-1 - DESCRIPTION USER EQUIPMENT TERMINAL, BASE STATION
AND CONTROL INFORMATION TRANSMISSION METHOD 5
TECHNICAL FIELD The present invention relates to a user equipment
terminal, a base station, and a control infokmation transmission method.
10 BACKGROUND ART As a next-generation system of the W-CDMA
(Wideband Code Division Multiple Access) system and the HSDPA (High
Speed Downlink Packet Access) sygleaRr Ao E (Long Term
Evolution) system has been studied by the standards body referred to as
3GPP (3rd Generation Partnership Project). In the LTE system, a single
carrier Seiemé& ESCIHBWIA: Sikghidarker Fréduent) DiisioANAIGHIE TROL
Access) has been studienR20\ oIioNapgpiiel 36 UpbrikocommuHications (see
3GPP TR 25.814 (V7.0.0), "Physical Layer Aspects for Evolved UTRA",
Jun amp Fig. 1 shows an exemplary configuration of an
uplink’communication channel in LTE. As shown in 25 Fig. 1, the system
band is divided into'pl@raP e §Gericy Blocka L HRe fréGuetie§ Didek is alsdet
refereeg tocasean tesoarceibleck, whichas @ minmumnynitiod assigring ao 1
band; - adelition, dhe time demain:is dividedrpte transmission units
eferred 30 to as subframes. The subframe is further divided into two
Slots. The uplink communication channel includes an uplink shared
charPREFEEREENDPARTcal Uplink Shared Channel) and uplink control
channels Aand B As a next-generation system of the W-CDMA

(Wideband Code Division Multiple Access) system and
the HSDPA (High Speed Downlink Packet Access) system,
15 an LTE (Long Term Evolution) system has been studied
by the standards body referred to as 3GPP (3*°
Generation Partnership Project). In the LTE system,
a single carrier scheme (SC-FDMA: Single-Carrier
Frequency Division Multiple Access) has been studied
20 to be applied to uplink communications (see 3GPP TR
25.814 (Vv7.0.0), “Physical Layer Aspects for Evolved
UTRA”, June 2006, for example).

Fig. 1 shows an exemplary configuration of
an uplink communication channel in LTE. As shown in
25 Fig. 1, the system band is divided into plural
frequency blocks. The frequency block is also
referred to as a resource block, which is a minimum
unit for assigning a band. In addition, the time
domain is divided into transmission units referred
30 to as subframes. The subframe is further divided
into two slots.

The uplink communication channel includes
an uplink shared channel (PUSCH: Physical Uplink
Shared Channel) and uplink control channels A and B
35 (PUCCHs: Physical Uplink Control Channels). User
data are transmitted on the uplink shared channel.

The uplink shared channel is also referred to as a



35 (PUCCHS: Physical Uplink Control Channels). User data are
transmitted on the uplink shared channel. The uplink shared channel is
also referred to as a - 2 data channel. Control information such as
channel quality information (CQI: ChannekQuality Indicator) used for
AMC (Adaptive Modulation and Coding) and PMI (Precoding Matrix
Indicator) representing 5 antenna weights in the case of MIMO (Multiple
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15 DISCLOSURE OF INVENTION
[PROBLEM (S) TO BE SOLVED BY THE INVENTION]
As described above, CQI information is
multiplexed into the uplink control channel. The
CQI information includes system band CQI information
20 representing channel quality in the whole system
band and frequency-selective CQI information
representing fluctuations in channel quality in the
frequency direction. The frequency-selective CQI
information includes channel quality information for
25 each frequency block when the system band is divided
into plural frequency blocks, and the frequency-
selective CQI information is used for scheduling in
a base station.
PMI information is also multiplexed into
30 the uplink control channel. The PMI information
includes system band PMI information representing
PMI in the whole system band and frequency-selective
PMI information representing fluctuations in PMI in
the frequency direction. The frequency-selective
35 PMI information includes PMI information for each
frequency block when the system band is divided into

plural frequency blocks, and the frequency-selective



PMI in the whole system band and frequency-selective PMI information
representing fluctuations in PMI in the frequency direction. The
frequency-selective 35 PMI information includes PMI information for each
frequency block when the system band is divided into plural frequency
blocks, and the frequency-selective -3- PMI information is used for
frequency-selective precoding in a base station. The amount of
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thereof JMEANS FOR SOLVINGAHE PROBLEM®)h and frequency-
selective PMI information is to be transmitted on

15 the uplink control channel, there is a problem in
that the number of bits of the control information
may exceed the upper limit of the number of bits
available for transmission on the uplink control
channel.

20 In view of this problem, it is a general
object of the present invention to avoid the
increase in the amount of information on the uplink
control channel when frequency-selective control
information is transmitted in addition to wideband

25 control information for the whole system band or a
portion thereof.

[MEANS FOR SOLVING THE PROBLEM(S) ]

In one aspect of the present invention,
there is provided a user equipment terminal for

30 transmitting control information to a base station
according to a single carrier scheme, including:

a wideband control information generating
unit configured to generate wideband control
information for a whole system band or a portion

35 thereof;

a frequency-selective control information

generating unit configured to generate frequency-



In one aspect of the present invention, there is provided a user equipment
terminal for 30 transmitting control information to a base station according
to a single carrier scheme, including: a wideband control information
generating unit configured to generate wideband control information for a
whole system band or a portion 35 thereof; a frequency-selective control
information generating unit configured to generate frequency - 4 -

selective coptroldnfognation; and a-cantrek uhit corffigured to control the
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requency-selective control information from the™ data channel.”In anotter

aspect of the presedfinvéftighi1ng unit configured to
periodically assign radio resources in which

frequency-selective control information is to be
transmitted;

15 a frequency-selective control information
requesting unit configured to request transmission
of the frequency-selective control channel on a data
channel using the periodically assigned radio
resources; and

20 a separating unit configured to separate
the frequency-selective control information from the
data channel.

In another aspect of the present invention,
there is provided a control information transmission
25 method in which control information is transmitted
from a user equipment terminal to a base station
according to a single carrier scheme, including the
steps of:

periodically assigning, by the base
30 station, radio resources in which frequency-
selective control information is to be transmitted;

requesting, by the base station,
transmission of the frequency-selective control
channel on a data channel using the periodically
35 assigned radio resources;
checking, by the user equipment terminal,

the radio resources periodically assigned by the



there is provided a control information transmission 25 method in which
control information is transmitted from a user equipment terminal to a
base station according to a single carrier scheme, including the steps of:
periodically assigning, by the base 30 statforT, radio resources in which
frequency- selective control information is to be transmitted; requesting,
by the base station, transmission of the frequency-selective control
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the amount of information on the uplink control
channel when frequency-selective control information
is transmitted in addition to wideband control

15 information for the whole system band or a portion
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an exemplary configuration of
20 an uplink communication channel in LTE.

Fig. 2 shows an exemplary configuration of
an uplink communication channel in accordance with
an embodiment of the present invention.

Fig. 3 shows an example of radio resource

25 assignment of CQI request signals in accordance with
an embodiment of the present invention.

Fig. 4 shows a first example of a time-
relationship between subframes for system band CQT
information and subframes for frequency-selective

30 CQI information.

Fig. 5 shows a second example of a time-
relationship between subframes for system band CQI
information and subframes for frequency-selective
CQI information.

35 Fig. 6 shows a format of a CQI request
signal in accordance with an embodiment of the

present invention (in the case where a format for



Fig. 2 shows an exemplary configuration of an uplink communication
channel in accordance with an embodiment of the present invention. Fig.
3 shows an example of radio resource 25 assignment of CQI request
signals in accordance with an embodintent of the present invention. Fig. 4
shows a first example of a time- relationship between subframes for
system band CQI information and subframes for frequency-selective 30
CQI infermationiggs shews a secend example of a time- relationship
between subframes, for system band CQL information an frames for
frequency-seleptive% [ol0] izfogrhgtvlvosn_. %5%5.“?%0%%5 fgcr?%at of g&?ﬁt
requéstISighalin aéstaanceE with da ebodine Ot e preseht the
inventions(@mthe icase mthevsma farmat fer schedulimgegrantds dsed)ckiged
showsa format of & QI yequest signal in accordance with an
embodiment of the preserét in\ﬁention ingfie c%sedwher]ge a dedf'cated 5 .
format is used). Fig. B8%hows A BI0ck iagra?r(f of & uSer %quiBme%t us
termfarinPatedidahte Withah erbcdinert dfte présént fivertioR Figent
9 showvis atbdogkchagram dfravieassei @@ station in accordance with an

embodiment of the rprgsent iRvention..Fig1 13- gshows:g flawchart af & 5 se
| gontrsol a{r%f(l)rrplatlorp tgacncs(gm%sa{%rg: Qevtthdrt')r] accord%r;é%wnh an
embodiment of tfje presenf itvention: 15 DETAILE SERIPTIONBF
THEPPREFERREDEMBODIMENTS [DESCRIPTION OF NOTATIONS]
Fig. 10 shows a flowchart of a control
information transmission method in accordance with

an embodiment of the present invention.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[DESCRIPTION OF NOTATIONS]
10 user equipment terminal
101 CQI (PMI) measuring unit
20 103 wideband CQI (PMI) information
generating unit
105 frequency-selective CQI (PMI)
information generating unit
107 multiplex control unit
25 20 base station

201 multiplex determining unit
203 wideband CQI (PMI) information
demodulating unit
205 frequency-selective CQI (PMI)
30 information demodulating unit
207 scheduler
209 wideband CQI (PMI) information
resource assigning unit
[BEST MODE OF CARRYING OUT THE INVENTION]
35 With reference to the accompanying
drawings, embodiments of the present invention are

described below.



10 user equipment terminal 101 CQI (PMI) measuring unit 20 103
wideband CQI (PMI) information generating unit 105 frequency-selective
CQI (PMI) information generating unit 107 multiplex control unit 25 20
base station 201 multiplex determining unit’ 2063 wideband CQI (PMI)
information demodulating unit 205 frequency-selective CQI (PMI) 30
information demodulating unit 207 scheduler 209 wideband CQI (PMI)

information resource assigning Ynit IBEST, MQRE QF CARRYING OUT
THE INVENTION]C l35 With reference to the accgmrpanyivqg tciijra\élvrllngs,
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channel’in this manner allows a base
band CQI information and system band PMI
information) is transmitted on the control channel.

Transmitting wideband control information
on the control channel in this manner allows a base

15 station to perform basic operations once the base
station receives the control channel. On the other
hand, the amount of information in frequency-
selective control information varies depending on
frequency resolution. Thus, assigning such

20 variable-amount information (frequency-selective
control information) to the data channel avoids the
amount of information on the control channel
increasing. It is preferable that wideband control
information (system band CQI information and system

25 band PMI information) be periodically transmitted on
the control channel and frequency-selective control
information (frequency-selective CQI information and
frequency-selective PMI information) be transmitted
on the data channel in response to a request signal

30 from the base station.

Wideband control information to be
transmitted on the control channel includes system
band CQI information (system band CQI information
for a first codeword; for example, five bits),

35 system band CQI information for a second codeword in
the case of MIMO transmission (a value relative to

the system band CQI information for the first



15 station to perform basic operations once the base station receives the
control channel. On the other hand, the amount of information in
frequency- selective control information varies depending on frequency
resolution. Thus, assigning such 20 variabfe-amount information
(frequency-selective control information) to the data channel avoids the
amount of information on the control channel increasing. It is preferable

that wideband gontrol information (systes band QL infermadion andy

system 25 hand B! ipfeimatiqn) e periodically ransmitied on the,, .
control channel' an frequency-sefective ¢ontrol “information - * .
(freqbiBA&Rséladtive CQLRforMatiGHafd flegiencytsdiedtvePmpelective
informatiam)die trarfsmitied iomthe dateechannekiniresgahseno atrequiest a
signaln3Q fram the @@é@é@ti@@e\%’wp%pd £enEQliNfFOEMUPN 19D rmation
trans trt%d on the gonetrloel cr%aqune &ﬁ es gg@t%amt bggd cQl w;fogri]atlon
(system band CQ information for & first ¢o leword, for example, five bits),
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for thefirge- 8 codewod; for example, dwo Ok three bitg)-and, System
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. r uern - ecrive 1S use
information for e first €6 eword), ndjfrequency-
15 control information. In the case of MIMO

transmission without precoding among antennas, the
CQI information for the first codeword and the CQI
information for the second codeword are used as
control information. In the case of MIMO

20 transmission with precoding among antennas, all sets
of information are used as control information.
Frequency-selective control information may further
include control information for a scheduling request.

While embodiments of the present invention

25 focus on the case where system band control
information (system band CQI information, system
band PMI information, etc.) is transmitted on the
control channel, the present invention is also
applicable to the case where wideband control

30 information for a portion of the whole system band
(CQI information for a portion of the whole system
band, PMI information for a portion of the whole
system band, etc.) is transmitted on the control
channel. In other words, wideband control

35 information includes not only control information
for the whole system band but also control

information for a portion of the whole system band.



selective PMI information. For example, in the case of a single antenna
configuration, only the CQI information (system band CQI information and
frequency-selective CQI information) is used as 15 control information. In

the case of MIMO transmission withoutprécading among antennas, the

CQI information for the first codeword and the CQI information for the
second codeword are used as control information. In the case of MIMO

20 traRgMmisgion %fvifmga%%%ag@mg ﬁﬂ@Pﬁi%,t?ﬂlo?r?tSi troélinj;ar@};at%%t
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15 are reported to each user equipment terminal by
means of high-layer signaling (L3 (layer-3)
signaling) .

On the other hand, it is preferable that
frequency-selective control information be
20 transmitted on the data channel from the user
equipment terminal to the base station in response
to a CQI request signal (or PMI request signal) from
the base station.

The CQI request signal (or PMI request
25 signal) may be provided to the user eqguipment
terminal either by adding a request flag to a format
for uplink scheduling grant or by using a dedicated
format.

When the format for uplink scheduling
30 grant is used for the CQI request signal (or PMI
request signal), the user equipment terminal
receives and decodes the uplink scheduling grant and
checks whether the request signal is included in the
uplink scheduling grant.
35 As shown in Fig. 3, when the dedicated
format is used for the CQI request signal, subframes

to which the CQI request signal is assigned may be



system band. <Example of radio resource assignment of CQI request
signals> 10 As described above, it is preferable that wideband control
information be periodically transmitted from the user equipment terminal
to the base station. The control informatiorard the transmission
periodicity of the control information 15 are reported to each user
equipment terminal by means of high-layer signaling (L3 (layer-3)
signajing). £on therathershand, it is, Rrgferable dhatn frequenglsejective
controltinE()lr(r)nnat[erl be 20.trégsns]pgr}litée%ﬁn_r threedata cgagnlel froEn the user
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Alternatively, the subframes to which the CQI
request signal can be assigned may be associated
with subframes in which wideband control information
is periodically transmitted, as described below with
reference to Figs. 4 and 5. An UE ID (User
Equipment Identifier) is added to the CQI request
signal. In other words, encoding is separately
performed among user equipment terminals.

The use of the dedicated format allows for
a simpler format with a smaller number of bits
compared to the approach which adds the request flag
to the format for uplink scheduling grant.

Fig. 4 shows a time-relationship between
subframes for system band CQI information and
subframes for frequency-selective CQI information,
when the CQI request signal is transmitted with the
dedicated format. As shown in Fig. 4, the base
station may determine transmission timings such that
system band CQI information and frequency-selective
CQI information are transmitted in the same subframe.
Since the base station recognizes in advance
subframes in which system band CQI information is
transmitted, the base station transmits the CQI
request signal such that frequency-selective CQI
information is transmitted in the same subframe as

system band CQI information. In other words, the



the periodically determined subframes. When CQI information is not
needed, the base station may not 5 transmit the CQI request signal. The
user equipment terminal can receive and decode signals only in
subframes to which the CQI request signal tan be assigned, and then
check whether the request signal is included. The subframes to which the
CQI request 10 signal can be assigned may be reported in advance from

the basg statipp de the-user eayipment terminal s Altgratively, the s nsmits

subframes hich the CQI request signal can be assigned may be
e e L e whehy AR
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which ad8s The-eqa&st TRy frthe foratat ForuphifR Sékstufifg gFsht.aag.trol
4 shaws arile-relatioashiptbetweere 25tsubframes farrsystens bamnc: CQD I
informatior. and Subfr §m95tf?ireerPé’@PClé@%'fﬁ%\@n@Q‘c iInformation,

| gvhentthe CQ request stl%rllnal |%tr%13é;é|§ed %vgoéhe dedicated forfmat. As

l
ra 1 SYyS n 1Nt ation and. freguency-
shown |nq15|g. Aﬁ%he gase station ma etermine transmission mmf Y
Ql In

suchXRAE30-dysterh Band TOVRRM Ao rPand fiEquEhEy-seleiives
informaiien amntnansmittéd: ircthe samessubframea Sidee: therbiase station

_recog@j%%_% inadvanee aﬁHanmgs xlfh‘!\L’Ei@h systeanhand-GRL E_"EO rmation 1
is transnmlggd, the base station transmits the CQI 35 request signal such

that Frgquencyfasséfe%:ﬁ\rllee QI information is transmitted in the same
13ubframe as Fig. 5 shows a time-relationship between

subframes for system band CQI information and
subframes for freguency-selective CQI information,
when the CQI request signal is transmitted with the
dedicated format. As shown in Fig. 5, the base

20 station may determine transmission timings such that
system band CQI information and frequency-selective
CQI information are transmitted in different
subframes. Since the base station recognizes in
advance subframes in which system band CQI

25 information is transmitted, the base station
transmits the CQI request signal such that
frequency-selective CQI information is transmitted
in a different subframe from system band CQI
information (or in a subframe with a predetermined

30 offset from system band CQI information). In other
words, the radio resource in which the base station
transmits the CQI request signal to the user
equipment terminal is determined based on the
transmission timing of system band CQI information.

35 When the base station does not transmit the CQI
request signal, the user equipment terminal

periodically transmits system band CQI information



system band CQI information. In other words, the - 11 radio resource in
which the base station transmits the CQI request signal to the user
equipment terminal is determined based on the transmission timing of
system band CQI information. When the 5lBase station does not transmit
the CQI request signal, the user equipment terminal periodically
transmits system band CQI information on the control channel. When the

base sratignransiisdiie SQIniRAuest sighal, theISeeqiRTent on

termina transmits sys an iInformation an reguency- ,

o R T e A e RS gugpment
statidrf ﬁf&y%ﬁerﬁﬁﬂbtihné&?an%@ ShBffames fewhich e @@‘Héqt@é? tem
sign&éacah b®assigrfedristHgrb showsha timerretatidnstip betweeand
?L'bf'@f%ﬁ?sfﬁﬁ%é.ﬁ%g?_ﬂgfWJ.@@[@@;-&qnfﬁn%@%bH%@§§Mtilo_n on the
requency-se ective Informati , whe the request signal Is

rar AR e Moot o Rt A8 e it P e S e

statiort Afay deteriiieCtFdiisission tifingsstiehiRatsysterh band €
inforsmation and fregquereclyeseteictive i@Qbifiermation aref tramsmsittéd invhich

different %‘@ﬁa@ga-u%@%e H?gl??a's? %@t}gng@cg@gg%snigdqdvgnce
| @ubframes in Whlch< Oste%mngL banc% Canﬁfnfrormgtl%%:s trlfalngranitged, the
ase station transmits the Ct,Qi)reques S|gn§%u§h at 9 .
frequency-selectivé*€ Qi i6rdtivf ishansmittéd Sin ediffére At subtramernal
fromnsystebeband€Qd dnfotmatione(on fea subftameanith aterminal

predetermingdi3) offset fgmsystem Bapd; €Qf infgrmatiophdn plisfat for
words, (e radio Tgsolroe I which the base station, transiis te,GOL o
request signal fo the User

15 format.

Fig. 6 shows a format of the CQI request
signal in the case where the format for scheduling
grant is used.

The format for scheduling grant includes a

20 scheduling grant format, uplink resource block
assignment information, an UE ID, transport format
information, transmission power, a demodulation
reference signal format, TTI hopping information
(intra-TTI hopping), uplink antenna selection

25 information, and retransmission-related information
(HARQ-related information). For the purpose of
transmitting the CQI request signal with the format
for scheduling grant, the format for scheduling
grant may also include CQI indication with one bit.

30 The CQI indication is a flag indicating whether
frequency-selective CQI information is transmitted
on the data channel (PUSCH). The user equipment
terminal reads the CQI indication to determine
whether to transmit frequency-selective CQI

35 information.

Fig. 7 shows a format of the CQI request

signal in the case where the dedicated format is



equipment terminal is determined based on the transmission timing of
system band CQI information. 35 When the base station does not transmit
the CQI request signal, the user equipment terminal periodically
transmits system band CQI information= Z2 on the control channel. When
the base station transmits the CQI request signal, the user equipment
terminal continues to periodically transmit system band CQI information

on thescantrol ghanneland 3 ransmits fregugneyselective CQI on1y

informatiorr]nopn thle g%a cr&nggl iIQaa diggregé%ulbfreaéne fr?@ systearln cimoler
band“é&hn ormation. th his mann , the base station may détermine’in®

advaheé Babframées tPwhiRhR Lthe COMREGEst Signal éan e dssignetba® for
<Forhiat ofla CiQlaequest signal>.As described above; the €O} reguesth k
§ri]gn%le@@ﬁﬁs&r@\iﬁ]@@toatggff@%léqtﬂpmhﬁ@totlgﬁmie%§i,th§rrbmddirt9, and
ther est to the format fo upli cheqgulin rant o .using the
eyt bt e b et R B

the cB8&Mhere theferrmaddrschedulimy Brant TS iset THe Yoriwdt formclude
schedulirgngrant includes ac2@ sethredelling graant fof mataplink résotitcee e
block, §§§i9nmﬁl@éin£%8@1tli9n,o¥‘_ WE 4D Hhanspoxt formaty informatian, _

1 fansmission power, & demqdlation, referenge signalformat, TTLopeing, . o
information (m?ra— %opplng , upﬁnk antenna sef%t_:ﬁon Zgln?ormation,
and RYrah8missioh-relstediffdtation (HARGRe At infbfhation). For
the purposeraf stsarsmitiifig the CQ) Tequess signal .with the format for

scheduling grant, the-formatfor seheduling 2 user equipment
terminal>
15 With reference to Fig. 8, a configuration
of a user equipment terminal 10 is described below
in accordance with an embodiment of the present
invention.

The user equipment terminal 10 include a

20 CQI measuring unit 101, a wideband CQI information
generating unit 103, a frequency-selective CQI
information generating unit 105, and a multiplex
control unit 107.

The CQI measuring unit 101 receives

25 reference signals transmitted from the base station
and measures CQT.

The wideband CQI information generating
unit 103 averages CQI for each frequency block which
is measured by the CQI measuring unit, and then

30 generates wideband CQI information. The periodicity
of generating wideband CQI information is reported
in advance from the base station by means of L3
signaling.

The frequency-selective CQI information

35 generating unit 105 generates CQI information for
each predetermined frequency block upon receiving a

CQI request signal from the base station by means of



grant may also include CQI indication with one bit. 30 The CQI indication
is a flag indicating whether frequency-selective CQI information is
transmitted on the data channel (PUSCH). The user equipment terminal
reads the CQI indication to determine whéther to transmit
frequency-selective CQI 35 information. Fig. 7 shows a format of the CQI
request signal in the case where the dedicated format is - 13 used. When

the dedicatedsfognatis tiged, ol migimum infarmation maybe definedsc i ve

Thus, a simpler format with a smaller, number of bit used for the
o R T e o LY et g
inforfatioR,carPBE 0 daidt EQ iRdicatireay be Hefinédimthetation in
dedicated rformat. The dedieated dornzatmfayaaremay notihdlutle farequency-
demadulation reference sigral format yithitarees Bits. cTdie amount of
inforrgpgtiorg: i.natgg CE[Jplinlgdllo g%sg#ljr:cemblgcklallovgﬁtlio%inqu%rg](%igpl &ra% é)(f
reduc;edgci)ylkeeplngv%ﬁe amount of iInformation for transmission of t
CQI éaAstamaLEoRfigutatichPoral@ser equipment terminal> 15 With
reference to Fig. 8,Teheontfiglitatioh eof acuser equipment terfiinalddtisplexes
P'eSCLEiE%Q _?_ﬁ'é"é\’a in %@?@r%r@i@tw%arlt%fb@ﬁug@%gfgg@ r[i’,r eseil the
vention. The user equipment terminal,10_include a measuri

i TOT L BEa GO MHatis Generatir 10T e Che ddea
frequighePselecivelCOt anforRaichigérigrattiylunit F05¢ afd @RGEple¥en
contrahaniv 102 EhedCQOmeasuringrartiti il recdivede frequency-

selective CQI information are transmitted in the
same subframe, the multiplex control unit 107

15 multiplexes the user data, the wideband CQI
information, and the frequency-selective CQI
information into the data channel. When the
wideband CQI information and the frequency-selective
CQI information are transmitted in different

20 subframes, the multiplex control unit 107
multiplexes the user data and the frequency-
selective CQI information into the data channel and
multiplexes the wideband CQI information into the
control channel.

25 <Configuration of a base station>

With reference to Fig. 9, a configuration
of a base station 20 is described below in
accordance with an embodiment of the present
invention.

30 The base station 20 includes a multiplex
determining unit 201, a wideband CQI information
demodulating unit 203, a frequency-selective CQI
information demodulating unit 205, a scheduler 207,
and a wideband CQI information resource assigning

35 unit 2009.

The wideband CQI information resource

assigning unit 209 periodically assigns radio



25 reference signals transmitted from the base station and measures

CQI. The wideband CQI information generating unit 103 averages CQI for
each frequency block which is measured by the CQI measuring unit, and
then 30 generates wideband CQI information.The periodicity of

generating wideband CQI information is reported in advance from the

base station by means of L3 signaling. The frequency-selective CQI
inforg@gg@ r3o-generalingg4nit 0o %@@tE%%r&@HW%M%ﬁ‘CQO
predetermined frequency bigck ygon receiving.a COI regest sianalfrom,,
the base .stq’aIlItllpn by 'means of L17L signaling: The radio resource use%]to
receRBthe EORrefuedt sigifal By Afans &f EYE 2 Siyafifg maybe S
periagigatly assigned by thedsase statiohdmeadvaneerforekamplepeans of

subframesiig ywhich,frequency- 5 selective CQI information is reported
may be associatedf/rlith sub rame in which wideband CQI info ?tion is
plex con i

reported. The multi ex control nltefi)7dr%ltjl?|6f8>l<8§ "Uder aaltE, e
wideB&HE CONMISITAIRRL &Ad HHECTD Fédiency-sereavelcen !
informationr e thendata nchafinelarshibe €ontrelcchanrelCBar exafmpteation

yvhe@ r_th M@Le@ﬁﬁ@ &anf%@@ti%@n%@&f f%&ﬂ%ﬁe!&?g‘é% CQlannel)
1 bnformat on are trar]tsmltt%%ln the same s bfrar@e, the ultg)lex (Aiqcntrollq
es e sSNo

unit 07" 15 Ritiitipiexes the usgrloea%a?,sthg widéband . I%Pn ormation, and' ¢
the fRUBAERSeléttive COF iftdrhtatiohrtodRé BatBichaRfiel Whenthe
widebamd €€ infdrmationzanskthe frequencysselective CQI information

are transmitted in differeqt; 2Q,subframes, the multiplex contiob BG4 £ i ng
mu“@%?ESHH%U%%é@g%§% ggfﬁi gggﬁd CQI information
15 multiplexed into the user channel (data channel) or
the control channel.

The frequency-selective CQI information
demodulating unit 205 demodulates frequency-
selective CQI information multiplexed into the user

20 channel (data channel).

The scheduler 207 performs scheduling of
user data based on the wideband CQI information and
the frequency-selective CQI information. The
scheduler 207 also performs scheduling for

25 transmission of CQI request signals for the purpose
of receiving frequency-selective CQI information
from the user equipment terminal. For example, the
CQI request signals are transmitted based on the
transmission periodicity of wideband CQI information

30 managed by the wideband CQI information resource
assigning unit 209, such that frequency-selective
CQI information is received in the same subframe as
or in a different subframe from wideband CQI
information. It should be noted that the scheduler

35 207 corresponds to a frequency-selective control
information requesting unit.

<Flowchart of a control information



selective CQI information into the data channel and multiplexes the
wideband CQI information into the control channel. 25 <Configuration of a
base station> With reference to Fig. 9, a configuration of a base station
20 is described below in accordance withldn embodiment of the present
invention. 30 The base station 20 includes a multiplex determining unit
201, a wideband CQI information demodulating unit 203, a

frequepgy-sglestive, G Ql dnfogynation demodulating unit 205, a scheduler
207, and a Wldebaﬁ(lll&Qlfgfpé@g%%nereggu% assigning 3%£|Q|t 2199. t of

The wideband CQI information resource asagn?ng anit 209 peno"&?ca?ﬁ

assighsTafiors! rédotiredsiskabythé usBriégiipmemashnifalitd
transtreit wideband €€l informatonc dheltransmigsion periceidityditieent of

wideband LU infarmationds eperted to the user equipment terminal by
means of 5L3 sigr%alin tTh ultig)lex det%rytini unit 201 determi

n S
whether user data, _V\}iée_ and o] m%Sremastion, ér?(g frgc?uteenrcrﬁ-ls%?e%tigg e cet
CQI iterfiatioR SareAdifipleXe hta'theUser ehdithel (duk& ERarineRrLRnd
and séparates tkenpieces ohinfotdatiore gioshouldi hémoted-thahthebout
picban GO amasondorodictng. i S35, comediates wideha

ideba information demodulating, uni emodulates wideban

T 1 HS F A e pe g O b ana

the coRtroléhaPRBIE The Fre§aéncyidetéctive EQIaRfRfativtiewords 1s to

be transmitted, etc.), and then reports them to the
user equipment terminal by means of L3 signaling
(5101) . The user eqguipment terminal generates

15 wideband CQI information according to the CQI report
periodicity and reports it to the base station. The
wideband CQI information is transmitted on the
uplink control channel. Since a subframe for
receiving a CQI request signal can be determined

20 according to the CQI report periodicity, the user
equipment terminal receives the subframe to check
the CQI request signal (S103). Step S103 1is
repeated with the periodicity reported in step S101.

When frequency-selective CQI information

25 is needed, the base station generates a CQI request
signal and transmits it to the user eguipment
terminal by means of L1/L2 signaling (S105). The
user equipment terminal receives the CQI request
signal and generates frequency-selective CQI

30 information (S107). The frequency-selective CQI
information is transmitted with the radio resource
on the data channel according to an instruction from
the base station (S109). When wideband CQI
information is transmitted in the same subframe as

35 the frequency-selective CQI information, the
wideband CQI information is also transmitted on the

data channel. When wideband CQI information is



demodulating unit 205 demodulates frequency- selective CQI information
multiplexed into the user 20 channel (data channel). The scheduler 207
performs scheduling of user data based on the wideband CQI information
and the frequency-selective CQI informatioh. The scheduler 207 also
performs scheduling for 25 transmission of CQI request signals for the
purpose of receiving frequency-selective CQI information from the user
EqUil%ngﬂtﬁﬁ&rtﬁiE‘@B F_@ﬁeéara&@f_@@e%@l_ 5@%@%&?9?%’% e %@@sénitted
ased on the transmission periodicity a eband. informatio

T Bt GO TGl nalion Febr S Sosighing Lanagan

suchhat ftétueRty-sélettiveS Celamermatiots Peceierl iHRHe 8gmeontrol
subframenas or in alddferertsubframée drom-wideband CQleinformatien.dt -

§h0%@%89@9éh@tdﬁe §ﬁ&%ﬂ%@_o@p7a%r%§@@q%@ &For frequency
freque c¥-§8%ctlve control information requesting unit. <Flowchart of a

control Information - 16 - transmission method> With reference to Fig. 10,

a flowchart of a coflftéliffofm&tion Farsmidsien Fiethidd ikodestribeading

below e acdardanteswith g embodiient of & the presend mventiam Firste

.the ti%é station determingsithe CQl; ﬁ%@étﬁgiogi‘}ﬁl{ QE\é!i&'PQa‘E% CR 1
forring on an -tQ% content of the CQI report (information about whether

system and CQl9hformation for a first 10 codeword is to be transmitted

or whether system Ban@dCOFnkfhat&R Tot first @na Seednd EGdetords

IS to ehectvansmitied, efc. ), randrther repoits thempo thei luser equipment

termipakhy.meaps ¢f L3 8ignaliNgd;p1ink control channel and the

uplink data channel when frequency-selective control

15 information is transmitted in addition to wideband
control information for the whole system band or a
portion thereof. While the present invention is
described with reference to the preferred
embodiments of the present invention, the present

20 invention is not limited to these embodiments but
may be modified or changed within the scope of the
claims. For example, the present invention is not
limited to a mobile communication system according
to LTE, but is applicable to any mobile

25 communication system in which an uplink control
channel is transmitted according to a single carrier
scheme. Furthermore, while the present invention is
described using examples of CQI information and PMI
information for wideband control information and

30 frequency-selective control information, the present
invention is applicable to any control information
which can be divided into wideband control
information and frequency-selective control
information.

35 This international patent application is
based on Japanese Priority Application No. 2007-
258110 filed on October 1, 2007, the entire contents



(S101). The user equipment terminal generates 15 wideband CQI
information according to the CQI report periodicity and reports it to the
base station. The wideband CQI information is transmitted on the uplink
control channel. Since a subframe for reckfing a CQI request signal can
be determined 20 according to the CQI report periodicity, the user
equipment terminal receives the subframe to check the CQI request
signg| 1(5%%3)@§te£r%1Q%i§oﬁ%E’§§T§Qé’éﬂtm@§@PﬁiOQi§itM: EepOrted dnstep
5101. When frequency-selective CQI information 25 is needed, the base
station generates a CQI request signal and transmits it to the user
equipment terminal by means of L1/L2 signaling (S105). The user
equipment terminal receives the CQI request signal and generates
frequency-selective CQI 30 information (S107). The frequency-selective
CQI information is transmitted with the radio resource on the data
channel according to an instruction from the base station (S109). When
wideband CQI information is transmitted in the same subframe as 35 the
frequency-selective CQI information, the wideband CQI information is
also transmitted on the data channel. When wideband CQI information is
- 17 transmitted in a different subframe from the frequency-selective CQI
information, the wideband CQI information is transmitted on the uplink
control channel. The base station receives the frequency 5 selective CQI
information and uses it for frequency scheduling. While Figs. 3-10 and
their corresponding detailed description refer to CQI information, the
present invention is similarly applicable to PMI



10 information. As described above, according to an embodiment of
invention, it is possible to efficiently use the uplink control channel and
the uplink data channel when frequency-selective control 15 information
is transmitted in addition to wideband contfl information for the whole
system band or a portion thereof. While the present invention is
described with reference to the preferred embodiments of the present
invention, the present 20 invention is gqidifigd to these embodiments but
may be modified or changed within the scope of the claims. For example,
the present invention is not limited to a mobile communication system
according to LTE, but is applicable to any mobile 25 communication
system in which an uplink control channel is transmitted according to a
single carrier scheme. Furthermore, while the present invention is
described using eximp}gsuosf eCIQI infgrm%téonrkar%dePrl\[{ll nigf?rr?%tion for
wideband control information ande@ f%é)quency-selgcﬁve contro .
inforimafieR thé bresent Mvehfidn istdpplitatie 8lampP contfot ifforfriatibhon
which can beidividecbinto widebhard cantral einfasmatiore andomprising:
frequency-selective,conirol yaformation: 3aThisinterpationshpafeRk rating
| pplllcl:%t]lgcn |SO%aI_19ie:d onJ p@ges%rl?ggnt%/ Apvg)llg%tgf)g '%O-CZQQ&% 8110
iled on ctgber. . 2007, the @nfire Contents - 18 “of Which are _
incorpBratéd AErefi by fefer@ntie L 110 SEEAIMS BRI A Gdereduipnteritn
terminakfoso £ ;
a frequency-selective control information
generating unit configured to generate frequency-
15 selective control information; and
a control unit configured to control the
wideband control information to be transmitted on a
control channel or a data channel and control the
frequency-selective control information to be

20 transmitted on the data channel.

25 2. The user equipment terminal as claimed
in Claim 1, wherein:
the frequency-selective control
information generating unit checks radio resources
periodically assigned by the base station and
30 generates the frequency-selective control

information.

35
3. The user equipment terminal as claimed

in Claim 1, wherein:



transmitting control information to a base station according to a single
carrier scheme, comprising: a wideband control information generating 10
unit configured to generate wideband control information for a whole
system band or a portion thereof; a frequéRcy-selective control
information generating unit configured to generate frequency- 15
selective control information; and a control unit configured to control the
wideband control infgrmation e be transmitted-on-a 1controlchannebangy
data channelgnd crgg'g(r)nl ttee of{lec!a g )éﬁele% ive %ogrgrgl mforﬁ?atl q%oebe
20 transmffte on the data channel. 25 2. The uS equu}]menet fminal as
claimt&th i Claim AL WRBFSi: he freqBiéncyiselettivé E6Rtra Ninfoimation 2
generatinganiit, checks radie resdodrdesnperiosicaly assighed-by thiedvasen d
statiomand 3@ g€ B%@Eﬁss@ﬁ dreg H%CYC%Q{%G}'C\@ coptral - ipfarmation 35
3. T e user eq rmlnal as clE aimed in Claim 1, wherein: - 20 the
controifunfc Etro?s the Wlaebande control information and the
frequency-selective control information to be transmitted on the data
channel, when the wideband control information and 5 the
frequency-selective control information are transmitted at a same timing.
1&0 4. The user equipment terminal as claimed in Claim 1, wherein:

4. The user equipment terminal as claimed
in Claim 1, wherein:

the control unit controls the wideband

control information to be transmitted on the control

15 channel and the frequency-selective control
information to be transmitted on the data channel,
when the wideband control information and the
frequency-selective control information are
transmitted at different timings.

20

5. The user eqgquipment terminal as claimed
25 in Claim 1, wherein:
the wideband control information includes
at least one of wideband CQI information and
wideband PMI information, and
the frequency-selective control
30 information includes at least one of frequency-
selective CQI information and frequency-selective

PMI information.

35

6. The user equipment terminal as claimed



the control unit controls the wideband control information to be
transmitted on the control 15 channel and the frequency-selective control
information to be transmitted on the data channel, when the wideband
control information and the frequency-seléétive control information are
transmitted at different timings. 20 5. The user equipment terminal as
claimed 25 in Claim 1, wherein: the wideband control information includes
at least ape of widebapd GQlkipformation and wideband PMI information,
and the frequency-§ Iectine control 30 i%é?trmation includeﬁ at least one of

. I uency-—- ective CPpNnLro
frequency- selective linformation’an requency-sePec ive PMI

inforrmation 8556, Crhefiset R ipiient tfmhat a8 elafmed D22 LR for
5, whereinh théftequeney-gelective control information further includes

eontrol information for a scheduling request. 5 7. A base station for

receiving control 10 information from a user equipment terminal according

to a single carrier scheme, comprising: an assigning unit configured to
periodically assign radio resources in which frequency-selective control
information is to be 15 transmitted; a frequency-selective control

information requesfing AInft configured o, reqrgst tANSBESSION; control
10 information from a user equipment terminal according
to a single carrier scheme, comprising:

an assigning unit configured to
periodically assign radio resources in which
frequency-selective control information is to be

15 transmitted;

a frequency-selective control information
requesting unit configured to request transmission
of the frequency-selective control channel on a data
channel using the periodically assigned radio

20 resources; and

a separating unit configured to separate

the frequency-selective control information from the

data channel.

25

8. A control information transmission
method in which control information is transmitted
30 from a user equipment terminal to a base station
according to a single carrier scheme, comprising the
steps of:
periodically assigning, by the base
station, radio resources in which frequency-
35 selective control information is to be transmitted;
requesting, by the base station,

transmission of the frequency-selective control



of the frequency-selective control channel on a data channel using the
periodically assigned radio 20 resources; and a separating unit configured
to separate the frequency-selective control information from the data
channel. 25 8. A control information transission method in which control
information is transmitted 30 from a user equipment terminal to a base
station according to a single carrier scheme, comprising the steps of:
perlo@lﬂf‘éﬂ}ﬁéﬁlgﬁmg, Byathe b@%ﬁnﬁéﬁoﬂg fadig re3QUressSHn 11y
frequencX 35 s(ﬁ:ectlve control information is to be transmitted;

assilgne radlio ,resources,;. . .
requesting; By e base station, “transriission of the frequency-selective
control - 22 channélit& dat chalnéBing he peribdicaR, assigred nal,
radioctesourges;ccheeking royethepisel equipmenttesminay nibe ragiot he
fesoyrees p%%@&@h/ 3&’%%&9(‘@@ oy EB% ihase station g generatiog the « i ve
frequenqé-se ctive contr%I information; transmitting, by the user

.con r? 1n§05m? ilon; - . . .
equipment terminal, the fregquericy-selective control information on the
data channel; and 10 3&Farafirigt BY thé Bade Statigre theJuipment
frequency-sekettive: tentriot sforanation srohethei datachannel 1

information on the data channel; and
10 separating, by the base station, the
frequency-selective control information from the

data channel.
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