-1 - DESCRIPTION USER DEVICE, BASE STATION DEVICE, AND
CHANNEL STATE INFORMATION COMMUNICATION METHOD
TECHNICAL FIELD The present invention relates to a field of mobile
communications. More specifically, the p?e%en_t invention relates to a user
equipment 10 terminal, a base station apparatus, and a control information
communication method in a mobile communication system. BACKGROUND
ART 15 In the field of mobile comm#iS&tiM3T eNearch and development on
a next generation communication system is rapidly progressing. In the
communigatien systeargonsidereshasrobnowzsframetheaviewcpointief, sTaTE

broadening the coveragg-araaWhilg; 20 seausing PARR (Reak:dte-Average

Povger Ratio), it is proposed to use a single carrier scheme for uplink. In this
communication system, radio resources for both uplink and downlink are
properly w sF B of a shared channel which is shared by plural
25 users, according td eempraficationtcorrditicrofr eéspextive users aad ¢he
like. Moretspegificadly camdataisignal ©f &..usetdm eiplipk isitfarsmitted ama
physicalgiplink shared: ehanngl (PUSGH) The termse ichapnepbrand "signal”
may, be ysed synqnymously as30.long, a %&%éﬁﬂ% fear, of coNision. A

data S|gn al of a user in downlink is transmitted on a yS|caI doYvnllnk
shared cHannef' flglﬁgﬁl-f)oﬁmélcnels%?n%l%r d%?ermlnlng aSS|gnment is called
schedulifg™ T 8recfet td properfts8tform 35 scheduling in uplink, each user
equipment terminal transmits a reference signal (also called a pilot channel)
to a basB/ATKBROGND thRDase station - 2

15 In the field of mobile communications,
research and development on a next generation
communication system is rapidly progressing. In the
communication system considered as of now, from the
view point of broadening the coverage area while

20 reducing PAPR (Peak-to-Average Power Ratio), it is
proposed to use a single carrier scheme for uplink.
In this communication system, radio resources for
both uplink and downlink are properly assigned, as a
form of a shared channel which is shared by plural

25 users, according to communication conditions of
respective users and the like. More specifically, a
data signal of a user in uplink is transmitted on a
physical uplink shared channel (PUSCH). The terms
“channel” and “signal” may be used synonymously as

30 long as there is no fear of confusion. A data
signal of a user in downlink is transmitted on a
physical downlink shared channel (PDSCH).

Processing for determining assignment is
called scheduling. In order to properly perform

35 scheduling in uplink, each user equipment terminal
transmits a reference signal (also called a pilot

channel) to a base station and the base station



evaluates the uplink channel state based on reception quality of the
reference signal. In addition, in order to perform scheduling in downlink, the
base station transmits a reference signal to the 5 user equipment terminal
and the user equipment terminal reports to the base station information
about the channel state (CQIS: Channel Quality Indicators) based on
reception quality of the reference signal. Based on the CQIS reported from
10 each&iset egbipinéhtterhinal the baze Statidrt evahates! tie downlink
channelstaterto perfonma s¢hedulingthdoveniimkeThe resuyltsaéf.scheduling
are transmiteditergachnuser egplipmentdeminal vien addownlipk contrebn1ink,
signal. This.canteal signal is 15.called a:dawnlink LEL/L2,control signal. There o
are %woyfgee]? of ulpilnlk(1 cggtrgle rs;&n%si: one is ¢ oentrgl g]forénatlion g:gjcleql first
conftrol in ormaﬁgn, for the sake o convenlencéﬂ that shouid be transmitted

togetherwith &R Uplihk 20" data ‘Sigridl ndthe othértis Yontrof Mféiatatidh
(called sEeont cohtroFinfarntattiont fdrethé Sake of Céanvenierite) hatis

transmittedditrespective obihed presence«qsabsenge of theyuplink-data signal.
The first gentralintormation includes iformnations2s hesessyy fokd from

demodulafion qf fhe d@&%%ﬁ@h Such, s afpodylation scheme, achannel

coding rate, and. the like of the dLa,ta signal. The second control information
includese(\fé iHtSimatio of & Gowhiifk caHe . ac %B%Ieté)gé)ne]éfntom
informatioi XERMNECKY of'8 ‘30 dduinlink dsta sigral Finftatiomeabolt 29
resource: iEssigrmentiregedstt andahe like sWhenua resource block(padio ia
resource) iscassigned tosdransmitingran uplinkhdatasignal othes fisstconirel
information (and seceng-contiol 85 information a5 necessary) is transmitted
inthe resource block,Qn, the other hand, when the Uplink, ¢ control
signals: one is control information (called first
control information, for the sake of convenience)
that should be transmitted together with an uplink
20 data signal and the other is control information
(called second control information, for the sake of
convenience) that is transmitted irrespective of the
presence or absence of the uplink data signal. The
first control information includes information
25 necessary for demodulation of the data signal, such
as a modulation scheme, a channel coding rate, and
the like of the data signal. The second control
information includes CQI information of a downlink
channel, acknowledgement information (ACK/NACK) of a
30 downlink data signal, information about a resource
assignment request, and the like.

When a resource block (radio resource) 1is
assigned for transmitting an uplink data signal, the
first control information (and second control

35 information as necessary) is transmitted in the
resource block. On the other hand, when the uplink

data signal is not transmitted, it is considered



data signal is not transmitted, it is considered - 3 that the second control
information is transmitted using a dedicated resource (dedicated band). In
the following, an example of using the band is described below. 5 Fig. 1
shows a configuration of an uplink channel.”Fig. 1 shows resources (plural
resource blocks) for transmitting the physical uplink shared channel

(PUSCH) as the uplink data signal, and resources (corresponding to the

dedicatedsand)fer 36 eraserasWAieR résoireds forthe PUSCRP&RYidted
assigned ¢4 transmittfié wptink coatrobigignal (Iheé i lattee ds talted) a physicahe
uplink cantral changel {RUSCH): 1a ther shewn gxample.one o0 mose of faig
resource, blocks are assigned to users, a first 15 hopping control signal and a
secpnd hopping contrgl. signal are rowded |n a certain.transmission ti
interval (subframe), arg:é’ EY tkﬁrd e p&?ln contr ﬁ '(S:II nallcand1 a?%]urafﬁ ho'[?)phrlk

control SigralTe - pro@ﬁféd ih tﬁ@%’l?ovﬁﬁﬁ%‘&ﬁﬁ%ﬁe FEathopiitg 26°C
control SidilfedlreSponds t0 el PUCCH LBy mérforafing heppingwithared
respect thtimesand( freguency in sulkframesna gteater diversity, eftect can be
obtained. &agh-ofdhe firstthroughtourth hepping candrol sigoalssmay oero r

oceypied by one user, 2o o may he multiplexed by, plusglusers rEh'ﬁot
transmission, sch%{ne of ugank control S|gnal IS descrlbe%ﬁ(n 3G

R1-071245 DI8ET GSURE BEINVENTION brIERCc?ﬁLé S)Sﬂ'%“él]:' The
SOLVED BY THELMNVENTRONF WhEA thé L1 éortrsl ChiahRél Firstnne L
through falirti* Hoppingreconitrel signals) ¢scanpltiplexedyoplurat usersfwithout
uplink datas transmissien; dkis:eonsidesed that arthagenality 35 amesg the
plural users isi achieved Usinga GAZAG g 2 second hopping control
signal are provided in a certain transmission time
interval (subframe), and a third hopping control
signal and a fourth hopping control signal are
provided in the following subframe. FEach hopping
20 control signal corresponds to the PUCCH. By
performing hopping with respect to time and
frequency in subframes, a greater diversity effect
can be obtained. Each of the first through fourth
hopping control signals may be occupied by one user
25 or may be multiplexed by plural users. This
transmission scheme of uplink control signals is
described in 3GPP, R1-071245.

DISCLOSURE OF INVENTION
30 [PROBLEM(S) TO BE SOLVED BY THE INVENTION]
When the L1/L2 control channel (first
through fourth hopping control signals) is
multiplexed by plural users without uplink data
transmission, it is considered that orthogonality
35 among the plural users is achieved using a CAZAC
sequence. The CAZAC sequence has a characteristic

in that a CAZAC code is orthogonal to a code with a



sequence. The CAZAC sequence has a characteristic in that a CAZAC code
is orthogonal to a code with a - 4 cyclic shift of the CAZAC code.
Accordingly, when the same CAZAC sequence is used among users and
different cyclic shifts are applied to the us_eré, orthogonality among the users
can be achieved. Fig. 5 2 shows a configuration of the L1/L2 control channel,
where the cyclic shift amount of zero (0) is applied to a user #1 and the

cyclic sHiff aicunt bt Aliscappiiedl tord hiSerc#2i8n thisaRanAér He L1npen
control chamnekri® for LaErsswitheutaplink data tramsmissions endergoes

block-medulatior using;the:CAZACeadesinordepta daultiplexidata ferplyral
users. THusS,thedm Q%V% of hits available far Lans/piSSIONPEf;USELds  riq,

determi edsllqoevlqdvance. I eé%rg Ieégl% gssF%rgeﬁéIl?Lt at tentsj)]ig ols per

b
S a,con \ COn. nel
user can he transmlttecfln ti’l subﬁame configuration snown In Fig. 5 en’

a QPSK" B&f* mbdilativn arfd the'dodindg'Pate 'of A2 afe tisdd) a'userPPied
equipmér términakcdn transmititen bits of cinfdrinGtiopforeacly Subframe.
20 As desgsibedabovea theskt/L22control channel for users without uplink

data transmission inctudes,G QI #farmation,racknowledgement, infermatiom
(ACK/NAGK), joformation ahout a respurce, assigpment request, and e, like,
Regarding th 9@5@1@&%‘"&?% the uger equipment terminal may  transmit
flne-gralneacgb or respecrhvesoan%lstto be scf%edule% accord)lng?o an
instructiBi HrohP iHfe* basEtdtioh apparatus 16 AdlditioR! the uS&re equipRfent
terminalafiay traasaiteC OIS for respedtivien3d0 streams inthe ease of MIMO
(multiplediepet mudtiple ioutput) dransmission usingnpluggl antennras: 48 uthese
circgmstanges.the CQhixdarmation may.excegdpthenumber ef-kits whichn e
Canbet&ﬁ%%@g%giggg%quration shown in Fig. 2. When a QPSK
data modulation and the coding rate of 1/2 are used,
a user equipment terminal can transmit ten bits of
information for each subframe.

20 As described above, the L1/L2 control
channel for users without uplink data transmission
includes CQI information, acknowledgement
information (ACK/NACK), information about a resource
assignment request, and the like. Regarding the CQI

25 information, the user equipment terminal may
transmit fine-grained CQIs for respective bands to
be scheduled according to an instruction from the
base station apparatus. In addition, the user
equipment terminal may transmit CQIs for respective

30 streams in the case of MIMO (multiple input multiple
output) transmission using plural antennas. 1In
these circumstances, the CQI information may exceed
the number of bits which can be transmitted in each
subframe.

35 For example, by increasing the coding rate,
for example (using the coding rate of 3/4, for

example), it is possible to increase the number of



subframe. 35 For example, by increasing the coding rate, for example (using
the coding rate of 3/4, for example), it is possible to increase the number of -
5 bits which can be transmitted in each subframe. In this case, however, a
problem of degrading reception quality m_ayr)ar_ise. For example, in W-CDMA
(wideband code division multiple access), CQI information is 5 repeatedly
transmitted in the case where reception quality is degraded. In view of this
problemPit i$ a'geheralc ebjeee of thensreseREiAVeRtiGR B traiShit Ehannelt
state informatiare (CQ| mdoravation) avithooib 18rdegfading redeéption-guality.i on
[MEANSEOR SQLMNG FHEPROBLEM(SHin ene asprctofihe presemtand
inventiog, yeg.i5 PLOwided asep SqUIRERIPIMIng) for, eSimalng 2 .
chagnel state and fansmiting, as, 15, control information tiansmitied .
irrespecﬁvgofa presence or absence of an uplinlfl data signal, channef State
informatBtfreprdsentingtheEiitrated channel state according to a single
carrier scheme, includihgy 26varréndduing Bnitlebafigured tosercoderthsal
channel statednfosmation; ane adranshittingtunincanrfigured som transhitn thel

channel statednformatian OVer plusalr trapsmissien Hme intarvals:25 In
anpther ggg@gtﬁfr;gg Pé%%%!’ctii%\ﬁerlﬂ?& there is provided a base station

apparatus for rece|V|rL%AE%§N%onFtroE£|nSf8IrJr‘n]%&on %rggsrg]i%ed Eilizesgﬁ]ctive of a
presence or absence of an upIinQ data S|gnaﬁ, channel State pn% ation
representing 30 a chahhePState 8Bfifatetf by AuSeF @BiPment” tetminal;

includingzhere is provided a user equipment terminal for
estimating a channel state and transmitting, as

15 control information transmitted irrespective of a
presence or absence of an uplink data signal,
channel state information representing the estimated
channel state according to a single carrier scheme,
including:

20 an encoding unit configured to encode the
channel state information; and

a transmitting unit configured to transmit
the channel state information over plural
transmission time intervals.

25 In another aspect of the present invention,
there is provided a base station apparatus for
receiving, as control information transmitted
irrespective of a presence or absence of an uplink
data signal, channel state information representing

30 a channel state estimated by a user equipment
terminal, including:

a receiving unit configured to receive the
channel state information over plural transmission
time intervals;

35 a decoding unit configured to decode the
channel state information; and

a resource assigning unit configured to



a receiving unit configured to receive the channel state information over

plural transmission time intervals; 35 a decoding unit configured to decode

the channel state information; and a resource assigning unit configured to -6-
assign resources based on the channel stat& information. In another aspect

of the present invention, there is provided a channel state information 5
communication method for use in a mobile communication system using a
single carfiet $BhérheCTbr tphinkaiReRidiTy tHeesteps By & u3éPequipment
terminali reStimatingcanchannel state; 10 encoding channel state information
representing the estimated cbanael states transmitting, gscoatrel infaraation: ,
ransmitiggLifiespeciee o apiesenoe.olabsence of an pplil datgsignal.

the channel state in or.matl%ré tJhSO%:/%r plural transmlss%% i 1e intervals; by a

%ommunlcatlon Oﬁ usa %% a P
baseé station apparatus, receiving the channel state information over pIuraI

transmissioR'timeSAtervals Sdedading tHe 8hanriel 'stte information;S 2054Hd
assigningaesorces asedonthenchdrrrel sstatesinforeation.
[ADVANTAGEOUS EFFECTuOF THEUNMENTION-ACealding to an
embodiment of the presenty 2% inventionn i s, pessibledte transmit channel
statg information Withgﬂtc%%glrggin(ghrgggg[i'ons gg@létyirﬁéglgfa[g§§§RlPTION
OF THE DRAWINGS Fio, | snows 5, channel configuration used 501in a
mobile communication %ys em. ’
transmitting, as control information
transmitted irrespective of a presence or absence of
an uplink data signal, the channel state information
15 over plural transmission time intervals;
by a base station apparatus,
receiving the channel state information
over plural transmission time intervals;
decoding the channel state information;
20 and
assigning resources based on the channel
state information.
[ADVANTAGEOUS EFFECT OF THE INVENTION]
According to an embodiment of the present
25 invention, it is possible to transmit channel state

information without degrading reception quality.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a channel configuration used
30 in a mobile communication system.

Fig. 2 shows a multiplexing scheme among
users in an L1/L2 control channel for users without
uplink data transmission.

Fig. 3 shows a coding unit of a CQI

35 encoding method in accordance with a first
embodiment of the present invention.

Fig. 4 shows a flowchart of the CQI



Fig. 2 shows a multiplexing scheme among users in an L1/L2 control
channel for users without uplink data transmission. Fig. 3 shows a coding
unit of a CQI 35 encoding method in accordance with a first embodiment of
the present invention. Fig. 4 shows a flowchart of the CQI encoding method
in accordance with the first embodiment of the present invention. Fig. 5
shows a block diagram of a user equipment terminal in accordance with the
first 5 efiiboeliheAt BRthePtesenttifventioh Fig."6 Shows a Blé&k Biagram of
a base station apparatus inaecordanee withhtherfirsb embodiment of the
present invention. Figr7 ghowssa gading usitefia €Ql51aensedingysethod
in accordenge with:a seqoneh, embgdiment ofilieresentinyalian 9. 8

shogvs a bloc dlaqu m %%Hseer egglgrgr%ent terminal in accordance with the

second ‘embodiment of the pres%ﬁt invention. 15’ bo.ré'shows a block

diagram of a base statich apparatiEinadebrdancEwHA e Sécndase
embodiraénttaithe gresenrttinventiorn Fig rrsisewy atdodidtg udit b a CQI
encodingmettiod4n acoardaneewitisa third 20 @mbaediment of the present

invention. Fig._ 11 show§g1 bI@cg}qdﬁggagq eba usser @gg{pr@gngte@@mal in
acegrdapge with the third embediment of the present invention, fig. 12

shows a blgclédiaéqr%m off a Ease 25 stagon ag aratus in accordance with
dime gegér?tﬁﬁGent%o“n. ARILED DESCRIPTION

the third®€mbotiment 8f the _
OF THE PREFERREBEMBOIIMENTS [BESERIPTIORTOR NOTATRONS]

3010uggpg$mmﬂentEgmhnﬁl in accordance with the second
embodiment of the present invention.

15 Fig. 9 shows a block diagram of a base
station apparatus in accordance with the second
embodiment of the present invention.

Fig. 10 shows a coding unit of a CQI
encoding method in accordance with a third

20 embodiment of the present invention.

Fig. 11 shows a block diagram of a user
equipment terminal in accordance with the third
embodiment of the present invention.

Fig. 12 shows a block diagram of a base

25 station apparatus in accordance with the third

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[DESCRIPTION OF NOTATIONS]

30 10 user equipment terminal
101 CQI estimating unit
103, 103a, 103b channel encoding unit
105 modulation pattern generating unit
107 modulation unit

35 109 discrete Fourier transform unit (DFT)
111 subcarrier mapping unit

113 inverse fast Fourier transform unit



101 CQI estimating unit 103, 103a, 103b channel encoding unit 105
modulation pattern generating unit 107 modulation unit 35 109 discrete
Fourier transform unit (DFT) 111 subcarrier mapping unit 113 inverse fast
Fourier transform unit - R - (IFFT) 115 cyclic prefix (CP) adding unit 117
multiplexing unit 119 RF transmitting circuit 5 121 power amplifier 123
duplexer 125 CAZAC code generating unit 127 cyclic shift unit 129
block-spféddifg unit 10 131 frequency setting unit 133 reference signal
generating unit 135 bréadcast channelwrdedicated L3dsignalingit
demodulation unit 137 €I arranging vt 45 20.base station apparatus 201

duplexer 203 RF receiving citguit 205 regention timing esfimating unit 207
fastSFourier transformlLH’nLit (FFT) 20 Zoglcllwgnglc?l estimating unit 211

. . er am 1 .. . .
subarrier demapping unit 2L3 frequenty-domain equalizing unit 215 inverse
discrete Fourier transform uRRRIDEH 25 217 demodulation unit 219, 219a,
219b decoding unit 223 scheddkf 2¢3tonrohanpting unit

127 cyclic shift unit

129 block-spreading unit
10 131 frequency setting unit
133 reference signal generating unit
135 broadcast channel or dedicated L3
signaling demodulation unit
137 CQI arranging unit
15 20 base station apparatus
201 duplexer
203 RF receiving circuit
205 reception timing estimating unit
207 fast Fourier transform unit (FFT)
20 209 channel estimating unit
211 subcarrier demapping unit
213 frequency-domain equalizing unit
215 inverse discrete Fourier transform
unit (IDFT)
25 217 demodulation unit
219, 21%a, 219b decoding unit
221 scheduler
213 control unit
[BEST MODE OF CARRYING OUT THE INVENTION]
30 With reference to the accompanying
drawings, embodiments of the present invention are
described below.
<First embodiment: approach for encoding
CQI information at one time>
35 In a first embodiment of the present
invention, a description is given below with regard

to an approach in which a user equipment terminal



[BEST MODE OF CARRYING OUT THE INVENTION] 30 With reference to
the accompanying drawings, embodiments of the present invention are
described below. <First embodiment: approach for encoding CQI information
at one time> 35 In a first embodiment of thepresent invention, a description
is given below with regard to an approach in which a user equipment
terminal - 9 encodes CQI information at one time (as a whole) and transmits
the CQI fifeAfator ever plipasubiramnes: Porexaisle When abase) and
station appanatos tinchidest@d anténmas: andtwentyrbitslofrfGQI Subforanation
is needed for each antennas the:ghannelneanfigusatien it kigi 2-degsoaotatus

allow a yser, gquipment termipgltotransmit the, €Qlinformation jp a single
subgramehglnce f(tnr.tg bits (20 e(b| S) .2 f(agtennaﬁ,) = 4t0 brlltS)) Qg‘hlnfor@atlon 1
1 nes are neéded to ransmit %eaéb?

are neede iémaas a W?\ofes, fguresu rames are neede
informatigi’ Fi§.°F & iowe a'coding unit of 3EQT Encdiry methetih
accordanee withethe firstr ehbodirhent obtherpreséhtsinventiom I Fig. t3; ahe
15 user equipmentdemminabencades fostyrhits afoinfgrmation atane(bmesand-
transmits the Jeformatipn-withyfous subframes. Imetherwords, eneodivgds g
perfprmed for eachyset of GQI infoumation. Ths first embodiment can . ;
mcreasetwee 20 coding gain and allow for high quality transmission. Since

the base Station %\pb%ré)tug%%ﬁ%f decode CQI information until the last

subframe is received,Ffohgef dély hay deverbpiwith ah ifdrease #1 CQI
informatforn: 2&iFig. Ashows a flowchkant & a®Q¥ comrmbnications method in
accordasee witivibefirstt the present invention. In Fig. 3, the

15 user equipment terminal encodes forty bits of
information at one time and transmits the
information with four subframes. In other words,
encoding is performed for each set of CQI
information. This first embodiment can increase the

20 coding gain and allow for high quality transmission.
Since the base station apparatus cannot decode CQI
information until the last subframe is received,
longer delay may develop with an increase in CQI
information.

25 Fig. 4 shows a flowchart of a CQI
communication method in accordance with the first
embodiment of the present invention.

The user equipment terminal receives a
reference signal (S101), and then measures CQIs with

30 the amount of information specified by the base
station apparatus (S103). For example, the user
equipment terminal measures an average CQI for the
whole band, CQIs for respective bands (resource
blocks) to be scheduled, CQIs for respective

35 antennas, and the like. In the first embodiment,
the measured CQI information is encoded at one time
(S105), and then transmitted to the base station



embodiment of the present invention. The user equipment terminal receives a
reference signal (5101), and then measures CQIS with 30 the amount of
information specified by the base station apparatus (5103). For example, the
user equipment terminal measures an average CQI for the whole band,
CQIS for respective bands (resource blocks) to be scheduled, CQIS for
respective 35 antennas, and the like. In the first embodiment, the measured
CQI inforiafisR ' endddéd’ at-one time (5105), and then transmitted to the
base station - 10 - apfarats: (5107} aThe base statinuapparatuswreseivies the
CQl information whieh isiencaded-at ane timedidih the lastsubframenist i1
received, (p109) \Whepthe 15t 5 subframe is receivess the bage statipn ) 55+
apparatus, dteggdgs tge CQIl elnlfoergatlggpl 45511}111%. ng %?lsoen station assigns
resources Basednon the CQI information ( 43y, and then transmits resource

assignmient HtGmatich tdthe dser Btipment (£ terminal (B2 157 $Fhen the
user equipmiehe terafinald receivesCthedesobrcesassignrhéat information
(5117), ihe userequipment terminakhand thenbasexstation sapparatuscstart

data trarass!gi]s@mw ELGQE@H@QtEEESt@nQQQEm%EkC@HW%@ROT a user
15 gquipmentterminals Fig. 5 shws, ahlack diagrarg.of g.user equipmen
terminal 10 in.accordance with the first embodlme]::nt,of% e rets,ent mveﬂu;p.
The useFeecqeulibfr%%nF eerm%r?aﬁollbriﬁglu%féglag(rilb?nestir%% iRg' Uihit 20" 1(Sf a '’
channel@h%oaﬁ@rurﬁfl%@,m&%dtiﬂ%‘bﬁff‘%étt@ﬁ?géﬁ@ra‘ﬂﬁ@%rﬁttfd'ﬁl,%1“
modulatirranie 103, atdiscreteFoutiertmansfomm emitgdDFT) <O pion.

subcarrier mapping urit 113 rarinvetsentast Fousier transiernd unt fIFFT)ser
11§5aC¥q3ﬁ@ﬁgﬁﬁcggrminal>

Fig. 5 shows a block diagram of a user
equipment terminal 10 in accordance with the first
embodiment of the present invention. The user
equipment terminal 10 includes a CQI estimating unit

20 101, a channel encoding unit 103, a modulation
pattern generating unit 105, a modulation unit 107,
a discrete Fourier transform unit (DFT) 109, a
subcarrier mapping unit 111, an inverse fast Fourier
transform unit (IFFT) 113, a cyclic prefix (CP)

25 adding unit 115, a multiplexing unit 117, a RF
transmitting circuit 119, a power amplifier 121, a
duplexer 123, a CAZAC code generating unit 125, a
cyclic shift unit 127, a block-spreading unit 129, a
frequency setting unit 131, a reference signal

30 generating unit 133, and a broadcast channel or
dedicated L3 signaling demodulation unit 135.

The CQI estimating unit 101 receives a
reference signal from the base station apparatus and
estimates CQIs. The CQI estimating unit 101 may

35 estimate an average CQI for the whole band or CQIs
for respective resource blocks according to the

instruction from the base station apparatus.



25 adding unit 115, a multiplexing unit 117, a RF transmitting circuit 119, a
power amplifier 121, a duplexer 123, a CAZAC code generating unit 125, a
cyclic shift unit 127, a block-spreading unit 129, a frequency setting unit 131,
a reference signal 30 generating unit 133, and a broadcast channel or
dedicated L3 signaling demodulation unit 135. The CQI estimating unit 101
receives a reference signal from the base station apparatus and estimates
CQIS. Thé'Coreastifiatng uhit 109hay S5estiridte airaveragé CoMfor the
whole barsd om&H SC farsrespectiestesotricesblotcks according-tosthéor
instruction frem thesbase statipn apparatus. - 11 Alternatively, the CQI

estimating unit 101 may, cestimate GQIs, {05 fesSpecliyeStregns. (Raths for
inking antennas). The channl encoding unit 103 encodes the. 5 estimated,
CQ information at oné time. or example, when ﬁ1e ase station apparﬁus ’
includes'thdaritefing ahd tvehty Bits6PE &t fdrmafion' i hiebligd for each
antenna2 theceitariel eRcodingtunit 108 entodes GOlfipfaratation is
correspongding to four @ shbframesrat onehttimehthe dlockaly-Block unit

modulatiogspatierpsgenerating dnit0b-aanges CL defesmator andou r

ackpowledgement infgrmation (AGK/NACK) according to a modulation_
pattern for each block. %5 -%hf block-by-hlock modéjllﬁtlon, unit 107 agplles
nts

) i e T by k
different cyclic shift amou 3%hie GAZ, ﬁccoa‘é)seqﬁé:ﬁcoenagsaiéﬁg 0 user

equipmétftt&rmihalkd to'Befive thformatidiP§equdhicestd BeransHiteddn a
single sulsfkarne {erdtransmissionttimedinterval ZECER7INNCAS described above,
the informaiionu sequencessaresorthagonad anongluses equipment terminals.

15 The block-by-block modulation unit 107
applies different cyclic shift amounts to the CAZAC
code sequence assigned to user equipment terminals
to derive information sequences to be transmitted in
a single subframe (or transmission time interval

20 (TTI)). As described above, the information
sequences are orthogonal among user equipment
terminals.

The discrete Fourier transform unit (DFT)
performs discrete Fourier transform to convert

25 information in the time domain into information in
the frequency domain.

The subcarrier mapping unit 111 performs
mapping in the frequency domain. Specifically, when
the frequency division multiplexing (FDM) scheme is

30 used for multiplexing signals for plural user
equipment terminals, the subcarrier mapping unit 111
performs mapping of signals according to bands which
are set in the frequency setting unit 131. There
are two types of FDM schemes: one is a localized FDM

35 scheme and the other is a distributed FDM scheme.

In the localized FDM scheme, a continuous band is

assigned for each user on the frequency axis. In



The discrete Fourier transform unit (DFT) performs discrete Fourier
transform to convert 25 information in the time domain into information in the
frequency domain. The subcarrier mapping_unit 111 performs mapping in the
frequency domain. Specifically, when the f}gqu_ency division multiplexing
(FDM) scheme is 30 used for multiplexing signals for plural user equipment
terminals, the subcarrier mapping unit 111 performs mapping of signals
according® Bdrfdsiwhiehe dre’$& i thefrequeney seting uritt B3E THete

are two typesof kRMsschemes: onelis addgalizediFOMU8%s scheme and the
other is a distobuteshiclM schemen by thedlesalized EDM,sechemeide band

continuoys.hand is. agsigned fareach yseran the frequency axis, Inr)12 the
distributed FDM scheqﬂ? a.downlink s%gg%l @O%ernierated such_that the S|gnal

includes discontinuous 1¢re lertfzfrlec]i/sc.eomponents ove?ﬁ v%i]aaerbsafn%rr{‘oyenr]the
whole bard fdruplihk ORtroPsiRal 8 TheSnbersefast Eoarier thamsfdmn unit
(IFFT) 1¢8performistiaverserFouriet tiansforietol eoaverd oie signakipkthento
frequeney damnainiback ithe a sigaabisuthértime domain. The cyclic prefix
(CP) ado_ling ur_1it 115 @Q@Q@%@ gycligcrgr@{igg_ tqdnformation to be it_garﬁngitted.
The,cyeliepeeflx (CRfunclans.as.a. quaiddpiarial fppcompggsating
multipath pro aga lon dela%/hand for compensating |ff§re ces of reception

_ transmitt . cyclic refaix~ (CP un 10ns as a
timings amo%%p ura? users m?he }Sase 1@ sFa ION apparatus. CH;Ie
i

multiplesiig thitFiemidtipldeds themRstereHcerSigAatlinrtoRinfdtmation to be
transmittecb e geheérate @ttansmissiohsymivolpFhe asferenctt Signat isca s
sighal having ecpatteranwhich is:\krown 20d4odioihk the trapsmission sikklemande:
thggecegggﬁ§gkhapparatus.

The multiplexing unit 117 multiplexes the
reference signal into information to be transmitted
to generate a transmission symbol. The reference
signal is a signal having a pattern which is known

20 to both the transmission side and the reception side,
and may be also referred to as a pilot signal, a
pilot channel, a training signal, and the like.

The RF transmission circuit 119 performs
processing such as digital-to-analog conversion,

25 frequency conversion, band limitation, and the like
for transmitting the transmission symbol with a
radio frequency.

The power amplifier 121 adjusts
transmission power.

30 The duplexer 123 properly separates a
transmission signal and a received signal such that
simultaneous communications are achieved.

The CAZAC code generating unit 125
generates a CAZAC code sequence according to a

35 sequence number of a CAZAC code sequence used by the
user equipment terminal.

The cyclic shift unit 127 derives another



and may be also referred to as a pilot signal, a pilot channel, a training
signal, and the like. The RF transmission circuit 119 performs processing
such as digital-to-analog conversion, 25 frequency conversion, band
limitation, and the like for transmitting the transmission symbol with a radio
frequency. The power amplifier 121 adjusts transmission power. 30 The
duplexer 123 properly separates a transmission signal and a received signal
such thatosifmultanedas t6mrunigaicriiaeiachiéved. Cre* CAZAE code
generatingunitnt25 generatés @ CAZAC: code sequencefaceordingttoet35he
sequenceanumber ata SALAG codeseguencensed yrthequsemeguipment
tefm'”a'tl?it%l%{%ic. ?E%&%%RB%@YQSC%O@O%EA?% ode 9|_¥ Céﬁ%_%‘-‘@ﬁbe?
rearranging cade sequence. according to the cyclic shift amou
of e, CRIAE 5516 Sehuenos bech by e bl S i forfinial FBPT

example THie CAZAC CoaE 1§ BeST s fit déaf in D EfChU, *Pdlyphase ™ -
codes withgod: pefiddiclcorretatiorPprloperties?; IEEE Trarys. Anformd 3GPP,
Theory, Rok 0T-A82 pp. 53532, THuly 19m2pard 3GRP,a R1<050822) Texas

Instrumes,; QN guwp@nqjé,gpgink§u@gqh@(m§¢&muTRA SC-FDMA". 10
Theplock spreading ynit.129 BE‘%Pasde%Qa_é%%f predetermined nympet, of

factors (block spreadi code.st.ga mugl lies each block shown in Fig. 2 by
each factor- %ef?er(fu({]eeg%vs%% ir?gguﬁiltui %r che '%acig]\f/v%ic(or%} r%ﬁqﬁency

_ I 'specifies _
should b&GSEf By eacR U2er @dlﬁpr‘ﬁéﬁﬁe?lfﬂﬁ, WRER the frefuéhey’™ in
division Fmnaltipkexing €=DM) Sehéme is applied for an uplink control signal
from plural user equipmentteemin@lscy setting unit 131 specifies

15 which frequency should be used by each user
equipment terminal, when the frequency division
multiplexing (FDM) scheme is applied for an uplink
control signal from plural user equipment terminals.

The reference signal generating unit 133

20 prepares a reference signal to be included in the
uplink control signal.

The broadcast channel or dedicated L3
signaling demodulation unit 135 receives from the
base station apparatus a CAZAC number, a cyclic

25 shift amount, a block spreading code, and a
frequency used by the user equipment terminal on the
broadcast channel or the dedicated L3 signaling, and
then demodulates them.

<First embodiment: configuration of a base

30 station apparatus>

Fig. 6 shows a block diagram of a base
station apparatus 20 in accordance with the first
embodiment of the present invention. The base
station apparatus 20 includes a duplexer 201, a RF

35 receiving circuit 203, a reception timing estimating
unit 205, a fast Fourier transform unit (FFT) 207, a

channel estimating unit 209, a subcarrier demapping



The reference signal generating unit 133 20 prepares a reference signal to
be included in the uplink control signal. The broadcast channel or dedicated
L3 signaling demodulation unit 135 receives from the base station
apparatus a CAZAC number, a cyclic 25 shift amount, a block spreading
code, and a frequency used by the user equipment terminal on the
broadcast channel or the dedicated L3 signaling, and then demodulates
them. <FifstlerdBddinfent 1shifigifatio dfa BaSE 30 $tativf dpphfatass Fign
6 showsiablockdidgranr ef a baserstation goparatus 20nntaccdrdanceAdith
the first erabediment of the present inventioncHaeg bage wstation apparatus a
20 includes, a fduplexes 201, a RF 35 receiving circuit 203, a reception timing
estimating unit 205, a fast Fourier transform unit (FFT) 207, a_channel
esti%ating unit 209, aafsiﬁ%célhrjr]l?eﬁre(f.{eerr]istps)nglﬁgEB ﬁ%fp%ﬁﬂt%li,ega.rates .
frequen&Ra8AEIN BqUaliZTg unit 213, an dnver<se diséreté EBUNEFtransfom
unit (IDFMZL5; ha demigdulatioreonit 2 ¢Pra deeeding unit 20%E adehd eved.
scheduler 211. 5 The Tuplexer 20 propedy separaties betweem dorms
transmission-signahand adgcgived signal 1such-that simulianeesssion,
communications,are achieved. The RE regelying cirepit 203 performs. 1 ke
processing §ucpozics dlgitgl-to-%galgg conver |osn,m]b00f{eg%e%c conversion,
band limitatioR, 85¢ the fike F6r processing thé Yeceived Sym o?lnabas‘eband.
The reception timing éstinatficfanit 205 tidBhfiffle$ fdception timiRgs baséd
on a syackrohizatien chanaekdoa referencessigpalkin the E5 received signal.
The fasthoutier dransfarppunic (e he20%br a reference signal in the

15 received signal.

The fast Fourier transform unit (FFT) 207
performs Fourier transform to convert information in
the time domain into information in the frequency
domain.

20 The channel estimating unit 209 estimates
an uplink channel state based on reception state of
the uplink reference signal and outputs information
for performing channel compensation.

The subcarrier demapping unit 211 performs

25 demapping in the frequency domain. This process 1is
performed corresponding to mapping in the frequency
domain performed in each user equipment terminal.

The frequency-domain equalizing unit 213
performs equalization of the received signal based

30 on the channel estimation value.

The inverse discrete Fourier transform
unit (IDFT) 215 performs inverse discrete Fourier
transform to convert the signal in the frequency
domain back into a signal in the time domain.

35 The demodulation unit 217 demodulates the
received signal.

The decoding unit 219 decodes the



performs Fourier transform to convert information in the time domain into
information in the frequency domain. 20 The channel estimating unit 209
estimates an uplink channel state based on reception state of the uplink
reference signal and outputs information_fc;rSpe_rforming channel
compensation. The subcarrier demapping unit 211 performs 25 demapping
in the frequency domain. This process is performed corresponding to
mapping'frthefledirhcycdemartpefermed in éach hiSerfédiipment
terminalefhe dreqerency-domair egdalizingunit 213 pevfopms equalization of
the receivedsignalikaseds 30antheshannekestimatien valueo Thednverse
discrete Fourier transfgrm unjt (IDRT),215 perfarms. inverse discrete Hourier

tra fornr1 tgocgpc\:/ert th% %anﬁeli t eafgg%uencytdg in Q clé' t aesignal in
the time domain, 35 The emodulation unit 217 gemogula es the received
signal. THEPdEGUIng Rt 219 ducbaes the { 48T Yeffotuldtéd fedBived
signal. Istigerfisst emBodiphent, theldecoding unit 22 9bitpats,CQhe
informatiarhfed the downlinki ehanmnelrat onedtime kThe scheduwen2tl gnment

determingssdownlink: Bresoutserassignment basad endhe levelefhthe
chapnel stafe Information (CQIToF te downlink channel, and ofhererigna,, |

In addition, thetg(éheduler 211 detern‘%nesdlé;gllnk resource assighment

a o) . criterl The ined assl ent
based on the feception restilt of the retérence signal transmi féd from

each usePéquipftert tferntinal Rt ‘otRer GRBALUTRE detethfitdd AsSignment

informatioreissoutputuds. schedufingrinformatiorThe selsedulifgsiaformationa

specifies ardkequency aa stitne sa dranspission feraat (dateumedulationcheme

Scbgmeand channel coding rate), and the like used for
transmitting signals.

The scheduler also determines a CAZAC
number, a cyclic shift amount, a block spreading
code, and a frequency to be assigned to each user

20 equipment terminal. The determined information is
transmitted to each user equipment terminal on the
broadcast channel or the dedicated L3 signaling.

<Second embodiment: approach for encoding
CQI information for each subframe>

25 In a second embodiment of the present
invention, a description is given below with regard
to an approach in which a user equipment terminal
divides CQI information into information items, each
of which can be transmitted in a single subframe,

30 and encodes one information item for each subframe,
when the CQI information exceeds the number of bits
which can be transmitted in each subframe.

Fig. 7 shows a coding unit of a CQI
encoding method in accordance with the second

35 embodiment of the present invention. In Fig. 7,
when forty bits are needed for CQI information, the

user equipment terminal divides forty bits of



15 and channel coding rate), and the like used for transmitting signals. The
scheduler also determines a CAZAC number, a cyclic shift amount, a block
spreading code, and a frequency to be assigned to each user 20 equipment
terminal. The determined information is frandmitted to each user equipment
terminal on the broadcast channel or the dedicated L3 signaling. <Second
embodiment: approach for encoding CQI information for each subframe> 25
In a secéid ehfiodhPeNnt B thelpreSERE iivehtibhSa YeserptiorPis ¢itérrh
below withregardt te aprappreachiim whischregliserseguiprreat terminalncodes

divideS_ GQé_irlfamati@t inde infeanation-itemsneach fa_faﬂaaich c_aﬁepemole
transmittedrin;g single, subframe, 3Q and encodgs one infarmation;item for

eact%su%aglg eWh%v%Erhc?sC Iiréfgg‘gation excee: otrhn?e urgggr gf t():i S which
can etransml{}ea in each su flrame.rljflJI . .sﬁows a coding unit of a Ql
encoding Miethddsn acéﬁfb%ﬁ@é%thtﬂlgtﬁc%nﬂe §9%Gﬁ%ﬁ@ﬁﬁ?$e the
present iv@ntioh alriFig. ZPwhen forty bits afe nedded for COf information,
the uset equipment terminal dividesforty its:oimd 6 infarmation MG ay can

informatian items ceach ef-which ean bedransmitted i asxingle subframe,
anpoencgg%%r%eci{lgq]rmation item for each subframe. The whole CQI
information is transmitted Witgl four su .frﬁm}(;:-sﬁST!n ther words, enc din% is .
performed for each SUBframes ActSr |rlfg fo'this sgcélr?aeer%%o%?/meﬁt% e°c
base statioh dpptatuscai décoderthednformation MtemUpo reeeiVirig-6he
subframénané tlags delay candbe redudéctirrespectve of anéncréaseimCQIl
10 informatier.dnardentol fusthet ceducesdelay the usesneguipment érminal
mQ%a”@HQ%@EB@gghﬁéﬁném¥%rmation in descending order of
the channel state, and transmit the CQI information
in descending order of the channel state. This
allows the base station apparatus to perform
scheduling in descending order of the channel state.
20 Accordingly, when the base station apparatus
completes resource assignment, the base station
apparatus need not decode unnecessary CQI
information.
A CQI communication method in accordance
25 with the second embodiment of the present invention
is performed according to the flowchart shown in Fig.
4. According to the second embodiment, in step S105,
the user equipment terminal performs encoding for
each subframe. In step S107, the user equipment
30 terminal transmits to the base station apparatus the
CQI information which is encoded for each subframe.
In step S109, the base station apparatus receives
the CQI information for each subframe. In step S111,
the base station apparatus decodes the CQI
35 information for each subframe.
<Second embodiment: configuration of a

user equipment terminal>



in descending order of the channel state (from a better channel state to a
poorer channel state), 15 encode the CQI information in descending order of
the channel state, and transmit the CQI information in descending order of
the channel state. This allows the base §ta1(i2)n_apparatus to perform
scheduling in descending order of the channel state. 20 Accordingly, when
the base station apparatus completes resource assignment, the base station
apparatus need not déése GnRécEEsary EECInferhgationt AAEQE user
commuricatignmmethockirmaccordanicel 2 5awitle tive second: embodimerrtcofthe
present ivestion cistpestormes accosding to the lewshart shewnipdig. 4.
According;to the.second embadimentinstep 5108, jhe ysgr eauipmente -
terminal peyforms encoding for edch subirame. Insiep 5107, Ihe Uselcre
equipment 30 termlngajlfrtlr%nsmlts tG the base station apparatus the r&}
informatfiHPWhichtis &hEoded for each subframe. In step 5109, the base
station apparatus recéiges e CQl isformatien fomshchrausiiame tin step
5111, thenbase Stationappasatusidecodes dhe CIs35 informatiomnfos @ach 1

subframey, £Sesard embadiment; configuration of & 4seeeauipgentn i ch

terginalz o, 14, Fig., 8 3hows ablogk diagram gf.a usefr egyipment teuninal; 19

in accordance with the second emb.%dlr'nent of thg grersenrllt invention. Thg

user eqalnpemelﬁﬁgrrrhnﬁl%]r% shoWwh mqlrlg.egcr:ﬁlaysﬁcﬁmae 25 CQI arranging

unit 137 in addition to"th& toRifonents sheWrPRHI§. % SAECdHaihg!to the

second embodimentt tlre €hanaekemcoding unit 103divides ¢hé @stimated

CQIl infermationiinto infermaton itermsneach ehwhich110iea be dransmitied

"7§§"Eﬂ%§gg%@@§gaBQ&%@0@%sthe channel state. In this case,
the channel encoding unit 103 encodes the CQI
information in descending order of the channel state.
The CQI information is transmitted to the base
station apparatus in descending order of the channel

20 state.

<Second embodiment: configuration of a
base station apparatus>

Fig. 9 shows a block diagram of a base
station apparatus 20 in accordance with the second

25 embodiment of the present invention. The base
station apparatus 20 shown in Fig. 9 may include a
control unit 223 in addition to the components shown
in Fig. 6.

According to the second embodiment, the

30 decoding unit 219 outputs downlink CQI information
for each subframe.

When the user equipment terminal arranges
the CQI information in descending order of the
channel state, the decoding unit 219 decodes the CQI

35 information in descending order of the channel state
and supplies the CQI information to the scheduler

221. The scheduler 221 can assign resources in



one information item for each subframe. When the user equipment terminal

10 includes the CQI arranging unit 137, the CQI arranging unit 137 arranges
the CQI information in 15 descending order of the channel state. In this case,
the channel encoding unit 103 encodes tﬁeléQ_I information in descending
order of the channel state. The CQI information is transmitted to the base
station apparatus in descending order of the channel 20 state. <Second
embodifieRt eBAfiGIratisAdf aC base Statfomrasiaraftd>Fig. 8 ShoWSidaBibek
diagramvidfenbade: statiomdapparatis12Cpmadcordanceswith the secendyi@bent,
embodiment afthepresertinventiom dhedeasesstation apparaius 20rshonas e

in Fig. 9,may include a.copirol unit 223 in,additjon to. the-companents shown
In Flg. 6, According to the second embodiment, the , 30 dﬁeg"dg‘r?t%&ﬂ%it
outputs Bownlink ??81 information for each subframe, V{7 en the user -

equipmemt termifaFarrafges the COFifoRIbn iR deSBeAGihG brdér6f the
channelstaterthe dedddirg ainit 29 0rdetiosleshihe Q35 frformatiordin® to

descending prder«of dhe ghaneelsiatei and supplies then C&lirformatian to
the SChQa_déJ@cEg%eﬁh%§ﬁhe<%wl@%82%£§8@§§é9ﬂfeS@Hsz%oiﬂl-dlaae noted
desgending, prdsy of ihie channel state, Accardingly, &%P&t%%?e%k% 221,
completes resource agglgpment, CQI information in other’bands associated

. hed . .
with theS¢€ reSources i not necessary. For this reason, the 5 base station

apparatus may includé thé E8nfBPGIE D23t W Festiticd a8sigRARMt i
complet€@ lthen Eomtreltumt2 23 instraicts therdegoding unit 219 to stop
decoding the CQI infoxmationdn ethesdiansist of the present

15 invention relates to MIMO transmission where a user
equipment terminal or a base station apparatus
performs transmission using plural antennas. In the
MIMO transmission, CQI information is needed for
each stream (path for linking antennas), which

20 causes an increase in CQI information. The user
equipment terminal divides CQI information into
information items for respective streams and encodes
the CQI information by one information item for each
stream, when the CQI information exceeds the number

25 of bits which can be transmitted in each subframe.

Fig. 10 shows a coding unit of a CQI
encoding method in accordance with the third
embodiment of the present invention. In Fig. 10,
when forty bits are needed for CQI information, the

30 user equipment terminal divides forty bits of
information into information items for respective
streams and encodes the CQI information by one
information item for each stream. When the base
station apparatus includes two antennas, the user

35 equipment terminal divides forty bits of information
into information items with twenty bits and encodes

the CQI information by each information item with



associated with these resources. It should be noted 10 that the control unit
223 may be integrated into the scheduler 221. <Third embodiment: approach
for encoding CQI information for each stream> A third embodiment of the
present 15 invention relates to MIMO transmission where a user equipment
terminal or a base station apparatus performs transmission using plural
antennas. In the MIMO transmission, CQI information is needed for each
stream (pafor |pking-ant€Aras) MicH20 cabsesBa iicreasé in CQI
informatiom Tdreiuserdeguipment terminalfdivides CQIimformationwintals ,
informatiancitens Jori respeetive-siseams anskencogese the. CQl dfermation by
one infogrpation jemyfor £ach ; siLeam. WHS“EE%&Q'HQQG@“QE&‘P&%Q% the

number 25 of bits whic n be_transmitted in each subframe. Fig. 10 shows
oG it 87 S0 ChLod G Hamoth Ak b Ce it % o
embodirh&8AEtafthE pré¥entTHbertiot: fn Fig. 10, when forty bits are needed
for CQI information, the 8@ Lisepetuiphverit terminaldivitlesfory bsdince
informatioincinta informnation kems darrespective: Istreamssand ehocodes: then

CQl informatien by.ones inferpation temJok gach: stigama Whemthenbase rig.
statipn apparatus Includes (o aptennas, the.yser 33 equipment terminah o5
divides fo‘%tg bits orf mforrpartrllon into m&rme{uon |Jtretr"anf rrvlwth tr\{ven y It?lts ?nd.
encodest he ?ﬁﬁ m]eo?rlﬁ IO% %/ etaec m?oarm %n em %NH% < JTW%n )%lts.
The whdié €QFiRfstATation 8 F&fsited wwith four stbfraftes! R 6tHer
words, &rcuoding is pedorsmed forteachistréaan cAcdardingtoathis thitdis the
embodiroent, the base stajiomappatatus = aan decode €Qlapforaationrfor
ongsstream 4R r@?@iyi,ngtﬁf\f\@ %lét%féa@gﬁftion apparatus receives
the CQI information for each stream. In step S111,
the base station apparatus decodes the CQI
information for each stream.
<Third embodiment: configuration of a user
20 equipment terminal>

Fig. 11 shows a block diagram of a user
equipment terminal 10 in accordance with the third
embodiment of the present invention. The user
equipment terminal 10 shown in Fig. 11 may include

25 plural channel encoding units 103a and 103b
corresponding to the number of streams.

According to the third embodiment, each of
the channel encoding units 103a and 103b encodes CQI
information for each stream. The CQI information

30 for each stream is transmitted to the base station
apparatus. Although the user equipment terminal 10
includes the channel encoding units 103a and 103b
corresponding to the number of streams, one channel
encoding unit may perform encoding for each stream.

35 In addition, the user equipment terminal may include
plural modulation pattern generating units 105 and

plural modulation units 107 corresponding to the



A CQI communication method in accordance with the third embodiment of
the present invention is performed according to the flowchart shown in Fig.
10 4. According to the third embodiment, in step 5105, the user equipment
terminal performs encoding for each strearh’ In step 5107, the user
equipment terminal transmits to the base station apparatus the CQI
information which is encoded for each stream. 15 In step 5109, the base
station dppabatts tecEives Ahe CORinfaifatior for €aeR streafflin stepn
5111, thebase statiohpparatusrdecatés the CQI information for each
stream. <Third embodiment.canfigurationef.a users 20 equipmentierminalz e

Fig. 11 shaws a black diagram of a user equipment terminal 10 in
accgrdance with the t i{d enﬂgodi'hment of ttgjeigrq(segt invention..The user

. . 5
equipment terminal 1 sHown‘in |g§.wlsl raﬁay include Jz%gﬁiﬁ?“m %ﬁaﬁnelase

encoding thfts TO33EATF 2035 cotrespondimytdhehufiter df ey
Accordirfgiretherthird embodiment seschtofl theeehiamiel enébdingaasits 103a
and 103btencodes £Qk irformation feryeachcstresm pLhe £0ldatosmation 30

for eachstreai is tansmiiteghtodhe base station appasatuscAlthawah ther
usep equipment terminal 10 includes the channel encoding units 103a and

103b corresponding to the n&lmber of streams, one channe] encodin ugit
- According to t t 4§ eﬁﬁP iment, .€ach of
may perform encoding foreach ‘Stream. 35 I addition: the user equipment

terminal &y #RARFE Hluralh rotiufatith pattera ‘generatimy tmits 205 angk
plural mé@dlation emits 107rcorrespoadingstorthen 20 Mupmberaofistreinis) ¢n
order to gseeessnmodulation 2fos £agh streasn indparatiels <dhérd@rmbodiment:

copfiguratien pfaibase staliop APPAALSI, cach of the decoding
units 219%a and 219b instructs the scheduler 221 to
assign resources for the corresponding stream.
Although the base station apparatus 20 includes the
decoding units 219a and 219b corresponding to the
20 number of streams, one decoding unit may perform
decoding for each stream.

The present invention is not limited to
these embodiments. The present invention may be
modified within the scope of the claims.

25 This international patent application is
based on Japanese Priority Application No. 2007-
161948 filed on June 19, 2007, the entire contents

of which are incorporated herein by reference.



5 Fig. 12 shows a block diagram of a base station apparatus 20 in
accordance with the third embodiment of the present invention. The base
station apparatus 20 may include plural decoding units 219a and 219b
corresponding to the number of 10 strea_mg.lA(_:cording to the third
embodiment, each of the decoding units 219a and 219b outputs downlink
CQI information for each stream. When each of the decoding units 219a and
219b decodes the CQI 15 information fét-éddPstream, each of the decoding
units 219a and 219b instructs the scheduler 221 to assign resources for the
corresponding stream. Although the base station apparatus 20 includes the
decoding units 219a and 219b corresponding to the 20 number of streams,
one_decoding unit may perform decoding for each stream. The present
invention is not limited to these embodiments. The present invention may be

modified within the scbpe’of 17€ Elafii8 128 S his ihterRaticral Patent
applicationtis "gasetbor Japanesel PAoAtycApplitation NG 20072161948 filed
on Juned®; 2007, thefentire tcomtents aafswhicheate incorporated herein by

referencer = 24 CLAIMS LA ssebequipmant terminakfor estimating a
chagnel sfatg and ttansmiting. as, coaial iforMAtoNIEANSMIEd . <+ s mated

wrespecg\r/le of a_presence or absgnce of an uplink szIita S|gnal, 10 cha%[mel

. annel state accordil Qa ,single rrier.scheme
state information representing the“edtitnated “chaniet State accordingtoa '

single c&PfRPSERéme; comprising: an encoding unit configured to encode
the channel state infermationpdnd 4 5va transmiting wnitconfigaredbtde the

transmitchannel state information; and
15 a transmitting unit configured to transmit
the channel state information over plural

transmission time intervals.

20

2. The user equipment terminal as claimed
in Claim 1, wherein:
the encoding unit encodes the channel

25 state information at one time.

30 3. The user equipment terminal as claimed
in Claim 1, wherein:
the encoding unit divides the channel
state information into information items, each of
which can be transmitted in a single transmission
35 time interval, and encodes the channel state
information by each of the information items, each

of which can be transmitted in the single



the channel state information over plural transmission time intervals. 20 2.
The user equipment terminal as claimed in Claim 1, wherein: the encoding
unit encodes the channel 25 state information at one time. 30 3. The user
equipment terminal as claimed in Claim 1, Wherein: the encoding unit divides
the channel state information into information items, each of which can be
transmitted in a single transmission 35 time interval, and encodes the
channel‘sta@es hsrmation By eaéh be tigdihformation items, each of which
can be transmitted in the single - 22 - transmission time interval. 4. The user
equipment terminal as claimed in Claim 3, further comprising: an arranging
unit configured to arrange the channel state information in descending order
of 10 the channel state, wherein the encoding unit encodes the channel
state information in descending order of the channel state, and the

transmitting unit transfnitsthe 15°Efarfel SBIE TriforRation it déscenting e
order of e Chahneb stafel X5 rTlve BBER €dUIPMent terminal as claimed in
Claim 1, wherein: the &ncedingrunithdividestthe chanpelr state infermatiom into

informatiafeitemns {0125 kespective siyeamsiand encedes-thechannel state o £
inf%mat'prpebyéggglﬂ g{t@etm%r_,m%m&jgeirgs for the respective streams,

when the user equipment terminal
quip g%e encoding unit encodes the channel

state information in descending order of the channel
state, and
the transmitting unit transmits the
15 channel state information in descending order of the
channel state.

20
5. The user equipment terminal as claimed
in Claim 1, wherein:
the encoding unit divides the channel
state information into information items for
25 respective streams and encodes the channel state
information by each of the information items for the
respective streams, when the user equipment terminal
or the base station apparatus performs transmission
using plural antennas.
30

6. A base station apparatus for receiving,
35 as control information transmitted irrespective of a
presence or absence of an uplink data signal,

channel state information representing a channel



or the base station apparatus performs transmission using plural antennas.
30 6. A base station apparatus for receiving, 35 as control information
transmitted irrespective of a presence or absence of an uplink data signal,
channel state information representing achahnel - 23 state estimated by a
user equipment terminal, comprising: a receiving unit configured to receive
the channel state information over plural transmission 5 time intervals; a
decoding uinitconfiglrstRrdécode theeehgaieltae infepmatida:land a
resourceassignimngngnit configured to assign resources based on the channel
state 10 information. 15 Yethebase statian apparatis-asi cladmed ciniGlain s
whereinyhen the channelstate, infarmatiop.js ,arranged, indescending; arder

of the channel sta,ée, thelchannel state information is divided into 20
ntcerv

informatlolnmi?enlws, éach of V;\IhiCh can be transmitted in a single transmission
interval, and the chanfieP St iRfOrMation FBACEIEFLHy BacHof fies the
informatidrriterns, each-6f whicheantbe ransimitted in the single
transmission time intefvale 26 the deeadihgunitcdecodes dhe thanmeld state

informationsfoy each single &ransmission Hintervaleand the resouree assigning
unjtassigns resoutces in descending order of the channel state 30 and,
upon completing resource assignment, instructs the decoding unit to stop
decoding the channel state information associated with the resources.

15 7. The base station apparatus as claimed

in Claim 6, wherein:

when the channel state information is
arranged in descending order of the channel state,
the channel state information is divided into

20 information items, each of which can be transmitted
in a single transmission interval, and the channel
state information is encoded by each of the
information items, each of which can be transmitted
in the single transmission time interval,

25 the decoding unit decodes the channel
state information for each single transmission
interval, and

the resource assigning unit assigns
resources in descending order of the channel state

30 and, upon completing resource assignment, instructs
the decoding unit to stop decoding the channel state

information associated with the resources.

35

8. The base station apparatus as claimed



35 8. The base station apparatus as claimed - 24 - in Claim 6, wherein: when
the user equipment terminal or the base station apparatus performs
transmission using plural antennas, the channel state information is 5
divided into information items for respecti_ve2 4str_eams, and the channel state
information is encoded by each of the information items for the respective
streams, and the decoding unit decodes the channel 10 state information for
each stréanfaid,"ugon €bRIpREting decoding the stream, instructs the
resource assigning unihterstarteesowceassignmeert associatet with thes

stream. 35 Asehannel stalpdrfermatipn raaymmsInicatioBnmethosfon usa din

a mobile,2Q communication System using a-single-carrier, scheme ;7op uplink,
congonsglgvthgeséeps gf: b a.user equipme tterm%garl, estlmatln%; a channel

1nto orma 1Lems respectrve
state; encoéhng channel state mIFormatlon representing ﬁle es |mated

channel $tdte 2 transtiitting” &s ControFihfsihidtion FranERTted itrespective of
a preserfcecoradsericessfcan wblink data Sighak the ehansglstater the
informatiors pver plusalstarsmissioartine intervals; 30 by a base station
apparatus, receiving thg<chaapghstate infarmation, guer plualdransnaission
time, interyals;. decading the shannel state;informatign;, and 35 assigning
resources basied on the chalanel stqftle information.

completing decoding the stream, instructs the

resource assigning unit to start resource assignment

associated with the stream.

15

9. A channel state information
communication method for use in a mobile
20 communication system using a single carrier scheme
for uplink, comprising the steps of:
by a user equipment terminal,
estimating a channel state;
encoding channel state information
25 representing the estimated channel state;
transmitting, as control information
transmitted irrespective of a presence or absence of
an uplink data signal, the channel state information
over plural transmission time intervals;
30 by a base station apparatus,
receiving the channel state information
over plural transmission time intervals;
decoding the channel state information;
and
35 assigning resources based on the channel

state information.





