DESCRIPTION Title of Invention TERMINAL DEVICE, AND BUFFER PARTITIONING METHOD
5Technical Field [0001] The present invention relates to a terminal apparatus and a buffer dividing
method. Background Art [0002] 3GPP LTE employs Orthogonal Frequency Division Multiple Access
(OFDMA) as a 10 downlink communication scheme. In radio communication systems to which 3GPP
LIE is applied, base stations transmit synchrgpizatigpsigigals (i.e., Synchronization Channel: SCH)
and broadcast signals (i.e., Broadcast Channel: BCH) using predetermined communication resources.
Meanwhilg;gaghtesmipal finds an SCH first and thereby ensures synchronization with the base
station. Subsequently, the terminal reads BCH information to acquire base 15station-specific

parameterpERMINAGIDENTY Basswiginy Kseep NorrRae N Gitereturerthereinafter, abbreviated as NFL)
1, 2 and 3). [0003] In addition, upon completion of the acquisition of the base station-specific

parameters, each terminal sends a connection request to the base station to thereby establish a
communication link with the base station. The base station transmits control information via 20
Physisal Oevimniictt Kieldtrol CHannel (PDCCH) as appropriate to the terminal with which a
communication link has been established via a downlink control channel or the like.

[0001}1 The present invention relates to a terminal apparatus and a buffer dividing method.

Background Art
[0002] 3GPP LTE employs Orthogonal Frequency Division Multiple Access (OFDMA) as a
10 downlink communication scheme. In radio communication systems to which 3GPP LTE is
applied, base stations transmit synchronization signals (i.e., Synchronization Channel: SCH) and
broadcast signals (i.e., Broadcast Channel: BCH) using predetermined communication
resources. Meanwhile, each terminal finds an SCH first and thereby ensures synchronization
with the base station. Subsequently, the terminal reads BCH information to acquire base
15 station-specific parameters (e.g., frequency bandwidth) (see, Non-Patent Literature (hereinafter,
abbreviated as NPL) 1, 2 and 3).
[0003] In addition, upon completicn of the acquisition of the base station-specific parameters,
each terminal sends a connection request to the base station to thereby establish a
communication link with the base station. The base station transmits control information via
20 Physical Downlink Control CHannel (PDCCH) as appropriate to the terminal with which a
communication link has been established via a downlink control channel or the like.
[0004] The terminal performs “blind-determination” on each of a plurality of pieces of control
information included in the received PDCCH signal (i.e., Downlink (DL) Assignment Control
Information: also referred to as Downlink Control Information (DCI)).
25 To put it more specifically, each piece of the control information includes a Cyclic Redundancy

Check (CRC) part and the base station masks this CRC part using the terminal ID of the



[0004] The terminal performs "blind-determination™ on each of a plurality of pieces of control
information included in the received PDCCH signal (i.e., Downlink (DL) Assignment Control
Information: also referred to as Downlink Control Information (DCI)). 25To put it more specifically, each
piece of the control information includes a Cyclic Redundancy Check (CRC) part and the base station

masks thi%&ﬁﬁi&%ﬁ%ﬁg& @ﬁ&&%ﬂ?inﬁ'c@r&ﬁ%ﬁ RNSARISSInIArdshiskingl checardingly, sntil the

terminal demasks the CRC part of the received piece of control information with its own terminal ID,

the termingl canRotideieimiigyheihialannakibePisaeoheenine Rfermalien Simtendediarthe

terminal. In this blind-determination, if the result of demasking the CRC part indicates that the CRC

operation ig1R@4, thenpiege oficentr! ifermationdsdetermined®s beinegnintendadifor theggrminal.
[0005] Moreover, in 3GPP LTE, Automatic Repeat Request (ARQ) is applied to downlink data to
terminals frtimlalbaseistasiont he prilitondnespegfibalR @aeh tediviralifacds back@¢espanse signal
indicating the result of error detection on the downlink data to the base station. Each tettinal performs
a CRG on ¢i¢, devpidirlofietatahthfemotsi backi&eknoaded pringifail] 40 themGRC = OK (no error) or
Negative Acknowledgment (NACK) when CRC = Not OK (error) to the base station as a response
signal. An 90k chiirerchaimnéGEUdRTEs Rifysicat Botiek Bontest Chahet (PRIECH) dewsistkto feed
back the response signals (i.e., ACK/NACK signals (hereinafter, may be referred to as "A/N," simply)).

[0006] Thele@ritrdeimiotadtion tdobee slahamittbe i i BPasecsidtaly hedinamaimd decesdmglce 15
assignment information including information on resources assig[ned to the terminal by the base

station. AsTéfPSBhEEAbBECAB RTS8l S8 GO st s e ARSI o Aatd HeThie SBERH includes
one or more LI/L2 control channe%lmz CCH). Each LI/L2 CCH consists of one or more Control

Channel Eldrel et B e at cﬂ’é%ﬁ el dét’%:@é %e@?ebﬁ‘a%fé%ﬂvﬂgmﬁ{%ﬁ?e control
2). & Brall CBNegube GO EE LR NGB 2 CeR KTl e Uai O o CeS N TS he L1
12 CoH. oG BeRe e SIS IS L2 Sotio e e psetmen naetipmpl
cssome sy ekt e L A pemee e ees
In additionsi%%@mﬁgq&géqggﬁmgp%?%%ﬁ%'of PUCCH (hereinatfter,
[0006] The control information to be transmitted from a base station herein includes resource
15  assignment information including information on resources assigned to the terminal by the base
station. As described above, PDCCH is used to transmit this control information. This
PDCCH includes one or more L1/L2 control channels (L1/L2 CCH). Each L1/L2 CCH
consists of one or more Control Channel Elements (CCE). To put it more specifically, a CCE
is the basic unit used to map the control information to PDCCH. Moreover, when a single
20  L1/L2 CCH consists of a plurality of CCEs (2, 4 or 8), a plurality of contiguous CCEs startﬁ;g
from a CCE having an even index are assigned to the 1.1/1.2 CCH. The base station assigns
the .1/1.2 CCH to the resource assignment target terminal in accordance with the number of
CCEs required for indicating the control information to the resource assighment target terminal.
The base station maps the control information to physical resources corresponding to the CCEs

25 of'the L1/1.2 CCH and transmits the mapped control information.

00071 In addition, CCEs are associated with component resources of PUCCH (hereinafter,



may be referred to as "PUCCH resource”) in a one-to-one correspondence. Accordingly, a terminal
that has received an L1/L2 CCH identifies the component resources of PUCCH that correspond to the
CCEs forming the LI/L2 CCH and transmits a response signal to the base station using the identified
resources. However, when the LI/L2 CCH occupies a plurality of 5 contiguous CCEs, the terminal

transmits the resnaRse.signNal tothedasasiation ysing,e RUGCH COmRRREN! reseuea-earrgsponding

to a CCE having a smallest index among the plurality of PUCCH component resources respectively

correspon Aingifa thamlwy %E&Xi@é&&ﬁﬁ@? BH GlettiSOMAO 6@&5@:@9&%&%}%@98@@@@@%@&@0 E
having an even numbered CCE index). In this manner, the downlink communication resources are

efficiently usgeekpbQIOROBE Ay SHiatad imd1G/1D eiumlity-ghfasponsepsigoaiskansmitegdrom a

plurality of terminals are spread using a Zero Auto-correlation (ZAC) sequence having the
characteristigiof zeirg auwlatonialatiesdindige-Howmain, aldlatsh sequefiCelanchpiciscreialitpurier
transform (DFT) sequence, and are code-multiplexed in a PUCCH. In FIG 1, (Wo, WI, W2, W3)
represent aokeipyibuAd WEIS thsequendaraman{ischd-kspRpeapnedaot iz (g thia8 dd kIigeg BEEET As
illustrated in 15 FIG 1, ACK or NACK response signals are primary-spread over frequency
componerntsnspereshoding: toolr SEEDIN A0 sy BB | ey iaza Sredgsicndex(fength-12)phirality of
frequency-domain. To put it more specifically, the length-12 ZAC sequence is multiplied by a response
signal compdneht repireersite debgEctonspresem e ShersEgadetyhehpl ZALY sef dehde etving as the
response signals and reference signals after the primary-spread is secondary-spread in 20 association
with each SFS AR SSHE-NREUBR g acirs. @P(m%?ééﬂﬁéfé&éa fyAsWarsHE68E Sediénce)) and
a DFT seagl;lznpe (length-3: ha-F2). To put it more specifically, each component of the signals of

length-12 (b EEpBRsd e imain e pmHARLSp ey sr rREe ugethicsebrving as reference signals
(i.e., Refer Signal, Sequence) is multiplied by each component of an orthogonal code sequence
(e ol st MR GO Kb AR F B JORED) RN SBLH ALY apread
signals are transformed into signals,of length-12 in the timesdomain by inverse fast Fourjer transform
e S b e v bet e E ALk S B M

consisting gf sexen SCERIMA SHTROS. A1 WA ImEs. 100001 The sespanee siatals igmydiferent

terminals are spread using ZAC sequenceés each corresponding to a different cyclic e (i.e.,

index) or orthogapal code seauenges sagh > coteenencing:1e,a different seauenseaymher, (.,

orthogonal cover index (OC index))."An orthogonal code sequence is a combination of a Walsh

sequence ARGRPIVIISEAEILE Aﬁﬂ%ﬁgiﬁg%z&ﬁré%%@élg%ﬁgﬁﬁeﬂ MERERLS re{gHeddxasia

block-wise spreading code in some cases. Thus, base stations can demultiplex the code-multiplexed
plurality of rgspONag fighalS NEROrEIBIRIaEHhAR dRSpraash Corselptign-RrpcassiRadsee, NPL 4).

10[0010] However, it is not necessarily true that each terminal succeeds in receiving downlink
corresponding to 1 SC-FDMA symbol by a ZAC sequence (length-12) in frequency-domain.
To put it more specifically, the length-12 ZAC sequence is multiplied by a response signal
component represented by a complex number.  Subsequently, the ZAC sequence serving as the
response signals and reference signals after the primary-spread is secondary-spread in
20  association with each of a Walsh sequence (lengh-4: Wo—W3 (may be referred to as Walsh Code
Sequence)) and a DFT sequence (length-3: Fo-F;). To put it more specifically, each
component of the signals of length-12 (i.e., response signals after primary-spread or ZAC
sequence serving as reference signals (i.e., Reference Signal Sequence) is multiplied by each
component of an orthogonal code sequence (i.e., orthogonal sequence: Walsh sequence or DFT

25  sequence). Moreover, the secondary-spread signals are transformed into signals of length-12

in the time-domain by inverse fast Fourler transform (JFFT). A CP is added to each signal



assignment control signals because the teiwinal performs blind-determination in each subframe to find
downlink assignment control signals intended for the tei initial. When the terminal fails to receive the
downlink assignment control signals intended for the terminal on a certain downlink component carrier,
the terminal would not even know whether or not there is 15 downlink data intended for the terminal on
the downligkgamanenerteasiakifceardinal-wbenadsmsninakiailsorecaive the Sonalink assignment
control signals intended for the terminal on a certain downlink component carrier, the terminal
generates £9 fesponsgi signals for the downlink data on the downlink component carrier. This error
case is defined as discontinuous transmission of ACK/NACK signals (DTX of response signals) in the
sense thatj@ubE termirabdranspits Nodespibaasignalsl{00d Ihlend G THE sygiemsymal be
referred to as "LTE system," hereinafter), base stations assign resources to uplink data and downlink
data, independgotiyingao thidifeasorytlidhdi8GRHE: LTE Sydteiyrtertialsi(ceds teruinats eashpliant with
LTE system (hereinafter, referred to as "LIE terminal”)) encounter a situation where the terminals need
to trarfsmitoptispodéite and @dfasporsesignalsiior downlitiodatal siomeltarden Sy indbg)uplnk. In this
situation, the response signals and uplink data from the terminals are transmitted using time-division
multiplexirgthasom) . cadedwseribrediabovanbiaimngié salfidshprepisniesiod taREmisssiosneeavéiiorms of
the terminals are maintained by the simultaneous transmission of response signals and uplink data
using TDMdfitam)ah Gthomn! sednusaatace iy mEEdii dedddnde Sithanrciig Wi tsaRsmitted
from 5 each terminal partialr%goccupy the resources assigned to uplink data (i e., Physical Uplink

Shared CH&iel (PSP BHREY) (PrulielolseigrablesyPiariey SETEDm sigdls
adjacent to SC-FDMA symbols to which reference signals.(RS) are mapped) and are thereby
ranomitied T3 B T G BB OB oA ALl “subcatiers: i the vertica
axis in Fl e also termed as 'virtual subcarriers” or, "time.cgntiguous signals," 10, and."time
contigtoud S T R e LR Bl GRE P e S BT (S ERE in

SC-FDMA gnsiter aie repisreqled asisubeailers: (or convaniance Tyt more spgeifical,

optional data ©f the upli a Is punctured due to the response signals in resources.

Accordingly, {1 GHAIKOLNRIRKAALBHE.0i AN NG AU 5 HEUTGARHY f%ﬁ%ﬂedt%gn‘iﬁa%ﬁuncwed

bits of the coded uplink data.”For this reason, base 15 stations instruct the terminals to use a very low

coding ratg,apdiordgHdsavaIR IS HANSMISSIARIPAWRISH AR JUCRINARNAIRAl thededugged quality of
the uplink data due to the puncturing. [0013] Meanwhile, the standardization of 3GPP LTE-Advanced

for realizing,fastak compumpigationdhan3 @Rl Fdsin REPArRSS RGP Rvbdiepdyansedhsysiems (may
be referred to as "LIE-A system," hereinafter) follow LIE systems. 3GPP LIE-Advanced will 20

introdyce lBasaisiatiens arsdedminaiscapablig ohcommuwnitatingmiheactetbher ustgdanaigeband

frequency of 40 MHz or greater to realize a downlink transmission rate of up to 1 Gbps or above.

[0014] In thehdd BrAesuiiantail asdersd simhellthratingiathier@tbaakwwardeam patbikity fithhe
terminal on a certain downlink component carrier, the terminal generates no response signals for
the downlink data on the downlink component carrier. This error case is defined as
discontinuous transmission of ACK/NACK signals (DTX of response signals) in the sense that

20 the terminal transmits no response signals.

{0011] In 3GPP LTE systems (may be referred to as “LTE system,” hereinafter), base stations
assign resources to uplink data and downlink data, independently.  For this reason, in the 3GPP
LTE system, terminals (i.e., terminals compliant with LTE system (hereinafier, referred to as
“LTE terminal™)) encounter a situation where the terminals need to transmit uplink data and

25  response signals for downlink data simultaneously in the uplink. In this situation, the response

signals and uplink data from the terminals are transmitted using time-division multiplexing



.the LTE system and ultra-high-speed communication several times faster than transmission rates 25 in
the LIE system, the LIE-A system band is divided into "component carriers" of 20 MHz or below, which
is the bandwidth supported by the LIE system. In other words, the "component carrier” is defined

herein as a band having a maximum width of 20 IVIEz and as the basic unit of communication band. In

the Frequengy Rivision RURIEX (FRE) B¥Sintle MRIRPYRSpeARABPISALGRLIR WL BRWRIRK (hereinatter,

referred to"as "downlink component carrier")’is defined as a band obtained by dividing a band

according {o.dawnlipk frequeneyhandwidikmiiRrmatendna &%%&(@é@%ﬁ@@d&%ﬁl@@é@ station or

as a band defined by a distribution width when a downlink control channel (PDCCH) is distributed in
the frequeggygomiin. In addition, "component carrier” in uplink (hereinafter, referred to as "uplink
component carrier”) may be defined as a band obtained by dividing a band according to uplink
frequency fomng]infarniation, in ABEHEkr adrasted drespakasenstation onas hexhasiaadicef a
communication 10 band of 20 MI-1z or below including a Physical Uplink Shared CHannel (PUSCH) in
the vidinityeafithereenie pafitils haodvyidtie asdiRté€ Gldigrted tdEuphnotatends. oPyeidadrichlinkaddition,
the term "component carrier may be also referred to as "cell” in English in 3GPP LIE-Advanced.
Furthermofiatebidemeh{RdRiat) meoyraisn Oe.atsispeviategrals OC(w) [OOSRy Rimenbitdsion
Duplex (TDD) system, a downlink component carrier and an 15 uplink component carrier have the
same freqadisegnbindCanoddovrmirlsommiigicetornandigmilnkKitohirmunicatdnaatesre digebvby
switching between the downlink and uplink on a time division basis. For this reason, in the case of the
TDD systefintHatie\ihtRSoTEomEntiesrAbi vam BIdenkx e daBd JHeusvinlinksifmtitation
timing in a compaonent carrier.” The %%Iink component carrier can also be expressed as "uplink

communicg’t‘f‘oYFﬁ’r?ﬁh@"iﬁ 4 BE coftip %ﬁ?%i@?."@ﬂ@%\?ﬁﬂﬁﬁ%é%ﬁ&ﬁ&ﬁ@gﬁ’@% & uplink
contbratBH N YRR, Y A SRR USRI oA PRGSO ORI for
o e D A ) e R R T e UL
Comm“”ic;%ﬂ%’ 1} r%&%%%@&ﬁgafﬁﬂ %';5 elhan %ﬁﬂe“@'iﬂukc ﬁgt@@ﬁ@ﬁ%%tr'&? due to the response signals
in the PUSCH resources. Accordingly, the quality of uplink data (e.g., coding gain) is
significantly reduced due to the punctured bits of the coded uplink data.  For this reason, base
15  stations instruct the terminals to use a very low coding rate and/or to use very large transmission
power so as to compensate for the reduced quality of the uplink data due to the puncturing.
[0013] Meanwhile, the standardization of 3GPP LTE-Advanced for realizing faster
commumication than 3GPP LTE is in progress. 3GPP LTE-Advanced systems (may be
referred to as “LTE-A system,” hereinafter) follow LTE systems. 3GPP LTE-Advanced will
20  introduce base stations and terminals capable of communicating with each other using a
wideband frequency of 40 MHz or greater to realize a downlink transmission rate of up to 1
Gbps or above.
[0014] In the LTE-A system, in order to simultaneously achieve backward compatibility with
the LTE system and ultra-high-speed communication several times faster than transmission rates

25  in the LTE system, the LTE-A system band is divided into “component carriers” of 20 MHz or

below, which is the bandwidth supported by the LTE system. In other words, the “component



throughput requirement by changing a subfrarne ratio between downlink communication and uplink
communication. For example, FIG 3 illustrates UL-DL configurations (Config O to 6) having different
subframe ratios between downlink communication and uplink communication. In addition, in FIG. 3, a
downlink communication subfratne is represented by "D," an uplink communication subframe is

represented by, aiihé SRRAALSHOIAME 5 SAISSEING Gt SFOPNIEIS-ING TREGI SHbame is a

subfratne at the time of switchover from a downlink communication subframe to an uplink

communicglionghkiiamendadhe spegial subfranes. aoviaink ggf@egow@micgg%m%yo%%rfonned as

in the case of the downlink communication subframe. In each UL-DL configuration shown in FIG 3,

subframes-<(2@suhframesercarraspanginade d-1e frmpasdaie fxpessakindweatages erhframes ("D"

and "S" in the upper row) used for downlink communication and subframes ("U" in the lower row) used
for uplink climisgnicationdFbithedeyaliagishaMminl Ricordingne dondeirciencasulbaarkedponding to
downlink data (ACKJNACK) is indicated in the fourth uplink communication subframe or an uplink
comméainicatfonmmstibframe BftHrthedausttd Svbirareaftetidthesabirdmel tdefiltidhvihe dawinlinda 15data is
assigned. [0016] The LTE-A system supports communication using a band obtained by bundling some
componentidhrietsnsodoaiididicarrzolagdgreghtRin (CIA) iNbstrithétdihitbealiequedcycdmfiguration can be
set for each component carrier, an LIE-A system compliant terminal (hereinafter, referred to as "LIE-A
terminal”) Rsldiéisigrearapaiontipyipat itheptiaih e eeiplicpoelHig deatonisle comivmgra gttty of
component carriers.éOOl?] FIGS. 4A and 4B are diagrams provided for describing asymmetric carrier
aggregatioREnbcleBRtforsaidA b irierd dragpidisie AFruding: ek [boasras Wodtrated in
FIG. 4B, a_configuration in which carrier aggregation is_performed using two downlink component

carriers aricHBHEARMAR BAHPOMEM CiTLI IR T SR OgIBRdHRn ANt AW hife R figation in
which e L SauinlocomeRrent caners Rentica i s vor Y R & 2 Haggput eIk
of the center of the bandwidth and PUCCHs for LTE on both ends of the band.  In addition, the
term “‘component carrier” may be also referred to as “cell” in English in 3GPP LTE-Advanced.
Furthermore, “component carrier” may also be abbreviated as CC(s).
[0015] In the Time Division Duplex (TDD) system, a downlink component carrier and an
15 uplink component carrier have the same frequency band, and downlink communication and
uplink communication are realized by switching between the downlink and uplink on a time
division basis. For this reason, in the case of the TDD system, the downlink component cartier
can also be expressed as “downlink communication timing in a component carrier.” The
uplink component carrier can also be expressed as “wplink communication timing in a
20  component catrier.” The downlink component carrier and the uplink component carrier are
switched based on a UL-DL configuration as shown in FIG. 3.
In the UL-DL configuration shown in FIG 3, timings are configured in subframe units (that is, 1
msec units) for downlink communication (D1.) and uplink commumnication (UL) per frame (10
msec). The UL-DL configuration can construct a communication system capable of flexibly
25  meefing a downlink communication throughput requirement and an uplink communication

throughput requirement by changing a subframe ratio between downlink communication and



communication is set for terminal 2. [0019] Referring to terminal 1, a base station included in an LTE-A
system (that is, LTE-A system compliant base station (hereinafter, referred to as "LIE-A base station")
and an LTE-A terminal included in the LIE-A system transmit and receive signhals to and from each
other in 5 accordance with the sequence diagram illustrated in FIG 4A. As illustrated in FIG. 4A, (1)

terminal 1 s sYPyAREECIED 1 AURI RPPANERLRATIETON AIEMBRNEAIHDG 1 ¢

communications with the base station and feads information on the uplink component carriet paired

with the d%@ﬂ%‘ﬂ%ﬂ?%ﬁ&ﬁé ARG A RpRdcARLEIGNA Called SYFiamdieppation block

type 1 (SIB1). (2) Using this uplink component carrier, teiuiinal 1 starts 10 communication with the

base statiqn BydaRSIIRY, F0§ a¥aMpIe cans@RRGHAR JasHest 1o thadasestation () Wer
determining that a plurality of downlink component carriers need to be assigned to the terminal, the

base statiquinstitictsithesterminalsepacaddwniiok eampaneni capfiamdliowsyelrirdis case, the
number of uplink component carriers does not increase, and tenninal 1, which is an individual terminal,
starts asyrhiselritheaspieiahggiegations 15 §062ahin @dditiotimin tie dulfelivsysteomtawhichladrrier
aggregation is applied, a terminal may receive a plurality of pieces of downlink data on a plurality of
downlink compomecticariebsatea tinm. plilE-gpohanngicelsdtom@lsturéferspekid asbimuoitiplexing”),
bundling and a discrete Fourier transform spread orthogonal frequency division multiplexing
(DFT-S-OREDW gt deda eperanainabie a3a i peibanetdaans thizthase @ fur dityndhkesponsaieigaals 20 for
the plurality of pieces of downlink data. In channel selection, a terminal causes not only symbol points
used for re%@@i%signals, but also the resources to which the response signals are mapped to vary in
accordance with the pattern for results of the en-or detection on_the plurality of pieces of downlink
data. CompPhréehwith Bhastinéieserdenshorrdtrdihg; thetammmE b iREREcACRBFRAER R Rals
generated according to the results of error detection on, the 25plurality of pieces of ownl'n&)data (ie.,
by cai@ula&é“ﬁslc?ﬁ?cgﬂcﬂfﬁfﬁ fh &R STHESSHFERSFaRtdction B t Fﬁlﬁiﬁtﬁ%ié@éf Bf‘:ﬂ{o hlink data,

provided tEtA =1 and NACK=0) aﬁg res e signals are transmitted using one predetermine
Fosource. (AL LGRS TR SR Sa: 1 St B AR HEE BT coding)
the response signals for t lurality. of pieces of downlink %at and transmits the, co %g/id using the
format (et T o S i e S R et i

eSS of SO A R e =
: y, a base station may previously configure the method of
transmittingthe. IERAARS S HANAS after the fourth subframe after the subframe to which the downlink
15  datais assigned.
[0016] The LTE-A system supports communication using a band obtained by bundling some
component carriers, so-called carrier aggregation (CA). Note that while a UL-DL
configuration can be set for each component carrier, an ITE-A system compliant terminal
(hereinafler, referred to as “LTE-A terminal”) is designed assuming that the same UL-DL
20  configuration is set among a plurality of component carriers.
[0017] FIGS. 4A and 4B are diagrams provided for describing asymmetric carrier aggregation
and a control sequence thereof applicable to individual terminals.
[0018] As illustrated in FIG 4B, a configuration in which carrier aggregation is performed
using two downlink component carriers and one upliﬁk component carrier on the lefl is set for

25 terminal 1, while a configuration in which the two downlink component carriers identical with

those used by terminal 1 are used but uplink component carrier on the right is used for uplink



[0021] Channel Selection is a technique that varies not only the phase points (i.e., constellation points)
for the response signals but also the resources used for transmission of the 10 response signals (may
be referred to as "PUCCH resource," hereinafter) on the basis of whether the results of error detection
on the plurality of pieces of downlink data for each downlink component carrier received on the

plurality of downlink component carkiess,(@ maximum of two downlink component carriers) are each an
ACK or NACK as illustrated in FIG. 5. Meanwhile, bundling is a technique that bundles ACK/NACK

signals foriag gyl unaliy-of PIBGes:#hAAVR k. LadaliraISINgIeISeL af S/dpRlsARdhereDy transmits

the bundled signals using one predetermined resource (see, NPLs 6 and 7). Hereinafter, the set of the
signals forgagaehbyRMnciindACKHNACK Sianmls fefa-Rlutadily Df piaaasofiglamn)inkdata Moa single
set of signals may be referred to as "bundled ACK/NACK signals.” [0022] The following two methods
are considerethaliachekdiblietnathioc of transimitting 20 responsigsignalsnd tiphnéavhehea ierminal
receives downlink assignment control infomiation via a PDCCH and receives downlink data. [0023]
One of thexmetthads isitb thansmitnespopsensimatstesing &P UWC CHsaBouraedhssbiated, il a
one-to-one correspondence with a control channel element (CCE) occupied by the PDCCH (i.e.,
implicit sigieetitng) (hesesmadteoninethuthl havibrendpécificatiynarvhemBC bintbadet foher 28aténminal
served by a base station is mapped in a PDCCH region, each PDCCH occupies a resource consisting
of one or @gRrENpSEs MIguBiesEE Eigtin godited;s adarsatiompe thsf vODE s gvpoRtatidsyierPDCCH
(i.e., the number of aggregated CCEs: CCE aggregation level), one of aggregation levels 1, 2, 4 and 8
is se|ectecp%i&%w%8ﬁé Hoav Rl SEPBPTISIS FAEHE P Bitkedr thE B sidrhmmesst sistd sAkshISteR or a
propagation path condition of the terminal, for example. [0024] The other method is to previously
indicate a PIBRSHORRERHCEHTS dditebmikil Fron? 48 BRI LARRPIER. BRiSTiciCERIRIngJAHereinafter,
method 2). To put.it differeﬂet)l , ebach tenninal transmits response s?nals using the PUCCI—Lresource
previdlisly SAEATRG HY HA" S8 Nt e tiBa Y {6 ’6???\%{ nfbF &S SRR RS, the

:regz‘;“m"’i‘:s”sﬁé‘(s:s%”é‘géﬁéﬁ?p@ﬁ%ﬁéﬂ%‘%‘l&%ﬁ? T O T RA RTINS, A OMBRRT, gafier that
ponsé-‘signals Is calle
assigned to the terminal, the base station instructs the terminal to add a downlink component
carrier. However, in this case, the number of uplink component carriers does not increase, and
terminal 1, which is an individual terminal, starts asymmetric carrier aggregation.

15 [0020] In addition, in the LTE-A system to which carrier aggregation is applied, a terminal
may receive a plurality of pieces of downlink data on a plurality of downlink component
carriers at a time. In LTE-A, channel selection (also referred fo as “multiplexing”), bundling
and a discrete Fourier transform spread orthogonal frequency division multiplexing
(DFT-S-OFDM) format are available as a method of transmitting a plurality of response signals

20 for the plurality of pieces of downlink data. In channel selection, a terminal causes not only
symbol points used for response signals, but also the resources to which the response signals are
mapped to vary in accordance with the pattern for results of the error detection on the plurality
of pieces of downlink data. Compared with channel selection, in bundling, the terminal
bundles ACK or NACK signals generated according to the results of error detection on the

25  plurality of pieces of downlink data (i.e., by calculating a logical AND of the results of error

detection on the phurality of pieces of downlink data, provided that ACK=1 and NACK=0), and



10 "primary component carrier (PCC) or primary cell (PCell)." The other component carrier is called
"secondary component carrier (SCC) or secondary cell (SCell)." For example, the PCC (PCell) is a
component carrier that transmits broadcast information on a component carrier that transmits
response signals (e.g., system information block type 1 (SIB I)). [0026] In method 2, PUCCH

resources m,e@i@@sma%ﬂﬁsﬁﬁﬁ%mﬁﬁéso@%e&wnﬁﬁgg%&%aem%ﬁ%%ﬁa?x@usw

indicated to the tenninals from a base station. For example, terminals may employ a method to select

one PUCOBFesS@FLaiadaeaciualiyitggeingn dhebasifisitiangmil e ekl &) ggmmand of
two bits included in DCI in SCell. In this case, the TPC command is also called an ACK/NACK

resource iptiedigr(@reSottiowlRE commbnshattws acddaitte iinahtoftisenRee XNigithy. signaled
PUCCH resource in a certain 20 subframe while allowing another terminal to use the same explicitly
signaled PHIC SHdmekoareenimanathefesdiblichdlin tivpsassighaxplicit AIGRANAGHDOZRE Meansthile, in
channel selection, a PUCCH resource in an uplink component carrier associated in a one-to-one
corresponddadewithiniiingpr OEE-AERNF B BEY dbe upinbebylthiés BB € Gdandicatinglthe’ PDSCH in
PCC (PCell) (i.e., PUCCH resource in PUCCH region 1 in 25FIG. 5) is assigned (implicit signaling).
[0028] Her@r R RBI%STol ublisiehssinepsbiee i ihenah o Eb oS Esyafatic barmerthadgpégation is
applied to a terminal will be described with reference to FIG. 5 and FIGS. 6A and 6B. [0029] For
example, HABFEEING s RsBARSEEIRIEr group (may be referred to as "component carrier set" in
English) caonsisting of component carrier 1 (PCell) and component carrier 2 5 (SCell) is set for terminal
1. In this c%@osgﬁfte?mﬁﬂlirﬁ?ql%%ﬁré% & LHHWR PAbMEES N t RS e 8 G RO 4-rom the

base station vita FtPDCCH f.each of componeg?t ca%rzrl'%ers 1 and 2, down irgk data is tr.ans?iktlted using
the resour&a ESHASBAR %ﬁ%}}%%ft & BORMR R8BI Re M ineHT R ahstalig Araosmission of the

10 response signals (may be referred to as “PUCCH resource,” hereinafter) on the basis of whether
the results of error detection on the plurality of pieces of downlink data for each downlink
component carrier received on the plurality of downlink component carriers (a maximum of two
downlink component carriers) are each an ACK or NACK as illustrated in FIG 5. Meanwhile,
bundling 1s a technique that bundles ACK/NACK signals for the plurality of pieces of downlink

15 data into a single set of signals and thereby transmits the bundled signals using one
predetermined resource (see, NPLs 6 and 7). Hereinafter, the sct of the signals formed by
bundling ACK/NACK signals for a plurality of pieces of downlink data into a single set of
signals may be referred to as “bundled ACK/NACK signals.”

[0622] The following two methods are considered as a possible method of transmitting

20  response signals in uplink when a terminal receives downlink assignment control information
via a PDCCH and receives downlink data.

[0023] One of the methods 1s to transmit response signals using a PUCCH resource associated
in a one-to-one correspondence with a control channel element (CCE) occupied by the PDCCH
(ie., implicit signaling) (hereinafter, method 1). More specifically, when DCI intended for a
25  terminal served by a base station is mapped in a PDCCH region, each PDCCH occupies a

resource consisting of one or a plurality of contiguous CCEs.  In addition, as the number of



[0030] Furthermore, in channel selection, response signals representing error detection results 10
corresponding to a plurality of pieces of downlink data in component carrier 1 (PCell) and error
detection results corresponding to a plurality of pieces of downlink data in component carrier 2 (SCell)
are mapped to PUCCH resources included in PUCCH region 1 or PUCCH region 2. The terminal uses

two types eiase pRIntE(Bippdh gi%ek%@fﬁ&@aépgf@gpg%@t@aa@emmﬁoaggwgﬁﬁ)mmﬁ§e points

(Quadra-Lure Phase Shift Keying (Q ) mapping) as response 15signals thereof That is, in channel

selection, s fﬂoc%?ﬁfaﬁgxﬂépéﬁsﬁ a paftary imr&%dt&@ér@rﬁ%&@lmﬁmﬁw%ﬁaﬁﬁmg tasplurality of
pieces of downlink data in component carrier 1 (PCell) and the results of error detection corresponding

to a pluraliy-okpiseescidevnlinkdatedmooprnenenticaniciadB6el) by /eambiraigmeif? UCCH

resources and phase points. [0031] Here, FIG 6A shows a method of mapping a pattern for results of
error dete¢iopivh@he2@hiherathmbariofeorivpsnenticaty iePISONadanecP Gelhicbnerstdifdma TDD
system. [0032] Note that FIG. 6A assumes a case where the transmission mode is set to one of (a),

(b) and (c)thedowti{BaB3] ¢splAitragshissitrmudeimwihichBacH cpm pahBatotyrieck tgpantd only
one-CW (codeword) downlink transmission. 25(b) A transmission mode in which one component
carrier supposithisspersGighdo wiiakhy ERErmibgienaeriptsiotblericdnasorerhe dadestetipports up to
two-CW downlink transmission.  (c) A transmission mode in which each component carrier supports
up to two-@¥h@dwnlink transmission. [0034] Furthermore, FIG. 6A assumes a case where number M
is set in one of (1) tgrail) below, ) . ) , )
[0025] ~Furthermore, as shown in FIG 5, the terminal fransmits response signals using one of
two component carriers. A component carrier that transmits such response signals is called
10 “primary component carrier (PCC) or primary cell (PCell).” The other component carrier is
called “secondary component carrier (SCC) or secondary cell (SCell).” For example, the PCC
(PCell) is a component carrier that transmits broadcast information on a component carrier that
transmits response signals {(e.g., system information block type 1 (SIB1)).
[0026] Inmethod 2, PUCCH resources conunon to a plurality of terminals (e.g., four PUCCH
15 resources) may be previously indicated to the terminals from a base station. For example,
terminals may employ a method to select one PUCCH resource to be actually used, on the basis
of a transmit power control (TPC) command of two bits included in DClin SCell.  In this case,
the TPC command is also called an ACK/NACK resource indicator (ARI}). Such a TPC
command allows a certain terminal to use an explicitly signaled PUCCH resource in a certain
20  subframe while allowing another terminal o use the same explicitly signaled PUCCH resource
in another subframe in the case of explicit signaling.
[0027] Meanwhile, in channel selection, a PUCCH resource in an uplink component carrier
associated in a one-to-one correspondence with the top CCE index of the CCEs occupied by the
PDCCH indicating the PDSCH in PCC (PCell) (i.e., PUCCH resource in PUCCH region I in
25 FIG 5) is assigned (implicit signaling).

[0028] Here, ARQ control using channel selection when the above asymmetric carrier

10



5 M indicating how many downlink communication subframes per component curie(hereinatfter,
described as "DL (DownLink) subframes,” "D" or "S" shown in FIG. 3) of results of error detection need
to be indicated to the base station using one uplink communication subframe (hereinafter, described
as "UL (UpLink) subframe,” "U" shown in FIG. 3). For example, in Config 2 shown in FIG. 3, since

results of %gg%%ﬁ&ﬁ%@@t&ﬁ%@@@%%&@ﬁé&%ﬂ lorddhabpge statiousing ape UL
subframe, M= 4. (1) M=1 (2) M=2 (3) M=3 (4) M=4 15[0035] That is, FIG. 6A illustrates a method of

mapping agpattern for results of error detection when (a) to (c) above are combined with (1) to (4)
above. The value of M varies depending on UL-DL configuration (Config 0 to 6) and subframe number

(SF#0 to §B4%9) iF@n&frameiasERGVA donithedt Fuitherng enisy Gorfigr S how ioriéeds M=9 in

subframe (SF) #2. However, in this case, in the LIE-A TDD system, the terminal does not apply
channel selecitora0andinditatesnireingseltscnf o deteieiion @sisll) toidexamplena &fitrS OFDM
format. For this reason, in FIG 6A, Config 5 (M=9) is not included in the combination. [0036] In the
case of (1) Selhumbiefoofemorat étediiothisesutt, péttedesdigR xdsodrpatengsn2st xifodpatienss and 24x
1=16 patterns in order of (a), (b) and (c). In the case of (2), the number of error detection result
patterns istRRs@:BHatttanyna sk ensthateinsianax 232 Patieid oL sinhoed epwbiayntispumst (c). The
same applies to (3) and (4).
and 2, downlink data is transmitted using the resource corresponding to the downlink resource
assignment information.
[0030] Furthermore, in channel selection, response signals representing error detection results
10 corresponding to a plurality of pieces of downlink data in component carrier 1 (PCell) and error
detection results corresponding to a plurality of pieces of downlink data in component carrier 2
(SCell) are mapped to PUCCH resources included in PUCCH region | or PUCCH region 2.
The terminal uses two types of phase points (Binary Phase Shift Keying (BPSK) mapping) or
four types of phase points (Quadrature Phase Shift Keying (QPSK) mapping) as response
15 signals thereof. That is, in channel selection, it is possible to express a pattern for results of
error detection corresponding to a plurality of pieces of downlink data in component carrier 1
(PCell) and the results of error detection corresponding to a plurality of pieces of downlink data
in component carrier 2 (SCell) by a combination of PUCCH resources and phase points.
[0031] Here, FIG 6A shows a method of mapping a pattern for results of error detection when
20 the number of component carriers is two (one PCell, one SCell) in a TDD system.
[0032] Note that FIG. 6A assumes a case where the transmission mode is set to one of (a), (b)
and (c) below.
[0033] (&) A transmission mode in which each component carrier supports only one-CW
(codeword) downlink transmission.

25 (b) A transmission mode in which one component carrier supports only one-CW

downlink transmission and the other component carrier supports up to two-CW downlink

11



[0037] Here, it is assumed that the phase difference between phase points to be mapped in one
PUCCH resource is 90 degrees at minimum (that is, a case where a maximum of 4 patterns per
PUCCH resource are mapped). In this case, the number of PUCCH resources necessary to map all
error detection result patterns is 24><44=16 in (4) and (c) when the number of error detection result
patterns is,g maxitpum (24x4=64 patterns), which is not realistic. Thus, the 5 TDD system intentionally
reduces the amount of information on the results of error detection by bundling the results of error
detection in a spafjahregiomREifiartheadnia WhRIeRBIRIIpesesSaRrdn hipYRY e ThREystem limits
the number of PUCCH resources necessary to indicate the error detection result patterns. [0038] In
the LIE-A R BMBemsinstishcase of (1), the terminal maps 4 patterns, 8 patterns 10 and 16 patterns
of results of error detection in order of (a), (b) and (c) to 2, 3 and 4 PUCCH resources respectively
without bupipag thewrgstisrefldtGos detastion: (Giepdhiciianbd) MRatisy he tEminaddnsitates an error
detection result using 1 bit per component carrier in which a transmission mode (non-MLIVIO)
suppoftinghrityl pags Cidtransmissiolhink aovwnlinkagno suidicatesperromtetecticnrries (s wasifigr? bits per
component carrier in which a transmission mode 15 (MIMO) supporting up to two-CW transmissions in
downlink. [@688b¢d tve DEEIRFRIDnsy stértainestie tdses OF (Zhawd {a)l toeXeifatendiptighirpatterns
of results of error detection to four PUCCH resources without bundling the results of error detection
(Step3 in Fleecgay. tacthit basedigaeddnilitabidivlation apbe gateetork resuns oy piedEse downlink
component carrier. 20[0040] In the LTE-A TDD system, in the cases of (2) and (b) (the same applies to
(2) and (c)fheraeishinsrBidias THY (BiHekorehEteteddonrebgoRedt cdifersamnlniéh a
transmission mode supporting. up to two-CW transmission in downlink is set in a spatial region (spatial
bundling) (St8EIA TIBA) MvtRe EsaaaT B IFg " WHETH IRt At g erhbrasteticniisitésBonding to
at least onespélw of two CWs of th[? r%%ilts of gﬁror detection is NACK, the 25terminal determines the

p

resulty of ?aﬁgt%%tﬁ%huﬁ]ﬁgrofﬁe % B 'rTg4to be NACK. That is, in spatial bundling, logical AND

of the results of e(\[s%g?tection of two CWs is taken. The

(2) M=2
3y M=3
(4) M4
15 [0035] Thatis, FIG 6A illustrates a method of mapping a pattern for results of error detection
when (a) to (¢) above are combined with (1) fo (4) above. The value of M varies depending on
UL-DL configuration (Config 0 to 6) and subframe number (SF#0 to SF#9) in one frame as
shown in FIG 3. Furthermore, in Config 5 shown in FIG 3, M=9 in subframe (SF) #2.
However, in this case, in the LTE-A TDD system, the terminal does not apply channel selection
20  and indicates the results of error detection using, for example, a DFT-S-OFDM format. For
this reason, in FIG. 6A, Config 5 (M=9) 1s not included in the combination,
[0036] In the case of (1), the number of error detection result patterns is 2°x1=4 patierns,
2*x1=8 patterns and 2'x1=16 patterns in order of (a), (b) and (c). In the case of (2), the
number of error detection result patterns is 2%x2=8 patterns, 2°x2=16 patterns, 2*x2=32 patterns
25 inorder of (a), (by and (¢). The same applies to (3) and (4).

[0037] Here, it 1s assumed that the phase difference between phase points to be mapped in one

12



terminal then maps error detection result patterns after spatial bundling (8 patterns in the cases of (2)
and (b), 16 patterns in the cases of (2) and (c)) to four PUCCH resources (Step3 in FIG. 6A). In that
case, the tetininal indicates error detection results using 2 bits per downlink component carrier. 5[0041]
In the LTE-A TDD system, in the cases of (3) or (4), and (a), (b) or (c), the terminal performs bundling
in the timepdamain:ise-cRmainpdadingnatient i8S RatialRURGHNI(FIBRhIM TG GA-(RIeR in FIG
GA). The terminal then maps the error detection result patterns after the time-domain bundling to four
PUCCH resugicEsrésseR3 ichifapfed)). Imthad case dbertaipynal dicalesHostits al@ua@ndetection
using 2 bits per downlink component carrier. 10 [0042] Next, an example of more specific mapping
methods wilkpeltleseriletamiih referencerte KIG6B4FIG B3(ghands@neaxanenofdeagtenhere the
number of downlink component carriers is 2 (one PCell, one SCell) and a case where "(c) a
transmissidetevidaierisuithpeteasct eonaponent (Qarrdetsppponts) upltevioscWedtwnlinKlrangmission” is
set and a case with "(4) M=4." 15 [0043] In FIG 63, the results of error detection of a PCell are (ACK
(A), ACK), TRy e KinteptARaHly k) ik Ok paned iAot K@t an or der rof (GWOrGWddhoioby DL
subframes (SF1 to 4). In the PCell shown in FIG. 6B, M=4, and therefore the terminal spatially bundles
these subfPinsdiagrisSaepili Hiarenitisshvnis emabdagdp Lsbidime mimadaBin Keeesssuit of the
spatial bundling, ACK, ACK, NACK and ACK are obtained in that order in four DL subframes 20 of the
PCell showh Hs1ay-dhe ERkhamiardmmschssainbers! BRChE tsrmiitar aptsisaifadandissiaifioundiing
to the 4-bit error detection result pattern (ACK, ACK, NACK, ACK) after spatial bundling obtained in
Stepl (portfBis SHCTISBEEY HdkERine in FIG 6B). In this way, a 2-bit error detection result of (NACK,

ACK) is obtai in the Il nin FIG. 6B. [0044] The terminal likewise applies spatial bundling
and time-(EI)Iéﬁar}‘;ﬁ?z;?lﬁj %n%ﬁr%ﬁlé‘%ﬂ%%%@e I% a&\%ﬁdﬁ%%@%ﬁ@tﬁ’@?@ﬁ@%%?ﬁ’sg hiterror
detectjon result (NACK., NACK), [0045] The terminal then bines the error detectipn. resylt patterns
usingf bitgngja%pa teefn%ir%%?ag}rtﬁéllﬁ 1‘urruﬁlil E]egcé? he %@IP%?%I’ eﬁﬁ?f@té%in ?3%34)(? in-order of the
PCell, SC iNto.a 4-hit ef tection L . C ACK).
The termina] I PO e g e S Laing

the mapping {3ble3HAWhil-A&Ra %E}%e%i%ﬁ%m%u%?%l PP LAEGHIRNR Ul RAHEML(R046] The

LIE system and LTE-A system support HARQ (Hybrid Automatic Repeat reQuest) (hereinafter,
referred toasRiksHARRIOTspivoslai iRl HARQ.the W Biagninaland E-Aarming! store an

LLR (Log Likelihood Ratio) (or may also be called "soft bit") for downlink data in which an error is

detected inndisiistufiedelhadlBstoiaehimthies seituifehincombingdwith AmbiMicasraspgnding to

downlink data to be retransmitted 10 (retransmission data) The soft buffer (buffer capacity: N",)) as
showrsin RNEM®B)aogptatiewingequation iaiseivitied Inteauak portions based on the number of
downlink component carriers (Kr) supported by a terminal, the number of multiplexed layers (Kfro)
supported [0930E téerthindlTvAd e nyaximumbrurmze 06 { D) brd AR @upracdasbs{pd eigiRa)«aefined in a
UL-DL configuration set in the terminal, and an IR (Incremental Redundancy) 15 buffer size (NIR) per
transport bibaks(dis T8 kiscealctstated (d hembistlnresombesr of DiuHARI 1y doe ssediyagdresents the
number of retransmission processes (the number of DL HARQ processes) set based on a maximum
value of refiipiipisSitsniriterVal ¢hay Higbabeasatbel teRTITa{ Risligwte T eipoT ivieyticafresultansingdsion of
downlink data in DL HARQ in each UL-DL configuration (Config#0 to #6) until retransmission of the
downlink dia fgedoprdink gymponent carrier.

20 {0040] Inthe LTE-A TDD system, in the cases of (2) and (b) (the same applies to (2) and (c)),
the terminal bundles the results of error detection of component carriers in which a transmission
mode supporting up to two-CW transmission in downlink is set in a spatial region (spatial
bundling) (Stepl in FIG 6A). In the spatial bundling, when the result of error detection
corresponding to at least one CW of two CWs of the results of error detection is NACK, the

25 terminal determines the results of error detection after the spatial bundling to be NACK. That

is, in spatial bundling, logical AND of the results of error detection of two CWs is taken. The
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20[1] Nsoft K*DL JIARQe C K MIMO minlimit)_ ... (Equation 1) [0047] The terminal stores the LLR
corresponding to the downlink data in which an error has been detected in an IR buffer corresponding
to each DL HARQ process within a range of IR buffer size per TB calculated according to equation 1.
Here, Mh,",t shown in equation 1 is an 25allowable value of the number of DL HARQ processes stored

in the soft hutiefmpid:theayalu,plicMiibil issBpexamniec8saleslueiibestotakaapaciy efstie soft
buffer (soft buffer capacity), the IR buffer per TB cannot always store all systematic bits (LLR) per TB
and all paritfy(Djtan(l {tRR) I6heteforcinitereasinol 128 iRdbuffeo stae PEICTB] asstntel @iapdsaibiéiwithin the
soft buffer capacity leads to an increase in the total amount of LLR that can be stored in the IR 5buffer
and consegaently |éat stecathimpnoveinedicafck ARQ deteatiemissidin penfpdniancee]Qid48]lids described
above, the LTE-A terminal is designed on the assumption that the same UL-DL configuration is set
among a ptaraitgest esnfgonent carriers. This is because conventionally, carrier aggregation (so-called
intra-band carrier aggregation) among a plurality of component carriers (e.g., certain component

carriefhavigfithl 20mMbeB3nawitNR sritpaindifg cases of (3) or (4), and (a), (b) or (¢), the terminal

performs bundling in the time domain (time-domain bundling) after the spatial bundling (Stepi
mn FIG 6A) (Step2 in FIG 6A).  The {erminal then maps the error detection result patterns after
the time~-domain bundling to four PUCCH resources (Step3 in FIG 6A). In that case, the
terminal indicates results of error defection using 2 bits per downlink component carrier.

10 {0042] Next, an example of more specific mapping methods will be described with reference
to FIG 6B. FIG. 6B shows an example of a case where the number of downlink component
carriers is 2 {one PCell, one SCell) and a case where *“(c) a transmission mode in which each
component carrier supports up to two-CW downlink transmission” is set and a case with “(4)
M=4.”

15 {00431 InFIG 6B, the results of error detection of a PCell are (ACK (A), ACK), (ACK, ACK),
(NACK (N), NACK) and (ACK, ACK) in order of (CW0, CW1) in four DL subframes (SF1 to
4). In the PCell shown in FIG 6B, M=4, and therefore the terminal spatially bundles these
subframes in Stepl in FIG. 6A (portions enclosed by a solid line in FIG 6B).  As a result of the
spatial bundling, ACK, ACK, NACK and ACK are obtained in that order in four DL subframes

20  of the PCell shown in FIG 6B. Furthermore, in Step2 in FIG 6A, the terminal applies
time-domain bundling to the 4-bit error detection result pattern (ACK, ACK, NACK, ACK)
after spatial bundling obtained in Stepl (portions enclosed by broken line in FIG. 6B). In this
way, a 2-bit error detection result of (NACK, ACK) is obtained in the PCell shown in FIG. 6B.
[0044] The terminal likewise applies spatial bundling and time-domain bundling also for the

25 SCell shown in FIG. 6B and thereby obtains a 2-bit error detection result (NACK, NACK),

[0045] The terminal then combines the error detection result patterns using 2 bits each after
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10 component carrier having a 20 MHz bandwidth within a 2 GHz band) in one frequency band (e.g., 2
GHz band) is assumed. That is, when uplink communication and downlink communication are
simultaneously performed between different component carriers within the same frequency band, a
terminal in downlink communication receives large interference from a terminal carrying out uplink

communicaian 12AA04RLRN hieRbeLnands LA eLAdrPRAtoNSARA Pt behagd.aagier

aggregation) between component carriers (e.g., component carrier having a 20 MHz bandwidth in a 2

GHz bandizdic WBROMENE CRREL ARG B0 MiTz RardvwidindR aRERONMK band)ef, a plwrality of
frequency bands (e.g., 2 GHz band and 800 MHz band), there is a large frequency interval between

both compepsnbrastiessngdd Pus;eHerminRe s e linte CRMMUNICAHNR WsiRg(m GRIMpRREN) carrier in
a certain frequency band (e.g., component carrier having a 20 MHz bandwidth in a 2 Gliz band)
receives smallethiniesfeienedlérdmoventer MpalinFiplhk ommimniddtionoudingesothel freauency band
(e.g., component carrier having a 20 MI-1z bandwidth in an 800 MHz band). [0050] Incidentally, studies
are being ¢akigd dilte fof B casenwhede BlEammuicatioppoariéA R piidvidit grarmnkte ARERE system
newly assigns a frequency band to an LTE-A service, on a possibility of varying a UL-DL configuration
of the newts assiy fetkeinatioe nefprioahis froih IARY ) cdrdiguréitibrlas.anteXistiHg Regthencifband
depending on a service to which the communication carrier attaches greater importance. To be more
specific, aleamiralidddon et stomtaché R greatbikehborhRebablelonslinikecemsmlsdicstibn
throughput uses a UL-DL configuration having a greater ratio of DL subframes to UL subframes in a
new frequétcy Badavsiént debriyach ¥ oeF thaaikesh e seft Prilniolbe KlBoremedbiicsystem to
be constructed. [0051] To realize a Jow PAPR (Peak to Average Power Ratio) during carrier
aggregatiof?in HSPTIA, OmBIB aPa Bt g A REETBRPBIRR pSs f SPRriRiRaIFESHIft a
respo}rése ?Ilﬂgtrr]a%snﬁssion data). The soft buffer (buffer capacity: Nya) as shown in FIG 7A and
following equation 1 is divided into equal portions based on the number of downlink
component carriers (K¢) supported by a terminal, the number of multiplexed Tayers (Kymno)
supported by the terminal, and the maximum number of DL HARQ processes (Mpi, maro)
defined in a UL-DL configuration set in the terminal, and an IR (Incremental Redundancy)
15 buffer size (Nr) per transport block (or TB) is calculated. The maximum number of DL
HARQ processes represents the number of retransmission processes (the number of DL HARQ
processesj set based on a maximum value of retransmission interval (may also be called “RTT
(Round Trip Time)”) after transmission of downlink data in DL HARQ in each UL-DL
configuration (Config#0 to #6) until retransmission of the downlink data (see FIG. 7B).
20 [1]
N

N = soft
R :
KC 'KMiMO ) mm{MDL_HARQe M,

limit

) ... (Equation 1)

[0047] The terminal stores the LLR corresponding to the downlink data in which an error has
been detected in an IR buffer corresponding to each DI HHARQ process within a range of IR
buffer size per TB calculated according to equation 1. Here, My shown in equation 1 is an

25  allowable value of the number of DL HARQ processes stored in the soft buffer and the value of

15



(HARQ-ACK) which is an error detection result corresponding to each piece of downlink data 100f
each component carrier (PCell and SCell) always using a single component carrier (e.g., PCell) only
[0052] However, when different UL-DL configurations are set between component carriers, there are
timings at which subframes of PCell become DL subframes and subErames of SCeil become UL

subframesy At such fimingsi. the termingleannRkITARSIL ARV FESPANSRISIGNaL INAB "eshaRse to

downlink data of SCell using PUCCH of PCell. Thus, in LTE-A, studies are being carried out on a

possibility @ UingiRl Bé T et imingdrinad anaibeiy b Pk configyratiomi(friatense UL-DL
configuration) instead %ﬁransmission/rece?otion tim?iyﬁtg (PDSCllH-kI%UC) H timing) between PDSCH

(downlink gt recenptiemranddridicHhierpaise signphirapsmissianheeiingddrintnthe Rbs

configuration set in SCell. 20[0053] As shown in FIG. 8, there are inclusion relations regarding DL
subframesshéitvegidhe IidDlo eanfigieationsishowhdmd . 3. 1A relhtip sabetweasr Configd® and
Config41 will be described as an example first. In FIG 3, DL subframes (including special subframes)
included irbofier trateenacguikl(edds, (4 aminthAG¢mEonfigAR QoS40 sdibnpdrfdimdteand 49 in
Config4l. That is, a set of DL subframes included in one frame of Conned includes a set of DL
25subframi@94Btiudeddseidbes frbone, dieddiiigrOrTinat is dtnieneat of Die ssivfrafmestioft Genfigi#l can be
said to be a superset of DL subframes of Config#0. Alternatively, the set of DL subframes of Config#0
can also b&'kdith t6dé @tipset-oPLaBIRE ainBBBHT opficamnarend fsWEWng descriptisrauss Confie 1,
for example, in such a combination of UL-DL configurations in which DL subframes are set at least at
the same fifIMgE g thosEsT DR A AL 61 D ifiEbrd Sameen apuyasE e radsa BB heavier”
than Conner). 5 Furthermore, the set of UL subframes, of Configl0 may also be said to include the set

of UL subfPATESPEREITEIFTS (per<at BPP aRARTanTEEcH et o). Hierarsheidh #7¢ foGting
description, for example, in such a ination of UL-DL configyrations in which UL subframes are set
at the BarPTIRHES SETHELE L SLONEA ST ALY SE Gt M ) 8 b Efhossed
UL heavi%"gt_tla? 89@@&11&) s assumed. That is, when uplink communication and downlink
communication are simultaneously performed between different component carriers within the
same frequency band, a terminal in downlink communication receives large interference from a
terminal carrying out uplink communication.
15 [0049] On the other hand, in carrier aggregation (so-called inter-band carrier aggregation)
between component carriers (e.g., component carrier having a 20 MHz bandwidth in a 2 GHz
band and component carrier having a 20 MHz bandwidth in an 800 MHz band) of a plurality of
frequency bands (e.g., 2 GHz band and 800 MHz band), there is a large frequency interval
between both component carriers.
20 Thus, a terminal in downlink communication using a component carrier in a certain frequency
band (e.g., component carrier having a 20 MHz bandwidth in a 2 GHz band) receives smaller
interference from a terminal in uplink communication using another frequency band (e.g.,
component carrier having a 20 MHz bandwidth in an 800 MHz band).
[0050] Incidentally, studies are being carried out, for a case where a communication carrier
25 providing an LTE-A TDD system newly assigns a frequency band to an LTE-A service, on a

possibility of varying a UL-DL configuration of the newly assigned frequency band from a

16



10[0054] Next, a relationship between Contig#1 and Config43 will be described. In FIG. 3, DL
subframes (including special subframes) included in one frame are SF#0, 41 and 45 to #9 in Config43.
That is, there is mutually no inclusion relation between sets of DL subframes of Confiel and Config43.
That is, the set of DL subframes of Confie | can be said to be neither superset nor subset of DL

subframesqf Gonigi, adhe folawinadesaralion madS £aminaan Ltk Sonfigyiatons in

which DL subframes and UL subframes set at different timings areset in Conned. and Config#3 at

least, ConfiglMayie.CXRassatarNeiiies Rlsheavy. nafUe Redsind esReskiRGANHEH3.

Inclusion relations regarding DL subframes similar to those described above also exist between other

UL-DL configieationsi(sarGa®) H90o5hE Gt and-Siilistiaig arexamplaql POISGH-PUCCH
timings when a set of DL 20 subframes of PCell included in one frame includes a set of DL subframes
of SCell (thahikzirdnien theiges afcbier sulidranis! of Bglkisia SupersehalkM sulirasasnef S46ll or a
UL-DL configuration of PCell is DL heavier than a UL-DL configuration of SCell). In FIG. 9A and FIG
9B, Confiefdg.satintiRCelland Tonfie) liksdat iRIGCEI. Thi0@E6{k ereinaftérxikasestamheie the UL-DL
configuration of PCell is DL heavier than the 25 UL-DL configuration of SCell may be expressed as
"PCell is Dtotmtanset.[0057] FIG 9A illustrates a case where SCell references PDSCH-PUCCH timing
defined in Config#0 set in SCell. In this case, in Config#0 set in SCell, despite the UL subframe in
which PUQ¢H irespoivekizsigiaty ESHBsPeakling eSO ¢H balitinisagyds isnperiggdntiere are
timings at which subframes become DL subframes in Config#1 set in PCell (subframes #4 and #9 in
FIG. 9A). PUEAstidise misbrieirrme nEsiadmtity &f pissenldraesiiegfistmwssamsimed at
this timing. Therefore, it is not possible to use any DL subframe of SCell (subframes #0 and #5 in FIG

9A) corresPonliiRg bRAERIR Ryt REiHEch IS REsa B TAd Lt HsrrioFie Y itiiates a
case where SCell references PDSCH-PUC iming defined in Config#1 set in PCell, In this case,
obirimec B FRVBFBCRBRE B et Aol M TE JEE PPFAL RS Sdnal
corresponclgiegno IF]}DSCH (downlink 10 data) of SCell is transmitted. Therefore, PUCCH transmission
in PCell Correséc())nc}f'ng to PDSCH in SCell can always be performed. Therefore, all DL subframes in

SCell d indi PDSGH. T in Fl Si here is timi t which. PUCCH
panam e SossE RIS R L TE O i tea i RS S Ve
subfrarnesyin, SGel kiﬁﬁﬂg@%t%ﬁﬂhi%@M@%ﬁ@@b@@&@ﬁlﬁ%ﬁ%& illustale AR.exarely of

PDSCH-PUCCH timingn a
become UL subframes. At such timings, the terminal cannot transmit any response signal in

15 response to downlink data of SCell using PUCCH of PCell.  Thus, in LTE-A, studies are being
carried out on a possibility of using PDSCH-PUCCH timing defined in another UL-DL
configuration (reference UL-DL configuration) istead of transmission/reception timing
(PDSCH-PUCCH timing) between PDSCH (downlink data reception) and PUCCH (response
signal transmission) defined in the UL-DL configuration set in SCell.

20 [0053] Asshown in FIG. 8, thére are inclusion relations regarding DL subframes between the
UL-DL configurations shown in FIG 3. A relation between Config#0 and Config#l will be
described as an example first.  In FIG 3, DL subframes (including special subframes) included
in one frame are SFA#0, #1, #5 and #6 in Config#0 and SF#0, #1, #4, #5, #6 and #9 in Config#!.
That is, a set of DL subframes included in one frame of Configf#l includes a set of DL

25 subframes included in one frame of Config#0. That is, the set of DL subframes of Config#1

can be said to be a superset of DL subframes of Configh0. Altematively, the set of DL
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case where a set of DL subframes of PCell included in one frame includes no set of DL subfratnes of
SCell and is not included in the set of DL subfrarnes of SCell (that is, when the set of DL subframes
of PCell is neither superset nor subset of DL subfiames of SCell or PCell is neither DL heavy nor UL
heavy). In FIG. 10A and FIG. 10B, Config#l is set in PCell and 20Config#3 is set in SCell. [0060] FIG.

10A illustratess A-6Ase MBREGACAY IRIPIRNGRSE @é&&ﬂé’é&%?ﬁ'ﬂ@é%@ﬁ@@ﬁﬁ%@ﬁﬂﬁ%gﬁg ra?héet in

PCell. In this case, as in the case of FIG 9B, subfrarnes of PCell never become D mes at

timings at YiSRLGCHSaiESBPNUAG 9 P DSCH ShSCC i URRSTILE HS, F G104, there i

no DL subframe of SCell that can no longer be used 25 due to inability for PCell to transmit PUCCH

correspondingifQ-RRRCH hrGall Hovrves hereae caseswheaRlrrbiramemeleSseiicannot be

used because PDSCH-PUCCH timings are not defined in Config#1 set in PCell. For example, while

subframesstfiffant#&shomndad: | Cod@A Rreiil stibixpragedn S Cell theyase Ubasulbisames.in PCell.
Thus, PDSCH-PUCCH timings at which subframes #7 and 8 become DL subframes are not originally
definesl in Botifta#drsetin LGalUEcubfismieasb Coigtt bitamés ot SE¢Hcarhothcusedtdindicate 5
PDSCH in subframes #7 and 8. [0061] In contrast, FIG 10B illustrates a case where SCell references
PDSCH-P&GEHhtinmh §euefiHedipestt biD I cobfiguraididno(Gbofigi4) Thawhgea im xirfallominmber of DL
subframes among UL-DL configurations which are supersets of DL subframes of both Config#1 set in
PCell and Gseifigia.séincSCulle. 100 008RETeenbnpEthree tBnibinatiofgusftigts D ednélyUrations in
which two component carriers are neither DL heavy nor UL heavy: Config#1 and Config#3, Config#2
and Config#biranasasnifyabtbhtros iy adbmraf S atfmnpmnel Gmégys%n@t kotidoridi®arrier is
Config#1 and the gther component canier is Config#3 (see FIG 10B), a UL-DL configuration
referenced'By YEEIEISRESEFASS tHbacedrTigher Forfieeimore, when one component carrier is 15

cssutled QI CoNSHS SO R G HHEH BH CORTBURSN S Rer EeGon A e he other
Com PN e S anilE 4p & S oRlotalen feferenced by SSelh S Aesymeq 998, Cconfighs.
Config#3. That is, there 1s mutually no inclusion relation between sets of DI, subframes of
Confighl and Configh3. That is, the set of DL subframes of Config#1 can be said to be neither
superset nor subset of DL subframes of Config#3. In the following description, in a
15 combination of UL-DIL. configurations in which DL subframes and UL subframes set at different
timings are set in Config#l and Config#3 at least, Config#1 may be expressed as neither “DL
heavy nor UL heavy” with respect to Config#3. Inclusion relations regarding DL subframes
similar to those described above also exist between other UL-DL configurations (see FIG. 8).
[0055] FIGS. 9A and 9B illustrate an example of PDSCH-PUCCH timings when a set of DL
20 subframes of PCell included in one frame includes a set of DL subframes of SCell (that is, when
the set of DL subframe of PCell is a superset of DI subframes of SCell or a UL-DL
configuration of PCell is DL heavier than a UL-DL configuration of SCell). In FIG 9A and
FIG. 9B, Config#l is set in PCell and Config#0 is set in SCell.
[0056] Hereinafter, a case where the UL-DL configuration of PCell is DL heavier than the
25 UL-DL configuration of SCell may be expressed as “PCell is DL heavy.”

[0057] FIG. 9A illustrates a case where SCell references PDSCH-PUCCH timing defined in
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[0063] By so doing, there is no timing in PCell at which PUCCH corresponding to PDSCH of 20 SCell
cannot be transmitted. Furthermore, there will be no case where DL subframes of SCell cannot be
used due to inability for PCell to define the PDSCH-PUCCH timings described above. For this reason,
SCell can use all DL subframes. [0064] FIG 11 illustrates an example of PDSCH-PUCCH timings

when a segghRLysubifaRies of ksl Bagé%@o}mgﬂ@sféﬁm@%ﬂ[‘&@éﬁ?@ﬂk@ Brselittde sHhframes of

SCell (that is, 25 when a set of DL subframes of PCell is a subset of DL subframes of SCeli or when

PCell is Ulplrea )(rHjhiscCaseal otk sigdppcesIRReaH B aK dimingsaefinaddnteantig#1 set in
SCell, and can thereby use all DL subframes of SCell. [0065] In the LIE-A system, studies are being

carried outierrgpasstiiitvaiehandiagdl IRl seohiigesatioans theeinafieraykiastehesteddaias "TDD
elMIA (enhancement for DL-UL Interference Management and Traffic Adaptation).” Examples of
objects of ¥Di EIMTAD inRLICERD tewisiorsioh disBOdliethatpoedite thePhekds of SSelischynatftexible
change of a UL/DL ratio, a reduction of power consumption in a base station by increasing a UL ratio
in a time zperdowitéraatotksrafficnipadl bertherdike. 1Asiat metkiblt ob cmangind . WubDénsonfidifieltion,
studies are being carried out on (1) a method by indicating an SI (System Information) signaling base,
(2) a methGatainelcating an RBC (g kertapyenisigiviigise analigyaaefidd by indicating 10an
LI (Physical Layer) signaling base.éji?066 Method (1) corresponds to a change of a UL-DL
configuratim@%}h fre tesvrlagrrhapdid iy T Bluderie) s sasaivape Rir dhada s BARhRE s to

reduce power consumptjon in a base station by increasing a UL ratio, for example, in a time zone with

a low traffilTiag (e d RS sarip wiothing) Mistrsd- (uPiames sE Rt onsveR RReRmsr UL -DL

subframes at timings at which PUCCH (response signal) corresponding to PDSCH (downlink

10 data) of SCell is transmitted. Therefore, PUCCH transmission in PCell corresponding to
PDSCH in SCell can always be performed. Therefore, all DI, subframes in SCell can be used
to indicate PDSCH. Thus, in FIG. 9B, since there is no timing at which PUCCIH transmission
in PCell corresponding to PDSCH of SCell cannot be performed in PCell, all DL subframes in
SCell can be used.

15 [0059] Next, FIG 10A and 10B each illustrate an example of PDSCH-PUCCH timing in a
case where a set of DL subframes of PCell included in one frame includes no set of DL
subframes of SCell and is not included in the set of DL subframes of SCell (that is, when the set
of DL subframes of PCell is neither superset nor subset of DL subframes of SCell or PCell is
neither DL heavy nor UL heavy). In FIG 10A and FIG 10B, Config#l is set in PCell and

20 Config#3 is set in SCell.

[0060] FIG. 10A illustrates a case where SCell references PDSCH-PUCCH timings defined in
Config#l set in PCell. In this case, as in the case of FIG 9B, subframes of PCell never
become DL subframes at timings at which PUCCH corresponding to PDSCH of SCell is
transmitted. Thus, in FIG. 104, there is no DL subframe of SCell that can no longer be used
25 due to inability for PCell to transmit PUCCH corresponding to PDSCH of SCell. However,

there are cases where DL subframes of SCell cannot be used because PDSCH-PUCCH timings
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15 configuration with the highest frequency. A small cell such as a pico cell has fewer terminals to be
connected than a large cell such as a macro cell. In a pico cell, UL/DL traffic of the entire pico cell is
detennined depending on the amount of WIDE traffic in a small number of terminals connected to the
pico cell. For this reason, a violent time fluctuation in UL/DL traffic occurs in the pico cell. Therefore,

thod (3) j ' DL ' ion | i ith ati
Muctuationdiy DL AT s el Lol TE s e el oy e B e
method (13-R9d qethadi(3nangis shiehle foracase whese ik PRLIcoNigNratian-is phanged with a

medium degree of frequency. 25Citation List Non-Patent Literature [0067] NFL 1 3GPP TS 36.211

V10.1.0, "RisicahChannelsmnghiodulalion (ReIgRSSLALMAMED %9%6\1&13@3%5%&&5&6-212
V10.1.0, "Multiplexing and channel coding (Release 10)," March 2011 NPL 3'3GPP TS 36.213

V10.1.0, "Rhysical layan proepdures {Releass, 10, "sWhareR«2031IEL 4sRigBNRKAG Tomafymi

Takata, Daichi Imamura, and Katsuhiko Hiramatsu, "Performance 10 enhancement of E-UTRA uplink
contro} chastl inifastHiagding gnyidgaments,” Proceeding of IEEE VTC 2009 spring, April. 2009 NPL 5
Ericsson and ST-Ericsson, "A/N transmission in the uplink for carrier aggregation,” R1-100909, 3GPP
TSG-RANNGH] #60, deelya@0F0G. 10B illustrates a case where SCell references PDSCH-PUCCH
timings defined m a UL-DL configuration (Config#4) having a maximum number of DL
subframes among UL-DL configurations which are supersets of DL subframes of both
Config#1 set in PCell and Config#3 set in SCell.
10 [0062] There are three combinations of UL-DL configurations in which two component
carriers are neither DL heavy nor UL heavy: Config#l and Config#3, Configh2 and Configh3,
and Configh2 and Configf4 (see FIG 8). At this time, when one component carrier is
Config#l and the other component casrier is Configh3 (see FIG 10B), a UL-DL configuration
referenced by SCell is assumed to be Confighd. Furthermore, when one component carrier is
15 Configh#2 and the other component carrier 1s Config#3, a UL-DL configuration referenced by
SCell is assumed to be Configh5.  On the other hand, when one component carrier is Config#2
and the other component carrier is Config#4, a UL-DL configuration referenced by SCell is
assumed to be Config#s.
[0063] By so doing, there is no timing in PCell at which PUCCH corresponding to PDSCH of
20  SCell cannot be transmitted. Furthermore, there will be no case where DI subframes of SCell
carmot be used due to inability for PCell to define the PDSCH-PUCCH timings described above.
For this reason, SCell can use all DL subframes.
[0064] FIG 11 illustrates an example of PDSCH-PUCCH timings when a set of DL
subframes of PCell included in one frame is included in a set of DL subframes of SCell (that is,

25  when a sef of DL subframes of PCell is a subset of DI, subframes of SCell or when PCell is UL

heavy). In this case, SCell references PDSCH-PUCCH timings defined in Config#l set in
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15 NPL 6 ZTE, 3GPP RAN1 meeting #57, R1-091702, "Uplink Control Channel Design for
LTE-Advanced," May 2009 NFL 7  Panasonic, 3GPP RAN1 meeting #57, R -091744, "UL
ACIQNACK transmission on PUCCH 20for Carrier aggregation,” May 2009 Summary of Invention
Technical Problem [0068] As described above, DL HARQ regarding downlink data needs to be

supported ap %%xi\égqﬂegeﬁg.u@aggﬂl%%q& ypeggpmong a plurality of component carriers. As an

example, G 12A shows a DL FIARQ process when a base station assigns downlink data to a

terminal sgq é@é‘yh{m&aﬁmwgmﬂp%&ﬁ&w AR RISRASRAS IS BEEi G rdfltistigiesa case

where PCell is DL heavy as shown in FIG. 9B and a case where SCell references PDSCH-PUCCH

timings defingghimacHl- RbsenfiguratiopsaiinRCell aSunthesraaver forarcarRats aR With F1G. 12A,

FIG. 13A shows an example of DL HARQ processes in a case where a base station 5 assigns

downlink dataf@demminab&asns ladakedne aayintdn). NUBRELFIED bHARE: P CESBes M A
component carrier (cell) in which Config#0 is set when carrier aggregation is not set (non-CA period).

[0069kNotadhdt enrsitsiadofumbeisd nhkd Get?Alanck:EdGol 3heshiowaDleHARQpLeoeSs Hintiders. On the
other hand, solid line arrows show PDSCH-PUCCH timings. Broken line
ratio, a reduction of power consumption in a base station by increasing a UL ratio in a time zone
with a low traffic load or the like. As a method of changing a UL-DL configuration, studies
are being carried out on (1) a method by indicating an SI (System Information) signaling base,
(2) a method by indicating an RRC (higher layer) signaling base and (3) a method by indicating
10 an LI (Physical Layer) signaling base.
[0066] Method (1) corresponds to a change of a UL-DL configuration with the lowest
frequency. Method (1) is suitable for cases where an objective 1s to reduce power consumption
in a base station by increasing a UL ratio, for example, in a time zone with a low traffic load
(e.g., midnight or early morning). Method (3) corresponds to a change of a UL-DL
15 configuration with the highest frequency. A small cell such as a pico cell has fewer terminals
to be connected than a large cell such as a macro cell.  In a pico cell, UL/DL traffic of the
entire pico cell is determined depending on the amount of UL/DL traffic in a small number of
terminals connected to the pico cell. For this reason, a violent time fluctuation in UL/DL
traffic occurs in the pico cell. Therefore, method (3) is suitable for a case where a UL-DL
20 configuration is changed in accordance with a time fluctuation in UL/DL traffic in a small cell
like a pico cell. Method (2) may be positioned between method (1) and method (3) and is

suitable for a case where a UL-DL configuration is changed with a medium degree of

frequency.

25  Citation List

Non-Patent Literature
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10 arrows show timings between reception of PUCCH (response signal) at a base station and
retransmission of PDSCH (downlink data) for the PUCCH (hereinafter, may also be referred to as
"PUCCH-PDSCH timing"). Note that PDSCH-PUCCH timing and PUCCH-PDSCH timing may be
expressed as DL HARQ timing For example, a time interval required from PUCCH reception to
PDSCH re bggzﬂnission is 4 ms (4 subframes) or more. Furthermore, the 15 time required from
PDSCH transmission to PDSCH retransmission is expressed as PDSCH RTT (round trip time) [0070]
Both SCelhipvhich Config#0 is set in FIG 12A and a component carrier in which Config#0 is set in
FIG. 13A have four DL subframes (including special subframes) per frame. However, PDSCH RTT in

FIG. 12A isdiifersmidmamithat ip, FiGy AR el 8 oReeHicn A0-RRS € Riakcisb@ms for all DL
HARQ processes in FIG 13A. In contrast, PDSCH RTT of each DL HARQ process is 11 ms or 14 ms

in FIG. 12A1For this reason, in FIG. 13A, since PDSCH RTT is 10 ms for four DL subframes per frame
(10 ms), a maximum of four DL HARQ processes are sufficient. This corresponds to the fact in FIG. 7B
that the maxiRitifis Aamiaey of. DL, VARG lerbgeasbchimi@bafiti# (Rdewe 0N, thdapthedhiand, since
PDSCH RTT in FIG 12A 25 is greater than 10 ms, more than four DL HARQ processes are necessary.
To be mor&lBpékcific, in the case of FIG 12A, a maximum of five DL HARQ processes are necessary.
[0071] The reason that more DL HARQ processes are necessary is that SCell references
PDSCH-PBGIEH tiRfidds teéfindd Thlwiinalbivaantiefkasbiielbien 190 IMaedvidd than a UL-DL
configuration set in SCell itself In other words, this is because SCell references PDSCH-PUCCH
timings dehf8efin the UL-DL configuration which has fewer UL subframes 5 and fewer chances of
PUCCH transmission than the UL-DL configuration set in SCell. [OQ72iAs shown in FIG 7A and FIG.

7B, a DL HXi®) YakedufIPsidatebaddih Mamimaithiatiee Sminrd proesasss
(MotkiARQ) defined in the UL-DL canfiguration set in the termipal (see equatior) 1). For example, FIG.
135 i1t ot SEb L BOe B GO AR Gy PR IR the UPSEXibAguration
setin SCe 4'1?‘%:{?1}1%%@nd.the 10. mum number of DL HARQ processes of SCell is four, the
SCell soft buffér'is divided’mie’fobl: T ] On the other hand, FIG 12B illustrates the SCell soft buffer

in FIG 12%§E§hown in FIG. 12B, since the UL-DL configuration set in SCell is Config#0, the SCell
soft bufferis

Ericsson and ST-Fricsson, “A/N transmission in the uplink for carrier aggregation,” R1-100909,
3GPP TSG-RAN WG #60, Feb. 2010

15 NPL6
ZTE, 3GPP RANI meeting #57, R1-091702, “Uplink Control Channel Design for
LTE-Advanced,” May 2009
NPL7
Panasonic, 3GPP RAN1 meeting #57, R1-091744, “UL ACK/NACK. transmission on PUCCH

20 for Carrier aggregation,” May 2009

Summary of [nvention

Technical Problem

[0068] As described above, DI HARQ regarding downlink data needs to be supported even
25 when a UL-DL configuration varies among a plurality of component carriers.  As an example,

FIG. 12A shows a DL HARQ process when a base station assigns downlink data to a terminal so
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divided into four as in the case of FIG. 13B. However, as shown in FIG 12A, when SCell 15 references
PDSCH-PUCCH timings defined in a UL-DL configuration which is DL heavier than the UL-DL
configuration set in SCell, the maximum number of DL HARQ processes in SCell is greater than the
value shown in FIG. 7B (value during a non-CA period). To be more specific, when PDSCH-PUCCH

timing referpnaad-y Rl Hetikeing of Soatighkothadmaxipum nunbeof ik IARQREacRsses

actually required in SCell is five. For this reason, 20 as shown in FIG 12B, the terminal cannot allocate

any IR buffercp sanienedy AR RIOBEFRESHD bt ARLIPRORES SOUMBRIMIBsHIGSLIBRUtLE, it is not
possible to obtain any coding gain by HARQ retransmission for the DL HARQ processes to which no

IR buffer isimiiagatednfdQii4] BE-Uéscritkaabionscitiis ilkiin IUaHdaierenbes PRgekpW@eH timings
defined in a UL-DL configuration which is DL heavier than the UL-DL configuration set in SCell that the
25 maximiinliiab&iGf DA EhaRQeprorvegde sbichiiskigiualysseginredan $Get béeomesigreater than
the maximum number of DL HARQ processes defined in the UL-DL configuration set in SCell.
Therefore apogiywital @G Btominebwbin ksothmmPCel iwmbithei DL HreB@mmerides heavy
(FIG 10B), the maximum number of DL HARQ processes which is actually required in SCell becomes
greater thaf thesBIslrfeRish betlbib WHARG pHete Ssessidetiee Farigicapaepatiednfigut#8bn set in
SCell. Thus, problems similar to those described above 5exist also when PCell is neither DL heavy nor
UL heavy. R9875PRe"@84cribed above, when SCell references PDSCH-PUCCH timings defined in a

UL-DL confi tion which is DL heavier than the UL-DL configuration set in SCell, there is a case
where the%@%ti‘f&%en 5&8‘8&‘&5&? om et 5Lpﬁﬁd&p?8ae@§%sléﬁdsh‘%§’%ﬂéégiglé”fﬁcﬁgﬁtain any

codng S RIS AR U RISl h s e e e g rode
e RIS ARl onlaysion i anane s sl sepmen carrs
apparatus ot ansmission of PDSCH {downlink data) for the PUCCH (hereinafter, may also be referred to
as “PUCCH-PDSCH timing”). Note that PDSCH-PUCCH timing and PUCCH-PDSCH
timing may be expressed as DL. HARQ timing. For example, a time interval required from
PUCCH reception to PDSCH retransmission 18 4 ms (4 subframes) or more. Furthermore, the
15 time required from PDSCH transmission to PDSCH retransmission is expressed as PDSCH
RTT (round trip time).
[0070] Both SCell in which Configh0 is set in FIG. 12A and a component carrier in which
Configh0 is set in FIG. 13A have four DL subframes (including special subframes) per frame.
However, PDSCH RTT in FIG 12A is different from that in FIG 13A.  To be more specific,
20 PDSCHRTT is 10 ms for all DI. HARQ processes in FIG. 13A.  In contrast, PDSCH RTT of
each DL HARQ process is 11 ms or 14 ms n FIG. 12A.  For this reason, in FIG 13A, since
PDSCH RTT is 10 ms for four DL subframes per frame (10 ms), a maximum of four DI, JJARQ
processes are sufficient.  This corresponds to the fact in FIG. 7B that the maximum number of
DL HARQ processes in Configh0 is four.  On the other hand, since PDSCH RTT in FIG. 12A
25 is greater than 10 ms, more than four DL HARQ processes are necessary.  To be more specific,

in the case of FIG: 12A, a maximum of five DL HARQ processes are necessary.
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‘which communicates with a base station apparatus using a plurality of component carriers and for
which a configuration pattern of subframes included in one frame is set for each of the plurality of
component carriers, the configuration pattern including a downlink communication subframe used for
downlink communication and an uplink communication subframe used for 20 uplink communication,
the termingl@qparabesrinebading: @cde dodi RASET tinndhadsSipresdiare imamiksitinrbiofiacedownlink
data transmitted in each of the plurality of component carriers and decodes the downlink data; a
generating8eiidrPibaCenerage scdined pomsa_sijnedafgingiaorestitiofsdpiohaeiectian ol thédownlink
data; and a transmitting section that transmits, using a first component carrier of the plurality of
componentoedigierson regpans8&inasddr firde 26tdowniindsdattasrasebvadusingCitle fieftremerponent
carrier and a response signal for second downlink data received using a second component carrier of
the pluralifLateOmipsrerttsakiasrdciipedvitiche He-bliffernitiidms avhidt buffermgidt StorbSanesfirst
downlink data and a second buffer that stores the second downlink data; and the second buffer is

divided int¥eGisRchssprsceh /il Eotreassnehiog tharchakdnsionirsateasd Busealon a specific value

determined by a combjnation of a first confi%urationﬁattern that is set in_the first component carrier

and a seco BbonrgthaiB A EE A AR KISt the?SdoRRH Sufehtdidsd ps98PA Beitter
dividi haod di fth invention is, inal
Which conTHUAAREE A & VoL ARFDH SRy SELRy B b 11

which 2 configuralion pattern of subames includediponeiame is Set gr sach o fae plyralty o

componenfcarrlers, confrguration pa incluting a ownlmk communication subframe used

for do""”"riﬁj%" MALAISRHIR ARd A Uplink t%%’%‘%‘@f%%ﬁﬁg <&t %‘z%%%éﬁ.ﬁ#@%ﬁé%ﬁa%”ﬁ cation, the

method including: storing, in a retrarismission ata transmitte e plurality

of compong LGS S AEFORHIINGREPYHIK AABL GENRIAING R RSAPRIERIBNAL URIAG 2 s ult Of

error detection of the downlink data; ahd transmitting, using a first component carrier of the plurality of
componeng,}p carriers, a response signal for first downlink data received in the first component carrier
and a response signal for second downlink data received in a second component carrier of the plurality

of componeoysprrgsshinomRichthe kv ffepinalveassay schufferthatstareschefivst dewndink data and

a second buffer that stores the second downlink data; and the second buffer is divided into regions
respectively stresmnndling e relransrussion-piecessasshatad oondishecfico@leddbdetennined by a

combination of a first configuration pattern that is set in the first component carrier and a second
configuratidinipattéano that issSettr theeselCBHd ¢85 paienwtcarriershddvaint &6 oLBAE fidets SC¢vention
[0079] According to the present invention, it is possible to obtain a coding gain by HARQ for 25 all DL
HAR@ procéssesce\INSWReALH UH Diniogrfigiration diffdrd Hnoniguptimalithioh deripomemtecarriers.
Brief Description of Drawings
than the UL-DL configuration set in SCell, the maximum number of DL HARG processes in
SCell is greater than the value shown in FIG 7B (value during a non-CA period). To be more
specific, when PDSCH-PUCCH timing referenced by SCell is timing of Config#l, the
maximum number of DL HARQ processes actually required in SCell is five.  For this reason,
20 as shown in FIG 12B, the terminal cannot allocate any IR buffer to some DL HARQ processes
(DL HARQ process mumber 5 in FIG 13B).  Thus, it is not possible to obtain any coding gain
by HARQ retransmission for the DI. HARQ processes to which no IR buffer is allocated.
[0074] As described above, it 18 when SCell references PDSCH-PUCCH timings defined in a
UL-DL configuration which is DL heavier than the UL-DL configuration set in SCell that the

25 maximum number of DL HARQ processes which is actually required in SCell becomes greater

than the maximum number of DL HARQ processes defined in the UL-DL configuration set in
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[0080] FIG. 1 is a diagram illustrating a method of spreading response signals and reference
5signals; FIG. 2 is a diagram illustrating an operation related to a case where TDM is applied to
response signals and uplink data on PUSCH resources; FIG 3 is a diagram provided for describing a
UL-DL configuration in TDD; FIGS. 4A and 4B are diagrams provided for describing asymmetric

carrier aggegation10aR a6PRPLIRAURNGE: 2PRIIRELL ndividuakiermingls FIGG isiaiagram

provided for describing channel sélection; FIGS. 6A and 6B are diagrams provided for describing a

bundling mgthod apghe RPN MENREiRERRumber FIGS 1TRANEIBBEE diagiamsrrgyided for

describing division of a soft buffer and 15 determination of the maximum number of DL HARQ

processesiequirkdGn Basipudiaghsirievded fe dpsaribinadadusianelations abiksssbiames among

UL-DL configurations; FIGS. 9A and 9B are diagrams provided for describing SCell reference
timings whaniRQell-isIDtohegwyi 2R REER. IOMN . andhlie Bravis aiggriaiiar prowceddscdestebing SCell
reference timings when PCell is neither DL heavy nor UL heavy; FIG 11 is a diagram provided for
describingcsEedlseferane€dinsmgshahioh R@el ner UL heawy;

[0075] As described above, when SCell references PDSCH-PUCCH timings defined in a

UL-DL configuration which is DL heavier than the UL-DL configuration set in SCell, there is a

case where the TR buffer is not allocated to some DL HARQ processes and it is not possible to

obtain any coding gain through HARQ retransmission.

10 [0076] An object of the present invention is to provide a terminal apparatus and a buffer

dividing method capable of obtaining a coding gain by HARQ for all DI, HARQ processes even

when a UL-DL configuration differs among a plurality of component carriers.

Solution to Problem

15 [0077] A terminal apparatus according to an aspect of the present invention is an apparatus
which communicates with a base station apparatus using a plurality of component carriers and
for which a configuration pattern of subframes included in one frame is set for each of the
plurality of component carriers, the configuration pattern including a downlink communication
subframe used for downlink communication and an uplink communication subframe used for

20 uplink communication, the terminal apparatus including: a decoding section that stores, in a
retransmission buffer, downlink data transmitted in each of the plurality of component carriers
and decodes the downlink data; a generating section that generates a response signal using a
result of error detection of the downlink data; and a transmitting section that transmits, using a
first component carrier of the plurality of component carriers, a response signal for first

25  downlink data received using the first component carrier and a response signal for second

downlink data received using a second component carrier of the plurality of component carriers,
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FIGS. 12A and 12B are diagrams provided for describing a problem when PCell is DL 25 heavy; FIGS.
13A and 13B are diagrams provided for describing a problem when PCell is DL heavy; FIG. 14 is
a block diagram illustrating a main configuration of a terminal according to Embodiment 1 of the
present invention; FIG 15 is a block diagram illustrating a configuration of a base station

according fo-olmbdinert hahie LISISNHNERIRes the i dRUSRILIGEK AR YSIELINg &

configuration of a terminal according to Embodiment 1 of the present invention; FIGS. 17Ato 17C
are diagrafps: Bravided Jeiode seriking:aiseting sanasetthermaximumaumberehPldiARQprocesses

referenced by SCell according to Embodiment 1 of the present 10invention; FIG. 18 is a diagram

illustrating BRSFHIRY correapengiamhio préddbsil canfipwiationpesacdingdo Bmbodisaeny 1:0f the
present invention; FIGS. 19A and 19B are diagrams illustrating the maximum number of DL HARQ

processescrefeientechby Gl ethdtaesdngptodrrthadinearih thoffiliecprgserhinuaiitand 156420 is a
diagram provided for describing a soft buffer dividing method according to Embodiment 1 of the
present invendigarption pattern that is set in the second component carrier.
{0078] A buffer dividing method according to an aspect of the present invention is a method
for a terminal apparatus which communicates with a base station apparatus, using a plurality of
component carriers and in which a configuration pattern of subframes included in one frame is
set for each of the plurality of component carriers, the configuration pattern including a
10 downlink communication subframe used for downlink communication and an uplink
communication subframe used for uplink communication, the method including: storing, in a
retransmission buffer, downlink data transmitted in each of the plurality of component carriers;
decoding the downlink data; generating a response signal using a result of error detection of the
downlink data; and transmitting, using a first component carrier of the plurality of component
15 carriers, a response signal for first downlink data received in the first component carrier and a
response signal for second downlink data received in a second component casrier of the plurality
of component carriers, in which: the buffer includes a first buffer that stores the first downlink
data and a second buffer that stores the second downlink data; and the second buffer is divided
into regions respectively corresponding to retransmission processes based on a specific value

20  determined by a combination of a first configuration pattern that is set in the first component

carrier and a second configuration pattern that is set in the second component carrier.

Advantageous Effects of Invention
[0079}  According to the present invention, it is possible to obtain a coding gain by HARQ for
25 all DL HARQ processes even when a UL-DL configuration differs among a plurality of

component carriers.
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FIG 21 is a diagram illustrating results of comparison in minimum values between-the maximum
number of DL HARQ processes referenced by SCell and a constraint value of the maximum number of
DL HARQ processes according to Embodiment 1 of the present 20invention; FIGS. 22A and 22B
are diagrams provided for describing a method of simply determining the maximum number of DL
HARQ processes referenced by SCell according to Embodiment 2 of the present invention;

FIGS. 23A and 23B are diagrams provided for describing timings referenced by SCell 25when
cross-carripfisichegyipien $sBtafits24 is a diagram provided for describing a problem when
cross-carrier scheduling is set; FIG. 25 is a diagram illustrating the maximum number of DL HARQ
processes|m@i&enced by SCell when cross-carrier scheduling is set according to Embodiment 3 of the
present invention; 5FIG. 26 is a diagram provided for describing a problem when TDD elMIA is set;
and FIGS. 2FRGaihds2¥ Bigpendiadusimasgravidebforlgsetibing msmetizodentidetet mifirgdhe
maximum number of DL HARQ processes referenced by SCell when TDD eliMTA is set according to
Embodimesngmilsf the present invention. 10 Description of Embodiments [0081] Hereinafter,
embodiments of the present invention will be described in detail with reference to the accompanying
drawings ThrougHout thie: dipsgainiSitsting Sepnerdienislisdie assrgrivrhd Biine rerbindree
numerals and any duplicate description of the elements is omitted. 15[0082] (Embodiment 1) FIG
14 is a malfseorFigisationrdinpiskiatkienRinal- Dowsaeestding to the present embodiment. Terminal 200
communicates with base station 100 using a plurality of component carriers. Furthermore, as a

configuration pattérndf &IBEEEE TIHAEY HrSHBREME. HE CoMFFURIEBA I m including downlink

communication %Lf(t}rféag}g fm(tP }LBSlélrtgr(%%ng?asl%s provided for describing asymmetric carrier aggregation

10 and a control sequence applied to individual terminals;

FIG. 5 is a diagram provided for describing channel selection;
FIGS. 6A and 6B are diagrams provided for describing a bundling method and a
mapping method in TDD;
FIGS. 7A and 7B are diagrams provided for describing division of a soft buffer and
15 determination of the maximum number of DL HARQ processes;
FIG 8 is a diagram provided for describing inclusion relations of DL subframes among
UL-DL configurations;
FIGS. 9A and 9B are diagrams provided for describing SCell reference timings when
PCell is DL heavy;
20 FIGS. 10A and 10B are diagrams provided for describing SCell reference timings when
PCell is neither DL heavy nor UL heavy;
FIG. 11 is a diagram provided for describing SCell reference timings when PCell is UL
heavy;
FIGS. 12A and 12B are diagrams provided for describing a problem when PCell is DL
25  heavy;

FIGS. 13A and 13B are diagrams provided for describing a problem when PCell is DL
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20 used for downlink communication and uplink communication subframes (UL subframes) used for
uplink communication (UL-DL Configuration) is set in each component carrier set for terminal 200. In
temainal 200, decoding section 210 stores downlink data respectively transmitted in a plurality of
component carriers in a retransmission buffer (soft buffer) and decodes the downlink data, response
signal genggading section 212 generates a response signal 25using results of error detection of the
downlink data, radio transmitting section 222 transmits a response signal corresponding to first
downlink data reggived inafissk cosppananiseatiigr (Raelpefitheniuraliy eheompenatheariers and a
response signal corresponding to second downlink data received in a second component carrier
(PCell) usingibbeifivstt ¢afyhopentadrventibiere, the above-described soft buffer includes a first buffer
(PCell soft buffer) that stores first downlink data and a second buffer (SCell soft buffer) that stores
second downlink'tiatd; dnd theck degond Huffertisgdividetigmtairegidns respsativelyccodiagponding to
retransmission processes (IR buffers) based on a specific value (maximum UL-DL configuration to be
referefcedjreedimminietiabyha weraninatoHE a first configuration pattern set in the first component
carrier and a second configuration pattern set in the second component carrier. [00831 (Configuration
of Base Station)FH0FIt® 15 # basdsnfitpgration arighias dicpaleustiasncd oo sessidingow Easdiment 1
of the present invention. In FIG. 15, base station 100 includes control section 101, control information
generating SERaBRet 3 ERARFELABIFAES modulation section 104, coding section 105, data

transmission controlling section, 106, modulation. section 107, mapping section 108, inverse fast
Fourier transfor{IEF 15 sbohin 64 AP HRBRY L BT TE iy A HENG 18 SERIBM 11, radio

receiving section 1 oving sectjon 113, P H extracti ction 11 dFe reading section
115, sequil RSN KO- Los CITPaN SiotL SR Lot IR R, LElReRfng bection

118, Fémdlleg ﬁ\tNOg,espreading section 119, inverse discrete Fourier transfonn (IDFT) section 120,
bundfed AN gt %ert’nining section 1.21.and retransmission control signal generating section 122.

20[0084] Comf%g@cm.aod}agfﬁgnmmrwﬂwﬁwso@és ansmiting senyelnfermaian (e,

downlink control information assignment reSource) and a downlink resource for transmitting downlink

data (i e, dpwnligl daia,A3JGNMantFERUESE): idagRource assignment target terminal (hereinafter,

referred to as "destination terminal” or simply "terminal”) 200. This resource assignment is performed
in a dowrdink companaoicarierdRChide i Ad SrRiRene thCaHeharauR aaRtialirest ferArspurce

assignment target terminal 200. In addition, the downlink control information assignment resource is
selected frRm-aMQNPIRBKRSOUBCRS according to Embodiment 1 of the present invention;
15 FIG 20 is a diagram provided for describing a soft buffer dividing method according to
Embodiment 1 of the present invention;

FIG. 21 is a diagram illustrating results of comparison in minimum values between the
maximum number of DL HARQ processes referenced by SCell and a constraint value of the
maximum number of DL HARQ processes according to Embodiment 1 of the present

20 invention;

FIGS. 22A and 22B are diagrams provided for describing a method of simply
determining the maximum number of DL HARQ processes referenced by SCell according to
Embodiment 2 of the present invention;

FIGS. 23A and 23B are diagrams provided for describing timings referenced by SCell

25 when cross-carrier scheduling is set;

FIG. 24 is a diagram provided for describing a problem when cross-carrier scheduling is

28



corresponding to downlink control channel (i.e., PDCCH) in each downlink component carrier.
Moreover, the downlink data assignment resource is selected from among the resources
corresponding to downlink data channel (i.e., PDSCH) in each downlink component carrier. In addition,
when there are a plurality of resource assignment target tenninals 200, control 5section 101 assigns
different reggurces to resource assignment target terminals 200, respectively. [0085] The downlink
control info tation assignment resources are equivalent to 11,1/L2 CCH described above. To put it
more specificallyf ke Hownknkiagatioklinforuaticheassigimmeantmesberees1ale Batt(fosroedses one or a
plurality of CCEs. [0086] Control section 101 determines the coding rate used for transmitting control
10 informatibereioced Sou ech ssignmenstarget tehwinbih@ 00skheaadagize lobhthelioomirdl affdrenation
varies depending on the coding rate. Thus, control section 101 assigns a downlink control information
assignmenteeggarzentiaving the number of CCEs that allows the control information having this data
size to be mapped to the resource. [0087] Control section 101 outputs information on the downlink
data a&signmentiésdhisa drgaraaraditarbrdateihipeaerahirssan R 2INibrds v 28dntrol section
101 outputs information on the coding rate to coding section 103. In addition, control section 101

determines and btftputs’th&CotifFadias irah s U Ass e nsvIcd abgaisayaing Bection 105.
Moreover, control section 10 t information on.the downli ta, assj ent resqurce and
o, SOt P MR e Bt 18, 1D Borisriral
section 101 cor%ﬁrolg t gsaglgmg%%ﬂ such w% hat the downlink data and downlink control

. . Orging 1o i O £ present yention. . .
informatior 107 the"dOwNInK Oata are ma%peélto e same downlink component carrier. [0088] Control

infonualion generating section 102 generates and outputs control infounation including the information

on the dowrdink data assignment resource to coding section 103. This control information is generated
for eagh deyplink.compgnent:capper. In addition, when 25there are a plurality of resource assignment

target terminals 200, the control information includes the terminal ID of each destination terminal 200

in order to @isiNUIRhJRSAL CEnREIARMEDT BLoskierminalz:2A0pra.onaarRtheal- fepfiexample, the
control information includes CRC bits masked by the terminal ID of destination terminal 200. This

control infQpRALRR Hanbaseiareale asvasrirolirignpRtiomeamIng Hendlnk assioBmeatisor
"downlink control information (DCO." Control information generating section 102 references, 5for
example, the reiiansmissiomeonifataignalitiea shawahgansiated ydeiRASON 08 GaRIOks
omitted.
15 [0082] (Embodiment 1)

FIG 14 is a main configuration diagram of terminal 200 according to the present
embodiment. Terminal 200 communicates with base station 100 using a plurality of
component carriers. Furthermore, as a configuration pattern of subframes included in one
frame, the configuration pattern including downlink communication subframes (DL subframes)

20 used for downlink communication and uplink communication subframes (UL subframes) used
for uplink communication (UL-DL Configuration) is set in each component carrier set for
terminal 200. In terminal 200, decoding section 210 stores downlink data respectively
transmitted in a plurality of component carriers in a retransmission buffer (soft buffer) and
decodes the downlink data, response signal generating section 212 generates a response signal

25  using results of error detection of the downlink data, radio transmitting section 222 transmits a

response signal corresponding to first downlink data received in a first component carrier
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signal generating section 122 and-includes, in the control information, retransmission information
indicating whether transmission of downlink data whose transmission is controlled by data
transmission controlling section 106 is initial transmission or retransmission. [0089] Coding section 103
encodes the control information using the coding rate received 10from control section 101 and outputs

the coded WEIQ'AF@QW?%FM%@R sastiens04 109k Madidation serion: i94madulates the

coded control information and outputs the resultant modulation signals to mapping section 108.

[0091] Codipgrspkligmiossesihedansissigrdaiarbe P denynlink dala-foseashdastination
terminal 200 and the coding rate information from control section 101 as input and encodes and
150utputs Hedrarsapissidssdatadeofetaftansmissionteriigtin grsration H6:H oweverswhen a
plurality of downlink component carriers are assigned to destination terminal 200, coding section 105
encodes edchrpiskcdad trahsmeissio budkia 30 Hestarnsiitetiantarcoscespbhdinddnéaof tnd townlink
component carriers and transmits the coded pieces of transmission data to data transmission
controfling ssectid 6120 [0G9hD atgitrTspiEtior contesiinglisedtiosiraddnouiputs dbeco déd
transmission data to modulation section 107 and also keeps the coded transmission data at the initial
transmissihiirshdifitish cdata tResdinission derebing déetish 10sllegthéaransmmissisidata for
one destination terminal 200 for each downlink component carrier on which the transmission data is
transmittedCtEREIE b BRI PE lotriTbt SHig Fetiam SAistoRtdBrifo fitsh eapancahaatrier
25transmitted to destination terminal 200, but also retransmission control for data on each downlink

componenttbHEr BRI SEHIRB RAGTE. ShEr e tshd FBRRPRFACRIBFDTX for downlink data

transmitte%) certai doyvnlinli omponent carrier from retransmission control signal generating
section 12 %gﬁa t%g B E ﬁﬁ?ﬁﬁ%@@ction 106 outputs the data kept in the manner described

aboveand correspanding o (his downlink companent gayer o modalign sectipn 107. Jgen 5

(3]
recepton of an he ateCtransmitted ona certain do InNK'component cartier from

retransmisééig&l%o'ﬂﬁ(%hﬁi%{?a' ﬂlerlﬁgigéﬁ‘@ seciondig: daiR ﬁﬁg{%ﬁg@%ﬁﬁgo 0@&%@%?6@8%96 deletes

the data kept in the manner desc above and correspon ownlink coniponent carrier.

[0094] Mogiiation: seclind 07 madiiates é&% deddrensmissionsaiadecayes fomslata;dP

transmission controlling section 106 and outputs the resultant modulation signals to mapping section
108. 103, data transmission controlling section 106, modulation section 107, mapping section 108,

inverse fast Fourier transform (IFFT) section 109, CP adding section 110, radio transmitting

15 section 111, radio receiving section 112, CP removing section 113, PUCCH extracting section
114, despreading section 115, sequence controlling section 116, correlation processing section
117, A/N determining section 118, bundled A/N despreading section 119, inverse discrete
Fourier transform (IDFT) section 120, bundled A/N determining section 121 and retransmission
control signal generating section 122.

26 [0084] Control section 101 assigns a downlink resource for transmitting control information
(i.e., downlink control information assignment resource) and a downlink resource for
transmitting downlink data (i.e., downlink data assignment resource) for a resource assignment
target terminal (hereinafler, referred to as “destination terminal” or simply “terminal™) 200.
This rtesource assignment is performed in a downlink component carrier included in a

25  component carrier group configured for resource assignment target terminal 200.  In addition,

the downlink control information assignment resource is selected from among the resources
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[0095] Mapping section 108 maps the modulation signals of the control information received from
modulation section 104 to the resource indicated by the downlink control information assignment
resource received from control section 101 and outputs the resultant modulation 15signals to IFFT
section 109. [0096] Mapping section 108 maps the modulation signals of the transmission data

received fiom.madulation sesfien 1970 thesesawcerterF RIGH Smtamlinbratashagne))

indicated by the downlink data assignment resource received from control section 101 (i.e., information

included iniheGRRtrlNdermBHe 8N dsgdRkts: theserltantaneaidation sighals tae2Alkfl.gection 109.

[0097] The control information and transmission data mapped to a plurality of subcarriers in a plurality
of downlinkgemppanapticatpeisiik Mappigselion HOSasIiransierMR Mg tipeesmaingignals from
frequency-domain signals in IFFT section 109, and CP adding section 110 adds a CP to the
time-domdin sighwis, tafenmhet i sighaddityT be1@elihd sighalsemderga 2biiandmiesiotvproressing
such as digital to analog (D/A) conversion, amplification and up-conversion and/or the like in radio
transndittingsectioh bidgandiHeeetiansmittsdotcetermainasi20Qaittapeaktennds 0098k Ratislyeceiving
section 112 receives, via an antenna, the uplink response signals or reference signals transmitted from
terminal 200)%d pbefdemislidceptitnh ipfocedgingssigmast downtesrve rsanalcaDiedilet iéidand/or the

like on the uplink response signals or reference _ ) ) ]
described above. To put it more specifically, the downlink control information assignment

resources are each formed of one or a plurality of CCEs.
[0086] Control section 101 determines the coding rate used for fransmitting control
10 information to resource assignment target terminal 200. The data size of the control
information varies depending on the coding rate.  Thus, control section 101 assigns a downlink
control information assignment resource having the number of CCEs that allows the control
information having this data size to be mapped to the resource.
[0087] Control section 101 outputs information on the downlink data assignment resource to
15 control information generating section 102.  Moreover, control section 101 outputs information
on the coding rate to coding section 103. In addition, control section 101 determines and
outputs the coding rate of transmission data (i.e., downlink data) to coding section 105.
Moreover, control section 101 outputs information on the downlink data assignment resource
and downlink control information assignment resource to mapping section 108. However,
20 control section 101 controls the assignment in such a way that the downlink data and downlink
control information for the downlink data are mapped to the same downlink component carrier.
[0088] Control information generating section 102 generates and outputs control information
including the information on the downlink data assignment resource to coding section 103.
This control information is generated for each downlink component carrier.  In addition, when
25  there are a plurality of resource assignment target terminals 200, the control information

includes the terminal ID of each destination terminal 200 in order to distinguish resource
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5signals. [0099] CP removing section 113 removes the CP added to the uplink response signals or
reference signals from the uplink response signals or reference signals that have undergone the
reception processing. [0100] PUCCH extracting section 114 extracts, from the PUCCH signals
included in the 10 received signals, the signals in the PUCCH region corresponding to the bundled

ACKINACK tesauige ey gyshniidisgiedda teiminakelo. fhe A ACKINAF K IG3QUIGE herein

refers to a resource used for transmission of the bundled ACKIJNACK ‘signals and adopting the

DFT'S'OFQMJI{%”@@%H{ES]&% gt ih@%%qiﬁcaﬂhaeaﬁ%ﬂ exactinmsectan Lidxtracts the
data part of the PUCCH region corresponding to the bundled ACK/NACK resource 15 (i.e., SC-FDMA

symbols o whighishehungied: ARKINAGK-@sauIGafisBesianes)-and thereferencersignal part of the
PUCCH region (i.e., SC-FDMA symbols on which the reference signals for demodulating the bundled
ACKJINACHK sighials afgreissinadiioR LD extragtingh®eehdionl ddautpuisiiencXizacteddaia part to
bundled A/N despreading section 119 and outputs the reference signal part to despreading section
115-1 520[6dGkpinpad ditionr kit de xtractingsdcionshddexdractstefl bmrthedAdic@id sigmals included
in the received signals, a plurality of PUCCH regions corresponding to an A/N resource associated
with a CCEighalt lzasetating owctipied Y tivel PDOGEs. usedifor tramsrhissiometiche thowisinissagsignment
control information (DCI), and corresponding to a plurality of A/N resources previously indicated to
terminal 2000TRRIAINDfesbnecevsheidrraiarssionhe fesplinbel28ty insUsaorsirans masidiedf an AIM.
To put it more specifically, PUCCH extracting section 114 extracts the data part of the PUCCH region
correspon@ihgitd RSN PaSSRRA B Seele SN A EHHFSIS BEs DRBH EHEERINTIeBoNtrol signals are
assigned) and the reference signal part of the PUCCH region (i.e., SC-EDMA symbols on which the
reference gRals foPHRpSAlRRinE IRBCORTHK'E SHEEP SIGRAMS A H5gna) I TE eate ditFiitthg section

114 outputs both of the extracted data part and reference.signal part to dgspreading section 115-2. In
s S1hhani e U FSEEES A A FLB R R T AUBTEL GhIe BABuPUR METPOLEH resource

associated iy the CEFE and the speiic PREEH pesaurcs preyiouslindicated ip ferming), 200. [0102
Sequence'con |]0II|ng SeCttion T generates a base sequence that may be'tsed for SPrea ing each of

the A/N incriig@%fﬂr%%ﬁ%g%lg%%g?thgﬁéﬁé_%%gﬁinggg_als for the A/N, and the reference signals for

the bundled signa , e sequence). In 10 addition, sequence controlling

section 116, jdentifiesa corralations windaw eoreseRnding i isseuse.om wiich ig.tefsrence signals

may be assigned (herematfter, referred to as "reference signal resource") in PUCCH resources that

may be usgg by ferminal AR%.SUSRARSARINAGSRSHARIL GRS infarmationingigating the

correlation window corresponding to the reference signal resource on which the reference signals may

be asgjgneghinRuRCiec ke At iaIAMEaasRAG e dRSeSefenRe to correlation processing
section 117-1. Sequence controlling section 116 outputs the information indicating the correlation

window coHgspenrdingia ihestetereneesignatsegouae anitibarbaseosed uensdigicaretation
processing section 117-1. In addition, sequence controlling section 116 outputs the information

indicating @i costiiatiertivinddy eacekpandingitodhd AdNyessirceaenovhichainniitdaod the

reference
corresponding one of the downlink component carriers and transmits the coded pieces of
transmission data to data transmission controlling section 106,

20 [0092] Data transmission controlling section 106 outputs the coded transmission data to

modulation section 107 and also keeps the coded transmission data at the initial transmission.
In addition, data transmission controlling section 106 keeps the transmission data for one
destination terminal 200 for each downlink component carrier on which the transmission data is
transmitted. Thus, it is possible to perform not only retransmission control for overall data

25  transmitted to destination terminal 200, but also retransmission control for data on each

downlink component carrier.

32



2 20signals for the A/N are assigned and the base sequence to correlation processing section 117-2,
[0103] Despreading section 115-1 and correlation processing section 117-1 perform processing on the
reference signals extracted from the PUCCH region corresponding to the bundled ACK/NACK
resource. [0104] To put it more specifically, despreading section 115-1 despreads the reference

signal 25p %Ln a Walsh sequence to be S(égAi ecqéj{i -S rgg@in or the reference signals of
the bl S MR RS TS RG] SO0 B s LT G G (5L ration
processing section 117-1. [0105] Correlation processing.section 117-1 uses trheginfor atiopy indicating
the correlgct%%'%%:]sgg%}vmgo#gls%%%ﬁ%ﬁg o Itr]?é)?g gﬁgﬁ%%lg‘lﬁﬁaﬁ(%g%usﬁge A the %ssgcgélthl%%fce and

thereby finds:neaUiaiaiionsainaiRe e e lnals REANEIJON frsppadnd saclien ble 1 and the

base 5sequence that may be used’in primary-spreading in terminal 200. Correlation processing

section 1174 Quiputs e cosrelalionwaiie O Rioaled AhbretetiningaeatiQuial 169106 Respreading

section 115-2 and correlation processing section 117-2 perform processing on the reference signals

and ANs exteagiadframthe Rivialityeh R QL regisnscalresRens g do; e Mikbait of AN
resources. 10[0107] To put it more specifically, despreading section 115-2 despreads the data part
and from retransmission control signal generating section 122, data transmission controlling section
106 deletes the data kept in the manner described above and corresponding to this downlink
component carrier.
[0094] Modulation section 107 modulates the coded transmission data received from data
10 transmission controlling section 106 and outputs the resultant modulation signals to mapping
section 108.
[0095] Mapping section 108 maps the modulation signals of the contro! information received
from modulation section 104 to the resource indicated by the downlink control information
assignment resource received from control section 101 and outputs the resultant modulation
15 signalsto IFFT section 109.
[0096] Mapping section 108 maps the modulation signals of the transmission data received
from modulation section 107 to the resource (ie., PDSCH (ie., downlink data channel))
indicated by the downlink data assignment resource received from control section 101 (i.e.,
information included in the control information) and outputs the resultant modulation signals to
20 IFFT section 109.
[0097] The control information and transmission data mapped to a plurality of subcarriers in a
plurality of downlink component carriers in mapping section 108 is transformed into
time-domain signals from frequency-domain signals in IFFT section 109, and CP adding section
110 adds a CP fo the time-domain signals to form OFDM signals. The OFDM signals undergo
25  transmission processing such as digital to analog (D/A) conversion, amplification and

up-conversion and/or the like in radio transmitting section 111 and are transmitted to terminal
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reference signal part using a Walsh sequence and a DFT sequence to be used in
secondary-spreading for the data part and reference signal part of each of the A/N resources by
terminal 200, and outputs the despread signals to correlation processing section 117-2. [0108]
Correlation processing section 117-2 uses the information indicating the correlation 15 window
correspon%id%; N ae&gﬂ@%ghe A/N resources and the base sequence and thereby finds a correlation
value between the signals received from despreading section 115-2 and a base sequence that may be

used in prifaeyISPREag) @&836&%' MRLLR eUelation rocessingseq 'HHklPeZ'@n‘Qé“é?%{El%Ph
correlation value to A/N determining section 118. [0109] A/N detérmining sectlgn 118 determines, on

the basis of fae pluraliviofcAtaalon 29 Yalussrensivar frem,saErslalian Pracessing segion 117-2

which of the A/N resources is used to transmit the signals from terminal 200 or none of the A/N

resources i usednVWhem deterninieghpiihe sigoalsase Hansmieshsing eaenfdheAfdhsesources

from teiniinal 200, A/N determining section 118 performs coherent detection using a component
correspondipgate the reference signals and a component corresponding to the A/N and outputs the
result of 25coherent detection to retransmission control signal generating section 122. Meanwhile,
when detefilf¥ing dPatctenviipabfiorudes nomeof the GNddsdusces, dihideteponisingasietion 118
outputs the determination result indicating that none of the A/N resources is used to retransmission
control signelbgenesating seotidre 1REnF0TLyBIBusIdhet: AV N-Tespresidins Settioncldtlcdesmréads, using a
DFT sequence, the bundled ACK/NACK signals corresponding to the data part of the bundled
ACK/NAC Kererdrpeosresiedved from PUCCH extracting section 114 and outputs the despread signals

to 1DFT section 120.&0111]1DFT section 120 transforms the bundled ACK/NACK signals in the
[0100] PUCCH extracting section 114 extracts, from the PUCCH signals included in the

10 received signals, the signals in the PUCCH region corresponding to the bundled ACK/NACK
resource previously indicated to terminal 200. The bundled ACK/NACK resource herein
refers to a resource used for transmission of the bundied ACK/NACK signals and adopting the
DFI-S-OFDM format structure.  To put it more specifically, PUCCH extracting section 114
extracts the data part of the PUCCH region corresponding to the bundied ACK/NACK resource

15 (ie, SC-FDMA symbols on which the bundled ACK/NACK resource is assigned) and the
reference signal part of the PUCCH region (i.e., SC-FDMA symbols on which the reference
signals for demodulating the bundled ACK/NACK signals are assigned). PUCCH extracting
section 114 outputs the extracted data part to bundled A/N despreading section 119 and outputs
the reference signal part to despreading section 115-1.

20 [0101] Inaddition, PUCCH extracting section 114 extracts, from the PUCCH signals included
in the received signals, a plurality of PUCCH regions corresponding to an A/N resource
associated with a CCE that has been occupied by the PDCCH used for transmission of the
downlink assignment control information (DCI), and corresponding to a plurality of A/N
resources previously indicated to terminal 200.  The A/N resource herein refers to the resource

25 to be used for transmission of an A/N.  To put it more specifically, PUCCH extracting section

114 extracts the data part of the PUCCH region corresponding to the A/N resource (i.e.,
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frequency-domain received from bundled A/N despreading section 119 into time-domain signals by
IDFT processing and outputs the bundled ACK/NACK signals in the time-domain to 10bundled A/N
deterruin ng section 121. [0112] Bundled A/N deteuuinin.g section 121 demodulates the bundled
ACK/NACK signals corresponding to the data part of the bundled ACK/NACK resource received from

1DFT Sec@%‘-ﬁﬁ%%ﬁﬂbﬂ?%ﬁﬁ%ﬁdﬂ%&@ﬁﬁb@S%%%ﬁ%%%@%ﬁ%ﬂ%%ﬁ%%%&i%ﬁﬁ that is

received from correlation processing section 117-1. In addition, bundled A/N determination section 121

15 decodeg,the,femopiuiatad tudled ACKNARISIgRAsIand outRyISHRe-Lasulef ipg to

retransmission control signal generating section 122 as the bundled A/N infoimation. However, when

the correlagigRovalugniegriverhirenearselaionpracrssing seotiemlki-Lissaliss thanaghseshold,

and bundled A/N determining section 121 thus determines that terminal 200 does not use any bundled
A/N resounggHeranstitine signalst buneife-A/N Z0detarminhgsention sk2doautpiis the tesult of
determination to retransmission control signal generating section 122. [0113] Retransmission control
signal generatirg sectispch? detdsminesceihetver the nebtocetrdrsniifithe det®@6Eiteden the
downlink component carrier (i.e., downlink data) on the basis of the information inputted from bundled
A/N determininggsdotivn theC@h duththeSiedoreidtiof Thputeded meniguydedartiningesaatd 3018 and
generates retransmission control signals based on the result of deterruination. To put it more
specificallyfOh¥dn dedernvioieeteding oantionk ldateerarsenitdehsnseaverssintabmainkecesabdvient carrier
needs to be retransmitted, retransmission control signal generating section 122 generates
retransmisHEHEBAPAILRiNAR A Exbircd mm@&ﬁ%&wﬁwm fienado iR ik 4Ra®Ad outputs
the retransmission control signals to data transmission controlling section 106. In addition, when
detenninint! FHacHE B‘SWIH??FHI therhurdlrdriteSd i msih Gomiiriiebimpoheisiteirer dBes not
need to be retfransmitted, retransmission.control signal generating section 122 genergtes

retrardmiSOM BRSSP SRR 5% 1 TSP P BAVPR AR L S IRLHoI the

downlink component C%Eriher and ug)uts th retranbsmission C ntrolaiigrnalg to ?ta transmission
. re% e (a}bgi C the ICICICHICS S1gnals 1may Do assgzed ST , FCICITEd 10 as "rererence
controlling section :

signal resource™) in PUCCH resources that may be used by terminal 200. Sequence
controlling section 116 outputs the information indicating the correlation window corresponding
to the reference signal resource on which the reference signals may be assigned in bundled
15 ACK/NACK resources and the base sequence to correlation processing section 117-1.
Sequence controlling section 116 outputs the information indicating the correlation window
corresponding to the reference signal resource and the base sequence to correlation processing
section 117-1.  In addition, sequence controlling section 116 outputs the information indicating
the correlation window corresponding to the A/N resources on which an A/N and the reference
20 signals for the A/N are assigned and the base sequence to correlation processing section 117-2.
{0103}  Despreading section 115-1 and correlation processing section 117-1 perform
processing on the reference signals extracted from the PUCCH region corresponding to the
bundled ACK/NACK resource.
[0104] To put it more specifically, despreading section 115-1 despreads the reference signal
25 part using a Walsh sequence to be used in secondary-spreading for the reference signals of the

bundled ACK/NACK resource by terminal 200 and oufputs the despread signals to correlation

35



10[0114] (Configuration of Terminal) FIG 16 is a block diagram illustrating a configuration of
tenninal 200 according to Embodiment 1. In FIG. 16, terminal 200 includes radio receiving section 201,
CP removing section 202, fast Fourier transform (FFT) section 203, extraction section 204,
demodulation section 205, decoding section 206, determination section 207, control section 208,
demodulation 15, section 283 ecoding section 210, CRC section 211, response signal generating
section 2137°C5HNE Ki5H%hbtlitation section 213, primary-spreading sections 214-1 and 214-2,

secondary:- %ﬁa tlons 215-1 and 215- FT section 216 sprea se tion 21( JFFT
sections 2 21@ 0D Efg()?»egaigagaﬁlr?& S%Z'I[IROI’]S & 1, 1o éila%an tlrﬁecf)nrfj Pexmg

section 229&1%6%%%&&5@%@%@%%@&%% ntingseetinn 222 ﬁQIQr{IHI)ﬂ filiagessiing section

201 receives, via an a signals transmitt fI'OITl ase sta 0|ms reception

processing, SyehiA% QMRCAIVREROR: é‘%ﬂa‘f?%&%ﬁé‘&%ﬂ%&%‘?&%%ﬁ o 1eseived RERM.signals. It

should be noted that, the received OFDM signals include PDSCFI signals assigned to a resource in a

PDSCH (i.eqiawnting daia)ponRGEH-signalsassigned iemfiesonsee ipaEBR6HE Protasl 6] Cp

removing section 202 removes a CP that has been added to the OFDM signals from the O

signals thakhaxeiundesgons thedsrentian firasssinded MY dhfisastionigd3Aransforms the
received OFDM signals into frequency-domain signals by EFT processing and outputs the resultant

received sjgn@d$ to Badpaciinesectitnn 2045-f0 18] Exirdetion sectismR04exsacts, fomdiferteceived
signals to be received from FFT section 203, downlink control channel signals (i.e., PDCCH signals) in
accordancgwittsicgding!l raferénforsipatibrutd beNe catvadedl rputtiembrelspeiitdlyHhegrumnber of
CCEs forming a downlink control information assignment resource varies depending on the coding
rate. Thusc@xtraotionstectiop2ditysdg\tNaasanatssr of CCEs that corresponds to the coding rate as
units of extraction processing, and extracts downlink control channel signals. In addition, the downlink
contrd chabH¥ Isigmarsiiare matratitedifent BaderBisadina loedivindhént deteadsT He taexparttaaidownlink
control channel signals are outputted to demodulation section 205. [0119] Extraction section 204

extracts déHRFAR A& Ale PUbWERSK datiebhatreidighasd). e, IPDSeMusRitaly) ok fBceived
signals on the basis of information on the downlink data assignment resource intended for terminal
200 to be f6E ﬁB‘i??‘é‘é{f‘e?h‘iﬁl}Sﬁjéﬁ SREAGH BE7B° B B P, et ahdret Mg dsatythe

downlink data to @ﬁ-l[‘:\latlon S 209 As 15 descr]ged above, extractlora 5ﬁgtlon 204 receives

the downllm c%’]tm]& é‘fﬁﬁ?%sﬁ’fﬁ% BB%BI%W@&WEE@F receives the
downlmk t eP CII 0120 De L1|P,}I secg1 fZLPSd mod Iat?s th down%}kcontrol

channel s ecé)f\’}% ]foorﬁrex ?gc osrelcslé)(r:ltlon &0 écﬁ SU6F gﬁ{lodulatlon

o de?? dlngrmgctlo o%gspondmg to each of the A/N resources and the base sequence and thereby finds a
correlation value between the signals received from despreading section 115-2 and a base
sequence that may be used in primary-spreading by terminal 200. Correlation processing
section 117-2 outputs each correlation value fo A/N determining section 118.

[0109] A/N deterntining section 118 determines, on the basis of the plurality of correlation
20 values received from correlation processing section 117-2, which of the A/N resources is used to
transmit the signals from terminal 200 or none of the A/N resources is used. When
determining that the signals are transmitted using one of the A/N resources from terminal 200,
A/N determining section 118 performs coherent detection using a component corresponding to
the reference signals and a component corresponding to the A/N and outputs the result of
25  coherent detection to retransmission control signal generating section 122. Meanwhile, when

determining that terminal 200 uses none of the A/N resources, A/N determining section 118
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20 [0121] Decoding section 206 decodes the result of demodulation received from demodulation.
section 205 in accordance with the received coding rate information and outputs the obtained result of
decoding to determination section 207. [0122] Determination section 207 performs blind-determination
(i.e., monitoring) to find out whether or not the control information included in the result of decoding

received from 25d&co%§er%‘%%ecttion 206 ts thg c?ntro_lhiqformatiop inte for terminal 20Q. This

. ou;gputs atoen resué mdicalr that none d} (9 I¢, cng]ges }5 1%88 ? )

determinatiort Is"made 1h units of decoding results corresponding 1o the units or éxtracti 6ocessmg.

For exam@l, determinatiﬁ:i:rg Fectign 207 emastlfs the,CRC bits by the ten-ninal ID of terminal 200 and
Ol 51 8

. € SITISS100 €O CNEratig SC . .
determines that the control Infofmatron reste = OIC (no error) as the control information

intended f mgﬂrﬁh%@éé Mé@%@ﬂ%&é&g}m 3‘%1&8}&%&5%&%%rgﬁﬁ‘?r&e‘zﬁtr&%ﬁﬁ@éﬂ%&ma

assignment resource Sintende rminal 200, which'is included In the co ormation intended

for terminah 2ENIREXIAEHRD SERLIN0 AR 101R3] fakBaFMAT e JBIRHRINAHIOR RECHRN LA PULS

retransmission information included in the control infounation intended for terminal 200 indicating

whether traasmigsiRioPdovnlinkdaifde-launi el 2Q0dsHilahiransmRispiphs S Iansissian to
decoding section 210. 10[0124[ In addition, when detecting the control information (i.e., downlink
assignmeniagontrol information) intended for terminal 200, determination section 207 info is control
section 208 that ACK/NACK signals will be generated (or are present). Moreover, when detecting the
control infgfitidtjon ifkEiTdes:tanteriiifal 208firom PEC Ghinsiigial g, defsriiatiognaiction 2k outputs
information on a CCE that has been occupied by the PDCCH to control section 208. 15[0125] Control
section 208&ddentifedthaniiiteesdufoeradsodiade A WithHaipec@E ondive: bbidsinto time-domain
signals by IDFT processing and outputs the bundled ACK/NACK signals in the time-domain to
10 bundled A/N determining section 121.
{0112} Bundled A/N determining section 121 demodulates the bundled ACK/NACK signals
corresponding to the data part of the bundled ACK/NACK resource received from IDFT section
120, using the reference signal information on the bundled ACK/NACK signals that is received
from correlation processing section 117-1.  In addition, bundled A/N determination section 121
15 decodes the demodulated bundled ACK/NACK signals and outputs the result of decoding to
refransmission  control signal generating section 122 as the bundled A/N information.
However, when the comelation value received from correlation processing section 117-1 is
smaller than a threshold, and bundled A/N determining section 121 thus determines that
terminal 200 does not use any bundled A/N resource to transmit the signals, bundled A/N
20 determining section 121 outputs the result of determination fo retransmission control signal
generating section 122.
[0113] Retransmission control signal generating section 122 determines whether or not to
retransmit the data transmitted on the downlink component carrier (i.e., downlink data) on the
basis of the information inputted from bundled A/N determining section 121 and the

25  information inpufted from A/N determining section 118 and generates retransmission control

signals based on the result of determination.  To put it more specifically, when determining that
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of the information on the CCE received from determination section 207. Control section 208 outputs, to
primary-spreading section 214-1, a base sequence and a cyclic shift value corresponding to the A/N
resource associated with the CCE or the A/N resource previously indicated by base station 100, and
also outputs a Walsh sequence and a DFT 20 sequence corresponding to the A/N resource to

secondary-s ﬁ% section.21 n additi ontrol section 208 outpyts the fre enc resource
informatio PR A FALTIE tanlﬁﬁrg KIS ODIER T St s 5 SRS bundled
ACK/NACII%,S %gnals usin n% %g(% /NAC Jesource cantrol section 208 0 aluts th base

nera sec Herales retran mlss 0011 égﬁla
sequence an cyc IC S va ue resp 0 (0] the reterence signa ce S|gnal

resource) gfthe; @&ﬁs%ﬁg&sga%? BiPSUSisRis by a&et 0949,

primary-desprea @?ng section outputs a Walsh sequence to s con ary spreaang section

215-2. In addifign; conirel 86U AR PIHRINS IS QURRCY (6 SOH CRAHGEMBHAN 3 thenhigndled
ACK/NACK resource to TETT section 218-2. [0127] Control section 208 outputs a DFT sequence

used for smaaﬁmmlq@a@m%@ﬁﬁm@&ﬁm@i%h%ﬁm&%&%aﬁm&m%@%%m 217 and

outputs the frequency resource information on the bundled ACK/NACK resource to IFFT section

218-3. [0128khanital, secting2ifselestnthepbungiaeAeKNAGK resowiceafsthaddiieseurce and

instructs selection section 221 to output the selected resource to radio transmitting section 222.
control signals indicating not to retransmit the downlink data transmitted on the downlink
component carrier and outputs the retransmission control signals fo data transmission
controlling section 106.

10 j0114] (Configuration of Terminal}

FIG. 16 is a block diagram illustrating a configuration of terminal 200 according to
Embodiment 1. In FIG 16, terminal 200 includes radio receiving section 201, CP removing
section 202, fast Fourier transform (FFT) section 203, extraction section 204, demodulation
section 205, decodmg section 206, determination section 207, control section 208, demodulation

15 section 209, decoding section 210, CRC section 211, response signal generating section 212,
coding and modulation section 213, primary-spreading sections 214-1 and 214-2,
secondary-spreading sections 215-1 and 215-2, DFT section 216, spreading section 217, IFFT
sections 218-1, 218-2 and 218-3, CP adding sections 219-1, 219-2 and 219-3, time-multiplexing
section 220, selection section 221 and radio transmitting section 222.

20 [0115] Radio receiving section 201 receives, via an antenma, OFDM signals transmitted from
base station 100 and performs reception processing such as down-conversion, A/D conversion
and/or the like on the received OFDM signals. Tt should be noted that, the received OFDM
signals include PDSCH signals assigned to a resource in a PDSCH (i.e., downlink data), or
PDCCH signals assigned to a resource in a PDCCH.

25 [0116] CPremoving section 202 removes a CP that has been added to the OFDM signals from

the OFDM signals that have undergone the reception processing.
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Moreover, control section 208 instructs response signal generating section 212 to generate the 10
bundled ACK/NACK signals or the ACK/NACK signals in accordance with the selected resource.
[0129] Demodulation section 209 demodulates the downlink data received from extraction section 204
and outputs the demodulated downlink data (LLR) to decoding section 210. [0130] When the
retransmisgion7inf@iFatcivrels vedfiomsdbtetnivali QF Bactimae hibfiagicatesidnitial #angmission,
decoding section 210 stores the downlink data (LLR) received from demodulation section 209 in the
retransmissydriyffercésnft uftmibebo ding tsectior 2461 fmtheo decades theido@idink data received
from demodulation section 209 and outputs the decoded downlink data to CRC section 211. On the
other hand OWtdn thereeicansietissi GA4ndstnrasidiore dhdvesdeiroth slatelsrindtioncsectiofic@d Fildicates
retransmission, decoding section 20 210 combines the downlink data received from demodulation
section 208eetie S atswmlivk erithicledgrirehiignelsétranSatissibridnatie inprs aibies thidhcsdibined
downlink data in the retransmission buffer again. Moreover, decoding section 210 decodes the
combified BEHkIERE dhbeotstsiiiethelasbdbmerswhRR At t CREbSeeh 651 TGRS of the
method of calculating the retransmission buffer size (dividing method) will be described later. 25[0131]
CRC sectiGi " HENSTthE BB st SRS s BECO B HWAR TSR Te E8NRE HEm d&bding

tion 210, f h downlink t cargier using CRC and outputs an ACK_when CRC = OK
(no error) 6F GRS HWACK WS RS O (elFin 16 RESB0h & il e A Sehion 212

Moreover, CRC section 211 outputs the decode .%anli, k.data as.the received data wheny CRC = OK
(no error). %{f%cﬂoﬁe%rgg%sggl%ig#a daé(}lrg?%stir%@gé |oncﬁ%be%lé?g?ésb}%%%%dnsejeﬁsia?ri%}“sondn Eh?e basis of

the 5 receiian AnARARNRIDN Rt e estl afetan detestion apdawnlink date gp.each

downlink component carrier inputted from CRC section 211 and information indicating a predetermined

groupn pumben, 1.9 By imos sRecHicaly sWhanIBikriad 18 asnsiaieithaupdiasb ACK/INACK signals

from control section 208, response signal generating section 212 generates the bundled ACK/NACK

signals inc g@i@gﬂt@%@&wﬁs@&ﬁﬂ%@;&g&@gﬁml&w pegivecempenanheartiersias individual

pieces of data. Meanwhile, when instructed to generate ACIQNACK signals from control section 208,
response sigisaligenaraiingsactien«2tr-geaenale s AEKNI signalsiehureisy mheliieshanse signal

generating section 212 outputs the generated response signals to coding and modulation section 213.
[0133] Upensigeapiiapsofitichunite dACKINACR sighalscaoifiandermad uiaitaReaei 007 to
be described, hereinafter, and outputs the downlink data to demodulation section 209. As
15 described above, exfraction section 204 receives the downlink assignment control information
(i.e., DCI) mapped to the PDCCH and receives the downlink data on the PDSCEH.
[0120] Demodulation section 205 demodulates the downlink control channel signals received
from extraction section 204 and outputs the obtained result of demodulation to decoding section
206.
20 [0121] Decoding section 206 decodes the result of demodulation received from demodulation
section 205 in accordance with the received coding rate information and outputs the obtained
result of decoding to determination section 207,
[0122] Determination section 207 performs blind-determination (i.e., monitoring) to find out
whether or not the control information included in the result of decoding received from

25  decoding section 206 is the control information intended for terminal 200.  This determination

is made in units of decoding results corresponding to the units of extraction processing. For
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15 213 encodes and modulates the received bundled ACK/NACK signals to generate the modulation
signals of 12 symbols and outputs the modulation signals to DFT section 216. In addition, upon
reception of the ACK/NACK signals of one symbol, coding and modulation section 213 modulates the
ACK/NACK signals and outputs the modulation signals to primary-spreading section 214-1. 20[0134]
Primary-spreading sections 214-1 and 214-2 corresponding. to the A/N resqurces and_reference signal

resources OB mURFERAER)FKER rdolrReeks shed i PIRAR Matsreigh It Griveriraht®signals

using the base sequence corresponding fo the.resources.in accordance with the instruction from

control seci GORTAES b HECHE Gste i SHANS (0Pt iy coprOIRHIA SEHHOAS BIEBH 215-2.

25[0135] Se ond%%%%gg\&{%%;ﬂectio&szg&S-l and 215-2 spread the received primary-spread signals
se

. 1 ?ll'm& . . . . ;
using a Walsh 'sequence or a guence in accordance with an instruction from control section

208 and owigyts e SRread siogle 0 EET seclians 248 4,200 2182 JO1 38 BE eclion 216

CSOULCe .
perfmms processing on e-series sets of received bundle S|gnan to obtain 12

signal compenanisap &, frenuencyHamain Rk SEHONAHEOHIBHRADE Af-RiBnabeampagents to

spreading section 217. 5[0137] Spreading section 217 spreads the 12 signal components received
from DFT segtigned8-ssing.adabdssequence indicated by control section 208 and outputs the spread
signal components to IFFT section 218-3. [0138] IFFT sections 218-1, 218-2 and 218-3 perform IFFT

processing@pihe regivedsignalsimassosdationuitbdhefireausasypositionswherpdhgsigpals are to
be allocated, in accordance 10 with an instruction from control section 208. Accordingly, the signals

inputted tothe KShtisb titfoisatld8hicAd &t Zoanehd ki 3 (ldndRGiKNNC s i gRais thRdefetened:signals of
A/N resource, the reference signals of bundled ACK/NACK resource and bundled ACK/NACK signals)
are transfodateth tatoinaidfomainasignalsissiofQi 38} GRnadding siechiding 21:8eh,2219-2 and 219-3 add
the same signals as the last part of the 15signals obtained by IFFT processing to the beginning of the
signal§ as WIZR] In addition, when detecting the control information (i.e., downlink assignment control
information) intended for terminal 200, determination section 207 informs control section 208
that ACK/NACK signals will be generated (or are present). Moreover, when detecfing the
control information intended for terminal 200 from PDCCH signals, determination section 207
outputs information on a CCE that has been occupied by the PDCCH to control section 208.
15 [0125] Control section 208 identifies the A/N resource associated with the CCE on the basis
of the information on the CCE received from determination section 207.
Control section 208 outputs, to primary-spreading section 214-1, a base sequence and a cyclic
shift value corresponding to the A/N resource associated with the CCE or the A/N resource
previously mdicated by base station 100, and also outputs a Walsh sequence and a DFT
20 sequence cotresponding to the A/N resource to secondary-spreading section 215-1.  In addition,
control section 208 outputs the frequency resource information on the A/N resource to IFFT
section 218-1.
[0126] When determining to transmit bundled ACK/NACK signals using a bundled
ACK/NACK resource, conirol section 208 outputs the base sequence and cyclic shift value

25  corresponding to the reference signal part (i.e., reference signal resource) of the bundled

ACK/NACK resource previously indicated by base station 100 to primary-despreading section
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[0140] Time-multiplexing section 220 time-multiplexes the bundled ACK/NACK signals received from
CF adding section 219-3 (i.e., signals transmitted using the data part of the bundled ACK/NACK
resource) and the reference signals of the bundled ACK/NACK resource to be received from CF
adding section 219-2 on the bundled ACK/NACK resource and outputs 20the multiplexed signals to

selection seqfion A2 tu[41 Seiection s65lian 22dnselecispeAldne undied ACKINAGIS resource

received from time-multiplexing section 220 and the A/N resource received from CF adding section

219-1 and QuiRitsctiesiomalsaselanedta e selesiad BRMSEHIP JAJIR KanaRatinkeRakan 222.
[0142] Radio transmitting section 222 perfois transmission processing such as D/A 25conversion,

amplificatigr@ane: wpicemessigmard/or the like on the signals received from selection section 221 and
transmits the resultant signals to base station 100 via an antenna. [0143] [Operations of Base Station

100 and Tgimaifjal 2060l seQiparat®nsiplibhasPBlation:o0 ard formirakiz(0thaving the of the
above-described configurations will be described. [0144] In the following description, carrier

aggredatidniisilapphcl {5 A¢ikh a¢R0and dpddding 200tcamiril nichtespwiit iHsafegstatiprdd@using a
plurality of component carriers. A UL-DL configuration (corresponding to a configuration pattern) is set
for each ofnfigrpiticaliop dkdompohéhidbinicls raetcand BCadhtigo 24813Moreover, terminal 200 (radio

transmitting section 222) transmits response signals corresponding to downlink data received in PCell
among a pitfafty Gloesriserim 25 riestaihg bundled ACK/NACK resource or the A/N resource and

instructs selection section 221 to output the selected resource to radio transmitting section 222.
Moreover, control section 208 instructs response signal generating section 212 to generate the
10 bundled ACK/NACK signals or the ACK/NACK signals in accordance with the selected
resource.
[0129] Demodulation section 209 demodulates the downlink data received from extraction
section 204 and outputs the demodulated downlink data (LLLR) to decoding section 210,
[0130] When the retransmission information received from determination section 207
15 mdicates mmitial transmission, decoding section 210 stores the downlink data (IIR) received
from demodulation section 209 in the retransmission buffer (soft buffer). Decoding section
210 further decodes the downlink data received from demodulation section 209 and outputs the
decoded downhlink data to CRC section 211. On the other hand, when the retransmission
information received from determination section 207 indicates retransmission, decoding section
20 210 combines the downlink data received from demodulation section 209 and the downlink data
read from thé retransmission buffer and stores the combined downlink data in the retransmission
buffer again. Moreover, decoding section 210 decodes the combined downlink data and
outputs the decoded downlink data to CRC section 211.  Details of the method of calculating
the retransmission buffer size (dividing method) will be described later.
25 [0131] CRC section 211 performs error detection on the decoded downlink data received from

decoding section 210, for each downlink component carrier using CRC and outputs an ACK
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10 response signals corresponding to downlink data received in SCell using PCc11. That is, when
carrier aggregation is applied, response signals are always transmitted using PCell. In this case, when
the UL-DL configuration set in PCell is different from the UL-DL configuration set in SCell, terminal 200
transmits response signals corresponding to downlink data of SCell using PCell at timings of UL

subframes qf a referen L-DL configuratio ine ed.on a, 15combination of the UL-DL
configurat BN B S EE (AE BLOTo Re 20 5RO BFRRG R minizins
a retransmission.buffer.(soft buffer). Whe luralit companent carriers, (PCel SCell) are set
for ol TR S Bt e Al B o BN S pR IO B P n e
present embodime n t. subframes of a UL-DL configuration set 20 in PCell is a

o S e R S e R

superset subframes o ration set in SCell (that is, PCell is DL heavy) or when a

set of DL S[B?ﬁﬁzn?{%éﬂoﬁsg kb %Qﬂél%&ﬁ%@i%&iéﬁté[b%@r?élé&??ééﬁgﬁs%%Pgﬁ?%ﬂ%é%s?s%?%%'-

subframes of a UL-DL configuration set in SCell (that’s, PCell is'neither DL heavy nor UL heavy),

terminal 200 dividesAdafbuiiealintglPasedniing X mum:BNmbasohik HAR G Rgesses

defined by a combination of the UL-DL 25configuration set in PCell and the UL-DL configuration set in

SCell. [0148lHBreinafigordfe MaximupuRemBsnoTRE HARE processemdatingd.bindnqtgerbination

of the UL-DL configuration set in PCell and the UL-DL configuration set in SCell is called "maximum
number of jaidélARRQeproragsasidde refepenaeaorn dheifiraientambodiment, thedmaximzn number
of DL HARQ processes represents a maximum value of the number of DL HARQ processes to be
secured intSuitiwiiek/SE eKreterdn temavefeiercedn 208Die gonfig sikatib pefOh4 8} Webwm RCell is DL
heavy or PCell is neither DL heavy nor UL heavy, the maximum number of DL HARQ processes to be
referencedtimgeteto the buudbdo ArigryateKtvamalsermabximg tha neniiér of BloHARQIprodestes defined
in the UL-DL configuration set in SCell and less than the maximum number of DL HARQ processes
definédl in @YV CTBPfiiatioReI0 4y éfdreidual Piemt eoffiguratien) whileremewad byl for
PDSCH-PUCCH timings. [0150] FIGS. 17A to 17C are diagrams provided for describing a method of
setting theSEKHAUM S SEAHRRG PRl assBa S epmsnByigEbomIEing Riigstates a case

where Config#0 is set during a non-CA period and FIG 17B illustrates a case where Config#1l is set in
PCell and W@%@%&é&ﬂﬁﬁﬁf feesERitls DRSRRAVG S EHH $SRETAHAS HGEARIdS 8B Ease where
Config#1 is set during a non-CA period. Furthe oreduip FIG 17B, ECeII references PDSCH-PUCCH
timings of @Bﬁﬂﬁ?ﬂt {qwg&ﬁ{gnals to coding and modulation section 213.

[0133] Upon reception of the bundled ACK/NACK signals, coding and modulation section

15 213 encodes and modulates the received bundled ACK/NACK signals to generate the
modulation signals of 12 symbols and outputs the modulation signals to DFT section 216. In
addition, upon reception of the ACK/NACK signals of one symbol, coding and modulation
section 213 modulates the ACK/NACK signals and outputs the modulation signals to
primary-spreading section 214-1.

20 [0134] Primary-spreading sections 214-1 and 214-2 corresponding to the A/N resources and
reference signal resources of the bundled ACK/NACK resources spread the ACK/NACK
signals or reference signals using the base sequence corresponding to the resources in
accordance with the mstruction from control section 208 and output the spread signals to
secondary-spreading sections 215-1 and 215-2.

25  [0135] Secondary-spreading sections 215-1 and 215-2 spread the received primary-spread

signals using a Walsh sequence or a DFT sequence i accordance with an instruction from
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[0151] For example, in FIG 17B, the maximum number of DL HARQ processes to be referenced is set
to 5 that satisfies 4 or more, which is the maximum number of DL HARQ processes defined in
Config#0 (FIG 17A) set in SCelt and less than 7, which is the maximum 20 number of DL HARQ
processes defined in Config#l (FIG. 17C) referenced by SCell for PDSCH-PUCCH timings. [0152]

Here, when PCell is.D , f : . AR
reforenced by S e T P DB o set n Pl

n
mbination ot the L configuration set in PCell and

the UL-DLiGpOUFRHOD.SEEIR %&MW@%Q&%@%@LEE&%E@%@&%@&%M@E& of DL
be equal t

HARQ processes referenced by SCell is set t o or greater than the maximum number of DL

HARQ progessemegiingdn hebikiPlo cenflawationagtin RCaldorifedaliowingiepsegidyamely,

this is because in PCell which is DL heavy (that is, PCell whose number of UL subframes is small and

which hasFeysahanags of franarittipenBidGEdheddRsttifdd1in SCell increases to guarantee PUCCH
transmission corresponding to PDSCH of SCell. For example, at DL HARQ timing (non-CA) based on

5 Config#Q(getin heawcampenaincarnepsheien FKendl/AnaSols Ebilsd @msDIRTCaRtiast, when
Config#l (UL-DL configuration to be referenced) (PDSCH RT'T is 11 ms) is referenced as
PDSCH-PUGGHitninD BT SEiplas shdvancd i Goti# 8, sitbenal08 -dH cotpfiguraticprvwdicizheds greater
PDSCH Rh and which is DL heavier is referenced, PDSCH Rh is maximum 14 ms, which is greater
than PDSCnRbreofstiel i - Brictgonditfisfation to be referenced. Thus, in 10 FIG 17B compared to FIG
17A, when PDSCH RTT in SCell increases, the number of DL HARQ processes to which the IR
buffer is td®e&llobdtésehanis ihé. Adxisod mhbaienDEH ARG ptogevsbe yipriredsesalscordingly.
To be more specific, the maximum number of DL HARQ processes is four in FIG. 17A and five in FIG.
17B whichiisfsessientath ByedrrauTrsparEamaxiatenth A siaras e ha Alecristo de dseydetetenced by

SCell needs to be set to be %%eater 15 than the maximum number of DL HARQ processes defined in

the UIC-DLVEBhiguraiioi e eScemorsayigerdkIc 18amisekiebs iakimi¥aiié o BBSCH Rh in
o S Recions S1RT°0163 e AR IS SORKEE Sl U Ktnence signls” oF MR-
resource, the reference signals of bundled ACK/NACK resource and bundled ACK/NACK
signals) are transformed into time-dorain signals.
[0139] CP adding sections 219-1, 219-2 and 219-3 add the same signals as the last part of the
15 signals obtained by IFFT processing to the beginning of the signals as a CP.
[0140] Time-multiplexing section 220 time-multiplexes the bundled ACK/NACK signals
recetved from CP adding section 219-3 (ie., signals transmitted using the data part of the
bundled ACK/NACK resource) and the reference signals of the bundled ACK/NACK resowrce
to be received from CP adding section 219-2 on the bundled ACK/NACK resource and outputs
20 the multiplexed signals to selection section 221.
[0141] Selection section 221 selects one of the bundled ACK/NACK resource received from
time-multiplexing section 220 and the A/N resource received from CP adding section 219-1 and
outputs the signals assigned to the selected resource to radio transnutting section 222.
[0142] Radio transmitting section 222 performs transmission processing such as I/A
25  conversion, amplification and up-conversion and/or the like on the signals received from

selection section 221 and transmits the resultant signals to base station 100 via an antenna.
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RTT in Config#6 is 14 msec. When PCell is Config41 and SCell is Config#6, if PUCCH 20. -
transmission for PDSCH in SCell is guaranteed in PCell, although the UL-DL configuration to be
referenced (Config#1) is DL heavier than the UL-DL configuration (Config#6) set in SCell, PDSCH
RTT is smaller. Thus, only in this combination of UL-DL configurations, the maximum number of DL

HARQ Progesags f@&?éﬁﬂﬁﬁgo?ﬁégﬂéﬁ%ﬁ?Mﬁ%?‘fgﬂﬂﬁlgﬁ@éer than the maximum number of DL
HARQ processes detined in the UL-DL configuration set in SCell. 25More specifically, while Config#1

is DL heavier than,Corfia86,Confiothhas smallaiPRIGHRNBNINA.combinaienwhen SCell is

Config#6 (when PCell is DL heavy) in this case, the equality is attained between the maximum
number of RLAZARQRIeEESSastafRenced by SCell (that is, the number of divisions of the soft buffer)
and the maximum number of DL HARQ processes defined in the UL-DL configuration set in SCell.

Furthermorei suhile:Gaanfigisaviaddesbeprinr tharGontigatandkppis-analaninh) S(Hd tdmand in a
combination when SCell is 5 Conti& (when PCell is DL heavy) in this case, the maximum number of
DL HARQ Hrocessemiefierandetalby SGeall (#atsiag thelwmuinbef @hshvisionsuefctae soft buffer) is greater
than the maximum number of DL HARQ processes defined in the UL-DL configuration set in SCell.
[0155] Morédiet) themmhiguintiom{cemakiemdin Lol ARQgpraoespesTeféreeideddayhSCei isiselitto be less
than the maximum number of DL HARQ processes defined in the UL-DL configuration 10 o be
referencedbyosSpaki caetd ik gnéassH)- Namely, this is because while SCell references the
UL-DL configuration (Config#1 in FIG 17B) which is DL heavier than the UL-DL configuration
(Config#0 RIEd 1YBiceEetntsmEl tReOntRdise Hanmtebh fecis ZESidrasmEsseementignalthat
defined in the UL-DL configuration (Config#0 in FIG. 17B) set in SCell. That is, since the number of DL
subframes°RTHTEWVLINS (OCGYia B $ea-Hic8 bl (3! iRmana Rer A RACHIIRIEI BIEIES Afiguration to

be referenced, the number of DL HARQ processes actually required in SCell (maximum number of DL
ARG pro R (B PO O BBl S e L A B . LA BtBcses

defined in the.UL-DL configuratian to be ref d. [0156] Th f setfing, th i b
of DL HARG BTbUELER R LB 20 Sl BT DL A Wi bebn Jbunbtiwits
f to.FIGS, 17¢ and FIG 18, apd ih pplies,t here PCell is neither DL
rererence i ﬁGt s éﬁ%@ffﬂ%&aﬁgﬂ\c’?ﬁ 25 BRUNE JRERRENE T BTN nfidliratio sof i

c.
heavy norU}Il_ eav ustrates an example of the maximdm nunmber o ARQ

. e m ' A
PCel and Sl e B S A S
on the conipatipgafl-JPbeanfigurationsatRicrlband SE el ARRIN fElGrhid whanF&ell is UL

heavy, the maximum number of DL HARQ processes
15 combination of the UL-DL configurations of PCell and SCell.

[0146] Furthermore, terminal 200 supports DL HARQ and maintains a retransmission buffer
(soft buffer). When a plurality of component carriers (PCell and SCell) are set for terminal
200, the soft buffer includes a soft buffer for PCell and a soft buffer for SCell.
(01471 Tn the present embodiment, when a set of DI subframes of a UL-DL configuration set
20 in PCell is a superset of DL subframes of a UL-DL configuration set in SCell (that is, PCell is
DL heavy) or when a set of DL subframes of a UL-DL configuration set in PCell is neither
superset nor subset of DL subframes of a UL-DL configuration set in SCell (that is, PCell is
neither DL heavy nor UL heavy), terminal 200 divides a soft buffer of SCell based on the
maximum number of DL HARQ processes defined by a combination of the UL-DL
25  configuration set in PCell and the UL-DL configuration set in SCell.

[0148] Hereinafter, the maximum number of DL HARQ processes defined by the
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referenced by SCell is the same as the maximum number of DL HARQ processes (see FIG. 7B)
defined in the UL-DL configuration set in SCell. [0159] On the other hand, in FIG. 19A, when PCell is
DL heavy or PCell is neither DL heavy nor UL heavy, it is apparent that the maximum number of DL
HARQ processes to be referenced 5 in both cases is a value equal to or greater than the maximum

number of DL HAR cesses defined in the UL.- nfigurati tin 5Cell and less the
00111%3.81}.(%8{ = ﬂconﬁs%maﬁ@ré%c : )Egg'{h gﬂ%lﬁ?e()@ E%Eag% et t@&r}?{]

. G
maximum numper o processes efine iguratio

referenced, by SCPULLEIG, 190, A01SHBIMOLNS YalS0dicalng he magmuiy nHBRLef DL HARQ

1 .
processes ?O e referenced indicates the maxi mber of D processes nea in the

UL-DL 10 gﬁmﬂﬁeﬂe%ﬁ%ﬁﬁ&ﬁﬁﬁﬁeﬁmWM&@&%@&&@%&MKM mbgs of DL

HARQ processes caused by the aforementioned increase of PDSCH Rh. As described above, when

PCell is DLyfieguy ASTsin@MRI) FHiel 28 e Ubclbacpnieupiigr eiernaga v S Gelbisdhs, UL-DL

configuration set in PCell. On the other hand, when PCell is neither DL heavy nor UL heavy, the
UL-DLsconfiguratiomfigfesgneed by SCell is a UL-DL configuration in which DL 15subframes are set at
the same timings as those of both DL subframes of PCell and SCell. [0160] When the maximum

number of PLABAR @i aeasbesid. beargferanCedisholia: DEIGed8Anis daniedwas iMRIEBLIARQsCceil,
FR buffer size N Rscen in SCell is expressed by following equation 2. That is, the SCell soft buffer is
divided intaxthdaanidxhuHhRopibR dadiets hs thiermaxdmsrenunizec@f:Dio HAR@:protessés to be
referenced Wu, DLLHARQSCell Or a 20predetermined threshold Kuria, whichever is the smaller
(where Icam@dtiisagseireed) D2 HARD61)@ssah debitedrihthed, hd focadeliatenset iv ST ashfiguration
is always the same as the UL-DL configuration to be referenced.
less than the maximum mumber of DL HARQ processes defined in the UL-DL configuration
10 (reference UL-DL configuration) referenced by SCell for PDSCH-PUCCH timings.
[0150] FIGS. 17A to 17C are diagrams provided for describing a method of setting the
maximum number of DL HARQ processes referenced by SCell.  FIG. 17A illustrates a case
where Configi0 is set during a non-CA period and FIG: 17B illustrates a case where Confighl is
set in PCell and Config#0 is set in SCell (that is, PCell is DL heavy), and FIG. 17C illustrates a
15 case where Configl is set during a non-CA period. Furthermore, in FIG. 17B, SCell
references PDSCH-PUCCH timings of Config#] set in PCell.
[0151] For example, in FIG 17B, the maximum number of DL HARQ processes to be
referenced is set to 5 that satisfies 4 or more, which 1s the maximum number of DL HARQ
processes defined in Config#0 (FIG 17A) set in SCell and less than 7, which is the maximum
20  number of DL HARQ processes defined in Configil (FIG. 17C) referenced by SCell for
PDSCH-PUCCH tirings.
[0152] Here, when PCell is DL heavy, the range of setting the maximum number of DL
HARQ processes referenced by SCell determined based on the combination of the UL-DL
configuration set in PCell and the UL-DL configuration set in SCell will be described.

25  [0153] First, the maximum number of DL HARQ processes referenced by SCell is set to be

equal to or greater than the maximum number of DL HARQ processes defined in the UL-DL
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25 Therefore, if the maximum number of DL HARQ processes defined in FIG 7B is defined as
MDL_HARQYCell, IR buffer size Nnuceli in PCell is expressed by following equation 3. [3]

IR,PCell

10

15

20

25

... (Equation 3)

configuration set in SCell for the following reason. Namely, this is because in PCell which is
DL heavy (that is, PCell whose number of UL subframes is small and kwhich has few chances of
transmitting PUCCH), PDSCH RTT in SCell increases to guarantee PUCCH transmission
corresponding to PDSCH of SCell. For example, at DL HARQ timing (non-CA) based on
Config#0 set in the component carrier shown in FIG 17A, PDSCHRTT is 10 ms.  In contrast,
when Config#l (UL-DL configuration to be referenced) (PDSCH RTT is 11 ms) is referenced
as PDSCH-PUCCH timing of SCell as shown in FIG 178, since a UL-DL configuration which
has greater PDSCH RTT and which is DL heavier is referenced, PDSCH RTT is maximum 14
ms, which is greater than PDSCH RT'T of the UL-DL configuration to be referenced.  Thus, in
FIG. 17B compared to FIG 17A, when PDSCH RTT in SCell increases, the number of DL
HARQ processes to which the IR buffer is to be allocated (that is, the maximum nomber of DL
HARQ processes) increases accordingly. To be more specific, the maximum number of DL
HARQ processes is four in FIG. 17A and five in FIG 17B which is incremented by one.  Thus,
the maximum number of DL HARQ processes referenced by SCell needs to be set to be greater
than the maximum number of DL HARQ processes defined in the UL-DL configuration set in
SCell.

[0154] Here, FIG 18 illustrates a maximum value of PDSCH RIT in each UL-DL
configuration.  As shown in FIG. 18, PDSCH RIT in Config#1 is 11 msec, whereas PDSCH
RTT in Config#6 1s 14 msec. When PCell is Configi#l and SCell is Config#6, if PUCCH
transmission for PDSCH in SCell is guaranteed in PCell, although the UL-DL configuration to
be referenced (Config#1) is DL heavier than the UL-DL configuration (Config#6) set in SCell,
PDSCH RIT is smaller. Thus, only in this combination of UL-DL configurations, the
maximum number of DL HARQ processes referenced by SCell is not necessarily greater than
the maximum number of DL HARQ processes defined in the UL-DL configuration set in SCell.
More specifically, while Config#l is DL heavier than Configh6, Confighl has smaller PDSCIH

RTT, and in a combination when SCell is Configh#6 (when PCell is DL heavy) in this case, the
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Kc Kwmo min (AIDL_HARQPCell [0162] For example, base station 100 and terminal 200
previously store a table for 5 determining the maximum number of DL HARQ processes referenced by
SCell shown in FIG. | 9A. Base station 100 sets respective UL-DL configurations of PCell and SCell for
terminal 200. Thus, terminal 200 identifies the maximum number of DL HARQ processes referenced

by SCell base on of. the respective ations of PCell and, S et for
tlﬁldytﬁ ea ta%llce Ee%g NE aX 1IN T gcr OI%IDE fp&_ﬁ_ﬁ&ls_.{r erencecg b %

terminal 200 ermrnrng & maximum number process s Obe

eterencec i e ipTeiminat 200,060 clciies s I NIGh g Rl gl ond the

ER buffer size of PC Nrucell) accordlng to equatlo
processes defined in the UL-DL configuration set in SCell. Furthermore, while Config#2 is

DL heavier than Config#6 and has smaller PDSCH RT'T, and in a combination when SCell is |
5 Configh6 (when PCell is DL heavy) in this case, the maximum number of DL HARQ processes
referenced by SCell (that is, the number of divisions of the soft buffer) is greater than the
maximum number of DL HARQ processes defined in the UL-DL configuration set in SCell.
[0155] Moreover, the maximum number of DL HARQ processes referenced by SCell is set to
be less than the maximum number of DL HARQ processes defined in the UL-DL configuration
10 o be referenced by SCell for the following reason. Namely, this is because while SCell
references the UL-DL configuration (Config#l i FIG 17B) which is DL heavier than the
UL-DL configuration (Configd0 in FIG 17B) set in SCell, the number of DL subframes
assigned to SCell remains that defined in the UL-DL configuration (ConfigH0 in FIG 17B) set
in SCell. That is, since the number of DL subframes in the UL-DL configuration set in SCell
15 is smaller than that in the UL-DL configuration to be referenced, the number of DI, HARQ
processes actually required in SCell (maximum number of DL HARQ processes to be
referenced) is smaller than the maximum number of DL HARQ processes defined in the UL-DL
configuration to be referenced.
[0156] The range of setting the maximum number of DL HARQ processes referenced by
20 SCell when PCell is DI heavy has been described with reference to FIGS. 17A to 17C and FIG,
18, and the same applies to a case where PCell is neither DL heavy nor UL heavy.
[0157] FIG 19A illustrates an example of the maximum number of DL HARQ processes
referenced by SCell determined based on the combination of UL-DL configurations of PCell
and SCell. FIG 19B illustrates the UL-DL configuration referenced by SCell determined
25  based on the combination of UL-DL configurations of PCell and SCell.

[0158] In FIG 19A, when PCell is UL heavy, the maximum number of DL HARQ processes
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[0163] For example, terminal 200 for which PCell (Config#1) and SCell (Config#0) shown in FIG. 17B
are set sets the maximum number of DL HARQ processes referenced by SCell to 5 with reference to
FIG 19A. Terminal 200 then sets MREF_DLHARQ, 5eel=5 and calculates the IR 15buffer size of

SCell (N, Rscet0 according to equation 2. That is, as shown in FIG. 20, terminal 200 divides the SCell

soft buer iageg AN RTTLANTIRE oL ARG RpGe e be sferenced farpgpsses). I

this way, five ER ers are a As descr ove, according to‘the

present e”&@ﬁﬁéﬁ‘ﬁ%&@ﬁ@ﬁ@b&ﬂ@g@ﬂéﬁ%ﬁ%éﬂﬁ 2B3fell soft buffer into a plurality of IR buffers (buffers

for the respective retransmission processes) based on a number of DL HARQ processes to be

referenced feosresparingila R.aneeiigcyabie)eiemined by acRRBinatigNof dhe:tibr Qlke£Qnfiguration

set in PCell and the UL-DL configuration set in SCell.  [0165] This allows terminal 200 to allocate
SCell ER hisifers irasedap dhearunie iefhikidhi ARDOOCESSEA RO i fatmem-pumker of DL

HARQ processes to be referenced) taking into account the UL-DL configuration referenced by SCell.
By so dloing, iexkrasdsdn SaelkreferencestinirgtaltacWt-DineanfigiatisTiD Ha Rejerercads it is
possible to avoid a possibility that IR buffers may not be successfully allocated to some DL HARQ
processesdided codrdg GainlbyodARQtietrensmisinndalessothbe thbtaimechubi Q6@ T kdtld, according
to the present embodiment, terminal 200 can allocate IR buffers to all DL HARQ processes for SCell to
thereby subp&QmoptaRe) sTthid @lldwsdafvedingteminl bl HarOauateotsigineatddryali @l HARQ
processes. 2167 According to the present embodiment, when the IR buffers are allocated as shown
Al

in equatiod’ riadi i o FBrDRdtAIRG Brosassagafarbst ef Bl ISERP processes to

be referenced indicates the maximum number of DI HARQ processes defined in the UL-DL
10 configuration set in SCell and a second term indicates an increment in the number of DL HARG

processes caused by the aforementioned increase of PDSCH RTT.  As described above, when

PCell is DL heavy as shown in FIG. 19B, the UL-DL configuration referenced by SCell is the

UL-DL configuration set in PCell.  On the other hand, when PCell is neither DI heavy nor UL

heavy, the UL-DL configuration referenced by SCell is a UL-DL configuration in which DL
15  subframes are set at the same timings as those of both DL subframes of PCell and SCell.

01601 When the maximum number of DL HARQ processes to be referenced shown in FIG

19A is defined as Mgz v, narqscen, IR bufler size Nigscar in SCell is expressed by following

equation 2. That is, the SCell soft buffer is divided into the same number of IR buffers as the

maximum number of DL HARQ processes to be referenced Mgps pr, marqsca Or a
20  predetermined threshold Miy, whichever is the smaller (where Knmvio=1 is assumed).

[2]

N i

IRSCell = : :
K ol KMIMO ) mm(M REF DL HAR),SCell? M, limit)

... (Equation 2)

[0161] On the other hand, as for PCell, the set UL-DL configuration is always the same as the
UL-DL configuration to be referenced.

25  Therefore, if the maximum number of DL HARQ processes defined in FIG. 7B is defined as
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10 MREF DL_HARQ,SCell shown in FIG 19A is compared with Mimic-8 and whichever is the smaller
is used preferentially. Thus, base station 100 and terminal 200 may previously store a table (e.g., see
FIG 21) for defining the result of calculation of min (MRELDLHARQSCell ) shown in equation 2 in each
combination of the UL-DL configuration set in PCell and the UL-DL configuration set in SCell. In
terminal 29, this eliminatesAbe:necessity fopoaicylatine it ARG BhaddfpRQ.SCell Miimit)
shown in equation 2. f0168] Furthermore, in the present embodiment, base station 100 and terminal
200 may npfj store any table for determining the maximum number of DL HARQ processes to be
referenced shown in FIG 19A and base station 100 may indicate the maximum number of DL HARQ
processes refere:’c%((:l by SCell MREI?VDII__HARQ,SCeII tg terminal 200. That is, base station 100 20

of [y ‘

may indicafé the,; L umber-of-L 5es. 10 (mauaferey)ced MREF_DL_HARQ,SCell
which is equal to or gfeatek than IRt heror &L MARD, processes defined in the UL-DL
configuration set in SCell and less than the maximum number of DL HARQ processes defmed in the
UL-DL corifigGRatiohoreferemded basSGetidor DO HAR @itirialg S0Alternativéjy shaseastatien OO may
indicate the result of calculation of min (MREF_DL_HARQ,SCe11,1\411m0 using the 25 maximum
numbér of DIETHXRG throvessestcaliefefdHe bt dQanvipsks odcforsd hiErlstdiment2FIG. The

present embodiment will describe a case where the maximum number of DL I-LARQ processes
defined in BOL-BlassoitiirdfiBndiereroedy bl S etomirpieard trihgadsStsEdadeamntaximum
number of DL HARQ %roc_esses referenced by SCell. [0170] In the present embodiment, base station

100 and tetlinal 260 3 20P)'egH By diemaninga Wbt ebglidkGhrresssasscatrspsEell shown
(able for GBI AT HESTCAP I bUF DL ROAH oSG BHE oA A OL DL
configuratih FGTERGLD B3 107 e R N AL VAP HERS P M DB E5 guration
ol ind ST N R o e s e R A R S "

referenced iy GORMREERLARG RCelLaElRIGANG. R JAbIE [PLeteimining the maximum

number of DL HARQ processes shown'in FIG. 22B and the UL-DL configuration referenced by SCell

15 determi%@L@Jsi@&%!&ng%ﬁeﬁ%m@f&mﬁh@M@%@ﬁ%m&@éﬂﬁ% dg#é& of thesaximum

number of ARQ procésses to be referenced M R Q,5Cell according'to equation 2 as in

the case offgmbasliment Led0hE2hEonePRRIB e Gonfigii-isastdnRtaland GeufiggG is set in

SCell for terminal
with reference to FIG 19A.  Terminal 200 then sets Mrer b1, paroscar=S and calculates the IR

15 buffer size of SCell (N scen) according to equation 2.
That 1s, as shown in FIG. 20, terminal 200 divides the SCell soft buffer based on the maximum
number of DL HARQ processes to be referenced (5 processes).  In this way, five IR buffers are
allocated to SCell.
[0164] As described above, according to the present embodiment, terminal 200 divides the
20 SCell soft buffer into a plurality of IR buffers (buffers for the respective retransmission
processes) based on a maximum number of DL HARQ processes to be referenced
{corresponding to a spectfic value) determined by a combination of the UL-DL configuration set
in PCell and the UL-DL configuration set in SCell.
[0165] This allows terminal 200 to allocate SCell IR buffers based on the number of DL

25  HARQ processes (that 1s, maximum number of DL HARQ processes to be referenced) taking
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200, terminal 200 determines Config#1 as the UL-DL configuration referenced by SCell with 20
reference to the table shown in FIG. 22A. Next, terminal 200 determines the maximum number of DL
FIARQ processes referenced by SCell MREL

DLHARQ,SCer7 with reference to determined Config#l and the table shown in FIG. 22B. In this case,

terminal 20 diyides{ ﬁi%ﬁ%%@ﬁ[ﬁ%%lgfg@@&ﬁéﬁ@%@%ﬁ: t%lléhbﬁnagj%v%%%‘é{gg@eﬁlce" s DL

heavy, the UL-DL contiguration re y SCell is 25a UL-DL configuration set in and when

PCellis Uldigaini(Uigifs 5ol B1DhNeanvl G LoPlconfiauaion slessnngd by SCRlljs a UL-DL

configuration set in SCell; and when PCell is'neither DL heavy nor UL heavy, the UL-DL configuration

referenced By BEglinaibaRk-configr aiancndish ishbcheavy with respecki hethRealiand SCell.
[0174] That is, the same or a DL heavy UL-DL configuration with respect to the UL-DL configuration

set in SCelldgidwayssetartheddhshilssonfigynation sefgreaced by SCell. 5 The DL heavier the UL-DL
configuration, the greater the number of DL HARQ processes that is required. However, as described

in Embodiftest]l, ke SCeltdiieience srEend ARQdiining seahihe LI0-Rin etiofige @tipnteshe
referenced, the number of DL HARQ processes necessary for SCell never exceeds the maximum

number of HIPHARQ . Qrocesses Geffi{ed! it thertby-DbpoonigurbtiBn) refEnenddvby Selk §4[0175]
Thus, as in the case of the present embodiment, using the maximum number of DL HARQ processes

defined in tyd MR Do bomfitpimad der rdfére hibEdByrgesisas the maximum number of DL HARQ
processes referenced by SCell used to determine the number of divisions of the SCell soft buffer,
terminal 2d0164h afteetingio|RppiReR! PR bR EBJedisr seallaeigkasosupisort DL
HARQ. Thus, according to the present embodiment, it is possible 15 to obtain a coding gain by HARQ
for all DL HAREPPBroceddes oL GUBE ithd YanitRble BOtRESisHsEISse QHO\%H‘?H FIG. 7B.
Moreover, FIG. 22A is the same table as that in FIG. 19B. The table shown in FIG. 22A (FIG 19B) is a
table HecedA o araive SIOMARG fimingdsoaBant il Al wars M SBIFIRYERG BErdBplfds signals

of SCell transmitted using PCell) as described above. That is, the table shown in FIG, 22A is a 20
ecessary BEPHGAIALS of 1 SRENAINA N S RGP ARSI M Enarer
That is, in thelgf&s t m§ imer%lt%, baslﬁtst tiglnjr 0 and termipal 200 need n%stﬂgel}new tables (e.g.,
the table shown in FIG. S%q o determine the number of divistone bPHESEW - Sébtitfer- Atcording to

e e S S AP 1 RRIR G A €L st 0o

configuration set in SCell. In terminal 200, this eliminates the necessity for calculating min

15 (Mggr L gargscenMiimic) shown in equation 2.
[0168] Furthermore, in the present embodiment, base station 100 and terminal 200 may not
store any table for determining the maximum number of DI HARQ processes to be referenced
shown in FIG. 19A and base station 100 may indicate the maximum number of DL HARQ
processes referenced by SCell Mgir pr, nargscan to terminal 200.  That is, base station 100

20 may indicate the maximum number of DL HARQ processes to be referenced Mger pr, Hargscst
which is equal to or greater than the number of BL. HARQ processes defined in the UL-DL
configuration set in SCell and less than the maximum number of DI, HARQ processes defined
in the UL-DL configuration referenced by SCell for DL HARQ timings. Al’temati?ely, base
station 100 may indicate the result of calculation of min (Mger pr, HaROSCal,Miimit) using the

25  maximum number of DL HARQ processes to be referenced to terminal 200.

[0169] (Embodiment 2)
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25[0177] (Embodiment 3) Embodiment 1 has described instances when cross-carrier scheduling is not
set (which may also be referred to as "when CIF (cross indicator field) is not set" or "when
self-scheduling is set"). That is, a case has been described in Embodiment 1 where DL assignment of
PCell to PDSCII (resource assignment information) is indicated by PDCCH of PCell and DL

assignment of Sl 0 PRSCHI5 INdedles B BRCCH of SCRL SIGIA) N Sopyash e present

embodiment will cribe a case where a cross-carrier scheduling setting Is taken into account. [0179]

Cross-carrigf schedilng 5,3 CEN UG HIAtHRESHRGEH 0f /eaIRINSOnRRLE RLFAIRT @ schedule

resource assignment of another component carrier. For example, In preparation for a case where

when qualify:qf RRGGIHIRRES LERINAhRE GitacaiseckinRU @ stQgase as when terminal 200

receives large interference regarding DL assignment (resource assignment information) of SCell to

PDSCH, ciosmtarfetschrauiinenianiéelliasGelids perfamneddithisoasgoasasiatipn 100
indicates DL assignment of SCell to PDSCH using PDCCH of PCell (e.qg., dotted line arrows shown in

FIGS.23Adenrehaai) {0180V hefkiossrcatirnseheddinglisheeiandridien B Gelldetlinbeavy (see
FIG. 23A) or 15 when PCell is neither DL heavy nor UL heavy (not shown), there are timings at which
PCell becamegsman nsubdrafiielaHA BQ elidbecomes@iotd Subfceiier(é gtaise-44 dncdhsigaien in FIG
23A). At these timings, base station 100 cannot indicate DL assignment indicating PDSCH of SCell
using PDCGHiofuPCrinzndihdréiéRkit prpotgossisiptodassigrRrDECHbicsCelr iverdfora, DL
subfi-ames of SCell cannot be used at the timings. 20[0181] On the other hand, when cross-carrier
schedulingfid'Hot28&: (not shown), DL assignment indicating PDSCH of SCell is indicated using

PDCCH of SCell, and therefore DL subframes can be used in SCell even at timings at which PCell
becomes a1 dunkPabienitl Sediivdenning 449 idsbfiehne UL-DL configuration referenced by

10 SCell by referencing the table for determining the UL-DL configuration to be referenced shown
in FIG 22A and a combination of UL-DL configurations respectively set in PCell and SCell.
Next, terminal 200 identifies the maximum number of DL HARQ processes referenced by
SCell Mger i, Harosce by referencing the table for determining the maximum number of DL
HARQ processes shown in FIG 22B and the UL-DL configuration referenced by SCell

15  determined using FIG 22A. Terminal 200 then divides an SCell soft buffer based on the
maximum number of DL HARQ processes to be referenced Mrep pr, margscer according to
equation 2 as in the case of Embodiment 1.

[0172] For example, when Config#l is set in PCell and Config#0 is set in SCell for terminal
200, terminal 200 determines Config#l as the UL-DL configuration referenced by SCell with

20 reference to the table shown in FIG 22A. Next, ferminal 200 determines the maximum
number of DL HARQ processes referenced by SCell Mger pr, maroscer=7 with reference to
determined Config#l and the table shown in FIG. 22B. In this case, terminal 200 divides the
SCell soft buffer into seven IR buffers.

[0173] InFIG 22A, when PCell is DL heavy, the UL-DL configuration referenced by SCell is

25  a UL-DL configuration set in PCell and when PCell 18 UL heavy (that is, SCell is DL heavy),

the UL-DL configuration referenced by SCell is a UL-DL configuration set in SCell, and when
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[0182] Thus, whether or not it is possible to use DL subframes of SCell at timings at which 25 PCell
becomes a UL subframe and SCell becomes a DL subframe is one of differences when cross-carrier
scheduling is not set and when cross-carrier scheduling is set in a case where a UL-DL configuration
varies among a plurality of component carriers. [0183] Since DL subframes of SCell cannot be used at

the above-gesgribed.fimings (he numbsr pLDL subliztngsysable o SCellis smalleutien

St a
cross-carrier SCheCrllU INg IS se cross-carrier gisnotse I this reason, the

maximum ﬂ*ﬂ?ﬁr (Q{n[%L %B%u%grg%%ggg re gﬁpegggcp% §(§ﬁﬁ§%ﬁ[§%§aayer when cross-carrier

scheduling Is set tha en cross-carrier scheduling’is not s s, the number of divisions of the

SCell soft pyffey datarminagthased,en the madmUmBLIRATALDLHARQEReGess8s efessced by

SCell is smaller'when cross-carder scheduling is set than when cross-carrier scheduling Is not set.

[0184] NotethatinddEsd3nsat tiningsRtwhich Peelbbecamsas Addl-suaffam fCell 10 becomes
a DL subframe (SF44, 49), neither DL subframes of SCell nor UL subframes (SF48, 43) of PCell

corresponding i, thenkd: sidinBings.ak RS Bld Gleklimingssan benseth kQrdhisieasen, when

cross-carrier scheduling is set and when PCell is UL heavy, it is preferable for SCell to always
reference RDSGitePUClohdingngsdetaibld-B cobiduiaiion, sehén RCell agshaan i AIBREB. This
makes it possible to avoid a possibility that UL subframes of PCell 15 corresponding to DL subframes
of SCell attR§E HfROAH2imoogs gwaticnotd beusdete[REB5IHB wn tihebway, WhdieR Qrpnotdaeset
cross-carrier scheduling is changed based on indication of RRC (radio resource control) from base
station 100cMosever, i lioseritsadeatiohe nthsimumbembeddiBib i \Wdhe @ Getk sbfitedffetmnd the

number of DL HARQ processes vary when cross-carrier scheduling is set and when cross-carrier
schedulingH5-#dt ewtfiguration referenced by SCell.

10 [0175] Thus, as in the case of the present embodiment, using the maximum number of DL
HARQ processes defined in the UL-DL configuration referenced by SCell as the maximum
number of DL HARQ processes referenced by SCell used to determine the mumber of divisions
of the SCell soft buffer, terminal 200 can allocate the IR buffers to all DL HARQ processes for
SCell to thereby support DL HARQ. Thus, according to the present embodiment, it is possible

15 to obtain a coding gain by HARQ for all DI HARQ processes.

[0176] FIG 22B is the same table as the existing table shown in FIG 7B. Moreover, FIG.
22A 1s the same table as that in FIG 19B. The table shown in FIG 22A (FIG. 19B) is a table
necessary to define DL HARQ timings of SCell (that is, transmission timing of response signals
of SCell transmitted using PCell) as described above.  That is, the table shown in FIG. 22Ais a

20  necessary table regardless of the determination of the number of divisions of the SCell soft
buffer. That is, in the present embodiment, base station 100 and terminal 200 need not store
new tables (e.g., the table shown in FIG. 19A) to determine the number of divisions of the SCell
soft buffer. According to the present embodiment, it is thereby possible to make the
configurations of base station 100 and terminal 200 simpler than those in Embodiment 1.

25  [0177] (Embodiment 3)

Embodiment 1 has described mstances when cross-carrier scheduling is not set (which
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20 Therefore, when base station 100 changes the setting of cross-carrier scheduling, as shown in FIG.
24, the number of divisions of the SCell soft buffer is changed before and after the setting change and
the reference position of data stored in the soft buffer changes. For this reason, there is a problem that
DL HARQ of SCell cannot be continued before and after the setting of cross-carrier scheduling is

changed. 25[0186] Thus, in,the presen odiment, terminal.200 divides the SCell soli huffer based
on the maxii uarg%%%%%?%&gxég tg??c(kézsogésmtcgcﬁ%emre e@ﬁ%‘é‘%} tWhet c%??—é%ﬁ?@%eé&ﬁlgéuling is

set or whe s-carrier scheduling is not set (that.i hen self-scheduling is set), whichever is the
greater. Trga%lgﬁthe%nﬁﬁ”l &r of |%/S|sg|%erﬁls g?cﬁ]%ecégﬁ%ﬁ;%rm%e i?e‘é"%?ﬁe:*g%%%g rggn%g‘fﬁ@fsﬁ Qation as
to whethenpiqal Q8:caHiar RTINS IS AR é'ﬂ%?em;?%ifﬁ%@ FRes esses to
be referenced whg{l either on% scheduling m%%wc%%}#sf set. 5{0187] lﬁ]c?re spelgl%ﬁ%gy%%%gégﬁbed

above, theymedmpnymb el afibk-AHARDOrasesses fo be referenced is greater when cross-carrier
scheduling is not set than when cross-carrier scheduling is set. Thus, terminal 200 divides the SCell

soft buffer pey psed @&m@siiﬁat?@saﬁ tenREIRRAOMANT EEasHCal TigksChRIUIING IS sety et always
based on the maximum number of DL HARQ processes to be referenced when cross-carrier

schedulingi¢ficdatifgtetor exampletd &ctermminal 200 may also detemilne the maximum number of DL
HARQ processes to be referenced when cross-carrier scheduling is not set with reference to the table
shown in FIG7AYIA assirctidecasbediizmbodimehhiud\ lematie BDECHI N 208 miay-deteiaine the
maximum number of DL HARQ processes to be referenced when cross-carrier scheduling is not set
with referesiegeto thetablulsownrin RIS g@RAARd BIGHR2Boaspimehe caserof Embodimsat &1 15 [0188]
By so doing, when cross-carrier scheduling is not set, it is possible to allocate IR buffers to all DL
HARQ prop@seasiainthsappervbertHnRo sl thePiise i MEdidiment beauaranterédvenchvinen
cross-carrier scheduling is set with a smaller number of necessary DL | IARQ processes than when
crosslarriéBs e BlifAGSEHBY s AP0t RS Poss iBrat o ifidesie s Rasaring tBlalpsicnRQisreeEsses and
support DL HARQ. Therefore, according to the present 20 embodiment, it is possible to allocate IR
buffers to AFISRIARE Preised hd! EprQ.%(%t ﬂm%@%@imim@ﬁa%@%@r@%&ﬂmg of
cross-carrier sche uli? .J0189] Furthermore, according to the present embodiment, the method of
dividing hECEPEF Lo B Sesh Ay e gty ﬁeﬁ%@ﬂ&ﬁ%@%@&%@%‘f’%é’é%rrier

scheduing, g1 (PP RIS S RTHRLL 2 SRS ST, iy s not changed before and

after

[0180] When cross-carrier scheduling is set and when PCell is UL heavy (see FIG. 23A) or

15 when PCell is neither DL heavy nor UL heavy (not shown), there are timings at which PCell
becomes a UL subframe and SCell becomes a DL subframe (e.g., SF#4 and #9 shown in FIG.
23A). At these timings, base station 100 cannot indicate DL assignment indicating PDSCH of
SCell using PDCCH of PCell, and therefore it is not possible to assign PDSCH of SCell.
Therefore, DL subframes of SCell cannot be used at the timings.

20 [0181}] On the other hand, when cross-carrier scheduling is not set (not shown), DL
assignment indicating PDSCH of SCell is indicated using PDCCH of SCell, and therefore DL
subframes can be used in SCell even at timings at which PCell becomes a UL subframe and
SCell becomes a DL subframe.

[0182] Thus, whether or not it is possible to use DL subframes of SCell at timings at which

25  PCell becomes a UL subframe and SCell becomes a DL subframe is one of differences when

cross-carrier scheduling is not set and when cross-carrier scheduling is set in a case where a
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25changing the setting of cross-carrier-scheduling, and it is thereby possible to continue DL HARQ
processes of SCell. Thus, it is possible to obtain a coding gain by HARQ for all DL HARQ processes.
[0190] When the setting of cross-carrier scheduling is less frequently changed, the coding gain
associated with the fact of being able to continue DL HARQ before mid after changing the setting of

cross-carrigf SonedRingisi SR IHEEAI R ASIWARD ShEosgilinehPE£FRPS-carrier 5 scheduling is less

frequently changed, the influence of the Tact of not being able to continue DL HARQ is small. Thus,

when the getting ofekespicasiigt-seheduinglisdassireguspihachiangsslhasesiatiamiQ and terminal

200 may determine the maximum number of DL HARQ processes referenced by SCell with reference

to the tablexghbwiEl GuR2Bawbe nams Tk seheluingds srisordeteraedhne Raxium number
of DL HARQ processes referenced by 10 SCell with reference to the table in Embodiment 1 (FIG. 19A)

or the tableviriEmizedimentehtfiGn22AnanstE-| Glo2 2By sviven, chessseanier sahbeinglignatet. In FIG.
25, when PCell is UL heavy, the maximum number of DL FIARQ processes defined in the UL-DL
configdratiprsesdn Retdsdby ¢ thieisrmsd rmmatlarumiise rcof BlaktidRQhpdobes se sdothe referenced.
Moreover, in FIG. 25, when PCell is DL heavy or PCell is neither DL heavy nor ut heavy, a 15 value
obtained by &itsaatsinglirdmitgelnimtiashm Humbbe obmbar ARG viiooe sfebyfiSetemd) deflted in the
UL-DL configuration set in PCell, the decrement (second term) in the number of DL HARQ processes
caused bydrsaudobersdie HipiperBrELsHNRa e tnH S3RnupessessefgreipethByURCBIL is
configuration set in PCell due to the fact that DL subfrarnes cannot be used at timings at which PCell

becomes SPAICIBMEGFE SIS sitsaetmdssat ersnBrbrrRssis st s e AaREHim number of DL
2 case whiISATOINBE UShT lCkcn i S B AR B EFERGEA (el s, when
TOD FMTR 3 RPLS5D- 02 AR IR 2 PRPUSRERR.SLT OB AT Oy A Bl spgpraton
#3) of PCell corresponding to the DL subframes at PDSCH-PUCCH timings can be used. For
this reason, when cross-carrier scheduling is set and when PCell is UL heavy, it is preferable for
SCell to always reference PDSCH-PUCCH timings of a UL-DL configuration set in PCell as
shown in FIG. 23B. This makes it possible to avoid a possibility that UL subframes of PCell
15 corresponding to DL subframes of SCell at PDSCH-PUCCH timings may not be used.
[0185] By the way, whether or not to set cross-carrier scheduling is changed based on
mndication of RRC (radio resource control) from base station 100, Moreover, as described
above, the number of divisions of the SCell soft buffer and the number of DL HARQ processes
vary when cross-carrier scheduling is set and when cross-carrier scheduling is not set.
20 Therefore, when base station 100 changes the setting of cross-carrier scheduling, as shown in
FIG 24, the number of divisions of the SCell soft buffer is changed before and after the setting
change and the reference position of data stored in the soft buffer changes.
For this reason, there is a problem that DL HARQ of SCell cannot be continued before and after
the setting of cross-carrier scheduling is changed.

25 [0186] Thus, in the present embodiment, terminal 200 divides the SCell soft buffer based on

the maximum number of DL HARQ processes to be referenced when cross-cartier scheduling is
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. 25dynamically changed in a pico cell (SCell) in inter-band carrier aggregation between a macro cell
(Pcell) mid a pico cell (SCell). [0193] When different UL-DL configurations are set between terminals
supporting TDD elMTA, interference from uplink communication to downlink communication
(hereinafter may be referred to as "UL-DL interference") may occur between the terminals. To avoid
the occurrence f this UL-DL.interfe@?@ge termi%)a(
u

uppqrting .TDD elMTA may change the SUL-DL
O B T A L G SO KL oA Lol (e SHBAHO o SRCH tre

configurati%en ot for eac?{ctermlnajilf(‘

UL-DL configration insliended oraaenl mank aminela spRoRING TRR BT A afs el o

change th configuration whi processes have not been completed (that is, no

ACK has heensetuned o.M BRss: om0 @Rk AHIDeE09r e, ASsAWAINF \GmfB: theymaximum

number of DL HARQ processes 10 (MDLupdio) varies among different UL-DL configurations. For this

reason, whenithg,madmuniRyererQl Rndd AR BRGESSARIGOHRIRRNJIRY to any one UL-DL
configuration at least before and after the change is less than 8, the IR buffer size per TB also varies

beforesand @ften theighapaemhiied bRkisandigrationyhenaxanRlednoF I, RAruhsRlarafigho is

changed to Config#1, the maximum number of DL HARQ processes is also changed from 4 to 157.

[0196] Thus, s siwwindh fs|gre26r sihee thenumbersohddivisigrs abthetsafinbutier alsgvariks before
and after the change of the UL-DL configuration, the data reference position in the soft buffer varies
before ands@fteniihe isheingdlofsthertdindDP 00 aifiges dttoRCElbsdfiibutasen thedett thalicanmotcorrectly
read the stored data and cannot continue DL HARQ before and after 20 the change of the UL-DL
configurationvheibetierado rectiseraristesheding b st detb alovatiorrsfdHa RQ retramsmissitepdformance
before and after the change of the UL-DL configuration. Although the deterioration of HARQ
retransmisBilbAlp&fbIrsatsssobs el isdardiansertiviEEhiekdalian) istehstigingptreanplpL
configuration or in the case of a change of the UL-DL configuration with a low or medium frequency as
showHin riathiBal (2§00 dbteridistioherbs MR TetraRdtRiseloRbeofihmeecaspedrs thore

noticeably particularly when the UL-DL _caonfiguration is changed with a high frequency as shown in

method (3JFEFSH THEE, P IhEBRESERIEHBS T WHER Srffarartt LIS CEhHIYALBHE Gre set
peen COIpSTETL IR he 3 Ulgol contualion s el hanged o col.
terminal 291%1%8% gﬁ!ﬂ;em gggeggg g)ugaerre%esrgﬁ%e% W Qé{@%@-gaa&e%’ (s)éﬁgcﬁﬂing is not set with
reference to the table shown in FIG 22A and FIG: 22B as in the case of Embodiment 2.
15 [0188] By so doing, when cross-carrier scheduling is not set, it is possible to allocate IR
buffers to all DL HARQ processes and support DL HARQ) as in the case of Embodiment 1 or 2.
Moreover, when cross-carrier scheduling is set with a smaller number of necessary DL HARQ
processes than when cross-carrier scheduling is not set, it is possible to allocate IR buffers to all
DL HARQ processes and support DL HARQ. Therefore, according to the present
20  embodiment, it is possible to allocate IR buffers to all DL HARQ processes and support DL
HARQ before and after changing the setting of cross-carrier scheduling.
[0189] Furthermore, according to the present embodiment, the method of dividing the SCell
soft buffer is not changed before and after changing the setting of cross-carrier scheduling.
Thus, the reference position of data stored in the soft buffer 15 not changed before and after
25  changing the setting of cross-carrier scheduling, and it 1 thereby possible to continue DL

HARQ processes of SCell.  Thus, it is possible fo obtain a coding gain by HARQ for all DL
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5 maximum number of DL HARQ processes to be referenced defined in the combination of UL-DL
configurations. That is, terminal 200 divides the SCell soft buffer based on a maximum value of the
maximum number of DL HARQ processes to be referenced respectively determined by candidate
groups of combinations of UL-DL configurations of PCell and SCell that can be set for terminal 200. 10
[0198] FIG, 2/A lllustrates an example of the method of setting the maximum number of DL HARQ
processes refter Hg’ecgsﬁei;"SCell according to the present embodiment. FIG 27B illustrates an example

O e Tseraialen sipenre b scaacearind j e piestrebadimenialan] I e
L- ' 1S 0 e

following description, among th€ combinations o configuration tan ell shown in

FIG. 27 gambinations (BERL SCRILMANEAN besrLIgsIrANg 30081 ASunerkinie Hie following
six sets: (Config#0, Config#0), (Config#0, Config#6), (Config#0, Cortfig#1), (Config#6, Config#6),

(Config#6, CianfigHllandLerpfighlamapfigriulcembinations enrlosed bisllirsestol280kAs shown
in MG. 27A, the maximum number of DL HARQ processes referenced by 20 SCell are 4,6, 7,6, 7, 7

respectivelyjiemigenofcomiinaiinngiRiee! i Geh-aiREalkand Seellvhak ean kecsatifar tsyminal 200

above. Terminal 200 divides the SCell soft buffer using the maximum value 7 among these maximum
numbers ofARRGIARGLProcgsses iond efalianoetobarexangieddbsuimning MRERDLUARRISCeR=7 in
equation 2, terminal 200 calculates ER buffers for SCell. In this case, terminal 200 divides the SCell
soft buffer hiato sevien |Rbufidrser25{@PCTPBys0 dodngirevér wiedinthe comthisratibrDaf BE8K)and SCell
is changed to any combination that can be set for terminal 200, terminal 200 will never run short of
SCell IR huffersseT histencabhidg ¢l thghprdeentetniodishbnthosmin 12085 cshenstais-cacoding gain
by HARQ for all DL HARQ processes corresponding to SCell. [0202] Since the number of divisions of
the SCell sehedubieg is soweHistgadnbdhsraaraanaertmbeeingde HREoDsseomfigiratdhydata
reference positions on the soft buffer are not 5 changed either. Thus, even when the UL-DL
confidfratiofst ertngEucnes i ihs s60ccantepbrdinsiehdite Hida etdhsdabigdrelimbediaggel and can
thereby continue DL HARQ before and after the chan%?4 of the UL-DL configuration. According to the

present ertbdifréntagt | c?%?’%l@%”a@f(ﬂﬁﬁ‘ff&f&’iﬁfigﬁ ipg Wﬂﬁ@%tré‘hg s%%ﬁ"ﬁ@?fgﬁﬂéfﬁ:e before
and after Uy dhangs o the DL confiayigiop, 16102001 B2ge taion 100 gy preyiousy ncicte
set in PCell is set as the maximum number of DL HARQ processes to be referenced.
Moreover, in FIG. 25, when PCell is DL heavy or PCell is neither DL heavy nor UL heavy, a
15  value obtained by subtracting from the maximum number of DL HARQ processes (first term)
defined in the UL-DL configuration set in PCell, the decrement (second term) in the number of
DL HARQ processes caused by a reduction in the number of DI, subframes that cannot be used
from the UL-DL configuration set in PCell due to the fact that DL subframes cannot be used at
timings at which PCell becomes a DL subframe and SCell becomes a UL subframe, is set as the
20 maximum number of DL HARQ processes to be referenced.
j0191] (Embodiment 4)
The present embodiment will describe a case where a UL-DL configuration of each
component carrier is dynamiically changed (that is, when TDD eIMTA is applied).
[0192] As an example of application of TDD eIMTA, a UL-DL configuration may be

25 dynamically changed in a pico cell (SCell) in inter-band carrier aggregation between a macro

cell (Peell) and a pico cell (SCell).
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PCell and SCell that can be set for terminal 200. Alternatively, instead of indicating combinations of
UL-DL configurations of PCell and SCell that can be set for terminal 200, base station 100 may
indicate the result of calculation of mm (MriEtta_ HARo.sceit,Milmit) to terminal 200. In this case, since
the calculation result takes values 4 to 8, the result can be indicated 15 using 3 bits. On the other

hand, sinc se urations of Config#0 o #6 és b| to indicate inations of
UL-DL co g@%uﬁ%‘f \é,lé]% %&S(iggl NN Gk ﬁﬁ 88%?& it )SB%OEP&% éﬁ?fed Base
station 1001! teee eré/nc abov 1(;ﬂ'%llculatlon re[sult a(pd it lS thereb %sml to dr%stlcal g/ reduce

the numbero e in ca(fgldutbo ermofﬁﬂflﬂ](])ﬁcom are}gl%o g%e\?v Sre\combinations of UL-DL

confiuratis o 20PEel, a0 Sl inicaien, DO MTIGA A, Leth afe 40 aliqip 49 set

of combinations in which the maximum number 0 processes re erenceé) by Fbecomes

8 or more, yubich js.2Jpige mn}@sruggafea@;faee,t@aﬁﬁa%m 416! B OVIRE Tl HARQ. SCell

It) in equation 2 is likely to be 8 (=Mik"t) in many combinations. Thus, base statlon ay not

previogsly gpingicates ﬁ&m@myeml@édﬂg@h@ iguationsetRGeliprdSeeldhat can be set for
terminal 200 or the calculation result of min (MREFD HARQ SCell,MitmlO to terminal 200, and

terminal 2G01gy pektermdhe foliowingpeiation.kade opEPegifitanhendifgrenibl: ik

configurations are set between component carriers and UL-DL configurations are set to be dynamically
changed (WhéneTaDAelM Tikels sethatemtin 200 raayfigalstidate/tile AR DL fesBZe0t&Steelhby always
assuming min 5 (M cREF_DLHARQ,SCell,M between component carriers and UL-DL configurations
are not setts bedymapicallitichanged (Khen FDralMiFAtisthobset)tddrminal 200 may calculate the IR
buffer size of SCell according to the methods shown in Embodiments 1 to 3.
[0185] Furthermore, as shown in FIG. 7B, the maximum number of DI HARQ processes
10 (Mpr,_narg) varies among different UL-DL configurations. For this reason, when the
maximum number of DL HARQ processes corresponding to any one UL-DL configuration at
least before and after the change is less than 8, the IR buffer size per TB also varies before and
after the change of the UL-DL configuration. For example, in FIG 26, when Configh0 is
changed to Configf1, the maximum number of DL HARQ processes is also changed from 4 to
15 7
[0196] Thus, as shown in FIG 26, since the number of divisions of the soft buffer also varies
before and after the change of the UL-DL configuration, the data reference position in the soft
buffer varies before and after the change of the UL-DL configuration. For this reason the
terminal cannot correctly read the stored data and cannot continue DL HARQ before and after
20  the change of the UL-DL configuration, and therefore there is concern about deterioration of
HARQ retransmission performance before and after the change of the UL-DL configuration.
Although the deterioration of HARQ retransmission performance is observed in aforementioned
method (1) of changing the UL-DL configuration or in the case of a change of the UL-DL
configuration with a low or medium frequency as shown in method (2), such deterioration of

25  HARQ retransmission performance appears more noticeably particularly when the UL-DL

configuration is changed with a high frequency as shown in method (3).
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[0205] A case where cross-carrier scheduling is set may also be studied in the present 10 embodiment
as in the case of Embodiment 3. That is, terminal 200 may divide the SCell soft buffer into equal
portions using a' maximum value between the maximum number of DL HARQ processes to be
referenced when cross-carrier scheduling is not set Which is defined by combinations of UL-DL

configurati and CeIIt set for term I200 e maximum number of DL
HARI%uprc;@g?él ﬁ“ﬁ%r@fe nB%eae %%ée‘&arw ’%c Eﬁﬂ%gﬁﬁ%ﬁe@ gb‘é%%rlérgps&lﬁcally, as

described in Embodlment 3 the maX| f DL.HARQ pr esses be referenced is greater
when crosé “carner slcl:]ll?eﬁ |ng §isho se an W ézairr%l(f):ros%g1 ?‘Ffé?fl scoﬁp‘emc?ﬁn Ing i& S8 & glﬂﬁ{ fle?lmlnal 200
may divide (e, 3eelSf PUTRL A RS HAING ATFRXBITAG AMRNG fee s s of DL
HARQ processes to ence en Cross-carrier schedt uling Is not set w ned by

combinatigps.af .- %hﬁﬁ&f'gm%ﬂ’&v‘@éscﬁ{% he-srtdan WimINakag0, "ﬁ%%&%%‘(%&ﬁ&‘"&?%@r or not

cross-carrier scheduling is set. [0207] The embodiments of the present invention have been described

so fars [G2Q8hIRe SXRRFYPDISEER R hasH usadt inferebedimants alikeRresebh ipyention,
but 25SCell is not limited to one SCell or SCell for which one type of UL-DL configuration is set. That

is, this is applivab@igigkeband eashiSGelhiespecivalyideyrtheigiosn, differantbaRid egniigurations
may be set to respective SCells. [0209] Although an antenna has been described in the

aforementiondehembaldinaéiiis nike:prasenhivyentivn e bprstaiarly appliecttocdnsapietveiyport.
[0210] The term "antenna port" refers to a logical antenna including one or more physical 5 antennas.
In other wdrtisptineddmynriaditbmngrpgrt o cemmotiiecesSHiiNDiefen fyasingle PRSIt ahdri€elha, and
may sometimes refer to an antenna array including a plurality of antennas, and/or the like. [0211] For
example, Hewoarabrsphipsicanarieifias are included in the antenna port is not defined in LTE, but the

antenna port is defined as the minimum unit allowing the base station to
10 [0198] FIG. 27A illustrates an example of the method of setting the maximum number of DL

HARQ processes referenced by SCell according to the present embodiment. FIG 27B
illustrates an example of the UL-DL configuration referenced by SCell according to the present
embodiment.
[0199] In the following description, among the combinations of UL-DL configurations of
15 PCell and SCell shown in FIG 27A, combinations (PCell, SCell) that can be set for terminal
200 are assumed to be the following six sets: (Configh0, Configh0), (Config#0, Configh6),
(Config#0, Config#l), (Config#6, Configh6), (Configh6, Config#1) and (Config#1, Config#1)
(combinations enclosed by ellipses).
[0200] As shown in FIG. 27A, the maximum number of DL HARQ processes referenced by
20 SCellare 4, 6,7, 6,7, 7 respectively in order of combinations (PCell, SCell) of PCell and SCell
that can be set for terminal 200 above. Terminal 200 divides the SCell soft buffer using the
maximum value 7 among these maximum numbers of DL HARQ processes to be referenced.
For example, assuming Mg pr, parRQsca™/ M equation 2, terminal 200 calculates IR buffers
for SCell. In this case, terminal 200 divides the SCell soft buffer into seven IR buffers.
25 [0201] By so doing, even when the combination of PCell and SCell is changed to any

combination that can be set for terminal 200, terminal 200 will never run short of SCell IR
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10transmit different reference signals in LTE. [0212] In addition, an antenna port may be specified as a
minimum unit to be multiplied by a precoding vector weighting. [0213] In the foregoing embodiments,
the present invention is configured with hardware by way of example, but the invention may also be
provided by software in cooperation with 15hardware. [0214] In addition, the functional blocks used in
the descriptigps of fhe embodjments are t%g!oicall implemented as LS| devices, which are integrated

circuits. THE"RTFctioHAIHRSERE MBI e iFah S RihATERT 0 SPLPBIIEP R St Honal
blocks ma ' rated into a.single chip. The term "LSl" is used herein, but the terms "IC," "system
LSI," "supg]r%%ﬁéefg%ﬁ 5[%?%%'%(%98%65 lgj)%(ﬁpé)sl} egrltagptéerﬁding on the level of integration. [0215] In
addition, t ircuitintegration is not limited t I m chieved, by dedicated circuitry or a
general-pnr%ggi p&é%%sqégrng “é?rtﬂlgﬁhwlgﬁ%é ﬁfkﬁ%sg%lﬁggg{ig%gf ESI)I,%% eg%%%%ﬁnnag%rgate array

(FPGA). whohis pregrarmapley oL eesanliguiableaipsesspruieh s secantg ialgn o

connections and settings of circuit cells'in LSI'may be used 0216] Should a circuit integration

technalogy fepiagingd.s' ARRALAS aNraulLofadysn HLSEMRANAMCIRLIENaIagY,Rr other

technologies derived from the technology, the functional blocks could be integrated using such a

technologyofnathecRpgsitiiy isibe rREptcaioneibiolacbaclpsmsandianihe herQRE bAderminal

apparatus according to the embodiments described above is an apparatus which communicates with a
base staticndpparaieishisRooa hiutalipotecapanent cadiergianed Higrawhicbnabeanfiguration pattern

of subframes included in one frame is set for each of the plurality of component carriers, the
configuratipssgibitern avoliddizgeaotaivnlisk [EaNG waicatoiksobfieriensed forfdewnlihkitanimunication
and an uplink communication subfratne used for uplink communication, the tenninal apparatus
including: ahdegodirigedéctioh ¢hiafistotas). in a retransmission buffer, downlink data transmitted in each
of the plurality of component carriers
10 [0203] Base station 100 may previously indicate combinations of UL-DL configurations of
PCell and SCell that can be set for terminal 200. Alternatively, mstead of indicating
combinations of UL-DL configurations of PCell and SCell that can be set for terminal 200, base
station 100 may indicate the result of calculation of min (Mgsr pr, HARQSCelLMiimit) to terminal
200. In this case, since the calculation result takes values 4 to 8, the result can be indicated
15 using 3 bits.  On the other hand, since there are seven UL-DL configurations of Config#0 to #6
(3 bits) to indicate combinations of UL-DL configurations of PCell and SCell, (3-+3)xn (u:
number of combinations) bits are required. Base station 100 indicates only the above
calculation result, and it is thereby possible to drastically reduce the number of bits to be
indicated to terminal 200 compared to the case where combinations of UL-DL configurations of
20 PCell and SCell are indicated.
[0204] In FIG 27A, there are 34 out of total 49 sets of combinations in which the maximum
number of DL BARG processes referenced by SCell becomes 8 or more, which is a large
number. Therefore, the calculation result of min (Mggr pr,_nargscen,Mimie) it equation 2 is
likely to be 8 (=Mimi) in many combinations. Thus, base station 100 may not previously

25  indicate the combinations of UL-DL configurations of PCell and SCell that can be set for

terminal 200 or the calculation result of min (Mgrer pr, HARO SColl:Mimit) to terminal 200, and
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10 and decodes the downlink data; a generating section that generates a response signal using a
result of error detection of the downlink data; and a transmitting section that transmits, using a first
component carrier of the plurality of component carriers, a response signal for first downlink data
received using the first component carrier and a response signal for second downlink data received
using a se ondlg%ﬁgoréent co%e_ gf tﬁe\g}yrgliy gf component carriers, 15 in which: the buffer
includes a first buffer that Stores the ]%)I’S ownlink data and a second buffer that stores the second
downlink dald3nd ihgseeond by larRAVIEad NG U0, CSRREKEN CRTSSRONAING 10er,
retransmission processes based on a specific value determined by a combination of a first
configuratign paftesp, WdssetdRshR fUst copwanenticarieand-a serand-eenfigyrmiion pejtern that is
set in the second component carrier. 20[0218] In"the terminal apparatus according to the embodiments
described ghgyal When the figicontigwation nritern and the §€%ﬁn@>39°£1ﬁ%d%a@9§n%§{ rhre
different, the transmitting section transmits a response signal for the second downlink data using the
first comporeat cakrien atl.aNimineof an uRliksammuricatiarsuhitampotairkk.eendfigeration pattern
to be determined based on the combination; and the specific value is a maximum value of a number
250f retrangmissionnprocessesritefined U1 tha. thirdi gaafiguy ationopatternbd QR haivathedenpidal
apparatus according to the embodiments described above: in the combination including the first
configuratiprhpattedn eiMAnck @dswntinkicehdtiunigatidonbabfhaiielisfRetatlebSCdl actiondfgzidentical
to a timing of a downlink communication subframe of the second configuration pattern, the third
configuratiorthsattethods shewfirsr Eenfigiration pakern; in the combination in which the first configuration
pattern and the second configuration 5 pattern respectively include downlink communication
subframed 9888 bredsetsat st renfreraitivpisdelinBelthirl sunfiglirationsiditsrniste foteent
configuration_pattern in which downlink communication subframes are set at least at timings identical
to thgqimi@%@aﬁm #olihnkase Miithediisstibiraiaes: srmmas e srmglirado e afshoalid the
second co fiﬁuration pattern; and in the combination including the second configuration pattern in
which a doQH Rk SLBRATHARS IS 2OBTRaRHET st Betteerdt gﬁﬁ%@ﬁd@fﬁ?@éﬁ%%‘gﬁ@ of

d link icati f f the first fi i ttern, the third confi ti tt [
e <ccond CAFELYQGh FARETR- o301 18 RS (Ao AoRATHLcS HELQRANG 6 e BB ents
d ibed above; wh first ' ti d.confi ti
escribed ghoue, when fhe fist confiauration patein apd g second configurstion paijgn are

. () .
different, tﬁen%ransml Ing sectlo ansmits a response signa secon ow atlilata using

the first co nent carrjer T n uplin munication subframe.of a third configuration
MPRRCH G Bt'i%%& pl W € uﬁ?n

pattern to g;: §leterrr11ﬁ|ne %e% on the c(gr‘ﬁlb%ng%%r%?m ée %%%Sm |r?§t?§}?13§ncclu§fnséﬁt?1cg wé’? >
configyratign pattern in which a downlink communication subframe that is set at least at a timing

identical to a timing of a downlink communication subfrarne of the second configuration pattern, or in a

20 Secondp@(ﬁe ingfipn dn-whighythg first.aeafigwrationpatierand the.secanderpfiguratignopattern

respectively include downlink communication subframes that are set at least at different timings, the
specific valigeisasvalussefiiatioQr Breaigethana maximuityalyr fiRNEMRAr Qf refiansmrission

processes defined in the second configuration pattern but less than a maximum value of a number of

retransmisgion-piatessasddafinad dotha b dearifigurationapatieidy aedRDell soft buffer atways
using a maximum value among the maximum numbers of DL HARQ processes to be

20  referenced when cross-carrier scheduling is not set which is defined by combinations of UL-DL

configurations that can be set for terminal 200 irrespective of whether or not cross-carrier
scheduling is set.
[0207} The embodiments of the present invention have been described so far.
[0208] The expression “SCell” has been used in the embodiments of the present invention, but

25  SCell is not limited to one SCell or SCell for which one type of UL-DL configuration is set.

That is, this is applicable to PCell and each SCell respectively. Furthermore, different UL-DL
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25a third combination including the second configuration pattern in which a downlink communication -
subframe that is set at least at a timing identical to a timing of a downlink communication sublirame of
the first configuration pattern, the specific value is a maximum value of a number of retransmission
processes defined in the second configuration pattern. [0221] In the terminal apparatus according to

the embodmgﬁg%ﬂogga\{gigggg—&%‘tgg@ggwbination, the third configuration pattern is the first
v

configuration pattern' the Second 5 combination, the third configuration pattern is a fourth

configuratiomn patteminivhich dewinkcommunication sHhffames-Ae.ashal 8as!alimings.identical

to the timings of both downlink communication subframes of the first configuration pattern and the

second copfiguratiRerpatiary B ggiggegqg@j@@[@gﬂa Hagithird configuration pattern is the second
configuration pattern. 10[0222] In the terminal apparatus according to the embodiments described

above: a sghEdylinhenethodhfasihe ferminaapparaiusds sudtehahia.bpiveend fitstsehasddling
method that indicates resource assignment information on the first downlink data using the first
companenae@nries. ard thiztrincdiedte shee sonr Carassigrpoentdotormatian«nthe sgeond demplink data
using the second component carrier, and a second scheduling method that indicates resource
assignmenthiscal folteratiomad mbp ot fistrdeniol imedatandthndedmad dovahlinkfcatenusing the first
component carrier; and the second buffer is divided based on the specific value when the first
schedulingeiiéthid lkset.  [0223] In the terminal apparatus according to the embodiments described

above, the specific value is a maximum value among values respectively determined from candidate
groups of tie1 2D domprEInshaNoweastPhsise: ket arminsluasparaths Joape] mrths timinal
apparatus according to the embodiments described above, the secaond buffer is divided into a number

of regions tAPFE ifdrdcAudly artems Rr bichired se G avRIR B sdahnimse THHosHSId.

[0225] In the termiﬁg apparatus according to Ehe embodiments described above, the first 25
compdhent¥&HE %ﬁ?ﬁ s IPERy S edeond component canier is a secondary cell. [0226] A

DT Vi AP O D G e D e P e Aoy I B e O ipticd by &

precoding vector weighting.
[0213] In the foregoing embodiments, the present invention is configured with hardware by
way of example, but the invention may also be provided by software in cooperation with

15 hardware.
[0214] In addition, the functional blocks used in the descriptions of the embodiments are
typically implemented as LSI devices, which are integrated circuits. The finctional blocks
may be formed as individual chips, or a part or all of the functional blocks may be integrated
into a single chip. The term “LSI” is used herein, but the terms “IC,” “system LSL” “super

20 LSI” or “ultra LSI” may be used as weli depending on the level of integration.
[0215] In addition, the circuit integration is not limited to LSI and may be achieved by
dedicated circuitry or a general-purpose processor other than an .S, After fabrication of 1.S],
a field programmable gate array (FPGA), which is programmable, or a reconfigurable processor
which allows reconfiguration of connections and settings of circuit cells in LST may be used.

25 [0216] Should a circuit integration technology replacing LSI appear as a result of

advancements in semiconductor technology or other technologies derived from the technology,
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for a terminal apparatus which communicates with a base statibn apparatus, using a plurality of
component carriers and in which a configuration pattern of subframes included in one frame is set for
each of the plurality of component carriers, the configuration pattern including a downlink
communication subfratne used for downlink communication and an uplink 5 communication subframe
used for upgnl%%omm nication, the method including: storing, in a retransmission buffer, downlink data
transmittedh B4E 08#%0%%51‘51 gf’dﬂ%@fﬁiﬁ%ﬁ%?&8%W§%e‘ﬁ&m?ﬁrﬂ9§§§t%%?ating a

response si%%léa %{1” ares| It %f) error O? C %n of the downlink data; and transmitting, using a first
componenf1 arrier of the pﬁuraﬂ fgfag mpoﬁ Nt carriers, a response signal for first downlink data

received i E zrstc mpone t carrier and.a 10 response.signal for secand downlink data received in
a second gém?g nej}lt% carrléir %31% 2 psllﬁl% |tr§}18‘ g%%rﬁe%%d&%ﬁesrs% Fr?r\llvﬁlc%%% B ﬁwag?ﬁuges a first

buffer that gtores. the frstdownlink date and,a 5{5;@%}93%{% kiR DR RREANT.ARUDIRK data; and

the second buffer is divided into regions respectively correspo g to retrarismission processes

based:on aspeAific yalusgetaminadhy & cambination pliadirst canfigiration. pafterythat g set in the

first component 15carrier and a second configuration pattern that is set in the second component

carrier. [022dtaliRefissigeef-dananese RaephMRRlitatiomNedid0 hdwBd cdigdanadidy 17, 2012,

including the specification, drawings and abstract is incorporated herein by reference in its entirety.

20IndustriabBbipptiealiitydp2ashTile prasrnidauentiands spitableianuseomabiesenmyneation
systems, for example.  Reference Signs List 25[0229] 100 Base station 200 Terminal 101, 208

Control seetitnkl @2rGoniratiimfoirs ationge nerating Sactiding .03 d20&liGeding sediiontbte4inld7
Modulation section
retransmission buffer, downlink data transmitted in each of the plurality of component carriers

10 and decodes the downlink data; a generating section that generates a response signal using a
result of error detection of the downlink data; and a transmitting section that transmits, using a
first component carrier of the plurality of component carriers, a response signal for first
downlink data received using the first component carrier and a response signal for second
downlink data received using a second component cartier of the plurality of component carriers,

15 in which: the buffer includes a first buffer that stores the first downlink data and a second buffer
that stores the second downlink data; and the second buffer is divided into regions respectively
corresponding to retransmission processes based on a specific value determined by a
combination of a first configuration pattern that is set in the first component carrier and a second
configuration pattern that is set in the second component carrier.

20 [0218] In the terminal apparatus according to the embodiments described above: when the
first configuration pattern and the second configuration pattern are different, the transmitting
section transmits a response signal for the second downlink data using the first component
catrier at a timing of an uplink communication subframe of a third configuration pattern to be
determined based on the combination; and the specific value is a maximum value of a number

25  of retransmission processes defined in the third configuration pattern.

[0219] In the terminal apparatus according to the embodiments described above: in the
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106 Data transmission controlling section 108 Mapping section 109, 218 IFFT section 110, 219 CP
adding section 10111, 222 Radio transmitting section 112, 201 Radio receiving section 113, 202 CP
removing section 114 PUCCH extracting section 115 Despreading section 15116 Sequence controlling
section 117 Correlation processing section 118 AN determining section 119 Bundled A/N despreading

section 120 IDET section, 20121 Bundled MN de ermlnln ecti
combmaislon mcluding ¢ lh fn st co%guratlton patte S ?mh a downlink communication

subframe 1s set at least at a timing identical to a timmng of a downlink communication subframe

of the second configuration patiern, the third configuration pattern is the first configuration

pattern; in the combination in which the first configuration pattern and the second configuration

5 pattern respectively include downlink communication subframes that are set at least at different

timings, the third configuration pattern is a fourth configuration pattern in which downlink

communication subframes are set at least at timings identical to the timings of both downlink

communication subframes of the first configuration pattern and the second configuration

pattern; and in the combination including the second configuration pattern in which a downlink

10 communication subframe is set at least at a timing identical to a timing of downlink

communication subframe of the first configuration pattern, the third configuration pattern is the
second configuration pattern.

02201 In the terminal apparatus according to the embodiments described above: when the

first configuration pattern and the second configuration pattern are different, the transmitting

15 section transmits a response signal for the second downlink data using the first component

carrier at a timing of an uplink communication subframe of a third configuration pattern to be

determined based on the combination; in a first combination including the first configuration

pattern in which a downlink comumunication subframe that is set at least at a timing identical to a

timing of a downlink communication subframe of the second configuration pattern, or in a

20 second combination in which the first configuration pattern and the second configuration pattern

respectively include downlink communication subframes that are set at least at different timings,

the specific value is a value equal to or greater than a maximum value of a number of

retransmission processes defined in the second configuration pattern but less than a maximum

value of a number of retransmission processes defined in the third configuration pattern; and in

25 a third combination including the second configuration patfern in which a downlink

communication subframe that is set at least at a timing identical to a timing of a downlink
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122 Retransmission control signal generating section 203 FFT section 204 Extraction section 205, 209
Demodulation section 25206, 210 Decoding section 207 Determination section 211 CRC section 212
Response signal generating section 213 Coding and modulation section 214 Primary-spreading
section 5215 Secondary-spreading section 216 DFT section 217 Spreading section

communication subframe of the first configuration pattern, the specific value is a maximum
value of a number of retransmission processes defined in the second configuration pattern.
[0221]1 In the terminal apparatus according to the embodiments described above: in the first
combination, the third configuration pattern is the first configuration pattern; in the second

5 combination, the third configuration pattern is a fourth configuration pattern in which downlink
communication subframes are set at least at timings identical to the timings of both downlink
communication subframes of the first configuration pattern and the second configuration
pattern; and in the third combination, the third configuration pattern is the second configuration
pattern.

10 [0222] In the terminal apparatus according to the embodiments described above: a scheduling
method for the terminal apparatus is switchable between a first scheduling method that indicates
resource assignment information on the first downlink data using the first component carrier and
that mndicates resource assignment information on the second downlink data using the second
component carrier, and a second scheduling method that indicates resource assignment

15 information on both the first downlink data and the second downlink data using the first
component carrier; and the second buffer is divided based on the specific value when the first
scheduling method is set.

[0223] In the terminal apparatus according to the embodiments described above, the specific
value is a maximum value among values respectively determined from candidate groups of the

20  combinations allowed to be set for the terminal apparatus.

[0224] TIn the terminal apparatus according to the embodiments described above, thé second
buffer is divided into a number of regions that is identical to a smaller one of the specific value
and a predetermined threshold.

[0225] In the terminal apparatus according to the embodiments described above, the first

25 component carrier is a primary cell and the second component carrier is a secondary cell.

[0226] A buffer dividing method according to the embodiments described above is a method
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220 Time multiplexing section 221 Selection section 10 CLAIMS Claim 1A terminal apparatus which
communicates with a base station apparatus using a plurality of component carriers and for which a

configuration pattern of subframes included in one frame is set for each of the plurality of component
carriers, the configuration pattern 5 including a downlink communication subfrarne used for downlink

communication,andan uplink MK BIFANAR SHRTAME, el or PRk COmmURICAlipR iRe ferminal
%1 mss@n%{%ﬁg ,Ré?ow

apparatus comprising: a decoding section that stores, In a retra link data

transmitted i,eachof4he R hiali aficonpereit-cRH sz A desades e dawnlink 2@, 4 92

generating section that generates a response signal using a result of error detection of the downlink

data; and et &raRSMBHnEeSBRIANFNGE Bansmite: ine-a fifst COMPaRent arier ehdhriplrality of

component carriers, a response signal for first downlink data received using the first component carrier
and a respanssiisignalfengecans dawntinie data reseivedrsing @sesendcampanent lggantder of the

plurality of component carriers, wherein:

5  communication subframe used for uplink communication, the method including: storing, in a
retransmission buffer, downlink data transmitted in each of the plurality of component carriers;
decoding the downlink data; generating a response signal using a result of error detection of the
downlink data; and fransmitting, using a first component carrier of the plurality of component
carriers, a response signal for first downlink data received in the first component carrier and a

10 response signal for second downlink data received in a second component carrier of the plurality
of component carriers, in which: the buffer includes a first buffer that stores the first downlink
data and a second buffer that stores the second downlink data; and the second buffer is divided
into regions respectively corresponding to retransmission processes based on a specific value
determined by a combination of a first configuration pattern that is set in the first component

15 carrier and a second configuration pattern that is set in the second component carrier.

[0227] The disclosure of Japanese Patent Application No. 2012-158677, filed on July 17,

2012, including the specification, drawings and abstract is incorporated herein by reference in

its entirety,

20 Industrial Applicability
[0228] The present invention is suitable for use in mobile communication systems, for

example.

Reference Signs List
25 [0229]

100 Base station
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the buffer includes a first buffer that stores the first downlinlc data and a second buffer that stores the
second downlink data; and the second buffer is divided into regions respectively corresponding to
retransmission processes based on a specific value determined by a combination of a first
configuration pattern 20that is set in the first component carrier and a second configuration pattern that
is setin th%@efgngingpmponent carrier. Claim 2The terminal apparatus according to claim 1, wherein:
when the firs colﬁ?lguration pattern and the second configuration pattern are different, the
25transmit5i6hg %Qﬁﬂt}r?nsmits the response signal for the second downlink data using the first

SECLION ) L . . .
component carrier at a timing of an uplink communication subframe of a third configuration pattern to

be determif@(ﬂ%ﬁﬁ%ﬂh%ﬂﬂ%ﬁﬁ?g&%ﬂﬁ%é&ﬁgn the specific value is a maximum value of a number

of retransmission processes defined in the third configuration pattern. 5Claim 3The terminal apparatus
according 1QLlaim G Wheigiln  in the combination including the first configuration pattern in which a
downlink communication subframe is set at least at a timing identical to a timing of a downlink
commpginication subfrne ehthemecond configuration pattern, the third configuration pattern is the first
configuration pattern; 10in the combination in which the first configuration pattern and the second
configuratioiepaitetnrespeciiveiytisitiude-cawnlink communication subframes that are set at least at

different timings, the third configuration pattern is a fourth configuration pattern in which downlink
communicati®ivispiaframetsoare set at least at timings identical to the timings of both downlink
communication subframes of the first configuration pattern and the second configuration
109, 218 IFFT section
110, 219 CP adding section
10 111, 222 Radio transmitting section
112, 201 Radio receiving section
113, 202 CP removing section
114 PUCCH extracting section
115 Despreading section
15 116 Sequence controlling section
117 Correlation processing section
118 A/N determining section
119 Bundled A/N despreading section
120 IDFT section
20 121 Bundled A/N determining section
122 Retransmission control signal generating section
203 FFT section
204 Extraction séction
205, 209 Demodulation section

25 206, 210 Decoding section

207 Determination section
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15pattern; and in the combination including the second configuration pattern in which a downlink
communication subfraine is set at least at a timing identical to a timing of downlink communication
subframe of the first configuration pattern, the third configuration pattern is the second configuration
pattern. 20 Claim 4The terminal apparatus according to claim 1, wherein: when the first
configuratizﬁq?ﬁ n %nd the second configuration pattern are different, the transmitting section

. SCCLION. . . . .
transmits the résponsé signal for the second downlink data using the first component carrier at a

timing of a 1 qgggég, m Q{ %ng bféghmg of a third configuration 25pattern to be determined based
on the comﬂbllinatl n;ﬁl%r%3 z%?gfrldfrst%com%t%1 tslon Pncluding the first configuration pattern in which a downlink

communicgtlig)@§&Qg%@%m€{ﬁ&p§e@%%ast at a timing identical to a timing of a downlink
communication subfi-ame of the second configuration pattern, or in a second combination in which the
first configufati terRanchihgmecond configuration pattern respectively include downlink
communication subframes that are set at least at different timings, the specific value is 5 a value
equal to orgreadesiitan.pmapiiaivalue of a number of retransmission processes defined in the
second configuration pattern but less than a maximum value of a number of retransmission processes
defined in & D eondiguration pattern; and in a third combination including the second
configuration pattern in which a downlink communication subfrarne that is set at least at a timing
identical ta2a%ispirgdofesatwmlink 10communication subframe of the first configuration pattern, the
specific value is a maximum value of a number of retransmission processes defined in the second
configuratiep(patemnmuGidiri®Reeti@rminal apparatus according to claim 4, wherein: in the first

combination, the
221 Selection section

10
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third configuration pattern is the first configuration pattern; in the second combination, the third 15
configuration pattern is a fourth configuration pattern in which downlink communication subframes are
set at least at timings identical to the timings of both downlink communication subframes of the first
configuration pattern and the second configuration pattern; and in the third combination, the third
configuration pattern is the second configuratio%%%ﬁgn. 20Claim 6The terminal apparatus according
to claim 1, wherein: a scheduling method for the terminal apparatus is switchable between a first
scheduling pgified thal idiealpsdesaucanss anpment iR maRon.an e st downlnkarg using the
first component carrier and that indicates resource assignment information on the second downlink
data using e RECONS, FRMRANERLERATHIR! MndRRerandh sehadking melpadahindicales 27 resource
assignment information on both the first downlink data and the second downlink data using the first
componenggarighicalteihRsesand bufiesisdividad-basedan theisResHic vatugwien thgfirst
scheduling method is set. Claim 7The terminal apparatus according to claim 1, wherein the specific
value s a enakipuMvalieReNeMEkIESEespeekive iaetarminas rrmeandisiale @ramasAaf the
combinations allowed to be set for the terminal apparatus. Claim 8The tem-Anal apparatus according
to claim 1, whekeinthestetnd bufiesis dividedor usiioka aunmnberafitegidnrs thatiisidentiealito a
smaller one of the specific value and a 10predetermined threshold. Claim 9The teliinal apparatus
according torotaiamg; wherein the first component carrier is a primary cell and the second component

carrier is a secondary cell.
a decoding section that stores, in a retransmission buffer, downlink data transmitted in

each of the plurality of component carriers and decodes the downlink data;
10 a generating section that generates a response signal using a result of error detection of
the downlink data; and
a fransmitting section that transmits, using a first component carrier of the plurality of
component carriers, a response signal for first downlink data received using the first component
carrier and a response signal for second downlink data received using a second component
15 carrier of the plurality of component carriers, wherein:
the buffer includes a first buffer that stores the first downlink data and a second buffer
that stores the second downlink data; and
the second buffer is divided into regions respectively corresponding to retransmission
processes based on a specific value determined by a combination of a first configuration pattern
20  that is set in the first component carrier and a second configuration pattern that is set in the

second component carrier.

Claim 2 The terminal apparatus according to claim 1, wherein:
when the first configuration pattern and the second configuration pattern are different, the
25 transmitting section transmits the response signal for the second downlink data using the first

component carrier at a timing of an uplink communication subframe of a third configuration
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15Claim 10A buffer dividing method for a terminal apparatus which communicates with a base station
apparatus, using a plurality of component carriers and in which a configuration pattern of subframes
included in one frame is set for each of the plurality of component carriers, the configuration pattern
including a downlink communication subframe used for downlink communication and an uplink

communic Q&grésybgga%t%rgseg fg},irsgdo(l)lﬂl g%(r)nrg%%%g&%{ the 20 mgthod comprising: storing, in a
retransmission buffer, downlink data transmitted in each of e plurality of component carriers; decoding

the downlink datg A80iIIng. eaRRRERSIOVAhISIRG RGRUL PLEHRLARIERION ALhe dpnpink data
and 25transmitting, Using a first component carrier of the p uraﬁlty of component carriers, a response

signal for fi%@%ﬂi%ﬁgﬁ%ﬁ%ﬁ%&%n the first component carrier and a response signal for second
downlink data received in a second component carrier of the plurality of component carriers, wherein:
the buffer includes a first buffer that stores the first downlink data and a second buffer that stores the

second downlink data; and 5the second buffer is divided into regions respectively corresponding to
retrangmisgiampsocessgs kasediopRsRecfieNalsadaRimineE:Rya combination of a first

configuration pattern that is set in the first component carrier and a second configuration pattern that is
set in the secondicaimpenebieasreincl@ling the first configuration pattern in which a downlink
communication subframe is set at least at a timing identical to a timing of a downlink
communication subframe of the second configuration pattern, the third configuration pattern is
the first configuration pattern;

10 in the combination in which the first configuration pattern and the second configuration
pattern respectively include downlink commumnication subframes that are set at least at different
timings, the third configuration pattern is a fourth configuration pattern in which downiink
communication subframes are set at least at timings identical to the timings of both downlink
communication subframes of the first configuration pattern and the second configuration

15 pattern; and

in the combination including the second configuration pattern in which a downlink
communication subframe is set at least at a timing identical to a timing of downlink
communication subframe of the first configuration pattern, the third configuration pattern is the
second configuration pattern,

20
Claim 4 The terminal apparatus according to claim 1, wherein:

when the first configuration pattern and the second configuration pattern are different, the
transmitting section transmits the response signal for the second downlink data using the first
component carrier at a timing of an uplink communication subframe ot a third configuration

25  pattern to be determined based on the combination;

in a first combination including the first configuration pattern in which a downlink
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communication subframe that is set at least at a timing identical to a timing of a downlink
communication subframe of the second configuration pattern, or in a second combination in
which the first configuration pattern and the second configuration pattern respectively include
downlink communication subframes that are set at least at different timings, the specific value is
a value equal to or greater than a maximum value of a number of retransmission processes
defined in the second configuration pattern but less than a maximum value of a number of
retransmission processes defined in the third configuration pattern; and

n a third combination including the second configuration pattern in which a downlink
communication subframe that is set at least at a timing identical to a timing of a downlink
communication subframe of the first configuration pattern, the specific value is a maximum

value of a number of retransmission processes defined in the second configuration pattern.

Claim 5 The terminal apparatus according to claim 4, wherein: in the first combination, the
third configuration pattern is the first configuration pattern; in the second combination, the third
configuration pattern is a fourth configuration pattern in which downlink comrmmication
subframes are set at least at timings identical to the timings of both downlink communication
subframes of the first configuration pattern and the second configuration pattern; and in the third

combination, the third configuration patiern is the second configuration pattern.

Claim 6 The terminal apparatus according to claim 1, wherein:

a scheduling method for the terminal apparatus is switchable between a first scheduling
method that indicates resource assignment information on the first downlink data using the first
component carrier and that indicates resource assignment information on the second downlink
data using the second component carrier, and a second scheduling method that indicates
resource assignment information on both the first downlink data and the second downlink data

using the first component carrier; and
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the second buffer is divided based on the specific value when the first scheduling method

is set.

Claim 7 The terminal apparatus according to claim 1, wherein the specific value is a
maximum value among values respectively determined from candidate groups of the

combinations allowed to be set for the terminal apparatus.

Claim 8 The terminal apparatus according to claim 1, wherein the second buffer is divided
into a number of regions that is identical to a smaller one of the specific value and a

predetermined threshold.

Claim 9 The terminal apparatus according to claim 1, wherein the first component carrier

is a primary cell and the second component carrier is a secondary cell.

Claim 10 A buffer dividing method for a terminal apparatus which communicates with a
base station apparatus, using a plurality of component carriers and in which a configuration
pattern of subframes included in one frame is set for each of the plurality of component carriers,
the configuration pattern including a downlink communication subframe used for downlink
communication and an uplink communication subframe used for uplink communication, the
method comprising:

storing, in a retransmission buffer, downlink data transmitted in each of the plurality of
component carriers;

decoding the downlink data;

generating a response signal using a result of error detection of the downlink data; and

transmitting, using a first component carrier of the plurality of component carriers, a

response signal for first downlink data received i the first component carrier and a response
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signal for second downlink data received in a second component carrier of the plurality of
component carriers, wherein:

the buffer includes a first buffer that stores the first downlink data and a second buffer
that stores the second downlink data; and |

the second buffer is divided into regions respectively corresponding to retransmission
processes based on a specific value determined by a combination of a first configuration pattern
that is set in the first component carrier and a second configuration pattern that is set in the

second component carrier.
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