DESCRIPTION TRANSMISSION POWER CONTROL METHOD, BASE
STATION APPARATUS, AND USER APPARATUS 5 TECHNICAL FIELD
The present invention generally relates to the technical field of mobile
communications and more particularly relates to a method of controlling
transmit 10 power for signals transmitted in uplink shared channels and
arrangements of a base station apparatus and a user apparatus.
BACKGROUND ART 15 PopulariP&fpRdfidisiié terminals such as cellular
phones and expansion of multimedia prompt standardization of an IP based
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BACKGROUND ART
15 Popularization of mobile terminals such as

cellular phones and expansion of multimedia prompt
standardization of an IP based radio access scheme with
less delay. This standardized scheme is called Evolved
UTRA (UMTS Terrestrial Radio Access). In the Evolved
200 UTRA, 1t is recognized that an OFDM (Orthogonal Frequency
Division Multiplexing) scheme may be promising for
downlink communications from the viewpoint of fast and
high-capacity communications as well as efficient
utilization of wideband frequencies. On the other hand,
25 a SC-FDMA (Single-Carrier Frequency Division Multiple
Access) scheme may be promising for uplink communications
in that wider coverage is given higher priority for the
uplink communications than higher data rates
(particularly improvement of communication quality of
30 user apparatuses residing at cell edges is given higher
priority) and the SC-FDMA is advantageous to reduce PAPR
(Peak-to-Average Power Ratio).
In order to reduce variations of receive power
at a base station for improved link capacity, the receive



at a base station for improved link capacity, the receive 1 power at the base
station must be kept constant through control of transmit power at user
apparatuses. Conventionally, in the case where the transmit power for the
mobile terminal is controlled under the base station 5 (closed loop), channels
dedicated to individual users are provided, and pilot signals from the mobile
terminals as well as transmit power control signals generated based on
medWEHer M pir sidrtld are farssn e dia Ptheaes Bapitaldyrough

chagoel.r DEIC PR @F INVEN TA@NUBROBLIPY T4 BEsSQLVED

BY T eanwhile, ifis bei ' d,for, oJv

TR I S AR Fodbt P e g8 Leney L Beller for

mulfipie qhd be Jbtmithal freepRBhEPbedrestdsd athigrgss station

sndiiddalwserd dependinghem medpe ctieel iacha statasosa aglibvipuede users

utilizgtion, iliency OLAdIB [1%LISEana 8 PRUh iR BMAY BT Rinal s

channel sharing among the multiple 20 users must be taken into
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in uplink control 25 channels. FIG. 1 schematically illustrates an object to be
10 chieved for the Evolved UTRA, that is, efficient transmit power control must
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Meanwhile, 1t is being discussed for the

Evolved UTRA that a channel arrangement having channels
15 shared among multiple users be used and that frequency
resources be assigned to individual users depending on
respective radio states so as to improve utilization
efficiency of radio resources. As a result, the
characteristic of channel sharing among the multiple
20 users must be taken 1nto consideration for controlling
the transmit power for the user apparatuses. In addition,
It is necessary to appropriately control not only the
transmit power for data channels but also the transmit
power for control signals transmitted in uplink control
25 channels.

FI1G. 1 schematically 1llustrates an object to
be achieved for the Evolved UTRA, that is, efficient
transmit power control must be proposed corresponding
to the channel sharing. |In the Evolved UTRA, In response

30 to assignment requests (scheduling requests) from user
apparatuses, a base station transmits USGs (Uplink
Scheduling Grants) to the user apparatuses for scheduling
uplink data transmissions from the user apparatuses.
The USG includes transmit power control information



30 to assignment requests (scheduling requests) from user apparatuses, a
base station transmits USGs (Uplink Scheduling Grants) to the user
apparatuses for scheduling uplink data transmissions from the user
apparatuses. The USG includes transmit power control information 2

referred to as TPC bits. The user apparatuses use radio resources assigned
by the base station to transmit data to the base station in uplink shared data
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These uplink information items are collectively referred

15 to as CQI report/SRS 12.

Radio resources for uplink L1/L2 control
channels to transmit the CQl reports and the ACK/NACK
and for the SRS transmissions are assigned at the
beginning of communications or during the communications

20 through upper layer signaling, which is not involved in
the USG. This means that the information bits to control
the transmit power for the CQI report/SRS 12 cannot be
transmitted in the USGs.

Thus, the power control information (TPC

25 bits) is not supplied in intervals without uplink data
transmission, that is, in intervals where the USGs are
not transmitted from the base station. As a result, the
user apparatuses would continue transmitting the CQI
report/SRS 12 at the transmit power level adjusted based

30 on the last TPC bit until the next USG is transmitted
from the base station. 1In the case where the actually
required transmit power level rises during the intervals
depending on variations of the radio communication
environment, even 1If the TPC bit is transmitted at the



transmission, that is, in intervals where the USGs are not transmitted from

the base station. As a result, the user apparatuses would continue
transmitting the CQI report/SRS 12 at the transmit power level adjusted

based 30 on the last TPC bit until the next USG is transmitted from the base
station. In the case where the actually required transmit power level rises
during the intervals depending on variations of the radio communication
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Speuifithid a first aspect of the present invention relates to a base station
apparatus for use

[MEANS FOR SOLVING THE PROBLEM]
In order to solve the above-mentioned problem,

15 in a radio communication system using a shared channel,

if an uplink assignment message or uplink scheduling

grant (USG) i1s not transmitted to a user apparatus,

independent transmit power control information (TPC bit)

iIs transmitted from a base station using a predefined
20 radio resource.

Specifically, a first aspect of the present
invention relates to a base station apparatus for use
in a radio communication system using a shared channel,
comprising: a transmit power control information

25 generation unit configured to generate transmit power
control information for a user apparatus based on an
uplink signal transmitted from the user apparatus; a
radio resource control unit configured to transmit the
generated transmit power control information together

30 with an uplink assignment message if an uplink radio
resource is assigned to the user apparatus and to supply
radio resource assignment information to transmit the
generated transmit power control information as
independent transmit power control information 1f no



in a radio communication system using a shared channel, comprising: a
transmit power control information 25 generation unit configured to generate
transmit power control information for a user apparatus based on an uplink
signal transmitted from the user apparatus; a radio resource control unit
configured to transmit the generated transmit power control information
together 30 with an uplink assignment message if an uplink radio resource is
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information for associating a radio resource used to
transmit the last uplink assignment message to the user
15 apparatus with a radio resource used to transmit the
independent transmit power control information to the
user apparatus.

A second aspect of the present invention
relates to a user apparatus for use iIn a radio

20 communication systemusing a shared channel, comprising:
a timing generation unit configured to generate a timing
for demodulating independent transmit power control
information transmitted from a base station to the user
apparatus based on predefined correspondence to radio

25 resources; a demodulation unit configured to extract and
demodulate the iIndependent transmit power control
information from a received signal at the generated
timing; and a transmit power adjustment unit configured
to adjust transmit power for the user apparatus based

30 on a result of the demodulation.

In a preferred embodiment, the transmit power
control information demodulation unit may be configured
to demodulate transmit power control information In an
uplink assignment message destined for the user apparatus



relates to a user apparatus for use in a radio 20 communication system using
a shared channel, comprising: a timing generation unit configured to
generate a timing for demodulating independent transmit power control
information transmitted from a base station to the user apparatus based on
predefined correspondence to radio 25 resources; a demodulation unit
configured to extract and demodulate the independent transmit power
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[ADVANTAGE OF THE INVENTION]

According to the aspects of the present
invention, even if a channel is shared among multiple
user apparatuses, the respective transmit power for the

20 user apparatuses can be controlled with accuracy to some

extent.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 schematically illustrates simple

25 uplink transmit power control in communications between
multiple user apparatuses and a base station in shared
channels;

FIG. 2 i1llustrates uplink transmit power
control according to one embodiment of the present

30 invention;

FIG. 3A i1llustrates an effect of uplink
transmit power control according to one embodiment of
the present invention;

FIG. 3B i1llustrates the transmit power



15 [ADVANTAGE OF THE INVENTION] According to the aspects of the
present invention, even if a channel is shared among multiple user
apparatuses, the respective transmit power for the 20 user apparatuses can
be controlled with accuracy to some extent. BRIEF DESCRIPTION OF
DRAWINGS FIG. 1 schematically illustrates simple 25 uplink transmit power
control in communications between multiple user apparatuses and a base
statfPN® ERArés CRBANES; EGthangEhesupink HanshR pcivEOBBAFIISON
accerckngptbeone embodiment of the present 30 invention; FIG. 3A illustrates
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embodiment of the present invention; FIG. 4B illustrates exemplary )
multiplexing of thefihGep&Rdbhd ¥EEMRLaREIRIY B! ShplestdgaoT
firsttthethed dé pssigleing TP dmi tesourtes ts tHefindeeegdent TPC bits;

FIG. 6 illustrates appgong PN ates a First method of assigning
10 radio resources to the independent TPC bits;
FIG. 6 1llustrates a second method of
assigning radio resources to the independent TPC bits;
FIG. 7 illustrates an exemplary arrangement
of a base station apparatus according to one embodiment
15 of the present invention; and
FIG. 8 illustrates an exemplary arrangement
of a user apparatus according to one embodiment of the
present invention.

20 LIST OF REFERENCE SYMBOLS
12: CQI report/SRS (uplink signal)
15: independent TPC bit (independent transmit

power control information)
20: base station apparatus
25 21: buffer
22: radio resource control unit
23: control channel generation unit
24: TPC bit generation unit (transmit power
control information generation unit)
30 26: uplink reception signal demodulation unit
30: user apparatus
31: TPC timing generation unit
32: TPC bit demodulation unit
33: channel generation unit



assigning radio resources to the independent TPC bits; FIG. 7 illustrates an
exemplary arrangement of a base station apparatus according to one
embodiment 15 of the present invention; and FIG. 8 illustrates an exemplary
arrangement of a user apparatus according to one embodiment of the
present invention. 20 LIST OF REFERENCE SYMBOLS 12: CQI report/SRS
(uplink signal) 15: independent TPC bit (independent transmit power control
information) 20: bad3é stdtRkaappackide O : WukEr 22: radio resource
control unit 23: corgm®i charied gereiabae KNk d4 uERGhitgangiation unit
(transmit power control information generation unit) 30 26: uplink reception
S|gnal demodulatlon unlt 30: user aparatus 31 TPC timing generation unit
HEEThilM9EYR < " SN TARN 34: data
Emodulatlon unit 35Pﬂ'@ﬁ@mrpd\memu$tmmmtanmﬁﬁﬂ5@ M AR
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invention are described below with reference to the drawings. F
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invention. 1In the present invention, TPC bits 15

10 independent of TPC bits in USGs are used together. These
information bits are referred to as “independent TPC bits
15” to distinguish from the TPC bits in the USGCs.

In the embodiment illustrated in FIG. 2, if

uplink radio resources are assigned to a user apparatus,

15 that is, if adatachannel assignment request (scheduling
request) is issued from the user apparatus, a base station
inserts a TPC bit into a USG for transmission and finely
controls transmit power for the user apparatus. As a
result, a data channel and a CQI report/SRS 12 generated

20 at the user apparatus can be transmitted at an appropriate
power level. After completion of the transmission of
data channel, the user apparatus also uses an uplink
control channel or other uplink radio resources to
transmit the CQI report/SRS 12. 1f no user data has to

25 be transmitted in a long time period, the transmission
interval of the CQI report/SRS 12 may be set more widely
per instruction from an upper layer.

Even 1T no scheduling request is issued from

the user apparatus, the base station transmits an

30 i1ndependent TPC bit 15 in a downlink control channel such
as a L1/L2 control channel. The user apparatus controls
the transmit power depending on values of the independent
TPC bit 15. As aresult, the user apparatus can transmit
the CQI report/SRS 12 to the base station under the state



10 independent of TPC bits in USGs are used together. These information
bits are referred to as "independent TPC bits 15" to distinguish from the TPC
bits in the USGs. In the embodiment illustrated in FIG. 2, if uplink radio
resources are assigned to a user apparatus, 15 that is, if a data channel
assignment request (scheduling request) is issued from the user apparatus, a
base station inserts a TPC bit into a USG for transmission and finely
conttbRKRfshdt boRBsHl the 0veradsacist ne bl esswa therarhansdally -
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from an upper layer. Even if no scheduling request is issued from the user
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FIG. 3A illustrates an effect of a transmit

15 power control method according to one embodiment of the
present invention, and FIG. 3B illustrates a comparison
example of the transmit power control method in FIG. 1.
FIGS. 3A and 3B illustrate transition graphs of the
transmit power for a user apparatus during a time period.

20 In the transmit power control method i1llustrated in FIG.
3A, a TPC bit X1 is transmitted independent of a USG from
a base station before initiation of transmission of a
data channel from the user apparatus, and the user
apparatus is instructed to raise the transmit power level

25 corresponding to deterioration of the radio environment.
When a USG 1s transmitted from the base station to the
user apparatus under this state, the user apparatus
transitions to finer power control through TPC bits x
in the USG. This control continues during the

30 transmission of data channel.

Also after completion of the data

transmission, the transmit power level for the user
apparatus may be adjusted rather properly through

independent TPC bits X2 and X3 depending on the radio



independent TPC bit 15. Thus, the transmit power can be promptly made
convergent to a required power level based on TPC bits in USGs. In this
embodiment, the independent TPC bits 10 15 are transmitted at a constant
interval. In other embodiments, the transmission interval of the independent
TPC bits 15 may be changed depending on the situation. FIG. 3A illustrates
an effect of a transmit 15 power control method according to one
emiSSHrhERNBTERd preSBRSAVAIRIBAPAA® FIY 3 AGdweaes alokiarised

exampipefthsrenamitewas gestreltaetnod it ki ble friédhdédand 3B
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a time period. 20 Inthe transmit power control method illustrated in FIG. 3A,

a THE it RP RAFAEW AN hdepEtddh? a §86 &R a dERE skHR Hefitdd
snitiztecnidfytrans migsigreofian tiataaclrasmel frenh the assmappapatusrarktihel .

user apparatus is gistrygted § paise e tansipjt F&%\@erﬂ?&ﬁéﬁi t power

corresponding to deterioration of the radio environment. When a USGis _
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after completion of the data transm?smn the traﬁﬁmit wer level faor the
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varigbisedfgod §f1g to deterioration of the radio environment
as illustrated in a dashed line, the transmit power for
the user apparatus remains unchanged at the power level

15 set through the last TPC bit in the previous USG. As a
result, when the next data channel has to be transmitted,
it might be difficult to use only the TPC bits in the
USG to achieve the actually required transmit power level
immediately.

20 According to the above embodiment of the
present invention, even if the user apparatus has no data
for transmission for some time, both the independent TPC
bits and the TPC bits in the USG can be used to control
the transmit power accurately.

25 FIGS. 4A and 4B illustrate exemplary
multiplexing of the i1ndependent TPC bits. 1In one
embodiment of the present invention, as illustrated in
FIG. 4A, some of radio resources assigned for USGs are
used for transmission of the independent TPC bits. For

30 example, 1f four control channel elements (CCEs) are
reserved for transmission of the USGs, one of the CCEs
iIs assigned to transmission of the independent TPC bits,
and a number of independent TPC bits corresponding to
the number of the user apparatuses are multiplexed within

10



report/SRS at the base station can be reduced. Furthermore, when a data
channel is transmitted to the user apparatus the next time, the user
apparatus could 5 easily converge into a required transmit power level. On
the other hand, in the transmit power control method illustrated in FIG. 3B,
once transmission of a data channel permitted in a USG is completed, the
TPC bit is not transmitted from the base station until 10 the next transmission
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to the above embodiment of the present invention, even if the user
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illustrated. |Independent control bits illustrated as
15 “reference signals” are multiplexed within several (for
example, three) OFDM symbols from the top of the subframe
similar to other downlink L1/L2 control channels.
In assignment of radio resources to the
independent TPC bits, user ID information can be omitted
20 by assigning the used radio resources in advance,
resulting in reduction in the number of transmitted
information bits. In FIGS. 5 and 6, some examples of the
above assignment of radio resources to the independent
TPC bits are i1llustrated.
25 FIG. 5 illustrates the first example of the
assignment of radio resources to the independent TPC bits.
In this example, radio resources are determined for
downlink TPC bits In one-to-one correspondence to radio
resources for uplink SRS transmission channels or control
30 channels for transmission of CQI reports and scheduling
requests. Such correspondence enables downlink radio
resources for transmitting the independent TPC bits to
be unambiguously determined, and no information is
required to identify where the independent TPC bits are

11



and a number of independent TPC bits corresponding to the number of the
user apparatuses are multiplexed within 10 the same CCE. The term "control
channel element (CCE)" used herein means a block of X symbols (resource
elements). The independent TPC bits may be multiplexed 5 in accordance
with a CDM scheme or a FDM scheme. For the multiple user apparatuses,
the independent TPC bits may be coded in accordance with join coding or
sep&iza® eadikd aslit Bed cddetl ydshiatbyupeh oitaoakbiafRrmalion
suck @B kEXpD iden A alsmilesizaley xGEimassigned nl@tie Eb@§é3$tat ion

D h lyst [
CorSE P HRINEIR © il sl e i
spe&ﬁ@ |Hf%l‘|”@d\‘ﬁ’rf{ﬁ§alﬁ@é’(rﬁiﬁdiﬁﬁd%éﬁdéﬁp&frﬁﬁy Ei?ssllﬂlgtiaeﬁt@d' gprkate

5'referenée gignal< are eapiplexatowithio teeenal fad esamplep three)sOFBM
symboksFRMdBR {8 E‘?g%’i@“&% FiPdasie ‘FQS%%@J%"%'#%B%W nk

channels. In assignment of Tadio resources to the independent TPC bits,
usef 5 FRGRERIAE cARbedtitel a0 Bf adfighing isel ud& tefo HSBlirces
in adpgrceaassémgiin raductiopem tHeayemberosttansedtited isfon@atiab les

bitslf RfFS. aUH GoaIRERcERICS A gy ahee assignment of raio
resources to the mdey%en% 'ILPC bits are |I strated. 25 FIG. 5I||lftl’at
sbh

8he first example of th RALSALER SUFC%%O[B h& ﬁ?dEB fid&t
TP@bid.gmmaRterdhplel radicssonces 4@ ubt@rmd@cpfmdmmlrmms -

bits jm NeIe-ERAFPTESPPRCHE S i5@dieces For the last transmitted
USG are associated with radio resources assigned to the
independent TPC bits. Speciftically, the independent TPC
15 bits are transmitted periodically from the last USG
transmission by using radio resources corresponding to
those used for the last transmitted USG. The user
apparatuses know this period in advance and can know the
next transmission timing of the independent TPC bits.
20 FIG. 7 1llustrates an exemplary arrangement
of a base station apparatus according to one embodiment
of the present invention. A base station apparatus 20
includes buffers 21-1 through 21-N for storing user data
1,2, ..., NFfordownlink transmission to user apparatuses
25 an uplink received signal demodulation unit 26 for
demodulating uplink received signals, a radio resource
control unit 22, a control channel generation unit 23,
a TPC bit generation unit 24 and a multiplexing unit 25.
The uplink received signal demodulation unit
30 26 extracts and demodulates various channels transmitted
from the user apparatuses. For example, the uplink
received signal demodulation unit 26 may extract and
demodulate CQI reports and uplink scheduling requests
transmitted in uplink L1/L2 control channels, traveling
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resources for uplink SRS transmission channels or control 30 channels for
transmission of CQI reports and scheduling requests. Such correspondence
enables downlink radio resources for transmitting the independent TPC bits
to be unambiguously determined, and no information is required to identify
where the independent TPC bits are 11 transmitted for individual user
apparatuses. The correspondence is mutually known between the base

statRPe 8A§ tHengeet BipPpaRRRsEEe And HROinaagdiffeht TRCHINAGKN be
denadipdated e 4ie USSR 8pparAtises bt epRropraethtmingsl ink radio

Corespggence b Wﬁe'ﬁ{ﬁmdé? r%%%gem%éw“nkfﬂaﬂa' SRS c?tot .

radio resources for downlink indepen bits may be |nd|cate
usef HPPARATRRTN bh uppeP hleFod&oldifin 6BHEAabRS OAtItRE usentrol
sapparaiusesdn adsantes 10AKIGh  tllustratesdiné sacondi axaple of the

assignment of radia fesquseep I he REPRAVIEA TREDSS. HLhiseraowieec

radio resources for the last transmitted USG are associated with radio

resQUA&Ss BOLigHEE fo AP M RbUREENPASE BiRN SPeemibdiRdQ! reports
indeprtdemt BRC 4. 5fhisnard transmitieelgyeriodicatly freerthe past KiSGIses .

rans USSPy, §389 jaq u%““é’é”%%@é@%‘i“ﬁ%% i'%Q%edU%ﬁgrfPﬁ H’e
last transmitted USG. TQ.%‘#SH a p atuses know thISEP d in adva

10nd TR KHBAARE RSkt traREmAbn AR D7 AR had 'hFSrPcE § 20
FIGZnirceard aTrP@xémpIar)aa’reaﬁgmndrtedf dbatdetation tppdrazhannel

accgigingri@anerernpgdimest of the present invention. A base station
apparatus 20 mcluﬂt]as buﬁ:?rs 21- 1 throu(%h 21 N for ftorlnptuszeé dat%edu les

, N for downlink transmission tb T8 appara uses
transmission of user data as well as transmission of the

15 USGs and the independent TPC bits. |I1f uplink radio
resources are assigned for the user apparatuses, that
iIs, 1T USGs are transmitted to the user apparatuses, the
radio resource control unit 22 assigns downlink radio
resources to transmit the TPC bits generated at the TPC

20 bit generation unit 14 together with the USGs. |IT there
iIs no USG to be transmitted from the base station
apparatus 20, the radio resource control unit 22 assigns
downlink radio resources to transmit the TPC bits as the
independent TPC bits.

25 As i1llustrated in FIG. 5, for example, the
assignment of downlink radio resources to the independent
TPC bits can be performed by using the downlink radio
resources associated with radio resources for uplink
L1/L2 control channels assigned to the user apparatuses

30 1n one-to-one correspondence. Alternatively, as
illustrated in FIG. 6, the downlink radio resources for
the independent TPC bits are assigned at constant periods
from the last USG in associated with radio resources for
the last USG transmitted to the user apparatuses. The

13



25 an uplink received signal demodulation unit 26 for demodulating uplink
received signals, a radio resource control unit 22, a control channel
generation unit 23, a TPC bit generation unit 24 and a multiplexing unit 25.
The uplink received signal demodulation unit 30 26 extracts and

demodulates various channels transmitted from the user apparatuses. For
example, the uplink received signal demodulation unit 26 may extract and
denfctfliile CRLPEEs aRd Gtk sEmblulfyy REEESSESEsnskEhifed in uplink
LI/L2 spreelhansealsetrdtingie speeds (axiowne Bopier fregeencies),
ACK/ nformati transmitted jn.other uplink radi oyrces,
andlg_oll'ﬁé}eé mﬂ @r‘%gﬁorﬁi%e emo(?l?fartt(i;étBic!l%%rmgﬁorkli %H;%{)pﬁé% Ftrf)sgthghr%?gio
resdubdé edipdi &hif D2atheRE PC DY drRfdd I BHPPX ChaFptasinent
sgenérefionmantt Pdrngerscated 0 PG ditsrdouser eppatptdedsehasedenh at the

megsiigd GRUSAPIS ABHRI-SRIHTLBG SOUesRINUISEhe control
apparatuses., The TPC bits includes TPC bits transmitted during 10

tranSHAYHS 98BE LAl QAL JEREENEPPC bits. The generated TPC bits are
supplied to the confitoe cleanmetr gknelationahit@3n &ha tadio resautce 3

CO”H@W%%%WW?Fj HanerBiseirs pf é‘ﬁ_%rnqm%ﬂ §SKWf§|e%S B sppesion
of the 15 USGs and the independent TPC bits, If uplink radio resources are
10,0588 BAD Lol P IATABAED (kA el HTAGSs B hRBK to the

usepapd@ranses, tho fiaditereboorcardntomnitiZzikassigrigdoveniibk radio

resqURY RNt e HIG Bis gemiaiedat 2R TBCsbiligererattierol

unﬂ&ﬁfggggegwghgﬁ%U§ﬁ§.gyggesupplied from the TPC bit
generation unit 24_. In this embodiment, the generated

15 control channels may be the control channels as
illustrated in FIG. 4A, for example. The generated
control channels are subjected to channel encoding and
data modulation at a channel encoding unit and a
modulation unit (not illustrated), respectively.

20 The multiplexing unit 25 multiplexes (maps)
the (channel encoded and modulated) control channels
generated at the control channel generation unit 23 and
data channels destined for user apparatuses into physical
channels. 1In this embodiment, the data channels are

25 generated from the user data 1 through N destined for
the user apparatuses based on the assignment information
from the radio resource control unit 22 and are subjected
to channel encoding and data modulation. The resulting
signals multiplexed at the multiplexing unit 25 may have

30 amapping pattern as illustrated in FIG. 4B, for example.

The multiplexed signals are subjected to
inverse fast Fourier transform, addition of a guard
interval, D/A conversion, RF conversion, band limiting
and/or others. The resulting signals are amplified and
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is no USG to be transmitted from the base station apparatus 20, the radio
resource control unit 22 assigns downlink radio resources to transmit the

TPC bits as the independent TPC bits. 25 As illustrated in FIG. 5, for
example, the assignment of downlink radio resources to the independent

TPC bits can be performed by using the downlink radio resources associated
with radio resources for uplink LI/L2 control channels assigned to the user
apphraisesi 8y el ofi& 6L o etdonespdidaitee Ararr@tiodly i 4d meratach -
FIG. 6, the downlinkirgdiogesaurges fertthe indepansiept aP¢ Risrat@gement

assigpeq g £g St%gk%f‘fé%ﬁsﬁg@c%? 3% AR IAIEE it rﬁd‘%f the
resources for the last USG transmitted to the user apparatuses. The 1
radiBreSEUde EBNPSI LhRAD2 pdsdes8ds P ’EAES o NEE Fh4HE Fadlo TPC
qesmimﬁm@rghm éndepiandenhilitC?aﬂs iatab?_es bi mtma?rfm"nu;l(a_auﬁ on unit
lllusyated) inadyangeq Lhe 1BdG P AGe 288 I e NN MA L i on unit
(scheduling information) determined at the radio resource control unit 22 Is

suppfefddng cHAReS BdnRPYENerafdd AT 98tk ddnt® channel
generation unit 23 Tgendrates downiinl eoetrel thannefsitasdd omcthede® TPC

assigpgesd FFYERBIRRd ek dngrnth Apinassignnpeiy IBfeEBREQNGMY
downlink aSS|%nment information) supPhed fg)m the radio resource control

Lnit 22> hE TP BAYBGSHIE oY GROASE R JeferBdTulit 35 RIS
embiaoing e®-geddratedP s bditirclaonnasele mekgnise thendantod giarmedsl A

as Hastrapen GG Aadeigieoe coaeasa@ence to radio
resources for transmitting SRSs as assigned to the user
apparatus 30 in the first communication as illustrated
15 in FIG. 5 or may provide some relationship assigned in
association with radio resources for the last received
USG periodically from the reception timing.
The TPC bit demodulation unit 32 extracts and
demodulates an independent TPC bit from the received
20 signal based on the radio resources and reception timing
determined at the TPC bit timing generation unit 31. If
a USG 1s demodulated from the received signal and a TPC
bit in the USG 1s used, no information from the TPC timing
generation unit 31 is required. The demodulated TPC bit
25 is supplied to the transmit power adjustment unit 35.
The transmit power adjustment unit 35 adjusts the
transmit power level for the user user apparatus 30 based
on the TPC bit.
On the other hand, the channel generation unit
30 33 generates data channels by using uplink radio
resources assigned 1n USGs, uplink control channels for
transmitting CQIl reports or other control information,
channels for transmitting SRSs and/or others. The data
modulation unit 34 modulates the channels generated at
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control channels are subjected to channel encoding and data modulation at

a channel encoding unit and a modulation unit (not illustrated), respectively.
20 The multiplexing unit 25 multiplexes (maps) the (channel encoded and
modulated) control channels generated at the control channel generation

unit 23 and data channels destined for user apparatuses into physical
channels. In this embodiment, the data channels are 25 generated from the
usetBgtaChiitifh efRsHadRR tHE LeBdpparhfied agdy ba ties!
assignanee ngoranationaispadha sagio yespeisde eomdiohenis 23 end are

subj - h I [ d IQR. resultj ignal
o PTG, ALY, RER AFROPELENg), R T 284 «o
ilustafPRIVCS BRTAR Rx@hpld. aP5e hbitRves s?’i&ﬁalgéréﬁﬁbj%@ﬂ%‘ it
snvarseyéast &djuertranstorom fddigen of a guard interval, D/A conversion,

RF conversion, band limitingnandg/gr ethers, The esuiting Sionals A8 thod of

amplified and 14 transmitted from a transmit antenna (not illustrated). FIG. 8
ilustBfe 2R YL ABRAY ARSRdeme VS Edetsial R A didhg 5lanel
embonlipeettratriise) prEsshtfineendons Arusqrsgopatatiest3) mbladesstiRCob ,
timigg, ggReragen 4al 81r@d PLikt §emedulatan it d2.[-6Haet base

generation unit 22, a data modulation unit 34 and a transmltéiower_

10 g RtAEALINIESs. T2 HSE tinfRP§EaddTon Uik 33 ifGG4dtrPd thif S
correspaidehectinfensitiva 30 fonlkaskvaiagngd t0peweurceskksighetiticsome
indepepdpRt._ TPC bits with some resources. The TPC bit correspondence
information 31A may proyidg UnamPIRLOLY CRLERPISET WEEIN is

based on Japanese Priority Application No. 2007-161950

15 Filed on June 19, 2007, the entire contents of which are

hereby incorporated by reference.
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resources for transmitting SRSs as assigned to the user apparatus 30 in the
first communication as illustrated 15 in FIG. 5 or may provide some
relationship assigned in association with radio resources for the last received
USG periodically from the reception timing. The TPC bit demodulation unit 32
extracts and demodulates an independent TPC bit from the received 20
signal based on the radio resources and reception timing determined at the
TPC bit timing generation unit 31. If &USB!S demodulated from the received
signal and a TPC bit in the USG is used, no information from the TPC timing
generation unit 31 is required. The demodulated TPC bit 25 is supplied to the
transmit power adjustment unit 35. The transmit power adjustment unit 35
adjusts the transmit power level for the user user apparatus 30 based on the
5TPC bit. On the other hand, the channel generation unit 30 33 generates

data channels by uging, yplink raqig "eSRUICRS-ASSIANEARIUGES HRIDK-adii o

control channels for transmitting CQI reports or other control informatian, _

chaRRAIEYHLEHEARRRYSREY MRMGothafkarhRd & MEdulfiBRRMAShNg -
modulates the chaandis gesermtepakstheamtnod! gemEoativatunmB83. The

dempdyiated {GRN0RIF £r¢ BIRPPEH F2 BNYRICE) ehariete 24d NYiR'eXip8we r
unit (not illus raIec% and transmitied to the base station at transmit power set

t
1y theThRhShit ' 8\5{/@?&!18&#&'{ uflit $8ERc ARG U BRZSTERENEN
andundthol o itbe abotd empodititeds, Bven ifttherelis &b dudw alfaiis ;to

be transmitted frony apisg§ aPPASBISHES RIFELFBUCUNIt configured to

transmit the generated transmit power control
information together with an uplink assignment message

15 if an uplink radio resource i1s assigned to the user
apparatus and to supply radio resource assignment
information to transmit the generated transmit power
control information as independent transmit power
control information 1f no uplink radio resource is

20 assigned to the user apparatus.

25 2. The base station apparatus as claimed iIn
claim 1, wherein the radio resource control unit is
configured to determine which radio resource is assigned
to the independent transmit power control information
based on correspondence information for associating with

30 predefined radio resources in one-to-one
correspondence.
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an independent TPC bit is transmitted from the base 10 station to the user
apparatus. As a result, it is possible to ensure uplink transmit power control
to some extent. This international patent application is based on Japanese
Priority Application No. 2007-161950 15 filed on June 19, 2007, the entire
contents of which are hereby incorporated by reference. 16 CLAIMS 51. A
base station apparatus for use in a radio communication system using a
shared channel, comprising: a transmit power control information generation

unit configured to geneTaie tiasanitsaater oh0 appisat afagnationcipavsar in
appalys,dased,on.an jyplipk 'QE‘S‘W%%?{H'HSQ rﬁfﬁg‘ tﬂ%’fbs%d&%%rﬁ“_‘si a
radio resource control unit configured to transmit the generated transmit
powe? BBRttSIERidiERIbRAddtRe FRikh AR IRAMR BISIGnRehf MESsAGS 95 FFCe
san upied redictiesnencetisassignetitokhe Lgan hppatdius ardioosue@yurce

radig Je3PYIGeESSIOMEN L IO TRAIIONJA AR MDA SR PR HEH 4 ANSBI L ro 1

power control information as independent transmit power control information
if nd OfiIRkMa%ibABs R c& 23! 56dig RRPRAL YSer apparatus. 25 2. The

base station apparatus as claimed in claim 1, wherein the radio resource
control unit is configured to determine which radio resource is assigned to

10the independent transmit power control information based on

correspondence information for associating with
4. The base station apparatus as claimed in
claim 2, wherein the correspondence information
comprises information for associating a radio resource
15 used to transmit the last uplink assignment message to
the user apparatus with a radio resource used to transmit
the independent transmit power control information to
the user apparatus.

20

5. The base station apparatus as claimed iIn
claim 1, further comprising:

25 a control channel generation unit configured
to generate a shared control channel including the
independent transmit power control information based on
the radio resource assignment information supplied from
the radio resource control unit.

30

6. The base station apparatus as claimed in

18



30 predefined radio resources in one-to-one correspondence. 17 3. The
base station apparatus as claimed in claim 2, wherein the correspondence
information comprises information for associating a radio resource 5 used to
transmit the uplink signal with a radio resource used to transmit the
independent transmit power control information to the user apparatus. 10 4.
The base station apparatus as claimed in claim 2, wherein the o
corredpditiéncaviffrmbflok heompndaihishaniog fooesERERG A tidilt 1S
res@upe i g uiped tagagemié etestuplink leesiga meph nessagshian elussy
APPAIAYS YRR 'O{ﬁéo%ﬁ]‘aé‘ﬁ%ﬂ&%Hi“%'éi%ﬁ%me;?%w%‘?mém%t|
power control information to the user apparatus. . The base station
apphrkQd A8 EibfRed Mtelafm S2RRFtHP EShPRAsiAd: 1818 cehRdItParratrol
sgenetadioneuhit configured to generate a shared control channel including the
independent transmit power control information based on the radio resource
assignment information supplied from the radio resource control unit. 30 6.
The base station apparatus as claimed in 18 claim 5, wherein the control
channel generation unit is configured to generate the shared control channel
by multiplexing the independent transmit power control
10 7. The base station apparatus as claimed in
claim 1, wherein the uplink signal transmitted from the
user apparatus comprises control information
transmitted in an uplink shared control channel and/or
a reference signal transmitted in other uplink radio

15 resources.

20 8. A user apparatus for use In a radio
communication system using a shared channel, comprising:

a timing generation unit configured to
generate a timing for demodulating independent transmit
power control information transmitted from a base station

25 to the user apparatus based on predefined correspondence
to radio resources;

a demodulation unit configured to extract and
demodulate the independent transmit power control
information from a received signal at the generated

30 timing; and

a transmit power adjustment unit configured
to adjust transmit power for the user apparatus based
on a result of the demodulation.
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information into a same portion of the shared control 5 channel. 10 7. The
base station apparatus as claimed in claim 1, wherein the uplink signal
transmitted from the user apparatus comprises control information
transmitted in an uplink shared control channel and/or a reference signal
transmitted in other uplink radio 15 resources. 20 8. A user apparatus for use
in a radio communication system using a shared channel, comprising: a
timing generation unit configured to generate a timing for demodulating
independent transmit power control information transmitted from a base
station 25 to the user apparatus based on predefined correspondence to

radio resources; a demodulation unit configured to extract and demodulate
the independent tr&hsmhit BoWee EoAPRainfdHatdf Fota AeeeilBd Shibnas »
the gaeaeratat Goctinomgr asg ertchnsodt powea ddjpistrasoiuntieconrfigupad $@ s

adjL!:%FF‘@%‘BElﬁgé’ﬁ%:grﬁ'%%wé%rr?%qféﬁ‘ﬁ@aﬁégo%ééeﬁlé!%qutﬂ‘éd to an

demodulation. e user apparatus as claimed in claim 8, 5 Wwherein the

correBlditertkoRdAdld R diEE 26 HRRR RfkSpbAdERE AR feahat 1 on
radiandsaurcadisigmesmuarc eiplisiesigtal fiona tremuder tpparatukeioehdent

basg station; ¢ 820 85U EA USeRFI TSI hthe independent transmit

ldpower control information. 10 10. The user apparatus as claimed in claim 8,

10. The user apparatus as claimed in claim 8,
15 wherein the correspondence to radio resources comprises
correspondence between a radio resource used to transmit
the last uplink assignment message from the base station
to the user apparatus and a radio resource used to
transmit the independent transmit power control
20 information.

25 11. The user apparatus as claimed in claim 8,
wherein the transmit power control information
demodulation unit is configured to demodulate transmit
power control information in an uplink assignment message
destined for the user apparatus if the uplink assignment

30 message is included in the received signal.
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15 wherein the correspondence to radio resources comprises

correspondence between a radio resource used to transmit the last uplink
assignment message from the base station to the user apparatus and a

radio resource used to transmit the independent transmit power control 20
information. 25 11. The user apparatus as claimed in claim 8, wherein the
transmit power control information demodulation unit is configured to
demodulate transnii€ pofvek Eanedl IffoRAMIN iBhtutihkeatigamhehor use
mespage eedtined tofithe iserepparatys tidhe wpinlgassignaesd 3@hannel ,

mesﬁs&gﬁﬁ'@fwgleg_ﬁrét_ grégivgq:_signal. 20 12. A transmit power control

method for use M aradio cormmunication system using a shared channel,
comprising the stef$ B Eakdr@nd FaRSHA boRRY 85ntFaBERRYmation for a
susel afjparatut asekbonaan splnkmigna e draied tsanathapbénk signal

ApPRALS AP LA STHYRO R rATYP RRSLCANIO!L infogmation together

with an uplink assignment message if an uplink radio resource is assigned to

the user 10 apparatfSaF LA HRiny e YRR ok B htrGontrol
infommdtmormastinde p&odet ransmittjovesr conlroh linfassawpmiénd upésisage

radipFe3QUIe® Eidaeignedits thedselaRPaatussLT ddefina BaRs ait OWET
control method as claimed in claim 12, further comprisin assomatlngca 20 i
10 i BRBE A 3o a0 e AN THAbhbdert iR NS coRtigr tontro

infolim&wormaith arpredefined eadiodesdurdge @ansmit power control
information if no uplink radio resource is assigned to

the user apparatus.

15

13. The transmit power control method as
claimed in claim 12, further comprising associating a
20 radioresource assigned to the independent transmit power
control information with a predefined radio resource in
one-to-one correspondence.

25

14. The transmit power control method as
claimed in claim 13, wherein the step of associating
comprises associating a radio resource used to transmit

30 the uplink signal with a radio resource used to transmit
the iIndependent transmit power control information for
the user apparatus.
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one-to-one correspondence. 25 14. The transmit power control method as
claimed in claim 13, wherein the step of associating comprises associating a
radio resource used to transmit 30 the uplink signal with a radio resource
used to transmit the independent transmit power control information for the
user apparatus. 21 15. The transmit power control method as claimed in
claim 13, wherein the step of associating 5 comprises associating a radio
resource used to transmit the last uplink assignment message to the user
apparatus and a radio resource used to transmit the independent transmit

power control inforwtioqﬁ%t {%%%@P%?E&We rl%g)@n%eltrm%igeo%g

control method as “claimed in claim er comprising %eneratmg a

shafPdRS| ERarfbR Helutihg tHBSHEMEnBBRt FhRMiPloReSMtRE I Ng
snfogvalioni s2(s14 s Eloe ratdamiy pawet cbatroémethockeas sdaimesl rclaismi t

16, ’é’iﬁ‘&riigé'ieéﬁﬁfﬁ AkISe YAt 8t AESLoNE oL 6hERRELCUPPYES Y ratus

multiplexing the transmit power control information for the user apparatus 25
into3'éhrfle PBAILA of BROEHHED S RTbI ERakf@n 9Bt the independent

transmit power control information to the user apparatus.

10

16. The transmit power control method as
claimed in claim 12, further comprising generating a
15 shared control channel including the independent
transmit power control information.

20
17. The transmit power control method as
claimed in claim 16, wherein the step of generating a
shared control channel comprises multiplexing the
transmit power control information for the user apparatus
25 into a same portion of the shared control channel.
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