-1 - DESCRIPTION BASE STATION DEVICE, MOBILE STATION, RADIO
COMMUNICATION SYSTEM, AND COMMUNICATION CONTROL 5
METHOD TECHNICAL FIELD The present invention relates to a LTE (Long
Term Evolution) system and specifically 10 Felétes to a base station
apparatus, a mobile station, and a communication control method.
BACKGROUND ART A communication system as a successor of W- 15
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A communication system as a successor of W-
15 CDMA and HSDPA, namely, a Long Term Evolution (LTE)
system has been considered by a W-CDMA
standardization organization 3GPP. As a radio access
scheme, Orthogonal Frequency Division Multiplexing
(OFDM) 1s under consideration for downlink, and
20 Single-Carrier Frequency Division Multiple Access
(SC-FDMA) is under consideration for uplink (see 3GPP
TR 25.814 (V7.0.0), “Physical Layer Aspects for
Evolved UTRA”, June 2006, for example).
In OFDM, a frequency band is divided into
25 plural narrow frequency bands (sub-carriers), and
data are placed on the respective divided frequency
bands to carry out transmission. The sub-carriers
are densely arranged in a frequency direction,
allowing the sub-carriers to be partly overlapped
30 without causing interference, thereby realizing high
speed transmission and improving frequency usage
efficiency.
In SC-FDMA, a frequency band is divided
into plural narrow bands, and different narrow bands
35 are used by different mobile stations, so that
interference between the mobile stations can be
reduced. According to SC-FDMA, which 1is



reduced. According to SC-FDMA, which is - 2 characterized in that variations
in the transmission power are reduced, a large coverage area and low
energy consumption can be realized. In LTE, one or more physical channels
for 5 both uplink and downlink are shared by plural mobile stations. The
channel which is shared by plural mobile stations is typically called a shared
channel. In LTE, a Physical Uplink Shared Channel (PUSCH) is used.in _
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15 Demodulation Reference Signals (Demodulation RSs),
Sounding Reference Signals (Sounding RSs), and so on
are transmitted as pilot signals.

The PUCCH includes two types, 1.e., a
channel to be time-multiplexed with the PUSCH and a

20 channel to be frequency-multiplexed with the PUSCH.

In the communication system which uses the
shared channel, scheduling is needed to determine to
which mobile station the shared channel i1s assigned
for each subframe. Scheduling is performed based on

25 information such as communication quality derived
from the Sounding RSs.

In LTE uplink, the Sounding RSs are
transmitted to mobile stations with various
bandwidths in the whole system band. The Sounding

30 RSs are time-multiplexed with the PUSCH.

DISCLOSURE OF INVENTION
[PROBLEM(S) TO BE SOLVED BY THE INVENTION]
However, the above-mentioned technology
35 has the following problem.
Specifically, in LTE uplink, the Sounding
RS is transmitted in the same time slot as the PRACH



However, the above-mentioned technology 35 has the following problem.
Specifically, in LTE uplink, the Sounding RS is transmitted in the same time
slot as the PRACH - 5 and the PUCCH. AS£ result, interference occurs
when the transmission band for the Sounding RS overlaps with the
transmission bands for the PUCCH and the PRACH. 5 In order to solve this
problem, it is a general object of the present invention to provide a base
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[MEANS FOR SOLVING THE PROBLEM(S)]

In one aspect of the present invention,

15 there is provided a radio communication system
including a mobile station and a base station
apparatus for communicating with the mobile station
according to a SC-FDMA (Single-Carrier Frequency
Division Multiple Access) scheme in uplink, the

20 mobile station including:

a transmitting unit configured to transmit
at least one of a first signal and a second signal;
and

a Sounding RS transmitting unit configured

25 to determine a transmission band for a Sounding
Reference Signal (Sounding RS) based on mapping
information of at least one of the first signal and
the second signal.

The radio communication system can

30 appropriately control transmission of the Sounding
RS when the transmission band for the Sounding RS
overlaps with the transmission bands for the PUCCH
and the PRACH.

In another aspect of the present invention,

35 there is provided a radio communication system
including a mobile station and a base station
apparatus for communicating with the mobile station



30 appropriately control transmission of the Sounding RS when the
transmission band for the Sounding RS overlaps with the transmission
bands for the PUCCH and the PRACH. In another aspect of the present
invention, 35 there is provided a radio communication system including a
mobile station and a base station apparatus for communicating with the

mobile station - 4 according to a SC-FDMA scheme in uplink, including: a
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there i1s provided a radio communication system

15 including a mobile station and a base station
apparatus for communicating with the mobile station
according to a SC-FDMA scheme in uplink, wherein:

a Sounding RS is not transmitted, when all
or part of a transmission band for the Sounding RS

20 overlaps all or part of a transmission band for a
first signal or a second signal.

In another aspect of the present invention,
there is provided a base station apparatus in a
radio communication system including a mobile

25 station and the base station apparatus for
communicating with the mobile station according to a
SC-FDMA scheme in uplink, including:

a receiving unit configured to receive a
first signal and a second signal;

30 a Sounding RS receiving unit configured to
receive a Sounding RS whose transmission band is
determined based on mapping information of the first
signal and the second signal.

In another aspect of the present invention,

35 there is provided a base station apparatus in a
radio communication system including a mobile
station and the base station apparatus for



communicating with the mobile station according to a SC-FDMA scheme in
uplink, including: a receiving unit configured to receive a first signal and a
second signal; 30 a Sounding RS receiving unit configured to receive a
Sounding RS whose transmission band is determined based on mapping
information of the first signal and the second signal. In another aspect of the
present invention, 35 there is provided a base station apparatus in a radio
commurfieaisHdrdhnaciidify Fhvoometdtorsiad ithpasestibiy to a
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20 and @ba5@¥tatRANgRRrdiusHBl A mFHRERINSARY the mobile station
according to a SC-FDMA ecdiviérig unit configured to receive
part of a first signal and a third signal when

15 reception opportunities for the first signal and the
third signal are provided in a same subframe.

In another aspect of the present invention,
there is provided a mobile station in a radio
communication system including the mobile station

20 and a base station apparatus for communicating with
the mobile station according to a SC-FDMA scheme in
uplink, including:

a transmitting unit configured to transmit
a first signal and a second signal; and

25 a Sounding RS transmitting unit configured
to transmit a Sounding RS whose transmission band is
determined based on mapping information of the first
signal and the second signal.

In another aspect of the present invention,

30 there is provided a mobile station in a radio
communication system including the mobile station
and a base station apparatus for communicating with
the mobile station according to a SC-FDMA scheme in
uplink, including:

35 a transmitting unit configured to transmit
either a first signal or a third signal when
transmission opportunities for the first signal and



uplink, including: a transmitting unit configured to transmit a first signal and a
second signal; and 25 a Sounding RS transmitting unit configured to transmit
a Sounding RS whose transmission band is_determined based on mapping
information of the first signal and the secbn% signal. In another aspect of the
present invention, 30 there is provided a mobile station in a radio
communication system including the mobile station and a base station
apparatdd$'foreohifugitanad withe iy fobile dtibria&Fging 4 Brame -
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steps ofthere is provided a communication control method in
a radio communication system including a mobile
15 station and a base station apparatus for
communicating with the mobile station according to a
SC-FDMA scheme in uplink, including the steps of:
determining, by the mobile station, a
frequency band for a Sounding RS based on mapping
20 information of a first signal and a second signal;
and
transmitting, by the mobile station, at
least one of the first signal, the second signal,
and the Sounding RS.
25 [ADVANTAGEOUS EFFECT OF THE INVENTION]
According to an embodiment of the present
invention, a base station apparatus, a mobile
station, a radio communication system, and a
communication control method are achieved, in which
30 transmission of the Sounding RS is appropriately
controlled when the transmission band for the
Sounding RS overlaps with the transmission bands for
the PUCCH and the PRACH.

35 BRIEF DESCRIPTION OF THE DRAWINGS
Fig.- 1 shows a schematic diagram
illustrating a configuration of a radio



determining, by the mobile station, a frequency band for a Sounding RS
based on mapping 20 information of a first signal and a second signal; and
transmitting, by the mobile station, at least gne of the first signal, the second
signal, and the Sounding RS. 25 [ADVANTAGEOUS EFFECT OF THE
INVENTION] According to an embodiment of the present invention, a base
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Sounding RS when a PUCCH is mapped to both ends of
the system band according to an embodiment of the
present invention.

15 Fig. 6 shows a transmission band for a
Sounding RS when a PRACH is mapped to the
transmission band for the Sounding RS according to
an embodiment of the present invention.

Fig. 7 shows a first diagram illustrating

20 a transmission scheme for a PUCCH and a Sounding RS
according to an embodiment of the present invention.

Fig. 8 shows a second diagram illustrating
a transmission scheme for a PUCCH and a Sounding RS
according to an embodiment of the present invention.

25 Fig. 9 shows a partial block diagram
illustrating a base station apparatus according to
an embodiment of the present invention.

Fig. 10 shows a partial block diagram
illustrating a mobile station according to an

30 embodiment of the present invention.

Fig. 11 shows a flowchart illustrating a
communication control method according to an
embodiment of the present invention.

Fig. 12 shows a flowchart illustrating a

35 communication control method according to an
embodiment of the present invention.

Fig. 13 shows a flowchart illustrating a



15 Fig. 6 shows a transmission band for a Sounding RS when a PRACH is
mapped to the transmission band for the Sounding RS according to an
embodiment of the present invention. Fig. 7§shows a first diagram illustrating
20 a transmission scheme for a PUCCH and a Sounding RS according to an
embodiment of the present invention. Fig. 8 shows a second diagram
illustrating a transmission scheme for a PUCCH and a Sounding RS

accordirfPM rblRe fOGFERE brasdhtasy eHipAr P88igto sHows a
partial byckatiagrantilla$tratvey preserstationvepgdatus according to an
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EMBODIMENTS 5 [DE3CRIPTION GF NRTARANS] 50 cell 1001, 1002,
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10°

10 106 transceiving un S%aaséee an S|Sg |pr0(PerS%Fn%Sl?l’!i 9

1 call processing unit
112 application unit
200 base station apparatus
15 202 transceiving antenna
204 amplification unit
206 transceiving unit
208 baseband signal processing unit
210 call processing unit
20 212 transmission path interface
300 access gateway apparatus
400 core network
1000 radio communication system
[BEST MODE OF CARRYING OUT THE INVENTION]
25 With reference to the accompanying
drawings, preferred embodiments of the present
invention are described below.
Throughout the drawings, corresponding
elements are referenced by the same reference
30 numerals and repetitive explanations are omitted.
Referring to Fig. 1, a radio communication
system is explained below in which a base station
apparatus according to an embodiment of the present
invention is applied.
35 A radio communication system 1000, to
which Evolved UTRA and UTRAN (also known as: Long
Term Evolution (LTE) or Super 3G) is applied,



110 call processing unit 112 application unit 200 base station apparatus 15
202 transceiving antenna 204 amplification unit 206 transceiving unit 208
baseband signal processing unit 210 call processing unit 20 212
transmission path interface 300 access gateway apparatus 400 core
network 1000 radio communication system [BEST MODE OF CARRYING
OUT THE INVENTION] 25 With reference to the accompanying drawings,
preferred BalbttfmetPosReThadd oniRRRasA Brs desdifse £hOEd@B) 200
Throughaind thel dizanings,licolee spbatiingn elefiérts ise refenerigeteinyt hel 00,
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2004s copgcted, & tgatpper layer station, for example, an access

O AP AT Pl MBS Norons 200,
00,, 1003, .., 100, are referred to as the mobile
station 100,, unless otherwise noted, because they
have the same configuration, function, and condition.

15 The radio communication system 1000
employs Orthogonal Frequency Division Multiple
Access (OFDMA) for downlink and Single-Carrier
Frequency Division Multiple Access (SC-OFDMA) for
uplink as radio access schemes. As stated above, 1In

20 OFDM, a frequency band is divided into plural narrow
frequency bands (sub-carriers), and data are placed
on the respective divided frequency bands to carry
out transmission. In SC-FDMA, a frequency band is
divided, and different frequency bands are used by

25 different mobile stations to carry out transmission,
so that interference between the mobile stations can
be reduced.

Communication channels in LTE are
explained below.

30 In downlink, a Physical Downlink Shared
Channel (PDSCH) shared by the mobile stations 100,
and a downlink control channel (PDCCH: Physical
Downlink Control Channel) are used. In downlink,
transport format information and user identification

35 of the user to which PDSCH is transmitted, transport
format information and user identification of the
user to which Physical Uplink Shared Channel (PUSCH)



The mobile stations 100n communicate with the base station apparatus 200
in a cell 50 under Evolved 10 UTRA and UTRAN. In the following, the mobile
stations 1001, 1002, 1003, ..., 100n are ref 6red to as the mobile station
100n, unless otherwise noted, because tﬁe§ have the same configuration,
function, and condition. 15 The radio communication system 1000 employs
Orthogonal Frequency Division Multiple Access (OFDMA) for downlink and
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15 acknowledge information of the PDSCH are transmitted
on the uplink control channel. In addition, user
data are transmitted on the PUSCH.

In uplink transmission, seven long blocks
(LBs) are used for each slot. Because one subframe

20 includes two slots, one subframe includes fourteen
long blocks as shown in Fig. 2. Reference signals
for data demodulation (i.e., Demodulation Reference
Signals) are mapped to two long blocks of the
fourteen long blocks. A reference signal for

25 sounding (i.e., Sounding Reference Signal), which is
to be used for determining a transmission format of
the PUSCH for uplink AMC, TPC, and scheduling is
transmitted through one long block of the fourteen
long blocks except for the long blocks to which the

30 Demodulation Reference Signals are mapped. The
Sounding Reference Signal may not be mapped to every
subframe. In the long block in which the Sounding
Reference Signal is transmitted, the Sounding
Reference Signals from plural mobile stations are

35 multiplexed according to Code Division Multiplexing
(CDM) . The Demodulation Reference Signals are
mapped to the fourth long block and the eleventh



data are transmitted on the PDSCH. The channel on 5 which the
acknowledgement information is transmitted is called a Physical Hybrid-ARQ
Indicator Channel (PHICH). In uplink, the PUSCH shared by the mobile
stations 100" and an uplink control channel (PUCCH: 10 Physical Uplink
Control Channel) are used. In uplink, PDSCH scheduling, downlink quality
information (CQI: Channel uality Indicator) to be used for Adaptive
Modulatt?PNéhP Eeaihgl (ANEES St TizEtisdion FsasRdéhtrol ('PC), and
15 acknbwistdengfdimbeivarntehs POSAH kse nipatttdd drthefuplisik
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Demod@&@&?ﬁéfée%&@r‘é‘ﬁbﬁal&? aF@H%{i)p%E t5TwBYENS bibt%‘a?tr@BS)
fourteeniiBn§ fodkEeAURGEned ERFEI A5t B sbubdidg s, Sdussingrames
Referense Stdpeal); infacld i-eécbearsed fondeiEEmirtihg aftracpreissipnifandat
of the PERCHfer valHdunEL, tIR%kari%S@laﬁﬁalinﬁdS 1tsansenized thrqaigh
onggong, pipGK of die fpuitepy floglss excaRy fordhe 1aga plocks to which
the 30 Dbem ujatk%n R1ef eMﬁe i nals are inai:)(g) 0TJFe ndlr:?

Referendd ignal may no be map ed to%ver subframe. In elo g PDIGCK in

which thReSSIHEE IQ@fe?@né@*élgn%T‘%tFa?‘nﬁﬁl‘t@& e 36Ghding the
Referensy Signalb arow pilikhl m&bid stétions are 35 multiplexed according to
Code Division Multipl&doty (N ).el etRerwmduldimn Referendée Sigirads are

magpeddgihe el triongitiackaad dhe glavenlBs . As shown in Fig.
3, the transmission band for the Sounding RS 1is
uniquely determined by a transmission bandwidth, a
transmission period, a frequency hopping period, a
frequency hopping spacing, and so on, for example.
20 It should be noted that the transmission bandwidth,
the transmission period, the frequency hopping
period, and the frequency hopping spacing for each
mobile station are managed by the base station
apparatus 200, for example, and they are transmitted
25 from the base station apparatus 200 to the mobile
station 100, by means of an RRC message at the
beginning of communication.
For the pattern 1 in Fig. 3, the mobile
station transmits Sounding RSs several times in the
30 time direction based on the frequency hopping period.
Then the mobile station changes the transmission
band to the adjacent frequency band, and again
transmits Sounding RSs several times in the time
direction based on the frequency hopping period.
35 The distance between the original transmission band
to the adjacent frequency band corresponds to the
frequency hopping spacing.



- 11 long block in the subframe, for example. The Sounding Reference
Signal is mapped to the first long block in the subframe, for example. The
long blocks may be called SC-FDMA symbcés. 5 In uplink, each mobile
station 100" transmits signals in terms of ré‘ ource blocks (RBs) in the
frequency direction and in terms of subframes in the time direction. In LTE,
the frequency band for one resource block is equal to 180 kHz. The 10

number of RBs is equabtcsPS 6l the sydem 4arftifdffSC M 68 ed8al to
50 for thErggtencyamivitiitp d£x@ NMA, tindtisee RIS €311 06 forahpesytem
bandwidtisof 2@ NbidhEaehlgrabfie ahaticn, @@ nirazsiails thel th Seyhdmiy .
RS with pngipy,/aoeBBeaAs ShRWPENSTHE: Rethastranypissiasbans! fosdhe
Soupding RS iy Yiduely JeLsImined by aransmission bandwidin. g
transmission period, a frequency hopping period, a frequenc pping
spadng?JHQQGEﬁqRﬁQD&ﬁﬁﬂe?ﬂ§EQJﬂ£hfb§¥E$§@ﬂﬁﬁ transmission
bandwidti FeHeng&A oRisaRUte A& S INE GegueAcytRABpPiigCPericd dhie
frequenaekopping spasingtfoapacti Saebie pationdse nasrthgadalngs thiesisdsm
station HhRARYL #0: fenexauptH 9&66@)75_%3@”5@“’(&%25&@%&& ve
bapg StafighaRpaLTLE AN 0158 meBl % 4AlaN L0801 MAANS hAthREKy
messagg atm]e bbeé;érémg%gﬁowmunlg%téopugo%%e p§tt€;rn 1 |an||g. 3, ah 3
mobile Station Tranemits ound)lng RPALQ/NA tmes in the 0RE diredich

based okftfe HRERERAFRBPpRBH DIt TABATAL HeshilbrRatidEnRAFES the
transmisstet bRindapnbe atitk e b etoebeband, idel sdatinand@is by
Soundinggass seferah tiRRG imdkadige or broadcast information.

15 As shown iIn Fig. 4, six RBs as a frequency
resource are allocated to the PRACH. In addition,
one subframe of ten subframes as a time resource 1is
allocated to the PRACH. For example, the frequency
band for the PRACH is defined in the first subframe

20 within one radio frame (10 ms) including ten
subframes.

Two or more PRACHs, each of which uses six
RBs, may be defined in one subframe. Specifically,
when two PRACHs are defined in one subframe, twelve

25 RBs in total are allocated to the PRACHs.

Mapping information of the PUCCH and the
PRACH are typically determined by the base station
apparatus 200. Alternatively, the mapping
information may be defined in advance as a

30 predetermined parameter in the radio communication
system 1000. 1In either case, information about
which subframes and which RBs the PUCCH and the
PRACH use for transmission is provided to the mobile
station 100, on the broadcast channel or the like,

35 for example. Namely, the mobile station 100, knows
information about which subframes and which RBs the
PUCCH and the PRACH use for transmission.



direction based on the frequency hopping period. 35 The distance between
the original transmission band to the adjacent frequency band corresponds
to the frequency hopping spacing. - 12 As_shown in Fig. 4, the PUCCH
which is frequency-multiplexed with the PUSCH is mapped to RBs at both
ends of the system band. Although Fig. 4 shows the case where one RB is
allocated to each 5 end of the system band, two or more RBs may be
allocated to each end d18hSeyedANBaRS kofhansnikdadcyssitethm
the PUCIO1e as1eoincys rapounek 1DB, tlapsmissioniperlodis ahderanspjssiony
timings fodtite POIC GHetPbe Oseq biydhs sespHtiyeRd mebie stations dé)"
to tran?mm@ 'tWélYﬁEe’&i‘G‘Bﬁa‘;d b@bhﬁgeﬂéﬁﬁﬂﬁtéﬁo%ﬁépﬁfﬁéﬁ 209, it
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broadcabt’ ﬁ\?&lﬂw'a?fﬁho%t}@%&ﬁﬁ nFI“—‘% %09,&‘11!99 a@sa W@é{u&?c;ﬂ TVided
resourcd Bl afstated t&"HeeP RETISM AR aM8Es subframe of ten
subframes as a time réseurcehs dlicoased sstherPRAQH. For ekiaenple, the

ffequen@bl!imﬂ'iirfgf the RBAGH ioeefinadits tb@liif%tlsubﬂm YELwihin one
radig fragig, {0 ”‘é%é“%&%é%§“%f£%@eéx&éfﬁf“f”89fet%8% GATEPT
which uses %fx g %g%fl_ped in gne bfta § %cmc?lll . vyhen

two PR S are %eflne In one sugfagme tW8| Sin t are

aHomﬂe&ﬁ?ﬂﬁ?Pﬁﬁﬁﬂ@sQQQH&ngWHEmﬂHﬁoHTﬁﬂﬁiﬁ@cﬁ}!Hﬁﬂﬁh@” the
PRACHRaedydiedlly deterrbiedIsumeitnseRstation lapparatuaoothe use
Alternativ€lyy tHhrei map phaghidfidrdeionfroay beeddimeddi idglvRBde askor
15 example, the transmission bands for the Sounding RS
may be determined as shown in Fig. 5(A).
Alternatively, the frequency band except
for the frequency bands for the PUCCH may be equally
divided into plural transmission bands to a maximum
20 extent, with the use of the limited number of
bandwidths for the Sounding RS. For example, the
transmission bands for the Sounding RS may be
determined as shown in Fig. 5(B).
Alternatively, the frequency band except
25 for the frequency bands for the PUCCH may be filled
with the fixed bandwidths of the Sounding RS,
starting from the low frequency. The remaining
frequency band may not be used to transmit the
Sounding RS. For example, the transmission bands
30 for the Sounding RS may be determined as shown in
Fig. 5(C). In this example, six resource blocks are
not used to transmit the Sounding RS.
Alternatively, the transmission bands for
the Sounding RS may be overlapped in part so as to
35 avoid the remaining frequency band. For example,
the transmission bands for the Sounding RS may be
determined as shown in Fig. 5(D). In this example,



30 predetermined parameter in the radio communication system 1000. In
either case, information about which subframes and which RBs the PUCCH
and the PRACH use for transmission is prqeéi(ded to the mobile station 100"
on the broadcast channel or the like, 35 for'example. Namely, the mobile
station 100" knows information about which subframes and which RBs the
PUCCH and the PRACH use for transmission. - 13 The Sounding RS is
transmitidtewikh IS THSER MRy PrandSvINR aheR ridt i el feglasieyeen
band fortheddCEH, (tHe Souhdiiy, R$3 s arathsHttie chrwiththeafneqdéncy
band to which the PUSCH inaatisyepppediy afipegiesh.dy shauld be noted
that thte 't%ﬁﬂﬁﬁ'gnﬂ?é‘dffﬁééﬁﬁﬁﬁe ynéing S foay *E‘ﬁé"\#‘@'ﬁftth HNIOoF0RE C Of
morg trapsmi r ion band for the Soun
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bands, WitHdsth ipesihga Whklbntihe BasanrmeorapaduRhdRs PUCCH
(allowingégyr theuske obrganbusobancwidthstfot fiee SoundingdR 8BS For Adr

examples i peSMigro R Pandm i 4o S Baeing RSr mayeb& gateimiRe ks
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PUGCH¢pavbRflsfdon bands #2, #3, and #4 are used to
transmit the Sounding RS, since the transmission
bands do not overlap with the frequency bands for
the PUCCH.

The SIR (Signal-to-Interference ratio) for
20 an adjacent RB or an immediately preceding RB in
which the Sounding RS is transmitted is used in
place of the SIR for the RB in which the Sounding RS
is not transmitted.
In addition, the Sounding RS is
25 transmitted with the frequency band which does not
include the frequency band for the PRACH (the
Sounding RS is transmitted with the frequency band
to which the PRACH is not mapped or allocated).
As shown in Fig. 6(A), when the frequency
30 band for the PRACH is included in the predetermined
frequency band for the Sounding RS, a larger
frequency band selected from two frequency bands
except for the frequency band for the PRACH may be
used as the transmission band for the Sounding RS,
35 for example. When two frequency bands except for
the frequency band for the PRACH are identical, a
lower frequency band may be used as the transmission



with the fixed bandwidths of the Sounding RS, starting from the low
frequency. The remaining frequency band may not be used to transmit the
Sounding RS. For example, the transmissign.bands 30 for the Sounding RS
may be determined as shown in Fig. 5(C). Tr1 this example, six resource
blocks are not used to transmit the Sounding RS. Alternatively, the

transmission bands for the Sounding RS may be overlapped in part so as to
35 avoid@edehdinikgareRiendd BAnBS For example, the transmission bands
for the Sounding RS rAdgdendttermined as shbavinn Fig.FRAD). IBEB)s, when
exampleghd 4F ey tishepissiondbaieds avesiaRaACIOUNgsestRweae IHted
and #2, #2 i3 Petiand i ARd il énrc 0B EIRI Vel r the Bequeiing
bang '”‘%&‘é‘%‘”?ﬁ%e FFS%SB%%‘?‘Q%%BD%Q%EF%{ b -ene> F"r%ﬁﬁsetﬁ@ b%%%d
may be equal nto plural transmission bands to a maximum exten

ivided
and portl&Hs %}ﬁcﬁgé‘&}fﬁﬁnﬁ/}fh hfie HegHeASy BARILIFRE BFAEn s
not be ubed t&RanSAtHABbUMRling RS. For example, the transmission
bands for the Soundingl RSritunayedy detsmatenivas showmgn Fa GYE) when

this exappleFeight BRsynB@angn¥ssor handr Adrands#ahaBlyserhi@l uded
trangmitghe souNg g8 ee PINFRRA Pk L%HBRS'BQ?@WB?“%QV%‘&RB% ing
with the; I_Izr,gqugﬂgy 5’banr%ll;gé_fﬁrt PH&:C o ng e,E)'t%Qr ha.lndt(te%q RBs in 15
transmission bands 3]2‘, , %h 4 are uSed 1o ﬁansmﬂstme%oundlng RS,
since the transmissiof WeiHdadd ¥6ddven it thd fagle R Bastds Hhe
the PUCIO18 qPien SYR 8 phaled-Iribde RiteHaks) foncla dachdidcebii®RB or
an immgthaigtterecéding ABdoushich theusufidingtRE IS duang e iR S,
used in the Sounding RS may not be transmitted.

As shown in Fig. 7(A), when both a control
signal to be transmitted on the PUCCH and the
Sounding RS have transmission opportunities in the
same subframe, the mobile station (UE) may transmit

20 only the control signal without transmitting the
Sounding RS. Namely, the mobile station (UE)
prioritizes transmission of the control signal. In
other words, in a subframe in which both
transmission timing for the control signal on the

25 PUCCH and transmission timing for the Sounding RS
are provided, the mobile station (UE) may transmit
only the control signal without transmitting the
Sounding RS, as shown in Fig. 7(A). For example,
the control signal to be transmitted on the PUCCH

30 includes CQI, HARQ ACK information, Scheduling
Request, or the like. Alternatively, the control
signal may include both CQlI and HARQ ACK information.

Alternatively, as shown in Fig. 7(B), when
both a control signal to be transmitted on the PUCCH

35 and the Sounding RS have transmission opportunities
in the same subframe, the mobile station (UE) may
transmit only the Sounding RS without transmitting



place of the SIR for the RB in which the Sounding RS is not transmitted. In
addition, the Sounding RS is 25 transmitted with the frequency band which
does not include the frequency band for thiéDRACH (the Sounding RS is

transmitted with the frequency band to which the PRACH is not mapped or
allocated). As shown in Fig. 6(A), when the frequency 30 band for the

PRACH is included in the predetermined frequency band for the Soundin&)ﬁ)
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Alternativgly, 88/58PWI I8 Fdal(Qowhentnersanuensy temddes threyccH
PROCH inuiioledndeed ik e Rradrisrmerdieausnrudanig" the
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15 on the PUCCH and the Sounding RS have transmission
opportunities in the same subframe, the mobile
station (UE) may transmit the Sounding RS without
transmitting the control signal in the LB in which
the Sounding RS is transmitted. The mobile station

20 (UE) may transmit the control signal in LBs in which
the Sounding RS is not transmitted. In other words,
in a subframe in which both transmission timing for
the control signal on the PUCCH and transmission
timing for the Sounding RS are provided, the mobile

25 station (UE) may transmit only the Sounding RS
without transmitting the control signal in the LB in
which the Sounding RS is transmitted and transmit
the control signal in LBs in which the Sounding RS
is not transmitted.

30 Although the LB in which the Sounding RS
is transmitted is LB #1 in Fig. 8 ((A) and (B)), the
Sounding RS may be transmitted in LBs other than the
LB #1.

Referring to Fig. 8(A), operations in the

35 mobile station are explained below in detail. In
Fig. 8(A), the control signal to be transmitted on
the PUCCH is HARQ ACK information. 1In this example,



Sounding RS have transmission opportunities in the same subframe, the
mobile station (UE) may transmit 20 only the control signal without
transmitting the Sounding RS. Namely, the#obile station (UE) prioritizes
transmission of the control signal. In other Words, in a subframe in which
both transmission timing for the control signal on the 25 PUCCH and
transmission timing for the Sounding RS are provided, the mobile station
(UE) mabearsheinadhifie E8RDIAKh A W@bNEEARSMABNG ®le Sounding
RS, as shoanrsiniftiged(AnFohexamplel tQercbangdsignall# be transmitted
on the PUGSHo3tinslusles GRaSARESAGK)INformation, Scheduling
Requi‘\st, or AtheKIi_k(::‘. @[@f@@lﬁfﬁ% teg cplpagl Sigm! rj@geipgltjﬁg,{g%th @anﬁ
an in ion. Alterpati s n in Fig. when hot
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have trah&fisSiéR dppdfiiniS T ik SAAERN bR AnteS thd AbRIA Shab P
(UE) mayheaRsfitbny tHedoundig ¥d svignsahfrdBsmitigg Signek for
control SigialtNabelynapeedotile dtheoh BUE)L pravyitines tiaashesssdn of the

SoundingigRilfi er WwargsFora gHeframe in witieh bells tragpgrisFakant
timigg fqf ghe paniolggnglpnthgm BUC GHANG BANSRSIIP DR g P the
Sound!np RSC re pr vpeg),(the riﬁo_bllel\%atlonn U may tlgggmgti O.rrl]%[heant
Soundlngc_)FES thou ?ransm&l‘trﬂﬁg?he _corﬁl%!s nap, as senown_ln =i :
For exafple, FRE ChtroFSighBfid-Be fan¥mkidy Gﬁ%é:‘p\!f@bﬂglogiﬁcllﬂes
CQI, HARR D Tifeemdtiort Hchetiailing rRequedtediee IIkeop@Eihatively,
the contdd gsigdalthay indud® botreGCe atkdddfRQLAEKIieésmation.
Altesnatiyglyn £ pEaWE 1B 9.i& (Me@NEransmitted.
Next, the base station apparatus 200
according to an embodiment of the present invention
is explained below with reference to Fig. 9.
The base station apparatus 200 according
20 to this embodiment includes a transceiving antenna
202, an amplification unit 204, a transceiving unit
206, a baseband signal processing unit 208, a call
processing unit 210, and a transmission path
interface 212.
25 Packet data to be transmitted from the
base station apparatus 200 to the mobile station
100, through downlink are input to the baseband
signal processing unit 208 from the upper layer
station, for example, the access gateway apparatus
30 300 associated with the base station apparatus 200
via the transmission path interface 212.
In the baseband signal processing unit 208,
the packet data undergoes segmentation/concatenation,
Radio Link Control (RLC) layer transmission
35 processing such as RLC retransmission control, MAC
retransmission control, for example, transmission
processing of Hybrid Automatic Repeat request (HARQ),



(B)), when both a control signal to be transmitted 15 on the PUCCH and the
Sounding RS have transmission opportunities in the same subframe, the
mobile station (UE) may transmit the Sounding RS without transmitting the
control signal in the LB in which the Soundiig RS is transmitted. The mobile
station 20 (UE) may transmit the control signal in LBs in which the Sounding
RS is not transmitted. In other words, in a subframe in which both

transmisERIefmHg r theadtribesitpal 88 fa P ursd AGkhtPPanshRaRA!
timing fazabld ISpundind) REeegeotidet, fheunabife 25 atstionr(UE)IMEY )
Uansmﬂpw&bégssagnmagdﬁinywumgtmﬁﬁwaEMthe@onﬂglggnaHnthe
LB in which{be Sapisn gjﬁﬁﬂsé@@smltted and transmit the control signal
in LBs in which theS Liran mit ough th
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informathrbdlmjaﬂ&w@m\%r 1vifiepigng! @idtARRAGKIBEPrmAtipAds not

trapysmittedingles LR L AURARR08s B Th ddiBFaALRHAUS GRS BIR SR -
Referrin to Flg era;&ons |n 8 5 mobile station are explained below
in detallgl ig- 98'@5)2 QHZ conFroPS|gnaI2to be transmitted on the PUCCH is

CQI. In this example, ¥k gRaPEreEN a8 Be eI ®edaE 21 may be
the least ISRt fHroe e Tieb ket sigatitant 100, to the base
station apparatus 200 in uplink, the radio frequency

15 signal received by the transceiving antenna 202 is
amplified by the amplification unit 204, frequency-
converted Into a baseband signal by the transceiving
unit 206, and input to the baseband signal
processing unit 208.

20 In the baseband signal processing unit 208,
the input baseband signal undergoes FFT (Fast
Fourier Transform) processing, error correction
decoding, reception processing for the MAC
retransmission control, RLC layer reception

25 processing, and is forwarded to the access gateway
apparatus 300 via the transmission path interface
212.

In the baseband signal processing unit 208,
the control signal received on the PUCCH, which is

30 included in the input baseband signal, also
undergoes demodulation and decoding. In a subframe
in which both reception timing for the control
signal on the PUCCH and reception timing for the
Sounding RS are provided, the baseband signal

35 processing unit 208 in the base station apparatus
200 receives the control signal and/or the Sounding
RS, conforming to the transmission scheme of the



10 bit is a bit in a lowest position among five bits for CQI, for example.
Mapping the least significant bit for CQI to the LB in which the Sounding RS
is transmitted in this manner can reduce prgperty degradation of CQI, even
though the least 15 significant bit is not tr_arils itted. Next, the base station
apparatus 200 according to an embodiment of the present invention is
explained below with reference to Fig. 9. The base station apparatus 200
accordirfeP 2518 khis HBddiAtH Melddes 2eendderindSarkBnte2dad
amplificaiormunii 284 i@ ragysdienglifio 288, démcebard sightihprocessing
unit 208ra faltepiosessing it 210, and BUranswissinapathdntetiase 212.
25 F’_?ckebﬁ%naotp lfsgﬁa%mu;t@éefwgah%nb%st@#@e@ppﬁaaguagg%e ihe
mohile § wnlin nd sj
pro?esj%%i% ﬁ%rﬁl&ﬁ\%ﬁ%&'ﬁ ’|ay%gr% é%é%é);ﬁeggﬁ%%aet ’th§'g(?§égs
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unit 208, the packet dekaandengodsaseimentasdgitahcatenatss,i Radio i t
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Fourier PAIRAAnPIREFSSHBEeSEMd. ZRPHERGE IGmrdas omEnding RS
transceiving @it 0@ BSINIBE thseaivwhdranit 206, heunsehandS for the
mobile station 100,, which is determined based on

15 the mapping information of the PUCCH and the PRACH.
The transmission band for the Sounding RS and the
scheme for receiving the Sounding RS conform to the
transmission band and the transmission scheme in the
radio system 1000 as described with reference to

20 Figs. 5, 6, 7, and 8. The baseband signal
processing unit 208 receives information about the
frequency bands for the PUCCH and the PRACH from the
call processing unit 210.

The call processing unit 210 performs

25 status management of the base station apparatus 200
and management of radio resources.

The call processing unit 210 determines
the frequency bands for the PUCCH and the PRACH.
The call processing unit 210 also provides

30 information about the frequency bands for the PUCCH
and the PRACH to the mobile station 100, in the cell
50 on the broadcast channel, for example.
Alternatively, the frequency bands for the PUCCH and
the PRACH may be defined in advance as a

35 predetermined parameter in the radio communication
system 1000.

The call processing unit 210 also provides



signal output from the baseband signal processing unit 208 undergoes
frequency conversion processing for converting the baseband signal to a
radio frequency signal, which is then amplified by the 10 amplification unit
204 and transmitted from the transceiving antenna 202. On the other hand,
regarding data transmitted from the mobile station 100" to the base station

apparatus 200 in uplink, the radio frequency 15 signal received by the
transceiing HifHa 282 & ARSHEJBEtHEraApRtaYioRaris2dpr the

frequen& @orvartdd tiite PRASEbakel dihealldnslearahssegmad unit 206,

and inpyito des basgbauith sigpabprocessing unit 208. 20 In the baseband

;igna_ll processing uni28y  theHBPHLRASRD DG Unsie9aes 5Fditigsto
ougier Transfor ssing,,8rror correction - ng, receptiQn. , .. -

prou'cgess%ﬁrgl fé;ﬁ]%wgeam%%e r%%lﬁrr{l?s |o€1é§§n roI,I g%%%%;%'rn re?:%pé%lﬁ) 5%' ned

processig! Qa1 FMESIE] e de58Qatdlay apparatus 300 via the

transmission path intetieemoh2 I mtakkeRahd Gigiaptoeessifg unit 208,
the contiot g Iedeigechotene & UORK, aulmicmis BOfinchtdiednn wing inpld4 ,
basebangd sigank atspv RFEGPEe daysQdulabar apdiecediga in a subframe

in M‘?hMEééﬁmgwmﬂBéEheaC%ﬁ HPBREALNHPHSEH 208, and
reception tlmlngjort e Soundln‘gi Fﬁéare provided, the baseband signal 35
afi

process%?; GP2dS fhthebhatt Stator ai)paratus 200 receives the control

signal and/or the SouREB§"RESoARNMIIGE fHatPanstnitedh&SchERENCY
the - 19 Sdgnl sigeeé Aneidr fiye SbandingRsed Yaeadiotenna 102 is
amplified by the amplification unit 104, and

15 frequency-converted into a baseband signal by the
transceiving unit 106. The baseband signal
undergoes FFT processing, error correction decoding,
reception processing for the retransmission control,
and so on, and is forwarded to the application unit

20 112.

On the other hand, uplink packet data are
input from the application unit 112 to the baseband
signal processing unit 108. In the baseband signal
processing unit 108, the uplink packet data

25 undergoes transmission processing for the
retransmission control (Hybrid ARQ (H-ARQ)),
transmission format selection, channel coding,
Inverse Fast Fourier Transform (IFFT) processing,
and so on, and is forwarded to the transceiving unit

30 106.

The baseband signal processing unit 108
performs transmission processing of the control
signal on the PUCCH. 1In a subframe in which both
transmission timing for the control signal on the

35 PUCCH and transmission timing for the Sounding RS
are provided, the baseband signal processing unit
108 in the mobile station 100, transmits the control



communication system 1000 as described with reference to Figs. 7 and 8.
For example, the control signal received on the PUCCH includes CQI, 5
HARQ ACK information, Scheduling Requ ii{or the like. Alternatively, the
control signal may include both CQI and HARQ ACK information. Also, the
baseband signal processing unit 208 in the base station apparatus 200
receives the 10 Sounding RS based on mapping information of the PUCCH
and the PR . 8pEAAEaIR) eheBHEEHAH Frd B PutiP288 e
receivesttharSoursii® R dh énetrafisrhissiarobdn forshg zalinding/RE fahe
the molsteusidion 108, iwhichds detivorieethhasdd au ilintheyvepRINY000
gfo”gatépé‘Rﬁafe@éri%Q@‘&v%% ;%?BP&J‘A tEﬂ? tﬁ’b%mS?'OQrﬁf”;@ for g
oyndin che rregslyi n
trarlgmlssmn Bap r?d aﬁgéh% ra%s?)n ssglj r}%' Flr%%L‘%he ra on Ehe d%llgea%sH

stem 1
describe\GAHIER &Rt PR RIfCE, 8NFOLPE 19PRe bﬁ‘s‘gﬁﬁﬁrﬂ £fofal
processEAYRSE08 fdcehies ihidsmatioh IRKR edtenED daras tsothe
PUCCHsightab RR)CHizdmctaeboaihp@@ssing UWRILOAheicaflormation .

processing unit 210 pgroifpe 2piialvediiageaitoftbe bagrstatigeband

appgratyg oS i FREOP MGt P LAY SeRRINGES |H?%‘ia'b P%@éé'i‘%‘”'t
210 determmeslége f{ﬁ(ﬂgencg bades for the PUCCH and

call processing unit H§'51589 rowdes%elﬁ%fma%on abou?nhé) chﬁgﬁéyng
bands ffthe FUEHL g tﬁ@ PRRERNBHe MeBIRIstRBoR 1689/ the cell
50 on thEéngaaecsst chhanall fovdxeehplés Atteenativenl tifd @@qogngyBands
for the PAUlpC Hfanch thieRAGIH may berdefinedrismilvance is@én3The

predeterpynRd PRFITNBLET 4h tag Frdia ggmmunication

In addition, the baseband signal
processing unit 108 demodulates and decodes
information on a DL L1/L2 control channel to
retrieve the information on the DL L1/L2 control

20 channel.

The baseband signal processing unit 108
also receives information about the frequency bands
for the PUCCH and the PRACH from the call processing
unit 110. The baseband signal processing unit 108

25 generates the Sounding RS based on the transmission
band for the Sounding RS, which is determined based
on the frequency bands for the PUCCH and the PRACH.
The generated Sounding RS is transmitted via the
transceiving unit 106, the amplification unit 104,

30 and the transceiving antenna 102 to the base station
apparatus 200. The transmission band for the
Sounding RS and the scheme for transmitting the
Sounding RS conform to the transmission band and the
transmission scheme in the radio system 1000 as

35 described with reference to Figs. 5, 6, 7, and 8.
The baseband signal processing unit 108 receives
information about the frequency bands for the PUCCH



system 1000. The call processing unit 210 also provides - 20 the information
about the frequency bands for the PUCCH and the PRACH to the baseband
signal processing unit 208. Next, the mobil,%station 100" according to 5 an
embodiment of the present invention is explained below with reference to
Fig. 10. The mobile station 100" includes a transceiving antenna 102, an
amplification unit 104, a transceiving unit 106, a baseband signal 10
processyLrin 08 AEAll SicrBsEing (Fdd1d e an Hpplieatdn AR 112.
Regarding downlink dakeg ecrabilo freqoess signat kdceiléd pg tiforms
transceiviagayeerna 167 i< ampliitdanihesamplticatine unisk4 eaditn
frequencysparFiRd Bipa baﬁﬁgaaéﬁﬁ@éﬁé*ﬁe JFASCEMNG EPEd PR
Thepesdhond sige Uletgogs,E T RCESSINGRILYr iactipn decoding,
receptioh processin forQhe retr SmiSSIO¥1 contro?, and so on, and is

forwardd ¥ theednp2¥asn AR 35'¢1Y°6nkA¥Kher hand, uplink packet
data are input from tHgpgiRblioR iPRESDIRXheMEEebiAd adigRalreceives
processingfunind@di.dn the btsebdmtb adoas protessied urii A08hthe uplink
packet defa /S 8TIRTGRE AHRRFNSSIOLRIOEASSIAG MMithPcERtRBISMIBSIeN 104,
copgol (Eyrig ARQUEFORQY) L HRESTERS IO, IMa Se1eSUaR A WY nat

coding, Inverse Fast Fouu%r'{ sform,(l T% processing, and %%'Qma%q% is

forward&d POCt%SeStFé]r%c%?vllng anit 36 51.86. i bggé:tga!r? gls nz'aLPprocessmgn
unit 1082bout the frequency bands for the PUCCH and the

PRACH on the broadcast channel. The call processing
unit 110 provides the information about the

15 frequency bands for the PUCCH and the PRACH to the
baseband signal processing unit 108.

Although the mobile station 100, retrieves
information about the frequency bands for the PUCCH
and the PRACH on the broadcast channel, the mobile

20 station 100, may know in advance the information
about the frequency bands for the PUCCH and the
PRACH as a predetermined parameter in the radio
communication system 1000.

Next, a communication control method for

25 transmitting the Sounding RS in the radio
communication system 1000 according to the
embodiment of the present invention is explained
below with reference to Fig. 11.

The transmission band for the Sounding RS

30 is determined based on mapping information of the
PUCCH and the PRACH.

The transmisson band for the Sounding RS
is determined so as not to include (overlap) the
transmission bands for the PUCCH, which is mapped to

35 both ends of the system band (step S11). The
transmission band for the Sounding RS conforms to
the transmission band in the radio system 1000 as



performs transmission processing of the control signal on the PUCCH. In a
subframe in which both transmission timing for the control signal on the 35
PUCCH and transmission timing for the §oea?hdi_ng RS are provided, the
baseband signal processing unit 108 in the-mobile station 100" transmits the
control - 21 signal and/or the Sounding RS, conforming to the transmission
scheme of the control signal and/or the Sounding RS in the radio
commurflésfont §ade it or afeaerBed Yithi@fereAc8®d FRys. 7 and 8.
For 5 example, the cohtrol sigaekesandmiteddudretieePUOGH ARAILIdes <Ql,
HARQ A€Ha mdpireaten, ischesiiding cil eqeedt) ostitefiken Altetrasivelyb hieme

control gigpabTSYHRGIHES BT FQI REFARR 4 - BRI L N Hiha)
traqoscelf)gg e”é“@lofg the baseband 10 signal output from the baseband
signal processing” unif 108 under%oes frequency conversion processing for

converting the basebaltfSighlro R Akdio 'f?edif&i%?"%‘diﬁf’wﬁf&hﬁ??hen
amplifie@ By ERamemprieRionldhit Y65 And Hagsiftew #be fhe 15
transceiwingrestdrtrtze 02.ilbhaddigort tee baselyama sig nek pepdesBing thié
108 de”ﬂ%ﬂ@]ﬁﬁ@é}ﬁcﬁﬁm ipdermationrraerbL LALEeGamdiel ¢eapnehine
retiigve i iqmpties qtheoleL LA ARt 29 hpRaek Thphasebpdtep
signal p@fgﬁsmg nit Jt%S a\l/soaéﬁcelst |nft rma |Pnnaspnc])=1§ghleofr§e uencye.
bands for the’PU aRd e PRACH o THe EAF rOCessIng Uit a0’
The basEB&nERtfrial BROCERERY dift TS 26> gRIePAEERe Bbuklfhg RS
based ofithe smahsmistion dighdfor tHdhsobading IRY, Whichrs teeernddd®

based avotheundguennyrbasygstfomte0B0 CEH andding IRRIAG@Eth

15 reference to Figs. 5 and 6.

When the PRACH is not transmitted in the
subframe (step S12: NO), the Sounding RS is
transmitted with the transmission band determined at
step S11 (step S14).

20 Although the transmission band for the
Sounding RS is determined based on mapping
information of both the PUCCH and the PRACH, the
transmission band for the Sounding RS may be
determined based on mapping information of either

25 the PUCCH or the PRACH.

For example, the mapping information
corresponds to information about which frequency
band or which resource block a signal uses for
transmission. Namely, the mapping information

30 corresponds to the transmission band for the signal.

Next, a communication control method for
transmitting the control signal on the PUCCH and the
Sounding RS i1n the radio communication system 1000
according to the embodiment of the present invention

35 1s explained below with reference to Fig. 12.

This (current) subframe corresponds to
timing for transmitting the Sounding RS (step S21).



The generated Sounding RS is transmitted via the transceiving unit 106, the
amplification unit 104, 30 and the transceiving antenna 102 to the base
station apparatus 200. The transmission band for the Sounding RS and the
scheme for transmitting the Sounding RS form to the transmission band
and the transmission scheme in the radio system 1000 as 35 described with
reference to Figs. 5, 6, 7, and 8. The baseband signal processing unit 108
receives information &BottReFHYITERRS HeRBESSPRRISUEEH 1 B2 ngnd e
PRACH € sid ¢ali peoceissingantitrol0.sThe @hll proddssiyGaitl 1 (8 tep
performsapanaggyenicbkcorominicasiont G (QeEasersiatian @ppetiatus
200. The. gRRYCAIOBIYHEILD REEAENP OIUACKIFRD OF Ay dPRST T RGYIRee

tha%thesgh}zl%jﬁl Iawasr a{%dt%né algld%g‘%layer. The call processing unit 110 also

receives Informatron on the f chanpel via the transceiving antenna

102, the amplification Uhit4t2, SHhER s8R At $66 FEmpad to
basebarfl §i§A8l Pedceseaitsiiit ta8 dadd theporetidsShmimhtion dbsut
the freqireltgHoaxissfor #22PUCGIHH atiuketheob RIC 4 taitthe rordadgast
channel¢Fag sall Psoaassingp uihi ild§ mrovidegdpe sfaynation abou_t the 15
fregiyency bands for the, PHCGHAMLERRAGH IR PR R8PS F9R % hod

processipg unit 108. Although the mabile, station 100" tetrieves infor on
ot e oL SRR, GBS GCE b BUARK: SRne Hrcae
channeltife mBHIK! 20%tdtont fodNfay XABR IRAUHVAREE i ftoFH RIS

about theGLree Ihhag f&otherrUueTvdhdend REATHapresent
predeterimued pbvameterex piaiaciad cenbownicationisystane1©€60to Fig.

15 13.

This (current) subframe corresponds to
timing for transmitting the control signal on the
PUCCH (step S31).

If the subframe corresponds to timing for

20 transmitting the Sounding RS (step S32: YES), the
mobile station (UE) transmits the Sounding RS
without transmitting the control signal on the PUCCH
(step S33).

At step S33, the mobile station may

25 transmit the control signal in the LB in which the
Sounding RS is not transmitted. The transmission
scheme for the control signal conforms to the
transmission scheme for the control signal and/or
the Sounding RS in the radio communication system

30 1000 as described with reference to Figs. 7 and 8.

If the subframe does not correspond to
timing for transmitting the Sounding RS (step S32:
NO), the mobile station (UE) transmits the control
signal on the PUCCH (step S34).

35 According to an embodiment of the present
invention, a base station apparatus, a mobile
station, a radio communication system, and a



Next, a communication control method for 25 transmitting the Sounding RS

in the radio communication system 1000 according to the embodiment of
the present invention is explained below w, Obtlg reference to Fig. 11. The
transmission band for the Sounding RS 3 determined based on mapping
information of the PUCCH and the PRACH. The transmisson band for the
Sounding RS is determined so as not to include (overlap) the transmission
bands f&iARBWUCEH QhiGPREhappeg 153 ke eRBS beHRIsytemubehih
(step Sityanise keswpmssibn tagdSou tiibl BguRGing R S epnfapmnsabethe
transmisseeitband sutheediocsysteradiias i @3 daseribesirwitiheeference
to Figs. 5 amef: Hb'slﬁeté(f@'PFQd&h%'i‘%t%PRé%%i@é‘?%ﬂ%ﬁu@'&or

(Curée”t)t%‘ébeUE I-((S e,%ﬁaspondmg to the determined
transmission ang)

\f hen the PRACH is transmitted in the
subframe (step S12: @éf' tHQ ?Jﬁfgoﬂg is PRNSARELNFARIMS the
frequen®epaid Exedptbether ahikyssigteang fodhrarrRAEH atent
Alternatitplyl a0 Gouxdin?RG7s 0185 fra6 srhitlestinah e FReibmaarey (siép
S13). Hpwde axatl usipa thestapsrissiomband itienPRACH gonfoomedoo

the §xplgRglin ghinga Fapswissiophgnd {Q{éhém'%ﬁtqe'ﬂ{h%fawm ch
commurucatlf_i stem 10 P as d%s%r th.e W refer nee to F|gs 5 and 6.
When the PRACH 1§ A THRRTREG T T su\ﬁfra?ﬁe s ep J815° NO), the
Sounding RS is transmitted with the transmission band determined at step

S11 (step S14).



20 Although the transmission band for the Sounding RS is determined based
on mapping information of both the PUCCH and the PRACH, the
transmission band for the Sounding RS m e determined based on
mapping information of either 25 the PUCCH or the PRACH. For example,
the mapping information corresponds to information about which frequency
band or which resource block a signal uses for transmission. Namely, the
mapping information 30 corresponds to&h& t¥Pismission band for the signal.
Next, a communication control method for transmitting the control signal on
the PUCCH and the Sounding RS in the radio communication system 1000
according to the embodiment of the present invention 35 is explained below

with.reference to Fig. 12. Thi re frame corresponds. to. timing for
trar?ssmitting the Soundin Ahgﬁaléct'g ﬁiﬁﬁ%i%ﬁ%{eg gu§#§rﬁ%ﬁ]colrﬁe(g})%% g' 0
timing f6t RRIARtRE '&S_ht?cﬂgig% BRGhS BUIALH QARSI HSY the
mobile stRITHUCREIRSMI THe EoatrbPSighal el PucsqVithbag to a
transmit80g Ea/Ao £6undihg-Ra(step ISA)elulensybPamesiass notl tiple

correspities dying frmeansinidippithe copte! sigimalen SiatidaCH (step
S2¢5 NQ)OMPH% station (UE) transmits the Sounding RS (step S24). 10

Next, another commugic%tjop] Scoﬂrngethodi {orC té%q,_slrnilﬁt'i,ne%thteoconrtg)r%smi ¢
signal on the PUCCHand R m% RE e radld ommdmcatsh

system aBobeREbrARG t@ThSehbbifmettiahe FreséhtShceRforsaanal ;
explaineahngelow with reference to Fig. 15 13.
a Sounding RS transmitting unit configured

15 to determine a transmission band for a Sounding
Reference Signal (Sounding RS) based on mapping
information of at least one of the fTirst signal and
the second signal.

20

2. The radio communication system as
claimed in Claim 1, wherein:

25 the Sounding RS transmitting unit avoids
using at least one of a transmission band for the
first signal and a transmission band for the second
signal to transmit the Sounding RS.

30

3. The radio communication system as
claimed in Claim 1, wherein:
35 a SIR (Signal-to-Interference ratio) for
an adjacent RB (Resource block) or an immediately
preceding RB in which the Sounding RS is transmitted



This (current) subframe corresponds to timing for transmitting the control
signal on the PUCCH (step S31). If the subframe corresponds to timing for
20 transmitting the Sounding RS (step S32; YES), the mobile station (UE)
transmits the Sounding RS without transmiftting the control signal on the
PUCCH (step S33). At step S33, the mobile station may 25 transmit the

control signal in the LB in which the Sounding RS is not transmitted. The
transmistfort =RHe e B} A5 coftrd sidial EBRfenf o kRe A SSmERRN
scheme Southe icuntit$ siphahatid/or ahen8dikeling RS in the radio
communication system 30 1000 as described with reference to Figs. 7 and 8.
If the subframe does not correspond to timing for transmitting the Sounding
RS (step S32: NO), the mobile station (UE) transmits the control signal on
the PUCCH (step S34). 35 According to an embodiment of the present
invention, a base station apparatus, a mobile station, a radio communication
system, and a - 25 cmmutfcatRA D rE@NEIN 6@ BA® BcisESEEMnadhich
transmisslan oktthei®oWriing RE, isndpgprepnately controlled when the

transmission band fordhe $qwRaing RIpAYedaRSvdhdhayapsMussionlink
bapgls 163 6 PWhGHAY RACH LS ddsmapRalarRlicapal

claims tr(g beneil of the priority dates of Japanese Patent Application No.

2007-03 %ﬁgr?ﬁe of ebruary 15, 2007 and Japanese Patent Application

No. 2007-077900 10 B8 cPEaRth 23 Pk, 4 ERERCEIRefCofviizRIRM

herein ireeesatahhenrdl PRAERRNcBhysical Random Access
Channel).

15

5. A radio communication system including
20 a mobile station and a base station apparatus for
communicating with the mobile station according to a
SC-FDMA scheme in uplink, wherein:
a Sounding RS is not transmitted, when all
or part of a transmission band for the Sounding RS
25 overlaps all or part of a transmission band for a
first signal or a second signal.

30
6. The radio communication system as
claimed in Claim 5, wherein:
a SIR (Signal-to-Interference ratio) for
an adjacent RB (Resource block) or an immediately
35 preceding RB in which the Sounding RS is transmitted
is used in place of a SIR for a RB in which the
Sounding RS is not transmitted.



- 26 - CLAIMS 5 1. A radio communication system including a mobile station
and a base station apparatus for communicating with the mobile station
according to a SC-FDMA (Single-Carrier F%%qliency Division Multiple
Access) scheme in uplink, the mobile station"10 comprising: a transmitting
unit configured to transmit at least one of a first signal and a second signal;
and a Sounding RS transmitting unit configured 15 to determine a
transmission band for a Sounding Reference Signal (Sounding RS) based
on mapping information of at least one of the first signal and the second
signal. 20 2. The radio communication system as claimed in Claim 1,
wherein: 25 the Sounding RS transmitting unit avoids using at least one of a

transmission band forthe Li{r t signal a r ission band.for the second
sigﬁ%l to transmit the (')u-rl;_ingﬁ'-gg.ﬁl go%%@ﬁﬁfg%%jo%‘mﬁ %gggnas‘?/stem

as clainfd@Hefhih™, Whlin® 35°4'8[i€ t8ignal-to-Interference ratio) for an
adjacent RB (ResourddBlofity &itars kamrbigelyr prreddRy ke inwher ik
SoundingdRE e frankbiittexl - TPUSCispdanglace of a SIR for a RB in which

the Sounding RS is nefh&ragediirf. SignH1e e 6SpBRURICROHSYANLAS
10 access channel (PRACH).

15 8. A base station apparatus In a radio
communication system including a mobile station and
the base station apparatus for communicating with
the mobile station according to a SC-FDMA scheme in
uplink, comprising:

20 a receiving unit configured to receive a
first signal and a second signal;

a Sounding RS receiving unit configured to
receive a Sounding RS whose transmission band is
determined based on mapping information of the first

25 signal and the second signal.

30 9. The base station apparatus as claimed
in Claim 8, wherein:
the first signal corresponds to a PUCCH
and
the second signal corresponds to a PRACH.
35



claimed in Claim 1, wherein: the first signal corresponds to an uplink 10
control channel (PUCCH: Physical Uplink Control Channel) and the second
signal corresponds to a random access chggnel (PRACH: Physical Random
Access Channel). 15 5. A radio communication system including 20 a
mobile station and a base station apparatus for communicating with the
mobile station according to a SC-FDMA scheme in uplink, wherein: a
Sounding RS is not transmitted, when all or part of a transmission band for
the Sounding RS 25 dUerldixcalbespart bh tikranshppsioa biamdder alfvsned
signal oria se¢arieh sgpalke.ibhe radio communication system as claimed

in Claim 5, wherein: acpIR Gigp@lrorRigifetercy rmAtiopdar forpdiacent RB
(Regour%(;gll,locnﬁ 21848 |5nr[]'nq:q1|%teﬂ;0fé§£recedlng RB in which the Sounding
a

RS is transmitted is used In place o IR for a RB in which the Sounding
RS is not transmitted. - 28 5 7. The radio communication system as claimed
in Claim 5, wherein: the first signal corresponds to an uplink control channel
(PUCCH) and the second signal corresponds to a random 10 access
channel (PRACH). 15 8. A base station apparatus in a radio communication

systgm including a mahyle Wafigi and (DeikaseFALA fRRAAUS [Yadio

Comnuﬂggﬁﬁﬁ%wggtion system including a mobile station and
the base station apparatus for communicating with
the mobile station according to a SC-FDMA scheme in
uplink, comprising:

15 a receiving unit configured to receive

either a fTirst signal or a third signal when
reception opportunities for the first signal and the

third signal are provided In a same subframe.

20
12. The base station apparatus as claimed
in Claim 11, wherein:
25 the first signal corresponds to a PUCCH
and
the third signal corresponds to a Sounding
RS.
30

13. The base station apparatus as claimed
in Claim 11, wherein:
35 CQl and/or HARQ ACK information is
transmitted on the PUCCH.



the mobile station according to a SC-FDMA scheme in uplink, comprising: 20
a receiving unit configured to receive a first signal and a second signal; a
Sounding RS receiving unit configured to r§r§]elve a Sounding RS whose
transmission band is determined based on“mapping information of the first
25 signal and the second signal. 30 9. The base station apparatus as claimed
in Claim 8, wherein: the first signal corresponds to a PUCCH and the second
signal corresponds to a PRACH. 35 - 29 10. The base station apparatus as
claimed in Claim 8, wherein: CQI and/or HARQ ACK information is 5
transmitted on the PUCCH. 10 11. A base station apparatus in a radio
communication system4ncindinga mopilg ﬁg@,tl%{bggq.g%Qaﬁﬁ statiolyio

app%g‘#%‘?ﬁ’rﬁ&r?”%m%”% g Wit mtth%‘qu‘ir?g‘“O” %Coi% con?’ ion and

scheme In . u com rsin celving uni

receive EihePaSfstdgid ICH? f‘mrﬁﬁ'ﬁ Widh QQEEHIth&Jd&ﬂJH&f@f_or
the first $igRanafd liee Qms@haﬂé@ﬁﬁmm #srerRiMransrene1dn
The basestatdn, appanatusdsglaimed in Claim 11, wherein: 25 the first

signal corresponds toza PRSI iR theatbirdasignia) wpa@spende teave

SQH?dwﬁbrt of a first signal and a third signal when
reception opportunities for the first signal and the
third signal are provided In a same subframe.

15

15. The base station apparatus as claimed
in Claim 14, wherein:
the part of the first signal corresponds
20 to SC-FDMA symbols other than symbols for receiving
the third signal.

25
16. The base station apparatus as claimed
in Claim 14, wherein:
the first signal corresponds to a PUCCH
and
30 the third signal corresponds to a Sounding
RS.
35

17. The base station apparatus as claimed
in Claim 14, wherein:



RS. 30 13. The base station apparatus as claimed in Claim 11, wherein: 35
CQI and/or HARQ ACK information is transmitted on the PUCCH. - 30 14. A
base station apparatus in a radio 5 comnjugiégagion system including a mobile
station and the base station apparatus for cOmmunicating with the mobile
station according to a SC-FDMA scheme in uplink, comprising: a receiving
unit configured to receive 10 part of a first signal and a third signal when
reception opportunities@dr oK si@ﬁgpaﬁd%%e' Afird SR kAPArelSrovided in
a same tuiafinemet1t8d 5o MhEhmseUsiation apparatus as claimed in Claim
14, wherein: the part of the first signal corresponds 20 to SC-FDMA symbols
other than symbols for receiving the third signal. 25 16. The base station
apparatus as claimed in Claim 14, wherein: the first signal corresponds to a
PUCCH and 30 the third signal corresponds to a Sounding RS. 35 17. The
base station apparatus as claimed in Claim 14, wherein: - 31 CQI and/or
HARQ ACK informatid®is A mobile station iIn a radio
communication system including the mobile station

and a base station apparatus for communicating with
10 the mobile station according to a SC-FDMA scheme in
uplink, comprising:
a transmitting unit configured to transmit
a first signal and a second signal; and
a Sounding RS transmitting unit configured
15 to transmit a Sounding RS whose transmission band is
determined based on mapping information of the first
signal and the second signal.

20
19. The mobile station as claimed in Claim
18, wherein:
the first signal corresponds to a PUCCH
25 and
the second signal corresponds to a PRACH.
30

20. The mobile station as claimed in Claim
18, wherein:
CQl and/or HARQ ACK information is
transmitted on the PUCCH.
35



transmitted on the PUCCH. 18. A mobile station in a radio communication
system including the mobile station and a base station apparatus for
communicating with 10 the mobile station a%%o[ding to a SC-FDMA scheme
in uplink, comprising: a transmitting unit configured to transmit a first signal
and a second signal; and a Sounding RS transmitting unit configured 15 to
transmit a Sounding RS whose transmission band is determined based on
mapping information of the first signal and the second signal. 20 19. The
mobile station as clairdéd ik Claini 18, sketdiontheigt sigAabcorresponds
to a PUGGm2hiandtihersespsdaigrial cbuebpgnds o adiiAeHs 30cionThe
m?b"e ?&%QP%%S?@TE%&%&W% Pﬁ‘@u%'”f@@'f&%ﬂiégﬁ AGKvith
informa is_trangmitted qn the n
rad%ﬂcc;trc}npmunlcga E)% stsgem%’nclu n theﬁ%obé‘lge sgt‘atsl(?nr&;br%g %gg(e% s%atlon
apparatﬁ?l’o'r%mrﬁﬁﬁﬁﬁﬂﬁd W8th 5 the mobile station according to a
SC-FDMA scheme inaugiinesmphing: drildhspoiftfbasHiecofigutsaasmit
transmite@itierra &rst sigsial si gribild signal whendtraagmekiorhepportunities

for the fitstSigna S8Ick Blepbire Hanal &&e prvide infa palesIyiEamand

10 the third signal are provided in a same subframe.

15 22. The mobile station as claimed in Claim
21, wherein:
the fTirst signal corresponds to a PUCCH
and
the third signal corresponds to a Sounding
20 RS.

25 23. The mobile station as claimed in Claim
21, wherein:
CQl and/or HARQ ACK information 1is
transmitted on the PUCCH.

30

24_. A mobile station in a radio
communication system including the mobile station
35 and a base station apparatus for communicating with
the mobile station according to a SC-FDMA scheme in
uplink, comprising:



15 22. The mobile station as claimed in Claim 21, wherein: the first signal
corresponds to a PUCCH and the third signal corresponds to a Sounding 20
RS. 25 23. The mobile station as claimed in, Claim 21, wherein: CQI and/or
HARQ ACK information is transmitted on th& PUCCH. 30 24. A mobile
station in a radio communication system including the mobile station 35 and
a base station apparatus for communicating with the mobile station according
to a SC-FDMA schente iR 8pfild EbMpHsityt T 30 akignsrfittinkCurfiransmi't
configurpd d trethsmitf pagofaiiysadigaabard thhird sgingihavhewhen
transmissiespliedivies fiydre lirdi signal fod tHecthifilisignal bjeal and
provideq e ATESWHHBA- 2te: Previclils SRt aaringd i &nlaim
10 24, wherein: the part of the first signal corresponds to SC-FDMA symbols
other than symbols for receiving the third signal. 15 26. The mobile station
as claimed in Claim 24, wherein: 20 the first signal corresponds to a PUCCH
and the third signal corresponds to a Sounding RS.

25. The mobile station as claimed in Claim
10 24, wherein:
the part of the first signal corresponds
to SC-FDMA symbols other than symbols for receiving
the third signal.

15
26. The mobile station as claimed in Claim
24, wherein:
20 the first signal corresponds to a PUCCH
and
the third signal corresponds to a Sounding
RS.
25

27. The mobile station apparatus as
claimed in Claim 24, wherein:
30 CQl and/or HARQ ACK information 1is
transmitted on the PUCCH.

35
28. A communication control method in a
radio communication system including a mobile



25 27. The mobile station apparatus as claimed in Claim 24, wherein: 30
CQI and/or HARQ ACK information is transmitted on the PUCCH. 35 28. A
communication control method in a radio communication system including a
mobile - 34 station and a base station app r%m]s for communicating with the
mobile station according to a SC-FDMA scheme in uplink, comprising the
steps of: determining, by the mobile station, a 5 frequency band for a
SoundingiRE Hzedth mabprRy TS ALRBPA ity and a second
signal; aadtranse@tingdoyitiehmtbie sthibheatsleati one af trfirshgighal,a
the secatl-sigmal, sikhane trilmSapnding RSolfp 29sThe cenungtiepkorn T :
control method as claiggd,in ﬂqi,l,?] 28pyherrinyibs firet Slgaglicairesponds
to APUGEELGBAL® SSRANESIOnE SYTRRMYIHS BERACTEn Rapping

information of a first signal and a second signal;

and

transmitting, by the mobile station at
least one of the first signal, the second signal,

10 and the Sounding RS.

15 29. The communication control method as
claimed in Claim 28, wherein:
the fTirst signal corresponds to a PUCCH
and
the second signal corresponds to a PRACH.
20





