;+e3e6DT{R_,, i f 1 BASE STATI ON APPARATUS AND TRANSM SSI ON PONER CONTROL
'METHGD BACKGROUND OF THE | NVENTION Field of the Invention 19 NEN'~§82 The
u

Qresent inventio to base station apparatuses carryindlg vV 2002
fransm ssion pﬂwmﬂ@gﬂm@@“ in CDMA comuni cations and their transm ssion
power control . scription of the Related Art A CDVA (Code Division
Mul tiple Access) sS§8¥Emis one of the nmultiple access systemtechnol ogi es

used in radi o conmuni cation systens using hobile tel ephones and portabl e
t el ephones, etc. when a plurality of stations carry out communications

si mul taneously on a sane fr o I i npl ement s

mul tiple accesses by spreaggggg6¥T§ﬂ?§®h&gﬁ?§ggﬁgﬁ%%$§B;hich i nformation
signals are transmtted W kh ver fficiently w de
band relative to the onqgﬁéﬁﬁ?%Fg§ﬁgﬁﬁ%ﬂgg;§g&f§?%g Fﬁn$HZHCDWA system

there are several ways to igtRARBUNDCPPTERd] SPPELTYHEYSt em above .

Anmong them a direct sequence systemis a systemin which a spreadi ng code
which has a fFagtief LEaRyE ssheBnkatgh than the transmission rate of an
information signal is directly carried on the information signal at the

time of spreading. The thié&sease.ifygnehs romacplsurdd ibysef Jobilgn
stations are nmultiplexed on a sane frequency area and sane tinme zone. 19
N OV 2002 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 systems 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 spectrum 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. Among them, a direct sequence system 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. In this case, signals from a plurality of

mobile stations are multiplexed on a same frequency area
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and same time zone.




- The CDMVA system using direct sequence has a so called "near-far" problem
"This "near-far" problemoccurs when a desired transnmtting stati‘bg NGV 2002

| ocated far and another undesired transmtting station (interfering

. station) is near, which causes the reception power of a received signal

. fromthe interfering station to be greater than that fromthe desired

transmtting station, preventing the stations using only processing gain

(spreading gain) from suppressing correlétion between spreadi ng codes,

whi ch di sabl es conmuni cations. For a cellular systemusing the direct

sequence CDVA system it is therefore jndi a Lene@NtHHs kr arsim Ssion
power accordi ng ffoha HeD¥fatse HFeBalh lé}'gdndri]Jsénggnlcﬁﬁon on the uplink froma

nobil e station to a base statjon, Further €3 8§ ed rCOUHE er prasilrenf or
fadi ng whi cfalsedhé n@Rsetafr déb?%agtelgndn g?{lt he BER(Bit Error Rate) in
terrestrial nobile comunicati.on thook: £ 0h gC¥MEnsahi i Viavcatedns of
i nst ant ane@usc waPu&N ?e%gﬁvfaﬁdpgﬁgﬁ by cont?olling transm ssi on power
i s proposed. The operat|on of dPoPr L hBRSH SShoNn sfi@terosont r ol
processi ng farerp ﬁH@akﬁgﬁhdlgéggﬁgéntional sl ot configuratign. FIG 1
shows a slot configuratio Ly M8 S Gpd £ rwhem ioain r gang Ut t88nvent i ona
transnissiohleﬁ%P%%Bhﬁgo%égggﬁaps consi sting of pil%%wgat%al’fﬁﬁ%ﬂg
transm ssi on power. t 3 ERQ)i e anxd ¢ mahsihiesi dat @€ B fRi ~'s
N o v Zooz %e§?£ﬁ¥%%§2%%$%fp exed in slot units are transnittedé{ron1a base
station. Pilot data 1.i$a greageithan tiveed AP0 FEe ohePALEE n and s

t 0 . i .
used by a mobPI*¢ Stafron to esti mate channel conditions for denDduIailon
and neasure SI%;gige@négt@ﬁfwﬁﬁmmmmenaMR@témﬁFPéﬁﬁﬁ%ﬁ%ﬁP%ﬁﬂay
control dat52"% used as a transni ssion power control conmand.. Signals on
q; upl i nk fq:%@@sg@aigl @ Si At i(eptandibgsg it i 67 % WPP &S S ghal s on
t

e domnlinE _

roma base station to a nobile station are tr as
sl ot cycle signal saandm délwsleat $prPAG ST seP F’FShiv’f%}cbs%{e}gg(;ge%itsg t he

downlink to mnimze a transm ssion power control delay. Fir direct
transni ssi o HENER icent rohs per Formadcea lt%lea’ao%%FFﬁ% ?)é lerg%lt;r}%edl. A’si gnal

sent froma base station is received by a npbile stati] \Wddh Sapiepagat i on
del ay of TDejayuéacer €PHhds ngtes « Het d*%t’élﬁgge&roogmét Jﬁgat])'\aééspte

1 transmission power according to the state of e

ach
contro
channel condition on the uplink from a mobile station

+o 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 ©

reception power by controlling transmlssion power 1S

proposed.

The operation of closed-1lo0p transmission power

' ' ' 1
control processing is explained using a conventiona

lot configuration. FIG.lshowszaslotconfiguratlonon
s

' ission
a time scale when carrying out conventional transmisslo
power control.

Signals consisting of pilot data 1, transmission

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



station to the nobile station). The nobile station neasures reception SIR
‘according to pilot data 4 at the start of a slot . Then, the nobil $§¢0¥ I@Ez
conpares this SIR nmeasurenent result with a given reference SIR aﬁ
.reception SIRis lower, generates a transni ssion power control bit which
tnstructs the base station to increase transm ssion power, and if the
reception SIR is higher, generates a transm ssion power control bit as a
command to instruct the base station to |8wer transm ssion power. This
transm ssion power control bit is enbedded as transm ssion power contr ol
data 5 on - ~~~sS No Vv 200z 4.the . uplink and trapsmtted. A signal
Sent. 11 om t b FE T F SR IPF Al S by h hECbAEE S AN bF P 208 ay
of TDelay. Th e _stati] de tg t L ssion p ont.r ata_6 and
det er i nes t%gb‘%)g%nss%agﬁs%gﬁ'pokgflo\s):aléjgpgg]lt %es %om%l}/\?ﬁﬁﬁf rra"oln'%ori h% %é%ﬁl and
reflects it . t ]SSl tart h | i_nk
sl ot. Then, %ﬂgég§§¥% .§2b§?t%?ﬁﬁ%ﬁ?és?%nhggﬁiﬁﬁ%d%??8Fl§é$5%§%€§$gn%?he
uplink is e i ) i LK i tat LS L by
the base st A1 b th b ol By Sf thelay ™ TS Banctarift1an aRaTREEbURR
according ta;pil ok idai 7cal ittt staklene argt @b jandh §ORRAESI B LeCeption
SIR and a reference SIR as in the case of the nobile station, generates a
transni ssi o, ppuer ccant ol Bidravhp chsi sisegogvard ¢ £ahBatilsEtomhgbhc t 0
i ncrease/ decrease transm ssion power and enbeds it in transm ssion power
control datadnerottheslemahidnk and transmits it. A signal sent fromthe
base station is received by the nobile station with a delay of TDel ay. The
nobi |l e station detEcgsalsarsm tsiseonpidwek £oomra miabal8 andhtdbder ponas t he
nsm ssi on power value on the uplink fromthe result and reflects it in
t transm ssaoa powerien abewstldr ta ofsidradextonpthakdsiatl ik nfeomhea
uplink slot has a timng offset of 1/2 slot with respect to the downlink
sl ot, transfiaseohtpdue@n ¢ongr Bobisle f&ta edosue r@ tiragrami F ke dshet sdort r ol
delay (the result of control 1 slot before is reflected) 19 NO V 2002 5
for both theyohAl BHETERES upRPnR. 1Terslatchd@iiHereffget ridhsid 8§ilod srat e
is lowered is explained wwth reference to FIG 2. When the transm ssion rate
is |owered, addedbsR He tAENSA K KR THRIEYASIF bERBAES I DhgRr POWRILch
increases the ratiQs of pilot data | ength and transm ssion power control
bit length ﬂ%PQ%%ogld?a}gﬁgth. In this case, as the case above, signals 11
to 13 sent fron1tq§.ba§z station are rec§i%edcb 1£the nmobi |.e %%%iiont ith a
propagati on del ay of I%§aPE%W%%§b8HdP 8 to “the %?%t%ﬁﬁgof e “Hse
station to the ile.stat] : th ' i S :
reception SICQ?‘?gglr%nnp}ﬁ I]%t g%é?a@llrgggf the s?g%ﬁ %F%;t g?&?%‘ﬁég%o%??% *&fati on

compares thiss, JIdt Jegey 8UPAnbeIUId WA 8ol fhekPac 2 a0d eibads dhe

result as transm Sssion po contro at a on t p|| and transmts

it. A signalgseppebem tder FBBLIG LAY 08 ikhd /eLsVEA Y Ahenbage Bhald on
with a delay of TDelay. The baSe station detects transm ssion power contr ol

(!a 16 and Lef €f Binneso t hRet FANSNL 6550 POYRY .vales ahobhe edaywi £ pknf rom

t result and reflects it in the transm ssion power at the start of the

next downl i pfess@kes reception SIR according to pilot data 4 at the
start of a slot. Then, the mobile station compares this
SIR measurement 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



_ 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 acgfgf&g?hﬁ@z

“.pilot data 17 at the start of a slot and conpares the reception

"reference SIR as in the case of the nobile station, 1 9 NOV 200Z 6

_generates a transm ssion power control bit which is a command to instruct
whet her to increase/decrease transm ssion power and enbeds it in
transm ssi on power control data 18 on thé downlink and transmts it. A
signal sent fromthe base station is received by the nobile station with a

del ay of TDelay. The nobile station _detects transm ssion power control data
19 and det &MY 2B LeHe 17 BHs St YR SRS val ue on the uplink fromthe

I d refl it i h i SSi h . f th
Gownl 1 k- 's1 ot . W 4D FaP BT A SCR BriopA Tth LBho G fondic GphAFS us,
h , th ti f t il ot d | 1 SSi trol
b1 1 engt o ChE B | BRGEH Tay L hir Eote -2 fuEind 2L F AnsriiiE greBower

control delgy, dug.t a4 cloged 1 aon:taingl Ihépia gover

1 SSkon
control delTay TnCreases, tfransm sSion pomeﬁgégﬁfygl I'S not rg%ie%tﬁa in the

next slot, saphkRQ ARMOR + 2 §li'ASHH ﬁéggggeﬁggecw rtg{eem { agm to

c_ha_nggas_ in a connuni cati on environnent. ( a pro
mni m zi ng & GEMHOIrdeh ay 40! fe kead tp ja EE%H&!@BaH%n{i@s?&B pERaYr ement

time used for transm ssion power control, making it inpossible to achieve
the suffi cignte pBaASWLMEND FAGHE ag¥ x tSHYVARYi Pk FHot NVENTION It is an

obj ective of the present invention to
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 increase/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)



provi de a base station apparatus and transm ssion power control method
‘capabl e of, minim zing control delays in "' 9 9 No v 2002 7 closed-Ioop
‘transm ssi on power control and suppressing deterioration of the ﬁﬂaNONigmm
.accuracy due to reduced SIR neasurenent tinme. The inventor canme to cone up
with the present invention by discovering by focusing on a data sl ot
configuration that adequately changing the arrangenent of a sl ot
configuration could prevent transm ssion power control fromfailing to
catch the next slot when pilot data and transm ssion power control data are
relatively long. In this case, the arrangenent of the slot configuration is
per formed byf@BkPRG T ntbealimt 1 akpadishga® L bR kdel ay from a base station to

a nobile station, the pilot data |length for measuring the quality of the
recei ved signal, éﬁmeP?n%‘?%E?dﬁ%eFﬁaFgéoﬁFa“58%%3%ﬁ8“c%®§8 tBnt PR LA ays

i ncl udi h, | [ f h bj | ' ived th

| ast part of:% HEBo agt 4 i1 TS e ML S G il 18958t W 1 ecel ved

i I d enbeds t. 1. SSI t rol_.dat ti f

The mobi | Srat ORI I R DACE B0at PR THe 4 BReLERRE TS it Bt ho
] _ _ 8 13ees fe e
dotact s the 19 AntHTEE o BoRr Stonty b ha STAN cHANGES Soib bt Cabe

BRI EF DESORATIAN OF 3 DRANIGE The gk}%esr@ing PLRCp IR £l 5, 20d T B3LUT €S

of the inventi w 'l “appear herelna?ter roma considéeration of
the foll owi ng flgsr i i @Ret @KL 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,



19 NO Y Q02 s in connection with the acconpanyi ng drawi ng wherei n one
“exanple is illustrated by way of exanple, in which; FIG1 is a slot
configuration diagramof a signal transmtted/received at a high% NOY 2007
*transm ssion rate in a conventional radi o comunication system FIG 2 1S
sl ot configuration diagramof a signal transmtted/received at a | ow
“transmission rate in the conventional radio communication system FIG 3 is
a bl ock diagram showi ng the configuratiog of a radio comuni cation system
according to enbodi nents of the present invention, FI&X4 is a slot
configuration diagramof a signal transmtted/received by a base station
appar at us @HRNEBBIUSES s at Feri Hppas alls REDE dFRG L Endbli mdvitchl 6 &he
present invention; FIG5 is a slot configuration diagramof a signal

transmitt ed@BBEPFed Dyl 8 SEEE st Yhedh HpphP at s LHRE RYBRICE $2 88 on

apparatus accordi ng to Enbodi nent of tge present i nventi on;
transmlSsion power and embeds 1t 1n transmission power

control data 18 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 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 transmission 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



FIG6 is a slot configuration diagramof a signal transmtted/received by a
" base station apparatus and nobile station apparatus accordi ng to Enbodi nent
"3 of the present invention; FIG7 is a slot configuration di agrarﬂ d¥0'%a 2002
.signal transmitted/received by a base station apparatus and nobile station
_apparatus according to Enbodi nrent 4 of the present invention; 19 NO V
~00Z 9 FIG 8 is a slot configuration diagramof a signal

transmtted/ received by a base station afparatus and nobil e station
apparatus according to Enbodinment 5 of the present invention: FIG9 is a
schematic show ng the tinme necessary for transm ssion power contr ol
processi ng ®@hOERE HoAAP| K AR 8P HE ™t BOMFE SRDEFRBNES IS URHRE §F e at
invention: and FIG 10 is a schematic showing the tine necessary for

transmi ssi ot pBwerCEdRE P Ot FAPSHA e ApFH AR e Bt hy Fedired
enbodi nent s g& t he present .invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS® W't A'&3%T &F EREE ow P8t he attached drawi ngs, the enbodi ments of
the present invenijion.are explained in detail bel ow. ,( odinent 1) FIG 3
is a block diagra 8h&ﬁ%ﬁf€§£ &&%ﬁgﬁ?a?ﬁ&?cﬁpawﬁgﬁigﬁg%nﬁﬁﬁQ%ﬂgon
system accoy dj t.0 digx f. & r t.d.nyentiqn. . This ra
y . iJOInggltthFnB drfieéqéo&egésnecfgcgg faﬁrﬁ51x{'¥a§h Y blslleQ

communi cation Syst'em conpri'ses” a tron ‘appar atus “an ?apion
PR L, ORI PEELSUALIN, SRRl UB ) (ST SRL00 ) el |
BT 0% e 05SSR PobE dumh Seufapmacanls suMIRSBSE PO
and out put scbReRd10 fFereraanfigyrabi e8teeCtid 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 from a base 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
the mobile 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 delay 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



.19 NOV 2fI OZ to 104. Frane configuration section 104 arranges the out put
~data. of encoder 102, a pilot signal frompilot signal generator 101 and a
transm ssion power control bit which is the output of transnisshqphﬁﬂpgmnz
control bit generator 103 to the determ ned position, and output's it t
_spreader 105. This arrangenment is determ ned by taking into account
processi ng del ays and propagation delays required for transm ssion power
control. Furthernore, franme configuratiomsection 104 provides a sl ot
offset, that is, it shifts slots by a given tinme. Spreader 105 carries out
spreadi ng processi ng and out puts éae spread signal to transm ssion signal
r

anpl i t ude célt FANBEAT bR ™MHE t BraR&nP §S YRPEHhal TfFI3 ¥ bdd ¢oheFaIin
section 106 controls the anplitgge of the éngyt si_gnal _.and out puts the
o]

signal to addet 04T Rdder o7t addsS up A tedotthul 8% ¢ Farfsh8d bR’ silghal

anpl i tude coq{rgb,section 106 and signals fromthe transm ssion section for
LW .7 . . .
ot her nobi | € 5t at'i‘ons and outputs the result to transm ssion RF section

108. Transmi ssi onpRi sectl ggtgggtcgrordﬁ%gg%tﬁ&%lﬁ%gﬁ?\ngg rai u-egnr}(igéi gnal

conversion on the input an ransmts g fro enna

of the mobi ke 5ahien deacst ¥edvidy abhaanligna: A0k swbhecled d oy

a
frequency conver st on an e€cepti on secti on and out put to

correlator 1Ll Akt Bea1ecenpliion dUmrEaSIcRY: ; t5$%tfé?ﬁ;0t her nobile
stations. Correlator 111 despreads the 1 9 NOY 2002 msignal using the

spreading code usgdd.@r I®bilgelstationnt igapsiiss ot agenar aifes & dpshied
wave signal and outputs it to decoder 112 and reception SIR neasurlng

apparatus liZameaddeeddie decodes dthea i Iput t 2ad sobi £ Do nr eeaie/eith daka.
éepti on SIR neasuring apparatus 113 neasures reception SIR fromthe

cei ved si goalveamdioniputsadhe resuttnticatriamsnsgsitempower control bit
generator 103. Transm ssion power control bit generator 103

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;



. conpares the input reception SIRwth a reference SIR and generates
transm ssion power control data. The transm ssion power control data
1detected by decoder 112 are output to transm ssion power controiﬁfﬁgwi?mn
. 114 where the transm ssion power value is determ ned. This tran ssion
_power value is sent to transm ssion signal anplitude control section 106
and transm ssion RF section 108 and the transm ssion power is controlled
according to this transm ssion power val ge. The nobile station apparatus
has the sanme structure as that of the base station apparatus except
sections for multiplexing and distributing signals fromother nobile
stations and tran%gﬁss?i Grf & ghedt apphifigder ebrP ol igaiamnof08 shgmnal
controls the anplitude of a transm ssion signal by multiplexing. That is,
pi | ot si gnatrgeserist bpdIGE L EpRelierd 103 S8nd RIEEPN1GPRIL ARBSNRRA 09
correspond to antenna 115 to transm ssion power control section 126,
respecti vel§ORAd & HEERL 460 i YR 5/ ea?‘agﬁfjil@aﬂ | y© Embpglipeny 20@L 1-
Then, an exaggle of slgt.configurapion used for low rate transm ssion
perfornmed i NEhE 7R B cathimf taPf'dn system configured as shown above is

| ai ned with A | ot. f i f h i nk
AUt S g SR e S R TR T A2 TR
for the uplipk, &Af-%gighffw@; Epamd gegLend %g' A& A &B%ﬂ'n'»é)t .
data are separaged’ romtransm ssi on powe contrdl a?a inthe slot, and is

different i0:bBeaflgel obehueemudies iBhiik HOdAac Rl K o FLR S o f N
transm ssi on power control perfornmed on the downli I's explal ned. A}S|gnal
sent fromtheqbase station ( signal made up of pilot data 201, transm ssion

wer control data 202 and data 203 ) is received by the nobile station

th a propagationrdehay iof IDebavr00r&espondiny tRet RAnE Stapeg sfagm the
base station to the nobile station). The nobile station neasures reception

SI R accor di figrt ©orpnlseii g8t an2@édwadr tden stant peboes$ Ohg bh chBPapes dii s
SIR neasurenent result with a reference SIR and if the reception SIRis

| ower, geneiatesda g atsnihe emipoiemeadrst raf thé¢ pseaecamimdeh@ iiorst r uct
the base station to increase transm ssion power, and if the reception SIR
is higher, generates a tr ®SIABEEDN DESERIBTAONIODHI TH&E a conmmand to
instruct the base station to | ower transm ssion power. This transm ssion
power control bit is enbedded REFER&AIhi E¥BOR IYOvEF Scontrol data 205 on the

uplink and transmtted. ~ g Nov QU002 13 At this tinme, data |locations in
the slot are With reference now to the attached 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 themobile 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



determ ned by taking account of a delay. Mre specifically, data are
“located in such a way that pilot data 204 is separated fromtransmi ssion
"power control data 205, that is, sonme data are inserted between t@qi[mlz@
. data and transm ssi on power control data. Furthernore, the sIot1i f &
by TShift . This allows the transm ssion power control bit obtained by the
SIR neasurenent to be included in transm ssion power control data 205 on
the uplink w thout delays. In other wordgg the transm ssion power control
data on the uplink can be reflected in the slot w thout delays. A signal
sent fromthe nobile station is received by the base station with a del ay
of TDel ay. ¥Ad4 .-base station detects transmission power control data 206 and
determ nes the transm ssion _power value on the downlink fromthe result and
reflects it in th@rﬁﬂﬁu§@§§ﬂdﬁﬁﬁﬁk9“aﬁqQRQ%Pa#p%ﬁatﬁénﬁéé fldenl i nk
slot. Then, the era ion of tra n power, control erfornmed on the
uplink is eRBIE& ‘bﬁa?HQS%Q ﬁggthé §9§ﬁ4it?§°@e&ékR&iby

t he base station mnth a The base stati on neasures SIR from

o et o 2b e Bngugt 8Y, 2hl Y ShASCOMPI GRS LRE BRAEDET GRS th
f R h | t t t

AR Lo EC U B e%%?%ht.é’fa A 00 8RN AR ER Bontrel, o

i ncrease Ofgsﬂg()@sa%er%t@g PR HROURY ¢ mgta%iésttlomt %fhsgh%%u%pow

control dat on 't and ~~=~= "2 fransmits If

case, the slot sen, EéQPﬂetrhqwb" h%ata'ﬂrb m8ntOnfd %@ékﬁ\l&dﬁ‘é@%

the pilot data is separated frontt e transm ssion power contro

thus the trapsnissi ORtBOMRICcSORET @lrdddsbased am she SR BASHEG RN, ztesult
pil ot data 207 can be enbedded in transmssi on power control data 208 of

e next S'ete1a§t‘§reéqmrédneft>ﬁ:am1$§meesquer?eaetﬂ adodatalon the
downlink can be reflected in the slot w thout delays. A signal sent from

the base statiremdsmoeesi vieshhy the fiopu ke tsfcat | sacwiitdn o 0l¢l py cafi ddel ay)

The nobile station detects transm ssion power control data 209 and

det er mi nes thelbrapditsst pntpened syalite st fhe sipbtskbir engtilve o esiiné . and

reflects it in the transm ssion power at the start of the next uplink slot.

Thus, the radi o cBpmesidari biSsgstremes contli sigreadineg ppesents serbd i ment

places the pilot data separate fromthe transm ssion power control data in

a slot for 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



the uplink and provides an appropriate slot offset between the uplink and
downlink,. which allows the pilot data and transm ssion power control data

" locations to be determ ned adequately. It also allows the sl ot 1 8cHOY o2l

C“relationship between the uplink and downlink to be arranged adequately,
making it possible to minimze control delays in

" cl osed- | oopt ransni ssi onpowercontrol at various transm ssion rates and
suppress deterioration of the neasurenenti accuracy caused by shortening the
time for nmeasuring the quality of the received signal. 19 Nov 202 mWth
such a configuration, it is possible to adequately determne the pilot data
and transm $5888 lpAVEFgohkEofPdaesl 1 BE R PBfsuaRE £RE Sl ecatrsrhan
rel ati onshi p between the uplink and downlink according to processing del ays
and propagat ¥ 3R SFel 25$° MhiTHP 2R&GRSS & nAE SASAT 2 Y8l &iIng e ANE i zed.
Therefore, the Bresent gnbodinent i§.capabl e of inplenenting a contro

del ay of clOLERYSGHpttr ARs P AR pdvier 208t F‘G’Iceilfh bhR Pilife R UEIN Dot h
ow rate t raRBAFETTER 1 oot iere o L e 888 £ e BROEREGT: Fagt b Faa h agr am
Co Brbod et 313 1B S Eee e T AL A R AR SR BB R 1Y e
The siot caaglth oheFRP LA SIR Salm tlR, R pv R 280 e, P!

Enbodi ment J,, ¢ gthate hBe Ridof ¢+ daba tarfn s8paLAlSEH foRad M5 on
power contr%?tggta inthe slot, and iIs diffeFent féon1EnB%ﬁ$%g%? fﬁﬁ% t he
sl ot of fsetybgbwee + heodownl i nk and uplink. It performs transm ssion power
Qntrol in ct’he same way as for Enbodinment 1. That is, the base station

termnes data |peahs@iisdlohhpoit B¥ntald Ndb del aenhd Pheoacammt. Mre
specifically, data are located in such a way that pilot data 301 is

separat ed f¢ofphrasntisi ammovereceptiodn dat® 30X ht hatrdferdata 3QR are

i nserted between pil ot ~ g NO v Q02 16 data 301 and transni ssion power

control datand03enerates transmission power control data. The
transmission power control data detected 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 multiplexing. That is, pilot
signal generator 101 to spreader 105 and adder 107 to
antenna 109 correspond to antenna 115 to transmission

power control section 126, respectively and these

sections operate identically.



,In this case, the nobile station neasures SIR using received pilot data 304
.and-enbeds the result in transm ssion power control data 305. Furthernore,
the slot is shifted by TShift. This allows transnission power ch§tN@V 2gp2
.the next slot to be perforned w thout delays according to the transm ssion
power control value of transm ssion power control data 308. As a result,
the transm ssion power control data of the uplink can be reflected in the
sl ot without delays. On the other hand, 1%e base station neasures SIR
according to pilot data 307 at the start of a slot and generates a

1 SSi (o]l I nmbed
{1 ansni o on Bgﬁh%%ﬂi P81 < Baw 03 it Kate St RE Sk T PRRSARE (1% |
hat the pi FBES tq—‘amﬁsts%* PP %afff%%ga?sé%h BT LBRERA Gat o,

that the plFSt data are separat ransnt ssion

making it possitle L8aeber-Lhe gata SLESLERROVEL coniol DLL Jgsed on the

SIR neasure result of pi PR transm sSron power rol data
302 of the peg¥t slpte Theref@re. thed ransp ssi wer t ta of the
uplink can Eg ref ec?eg in the next glot m?lhod% d£€ JE)uréﬁgrggre t he

base statiogogehiecis tsanyfd Sshpl %Cé/‘efhéo%torrﬁ}ergﬁién%q&ox@@t eerx@%s the
transm ssion power value of the dowmnlink fromthis result and reflects it

in the transgkpd O POVEReas 1bhe coliigetathe ot i tkke ShPlink, 199 Nov ~a~
17 As shown above, the radio communication systemaccording to 't he pr esent

enbodi ment ghi#&cescdie prbeal tdad acsepanatioid dDmohke itr st SSL 0B PR a
control data for the downlink even for low rate transm ssion and adequately
provi des a sket saffaeh tleet ieeomt heamdn h&ksand goowe knk o ek hgdiet apassi bl e
i npl enent control delays in closed-l1oop transm ssion power control with
ne tinme slohewstlhwut reduci hgdifideStRireasurtdarnent ffises. I Enbedinnertie 3)
FIG6 is a slot configuration diagramof a signal transmtted/received by a
radi o conmuupéamnikomBgstdm adRYndilmd + o Enbodi ment 3 of the present
invention. The present enbodi nent places pilot data separate fromthe
transni ssi on powef &8t §hedaransmhs LN PO OGP R hECKPP £ HK ot davinl i nk
and provi des an appropriate slot offset between the uplink and downli nk.
The present tBRLBGWTREN Kl 8 BEPLGMRCEr anBnPi8iih ptileE EBRMY SheuSiaRke t he

sane met hod as that én Enb di ment 1. Cﬁg % ¢ t he b?ﬁ station and nobile
station det®FAtAE€HA Sal‘PBE‘ t MEAE 9P (e Bt 02 T byaEak a'd&%%/%S?‘ﬁFélebeount

Separ at ed (PBREET ST SSE R RGner ST of2ha: 2002, 3 W CFEveary 40 | <
i nserted befugen pilol dato vﬁloéhaad HASILIS A0 Bevely 9P £5k1d3) 2 202, 1

this case ation neasu
(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 1s 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.



received pilot data 404 and enbeds the result in transm ssion power control
data 405. ,Furthernore, the 1 9 NOV 2002 i8 slot is shifted bi Tﬁbwawz
"This allows transm ssion power control of the next slot to be pe 90 med

W thout delays according to the transm ssion power control val ue of
transm ssi on power control data 406. As a result, the transm ssion power
control data of the uplink can be reflected in the slot wthout delays. The
base station neasures SIR according to pjgot data 407 at the start of a
sl ot and generates a transm ssion power control bit according to the
result, enbeds it in transm ssion power control data 408 on the downlink
and transnmits it.AEnthis tase, thetsl docsEhions tile hibdi Béoft atfen has
such a configuration that the pilot data are separate fromthe transmi ssion
power contrdktddatmainfakitig Fekpossiateouptr & ezt deRE % v adbdF Ssi on power
control bit of transm ssion power control data 409 based on the SIR

measur ement SPeSUl 18R 1giM otddfa@ a2 4871 PR ANRA Sithriu el 2heaiekbhadpBiinkos] ot .
As shown above, the radi o conmunicatjon s sten1accordingﬂ$o t he present

enbodi ment PR&Ges? Q he i ISRPYLREL CSefar A e L FRAGRT heS £ PENHA BRF of Opdviet L
brovi des a GPGE Y Set HE bR ROTHDI FPREaRT SoWREF A S Gk RSP HILE bl e
one. {1 e | BE SR KOO o AU hGPRe S & RS ChEnt ST ForShatn 1 he. upl i nk
2 ook, LIy SIGY 2 h oSl onys gl

communi cati pRSYSIAMATCY UG ERETRAH 1EOT 4, 0f ?%Pﬁéﬁgﬁgpitw{@an' In

i guratron, is assigned to Tch on t ' n and

is slot con
Qntrol infﬁé%tdp@méﬂ%htggb@iiﬁélqafe@ §Q2trtarnﬁsﬁ§:|[@§§iof?xnp8%w coUH 9] data

503 and rate information 4 is assigned to Qch. In this case, since the

control infgpratixars icn ohy @bacedk &t Kkbutt BepeFsent agecoheltherqid 9 data
is greater no matter what the transm ssion rate may be. As in the case of

Enbodi ment 2het her P enents spmwogdomeyt @bserpllacest thenpidrd dptansepssat e
fromthe transm ssion power control data of the uplink, provides an
appropri at epsl ate Of € see cbet meehet kel afpl wik hande ddedlaiyk. and per f or ns
transm ssi on power control through operations simlar to those in
Enbodi nent 1. Thus, stiheak arsnts§irom rtdoeptdbhnlepparat Lisnateordiosy Yedt he
present enbodi nent can, by placing the
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 whether to increase

or decrease transmission power and embeds it in

transmission power control data 208 on the downlink and



pil ot data separate fromthe transm ssion power control data and providing
" an appropriate slot offset between the uplink and downlink, mnijz
“control delays in closed-loop transm ssion power control for bot tﬁgv ﬂmz
Juplink and downlink without reducing the SIR neasurenent tine. (Enbodinent
5) FIG8 is a slot configuration diagramof a signal transmtted/received
by a radi o conmuni cati on system according to Enbodi nent 5 of the present
invention. In nulti-rate transm ssions, i4e absolute tinmes of pilot ~ g
NOV 2t 102 ~o data 601 and transm ssion power control data 602 vary
dependi ng og t he ra%g qﬂ:the sl ot configuration. Therefore, the ratios of
the pilot d 204y tPansni ssi on power control data to the slot each vary
dependi ng on the a iSsi r at I j S it h _other .
transm ssi on rat eylalreg1rII orérérle%’wi t}ﬁe tshlgl)ér }yp%%taé%%rflaé}g%a“%%ggmgggit Orbower
control data.l.ocat. ; Wi th o) nf g [ ,th
t he | owest gggs?b g%Fﬁé s%?gggghlﬁarghQ%ﬁéﬁﬂ? ,egikéﬂ%gﬁ ?% %%é?é%ﬂé ots

are configugedn n RUCR aai L83 NeoRe 8! BRGE ARt aghenaliy Pelueqn i | ot

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

different tanydsten JmdtsweM ddHErbLlMid thdSeBOLH Diget g 1REr form
transm ssion power control in the same way as for the enbodi nent above by

carryi ng ouphebhe: S&@fEnRr @eessl Ndo ASpihat dr tidhe @baygnepbodnpertdd@ri @l |
possi bl e transm ssion rates. Thus, the transm ssion/reception apparatus
accordi ng torbmesmpt esentin ebwdirmerintan]l HartadiXd @r efit tHreanseksSisdrod at es
mnimze control delays in closed-loop transm ssion power control for both
t he uplink @ahémoimtenk thie | erkespiigside gloote of oot tuel wbenat ber Wi & nk

d downlink constant, w thout reducing the SIR neasurenent tine. It also

i m nat es dheneceksiceyr dfe chafdienft edsiot thfef seiobemdddrowhedeplayk. and
downlink for communications with different transm ssion rates, elimnating
the necessity of Bo®pRinGdt &k Pk okeeBi heby asitardialyl Rahsntssiedvedtiey. a

19 Nov zo02 m
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 it in the 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 adeqguately. 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 quality of the received signal.



The present enbodi nent takes as an exanple the case where slots are
~conf.igured in such a way that the distance (data |ength) bet vveen1§i ?\]@tv gmpa
601 and the transm ssion power control data is kept constant for differen

. transm ssion rates. However, the effects of the present enbodinent will be

_further enhanced if data | ocations are determned in such a way that other
pil ot data and transm ssion power control data |locations are shifted so as
to fit within the pilot data | ength and g ansm ssion power control data

| ength corresponding to the |owest transm ssion rate. Here, the data

| ocations of pilot data and transni ssion power control data wth the sl ot
configurations i WErodgiumhte cond 5y abaté odre ekplai Medss FpGe9 tshows t he
time required for processing transm ssion power control on the downlink. In
FIG 9, suppdsfidgtthhy €RE Pidbafatinch Riblay Fedh tBRbaSE RIBESSH A t he
nobile station is TDel ay .702; thﬁ pilot data | ength tg measure SIR i s TPLMS
703; the prRR¥SSi PRt AR lartdlat heSHILI RS sBAG d has tPéceiveatinrd a hst
part of the pilot data.until it neasures.SIR and, enbeds .the transni,ssion
power cmﬂr%§ia$ﬁ9Q%h?ﬁs ef&fe?h%ﬁﬁr88§¢ﬁﬁcﬁPQE9%§“iﬁd%t4&FﬂBEHQ9
station to the_base station, is_TDel ay 705: the transmgission power .control
dat a | engt h=¢ sPFPEEES® 766 %%]Zayﬁeaﬁdoc%rggpéaattﬁ%n a&?ér‘aytsh’e Bﬁgé:hst ation

has received t h%etg apﬁ%ng%jogﬂiPg\fe{?egho&%ogrgamlymklzeiat detects the

transm ssi o%nﬁgwer control data an eS the power I's TBS1 707, 19 NO

V 200 the possibje,canty,0l d@hgyrﬁgrége an e%@&pﬁ%gioscﬁgﬁ zﬁ%gg%:gy 29

expression. Transm ssion poler co elay tine

TPLMS + T%%E%WiﬁngmEOI@l_EW(SPQﬂ@é@d-E'o%ﬁ-Qxsat}Péiﬁ.iE@Eion

ocessing ti required for transm ssion power control® processing on the

link. I'n B&Gel0costippesi Aa Uil ¢ DRePEQRATA S PNbEehay Hd amp A kmakid e
station to the base station is TDelay 802; the pilot data |ength to neasure

SIR i s TPLB&®A3:1diher Proeassiregiud MegafherstRembasa sdméhent hae eecai ved
the last part of the pilot data until it neasures SIR and enbeds the

t ransm ssi ofio powerw coat eolt rdat smii s sERS2. 804; the propagation delay fromthe
base station to the nobile station is TDelay 805; the transm ssion power
control datgEmbpgtimest TERCVS 806: and the processing tinme after the nobile
station has received the transm ssion power control data until it detects
the transni ssion Pbhéep dentar ¢llafat@onfid gehzmigeent Hd qwem € IVB298GY, t he

possi bl e control delay time can be expressed in the foll ow ng expression.
transmitted/received by a radio communication system

according to Embodiment 2 of the 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



_Transm ssion power control delay time (uplink) - TDelay + TPLBS + TBS2 +
_TDelray + TTPCM5 + TMS2 Where, the pilot data length is the data length to
measure SIR, and if STRis also nmeasured using data other 19 M0 NORf o2
.23 than the pilot data this value includes that |ength. Therefore, data
locations with the slot configurations in Enbodinents 1 to 5 are perforned
by taking account of these processing tines) Thus, the possible | ocations
of the pilot data and transmi ssion power 16ontr ol data and a slot of fset
bet ween the uplink and downlink are determ ned fromthe above expression.

As shown abgyi«%a ?@lslaqlt co Bh%‘x’nraéé oanEt Qv%g%ls?nahg%%_rﬁaeggmg odi ment

all ows the optinal "SIl ot con |gura 1on m cont r ol

delay in closed-| eap: hiansaless! o DO COUYHE ¢ ﬁ”r‘eggiﬁg%é gixe%o o1 Fpove

are expl ai ned by taklng as an 'exanpl e he” case ere

quality of thediecehved 5dgnghe bUod hgnpr %?zﬁ%déméﬁ%t'lﬁe i3 Iqlso be

inplenented in the same way using other paraneters as t y of t he

recei ved si gaalnories XRIRIgofe abouae Aie baeg shali ObAAAL ALY

transm ssi on power control nethod of the present invention p aces plrfe

data and trgng¥ sss OBhRAWESd CBRt Maln dat a Imﬂ%ermpnéw fr£Ha6h: AhIn i n a
transm ssion/reception apparatus which carries out closed-1oop type

transm ssi opopewercendriodl and: ipbanes tslsaist byo ppevp@intd e 8f {1s@thd i t he
sl ot |ocational relationship between the uplink and downlink, making it

possi bl e t odeilaiys 2 condialg del e tnaalsasieds 1 oappdwarsooagirl FAVRIe

control at various transm ssionrates and suppress deterioration in the

measur enent odctuaasynicasised byweaedaointg ¢ haeaSiR Ifhsuresentretsuet, thel9 N

"~ 2002 24transmlsSLOn power control data of the uplink can be
reflected in the slot without delays.

On the other hand, the base station measures SIR
according to pilot data 307 at the start of a slot and
generates 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, the base station detects transmission
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.



The present invention is not |limted to the above described enbodi nents,
and-various variations and nodifications may be possible w thout departing
fromthe scope of the present invention. This application is basgﬁgoNOthmz

. Japanese Patent Application No HEl 10-126225 filed on May 8, 1998, entire
content of which is expressly incorporated by reference herein. ~~N
0O v 2002 W claim 25 1. A radio conmunication system for performng

cl osed-| oop transmi ssion power control befween a base station apparatus and
a nobile station apparatus, said system conprising: said base station
apparatus for transmtting a downlink slot in which transm ssion power
control data and Bl 6thabr aakoe ear rianged asdpar @ v ufyicm tach eyhetremand
said nobile station apparatus for transmtting an uplink slot with an

of f set basedc6m nchien g et O R 16 57 My VIL dehARikPdaGe s Lherhéd Tadidata
comuni cation system according to claim1l, wherein an interval between the
transni ssi oPCPARRHT RoALPH e at ARA XHeS P PHt PRI AL oRORkeE YovRREAk Bt in
sai d base station apparatus and_a value of the offset in said npbile
station apphh&t GOVH LL8E SERhEPT rtnt 85f0r SRR ISSHIDI 388 ay i me
bot h on uplink and on downli.nk each.are towthin o ti slot. 3. The
mobi | o st at #ORTIRES B KT RYEHS 3 R AR ALT SohmRs LaBronfe, LI E GBid ng
toclaiml1 or 2, .furthe rLsing. . of fse Q sectian f.or

provi di ng s‘gi’%{“&f ”sL,I’Eej[ q?éok?ggﬁ%‘ﬁiéggSilgquepltion%&gﬁ&%%ﬁée%o%hr %Se#éé’g%ti on
timng of spide fguald Io8LOt rahardhEs TBA LB WAL ABRALALYS caccqring to
claim3, furthér conprisihg: a transm ssion power control "section for

changing upligk QuPHbuROUCIaALihie IR0l STRNG NI sdekhehly Asflgla after
% ption of the transm ssion power contro ata of said downlink slot.
NOYZOOZ(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 present 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



26 5. The base station apparatus used in the radi o conmunicati on system
*accaording.to claim1l or 2, wherein said base station apparatus I,5, f
"transmtting a frane having a plurality of transm ssion slots iﬂ%%ﬂﬁghzmm
“transm ssion power control data and pilot data are arranged separated from
~each other in each of said transm ssion slots, said base station apparatus

further conprising: a frame configuration section for arranging said

transm ssi on power control data and sai dl$il ot data separated from each
other within each of said transm ssion slot. 6. The base station apparatus

according to claimb5, further conprising: a transm ssion power control
section forStRandishgS BOWHEhKPY r AREMi Ksi on! Pofer 1O PietBEGi STt BgLioMm next
pilot data after reception of transm ssiqn power contraql data of said
bl ik o1 otBOY S £ CRHEE 60 omhurh Lt TSR B B0 Bek P bERIRF L1 85 E83op
transm ssi on power _control between base_station apparatus, and a bile
Statton apfie LEUS 2EH U TemAotoCon i 5 AE T ST BAC T Y RREmL PAIG® | n
sai d base station : ' I i i ch transnissi.on _power
control dat%ga%’a‘a%lgﬁﬁtasr%%{;g %%ggwéhgggﬁsgégragé\gg fr @n% %a%%lso%hte’r tI;%eand
provi di ng, | i Llhe O Apay at an, of t fransm t
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station appggabusidn ¥hi ¢hd ransmicSY O PeMe Coidr gk ndatae @gdapi | ot data
Qe arranged separated fromeach other; and transmtting, in said nobile
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timng of said downlink slot. 9. The transm ssion power control nethod in
sai d nobi | eegbatison appartat ais sadeE i mgp dwea aiomtB;o bheéatbn498i dmudiid e
station apparatus changes uplink transm ssion power at the begi nning of
next pilot dawaldfitlerandcepeinemiofstiansnissibd Hoase cohheodlddt 8 eoft sai d
downlink slot. 10. A transm ssion power control nethod in a base station
appar at us wherehf @Posicle | Do tiodn A S F WAl ppveP NESRU IR T £ enpshfRdT e
bet ween said base station apparatus and a nobile station apparatus, said
net hod conpei$pig Gdhed s&s BParEEE i hglhars Nl F ARNSIGS § + ARs RIS f r om
said nobile statiqn agEaratus,,said sl ot having an of fset basgd on the
reception tFANREF SAF@ dAMFTAR HtPC SR st EETHE Shi BRGownl i nk sl ot
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control datafaR§THE pPPoP UL E SENER edPfFoifi ealb A28ETEYS F hOBaiF® Hofnl i nk
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@ 2ci o communi c34] 08gyst eabbY i Ghie 3-BAE SLBkinth APRRL BHUS POeR MODI | €
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control, said 1 ~>~"~ 02

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 it possible to implement 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



28 system conprising: a base station apparatus that transmts a downlink
~signal with a slot configuration in which transm ssion power coqt(N fata
and pilot data are arranged separated from each other in a slot, é)i X 2882 o
.'of a lowest transmission rate anong said different transm ssion rates have
.a first location within a slot, transm ssion power control data of said
| owest transm ssion rate have a second |ocation within said slot, and pil ot
data and transm ssion power control datal®f transm ssion rates other than
said | owest transm ssion rate are configured in portions of said first and
second | ocations respectively:; and.a nobile.station apparatus that
transmits aﬁrQ&%Wkég?éﬁ e%%}ﬁegn%ﬂf%efagéﬁﬂf%mmgnﬁ&ﬁﬁﬁ?BnSM%ﬁ?@ of
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si gnal havi pgeupldmkrbiansnt ssman isdot 5si onahi ohl pekat cat@cpf, saidd | owest
transm ssion rate anong said different transm ssion rates have a first
| ocation wi pbirceart aipki pif $ihat ,pi1148 New 2002 @PettasmcIantpawethwont r ol

ta of said | owest transm ssion rate have a second |ocation within said
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timng of saidodo®AtnEIPFRACS £3.O0M Tivdilt B2 BEALISOH AppRPULEsCPHtak in a
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downl i nk transni ssion power control data. 19 N OV 2002 30 17. The nobile
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first pilotugatiakafinet doagebi h v bt hgewinikiatki € £ aAskNSsF 6R oA Leme i bl

data. 18. A base station apparatus for use in a radi o conmunication system

according tbigleai m 21, for perforning comunications at different

transm ssion rates, said base station apparatus conprising: a transm ssion
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according to P\fmpc/)’dlment 5 of the present invention. 1In

multi-rate transmissions, the absolute times of pilot



a reception section for receiving said uplink signal transmtted fromthe
_nobicle station apparatus with an offset based on said receptiog t N OV n2goRf
said downlink signal at said nobile station apparatus. 19. A b ge station

. apparatus for use in a radio comruni cati on system according to claim 13,
for perform ng communications at different transm ssion rates, said base
station apparatus conprising: a transm ssion section for transmtting said
downl i nk signal having said slot configu28tion in which transm ssion power
control data and pilot data are arranged separated from each other and said
pil ot data and sai&étran ition power control data of transm ssion rates

other than §&%R | BHEsPT ahSATSH ohS + 8Pe PRME LonPREdCd Gt Boftions BY sai d
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after recepti fadawnl 4 ok qugf@gssion power control data. 21. The base
station apng§$Jg 3ccor&%ngoto claim19, wherein the base station apparatus

is for changing dewnliniks t& 88N sl RPIER St nkhe chagl Rk 8g nr%%egi | ot
data after reception of downlink transm ssion power control déta. . A
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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 downlinkwhile 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 the necessity of complicated processing by

changing transmission rates.
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the possible control delay time can be expressed in the

following expression.

Transmission power control delay time (downlink)

= TDhelay + TPLMS + TMS1 + TDelay + TTPCBS + TBS1

Furthermore, FIG.10 shows the processing time
required for transmission power control processing on
the uplink. 1In 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 base station has
received the last part of the pilot data until it measures
SIR and embeds the transmission power control data is
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)

= TDhelay + 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
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taking account of these processing times. Thus, the
possible locations of the pilot data and transmission
power control data and 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 to be 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 the 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 deterioration in the measurement accuracy

caused by reducing the SIR measurement time.
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This application 1is based on the Japanese Patent

Application No.HEI10-126225 filed on May 8, 1998, entire

content of which is expressly incorporated by reference

herein.
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1. A radio communication system for performing closed-loop

transmission power control between a base station apparatus

and a mobile station apparatus, said system comprising:

said base station apparatus for transmitting a downlink

slot in which transmission power control data and pilot data

are arranged separated from each other; and

said mobile station apparatus for transmitting an uplink

slot with an offset based on the reception timing of downlink

slot.

2. The radio communication system according to claim 1,
wherein an interval between the transmission power control
data and the pilot data on the downlink slot in said base
station apparatus and a value of the offset in said mobile
station apparatus are set so that transmission power control
delay time both on uplink and on downlink each are set to

within one time slot.

3. The mobile station apparatus used in the radio
communication system according to claim 1 or 2, further
comprising:

an offset control section for providing said cffset to
transmit said uplink slot based on said reception timing of

said downlink slot.

4. The mobile station apparatus according to claim 3,

further comprising:
a transmission power control section for changing uplink
output power at the beginning of next pilot data after

reception of the transmission power control data of said

downllnk slot.
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ion system according to claim 1 or 2, wherein said

communlica

base station apparatus is for transmitting a frame having a
plurality of transmission slots in which transmission power
control data and pilot data are arranged separated from each
other in each of said transmission slots, said base station
apparatus further comprising:

a frame confiquration section for arranging said
transmission power control data and sald pilot data separated

from each other within each of said transmission slot.

" 6. The base station apparatus according to claim 5, further
comprising:

a transmission power control section for <changing
downlink transmission power at the beginning of next pilot

data after reception of transmission power control data of

said uplink slot.

7. A radio communication method for performing closed-loop
transmission power control between a base station apparatus
and a mobile station apparatus, said method comprising the
steps of:
transmitting, in said base station apparatus, a downlink
. slot in which transmission power control data and pilot data
are arranged separated from each other ; and
providing, in said mobile station apparatus, an offset

to transmit an uplink slot based on the reception timing of

said downlink slot.

8. A transmission power control method in a mobile station
apparatus wherein closed-loop transmission power control is
performed between a base station apparatus and a mobile
station apparatus, said method comprising the steps of:

receiving a downlink slot transmitted from said base
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data and’ pilot data  are arranged separated from each other;

and transmitting, in said mobile station apparatus, an
uplink slot having an offset based on the reception timing of

said downlink slot.

9. The transmission power control method in said mobile
station apparatus according to claim 8, wherein said mobile
station apparatus changes uplink transmission power at the
beginning of next pilot data after reception of transmission

power control data of said downlink slot.

10. A transmission power control method in a base station
apparatus wherein closed-loop transmission power control is
perférmed between said base station apparatus and a mobile
station apparatus, said method comprising the steps of:

receiving an uplink slot transmitted from said mobile
station apparatus, said slot having an offset based on the
reception timing of said downlink slot, and

transmitting said downlink slot and arranging, in said
base station apparatus, the transmission power control data

and the pilot data separated from each other in said downlink

slot.

11. The transmission power control method in said base
station apparatus according to claim 10, wherein said base
station apparatus changes downlink transmission power at the
beginning of next pilot data after reception of the

transmission power control data of uplink slot.

12. A radio communication system in which a base station
apparatus and a mobile station apparatus perform
communications therebetween at different transmission rates,

while performing closed-loop transmission power control, said
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a base station apparatus that transmits a downlink
signal with a slot configuration in which transmission power
control data and pilot data are arranged separated from each
other in a slot, pilot data of a lowest transmission rate
among said different transmission rates have a first location
within a slot, transmission power control data of said lowest
transmission rate have a second location within said slot,
and pilot data and transmission power control data of
transmission rates other than sald lowest transmission rate
are configured in portions of said first and second locations
’ respectively; and
a mobile station apparatus that transmits an uplink

signal with an offset based on a reception timing of said

downlink signal.

13. A radio communication system as in claim 12, wherein a
delay time of transmission power control on each of said
uplink signal and said downlink signal is within one time

slot in each of said base station apparatus and said mobile

station apparatus.

14. A mobile station apparatus for use in a radio

. communication system according to claim 12, for performing
communications at different transmission rates, said mobile
station apparatus comprising:

a reception section for receiving downlink transmission
slots, transmitted from a base station apparatus, in which
transmission power control data and pilot data are arranged
separated from each other; and

a transmission section for configuring an uplink signal
having uplink transmission slots in which pilot data of said
lowest transmission rate among said different transmission

rates have a first location within an uplink slot,
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transmission power control data of said lowest
transmission rate have a second location within said uplink
slot, pilot data and transmission power control data of
transmission rates other than said lowest transmission tate
are configured in portions of said first and second locations
within said uplink slot respectively and that transmits said
uplink signal with an offset based on a reception timing of

said downlink signal.

15. A mobile station apparatus for wuse in a radio
communication system according to claim 13 for performing
communications at different transmission rates, said mobile
station apparatus comprising:

a reception section for receiving downlink transmission
slots, transmitted from a base station apparatus, in which
transmission power control data and pilot data are arranged
separated from each other; and

a transmission section for configuring an uplink signal
having uplink transmission slots in which pilot data of said
lowest transmission rate among said different transmission
rates have a first location within an uplink slot,
transmission power control data of said lowest transmission
rate have a second location within said uplink slot, pilot
data and transmission power control data of transmission
rates other than said lowest transmission rate are configured
in portions of said first and second locations within said
uplink slot respectively and that transmits said uplink

signal with an offset based on a reception timing of said

downlink signal.

16. The mobile station apparatus according to claim 14,
wherein the mobile station apparatus is for changing uplink
transmission power at the beginning of first pilot data after

reception of downlink transmission power control data.
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17. The mobile station apparatus according to claim 15,
wherein the mobile station apparatus is for changing uplink
transmission power at the beginning of first pilot data after

reception of downlink transmission power control data.

18. A base station apparatus for use in a radio
communication system according to claim 21, for performing
communications at different transmission rates, said base
station apparatus comprising:

a transmission section for transmitting said downlink
' signal having said slot configuration in which transmission
power control data and pilot data are arranged separated from
each other and said pilot data and said transmission power
control data of transmission rates other than said lowest
transmission rate are configured in portions of said first
and second locations respectively; and

a reception section for receiving said uplink signal
transmitted from the mobile station apparatus with an offset
based on said reception timing of said downlink signal at

said mobile station apparatus.

19. A Dbase station apparatus for use in a radio

. communication system according to claim 13, for performing
communications at different transmission rates, said base
station apparatus comprising:

a transmission section for transmitting said downlink
signal having said slot configuration in which transmission
power control data and pilot data are arranged separated from
each other and said pilot data and said transition power
control data of transmission rates other than said lowest
transmission rate are configured in portions of said first
and second locations respectively; and

a reception section for receiving said uplink signal
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wherein the base station apparatus is for changing downlink

" transmission power at the beginning of next pilot data after

reception of downlink transmission power control data.

22. A transmission power control method in a mobile station
apparatus for use in a radio communication system in which
closed-loop transmission power control is performed between
the base station apparatus and the mobile station apparatus,
said method comprising:

performing communications with the base station
apparatus at different transmission rates;

receiving downlink transmission slots, transmitted from
the base station, in which transmission power control data

. and pilot data are arranged separated from each others;

configuring an uplink signal having transmission slots
it which

(1) pilot data of a lowest transmission rate among
said different transmission rates have a first location
within said uplink transmission slots;

(ii) transmission power control data of said lowest
transmission rate have a second location within said uplink
transmission slots; and

(iii) pilot data and transmission power control

data of transmission rates other than said lowest
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transmission rate are configured in portions of said
first and second locations respectively; and
transmitting said uplink signal with an offset based on

a reception timing of said downlink signal.

23. A transmission power control method in a base station
apparatus for use in a radio communication system in which
closed-loop transmission power control is performed between a
base station apparatus and the mobile station apparatus, said
method comprising:
performing communications with the mobile station
. apparatus at different transmission rates;
transmitting a downlink signal with a slot configuration
in which
(i) transmission power control data and pilot data
are arranged separated from each other,
(ii) pilot data of a lowest transmission rate among
said different transmission rates have a first location

within said transmission slots,

(iii) transmission power control data of said
lowest transmission rate have a second location within said

transmission slots and

(iv) pilot data and transmission power control data
. of transmission rates other that said lowest transmission
rate are configured in portions of said first and second

locations respectively; and

receiving an uplink transmission slot, transmitted from
the mobile station apparatus, with an offset based on a

reception timing of said downlink signal at the mobile

station apparatus.



