BASE STATI ON APPARATUS AND TRANSM SSI ON POAER CONTROL METHOD
BACKGROUND OF THE | NVENTION Field of the Invention The present

i nvention relates to base station apparatuses carrying out transm ssion
power control in CDVA conmmunications and their transm ssion power control
met hods. Description of the Related Art A CDMA (Code Division

Mul tiple Access) systemis one of the nulfiple access system technol ogi es -
used in radio comunication systens using nobile tel ephones and portable
t el ephones, etc. when a plurality of stations carry out comrunications

simul taneously on a sanme fBAERSYADION APPARATIG G system inpl ements
mul tiple accesses by spread spectrum comruni cations in which information

signals are transmtted TRANMSHMESSIRPeROWHR SONERODVEETHDBUf ficiently
wi de band relative to the original information bandwi dth. In the CDVA
system there are several B&RYEGROUNDI|@FefiHE HNERNBAONSpect rum syst em
above. Anong them a direct sequence systemis a system in which a
spreadi ng codd ekichfhd&hen Faveatiomnsni ssion rate than the transm ssion
rate of an information signal is directly carried on the information
signal at the tinmeThs RHeeaaitngnveRt iAns nibatesi foalkase oatatploural ity
of nobile stations are nultiplexed on a sane frequency area and sane tine
zone. apparatuses carrying out transmission power control in
CDMA communications and their transmission power control
methods.
Description of the Related Art

A CDMA (Code Division Multiple Access) system is
one of the multiple access system technologies used in
radio communication éystems using mobile telephones and
portable telephones, etc. when a plurality of stations
carry out communications simultaneously on a same
frequency band.

The CDMA system implements multiple accesses by
spread épectrum communications in which information
signals are transmitted with their spectrum spread over
a sufficiently wide band relative to the original
information bandwidth. In the CDMA system, there are
several ways to implement the spread spectrum system
above. BAmong them, a direct sequence systém is a system
in which a spreading code which has a faster transmission
rate than the transmission rate of an information signal
is directly carried on the information signal at the time

of spreading. 1In this case, signals from a plurality of

mobile stations are multiplexed on a same frequency area




2 . The CDVA system using direct sequence has a so- called "near-far”
problem This "near-far" problem occurs when a desired transmitting
sttation is located far and another undesired transmtting station
(i.nterfering station) is near, which causes the reception power of a
received signal fromthe interfering station to be greater than that from
the desired transmtting station, preventpng the stations using only
processing gain (spreading gain) fromsuppressing correlation between
spreadi ng codes, which disables comunications. For a cellular system
using the direct sEyeeROYMICIPSEemt evtging déreldr efoqeenndi Ipensabke-t o
control transm ssion power according to the state of each channel

condi ti on on €Adéles i'NMkefFromagr hopreelemat i dhis o“aebasEat’at popblem
Furthernore, as a counterneasure for fading which is the cause of
degradati on oPCEHE BERBRt 2aEASSL 18d of rapsmitet gt stalt immi Le located
connunicationg, a_nethod for co ensatrn%%variations of i nstantaneous

val ues of ret@pt AT RURFIBYF ¢ DL PRy GramSHi §§iiay ppweELP®  proposed.
The operation, of closed-1o0op transni ssion power control processing is
explainedtﬁnﬁbnﬁe(ﬁkﬁthoggat%ﬂ%i ¢Snfi&RF at VBAChFIQQUS8Rokd e s| ot
configuration nventional transm ssion

rggep%jyine sc%;e hen carr i ng, out cg ent] s

power control" G RS ConBitTTRGVEL gigaﬁld famthe psarssirgmg
station to be greater than that from the desired
transmitting station, preventing the stations using only
processing gain (spreading gain) from suppressing
correlation between spreading codes, which disables
communications. For a cellular system using the direct
sequence CDMA system, it is therefore indispensable to
‘control transmission power according to the state of each
channel condition on the'uplink from a mobile'station
to a base station.

Furthermore, as a countermeasure for fading which
is the cause of degradation of the BER(Bit Error Rate)
in terrestrial mobile communications, a method for
compensating variations of instantaneous values of
reception power by controlling transmission power is
proposed.

The operation of closed-loop transmission power
control processing is explained using a conventional
slot configuration. FIG.1l shows a slot configuration on
a time scale when carrying'6ut.conventional transmission
power control.

Signals consisting of pilot data 1, transmission

power control data (TPC) 2 and transmission data 3 which



power .control data (TPC) 2 and transmi ssion data 3 whi ch are
time-nultiplexed in slot units are transmtted from a base station. Pil ot
data 1 is a signal with a fixed information pattern and is used by a
mobjl e station to estimte channel conditions for denodul ati on and neasure
SIR (signal to interference ratio) and transm ssion power control data 2
Is used as a transm ssion power control cemrand. Signals on the
uplink froma nobile station to a base station as well as signals on the
downlink froma base station to a nobile station are transmtted as sl ot
cycl e si gnal sanadt am&/~2wsl i plexien) iof Edett WASHi 4 taré st raddad tited Ferom
downlink to mnimze a transm ssion power control del ay. First,
transm ssi on popesecaitatoloper f Bided aatdel dewsl isdilgnsl ewpthi ned.ixed
signal sent froma base station is received by a nobile station with a
propagati on dehfprmgft ifoel pgttearn egpdnis ngsed blye adimkainte §tamitdre thase
station to the nobile station). The nobile station nmeasures reception SIR
accordi ng to pstomads ghanmnel gonadibhionsf fargdenoduiat iamantbvels wstat i on
conpares this _SIR neasurenent result with a given reference SIR and if
t he recepti on® BRR (iS¢ 9ivkr L Ogdid®E £8 rgncea izt 531 0@ Ndhower N EBASISA Ohi t
whi ch instructs the base station to . increase transm ssion power, and if
the recepti orP@YRE L FRér dadéhet at 8s U A% nd s SLAD PobRs Leanrire bi t
control command.
Signals on the uplink from a mobile station to a
base station as well as signals on the downlink from a
base station to a mobile station are transmitted as slot
cycle signals and a 1/2 slot timing offset (TShift) is
added to the downlink to minimize a transmission power
control delay.
First, transmission power control performed on the
downlink is explained. A signal sent from a base station
is received by a mobile station with a propagation delay
of TDelay (corresponding to the distance from the base
station to the mobile station). The mobile station
measures reception SIR according to pilot data 4 at the
start of a slot. Then, the mobile station compares this
SIR measurément result with a given reference SIR and
if the reception SIR is lower, generates a transmission
power control bit which instructs the base station to
increase transmission power, and if the reception SIR
is higher, generates a transmission power control bit
as a command to instruct the base station to lower
transmission power. This transmission power control

bit is embedded as transmission power control data 5 on



as a command to instruct the base station to | ower transm ssion power.
This transnmi ssion power control bit is enbedded as transm ssion power
control data 5 on 4 the uplink and
transmtted. A signal sent fromthe nobile station is received by
the base station with a delay of TDelay. The base station detects
transm ssi on power control data 6 and detgrnines the transm ssi on power
value on the downlink fromthe result and*reflects it in the transm ssion
power  at the start of the next downlink slot. Then, the operation of

transm ssi on pPRREHPAGH ¥ Ohndpardax smdtead.he uplink is expl ai ned. A
signal sent fromthe nobile station is received by the base station with a

del ay of TDel ay. Tire dbgralskantoIf mpasthesmSbR12Ceaal ngnt Psprkek idatd 7
at the start of a slot and conpares the reception SIR and a. reference SIR
as in the casgyotheh®dawbi beattiadn omithgenetel £ aft MOSIAES ONhROWRIse
control bit which is a command to instruct whether to increase/ decrease
transm ssi on poaedoandenbeds ittramsmiasdnirs Pone poven t reoht dat ad@t ardd on
the downlink and transmts it. A signal sent fromthe base station is
received by déremphines sthae itonansioh ssideh gpowé r Tbel ag. oftheheodola l istlat i on
detects transm ssion power control data 9 and determ nes the transm ssion
power val ue ofireletypliaRullrandineliesis idninridi¢ dtansmissitdnepower

transm ssion power at the start of the next uplink slot.
at the start of the next downlink slot.

Then, the operation of transmission power control
performed on the uplink is explained.

A signal sent from the mobile station is received
by the base station with a delay of TDelay. The base
station measures SIR according to pilot data 7 at the
start of a slot and compares the reception SIR and a
reference SIR as in.the case of the mobile station,
generates a transmission power control bit which is a
command to instruct whether to incréase/decrease
transmission power and embeds it in transmission power
control data 8 on the downlink and transmits it.

A signal sent from the base station is received by
the mobile station with a delay of TDelay. The mobile
station detects transmission power control data 9 and
determines the transmission power value on the uplink
from the result and reflects it in the transmission power
at the start of the next uplink slot.

Since the uplink slot has a timing offset of 1/2
slot with respect to the downlink slot, transmission
power control is carried out with one time slot control

delay (the result of control 1 slot before is reflected)



Since the uplink slot has a timng offset of 1/2 slot with respect to the
downlink slot, transm ssion power control is carried out wiwth one tine
sl'ot control delay (the result of control 1 slot before is reflected)

for both the downlink and uplink. Then, a case where the transm ssion
rate is lowered is explained with reference to FIG 2. \Wen the

transm ssion rate is |lowered, the absolutextinme of 1 bit (or synbol)
beconmes | onger, which increases the ratios™ of pilot data | ength and

transm ssion power control bit length to the slot |ength. In this
case, as the faze babdvethei giwsl idkt @nlB upkbhkf.rom the base station are
received by the nobile station with a propagation delay of TDel ay
(correspondi ng to theedisaarzsefwiherehehbaseassatiissi ¢ rdte imhidwered
station) and the nobile station neasures the reception SIR frompilot data
14 at the stait exmlained wilsh nbefeaestice i bo EdfGpdr.es Kies ShR
measurenent result wth a reference SIR and enbeds the result as
transmi ssi on poadStiohston datge 15 bdawemediplthk ababletenshinesoftl bit A
signal sent fromthe nobile station is received by the base station with a
del ay of TDel 49r sH&bspkk beeamedn lRngers vhagdniidwineapevet heomatdlodlat a
16 and determ nes_the transm ssion power value of the dowlink fromthe
result and rePfeBidots data HergBRsANEsEERANSHIS1an PRVt §Oontdrok kel thext

downl i nk sl ot
length to the slot length.

In this case, as the case above, signals 11 to 13
sent from the base station are received by the mobile
station with a propagation delay of TDelay
(corresponding to the distance from the base station to
the mobile station)'and the mobile station measures the
reception SIR from pilot data 14 at the start of a slot.
The mobile station compares this SIR measurement result
with a reference SIR and embeds the result as
transmission power control data 15 on the uplink and
transmits it.

A signal sent from the mobile station is received
by the base station with a delay of TDelay. The base
station detects transmission power control data 16 and
determines the transmission power value of the downlink
from the result and reflects it in the transmission power
at the start of the next downlink slot.

A signal sent from the mobile station on the uplink
is received by the base station with a delay of TDelay.
The base station measures SIR according to pilot data
17 at the start of a slot and compares the reception SIR

with a reference SIR as in the case of the mobile station,



A signal sent fromthe nobile station on the uplink is received by the
base station with a delay of TDelay. The base station neasures SIR
according to pilot data 17 at the start of a slot and conpares the
reception SIR with a reference SIR as in the case of the nobile station,

6 generates a transmi ssion power control bit which is a command to
instruct whether to increase/decrease tragsm ssion power and enbeds it in
transm ssion power control data 18 on the downlink and transmts it.

A signal sent fromthe base station is received by the nobile station with
a del ay of TDRpéagrales n@btlrensstisd s Dondetoards ¢oahswilsdion phieh denta ol
data 19 and determ nes the transm ssion power value on the uplink from
the result ancommfinect®oi insitnuet twhashiessiton poaseass/déersese of the
next downlink sl ot. Wth low rate transm ssions in the conventional
appar atus, howegesmitsmieat Poyedst ansk qibedsditainefgansmhgst pan POy on
power control bit length to the slot |ength may increase, causing a

transm ssi on podErolcoirtal 1delody Hhe devhlinkedndodramsmiatpedde. Wien a
transm ssi on power control delay increases, transm ssion power control is
not-reflected in tHe SkRalspBAt rOFIEHRy PATR obrd bi €Nt LENZRCSVERA foler
control according to changes. in a .cqomunicati on _environnent., 1t also
has a probl entBRalORLi§i STAGLR T ot bI2 delay RbultPsEa¥-t ofBer BeRdti%n of

the SIan%wuggggq%n detects transmission power control data 19 and

determines the transmission power value on the uplink
from the result and reflects it in the transmission power
at the start of the next downlink slot.

With low rate transmissions in the conventional
apparatus, however, the ratios of the pilot data length
and transmi;sion power control bit length to the slot
length may increase, causing a.transmission power
control delay due to a closed loop to increase. When a
transmission power control delay increases,
transmission power control is not reflected in the next
slot, disabling appropriate transmission power control
according to changes in a communication environment.

It also has a problem that minimizing a control
delay would lead to a reduction of the SIR measurement
time used for transmission power control, making it
impossible to achieve the sufficient measurement
accuracy.

SUMMARY OF THE INVENTION

It is an objective of the present invention to

provide a base station apparatus and transmission power

control method capable of minimizing control delays in



time used for transm ssion power control, nmaking it inpossible to achieve

t he sufficient neasurenment accuracy. SUMWARY OF THE

| NVENTI ON It is an objective of the present invention to provide a
base station apparatus and transm ssion power control nethod capabl e of
m ni m zing control delays in 7

cl osed-| oop transm ssi on power control and-suppressing deterioration of
t he neasuring accuracy due to reduced SIR neasurenent tine. The

i nventor cane to conme up with the present invention by discovering by
focusi ng on acdats@ds bbopcorbinguriod s Dont patveadegutiedy £hangupp rehsing
arrangenent of a slot configuration could prevent transm ssion power
control fromdaickimptatianciofi theedastoinghacqitaty dakatandeduced
transm ssion power control data are relatively |ong. In this case,

t he arrangeneBfRomeadsusenentcorimgurati on is perforned by taking into
account a propagation delay froma base station to a nobile station, the
pilot data | ength fBrengasenthort femguaio tgone tipe witthethed migpaht and
time factors that could gosshbly cause control delays including the
processi ng tihBvenitdronthy fdlideverindodhakoeuwsdingeddn ha Haswe mlret of the
pilot data until it measures the quality of the received signal and
enbeds t r ansn¥ S8 Yokt OBohtEH Qﬂﬁ%ﬁaéelﬁrﬁb%&ﬂﬁQﬂi%E@a?rFﬁBmQNﬁﬁt

nmobi | e station_to the base_, \ L.
of a slot configuration could prevent transmission power

control from failing to catch the next slot when pilot
data and transmission power control data are relatively
long.

In this case, the arrangement of the slot
configuration is performed by taking into account a
propagation delay fromabase station to amobile station,
the pilot data length for measuring the.quality of the
received signal, and time factors that could possibly
cause control delays including the processing time after
themobile station has received the last part of the pilot
data until it measures the quality of the received signal
and embeds transmission power control data, a
propagation deiay from the mobile station to the base
station, and the processing time after the base station
has received the transmission power control data until
it detects the transmission power control data and
changes the power, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the

invention will appear more fully hereinafter from

a consideration of the following description taken



station, and the processing tine after the base station has received the
transm ssion power control data until it detects the transm ssion power
control data and changes the power, etc. BRI EF DESCRI PTI ON OF
THE DRAW NGS The above and ot her objects and features of the
invention will appear nore fully hereinafter from a consideration of the
follow ng description taken 8 1in
connection with the acconpanyi ng draw ng mﬁerein one exanple is
illustrated by way of exanple, in which; FIG1 is a slot

configurationjgi agrrede efc ifo i ghalh tivansdtbimgHigceiyerkr aviadivierein
transm ssion rate in a conventional radi o comrunication system

FIG 2 is a sl ohecoakiagus aki ans diidgrasitafa gesi gngl wdy aognid xeapeeei vad at
a lowtransmssion rate in the conventional radio communication system
FIG 3 is a bletk alhagram show ng the configuration of a radio

communi cation system according to enbodi nents of the present invention;
FIG 4 is a slot conFiGuidatiisom cilagt aronfigusiagniadbn diagsait odd/ar edegrvall by
a base station apparatus and npbile station apparatus according to

Enbodi ment 1 bfansmel predémedaivendi 8ff; a highFt GaB sinsl 35 500t redsf iigurat i on
diagramof a signal transmtted/received by a base station apparatus and
nobi | e st at i ofCAY et @Badc EFGHE M gCPBMETHRR FbAR Bysttem:

FIG.2 is a slot configuration diagram of a signal
transmitted/received at a low transmission rate in the
conventional radio communication system;

FIG.3 is a block diagram showing the configuration

. of a radio communication system according to embodiments
of the present invention;

FIG.4 is a slot configuration diagram of a signal
transmitted/received by a base station apparatus and
mobile station apparatus according to Embodiment 1 of
the present invention;

FIG.5 is a slot configuration diagram of a signal
transmitted/received by a base station apparatus and
mobile station apparatus according to Embodiment 2 of
the present invention;

FIG.6 is a slot configuration diagram of a signal
transmitted/received by a base station apparatus and
mobile station apparatus according to Embodiment 3 of
the present invention;

FIG.7 is a slot configuration diagram of a signal
transmitted/received by a base station apparatus and

mobile station apparatus according to Embodiment 4 of

the present invention;



t he present invention; FIG6 is a slot configuration diagramof a
signal transmitted/received by a base station apparatus and nobile
station apparatus according to Enbodi nent 3 of the present invention;
FIG7 is a slot configuration diagramof a signal transmtted/received by
a base station apparatus and nobile station apparatus according to

Enbodi nent 4 of the present invention; FIG8 is a slot
configuration diagramof a signal transmi?t ed/ recei ved by a base station
apparatus and nobile station apparatus according to Embodiment 5 of the

present invention; prg g £5G9s 1912 e Ek‘étﬁh@i""aﬂga{; tb?eangg%%airy

for transm ssi on pOV\BI’ cont I’O processi ng on t accordi'ng to

the enbodi ment 55k rfihe: o4 peERE IiVREME {08 bW statioh %ﬂ@ak§tﬁssq}ﬁimt'c

showi ng the tine necessary for transimi ssion power control processing on

the uplink %GQ&Q'engsﬂé’tibﬁ QW&TE@ESa%fcdﬂhﬂ%eﬁémEm%@ﬂﬁéﬂﬂ 5 of
DETAI LED DESCRI PTION OF T PREFERRED EMBODI MENTS

Wth referenceh8opriedie ghb@@@ﬁb@famﬁngs, the enbodi ments of the

present invention are explained in detail below. (Enbodi nent 1)

FIG 3 is a block dipmgsam sdanwsihdne: cordhguial €Re time necessary for
transmission power control processing on the downlink
according to the embodiments of the present invention;
and

FIG.10 is a schematic show1ng the time necessary
for transmission power control proce851ng on the uplink
according to the embodiments of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference now to the attaéhed drawings, the
embodiments of the present invention are explained in
detail below.

(Embodiment 1)

FIG.3 is a block diagram showing the configuration
of a radio communication system according to Embodiment
1 of the present invention. This radio communication
system comprises a base station apparatus and mobile
station apparatus.

In the base station apparatus, transmission data
to the mobile station are input to encoder 102 for forward
error correction(FEC) and encoding. The encoded.data is
input to frame configuration section 104. Pilot signal

generator 101 generates pilot signals with fixed data

patterns and outputs them to frame configuration section



of a radio comuni cation system accordi ng to Enbodi nent
invention. This radio conmunication system conprises a base station

apparatus and nobile station apparatus. In the base station
apparatus, transm ssion data to the nobile station are input to encoder

102 for forward
I nput to franme configuration section 104.

1 of the present

error correction(FEC) and encodi ng. The encoded data is
ilot signal generator 101

P
generates pilot signals with fixed data &Qtterns and outputs themto frane
configuration section 10 104.
Frame configurasi,on section 104 arranges the output data of encoder
pilot signal frompilot signal generator 101 and a transm ssion power

control
gener at or

bit Wi ch Fsaike coiplijuphtiianssession QDML raeoahigds dhé

103 to the determ ned position, and outputs it to spreader

102, a

105.

Thi s arrangensatpus dideanbfieénzodéaking,i rd @ atooust gairaressongpdaloays
and propagation delays required for transm ssion power control.
Furthernore, $igmalcadngurabirorl Gecandnal @4 gmsowi dedona dwerotbaetroll hat
is, it shifts slots by a given tine. Spreader 105 carries out
spreadi ng prdegssiving andisobhgutos ifhet spfeddarigmab stiont aowetr ssopor roilgnal

anplitude control section 106. Transm ssion signal anplitude control

section 106 ceohtragrerad anplOidt oL e datrrnhped BP A&l cand ang putpuitise

signal to adder 107. Adder 107 adds up the output of transm ssion signal
it to spreader 105. This arrangement is determined by

taking into account processing delays and propagation

delays required for transmission power control.

Furthermore, frame configuration section 104 provides

a slot offset, that is, it shifts slots by a given time.

Spreader 105 carries out spreading processing and

outputs the spread signal to transmission signal

amplitude control section 106. Transmission signal

amplitude control section 106 controls the amplitude of

the input signal and outputs the signal to adder 107.

Adder 107 adds up the output of transmission signal

amplitude control section 106 and signals from the
transmission section for other mobile stations and

outputs the result to transmission RF section 108.

Transmission RF section 108 carries out modulation and

frequency conversion on the input and transmits the

signal from antenna 109.

A signal of the mobile station received through

antenna 109 is subjected to frequency conversion and

demodulation in reception RF section and output to

correlator 111 and the reception processing section for

other mobile stations. Correlator 111 despreads the



anplitude control section 106 and signals fromthe transm ssion section
for  other nobile stations and outputs the result to transm ssion RF
section 108. Transm ssion RF section 108 carries out nodul ati on and
frequency conversion on the input and transmts the signal fromantenna
109. A signal of the nobile station received through antenna 109 is
subj ected to frequency conversion and de fulation I n reception RF section
and output to correlator 111 and the recgE i on processing section for
other nobile stations. Correlator 111 despreads the si gna

using the spregdingl cedenyset d @probiifgStatieolseld XY Ple §€9€&%Tnes a
desired wave signal and outputs it to décoder 112 and reception SIR

nmeasuring appafaisii$kld.oldecedpnrrhlie slegodes itdal | wRve 3nd bt abna
recei ved data. Reception SIR neasuring apparatus 113 neasures receptlon

SIR fromthe rangpwed ditgnad dedodeuwt A3 dhd resdgtiont SARS MSHs @i pgVer
control bit generator 103. Transm ssion power control bit generator
103 conpares agmarapuss I &dept Dec®dr diltthde coefees ¢heei SpRt and gevneiakes
transm ssi on power control data. The transm ssion power control data

det ect ed by dewoueivéed2 dadra. ouR@aepttd drr ShER1 meiaem piower apgrRinat usetiBon
114 where the transm ssion power value is determned. This transm ssion
power val ue i eAgres tnegrPtsonol$ IR ghapm the received signal and

outputs the result to transmission power control bit
generator 103.

Transmission power control bit generator 103
compares the input reception SIR with a reference SIR
and generates transmission power control daté. The
transmission power control data deﬁected by decoder 112
are output to transmission power control section 114
where the transmission power value is determined. This
transmission power value is sent to transmission signal
amplitude control section 106 and transmission RF
section 108 and the transmission power is controlled
according to this transmission power value.

The mobile station apparatus has the same structure
as that of the base station apparatus except sections
for multiplexing and distributing signals from other
mobile stations and transmission signal amplitude
control section 106 that controls the amplitude of a
transmission signal by multiplexiﬂg. That is, pilot
signal generator 101 to spreader 105 and édder 107 to
antenna 109 correspond to antenna 115 to transmission

- power control section 126, respectively and these

sections operate identically.



anplitude control section 106 and transm ssion RF section 108 and the
transm ssion power is controlled according to this transm ssion power

val ue. The nobile station apparatus has the sane structure as that
of .the base station apparatus except sections for nultiplexing and
distributing signals fromother nobile stations and transm ssion signal
anplitude control section 106 that controls the anplitude of a

transm ssion signal by multiplexing. That TS, pilot signal generator 101
to spreader 105 and adder 107 to antenna 109 correspond to antenna 115 to

transm ssi on powerThrentrah §fampldre $36slbaspeatiiival yaendnt hesd fseclowns
operate identically. 12 Then, an

exanpl e of sl ghteonfipusat seiamsgefbored imattdd reandsid ssommupdrdaor iea i n
the radi o communi cation system configured as shown above is explained with
reference to ByGtemheoslfdguxosdi gar ahicom faboviee i doaxp laknied tvhietsane as
the conventional one. Wth respect to the slot configuration for the
uplink, it isredieffeneat tior dG hé.coBlentsilotal conéiigunatatopi fotr ddta are
separated fromtransm ssion power control data in the slot, and is
different in dhendfinzkt isettheensame agpltilnk andveld dovali ake. Witly rst,
the transm ssion power control perforned on the downlink is explained. A
si gnal sent fresPREfRt Haeethatalpéncesifganr ahdenubost thiq s ldr k. 208, is
transm ssion power control data 202 and data 203) is received by the
different from the conventional one in that pilot data
are separated from transmission power control data in
the slot, and is different in the offset between the
uplink and the downlink.

First, the transmission power control performed on
the downlink is explained. A signal sent from the base
station (signal made up of pilot data 201, transmission
power control data 202 and data 203) is received by the
mobile station with a propagation delay of TDelay
(corresponding to the distance from the base station to
the mobile station).

The mobile station measures reception SIR
according to pilot data 204 at the start of a slot. It
compares this SIR measurement result with a reference
SIR and if the reception SIR is lower, generates a
transmission power control bit as a command to instruct
the base station to increase transmission power, and if
the reception SIR is higher, generates a transmission
power control bit as a command to instruct the base
station to lower transmission power. This transmission

power control bit is embedded as transmission power

control data 205 on the uplink and transmitted.



nobile station with a propagati on del ay of TDefay (corresponding to the

di stance fromthe base station to the nobile station). The nobil e
station neasures reception SIR according to pilot data 204 at the start of
a slot. It conpares this SIR nmeasurenent result with a reference SIR and

if-the reception SIRis |lower, generates a transm ssion power control bit
as a command to instruct the base station_to increase transm ssion power,
and if the reception SIR is higher, generb?es a transm ssion power
control bit as a command to instruct the base station to |ower

transm ssion power. aThis, § aggmé$ﬂ gkapqw%%gﬁgﬁioknméhészSPegg%p as

transm ssion power contro ata 205 on the uplink and transmitt

13 At tgi'estéhﬂ‘fne@att?weﬁﬁﬁh%nsaéé‘oﬁ% Slfota €1 aget emyRed by taking
account of a delay. More specifically, data are located in such a way that

pilot. data 2%§>ééi§§@é_rlalt3ﬁ,d ddem dFransstaticd iRPRIcK AWy t KRk 8 298¢
that is, sone data are inserted between the pilot data and transni ssion

power control giata. 20kuntsheyd®s eatlle Stdh t Sanlinditpsli by PO .cIht 801

allows the transm ssion power control bit obtained by the SIR neasurenent
to be includeddynt2apsntdsdoni powsomeordd o adat a dSroadt betwddémkthe
w t hout delays. In other words, the transm ssion power control data on the
uplink can beilét edaed iand herahemivs ¢ hont pdeleayscontrol Astignal sent
fromthe nobile station is received
Furthermore, the slot is shifted by TShift. This allows
the transmission power control bit obtained by the SIR
measurement to be included in transmission power control
data 205 on the uplink without delays. In other words,
the transmission power control data on the uplink can
be reflected in the slot without delays.

A signal sent from the mobile station is received
by the base station with a delay of TDelay. The base
station detects transmission power control data 206 and
determines the transmission power value on the downlink
from the result and reflects it in the transmission power
at the start of the next downlink slot.

Then, the operation of transmission power control
performed on the uplink is explained. A signal sent from
the mobile station is received by the base station with
a delay of TDelay. The base station measures SIR from
pilot data 207 at the start of a slot and compares the
reception SIR with a reference SIR as in the case of the
mobile station, generates a transmission power control
bit which is a command to instruct whetherlto increase

or decrease transmission power and embeds it in

transmission power control data 208 on the downlink and



by the base station with a delay of TDelay. The base station detects
transm ssion power control data 206 and determ nes the transm ssion power
value on the downlink fromthe result and reflects it in the transm ssion
power at the start of the next downlink slot. Then, the operation of
transm ssion power control performed on the uplink is explained. A signal
sent from the nobile station is received P¥ the base station with a delay
of TDel ay. The base station neasures SIR from pilot data 207 at the start
of a slot and conpares the reception SIRwith a reference SIR as in the
case of the mokidsmstatiian, generates a transm ssion power control it
which is a conmmand to instruct whether to increase or decrease

transm ssi on power amdtariisedasd, ithe slatSHeasi drqowdre adibé skadaidA8 on
t he downl i nk and 14 transmts it.

In this case, hiae aston Siegu ratdmn he wbhidhe tdteapiidrot bt @ icosfdgpratedn i n
which the pilot data is separated fromthe transm ssion power control data
and t hus t he fmamnshhesitaarppnessiont Psiwert chasadlordahe 8nR theasutkeent
result of pilot data 207 can be enbedded in transm ssion power control
data 208 of thk&ansmisgpdon pPPeesf GoRtEMk PLANHASEI odNpSRE TRt rol data
on the downlink can be reflected in the slot wthout delays. A
signal sent fPeAIHEeBEHE /Y bh 95 phtefvdatey 20heapphd emhedded wnth a

del ay of TDelay. The nohile station detects transm ssion power control
data 209 and transmission power control data 208 of the next slot.

Therefore, the transmission power control data on the
downlink can be reflected in the slot without delays.

A signal sent from the base station is received by
the mobile station with a delay of TDelay. The mobile
station detects transmission power control data 209 and
determines the transmission power value on the uplink
from the result and reflects itlethe'transmission.power
at the start of the next uplink slot.

Thus, the radio communication system according to
the present embodiment places the pilot data separate
from the transmission power control data in a slot for
the uplink and provides an appropriate slot offset
between the uplink and downlink, which allows the pilot
data and transmission power control data locations to
be determined adequately. It also allows the slot
locational relationship between the uplink and downlink
to be arranged adequately,_ making it possible tominimize
control delays in closed~loop transmission power control
at various transmission rates and suppress deterioration
of the measurement accuracy caused by shortening the time

for measuring the gquality of the received signal.



determ nes the transm ssion power value on the uplink fromthe result and
reflects it in the transm ssion power at the start of the next uplink

sl ot . Thus, the radio comuni cati on system according to the present
enbodi nent places the pilot data separate fromthe transm ssion power
control data in a slot for the uplink and provides an appropriate sl ot

of fset between the uplink and downlink, which allows the pilot data and
transmi ssi on power control data |ocations ¥ be determi ned adequately. It
also allows the slot |ocational relationship between the uplink and

downl i nk  to be arrgoged adequat elon ¢ LR, Possi ble o i gl g

control delays in closed-1T00p transm'ssion power ¢con vari ous

transni ssion 5@%@@@%@;@@@5@%@@% 3128¢ Bfadd\CafBALLEHIT s 8¢ CH! acy

caused by shortentn or measuring the quality o e recel ved

signal . . power control data locationsl3nd the ViBtSUdt#tional
configuration, it 1s possible to adequately determne the pilot data and

transm ssion rRQWRli §R5HHY Al Re LACRREORD 1ML ] AL 96&! hedrding
rel ati onship between the uplink and downl i nk according to processing

del ays and pr epagaié ©8sdelndy sde Maiyeh arﬁf\w@ﬁaba&ticp@r@émbg@el aysi@he
mnimzed. Therefore, the present enbodi nent is capabl e of
i npl ementi ng ancante®l tdaltaycohtecbisedlopp aransiirssmdpedpower control in

one tine slot for both the uplink and downlink w thout reducing the SIR
neasurenment tine evBherdedffotew itiie prassntsemibodiment is capable of
implementing a control delay of closed-loop transmission
power control in one time slot for both the uplink and
downlink without reducing the SIR measurement time even
for low rate transmission.
(Embodiment 2)

FIG.5 is a slot configuration diagram of a signal
transmitted/received by a radio communication system-
according to Embodiment 2 of thé present invention. In
the present embodiment, the slot configuration for the
uplink is the same as the conventional one, but the slot
configuration for the downlink is different from that
of Embodiment 1 in that the pilot data are separated from
the transmission power control data in the slot, and is
different from Embodiment 1 in the slot offset between
the downlink and uplink. It performs transmission power
control in the same way as for Embodiment 1.

That is, the base station determines data locations
in the slot by taking delays into account. More
specifically, data are located in such a way that pilot

data 301 is separated from transmission power control

data 302, that is, data 303 are inserted between pilot



(Enbodi ment 2) FIG5 is a slot configuration diagramof a signa
transmtted/received by a radi o conmuni cati on system according to

Enbodi mrent 2 of the present invention. In the present enbodi nent, the sl ot
configuration for the wuplink is the sane as the conventional one, but the
slot configuration for the downlink is different fromthat of Enbodi nent
1 inthat the pilot data are separated frgg% the transm ssion power control
data in the slot, and is different from odiment 1 in the slot offset
between the downlink and uplink. It perfornms transm ssion power control

in the same wagtas F®r ErbodirEemémission pdwet icvntiel baaeastxd2 on
determ nes data locations in the slot by taking delays into account. Mre
specifically, data anethbeatedei,nthechohilveysthatiqn hetasu¢s SBOR using
separated fromtransm ssion power control data 302, that is, data 303 are
i nserted bet weecedived pilot data 304 and embeds the resbdt data 301 and
transm ssi on power control data 302. In this case, the nobile station
measur es S| R tramgmisséonedond ntco@t §0304admd dhibedFuhtheesgnte i nthe
transm ssi on power control data 305. Furthernore, the slot is shifted by
TShift. This alldwsisrahsdited dny BEWEL ontFivls oplipersnextaB @i stsol de
performed w thout delays according to the_transm ssion power control value
of transnissi Bﬁwﬁoﬂ/\é-'ro%%ﬁt?llopfdét@ JuBrt Agletr EQuite Rt O FMgRls Hildh Qwt

power control data of the uplink can be reflected in the slot wthout
del ays. delays according to the transmission power control value

of transmission power control data 308. As a result, the
transmission power control data of the uplink can be
reflected in the slot without delays.

On thé other hand, the base station measures SIR
according to pilot data 307 at the start of a slot and
genefates a transmission power control bit according to
the result, embeds it in transmission power control data
302 on the downlink and transmits it. In this case, the
slot sent to the mobile station has such a configuration
that the pilot data are separated from the transmission
power control data, making it possible to embed the
transmission power control bit based on the SIR
measurement result of pilot data 307 in transmission
power control data 302 of the next slot. Therefore, the
transmission power control data of the uplink can be
reflected in the next slot without delays.

Furthermore,thebasestatiohdetectstransmission
power control data 306, determines the transmission
power value of the downlink from this result and reflects

it in the transmission power at the start of the downlink

slot.



On the other hand, the base station neasures SIR according to pilot data
307 at the start of a slot and generates a transm ssion power control bit
according to the result, enbeds it in transm ssion power control data 302
on the downlink and transmts it. In this case, the slot sent to the
nobi |l e station has such a configuration that the pilot data are separated
fromthe transm ssion power control data,  mmaking it possible to enbed the
transm ssi on power control bit based on t e’ SIR measurement result of
pilot data 307 in transm ssion power control data 302 of the next slot.

Therefore, the trapsm. s c ol ;d3ta hi8 1 ¥Rl G Capsbe
reflected in the ne§? §?§?ﬂ§a?ﬁ§§%'de é%s%ag o l&r?ﬁérnnﬁgﬁltﬁgsbag%

station det eCSchdxa&ﬁﬁf};S@é Uhe PO e PORIHY d fRbAL396a et enBI geSot Neata

transm ssion power value of t ownlink fromthis result and reflects it

in the transnsgsizh PoVeront e stanbmifsd hendpwldmicost bl data for
17 As shown above, the radi o communi cation system according to the

present enbodiRRNtgRLes Kt keydn | ebrdatcy sgpar radfdwisshent ransm ssi on
power control data for the downlink even for Iow rate transm ssion and

adequat el y pr adiedfifa tte $y0p roffisieis hesMeenoflis diplbetween titowpl hikk amdi ng
It possible to inplenent control delays in closed-loop transm ssion power
control with aeernlimek, shakingt hoyioseilbdiengot hrep SERemdasondmemt ded ey s
(Enbodi nent 3)
in closed-1loop transmission power control with one time
slot without reducing the SIR measurement time.
(Embodiment 3)

FIG.6 is a slot configuration diagram of a signal
transmitted/received by a radio communication system
according to Embodiment 3 of the presént invention. The
present embodiment places pilot data separate from the
transmission power control data in a slot for both the
uplink and downlink and provides an appropriate slot
offset between the uplink and downlink. The present
embodiment also performs transmission power control
using the same method as that in Embodiment 1.

That is, the base station and mobile station
determine data locations in the slot by taking delays
into account. More specifically, data are located in
such a way that pilot data 401 is separated from
transmission power control data 402, that is, data 403
is inserted between pilot data 401 and transmission power
control data 402.

In this case, the mobile station measures SIR using

received pilot data 404 and embeds the result in

transmission power control data 405. Furthermore, the



FIG6 is a slot configuration diagramof a signal transmtted/received by
a radi o comuni cation system according to Enbodi nent 3 of the present

i nvention. The present enbodi ment places pilot data separate fromthe
transm ssi on power control data in a slot for both the wuplink and downlink
and provides an appropriate slot offset between the uplink and downli nk.
The present enbodi nent al so perforns tranﬁgission power control using the
sanme nethod as that in Enbodi nent 1. hat is, the base station and
nobile station determ ne data locations in the slot by taking delays into
account. Mresdpecifscahliftaldt ayarshiotiat edThbs audows Wayahlaii g8ieh data
401 is separated from transm ssion power control data 402, that is, data
403 i s inserpevdretawphrpll af ddia A€ftasddtr asbsponfpewerd wiotiho ot

data 402. In this case, the nobile station neasures SIR using
recei ved pil otdedats 40Zcandiaghtdsthbet rapaint sigion pave simonrpdweslue
control data 405. Furthernore, the 18

slot is shifted byansmissivhi gouklropentradsadiass 4A6 -.podsracomsudk ,ofhehe
next slot to be performed without delays according to the transm ssion
power control tr@nfnissiomaewesi 6@l daker eIf ddta updinds @arebalt,
the transm ssion power control data of the uplink can be reflected in the

sl ot without g&fdyacted in fghepgdetsiltpukededrasss sIR according to pil ot

data 407 at the starh of a slot and generates a . .
The base station measures SIR according to pilot

data 407 at the start of a slot and generates a
transmission power control bit according to the result,
embeds it in transmission power control data 408 on the
downlink and transmits it. 1In this case, the slot sent
to the mobile station has such a configuration that the
pilot data are separate from the transmission power
control data, making it possiblé to reflect the
transmission power control bit of transmission power
control data 409 based con the SIR measurement result of
pilot data 407 in the start of the next uplink slot.
As shown above, the radio communication system
according to the present embodiment places the pilot data
separate from the transmission power control data for
the downlink even for low rate transmission and
adequately provides a slot offset between the uplink and
downlink, making itpossibletx>implément control delays
in closed-loop transmission power control with one time
slot without reducing the SIR measurement time for both
the uplink and downlink.
(Embodiment 4)

FIG.7 is a slot configuration diagram of a signal



transm ssi on power control bit according to the result, enbeds it in
transm ssion power control data 408 on the downlink and transmts it. In
this case, the slot sent to the nobile station has such a configuration
that the pilot data are separate fromthe transm ssion power contro

dat'a, making it possible to reflect the transm ssion power control bit of
transm ssion power control data 409 based,on the SIR neasurenent result of
pilot data 407 in the start of the next up} nk sl ot. As shown above,
the radi o conmuni cati on system according to the present enbodi nent pl aces

the pilot datarayefaf ated /e Dol ansn S8ha0 oPAMHMERNER®!i SRt Sy Eeem t he
downlink even for lowrate transm ssion and adequately provides a slot

of fset bet weeadderdphgnkoanfibodoiéh ke sBkilg ptepens bhedm: iopl ement
control delays in closed-loop transm ssion power control with one tine

sl ot without reducigigt heodbERgmRastt enpniatiand 0flon shalss i ghed upbi Déhasd
downl i nk. ( Enbodi nent 4) FIG7 is a slot configuration diagramof a
si gnal the uplink, and control infok%atianssuthed/s eddioeddadaa
radi o comuni cati on system according to Enbodi nent 4 of the present

i nvention. |802,hisrahsmiced égupatiean, camt ao30Hatsa a§88gaed tmateh on
the uplink, and control information such as pilot data 502, transm ssion
power control igdfiereaBiandSO4t és patdanad de 9Ch i s Isdilgnedase Quhincen

this case, since the control information is only placed on Qch, the
the control information is only placed on Qch, the

percentage of the pilot data is greater no matter what
the transmission rate may be. As in the case of
Embodiment 2, the present embodiment also places the
pilot data separate from the transmission power control
data of the uplink, provides an appropriate slot offset
between the uplink and downlink and performs
transmission power control through operations similar
to those in Embodiment 1.

Thus, the transmission/reception apparatus
according to the present embodiment can, by placing the
pilot data separate from the transmission power control
data and providing an appropriate slot offset between
the uplink and downlink, minimize control delays in
closed-loop transmission power control for both the
uplink and downlink without reducing the SIR measurement
time.

(Embodiment 5)

FIG.8 is a slot configuration diagram of a signal
transmitted/received by a radio communication system
according to Embodiment 5 of the present invention. 1In

multi-rate transmissions, the absolute times of pilot



percentage of the pilot data is greater no matter what the transm ssion
rate may be. As in the case of Enbodinent 2, the present enbodi nent al so
pl aces the pilot data separate fromthe transm ssion power control data
of. the uplink, provides an appropriate slot offset between the uplink and
downl i nk and perforns transm ssion- power control through operations
simlar to those in Enbodi nent 1. us, the transm ssion/reception
apparatus according to the present enbodiflrent can, by placing the pilot
data separate fromthe transm ssion power control data and providing an

appropriate siptaobbietahet wegn salings Uehi plowdid SONRLbAK GBI ghBeyeeRt r ol

delays in closed-1oop transm ssion power control for both the uplinK and

downl i nk wi t heathe hadug nent BReSIR v@asEr emaNts1 ¢ "Bon £ MOsH MBRL 5)
FIG 8 is a slot configuration diagramof a signal transmtted/received by

a radi 0 commuIh §2kIFBR Sy FHRIMr BSOS B M Hed pHMdidEid an @ft Ades i 8880
invention. In nulti-rate transm ssions, the absolute tines of pil ot

20 data 601 powletr aosid sl odapewaro comér sl odaten G0 2vaaky datrpeadhggoan the

rate of the slot configuration. Therefore, the ratios of the pilot data

and transm ssitom tpawsmic®sioal rgate. to the sl ot each vary dependi ng on

the transm ssion rate. In this case, slots with other transm ssion

rat es In this case, slots with other transmission rates
are formed with their pilot data and transmission power
control data locations matched with those of the slot
configurationwith the lowest possible transmission rate.
That is, as shown in FIG.8, slots are configured in such
a way that the distance {(data length) between pilot data
601 and the transmission power control data is kept
constant for different transmission rates. At this time,
it is possible to perform transmission power céntrol in
the same way as for the embodiment above by carrying out
the same processing as that in the above embodiment for
all possible transmission rates.

Thus, the transmission/reception apparatus
according to the present embodiment can, for different
transmission rates, minimize control delays in
closed~loop transmission power control for both the
uplink and downlink while keeping the slot offset between
the uplink and downlink constant, without reducing the
SIR measurement time. It also eliminates the necessity
of changing a slot offset between the uplink and downlink
for communications with different transmission rates,
eliminating thé'ﬁecessity of complicated pfdcessing by

changing transmission rates.



are formed wth their pilot data and transn155|on power control data

| ocations matched with those of the slot configuration with the | owest
possi ble transm ssion rate. That is, as showmn in FIG 8, slots are
configured in such a way that the distance (data | ength) between pil ot
data 601 and the transm ssion power control data is kept constant for
different transmssion rates. At this ting, it is possible to perform
transm ssion power control in the sane as for the enbodi nent above by
carrying out the same processing as that in the above enbodi ment for al

possi bl e transm ssi gRel §L8Sent emboﬁ'ﬂﬁea‘:h@akégnégj ié%ggrpﬁfspﬁﬁé’rbase

apparatus according to the present enbodi nent can erent

transm ssion pala% sTidHdrhze e8nifi)fu el ays sith &l weed-n LER H n
power control for bgth t he Up|ln£gg%d domnFPhk whi | g keeplndéﬁﬁéﬁgﬁ§é8

of f set bet weendatthe 1emgtrk) wvﬂ@éfﬂpiﬂ.(o@%fi@rml\éﬁntd“@ﬁb fé%%h&%éﬂ% SIR
measurenent tinme. It also elimnates the necessity of changing a slot

of f set bet weepoifear upbhdkoandidloantsnkedtorc6npramitcat b pngiwirdrdif f erent
transm ssion rates, elimnating the necessity of conplicated processing by

changi ng transmassinois sdbasrates. However, the effects of the prékent

The present enbodi nent takes as an exanple the case where slots are

configured i nesboid iameay whatl thhe Sustlmoe erfldatackdengt hjabat veem thidos

data 601 and the transm ssion power control data is kept constant for

different tramenidsdiermiaeds imHemstera vay chibdctathdrtpiélptesertta and
transmission power control data locations are shifted
soas to fit within the pilot data length and transmission

- power control data length corresponding to the lowest

transmission rate.

Here, the data locations of pilot data and
transmission power control data with the slot
configurationsﬁJlEmbodiments].to 5 above are explained.
FIG.S9 shows the time required for processing
transmission power control on the downlink.

In FIG.9, supposing that the propagation delay from
the base station to the mobile station is TDelay 702;
the pilot data length to measure SIR is TPLMS 703; the
processing time after the mobile station has received
the last part of the pilot data until it measures SIR
and embeds the transmission power control data is TMS1
704; the propagation delay from the mobile station to
the base station is TDelay 705; the transmission power
control data length is TTPCBS 706; and the procéssing
time after the base station has received the transmission

power control data until it detects the transmission

power control data and changes the power is TBS1 707,



enbodi nent will be further enhanced if data |ocations are determned in
such a way that other pilot data and transm ssion power control data

| ocations are shifted so as to fit within the pilot data | ength and
transm ssion power control data |ength corresponding to the | owest
transm ssion rate. Here, the data | ocations of pilot data and
transm ssion power control data with the slot configurations in

Enbodi ments 1 to 5 above are explained. FZ5 9 shows the tine required for
processing transm ssion power control on the downlink. In FIG 9,

supposi ng tha h §R§ t] a r.om enst at | Ll e
station is TD{é tgyB?%I; ?gebgﬁltgﬁldééal&n%%ﬂgtggﬁeggu?gb%%ﬁt%sé?%ﬁ@%o&
t he processiggﬂ&dga tg&ﬁggggpgh[e station has received the |last part
of the pilot data untiF it "neasures SIR and enbeds the transm ssion power

control data is TM51 704; the propagation delay fromthe nobile station to
the base station is TDelay 705; the transm ssion power control data |length

is TTPCBS 7067 ranhN€sRoRCesswed con®r Al t@s1hhe thage séalinanihas received
the transm ssion power control data until it detects the transm ssion

power control =daipe sy ¢hangass t hermguer+ ispdBey 404 TPCBS + TBS1

22 the possible control delay time can be expressed in the follow ng

expressi on. Transm ssion power control delay tinme (downlink)

Furthermore, FIG.10 shows the processing time

required for transmission power control processing on
the uplink. In FIG.10, supposing that the propagation
delay from the mobile station to the base station is
TDelay 802; the pilot data length to measure SIR is TPLBS
803; the processing time after the bése station has
received the last part of the pilot data until it measures
SIR and embeds the.traﬁsmission power control data ié
TBS2 804; the propagation delay from the base station
to the mobile station is TDelay 805; the transmission
power control data length is TTPCMS 806; and the
processing time after the mobile station has received
the transmission power control data until it detects the
transmission power control data and changes the power

is TMS2 807, the possible control delay time can be

expressed in the following expression.

Transmission power control delay time (uplink)

= TDelay + TPLBS + TBS2 + TDelay + TTPCMS + TMS2

Where, the pilot data length is the data'length to

measure SIR, and if SIR is also measured using data other



= TDel ay + TPLM5s + TMS1 + TDel ay + TTPCBS + TBS1 Furt her nore,
FI G 10 shows the processing tinme required for transn ssion power control
processing on the uplink. |In FIG 10, supposing that the propagation
delay fromthe nobile station to the base station is TDelay 802; the pil ot
data length to neasure SIRis TPLBS 803; the processing tinme after the
base station has received the last part oggthe pilot data until it
nmeasures SIR and enbeds the transm ssion power control data is TBS2 804;
t he propagation delay fromthe base station to the nobile station is
TDel ay 805; thdar anBei pdilot dewer tduind rvbldet d dehgdasi $ hBRPQMBN886;. and
the processing tine after the nobile station has received the
transni ssi on power Foetneofodatadatftd|locadécas svibk thearshdssi on power
control data and changes the power is TMS2 807, the possible control delay
time can be ermrigedaitdane tol Eokhadirgptesdi ¢ro 5 afTeaperissiredpbyer
control delay time (uplink) = TDelay + TPLBS + TBS2 + TDel ay + TTPCV5 +
TMVB2 Wedring t aecpiumt dit AhesRtmrpsesikd dattbinefgt hThats netler e
SIR, and if SIR is also_nmeasured using data, other L

23 than the Biolsoﬁl}a%\?alﬂﬁast%‘apﬁe°ifngmﬁje%l%ﬁ§t dadiytand transphes @iope,

data locations with the slqt confi gurations iP Enbodi nents 1 to 5 are
performed by Power control data a a slot offset between the uplink

and downlink are determined from the above expression,

As shown above, the slot configuration method in
the present embodiment allows the optimal slot
configuration tobe assigned with aminimum control delay
in closed-loop transmission power control. |

Embodiments 1 to 5 above are explained by taking
as an example the case where SIR is used as the quality
of the received signal, but thé present-invention can
also be implemented in the same way using other
parameters as the quality of the received signal.

As explained above, the base station apparatus and
transmission power control method of the present
invention places pilot data and transmission power
control data independently of each ‘other in a
transmission/reception apparatus which carries out
closed-loop type transmission power control and places
slots by providing an offset in the slot locational
relationship between the uplink and downlink, making it
possible to minimize control delays in closed-loop
transmission power control at various transmission rates
and suppress detérioration in the measurement accuracy

caused by reducing the SIR measurement time.



taki ng account of these processing tines. Thus, the possible |ocations of
the pilot data and transmi ssion power control data and a slot offset

bet ween the uplink and downlink are determ ned fromthe above expression.
As. shown above, the slot configuration nmethod in the present enbodi nent
allows the optimal slot configuration to be assigned with a m ni num
control delay in closed-I|oop transnissiog power control. Enbodi nent s
1 to 5 above are explained by taking as &t exanpl e the case where SIR is
used as the quality of the received signal, but the present invention can
al so be inplenentedid phesste MRYe S BE Qlsh@lbt NamANELET Soathbhgp@Hal ity
of the received signal. As expl ai ned above, the base station
apparatus antie$E2Ap¥ESeRPoAAMRInEHNt hald et Dol ef vihld 41 ese8t aninvent i on
pl aces pilot data and transm ssion power control data independently of
each other inmé&difiartcssandydneplio syl lappar at hsuwhiiepacarimEes ram the

cl osed-1 oop type transm ssion power control and places slots by providing
an of fset in ddepel off |tdcat peeslentr el aveansiom. bet ween the uplink and
downlink, making it possible to mnimze control delays in closed-I|oop
transm ssi on power Tdohs$r appdti cairi onsitsr dsyr@séonthat dapanesasupptess
deterioration in the neasurenent accuracy caused by reducing the SIR
measur enent tAp@lication No.HEI10-126225 filed on May§, 1998, Taptpmesent

invention is not limted to the above described enbodi nents, and vari ous
vari ati ons argentent of which is expressly incorporated by reference

herein.



nodi fi cations may be possible w thout departing fromthe scope of the
present invention. This application is based on—the-Japanese-PRatent
Application No.HElI 10- 126225 filed on May 8, 1998, entir

f which
i s expressly incorporated by reference herein. mmﬂmmmwuum
25 What is clained is: 1. A base station appara , ¢ COf pr D10 i

data | ocation determning circuit that dekgrm nes |ocations of

transmi ssion power control data including” transnission power control

i nformati on based on neasurenent results of the quality of the received
signal and pihat dat alaimesl dis:by taking into account processing delays
and propagation delays required for transm ssion power control; and

sl ot offset settind cikchiaset Istapioni dppambhbsetcorfriaislot | ocati onal
rel ati onship between the uplink and downli nk. 2. The base station
appar at us, accordi ptd basmion di@whhnihng datrauidgedtian determimiersy
circuit determnes the locations in such a way that the pilot data and
transmi ssi on poortiosd o] tednswie sglarapPeesseontgadaciato? hercluding 3,
The base station apparatus, according to claim 1, wherein the data

| ocati on det i FRRPRG SEIeUi POVESt MR RES Lt HA lR¥Baldof isednoBuch a way

that during multi-rate transnjssion, the data |ocations of pilot
measurement results of the quality of the received signal

and pilot data in a slot by taking into account processing
delays and propagation delays required for transmission
power control; and

slot offset setting circuit that provides an offset
for a slot locational re;ationship between the uplink
and downlink.

2. The base station apparatus, according to claim
1, wherein the data location detérmining circuit
determines the locations in such a way that the pilot
data and transmission power control data are placed close
to each other.

3. The base station apparatus, according to claim
1, wherein the data location determining circuit
determines the data locations in such a way that during
multi-rate transmission, the data locations of pilot
data and transmission power control data with other
transmission rates are determined so as to fit within
the pilot data length and transmission power control data
length with the lowest transmission rate.

4. The base station apparatus, according to claim
1, wherein ;hé data used for the upiink includes data

obtained by multiplexing the data of a first channel to



data and transm ssion power control data with other transmission rates are
determned so as to fit within the pilot data |l ength and transm ssion

base station apparatus, according to claim 1. wniiRMAENEAIML oo or
the uplink includes data obtained by nultiplexing*the datd of a first

channel to 26 which only data are
assigned and the other data of a second c#@nnel to which at |east pi | ot
data and transm ssion power control data are assigned. 5. A nobile

station appar ghdenbinaly Baf0aFe 434k gn PHRWEN K8t ONSr Wd s %é’é%eeééﬁ*&' on
apparatus, wherein sai'd base station apparatus conprising:

| ocati on det echatingl CtbCuiHidlhastdekersd r;eﬁlotoaéttlaorwn@ftEé%W§§i&ﬂ
power control data including transm ssion power control information based

on neasur emepoweasutbateloll htatiaabiriey 2¥sifaerecei ved signal and pil ot
data in a slot by taking into account processing delays and propagation

del ays required for5transeobsdieost apdvent appdratisandich perdodmeffseio
setting circuit that provides an offset for a slot |ocational relationship
bet ween the upbmmunibodtdomd imkth a baske Hatdon appamatabiomwrsyséEm

whi ch perforns radio conmunications between a nobile station apparatus

and base statS@ﬁdﬂnﬁ@at§§anﬁﬂmeappgaaidﬁweompamaﬂngapparatus

conpri si ng:
data location determining circuit that determines

locations of transmission power control data including
transmission power control information based on
measurement results of the quality of the received signal
and pilot data in a slot by taking into account processing
delays and propagation delays required for transmission
power control; and

slot offéet setting circuit fhat provides an offset
for a slot locational relationship between the uplink
and downlink.

6. A radio communication system which performs
radio communications between a mobile station apparatus
and base station apparatus, wherein said base station
apparatus comprising:

data location determining circuit that determines
locations of transmission power control data including
transmission power control information based on
measurement results of the quality of the received signal
and pilot data in a slot by taking into account processing
delays and propagation delays required for transmission
power control; and |

slot offset setting circuit that provides an offset



data | ocation deternining circuit that determnes |ocations of
transni ssi on power control data including transni ssion power contr ol
i nformati on based on neasurenent results of the quality—ef—the-recetved—

signal and pilot data in a slot by taking into account pr. S j ys
and propagation delays required for transm ssion power ”mmﬁmr“i]gmg ﬁ
slot offset setting circuit that provides an of fset e e i 4

7.

slot locational relationship between the uﬁVink and downlink.
A data configuration nethod, conprising: determ ning | ocati ons of

transmi ssion poyera s1%Qnt1r@éaé%%ailn%é@£?9otnrsmfpﬁéé't%elag}'@{%g&g&&%!k

I nformati on based on neasurenent results of the quality ecCei ved
signal and pi lggid dab&niin ok sl ot by taki ng i nto account processing del ays
and propagation del ays required for transm ssion power control; and

provi di ng an(ﬁfsetﬁIWAadat@tddﬁi&é@ﬂakiqnrﬁ%@hb@USWdh$¥i§@ﬁ%er
upl i nk and downl i nk. 8. A transm ssion power control nethod,

conpri si ng: derastim i ng nighel spiat i by sofo Pi ¢ phndatia Pfor peGRIYed
si gnal ; controlling transm ssion power based on transm ssi on
power control atattarol saitch receilved sy gnabhsmissiondpbeed oWt £be
| ocati ons of transm ssion power .
information based on measurement results of the quality
of the received signal and pilot data in a slot by taking
into account processing delays and propagation delays
required for transmission power control; and
providing an offset for a slot locational
relationship between the uplink and.downlink.
8. A transmission power control method,
comprising:
| .measuring the quality of pilot dafa of a received-
signal;
controlling transmission power based on
transmission power control data of said received signal.;
determining the locations of transmission power
control data including transmission power control
information based on measurement results of said quality
and pilot data in a slot by taking into account processing
delays and propagation delays required for transmission
power control; and
providing an offset for a slot locational
relationship between the uplihk and downlink.
9. The transmission power control method,
w@accordiﬁg to claim 8, wherein during multi—rate

transmission, the data locations of pilot data and



control data including transm ssion power control i nformation based on
measurenment results of said quality and pilot data in a slot b g
i nto account processing del ays and propagati on del ays- ited for
transm ssi on power control; and provi di ng an i r\\‘\‘gﬂ\?t

| ocat i onal rel ati onship between the uplink and downl Bﬁmm“‘m\ 8he
transm ssi on power control nethod, accord%%g to claim 8} erei i ddri ng

multi-rate transm ssion, the data | ocat#%ns of pilot data and
28 transm ssion power control data with other transmission rates are

det erm ned socamrdnibh iWd Bohd IR gHi 00108k 8 |ERG BrARY LEARVRSSLOHn

power control data length with the [owest transm ssion rate.

transmi ssi on pawRSs COPETQbtBRMIGhd $6CO50EHTFIL FhahTh twrﬂf'é?e&'é‘%?.“sed
for theuplink conprises data obtained by nmultiplexing the data of a i rst

channel to whilelhgtth yaflat 8 rangneisss 08adpamnt 1t on ©FBer qdata 1 n fc 566 2PH
channel to which at least pilot data and transm ssion power control data
are assigned. the lowest transmission rate.
10. The transmission power control method,
according toclaim 8, wherein the data used for the uplink
comprises data obtained by multiplexing the data of a
first channel to which only data are assigned and the

other data of a second channel to which at least pilot

data and transmission power control data are assigned.



