DESCRIPTION Title of Invention BASE STATION APPARATUS AND TRANSMISSION METHOD
5Technical Field [0001] The present invention relates to a base station apparatus and a transmission
method for transmitting a control signal to a relay station apparatus in time-division relay. Background
Art 10[0002] In recent years, most of cellular mobile communication systems such as cellular phones
allow not only transmission of voice data but BIE6T&EHNBINMe data transmission such as still picture
images and motion picture images, along with development of information into multimedia. In order to
achieve larfil/8lUieHata transmission, techniques are actively researched to achieve high

transmissign rates using high frequency 15radio band. !OOOI]?%When a high-frequency radio band is
used, a h.gﬁrﬁ§%€@r§t€?¢‘%ﬁ@§&wg fedi %%@Bﬁp‘ﬁlenuaﬂon increases in a long
distance as the distance increases. Thus, when a mobile communication system using a high
frequency radio band is actually operated, the coverage area of a radio communication base station

20apparatys fhereinadfter abbreviated as base station) is reduced, and therefore, it is necessary to
install more base stations. However, installation of a base station requires a correspondingly high cost.

Therefore, [thgre) is atsirpngdemansh fion a-teabnigye ashievingicampp4riealian Sarvies daingaa high
frequency radio band that can increase the coverage area while suppressing increase in the number of
base stationsth?8[0804drdsrotdey tocsatisfysguch demelng saatelaping techniglimésdiesdancheéd. In this
relaying technique, a radio communication relay station apparatus (hereinafter abbreviated
Background Art
10 [0002] In recent years, most of cellular mobile communication systems such as cellular
phones allow not only transmission of voice data but also large-volume data transmission
such as still picture images and motion picture images, along with development of
information into multimedia. In order to achieve large-volume data transmission,
techniques are actively researched to achieve high transmission rates using high frequency
15 radio band.
[0003] When a high-frequency radio band is used, a high transmission rate cam be
expected in a short distance, but attenuation increases in a long distance as the distance
increases. Thus, when a mobile communication system using a high frequency radio
band is actually operated, the coverage area of a radio communication base station
20  apparatus (hereinafter abbreviated as base station) is reduced, and therefore, it is necessary
to install more base stations. However, installation of a base station requires a
correspondingly high cost. Therefore, there is a strong demand for a technique achieving
communication service using a high frequency radio band that can increase the coverage
area while suppressing increase in the number of base stations,
25  [0004) In order to satisfy such demand, a relaying technique is researched. In this
relaying technique, a radio communication relay station apparatus (hereinafter abbreviated

as relay station) is installed (see FIG.1) between a base station and a radio communication



as relay station) is installed (see FIG.1) between a base station and a radio communication mobile
station apparatus (hereinafter abbreviated as mobile station), and the base station and the mobile
station communicate with each other via the relay station. When the relaying technique is used, the
mobile station can communicate with the base station via the relay station even if the mobile station is
located awayoirdmsthdonasepstationemdiisGeiffibbit toadideatlyreomennizaty with dhethase station.
[0005] As the relaying technique, there are methods using frequency-division relay (FD relay, FDD
relay) or tirt8dfASiBH PRy et e s Fsl it regliaribyr divisithe relay willtbe expldinedhesing a
downlink, for.example, In this case, a frequency band used by a downlink from the base station to the

relay statioft 18 el Pt 15 1 1 SREYTORHE SES 11 b ATHBWHARIE roth the Parsysstiitiorvie the
mobile station cqver ' th‘(;err}eg, stargo SO ta iatﬂa.fr uency resoyrce is divided. In .
ey %21 i P Tethe 48 (i ?él: Efﬁf ?‘?’é"f%l%@&“tﬁ]ﬁsb%g@rﬁ&@%ﬁ?ﬁ")s are

frequency-division'relay, ifferent frequency ban ereinafte

used fgr regperlivedawninks,Andi ihis Rresenis a3 adyaniage in that each of the base station and the

relay station is required to perform resource scheduling of only the service band of its own station.

15[0006] Qmabe]othrey ihandiafitinedivigien felay bRl ained %%&gmgmﬁ for.gx@mple. In
this case, a time resource is divided into a time resource used by a downlink from the base station to
the relay stalioh BR@Padiang resourcévirsed oyaa (Dvndink, fianDtha relay Biadiemtg-eimabia.station
covered by the relay station. In time-division relay, there is an advantage in that it is not necessary to
map a newffediGéneyiasduriesiadopniépe dangr duptherdrishdstine redourcenity whichuthd helay station
cannot trargismit W iﬁtheﬁeﬁ%{ station recejves a signal from the base station, and there is a problem

in that the r_ﬁ)o e ?Sﬁt ST EBRIRUEUSS reRiveing E‘%g}ﬁgﬁ?@ﬁiﬁiﬂ’é BeSeseamshanthittdne
o st S T T e e dE 8b6t e St ay

mobile station cannot determine the e resource in'w

signal, thesmebilessiation usesyasaitefaiense forhandover, 18 5l rengif in the-time resource in
which the relay statitga do)}ejs not tranismit any signnal. [O%g7](%fngll_%l'l§léig(%?)llﬁ§g£3ﬁergr#} g&%?u%gﬁy?gcd’vanced,

a mobile staiids (idReaadse Siibe b TE fsqonsidamd 1ohe accommadaiedip adslamsiatan When
the relay station accommodates the mobile station of the LIE, a reference signal (RS) used for

measuringtbifersigraisstrentyinisge quitet deche transmittet fivatstithirames: (i simitsref diree o
resources).
perform resource scheduling of only the service band of its own station.

15 [0006] On the other hand, in time-division relay will be explained using a downlink, for
example. In this case, a time resource is divided into a time resource used by a downlink
from the base station to the relay station and a time resource used by a downlink from the
relay station to the mobile station covered by the relay station. In time-division relay,
there is an advantage in that it is not necessary to map a new frequency resource for

20 repeating, but there is a time resource in which the relay station cannot transmit while the
relay station receives a signal from the base station, and there is a problem in that the
mobile station cannot continuously receive the signal from the base station. When the
mobile station uses a signal strength as a reference of handover, there is a problem in that
when the mobile station cannot determine the time resource in which the relay station does

25  not transmit any signal, the mobile station uses, as a reference for handover, the signal

strength in the time resource in which the relay station does not transmit any signal.

[0007] In LTE (Long Term Evolution) -Advanced, a mobile station of Release 8 of the



5[0008] In order to solve such problems, Non-Patent Literature 1 suggests a method for causing the
relay station to allocate a MBSFN (Multicast/Broadcast over Single Frequency Network) sub-frame to.
the mobile station in the time resource in which the base station transmits the signal to the relay
station. [0009] In Non-Patent literature 1, the relay station sets a sub-frame received from the 10 base
station as th¥MBSENsdbddametfor thevmohilasthtiancosagcteditmtheviglay skatiana T heMBSFN
sub-frame is a sub-frame for MBMS service. The MBMS service is not supported in the Release 8
version of #EWTREOfHGdbernpld Relebee of besidhtbfthetrtiehaipte (RBSENGHD-frameringrder to
maintain compatibility with a future update to a newer version which supports the MBMS service. The
MBSFN sull%ra#eds Lomeirsd [sHEethalfs bt HasmisrdigrarBnerhriREan (e helsd pbriow of the
sub-frame %ndutrarsl mit the MBMS service in the remaining portion. Accordingly, the mobile station of
the Release 8 of the LIE is characterized in receiving only the control signal and the RS in the head
portior andgisregardi : \ L r ipin rtion when receiving an MBSEN
sub-frgm qui(j)%% 1%%{1,5@%832 oﬁ%o@é'@é&%bﬁ%@é %%’e%?%gﬁ%ﬁ?é%ﬁaﬁg?n asrue%%%f}sstgtinolﬁ %Ogsﬁ’bbile

station usingemMBSEM pubdiame Ayomakingusse-af thisfealre:AsShewh éf@%lfl&]c;?f FIG.2,
stat

the relay station sets an MBSFN sub-frame for the mobile station. However, the rélay ion-actually

transmits Gfdyvendonirl-SignaltandamRSlinsthddread thortion ot dhersubnframententhemobile station but
in the remaining portion, the relay station does not 25 transmit the MBMS service and instead

receives a'&ijfalfréwe sdudeostritiatrrtiomanner, the fake MBSFN is advantageous in that the TD

relay can gﬁ %k}l)ieved while the mobile station of the Release 8 of the LTE is accommodated in the
relay stati 10%{ 11 MR R MBSERE dvd WatidmissbrisysesistarateSasidersdis ddeorddirce with

transmissign timing. (which .also be hereinafter referred to as "frame timing") of frames transmitted
from%;ﬁe cgﬁsgfggﬁqegggazéseﬁé a%ﬁgnﬁdsfﬁé %aelﬁl%[}a?ﬁ %Eé?%ﬂﬁgﬂ? (FPEREFIRS (el TsR B BRATN
Non-Patent gy e <Hieriame, Iing, 5. ueRPTEetS Relvieen g bpegiaton and he moble

n efa

station (the frames are synchronized) as shown in FIG.2. is case, In't esﬁﬁgﬁl\lﬁ While the

base statiopansmiis deruraksignabrinarelomstatien alsawansmits eratoksignal, Thergfore, the

relay station cannot receive the control signal transmitted from the base station. Therefore, it is
necessarylfoFthes tas§5taHdhsth fepacately deansmit tineiretaynptationtaninioh Sigoal w1AIROLR) In the
second case, the frame timing is different between the base station and the relay station (the frames
are not syRENFSHSEN i cappOTvhidl I rkinsenission Thiing RSEOhfighriechsuchchighe delay
statia) receives the mobile station control lziﬁnal from the base station during reception period of the

relay Statidh "HRETRIS S R st e B BEsNteefmpitmolig tehfonie swdtismeniittbt signal

mapped t N The hase station 15 make the OEDM symbol having the mobile station control signal
mapped tﬁ%ﬁ%ﬁ%ﬁlﬁ?&?tﬁg OEBIFSRBS MeIdse ﬁﬁ’g&a ﬂﬁ?ﬁiﬁﬂﬂp&“s‘?&ﬁ%?,%ﬂﬁaﬁ%ﬁsmits the

Goseribed Abse. whan T bl e R S e e o Lo P A i e
mapped ipdhgosamed QA ymbel DEDMLNREESSHYIe dafing A LU IERSINSS AR eiving an
MBSFN sub-frame.
20 [0010] A fake MBSFN is a technique of transmission from a relay station to a mobile
station using an MBSFEN sub-frame by making use of this feature. As shown in sub-frame
#1 of FIG.2, the relay station sets an MBSFN sub-frame for the mobile station. However,
the relay station actually transmits only a control signal and an RS in the head portion of
the sub-frame to the mobile station but in the remaining portion, the relay station does not
25  transmit the MBMS service and instead receives a signal from a base station. In this

manner, the fake MBSFN is advantageous in that the TD relay can be achieved while the

mobile station of the Release 8 of the LTE is accommodated in the relay station.
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20format for the relay station control signal. Citation List Non-Patent Literature [0013] 25 NPL 1 3GPP
RANI #55, R1-084357, "Efficient support of relaying through MBSFN subframes" NPL 2 3GPP RAN1
55, R1-090222, -Consideration on Resource Allocation for Relay Backhaul Link" Summary of Invention
5Technical Problem [0014] However, the above consideration about the frame timing betwe_:en the
base statiofnamng] thenrelayrstationeisrbased gikemassugption hat hefreresare.syghrenized
between the relay stations, and difference of frame timing between the relay stations is not taken into
consideratibant#ossvertimitige (Rivklayaratemissibertimiftgrof draraastol Qdransmiteshisom the relay
station to the mobile station may be different for each relay station. Therefore, a range of OFDM
symbols in Viiieh fraserdirdtashtbassdadivecORpMtayonbold fromdhie beserstitions (which may also
be hereinafter referred to as "reception range") may be different for each relay station. Further, the
reception raffgd'ie diffeht féji‘%"é%h’?eﬁ@s"%é’t‘iﬁﬁ dﬂférf’éua?ﬁ@reiﬁléeﬁﬁiﬁepFéﬁfﬁhﬁ?{fﬁ&b@ﬁﬁfi‘cau%d
by 15difference of distance between the basge.station ang the relay station, The difference of the
rgcep;gon rgﬁfé%e%} ?ﬁ%%fgys%%é oA eenhoégfléf’%nsatﬁ%?’é %ﬁi@a%i‘ﬁerg&:@ﬁﬁ%‘%‘iﬁlﬁ F99618] FIG.3
s a figure iiystrating an.xamale:of elalionstinbelyeenrame {iming of.apase staion and ffame
timing of a relay station. In FIG.3, #0 to #13 denote OFDM symbol numbers, and 8 SUD-frameis
constitutectifry RPMismbalSH#Oriad#di®: a control signal. Therefore, the relay station cannot

receive the control signal transmitted from the base station. Therefore, it is necessary for
the base station to separaiely transmit the relay station control signal.

10 [0012] In the second case, the frame timing is different between the base station and the
relay station (the frames are not synchronized). In this case, when the transmission timing
is configured such that the relay station receives the mobile station control signal from the
base station during reception period of the relay station, the relay station can receive an
OFDM symbol having the mobile station control signal mapped therein. The base station

15  make the OFDM symbol having the mobile station control signal mapped therein such that
the OFDM symbol includes the relay station control signal, and transmits the mobile
station control signal and the relay station control signal in the same OFDM symbol. As
described above, when the mobile station control signal and the relay station control signal
can be mapped in the same GFDM symbol, if is not necessary to define a new transmission

20  format for the relay station control signal.

Citation List
Non-Patent Literature
{0013]
25 NPL1
3GPP RAN1 #55, R1-084357, “Efficient support of relaying through MBSFN subframes”
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20[0016] [Pattern 1A] Patterns IA and 1B of FIG.3 are examples where the frame timing of the
base station and the frame timing of the relay station are synchronized. The difference between
pattern IA and pattern 1B is difference of a propagation delay time between the base station and the
relay station. The difference of the propagation delay time will be 25explained later. [0017] Now,

attention is 3 Rospattess, Iy dtenthe colay eiatinn banemits-QERM sYmbels #Raphikiathe

mobile station, the relay station switches from transmission mode to reception mode to receive OFDM
symbols #3li@¥12. Therefore, while the relay station of pattern 1A transmits OFDM symbols #0 and
#1, the relay station cannot receive OFDM symbols #0 and #1 having a control signal mapped therein
transmitted from the base station. 5[0018] In addition, while the relay station switches from the
transmission mode to the reception mode, the relay station of pattern IA cannot receive OFDM symbol
#2 either. I 4HGHBAC (W&} relay station switches from the reception mode to the transmission

mode,éhe "Fé%}ﬁsit%p n %ﬂannot receive OFDM symbol #13 due to the propagation delay between the
base station and fhe reiay Station. This is because, in order for the relay 10 station to transmit OFDM

symbol #0 e spbsaaent suiramec Bk KEPAIG TARIE SYDCIRNIZalion il e bage siption. the

relay station needs to switch from the reception e to the transmission 6 betore thie start of the

sub-frame, sputdhenielayestationsdass nobiaceie @F RMsymbe! #idheters.switching fipm the

reception mode to the transmission mode due to the propagation delay. 15[0019] [Pattern 2]

Pattern 2 ietwexathpleinhetatithe frarhdifining obthearelayistationdsdatemthanahedame timing of the
base station. The relay station of pattern 2 transmits OFDM symbols #0 and #1. Thereafter, the relay
station swiléh@s fitih aresidaiaheBsioHesdertoithdrecBBtionanotiepamissereitios @FBVEsymbols #6
to #1,? n 3] Pattern 3 is an example where the frame timing of the relay station is

earlierQﬁg$%§%%%%&8f?H@ybgég‘gléﬂoﬁli‘.eﬁé’i?@%ﬁté‘(j&ﬁoﬁlw PatEHesRhheesorRbY
?c?&i?lznzgﬁg@(gﬁ?gs. 3%%%%%3%%%%@?{06@% g\}/fvljfgggﬁsigo%}&e t %n;_se ai3§ Sé?a@i(@logz?ntgctpc?vgeception
OFDM symbols from the base station (which may also be hereinafter referred to as
“reception range”) may be different for each relay station. Further, the reception range is
different for each relay station due to difference in a propagation delay time caused by
15 difference of distance between the base station and the relay station. The difference of the
reception range of the relay station will be hereinafter explained with reference to FIG.3,
[0015] FIG.3 is a figure illustrating an example of relationship between frame timing of a
base station and frame timing of a relay station. In FIG.3, #0 to #13 denote OFDM
symbol numbers, and a sub-frame is constituted by OFDM symbols #0 to #13.
20 [0016] [Pattern 1A]

Patterns 1A and 1B of FIG.3 are examples where the frame timing of the base
station and the frame timing of the relay station are synchronized. The difference
between pattern 1A and pattern 1B is difference of a propagation delay time between the
base station and the relay station. The difference of the propagation delay time will be

25  explained later.
[0017] Now, attention is given to pattern 1A. After the relay station transmits OFDM

symbols #0 and #1 to the mobile station, the relay station switches from transmission mode

5



25[0021] As described above, the difference of frame timing between the base station and the relay
station causes difference in the range of OFDM symbols that can be received by the relay station.
[0022] Subsequently, the difference of the reception range of the relay station due to difference of a
propagation delay time between the base station and the relay station will be hereinafter explained.
Both of pattenedéptind paitiernd B:skhiow Skamplegmbindseithadréitib tiihngeddhevbizide Statishis
synchronized with the frame timing of the relay station, but 5 pattern 1B shows an example in which
the propagéticende pttromlthdBasaistdtion s WY THEhpdtidmea cht il pHOFBCRRROA T8y eT
propagation delay than pattern 1A, and therefore, in pattern 1B, OFDM symbol. #2 tg, canpot be
received inPatér YA B8 PaleRIeE CREACBETEY (i SEBRIG! Bed%;ﬂ?‘fﬁgftg zra]]—tli?em rglceeived in

pattern IA gg@ensc%t tE)Oenreceived in pattern 1B since OFDM symbol #12 arrives during the switching
10from the recepzhon ‘mode to the transmission mode. [0023] As described above, not only the

d:fff repce ﬂd{%ﬁnegﬂ@mﬁt@ﬁz alaithe differencaioftos Rippaaationdelay dime hetweer thedhase
station an

he relay station causes difference in the OFDM symbol range that can be received by the

relay statiopedMhen there imdiffesonsaisntioe paceivable range ofthie OBPMMyMbbbLIthe bake station
15needs to define a transmission format for each relay station. [0024] The present invention is made in
view of thelaladd@iprobidihs tlanckIhis satiobjest ohtheiore sdiat iewvptitonnto gy ¢vithe draemsisicsion
method and a base station capable of transmitting a control signal for each relay station using a
common trandemigksors forriatinn cometdivsion FRIIYMoYSHIotiEAIsirydBIéHs POPsEARIpasE8tation

apparatus according to the present invention is a base station apparatus applied tq a radio ,
communicRRTHPE)sRmPATWATEICE itk dqé%éﬂlaé’eSﬁ?é‘&"foraé%\fbﬁﬁn%‘ﬁa&ﬁetﬁg B’é%e 0 ol

g bk dparatus to
a relq}‘() Stagltoaﬁoarpigg r%%%%%ﬂd(ﬁ:ﬂﬁ? g%sn %0 in a subsequent sub-frame while keeping frame

synchronization with the base station, the relay station needs to switch from the reception
mode to the transmission mode before the start of the sub-frame, but the relay station does
not receive OFDM symbol #13 before switching from the reception mode to the
transmission mode due to the propagation delay.

15 [0019] [Pattern 2]

Pattern 2 is an example where the frame timing of the relay station is later than the
frame timing of the base station. The relay station of pattern 2 transmits OFDM symbols
#0 and #1. Thereafter, the relay station switches from the transmission mode fo the
reception mode, and receives OFDM symbols #6 to #13.

20  [0020] [Pattern 3]

Pattern 3 is an example where the frame timing of the relay station is earlier than
the frame timing of the base station. The relay station of pattern 3 transmits OFDM
symbols #0 and #1. Thereafter, the relay stétion switches from the transmission mode to
the reception mode, and receives OFDM symbols #0 to #9.

25 [0021] As described above, the difference of frame timing between the base station and
the relay station causes differcnce in the range of OFDM symbols that can be received by

the relay station.



25 used for downlink from the relay station apparatus to a mobile station apparatus covered by the
relay station apparatus are time-divided within a predetermined period. The base station apparatus
includes a mapping section, wherein where D denotes a maximum number of symbols in which a
control signal for the mobile station apparatus, transmitted from the base station apparatus to the

mobile statiéZpabatuspovenedby titfdase siatibe apppthiusaisemnapprs (He, PapRNG seeion
maps a control signal for the relay station apparatus in a (D+1)--th symbol within the predetermined
period, anddhET5aSR Statvarsapieratels nivpdhciudes Sransnittion settiorétmtansmittiigthe
mapped contro| signal to the relao¥ﬁstation apparatus. [0026] A transmission method according to the

present inv WW%&%B%?H%Q OiethBalR tanansiti{EE s R o & gRap s ehbessth e fation
apparatus %? a rel(a);}/ &{a%og asjggaratus in ahradi.o com:tgl#g:g?tion sg/,stem in. which a time resource used

for downlink "TO%rom the Base Station apisaratieto TAEASHUPh ARt WY S rd®burce

used Yor douilink fRrube el SAlon SRl e BEANI SIoen Aapalelle saverad by the relay

station apparatus are time-divided within a predeterm erio transmission me includes
the steps ofowgaerada paraies 4 maxsimum Bumber ohsyMbels. i which & conirolsignal far the mobile
station apparatus, transmitted from the base station apparatus 15 to the mobile station apparatus
covered bythke faseistptioerapfaraEbNs snapped? aliangingoa sontwlisignal farithe relayastation
apparatus in a (D+1)-th symbol within the predetermined period, and transmitting the mapped control
signal to th&e¢eliesf stationtbp pakatuband AdTaHt geobs IEfELtthof vehtion{0027] iAceardingita the
present invention, a control signal for each relay station can be transmitted using a common

a !
transmissiGATP L Binisar difysince SR sserbrbA st privederZaiobeg)vitching

1G  from the reception mode to the transmission mode.
[0023] As described above, not only the difference of frame timing but also the
difference of the propagation delay time between the base station and the relay station
causes difference in the OFDM symbol range that can be received by the relay station.
When there is difference in the receivable range of the OFDM symbol, the base station
15 needs to define a transmission format for each relay station.
[0024] The present invention is made in view of the above problems, and it is an object
of the present invention to provide a transmission method and a base station capable of
transmitting a control signal for each relay station using a common transmission format in
a time-division relay.
20
Solution to Problem
[0025] A base station apparatus according to the present invention is a base station
apparatus applied to a radio communication system in which a time resource used for
downlink from the base station apparatus to a relay station apparatus and a time resource
25  used for downlink from the relay station apparatus to 2 mobile station apparatus covered by
the relay station apparatus are time-divided within a predetermined period. The base

station apparatus includes a mapping section, wherein where D denotes a maximum



FIG.1 is a schematic diagram illustrating a radio communication system including a relay station;
FIG.2 is a figure for illustrating a fake MBSFN; FIG.3 is a figure illustrating an gxample of .
relationship between frame timing of a base station and frame timing of a relay. station; FIG.4is a
block diagram illustrating a configuration of a base station according to Embodiment 1 of the present

invention; numidCob sgatbleck diagram diusisatinga configuraion: alaitslaySialion ageordingto
Embodiment 1; F1G.6 is a figure illustrating mapping example #1 in Embodiment 1; Fl_G.? is a figure
illustrating AiRPpikY tesavipleow2pnaErhisodithenbdbIORLGEE: isppiigure dﬂusiéatiﬁggtﬁmml@gtﬁ@mple_%
in Embodiment 2 of the present embodiment; ~ FIG.9 is a block diagram illustrating a cor_lflguratlon
of a base stREBH&EcH PR Eribodigiantg; section npps. 20derdrblodkidibgparthdlusteatistgtmn

configuration of a relay station according 15to Embodiment 2;FIG.11isa figure iIIust(rgting mapping
example #Egﬁaé%l%o infe *ZD"E symb%i within the predetermined period, and the base station

5 apparatus also includes a transmission section for transmitting the mapped control signal to
the relay station apparatus.

[0026] A transmission method according to the present invention is a transmission

method for transmitting a control signal from a base station apparatus to a relay station

apparatus in a radio communication systern in which a time resource used for downlink

10 from the base station apparatus to the relay station apparatus and a time resource used for

downlink from the relay station apparatus to a mobile station apparatus covered by the

relay station apparatus are time-divided within a predetermined period. The transmission

method includes the steps of, where I} denotes a maximum number of symbols in which a

control signal for the mobile station apparatus, transmitted from the base station apparatus

15 to the mobile station apparatus covered by the base station apparatus, is mapped, arranging

a control signal for the relay station apparatus in a (D+1)-th symbol within the

predetermined period, and transmitting the mapped control signal to the relay station

apparatus.

20 Advantageous Effects of Invention
[0027]  According to the present invention, a control signal for each relay station can be

transmitted using a common transmission format in a time-division relay.

Brief Description of Drawings
25  [0028]
F1G.1 is a schematic diagram illustrating a radio communication system including

a relay station;



F1G.12 is a figure illustrating mapping example #5 in Embodiment 3 of the present invention; FIG.13 is
a figure illustrating another mapping example in Embodiment 3; 20FIG.14 is a figure illustrating still
another mapping example in Embodiment 3; FIG.15 is a figure illustrating still another mapping
example in Embodiment 3; and FIG. 16 is a figure illustrating still another mapping example in

Embodiment 3. 250d6LHptioi @i ithadiments s [9029] Embpsiments of the present invention will be
hereinafter explained in detail with reference to drawings. [0030] As shown in FIG.1, a radio
communication systéf- nieaélzEmbbdimengincludesachfse stiishipinobile siatieniang arelay
station for repeating a transmission signal from the base station to the mobile station. The relay station

time-divisiofiify teenredHertmsismRs phediasistrsipnthe base station to the mobile station. In the
explanation below, ill be explained, in which a signal transmitted from the base

. -hop repeating will :
station to the relay ggg\i]gﬁgig%&%rﬁiﬁﬁ%‘ﬂﬂﬁgww %ﬁ%@‘l&‘&’ %H@%@@il@ﬂélﬁa?déﬁ@m dscasdinmed that
the ragjo CW&@%@EPP &y&}gﬁ} glg%c#égﬁseé)tot only a mobile station of the LTE covered by the base

station but also a mobile statio “Advanced covered by the relay station. 10[0031] In the
explanation below, centrol sigpais Mmeai-2 PRGEH (Rhysical Rewplink Control Channel), a PH1CH
(Physical Hybrid ARQ Indicator Channel), and a P ai'CH %ghy%%f?al @gnﬁ?%ﬁyﬁé?ﬁoﬁ fﬁg?gg%lclﬁ* Ehannel).
These contialisigihats:ate diffused in a frequency axis and transmitted. The mobile station detects
control signals addressed to the mobile station by performing blind decision on the diffused control

signals, and 15perfofims recéigtion ifrocessingiapping example #1 in Embodiment 1;
FIG.7 is a figure illustrating mapping example #2 in Embodiment 1;
10 FIG.8 is a figure illustrating mapping example #3 in Embodiment 2 of the present
embodiment;
FIG.9 is a block diagram illustrating a configuration of a base station according to
Embodiment 2;
FIG.10 is a block diagram illustrating a configuration of a relay station according
15 to Embodiment 2;
FIG.11 is a figure illustrating mapping example #4 in Embodiment 2;
FIG.12 is a figure illustrating mapping example #5 in Embodiment 3 of the
present invention;
FI(.13 is a figure illustrating another mapping example in Embodiment 3;
20 FIG.14 is a figure illustrating still another mapping example in Embodiment 3;
FiG.15 is a figure illustrating still another mapping example in Embodiment 3;

and

FIG.16 is a figure illustrating still another mapping example in Embodiment 3.

25  Description of Embodiments

[0029] Embodiments of the present invention will be hereinafter explained in detail with

reference to drawings.



[0032] The PDCCH is used to notify resource information about downlink, resource information about
uplink, a transmission power control command of a PUSCH (Physical Downlink Shared Channel) or a
PUCCH (Physical Uplink Shared Channel). [0033] The PDCCH is mapped to 1 to 3 OFDM symbols at
the head of a sub-frame in 20 units of REGs (Resource Element Groups (=4 REs (Resource
Elements) J0066hould beomoten Hiét linforadationrabautdhenumiben of @D symhels:tovhighsthe
PDCCH is mapped is notified by the PCF1CH. The number of OFDM symbols of the control signals is
determined Bysthét#ifabe FobOF NGy abd ks sianstRDC GH rivetsfore s mimibesigh@FDM symbols
of the PDCCH notified by the PCF1CH is the number of OFDM 25symbols of the control signals.
However, WiieR?He SALER dP i SERRES BERIPTS edial T6'6Y 1888 tRahme RBSIamEHUIsISEOFOFDM

symbols oft tgleS EI;}’ESC%H\IJST}%J%A. [8103?4 SIen Egg enxglaigatior}ﬁel%w, the r%]l]a stati%n allocates an
MBSFN sub-frame for the ‘mopile station covered by therdtsy iiin. Silte (e iksePePBrDm

symbals Imhichfhe,BRGCH 06 4ns MBSEN SRS 5 ARREH f3ch 614, e fslay,tation ransmit

1 or two OFDM symbols t6 the mobile station as the contfol signals. In the exp anation %é?gw? for

example, the telay stationimainbmirrasvitacanirolsignls aronstitutedbyiwoOERM symbals to the

mobile station. [0035] (Embodiment 1) In the explanation about the present embodiment, a relay
station maihtaiaitiy frame:sjnciorosizationnbatkeernthe asestalion Al thetkelay Btatiananga relay
station not maintaining frame synchronization exist in a mixed manner. In the present embodiment, 10
the base stitidtisnaie e belagistationcislarefsignalfinte syiibdldnapped @ndrrarismitte detaproximity
to the center of a sub-frame. Therefore, in the TD relay, all the relay stations can receive the control
signals evériV¥ilen the range of OFDM symbols in which each relay station can receive is different.

g RO BERERIRIPBLARY ColuB RS TRAIRT RO SRAMBERATRC 2 Pase
Control Channel), a PHICH (Physical Hybrid ARQ Indicator Channel), and a PCFICH
(Physical Control Format Indicator Channel). These control signals are diffused in a
frequency axis and transmitted. The mobile station detects control signals addressed to
the mobile station by performing blind decision on the diffused control signals, and

15 performs reception processing.
[0032] The PDCCH is used to notify resource information about downlink, resource
information about uplink, a transmission power control command of a PUSCH (Physical
Downlink Shared Channel) or a PUCCH (Physical Uplink Shared Channel),
[0033] The PDCCH is mapped to 1 to 3 OFDM symbols at the head of a sub-frame in
20 units of REGs (Resource Element Groups (=4 REs (Resource Elements) ). It should be
noted that information about the number of OFDM symbols to which the PDCCH is
mapped is notificd by the PCFICH.  The number of OFDM symbols of the control signals
is determined by the number of OFDM symbols of the PDCCH. Therefore, the number
of OFDM symbols of the PDCCH notified by the PCFICH is the number of OFDM
25 symbols of the control signals. However, when the width of the service band is equal to
or less than 10 RBs, the number of OFDM symbols of the PDCCH is 2 to 4.

[0034] In the explanation below, the relay station allocates an MBSFN sub-frame for the

10



the present embodiment. [0037] Radio reception section 101 receives a signal transmitted from the
mobile station via an antenna, obtains a modulated signal by performing radio processing such as
down-conversion, and outputs the resulting modulated signal to signal separation section 20102.
[0038] Signal separation section 102 separates the modulated signal into a data signal and a signal
representingckilecgption rangedfthalrelayl statienidnansthitiedifeonuihie:retdyCafatidns itheoleGaption
range of the relay station is a range of the OFDM symbols that the relay station can receive within the
sub-frame."iHeh, thiy Fal sephraiok s bR 0 2ubstaunsuis therdath Sighaltd.démoglaatisigtisection
103, and outputs_a signal representing the reception range of the reIa station to encoding section 105
and channglaﬁ‘?‘gﬁﬁin]g@e@f%ﬁW[@ﬁﬁ@?l@é%%Fﬁﬂ%gsé@ﬁ@ﬁ fé§ RrotGiatiEate dﬁaﬂé‘?gnal

obtains a de ulatedbdﬁta s%nal and utp%ts th obt ned den}_1 dutliage‘gmqtata sign Ito decoding
section 104; %O Beco ing sectlon btains decor aoaaga‘lby tec Hlng ﬁwec%ferﬂod(ju d data

signalzand 8}{@9%%%@@@@@@9%@3(;jgr@iggr@gl%rs%tg&{ermmatlon section, not shown. 5 [0041]

Encoding section 105 receives the signal representing the reception range of the relay station from
signal sepagatien seetivadfenadjusts the number of symbols of a transmission signal to be encoded
in accordance with the reception range of the relay station, encodes the transmission signal to
generate an encodedtsigrahlandioutpbtsithégeneraieddnetidedtsignalite madutating aesiion 106.
10[0042] Modulating section 106 modulates the encoded signal to generate a modulated signal, and
outputs the'geseratel priatirndy sigralths bhghelinmapplrigesetivatats: [od4Bicbortivisigdl
generation section 107 generates the mobile station cantrol signal and the relay station control signal,

and output® UGS SBRISHEBFRT LgRAP M i FaI&Y SEAIBR cortfror Sigivar b CRaRfEITHapping
sectipg 108;lpl004akGane! MAPRINIRRRlIeD, 108 MaRs e Mobile ptalioncPntipl sianal, e relay
in proximity to the center of a sub-frame. Therefore, in the TD relay, all the relay stations
can receive the control signals even when the range of OFDM symbols in which each relay
station can receive is different.
[0036] [Configuration of base station]
15 F1G.4 is a block diagram illustrating a configuration of a base station according to
the present embodiment.
[0037] Radio reception section 101 receives a signal transmitted from the mobile station
via an antenna, obtains a modulated signal by performing radio processing such as
down-conversion, and outputs the resulting modulated signal to signal separation section
20 102
f0038] Signal separation section 102 separates the modulated signal into a data signal and
a signal representing a reception range of the relay station transmitted from the relay
station. The reception range of the relay station is a range of the OFDM symbols that the
relay station can receive within the sub-frame. Then, signal separation section 102
25  outputs the data signal to demodulating section 103, and outputs a signal representing the
reception range of the relay station to encoding section 103 and channel mapping section

108.
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station control signal, the data signal for the mobile station, and the data signal for the relay station in a
sub-frame, and outputs the mapped, modulated signal to radio transmission section 109. It should be
noted that channel mapping section 108 maps the data signal for the relay station in accordance with
the reception range of the relay station. Mapping 20examples of channel mapping section 108 will be
explained |639]00B5}HRddia ingnsntissior3edtiondl0dgeneraies aigansatission sighabbyiperforming
radio processing such as up-conversion on the modulated signal, and transmits the transmission
signal fromdats aiseinantbotieyirobitabtaiiod. coverdd ytie tbasmstatidncod togthectainyl 8ation.
25[0046] [Configuration of relay station FIG.5 is a block diigram illustrating a configuration of a

relay statiot) %tEordisgAd t8esprasant iretfcooa iR dbio reed prib theedepndzdat sé ctaives a

signal trans%m_ltt?cé fg)m the base gtailo%\gﬁacg%egrétenna, obtains a modulated signal by performing

radio processing SUch SR o WiN-CoRE Ot IR he TR G R A Syt (5 Sighal

Separafion spaen 202, AINOMEL Sionsk sBRgN Seian 207 sSRRIEIES e lodted soril nto 2

data signal’and a synchronization signal, outputs t ata signal to and the

synchronizatiah signal tedecention tising:detegtinnsaerion.dRd {0849 Demodilating, sectien, 203

demodulates the data signal, obtains a demodulated data signal, and outputs the obtained,
demodulatedidatassignsigio decdeing:sediibnn2 8d:ct840050)iDegrdiag:paciion 204 ebiainsdacoded
data by decoding the demodulated data signal, and outputs the obtained, decoded data to an error
determinati&riisectipendest Solansaressmcodin $ectionm 205 an [05HRE ngoRingseatiom2O3hencodes
the decoded data output from decoding section 204 so as to generate an encoded signal, and outputs

the encoddd Slto RvGHIskRG dactBAM 52865 ¢005 2 Modulating section 206 modulates the
cnceied SABELID SIS bl gl A gt o mod i sl o chanpe rapoing
synchronizalion sikwal i arRelR MEARIRHIRIPHERIR LIRRIGGFIRI SR ANOF,ROCAIculation

[0043] Control signal generation section 107 generates the mobile station control signal

and the relay station control signal, and outputs the mobile station control signal and the

relay station control signal to channel mapping section 108.

15 [0044] Channel mapping section 108 maps the mobile station control signal, the relay
station control signal, the data signal for the mobile station, and the data signal for the relay
station in a sub-frame, and outputs the mapped, modulated signal to radio transmission
section 109. It should be noted that channel mapping section 108 maps the data signal for
the relay station in accordance with the reception range of the relay station. Mapping

20 examples of channel mapping section 108 will be explained later.

[0045] Radio transmission section 109 generates a transmission signal by performing
radio processing such as up-conversion on the modulated signal, and transmits the
transmission signal from an antenna to the mobile station covered by the base station or to
the relay station.

25 [0046] [Configuration of relay station]

FIG.5 is a block diagram illustrating a configuration of a relay station according to

the present embodiment.
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[0054] Transmission timing detection section 208 detects transmission timing of frames that are
transmitted by the relay station to the mobile station, and outputs the detected transmission timing to
reception range calculation section 209. [0055] Reception range calculation section 209 calculates the
range of OFDM symbols 25 that can be received by the relay station (the reception range of the relay

station) fropi@iffereResi baiwpaniikedeoeptiortioning otihaframednaagmistadHeanstha hase station
and the transmission timing of the frame of its own station, and outputs information about the
reception rangentfithe refayistationnio demduzmad dectiper208:mgd colitropsigoalgensrationssection
210. [0056] Control signal generation section 210 generates a base station control signal including
the informfoH S BHETHE e BBHIBHIERGB ORI g edutiind sirnaup s tRb S oemERtad EsRtrol
signal to ct@:inel mapping section 211. [0057] Channel mapping section 211 maps the mobile station
control signal"covered by the relay station in a sub-frame, and outputs the mapped, modulated signal

to radi rangiissian seeton 215, Futhsr £annel anping seqton 211 naps ihe base satign control
S|gnal In the sub-frante, an outputs the mapped, modulated signal to 3IO transmission section

212.[0058}, @?%ﬁrHﬁﬂ%HHﬁS@éhéﬁcgﬁh’?&é%}ﬁeﬂﬁ‘éﬁ@gﬂﬁr%‘m&ﬁ%@E&Yoﬁeﬁ?_fﬁﬁﬂg ipdio

processing such as up-conversion on the modulated Signal, and transmits the transmission signal from

an antennaiadhennatile statincaertdbiitied daysiatian-anionne base station. Further, radio
transmission section 212 outputs the transmission signal 15to transmission timing detection section

208. 10059%036bsdeprendlyiatinappiatexdfitpbsoithetrelalestitiorsiooatr allsignaladdthdudata signal
according to the present embodiment will be explained. [0060] [Mapping example #11 FIG.6 illustrates

mapping eXaihpiena P}@Bﬁsﬁ@f{@#&_@?%ﬁét@‘@@ @@%Wlfﬁ@ﬁﬂﬁéﬁg&\ﬁﬁﬁﬁpa 3tp-frame. It
Shoube ISV he b e i nip g sl The st ot by QEoM
signal, and outputs the obtained, decoded data to an error determination section, not shown,
and encoding section 205.
[0051] Encoding section 205 encodes the decoded data output from decoding section 204
$0 as to generate an encoded signal, and outputs the encoded signal to modulating section
15  206.
[0052] Modulating section 206 modulates the encoded signal to generate a modulated
signal, and outputs the modulated signal to channel mapping section 211.
[0053] Reception timing detection section 207 detects reception timing using the
synchronization signal, and outputs the detected reception timing to reception range
20 calculation section 209.
[0054] Transmission timing detection section 208 detects transmission timing of frames
that are transmitted by the relay station to the mobile station, and outputs the detected
transmission timing to reception range calculation section 209.
[0055] Reception range calculation section 209 calculates the range of OFDM symbols
25  that can be received by the relay station (the reception range of the relay station) from
difference between the reception timing of the frame transmitted from the base station and

the transmission timing of the frame of its own station, and outputs information about the
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[0061] On the other hand, RB (Resource Block) #0, RB #1, RB #2 are resource blocks allocated to the
respective relay stations. In this case, the resource block is a unit of 25 resource. One resource block
is constituted by twelve sub-carriers (frequency direction) x 1 slot (time direction). FIG.6 shows an
example where the base station respectively allocates RB #0, RB #1 and RB #2 to the relay stations of

pattern IA, pateptivg andkpattenhc3raghawvin fol Glan[RR62}1R eashaf patterpdl cBatisInAand
pattern 3, the range of OFDM symbols in which each relay station can receive is different. For
example, ingpatiapn Acatienrét@ption range  of the relay station includes OFDM symbols #3 to #12.
In pattern 2, the reception range 5of the relay station includes OFDM symbols #6 to #13. In pattern 3,
the recepticfﬁ%%e g‘%m@}réf@%t%ﬁfﬁmﬁdﬁmm%ﬁﬁ%@@i‘#&toh#&; [0863} |noRIGI6 sigrecontrol
signal (chﬁcglgd}lt{olt Ha?nel) mapped inIOFDM symbols #0 and #1 and #2 is transmitted to the
CBHEE spaiit AL GERLABEA g oV iR ThE MESioN serbieatniildithe base

mobile station covered by
stationgransmits, QF RV synbals E%Ocﬁ?%gadm%]p }%gr gr%gx s?ﬂon transmits a signal to the mobile

station covered by the relay station. Therefore, ay Station cannot receive the control signal

mapped in @FDY! symbals #0358 #1cans#21 10964 Fer thisissus,the tembodiment is
configured such that the base gt%%gﬁn maps the re%;/ stat]i!on CIOI’I#OFQ%ﬁ%ﬁﬁﬁt%l@gﬁgﬁn&g‘fgf%{?&éM

symbols théteccasibe satmoinlya kaeeeivedaay allieitelay sialipas, anshiiapsmits the coptre) signal.
For example, in the example of FIG.6, the range of OFDM symbols that can be commonly received by

all the relay3pativRyes GFDM Simboléen #Dablatkibppheindeai@®); Bnditherafonesdhe ralay station
control signal is mapped in any one of OFDM symbols #6 to #9. At this occasion, an OFDM symbol in

proximity t6AEUeiterads the Kuribaffrets axfeptas Bhcineltersdlinmodulated signal to radio

10 transmission section 212.
{0058} Radio transmission section 212 generates a transmission signal by performing
radio processing such as up-conversion on the modulated signal, and {ransmits the
transmission signal from an antenna to the mobile station covered by the relay station or to
the base station. Further, radio transmission section 212 outputs the transmission signal
15 to transmission timing detection section 208.
[0059] Subsequently, mapping examples of the relay station control signal and the data
signal according to the present embodiment will be explained.
[0060] [Mapping example #1]
FIG.6 illustrates mapping example #1. In FIG.6, #0 to #13 denote OFDM
20 symbol numbers within a sub-frame. It should be noted that the sub-frame is divided into
two slots.  The first slot is constituted by OFDM symbols #0 to #6. The second slof is
constituted by OFDM symbols #7 to #13.
[0061] On the other hand, RB (Resource Block) #0, RB #1, RB #2 are resource blocks
allocated to the respective relay stations. In this case, the resource block is a unit of
25 resource. One resource block is constituted by twelve sub-carriers (frequency direction) x
1 slot (time direction). FIG.6 shows an example where the base station respectively

allocates RB #0, RB #1 and RB #2 to the relay stations of pattern 1A, pattern 2 and patiern
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20 the range of OFDM symbols that can be commonly received by all the relay stations. FIG.6 is an
example where the relay station control signal is mapped in OFDM symbol #7 in proximity to the
center of the sub-frame. [0065] As described above, in mapping example #1, the base station maps
the relay station control signal in the OFDM symbol in proximity to the center of the sub-frame. 25
Therefore, thesrelay statiprchntrol signal can be received by all the relay stations with different frame
timing. At this occasion, the base station makes the relay station control signal such that the control
signal inclubié¥iHe resuhcefipitrmatioptibou the domentink thihearegsaurOF Mo ERAtOR aboutdhe uplink
of the relay station, and the like, and when the relay station receives the relay station control signal,
the relay st&tohTeHY 81HR faforrsatisiofifiermB alfseanaplitsionst statioh, iemethpteceived control

signal. [0066] Further, not only the OFDM symbol having the relay station control signal 5 mapped
therein but %%stgearﬁﬁﬁéé’é?&ﬁﬁl Pé?é“ﬁfﬁp%@@%%@%%g %%ﬁtﬂ?in tig?eﬁ%ﬁ?@% &f OF DM EYPIDSIEthat can

be commo ceived by:all the relay, igns. More specifically, in FIG.6, the base station maps the
data sri%nalquf}: {ﬁ%y%ﬁ%%%ﬁg o%%ﬁ%tan %’E%Rﬁss%g\? o} % haUiREHE rely J6568HEOFHSE signal
mapped th@@ﬁ&f{g@@{g@g}gi%%@ﬁﬁ s 6 bc) f#to.black frame in FIG.6). 10[0067] In this

manner, the relay station control signal and the data signal for the relay station are mapped and
transmitted{083¢ ORIVGsytRols thal cambie commoply-Faeivad By alkthed iy siations,and there is

an advantage in that, whichever relay station the base station transmits the signal to, thé base station
can use thé“éamin®h trangiissivmfontat whibh dodsiactamake:theeariroticomplicaiamhn] 5[AQ68]

When the second slot of the sub-frame is constituted by OFDM symbols #7 to #13, OFDM symbol #7
having the F&is3/ %4519 toritr haiRRS i spedcmeraieidithbase ath i the0FDY S)Rbblsyofttbie second

slot. Q'Be Ogé)M‘f%?bﬁl in rroxim'%;/ to the center of the sub-frame is expected to be included in the
range of OFDM'S & 1REY AR LRSI e da B anehiasfalsatisechiy therstare, when

cocond wiot e Suhae, T S SO P e el GHrGB o Sara.

symbols #0 and #1 and #2.
[0064] For this issue, the present embodiment is configured such that the base station
maps the relay station control signal in the range of OFDM symbols that can be commmonly

15 received by all the relay stations, and transmits the control signal. For example, in the
example of FIG.6, the range of OFDM symbols that can be commonly received by all the
relay stations is OFDM symbols #6 to #9 (black frame in FIG.6), and therefore, the relay
station control signal is mapped in any one of OFDM symbols #6 to #9. At this occasion,
an OFDM symbol in proximity to the center of the sub-frame is expected to be included in

20 the range of OFDM symbols that can be commonly received by all the relay stations.
F1G.6 is an example where the relay station control signal is mapped in OFDM symbol #7
in proximity to the center of the sub-frame.
[0065} As described above, in mapping example #1, the base station maps the relay
station control signal in the OFDM symbol in proximity to the center of the sub-frame.

25  Therefore, the relay station control signal can be received by all the relay stations with

different frame timing. At this occasion, the base station makes the relay station control

signal such that the control signal includes the resource information about the downlink,

15



[0069] Scheduling information such as MSC (Modulation Coding Schemes) or RE_B is determ_ined based
on a reception result of the reference signal (RS). The LTE maps the reference &gnal_(RS)l in OFDM
symbol #7. Therefore, when the relay station control 25 signal is mapped and transmltted. in thg
OFDM symbol in which the reference signal (RS) is transmitted, the relay station control signal is

scheduled itha pretetabiiefenaanes, wbiehan iy e tbadrcentiopyalityef the relavsiation.control
signal. [0070] As described above, in mapping example #1, the base station maps the rel_ay station
control signighan the @R DivEsipehohin priaxinsitytito theveeoterightine subfeamesdheretone, dbithe ™D
relay, all the relay stations can receive the control signals even when the range of OFDM symbols in

which eachiPFEM&ESESH M@é’él@@ai‘@‘ﬂlﬁéi‘@ﬁwm'ﬁf@tﬁaﬂtérﬁmi@?wlei@mabp@mw aigngne of the OF[_);\]/I
symbols in range of OFDM symbols that can be commpn_ly received by aII_thg relay stagtllons. Wit
the above rtga% i g,Fi‘f}igl?fot%cggya@?oﬁﬁg%éﬁ%?&ﬁo?ﬁﬁ%é%éqm tPEHEHiSsIBrCfor¢aator each

I i t ISSi at can he ysed. Further, the relay station control
AL st e R R e S S R R R
10therein, so/thatdhgarecsption aualitnof Jét%ﬁ?é%r%t%i%&?&%%ﬁ%%@&%ﬂggrQ royed, [0071]

1
[Mapping example #2] FIG.7 is a figure’illustrating mapping exa Like mapping éx rhpre #1,

mapping exdmplet2 shawsadexamplenwhrie thehpse stationradrasiively alngates,RErpM0. RB
#1 and RB #2 to the relay stations of pattern 1A, pattern 2 and pattern 3 as shown 15in FIG.3. [0072]

Like mappifigréxaiplestbghiecbabe station mapsiasigdisansipiisdhiecrelaysiationagnirel SIgD& in
OFDM symbol #7 to all the relay stations in mapping example #2 as shown in FIG.7. In mapping
example #5YINRCHHE QdivaieekEarmmip StHEdh is mapped in the range of OFDM symbols that can be

Comrlilanly fgggﬂe%? ){h?s“ Igglaengeeif?%h%arggigsétla{‘]tion control signal and the data signal for the relay
station are mapped and transmitted in the OFDM symbols that can be commonly received
by all the relay stations, and there is an advantage in that, whichever relay station the base
station transmits the signal to, the base station can use the common fransmission format
which does not make the control complicated.

15 [0068] When the second slot of the sub-frame is constituted by OFDM symbols #7 to #13,
OFDM symbol #7 having the relay station control signal mapped therein is the head of the
OFDM symbols of the second slot. The OFDM symbol in proximity to the center of the
sub-frame 1s expected to be included in the range of OFDM symbols that can be commonly
received by all the relay stations, and therefore, when the relay station control signal is

206 mapped and transmitted in the OFDM symbol at the head of the second slot of the
sub-frame, all the relay stations can receive the relay station control signal,

[0069]  Scheduling information such as MSC (Modulation Coding Schemes) or RB is
determined based on a reception result of the reference signal (RS). The LTE maps the
reference signal (RS) in OFDM symbol #7. Therefore, when the relay station control

25 signal is mapped and transmitted in the OFDM symbol in which the reference si gnal (RS)
Is transmitted, the relay station control signal is scheduled in a preferable manner, which

can improve the reception quality of the relay station control signal.
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20mapping example #2, however, the range in which the data signal for the relay station is mapped is
changed for each relay station. [0073] More specifically, the reception range of the relay station of
pattern IA is OFDM symbols #3 to #12. Accordingly, the base station maps and transmits the data
signal for the relay station in OFDM symbols #3 to #12. 25[0074] The reception range of the relay

station of pitei] 2 ssOfeBvisymboels#6uiai}3irkcenndingly#hahasesstation mapgangktransmits the
data signal for the relay station in OFDM symbols #6 to #13. [0075] The reception range of the relay
station of pH#tépA SUBIOFBENEYinbbs REEYVE ey HowevepraxRGCH for thetarohilehstatibris:allocated
to OFDM s;gmbols #0 to #2, and accordingly, the base station maps and transmits the data signal for

the relay statoi M @ EDRE sYMBDRY #alk & 8de BI0G GRS 418 Exsisfiguibtiopuiiphshppitieesampie #2, the

number of gFrDM syrpa%lgp wh'créthe d Ia‘ si%gal for the relay station can be mapped is more than
that of mapping example #1. g?éo %&?ﬁgﬁ SHTAPBiIAG SRMpIE %Y i AllRtet-of BEsMesymbols
that cap b ' | t station is three in e B #0, RB #1 and RB #2.
In co an;;:ast%, %ggg?r%égga%n%@% ﬁ]f{a%ueﬁtgﬁﬁ%% B(k’/l Igym%%Tﬁ%%?%rﬁ%ﬁ%‘ ngi'%fp%éboﬁ?the data
signal for the wansiaioRcisR i RB 40, #in RBy# 1Al S MR, #2. WiiGh.mproyss the gffigiency of
use of the resources. [0077] As described abové, in mapping example #2, the base$tation maps the

relay statiorcontrol Sigrial tnthe:@fhb symibelirnpraximitimthacentsr efdhesubdame, alad maps
the data signal for the relay station in any one of the OFDM symbols in the range of 150FDM symbols

that can béfreeamawpyransTréiaipatttion! Thelsforethe fffitientyeotusesiation control signal is

mapped and transmitted in the OFDM symbol having the reference signal (RS) mapped
10 therein, so that the reception quality of the relay station control signal can be improved.
{0071] [Mapping example #2]
FIG.7 is a figure illustrating mapping example #2. Like mapping example #1,
mapping example #2 shows an example where the base station respectively allocates RB
#0, RB #1 and RB #2 to the relay stations of pattern 1A, pattern 2 and pattern 3 as shown
15 in FIG.3.
[0072] Like mapping example #1, the base station maps and transmits the relay station
control signal in OFDM symbol #7 to all the relay stations in mapping example #2 as
shown in FIG.7.  In mapping example #1, the data signal for the relay station is mapped in
the range of OFDM symbols that can be commonly received by all the relay stations. In
20 mapping example #2, however, the range in which the data signal for the relay station is
mapped is chénged for each relay station.
[0073] More specifically, the reception range of the relay station of pattern 1A is OFDM
symbols #3 to #12.  Accordingly, the base station maps and transmits the data signal for
the relay station in OFDM symbols #3 to #12.
25  [0074] The reception range of the relay station of pattern 2 is OFDM symbols #6 to #13.
Accordingly, the base station maps and transmits the data signal for the relay station in

OFDM symbols #6 to #13.
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of the resources can be improved as compared with mapping example #1. [00781 In the explanation
above, reception range calculation section 209 of the relay station calculates the range of OFDM
symbols (the reception range of the relay station) that can be received by the relay station, from the
difference between the reception timing and 20the transmission timing. Alternatively, the reception
range of thidetdy Stationamaiobealcwintee uking thisomethadibelows (08T (3)Aveaseoraere
transmission timing of frames between the base station and the relay station is synchronized
(synchronizHtiesy 5. rdiaiaBdior Hberatapistatioivusissa AL (T ineCHlig Mnembbsignil to édlcuddte the
range of OFDM symbols that can be received by 25 its own station. The TA signal is a signal that is
used by th&FFEeldhesBaas tHBRR RS mdyemuBis Brarkiamisunt rabjaswiensetivarismission

timing of t%ﬁ%‘g inbatic%dfar:ﬁgf with propagation delay time between the base station and the relay
stations so" that the frames trarismitted from the relay stations synchronously reach the base station.

cttion o A SaRal AT NI, CAF e S The 2R AR a1y S rom the

station from the nal, and’therefore, ca u e reception range o atidn'trom the

propagatiogighaiimgaldkewiserthe hase siation can fod s 5 Rropagation QE@?F %%é%%@/ee“ the
n

base station and the relay station from the TA signal for the relay station, and therefore, alculate
the receptionugrige bf théselaystdtial framrhemngpagatipn delaydimanfReP] A rasamwhere
transmission timing of frames between the base station and the relay station is not synchronized
(synchroniZati6pridnotapitdtainbd ) Theiwlalfetdtioncld mayonctifintheibaselstdtivnR efiivBdifference
between the reception timing of the frames transmitted from the base station and the transmission

timing of tAB%RMES of Iis GRH Satomanmpsh eBaYd stRtichenTapbali Q5 NE reedilorntairnge of the

ion from ifference. he.r jon timi nd the transmission timing.
rela}ﬁ étatl%e m%ppég%ndegg Y %gneatyvore&g r%la%csetgggn its 9 PngRaB 9#(3[, 7eltnaR§ #}fségd é in R% #2,

which improves the efficiency of use of the resources.
[0077] As described above, in mapping example #2, the base station maps the relay
station control signal in the OFDM symbol in proximity to the center of the sub-frame, and
maps the data signal for the relay station in any one of the OFDM symbols in the range of
15 OFDM symbols that can be received by the refay station. Therefore, the efficiency of use
of the resources can be improved as compared with mapping example #1.
[0078] In the explanation above, reception range calculation section 209 of the relay
station calculates the range of OFDM symbols (the reception range of the relay station) that
can be received by the relay station, from the difference between the reception timing and
20 the transmission timing. Alternatively, the reception range of the relay station may be
calculated using the method below,
[0079] (1) A case where transmission timing of frames between the base station and the
relay station is synchronized (synchronization is maintained) The relay station uses a TA
(Time alignment) signal to calculate the range of OFDM symbols that can be received by
25 its own station. The TA signal is a signal that is used by the base station so as to notify
the relay stations of the amount of adjustment of transmission timing of the uplink in

accordance with propagation delay time between the base station and the relay stations so
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[0081] According to the above methods, the relay station can share, with the base station, 15 the
difference of transmission timing of the frames of the relay station (frame timing) or information about
the propagation delay time between the base station and the relay station, and the base station can
calculate the reception range of the relay station for each relay station. [0082] The base station maps
and transmitedhkerélay statiomaaniiohsignalandathetdaia2Osighalinuhe resapiantanog.aidhe relay
station thus calculated. The relay station calculates the reception range of its own station according to
the above rhbtieigscativ: tridalikeiating recdivelstiitepdagagsinmaldeltheiRB natified byetbestetmtistation
control signal. [0083] The relay station does not know which RB is allocated to its own station untill the
relay statioAEESIVES THEHEIAY T6MatA Eonsisnalgtnd. thaetrtingty, shlsiscetionsigtian imegsaied in a
buffer, and.%he rece{pti_on groce sing is retroactively performed on the reception signal after the

reception processing 18’ hEHEHHEDR ﬂpﬂ@%fbg@?ﬁ’tiﬁﬁlﬁon&&%@%ﬁi{%’@ﬁ? é@rﬁ%@ﬁﬁéﬁﬂ%bﬁ In
plocatin U e RS R G S i R

relay statio maintained. In the explanation abou F?é. ' :
example, the:mebIg StaienLRORNSBIgR,-Tangmitied; fem,ihe.b ?oﬁt%g%'ﬁﬂ‘?@?&%g” a‘%’évz% OFDM
symbols. [0085] [Mapping example #3] FIG.8 illustrates mapping example #3. In le {ﬁe relay
station of patterthépafifziaidisiallgeatesd in RB #0, and the relay station of pattern 1B of FIG.3 is
allocated in RB #1. In this example, the relay station of pattern IA and the relay station of pattern 1B
substantiall{fff@Int4i fratne syhetronizatioriwithrthieshast stationtLO[0086]5ihe fadeptien raage of

the relay station of pattern 1A is OFDM symbols #3 to #12. .
relay station is not synchronized (synchronization is not maintained) The relay station

10 may notify the base station of the difference between the reception timing of the frames
transmitted from the base station and the transmission timing of the frames of its own
station, and the base station may calculate the reception range of the relay station from the
difference between the reception timing and the transmission timing,

[0081] According to the above methods, the relay station can share, with the base station,

15 the difference of transmission timing of the frames of the relay station (frame timing) or
information about the propagation delay time between the base station and the relay station,
and the base station can calculate the reception range of the relay station for each relay
station.

[0082] The base station maps and transmits the relay station control signal and the data

20 signal in the reception range of the relay station thus calculated. The relay station
calculates the reception range of its own station according to the above methods and the
like, and receives the data signal of the RB notified by the relay station control signal.
[0083] The relay station does not know which RB is allocated to its own station until the
relay station receives the relay station control signal.  Accordingly, the reception signal is

25  saved in a buffer, and the reception processing is retroactively performed on the reception
signal after the reception processing is performed on the relay station control signal.

[0084] (Embodiment 2)
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The reception range of the relay station of pattern 1B is OFDM symbol #2 to #11. At this occasion, the
range of OFDM symbols that can be commonly received by all the relay stations is #3 to #11. [0087] In
the present embodiment, the base station maps the relay station control signal 15 in an OFDM symbol
whose OFDM symbol number is the smallest from among the OFDM symbols that can be commonly
received by all the keldy siationsiod eisspacificatbnirifte gxampleohE ime el dss staieanmaps
and transmits the relay station control signal in OFDM symbol #3. In this manner the relay station
control sigadidscriappediid ORDIVI $ytisisols#8 st thdadiyorfadntieneahd thetisferglastomparediith
Embodiment 1, the reception 20processing can be started earlier, whereby the delay of reception

processingPiiitHE FATRYLAGBh En e ek da. Todss M sserifithRied appmtcexErplé&el or

mapping eéamp!:et#z in Embodiment hﬁ% ela% séftion control signal can be mapped in OFDM
symbol #7 i proximity t5 thE Getitel 8 &, and therefore, the relay station cannot start the

25 rec§ptiq@@ﬂcewfg%gg@%%%gyal until the relay station receives OFDM symbol #7, and it

takes a longer dela ocessing until'the reception processing of the data signal is started. [0089] In

contrast, when theriay stasion&onirghsignakisyRappediin am QFRM suphelhose, QRAM symbol

number is the smallest from among the OFDM symbols that can be commonly received by all the relay
stations, it¢4k&S & shalieradeldy Ripucessingeuntiltherpeeptipnpracessing ol the datraignal is
started in the relay station. For example, the 5 relay station of pattern IA can receive from OFDM
symbol #3Ranhtilthelrelblp statior ofthatedny $BtancigoeivefidrmGRDM Symbeli#R oApetedintly, when
the relay station control signal is mapped in OFDM symbol #3 whose OFDM symbol number is the

smallest frsfRSSHRBAY R ORDNT S mBoIS IR Lo b Eb i By $8¢KI0ed by the relay stations of
rec A BRAREUSEL 19,1 o) s 20 S FepUn RosgiRrg A0 g iane
soove OF MG e conl o b OB DBERY SR
OFDM syrabalsih, thenailis inrossibie;ientsiermine whethestheomobile$latiop,contigl relay
stations is #3 to #11.
[0087} In the present embodiment, the base station maps the relay station control signal
15 in an OFDM symbol whose OFDM symbol number is the smallest from among the OFDM
symbols that can be commonly received by all the relay stations.  More specifically, in the
example of FIG.8, the base station maps and transmits the relay station control signal in
OFDM symbol #3. In this manner the relay station control signal is mapped in OFDM
symbol #3 of the sub-frame, and therefore, as compared with Embodiment 1, thc.reception
20 processing can be started earlier, whereby the delay of reception processing in the relay
station can be reduced,
[0088]  More specifically, in mapping example #1 or mapping example #2 in
Embodiment 1, the relay station control signal can be mapped in OFDM symbol #7 in
proximity to the center of the sub-frame, and therefore, the relay station cannot start the
25  reception processing of the data signal until the relay station receives OFDM symbol #7,
and 1t takes a longer delay in processing until the reception processing of the data signal is

started.
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15 signal is mapped in OFDM symbol #2 or not until a PCFICH included in OFDM symbol #1 is
received. Therefore, it is preferable to map the relay station control signal in OFDM symbol #3,
avoiding OFDM symbol #2. [0091] Mapping example #3 as shown in FIG.8 is an example where the
mobile station control signal transmitted from the base station is in two OFDM symbols, and in this
case, 20 tHéd#de stationmapsithe WateBigsaltintOfbivh Syiphdl i# 2nkgrpihe irelay GHadehsgfpattern 1B.
As described above, the data signal for the relay station is mapped in the OFDM symbol in which the
mobile statidresoRtFdl ignaltisimamhap pederr GEHBM Bomisois o the A2 MMictyimhplto Ve the bfficiency
of use of the resources. [0092] In order for the relay station to receive the data signal thus mapped, the

relay 25 StSBAIABBUS S KFORIAE MSHHaY sRORHMIYRBAS IRt hBRe setignthtrol signal

is mapped. In the LTE, thg.nur% r of OFDM symbols ir&v.vhi h th? mopile station control signal is
mapped is ST By B R i SR D T SoimBol 0% HoWAVRR: wiih (AR Dation
transmits ay. stati i j i i ) th
ey, St B o

makes the Jalaysstation,coptig| sighal teansmitteddn PERM symhaldtd suchdhatiherglaysiation

control signal includes information representing the number of OFDM symbols in which the mobile
station contoahsiprglisi mappaschd@Q83PIRINS mahbersthe, nfarndHtionrepresenting:tve fumber of
OFDM symbols in which the mobile station control signal is mapped is included and transmitted in the
relay statioednstolrsignahmmap fed @Ra MatismitsdiiiORD Mesyambolosly sectiacdneyddra silgival 10can

be mapped and transmitted in OFDM symbol #2 to the relay station capable of receiving OFDM
symbol #2SHHTER PhBRIFER fHe Efdiates ditiseorthy iRt an g CrRBLPaIT GrHaSe

S TR it ceuraion o o b staon according o e
[0090] It should be noted that when all the relay stations can receive OFDM symbol #2,
the control signal can be mapped and transmitted in OFDM symbol #2.  However, there is
a possibility that the mobile station control signal may be mapped and transmitted in
OFDM symbol #2. Then, it is impossible to determine whether the mobile station control

15  signal is mapped in OFDM symbol #2 or not until a PCEICH included in OFDM symbol
#1 is received.  Therefore, it is preferable to map the relay station control signal in OFDM
symbol #3, avoiding OFDM symbol #2.

[0091] Mapping example #3 as shown in FIG.8 is an example where the mobile station
control signal transmitted from the base station is in two OFDM symbols, and in this case,

20 the base station maps the data signal in OFDM symbol #2 for the relay station of pattern
1B. As described above, the data signal for the relay station is mapped in the OFDM
symbol in which the mobile station control signal is not mapped in OFDM symbols #0 to
#2, which improves the efficiency of use of the resources.

[0092] In order for the relay station to receive the data signal thus mapped, the relay

25  station needs to know the number of OFDM symbols in which the mobile station control

signal is mapped. In the LTE, the number of OFDM symbols in which the mobile station

control signal is mapped is notified by the PCFICH included in OFDM symbol #0.
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15 frame synchronization between the base station and the relay station is maintained. In base station
100A of FIG.9, constituent portions common to those of base station 100 of FIG.4 are denoted with the
same reference numerals as those of FIG.4, and description thereabout is omitted. 100951 Relay
station reception range calculation section 110 receives a TA signal, and 20 uses the TA signal to
calculate théorange, of DM sysabolsdn whichiteGelayisiaionicar meebiey(rRsepiionsangs: The TA
signal is a signal that is used by the base station to notify the relay stations of the amount of
adjustment@htraiosthissiopiriridosfamectaglink ihcarday déaivewithipgophgation délay diffiedietween the
base station and the relay stations so that the frames transmitted from the relay stations
synchronoff5iYEdRA fiefbate stafiehidomtneiefite: triipnseckeatibn tdpyifiatipe propelgsison delay
time between the base statj nd the relay station from the TA signal for the relay station, and

SR ile%fét@tl%%ﬁﬁ@n? n'agg S the Filay Stalih HH tHe SHUpRg At ddisl fivde. Relay

therefore, Cah caicu
station; reGgRIgN. IaNag.calculation secti 0 u% %he calculated reception ra of the relay
station to encoding secteign 105 a%uﬁ gh%aﬂr?]r{l}g?e %nggplng secﬁ%@iﬁ%.]fbové@]c‘fbtg?ﬁigmu%r}}a%%n%q‘nr%]fay
station] FlGehgds adigck g{gﬁgggn illustrating a configuration of a relay station according 5 to the

present embodiment. FIG.10 Is an example of configuration of a relay station where frame
synchroniZ&fioA]betwekn iherhasetstatidoranddherealaycatatiomis maibtaingdomhass seiien00A of
FIG.10, constituent portions common to those of relay station 200 of FIG.5 are denoted with the same
reference fimsérils awthilsseabion Gy antdsies dsiptigrptiereabbuteis omittedshfip097 |iBignal
separation section 202A separates the modulated signal into a TA signal and a data signal, outputs

the data sitjABPIo“GBHRIdREh g eeRab Ao s e TadiERAIsrRekBtiorr sy dheadetiatiorlsection
209A.,]0098] Reception range calculation secti 9A receiyes a TA signal, and uses the TA signal
to cgg[nat(éatlh%?aﬁ%igpoeféo ARG iﬁ%ﬁ%ﬁ%ﬁoes?’é’iﬁ? st%%&ﬂ ¢h FedeivEasY edgstontange).
More specifi [ QN -alculati i A calculates.the propagation delay time
between %lge&g}gééés%ﬁ%%&a%r?%é %ggg/}%%t%ﬁ%%r%% iﬁé%@%ﬁgl a‘rjmtécfégﬁhhr?arrﬁegg bi Ceegriropagation

delay timejangha sydiehing e Retweesihedransmission mode and the reception mode. When the
switching time is longer than the propagation delay time, the relay station cannot receive OFDM

symbol #2, and acEtidingly,bRok dieption Masge: calcLiatitimsettion 2O PAchensas kR symbol #3
as the head of the range of OFDM symbols that can be received by the relay station. On the other
hand, whelAarsesaatchinbodineis. shokap tisamtkapropaghtionfieinyitmef thdastastaiationhean receive
OFDM symbol #2, and accordingly, reception range calculation section 209A chooses OFDM symbol

#2 abthe HABY SPIHETAHGE SROEBIVFR b SRS thairtan Baddbeivdey station is maintained. In

base station 100A of FIG.9, constituent portions common to those of base station 100 of
FIG.4 are denoted with the same reference numerals as those of FIG.4, and description
thereabout is omitted.
[0095] Relay station reception range calculation section 110 receives a TA signal, and
20 uses the TA signal to calculate the range of OFDM symbols in which the relay station can
receive (veception range). The TA signal is a signal that is used by the base station to
notify the relay stations of the amount of adjustment of transmission timing of the uplink in
accordance with propagation delay time between the base station and the relay stations so
that the frames transmitted from the relay stations synchronously reach the base station.
25  Therefore, the base station can find the propagation delay time between the base station
and the relay station from the TA signal for the relay station, and therefore, can calculate

the reception range of the relay station from the propagation delay time. Relay station
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25 by the relay station. Further, reception range calculation section 209A calculates the number of
OFDM symbols included in the propagation delay time, calculates a number by subtracting the number
of OFDM symbols included in the propagation delay time from the OFDM symbol number at the last of
the sub-frame (#13), and sets the calculated number as the OFDM symbol number at the last of the

range of OrRbpaymbelscthat-aanibe sesriver by the.relay statipn dn IE‘&%;SEBH@%%%F%%%“QG

calculation section 209A calculates the reception range of the relay station. 5[0099] [Mapping“example
#4] FISdtadillusteates impppinoexXsnaptecidnid bpping axasppia #4ds a modification of mapping
example #3. Like mapping example #3, mapping example #4 is an example where the number of
OFDM symib8fiih ikierfitieatiobiné statictrtionirol signal is mapped is two, and the relay station
control signal is mﬁpfed in OFDM symbol #3. 10[0100] In mapping example #4 of FIG.11, the data
signal is mapped inf aff tHeOEDIRIFE St atinerearnafiguition tlearmbile stinionceontial signal

or the éelaxgtﬁ;%on o%[lgol sig}r&al IS not E}%p%ﬁq%More specifically, when the mobile station control

c [
signal is mapped in OFDM Symbota #0 and Adt tHEAPRRAS StatiohfiEonttIsighal /8 iassatn OFDM

symbol #3 {he daia sional ismapped B.QERMaY 28'?@%@&%ﬁ%ﬁ%‘;ééﬁfgggggggﬁgga bl #4.

However, in OFDM symbol #2, the same data signal as sym

symbol #4ithe:semedatacsignal RROBDMaymRal #13ds /pReso i 0L INas i%igg%g%% siggal for

the relay station is mapped from the head in a forward direction from the OFDM symbol immediately

after the OFDNIGs§mabotiimenichtheh2@contiaksignakis-eappad jand therdata signaldanihe.relay
station is mapped from the end in a backward direction from the OFDM symbol immediately before the

OFDM syniaFivauisrPtétedntrol signal is mapped. Therefore, the data signal mapped in the OFDM

symhqls a ar_of the sub-frame is repeatedly mapped in the OFDM symbols in the front of the
sub-lf%r@me&é@gfoﬁ}%vﬁleﬁiméaﬁﬁf'a%@% iy tRapEsdsoreARjates rBnpkiation G pateh 1A

Whose' rech&i%rM?g%%ﬁlpoﬁlPl\{{I sygmtgi%ls #3 &% ?CI)Z dIgut %Isg%ﬁhe relay station of rE)attern 1B whose
reception range is symbois #2 16 #1ETecene e SEeEFat ey P rapdrirdé signal to
reception range calculation section 209A.
[0098] Reception range calculation section 209A receives a TA. signal, and uses the TA
signal to calculate the range of OFDM symbols in which the relay station can receive
15 ({reception range). More specifically, first, reception range calculation section 209A
calculates the propagation delay time between the base station and the relay station from
the TA signal, and compares the propagation delay time and a switching time between the
transmission mode and the reception mode. When the switching time is longer than the
propagation delay time, the relay station cannot receive OFDM symbol #2, and accordingly,
20 reception range calculation section 209A chooses OFDM symbol #3 as the head of the
range of OFDM symbols that can be received by the relay station. On the other hand,
when the switching time is shorter than the propagation delay time, the relay station can
receive OFDM symbol #2, and accordingly, reception range calculation section 209A
chooses OFDM symbol #2 as the head of the range of OFDM symbols that can be received
25 by the relay station. Further, reception range calculation section 209A calculates the
number of OFDM symbols included in the propagation delay time, calculates a number by

subtracting the number of OFDM symbols included in the propagation delay time from the
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of the reception range. Further, the base station can map the data signal in the relay station without
considering the propagation delay time of each relay station. At this occasion, as the number of
repetitions within the sub-frame increases, a longer propagation delay time can also be supported.
5[0103] It should be noted that, in mapping example #4, the head of the data signal (A0, BO) is
mapped in OFDM syt itk Her asysten i whicholie £Cepinn processing.isappligd ig.lhe data
signal in order from the head of the data, the reception processing is started earlier as the head of the
data is receivet!8aieryaha thisrtan seducadhef ahsoungoldaiastareghinabulfesaT herafarg.when the
data signal is mapped in order from the 10 OFDM symbol whose number is the smallest among the
OFDM symibbféaatasatiasienrecéivéibythe selireptiorafgatidm igoanddienre iy statianafpattern
1B, not onl¥ the relay station of pattern IA but also the relay station of pattern 1B can perform the
reception procESEHY ThTang et tnEdal ¥pdeRd be noted that the relay station of pattern 1B stores, to a
buffer,data signal mapped and transmitted in OFDM symbol #2, and starts the 15reception
procesfing Pr:((bjgng?da g%%}%g gﬁrTBTO%%?It should be noted that, when the width of the supported band
of the base stationy he,numper of OFDM ols of the mopile station
control signal may ?eﬁggﬁlﬁ%gééﬁ%%%%%%%ﬁﬁ@é widt IFEGR5'0 %S%Ptﬁaah T@%&t‘ﬁ{}e relay
station co%ﬁ@ﬂﬁhi@%medﬁk@w%;g%%%a rg%gg%igx%ﬁgﬂ#%%ymb& #4,50 as to
ensure that the base station control signal does not.overlap the relay station control agnéﬁn}ggardless
of the widttvbf thérsupparted barddf thenbabeistatian. (8a]is daserhedahoyenin the Aresent
embodiment, where D represents the maximum number of OFDM symbols including the mobile station
control sighaltrarféshifte defeohatie b seetstatisnalo thenrolile &Y soverddthy the base station, the
base %tatio{r&rwsgs he 25 relay station control signal at the (D+1)-th OFDM symbol within the
sub-frame ! Thérefore TIPS SEAP U 5B AL Earl Felceivberia e gnatatior aured nsigh e dnH RN
perform th ti ogessing in.a shorter time. .OlOGﬂ_When the information representing the
number of FI%?\;IQ s@%@%li‘%] %v%lc% the’ rﬁ%fbifle]es %ﬁ%lr[%ecgﬁ FB7 SGRGPIsSIRRHpY tRe iRt st e

ransmittedJithesigla SallemsaAle! Bl Redaim oignalean hemapnedin (e O DM gymbol in
pp ero

which the relay station control sighal is not mapped among the maximum num é?/mbols
D, Swhich inappevess toebicignaynf woead the raspuicesi 1) WAl ENRRIMENDis mapped in

OFDM symbol #3, the data signal is mapped in OFDM symbols #2 and #4 to #13 in
15 mapping example #4. However, in OFDM symbol #2, the same data signal as OFDM
symbol #12 is mapped. In OFDM symbol #4, the same data signal as OFDM symbol #13
is mapped.
[0101] That is, the data signal for the relay station is mapped from the head in a forward
direction from the OFDM symbol immediately afier the OFDM symbol in which the
20 controi signal is mapped, and the data signal for the relay station is mapped from the end in
a backward direction from the OFDM symbol immediately before the OFDM symbol in
which the control signal is mapped. Therefore, the data signal mapped in the OFDM
symbols at the rear of the sub-frame is repeatedly mapped in the OFDM symbols in the
front of the sub-frame.
25 [0102] When the data signal is thus mapped, not only the relay station of pattern 1A
whose reception range is OFDM symbols #3 to #12 but also the relay station of pattern 1B

whose reception range is OFDM symbols #2 to #11 receive the same data signal regardless
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In the present embodiment, the range of OFDM symbols within the sub-frame that can be received by
the relay station is divided into the first half and the latter half, and the base station maps the data
signal in the first half and the latter half on the basis of the range 100f OFDM symbols that can be
received by the relay station. [0108] [Mapping example #5] FIG.12 illustrates mapping example

#5. Mapping ekampetbrasaspownin i, 42 i5a8 euamwlenars 13 numberel QFRM sympols in
which the mobile station control signal is mapped is three. In other words, the mobile station control

signal is 15tagippedithed trarsviditteakin© A0S gymiboldatDyta#z: [X10QJHNMappingoexamples#b, OFDM
symbols #3 to #13 are divided into the first half portion constituted by OFDM symbols #3 to #7 and the
latter half giSH Bofistitt ity OF DVesintord o the Subritithe ibase statiolmapsrtye gatansignal
for the rela %ation either iné)he first half portion or the latter half portion on the basis of the range of
OFDM 20 gﬁ BUIDGHAL AL S FEEBRIEH by the relay station. It should be noted that the base station

maps and its, the r station control signal in OFD m@ol #8. Since OFDM symbol #8 is
located in tﬁw@@ﬂéﬁ e%?éagr? éﬁ&%@%ﬂo%%@% #3n 8%‘]3 SHEhoE i SR&giiaias #pped in
OFDM symbg! #8nIhe.dirst RatbRgrionis cepstityted by, QF bols whose numbers are.less than
OFDM synmﬁé}gl #8, aﬁgethe latter half%%rtion 25is consé"?t%/tfjtedE> Ml%%esf/ﬁ StIl;'f‘;”\lfv 056 numbers are

more than FEN symboal:#8 samihak thriselaystationsanseasivethe fate signah %9895&4%5%}4 in time.
[0110] For example, when, as shown in pattern 1 or pattern 3 of FIG.3, the relay station has a

relatively stiortegreptigatiothddlentimé:betwe énrtheibabeastatipananditherelay:statien.anehhas the

reception range of OFDM symbols #3 to #7, the data signal is mapped in the OFDM symbols in the

first half pSRiersrRBe thukisr#2 Therefe otidichaity, dtversiashowmingairenr & timnelthe station
ime between the base 5 station and the relay station, and has the

has %ongcgé gation delay t
reception r of 8?—% SR PG By Taatiest §sthsablddn T OEDIRsY#HER in the
i her th b h hal h
latter half p@&'ggdo{)%#gt RB#2. In this manper, whether the OFD% symbols in the first half of the
R el SRcT o ~ - . ;
sub-frame or tihe OFD syrzg%o S in the gktglf%ag# af fﬁ@ %ﬂ%??f ame gt Bﬁ{aefé’ Ee?ﬁﬂﬁ@ﬁ’ Hthe basis
of the propagatiendslay fime-LeNveen ibs haseialamand e alaesiation and therefors, the
10resources can be efficiently used. '
processing in shorter times. It should be noted that the relay station of pattern 1B stores,
to a buffer, data signal B8 mapped and transmitted in OFDM symbol #2, and starts the
15 reception processing from data signal BO.
[0104] It should be noted that, when the width of the supported band of the base station is
equal to or less than 10 RBs, the number of OFDM symbols of the mobile station control
signal may be four. Therefore, when the band width is equal to or less than 10 RBs, the
relay station control signal is not mapped in OFDM symbol #3 but mapped in OFDM
20  symbol #4, so as to ensure that the base station control signal does not overlap the relay
station control signal regardless of the width of the supported band of the base station.
[0105] As described above, in the present embodiment, where D represents the maximum
number of OFDM symbols including the mobile station control signal transmitted from the
base station to the mobile station covered by the base station, the base station maps the
25  relay station control signal at the (D+1)-th OFDM symbol within the sub-frame.
Therefore, all the relay stations can receive the relay station control signal, and can perform

the reception processing in a shorter time.
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[0111] The range of OFDM symbols that can be received by the relay station is determined on the
basis of the propagation delay time and the transmission timing of the frames between the base
station and the relay station, and therefore, whether the resource in the first half of the sub-frame or
the resource in the latter half of the sub-frame are used 15 is determined on the basis of the
propagatiofudelyy timeanaktherdransmissiprtmingohthe framesdeimsondhaase statien apd the
relay station. In other words, when the base station and the relay station share the information about
the propagatidrildlataydimeramol thigrtransmissiea timingleddbefidmesshediage slation areibg relay
station can share information about the resource in which the data signal is mapped. After the
informatiorr2ughsigihle rescareesipmihich the tatpsighaltis riépddsisnsivared, whéchetay station can
receive, continuously in time, the data signal mapped in one of the resource in the first half or the

resource irf HETAEBF HRFSER, thaah R IRe 5 8y 2eatiths sontiesiyRamise hetiRMdgmabsisratruction

as to \%hetr&/ehr.gﬂe resource in tae first half is u?f?d or the resource in the latter half is used. 25[0112]
Whentherd 84 paF'SF FRILY SISEERShAVIRG SiftéreitBitsagation delay times, a data signal of one of

the relay siatjen CoR be.mappeshin the first half portion of the sub-frame, and a data signal of the
other of th reIa)f statiOn% éangbg)mapped in the latter half portion of the sub-frame, which improves

the efficient use of thenkgsemsesmIQk3LAS desaribedabpyaviniheniesantembadinent. the, OFDM

symbols of the sub-frame other than the OFDM symbol in which the mobile station control signal is
mapped iswivided:into ¢hé firat hali asddbe latievibalf jand thaidatrsignal for the-relay 5 satien is
mapped in either the first half or the latter half on the basis of the reception range of the relay station.
Therefore, i réaidicespsdhelsaeffigeditly dsellrintiendhberbityrdtalfom thntreceivizbheadgta signal
continuously in time, and therefore, the reception processing can be completed in a shorter time.
(011411t sRE ST BM Bl tsdb ety provaed hdhmewashaifand the latter half may 10 be dividing
process iniafﬁaﬁrszlot and the Sfe%) d slot constituting the sub-frame. It should be noted that the
ratio of division betear the et Ralf and the latter half may not be 1:1. When dividing into the first half

e
d the latter half, |a; ' ignal d in the OF bal (f le,
et il e i iy be gl Se AR DT e,

OFDM symbol #7) in proximity to the c ame, apping example

data signal-for. theinebilg.stption sarnat b menrpsd drther RB.iprhichJdhs.relay sietien gantre! signal

is mapped, and therefore, the RB in which the data signal for the mobile station can be mapped may
be ensureddwyrhinifingthe RBpircdhicthibe relayostationocontiaksigoisilés mappech oo example, FIG.13
is an example where the relay station control signal is gathered and mapped in successive RBs (RB
#0 td RB #pypped and transmitted in OFDM symbols #0 to #2.
[0109] In mapping example #5, OFDM symbols #3 to #13 are divided into the first half
portion constituted by OFDM symbols #3 to #7 and the latter half portion constituted by
OFDM symbol #9 to #13, and the base station maps the data signal for the relay station
either in the first half portion or the latter half portion on the basis of the range of OFDM
20  symbols that can be received by the relay station. It should be noted that the base station
maps and transmits the relay station control signal in OFDM symbol #8. Since OFDM
symbol #8 is located in the center between OFDM symbols #3 to #13, the relay station
control signal is mapped in OFDM symbol #8. The first half portion is constituted by
OFDM symbaols whose numbers are less than OFDM symbol #8, and the latter half portion
25  is constituted by OFDM symbols whose numbers are more than OFDM symbol #8, so that

the relay station can receive the data signal continuously in time.

[0110] For example, when, as shown in pattern 1 or pattern 3 of FIG.3, the relay station
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20 FIG.13 is an example where the relay station control signal is mapped in OFDM symbol #7 of RB
#0 to RB #2. In this configuration, it is easy to continuously allocate the RBs (RB #3 to RB #5) to the
data signal for the mobile station. FICi.14 is an example where the relay station control signal is
distributed. FIG.14 is an example where the relay station control signal is mapped in OFDM symbol #7
of RB #0, RBs#2relathRB #4017 hisi2Gistiprovels Y fedyirency itivérsitys effeat ofithe: relay staiian control
signal. [0116] The relay station control signal and the data signal for the relay station may not be

necessarilyifaiielts i trePEameras. ¢t P ERahpra kale et ihd g alatp §i§ﬂ@n;tmids§gnlébis not

di , the resqurce information for the relay station can be obtained from the relay station
cr::)ielrooel silgr]1 f(%ﬁl Ir%%‘a%psﬁ’é%b fﬁsa’ﬁotﬁ?egﬁég%ﬁt 8 ﬁﬁtﬁega%ge};{%é}()ré%§§tgﬁon Carheathve fradaathcsigital

di ‘ in which the relay station control.signal is not mapped. [0117] In the abgve
eanation oy L e S o STV Hah T RS GHAGH e o e
relay gfatiopig.he-nahile.siation:in the Jake MBRIEN,SHR-ame s dwenHowayst H@%&g@?@@ggw

symbols may be I. When the number of OFDM symbols of the control signal transmitte

station is | dandstheanimbgsetiGF DY Gymhpls phthe somgakaignaliirapsivited By Hehase gation is
also 1, 10the relay station can increase the number of receivable OFDM symbols by one as shown in

FIG. 15. [0 @fsmimmthesgthbeihe (@EDMssyrhblsisnohthéreomitd b§igrah vahamitted oy xelay
station is 1, and the number of OFDM symbols of the control signal transmitted by the base station is

also |, dat& 6P AB Grealdcsidal] Bistbansple-fapp aerin OF BMIsisbatel andhe Susta sigiel A9 or
data signal B9 can.be mapped in OFDM symbol #2 by arranging the data signal as shown in F1G.15
in accordaficd’ %%1%6%1&%; t&%%%%eﬁﬂ.t%%t%?ﬁﬁﬁféofbw iGHBE patiem 4 shesfesitHEelay
statiqp, of pattern 1B can i 18258 tggeaumber of OFDM symbols that can be received from the base
station, by 1 OFDM sym%é}f Y ’

[0111] The range of OFDM symbols that can be received by the relay station is
determined on the basis of the propagation delay time and the transmission timing of the
frames between the base station and the relay station, and therefore, whether the resource
in the first haif of the sub-frame or the resource in the latter half of the sub-frame are used

15 is determined on the basis of the propagation delay time and the transmission timing of the
frames between the base station and the relay station. In other words, when the base
station and the relay station share the information about the propagation delay time and the
transmission timing of the frames, the base station and the relay station can share
information about the resource in which the data signal is mapped. After the information

20  about the resource in which the data signal is mapped is shared, the relay station can
receive, continuously in time, the data signal mapped in one of the resource in the first half
or the resource in the latter half even though the relay station control signal does not
include any instruction as to whether the resource in the first half is used or the resource in
the latter half is used.

25 [0112] When there is a pair of relay stations having different propagation delay times, a
data signal of one of the relay stations can be mapped in the first half portion of the

sub-frame, and a data signal of the other of the relay stations can be mapped in the latter
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[0119] It should be noted that the present invention can be applied to not only a system 20 for
switching transmission/reception within a sub-frame like the TD relay using the fake MBSFN but also a
system for performing TD relay by switching the relay station between transmission mode and
reception mode in units of sub-frames or in units of other processing times. In other words, even when

reception tillfﬁiﬂQ&Eiﬁﬁﬂﬁﬁé‘mfhﬁr#e?ﬁﬁlﬁaﬂﬁ?révé’st{@@&ﬁ@éiﬁ@xémﬁ&é’?&é{?}@é«sfmm the relay
station are different, the relay 25 station control signal can be mapped at a position at which all the

relay statiojtd €3 cammhsntibeeceaiveysania the datssignahfodibe selaystaiomeas b snappadeat a
position at which the respective relay stations can receive. In this case, when the relay station can
receive thesebritrohsigHl nizam et iOOBRIM syindols #0hiotw Bhtramshilttedafiom thethdsegstation, the
base station may not separately transmit the relay station control signal. [0120] The relay station
according %REA &F tHedsb i EMD dHihatis Mayhselailsp hepresuhtbe data vers) dtatidn, ltepeater, a
simpligity base station, and.a clyster head. 5 [0121] In the abave explanation about the above
Embosimen e e HERFA T U ouIel ah e HFeift (UL ATGH T a1Sb b6 EEPRRCr BB when the
antenna is gryanienna perh, [0LARLTRE.anlenaa pork nludes. fne.na plurality of physical antennas,
and means a theoretical antenna. In other words, the antenna porly 0€es'no neceésarllry ean one

10physicalanennanand Ay %”&@E‘@%ﬁﬂ?%xﬁ&@&@’yameB%,aﬁg&%é%?o%‘}'%“%@eﬂ!}dﬁ?”ty of

antennas. [0123] For example, 3GPP LTE does not define how many physical antennas constitute the
antenna pertanshidefinesdtbenapitenn i potk@scheminimum unit that the base station can transmit

different reference signals (RSs). 15[0124] Alternatively, the antenna port may be defined as the
minimum dfit¥él It should be noted that dividing process into the first half and the latter half may

10 be dividing process into the first slot and the second slot constituting the sub-frame. It
should be noted that the ratio of division between the first half and the latter half may not
be 1:1.  When dividing into the first half and the latter half, the relay station control signal
may be mapped in the OFDM symbol (for example, OFDM symbol #7) in proximity to the
center of the sub-frame, Iike mapping example #1.

15 [0115] The data signal for the mobile station cannot be mapped in the RB in which the
relay station control signal is mapped, and therefore, the RB in which the data signal for
the mobile station can be mapped may be ensured by limiting the RB in which the relay
station control signal is mapped. For example, FIG.13 is an example where the relay
station control signal is gathered and mapped in successive RBs (RB #0 to RB #2).

20  F1G.13 is an example where the relay station control signal is mapped in OFDM symbol #7
of RB #0 to RB #2. In this configuration, it i easy to continuously allocate the RBs (RB
#3 to RB #5) to the data signal for the mobile station. FIG.14 is an example where the
relay station control signal is distributed. FIG.14 is an example where the relay station
control signal is mapped in OFDM symbol #7 of RB #0, RB #2 and RB #4. This

25  improves the frequency diversity effect of the relay station control signal.

[0116] The relay station control signal and the data signal for the relay station may not be

necessarily mapped in the same RB. For example, even when the relay station control
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multiplication for weighting of precoding vectors. [0125] Also, although cases have been described
with the above embodiment as examples where the present invention is configured by hardware, the
present invention can also be realized by software. 20[0126] Each function block employed in the
description of each of the aforementioned embodiments may typically be implemented as an LSI

constitutedspphaniiniegrategRiicuit ai-Rizistrdopisdrbers Rish s may also Retetgriash @ assIC -
"system LSI," "super LSI," or "ultra LSI- depending on differing extents of integration. [0127]Further,

the methodsbfadirclifrimtedratieln ysstolotimitad 40 iGh's, angp2d implementaion isingedigated circuitry
or general purpose processors is also possible. After LSI manufacture, utilization of a programmable
FPGA (Fielg!ProtptamneribiecGatetir i) vgantevepiglimble B desducivtiers bormattionsiand settings
of circuit cells within an LS | can be reconfigured is also possible. [0128] Further, if integrated circuit
technologft%ﬂé% %th%"l?éﬁqﬁace LSI's as a result of the advancement of semiconductor technology or

II I bI bl ti
tis to4nnoloLy. SABpIRAON 6t SIBRNBIog s A8 RbsSHid (OF @@]ﬁ%hé%i%i\é”ggf%%i Spdfece
Patent Ap@m@@ %ﬁ%qg&%]@e%g Hlﬁq%grencg%ﬂy P 028(‘)?9{11%%1%&% ghe S wings

and abstract, is incorporated herein b y rete In Its entirety. 1 Industria A?pp |cefb |ty ] The
present inveitief:allqws.ansmissierofeeniiehsignals farmasrgstivsielay station appaLatyges using

a common transmission format in a time-division relay, and is effective as a base station apparatus, a
transmissieamtethadOdiEMhey likesfopfinte-divisidrsfgday transmitted by the relay station is 1, and
the number of OFDM symbols of the control signal transmitted by the base station is also 1,
10 the relay station can increase the number of receivable OFDM symbols by one as shown in
FIG.15.
{0118] When the number of OFDM symbols of the control signal transmitted by the relay
station is 1, and the number of OFDM symbols of the control signal transmitted by the base
station is also 1, data signal A8 or data signal B8 can be mapped in OFDM symbol #1 and
15 data signal A9 or data signal B9 can be mapped in OFDM symbol #2 by arranging the data
signal as shown in F1G.15 in accordance with mapping example #4. Not only the relay
station of paftern 1A but also the relay station of pattern 1B can increase the number of
OFDM symbols that can be received from the base station, by 1 OFDM symbol.
[0119] It should be noted that the present invention can be applied to not only a system
20  for switching transmission/reception within a sub-frame like the TD rclay using the fake
MBSFN but also a system for performing TD relay by switching the relay station between
transmission mode and reception mode in units of sub-frames or in units of other
processing times. In other words, even when reception timing of frames from the base
station and transmission timing of frames from the relay station are different, the relay
25  station confrol signal can be mapped at a position at which all the relay stations can
commonly receive, and the data signal for the relay station can be mapped at a position at

which the respective relay stations can receive. In this case, when the relay station can
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15 Reference Signs List [0131] 100, 100A Base station 200, 200A Relay station .20101, _201 Radio
reception section 102, 202, 202A Signal separation section 103, 203 Demodula-tmg section 104_, 204
Decoding section 105, 205 Encoding section 25106, 206 Modulating section 107, 210 Control signal

generation section 108, 211 Channel mapping section
receive the control signal mapped in OFDM symbols #0 to #2 transmitted from the base

station, the base station may not separately transmit the relay station control signal.
[0120] The relay station according to each of the above Fmbodiments may be also
represented as a relay station, a repeater, a simplicity base station, and a cluster head.

5 [0121] In the above explanation about the above Embodiments, the antenna is used.
However, the present invention can also be applied even when the antenna is an antenna
port.

10122] The antenna port includes one or a plurality of physical antennas, and means a
theoretical antenna. In other words, the antenna port does nof necessarily mean one

10 physical antenna, and may sometimes mean an array antenna and the like including a
plurality of antennas.

[0123] For example, 3GPP LTE does not define how many physical antennas constitute
the antenna port, and defines the antenna port as the minimum unit that the base station can
transmit different reference signals (RSs).

15 [0124]  Alternatively, the antenna port may be defined as the minimum unit for
multiplication for weighting of precoding vectors.

[0125] Also, although cases have been described with the above embodiment as
examples where the present invention is configured by hardware, the present invention
can also be realized by software.

20  [0126] Each fuﬁction block employed in the description of cach of the aforementioned
embodiments may typically be implemented as an LSI constituted by an integrated circuit.
“LST” is adopted here but this may also be referred to as “IC,” “system LSL” “super LSI,”
or “ultra LSI” depending on differing extents of integration.

[0127]  Further, the method of circuit integration is not limited to LSI's, and

25  implementation using dedicated circuitry or general purpose processors is also possible.
After LSI manufacture, utilization of a programmable FPGA (Field Programmable Gate

Array) or a reconfigurable processor where connections and settings of circuit cells within
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109, 212 Radio transmission section 110 Relay station reception range calculation section 207
Reception timing detection section 208 Transmission timing detection section 5209, 209A Receptio.n
range calculation section CLAIMS Claim 1A base station apparatus applied to a radio communicgtlon
system in which a time resource used for downlink from the base station apparatus to a relay station

apparatus aﬁdﬁltmeagwﬁegugaﬂigmmgm&from the relay station apparatus to a 5mobi|¢_e station
apparatus covered by the relay station apparatus are time-divided within a predetermined period, the

base statioflapparatusteonipiisingated ciecoappingbestionmwhesein Wwhese.0 depqtes Rampgmum

number of symbols in which a control signal for the mobile station apparatus, trapsmitted from t‘he
base statio@%mﬂdﬁ@ﬁ@mth@frﬁmimmapphmatugycweaeddayvﬂnfﬁ*daasbestaimapgwatu&; is
mapped, 10the mapping section maps a control signal for the relay station apparatus in a (D+1)-th
naturally” also” possible to carry out function block iniegration using this technology.
3 Application of biotechnology is also possible.
[0129]  The disclosure of Japanese Patent Application No0.2009-017893, filed on January

29, 2009, including the specification, drawings and abstract, is incorporated herein by

reference in its entirety.

10 Industrial Applicability
[0130] The present invention allows transmission of control signals for respective relay
station apparatuses using a common transmission format in a time-division relay, and is
effective as a base station apparatus, a transmission method, and the like for time-division
relay.
15
Reference Signs List
[0131]
100, 100A Base station
200, 200A Relay station
20 101, 201 Radio reception section
102, 202, 202A Signal separation section
103, 203 Demodulating section
104, 204 Decoding section
105, 205 Encoding section
25 106, 206 Modulating section
107, 210 Control signal generation section

108, 211 Channel mapping section
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symbol within the predetermined period; and a transmission section for transmitting the mapped
control signal to the relay station apparatus. 15Claim 2The base station apparatus according to claim
1, wherein: the radio communication system supports a long term evolution system, the
predetermined period is a sub-frame length, the mapping section calculates a range of symbols within
a sub-frameghat can Lereesivedsiynthe-fglay station apparatus, on the basis of difference of frame
timing of the sub-frame between the base station apparatus and the 20 relay station apparatus and on
the basis of #iRopagatidim detaytiime doepvedn ttohaserstation apparatus and the relay station
apparatus, and maps a data signal for the relay station apparatus in any one of the symbols in the
range of sytibdlsatriiunirbegeetividibyetierelay station apparatus. 25Claim 3The base station
apparatus according to claim 1, wherein the mapping section maps a data signal for the relay station
apparatus fiom! £2RSEE TR FEHIE-ActiFaEHoTT$H8M a symbol immediately after a symbol in which the
controLsignal.i ed, and maps the data signal for the relay station apparatus from an end in a
backwéard ?gtfﬁgﬁ%ﬁ? éé?é}sl?/rr]‘rlﬁigﬁ?nc%lé}i?g?g@ &tore a symbol in which the control signal is mapped.
Claim 4The base station apparatus according to claim 1, wherein the 5 transmission section transmits
the control signal for the relay station apparatus such that the control signal includes information about
the number of symbols in which the control signal for the mobile station apparatus is mapped. Clai
5The base station apparatus according to claim 1, wherein: 10the radio communication system
supports a long term evolution system,;
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the predetermined period is a sub-frame length; and the mapping section: calculates a range of
symbols within the sub-frame that can be received by the relay station apparatus, on the basis of
difference of frame timing of the sub-frame between 15the base station apparatus and the relay station
apparatus and on the basis of a propagation delay time between the base station apparatus and the
relay station apparatus; divides symbols otlgr ghafixsymbols of the sub-frame in which the control
signal for the mobile station apparatus covered by the base station apparatus is mapped into a first
half and a lateamhialf, and 20mbpe sdsbEnsigpatdos thppitldystationapparatusimeitherhedfirst half or
the latter half, on the basis of the range of symbols that can be received by the relay station apparatus.
Claim 6A triRSmMis$iBN FsettEes forcd ARG Sontrehsibrral Steom dppsents tstatioh pspakatus to a
relay station a%paratus in a radio communication system in which a time resource used for downlink

from the bAS& LMD AL Bal TGS TS W Teias siatisiP apbakafierartcaaing retdur G pEal forcdawnlink
from the rela S ation. apparatus to a mo ile sfation apparatus covered by the relay station apparatus
are tinlj%e-dié}gg}vﬁtﬁﬁ ‘g%}%?ﬁ%f‘ésm‘%?ﬁe (é))e o?(l}l{etﬁ‘épat?faﬁgtﬁ?igs%ﬁaﬁ?&ﬁ(%‘305?91?5 S thyithdne of:
where D d@,@&}@éﬁﬂ@&(iﬁ@gg&pmggsrecgtﬁ&ba&?a%wp' sontrol signal for the mobile station

apparatus, transmitted from the base station apparatus to the mobile station apparatus covered by the
base station apparatuspisifpaepesh AWROGIAGAGNIAlSienal fonherslavnatation ARRALALES in a

(D+1)-th symbol within the predetermined period; and transmitting the mapped control signal to the
relay statiomhaglparatuso! signal for the mobile station apparatus, transmiited {rom the base station
apparatus to the mobile station apparatus covered by the base station apparatus, is mapped,
10 the mapping section maps a control signal for the relay station apparatus in a (D+1)-th
symbol within the predetermined period; and

a transmission section for transmitting the mapped control signal to the relay

station apparatus.

15 Claim 2 The base station apparatus according to claim 1, wherein:
the radio communication system supports a long term evolution system, the
predetermined period is a sub-frame length, the mapping section calculates a range of
symbols within a sub-frame that can be received by the relay station apparatus, on the basis
of difference of frame timing of the sub-frame between the base station apparatus and the
20  relay station apparatus and on the basis of a propagation delay time between the base
station apparatus and the relay station apparatus, and maps a data signal for the relay
station apparatus in any one of the symbols in the range of symbols that can be received by

the relay station apparatus.

25 Claim 3 The base station apparatus according to claim 1, wherein the mapping
section maps a data signal for the relay station apparatus from a head in a forward direction

from a symbol immediately after a symbol in which the control signal is mapped, and maps
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the data signal for the relay station apparatus from an end in a backward direction from a

symbol immediately before a symbol in which the control signal is mapped.

Claim 4 The base station apparatus according to claim 1, wherein the
transmission section transmits the control signal for the relay station apparatus such that
the control signal includes information about the number of symbols in which the control

signal for the mobile station apparatus is mapped.

Claim 5 The base station apparatas according to claim 1, wherein:

the radio communication system supports a long term evolution system;

the predetermined period is a sub-frame length; and

the mapping section:

calculates a range of symbols within the sub-frame that can be received by the
relay station apparatus, on the basis of difference of frame timing of the sub-frame between
the base station apparatus and the relay station apparatus and on the basis of a propagation
delay time between the base station apparatus and the relay station apparatus;

divides symbols other than symbols of the sub-frame in which the control signal
for the mobile station apparatus covered by the base station apparatus is mapped into a first
half and a latter half; and

maps a data signal for the relay station apparatus in either the first half or the latter
half, on the basis of the range of symbols that can be received by the relay station

apparatus.

Claim 6 A transmission method for transmitting a control signal from a base
station apparatus to a relay station apparatus in a radio communication system in which a
time resource used for downlink from the base station apparatus to the relay station

apparatus and a time resource used for downlink from the relay station apparatus to a

34



mobile station apparatus covered by the relay station apparatus are time-divided within a
predetermined period, the transmission method comprising the steps of:

where D denotes a maximum number of symbols in which a control signal for the
mobile station apparatus, transmitted from the base station apparatus to the mobile station
apparatus covered by the base station apparatus, is mapped, arranging a control signal for
the relay station apparatus in a (D+1)-th symbol within the predetermined period; and

transmitting the mapped control signal to the relay station apparatus.
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