e station in a nobil eacm@ﬂngatsﬁ@ml W@fn J:dSan@th ieacdrRittbg base

stations to be rg %o connectﬁg to 0y ge mobi | e atlog suppl.i es, the mobile
station with theEFraASMH S 159p ﬁéfﬂl&%ﬁr 15t bF RBEFOIT T HaR E(&He(‘font ain
a first value repnésent iingf arrcont ool ist aiwsba)fuae@omr a imcyremses andna

second val ue regég\;gggt 09 & SO EOL 5 £ SHAL ‘ésc ofh & RO¥ER deGIAase, t NBL sape

determ ned base on reception signal quality, 20 the transm ssion power
control devi e %Brrﬁhiesﬁﬁgft £2¢ hhsANs¥RdR DA h 'E—:]%%I FEGNASES T PR t Rt er
measures the quatbhyrefl a_ntfr@nsért§§homr@a1tshubew@eﬂromh@armbldﬁ shation and

each of the base stati Qns.; 25 b@seg on a r.edet er nedas tran tted
from each of tHhe®BEs8 St ohs Wi th®a™Pi% elde tsr%‘?‘n hPEsf8f r]:810‘?‘/\/«3 u‘f‘ V and
a transm ssion p@ﬁvetheormamsmmmmt penh dettereemeeathab fdetrer nivemes whi ch

transni ssion pover,+38nconti Pl A@fﬂ@%ieowascfﬁnbﬁeggﬁqe'dnb’ﬂyt QoS ssi on
power control operation at t e station a on the 'soft decision

val ue of thé0trahsasBiss ﬁd\/\/d?atléoﬂkllaélltlynﬂﬁanfalﬁ%ﬁ ‘transmitted from each
of the base stations to thedobtdesstakiion awvdhecghalriolly i3bf ®fmébeon

transm ssi on pat&%?@%?ﬁ@%@ﬁ%@cﬂ%%ﬁ'ﬁ base stations and the nobile station
a

nmeasured by the ransm ssi on lity nmeasurer,
a welght corrector that performs weighting

on the soft decision value of the transmission power

15 control information transmitted from each of the
base stations to the mobile station, so that a
greater weight is given to the transmission power
control information of a base station having a
higher quality in the transmission path to the

20 mobile station, the weight corrector thus generating
weight correction control information;

a combiner that combines the weight
correction control information that is generated
from the weight corrector and corresponds to the

25 transmission power control information transmitted
from the base stations, the combiner thus generating
composite transmission power control information;
and

a hard decision unit that performs a hard

30 decision on the value of the composite transmission
power control information generated from the
combiner, using a threshold value that is closer to
the first value by a predetermined amount from a
middle value between the first value and the second

35 value that can be contained in the transmission
power control information transmitted from each of

the base stations,



24 JANUARY 2006 -127 the transm ssion power control information determ ner
i ncluding: a weight corrector that perfornms wei ghting xANvARY®@bbe deci si on
val ue of the transm ssion power 5 control information transmtted from each
of the base stations to the nobile station, so that a greater weight is
given to the transm ssion power control infegmation of a base station
having a higher quality in the transm ssion path to the 10 nobile station,
t he wei ght corrector thus generating weight correction control information;

a conbi ner that conbines theavei ghtsmeakheet i €oNtb Ak rionf ardd twacibat is
generated fromthe wei ght corrector,and g}orres onds to the 15 transm ssion

power control i ntoraLT AT P RE79f POmThe" HaSe S EE1°0h ¥ he conbi ner
t hus generati ng centpodi e florarstd ssi 68 powdre coggd obni af armratsohs saochi r st

har d deC|S|0nl“%éwéPanB%&%%WHbé&aQ§FH Q%p%ﬂé”hgglige§ﬁgéféﬁf ﬁQEed

conposite 20 transm ssion power control information generate fromt
conbi ner, usPng @ fERet resrdshald VRruBard d&onti dard deci si on unit that
performs a hard decision on the value of the conposite transni ssion power
control information, usi ng\}g 25 second t hreshol d value that is |fferent

l'u

fromthe first threshold B AP BSEAREAG" iR hef PO T§enef QY bY St hat
gener ates one oftiatstooomiola urnahmasm‘slsmnn mepresent | agmabcdre reotasiahus of

a pover | norease,, 30seg0ad (cont rol 1 i gnmaton. r@@f@%@%b&%@l&%wgr

status of a_power decrease, or third control nformati on represen
control statls otOPbERF 1RECHEENR, t53§§8‘l&F%Fi detPBi BnPrleiA+1 bY ‘P
first hard decilsdoa spbtiand a:cdetC}hél@Bbﬁ.&féU|stta)tfchﬂﬂelﬁ5aS&(dthlélard

e o har S ATRT I8 PP CaLsled L™ ko e e
stations to be radio- connected to the mobile station
supplies the mobile station with the transmission

15 power control information that can contain a first
value representing a control status of a power
increase and a second value representing a control
status of a power decrease that are determined based
on reception signal guality,

20 the transmission power control device
comprising:

a transmission path quality measurer that
measures the guality of a transmission path between
the mobile station and each of the base stations,

25 based on a predetermined signal transmitted from
each of the base stations with a fixed transmission
power level; and

a transmission power control information
determiner that determines which transmission power

30 control information is to be used in a transmission
power control operation at the mobile station, based
on the soft decision value of the transmission power
control information transmitted from each of the
base stations to the mobile station and the quality

35 of the transmission path between each of the base
stations and the mobile station measured by the

transmission path quality measurer,



24 JANUARY 2006 -128 generated fromthe control information generator is to
be used as the transm ssion power control information 24UANUARROE SSI ON
power control operation at the nobile station. 5 17. A transm ssion power
control device that controls transm ssion power of a nobile station based
on transm ssion power control information E?rznsm'tted froma plurality of
base stations to the 10 nobile station in a bil e conmmuni cati on systemin
whi ch each of the base stations to be radio- connected to the nobile station

supplies the mobile stati Od’né/"'%{]ak £1L5a03M @P B H@G:oclorhtr{%rmatlon

information that is determ ned based on receptio signal quality, the
transm ssi on poweftesAEMSIr devstedivgnprising: a transm ssion path quality
measurer that measures thea gL Ghy @Bracetcrtaﬂsnﬁmtope@&bfrntsetvv@;e@htzﬁgt he

nobil e station and ggch of Eje base stati,ons, on_a pr. edet er m ned
signal transmtt88 FP&mS ddciH D lf’ﬁ%“bé@&uset & o%}ée fﬁne?mﬁ%&z]do? rBREh{ssi on
power; a fadishg condirbilond nfeaswur e othatramsasirtesd 25cm kadimg Tondet i on of

the nobil e stat i gg; cactading condi thandetiarigier. {hat detaryd nes et her

the fading condition of | e station measured by adi ng condition
neasurer is bett@Fethan & prHtet £F nFHEGTS &di rig*e S'Brébﬁﬂ‘lltslsd@n ane"arsw tch
control ler that yahtdatesn¥ddmistiohr afFSE $HaN i)@éi{\»eh’.oﬁomﬁal’v(ﬂnq nf or mati on
det er m ner vvhenh__tLh fadiu% condl tlg det\term ner determttple tahe t he fading
condition of the hBbfFe Sfat £t & 235 than ?]ﬁeppr edeter m ned

condi tion, afd vm@bdéﬁe§t@tlmonblht3r HRr$ihds ianT potee r cdhtusolg ¢ mé ba hangon

determ ner when fheqhading condi $hoRcdet-enmMiteformation;

a combiner that combines the weight
correction control information that is generated
from the weight corrector and corresponds to the

15 transmission power control information transmitted
from the base stations, the combiner thus generating
composite transmission power control information;

a first hard decision unit that performs a
hard decision on the value of the composite

20 transmission power control information generated
from the combiner, using a first threshold value;

a second hard decision unit that performs
a hard decision on the value of the composite
transmission power control information, using a

25 second threshold value that is different from the
first threshold value; and

a control information generator that
generates one of first control information
representing a control status of a power increase,

30 second control information representing a control
status of a power decrease, or third control
information representing a control status of power
maintenance, based on a decision result of the first
hard decision unit and a decision result of the

35 second hard decision unit,

the transmission power control information

determiner determining that the control information



24 JANUARY 2006 -129 determ nes that the fading condition of the nobile
station is not better than the predeterm ned conditi ores JANGARYR28E6
transm ssion power control 5 information determ ner including: a weight
corrector that perforns weighting on the transm ssion power control
information transmtted fromeach of the bpsg stations to the nobile
station, so that a greater weight is given to 10 the transm ssion power
control information transmtted froma base station having a higher

quality in the tyansm ssqorpaf RLHO dhet FEbi ke foxtidd O &;Bﬁe\ﬁ’%‘tgﬂt is
corrector thus g:l%%]atl ng .wei gh correctl on control inf orrr? g and 15 a
conbi ner that c fes! f € o RREPSA CloMm T BT i nPBFAAti on that is

generated f romﬂd@m‘ghbncamr ecttoramasdiseipespondsr toobheolt ransm ssi on

power control I%%%’{@Eigﬁl transy thad y fromthe base stations, the conbiner

t hus generating 20 conposite transm Ssion power control informati on, the
first transn?ssion power control information deterniner determni ning which
transm ssi on power control lﬂnfOWﬁé)rBSIhﬁsEQolﬂeﬁm &@narbnawﬁﬁﬁé on

trol ti he .25 nobi tat t t
[ ansm S5i on pOWA. COREF 6P~ Pt SPARLT bR GaNGPAVGE rom tRED - Cant i ot he

second transm syiagepower trentsmdls s jarf opmeronoeteir@rlmmformettuﬁhmg a

sel ector that ‘?tq'a%%rﬁf{‘t?eah%rtorn@r%@ﬁfgﬂ EQV‘%rf Gondd ol + Lpf gratd on o

transmtted fromthe base station havin hi ghest quality in the
t ransni ssi oh® paf®tiol ¢ hetadbrre mstaatm%llﬁhéog‘&uéblt%%‘)%l%%l ﬁéjsﬁe?d‘é ¥% om t he
transm ssi on poweri cxond&eh bmf ehEtd O t £ aasAbhised 3% 4 rpayt be base stations
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station with the transmission power control
information that is determined based on reception

15 signal quality,

the transmission power control device
comprising:

a transmission path guality measurer that
measures the quality of a transmission path between

20 the mobile station and each of the base stations,
based on a predetermined signal transmitted from
each of the base stations with a fixed transmission
power;

a fading condition measurer that measures

25 a fading condition of the mobile station;

a fading condition determiner that
determines whether the fading condition of the
mobile station measured by the fading condition
measurer is better than a predetermined fading

30 condition; and

a switch controller that validates a first
transmission power control information determiner
when the fading condition determiner determines that
the fading condition of the mobile station is better

35 than the predetermined condition, and validates a
second transmission power control information

determiner when the fading condition determiner



24 JANUARY 2006 -130 the second transm ssion power control information
det erm ner determ ning which transm ssion power contr a4 JANUARYBH0ON IS tO
be used in a transm ssion power control operation at the 5 nobile station,
based on the transm ssion power control information selected by the
selector. 18. A transm ssion power control Ergghod of controlling

transm ssion power of a base station 10 baséf’on transmi ssion power contr ol
information transmitted froma plurality of base stations to the nobile

station in a nohide. cQIUAI 0@459%1%38%9&5@ éMH&i‘tP@Hho@f tth@e hase stations

to be radi o- connected to the bile station supplies the nobile 15 station
with the transm %5 BhOBower r‘&j‘htk?%FtanFBIaﬁatq}% Rhatererdét &% ned based on
reception signaloguatiby, the nethod corrprl sing the steps of : caI cul ati ng

a transm ssion loss in an t?lge e%ect{i % LT anosm ssqun hC t ween t he
nobi | e station and each of tHe bas®"s 5’??3??51 Saseddha Blnecfe% rm ned
signal transh ttiedféroateach dftetreinbasenstlatdions: with a fixed transm ssion
power |evel; and 25 detern Ring yhi £h, LERRSE SSHOP ;QQYV%r%%nWé{ htin

information is to be used in a transm ssion power_contr ol operatlon at the

nobi | e station, Yasede AR LTRNRI BSIER FARETE Tont 6P TMAfdfat i on

transmtted fromeachmot tklde faase Siahi ofAs the tﬂt%éosﬂ@bh_bass'(t&i i ©e and t he

transm ssi on | 0SS | n, t he I ectric %mg%/egt ransm SSI on thet ween eacg of
t

the base statioheahd F‘ﬁ@ o1 e nScdER ?ed hé t ran5Hi ssfon
| oss cal cul &Pi ng-Ts¢ epra85mi®.sidn rxa@‘sﬁrssp@rtr}@dwernf:@nmaollomet hod of

control |ing transisshoncpower o 2 PRbL! 8 catiald ok PRREU0R slgrAnSM Ssi on

power control 24 JANUARY 2006 -
guality in the transm1551on path to the mobile

station, the weight corrector thus generating weight
correction control information; and

15 a combiner that combines the weight
correction control information that is generated
from the weight corrector and corresponds to the
transmission power control information transmitted
from the base stations, the combiner thus generating

20 composite transmission power control information,

the first transmission power control

information determiner determining which
transmission power control information is to be used
in a transmission power control operation at the

25 mobile station, based on the composite transmission
power control information generated from the
combiner,

the second transmission power control

information determiner including a selector that

30 selects the transmission power control information
transmitted from the base station having the highest
guality in the transmission path to the mobile
station, the selection being made from the
transmission power control information transmitted

35 from the base stations to the mobile station, and
the transmission path gquality having being measured

by the transmission path quality measurer,



information transmtted froma plurality of base stations to the nobile
station in a nobile comunication systemin which each4sgiaNvARYRO6E
stations to be radio-connected to the nobile station 5 supplies the nobile
station with the transm ssion power control information that is determ ned

based on reception signal quality, the neg?g@_conprising t he steps of:
calculating a transmssion loss in an 10 e tric wave transm ssion path
bet ween the nobile station and each of the base stations, based on a

predeterni ned signal transmifded f5om @é%s%st&eonbgéﬁe%t adransswith a

fixed transm ssion_power |evel; neasuring a fading condition of the nobile
15 station: det et™f PFRE tiRet K tIFRIRGA] A tEHTiRT R "BEClhe nobile station
measured in the fash agiseandi tpone reasyrirng @Mﬂbiﬁabebheﬁstmﬁ1ﬁe used
pr edet er mi ned condltlgn and 20 gerfornln smntq? contro valldahlng a

first transnission powe?néoﬁt T ¥ of at | ontr er%%nlngogtgﬁ‘ eh the

fadi ng condi bi onncmllhestmmclre, stasednoins tdet ermamerisoibe Ipestver than the

predeterni ned conditign iR fignd @Ml N9s £QBAIHIOL 25 Met gLAiRiRg Step, and
val i dating a second transnission power control ‘i nformation determ ning

step when the fading condition of the nobile station is determned not to
be better than the predet argm nexd €oafEhieRr iloh tﬁtﬁuéﬂdtﬁgt(i@ﬂdirrtéﬁﬁbc?oo

determ ni ng step %lng ﬁ%%?gfpgés%?gsggené}gﬁgérg% ﬁegrngglonlon

det erm ni ng step |nc?u 1'ng melg correction
control infbPmathahnedgp i ﬁgagm%xsmnghpwm I 850} r AREATESItarP hower

control 'nformtﬂﬁhM@B%@'dt tratbm f4 omgasmfy thre hase statiions tothee

nobi |l e station qgt a greater melght | 5.9iven to the transm ssion 24
JANUARY 2006 - 13Pb2 tation 1in mo e communication system 1n

which each of the base stations to be radio-
connected to the mobile station supplies the mobile

15 station with the transmission power control
information that is determined based on reception
signal guality,

the method comprising the steps of:
calculating a transmission loss in an

20 electric wave transmission path between the mobile
station and each of the base stations, based on a
predetermined signal transmitted from each of the
base stations with a fixed transmission power level;
and

25 determining which transmission power
control information is to be used in a transmission
power control coperation at the mobile station, based
on the transmission power control information
transmitted from each of the base stations to the

30 mobile station and the transmission loss in the
electric wave transmission path between each of the
base stations and the mobile station calculated in

the transmission loss calculating step.

35 19. A transmission power control method
of contreolling transmission power of a mobile

station based on transmission power control



power control information transmtted froma base station having a snmaller
transm ssion loss in the electric wave transm ssion paubaNoaryeospbi | e
station; and 5 conbining the weight correction control information
corresponding to the transm ssion power control information transmtted
fromthe base stations, thereby generating 89nposite transm ssion power
control information, the weight correction i control information having
been generated in the weight correction control information generating

step, the first {£ASALSSIRN POWSEMEOREROlE r I fOrgBL Eom idet eI Aripd §9 st ep
determ ni ng which 15,transn1§§ion gowﬁr contr.ol |nfornatbgﬁ is to be used
in a transni ssi oh-poneP Scdm rot® dpePatforf SR iHe 1 hobi "8°dt&t i on, based on

the conposite tramsmissicanidqroveyscent tal wihrifcdr ned ¢lonoobttaienathsa t he
combi ning st ep’stzgtﬁggssec%o%de t{g‘@%g"—%%ln?ﬁ%&fev@rt¥ogﬁreol"noblirfeo.rg‘?éjc99n
udi ng ep of “selecting power

determ ning step 1nclC the st _ , he transni'ssion
control infoPmatd@nPlieandmea teabfronsthé Ioase Stlat tha Bawinsg@ihelormal | est

transnission | 0Ssoi;8rt BEnel et rir ¥ax8 23 nt NS S$1 @8Rk e thes pbi | e
station calculated in the transm ssion |.Qss cal cul ating step, the

sel ection bei ng HadeSFEBMRe STEN3i 98PdH Fower control information
transmtted fromthe base tStatmenisotiocbhemahide shat sarps3®@fihe second

transm ssi on power controlCgrg§¥§@££§nad%g%r@dg§@i Lepodet arrini ng which
transm ssion power control information Is to be used in a transm ssi on
power controéf optrattbhacCataiife tHobsTRéssian AR tIbhdeEWBARt A& e M3 8 si on

power 35 controlsdaf opABkneN sRliecd edthe bheeselwctingsst epse?l.ol a
transm ssi on power %ggtroL ng}hod 24 JANUARY .2006, - 133 of cgpg;gl%ﬁgg

transmi ssi on poﬁﬁf ng68@|651gnal transmitted from eac
base stations with a fixed transmission power level;

measuring a fading condition of the mobile
15 station;
determining whether the fading condition
of the mobile station measured in the fading
condition measuring step is better than a
predetermined condition; and
20 performing switch control, validating a
first transmission power control information
determining step when the fading condition of the
mobile station is determined to be better than the
predetermined condition in the fading condition
25 determining step, and validating a second
transmission power control information determining
step when the fading condition of the mobile station
is determined not to be better than the.
predetermined condition in the fading condition
30 determining step, .
the first transmission power control
information determining step including the steps of:
generating weight correction control
information, giving such a weight to the
35 transmission power control information transmitted
from each of the base stations to the mobile station

that a greater weight 1s given to the transmission



station based on transm ssion power control information transmtted froma
plurality of base stations to the nobile station in a2ao0ANURRS 2006

comuni cation systemin which each of the base stations to be

radi o-connected to the nobile station supplies the nobile station with the
transm ssion power control information that §§ determ ned based on
reception signal quality, 10 the nethod conprising the steps of: neasuring
the quality of a transm ssion path between the nobile station and each of

the base statiops,ebasgd:0p)a predeter mped -ahgnalt cdd apshit ted fsom each
of the base stations with a 15 fixed transm ssion power |evel, the quality

of the transm S$%n Yath2BeffAgusRPb?T deFePHMiISTE D L ARPch HaE st ati on
the nmobil e statiecQredtsri® hever adiaaraaoivecs edpaand weteten mobg 1whi ch

transm ssi on pover, %ﬁngontﬁ | information is to be used in a transm ssion
power control operation’ a he nobile station, based on the transm ssion

power controb information comaasmng edh¢ rogiehch cofr tdet bageconatriadns to t he
nobi | e station %qr&ﬁ@agy@hl EY r0fe dhn 4 AGSHLSSHRN 2% Path s bebween, e

nobi |l e station and each of the baseé stations neasured in the transm ssion
path quality nEEUrity SPEPTMSLIoR tYEFRFTLEI6A gt Toht P8P et hod 30 of
control ling tramsftsisios, pﬁhﬁte@@'@dﬁﬁméelsgatbm@dxﬂmﬁiﬁnaasmdhmuhm|5|on

val ue of ”ansg'e i atfpr%\g{jocgﬁtfr nbéﬂc%”a N Ly {ﬁ&%ﬁ?ectt QN a

plurality of ba ons Station 1 & “comuni cat i on
systemin wh? chc@htezrh bifohmafdsd diafivasbegrbganRiidtednaactté® to the

nobi | e station suWaRjH©€scdheeMRBIche &atOn WhiEB rrlhe dd ansAt$aiQmpover
control information that can 24 JANUARY 2006 -134 contain a first val ue

representing a Soiftol status of a power increase and a second val ue
representing the first transmission power control

information determining step determining which

15 transmission power control information is to be used
in a transmission power control operation at the
mobile station, based on the composite transmission
power control information obtained in the combining
step,

20 the second transmission power control
information determining step including the step of
selecting the transmission power control information
transmitted from the base station having the
smallest transmission loss in the electric wave

25 transmission path to the mobile station calculated
in the transmission loss calculating step, the
selection being made from the transmission power
control information transmitted from the base
stations to the mobile station,

30 the second transmission power control
information determining step determining which
transmission power control information is to be used
in a transmission power control operation at the
mobile station, based on the transmission power

35 control information selected in the selecting step.

20. A transmission power control method



a control status of a power decrease that are determ ned based on reception
signal quality, 5 the nethod conprising the steps of: 24maavurivregod he
quality of a transm ssion path between the nobile station and each of the
base stations, based on a predeternmined signal transmtted fromeach of

t he base stations with a 10 fixed transm ss;gg power; and determ ning which
transm ssion power control information is t0 be used in a transm ssion
power control operation at the nobile station, based on the soft decision

val ue of the tr3&§”&§§t9819%ﬁ;‘ é?aﬁ@ﬂ&%%'m‘n”&ﬂﬂ@%'@f‘ Lr gReyiitd ed from each
of the base statlons to the nobile station and the quality of t he

transni ssi on pattt %E%Q\Beﬁaéﬁ(fjn Dt PhRNBRLE S IR VAT aR8RERE Inobi | e stati on
measured in the mfcan:ssrts;smortmwmwabdtfrmaswrph@rsnepy 20 tdwese

transm ssi on pover ?85&0 thoer r@éﬂ)?ge g%gecrrg Jtq,g stepyiinel uding the steps

of : generating weig correction Control grving such a weight
to the soft Sdect®vonnyakgé oof %Y}‘ét@frlamni@s}lc@n W@éroéoﬁbﬁol a2 i nf or mati on

transmtted fror@@aa@boﬂé the haseagsbatbans ctte d heo MoRE! Rostiatd ancdhadna
greater wei ght Igjaven tgtet he transm ssi.on power control information
transmtted frorﬁ%ﬁD 5RSstaE SPab? ngtatinegt tertHuaEl Tt § TR SITHE $1Uhsni ssi on

path to the 30 mbi¢e statiron, icofdrmangonhehssi ght deteectinenl dodedl
i nformation corresp t n n power control information
IPETEARRIY, e s

transmtted fro generating conposite
transm ssi oh035 power cont itdle |Hrﬁfb1?i%ti3©ﬁpftlﬁéf\/%ﬂ§h@ g6epPéctifon control

i nformation havi ng been obt@iznedifgt BRe Welaghtr cQi £ eéittQan%&fltsré)_ﬂon
i nformation gener %4 JAN RY 2006 13§asct ep; & n(gl per rP ng a ard

deci si on on the% ween the mobIile™s [ O
statlons based on a predetermined signal

transmitted from each of the base stations with a

15 fixed transmission power level, the quality of the
transmission path being used for determining to
which base station the moblle station is to be
radio-connected; and

determining which transmission power

20 control infcormation is to be used in a transmission
power control operation at the mobile station, based
on the transmission power control information
transmitted from each of the base stations to the
mobile station and the quality of the transmission

25 path between the mobile station and each of the base
stations measured in the transmission path quality

measuring step.

21. A transmission power control method
30 of controlling transmission power of a mobile
station based on a soft decision value of
transmission power control information transmitted
from a plurality of base stations to the mobile
station in a mobile communication system in which
35 each of the base stations to be radio-connected to
the mobile station supplies the mobile station with

the transmission power control information that can



the conposite transm ssion power control information obtained in the
conbining step, using a threshold 5 value that is close¥ JAUARY 006 st val ue
by a predeterm ned amount froma m ddl e val ue between the first val ue and
t he second value that can be contained in the transm ssion power control
information transnmtted fromeach of the bg§§4_10 stations, the transm ssion
power control information determ ning step determ ning which transm ssion
power control information is to be used in a transni ssion power control

operation at thedwbilg 15rstatd amibasedpersthie resubt cohttrhe hardus
decision. 22. A transm ssion _power controF met hod, of controlling ..

transni ssi on poflr DfPR"ABbIPETSA%E i dhdbasEF S A ‘é%}ltledégpéfieogr?qva]l%% of 20
transm ssi on powercaontodl sitafrorsmed§ om poarsnmiddedeade otthatplaureal ity of base

stations to the ymbile, at. ' ' | QQMMALNE Caf i ystemin which
each of the base st%’%ﬁ%ﬁégt%a%e%% a%J?og%g%l gét ed torH %%ea{r}rggi I%é/e’stati on
supplies the>nobil e statiofh@i ¢ 2B heCTPAASHISE| e pdePScErt'r ol

information that can cont aliegs@rfiir{?ttwgl Heanephesents ngraneantyolorst at us
of a power incr easeh nd. a second val ue regr eienti nqg% a coHtr%I tatus of a
9 on h 87 gfal g

power decrease tHat" aretHEEEr Mfe Pkt ¢Cédpt g t87s€30
the nethod conpratsa ot be btepsl afn a neasdeitegntimedualghyglof a transm ssion

path between the ymble.sLat ilgnand, eachrol pihe huse, « stabhans,: hased on a

predet er mi ned si transmtted om each of the base stations with a 35
fixed transh? ssiforicgower 2revéis:s it Pfee & nAichg whi ch transni ssi on power
control information is to hetksed dih@ hapsNMtSSHon24s IANUARY <2006 - 136
power control operat]on af Lhe rmbile; stalign hased on the soft. decision
val ue of the transnisston powe conttol ~Pnor mation T ransitted Trom each
of the power control operation at the mobile station, based
on the soft decision value of the transmission power
15 control information transmitted from each of the
base stations to the mobile station and the quality
of the transmission path between each of the base
stations and the mobile station measured in the
transmission path quality measuring step,
20 the transmission power control information
determining step including the steps of:
generating weight correction control
information, giving such a weight to the soft
decision value of the transmission power control
25 information transmitted from each of the base
stations to the mobile station that a greater weight
is given to the transmission power control
information transmitted from a base station having a
better guality in the transmission path to the
30 mobile station;
combining the weight correction control
information corresponding to the transmission power
control information transmitted from the base
stations, thereby generating composite transmission
35 power control information, the weight correction
control information having been obtained in the

weilight correction control information generating



base stations to the nobile station and the quality 5 of the transm ssion
path between each of the base stations and the nobil e tjaNUvaryrmB@sured in
the transm ssion path quality measuring step, the transn ssion power

control information determning step including the steps of: 10 generating
wei ght correction control information, givigg-such a weight to the soft

deci sion value of the transm ssion power control information transmtted
fromeach of the base stations to the nobile station that a greater weight
15 is given to tdwespraasd ssion power control information transmtted from

a base station having a hi Lty bn_the t 1 SSI.O at t
mobi | e station; conbining F%gqv%ﬁqg%ép%rkggﬁ (;%neécﬁlt?ﬂljl 8528%%&0%%% igg
correspondi ng t c-h$hecPRAASHISS| oM PpOWeEF S 1eantrcs € ¥ n¢ o fraPilon Nt ¢ ead

fromthe base siiationsa the oMl G mGORK B6L IsQRCONE§ O ¢i Bf @hivald i ¢ havi ng
been obt ai neg in the wehgrgt .correction contral, infornati opn generating step,

thereby 25 generftihy EOfpodi®t € 13SRENTSsitHF Fovket & cont P8I ©Yi & or mat i on:
perform ng a finstedatdraeaiesi amaoumn t hérowalaueniold 1devedapodicttavdd@ansiessi on

power control iformablen ontal nade 0o LAGCOMDINL ngh 1 eRaUgING 8 30 First
threshol d val ue; performng a second harc geci sion on the value of the
conposite transfEsidhnpenwen daR rofanpRLecHR ALVeSi AgRaredcond t hreshol d

value that is differeatibhomrtdesditstat ireshaldevabgernanga3> generating
first contrgé infornation representing one of a control status of a power
i ncrease, second €Nt 0P /i nformation representing a 24 JANUARY 2006 - 137
control status of a power déer easeysmofsshiond peoovdr odontnbor detficomation

:gngefeg]Ei {‘ﬁeaf %é%iﬁ&ﬂbu%t(gp ROVEL TR RLERANCS, PRSEANAT A feci sion
power control information is to be used in a

transmission power control operation at the mobile

15 station, based on the result of the hard decision.

22. A transmission power control method
of controlling transmission power of a mobile
station based on a soft decision value of

20 transmission power control information transmitted
from a plurality of base stations to the mobile
station in a mobile communication system in which
ceach of the base stations to be radio-connected to
the mobile station supplies the mobile station with

25 the transmission power control information that can
contain a first value representing a control status
0of a power increase and a second value representing
a control status of a power decrease that are
determined based on reception signal guality,

30 the method comprising the steps of:

measuring the quality of a transmission
path between the mobile station and each of the base
stations, based on a predetermined signal
transmitted from each of the base stations with a

35 fixed transmission power level; and

determining which transmission power

control information 1s to be used in a transmission



hard deci sion step and a decision result of the 5 second hard deci sion step,
the transm ssion power control information determ ni nR4INSPARYT20066T1 Ni NQ
that the control information generated fromthe control information
generating step is to be used as the transm ssion 10 power control
information in a transm ssion power contraksgperation at the nobile
station. 23. A transm ssion power control nmethod of controlling

transm ssion power of a nobile 15 station based on transni ssion power

control informagéwert E@Iﬂ&rﬁdlt eshbé romi anplar adrid ym@inmasgtaailadﬂl ponsatedt he
nobil e station in_a nmuni cat i O?u@ V\f{] each of .the base stations
6n %

to be radi o-con%%c?gg tsgeftthe Tobf 8" st'a pptF 5728 STHE Sobt | B°4Eati on

with the transmssihoropoverfoxontioh trhosmeatttondthaomi sadét evii bed based on

reception signalpguig! by (e Ml hode CORBLIY N4 heos! 8p% fre gRASHELNG the
quality of a transm ssion 25 pat etween th Ile station and each” of the

base stati ofs, Cb%s*éﬁeoﬁrénpﬁ“éb%?b?% ﬁéahmb@r%ee%r%ﬂ%ﬁnot ed¥% dpiedch of

the base stationstattbna afriaxeth 4 rapp A 8sisa tHowerme 8ased g acfadi ng
condition of the nobile 3Q stati t(]}ﬁre(éBS determnin whether t he fading

condition of the" ABBI"FES¢Cat iR Y FS9%e ¥ 27 ng " S€ondi ti on measuring
step is better than a predétaarma\edma:eﬁdlotm mwamdcqgertfr@rlmlngfcsnmathon

control, validatjngeanihishst d¢ansiheshan nROUWE e CORLEQ! oienf ormati on
determni ng_step wh(énmtl en%ta m%glcondl ti orrllgg tehe 2415JANUARY 2006 -138

nobi | e stattBn is deterni nG&FRF DelBet &L HHarf T HeS C ht 88eCOTiI Tt condition
in the fading codfbrnatidet ergiving step, aand Maht dadi ngea ssetond

decision value of the transmission power control
information transmitted from each of the base
stations to the mobile station that a greater weight
15 is given to the transmission power control
information transmitted from a base station having a
higher quality in the transmission path to the
mobile station;
combining the weight correction control
20 information corresponding to the transmission power
control information transmitted from the base
stations, the weight correction control information
having been obtained in the weight correction
control information generating step, thereby
25 generating composite transmission power control
information;
performing a first hard decision on the
value of the composite transmission power control
information obtained in the combining step, using a
30 first threshold value;
performing a second hard decision on the
value of the composite transmission power control
information, using a second threshold value that is
different from the first threshold value; and
35 generating first control information
representing one of a control status of a power

increase, second control information representing a



transm ssi on power control information determning 5 step when the fading
condition of the nobile station is determined not to bs Jastuay Zoban t he
predeterm ned condition in the fading condition determning step, the first
transm ssi on power control 10 information determ ning step including the
steps of: generating weight correction cofg9l information, giving such a
wei ght to the transm ssion power control information transmtted from each
of the base stations to the nobile station 15 that a greater weight is given

to the transm ssiat rPPWEEa€QRt I 4 YK ERt Bk ddansm  tednfirema hasel
station having a _higher quality in the transms iogli é)atjg to the nobile
station; and corbi a?hgnv\éieéﬁescedﬁjer&?i BnCEMtT ol ° 9B PiAf S mdtqoHt
correspondi ng t maieteransai, sbiacrepowera dentisdlon nfeswhti ol tohansiit ¢ ed

fromthe base s{atd O&%ci??&ﬁb%t%?ea(%! diggq%(ﬁ;irf eré%@i‘%”jo.sfgt power
control information, the weight correction control information having been
obt ai ned in ?he SEaRd ght réofredtsSioi cOhEPol information generating step,

_theI sg_cond Lransm' 88}0n p?’@@é_ GOt ki s DEAT FBLeN cctﬁtefmn&ﬁglo&h@f&ion _
|nCU|ngt e ste of ,selectin the transm ssion (0] r contro I nformati on
e Ri &%*Sh

30 transnitted o tTe” badeSSE - FT RGP En § CgU&rCry in the
transm ssi on patimfworndiei oobgkee sttadd ohr opasbeeddmethe {népgmeagsicon path

quality measuring siepsnbhe sel action beipgoads fnom £ henshiansssi on

power control information transmtted 35 fromthe base stations to the
nobi | e stat}®n, PAHRF seedh8CLr aRiAEST BhoPonBr 3cFftamdbi™ § it PRV GT

determ ni ng stepdded®yIn dhsgavhiosh 24 JANUARY 12Q06 tal3foh r ansm ssi on power
control information is to be used in a transm ssion power control operation

at the nobile station, based on the transm ssion power
23. A transmission power control method

of controlling transmission power of a mobile
15 station based on transmission power control
information transmitted from a plurality of base
stations to the mobile station in a mobile
communication in which each of the base stations to
be radio-connected to the mobile station supplies
20 the mobile station with the transmission power
control information that i1s determined based on
reception signal quality,
the method comprising the steps of:
measuring the quality of a transmission
25 path between the mobile station and each of the base
stations, based on a predetermined signal
transmitted from each of the base stations with a
fixed transmission power;
measuring a fading condition of the mobile
30 station;
determining whether the fading condition
of the mobile station measured in the fading
condition measuring step is better than a
predetermined condition; and
35 performing switch control, validating a
first transmission power control information

determining step when the fading condition of the



control information selected in the selecting step. 5 24. A nobile station
that is to be radio- connected to a plurality of base 3% aNO&RY 20062 nobil e
comuni cation system the nobile station conprising: 10 a signal conbiner
that conbines signals transmtted fromthe base stations, and thereby
generates a conposite signal; an informatiopygestorer that restores
downlink transm ssion information fromthe conposite 15 signal generated
fromthe signal conmbiner; a reception quality calculator that calcul ates
reception qualityowi1theteampasiie gsbgaahingeneratied heemetrthe s gnahe

conbi ner, a transni$s%on Rove con%rgl inforq?{iqp 20 gener torothai
generat es transnt 55T 0hc pOWET Tont P8t T PRf dfmationt 138d%f 5° “Eontr it 1 i ng
transm ssi on powdeteohipacly cftete badevstlatdadnsig basedcond he reception

quality calcul at aQé’mEQ%i%t%‘r? i on SHﬁltEE)i Gal £ Al OF oy %@t%ﬁn‘[ﬁ‘l‘?ﬂ%sg on

power control information nsmtter that transmts the transm ssidn power
control infoPnatdbfP géieratté® fi3id RReCPPraddtiodsivh thswBPbddift rofation
informati on generat@ettomeacti afot heo baseesttaid onsinande30 the transm ssion

power control devic s__claiyed in. any of clainms.1 through 17.. 25. In a
radi o communi cat?%e(geg%f”éﬁfcgg%%%hgégnc rrrlmjtﬁ'iecaft?%hngeﬁgggla%lamf he

n
conmuni cati on del¢ cersonmiymgi catémg with each other, wherein the

comuni cation device transmys £4Fapsplaskan RO SORLEOL Jif,yimation to
t he other communjcation  _device, and the transm ssjion power control

informati onlPs ‘eteFRpReG &SI F ORI FEREPEIER Sitfnatdudl thy S P Si ghal
recei ved 24 JANUARY 2006 - 340:dya t heg coatyhitCald are devbae cbhamdihe ot her

comuni cat i on deyi ge, . 20d. s 1.0, be,Used.i 0 g dransmissign pover control
operation In t he O? er comfumcation deviCce, a transm sSSi on power control
transmission power control information transmitted
from each of the base stations to the mobile station
15 that a greater weight is given to the transmission
power control information transmitted from a base
station having a higher quality in the transmission
path to the mobile station; and
combining the weight correction control
20 information corresponding to the transmission power
control information transmitted from the base
station, thereby generating composite transmission
power control information, the weight correction
control information having been obtained in the
25 welght correction control information generating
step,
the second transmission power control
information determining step including the step of
selecting the transmission power control information
30 transmitted from the base station having the highest
quality in the transmission path to the mobile
station measured in the transmission path gquality
measuring step, the selection being made from the
transmission power control information transmitted
35 from the base stations to the mobile station,
the second transmission power control

information determining step determining which



met hod of controlling transm ssion power for transmtti ng the transm’ ssion
power control information fromthe conmunication device 4 E(ﬁ

comuni cation device normally based on predeterm ned information pplied
fromthe other conmunication device, the nethod conprising the steps of:
determ ni ng whether the reception signal qualiiy has becone |ower than a
predeterm ned quality; and autononously controlling the transm ssion power
by increasing the transm ssion power in accordance with predeterm ned
characteristics,tregandlssisonf pbhe rpreedet ec v ned o riefaramt ien suppt i egdefir om
the other commnic %I Qn d@w ce,.when the I’&QEQEI}OI’I anagL (f;lua.l.lty

determined to have becdmé 1%%/\%%10Fh5)0\f%e pre déter mned qua ity in %he

qual ity determ miagideep, tatth@nt rbzas%rﬁ@s@@nupemEKab@mgSfﬁ neneasedefromt he
transmission pover.yahue pbservedoal dhetige of, the delerminatd on, 6. The

transm ssi on_power contr ol imed in claim?2 , Wherein
comuni cati on devi ce transm ts such transni ssion power control information

to the other 25 conmmunication dgvie itihats asteegptingn: si gnal, qual iiy;yal ue
approaches a taﬁg reception signal quali t% vaI ue; the quality determning
step includes tHePTBREF St et er A HFRg Mhet her PERE rsécc?etp{?Bﬁ difgrfal 30

qual ity val ue hasobetenessimmbt ecztham ayfditet, theesho dl ¥akue;t iamvd when t he
reception signal &H%\p Ly, vaI ue is determned to have becone snaller than
the first thresh val'le in the first threshold val ue 35 determini ng step,
the receptiddh signal qualitdy $59ndeét eromimete fothave dsetoneeowerdnhbn t he

predeterm ned quatih¥miR dhe AHahi tydeiLsm bt Rg: 24 JANUARY 1 20065141 5

step. 27. The transm ssion power_ control net h9d as clainmed in clam 25,
wher ei n: generaites & composlte signa

an information restorer that restores
downlink transmissicn information from the composite

15 signel generated from the signal combiner; |

& recepition guelity calculetor that
calculates reception guelitv of the composite signal
generated from the signal combiner;

a transmission power control information

20 generator that generates Transmission power control
informetion used for controlling transmission power
of each of the base stations, based on the reception
guality celculeted by the reception guality
calculator;

25 a transmissicn power control information
TLransmitter thet transmits the transmission power
control informetion genereted from the transmission
power control information generator to each of the
base stations; and

30 the transmission pover control device as

claimed in any of claims 1 through 17.

25. In a radio communications systems between a
communication device and the communication device communicating
with each other, wherein the communication device transmits
transmission power control information tco the other communication>
device, and the transmission power contreol information is

determined based on reception signal quality of a signal received



t he communi cation device transmts such transm ssion power control
information to the other conmunication device that a receMNuAaty fggnal
quality value approaches a target reception signal quality value; 10 the
quality determning step includes the steps of: 15 calculating a difference
val ue by subtracting the reception signalidgual ity value from the target
reception signal quality value; and determ ning whether the difference val ue
obt ai ned by the dnhatlencerny dkbtiece af ol ahé N e pohsun ieGitdlont Ge vt c4gr eat er
than a second, thr e%hol d vyal di fference val eoi s. det erm ned

C/ ue; . and when the
to 20 beZBuht %% °8r “§reates thaTRE SRIuNE t APBSHdT PRFAFGET n* T he second
t hreshol d twal eiehetetcenmim ¢ug ishefevidehe ar ecapinien ish gnate uahttyli s
determ ne(rjneEroH'aone cc)beco . | ower _t han .t he (preerd§%%r€nr§nesdmi%téal i tF(hl n the

qual ity déferni ning step. 25 287 THe trandmiSsi6h power contPol frethod as

cl ai rrepl i _rttraﬂmsahimsl@n mmaerleiqmntthé i}'gfrmai:tcat i fgemdelheé ocevntrrrualisrirt_icsn s_uch _
transmi ssip, pousy cGenbeel, IBFALIALIBA 8edDe bbRLy1 PG-caqmuni cation device

that a reception signal quality val ue approaches a tdrget reception signal
qual ity vabdetatranefdsizbmmestpedsinplacdoftihdaewrtea copredecet ivmed
paramet er yt.he. quality determning step includes the 35 steps of:

determ ning whether the reception signal quality value has becones snaller
than a first 24 JANUARY ZG060d 1905 ihreshs] GE9Rf uet: cal cul ating a

difference val ue by determining whether the reception signal

quality has become lower than a predetermined quality; and
autonomously controlling the transmission power

by increasing the transmission power in accordance with

predetermined characteristics, regardless of the predetermined

information supplied from the other communication device, when

the reception signal quality is determined to have become lower

than the predetermined quality in the quality determining step,

the transmission power being increased from the transmission

power value observed at the time of the determination.

26. The transmission power control method
as claimed in claim 25, wherein:
the communication device transmits such
transmission power control information to the other
25 communication device that a reception signal quality
value approaches a target reception signal guality
value;
the quality determining step includes the
step of determining whether the reception signal
30 guality value has Dbecome smaller than a first
threshold value; and
when the reception signal quality value 1s
determined to have become smaller than the first
threshold value in the first threshold value
35 determining step, the reception signal quality is
determined to have become lower than the

predetermined guality in the quality determining



subtracting the reception signal quality value from the target reception
signal quality value; and determ ni ng whether the diffe4onoearaizges obtai ned
in the difference value calculating step is equal to or greater than a
second threshold value; and when the reception signal quality value is 10
determ ned to have becone snaller than the_fijgst threshold value in the
first threshold value determ ning step, or when the difference value is
determ ned to be equal to or greater than the second threshold value in the
second threshol dsvapue 15 determ ning step, the reception signal quality is
determ ned to have becone |ower than the predetermned quality in the
quality determning step. 20 29. The transm ssion power control nethod as
clained in any of clains 22%1hroligh 28anaierss en t hevwadt ovortousl coathold st ep

includes the steps-oL; genernating;guel aynanpys transm ssion 25 power
control information as to increase the 'transm ssjon gomer in accordance

with the prédeternlned chdrst &P TREPe§2 tand S YEhEn réBﬁﬂ%ﬁsoiéFﬁtlons
froma transnmi S‘St@ﬂsﬁ@%hdﬁ’ﬁrﬁcﬁ@érObeh&tdo(ln ihesetnoni 38 tcanshé Ssths rpover
control infornatlon suQ% '%ﬁ $ the er, conqyn ca%ioq qu'ce Lo.a
transm ssi on pomer MEBAPS ope aYlgﬁ E §%d i Thed aut ondmous ~ t FansAi-<si on
power control|rﬁ@luata®@;qﬂﬂh6$h@ taeggﬁunﬂtgpghah gugnialy geadets#r m ned
to have 35 becong,ig@uwer than the predeterm ned quality in the quality
determ ning_step. 24 jANUARY 2006 -193 5 30. The transm ssi on omer cont rol
method as &Paimed in any of NG Bk BB ERtEurdh- B8RS WREFBI A" T He @it bRGnous

control step incdudes blie
calculating a difference value by
subtracting the reception signal guality value from
the target reception signal guality value; and
15 determining whether the difference value
obtained in the difference value calculating step is
equal to or greater than a second threshold value;
and
when the difference value is determined to
20 be equal to or greater than the second threshold
value in the second threshold value determining step,
the reception signal gquality is determined to have
become lower than the predetermined guality in the
quality determining step.
25
28. The transmission power control method
as claimed in claim 25, wherein:
the communication device transmits such
transmission power control information to the other
30 communication device that a reception signal quality
value approaches a target reception signal gquality
value that is controlled in accordance with a
predetermined parameter;
the guality determining step includes the
35 Steps of:
determining whether the reception signal

quality value has becomes smaller than a first



steps of determ ning whether a transm ssion power increase anmount has
reached a predeterm ned anmount while the transm ssi on paweNUARYheieng
increased in accordance with the predeterm ned characteristics; and 10
st oppi ng the autononous control of increasing the transm ssion power in
accordance wth the predeterm ned charactefjstics, when the transm ssion
power increase anount is determned to have reached the predeterm ned
anount in the 15 determning step. 31. In a radio comruni cati on system
between a comuriheathendderndlce: and the ot her communi cati on device

comuni cating with each ot ré%r o e le;ln th%icfc%némnrilggtbggu%le_\g ce transmts
transmi ssi on power control Snfornatidd fo the other- C¢omminication devi ce,
and the transni ssibhrpowengcaorita ofecepfoprmtsilamdls des éimivned esetiron

reception signalsguakhlycof Acshonsh tecakiuedbyiibe Gammuni catd on device

fromthe other conmmuni Cation device, and is to be used in a transni ssion

power contrdl operation i ASUfFRthERIcERFHRCCatt bR FevfeE e t¥aheRi ssion
power control deybtgihsdthe comendi catrenceevictlaye EOIcaontrield idswgep is

transm ssion pougr, [r Lr a0sm Ll ng, the, ! Lany sl oy pewst conflole . -
information fromthe commni cation ~déevice to e ot her “communi cati oh device
nornmal | y based oandpredetern ned i nformation supplied fromthe other

communi cation device, thetransiissioR-pOWRh GONMALl deuhge caprising: a
quality determ ner that determ nes whether the reception signal, quality has

becone’ | owet Ut hatt 5e preB&fer i A&l e quafPRY; SERd 7 atitdRoMdds omt ol | er

that increases tdtereshabdsnvadion poverei fiiaceordancehod thvprledtet er m ned
O et ShnemadCOPRONISS, Adde BESgBLe! T L HESLBRL RO o o0 from
det ermi ner det erd@HREMEAGE e T cxPER NS gFalT Al Fythas tHetomec toder
than the predet efii&e8lo gdakiatiyhe the tHaN§BLSSIORhreshold value
15 determining step, the reception signal quality is
determined to have become lower than the

predetermined guality in the quality determining

step.

20 29. The transmission power control method
as claimed in any of claims 25 through 28, wherein:
the autonomous control step includes the
steps of:
generating such autonomous transmission
25 power control information as to increase the
transmission power in accordance with the
predetermined characteristics; and
switching control operations from a
transmission power control operation based on
30 transmission power control information supplied from
the other communication device to a transmission
power control operation based on the autonomous
transmission power control information, when the
reception signal gquality i1s determined to have
35 become lower than the predetermined quality in the

gquality determining step.



power being increased fromthe transm ssion power val ue observed at the
time of the determ nation. 32. The transm ssion power coRYARQUARSYHRE 2as
claimed in claim 31, wherein: the communication device transmts such
transm ssion power control information to the other comunication device
that a reception signal quality value approaches a target reception signal
quality value; the quality determ ner conprises a first threshold val ue
determ ner that determ nes whether the reception signal quality value has
becone snaller than a firststhreshol d vahue; sandmheowt hechinrtsto t hmeshefd
val ue determ ner determnes . .that the receptio [ alsigt y s nhas
becone snal | er t#an Ct%%“f‘?ﬁst”‘t H'e5 hot d° ‘é?ﬂnes, @fhgﬂgégwt&gdet%myﬁé?
determines that the recepti ane signatomgouaki tyriaso beedfe Eovervdhantife

pr edet er mi ned qual.i tYe 3§._ The transm ssion power control device as clained
in claim31, wherein e comuni cation device transmts such transnission
power control5information t@etrerotherd Cobmnimica i bh2Balice tHatPg s
reception signal ,quality. Yallis @ppioaghesnad af geteneceptiioresignabngual ity
val ue; the quality determ ner conprises: _a di ffer ence vali%ecrceaégghaggr t hat
subtracts the recepti®ntEPgitdle buat $1§°O0aPaE ¥ ont t Re P dr gét” Tecepti on
signal quality value t@zgbtaivitia chéferedee evat Ueedantagasaconts tREEshol d
val ue determ ner that determ nes whether the difference val ue obtai ned by
24 JANUARY 2006 -*° the difference value calculator is equal to or greater
than a secordot hreshol d val s&;omheng t hbesaddfd’ ATHPesh6Pd W4l eoget erm ner

determ nes that the diffengnce,yal Henisiequdn tPower in accordance with

the predetermined characteristics, when the

transmission power increase amount is determined to

have reached the predetermined amount in the

15 determining step.

31. In a radio communication system between a
communication device and the other communication device
communicating with each other, wherein the communication device
transmits transmission power control information to the other
communication device, and the transmission power control
information is determined based on reception signal quality of a
signal received by the communication device from the other
communication device, and is to be used in a transmission power
control operation in the other communication device, a
transmission power control device in the communication device,
for controlling transmission power for transmitting the
transmission power control information from the communication
device to the other communication device normally based on
predetermined information supplied from the other communication
device,

the transmission power control device comprising:

a quality determiner that determines whether the
reception signal guality has become lower than a predetermined
quality; and

an autonomous controller that increases the
transmission power in accordance with predetermined
characteristics, regardless of the predetermined information

supplied from the other communication device, when the quality



5 greater than the second threshold value, the quality determ ner determ nes
that the reception signal quality has become | ower than4sArevsred®ser m ned
quality. 10 34. The transni ssion power control device as clainmed in claim
31, wherein: the communication device transmts such transm ssion power
control information to the other conmunicatiqon device that a reception
signal quality 15 value approaches to a target reception signal quality

val ue that Hsteontieal Bete i raeconganae wk&épti%npé@?ﬁ%fﬂdﬂaﬁ%@ypﬁéﬁnﬁter; t he
quality detgrgiqgﬁigpgpriseS' a fiést threghold.va ue determner that 20
det ermi nes whether PRé TaEeptitoR” STThTAMIHEAI T4 tVal U HAS ERLOM P Sal | er
than a firspovdr eshobdinmadased ardh fifher ensesmnialsuen cpbwdd at0net hiddervebt ract s

the receptign slonaleaual iy satue £1.0m 25 the target reception signal
quality value to obtain a difter'ence value; and a second threshol d val ue
determ ner that determ nes whether the difference value obtained by the

difference value calculator is equal to or 30 greater than a second

threshol d val ue; and when tie fitgt thrashel dsvahugArt.erabneroidet s n-nes
that the reception sa%ﬁal qualitz val%ﬁ has beconme smal |l er than the first

t hreshol d val ue,25 of 1iHETS e seLBR threshdbTaevBl ue determiner 35

determ nes that the differeatce vahnenisequah devace greatemithlars dtdie second

R L L L R 1T
quality. 35. Thec@PBHZACSSI oM pdREE Ceoritiadl deVPEEPTS ods & araed dwe hhyYof
claims 31 througha 8de wWhene@idchbe autneousr £08HkAlIErs COARLI SRS 11ty
value;
the guality determiner comprises a first
threshold value determiner that determines whether
the reception signal quality value has become
smaller than a first threshold value; and
when the first threshold value determiner
determines that the reception signal guality value
has become smaller than the first threshold value,
the quality determiner determines that the reception
signal quality has become lower than the

predetermined guality.

33. The transmission power control device
as claimed in claim 31, wherein:

the communication device transmits such
transmission power control information to the other
communication device that a reception signal gquality
value approaches a target reception signal guality
value;

the quality determiner comprises:

a difference value calculator that
subtracts the reception signal guality value from
the target reception signal quality value to obtain
a difference value; and

a second threshold value determiner that

determines whether the difference value obtained by



an autononous transm ssion power control information generator that
generates such autononous transm ssion power control RaisaNuasRYoscas to 10

i ncrease the transni ssion power in accordance with the predeterm ned
characteristics; and a control swi tcher that switches the control operation
froma transm ssion power control operatigasbased on transm ssion power
control 15 information supplied fromthe other comuni cation device to a
transm ssi on power control operation based on the autononous transni ssion
power control theodddtfiecoren@® @6lutheatlransniesi b powerl comtenl device as

clained in any ggegkggm%ﬁgnthQgggn§5tﬂgg§ﬁgpdtOglgggonpnnus controller

conprises: a deferm ner that determnes whether a _transm ssion power
i ncrease anount has reachét*@n 251 Fr 6§6C& i T ahvdft Valiuse e FPaARSEM ssi on

p(r)]wer i's beingdbnereases iihaagcahdaaqefﬂ%ﬁéhé@ev@naﬁeti%r Adedl to or
characteristics;_and an _autononous contr st . that staqps.  increasing

t he transnié%io%r§8agf i HE coY dan&s M ﬁj“ﬁﬁgﬁﬁgdp¥$ggfgr i %dquail%y
characteristicsdenheninlee diéteeninheesdethermities taatpthent rsainsmd $si on power

i ncrease amount ;H3s ;Lgaghed Eggoﬁéegﬁh%@mﬂﬁﬁhaﬁPH”%reé@é@@mf&&Q”““”'Cat'on

device conprising: _  a“transm ssion power control information transmtter
t hat perforns radfdit¥ansni ssi on and reception with anot her comruni cation
device, and 24 JANUARY 2006 -147 5 10 15 transmits transn ssion power

control infgrmtion that i dejgrmned pased on reoeption signal gyallty
and is to be used in a transim ssSi on power cont 7 ol operation in Re 6t her
communi cati on desi eéaimed in claim 31, wherein:
the communication device transmits such
transmission power control information to the other
communication device that a reception signal guality
15 ~value approaches to a target reception signal
quality value that is controlled in accordance with
a predetermined parameter;
the guality determiner comprises;
a first threshold value determiner that
20 determines whether the reception signal quality
value has become smaller than a first threshold
value;
a difference value calculator that
subtracts the reception signal quality value from
25 the target reception signal guality value to obtain
a difference wvalue; and
a second threshold value determiner that
determines whether the difference value obtained by
the difference value calculator is equal to or
30 greater than a second threshold value; and
when the first threshold value determiner
determines that the reception signal quality wvalue
has become smaller than the first threshold value,
or when the second threshold value determiner
35 determines that the difference value is equal to orx
greater than the second threshold value, the quality

determiner determines that the reception signal



a controller that controls transm ssion power based on predeterm ned
information supplied fromthe other communi cati on deviZisANakY 20e6

transm ssion power control device as clainmed in any of clainms 31 through
36. 38. The communication device as clainmed in claim37, conprising a
nobile station in a nobile conmmunication sysgemthat enpl oys code division
mul tiple access technology. 39. A transm ssion power control nethod of
controlling transm ssion power of a nobile station in a nobile

comuni cati on sysiehitn WMaischhedsmmshdssironhpowerheont edk tienfrarmad i on to be
used in 20 a tr §%§§ggn power control operation at the nobile stationis
transmtted froma base station, and signal transm ssion and reception are
performed between the base station and the nobile station to establish

synchroni zation, before infigrmatipn €dakasad stsis st onchs tHAr teds petween
t he base staglon and. the mbile sta |088&éﬁe€g§p od cogp%|5|n t he, step of

aut onorous| y> cort¥ of 1 ¥ h§efr dfs A% dh © QAR Prom" BT al
value in 30 accordance w t lhher edetenomoed chartastlere st compr irsegar dl ess of

the transm ssion power Comalho'au{cﬂr(c?rﬁé@si QD) AL ISR 'M}?g{;%t«%‘ (N, base.

station, after establishing synchronization at the no e station wth
respect to a si gribfC¥PefM PRe IFAEE 3 QA | 6A2 L3TSAE T RS t F AASNIAISI THOHOWET

control method w#sarémipedonn dwad M S9ntwber eint ddiea aubAnardus 24 JANUARY

2006 -148 CPQtrO| ste in%kudq§ t he steg of cgptro]ling tr.ansm ssion power
to increase Tn actotrdante it b= Wore gr adllaPVar at oh” GRAFACEST ISt Ts t han
the variation diieg actedeseiros rofd tcaasarssirds tpowwer dndontrol | ed based on

the transm ssion power contrly,d0forontientr angm tied frem the base

station.
control operation from a transmission power control

operation based on transmission power control

15 information supplied from the other communication
device to a transmission power control operation
based on the autonomous transmission power control

information.

20 36. The transmission power control device
as claimed in any of claims 31 through 35, wherein
the autonomous controller comprises:
a determiner that determines whether a
transmission power increase amount has reached a
25 predetermined amount while the transmission power is
being increased in accordance with the predetermined
characteristics; and
an autonomous control stopper that stops
increasing the transmission power in accordance with
30 the predetermined characteristics, when the
determiner determines that the transmission power

increase amount has reached the predetermined amount.

37. A communication device comprising:
35 a transmission power control information
transmitter that performs radio transmission and

reception with another communication device, and



41. The transm ssion power control nmethod as clained in claim39 or 40,

further conprising the 10 steps of: determ ni ng whet hes JaNedavenes ned

conditions for stopping the transm ssion power control operation of the

aut ononmous control step are satisfied, after the transm ssion power control

15 operation of the autononobus control stepjipS_started; and when it is

determ ned that the predeterm ned conditions are satisfied in the

aut ononmous control stop condition determ ning step, 20 swi tching

transm ssi on powerafiemtifel wRetsahi 98sohr @vwdhecdiaAsM SSifITmOYesn cont r ol

operation of the_. a t gnonous contrﬁl ste% tQ a tran nissionlp wer gogtrol
B on tFahsm

ha SH ner “ContTorPrnfor iats Yted

. 1s,_de min
operati on based on the t Fansm Ssi 0
fromthe base 25asdatsono 42 THhedt tansnitgsinmnipoweencontwres amthodl as

claimed in clai m4d, pherein tHe ajt QROMMS LONLL ol o5t aR.Gondi ti on
determ ning step includes the 30 steps of: determ ning whether a

predetermined period of tinEHASIPasSEd tidfcE N CTatE &F AW 4T 2hSRi ssi on
power control opgsatirobaeled hen apt oaefBYHm iGN riod fo 8hepioand uip des€r m ni ng
that the predeterm ned, conditions are.sati.sfied when the predeterm ned
period of tine h%%oﬁagggdogﬁﬁ?% estar HﬁpqrééﬁﬁgﬁANﬁﬁﬂY 2006 -149
transm ssi on power control tdperatioandpstioe ENDNOPDUSredntdoiice eps 43

The transni ssi on. POVWRE4CQRt 18]y 'Bt heda i Rsas iclal fpdghnsegl.ai m 41, wherein:
the base station transmts predeterm ned transm ssion power control
i nf or mat i ontBefore synchroni zation is established at the base station, and

transmts cl osed-|oop trans@.ssiDine povRnuadniatdlon device as claimed
in claim 37, comprising a mobile station in a mobile
communication system that employs code division
multiple access technology.
15
39. A transmission power control method
of controlling transmission power of a mobile
station in a mobile communication system in which
transmission power control information to be used in
20 a transmission power control operation at the mobile
station is transmitted from a base station, and
signal transmission and reception are performed
between the base station and the mobile station to
establish synchronization, before information data
25 transmission 1s started between the base station and
the mobile station,
the method comprising the step of
autonomously controlling transmission
power to increase from an initial value in
30 accordance with predetermined characteristics,
regardless of the transmission power control
information transmitted from the base station, after
establishing synchronization at the mobile station
with respect to a signal from the base station.
35
40. The transmission power control methoc

as claimed in claim 39, wherein the autonomous



10 informati on determ ned based on reception quality of a signal
transmtted fromthe nobile station after synchroni zati4«QANUARE06Y! | shed at
the base station based on the signal fromthe nobile station; the

aut ononous control stop condition 15 determ ning step includes the step of
determ ning whether the transm ssion powerjggntrol information transmtted
fromthe base station has been switched fromthe predeterm ned transm ssion
power control information to the cl osed-1oop transm ssion power 20 control
ijnf or mat i on; and:dlhﬂte:fbitsicépdelrﬁﬂ:nﬁcﬁkgﬁ tRet B& egord £ Odl:or-li::?f)@nmd on swtch
etermning ste t the. transnssion.power control infqrmation

Cransm ttod {1 OATRE bAgEob! STEH nee DG CGMma cred frBheERG 2ot th

predet er mi ned t rEVsHi $5&dRapowerr icoht pol chafeotdiohtice thencltdsed- | oop
transmi ssi on powelr COPL ERI chiaHQr®t { 90 ckt oirS deledm 8sdohhal Wdie

pr edet er m ne conditions are satisfied. 30 44. The transm sSi on power
control method SRPTIAtned PASEhI M 480 whEREST LS HEC AUPBHEAD GO o+ ol st op
condition deterimfungasiep incndesttde strep afhalebesai stagiowhet her a
predeterm ned period of time has passed 35 since a start of the transm ssion
power control operation of the autononobus control step; and when it is
determined in the start tifilng Z4H<)ANUNRYN2666 oM 30 wWer efAnfired Stepiedhat

the predetern ned perd odeQf int id® hasz passedosi nagr ther stdmnbrafs the the
transm ssmg power con%(ol operation of the autononous control step, the
control infol matiSPSvPtch determining 5 step is carried out. 45. A
transm ssi on power contr ol deekhadi nioigcenetbklr myddansnmnssiedn power of a

mobile station ddhdy {OLL e sGOMUNYLALA N AUSERA I L €8, 1Bl ansm Ssion
power control information to be us In” a transm ssion power control
operation at t h€9oHi e operation of the autonomous control step are
satisfied, after the transmission power control
15 operation of the autonomous control step is started;
and
when it is determined that the
predetermined conditions are satisfied in the
autonomous control stop condition determining step,
20 switching transmission power control operations from
the transmission power control operation of the
autonomous control step to a transmission power
control operation based on the transmission power
control information transmitted from the base

25 station.

42. The transmission power control method
as claimed in claim 41, wherein the autonomous
control stop condition determining step includes the

30 steps of:

determining whether a predetermined period
of time has passed since a start of the transmission
power control operation of the autonomous control
step; and .

35 determining that the predetermined
conditions are satisfied when the predetermined

period of time has passed since the start of the



station is transmtted froma base station, and signal transm ssion and
reception are perfornmed between the base station and tHWJIANBARY208G ati on to
15 establish synchroni zation, before information data transm ssion is
started between the base station and the nobile station, the nethod
conprising the step of controlling transm-gsgbon power based on 20 noderate
transm ssion power control information that 1is designed to increase the
transm ssion power in accordance with nore gradual variation
characteristics thanstie svarri atdowarchanactodr icgi¢cstioh brfarsm ssi on power

control | ed based,op the 28 tdAnNsHy $s power control information
transmtted fromtﬁe glgse sc{atlgaﬁ E’?ggr synchroni zation with a signal

fromthe base station is establlshed at the nobile station. 30 46. The

transm’ ssion power Control At hoth e ag rehain®et i dn chakBrdzorfifd Nefiethod
onpri sing ttge st eps et er ni ngﬁﬁhet her redet ermned conditions for
r

stoppl ng the tra%%nf%gllglﬁ over® %”30 Ja’?lon of the noderate
transm ssi on power controltlst ekp)aaee8$attlls>fr1 etct;ala$met8t be etdredresm S5€0N

power control opefap kR s%flérhepWQ?mEEﬁtEr%”%rﬂﬁéfﬂgtgénJ%@%Y 2006 -151

power control step is started enit is determned that the
predet er mi ned cohdRENEAS 1@ et | 551 88 AR liid e Goiier ARE LRars M S3F bA poner

control stop conghdi @Ban@@{ﬁd’sm@l@geat-@@opS\MrtéﬂﬁlﬁgsﬁliaﬁS@oS&LOFb@@\t\@bl
control opeaﬁtlons frr%m tlo nsm sglg RQue rg:opérgl g%%rat 0! lgf t he
moder ate transni 58f SR BOREF Tontt Ot §lef SR ¥7F ahSiTBSIIGH pBiEt L tdntFol
oper ation based @né@geaﬂra:rmnmlbh.e@ompmdmer mOQDlEnE@ﬁm{qmmftansm tted
fromthe base stajhOArohl-AId@NSH §8kQRI1AUMIG COPLEAL daWL&tation

based on the signal from the mobile station;
the autonomous control stop condition
15 determining step includes the step of determining
whether the transmission power control information
transmitted from the base station has been switched
from the predetermined transmission power control
information to the closed-loop transmission power
20 control information; and
when 1t is determined in the control
information switch determining step that the
transmission power control information transmitted
from the base station has been switched from the
25 predetermined transmission power control information
to the closed-loop transmission power control
information, it is determined that the predetermined

conditions are satisfied.

30 44, The transmission power control method
as claimed in claim 43, wherein:
the autonomous control stop condition
determining step includes the step of determining
whether a predetermined period of time has passed
35 since a start of the transmission power control
operation of the autonomous control step; and

when it is determined in the start timing



that controls transm ssion power of a nobile station in a nobile

communi cation systemin which 15 transm ssi on power coruaNUvARkQo#gati on to
be used in a transm ssion power control operation at the nobile station is
transmtted froma base station, and signal transm ssion and reception are
performed between the base station and the smbile station to 20 establish
synchroni zati on, before information data transm ssion is started between
the base station and the nobile station, the transm ssion power contr ol

devi ce conpri sideg eatm Bt ngogBED COTHT other pthate teoniiméd 26 rtiroansi ssion

power to increasq fJ amen LOitiale val lie. , L ns3GeQr dance, w waR;c,m%ts%raH ned

characteristics, regardless of the transm ssion power contro I nformtion
transmtted froMoMRE baket5Pat CHEraf1@r CSyREkr e BAUR ERNE I gnal from

the base statioR2} | scestabhicshad iatrd Hga 80BN @uwstdii ole t48miTheg
transm ssi o power control device as clained in claim47, wherein the

aut onomous  tontréiH er® coRfFIFS CMdnsmi ssion power to increase 35 in
accordance with nore gradual variation characteristics than the variation

characteristics of transnh§$i°ﬂl%ﬁ%ﬁsﬁPQEEBhl%%d%?*%%ﬁ@r%ﬁe %4jg UARY

2006 -152 transm ssion power control information transmtted fromthe base
station. 49. Thef skt 351 6RIpGWET TH ¥ HPBPINEE &f a& BPAILAEd in cl ai m 47

or 48, further eamprisingn anmawtiQrROMMIEnERNtE o3t oy £oadi L hown idet er m ner
that deter '&es mh?}her $redeternined con itiggs f r.gﬁogﬁigg the ., .
transmi ssi on’ powéf " Eont T of ToBEFEE SiP By ¢ het BUCSASHOUE" cbht P5I K6 hrd 10

satisfied, after amiragniiofibhepomaismesionlpoweratciont rot dper atokonidy t he

aut ononous cont 5@l &l and +2,6QRLMAle SWLGHEE 1hale swdehes tnapsni ssion
power control operations fromthe transm ssion power control operation by
t he signal transmission and reception are performed

between the base station and the mobile station to
15 establish synchronization, before information data
transmission is started between the base station and
the mobile station,
the method comprising the step of
controlling transmission power based on
20 moderate transmission power control information that
is designed to increase the transmission power in
accordance with more gradual variation
characteristics than the variation characteristics
of transmission power controlled based on the
25 transmission power control information transmitted
from the base station, after synchronization with a
signal from the base station is established at the

mobile station.

30 46. The transmission power control method
as claimed in claim 45, further comprising the steps
of:

determining whether predetermined
conditions for stopping the transmission power

35 control operation of the moderate transmission power
contrcl step are satisfied, after the transmission

power control operation of the moderate transmission



15 autononous controller to a transm ssion power control operation based on
the transm ssion power control information transm tted4Indmariveotrase
station, when the autononous control stop condition determ ner determ nes
that the predetermi ned 20 conditions are satisfied. 50. The transm ssion
power control device as clained in claimd49siwherein the autononous

control stop condition determ ner determ nes whether 25 a predeterm ned
period of time has passed since a start of the transm ssion power control
operation by thecadatoromuslcantspl ber standedheandeterm ning that the

predeterm ned period of ti qﬁlg}gsiga§§eget%ir%g%é@et art,of the transm ssion
power control 30 operation by the autononous controller, determnes that

t he predetern nedr eBAAREIGAS AreoB@at Fsphedarss At iThéeedr dmsiilssi on power

control device Rsdskakeed ddhGhalmdl, pyhereidint he1 basestaid@ncisansnits
pr edet er m ne t(ﬁansm ssi.on power contrggél nformati on before
on

synchr oni zat i ST BEPABrIShed SR - t RELhE8e "G dt5 ThS ™24 S 3 ARURRY 2006 - 153 and
transmts cl osedzédwopolr apsmassi ans povemn comrt riotansmi osan @owet er m ned

based on reception gughi by Ofy c 451 gRal wLranNUL1ed LrouLthe Sohi | 5o sLati on

after synchronization is established at the base statron 5 based ©on
signal fromthe #®biFelseaEiForto thet BANORGABUSLTTARYDF §PHPIeondi ti on

determ ner incl ugesrateent Rls ddf o mahkoR rsWstils s ek epalveer ddradrslet er m nes
whet her the.transnission, power control .information transm_tted fromthe
base 10 statPon Has®hBaH & ttcrrf‘erbsrfurgﬁ?gh t fnggcé'feep%ﬁgdSttarta%nosrhi ssi on power
control information to the closed-loop transm ssion power control
i nformation; and when the gontrol {nfQEARLIAR SWIEd: 18odekeMdeice
determ nes that the transm ssion power _ _
that controls transmission power of a mobile station
in a mobile communication system in which
15 transmission power control information to be used in
a transmission power control operation at the mobile
station is transmitted from a base station, and
signal transmission and reception are performed
between the base station and the mobile station to
20 establish synchronization, before information data
transmission is started between the base station and
the mobile station,
the transmission power control device
comprising an autonomous controller that controls
25 transmission power to increase from an initial wvalue
in accordance with predetermined characteristics,
regardless of the transmission power control
information transmitted from the base station, after
synchronization with a signal from the base station
30 is established at the mobile station.

48. The transmission power control device
as claimed in claim 47, wherein the autonomous
controller controls transmission power to increase

35 in accordance with more gradual variation
characteristics than the variation characteristics

of transmission power controlled based on the



control information transmtted fromthe base station has been sw tched
fromthe predetermined transm ssion power control inf@pBaNUARYRO0st he

cl osed-1 oop transm ssion power control information, 20 the autononous
control stop condition determ ner determ nes that the predeterm ned
conditions are satisfied. 52. The transm sgipn power control device 25 as
claimed in claimb51, wherein: the autononous control stop condition

determ ner includes a start timng determ ner that determ nes whether a
predet er m ned pe:rﬂamsr@isghm At PASSLArsinea fa Siaf 1 o 8f tthe shfansdd ssi on
power 30 contro a}él ?T‘E é t% aut ononmous controller; and when the start
timng determ nér “YetdF nPAE BRI pr edet er ni ned period of time has
passed since the start of the transmi ssion power control operation by the
aut ononous controller, the,35 c AWelg) e rts
the determ ning oper at| on. §24 ?thl\(lgUA Y g%ﬁag@lo‘% Agt?:gﬁts%% ?sfmggnvg%\%er
control deviée AhatlTHREFHoLE (Crlamidhi 45i BF 6§merf‘kﬁtfb€ﬁnﬁPmér§tsdﬂ%n ina
nobi | e conmuni cation syst egni adﬂurﬁ}noxﬁé aaamts@uorswvecﬁoﬁ@nttrl@n i nformation
to be used in 5 transmsagn r control ﬁe%atlon %i{ %

station is transtitSEH From-4Fadts STAT 8RS 4AF TS graf cef ﬁﬁ]ilé’sei n and
reception are perdrnimzdonbetfmemttd@bagetbteattlr@mmﬂds$henrrvl@|WIee: station to

establish synchropzati ony,cbefarg, i %ﬁ@tggreo%%dso LEARSENSSION 4 S
started between the base statlon an he nmobi |l e station, the transm ssion

power contrbf déATSEEddprpsiteg & g%‘h‘ﬂ“é PEaindifi S5TNSPOREL CRoRIRT er
that control s trcasiEssi Opepawdiohased: 08 andem@tnenﬂé tsaDSBiIlION Jromer

control information that i gescl edsvH)t on trr(gl ?ﬁ Lgn power in
accordance wth nore gr aduaF varl dti‘oh Gharacteri stl Cs an the

transmission power control operations from the
transmission power control operation by the

15 autonomous controller to a transmission power
control operation based on the transmission power
control information transmitted from the base
station, when the autonomous control stop condition
determiner determines that the predetermined

20 conditions are satisfied.

50. The transmission power control device
as claimed in claim 49, wherein the autonomous
control stop condition determiner determines whether

25 a predetermined period of time has passed since a
start of the transmission power control operation by
the autonomous controller, and, when determining
that the predetermined period of time has passed
since the start of the transmission power control

30 operation by the autonomous controller, determines

that the predetermined conditions are satisfied.

51. The transmission power control device
as claimed in claim 49, wherein:
35 the base station transmits predetermined
transmission power control information before

synchronization 1s established at the base station,



variation characteristics of transm ssion power controlled based on the
transm ssion power control 20 information transm tted 2808NUAR¥ 200%s e
station, after synchronization with a signal fromthe base station is
established at the nobile station. 54. The transm ssion power control device
25 as clainmed in claim53, further conprisingz-a noderate transm ssion power
control stop determ ner that determ nes whether predeterm ned conditions
for stopping a transm ssion power control operation by the noderate

transm ssi on powerd 30rgonmidlsl erl @sedsadosf ited,nsaf i e 1 6 he powans m st oml

power control op&rall Qt?%n”éiee {z@é& E% %%imo%g'zoé‘ce owel, conty ol efeis

started; and a control sw tcher svmtc transm ssi on power control
operations from& h@%%ﬂréﬁs’%%@%‘?ﬁ%oﬁvé?mcéﬁter Glope? afitaf oy tafet $der at e

transm ssion powefn&RRbhokkbern dd Bs tE NS SSHRM POWEK e CBRKEOIs 1QPEr &t | on
based on the_tr nsm ssion 24 JA%JQR%( 200@ 155 dg]Twer Jgo]gtrol. i nformation
transmtted Promite’bate? SE&T W8N pﬁe”WﬁJ At ¥ Haf8ni ssi on power
control stop determ ner dettélremmjetsorum0u‘sheonmreﬁlet:et@pnednddrtdjctri ons are
satisfied. 5 %Mih@rsH%tél%&Q@rbéh@go% Prf?rﬂé%%b%”s%‘“@éh control

devi ce t hat contr transm ssi on power when signals are transmtted to
and from a base S IBhNEs &Dato EEAPNEBRS10 ohlR ¢ at-r6m SHEfOT P n

i nformation dat q;d»seﬁe@bnwolt he fssea 5t ahi O/ atnad i tf @ASHirbs thanSid $§i on
power cont{ ormatl on to be used i t.ransm ssmn ijggwer con&rol

operation, the TeETTRsRER BSRE TontT o Cadvils T kh Tni

"nd' 4T ‘aut ononous
controller that twomnswnlss lpnamwlmn‘powér ing dmerebee fromhan initial

val ue in accordance i i hopr edelar fed, shanaeterd Sid £81 1 hegand©ess of the
transm ssi on pOWEI‘d control

when the control information switch
15 determiner determines that the transmission power
control information transmitted from the base
station has been switched from the predetermined
transmission power control information to the
closed-loop transmission power control information,
20 the autonomous control stop condition determiner
determines that the predetermined conditions are

satisfied.

52. The transmission power control device
25 as claimed in claim 51, wherein:
the autonomous control stop condition
determiner includes a start timing determiner that
determines whether a predetermined period of time
has passed since a start of the transmission power
30 control operation by the autonomous controller; and
when the start timing determiner
determines that the predetermined period of time has
passed sinée the start of the transmission power
control operation by the autonomous controller, the
35 control information change determiner starts the

determining operation.



information transmtted fromthe base station, after 20 synchronization with
a signal fromthe base station is established at the rmabihNearvabvéson. 56.
The nobile station as clained in claimb55, wherein the transn ssion power
control 25 device further includes: an autononobus control stop condition
determ ner that determ nes whether predeternbned conditions for stopping a
transm ssi on power control operation by the autononous controller are
satisfied, 30 after a start of the transm ssion power control operation by
t he autononous controller; 5&8nd & contneiniswiitccharov dat conittrolesievice

transm ssion powe{, €ORLHRl ARErAtd 0881 EEQBNt By wd ¥ anB N SRLEN IROVSE 5 £08h! Ol
operation by the 35 autongnous controller to a transm ssion power control

operation based dh ¥ HBOPLafs AT HH pdheP? SHRtTTr 1hf BRAER on transnitted
fromthe base 24 JANUARYs2006 pdhbér Stahton,l wheiv et Avhomromius Coadr oh st op
condi tion det erm ner 9@52%’1‘0%65 dhat Lhe.predetermped, conditl %‘ébf‘ig
satisfied. 5°57.° A hobile Scati dn conprirsing a ransm ssi on power control
devi ce that contstdsioRr aAsmrsgium poaer fwken asilgned sshpéivmansmdted to

and fr om a base sSi_tc;?AéPnt%Qn%%itsos £5t abhishe oy oni zat b@@_f@erfn%@
i nformati on dat

is sent to 10 the base station .that tr?nsmts transm ssion
power control iHOIREEi 6ASt EBE LSEYIA a2t ardfi S5 Bh1 SpSWst CUht FOI

operation, the tasnsinl sshosypaierorcond t dbndevied® ré nch fidrng td avodis @t e
Lransmi ssi oy POer. coRLEOLLEY ; 15, Lhat . GOBLLOS. ransmh 38LoR JUEL, asgd on

moder ate transm ssion power control Tnfornmation that is esigned to control
transm ssi on powere imcREE6r &Fcelomith nore gradual variation
characteristics than the vad atdONs€has asheosid £Sc®f t Ehangsision power 20

controlled base%éﬁ%%f?i%gagsgéﬁﬁfg] ggggmgggfé% power controller

that controls transmission power based on moderate

15 transmission power control information that is
designed to control transmission power in accordance
with more gradual variation characteristics than the
variation characteristics of transmission power
controlled based on the transmission power control

20 information transmitted from the base station, after
synchronization with a signal from the base station

is established at the mobile station.

54. The transmission power control device
25 as claimed in claim 53, further comprising:

a moderate transmission power control stop
determiner that determines whether predetermined
conditions for stopping a transmission power control
operation by the moderate transmission power

30 controller are satisfied, after the transmission
power control operation by the moderate transmission
power controller is started; and

a control switcher that switches
transmission power control operations from the

35 transmission power control operation by the moderate
transmission power controller to a transmission

power control operation based on the transmission



information transmtted fromthe base station, after synchronization with a
signal fromthe base station is established at the nolubaNvARYi2008. 25 58.
The nobile station as clained in claimb57, wherein the transn ssion power
control device further includes: a noderate transm ssion power control stop
determ ner that determ nes whet her predeterptped 30 conditions for stopping
a transm ssion power control operation by the noderate transm ssion power
controller are satisfied, after the transm ssion power control operation by
t he noderate transwessicontppowern tonhedthiber tirmrsimitedgd dmdrB5fae cloaseo

switcher that swiighesn transm sshonoREWEE QML 0ly 0pes ali ens, dxom the
transm ssi on power control operation by the noderate 24 JANUARY 2006 -157

transni ssi on pove?REBALr SIH%ST Q%F%¥@%aﬁ§m@%ﬁ%ﬁwl$%ﬁeF &6nt&  operati on
based on the tragnseiisseeminpeveiotONt Lohsi Rfrey nedt Oarteansmtted fromthe
base statiog, when the noderate transm ssion power 5 control stop

determ ner détermnes that the predeterm ned conditions are satisfied.
55. A mobile station comprising a

transmission power control device that controls
transmission power when signals are transmitted to
and from a base station so as to establish

10 synchronization before information data is sent to
the base station that transmits transmission power
control information to be used in a transmission
power control operation,

the transmission power control device

15 including an autonomous controller that controls
transmission power to increase from an initial value
in accordance with predetermined characteristics,
regardless of the transmission power control
information transmitted from the base station, after

20 synchronization with a signal from the base station

is established at the mobile station.

56. The mobile station as claimed in
claim 55, wherein the transmission power control
25 device further includes:
an autonomous control stop condition
determiner that determines whether predetermined
conditions for stopping a transmission power control
operation by the autonomous controller are satisfied,
30 after a start of the transmission power control
operation by the autonomous controller; and
a control switcher that switches
transmission power control operations from the
transmission power control operation by the
35 autonomous controller to a transmission power
control operation based on the transmission power

control information transmitted from the base
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station, when the autonomous control stop condition
determiner determines that the predetermined

conditions are satisfied.

57. A mobile station comprising a
transmission power control device that controls
transmission power when signals are transmitted to
and from a base station so as to establish
synchronization before information data is sent to
the base station that transmits transmission power
control information to be used in a transmission
power control operation,

the transmission power control device
including a moderate transmission power controller
that controls transmission power based on moderate
transmission power control information that 1is
designed to control transmission power in accordance
with more gradual variation characteristics than the
variation characteristics of transmission power
controlled based on the transmission power control
information transmitted from the base station, after
synchronization with a signal from the base station

is established at the mobile station.

58. The mobile station as claimed 1in
claim 57, wherein the transmission power control
device further includes:

a moderate transmission power control stop
determiner that determines whether predetermined
conditions for stopping a transmission power control
operation by the moderate transmission power
controller are satisfied, after the transmission
power control operation by the moderate transmission
power controller is started; and

a control switcher that switches
transmission power control operations from the

transmission power control operation by the moderate
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transmission power controller to a transmission
power control operation based on the transmission
power control information transmitted from the base
station, when the moderate transmission power
control stop determiner determines that the

predetermined conditions are satisfied.



