- 1 - DESCRIPTION Title of Invention: TERM NAL, BASE STATI ON, COVMUNI CATI ONS

SYSTEM AND COVMUNI CATI ON METHOD Technical Field [0001] The present
invention relates to a termnal, base station, communications system and
comuni cati on net hod. Background Art [0002] In wireless comuni cations

systens such as Long Term Evolution (LTE) and LTE- Advanced (LTE-A) defined by
Third Generation Partnership Project (3G2P), wireless LAN defined by The
Institute of Electrical and El ectronics engineers (I EEE), and Wrl dw de
Interoperability for Mcrowave Access (WMAX), a base station (a base station
device, downlink transmtting device, uplink receiving device, eNodeB) and a
termnal (term nal device, nobil e &% % R d&Vi ce, downlink receivi ng devi ce,

dee mul 1] TRt A COERtE CHHEN L ecHidt oty L oot Py RIS ox data
signal s an&saicé@d evierNi- gl R ?gng@ﬁaME%m cations. In LTE and LTE-A in

particul ar, the ‘ort hogonal frequency division multiplexing (OFDM schene is
enpl oyed |Tréct}gﬁcngleql& to achi eve high spectral efficiency and the single

carrier-frequency division nultiple access (SC-FDVA) schene is used
[0001]

The present invention relates to a terminal, base
station, communications system, and communication method.
Background Art
[0002]

In wireless communications systems such as Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) defined by Third
Generation Partnership Project (3GPP), wireless LAN defined
by The Institute of Electrical and Electronics engineers
(IEEE), and Worldwide Interoperability for Microwave Access
(WiMAX), a base station (a base station device, downlink
transmitting device, uplink receiving device, eNodeB) and a
terminal (terminal device, mobile station device, downlink
receiving device, uplink transmitting device, UE) include
multiple transmit/receive antennas and use multi-input
multi-output (MIMO) technology to spatially multiplex data
signals and achieve high-speed data communications. In LTE
and LTE-A in particular, the orthogonal frequency division
multiplexing (OFDM) scheme is employed in the downlink to
achieve high spectral efficiency and the single carrier-

frequency division multiple access (SC-FDMA) scheme 1s used



- 2 - 1in the uplink to reduce peak power. Furthernore, hybrid ARQ (HARQ,

whi ch conbi nes automatic repeat request (ARQ w th error correction codes, has
been adopt ed. [0003] Fig. 25 shows a configuration of an LIE

comuni cations systeminplenenting HARQ In Fig. 25, a base station 2501
notifies a termnal 2502 of control information associated wth downlink
transmt data 2504 over a physical dowyink control channel (PDCCH) 2503. The
term nal 2502 first perforns detection of control information. If control
information is detected, the term nal 2502 uses it to extract downlink
transmt data_ 2504. After detecti ngﬁt he contraol information, the term nal 2502

reports Mﬁb%ﬁ@%&éﬂﬁ ﬁPoFﬁﬁFFSnp 8i R hy WHETHEFTPRE dowRF i A2 P ans i t

data 2504 “ﬁ}sﬁQ}RGGn su cess uII racted or not to th 2\} stai;E on 2501 over
S hyaroal COB R e Tr EPTbRaREeRUE Sinbet e or the PUCH

2505(PUC(%—T| r f t e 2502|S|an|C|tIy/tacitIy
and uni quely Ir%z%grrm%?%g\é% Cgﬁ%gfegéar}g%é‘ <£C§E%KE@%DCCH 2503 to which the

control infgygmtion is assigned. The term nal 2502 thus can use a dynamcally
assigned P resource when reporting HARQ response information. It is also

possible to prevegnt2evernbap Of cRUCCH LSO ¢ES among tenrnakst(see Non Pat ent

Literatures 1 and 2). Gtation List 3 Non Patent Literature [0004]
system implementing HARQ. In Fig. 25, a base station 2501
notifies a terminal 2502 of control information associated
with downlink transmit data 2504 over a physical downlink
control channel (PDCCH) 2503. The terminal 2502 first
performs detection of control information. If control
information is detected, the terminal 2502 uses it to
extract downlink transmit data 2504. After detecting the
control information, the terminal 2502 reports HARQ response
information indicating whether the downlink transmit data
2504 has been successfully extracted or not to the base
station 2501 over a physical uplink control channel (PUCCH)
2505. Here, a resource for the PUCCH 2505 (PUCCH resource)
avallable for the terminal 2502 is implicitly/tacitly and
uniquely determined by the resource for the PDCCH 2503 to
which the control information is assigned. The terminal
2502 thus can use a dynamically assigned PUCCH resource when
reporting HARQ response information. It is also possible to
prevent overlap of PUCCH resources among terminals (see Non
Patent Literatures 1 and 2).

Citation List



NPL 1: 3rd Generation Partnership Project; Technical Specification Goup Radio
Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physica
Channel s and Modul ati on (Rel ease 10), June 2011, 3GPP TS 36.211 V10.2.0
(2011-06) NPL 2: 3rd Generation Partnership Project; Technica
Specification G oup Radi o Access Network; Evol ved Universal Terrestrial Radio
Access (E-UTRA); Physical |ayer proceduses (Release 10), June 2011, 3GPP TS
36.213 V10.2.0 (2011-06) Sunmmary of Invention Technical Problem[0005]

In order to increase the nunber of termnals that can be covered by a base
station in a wrel ess comunications system capable of HARQ enhanced physi cal
downl i nk @Hﬁiﬁﬁﬂx%ﬁaﬁﬁéﬁr€§HrBe used in addition to physical downlink control
channel . Vi&{pthe conventional schenme for specifying physical uplink contro
channel re “des physi cal uplink control channel resources cannot be

specified betmggp thesbasg st ation and .t %gﬁywng} %Qen gcgﬁ station

transmts control infornmaftion over an en ance phy |caI control

channel , which Mhanpers GFRNHEVRARDL ABcéé@”ﬁé&ﬁ%%E”‘éﬁJﬂd@d?%%£versa§ [ 0006]
The present invention has been made in view of the problem and an obj ect

t hereof i srd:aqyavizderadhasacstati on-uteK N Ny s ComMutGatdignsnsyst em  and
comuni cation nethod for, in a wireless comuni cations systemin which a base

stati on ambaultseridnnaRetearuniioal esumet hoeachz@rhers d.l2avwi ng opktysi cal upli nk
control channel resources to be efficiently specified even in a case where the
base stati@iVliotid)ies the term nal of control information not only over a

physi cal downlink control channel but an enhanced physical downlink control
channel . NPL 2: 3rd Generation Partnership Project; Technical

Specification Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical layer procedures
(Release 10), June 2011, 3GPP TS 36.213 V10.2.0 (2011-06)
Summary of Invention

Technical Problem

[0005]

In order to increase the number of terminals that can
be covered by a base station in a wireless communications
system capable of HARQ, enhanced physical downlink control
channel can be used in addition to physical downlink control
channel. With the conventional scheme for specifying
physical uplink control channel resources, physical uplink
control channel resources cannot be specified between the
base station and the terminal when a base station transmits
control information over an enhanced physical downlink
control channel, which hampers improvement in transmission

efficiency.



Solution to Problem[0007] (1) According to an aspect of the invention,
there is provided a termnal that comrunicates with a base station, the

term nal including: a downlink control channel detecting unit that nonitors a
physi cal downlink control channel allocated in a physical downlink control
channel region and an enhanced physical downlink control channel allocated in
a physical downlink shared channel regipn different fromthe physical downlink
control channel region; a data extracting unit that, if the downlink control
channel detecting unit has detected the enhanced physical downlink control
channel , extracts transmt data on a physical downlink shared channel
associ at ed “44H the detected enhanced physical downlink - 5 - contro

h l; i nf ti ti it. that t
i nf or mat i on fof EhB"BREY ACtRUCR T ARG AT T4 uphi AR “CoRtr ofSchannel
generat| n%)r%rﬂlt f hat, jgenerates. a paysl eal PP%('&%&P trol, channel, By mappi ng
t he response i'nf dr ati on to-a physi ca up?ln control channel” resoufce

COFreSpO“Q&ﬂ&u&Q&ﬁ“c%&ﬁﬁﬂ%%QtEBM§i§z£tQ&Mﬂéﬁ@kc&ﬁMUHfHaﬂﬁyﬁq%@th%%sourCe in
whi ch the enhanced physical downlink control channel was detected; and a

response ta@ansnirt i AQ renick st Bakmhh apsHi &8s as v ©al i Reliudi ng ke physi cal
uplink control channel. [0008] (2) The uplink control channel
gener at i ngttiiton Reldudedernihhe terminataaccordingddan arthaspect of the

i nvention generates a physical uplink control channel by mapping the response
i nf or mat i onl tooviamgplygiséak lupbilnkkconttodl chiaamet ! rresource swhicckrei s det er mi ned
based on an index of the enhanced physical downlink control channel resource
and an i ndiMiiduantdii pregalfiedcoreigtited Faek Wilthizd |50 2 s€aclvattéPRi nal .

[ 0009]

notifies the terminal of control information not only over a
physical downlink control channel but an enhanced physical
downlink control channel.

Solution to Problem

[0007]

(1) According to an aspect of the invention, there is
provided a terminal that communicates with a base station,
the terminal including: a downlink control channel detecting
unit that monitors a physical downlink control channel
allocated in a physical downlink control channel region and
an enhanced physical downlink control channel allocated in a
physical downlink shared channel region different from the
physical downlink control channel region; a data extracting
unit that, i1f the downlink control channel detecting unit
has detected the enhanced physical downlink control channel,
extracts transmit data on a physical downlink shared channel

associated with the detected enhanced physical downlink



(3) The termnal according to an aspect of the invention further includes a

hi gher | ayer control information acquiring unit that acquires control

i nformation including a parameter indicating an individual shift val ue
configured individually for each termnal, wherein the - 6 - uplink contro
channel generating unit generates a physical uplink control channel by mapping
the response information to a physical #&plink control channel resource which
is determ ned by adding the individual shift value to an i ndex of the enhanced
physi cal downlink control channel resource. [0010] (4) The higher |ayer

control |nfornat|on ac%U|rin? unit included in the term nal accordlng to an
aspect of FHE ac&u'?é@oﬁﬁﬁt%%fo¥%ﬁ%%%%IQ%ﬂ?QQFﬂQ&dPﬁd a B&Faneter

di cat hift val f t | d
the ﬁ&!ﬂ%e?beﬁ% 3 aRARRBP CqRREP LT hbtnt €7 goNer B2 h saaesﬁﬂrl&pln?ni cont r ol

channel byéggpp%%g LespAnsE |8£9§Hgi|§ éﬁé%ﬁﬁ; Rnyq% upllnk contr ol

he
channel resource th% fias “an |n ex o ue o dlng t he

i ndi vi dual g shi Tt ealy ugh@eqjcgmeufs@mncémmvala%élo H;h%a%q &X_¢ht he enhanced
physi cal éJMﬂ|Ink control channel resource. [O 5) "The uplink

control chameng@eneratinagibii toi Achuded-in &@ﬁﬂ]@rdaﬂtadolammﬂeng to an
aspect of the invention generates a physical uplink control channel by mapping

t he responssdurfcer matrirespbadanphysi eal enlphh dkd canidiala Ic kenmalinkesour ce whi ch
is determ ned by adding an individual shift value configured for a slot in
whi ch t he @nttandedhphysilcaksdownki bk €onth othe harrelcamaeidetieetled t 0o an i ndex
of the enhanced physical downlink control channel resource. [0012]

downlink control channel was detected; and a response

transmitting unit that transmits a signal including the

physical uplink control channel.

[0008]

(2) The uplink control channel generating unit included

in the terminal according to an aspect of the invention

generates a physical uplink control channel by mapping the

response information to a physical uplink control channel

resource which is determined based on an index of the

enhanced physical downlink control channel resource and an

individual shift value configured individually for each

terminal.

[0009]

(3) The terminal according to an aspect of the
invention further includes a higher layer control
information acquiring unit that acquires control information

including a parameter indicating an individual shift value

configured individually for each terminal, wherein the



(6) The term nal according to an aspect of the invention further includes a
hi gher | ayer control information acquiring unit that acquires control
information including a paraneter indicating a plurality of individual shift
val ues configured individually for each term nal, wherein the downlink contro
channel detecting unit extracts one of the plurality of individual shift

val ues which is indicated by the detectgd enhanced physical downlink control
channel, and wherein the uplink control channel generating unit generates a
physi cal uplink control channel by mapping the response information to a

physi cal upl.ink control channel resource which is determ ned gy,adding t he
ext ract ed YHdiVi FRAILTEHi FRAPEAFHeIEBC T Akt FAdEX: of ST HE Erittarc &4 Yphysi cal

dounl i conol Shannsl cesuice, LOOIPLy e rollhSCRI0L08, 10,20 2opect o

termnal, (the El?l?l%t'%tc‘&t 'h;grl‘li%‘ﬁlcwgi%%i é‘hgxfﬂ?i g;raéso‘i%e{]%hii fqrmati on

notification u hat titfies the termna an enhanced physical downli nk

control channgh,;ald0¢at edqiRgarRBy $haal: eyl iinkeshared qhanpel; jpegi on; and a
response information receiving unit that extracts a physical uplink control

channel t o mhiteh dresperse phRkoraat homnf ofik téansit datian r@soure-. physi cal
downl i nk shared channel associated with the enhanced physical downlink control

channel i s[amappged, from a physical uplink control channel resource
correspondi ng to an enhanced physical downlink control channel resource in
whi ch the enhanéédTphhykigla¢r dowwd i ndorcomtlr oln folramrtelonwas dali kovat edit[ 0014]

(8) The response information receiving unit included in the base station
accor di ng # laylegs pectthef tehainavent FoRdexd riaeta tarPphy sifcalheupl i nk control
channel from a physical uplink control channel resource which is determ ned
based on tHESHdER I HEEnRanted! phy 5P Tt U dont T TIEESHE PolPacRARHEE resour ce
and an indi%¥du%y shift val ue ﬁg?giggied ind%vidua ly for eac@oaegqanal.

[ 0015] indicating a common s ue contfigured ¥n common
terminals, and the uplink control channel generating unit
generates a physical uplink control channel by mapping the
response information to the physical uplink control channel
resource that has an index of a value obtained by adding the
individual shift value and the common shift value to the
index of the enhanced physical downlink control channel
resource.

[0011]

(5) The uplink control channel generating unit included
in the terminal according to an aspect of the invention
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource which is determined by adding an individual shift
value configured for a slot in which the enhanced physical

downlink control channel was detected to an index of the



(9) The base station according to an aspect of the invention further includes
a higher layer control information notification unit that notifies the
termnal of control information including a paraneter indicating an individual
shift value configured individually for each term nal, wherein the response
information receiving unit extracts the physical uplink control channel froma
physi cal uplink control channel resource which is determ ned by adding the

i ndi vidual shift value to an index of the enhanced physical downlink control
channel resource. [0016] - 9 - (10) The higher |ayer contro
information notification unit included in the base station according to an
aspect of FHETNTReREYSH BrodaWast B controPl i Mharthat i'GTIHACudi ng a par amet er
indicating(ﬁ)%ﬂnnnn shift value configured in common for all termnals, and

t he respon%eji formation receiving unit extracts the physical uplink control

channel fron1a(%py§hga£eyﬁ Lok %QH%%%%FfQ%?%% a@ﬁ%%%rgg %Egt has an index of a

val ue obtai ned by adding the 1ndiv ft value an e common shift val ue

to the index ©f:ithe rephanced physical doynlink, controle.channel resource.
[ 0017] (11) The response information receiving unit included in the

base st atiioff aceardnngchoianngspect ohat hecdmvedd | @mhexdlr actss ridie iphysi cal
uplink control channel from a physical uplink control channel resource which
i s det er mined dy naddi pgranecicadi vhdiuahtshdfd pabtel iconfdgumed vfieliaa sl ot in
whi ch the enhanced physical downlink control channel was detected to an index
of the enhdnded vphysiscabndownkedkicdntidha thanhet eagourcaeina0018] (12)
The base station accordin%_to an aspect of the invention further includes a
hi gher | ay&rersont tdle downlink control channel detecting unit extracts

one of the plurality of individual shift values which is

indicated by the detected enhanced physical downlink control

channel, and wherein the uplink control channel generating

unit generates a physical uplink control channel by mapping

the response information to a physical uplink control

channel resource which is determined by adding the extracted

individual shift value to the index of the enhanced physical

downlink control channel resource.

[0013]

(7) According to an aspect of the invention, there is

provided a base station that communicates with a terminal,

the base station including: a physical control information

notification unit that notifies the terminal of an enhanced

physical downlink control channel allocated in a physical

downlink shared channel region; and a response information

receiving unit that extracts a physical uplink control

channel to which response information for transmit data on a



information notification unit that notifies the term nal of control
information including a paraneter indicating a plurality of individual shift
val ues configured individually for each term nal, wherein the physica
control information notification unit notifies the enhanced physical downlink
control channel that indicates one of the plurality of individual shift

val ues, and wherein the response information receiving unit extracts the
physi cal uplink control channel from a physical uplink control channel
resource which is determ ned by adding the individual shift value to an i ndex

of the enhanced physical downlink control channel resource. [0019] (13)
Accor di ng R/ v eds et Lof Kt RBAF RY et FORST t HEF - 18-t oVitded ™8 conmuni cati ons

t i i ch I, i i S. f d. bet b tati d
erminal . SREVGIT PRd LGP HAMP AR UCRRET B daWRT Tk CoRERBI EhdARBI “det ect  ng
unit that QS u%ﬂi%’i&hggﬁ%%?h?ﬁéﬁﬁéldPél‘é‘ %L[z;‘%%acé)dgrre%l&()?l%@l el allocated in

a physi cal” downli nk“shared channel region; a extra nit that, if the

downl i nk copfrle channel--deteghi Mg upb L Aas deleglied dhe eahanced iphysi cal

downl i nk control channel, extracts transmt data on a physical downlink shared

channel assqciatrethud brihe det eeted ienhangedophyskeakl dowsl knkoegntd ol
channel ; a response infornmation generating unit that generates response

i nformati orodiar] the extracted transmt data; an uplink control channel
generating unit that generates a physical uplink control channel by mapping
t he response i nBor fati oasponse physioed tiupl inskecontwolinghanneludegounce
correspondi ng to an enhanced physical downlink control channel resource in
whi ch t he Ethaseed sphysiceakcaoRAl Nkt e ont ratPehariiel thifasi nderédred; and a
response transmtting unit that transmts a signal including the physica
upl i nk corft¥'dlararhél PhyRéChasBPstaki ort Fhet el gy 8} GalPheSrtr

i nf ti tificati it that tifies. the t inal, of. th h d
physi Cal QWi CoReor CHARNer ARG e Tosporse 1TFORHA i 6cei 6 ng. uni t
t hat t ts . hysi ' : [ ' i nf ti
For the {raneriCodard. SRt Re pRSErCar  Gount | M shar o0 Channer BLL6 at ed w th

the enhanced, physi caly dowalinkigaRir ol ehannele | & @ppad.g from a physi cal
uplink control channel resource corresponding to the enhanced physi cal

downl i nk contiralauehannelr eseur eeriinhi ch the enhanced physical downli nk
control channel was allocated. [0020]
[0015]

(9) The base station according to an aspect of the
invention further includes a higher layer control
information notification unit that notifies the terminal of
control information including a parameter indicating an
individual shift value configured individually for each
terminal, wherein the response information receiving unit
extracts the physical uplink control channel from a physical
uplink control channel resource which is determined by
adding the individual shift value to an index of the

enhanced physical downlink control channel resource.

[0016]



(14) According to an aspect of the invention, there is provided a

comuni cation nethod for a termnal that conmmunicates with a base station, the
met hod including: a step of nonitoring a physical downlink control channel

all ocated in a physical downlink control channel region and an enhanced

physi cal downlink control channel allocated in a physical downlink shared
channel region different fromthe physigal downlink control channel region; a
step of, if the - 12 - enhanced physical downlink control channel has been
detected, extracting transmt data on a physical downlink shared channel

associated wth_the detected enhanced physical_ downlink control channel; a
step of generattAg FBEpOHERET nfOfTRatT U T0r tHE T8 r28t BATtFandhit data; a

t f t.i hysi cal [ink trol channel b i th
I nf or at | off t'o "4 PHYSTCAT GPFi RR°EonET of Tehanel - 1esdut é8' Corredpondi ng to an
enhanced physi.cal. downl bk caotrol chapnel  resaurce, i n which the enhanced

physi cal downlink contro annel was det ect ed; a step of transmtting a

si gnal ingluding the physi-eal, YpLbikogont {of %@w%nf_{%%gd in (15)

According to an aspect of thé invention, there is provided a conmunication

met hod forcaukasecst atiiionet-hahacomunicatesrapdn s tierfdmaltionhe net hod
including: a step of notifying the term nal of an enhanced physical downli nk

control channelviald oedtredxitmaatphysée cahydownl i nkl shared tchanrelanhegi on; and a
step of extracting a physical uplink control channel to which response

i nformat i oirdwore phaswetl dattanencanphysi clakndeivdt ¢ sk shartdd tchasnelh associ at ed
wi th the enhanced physical downlink control channel is mapped, from a physi cal
upl i nk contdi*x cHamnélliesebfeenedr pespendingthc Hiflentaidedphysi cal downl i nk

control channel resource in which the enhanced physical downlink - 13 -
value and the common shift value to the index of the

enhanced physical downlink control channel resource.
[0017]

(11) The response information receiving unit included
in the base station according to an aspect of the invention
extracts the physical uplink control channel from a physical
uplink control channel resource which i1s determined by
adding an individual shift value configured for a slot in
which the enhanced physical downlink control channel was
detected to an index of the enhanced physical downlink
control channel resource.

[0018]

(12) The base station according to an aspect of the
invention further includes a higher layer control
information notification unit that notifies the terminal of
control information including a parameter indicating a

plurality of individual shift values configured individually



control channel was allocated. Advantageous Effects of Invention [0022]
According to the present invention, in a wireless comruni cations systemin
whi ch a base station and a term nal comrunicate with each ot her, physica
uplink control channel resources can be efficiently specified even in a case
where the base station notifies the termnal of control information not only
over a physical downlink control channgl, but an enhanced physical downlink
control channel. Brief Description of Draw ngs [0023] [Fig. 1] Fig. 1
shows an exenplary configuration of a connunications systen1according to a
first enbodi ment of the present invention. I 2] FI%‘ 2 shows an
exenpl ary %ﬂ?lﬁﬂﬁ@r§e6ﬁl§aﬂadWBeF?éﬁet?%rp?Yﬁﬁ qqﬁ{ COrAiTHG 67t he first

enbodi nent exqu struc of a radio
éf cal

M R S 1 A AP A e onn1

control channel that indicates one of the plurality of
individual shift values, and wherein the response
information receiving unit extracts the physical uplink
control channel from a physical uplink control channel
resource which is determined by adding the individual shift
value to an index of the enhanced physical downlink control
channel resource.

[0019]

(13) According to an aspect of the invention, there is
provided a communications system in which communication is
performed between a base station and a terminal, wherein the
terminal includes: a downlink control channel detecting unit
that monitors an enhanced physical downlink control channel
allocated in a physical downlink shared channel region; a
data extracting unit that, i1if the downlink control channel
detecting unit has detected the enhanced physical downlink
control channel, extracts transmit data on a physical
downlink shared channel associated with the detected
enhanced physical downlink control channel; a response
information generating unit that generates response
information for the extracted transmit data; an uplink
control channel generating unit that generates a physical

uplink control channel by mapping the response information



[Fig. 4] Fig. 4 is a schematic bl ock di agram show ng an exenpl ary

configuration of a base station according to the first enbodi nent. [ Fig.
5] Fig. 5 is a schematic block di agram showi ng an exenpl ary configuration of a
term nal according to the first enbodinment. - 14 - [Fig. 6] Fig. 6

shows the structure of physical uplink resource blocks in an uplink control
channel region to which a PUCCH is asshgned in the first enbodi nent.

[Fig. 7] Fig. 7 is a correspondence table show ng uplink control channel

| ogi cal resources in the first enbodi nent. [Fig. 8 Fig. 8 shows
physi cal resource bl ocks PRB and virtual resource blocks VRB in PDCCH and
PDSCH r egi'¢hs® T Y& 2t Bt 18kbodlhent . CTFIYS T 9IS FY.CO SHIWSPRA%EREnpl e of

PRB-VRB mapping J 7 5 ERCGH, 80d PPRGH, [ 89l oo i 0 1 hg L8t qbodi et
which the enhanced physical downlink control channel was
detected; and a response transmitting unit that transmits a
signal including the physical uplink control channel. The
base station includes: a physical control information
notification unit that notifies the terminal of the enhanced
physical downlink control channel; and a response
information receiving unit that extracts a physical uplink
control channel to which response information for the
transmit data on the physical downlink shared channel
associated with the enhanced physical downlink control
channel is mapped, from a physical uplink control channel
resource corresponding to the enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was allocated.

[0020]

(14) According to an aspect of the invention, there is
provided a communication method for a terminal that
communicates with a base station, the method including: a
step of monitoring a physical downlink control channel
allocated in a physical downlink control channel region and
an enhanced physical downlink control channel allocated in a
physical downlink shared channel region different from the

physical downlink control channel region; a step of, 1f the



[Fig. 10] Fig. 10 shows anot her exanple of PRB-VRB mapping in E-PDCCH and
PDSCH regions in the first enbodinent. [Fig. 11] Fig. 11 shows an exenpl ary
nunbering of VRBs in an E-PDCCH region in the first enbodi nent. [Fig.

12] Fig. 12 illustrates the structure of PDCCH and assi gnment of PUCCH
resources in the first enbodi nent. [Fig. 13] Fig. 13 illustrates the
structure of E-PDCCH and assignnent aof {PUCCH resources in the first

enbodi nment . [Fig. 14] Fig. 14 illustrates the structure of E-PDCCH and
assi gnnent of PUCCH resources in the first enbodi nent. [Fig. 15] Fig. 15
illustrates the structuyre of E-PDCCH and assignnent of PUCCH resources in the

first enmboditFéfed [RYGICEE1 PG 116 SRBNECLhENFIBR! of 8 BBRAI PRk dat Y

transm ssion and feSRON3eREOGEPY" 8PSt YRS LIP D258 31 e
channel associated with the detected enhanced physical
downlink control channel; a step of generating response
information for the extracted transmit data; a step of
generating a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource corresponding to an enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was detected; and a step of
transmitting a signal including the physical uplink control
channel.
[0021]

(15) According to an aspect of the invention, there is
provided a communication method for a base station that
communicates with a terminal, the method including: a step
of notifying the terminal of an enhanced physical downlink
control channel allocated in a physical downlink shared
channel region; and a step of extracting a physical uplink
control channel to which response information for transmit
data on a physical downlink shared channel associated with
the enhanced physical downlink control channel is mapped,
from a physical uplink control channel resource
corresponding to an enhanced physical downlink control

channel resource in which the enhanced physical downlink



- 15 - and the term nal according to the first enbodi nent. [Fig. 17]

Fig. 17 illustrates the structure of E-PDCCH and assi gnnment of PUCCH resources
in the first enbodi nment. [Fig. 18] Fig. 18 illustrates the structure of
E- PDCCH and assi gnnent of PUCCH resources in the first enbodi nent. [Fig.
19] Fig. 19 illustrates the structure of E-PDCCH and assi gnnent of PUCCH
resources in the first enbodinent. _ ;5 [Fig. 20] Fig. 20 illustrates the
structure of E-PDCCH and assi gnment of PUCCH resources in the first

enbodi nent . [Fig. 21] Fig. 21 shows the flow of a downlink data
transm ssi on and response procedure between the base station and the term nal

accor di ng 38" E%e DEnbyarnent °6f tehe i nventi on. [Fig. 22] Fig. 22 is
a table s?&g&gg%éggb%%s%%Q%%@%eo?eEﬁgggtfégts and the shift value in the second
enbodi ment".

[0022]

According to the present invention, in a wireless
communications system in which a base station and a terminal
communicate with each other, physical uplink control channel
resources can be efficiently specified even in a case where
the base station notifies the terminal of control
information not only over a physical downlink control
channel but an enhanced physical downlink control channel.
Brief Description of Drawings
[0023]

[Fig. 1] Fig. 1 shows an exemplary configuration of a
communications system according to a first embodiment of the
present invention.

[Fig. 2] Fig. 2 shows an exemplary structure of a radio
frame for the downlink according to the first embodiment.

[Fig. 3] Fig. 3 shows an exemplary structure of a radio
frame for the uplink according to the first embodiment.

[Fig. 4] Fig. 4 is a schematic block diagram showing an
exemplary configuration of a base station according to the
first embodiment.

[Fig. 5] Fig. 5 is a schematic block diagram showing an
exemplary configuration of a terminal according to the first

embodiment.



[Fig. 23] Fig. 23 shows the flow of a downlink data transm ssion and response
procedure between the base station and the term nal according to a third
enbodi ment of the invention. [Fig. 24] Fig. 24 is a table show ng
correspondence between indices and the shift value in the third enbodi nent.
[Fig. 25] Fig. 25 shows an exenplary configuration of a communications system
Descri ption of Enbodinents [0024] - _16,4- _(First Enbodi nment)

[Fig. 6] Fig. 6 shows the structure of physical uplink
resource blocks in an uplink control channel region to which
a PUCCH is assigned in the first embodiment.

[Fig. 7] Fig. 7 is a correspondence table showing
uplink control channel logical resources in the first
embodiment.

[Fig. 8] Fig. 8 shows physical resource blocks PRB and
virtual resource blocks VRB in PDCCH and PDSCH regions in
the first embodiment.

[Fig. 9] Fig. 9 shows an example of PRB-VRB mapping in
E-PDCCH and PDSCH regions in the first embodiment.

[Fig. 10] Fig. 10 shows another example of PRB-VRRB
mapping in E-PDCCH and PDSCH regions in the first embodiment.

[Fig. 11] Fig. 11 shows an exemplary numbering of VRBs
in an E-PDCCH region in the first embodiment.

[Fig. 12] Fig. 12 illustrates the structure of PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 13] Fig. 13 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 14] Fig. 14 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 15] Fig. 15 illustrates the structure of E-PDCCH
and assignment of PUCCH resources in the first embodiment.

[Fig. 16] Fig. 16 shows the flow of a downlink data

transmission and response procedure between the base station



A first enbodi nent of the present invention is described below. A

communi cations system according to the first enbodi nent includes a base
station (base station device, downlink transmtting device, uplink receiving
device, eNodeB) and a terminal (term nal device, nobile station device,
downl i nk receiving device, uplink transmtting device, UF). [0025] Fig.
1 shows an exenplary configuration of thRe_comrunications system according to
the first enbodinment. In Fig. 1, a base station 101 notifies a term nal 102 of
control information associated with downlink transmt data 104 over a PDCCH
and/ or an enhanced physi cal downlink control channel (E-PECCH) 103. The
termnal B8 st SFErPE nECHBE 86 ohC of M ot ¥ D §HIBHAE on. If control

i nf ti i t , _th j |, 102 it t t t_d ink t it
nformation = detecto. pihe Form el 02 base, T A0S seldayplnk transm
HA i_nf. i - " . "Y1 icati whet h
MR esbaie JAarl OB Baey el ettt 0,08 L ack ecic dniegt 1o whet e

base station 1Q%;gveiga PUCCE gl {1 fihe: tardd nale 102 deleet s scpnbpetyi nf ormati on
on the PECCE, a resource for the physical uplink control channel (PUCCH) 105

avai | abl e £ro1r dde dnelefitnale 202cisrbBphi€és | i taed td i dNdnoodifientuni quel y
determ ned fromthe resource for the PDCCE in which the control information
was assigned. I[fFighelbermigal 1402 dettectts canta elt runfrareabifon-Pncthe E- PDCCH
103, the resource for the PUCCH 105 available for the termnal 102 is

i mplicitl yridcisdignaed tupnifqiglLyideterniped fr ormhd hiel r8s euteel iofentthe E- PDCCH
103 to which the control information is assigned. [0026] Fig. 2 shows an
exenpl ary strucfipe 89]aF¥@di%@f#%ﬁﬁﬁUﬁﬂtqaugiﬁowﬁﬁﬁﬁﬁuééc@ﬁdﬁn@DgﬁHthis

enbodi ment. In the downlink, the OFDM access schene is enployed. In the
downl i nk, PGS IHRYEICaP Td8WRFINke SRRF &2 chanet {(1PBSCHPosHd &8s “forth are

assigned. A downlink dio fr consists of a ir of downlink resource
bl ocks (RBs). ﬁﬁ%gdoagfihkgR attv% f%ﬁﬁf”h§§38s98wng§%?oﬂa §si gni ng
o 1S B 30055 SURLALLIR: L SRRk, A gl 8 Rosdeter el
pair ConSiéﬁﬁsﬂﬂé %%9H99%@|5@EOB§§Dg to a second embodiment of the
invention.
[Fig. 22] Fig. 22 is a table showing correspondence
between slots and the shift value in the second embodiment.
[Fig. 23] Fig. 23 shows the flow of a downlink data
transmission and response procedure between the base station
and the terminal according to a third embodiment of the
invention.
[Fig. 24] Fig. 24 1s a table showing correspondence
between indices and the shift value in the third embodiment.
[Fig. 25] Fig. 25 shows an exemplary configuration of a
communications system.
Description of Embodiments

[0024]



that are continuous in time domain (RB bandwidth x slots). A downlink RB
consists of twelve sub-carriers in frequency domain and seven OFDM synbols in
time domain. A region that is defined by one sub-carrier in frequency donain
and one FENT synbol in tine domain is called a resource elenment (RE). A

physi cal downlink control channel is a physical channel on which downlink
control information such as term nal _dgyice - 18 - identifier, scheduling
information for a physical downlink shared channel, scheduling information for
a physical uplink shared channel, nodul ation scheme, coding rate, and
retransm ssi on Earaneters are transnitted. While downlink subframes in one
conponent carri'érrEECHMare Bfscussed herein, downlink subfranmes are defined

for each CC an ownl i nk subfr r.e substa ti,ally. i.n _synchronization with
each ot her am)%'(g % f%%%#}men féi 6&E1§ﬁeé§éﬁﬁl Py structure of an

upl i nk ra%e%ﬁffl%’égi accrd ”zgp{,@mﬂdﬂ Sckyh gla rr]nk% EB?dgHéh% fbe SCFDVA

schene is enploye I'n "t he hare annel ~( PUSCH) ,

PUCCH, anQEHQ%'éﬂﬁ%d%%%n%s§h9@§9esAQ Hgééngté@ﬁ@ﬂeﬂﬁﬁx§h§H§§uﬁ§ assigned to
part of the PUSCH and/or the PUCCH An uplink radio frame consists of an

upl i nk RB qaiilce, Thewdplinmk t RBnpai t ti sgt hevund 1 wseithisuchasifher assi gni ng
uplink radio resources and the |ike, consisting of a frequency band of a

pr edet er mdwed os, dteioCRB ) bandwadt Bymandl a(t ¢ rreisd otddtwe ,shotszene subfrane) .
An uplink RB pair consists of two uplink RBs that are continuous in tine

domai n ( RB tzendwi dictvixes| dbgpliAh uptehkiRB ¢onsist siofirtwel ve sub-carriers in
frequency domai n and seven SC-FDVA synbols in tinme domain. Wile uplink
subfranes §4reHE [CCTEr €ediiseusSEBd- herei n, uplink subfranes are defined for

each CC. - 19 -
[0025]

Fig. 1 shows an exemplary configuration of the
communications system according to the first embodiment. In
Fig. 1, a base station 101 notifies a terminal 102 of
control information associated with downlink transmit data
104 over a PDCCH and/or an enhanced physical downlink
control channel (E-PDCCH) 103. The terminal 102 first
performs detection of control information. If control
information is detected, the terminal 102 uses it to extract
downlink transmit data 104. After detecting the control
information, the terminal 102 reports HARQ response
information (also referred to as "Ack/Nack") indicating
whether the downlink transmit data 104 has been successfully
extracted or not to the base station 101 over a PUCCH. If
the terminal 102 detects control information on the PDCCH, a
resource for the physical uplink control channel (PUCCH) 105

available for the terminal 102 is implicitly/tacitly and



[ 0028] Fig. 4 is a schematic bl ock di agram show ng an exenpl ary
configuration of the base station 101 in this enbodi nent. The base station 101
i ncl udes a codeword generating unit 401, a downlink subfrane generating unit
402, an OFDM signal transmtting unit (physical control information
notification unit) 404, a transmt antenna (base station transmt antenna)

405, a receive antenna (base station_rgeeiLve antenna) 406, an SC FDVA signa
receiving unit (response information receiving unit) 407, an uplink subfrane
processing unit 408, and a hi gher layer (higher layer control information

notlflcatlon un i.t) 410. The downlink subfranme generating unit 402 has a
physi cal CEHEFBINERaRRBT: 6%%e¥%f?¥if?nﬁqr4@§3 }th1W@l§Bbfrane

Prassio i 408 M gt ol ok con ol chemt o s o
configuratqn, Of J&%t&%ﬁ”‘lﬁ?hrﬁ%lb HP' S, EmPodi arEnt .. 03T8‘icht err@a@%ﬁﬂ S gnal

i ncludes a receive antenna (termna rece| ve antenna) 5

recei ving qnyi t{douplnnk osegel vy ngunkd) 502, &-gdaywnl i subframe processing
unit 503, a codeword extracting unit (data extracting unit) 505, a higher

| ayer (highgyilayear, /cortirol, hAROLARELONy agad Fih NN 306 rasbespense
information - 20 - generating unit 507, an uplink subframe generating unit

308, an SGiDWA si-gmalcHt nassabt vhhghuthé {sesponsen tamasiidt iikg unit) 510, and
a transmt antenna (terminal transmit antenna) 511. The downlink subfranme
processi ngaaidnes03 has a physical downlink control channel extracting unit
(downlink control channel detecting unit) 504. The uplink subfrane generating
unit 508 hd¥Z%Plphysical uplink control channel generating unit (uplink control
channel generatlng gnlt) 509. [0030

shows an exemplary structure of a radio frame
for the downlink according to this embodiment. 1In the
downlink, the OFDM access scheme is employed. In the
downlink, PDCCH, physical downlink shared channel (PDSCH),
and so forth are assigned. A downlink radio frame consists
of a pair of downlink resource blocks (RBs). The downlink
RB pailr 1s a unit used such as for assigning downlink radio
resources, consisting of a frequency band of a predetermined
width (RB bandwidth) and a time slot (two slots=one
subframe). A downlink RB pair consists of two downlink RBs
that are continuous in time domain (RB bandwidth x slots). A
downlink RB consists of twelve sub-carriers in frequency
domain and seven OFDM symbols in time domain. A region that
is defined by one sub-carrier in frequency domain and one
OFDM symbol in time domain is called a resource element (RE).
A physical downlink control channel is a physical channel on

which downlink control information such as terminal device



First, using Figs. 4 and 5, the flow of downlink data transm ssion and
reception is described. At the base station 101, transmt data (also called
transport bl ocks) sent fromthe higher |ayer 410 goes through processes such
as error correction coding and rate matching in the codeword generating unit
401, and a codeword is generated. A maxi num of two codewords are transmtted
simultaneously in a subframe within a ggl L. The downlink subframe generating
unit 402 generates downlink subframes according to instructions fromthe

hi gher | ayer 410. The codeword generated by the codeword generating unit 401
is first converted to a nodul ati on_synbol sequence through a nodul ation

process s de Ids e SSREFH L kBYI hGTP Lo dtitatd SH- A Qquadratdré anpl it ude
nmodul ation . ( nodul ati on he. modul ati on synbol sequence i.s also mapped -
R R Wit M S SR Lt o ek
gener at ed r r di nlin ar ' SO to respectively
correspondﬁ?%ggggﬁggﬁ%?ér@gFHEgﬁgk*s§%%%$%f %E%igﬁgﬁ?ta'ﬁta sequence sent
from the higher,dayen 410 hereccont aios:conty ol dnf opmation.(hi gher |ayer
control information) for radio resource control (RRC) signaling. The physical
downl i nk comfremeghamnehegenaiahent Whirti1403 (generatesidcpbysd caéraownl i nk
control channel. The control information contained in the physical downlink
control chamwalinkdewhifirakeeonteoliet hfied Nadi orpcrdoymldmk dgmanitink ncl udes

i nformati on such as nodul ati on and codi ng schenme (MCS) indicating the

nodul at i orsEchemesusee isnbdownkiaklandnt hendhke) i dgundn nk theseawihces assi gnnent
i ndi cating RBs used for data transm ssion, HARQ control information used for
HARQ cont ridlhqiy eégemdal€y -ver si on, HARQ process nunber, new data indicator),
and PUCCH TPC (transm ssion power control) conmands used for closed | oop
control Ii ng44/dnsni ssion power on the PUCCH. The downlink subfrane generating

it 402 h ical d [ trol ch . to REs.in d | i nk
Subf  anos acaof APnG 1 B PRt T GLT TS T 7br LHE e gner FayaP 410, & TE downl i nk

subfranmes for eac .enna_port _g y the Lok, su ape_generating
unit 402 é%%ﬂﬁ% ﬁ?ﬁ?@é%%n?8 g%EEFgﬁﬁé?%ﬁ%?pat]?%ég%ﬁgkﬁghéhapﬁ%rgﬁsnitting
uni t 404 andisent,yiea ithepbhapsm t antenna 403,y - 12251 E9031)ink =~ At the
term nal 102, the OFDM sighal "is received by the Eﬁ signal receiving unit
502 via t hehdreceicranartienprasbfl, andc&rPM gle bl Btion e df?;%fifgWe@Ed- The
downl i nk subfranme processing unit 503 first detects a PDCCH (a first downlink
control channgll)indr ramfebeBDECH] (aasetonds doywdd ndo gty alf ahanmelsiHat t he
physi cal downlink control channel extracting unit 504. More specifically, the
physi cal dowdmkheo®UCOH . chamnedl ext ractiiond namiet <604 idécodésant in a region
in which a PDCCH can be placed (a first downlink control channel region) or in
a regi on WMtk RBaiwaErPDCHM canl Bek pifaded 4 d ssébendndéwibefikseeht 28l channel
region, a potential E-PDCCH), and checks its cyclic redundancy check (CRC)
bits incl q%§%%@&&ﬁcépéﬁpknaaaé%oﬁﬁ%@??Cﬁﬁa%nqs@“%H@Jﬁhysical downl i nk
control channel extracting unit 504 nonitors a P | aced .in.t PDCCH

g on and T 1S BRECH pPa BN Reo PRAGH 1Rt o e O §CG ‘A Per Rt 11 om t he

PDCCH regHQntthHﬁgeaggcabkgﬁengﬁggoggﬁég%gégggﬁégqﬁl thq base station, the

downl i nk subfTane rocessi ng uni or an E-PDCCH has

been det ected Andpextnact s the PEDSEH ysing: contgl dnforymtion contained in
the detected PDCCH or EPDCCH. Nbre speC|¥|caIIy, RE demappi ng and/ or

dermodul at i omiGeriesPandicnget ackhen RErBapph Mg &nd/ors 1mmdyl at henyperfer med at
t he downl i nk subframe generating unit 402 is applied.

RB consists of twelve sub-carriers in frequency domain and

seven SC-FDMA symbols in time domain. While uplink

subframes in one CC are discussed herein, uplink subframes

are defined for each CC.



The PDSCH extracted fromthe received downlink subframes is - 23 - sent to
the codeword extracting unit SOS. The codeword extracting unit 505 perforns
rate matching, error correction decoding, and the like corresponding to the
rate matching and error correction coding perfornmed at the codeword generating
unit 401 and extracts transport bl ocks, which are then sent to the higher

| ayer 506. That is, if the physical dowglink control channel extracting unit
504 has detected a PDCCH or E-PDCCH, the codeword extracting unit 505 extracts
transmt data on the PDSCH associated with the detected PDCCH or E-PDCCH, and
sends it to the higher |ayer 506. [0032] Next, the flow of transm ssion
and receptv%ﬁmﬁf HARQ response information for downlink transmt data is

d i bed. At the termnal 102 aft t .od d.ext ti it 505
et or mines whehgr £r ARSpoTt" BIboKs HAVG BGH EULCECerUF § oxt ract ed o not.

| nf or mat i O&én{b@%ic’&%fi%‘igﬁ%ﬂ%k“)Fﬁeik§ s&nt. 10 4he J,esponsg o nfor mati on

generating unrt he “response i nformation generating unit 507 gener at es

HARQ r espange, dinformat ¢00 god. sends; i 1@ tihe 1physi gakouplbpk control channel
generating unit 509 in the uplink subfranme generating unit 508. In the uplink

subframe generatding whiitt 308, a BUGEHihrckudirRrgnthgchARQ 1e§pense iof ormation
(uplink control information) is generated by the physical uplink control
channel gener@atingidmiall 5QAnbaseding patrangbeysi sentcdntamilt he hi gher | ayer 506
and the resource in which the - 24 - PDCCH or E-PDCCH was pl aced at the

physi cal dovilrimak ioontwasli fehahneh exttractVhg aunitar50dt snd erhe gbneerat ed PUCCH
is mapped to RBs of uplink subfranmes. That is, the response information is
mapped t o SPUCCH trésisiviEe angcgener ab @ a2 PUSCH. Ve [SCTFDMR asicg nall

transmtting unit 510 applies SCFDVMA nodul ation to the uplink subframes to
gener at e ait “SCEFOVASSISG&l 2RARAREY ahSfi t 32 TCVITRA het Trdnd R tditenna 511.

[ 0033] . At the base.s%atio .101, the SC-FDNVA si | is received by the
SC- FDMA si'ghadl Féec&Vithg meﬁg%oi}i BT eV et etVe ant enind 408 'afd i s subj ect ed

Lo SC FDVA demdul ation The uphinksubliane pracessing unih 408 extracts the

RBs to whic 'S pped accof di ng ruct’i ons m t he hi gher

l'ayer 410, .and- the physiicalb WRkiBk £opt ol channgl; extiact i pgounit 409
extracts the HARQ response control infornmation contained in the PUCCH The

extract ed JdARQ irgSpReRIe agenbeakbrhbi A Maki oMb S 1sents tdhthehi gher | ayer 410.
The HARQ response control information is used for HARQ control at the higher
| ayer 410.downlink control channel generating unit 403. The uplink

subframe processing unit 408 has a physical uplink control

channel extracting unit 4009.

[0029]

Fig. 5 is a schematic block diagram showing an

exemplary configuration of the terminal 102 in this

embodiment. The terminal 102 includes a receive antenna

(terminal receive antenna) 501, an OFDM signal receiving

unit (downlink receiving unit) 502, a downlink subframe

processing unit 503, a codeword extracting unit (data

extracting unit) 505, a higher layer (higher layer control

information acquiring unit) 506, a response information



[ 0034] Next, PUCCH resources handled in the uplink subfranme generating
unit 508 will be discussed. HARQ response control information is spread over
an SC-FDVA sanple region using a cyclically shifted pseudo constant-anplitude
zero-auto correlation (CAZAC) sequence, and further spread over - 25 - four
SC- FDVA synbols in a slot using an orthogonal cover code (OCC) having a code
length of 4. The synbols spread with_thg two codes are nmapped to two RBs of
different frequencies. Thus, a PUCCH resource is defined by three el enents:
the cyclic shift value, an orthogonal code, and mapped RBs. Cyclic shift in

t he SC- FDVA sanpl e r%%]on can al so be regresented b 1phase rotatlon t hat
uni for M y 959G €asey lFré&uené? HBMERh. T?ﬁ%ﬁﬂe gene Q§%?g 6'CSfrows ©t he

truct f |_.uplink bl link contral channel
Feqi on t o Uhi e 3 POSEHTPY SEET AU (BBl ThC cbrt s Bhatie Bty erdal

i f f i
irat shot™snd o oscond o ot S irprctiPr s Louamhat R paire wich o
1, 2, ... .adfQQ38]) 511, ﬁg dc?wﬂﬁlr?k%Hﬁ%@@%%%%s%@gbeuﬁtﬂg%ﬁg 4Rk i nk

control channel Ioglcal resources. An exanple of PUCCH resources is shown here

representingra Gase whene ihhr eenerd hogesnahe coges;a G Akt and 002, six
cyclic shift values, COO 052, 054, CS6, COO and CS10, and "nm' which

i ndi cat es @dwraquencynrtesoucbenace assddeth@surthe eéenentsecopsthkuting the
PUCCH. A conbination of an orthogonal code, a cyclic shift value, and a val ue
of mis uniwguslapedefcineedtfiop sach ¥aBueasfarphysical uplink control

channel generating unit (uplink control channel generating
unit) 5009.
[0030]

First, using Figs. 4 and 5, the flow of downlink data
transmission and reception is described. At the base
station 101, transmit data (also called transport blocks)
sent from the higher layer 410 goes through processes such
as error correction coding and rate matching in the codeword
generating unit 401, and a codeword is generated. A maximum
of two codewords are transmitted simultaneously in a
subframe within a cell. The downlink subframe generating
unit 402 generates downlink subframes according to
instructions from the higher layer 410. The codeword
generated by the codeword generating unit 401 is first
converted to a modulation symbol sequence through a
modulation process such as phase shift keying (PSK)
modulation and quadrature amplitude modulation (QAM)

modulation. The modulation symbol sequence is also mapped



-FT=H, which is an index indicating a PUCCH resource (an uplink - 2
control channel |ogical resource). The correspondence between npUCCH and

conbi nati ons of an orthogonal code, a cyclic shift value, and millustrated in
Fig. 7 is an exanple and ot her ways of correspondence are possible.
correspondence may be such that the cyclic shift value or mvaries

w th consecutive values of npUCCH AlLtegnatively, CS1, CS3, CS5, CS7, CS9, and
CS11 which are cyclic shift values distinct from CSC, CS2, CS4, CS6, CS8, and

exanpl e,

CS10 may

t han Np2.

i nfornmati on.

physi cal
(virtual
called P

be used. In the shown exanple, the value of mis equal to o

6 -

For

r greater

Frequency resources with msnaller_than NF2 are NE, 2 frequency
resour ces 1 ed ForepBBEH P afS i § 1 bnS Hol T3 eHi ff 158K CRARREE conditi on

0037 P d E-P i bed. Fi
A A0E BeBEkE TBRn P 5RUSN B iy G v i af REEbaTge I o

. 8 shows
cks VRB

.10 P d - egl i t - fr. [
Rggg%ﬁ%ﬁgSEEEEBQQSrggggg%%g?iggé%i£%$ ué% (fg?&%é%ggé%gﬁn%ﬁgei;ScalIed

VRB. N CREmS 4./ aunber, of - PRBs, ar ranged dqu dicequeney rdbpeepbon within a

downl i nk
o, 1, 2,
arranged
nv-- are

CC. Nunbers nEnk, are assigned to Bs (or PRB pairs), wher
highdMEHQRRL 1N oaseeBdipgt i fer cofht & Bquentia g nunbek rof

in frequency direction in a domlink CCis equal to NE Lpp.
assjignedrita oVRBs foomnaVRBnpaf¢8) rashere=susrds cbntrol (RRC)
signaling. The physical downlink control channel generating
unit 403 generates a physical downlink control channel. The
control information contained in the physical downlink
control channel (downlink control information, downlink
grant) includes information such as modulation and coding
scheme (MCS) indicating the modulation scheme used in
downlink and the like, downlink resources assignment
indicating RBs used for data transmission, HARQ control
information used for HARQ control (redundancy version, HARQ
process number, new data indicator), and PUCCH-TPC
(transmission power control) commands used for closed loop
controlling transmission power on the PUCCH. The downlink
subframe generating unit 402 maps the physical downlink
control channel to REs in downlink subframes according to
instructions from the higher layer 410. The downlink
subframes for each antenna port generated by the downlink
subframe generating unit 402 are modulated into an OFDM
signal at the OFDM signal transmitting unit 404 and sent via

the transmit antenna 405.

e nEm is
VRBs
Nunber s



- 27 - 2, ..., NDENcl in ascending order of frequency. PRBs and VRBs are
explicitly or inplicitly/tacitly mapped to each other. Nunbers as referred to
herein may be represented as indices as well. [0038] Now referring to
Fig. 9, an exanple of mapping between PRBs and VRBs in E-PDCCH region and
PDSCH region is shown. In this PRB-VRB mappi ng schene, a PRE pair and a VRB
pair having the same rnp,p and 1-1,, TRE,nunber are nmapped to each other. That
is, a nodulation synbol for transmt data or control information assigned to
REs of a VRB pair with invp,B is mapped to REs of the PRB pair with
npRs..=nERE as it is. [0039] Next, referring to Fig. 10, another exanple
of PRB-VRéIHEHding in F-PDCCH region and PDSCH region is shown. In this

PRB- VRB [ VRBs. t ' the fr [

mapped 1o PRES 5t oS ETRh i etetd b e T rbaloncy "Xre SRur{HERS tho VRB
in the flrégDﬁﬂéyﬁn qdré%%iyﬁgglﬂn5965§§cgpg ?%énrégefbéﬁgﬁ AL %%%Ing the_sane
nvp, 2 nunber are “napped to s at positions discrete on the frequency axis.

However, thes VRBM rmobiefibst 8l QL ESrABPPEd O sLhe 1PRB tApthentirst sl ot
and the VRB fromthe second slot is napped to the PRB in the second slot. That

I's, frequenerdieppighgnwict Bon aisket dandest o happi ng: (firegueney1heppi ng anong

slots) are applied. - 28 - [0040]
control channel) or an E-PDCCH (a second downlink control
channel) at the physical downlink control channel extracting
unit 504. More specifically, the physical downlink control
channel extracting unit 504 decodes it in a region in which
a PDCCH can be placed (a first downlink control channel
region) or in a region in which an E-PDCCH can be placed (a
second downlink control channel region, a potential E-PDCCH),
and checks its cyclic redundancy check (CRC) bits included
in advance (blind decoding). That is, the physical downlink
control channel extracting unit 504 monitors a PDCCH placed
in the PDCCH region and an E-PDCCH placed in the PDSCH
region, which is different from the PDCCH region. If the
CRC bits match an ID preassigned by the base station, the
downlink subframe processing unit 503 decides that a PDCCH
or an E-PDCCH has been detected and extracts the PDSCH using
control information contained in the detected PDCCH or E-
PDCCH. More specifically, RE demapping and/or demodulation
corresponding to the RE mapping and/or modulation performed
at the downlink subframe generating unit 402 is applied.

The PDSCH extracted from the received downlink subframes is



As described, sonme (or all) of VRB pairs are defined as an E-PDCCH region (a
region in which an E-PDCCH can be potentially placed). Further, in accordance
wi th a PRB-VRB nmappi ng schene specified explicitly or inplicitly/tacitly, sone
(or all) of PRB pairs in the PDSCH regi on or slot-hopped PRBs are
substantially defined as an E-PDCCH region. [0041] Fig. 11 shows an
exenpl ary nunbering of VRBs in an EPDCGH region. O NThp, VRB pairs, NE-LM"p
VRB pairs that are configured in an E-PDCCH regi on are taken, and assigned VRB
index n'il MMIRE for the E-PDCCH region as 0, 1, 2, ..., Nl 5-1 starting with

the VRB pair of the |lowest frequency, That |s, in frequency donain, a set of
I\ D- Pmi VSSURBL G $h¢onfrglired F£8FT pot end i &t E-PbocH P FahsFYsTon through the

hi gher Iayeqzskgpalin%r%e , ingividual signal.ing to term nals or common
si gnal i ng 'h & ce't%) Oigf PerLorigyt ot HE St HUE ure 16F ﬁﬁéﬁﬁcgﬁanassignnent
f PUCCH - i bed ' ' t f PDCCH
and assi Groont of POCCH T beGUr ces” A PG Conal Ste of Tl Ti b e "dont rol

channel el gpents LCCE)- Rt e FDECHLT 891 BR-ndy QAT aaNsiRis,0fy nul tiple
downl i nk resource el enents (resources each defined by one OF-DM synbol and one

sub-carri efdneratidd unli®043) and exOLESt Nt thes RRCCH rRgison wariengizven nunber
ncckE for identifying the CCEs. The CCEs are nunbered according to a predefined
rule. A PDEEH censi sts tok aigetrofaputtbpbe QBES (ECEidgghegahiyenyal The nunber
of CCEs constituting such a set is called CCE aggregation |evel. The CCE

aggr egat i alpwreMealk fconteodsthaohiehgexheaPDOCH sl tdrifd gursediedtecttled base station
101 according to the coding rate set for the PDCCH and the nunber of bits in
downl i nk &BGHolon k&Pl ofhie codeword extracting unit 505 extracts

transmit data on the PDSCH associated with the detected
PDCCH or E-PDCCH, and sends 1t to the higher layer 506.
[0032]

Next, the flow of transmission and reception of HARQ
response information for downlink transmit data is described.
At the terminal 102, after the codeword extracting unit 505
determines whether transport blocks have been successfully
extracted or not, information indicating success/failure is
sent to the response information generating unit 507. The
response information generating unit 507 generates HARQ
response information and sends it to the physical uplink
control channel generating unit 509 in the uplink subframe
generating unit 508. 1In the uplink subframe generating unit
508, a PUCCH including the HARQ response information (uplink
control information) is generated by the physical uplink
control channel generating unit 509 based on parameters sent

from the higher layer 506 and the resource in which the



(DCl') (control information sent on the PDCCH or E-PDCCH) included in the
PDCCH. Conbi nati ons of CCE aggregation |evels that can be used for a term nal
are predetermned. Also, a set of n CCEs is called "CCF aggregation |level n".
[ 0044] A RE group (REG consists of four REs contiguous in frequency
domain. Further, a CCE consists of nine different REGs distributed in
frequency domain and time domain w thip,the PDCCH region. Specifically,
interleaving is applied in units of REGto all REGs that have been nunbered in
the entire downlink CC using a block interleaver, and nine contiguous REGs
after the interleaving constitute one CCE. [0045] For each termnal, a search

space (SSEPGI OF FsFRFEgeR PhawhRicht t bie dah Eht $or dHE PBECHCtE Odonf i gur ed.
An SS consi sts af I tiple CCEs s ar unber ed hef or . - 30 - and an
S8 conar ore e B C R b P o hes S e ate T OBt iécks ¢ hat

consti tut i S IS t ] An for, e CCE egation | evel
consi sts g\}a%fcega&%o%%ulotfi prg&%ﬁﬁ%gﬁg‘?%at g??tsgsi’s%glfgass! ?Iggéi nt o

cel | - specif«, searich %Baﬁ%%aﬁa%st@ aCehtcnPeidi e S fg%rne"i’%!t%h st he nunber of

the CCE having the small est nunber anmong the CCEs constituting the SSis
common i n @eel |, rapdsternimal r speci fd 6, searchspace CWSSapp1UEsspeci fic SS)
for which the | owest CCE index Is specific to atermnal. In the CSS, a PDCCH
to whi ch caoma elodunfaarimat itonthat epdedk f onb fditié Pl e termarmales ak02csuch as
systeminformation and paging information is assigned (or included), or a
PDCCH t o VitiiMgh sa adevinl ienk/ apkhpkigsant vhdi Tat | hpresrcignearicnfner Sflal.l back to a
| ower -l evel transm ssion schenme or random access is assigned (or included) can
be pl aced.[0033]

At the base station 101, the SC-FDMA signal is received
by the SC-FDMA signal receiving unit 407 via the receive
antenna 406 and is subjected to SC-FDMA demodulation. The
uplink subframe processing unit 408 extracts the RBs to
which the PUCCH is mapped according to instructions from the
higher layer 410, and the physical uplink control channel
extracting unit 409 extracts the HARQ response control
information contained in the PUCCH. The extracted HARQ
response control information is sent to the higher layer 410.
The HARQ response control information is used for HARQ
control at the higher layer 410.

[0034]

Next, PUCCH resources handled in the uplink subframe
generating unit 508 will be discussed. HARQ response
control information is spread over an SC-FDMA sample region
using a cyclically shifted pseudo constant-amplitude zero-

auto correlation (CAZAC) sequence, and further spread over



[ 0046] The base station 101 transmts the PDCCH using one or nore CCEs
included in the SS which is configured at the termnal 102. The term nal 102
decodes the received signal using one or nore CCEs in the SS and perforns
processing for detecting any PDCCH intended to the termnal. As nentioned
earlier, this process is called blind decoding. The term nal 102 confi gures
different SSs for different COT aggregatian |evels. The term nal 102 then
performs blind decoding using a predeterm ned conbination of CCEs in the 55 -
31 - which is distinct fromone CCE aggregation |level to another. |In other

words, the term nal 102 perforns blind decoding on PDCCH candi dates in SSs
that vary CCEEMaggrBGattonn evetelt Yhelsett 68 GIO%Eons VEhus conduct ed

g
t the t i pal [ Iled P itoring. [0047 U det ect i
ounl i nk G (k1 he SHBCEH T 6qTon. CERE tof rif nall 102 'PER8Ft SETRRD roaponse
| nfor mat | on, 0t oMl nkgLeagsd £ gata (DR corsesnanding do the downl ik

grant using a resource corresponding to the ex of the CCE having

the I owests (OE Jdex ambigs t he GRRES: constiruct iing dhe .RBCOH ackyding the
downl i nk grant. Reversely, when placing a PDCCH containing a downlink grant,

the base stiatcon sk0tnpl agesithenPPOGHhife CChs dhatogardiesperd todt he PUCCH
resource in which the termnal 102 will report HARQ response information for
downl i nk trrzgnsyd REdat ac (PDSEH)h o ries pordigug FooiAl Bemgownk-egkogr aat. The base
station 101 receives the HARQ response information corresponding to the PDSCH
sent to theldedd ralpred2niied bhiep PUSCH wbd Thon ttheds wcifedulled. More
specifically, as showmn in Fig. 12, anong the CCEs that constitute a PDCCH

cont ai ni ngiEHREAS Ak graarengayPUCCHIPesour ce that has an index nun equal to
the sum of the CCE nunber n= of the first CCE and NI, which is a cell specific
par anet er , [¥%ptlesent s the PUCCH resource assigned for HARQ response

Fig. 6 shows the structure of physical uplink resource
blocks in an uplink control channel region to which a PUCCH
is assigned (uplink control channel physical resources). An
RB pair consists of two RBs having different frequencies in
a first slot and a second slot. A PUCCH is placed in any of
RB pairs with m=0, 1, 2,

[0036]

Fig. 7 i1s a correspondence table showing uplink control
channel logical resources. An example of PUCCH resources is
shown here representing a case where three orthogonal codes,
0C0, OCl, and 0C2, six cyclic shift values, CS0, CS2, C34,
CS6, CS8, and CS10, and "m" which indicates a frequency
resource are assumed as the elements constituting the PUCCH.
A combination of an orthogonal code, a cyclic shift value,
and a value of m is uniquely defined for each value of neuccu,

which 1s an index indicating a PUCCH resource (an uplink



- 32 - information of downlink transmt data corresponding to the downlink
grant. [0048] It is also possible that nultiple PUCCH resources are
required for one PDCCH, such as when there are two or nore pieces of HARQ
response informati on because two or nore codewords are included in downlink
transmt data corresponding to a downlink grant or when one piece of response
information is sent by diversity transpission using nultiple PUCCH resources,
for exanple. In such a case, of the CCEs constituting the PDCCH contai ning the
downl i nk grant, the PUCCH resource corresponding to the | owest CCE i ndex and
al so a PUCCH resource havin%ian i ndex | arger than that PUCCH resource by one

g
are used. IBIELpétifircal L9diaetshewntf ne Fi g.TRE2 COZRBRGOREABMEEES constit uti ng
t he PDCCH . cqnt ai ning the downli.nk grant, the P resource having an index
npa= equalPAis e "By Gt ROECE S aRaar PAagt CThE FPTSr O m col |- speciTi c
paranmeter N, . - r ur.c i i x NETK>cH equal to the sum
of the CCéNhﬁﬁggghﬁgﬁlg thé gﬁ?s% giggygﬁg?&gﬁ%pt ggbgiﬁFEE%bific par anet er
NI representthe BUGCHLeSOULGesasshgped,dofeHARQ respanse jinf opgati on of
downlink transmt data corresponding to the dowlink grant. If two or nore
PUCCH r esQui:68S 3 @ oiredidbbaden PUCEHL riesosii € st hayi1g: ididilces sehireh are | arger
by one nmay be used in a simlar manner. [0049] Next, the structure of
E- PDCCH and:lassiggnhirerntrobsPUCCH cesedrcesvares descrdabed,-Fig. 13 shows the
structure of EPDCCH and assi gnnent of PUCCH resources. Note that the EPDCCH
shown i n Flg.eri3trigplesents,t 83k PECCH ST r uct W eerahd” RUCCH ircés ewece
assi gnment when cross-interleaving (a type of interleaving in which individual
el enent s comstlia whilng a8 lEPBCEHS At eChl foeat el across RBs, @S0 CEal |l ed bl ock
interleaving) is enployed. An E-PDCCH consists of nultiple CCEs in an E-PDCCH
regi on. Spett A% MRY Prk&S§IPDACH, Hifh REE e GrSTSLS  of Polif L RESCEdRt i guous i n
frequency.domain.l A CCE consiststﬁf n&ne different REGs distrih %ed in
frequency ‘dordi i larrd £ine - G8fai ntiatt e e

freque ! _ T1egi o 1 $he " EPDECH r egi on,
[0050]  CcEE B A e B Toa on” ST A US3! gratl i ser soRE B o2 SOt
PUCCH transmission for feeding back channel condition
information.
[0037]

Next, PDCCH and E-PDCCH are described. Fig. 8 shows
physical resource blocks PRB (physical RBs) and virtual
resource blocks VRB (virtual RBs) in PDCCH and PDSCH regions.
An RB in an actual subframe is called PRB, while an RB as a
logical resource used for RB assignment is called VRB. N"'pie
1s the number of PRBs arranged 1in frequency direction within
a downlink CC. Numbers npzz are assigned to PRBs (or PRB
pairs), where ngs is 0, 1, 2, ..., N"xe-1 in ascending order
of frequency. The number of VRBs arranged in frequency
direction in a downlink CC is equal to N”pip. Numbers nhyrs

are assigned to VRBs (or VRB pairs), where nyrg 1is 0, 1,



for identifying the CCEs. In the E-PDCCH region, CCEs are independently placed
inthe first slot and the second slot and nunbers for identifying the CCEs are
al so i ndependently assigned. In the described exanple, nr-1E is configured

i ndependently of n -. That is, some of the values of nE Fil ThH L overl ap
possi bl e values of n L. [0051] Upon detecting a downlink grant in the E-PDCCH
region, - 34 - the termnal 102 reparbs HARQ response information for

downlink transmt data (PDSCH) corresponding to the downlink grant using a
PUCCH r esource based on the CCE index of the CCE having the | owest CCE index

anong the CCEs constructing the E-PDCCH containing t he downlink grant. Wen
assi gni ng an ‘E--PDECH Eontdl MG A @OWAFPRE §Fanf SIERRC Hasé Rstath 101 assigns
the E-P jn the .correspondi ng.to,_1he PU resour in ich the
orminal TOPWAT FEB0 L HARCLF oSBORSEEF hi orHat T oh TOrdha dGMIT nk tr ansmi ¢
data (PDS orr Lng_t i ra e jon.101 al so
receives t eeﬁARCﬁﬁgggg%sgsi%ﬁ%?ﬁ%gfggJé%%f%gbg%gi§§ EEB?EgééEEQ}ﬁzent to the
term nal 102;via the RBYGCH which it has schedul ed. Mre specifically, as shown
in Fig. 13, a PUCCH resource that has an index n -Th equal to the sum of the
CCE nunber[gp3dd) " L of the first CCE anobng the CCEs that constitute the

E- PDCCH containing a downlink grant and cell specific parameter N represents
t he PUCCH resonpbeerassigined forrHARQ r espaensendlrf ofmakiopnngf bdowséhnk transmt
data corresponding to the downlink grant. Since CCE index nl L
for CCEs iERRshenE PBBEH1inegi-6hCE&Rdr &CEOR nalex M{{CH oreGCEs iisn sthiv@nPDCCH r egi on
are independently assigned as nmentioned above, when assigning one or nore
PDCCHs andforié'ier Bibr&RE- PBOCHEY| ACEARS s amel b anend e VBds®@astat i on 101
carries out scheduling of downlink grant assignnent in CCEs such that the CCE
nunber nof?dH&% iY$t SCBE BfrmedBR PDECHmPer are mapped to each other.

That is, a modulation symbol for transmit data or control
information assigned to REs of a VRB pair with nygrg is mapped
to REs of the PRB pair with nprs=nwrs as it is.

[0039]

Next, referring to Fig. 10, another example of PRB-VRB
mapping in E-PDCCH region and PDSCH region is shown. In
this PRB-VRB mapping scheme, VRBs that are contiguous on the
frequency axis are mapped to PRBs at positions discrete on
the frequency axis. Further, the VRB in the first slot and
the VRB in the second slot of a VRB pair having the same nyrs
number are mapped to PRBs at positions discrete on the
frequency axis. However, the VRB from the first slot is
mapped to the PRB in the first slot and the VRB from the
second slot is mapped to the PRB in the second slot. That
is, frequency hopping within a slot and slot hopping

(frequency hopping among slots) are applied.



- 35 - and the CCE nunber nED:c44,-1 of the first CCE of each E-PDCCH are al

di fferent nunbers. [0052] Alternatively, the base station 101 nmay assign
n-il D7ccE and n, T in connection with each other so that the CCE nunber ncc of
the first CCE of PDCCHs and the CCE nunber n of the first CCE of E-PDCCHs are
all different nunbers. For exanple, the first (lowest) value of the
n--PEcc-I,T value is configured to Ncckgor a certain value greater than N-=
Thi s keeps sonme of nH,,p values from overl appi ng possi ble values of n--E, and
t hus avoi ds collisions of PUCCH resources within the sanme subfranme. [0053]
When nultlfle PUCCH resources are required for one EPDCCH, the PUCCH resource
correspondtﬁﬁ o the CCE index of the CCE having the |owest CCE i ndex ampng

the CCE tructing the E-PDOCH cont downl i nk d_the PUCCH
r esour ce ESC?nél‘Sﬁ%?ﬂa&gﬁarwethcon P BOGEH Feabtr cecny-bhe°ares used. Mor e

speci fically 1 | iokh i.ndex npucci
equal to the sunﬁQ%p g %EE n%g © ﬁnT%%¥%td$§?ﬁlﬁ$}rst Egﬁ)annng t he CCEs
t hat Constgéﬂg&lahqﬁpﬁ%@h! CO“@@MH&Q a downld nk grant rand eeblyspeci fic
parameter N, and t PUCCH r esource having index nm _1 equal to the sum of
the CCE nmﬁgﬁhﬂ@'Schem%6spec1f1ed explicitly or implicitly/tacitly,

some (or all) of PRB pairs in the PDSCH region or slot-

hopped PRBs are substantially defined as an E-PDCCH region.

[0041]

Fig. 11 shows an exemplary numbering of VRBs in an E-

PDCCH region. Of Nz VRB pairs, N """z VRB pairs that

are configured in an E-PDCCH region are taken, and assigned

VRB index n" ""°“" .. for the E-PDCCH region as 0, 1, 2, ...,

N°"FPCH -1 starting with the VRB pair of the lowest
frequency. That is, in frequency domain, a set of N FPCH ..
VRBs 1s configured for potential E-PDCCH transmission
through the higher layer signaling (e.g., individual
signaling to terminals or common signaling in a cell).
[0042]

Next, the structure of PDCCH and assignment of PUCCH
resources are described. Fig. 12 illustrates the structure
of a PDCCH and assignment of PUCCH resources. A PDCCH
consists of multiple control channel elements (CCE) in the
PDCCH region. A CCE consists of multiple downlink resource

elements (resources each defined by one OFDM symbol and one

sub-carrier).



Nl represent the PUCCH resources assigned to HARQ response information for
downlink transmt data corresponding to the downlink grant. If multiple PUCCH
resources are required, PUCCH resources having indices which are |arger by one
may be used in a simlar manner. Wen assigning one or nore PDCCHs and one or
nore E-PDCCHs in the sane subfrane in such a case, the base station 101
carries out scheduling of downlink grapt assignnment in CCEs such that the CCE
nunber n= of the first CCE and the next | argest CCE nunber accE of each PDCCH
and the CCE nunber 14Thiw of the first CCE and the next |argest CCE nunber
n- Pl AT of each E-PDCCH are all different nunbers. [0054] Next, anot her
exanpl e of LELPBCCH structure and assi gnnent of PUCCH resources is shown. Fig.

14 shows the s cture, of - PDCCH and assi gnnent . of PUCCH resources. Note
that the E-P §hotn h gﬁ%ghlﬁF?%%ﬂé¥%%ﬁE't e "PBBOCH S Fr G8fure and PUCCH

resource a 'gpng s-iﬂ§§r Vi i | . Th - PDCCH

consi sts o(ﬁ%u tlp&gM%%%s%?ﬁgfhe -5E§%ifﬁgbf%ﬁ£% Egggfgégﬁﬁ§§ ﬁ%F?ke t he
PDCCH, the, B RIXCCH  $yrRde Mpp@fcVRBs, dinstead of QCEs - heipg strastyred as a
set of one or nore contiguous VRBs. The nunber of VRBs constituting such a set

is called VB aggregatiion)l.evele rii@ted Sf idrEan EnBROEH L agI 6Ach 0aWhi ch
cross-interleaving is not applied, an 55 consists of - 37 - multiple VRBs.
The VRB aggitedat icen lleevelEwetbhrebethot ol €onst r uete anEEaBBDEERREsosonfi gured at
t he base station 101 according to the coding rate set for the E-PDCCH and t he
nunber of lyves iforDCons¢rbetingl tdedPPECH hes EERDOCHIreCoradi atei baseof VRB
aggregation levels that can be used for the term nal 102 are predeterm ned,
and the teftmtian 102 pecpsfasablPnahdecediny IBihgFathe Pr ddét ePFiChed
conbinations of VRBs in a SS. In the E-PDCCH regiaon, individual E-PDCCHs are
assi gned i Hé S PPEPes| o€ BndsSt ke @%@%%Hn%l%ﬁQtTQﬂNﬂﬂformatlvﬁBs in the

E- PDCCH ' [ d E- DVE f ' i fyi t VRBs. In th
E. PDOCH T egian, (VREE SoRGt I EE T G At vi dul & POGAE Pe JHAeed in the first
sl ot and ”}lecl%%%%f‘qns' oL apd-opumhers, for i dent i xicﬁgagg%eg{g@%o re also
|ndependeﬁt y aSS|gne5. In tﬁe descrﬂbe&iexanple, nvc;, I's configured

i ndependentdye1of 110t That piS,s8QMeof 4 t heryal ves, of nmdhal ik, overlap
possi bl e val ues

Also, a set of n CCEs is called "CCE aggregation level n".
[0044]

A RE group (REG) consists of four REs contiguous in
frequency domain. Further, a CCE consists of nine different
REGs distributed in frequency domain and time domain within
the PDCCH region. Specifically, interleaving is applied in
units of REG to all REGs that have been numbered in the
entire downlink CC using a block interleaver, and nine
contiguous REGs after the interleaving constitute one CCE.
[0045]

For each terminal, a search space (SS), which is a
region in which to search for the PDCCH, is configured. An

SS consists of multiple CCEs. CCEs are numbered beforehand,



of [0056] Upon detecting a downlink grant in the E-PDCCH region, the
termnal 102 reports HARQ response information for downlink transmt data
(PDSCH) corresponding to the downlink grant using a PUCCH resource based on
the VRB i ndex of the VRB having the | owest VRB index anpong the VRBs
constructing the E-PDCCH containing the downlink grant. Reversely, when - 38
- assigning an E-PDCCH containing a dowgl Lnk grant, the base station 101
assigns the E-PDCCH in the VRB corresponding to the PUCCH resource in which
the termnal 102 will report HARQ response information for the downlink

transmt data (PDS corresponding to the downlink grant. The base station
101 al so rBEkides St FETHARDSr BSpohse PaT bt frat Tt Corr'es pOtieAd -t o't he PDSCH

t toth inal 102 via the P which it.h hedul ed, M
Speci 1 call Y as Undit 1 T g LA 24 TPOCGH T BSBHF GBSt it PhAGC St T RUEK npuccH
| tot T jIst, V VRBs t hat
ggﬁ?titStégfﬁgyE¥%E8égﬁcgﬁga?§?%ggggéggnfl%éfg%gkiﬁgﬁhegélng%%ekgfic erangter

NI represephs ithe PYECH resaunsecassigned far, HARQ.espensecipformation of
downlink transnt data corresponding to the downlink grant. Since VRB index

NEDI CHy pdisfeaii YRBSs claft chhepEc EDCEEL T €1 081 angb LOEFidex rieal whakhCCEs in the
PDCCH regi on are i ndependently assigned as nentioned above, when assigni ng one
or nore PDEEHsam@rong ahenore kaPDOCHSh¢ nshdiel samensithfn amener tagsi gni ng two
or nore E-PDCCHs in the sane subframe, the base station 101 carries out

schedul i ng@fs dowsltiinktgnanthassE ghaentmien CEEsa ore MRBsirsudlertthat 1t-he CCE
nunber nm, or riE-= H= of the first CCE of each PDCCH or E-PDCCH and the VRB
nunber n\iSkeGffithecrircst sYRBeof Ueachr EIPDOCH B ec ald) didt eiémth hbigber s.

lowest CCE index is specific to a terminal. In the CSS, a
PDCCH to which control information intended for multiple
terminals 102 such as system information and paging
information is assigned (or included), or a PDCCH to which a
downlink/uplink grant indicating a command for fallback to a
lower-level transmission scheme or random access is assigned
(or included) can be placed.

[0046]

The base station 101 transmits the PDCCH using one or
more CCEs included in the SS which is configured at the
terminal 102. The terminal 102 decodes the received signal
using one or more CCEs in the SS and performs processing for
detecting any PDCCH intended to the terminal. As mentioned
earlier, this process is called blind decoding. The
terminal 102 configures different SSs for different CCE
aggregation levels. The terminal 102 then performs blind

decoding using a predetermined combination of CCEs in the SS



- 39 - When mul tiple PUCCH resources are required for one EPDCCH, the
PUCCH resource corresponding to the VRB i ndex of the VRB having the | owest VRB
i ndex anong the VRBs constructing the E-PDCCH contai ni ng the downlink grant
and the PUCCH resource having an index |larger than that PUCCH resource by one
are used. More specifically, as shown in Fig. 14, the PUCCH resource having

i ndex npucc4 equal to the sumof the_VRB nunber nE5P5cc55,55 of the first VRB
anong the VRBs that constitute the E-PDCCH containing a downlink grant and
cell specific paraneter N, and the PUCCH r esource havi ng i ndex npu, 474 equal
to the sumof the VRB nunber 14 VRE of the first VRB, one, and the
cel | specWﬁPé*béFaﬁéFéﬂnﬂF féﬁ@e@@ﬁtC?%eaiﬁkiﬁ?§%%bUF%ﬁ§-§§é@§ﬁ§&eFo HARQ

rant. 1 I Bire P ?@?ﬂ'ﬁ%Eﬁéﬁéﬂf@eéﬁﬁ%ﬁ%{%&r S eBourice fiving
Pnalces whigh.are |arger D088 TRy be o d AL A St al, maner [ 0058

Wil e Fig. 14 describes re-assignnen From nEw4, 4ft. may

be n5, u itseld) orighpakly; assigned {9 VRB.s Alternativglkycnhke-assigned
nrPC%1. E nmay be used in blind decoding of a VRB set while ndm may be used for

associ at i ng:/RUYEEH nesousces1asdshowdni ol gor ks, Mappi ng from an E- PDCCH

resource to a PUCCH resource may use a simlar mappi ng schene to the one

descri bed mid4viFig. 14

Upon detecting a downlink grant in the PDCCH region,

the terminal 102 reports HARQ response information for
downlink transmit data (PDSCH) corresponding to the downlink
grant using a PUCCH resource corresponding to the CCE index
of the CCE having the lowest CCE index among the CCEs
constructing the PDCCH including the downlink grant.
Reversely, when placing a PDCCH containing a downlink grant,
the base station 101 places the PDCCH in CCEs that
correspond to the PUCCH resource in which the terminal 102
will report HARQ response information for downlink transmit
data (PDSCH) corresponding to the downlink grant. The base
station 101 receives the HARQ response information
corresponding to the PDSCH sent to the terminal 102 via the
PUCCH which it has scheduled. More specifically, as shown
in Fig. 12, among the CCEs that constitute a PDCCH
containing a downlink grant, a PUCCH resource that has an
index noyecy equal to the sum of the CCE number necg of the
first CCE and N;, which is a cell specific parameter,

represents the PUCCH resource assigned for HARQ response



- 40 - just with replacement of n' Hll, with n 11. [0059] The foregoing
description showed a mappi ng schene in which a PUCCH resource is uniquely
determ ned fromconfiguring paraneters for the E-PDCCH regi on, dynam ¢ EPDCCH
resources, and a cell specific parameter for mapping froman E-PDCCH resource
to a PUCCH resource. Next, a mapping schenme which determ nes a PUCCH resource
based on a term nal specific parameterswi LI be described. [0060] Fig. 16
illustrates the flow of a downlink data transm ssion and response procedure
bet ween the base station 101 and term nal 102. The base station 101 broadcasts
a cell specific paraneter N usi ng a broadcast channel, and the term nal 102
obt ai ns bridddFEt- ioR GFrrEPiWBﬁl(lEt Ep%1B01) 92 7 G Heh CHBE e TCoBn shi ft
value t erm nal monly configured. Although the base station 101 broadcasts
in theq¥VVﬂ' atéd éXaane this is not limtative. Sinilar effects may be
achleved\Mgdhgynlflcatlon of N1 via individual signaling (RRC signaling)
intended to each termnal 102. [0061] Then, the base station 101 uses RRC

signaling to netify LRestesmnale 102, 0fy contyQl P'U@fc@{r methbapc.gpegiLyi ng
(configuring, indicating) an E-PDCCH regi on, and

required for one PDCCH, such as when there are two or more
pieces of HARQ response information because two or more
codewords are included in downlink transmit data
corresponding to a downlink grant or when one piece of
response information is sent by diversity transmission using
multiple PUCCH resources, for example. In such a case, of
the CCEs constituting the PDCCH containing the downlink
grant, the PUCCH resource corresponding to the lowest CCE
index and also a PUCCH resource having an index larger than
that PUCCH resource by one are used. More specifically, as
shown in Fig. 12, among the CCEs constituting the PDCCH
containing the downlink grant, the PUCCH resource having an
index ngycey equal to the sum of the CCE number nccg of the
first CCE and cell-specific parameter N;, and the PUCCH
resource having an index npyccn equal to the sum of the CCE
number ncg 0of the first CCE, one, and the cell-specific
parameter N; represent the PUCCH resources assigned for HARQ
response information of downlink transmit data corresponding
to the downlink grant. If two or more PUCCH resources are
required, PUCCH resources having indices which are larger by

one may be used in a similar manner.



- 41 - termnal 102 configures an E-PDCCH regi on based on the control
information (step S1602). Here, for specifying the E-PDCCH region, a schene
that indicates sone or all of RBs within a frequency band is enpl oyed as

menti oned above. Alternatively, in conbination with the schene, sone subfranes
in time domain may be specified as subfranmes in which the E-PDCCH can be

pl aced. For exanple, a scheme of specifying a subframe interval and an offset
froma reference subfrane may he used. Alternatively, it is possible to
represent in bit map form whether an E- FDCCH can be placed in a radio frane
(10 subfranmes) or subframes in nultiple radio franes. [0062] Then, the
base statioff ™1 uses RRC signaling to notify the termnal 102 of control

i nformation specifyi N,, which is ter, that can _be confjgured

spect froal 'y FSF-Ghchie of ol S0t i ihe: Corhiar ST02™EoRt | U og ND based
on the co i nfoornati 51603) .,indj e he . individu hift val ue
which is g%%%*ﬁt%ﬁhag%eg%EF%gFgg'f§$‘§aéﬁpg%$ﬁ%ngﬁglgi%ﬂg&¥kg ?heébase station

101 confi gures apFE-RRCCHNERYI BR andciherealtars NDyisconfiguredein the
illustrated exanple, this is not limtative. For exanple, the base station 101

may confi gy H\Rrane tiheriyhe1E- PEOCEL £€gE Ofhe of- difterHE-FDGCHuegizea and hi h,
may be configured at the sane tine. Al so, the default value of Ni:, may be -
42 - configued teozee, asbighineht casen whens ¢ -hien tsé gnadviingy ata stygp 5X603 is not
perfornmed (i.e., NDis not configured), the subsequent process may be
cont i nued Mwittdr INrviagsdmedht ohbenderodug 006B3ments constituting an E-

PDCCH are allocated across RBs, also called block
interleaving) 1is employed. An E-PDCCH consists of multiple
CCEs in an E-PDCCH region. Specifically, like a PDCCH, an
REG consists of four REs contiguous in frequency domain. A
CCE consists of nine different REGs distributed in frequency
domain and time domain in the E-PDCCH region. In the E-
PDCCH region, individual E-PDCCHs are allocated in the first
slot and the second slot.

[0050]

CCEs in the E-PDCCH region are assigned numbers n" """
for identifying the CCEs. In the E-PDCCH region, CCEs are
independently placed in the first slot and the second slot
and numbers for identifying the CCEs are also independently

E-PDCCH
ccC

assigned. In the described example, n c 1s configured

independently of ncer. That is, some of the values of n®”
FPECH o overlap possible values of necs.

[0051]

Upon detecting a downlink grant in the E-PDCCH region,



Then, using the PDCCH or E-PDCCH, the base station 101 transmts a downlink
grant and downlink transmt data corresponding to the downlink grant to the
term nal 102, which receives the downlink grant and downlink transmt data
(step S1604). After receiving the dowlink transmt data, the term nal 102
generates HARQ response information. [0064] Finally, the termnal 102
determ nes the PUCCH resource based ansN aobtained as per step S1601, E-PDCCH
region configuration informati on obtai ned as per step S1602, NL obtai ned as
per step S1603, and resource information for the downlink grant detected at

step S1604, and uses the determ ned PUCCH resource to report HARQ response
i nf or mat i oA"Y StEPF8PE05Y2 F6BB5TS HARC ReXtorihe TE-PHECH %Y f@ct ure and PUCCH

resource a %j nnent i%_thks case are escribed. Fig. #g ﬁhoms EP .structure of
- PDOCH arilh "Bken 4ry 5S4t gRet (of FESOTELRIY N6t & thaf "tHhe . PoocH
shown in Fi.g, (iR §58t8nt DEEn FDEGL SL4 UGE Uibe and: RYUCEH rasqyrce - 43 -

CCE having the lowest CCE index among the CCEs constructing

the E-PDCCH containing the downlink grant. When assigning

an E-PDCCH containing a downlink grant, the base station 101

assigns the E-PDCCH in the CCE corresponding to the PUCCH

resource in which the terminal 102 will report HARQ response

information for the downlink transmit data (PDSCH)

corresponding to the downlink grant. The base station 101

also receives the HARQ response information corresponding to

the PDSCH sent to the terminal 102 via the PUCCH which it

has scheduled. More specifically, as shown in Fig. 13, a

PUCCH resource that has an index nrycen equal to the sum of

the CCE number n" "™, of the first CCE among the CCEs that

constitute the E-PDCCH containing a downlink grant and cell

specific parameter N; represents the PUCCH resource assigned

for HARQ response information of downlink transmit data

corresponding to the downlink grant. Since CCE index n®"

FPeCH .y for CCEs in the E-PDCCH region and CCE index ncep for
CCEs in the PDCCH region are independently assigned as
mentioned above, when assigning one or more PDCCHs and one
or more E-PDCCHs in the same subframe, the base station 101
carries out scheduling of downlink grant assignment in CCEs

such that the CCE number nce of the first CCE of each PDCCH



assi gnment when cross-interleaving is enployed, and the CCE structure and
assignnent of CCE indices in the E-PDCCH region are simlar to Fig. 13. [0066]
The PUCCH resource determ ned by adding N, a termnal-specific paraneter, to
t he CCE nunber nE7FEE of the first CCE anong the CCEs that constitute the

E- PDCCH cont ai ning the downlink grant is used. Mdre specifically, as shown in
Fig. 17, the PUCCH resource that has_i Rdex npu-H equal to the sum of the CCE
nunber nE7' - of the first CCE anbng the CCEs that constitute the E-PDCCH
containing the downlink grant, the termnal specific paranmeter ND, and the
cell specific paraneter N represents the PUCCH resource assigned for HARQ
response iHfor O SFT@6RNFI nk trarsnitddt & StofFEspon8RAY gpr%%Hdomnlink
grant. Wile gﬁg_in nE,FI TTE for CCEs in the E-PDCCH regi on and CCE i ndex
nfor CCEs ' t Sﬁ%%ér?86i8ﬁm ré°i ndependent |y assi gned as nenti oned above,
even if thﬁﬂﬁﬂhs an overlap between n E and n ki"HCE, resources are shifted by
ND, which is a‘termnal specific paraneter, in the cases of Figs. 12 and 17.

Thi s can avoi dpgyerhap; 0f1 PUCGH nesouroes wii Royt i-nvakwi g ﬁoﬂwtﬁggted
scheduling. In addition, because resources can be shifted by N individually

for each terdnmal ik02coneempliexi tiytof ek PROGH: scheduld g reamdee nedeeed even
when EPDCCH is transmtted to nultiple termnals 102 in separate

neez of the first CCE of PDCCHs and the CCE number n" "7
of the first CCE of E-PDCCHs are all different numbers. For
example, the first (lowest) wvalue of the n" ™. value is
configured to Ngez or a certain value greater than Necg. This
keeps some of n" """y values from overlapping possible
values of nceg and thus avoids collisions of PUCCH resources
within the same subframe.
[0053]

When multiple PUCCH resources are required for one E-
PDCCH, the PUCCH resource corresponding to the CCE index of
the CCE having the lowest CCE index among the CCEs
constructing the E-PDCCH containing the downlink grant and
the PUCCH resource having an index larger than that PUCCH
resource by one are used. More specifically, as shown in
Fig. 13, the PUCCH resource having index npyccy equal to the
sum of the CCE number n®* . of the first CCE among the
CCEs that constitute the E-PDCCH containing a downlink grant
and cell specific parameter N;, and the PUCCH resource

having index npyeen equal to the sum of the CCE number n®”

. of the first CCE, one, and the cell specific parameter



- 44 - F-PDCCH regions in the sane subfrane. In other words, because PUCCH
resources corresponding to snaller CCE indices are used when the el enents
constituting an E-PDCCH in the EPDCCH regi on are re-nunbered, the problem of
bei ng subject to BUCCH resource collisions can be resolved and the probability
of PUCCH resource collisions can be reduced. If nmultiple PUCCH resources are
requi red, PUCCH resources having indiLcgg which are |arger by one may be used.

[ 0067] Next, anot her exanpl e of E-PDCCH structure and PUCCH resource
assignnment in this case is described. Fig. 18 shows an exanple of E-PDCCH
structure and assignnent of PUCCH resources. Note that the E-PDCCH shown in

Fig. 18 répbr 88BRESCEhet B POECH! st TS &vd 1O0CCH Pe8btikc B8RS gRnent when
cross-inter| aviQ% and the,VRB structure, .and as%kgnnent of
As

i d
VSRR Fittes T PR bl R e L SANCRL g-codac i s

illustrat n-Eihg. the:P ' i.nd Lp= t s th
Cum of ne' VAR ‘RUNGEF 1-1E DB b ho 11T ot \VH arong ot e VABS cohot tuti ng.
the F- PDCGHGontalningtheadowgl i nki grang,:dhe, termnal. specifd g parameter NJ,

and the cell specific parameter Ni represents the P resource assigned to
HARQ r espanse;ddif ammat isenifiar gewnkink WHansmst ghahag eaer espapding to the
downlink grant. - 45 - Wihile VRB i ndex nEntc8-818 for VRBs in the E-EDCCH

regi on andrCCE4S ndeX onacErf abr ECEsPhoCck hiei PDACH sagi onuaireriendependant | y
assigned as nentioned above, even if there is an overlap between nocE and nER
\ FRB, rescurces, artdeshiefeedtbyiNN WAl chatsias t@rtm sdledpacidof iod paranmeter, in
the cases of Figs. 12 and 18. This achieves simlar effects to the

cross-i nt elvEahViiYg 9Ea8é desepnBedti AnFrghs 1yuch that the CCE number

nece 0of the first CCE and the next largest CCE number necg of
each PDCCH and the CCE number n" "".. of the first CCE and
the next largest CCE number n* ", of each E-PDCCH are all
different numbers.

[0054]

Next, another example of E-PDCCH structure and
assignment of PUCCH resources 1s shown. Fig. 14 shows the
structure of an E-PDCCH and assignment of PUCCH resources.
Note that the E-PDCCH shown in Fig. 14 represents the E-
PDCCH structure and PUCCH resource assignment when cross-
interleaving is not employed. The E-PDCCH consists of
multiple VRBs in the E-PDCCH region. Specifically, unlike
the PDCCH, the E-PDCCH is made up of VRBs instead of CCEs,
being structured as a set of one or more contiguous VRBs.
The number of VRBs constituting such a set is called VRB

aggregation level. That is, in an E-PDCCH region to which

cross—interleaving is not applied, an SS consists of



[ 0069] Next, the E-PDCCH structure and PUCCH resource assignnent with
the downlink grant placed in the second slot will be described. Fig. 19 shows
an exanpl e of the E-PDCCH structure and assi gnnment of PUCCH resources. Note
that the E-PDCCH shown in Fig. 19 represents the E-EDCCH structure and PUCCH
resource assignment when cross-interleaving is enployed, where the CCE
structure and assignnent of CCE index kA the E-PDCCH region are simlar to
Fig. 13 or 17 except for slots. [0070] As illustrated in Fig. 19, like
Fig. 17, the PUCCH resource that has index rinc8 equal to the sumof the CCE
nunber nE-18888, of the first CCE anpbng the CCEs that constitute the E-PDCCH
containindmajdéﬂﬁ1 ﬁ@ Sgr ahte e %%ﬁ?ﬁQﬁﬂlcgbé€WFﬁcWﬁ&PaW@E@P Nd, and the cel

fi t ts the_ PUCCH d t
o mat 1 OT FOT oAt e F anohet OG0 Te e s Bt PEGporaig T 1ohe down i k-
t. Co . al et
over | ap of PUCCH resFSﬁF?%sC?§5§§e§ e bus Lo ol T By N e Seeond 19

term nal - spegidd ¢a %Kt%OQB'BgﬁegoeMgnlhélé6%&5fﬂX¥ﬂélﬁiﬁﬁﬁéH n the first slot
addressed to other term nal and the CCE nunber n:- FTT CCE of the first CCE

are the samebilQ@4ths of vRMUEBgthgasas® apptiestia adip 1 esed mber | eavi ng
case. Fig. 20 shows an exanple of the E-PDCCH structure and assi gnnent of

PUCCH r esainecaessrnNotze tihat arbepEe@DCEH shein drnd Fitge t20nriepriesent s t he E- PDCCH
structure and PUCCH resource assignment when cross-interleaving is enpl oyed,
wher e t he P¥fRB strsudtlunel erdodssgnaent ofie \RBdaidexuined wmbinations

of VRBs in a SS. In the E-PDCCH region, individual E-PDCCHs

are assigned in the first slot and the second slot.

[0055]

VRBs in the E-PDCCH region are assigned numbers n" "7 .

for identifying the VRBs. In the E-PDCCH region, VRBs

constituting individual E-PDCCHs are placed in the first

slot and the second slot and numbers for identifying the

VRBs are also independently assigned. In the described

example, n" " is configured independently of neccz. That

ETEDCCH p overlap possible values

is, some of the wvalues of n
of nNecg.
[0056]

Upon detecting a downlink grant in the E-PDCCH region,
the terminal 102 reports HARQ response information for
downlink transmit data (PDSCH) corresponding to the downlink
grant using a PUCCH resource based on the VRB index of the

VRB having the lowest VRB index among the VRBs constructing

the E-PDCCH containing the downlink grant. Reversely, when



E-PDCCH region are simlar to Fig. 14 or 18 except for slots. [0072] As
showmn in Fig. 20, like Fig. 18, the PUCCH resource that has index npqgjcm equal
to the sum of the VRB nunber ni of the first VRB anong the VRBs that
constitute the EPDCCH containing a downlink grant, the term nal specific
paranmeter Ni, and the cell specific paraneter NI represents the PUCCH resource
assigned to HARQ response information kgr _downlink transmt data correspondi ng
to the downlink grant. Consequently, also in the case of E-PDCCH placenent in
t he second slot, overlap of PUCCH resources is prevented due to shift by N;

configured faor each termnal even if an E-PDCCH 11iﬂplaced n the first
sl ot addré?§é&“ﬂ@909ﬁeﬁ “FeFhnaPaRd" thé %ﬁ@?WﬁﬁﬂRﬁ Qﬁ? 2316 PERE first VRB

th V] d 7- h b
il ar ofTGre can og AOM SveHoby TREFBaLeI Mo LHE: (S A SRt FPe. par Amet er

kk, also | a ve@%ro%r@gpenlehwﬁtﬁﬁg Péﬁqgmﬂndjf%'ff%% Q. [0073]

VM|Ie t he above escription assunes t grant ca be pl aced in the

second sl afprd me%go%seotmkbmng@&bxefoEOEh@mﬁnﬁ he-downld nk cgrant may be
configured to be usually placed in the first slot only and may be enabled to

be pl aced @meH)n dhecspeandngl 6b theceshai meantaol . i nhergation is configured
such as via RRC signaling. Alternatively, the termnal 102 may provide the

base st atisamtliQh wioth attepnirbakicapabhé i EARY nf@spratd on rishiowiang onhet her t he
term nal 102 supports reception of a downlink grant in the second slot or not,
and a dowwdnvesgrantingayobéhseADSEN ¢ het secont: stotnigrly 1t0¢ ternithal s 102 t hat
support reception of downlink grant in the second slot. This optim zes

f1 exi bili tRYGGH EhPPECHts&Redar ﬁ@uiﬁdacé@ﬂﬁHﬁ@@waﬂﬁaééNayaﬁ| OfRom det ecti on

of a downlink grant to detection of downlink data and transm ssion of response
|nfornat|dﬁ1 F@b74], a PUCCH resource that has an index npyccy equal to

the sum of the VRB number n° """z of the first VRB among
the VRBs that constitute the E-PDCCH containing a downlink
grant and cell specific parameter N; represents the PUCCH
resource assigned for HARQ response information of downlink
transmit data corresponding to the downlink grant. Since
VRB index n" """ .z for VRBs in the E-PDCCH region and CCE
index nceeg for CCEs in the PDCCH region are independently
assigned as mentioned above, when assigning one or more
PDCCHs and one or more E-PDCCHs in the same subframe or
assigning two or more E-PDCCHs in the same subframe, the
base station 101 carries out scheduling of downlink grant
assignment in CCEs or VRBs such that the CCE number nccg oOr
n" """z of the first CCE of each PDCCH or E-PDCCH and the
VRB number n" """ .. of the first VRB of each E-PDCCH are all
different numbers.

[0057]



As described, when transmitting dowlink transmt data - 48 - inrelation to
a downlink grant in a E-PDCCH regi on, the base station 101 assigns the
downl i nk grant to a E-PDCCH resource that corresponds to the uplink control
channel resource that will be used for reporting HARQ response information
corresponding to the downlink transmt data. Preferably, the base station 101
adds a specified value to the index aof s;the el enent having the | owest index
anong the el enments constructing the E-PDCCH resource. The PUCCH resource
havi ng an index equal to the sumis the PUCCH resource corresponding to the

E- PDCCH resource. The base station 101 then nonitors this uplink_control
channel resour 8BSt o™ Bkt +RtE HARG resHuns<e s ifsr meaiened 6675P £~ If the

| esponae TSP RIS Fo TAORAPLARE AR SebouT o wrEs% RS down I ik

t i - di - PQ%% i n which
e townl 11 SR B OB e I D e O e bace. ot at' on
101 sends dhe Lelminal 1102:a0nE-RPUCCH pl aced i 3:PDSGH v egi.on. jThe term nal

102 then nonitors the PDCCH placed in the regi on and an EPDCCH pl aced in
a PESCH ditfderenicH remotihecPRECHNFeghotmddt thesderdialt k@2 rdettect s an

E-PDCCH, it extracts transmt data on the PDSCH associated with the detected

E- PDCCH, resource by one are used. More specifically, as shown in
Fig. 14, the PUCCH resource having index npyccyk equal to the
sum of the VRB number n" "™, of the first VRB among the
VRBs that constitute the E-PDCCH containing a downlink grant
and cell specific parameter N;, and the PUCCH resource
having index npyccy equal to the sum of the VRB number n~
FheeH s of the first VRB, one, and the cell specific parameter
N, represent the PUCCH resources assigned to HARQ response
information for downlink transmit data corresponding to the
downlink grant. If multiple PUCCH resources are required,

PUCCH resources having indices which are larger by one may

be used in a similar manner.

[0058]
While Fig. 14 describes re-assignment of n® "7y
starting from 0, n" " may be nus itself originally

assigned to VRBs. Alternatively, re-assigned n" 7%,

rg may be
used in blind decoding of a VRB set while nyzg may be used
for associating PUCCH resources as shown in Fig. 15.

Mapping from an E-PDCCH resource to a PUCCH resource may use

a similar mapping scheme to the one described with Fig. 14



- 49 - generates response information for the extracted transmt data, and
generates a PUCCH by mapping the response information to the PUCCH resource
corresponding to the EPDCCH resource in which the E-PDCCH was detected, and
reports the response information to the base station 101. The base station 101
extracts the PUCCH to which the response information for the transmt data on
the PDSCH associated with the E-PDCCH iy mapped, fromthe PUCCH resource
corresponding to the E-PDCCH resource in which the E-PDCCH was pl aced. [0077]
This allows an uplink control channel to be dynam cally allocated to the
term nal even when a downlink grant.is.transmtted and received using an

E- PDCCH. Cdhideduént NP LlapFPARCcBAt Fol chanmel™s &ar-be utilized efficiently.

[ 0078] (N;he base station 101 also explicitly notifies each term nal 102
of a paran%{er for shifting PUCCH resources and the term nal 102 determ nes

t he PUCCH reso égefgpegﬁgg%gﬁés E% tht<%4§§Lf§%&ﬁ?ﬁ5aggkgﬁe E%eferably, t he

paraneter is added to ndex of the ¢ s “constructing an E- PDCCH
resource. [0049]; lpmcether wards, ; thenbase: statd om bl natdf i es the terminal

102 of control information including a paraneter
configuring parameters for the E-PDCCH region, dynamic E-
PDCCH resources, and a cell specific parameter for mapping
from an E-PDCCH resource to a PUCCH resource. Next, a
mapping scheme which determines a PUCCH resource based on a
terminal specific parameter will be described.
[0060]

Fig. 16 illustrates the flow of a downlink data
transmission and response procedure between the base station
101 and terminal 102. The base station 101 broadcasts a
cell specific parameter N; using a broadcast channel, and
the terminal 102 obtains broadcast information (step S1601).
N; indicates the common shift value terminal-commonly
configured. Although the base station 101 broadcasts N; in
the illustrated example, this is not limitative. Similar
effects may be achieved with notification of N; via
individual signaling (RRC signaling) intended to each
terminal 102.

[0061]

Then, the base station 101 uses RRC signaling to notify

the terminal 102 of control information specifying

(configuring, indicating) an E-PDCCH region, and the



- 50 - indicating the individual shift value configured individually for each
termnal 102. The termnal 102 receives the control information containing the
i ndi vi dual shift paranmeter, and maps response information to the PUCCH
resource which is determ ned by adding the individual shift value to the

E- PDCCH resource index to generate a PUCCH The base station 101 extracts the
PUCCH from the PUCCH resource deterningd by adding the individual shift value
to the E-PDCCH resource index to obtain response information. [0080]

This facilitates avoi dance of overlap of uplink control channels anong
termnals in dynam_c assignment of uplink control channels to the term nal 102

in a scendrid\Wiier & Ph&CBAsE EESt FBNETPUCHAIE TR e1aRSTalC™M 2% ransnit and

i d i t i E-P -P PDCCH t hus. b
cf 11 ¢l ont I 1908, TSI T on (SyRans LFBEL: | AEEFYediing RS hot ambleyed, |f the
term nal @—%&%He%eﬁi%ﬂ Eépg%gﬁo%gt ni N9 é‘a@é’é"”‘édng!( Ar ant, o'gt pgports HARQ
response information via a r ésour ce haV|ng index np _1 determned from

the VRB nupher; f iF dhafthe f bosh YRERIPOg4 hes VRES: (canst iitjeng the E- PDCCH

contai ning the downlink grant. If the termnal 102 detects a RDCCH cont ai ni ng
a downl i nkyigHeaMat iivie 1REPARt 8oliAREk £ €SPORSEN | tHOrdMatdra) Womea PUCCH resource

having index n F1L Il - 51 -
subframes in time domain may be specified as subframes in
which the E-PDCCH can be placed. For example, a scheme of
specifying a subframe interval and an offset from a
reference subframe may be used. Alternatively, 1t 1is
possible to represent in bit map form whether an E-PDCCH can
be placed in a radio frame (10 subframes) or subframes in
multiple radio frames.
[0062]

Then, the base station 101 uses RRC signaling to notify
the terminal 102 of control information specifying Np, which
is a parameter that can be configured specifically for each
terminal 102, and the terminal 102 configures Np based on
the control information (step S1603). Np indicates the
individual shift value which is configured specifically for
each terminal 102. While the base station 101 configures an
E-PDCCH region and thereafter Np is configured in the
illustrated example, this is not limitative. For example,
the base station 101 may configure Np and then the E-PDCCH
region, or the E-PDCCH region and Np may be configured at

the same time. Also, the default value of Np may be



determ ned fromthe CCE nunber nof the first CCE anpbng the CCEs constituting
t he PDCCH containing the downlink grant. [0082] When cross-interl eaving
i s enpl oyed, upon detecting an E-PDCCH contai ning a downlink grant, the
termnal 102 reports HARQ response information via a PUCCH resource having
index nm| determ ned fromthe CCE nunber?DCCH - of the first CCE anong the
CCEs constituting the E-PDCCH containing the downlink grant. If the term nal
102 detects a PDCCH containing a downlink grant, it reports HARQ response
information via a PUCCH resource having index nET H determ ned fromthe CCE
nunber n E of_the flrst CCE anong. t he CCEs constltutl t he PDCCH contalnlng
t he dommI|9H?%ﬁ%%ﬁ? [[G0&8Fo, 1n Wﬁbﬁgeﬁ%%%tw &teot F8spondi ng

to E-P PUCCH, r esour ces .c Lrespo d| t DC%H ?e ared. It is
therefore né@b?@&r?efgoagan a“ne e§8 QUFSQ - , which
reduces pr%es%%u%gltatpr%%%stseﬁl%ngle éé‘ﬁt}ﬁ?eé’%ftﬁtﬁt 190, EQ088] e

zero.

[0063]

Then, using the PDCCH or E-PDCCH, the base station 101
transmits a downlink grant and downlink transmit data
corresponding to the downlink grant to the terminal 102,
which receives the downlink grant and downlink transmit data
(step S1604). After receiving the downlink transmit data,
the terminal 102 generates HARQ response information.

[0064]

Finally, the terminal 102 determines the PUCCH resource
based on N; obtained as per step S1601, E-PDCCH region
configuration information obtained as per step 51602, Np
obtained as per step S1603, and resource information for the
downlink grant detected at step S1604, and uses the
determined PUCCH resource to report HARQ response
information (step S1605).

[0065]

Next, the E-PDCCH structure and PUCCH resource
assignment in this case are described. Fig. 17 shows the
structure of E-PDCCH and exemplary assignment of PUCCH
resources. Note that the E-PDCCH shown in Fig. 17

represents the E-PDCCH structure and PUCCH resource



(Second Enbodi nent) The first enbodi ment descri bed above showed explicit
signaling of a shift (offset) value for PUCCH resources. In - 52 - the second
enbodi ment of the invention described below, a shift (offset) value for PUCCH
resources is inplicitly/tacitly specified. The conmunications systemin this
enbodi ment can enploy a simlar configuration to the comunicati ons system
shown in Fig. 1. The configurations of 45he base station 101 and term nal 102
in this enbodinent may be simlar to the functional blocks shown in Figs. 4
and 5. [0085] Fig. 21 shows the flow of a downlink data transm ssion and

response procedure between the base statjion 101 and the term nal 102. The base
station 10°°DrBAECEstECRN CraSEalEspett F1d pat itttV Usidty & 6r 64dcast

h I, dt t i.nal 102 obt ai dcast inf ' t 32101
Wi 0.t he DAY SCA FOR 102" I BAREASE SN TATLRE (11 St &t 80 Slanpl o, Lhi & i
t limtative. Siml - - hi d by the b tati 101
Egtif;rhgq%&%$¥hékﬁzfgﬁégé%eé?;ﬁggyngg(%ECIgygnalyng)eadgfgs:eg igneach

term nal, fqysgxanmple. [0086] The base station 101 then uses RRC
signaling to notify the term nal 102 of control information specifying an

FPDCCH r egi on, Tardptibent e¢gdwate 102 confdgunes saniEgPRCCH: regiombased on the
control information (step 32102).

specific parameter, to the CCE number n® ... of the first

CCE among the CCEs that constitute the E-PDCCH containing

the downlink grant is used. More specifically, as shown in

Fig. 17, the PUCCH resource that has index npyces equal to the

sum of the CCE number n" . of the first CCE among the

CCEs that constitute the E-PDCCH containing the downlink

grant, the terminal specific parameter Np, and the cell

specific parameter N; represents the PUCCH resource assigned

for HARQ response information of downlink transmit data

corresponding to the downlink grant. While CCE index n®~

PPECH .. for CCEs in the E-PDCCH region and CCE index nccz for

CCEs in the PDCCH region are independently assigned as

mentioned above, even 1f there is an overlap between nccr and

n"FPCCH L resources are shifted by Np, which is a terminal
specific parameter, in the cases of Figs. 12 and 17. This
can avoid overlap of PUCCH resources without involving
complicated scheduling. In addition, because resources can
be shifted by Np individually for each terminal 102,

complexity of E-PDCCH scheduling can be reduced even when E-

PDCCH is transmitted to multiple terminals 102 in separate



[0087] - 53 - Then, using the PDCCH or E-PDCCH, the base station 101
transmts a downlink grant and downlink transmt data corresponding to the
downlink grant to the termnal, and the termi nal 102 receives the downlink

grant and downlink transmt data (step S2103). [0088] The term nal 102
t hen uses a predeterm ned nethod to determ ne N- according to information
configured for each termnal 102 (step,$2104). [0089] Finally, the

term nal 102 determ nes the PUCCH resource based on N obtai ned as per step
S2101, E-PDCCH region configuration information obtained as per step S2102,
resource information for the downlink grant detected at step S2103, and ND
deterninedié&Pq9§'r?@éﬁngz164Fh§nﬁaﬂ§e§§?ﬁﬁmﬂ%teﬁﬁiﬁé&eﬁuééﬁdﬁesource to report

HARQ response

ecause PUCCH resources corresponding to smaller CCE indices
are used when the elements constituting an E-PDCCH in the E-
PDCCH region are re-numbered, the problem of being subject
to PUCCH resource collisions can be resolved and the
probability of PUCCH resource collisions can be reduced. If
multiple PUCCH resources are required, PUCCH resources
having indices which are larger by one may be used.

[0067]

Next, another example of E-PDCCH structure and PUCCH
resource assignment in this case is described. Fig. 18
shows an example of E-PDCCH structure and assignment of
PUCCH resources. Note that the E-PDCCH shown in Fig. 18
represents the E-PDCCH structure and PUCCH resource
assignment when cross-interleaving 1s not employed, and the
VRB structure and assignment of VRB index in the E-PDCCH
region are similar to Fig. 14.

[0068]

As illustrated in Fig. 18, the PUCCH resource having
index npycen that equals the sum of the VRB number n" "o of
the first VRB among the VRBs constituting the E-PDCCH
containing the downlink grant, the terminal specific
parameter Np, and the cell specific parameter N; represents
the PUCCH resource assigned to HARQ response information for

downlink transmit data corresponding to the downlink grant.



information (step S2105). [0090] At step 2104, ND may be determned with
such nethods as follows. [0091] (1) NDis determned from configuration
information for F-PDCCH regi on obtained at step S2102. For exanple, NDis

cal cul ated using the VRB i ndex of the VRB having the |owest VRB index n7.
anong the VRBs constructing the E-PDCCH region. - 54 - Alternatively, the VRB
index itself may be used as NH [0092] 45 _ (2) NE is determned fromSS
configuration for nonitoring downlink grants used at step 2103. For exanpl e,
as shown in Fig. 22, if the E-PDCCH is detected in the first slot, the NH

value is conflgured to A %@nggdetern1ned value); if the E-PDCCH is detected
in the sedbhdSIGE LREXN vaIU@B|§l%oﬁ??bdfb&hFoEBPP§CHréﬁgﬁﬁ?n?%%d val ue)

whi ch i t f t I f I d
B POCCH N r T BSpohdt 67t 6 ERe i ndks TCURe TEySr Tt ANSHESSTaR par t) 1o
whi ch the Jééﬂ%%@d é% %%ikggﬁgdnggogg,ué§gn if there is an overlap

between necer and n® %o, resources are shifted by Np, which

is a terminal specific parameter, in the cases of Figs. 12
and 18. This achieves similar effects to the cross-
interleaving case described in Fig. 17.

[0069]

Next, the E-PDCCH structure and PUCCH resource
assignment with the downlink grant placed in the second slot
will be described. Fig. 19 shows an example of the E-PDCCH
structure and assignment of PUCCH resources. Note that the
E-PDCCH shown in Fig. 19 represents the E-PDCCH structure
and PUCCH resource assignment when cross-interleaving is
employed, where the CCE structure and assignment of CCE
index in the E-PDCCH region are similar to Fig. 13 or 17
except for slots.

[0070]

As illustrated in Fig. 19, like Fig. 17, the PUCCH
resource that has index ngyccy equal to the sum of the CCE
number n" *"““... of the first CCE among the CCEs that
constitute the E-PDCCH containing a downlink grant, the
terminal specific parameter Np, and the cell specific
parameter N; represents the PUCCH resource assigned to HARQ

response information for downlink transmit data



[ 0093] (3) NDis determ ned fromother configuration information
configured specifically for the termnal. For exanple, an ID assigned to the
termnal may be used to calculate N,. For instance, ND may be cal cul at ed using
an ID assigned to the terminal and N E or a cell specific parameter specified
by the base station, or by perform ng remainder calculation on the ID.
Alternatively, a value that is associLaygd_with the transm ssion port or
scranbl e code ID used for downlink data transm ssion in advance nmay be used.

[ 0094] As descri bed, the base station 101 inplicitly/tacitly - 55 - notifies

each term nal 102 of araneter for shifting PUCCH resources_and the term na
102 deterﬁQﬁ£$%BQQQP ré@SuPE@thn%o%E?%%raFP&ﬁeﬁFePﬁéypa?éﬁ%té?

Pr ef bl th t ded to, . th | t f th I t
cgﬁs$:30t¥ eép %E%CE5F8§08$8§emf869%$ Owegéﬁ%ﬁ ‘?ac’ll e 3%25 'Sance of
overlap ofyyply nk contral 1‘§h§ %ﬁt@HD{i‘Qﬁo‘gé mnatls | nﬁygég}??nﬁs' gnment - of

upl i nk contro channel s to t term na ina sc ere the base

station 1%$é%y%ﬂﬁ@¢;ec%h@@5u%ga éGéﬂsﬂfﬂm§@iﬁﬁﬁéﬁ%ﬁugﬂ%ﬁl'n%h%rants usi ng
F- PDCCH. E- PDCCH or hus can be efficiently used

first slot addressed to other terminal and the CCE number n”
FPCCH .z of the first CCE are the same.
[0071]

Much the same applies to a no cross-interleaving case.
Fig. 20 shows an example of the E-PDCCH structure and
assignment of PUCCH resources. Note that the E-PDCCH shown
in Fig. 20 represents the E-PDCCH structure and PUCCH
resource assignment when cross-interleaving is employed,
where the VRB structure and assignment of VRB index in the
E-PDCCH region are similar to Fig. 14 or 18 except for slots.
[0072]

As shown in Fig. 20, like Fig. 18, the PUCCH resource
that has index npuccy equal to the sum of the VRB number n®
FPECH s of the first VRB among the VRBs that constitute the E-
PDCCH containing a downlink grant, the terminal specific
parameter Np, and the cell specific parameter N; represents
the PUCCH resource assigned to HARQ response information for
downlink transmit data corresponding to the downlink grant.
Consequently, also in the case of E-PDCCH placement in the
second slot, overlap of PUCCH resources is prevented due to

shift by Np configured for each terminal even if an E-PDCCH



[ 0096] (Third Enbodi nent) The first enbodi nent descri bed above showed
sem -static signaling of a shift (offset) value for PUCCH resources. In the
third enbodi nrent of the invention described below, a shift (offset) value for
PUCCH resources is dynamcally indicated. The comuni cations systemin this
enbodi mrent can enploy a simlar configuration to the comuni cation system
shown in Fig. 1. The configurations of 4the base station 101 and term nal 102
in this enbodi nent may be simlar to the functional blocks shown in Figs. 4
and 5. [0097] Fig. 23 shows the flow of a downlink data transm ssion - 56 -
and responsecg%gqedure bet ween_the base station 101 and the terminal 102. The

base st at it Br GAGcASES Bl PLsPpect FFeeparamstst NISTHsiig &7br dafcast
channel and the_term nah.-102 optai ns_.brqa st _information tep S2301).

Al t hough t St &tion 101°br %C%%?é??%#ﬁ ﬁrﬁhégﬁlFﬁ??raﬁ@&ﬁgianple? this

i t limtat] Si_m t se-Aamy= be . I d h tati 101
hgt??yian*%{%iﬁﬁ%ﬁgibghgg gﬁggglﬁngﬁ%ﬁﬁglgfg%§¥?hg gf%{iﬁggg??g gaggnterninal

102, for examl® 0098l achievedhB], iLhe basSe $tatd an. 10l UsesRRE 8 gnal i ng

to notify the termnal 102 of control information indicating an EPDCCH regi on,
and the teidiahaltck02,conid gur es s £&-RRECH T £giieN iageerdi ngetiorbhe control

information (step 52302). [0099]
identification.
[0073]

While the above description assumes that a downlink
grant can be placed in the second slot, this is not
limitative. For example, the downlink grant may be
configured to be usually placed in the first slot only and
may be enabled to be placed also in the second slot if
certain control information is configured such as via RRC
signaling. Alternatively, the terminal 102 may provide the
base station 101 with terminal capability information
showing whether the terminal 102 supports reception of a
downlink grant in the second slot or not, and a downlink
grant may be sent in the second slot only to terminals 102
that support reception of downlink grant in the second slot.
This optimizes flexibility in E-PDCCH scheduling in
accordance with delay time from detection of a downlink
grant to detection of downlink data and transmission of
response information.

[0074]

As described, when transmitting downlink transmit data



The base station 101 then uses ARC signaling to notify the term nal 102 of
control information indicating nultiple values of NO, and the termnal 102
configures multiple NE val ues according to the control infornmation (step
52303). [0100] The base station 101 then sends a downlink grant and
downlink transmt data corresponding to the downlink grant, using a PDCCH or
E-PDCCH, to the term nal 102, which reggives the downlink grant and downlink
transmt data (step S2304). The downlink grant contains Information indicating
whi ch one of the nultiple N11 val ues should be used. - 57 - [0101]

Finally, the term nal 102 determ nes the PUCCH resource based on N obtained
as per st ept 523611 OB- POCEHIPEY OR* cORF R gutatd dn i O mtd oR obt’&i ned as per

t 5230 d i nk t i nf ti det.ect ed t 52304,
SLep, 2308 dounlink, 900 L ssoucce Lntormation, detectod a8 por ot op 02004
t t i i 5 2 As
[esource 1oL pord HARG-Lesaamagantor Ll on (ol g, szisdaierl T ae

i's predet erydigd.as ShowA 1h NLE %&%@9%&%&@9@/4&% cgespending to each
index is notified. In the exanple of Fig. 24, there are four different ND

val ues; amh frrfQulbnvabuessfonBing, tanth® dsvnotil ietnskhe dewal.i nk grant at
step 52304 has an information field in which an i ndex specifying NDis
i ndi cat ed,prastfk D 1can the deter ptaetobyl @Xta@ed i ngsddel Madldueraafuet e | nf or mati on
field. At step 2303, it is not necessary to configure all of the nmultiple ND
val ues. Forheexamgzeofsoire ef emhetvhhuesg nelye beowssi gnated caonfoi xéd val ues
(e.g.. Zezgkﬁ@nts constructing the E-PDCCH resource. The PUCCH

resource having an index equal to the sum is the PUCCH

resource corresponding to the E-PDCCH resource. The base

station 101 then monitors this uplink control channel

resource to extract HARQ response information.

[0075]

If the terminal 102 detects a downlink grant in the E-

PDCCH region, it reports HARQ response information for

downlink transmit data associated with the downlink grant

using a PUCCH resource corresponding to the E-PDCCH resource

in which the downlink grant was detected.

[0076]

In other words, the base station 101 sends the terminal

102 an E-PDCCH placed in a PDSCH region. The terminal 102

then monitors the PDCCH placed in the PDCCH region and an E-

PDCCH placed in a PDSCH different from the PDCCH region. If

the terminal 102 detects an E-PDCCH, it extracts transmit

data on the PDSCH associated with the detected E-PDCCH,



[0103] As shown above, the base station 101 dynamcally indicates a
paraneter for shifting PUCCH resources for each termnal 102, and the term na

102 determ nes the PUCCH - 58 - resource in consideration of the indicated
paranmeter. Preferably, the paraneter is added to the | owest index of the
el ements constructing an E-PDCCH resource. [0104] This facilitates

avoi dance of overlap of uplink contral 4ghannels anong term nals 102 in dynamc
assignment of uplink control channels to the termnal 102 in a scenario where
t he base station 101 and the term nal 102 transmt and receive downlink grants
usi ng E-PDCCH. E- PDCCH or PDCCH t hus can_be efficiently used 0105] The
first enb@fNfERCShowed 8ERi + 8 afTetany %%l‘?kt?te}%ﬁficﬁye@attur&ﬁls IND, the

d nb t showed I t tif t f ND, d the third
ambod mont. SHoWA U AR E SARd" okBF T A1 £ ABTHY 1 KL ST CThose Schems. may

al so be “Slceﬁl Thalt ‘1’25‘?1' atian. PE@&H%%’B fee adordul 4,49, ecltert'f@ gng-an ND val ue

may be prede a paraneter I's sem -stati y and explicitly

'nd'Cated,Pﬁtd%a&%%%h%%ewﬁhcﬁhhéh'HHE'ElﬁbdéﬁaWéé'd%ﬂéHHé&H‘§$d and/or a
paraneter which is dynanmically and explicitly indicated may be introduced as

an el ementr{ria tt@leMre@bohbBe farsuhaciMhtes natd velas dthe iBUCEdiresource may
al so be determ ned by adding the nultiple ND values to an E-PDCCH resource
i ndex. [0MI0f] base station 101 extracts the PUCCH to which the

response information for the transmit data on the PDSCH

associated with the E-PDCCH is mapped, from the PUCCH

resource corresponding to the E-PDCCH resource in which the

E-PDCCH was placed.

[0077]

This allows an uplink control channel to be dynamically
allocated to the terminal even when a downlink grant is
transmitted and received using an E-PDCCH. Consequently,
uplink control channels can be utilized efficiently.

[0078]

The base station 101 also explicitly notifies each
terminal 102 of a parameter for shifting PUCCH resources and
the terminal 102 determines the PUCCH resource in
consideration of the notified parameter. Preferably, the
parameter is added to the lowest index of the elements
constructing an E-PDCCH resource.

[0079]
In other words, the base station 101 notifies the

terminal 102 of control information including a parameter



Whi |l e the above descri bed enbodi mrents use resource - 59 - elenments and
resource bl ocks as the units of mapping data channels, control channels,
PDSCH, PDCCH, and reference signals, and use subframe and radio frame as the
units of transm ssion in tenporal direction, they are not limtative. Simlar
effects can be achieved using region and tine units represented by certain
frequency and tine instead. [0107] _ 5o Wiile an enhanced physical downlink
control channel 103 placed in a PDSCH region is referred to as E-PDCCH so that
it is clearly distinguished fromthe conventional physical downlink control

channel ( PDCC i.n the above described_enbodi nents, this is not "imtative.
Even wher et EFW€9t§B§518ﬁ18ﬁ§HﬁélS%%Etb%?%u%quQ§PQQﬁ§§i i npl enent i ng

?':nf Legﬁgbﬁfo@éf?%ﬁal%ﬁiaf 2RE BaR D en e Torar o ryer c AP SaBRATE RR LCOREr of ehannel -
ploced [0 B RHO0 neg on.ks subscantiol Ly equval anl o Liecmondsents (0
descri bed gnhodigrents cshowed a,case, wher g al ways:asidigle, downlpkegrant is

received, this is not limtative. For exanple, even in a scenario where
mul tipl e dewdurmte ghanhs igancberinesehvied, a Sucty ashawhem dawladinkngrant s for

multiple cells are received at a tinme, the processes described in the
enbodi nentw ey the tper fePedH resource index to generate a PUCCH.
The base station 101 extracts the PUCCH from the PUCCH
resource determined by adding the individual shift wvalue to
the E-PDCCH resource index to obtain response information.
[0080]

This facilitates avoidance of overlap of uplink control
channels among terminals in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0081]

When cross-interleaving is not employed, if the
terminal 102 detects an E-PDCCH containing a downlink grant,
1t reports HARQ response information via a PUCCH resource
having index neyeen determined from the VRB number n® 7. of

the first VRB among the VRBs constituting the E-PDCCH
containing the downlink grant. If the terminal 102 detects

a PDCCH containing a downlink grant, it reports HARQ

response information via a PUCCH resource having index npyccy



- 60 - for reception of a single dowlink grant to attain simlar effects.
[0109] Prograns according to the present invention to run in a base
station and a terminal are prograns that control a CPU and the |ike (prograns
that cause a conputer to function) so that the functionality of the

enbodi nents of the invention described above is realized. Information handl ed
in these devices is tenporarily saved ikh random access nmenory (RAM during its
processing, and then stored in any of various kinds of read-only nmenory (ROM
and/or a hard disc drive (HDD), fromwhich it is read or nodified or witten
by a CPU as necessary Recor di ng medi a for storl ng thetg &Oams may be any of
semi conducdtedﬁ'erFiOéc‘Tleéjl t&°F. FRROMENBHIVGT afic e° ﬁf“lo(‘? recor di ng
medi a (e. taI vralle sc ) neto i C

m ni - di scgE(WD) Corpact &“?c% épgﬁ ¢?%&§ QE%@ ) rl?g‘dﬁl ic recor di ng
media (e. %{ rﬁagnetlc tape flexible disc), and the I|ke Also, in addition to
realizing ]:ne unctionality of the above described enbodi nents by execution of
a | oaded p[L -am the functionality of the present invention can also be
realized t rough cooperative processing with an operating system or other

appl i cation prageansrbbsaceosdanse W tihs idgrield, onpohr esrsuehng program
[0110] - 61 - For distribution in a market, the prograns may be stored
and di strimrredoropartiabhe recowdi hgk ngdiat: ortie ansferr=ad 1t0@ a server

conput er connected via a network such as the Internet. In this case, a storage
devi ce of ndreger V@R(Ccorpubersei snabsoat heh uded d rPidig! preesentcel nvention. Al so,
part or all of the base station and term nal described in the enbodi nents may
be real i z&th'Byrd digexsealce: idfttegratieon TEpBl FhewhFBhniebey pi cal ?yCEaﬁfl nt egr at ed
circuit. The functional blocks of the base statjon and the term nal may be

ei t her indif% dudsity Clcﬁ'pla@ﬁﬁﬁt Eae RCERi penor L see brttd B G Hem may be
integrated inta a c rated, circgc y be rea S speci al

U pose. CISEAL o ‘GendrHr bl pgganbro&éi t%ﬁﬁ”%ﬁ&néga? FhEere B fen

integrated cifcwitr &é]ta?%h%' ggo&,{@% H‘ﬁ s 2orrerrtgse§{ h progress in
sem conduct or technol ogy, egra CUI on such a technol ogy
coul d be %QR&Q%%%'lnformatlon via a PUCCH resource having index npycen

determined from the CCE number nccz of the first CCE among
the CCEs constituting the PDCCH containing the downlink
grant.

[0083]

Consequently, PUCCH resources corresponding to E-PDCCH
and PUCCH resources corresponding to PDCCH can be shared.
It is therefore not necessary to define a new PUCCH resource
for E-PDCCH, which reduces processing at the terminal and
the base station.

[0084]
(Second Embodiment)
The first embodiment described above showed explicit

signaling of a shift (offset) value for PUCCH resources. In



[0111] Whi |l e the enbodi nents of the present invention have been
described with reference to the drawi ngs, specific configurations are not
limted to the enbodi ments and desi gn changes within the scope of the
invention are al so enconpassed. Various nodifications may be nmade to the
present invention within the scope defined by the clains, and an enbodi nent
practiced by conbi ning appropriate technical nmeans disclosed in different
enbodi ments also - 62 - falls within the technical scope of the invention. An
arrangenment in which el enments described in the enbodi nents and having simlar

effects are interchan%%d i.s al so_enconpassed, Industrial Applicability [0112]
The presert™§ MASTEORTPSdaBGaht 3Gebls FoFSRPHT cltIOnN 15 &94i%el 8ss base

station devi.c wirel ess term nal ? 'ﬁe W rel ess, communi cations system
and/ or a vitel es§ Coffmini Gt on fet Kod® &1 ererice S gns Li st
implicitly/tacitly specified. The communications system in
this embodiment can employ a similar configuration to the
communications system shown in Fig. 1. The configurations
of the base station 101 and terminal 102 in this embodiment
may be similar to the functional blocks shown in Figs. 4 and
5.
[0085]

Fig. 21 shows the flow of a downlink data transmission
and response procedure between the base station 101 and the
terminal 102. The base station 101 broadcasts N;, a cell
specific parameter, using a broadcast channel, and the
terminal 102 obtains broadcast information (step S$S2101).
While the base station 101 broadcasts N; in the illustrated
example, this is not limitative. Similar effects may be
achieved by the base station 101 notifying N; via individual
signaling (RRC signaling) addressed to each terminal, for
example.

[0086]

The base station 101 then uses RRC signaling to notify
the terminal 102 of control information specifying an E-
PDCCH region, and the terminal 102 configures an E-PDCCH
region based on the control information (step $S2102).

[0087]
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Then, using the PDCCH or E-PDCCH, the base station 101
transmits a downlink grant and downlink transmit data
corresponding to the downlink grant to the terminal, and the
terminal 102 receives the downlink grant and downlink
transmit data (step S2103).

[0088]

The terminal 102 then uses a predetermined method to
determine Np according to information configured for each
terminal 102 (step S2104).

[0089]

Finally, the terminal 102 determines the PUCCH resource
based on N; obtained as per step 52101, E-PDCCH region
configuration information obtained as per step 52102,
resource information for the downlink grant detected at step
S2103, and Np determined as per step S2104, and uses the
determined PUCCH resource to report HARQ response
information (step S2105).

[0090]

At step 2104, Np may be determined with such methods as
follows.
[0091]

(1) Np is determined from configuration information for
E-PDCCH region obtained at step S2102. For example, Np is
calculated using the VRB index of the VRB having the lowest

VRB index nygg among the VRBs constructing the E-PDCCH region.



404 OFDM signal transmitting unit 405, 511 transmt antenna 406, 501 receive
antenna 407 SC- FDVA signal receiving unit 408 uplink subfranme processing unit
- 63 - 409 physical uplink control channel extracting unit 410, 506 higher

| ayer 502 OFDM signal receiving unit

Alternatively, the VRB index itself may be used as Np.
[0092]

(2) Np is determined from SS configuration for
monitoring downlink grants used at step 2103. For example,
as shown in Fig. 22, 1f the E-PDCCH is detected in the first
slot, the Np value is configured to A (a predetermined
value); 1f the E-PDCCH is detected in the second slot, the
Np value is configured to B (a predetermined value) which is
different from A. Alternatively, in a case of an MIMO-
multiplexed E-PDCCH, Np corresponding to the index of the
layer (transmission port) to which the E-PDCCH is assigned
may be used.

[0093]

(3) Np is determined from other configuration
information configured specifically for the terminal. For
example, an ID assigned to the terminal may be used to
calculate Np. For instance, Np may be calculated using an ID
assigned to the terminal and Neg or a cell specific
parameter specified by the base station, or by performing
remainder calculation on the ID. Alternatively, a value
that is associated with the transmission port or scramble
code ID used for downlink data transmission in advance may
be used.

[0094]

As described, the base station 101 implicitly/tacitly
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notifies each terminal 102 of a parameter for shifting PUCCH
resources and the terminal 102 determines the PUCCH resource
in consideration of the parameter. Preferably, the
parameter is added to the lowest index of the elements
constructing the E-PDCCH resource.

[0095]

This facilitates avoidance of overlap of uplink control
channels among terminals in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0096]

(Third Embodiment)

The first embodiment described above showed semi-static
signaling of a shift (offset) wvalue for PUCCH resources. 1In
the third embodiment of the invention described below, a
shift (offset) wvalue for PUCCH resources 1is dynamically
indicated. The communications system in this embodiment can
employ a similar configuration to the communication system
shown in Fig. 1. The configurations of the base station 101
and terminal 102 in this embodiment may be similar to the
functional blocks shown in Figs. 4 and 5.

[0097]

Fig. 23 shows the flow of a downlink data transmission



2503 physical downlink control channel 2504 downlink transmt data 2505

physi cal uplink control channel - 64 - CLAIMS [Caim1] A term nal that
comuni cates with a base station, the term nal conpri sing: a downl i nk
control channel detecting unit that nonitors a physical downlink control
channel allocated in a physical downlink control channel region and an

enhanced physical downlink control chamgel allocated in a physical downlink
shared channel region different fromthe physical downlink control channel

regi on;

and response procedure between the base station 101 and the
terminal 102. The base station 101 broadcasts cell specific
parameter N; using a broadcast channel and the terminal 102
obtains broadcast information (step S$2301). Although the
base station 101 broadcasts N; in the 1llustrated example,
this is not limitative. Similar effects may be achieved by
the base station 101 notifying N; via individual signaling
(RRC signaling) intended to each terminal 102, for example.
[0098]

Then, the base station 101 uses RRC signaling to notify
the terminal 102 of control information indicating an E-
PDCCH region, and the terminal 102 configures an E-PDCCH
region according to the control information (step $2302).
[0099]

The base station 101 then uses RRC signaling to notify
the terminal 102 of control information indicating multiple
values of Np, and the terminal 102 configures multiple Np
values according to the control information (step $2303).
[0100]

The base station 101 then sends a downlink grant and
downlink transmit data corresponding to the downlink grant,
using a PDCCH or E-PDCCH, to the terminal 102, which
receives the downlink grant and downlink transmit data (step
S2304). The downlink grant contains information indicating

which one of the multiple Np values should be used.



a data extracting unit that, if the downlink control channel detecting unit
has detected the enhanced physi cal downlink control channel, extracts transmtt
data on a physical downlink shared channel associated with the detected

enhanced physical downlink control channel; a response information
generating unit that generates response information for the extracted transmt
dat a; an uplink control channelL generating unit that generates a

physi cal uplink control channel by mapping the response information to a
physi cal uplink control channel resource corresponding to an enhanced physi cal
downl i nk control channel resource in which the enhanced physical downlink
control chliahiel] mas detected and a response transmtting unit that

t t | th [i.nk t -
ransri s o signaly 0c! pdng Lhe PLAL oL Bl O shoElanOE eSSt
e “baner i ho-unt . b S8 Bl cal. i eent Ll channel by mappi ng

the response information to a p plnk ¢ont r ol resource which

is determmnedibased on anrhpdex:oh &B@a§ﬁ@§ﬂ%§@xﬁh%§k&ﬂSZ¥NM"'nk contro
channel resource and an individual shift val ue configured individually for

each ternmd@hli@ airnd] rEheuteeninabrageosdiqgrd el algnpbr fukipher
conpri si ng:
S2304, and Np indicated as per steps S2303 and S2304, and
uses the determined PUCCH resource to report HARQ response
information (step S2305).
[0102]

As a way to configure the multiple Np values at step
2303, the number of Np values is predetermined as shown in
Fig. 24 and the Np value corresponding to each index is
notified. In the example of Fig. 24, there are four
different Np values; any of four wvalues A, B, C, and D is
notified. The downlink grant at step S$2304 has an
information field in which an index specifying Np is
indicated, and Np can be determined by extracting the wvalue
of the information field. At step 2303, it is not necessary
to configure all of the multiple Np values. For example,
some of the values may be designated as fixed values (e.qg.,
zZero) .

[0103]

As shown above, the base station 101 dynamically

indicates a parameter for shifting PUCCH resources for each

terminal 102, and the terminal 102 determines the PUCCH



a higher layer control information acquiring unit that acquires control
information including a paraneter indicating an individual shift val ue
configured individually for each term nal; wherein the uplink contro
channel generating unit generates a physical uplink control channel by mapping
the response information to a physical uplink control channel resource which
is determ ned by adding the individual sghift value to an index of the enhanced
physi cal downlink control channel resource. [Claim4] The term nal according
to claim3, wherein the higher |ayer control information acquiring unit

acquires control information including a paraneter indicating a common shift
val ue confiGitteds flcoARSAIFERTAPT 9T 6BE teF i HAS Padfd et wherein the

[ink h I ti it t hysi.cal I ink t
channel by TENSBIg e FoS6ASE PRr of rEtTOn Co CHo BIaI a4t Pk contr o

h I t ' i.ned by addi th
?ng?csdugl gﬁ%%%H§§ﬁﬁe%§%§%?ﬁggggﬁn%% §3?$¢&€é$%%ﬁ%g%?heyiﬁde;ngf tﬁe enhanced
physi cal dogwndjnk control channel resource. [O aim 5]

This facilitates avoidance of overlap of uplink control
channels among terminals 102 in dynamic assignment of uplink
control channels to the terminal 102 in a scenario where the
base station 101 and the terminal 102 transmit and receive
downlink grants using E-PDCCH. E-PDCCH or PDCCH thus can be
efficiently used.

[0105]

The first embodiment showed semi-static and explicit
notification of Np, the second embodiment showed
implicit/tacit notification of Np, and the third embodiment
showed dynamic and explicit notification of Np. These
schemes may also be used in combination. For example, a
formula to determine an Np value may be predefined, and a
parameter which is semi-statically and explicitly indicated,
a parameter which is implicitly/tacitly indicated, and/or a
parameter which is dynamically and explicitly indicated may
be introduced as an element (or a term) of the formula.
Alternatively, the PUCCH resource may also be determined by
adding the multiple N, values to an E-PDCCH resource index.
[0106]

While the above described embodiments use resource



The termnal according to claim1, wherein the uplink control channel
generating unit generates a physical uplink control channel by mapping the
response information to a physical uplink control channel resource which is
determ ned by adding an individual shift value configured for a slot in which
t he enhanced physi cal downlink control channel was detected to an index of the
enhanced physical downlink control chamgel resource. [C aim 6] The term nal
according to claim1l1, further conprising: a higher layer control information
acquiring unit that acquires control information including a paraneter

i ndi cating anplurallt of indivjdual shift val ues conﬂﬁgrred |nd|V|duaIIy for
each ter myigments andwﬁ@?@PﬁCFthHSQﬁl?ﬁkt?ﬁnﬁq%ﬁs &éteng uni t

t t f th | | t f d | - 67 - which
extrocts o gl dgt%&%ré%l'eﬁ ARealTpryRren Bowrln Lo Ehannel . and
wher ei n t*g%ngg%f k gonirol chaonel generalinocunid agoeo%%;a;uhat% physi cal upl i nk

control cha ing the response i nformation ysi cal uplink
control C%leslmls%%%'ﬂr Cl% wai,ehrhs deterp ned by.adding dihe sextragted

i ndi vi dual shift value to the index of the enhanced physical downlink control
channel res@UNee. effects can be achieved using region and time units
represented by certain frequency and time instead.
[0107]

While an enhanced physical downlink control channel 103
placed in a PDSCH region 1is referred to as E-PDCCH so that
it is clearly distinguished from the conventional physical
downlink control channel (PDCCH) in the above described
embodiments, this is not limitative. Even where the two
types of channel are both called PDCCH, implementing
different operations for an enhanced physical downlink
control channel placed in a PDSCH region and the
conventional physical downlink control channel placed in a
PDCCH region is substantially equivalent to the embodiments
in which E-PDCCH and PDCCH are distinguished.

[0108]

While the above described embodiments showed a case
where always a single downlink grant is received, this is
not limitative. For example, even in a scenario where
multiple downlink grants can be received, such as when
downlink grants for multiple cells are received at a time,

the processes described in the embodiments may be performed



[Aaim7]
station c
t hat noti
al |l ocat ed
i nformati
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A base station that communicates with a termnal, th
onpri si ng: a physical control information notificatio
fies the term nal of an enhanced physical downlink control

e base
n unit
channel

in a physical downlink shared channel region; and a response

on receiving unit that extracts a physical uplink control c
ponse information for transm gpdata on a physical downlink

channel associated with the enhanced physical downlink control chann

mapped, f
enhanced

physi cal doVnIGeREaREr BF EhanRel ewae At totatedt [[@ & FrEb4ae station

%é% claim7, wherein the - 68 - response information receiving unit

accordi ng
extracts

channel resp e which is determ ned based on an i ndex of the enhanced

physi cal
configure

rom a physical uplink control channel resource corresponding to an

physi cal downlink control channel resource in which the enh

t %ﬂ%ﬁsical uplink control channel from a physical uplink

domn !nk control channel resource and an individual shift v
d 'ndPngyghEyaégér@§§@ E@rfﬂé“ﬂresent invention to run in a

base station and a terminal are programs that control a CPU
and the like (programs that cause a computer to function) so
that the functionality of the embodiments of the invention
described above is realized. Information handled in these
devices is temporarily saved in random access memory (RAM)
during its processing, and then stored in any of various
kinds of read-only memory (ROM) and/or a hard disc drive
(HDD), from which it is read or modified or written by a CPU
as necessary. Recording media for storing the programs may
be any of semiconductor media (e.g., ROM, non-volatile
memory card), optical recording media (e.g., digital
versatile disc (DVD), magneto-optical disc (MO), mini-disc
(MD), compact disc (CD), or blu-ray disc (BD)), magnetic
recording media (e.g., magnetic tape, flexible disc), and
the like. Also, in addition to realizing the functionality
of the above described embodiments by execution of a loaded
program, the functionality of the present invention can also
be realized through cooperative processing with an operating
system or other application programs in accordance with
instructions from such a program.

[0110]

hannel
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control
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[ C ai m9] The base station according to claim7, further conpri sing:

a higher layer control information notification unit that notifies the
termnal of control information including a paraneter indicating an individual
shift value configured individually for each term nal; wherein the
response information receiving unit extracts the physical uplink control
channel from a physical uplink contral sghannel resource which is determ ned by
addi ng the individual shift value to an index of the enhanced physi cal

downl i nk control channel resource. [Claim 10] The base station according to

claim9, wherein the higher layer control information notification unit
br oadcast s conFPE! dFﬁFB?%F?% et rr]ifta pAramECer oPRdiPédt PRg a common shift
}’ﬁ} grengff‘gs'n ;‘Jegogla\%ga‘igﬁ}%gbﬁ%red%k termpal s, and, mherein the response

transferred to a server computer connected via a network
such as the Internet. 1In this case, a storage device of the
server computer is also included in the present invention.
Also, part or all of the base station and terminal described
in the embodiments may be realized by large scale
integration (LSI), which is typically an integrated circuit.
The functional blocks of the base station and the terminal
may be either individually implemented in chips or some or
all of them may be integrated into a chip. An integrated
circuit may be realized as a special purpose circuit or a
general-purpose processor instead of LSI. If an integrated
circuitry technology that replaces LSI emerges with progress
in semiconductor technology, integrated circuitry based on
such a technology could be employed.

[0111]

While the embodiments of the present invention have
been described with reference to the drawings, specific
configurations are not limited to the embodiments and design
changes within the scope of the invention are also
encompassed. Various modifications may be made to the
present invention within the scope defined by the claims,
and an embodiment practiced by combining appropriate

technical means disclosed in different embodiments also



- 69 - extracts the physical uplink control channel from a physical uplink
control channel resource that has an index of a value obtained by adding the

i ndi vidual shift value and the common shift value to the index of the enhanced
physi cal downlink control channel resource. [Caim 11] The base station
according to claim7, wherein the response information receiving unit extracts
the physical uplink control channel frgm a physical uplink control channel
resource which is determ ned by addi ng an individual shift value configured
for a slot in which the enhanced physi cal downlink control channel was

detected to an index of _the enhanced gggsical downl i nk control channel
resource. G a MAPLR the TeRaRpaes StabT ont ddtorditg i@l af*th 7, further

i sing: hi.gher .| [ inf ti tificati it that
ot 111 o5 (HETETRA 81 "BSRLT 81K oF b TRt o TReI Utk . & KEFAMSTer | ndi cati ng
a plurali téﬁQthaiv\’I]\%i vidyah ?h-b%%eX% UgSe Cf’r@{%%?exggré-cpdiis"iaq%l l'y for each
terninal ; éréin the phySical “control infofmation notification unit

notifies the gphanced physical downlink control channel that indicates one of
the plurality of individual shift values, and wherein the response information

recei vi ng tdstrial Applicability
[0112]

The present invention is advantageous for application
to a wireless base station device, wireless terminal device,
wireless communications system, and/or a wireless
communication method.

Reference Signs List

[0113]

101 base station

102 terminal

103 enhanced physical downlink control channel
104 downlink transmit data

105 physical uplink control channel

401 codeword generating unit

402 downlink subframe generating unit

403 physical downlink control channel generating unit
404 OFDM signal transmitting unit

405, 511 transmit antenna

406, 501 receive antenna

407 SC-FDMA signal receiving unit

408 uplink subframe processing unit



- 70 - extracts the physical uplink control channel from a physical uplink
control channel resource which is determ ned by adding the individual shift
value to an index of the enhanced physical downlink control channel resource.
[Claim131 A commruni cations systemin which comruni cation is perfornmed
bet ween a base station and a termnal, wherein the term nal conprises:
a downlink control channel detecting_ugkt_that nonitors an enhanced physi cal
downl i nk control channel allocated in a physical downlink shared channel
regi on, a data extracting unit that, if the downlink control
channel detecting unit has, detected the enhanced ph¥sical downl i nk control
channel , eXtT aPPEStFrahshptidat@urQ phiyEiEa SFORACi-nkIsHAréd channel
associ at ed WthSEQG deﬁectgd enhanced physical downlink control channel,

t oA gen

a response i 1f o1 $4tTng unit that generates response infornation for

the extra sm t N .. an uplink control channel generating
uni t thatqggﬂeégﬁgsg%&%%gs?%%.lY&ﬁqﬁﬁuébntrol channel by mappi ng the response

i nformatiomd o4, RhYSi calp BPhhdk codol, channel resource corresponding to an
enhanced physical downlink control channel resource in which the enhanced
physi cal downl pbakseeat r@bwehannelowas defrected, ea&ftdacting unit

505 codeword extracting unit

507 response information generating unit

508 uplink subframe generating unit

509 physical uplink control channel generating unit

510 SC-FDMA signal transmitting unit

2501 base station

2502 terminal

2503 physical downlink control channel

2504 downlink transmit data

2505 physical uplink control channel



- 71 -
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a response transmtting unit that transmts a signal includ
cal uplink control channel, and wherein the base station conprises:

| control information notification unit that notifies the term nal
ced physical downlink control channel, and a response
on receiving unit that extracts a physical uplink control channel

ponse information for the traggnit data on the physical downlink

annel associated with the enhanced physical downlink control chann
, froma physical uplink control channel resource corresponding to
ced physical downlink contral channel resource in which the enhanced
downl i nk control channel wa§"taf'scat ed. [ A aim14] A

physi cal anne ocated in a physica

kgr.net od for a termnal that communi cates with a base station
i%i"hg": a step of nonitoring a physical downlink control

channel a"ocahegeggag??ggﬁégn ?éﬁwﬁiéiﬁ%%“ﬂgqﬂﬂa %E%%U%ka&?%h?ﬂtﬁ d an

downl i nk

shared channegl; f-agiopdiitferent fromthe physical downlink control channel

regi on;

a step of, if the enhanced physical downlink control

channel

i ng
of
to

el

t he

has

been det ect ed, seybact hRgcbkansm dhdatal et Physi eali tdewaki nknshared channel

associ ate

d with the

a physical downlink control channel allocated in a physical

downlink control channel region and an enhanced physical
downlink control channel allocated in a physical downlink
shared channel region different from the physical downlink
control channel region;

a data extracting unit that, if the downlink control
channel detecting unit has detected the enhanced physical
downlink control channel, extracts transmit data on a
physical downlink shared channel associated with the
detected enhanced physical downlink control channel;

a response information generating unit that generates
response information for the extracted transmit data;

an uplink control channel generating unit that
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource corresponding to an enhanced physical downlink
control channel resource in which the enhanced physical
downlink control channel was detected; and

a response transmitting unit that transmits a signal

including the physical uplink control channel.



- 72 - detected enhanced physical downlink control channel; a step of
generating response information for the extracted transmt dat a; a step
of generating a physical uplink control channel by napping the response
information to a physical uplink control channel resource corresponding to an
enhanced physical downlink control channel resource in which the enhanced

physi cal downlink control channel was detected; and a step of
transmtting a signal including the physical uplink control channel. [C aim
15] A conmmuni cation nmethod for a base station that comunicates with a
termnal, the nmethod conprising: a step of notifying the term nal of an

enhanced pMﬁ§F€h@]domnlink control channel allocated in a physical downlink
shared channe

Tgeg%on'.agf P_ste fjgxtrac %n .a gpgsic & plink
control channel “fo WhIEH T e3poHed ?%f%fﬁ%fi&hlfoﬁ7 %ﬁ?nl ngg BK a physica
dou |1, et channel 3sactaL o L L el s el igagl i cont o
\(;\ﬁ{(r:ﬁSponcgd}&rtoq an ehhancedrphyshgalndowal nks cont ol Ghapnel, esource in
physical uplink control channel resource which is determined
based on an index of the enhanced physical downlink control
channel resource and an individual shift value configured
individually for each terminal.
[Claim 3]
The terminal according to claim 1, further comprising:
a higher layer control information acquiring unit that
acquires control information including a parameter
indicating an individual shift value configured individually
for each terminal;
wherein the uplink control channel generating unit
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource which is determined by adding the individual shift
value to an index of the enhanced physical downlink control
channel resource.
[Claim 4]
The terminal according to claim 3,
wherein the higher layer control information acquiring
unit acquires control information including a parameter

indicating a common shift value configured in common for all



t he enhanced physical downlink control channel was all ocated.

terminals, and

wherein the uplink control channel generating unit
generates a physical uplink control channel by mapping the
response information to the physical uplink control channel
resource that has an index of a value obtained by adding the
individual shift value and the common shift value to the
index of the enhanced physical downlink control channel
resource.

[Claim 5]

The terminal according to claim 1, wherein the uplink
control channel generating unit generates a physical uplink
control channel by mapping the response information to a
physical uplink control channel resource which is determined
by adding an individual shift value configured for a slot in
which the enhanced physical downlink control channel was
detected to an index of the enhanced physical downlink
control channel resource.

[Claim 6]

The terminal according to claim 1, further comprising:

a higher layer control information acquiring unit that
acqguires control information including a parameter
indicating a plurality of individual shift values configured
individually for each terminal;

wherein the downlink control channel detecting unit

extracts one of the plurality of individual shift wvalues



which is indicated by the detected enhanced physical
downlink control channel, and

wherein the uplink control channel generating unit
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource which is determined by adding the extracted
individual shift value to the index of the enhanced physical
downlink control channel resource.

[Claim 7]

A base station that communicates with a terminal, the
base station comprising:

a physical control information notification unit that
notifies the terminal of an enhanced physical downlink
control channel allocated in a physical downlink shared
channel region; and

a response information receiving unit that extracts a
physical uplink control channel to which response
information for transmit data on a physical downlink shared
channel associated with the enhanced physical downlink
control channel is mapped, from a physical uplink control
channel resource corresponding to an enhanced physical
downlink control channel resource in which the enhanced
physical downlink control channel was allocated.

[Claim 8]

The base station according to claim 7, wherein the



response information receiving unit extracts the physical
uplink control channel from a physical uplink control
channel resource which is determined based on an index of
the enhanced physical downlink control channel resource and
an individual shift value configured individually for each
terminal.

[Claim 9]

The base station according to claim 7, further
comprising:

a higher layer control information notification unit
that notifies the terminal of control information including
a parameter indicating an individual shift value configured
individually for each terminal;

wherein the response information receiving unit
extracts the physical uplink control channel from a physical
uplink control channel resource which is determined by
adding the individual shift value to an index of the
enhanced physical downlink control channel resource.

[Claim 10]

The base station according to claim 9,

wherein the higher layer control information
notification unit broadcasts control information including a
parameter indicating a common shift value configured in
common for all terminals, and

wherein the response information receiving unit



extracts the physical uplink control channel from a physical
uplink control channel resource that has an index of a value
obtained by adding the individual shift value and the common
shift value to the index of the enhanced physical downlink
control channel resource.

[Claim 11]

The base station according to claim 7, wherein the
response information receiving unit extracts the physical
uplink control channel from a physical uplink control
channel resource which 1s determined by adding an individual
shift value configured for a slot in which the enhanced
physical downlink control channel was detected to an index
of the enhanced physical downlink control channel resource.
[Claim 12]

The base station according to claim 7, further
comprising:

a higher layer control information notification unit
that notifies the terminal of control information including
a parameter indicating a plurality of individual shift
values configured individually for each terminal;

wherein the physical control information notification
unit notifies the enhanced physical downlink control channel
that indicates one of the plurality of individual shift
values, and

wherein the response information receiving unit



extracts the physical uplink control channel from a physical
uplink control channel resource which is determined by
adding the individual shift value to an index of the
enhanced physical downlink control channel resource.
[Claim 13]

A communications system in which communication is
performed between a base station and a terminal,

wherein the terminal comprises:

a downlink control channel detecting unit that
monitors an enhanced physical downlink control channel
allocated in a physical downlink shared channel region,

a data extracting unit that, if the downlink
control channel detecting unit has detected the enhanced
physical downlink control channel, extracts transmit data on
a physical downlink shared channel associated with the
detected enhanced physical downlink control channel,

a response information generating unit that
generates response information for the extracted transmit
data,

an uplink control channel generating unit that
generates a physical uplink control channel by mapping the
response information to a physical uplink control channel
resource corresponding to an enhanced physical downlink
control channel resource in which the enhanced physical

downlink control channel was detected, and



a response transmitting unit that transmits a
signal including the physical uplink control channel, and

wherein the base station comprises:

a physical control information notification unit
that notifies the terminal of the enhanced physical downlink
control channel, and

a response information receiving unit that extracts
a physical uplink control channel to which response
information for the transmit data on the physical downlink
shared channel associated with the enhanced physical
downlink control channel is mapped, from a physical uplink
control channel resource corresponding to the enhanced
physical downlink control channel resource in which the
enhanced physical downlink control channel was allocated.
[Claim 14]

A communication method for a terminal that communicates
with a base station, the method comprising:

a step of monitoring a physical downlink control
channel allocated in a physical downlink control channel
region and an enhanced physical downlink control channel
allocated in a physical downlink shared channel region
different from the physical downlink control channel region;

a step of, i1f the enhanced physical downlink control
channel has been detected, extracting transmit data on a

physical downlink shared channel associated with the



detected enhanced physical downlink control channel;

a step of generating response information for the
extracted transmit data;

a step of generating a physical uplink control channel
by mapping the response information to a physical uplink
control channel resource corresponding to an enhanced
physical downlink control channel resource in which the
enhanced physical downlink control channel was detected; and

a step of transmitting a signal including the physical
uplink control channel.

[Claim 15]

A communication method for a base station that
communicates with a terminal, the method comprising:

a step of notifying the terminal of an enhanced
physical downlink control channel allocated in a physical
downlink shared channel region; and

a step of extracting a physical uplink control channel
to which response information for transmit data on a
physical downlink shared channel associated with the
enhanced physical downlink control channel is mapped, from a
physical uplink control channel resource corresponding to an
enhanced physical downlink control channel resource in which

the enhanced physical downlink control channel was allocated.



