SPECIFICATION TITLE OF THE INVENTION TRANSMITTER AND RECEIVER 5 TECHNICAL FIELD
The present invention relates to a technical field of radio communications. More particularly, the present
invention relates to a 10 transmission apparatus and a reception apparatus used in a downlink.
BACKGROUND ART In a next generation radio access scheme 15 for which research and development
are currently being conducted, it is required to perform communication more efficiently compared with
conventional schemes. In the downlink, speed-up and ipgreasegfgapacity for communication are 20
especially required. Thu glé) a s@mﬁ multicarrier scheme such as orthogonal frequency
division multiplexing (OF%ﬁ’)ﬁ'l’E‘M . the other hand, the uplink is different from the
downlink in that speed-up and large capacity are not 25 so strongly required for the uplink as the downlink
and that transmission power of a mobile statigh @Hﬁgiﬁe%yﬁgﬁi/@d’ Bmpared with that of the base
station and the like. Phus, the multicarrier scheme in which there is a fear that peak to average 30 power
ratio (PAPR) becomes lafgé iV AR prépeP scheme for the uplink. Rather, from the viewpoint of
suppressing PAPR and increasing coVeragerefarcell; itis mesinable i adepta single carrier scheme for
the uplink. 35By the way tthete are datachannels,econira channels andrilot ananeels and the like as
channels to be transmittqck on tha uplink, aBddhgresent invention relates to a

10 transmission apparatus and a reception apparatus

used in a downlink.

BACKGROUND ART

In a next generation radio access scheme

15 for which research and development are currently
being conducted, it is required to perform
communication more efficiently compared with
conventional schemes. In the downlink, speed-up and
increase of capacity for communication are

20 especially required. Thus, radio access schemes of
a multicarrier scheme such as orthogonal frequency
division multiplexing (OFDM) are highly expected.

On the other hand, the uplink is different from the
downlink in that speed-up and large capacity are not

25 so strongly required for the uplink as the downlink
and that transmission power of a mobile station is
considerably limited compared with that of the base
station and the like. Thus, the multicarrier scheme
in which there is a fear that peak to average

30 power ratio (PAPR) becomes large is not a proper
scheme for the uplink. Rather, from the viewpoint
of suppressing PAPR and increasing coverage of a
cell, it 1is desirable to adopt a single carrier
scheme for the uplink.

35 By the way, there are data channels,
control channels and pilot channels and the like as

channels to be transmitted on the uplink, and the



-2- channels include various types of channels having different functions. For example, as to the pilot
channels, in addition to a pilot channel for channel compensation for assigned radio resources, there is 5
a pilot channel for channel compensation for unassigned_rza_dio resources. In addition, the control channel
may include information such as transmission confirmatiofi information (ACK/NACK) of a previously
received downlink data channel and the 10 like in addition to information (for example, information
indicating a modulation scheme and a channel coding rate and the like) used for demodulating an uplink

data channel. For exarfpRM el Satt RO inERrE aescribaRaspes arbinosdtie8 a%dthe uplink
channels. [Non-patentdiotfierean l18GRR, IkR25.814 0 PHysivab Layeragspexts for Bvolved UTRA"
DISCLOSURE OF THEWYEATIONL 20ROB1 &M 168 BESSQLYEENBYnEAE {NYEMIAMN: However, a
proper uplink frame copgiggung praRsities, of theabgvesmentioned varous-uRlinkghanneisshas not yet
been established. in a%d;&i)gri, i@th%g%t eqenjgg%tior}]lga}]drilo cgess sé%hsegnc ,Ovr\{ingZrS range of system
frequency bands are prepared and it Is assumed that mobile stations perform communications using the

whole or a part of the BHMHE SEHBRRTef 3 Tl rRSPAHE SBitabltToP 358 In-Q&rous Ride and narrow bands
has not yet been 30 estabilished. The preseraivehtion isleontifegmat ion such as

transmission confirmation information (ACK/NACK) of
a previously received downlink data channel and the
10 like in addition to information (for example,
information indicating a modulation scheme and a
channel coding rate and the like) used for
demodulating an uplink data channel. For example,
the patent document 1 describes types and properties
15 of the uplink channels.
[Non-patent document 1]3GPP, TR25.814, “Physical‘
Layer Aspects for Evolved UTRA”

DISCLOSURE OF THE INVENTION
20 PROBLEM TO BE SOLVED BY THE INVENTION

However, a proper uplink frame considering

properties of the above-mentioned various uplink
channels has not yet been established. 1In addition,
'in the next geﬁeration radio access scheme, wide

25 range of system frequency bands are prepared and it
is assumed that mobile stations perform '
communications using the whole or a part of the
bands. However, an uplink frame suitable for use in
various wide and narrow bands has not yet been

30 established.

The present invention is contrived for
addressing at least one of the problems, and the
object is to provide a transmission apparatus and a
reception apparatus for realizing a proper uplink

35 frame for transmitting various uplink channels.



addressing at least one of the problems, and the object is to provide a transmission apparatus and a
reception apparatus for realizing a proper uplink 35 frame for transmitting various uplink channels. -3-
MEANS FOR SOLVING THE PROBLEM In the present i_ra/_ention, a transmission 5 apparatus used in a
mobile communication system adopting a single carrier scheme in an uplink is used. The transmission
apparatus includes: multiplexing means configured to multiplex a pilot channel, a control channel, and a
data channel; and 10 transmission means configured to transmit a transmission symbol including at least
the pilot channel and the control channel using the uplink. The pilot channel includes a first pilot channel
used for a reception apparatus to measure channel 15 state of the uplink and a second pilot channel for
compensating for a charereh Farsmitiniivg ite apiimkeRbsxiata channel is transmitted using one or more
resource blocks. The firSt pilot channg] is. ffangrpitied,ysing adfegusncy bapd gver agdyrality 20 of
resource blocks. The sgconadr%i{ol}schggggl i§ rgraansIrﬁnoig%q gy goresggricgaqgc%agsi gegn to the transmission
apparatus. Control chanﬁgls of the transmission apparatus and the appara?us otiﬁer ﬁIan the transmission
apparatus are orthogorffi?BE With 25 8429 bfher 54 FEqGERG Givistorfmultitexiry $#EDM) scheme.
EFFECT OF THE INVENEON Abcordingtonhé piese ARAFRIBA Sa Bogdregesuplink frame for
transmitting various uptink thigriretd ogn beaealizeth BRIEFAESCRIPTIONIGK TdH b DRAWINGS

channel, a control channel, and a data channel; and

10 transmission means configured to transmit a
transmission symbol including at least the pilot
channel and the control channel using the uplink.
The pilot channel includes a first pilot channel

_ used for a reception apparatus to measure channel

15 state of the uplink and a second pilot channel for
compensating for a channel transmitted by the uplink.
The data channel is transmitted using one or more
resource blocks. The first pilot channel is
transmitted using a frequency band over a plurality

20 of resource blocks. The second pilot channel is
transmitted by a resource block assigned to the
transmission apparatus. Control channels of the
transmission apparatus and the apparatus other than
the transmission apparatus are orthogonalized with

25 each other by a frequency division multiplexing
(FDM) scheme.

EFFECT OF THE INVENTION
According to the present invention, a

30 proper uplink frame for transmitting various uplink
channels can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.l is a schematic block diagram of a

35 transmitter according to an embodiment of the
present invention;
Fig.2 is a schematic block diagram of a



Fig.1 is a schematic block diagram of a 35 transmitter according to an embodiment of the present
invention; Fig.2 is a schematic block diagram of a -4- receiver according to an embodiment of the present
invention; Fig.3 shows a detailed diagram of the shared control channel generation unit; 5Fig.4 is
a diagram showing an example of bands used in a syste?‘r"’il;_ Fig.5A is a diagram showing a manner
in which information of a user A and information of a user B are multiplexed by the distributed FDM; 10
Fig.5B is a diagram showing a manner in which information of a user A and information of a user B are
multiplexed by CON arftP#RidiStFibatetPrBM: FiF.8038 achieg@hT sRéwng & RanPee #£14 which
information of a user Aiancemforaration of a user B are multiplexed by the localized FDM; Fig.6A is

a diagram showing a mapping exampie §f 3 pilebelRanrnelca sonkal changekmnsdma data channel;
20Fig.6B is a diagram ghowing a-Riappig exarmpieof apilot.chagpel, a;qontrol channel, and a data

channel; Eig.7 is a diagram E:l[\owhngi% rga%pim% ex%mg}lleogf.a ilot channel laeconIIroI channel,

and a 25 data channel, Fig.8 |s_§diagram showi 5% mappin:gﬁn a?ﬁlplg}é?%ﬁpllot 8hanne|, a control

channel, and a data ch3AREF aR8 %4y os & d¥GEHT showing a mapping

Fig.5A is a diagram showing a manner in
which information of a user A and information of a
user B are multiplexed by the distributed FDM;

10 Fig.5B is a diagram showing a manner in
which information of a user A and information of a
user B are multiplexed by CDM and the distributed
FDM;

Fig.5C is a diagram showing a manner in

15 which information of a user A and information of a
user B are multiplexed by the localized FDM;

Fig.6A is a diagram showing a mapping
example of a pilot channel, a control channel, and a
data channel;

20 Fig.6B is a diagram showing a mapping
example of a pilot channel, a control channel, and a
data channel;

Fig.7 is a diagram showing a mapping
example of a pilot channel, a control channel, and a
25 data channel; ‘
Fig.8 is a diagram showing a mapping
example of a pilot channel, a control channel, and a
data channel; and
Fig.9 is a diagram showing a mapping
30 example of a pilot channel, a control channel, and a

data channel.

Description of reference signs

231 pilot channel generation unit

35 233 shared control channel generation unit
235 shared data channel generation unit
236, 241 discrete Fourier transform unit



30 example of a pilot channel, a control channel, and a data channel. Description of reference signs. 231
pilot channel generation unit 35 233 shared control channel generation unit 235 shared data channel
generation unit 236, 241 discrete Fourier transform unit -5- 237, 242 mapping unit 238, 243 inverse fast
Fourier transform unit 244 demultiplexing unit 251-253 SWiRch 5 255-258 modulation and coding unit 259
multiplexing unit PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION According to
an embodiment of the present 10 invention, a first pilot channel used for a reception apparatus to
measure channel state ot the dpknIRRRARnitBd by a wide band, and a second pilot channel for
compensating for a chah#@} tradSmittedelys thefapslinkEs trahsmitteth by omresoutce block assigned to
the user apparatus. Thug, qQuadiy.meapurement faneach resource-block can be properly performed, and
channel compensation a4 the ike farassigned resource blocks can be also properly performed. 20In
addition to obtaini fre?élgp% gl_vr%%lyl%f{e%hmaw W coCI; &)Pltlalnllggiq%thogonallty easily a}nd- with reliability,
control channels of the fransmission apparajtus and the appar%ltus other than the transmission apparatus

may orthogonalized with25 BidH dihks By 2Edistbuted FDM scheme.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
According to an embodiment of the present

10 invention, a first pilot channel used for a
reception apparatus to measure channel state of the
uplink is transmitted by a wide band, and a second
pilot channel for compensating for a channel
transmitted by the uplink is transmitted by a

15 resource block assigned to the user apparatus. Thus,
quality measurement for each resource block can be
properly performed, and channel compensation and the
like for assigned resource blocks can be also
properly performed.

20 In addition to obtaining frequency
diversity effect, in view of obtaining orthogonality
easily and with reliability, control channels of the
transmission apparatus and the apparatusbother than
the transmission apparatus may orthogonalized with

25 each other by a distributed FDM scheme.

From the viewpoint of transmitting a
control channel by a resource block in a good
channel state, it is desirable that the control
channel of the transmission apparatus is also

30 transmitted in a resource block assigned for data
channel of the transmission apparatus.

From the viewpoint of especially expecting
frequency diversity effect, the control channel of
the transmission apparatus may be transmitted using

35 not only the resource block for the data channel but
also a wide band equal to or greater than the
resource block assigned for the data channel of the



From the viewpoint of transmitting a control channel by a resource block in a good channel state, it is
desirable that the control channel of the transmission apparatus is also 30 transmitted in a resource block
assigned for data channel of the transmission apparatus. From the viewpoint of especially
expecting frequency diversity effect, the control channel oPthe transmission apparatus may be transmitted
using 35 not only the resource block for the data channel but also a wide band equal to or greater than
the resource block assigned for the data channel of the -6- transmission apparatus. From the
viewpoint of improving B30 §RpSECsi IR stipeFiority and inferiority of channel state of each user, the
control channel of the 5 transmissiorFapparats magvediarsniftedrusimgya frequemoy bapad bf one or
several number of resotiess blosks idataughanielsi efithedansAtission apparaiys andthe apparatus other

than the 10 transmissiqn gpRargusmay hesuthoganalized with eadh-0fhen by the. EBM scheme, and pilot
channels of the tra,éwsmj:ssion apparatus and the apparatus ?Et)her than the trang,mission agparatus may be
t

orthogonalized wi eacﬁ%%sg}lbsysthgrtﬁﬁpsacﬂaeme. f%T m %dltrﬁgn sﬂllfetfgre Hgslcr?ﬁf)ing the apparatus
configuration and the opERERIPAEdRERT t8 AncdfibSdinht oF fe PrERRAFINVENHST S Phe

considered meaningfultd @xskain the outline of 20 various types of channels transmitted on the uplink.
Uplink channels are broadly divided Izt { Ay Eomieritonelfasatecharavetsy { By Contention non- permitted

channels and (C) Pilot gpaanrels. Ehe gantentionhased chanpekis A ¢hannet for which
10 transmission apparatus may be orthogonaliied with
each other by the FDM scheme, and pilot channels of
the transmission apparatus and the apparatus other
than the transmission apparatus may be '
_ orthcgonalized with each other by the CDM scheme.
15 [Embodiment 1]

Before describing the apparatus
configuration and the operation according to an
embodiment of the present invention, it can bé
considered meaningful to explain the outline of

20 various types of channels transmitted on the uplink.
Uplink channels are broadly divided into (A)
Contention-based channels, . (B) Contention non-
permitted channels and (C) Pilot channels. The
contention-based channel is a channel for which

25 scheduling is not required in a base station before
transmission, and the contention non-permitted
channel is a channel (scheduled channel) for which
scheduling is required in a base station before
transmission. The contention-based channel includes

30 one or more of (Al) High speed access channel, (A2)
Reservation channel and (A3) Uplink synchronization
channel. The contention non-permitted channel
includes one or more of (Bl) uplink shared data
channel and (B2) uplink shared control channel.

35 (A) [Contention-based channel]

The contention-based channel to be

transmitted from the mobile station without



25 scheduling is not required in a base station before transmission, and the contention non-permitted
channel is a channel (scheduled channel) for which scheduling is required in a base station before
transmission. The contention-based channel includes 30_o7rle or more of (Al) High speed access channel,
(A2) Reservation channel and (A3) Uplink synchronization channel. The contention non-permitted
channel includes one or more of (B1) uplink shared data channel and (B2) uplink shared control channel.
35(A) [Contention-based channel] The contention-based channel to be transmitted from the
mobile station without SFR&GHeHMAY it tHdiSafstatish 2hh Mo FafsrRiftel 24 2FY trteBy atmobile
station (more generallyg ugetapgaraiusa(URb user equiprient) thatiaclers xaflked, statien). It is desirable
that the 5 contention-baged ehannel wkansmited @l sowislethanch By deing dristransmission time can
be decreased. In additipn, sigce the band is wide, freayency diversitigffect gan be obtained. Thus, even
though signal quality d%toerrliggantgi(\)/gr mgg%iré 19naﬁ8§rt_9; frggggg%g%t%o er aergplificvg__tLi%g (power
ramping) and the like for compensatingéfort e deterioration is not essential. Aﬂ%ﬁougﬁ contention may
occur between users A8 conBhtidABE et HannbF HGP 58P BomhRiniGaBIAE available 15 easily
by the channel. Althougle BERad9idion rhltifsditd seherf@ITBMYHE UBaddh ife v4ifie way as the current
UTRA, frequency divisibnemukiptexintiard/si tgde fiksian caudtiplexiog{€DM)is peTtonmed in the
present embodiment fragethendewpeint 952 redueing egnteatian withather ysers asynHCh as possible.
However, when q_qptenéiog Against oy}eérwgﬁ QLEUrs, IB%Q?@HSA?{E may; ttansmit thﬁ)gg,%tgntion-based

[ . c
channel again as neceﬁegzi%\;l% Fggt dactcgzgslgl

deterioration is not essential. Although contention

nn
Ee %or compensating for the

may occur between users for the contention-based
channel, high speéd communication is available

15 easily by the channel. Although time division
multiplexing scheme (TDM) is used in the same way as
the current UTRA, frequency division multiplexing
and/or code division multiplexing (CDM) is performed
in the present embodiment from the viewpoint of

20 reducing contention with other users as much as
possible. However, when contention against other
user occurs, these users may transmit the
contention-based channel again as necessary.

(Al) Fast access channel ,

25 The fast access channel may include a
control message of a small data size, may include
traffic data of a small data size, or may include
both of them. One reason for limiting the data size
to be small is for reducing  transmission delay. For

30 example, the control message may include information
on layer 3 handover, for example. The traffic data
of the small size may include an e-mail of a small
information amount, a command of a game and the like.
Since the user apparatus can transmit the fast

35 access channel to the base station without any prior
reservation, process time required for transmission

can ‘be small. The fast access channel is



25The fast access channel may include a control message of a small data size, may include traffic data of
a small data size, or may include both of them. One reason for limiting the data size to be small is for
reducing transmission delay. For 30 example, the control message may include information on layer 3
handover, for example. The traffic data of the small size rﬁaai/ include an e-mail of a small information
amount, a command of a game and the like. Since the user apparatus can transmit the fast 35 access
channel to the base station without any prior reservation, process time required for transmission can be
small. The fast access EFamselis tadirhspfRdBy BRE Br ATGTEYRTTENEY Rtk assighedibeforehand.
Which chunk is to be used rapandlity dffiregnentyohiuriks maythe repeded:irom the base station to the

user apparatus by a 5 hyoadeastihasnelrefe;dewslinks niltexeonient efdhe sppart sayringigate that only a

particular frequency chypk can be used.qrjpay gwqgg%temrorgep laéyl{gjrglgﬁr; of a plurality of
particular frequencg chgnks %an bg used. The Iat ron g agepus 10 in that pro?alglhgl for
€ss thar

contention between users 1s Rt Of the Tormer one R eservalion channd

reservation channel inchfR&ThfdtatibAddrrtRieshAd sEﬁ’édﬁlﬁngHﬁ%%@B&%nﬁSﬁﬁBﬁWmltted
channel. The informaticrihaly igelode sderaifidaton ivdorniatibrclor fdermifying & user apparatus, traffic
data type (voice, imagenanddhe like), slagd size | tegpired quatityiinfarmationd Q@oshand the like), and 20
transmission power of theyses apparatds apddhe likg.cThe raservalion channel isalsg fapsmitted by a
frequency chunk %?Sng%d nggEel%atr% Vghlftftchugkfs J(°N etéjg &aga&ra&ty of fre guency chunks may

be reported from the base station user apparatus roadcast channel of a downlink. (A3)

Uplink Synchronization Gi&nngt 2™ £3smer’ one.
(A2) Reservation channel

The reservation channel includes
information for requesting scheduling of a
15 contention non-permitted channel. The information
may include identification information for
identifying a user apparatus, traffic data type
(voice, image, and the like), data size, reqguired
quality information (QoS and the like), and
20 transmission power of the user apparatus and the
like. The reservation channel is also transmitted
by a frequency chunk assigned beforehand. Which
chunk is to be used in a plurality of frequency
chunks may be reported from the base station to the
25 user apparatus by a broadcast channel of a downlink.
(A3) Uplink Synchronization Channel
In the present embodiment, signal
transmission of an uplink is performed using a
single carrier scheme, and equalization is performed
30 for suppressing multipath interference. For
performing effective equalization, it is desirable
to maintain synchronization such that reception
timing for reception from various users fall within
a period of a predetermined gquard interval. For
35 maintaining the synchronization, uplink
synchronization channel is used.

By the way, maintaining synchronization



In the present embodiment, signal transmission of an uplink is performed using a single carrier scheme,
and equalization is performed 30 for suppressing multipath interference. For performing effective
equalization, it is desirable to maintain synchronization such that reception timing for reception from
various users fall within a period of a predetermined guar_dgi'nterval. For 35 maintaining the
synchronization, uplink synchronization channel is used. By the way, maintaining synchronization -9- can
be also realized by the after-mentioned pilot cannel. Therefore, it is not essential to prepare both of the
synchronization channél&EhdPPe B ch&iel 25@B)RE ohtehtiv h roh-pemtited eAaridiP Fhe contention
non-permitted channel atrarsmitte@fromn floe eseidpparatustaccoseing ite schedwingoperéormed in the

base station. (B1) UplinkoShared Rata Gharnet 30T he winlink sharecbdatareharnel ipciusies both or one of
traffic data and a contrlyygssage of layer 3. The control message may include information on handover,
information necessary for retransmis%iggw C éﬁ% and the like. The upli ktleSdSh%raercli dealt channelis

assigned one or more resource blocks (or chun se) accordlngr%o%cﬁegfu ing In Tinde domain or both of time

and frequency domains. In this case T280GRR &S g ACR RALAEHSH 15 BASE Statidn such that a

user related to a bettertransmitted from the user apparatus according to
scheduling performed in the base station.
(Bl) Uplink Shared Data Channel
10 The uplink shared data channel includes
both or one of traffic data and a control message of
layer 3. The control message may include
information on handover, information necessary for
retransmission control and the like. The uplink
15 shared data channel is assigned one or more resource
blocks (or chunks) according to scheduling in time
domain or both of time and frequency domains. 1In
this case, resource assignment is scheduled in the
base station such that a user related to a better
20 transmission route (channel) in the time domain or
in both of the time and frequency domains can
transmit packet in priority. The number of resource
blocks to be assigned is determined depending on a
data rate and a data size and the like to be
25 transmitted by the user apparatus. When there are a
plurality of users requesting only a relatively low
data rate, one resource block may be shared by a
plurality of users. However, when a traffic size of
a user exceeds a predetermined size, one user may
30 use the whole of the resource block. In addition,
one user may use a plurality of resource blocks.
When one resource block is shared by a plurality of
users, multiplexing in some manner is performed such
that channels of a plurality of users become
35 orthogonal in the resource block. For example,
localized FDM or distributed FDM may be performed in

the resource block.



20 transmission route (channel) in the.time domain or in both of the time and frequency domains can
transmit packet in priority. The number of resource blocks to be assigned is determined depending on a
data rate and a data size and the like to be 25 transmitted by the user apparatus. When there are a
plurality of users requesting only-a relatively low data raté,18¥1e resource block may be shared by a
plurality of users. However, when a traffic size of a user exceeds a predetermined size, one user may 30
use the whole of the resource block. In addition, one user may use a plurality of resource blocks. When
one resource block is shared by a plifsity Pd<ers, Sluiptekif@ H$6rhe thamie s performed such that
channels of a plurality of users becofel3sbrthbgoral ik the: resbucdeabloek. Earagxamyle, bcalized FDM

or distributed FDM may ke pesformedrir tha resosiseryblogkq -101E¢2e Yplink Shered Control Channel
Uplink shared control chapne angrgigs, a physical.cqontrol massage and.a @ygggaco%rg}lg@ﬁage (FFS).
As to the uplink shared data channel 5.resourcte assigsn %’}Miggh‘f{dm%%é” 1t)h(_iesbase station such that a

esouxrce assign n C n e S tion
user related to a better]iransmlssmn rout% fgﬁanné can fransmit a packet in ‘priority. F—Iaowever, as to the

uplink shared control cAZfifelE 8@ edliRg HepERdmsSsh SQp&ridiRy bE Mf&AGHY MBS @Hannel state is not
essential (however, somedirk addpaticnlmaydse pedorsmad for the shartedicontrol ehatiyel). The base
station assigns resouraechleeks o @achusermappasatiisko stesfosa seheduling tthavieid cpntention of
shared control channelsc-As d:21t9rthe pjink ghated.contrgl channely thehase,station perfprms scheduling
depending on theleumg%r %fhlé%er[;%. In Sq{%%r toiryam;@in eosasc%gtﬁ[argr rg,t‘% 9 Qgrlow ié[)rinsedesirable to
perform transmission power control with |geh precision. In addition, it 20 is deswébFe to obtain frequency

diversity effect by transiitthg?P2Ripfink Shalsd cBftr ThaRRBESVer F wide®ratig@ Bt Frequencies so as to
inmeasequaMycﬁrecé&%ﬁ%ﬁkk@ﬂﬁnnel)- The base station assigns resource
blocks to each user apparatus to perform scheduling

to avoid contention of shared control channels. As

15 to the uplink shared control channel, the base
station performs scheduling depending on the number
of users. In order to maintain packet error rate to
be low, it is desirable to perform transmission
power control with high precision. 1In addition, it

20 is desirable to obtain frequency diversity effect by
transmitting the uplink shared control channel over
a wide range of frequencies so as to increase
quality of reception packets.

More particularly, the uplink shared

25 control channel includes one or more of:

(1) control information related to a
scheduled uplink shared data channel;

(2) control information related to a
scheduled downlink shared data channel;

30 (3) control information for changing
content of scheduling of the uplink shared data
channel; and

(4) control information for performing
scheduling of a downlink shared data channel.

35 In these types of control information, (1)
includes control information essential for

demodulating the uplink shared data channel, and is



More particularly, the uplink shared 25 control channel includes one or more of: (1) control
information related to a scheduled uplink shared data channel; (2) control information related to a
scheduled downlink shared data channel; 30(3) control information for changing content of scheduling of
the uplink shared data channel; and (4) control infotMation for performing scheduling of a downlink
shared data channel. 35In these types of control information, (1) includes control information essential for
demodulating the uplink shared data channel, and is essential control information that should associated
with the uplink shared g&tascHahheél. O Heedther haneadd (2 e @) arkhct £386itd ehat they are
associated with the uplnkt$harbe datd 5rchashel; adddhéy aheomted] infobmatibre (coritrat information
different from the essential €pnirsl indorpmtiom) hataye not neeesssrileassactated withsthe uplink shared

data channel. Accordingfosugch classificatiop spethody the.conirol inferraation. 10(2) related to change of

scheduling conten[sma&peniplglyded riln th&gsseantigl %orrlltyéorl i forrggg%n,aqirimgy g in Iugﬁd in control
information different from the esdertial contrdl information. IE,)Tjhe control ntorméation (essential 15

control information) reldHY5™%thiatied itk Shhrdd 88t dfarfef Rt ddmitied ety associated with
an uplink shared data disfmenaisiaphert fretuplitgk Sidked elatsslhdring! i transmitteeld This control
information is also called ah asseciateiiink shared data channel. According to

such classification method, the control information

10 (3) related to change of scheduling content may be
included in the essential control information[ or
may be included in control information different
from the essential control information.

(1) The control information (essential

15 control information) related to scheduled uplink
shared data channel is transmitted being associated
with an uplink shared data channel only when the
uplink shared data channel is transmitted. This
control information is also called an associated

20 control channel, and may include information
necessary for demodulating shared data channel
(modulation scheme, channel coding rate and the
like), transmission block size, information related
to retransmission control, and the like, and may be

25 represented with information amount of about 14 bits,
for example. For example, the retransmission
control information may include information
indicating whether a packet transmitted by the
uplink shared data channel is a retransmission

30 packet or a new packet, information indicating use
method of the retransmission packet, and the like.
For example, data of the retransmission packet is
the same as data of a previously transmitted packet
(initial transmission data, for example) in a first

35 wuse method, and data of the retransmission packet
may be different from data of a previously

transmitted packet in a second use method. In the



20 control channel, and may include information necessary for demodulating shared data channel
(modulation scheme, channel coding rate and the like), transmission block size, information related to
retransmission control, and the like, and may be 25 represented with information amount of about 14 bits,
for example. For example, the retransmission control inforrrfation may include information indicating
whether a packet transmitted by the uplink shared data channel is a retransmission 30 packet or a new
packet, information indicating use method of the retransmission packet, and the like. For example, data of
the retransmission packeti& fife SR8 asRfts ot agebibhsgtrafsiniRed PRekerftaltidismission data,
for example) in a first 35 edendethod, and datzofithe refrarsmissicropacket imay be diffegent from data of
a previously transmitted packet in a sezpndnusedvathedi In theo ridrdatier cases paskeiccombining can be

performed with redundgncyrntarmation of 1105 cEEEING £OURgrea dat@) diegantrol information
associated with the.scheduled d%qglgwktsoha{%% data cha netl isOS tran mit&%qa to the gbase station only

. . Yansm . . a S n on d OWI, n
whén a downlink share daata cﬁanne IS transmit edsf?om ﬁejbase station anélthe OWRITK sShared data

channel is received by HP0&SH dhpafatBB2PRE Lohfiof Fdimitibhaplehtd hanSAkion confirmation
10 information, that is, Whethepthe pacKetds ropetiyvkceived oh thetdovarlimk{ACKINACK), and it can
be represented by 1 bitie cesimplest gasee user @pgaecondrol infarmsatiosnfor ehanging-content of

scheduling of the uplink shiayedfata 4.5 chiapaskis dransmitted fory epartinga buffgrgige and/or
transmission powgy, of tkﬂgf@ﬁ@.@%@tg% Boa@eil%e}sq&tgg%%rﬂyﬁ ﬁoggglkigféor@satign m@we transmitted

. . . o .
eriodically or irregularly. For, exam le, it mat be transmitted from the user 20 appa atus at a‘time when
p ¥e ve g

the buffer size and/or tHE FERSRBsIOh JotwerHidhge™ ThéBase dtatidn nithbhg83he Reheduling

content according to SUERRF SBEICAThre df thé tustP appardiid STHe Stafifls-of the buffer size and the
transmission power may be (3) The control information for changing

content of scheduling of the uplink shared data

15 channel is transmitted for reporting a buffer size
and/or transmission power of the user apparatus to
the base station. This control information may be
transmitted periodically or irregularly. For
example, it mat be transmitted from the user

20 apparatus at a time when the buffer size and/or the
transmission power change. The base station may
change the scheduling content according to such a
status change of the user apparatus. The status of
the buffer size and the transmission power may be

25 represented using an information amount of about 10
bits, for example.

(4) Control information for performing
scheduling for the downlink shared data channel is
transmitted for reporting channel quality

30 information (CQI: channel quality indicator) of the
downlink to the base statien. The CQI may be
reception SIR measured by the user apparatus, for
example. This information may be transmitted
periodically or irregularly. For example, this

35 information may be reported to the base station when
the channel quality changes. This control

information may be represented using an information



25 represented using an information amount of about 10 bits, for example. (4) Control information
for performing scheduling for the downlink shared data channel is transmitted for reporting channel quality
30 information (CQI: channel quality indicator) of the downlink to the base station. The CQI may be
reception SIR measured by the user apparatus, for exam, [ This information may be transmitted
periodically or irregularly. For example, this 35 information may be reported to the base station when the
channel quality changes. This control information may be represented using an information -13- amount
of 5 bits, for example. EERbt Efarmdli ts, forh@padidtfannel is a signal having a pattern that is
known beforehand in the transmissidit€5 sidaiand irctrenreegption side, and it can also be referred to as a
reference signal, a known signal, a trajeingisignal éngrihelikes a sighhe piekacianngl can be

transmitted from the userapparatug dsingsthe fite divisign R multiplexing.(TOM), the freaygncy division
multiplexing (FDM%, cogl&divisiog mnlti%aé(inlge%%%\t/ll, ora c%rgpingrgigp oglthese. I-&ogve er, from the

viewpoint of decreasing pe%k- I6-avlerage power ratio Ifli’), it'is desirable 16 Usé & TDM scheme. By 15

orthogonalizing a pilot EA&AREI&HhdE daf éharfiet HEMGENE TP Ssch@me? 8 pitdtEHahnePcan be
correctly separated in theareeéptiors sigleaso andt itdentdBlres to improvement of channel estimation
accuracy. 20The pilot channel includgsea fitst pilotcthannel farLQbmeasuremeanttferte¥erymesource block

that has a chance to bessigged tq tha vserappayatug inrhe futyee, angiinglydes a second pilot channel
for channel com%wsag%rlgﬁg fggg]%] Zgrggjr)]s’migﬁg hy.a &%%%ng,e gkqg(st%kis currently assigned to

the user apparatus. As mentioned later,
PP muft&erxing (FDM), code division multiplexing (CDM),

or a combination of these. However, from the
viewpoint of decreasing peak-to-average power ratio
(PAPR), it is desirable to use a TDM scheme. By

15 orthogonalizing a pilot channel and a data channel
using the TDM scheme, the pilot channel can be
correctly separated in the reception side, so that
it contributes to improvement of channel estimation
accuracy.

20 The pilot channel includes a first pilot
channel for CQI measurement for every resource block
that has a chance to be assigned to the user
apparatus in the future, and includes a second pilot .
channel for channel compensation of a channel

25 transmitted by a resource block that is currently
assigned to the user apparatus. As mentioned later,
the first pilot channel is transmitted by a wide
band including all resource blocks and the second
pilot channel is transmitted only by a particular

30 resource block assigned to the user apparatus.

Fig.l is a schematic block diagram of a
transmitter according to an embodiment of the
present invéntion. The transmitter shown in the
figure is typically provided in a user apparatus.

35 ' Fig.1l shows a pilot channel generation unit 231, a

 shared control channel generation unit 233, a shared
data channel generation unit 234, a multiplexing’



the first pilot channel is transmitted by a wide band including all resource blocks and the second pilot
channel is transmitted only by a particular 30 resource block assigned to the user apparatus.

Fig.1 is a schematic block diagram of a transmitter accorgjgg_to an embodiment of the present invention.
The transmitter shown in the figure is typically provided ina’user apparatus. 35 Fig.1 shows a pilot
channel generation unit 231, a shared control channel generation unit 233, a shared data channel
generation unit 234, a multiplexing -14- unit 235, a discrete Fourier transform unit (OFT) 236, a mapping
unit 237 and an inversé'fast FotiAer fadsBAR%iM Z8 THeilof *RaAREY et idtiotPiit 231 5 generates
a pilot channel used in 2Fé upknkeateipitot ehatnélircladds dre abovve-arenfisnéd firstmhelithe second
pilot channels at least. Thershesechcanti@l chagnel generation unit 233 generates a shared control
channel that may 10 include various sgptrgkinfarmation, Lhe shared ¢qnirol chapnelgeneration unit 233
is described with reference to Fig.3 later..The shared data channel generation uni 4 generates a
shared data channgel trgr?sl?n%ﬁt% %b% fS ﬁwlegﬁf)[lin?(%.anneal %Qmﬁfﬁp?teq;(lengug%% EéS mu t%lp?lexes and

outputs one or more cHahh@fs. m@%?es%’rﬁi]awc?ﬁuﬁkﬁeﬁﬁﬁ‘é?ﬂi‘éem%sﬁd\ﬁﬁﬁ fHeigure, and
one or more channels &®emaRiprex@draislot channels at least.
The shared control channel generation unit

233 generates a shared control channel that may

10 include various control information. The shared
control channel generation unit 233 is described
with reference ﬁo Fig.3 later.

The shared data channel generation unit
234 generates a shared data channel transmitted by

15 the uplink. .

The multiplexing unit 235 multiplexes and
outputs one or more channels. It is not essential
to multiplex all of the channels shown in the figure,
and one or more channels are multiplexed as

20 necessary. In the example shown in the figure,
processing of time division multiplexing is
performed by the multiplexing unit 235, and
processing of assuagement to frequency components is
performed by the mapping unit 237. Since scheduling

25 for the time division multiplexed signal is
performed based on an instruction by the base
station, the signal is classified to the contention
non-permitted channel.

Actually, a contention-based channel 1is

30 also generated and is multiplexed and transmitted as
necessary. But, for the sake of simplicity of
explanation, this is not shown.

The discrete Fourier transform unit (DFT)
236 performs Fourier transform on a signal (signal

35 after being multiplexed in the example shown in the
figure) input to the unit. 1In this stage of the
signal processing, since the signal is discrete



20 necessary. In the example shown in the figure, processing of time division multiplexing is performed by
the multiplexing unit 235, and processing of assuagement to frequency components is performed by the
mapping unit 237. Since scheduling 25 for the time division multiplexed signal is performed based on an
instruction by the base station, the signal is classified to fhe’contention non-permitted channel. Actually, a
contention-based channel is 30 also generated and is multiplexed and transmitted as necessary. But, for
the sake of simplicity of explanation, this is not shown. The discrete Fourier transform unit (DFT)
236 performs Fourier té&h@formlory akiGfal (Si§RaFST aftEPHEIRE MiifpRREQ T theSexample shown in the
figure) input to the unitpkarthisrstage of Be sighabprotessing, sincr dTecsigndl is disoréte -15- digital
values, discrete Fouries transigea is pedfoaned oBy €omng that, sepequence«d sighatsarranged in order of
time is represented in the fisauency domain. 5The mapping unit 237 maps each signal component after
Fourier transform to a predeterminedrﬁtéb%aa{rieri on tple grgq?:%nﬁlym%orgaien. gge Sf&eqyaefcy division
multiplexing (FDM) scheme in this case may%je a focalized Seheme Yor assi ning one 10 continuous

narrow band to one usEPBPMARGbe &8istToied EEMASERABAECHT ghinG aRpeeR TR WGiEh a plurality
of frequency componentabge arbmyedbytheing destrisnel «dpreédetermibled flctp@aen ditervals. The
predetermined frequengy dbsntenvals bte pagitanigteryals )genehalye bihthehpredetesmimed,frequency

intervals may be irreguiy intervals 1Ehe mappingswHt237 peHforns Manniag endhe frequency axis by the
localized FDM Orltﬁy thgglimstt.qpl%ggf[%l\élrrow band to one user or may be a

distributed FDMA scheme for giving a spectrum in

which a plurality of frequency components are

arranged by being distributed at predetermined

frequency intervals. The predetermined frequency

15 intérvals are regular intervals generally, but the
predetermined frequency intervals may be irregular
intervals. The mapping unit 237 performs mapping on
the frequency axis by the localized FDM or by the
distributed FDM.

20 The inverse fast Fourier transform unit
238 performs inverse fast Fourier transform on the
signal components after mépping so as to output a
sequence of signals arranged in order of time.

By the way, the distributed FDM may be

25 realized by Variable Spreading and Chip Repetition
Factors - CDM (VSCRF-CDM) scheme and the like.

Fig.2 shows a schematic block diagram of a
receiver according to an embodiment of the present
invention. The receiver shown in the figure is

30 provided in a base station typically. Fig.2 shows a
discrete Fourier transform unit (DFT) 241, a mapping
unit 242, an inverse fast Fourier transform unit 243
and a multiplexing unit 244.

The discrete Fourier tfansform unit (DFT)

35 241 performs Fourier transform on a signal
(reception signal in the example shown in the

figure) input to the unit. Accordingly, a sequence



20The inverse fast Fourier transform unit 238 performs inverse fast Fourier transform on the signal
components after mapping so as to output a sequence of signals arranged in order of time. By the way,
the distributed FDM may be 25 realized by Variable Spreading and Chip Repetition Factors - CDM
(VSCRF-CDM) scheme and the like. Fig.2 shows H%chematic block diagram of a receiver
according to an embodiment of the present invention. The receiver shown in the figure is 30 provided in a
base station typically. Fig.2 shows a discrete Fourier transform unit (OFT) 241, a mapping unit 242, an
inverse fast Fourier traRdfofrh AU PaFG adRdtipRxEGHit 244 t1me can ¥PRe discrete Fourier
transform unit (OFT) 35241 peeiotmd Fourieh rabsfoamenre g sipmad {reception signal in the example
shown in the figure) input to the unit.hecatdipghn g seguencge 2>-16x ot signals arranged in order of time

can be represented in @ggwypgan@nb'ggq ﬂa&pir&%i&ggg@;tr@g&prggsgm@ed subcarrier
components from igneg% %eagt Fourie__g tr@gg@r?. AccordAr&g%, %Qﬁalf that arenrgglgple%(e by the
localized FDM or the distri p J

ute Eﬂ)ﬁ Are séparated, for exam le: Y7 ThedhVerse Fast Fourier
transform unit 242 perf8rris ?H%F%ﬁa&’f%u%@r frAfstoRi B SighBlc6mpbhénts after being separated

to output a distributed FDM are separated, for example.

The inverse fast Fourier transform unit
242 performs inverse fast Fourier transform on

10 signal components after being separated to output a
sequence of signals arranged in order of time.

The demultiplexing unit 244 separates one
or more channels to output them. 1In the example
shown in the figure, signals mapped to the frequency

15 components are restored to signals before mapping by
the demapping unit 242, and the separation of the
time multiplexed signalvis performed by the
demultiplexing unit 244.

One or more channels generated in the

20 generation unit of each channel are time-multiplexed
(properly switched) by the multiplexing unit 235,
and the multiplexed signal is input to the DFT 236
so that the signal is transformed to . a signal in the
frequency domain. The signal after transform is

25 properly mapped to the frequency component by the
mapping unit 237, and input to the IFFT 238 so.as to
be converted to time series signals. After that,
the signal is transmitted by radio via process
elements such as the RF unit 14 shown in Fig.1l.

30 This signal is received by the receiver shown in
Fig.2. The reception signal is input to the DFT 241,
and is transformed into a signal in the frequency
domain. The transformed signal is a signal mapped
to the frequency component, and separated by the

35 demapping unit 242 to a signal before mapping. The
separated signal is transformed to time series

signals, and the time-multiplexed signal sequence is



sequence of signals arranged in order of time. The demultiplexing unit 244 separates one or more
channels to output them. In the example shown in the figure, signals mapped to the frequency 15
components are restored to signals before mapping by the demapping unit 242, and the separation of the
time multiplexed signal is performed by the demultiplexing unit 244. One or more channels generated in
the 20 generation unit of each channel are time-multiplexed (properly switched) by the multiplexing unit
235, and the multiplexed signal is input to the OFT 236 so that the signal is transformed to a signal in the
frequency domain. ThePSigR&Iter dmsidriPks 2B properlyfapsaitotthe fregimcy edbinponent by the
mapping unit 237, and &jput te tite RETE A8 sdemsddbleacarnverteddodmse sedes bignalskAfter that, the

signal is transmitted byiradis-viaqraeepssiepents such as e RE wijt 148Bawn in Figyk 30 This signal is
received by the receive shown in Fig.2. The reception signal is input to the OFT 241, and is transformed

into a signal in the frequency domai The3trasq]sg%%med i gli'f,e%si ngl rpggpg% t%tjhe frequency
component, and separated by the 3 (J:igrhap ing inif242t0'a sigha pefbre mapping;.:rhe separated

signal is transformed te*RfBESrelTEigitds, RLirFEMRAIBPERB Siynal ¢éduendelig - 3L7- properly
demultiplexed by the deheitiplexing ahit 2445 and 2rzhamrderdddulation piocessmnantiie like is performed
by process elements nabstiown imthesfigie., 5Rig &3, skxavs ardetaikl, diagean of the shared control

channel generation uni%g33i5i9eking unit 259. Each switch provides each

10 channel that is input to one end (left side of the
figure) to another end according to an instruction
signal (not shown in the figure) on the 'shared
control channel. The content of the instruction
signal determines how to configure the shared

15 control channel, that is, which control information
is included in the shared control channel. 1In the
example shown in the figure, the figure shows (1)
essential control information, (2) transmission
confirmation information of downlink channel

20 (information indicating acknowledgement (ACK) and
negative acknowledgement (NACK)), (3) information
for changing content of scheduling and (4) channel
state information (CQI) indicating reception quality
of downlink pilot channel.

25 Each of the modulation and'coding unit
performs data modulation on a channel input to the
unit using an instructed modulation scheme, and

- performs channel coding using an instructed coding
scheme. The modulation scheme and the coding scheme

30 used for each channel may be different or same
schemes may be used for more than one channel. The
modulation scheme or the coding scheme may be
fixedly set so as to be unchanged.

The multiplexing unit 259 multiplexes each

35 channel to generate and output the shared control
channel.

In transmission of the shared contrcl



shows switches 251, 252 and 253, modulation and coding units 255, 256, 257 and 258, and a
multiplexing unit 259. Each switch provides each 10 channel that is input to one end (left side of the
figure) to another end according to an instruction signal (not shown in the figure) on the shared control
channel. The content of the instruction signal determines H&W to configure the shared 15 control channel,
that is, which control information is included in the shared control channel. In the example shown in the
figure, the figure shows (1) essential control information, (2) transmission confirmation information of
downlink channel 20(infétATstidh indichfify SERYGMEd§EMENE EXERY HE nefjBfive acknowledgement
(RACK)), (3) informationddr ¢hdanging sohtent oé schethdingeahith@) shhemel state iffoxeation (CQI)
indicating reception quality of dowslink pieidhannel. 25Each of dbe Mmadulaticmand,ceding unit performs

data modulation on a chanreldnRytig the sRLrsing ap instiicted-modulation seheme, and gerforms
channel coding using a‘r;ilgstru%ted coglergsscrpeme. The moggla(t:lgg sch?maen%nde%: c%d.ln scheme 30
t

w of. inc 1 alit nn ectl
used for each channel may be ifferent or sante Scheme may be bSeq formore than one channel. The

modulation scheme or Hfc&fing §ERETESRay bt ke dRAE S ML BRGTHgRdEurther The
multiplexing unit 259 mbitipfer&dadichti® ehamdl 16 genate andoutpieheshaest control channel. In
transmission of the shared tontrolc KESrrehiannelin themenientidnat techniguey the madikation scheme

and the coding schemesargfbeeei 8RY itisdrtended ta ahiin veauiesd.auality; RY £RAtreljag A@nsmission
powerconUOLFk¥@eve@ﬂMC), and transmission power control (TPC).

Fig.4 shows frequency bands used in the
communication system. The frequency band provided
to the system (to be also referred to as whole
frequency band or system band) includes a plurality

15 of system frequency blocks, so that the user
apparatus can perform communication using one or
more of resource blocks included in the system
frequency blocks. The resource block is also called
a chunk or a frequency chunk. In general, one chunk

20 may include one or more carries (to be also referred
to as a subéarrier). But, in an embodiment of the
present invention, a single carrier scheme is
adopted so that one chunk includes only one carrier.

: In the example shown in Fig.4, the system

25 band is 10 MHz, the system ‘frequency block is 5 MHz,
and the system band includes two system frequency
blocks. For the sake of simplicity of drawing, the
system frequency band 2 is not shown. The resource
block is 1.25 MHz, and one system frequency block

30 includes four resource blocks. Which can be used in
the two system frequency blocks by the user
apparatus is determined by the base station based on
a bandwidth by which the user apparatus can perform
communication and a number of users performing

35 communication in the system. The bandwidth of the
system frequency block is designed as a band by

which every user apparatus that may perform



5 view of increasing quality of channel and effective use of resources, it is desirable to perform further link
adaptation on transmission of the shared control channel. As a method for performing link adaptation,
there are adaptive modulation and coding 10(AMC), and transmission power control (TPC). Fig.4
shows frequency bands used in the communication system? The frequency band provided to the system
(to be also referred to as whole frequency band or system band) includes a plurality 15 of system
frequency blocks, so that the user apparatus can perform communication using one or more of resource
blocks included in the sy3WMFreEaEACT bRekS IPhe Heetfce B CR ¥ ARBEalled a chunk or a frequency
chunk. In general, one chomu20 eedyiimcludelonethmore cadies (tdbe ldsoireferred ¢f as mesubcarrier).
But, in an embodiment of; tespresestinyaaiom lasikglescalgee sehiaire isadeptad sonthat one chunk

includes only one carrigr, i, tgsexampleshowr: igdHI g« the system.25 band is;1Q MHz, the system
frequency block_isé MII_IIIZ’ and the slyésé%mtb'gng includgs two sxﬁte}? requency. blocks. For the sake of

simplicity of drawing, thelsnylslPel‘lrInn frqequency and Zis not shown. The resource jE)?orc‘i’isal.ZS MHz, and

one system frequency BIDEK 3BHRAGAES fourtBSoGiRe RECKS. PRTHER E3n DRMIEELiRdhe Ao system
frequency blocks by thélasadapderakang deferiMéd bishe base sedioprasedren abarndwidth by which
the user apparatus cansperfosm doramusicagionlancka pumber of useksrperfararag 35 coanunication in

the system. The bandwidth qfdhe systervirpauancydilock issdesionedas @ kandby whichguery user

apparatus that may, per, 549z icationdn the n r ication. In other
words, the bandvx%gth o%%%gis%%%%%e%?%%ggké% g%%%tr?n%%% zag.‘gg %12%(%{%13 tlggngsr%%%ion bandwidth

of a user apparatus of & BSniAhum dradeTha &t Be 258G Th r]e%:tJé? a use? ablﬁgratus that can
only perform communi@?i%ﬁ%‘in&ﬂ‘?éoﬁ'éﬁtfaﬂ MHZ ReasHigife P SR GHRSOFAY shStem frequency
blocks, but, a user appamtdsthat canpesfoimscommuaitation usingad bafd bf 18uvdHzasay 10 be
assigned a band such thabite, uFyappasaitS£ANany proper interval may be used.

15 These value examples are merely an example, and any
proper values may be used.

The user apparatus transmits an uplink
pilot channel to the base station. The base station
determines (performs scheduling) one or more

20 resource blocks to be used for the user apparatus to
transmit the shared data channel based on the
reception quality of the uplink pilot channel. The
content of the scheduling (scheduling information)
is reported to the user apparatus using an downlink

25 shared control channel or other channel. The user
apparatus transmits an uplink shared data channel
using an assigned resource block: In this case, the
shared control channel (shared control channel
including essential control information) associated

30 with the uplink shared data.channel is transmitted
using the same resource block. As mentioned above,
the uplink shared control channel may include
control information other than the essential control

information.
35 Resource blocks assigned to a user may
change as time advances. The resource blocks

assigned to the user may comply with a frequency



use both of the system frequency blocks. In the present embodiment, although a subframe may be called
a transmission time interval (TTI) such as 0.5ms, for example, any proper interval may be used. 15 These
value examples are merely an example, and any proper values may be used. - The user apparatus
transmits an uplink pilot channel to the base station. The B&se station determines (performs scheduling)
one or more 20 resource blocks to be used for the user apparatus to transmit the shared data channel
based on the reception quality of the uplink pilot channel. The content of the scheduling (scheduling
information) is reported®PihenEeP apparits uSitg APHGWANCZES SharwrEanitry cRaRvE U other
channel. The user apparafuptraRsmns anaflink shiasec:-dath chammehtsiag armagsignegeresource block.

In this_ case, the _sharechgntggj@agaglt(ﬁagr%go@m c@gg_gelaigg!élgmgu@,s,semal gangrabinformation)
associated 30 with the y@ﬂg%@@@regodactg £chappel 'QIBE?QP_Q’d‘iS%d Using tlg_?1 gaghesgasgggcgitg)lgck. As

mentioned above, the uplln#eshar%d gontrol crhanrlmgénay,mglug?Ig:gn%rglrlnfoargnr?glgg Oflﬁer than the
essential control inforniatioh: 35RE&8GdTce bqo&s as&gneoe to"a user may change astimée advances. The

resource blocks assignred253AE uSéPRmaY By Withof frefGeN®t 126- KOFHIRG pattéin. The content of
the hopping pattern majelse. kabwa beforesstan of comhyursicationthetwben the base station and the user
apparatus, and may beoreporiet e the yserapparatusrisemibe dase stadion 5 as necessary. From the

viewpoint for maintaining average signaj guajitysef tag uplink channgl, it isdesitable jowsa set only a
particular resour(‘l%blo%lgquutia@% }/ag%g% resource blbgclésAFigrsl.dSAéSCSsQQV\%detiaged concrete examples
10 how information of a USer A and & User B are mlﬂtlfﬁexed in a subframe. Tn fhe example shown in

Fig.5A, pilot channels ﬁﬁ_’olaét%l%%ﬂeg‘ar% fiHRMGMSlexed Minfotint0RTT e ﬁ%l‘fﬂ; ard the user B
are multiplexed using thé gistAbuted FOMcirpfiiee ls and data channels are time-
multiplexed. Information of the user A and the user

B are multiplexed using the distributed FDM. In the

15 example of Fig.5B, pilot channels and data channels
are time-multiplexed and the data channels of the
user A and the user B are multiplexed using the
distributed FDM similarly to Fig.5A, but the pilot
channels of the user A and the user B are

20 multiplexed by CDM. 1In the example of Fig.5C, pilot
channels and the data channels are time-multiplexed,
and the data channels of the user A and the user B
are multiplexed by the localized FDM.

Fig.6A shows a mapping example of .

- 25 information of each user according to an embodiment
of the present invention. Although the range shown
in the figure is the whole frequency band and one
subframe, the'range in the frequency axis direction
may be within a range of one system frequency block.

30 For the sake of description, a period in a subframe
is divided into first - fourth time slots in order
of elapse of time. In the first time slot, first
pilot channels from all users are multiplexed and
transmitted. The all users include all of users

35 that may transmit some channels in the future in
addition to users transmitting the uplink data
channel and users transmitting the uplink control



15 example of Fig.5B, pilot channels and data channels are time-multiplexed and the data channels of the
user A and the user B are multiplexed using the distributed FDM similarly to Fig.5A, but the pilot channels
of the user A and the user B are 20 multiplexed by CDM. In the example of Fig.5C, pilot channels and the:
data channels are time-multiplexed, and the data channélé b the user A and the user B are multiplexed
by the localized FDM. Fig.6A shows a mapping example of 25 information of each user according to an
embodiment of the present invention. Although the range shown in the figure is the whole frequency band
and one subframe, the ¢aRga lthe RequRsel oaedirétremay bR Witliata mhgetof one system’
frequency block. 30 Fortensake afsdesarsiplion, @ periad In dsubfraamuisidigded inté dirstafourth time
slots in order of elapseaf §igig-da tha Hest imessioh dirst pitlvt shannels from all ugsersarednultiplexed and

transmitted. The all userg 4nqjgg§ aQ ysets 35 gt}gt{%%y lfﬁ[g%ﬂjg :soni,ﬁﬁtﬁrwf&%@eggture in addition
) ;

to users transmitti%g the Lg)ll?k data c ?nncel nd useés trggsmlt%ig the uplink control “-21- channel. As
mentioned above, the fFrg pifo hanRari’a ﬁ ot thanRel for nie uﬁﬁs ffor aﬁ?esource blocks having
a chance to be assignetPHitRERRer BPpafdus fPMedttdre tuRibl&iEF of 5 the first pilot channels for all
users may be performed by FDM, COM¢rrisdthaddfdmermls are Gapirefichanndisareemapgped to the
second time slot. Contrel fharnels of each tiserarchahegonalized sith eackrotaeeby the distributed 10

FDM. As mentioned abgyenag sHaimation ipeludeddnthe sharedcontiol channel; here gre essential
control informati ess%Bgfal fo%demordlglatln% éhe ggared data .chfrl]nnel %rld contrrl%l l'ﬁfgé atign (control
t

information other Ran e essential control 1 m%rm\é‘ﬁ(’)n)agthle?t Yan that. 1n the example Shown in the

figure, users B, C and BfardhAt E6ntF8thaRheShACNEhy ddMiFiMafmatftitotheR than essential
control information. LikE3Ré fitst piiBferariiel ahetseesBielarfPb dismpdieltheicontioh 20 channels
over the whole frequensizdaed (oathe whelenefthe systeomfrequercyfblonk)ttbdransmihthesi to the base
station. It is assumed thatstbensers B, rand-Didq notitkansdris a-fata chaspel 4 any resource block in

this subframe. Thﬁuse{ﬁigﬁgjcgp&q)oqﬁ%%fewge block, e}nqltlhgtngreQ;;&%g]it&pogﬁta channel in

the third time slot using,the resoyrce block. A contrgl channe mcludmg essential control information and

L(
control information othelrnthtémhaﬁ%?ﬁwee’ uSer A s t?énsmﬁ‘t%‘cji u%ir?gr ?r%hﬁeﬁ&%%rir? e resource block

assigned to the user ACTRELEAFol AHahn2t8Lthe UseF Alardd E8ATS IcHamnelshGoth8rtsers are
orthogonalized with eaéls seerigingFthetdistiburetPEpption. Like the first pilot
channel, the users B, C and D distribute the control

20 channels over the whole frequency band (or the whole
of the system frequency block) to transmit them to
the base station. It is assumed that the users B, C
and D do not transmit a data channel in any resource
block in this subframe. The user A is assigned one

25 resource block, and the user A trénsmits a data
channel in the third time slot using the resource
block. A contrecl channel (including essential _
control information and . control information other
than that) of the user A is transmitted using

30 frequencies in the resource block assigned to the
user A. The control channel of the user A and
control channels of other users are orthogonalized
with each other using the distributed FDM.

In the fourth time slot, the second pilot

35 channel is mapped. As mentioned above, the second

pilot channel is a pilot channel for channel

compensation for a channel to be transmitted by a



In the fourth time slot, the second pilot 35 channel is mapped. As mentioned above, the second pilot
channel is a pilot channel for channel compensation for a channel to be transmitted by a -22- resource
block that is currently assigned to the user apparatus. Alsg in this fourth time slot, first pilot channels
transmitted over wide band for CQI measurement may be r%ﬁltiplexed and transmitted 5 by a plurality of
users. Also in this case, it is possible to perform channel compensation for a channel transmitted using
the resource block currently assigned to the user apparatus by using a part of the first pilot channel

transmitted over the 16-®FRI B4 ByPthe Wag for thersaieeaftsimphidinionde drawiitf although any data
channel of users otherutkan theppserai issnot ghiosyn, datd chanfels apd the fike ®F stme sort of users
(other than the 15 usersiB.s€ apdiRjarenaapped ta resounce: blogks etherdhare thesresoaese block

assigned to the user Adg ACHUAlILY, rement ASLY #EURINKahaNnel received framdhe uses A, the base
station estimates tge cpannel ate %f? %f thg Eregglérggblo%lsased on the seconed pilat channel, and

. ] . th
determines compensation 8Qﬁteﬁfr§2q%s¥ rotation amount andppc%vver and the | e) 0 elpserformed on the
control channel and th8 e Eién

BRI AR e IBEREATiDh - 25 8ddifion, it is determined
which resource block . Hezontes High gemityfedthesdser A lrelata sRibfratdzslivaded on the first pilot
channel. The base statianr perfarnys eeteaingmission controhamerd theplikerbhased oy upbrikighannels (control

information 30 other thapthe essemfial eontrel ipforpation) receivedrikommhe tisgroBe® akD. In
addition, when r s&urc‘gi%sgim%r]t request of an uplink has been received, the base station determines

which resource block becomes high quality for the user B,
g éb tqé way, for the sake of simplicity of

the drawing, although any data channel of users
other than the user A is not shown, data channels

_ and the like of some sort of users (other than.the

15 users B, C and D) are mapped to resource blocks
other than the resource block assigned to the user A
in actuality.

As to an uplink channel received from the

user A; the base station estimates the channel state

20 of the resource block based on the second pilot
channel, and determines compensation content (phase
rotation amount and power and the like) to be
performed on the control channel and the data
channel so as to perform the compensation. In

25 addition, it is detefmined which resource block |
becomes high quality for the user A in later
subframes based on the first pilot channel.  The
base station performs retransmission control and the
like based on uplink channels (control information

30. other than the essential control information)
received from the users B, C and D. In addition,
when resource assignment request of an uplink has
been received, the base station determines which
resource block becomes high quality for the user B,

35 C or D based on the received first pilot channel.

From the viewpoint that the base station

determines superiority or inferiority of the channel



35 C or D based on the received first pilot channel. From the viewpoint that the base station
determines superiority or inferiority of the channel -23- state of each user for each resource block, it is
desirable that the first pilot channel is transmitted using a wide band. From the viewpoint of maintaining
minimum reception quality in the base 5 station by increa_s%l%gj frequency diversity effect, it is desirable that
control channels of the users B, C and D for which any particular resource block is not assigned are
distributed to a wide band like the example shown in the figure. From the viewpoint of 10 transmitting a
control channel in a god8&hanAél Kahasd ARiehfE pEsHie It fodesifbie 82 the EodtPol channel of the
user A to which a particidarn resolircethlatk fhasdsigmed isptidrsmittbd yethe Bssigned resource block as
the example shown in theakBsfiguree in this 6ases the secend pilot achasmetiansmisieddinthe assigned
resource block can be glsousedifor demodyiation of the capiralchannel et theyser i Rig6B shows a
mapping example of 20 knf%rr%atlogl ofiea}:che%sse.rnaccgrdm to an eml oedfrgggt of t 13 eprggseqt invention.
Expedient time slots ar% oafvnj:ietli1 t6 five tatare Tirst to Tifth siots. The firs, second, fourtr ’andtfifth time
slots are the same as thé &6 ?Sﬁ%ﬁtiﬁﬁaﬁoﬁoﬁﬁﬁkﬁéﬁm&é’rf in“Biy.68 &F Sorftrol Thannel that
includes control informatioh Bthee tham fhehegsentinpednitrol ifformaseom stesdrlm ktrassmieted in the third
time slot (before the daia shanrel of tke dserAidtrangmitted). knithe examplé skewntie the figure, 30 in

control channels of thediseg /A dhes gssentian centkoldntormation is-tansmittediRy theisacopd time slot,
and control inforr%tiontqtggrsmlapttgg gesgegg%ltcroﬁroljmglr%afioms éraagggtt%qlgxrt)@%third time slot.
s ) .

Such a scheme is advantageous when 35 in ormatlog amount of co trol_lnf%matlog other than :
state as much as possible, it 1s desirable that the ,

control channel of the user A to which a particular

resource block is assigned is transmitted by the
assigned resource block as the example shown in the

15 figure. In this case, the second pilot channel
transmitted by the assigned resource block can be
also used for demodulation of the control channel of
the user A.

Fig.6B shows a mapping example of

20 information of each user according to an embodiment
of the present invention. Expedient time slots are
divided to five that are first to fifth slots. The
firs, second, fourth and fifth time slots are the
same as the first to fourth time slots of Fig.6A.

25 However, in Fig.6B, a control channel that includes
control information other than the essential control
information of user A is transmitted in the third
time slot (before the data channel of the user A is
transmitted). In the example shown in the figure,

30 in control channels of the user A, the essential
control information is transmitted by the second
time slot, and control information other than the
essential control information is transmitted by the
third time slot. Such a scheme is advantageous when

35 information amount of control information other than
the essential control information is large (for
example, when control information other than the



the essential control information is large (for example, when control information other than the -24-
essential control information is large to a degree in which it is difficult to transmit using the scheme shown
in Fig.6A). Fig.7 shows a mapping example of 5 information of each user according to an embodiment of
the present invention. Generally, although this example i5 %filar to the example shown in Fig.6A, this
example is deferent in that each of the control channels (including only control information other 10 than
essential control information) transmitted by the users B, C and D falls within a range of a resource block
instead of being distribg@dsver #e whplerrequiercyimmidl ¥Thés alchamfelstafe 68 asaticular
resource block is relativiely gbadhit iist15 desiiefiiie thdttthe contrehchanneh ssitignsrhigted by a particular
resource block as showgriefig. lshown 1iig8ghomis.a mapping example of information of each user

according to an embodiment of the pfq%e.ny i@ﬂe&ygna%gs@yiag@(%m@i%go example is similar to the

example shown in gig.GA, Qilsmeaﬁairggleé% degergntulgethagnc():t onily %he %ontgol cgm Q%‘f gncjcuding only
control information other than esseértial onfrlinforima ionf anshiited byr%he 0381s'B.°C and D but also

the 25 control channel 8ftheNfsed PSRN it 608 the SFRAE FretViengy bARY IBig P difows a
mapping example of infoxamatidr of each mséracdordingetosrrambedisnentrof the Piasedt invention.
Although only the data 8Richasrehgiiuser A issshorgnin the nmapping xamptes akFigs6A-81data

channels of other users.grg.shovn iniFigi% 59 EWS 2 HRaRRINg example:iof dwo suhirames. As
shown in the figute, magping methqds; may CHANAS Vatigusly AsUme AAYANCES:: tted by
the users B, C and D falls within a range of a
resource block instead of being distributed over the
whole frequency band. When a channel state on a
particular resource block is relatively good, it is
15 desirable that the control channel is transmitted by
a particular resource block as shown in Fig.7.

Fig.8 shows a mapping example of
information of each user according to an embodiment
of the present invention. Generally, although this

20 example is similar to the example shown in Fig.®6A,
this example is deferent in that not only the
control channels (including only control information
other than essential control information)
transmitted by the users B, C and D but also the

25 control channel of the user A are distributed over
the whole frequency band. v

Fig.9 shows a mapping example of
information of each user according to an embodiment
of the present invention. Although only the data

30 channel of user A is shown in the mapping examples
of Figs.6A-8, data channels of other users are shown
in Fig.9.. Fig.9 shows a mapping example for two
subframes. ' As shown in the figure, mapping methods
may change variously as time advances.

35 The present international application
claims priority based on Japanese patent application
No.2006-127996, filed in the JPO on May 1, 2006 and



35The present international application claims priority based on Japanese patent application
N0.2006-127996, filed in the JPC on May 1, 2006 and -25-- the entire contents of the Japanese patent
application N0.2006-127996 is incorporated herein by reference. 510 15 20 25 30 -26- CLAIMS

1. A user apparatus for use in a mobile communication si/%?e—m in which a single carrier scheme is 5
adopted in uplink and a system band is divided by a plurality of resource blocks, the user apparatus

comprising: a mapping unit configured to map a data channel,
the entire contents of the Japanese patent

application No0.2006-127996 is incorporated herein by
reference.
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a first pilot channel that is not related to the data 10 channel and a second pilot channel that is related
to the data channel, and a control channel; and a transmission unit configured to transmit the
data channel, the first pilot channel, the second pilot channel and the control channel that are mapped
by the 15 mapping unit, wherein the mapping unit maps the first pilot channel to a plurality of
resource blocks, and maps the second pilot chan &0 a resource block the same as a resource block
to which the data channel is mapped, and 20 the mapping unit changes a resource block to which the
control channel is to be mapped according to whethenthe control channel and the data channel are
mapped to the same subframe. 25 2. The user apparatus as claimed in claim 1, wherein the
mapping unit maps the control channel to the resource block to which the data channel is mapped in
the subframe where the data chaRféls #raspedt afd hrdpsithe 30°contfet €hafinel to a resource block
other than resournceniloeksiassignedtardata chiannéls of othey user apparatuseshirmaesubdrame where
the dataschappelds fot mapped. 3% -24zunit isused for measurerpent; and the, sgcond pilot channel is

used for demcidu]lat'ﬁjn of tg% drata channel.b 4. The user ap greatus as claimed in any one of claims 1 -

3, wherein the r%a%pihgyunlt time-division mu t?ﬁ}eiiés the data cﬁaﬁﬁ&?ﬁ%tﬁ}%t pilot channel and the
second pilot eR&RASISTOI

a mapping unit configured to map a data channel,
a first pilot channel that is not related to the data
10 channel and a second pilot channel that is related to the
data channel, and a control channel; and
a transmission unit configured to transmit the
data channel, the first pilot channel, the second pilot
channel and the control channel that are mapped by the
15 mapping unit,
wherein the mapping unit maps the first pilot
channel to a plurality of resource blocks, and maps the
second pilot channel to a resource block the same as a
resource block to which the data channel is mapped, and
20 the mapping unit changes a resource block to which the
control channel is to be mapped according to whether the
control channel and the data channel are mapped to the

same subframe.

25
2. The user apparatus as claimed in claim 1,
wherein the mapping unit maps the control channel to the
resource block to which the data channel is mapped in the
subframe where the data channel is mapped, and maps the
30 control channel to a resource block other than resource
blocks assigned to data channels of other user
apparatuses in a subframe where the data channel is not

mapped.

35
3. The user apparatus as claimed in claim 1 or

2, wherein the first pilot channel mapped by the mapping



5. The user apparatus as claimed in any one of claims 1 - 4, wherein the mapping unit maps the
control channel to one resource block or to several resource blocks. 15 6. A transmission
method for use in a user apparatus in a mobile communication system in which a single carrier
scheme is adopted in uplink and a system 20 band is divided by a plurality of resource blocks, the
transmission method comprising the steps of: —27- mapping, to predetermined resource blocks, a
data channel, a first pilot channel that is not related to the data channel, a second pilot channel that is

25 related to fhe dataschannel.-and a contrelchanpel; and the selransmitting.the data channel, the
first pilot chacrggglr,l ang the secorgj %ilot channcalueindcthe con%ro]cﬁhargpetl thatk?ar%rrpalpped, wherein the

step of mapping m%?udelssmgsﬁng rth%1 irst pllo?cﬁgﬁlne? oa p?uraﬁtyaofcfesourge blocks, mapping

the second pilot channel to a resource block the same as a resource block to which the data channel
is mapped, and changing a resource block to which the control channel is to be mapped according to

whethersthe 35 control chapnetgnd the-data,chappel areJnapped to-the;same, subframe.¢ -28-

7. The transrg'ssilon m;fth_od3as Clﬁiemedl inn %l ién r%Whgrein thne.l%te;g .lor; @—%Pip\irrl% ing!ludes mapping the
control channel o the resourée Biock 0 Which the data 5channel is mapped in thé 'Subframe where
the data chafitéltis Pdapped, ARG adming e dhitrol ER&nrel 6 a resddree Bisck Gthef fifan resource
blocks assigned tedatarchapminetstofdthemuser apparatuses in a subframe where the data channel is
not mapped. 10 8. The transmission method as claimed in claim 6 or 7, wherein the first pilot
channel mapped in the step of mapping is used for measurement, and the second 15 pilot channel is

used for demodulation of the data channel.
5. The user apparatus as claimed in any one of

claims 1 - 4, wherein the mapping unit maps the control
channel to one resource block or to several resource
blocks.

15

6. A transmission method for use in a user
apparatus in a mobile communication system in which a
single carrier scheme is adopted in uplink and a system
20 band is divided by a plurality of resource blocks, the
transmission method comprising the steps of:
mapping, to predetermined resource blocks, a
data channel, a first pilot channel that is not related
to the data channel, a second pilot channel that is
25 related to the data channel, and a control channel; and
transmitting the data channel, the first pilot
channel, and the second pilot channel and the control
channel that are mapped,
wherein the step of mapping includes mapping
30 the first pilot channel to a plurality of resource blocks,
mapping the second pilot channel to a resource block the
same as a resource block to which the data channel is
mapped, and changing a resource block to which the
control channel is to be mapped according to whether the
35 control channel and the data channel are mapped to the

same subframe.



9. The transmission method as claimed in any 20 one of claims 6 - 8, wherein the step of mapping, the
data channel, the first pilot channel and the second pilot channel are time-division multiplexed. 2510.
The transmission method as claimed in any one of claims 6 - 9, wherein the step of mapping includes
mapping the control channel to one resource block or to several resource blocks. 30 11. A
mobile communication system in which a single Taftier scheme is adopted in uplink and a system
band is divided by a plurality of resource blocks, the mobile communication system comprising: 35a
user apparatus configured to transmit a data channel, a first pilot channel that is not related to the data
channel, a second pilot chapnejf}lheat is related to .-29- the %?Stg c:hannﬂle andi ciontré){ channel; and

. . . ransmission method . ime n 1
a base station configured to receive ﬁ1e data channel, the pl?o% C annIenl, e secon ﬁ?lot channel

and the contfol chaRREHfFork Hife GSEPaptaraiBPSWHereht thedGserappardtts hips the first pilot
channel to aqturalitylof cesoureé btocks hand mapsthe sedondckpitat cliannel toreeresoetrce block the

same as a respyfeehlock to,whichthe data channet is,mapped.and the user apparatys ehanges a
resource block to which O{he 10 control chanr]ceilhis tc(:)otr)]eC me pgg aarg:r(]:ordir%%toawggtshglrJ Ehceecontrol

channel and]tksleI&%Fapc%dnnaé?gremﬁ%%brelgto e same subframe. - 6

block other than resource blocks assigned to data
channels of other user apparatuses in a subframe where
the data channel is not mapped.

10

8. The transmission method as claimed in claim
6 or 7, wherein the first pilot channel mapped in the
step of mapping is used for measurement, and the second
15 pilot channel is used for demodulation of the data

channel.

9. The transmission method as claimed in any
20 one of claims 6 - 8, wherein the step of mapping, the
data channel, the first pilot channel and the second

pilot channel are time-division multiplexed.

25 10. The transmission method as claimed in any
one of claims 6 - 9, wherein the step of mapping includes
mapping the control channel to one resource block or to

several resource blocks.

30
11. A mobile communication system in which a
single carrier scheme is adopted in uplink and a system
band is divided by a plurality of resource blocks, the
mobile communication system comprising:
35 a user apparatus configured to transmit a data

channel, a first pilot channel that is not related to the

data channel, a second pilot channel that is related to



ABSTRACT TRANSMITTER AND RECEIVER 5A transmission apparatus used in a mobile
communication system adopting a single carrier scheme in an uplink includes: multiplexing means
configured to multiplex a pilot channel, a control channel, and a data channel; and transmission means
10 configured to transmit a transmission symbol including at least the pilot channel and the control
channel using the uplink. A first pilot channel used for a reception apparatus to measure channel state
of the uplink is transmitted using a frequency 15 band over a plurality of resource blocks. A second

pilot channelfge compgnsatingfor a channgl transmitied by the uplink is{ransmitted by a resource
block assigned to the transm'sgigg aé)&a{%tgs. Contral channels of the transmjcshsiondZ(% apparatus and

the apparatus other than the transmission aﬁlpacrgﬁjsla?lel%er%oEJSngllez%%lv‘vfi?h each other by a FDM

scheme.F@GRﬁf“el' the first pilot channel, the second pilot
channel and the control channel from the user apparatus,
5 wherein the user apparatus maps the first pilot
channel to a plurality of resource blocks, and maps the
second pilot channel to a resource block the same as a
resource block to which the data channel is mapped, and
the user apparatus changes a resource block to which the
10 control channel is to be mapped according to whether the
control channel and the data channel are mapped to the

same subframe.
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ABSTRACT
TRANSMITTER AND RECEIVER

A transmission apparatus used in a mobile
communication system adopting a single carrier
scheme in an uplink includes: multiplexing means
configured to multiplex a pilot channel, a control
channel, and a data channel; and transmission means
configured to transmit a transmission symbol
including at least the pilot channel and the control
channel using the uplink. A first pilot channel
used for a reception apparatus to measure channel
state of the uplink is transmitted using a frequency
band over a plurality of resource blocks. A second
pilot channel for compensating for a channel
transmitted by the uplink is transmitted by a
rescurce block assigned to the transmission
apparatus. Control channels of the transmission
apparatus and the apparatus other than the
transmission apparatus are orthogonalized with each
other by a FDM scheme.

_ Figure 1



