DESCRIPTION BASE STATION, USER DEVICE, AND COMMUNICATION
CONTROL METHOD TECHNICAL FIELD The present invention generally
relates to a radio communication system. More particularly, the present
invention relates to a base station, a usér 10 device, and a communication
control method. BACKGROUND ART A successor communication system to
wideband code division multiple access (W-CDMA) and high-speed 15
packet access (HSDPA), i.e., Long PERRRNOI&EDN (LTE), is currently being
discussed by 3GPP, a standardization group for W-CDMA. In LTE,

orthogonal frequengxglié/is#% aHnHipleL%résS%@iwA) Aﬁ[soz @Mﬁ@ﬁ 5% 10N

downlink radio access me d’single-carrier frequency Ivision
multipfePAdd¥ds (MEHIMA) to be used as an uplink radio access method
(sBe, for example, 3GPP TR 25.814 (V7.0.0), "Physical Layer Aspects for
Evolvelqségl‘”?@ “I_Jlm%EBOS). In OFDMA, a frequency band is divided into 25
multipm—nqu're%uenty bands (subcarriers) and data are transmitted on

the subcarriers. Thé Reb&diFRes hrel AERSERCA LRI AbRY tHehabGEndP 2
axis suchlimt theynmaniy avédap eagbtdher butaienotpateriara baittl gach the
other. Jpis miehof RRAREs hiobepgecdrapsmissionaad SIIIAYCSa yser
frequency efticiency. In SC-FDMA, a frequency band is divided into” multiple
ftquettY Hehd <2t the RBPHBAER bhrscretapdc a8 ditferent terminals
for transmission in -2- order to reduce interference between the terminals.
Also, SArkENAONEINgeS variation of the transmission power and

A successor communication system to wideband
code division multiple access (W-CDMA) and high-speed
15 packet access (HSDPA), i.e., Long Term Evolution (LTE),
is currently being discussed by 3GPP, a standardization
group for W-CDMA. In LTE, orthogonal frequency division
multiple access (OFDMA) 1i1s to be used as a downlink
radio access method and single-carrier frequency
20 division multiple access (SC-FDMA) is to be used as an
uplink radio access method (see, for example, 3GPP TR
25.814 (V7.0.0), “Physical Layer Aspects for Evolved
UTRA,” June 2006).
In OFDMA, a frequency band is divided into
25 multiple narrow frequency bands (subcarriers) and data
are transmitted on the subcarriers. The subcarriers are
densely arranged along the frequency axis such that they
partly overlap each other but do not interfere with each
other. This method enables high-speed transmission and
30 improves frequency efficiency.
In SC-FDMA, a frequency band is divided into
multiple frequency bands and the frequency bands are
allocated to different terminals for transmission in



therefore makes it possible to reduce power consumption of terminals and to
achieve wide coverage. An uplink reference signal in E-UTRA indicates a

pilot channel that is used for purposes such as synchronization, channel
estimation for coherent detection, andieasurement of received SINR in
transmission power control. The uplink reference signal 10 may also be

called a sounding reference signal. The uplink reference signal is a
transnA§&iBR stgndiekueqn i iglfpEeivmPetyers , Hebisd Bt antil so,
is emBeddenat eedaicdstersapd BobfraFnenel a-base isaion pesivensand

f li ' dylati ' _
on e R Por JREE TEEP B RIPE K PAAeS e S on
SC-FEﬂ\'VipAt@é’éT&ftﬁf'Lﬁ)l aBfb AEEdSYR WIGPRAOYRIEFDMA, a system
frequency band is divideg iRnttkmidifie @0ceseutgeablotks Bachracludinpcane s
or more s iers., us vice (us ui nt: ' oc n
or mor% rﬁﬁge b‘%@ﬁi’? ‘?r! fr;iirqht(%‘eetncy?ss(cheSdL'lﬁﬁlg,p‘:rg?imBl#jollz:}Bebi??elé %tﬁgho as

transni¥SIBATEHRAEREY @7 the tHoRGRBAL of R Bl SPstenf GEsoufc@nerent
bIocKst'eealeahgd ZEapmfgrem@lyrtemm dewifes widtgiod_d:h_arfmlm in
conditipns acepedipg fo segaived signal pualiyor, shappel P&F@D’eﬁ&'gaé‘i@nal
CQIs) reported by the User devices for the respective resource blocks

edB dMAfnk Mot cabheeis arr&QER RopbMEENRBRE 351 88GdNncy The
blocksup ldeksatt&fira-ehargesiigoedrding t@ a tragsensshoppisd gradtkrriknown

may alge be-rmilayed il Cedqdtimg and fregyengyesowices; gllocalet o
different users are represented by -3 differént haichings. For example, a
relativERREAded at certain” intervals in subframes. The base
station performs frequency scheduling and adaptive
15 modulation and coding (AMC) based on the uplink
reference signal.
FIG. 1 is a drawing illustrating an example of
SC-FDMA used for uplink radio access in E-UTRA. In SC-
FDMA, a system frequency band is divided into multiple
20 resource blocks each including one or more subcarriers.
Each user device (user equipment: UE) is allocated one
or more resource blocks. In frequency scheduling, to
improve the transmission efficiency or the throughput of
the entire system, resource blocks are allocated
25 preferentially to user devices with good channel
conditions according to received signal quality or
channel quality indicators (CQIs) reported by the user
devices for the respective resource blocks based on
downlink pilot channels. Frequency hopping where
30 frequency blocks to be used are changed according to a
frequency hopping pattern may also be employed.
In FIG. 1, time and frequency resources
allocated to different users are represented by



frequency band is allocated to UE2 in the first subframe, but a relatively
narrow frequency band is allocated to UEZ2 in the next subframe. Different
frequency bands are 5 allocated to the user devices without overlapping. In
SC-FDMA, different time and frequechSFesources are allocated to user
devices in a cell for transmission to achieve orthogonality between the user
devices in the cell. Here, the minimum unit of time and 10 frequency
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SC-FRMAyS 30 fegg iRedwaD e EipRGe R 5IGi érT G-mSRTYSAh with a
example of a subfr_ame structure. Here, a ITT is called a subframe and has
a -4- low peak-To-average power ratio (PAPR). Allocation of
time and frequency resources iIn SC-FDMA is determined by
15 a scheduler of the base station based of propagation
conditions of respective users and the quality of
service (QoS) of data to be transmitted. The QoS
includes a data rate, a desired error rate, and a delay.
Thus, in SC-FDMA, the system throughput is improved by
20 allocating time and frequency resources providing good
propagation conditions to respective users.
Meanwhile, base stations in a system
independently allocate time and frequency resources to
user devices. Therefore, a frequency band allocated in a
25 cell may partly overlap a frequency band allocated in a
neighboring cell. 1If frequency bands allocated 1in
neighboring cells partly overlap each other, signals
interfere with each other and their quality is reduced.
Next, a reference signal in uplink SC-FDMA is
30 described with reference to FIG. 2.
FIG. 2 shows an example of a subframe
structure.
Here, a TTl 1is called a subframe and has a



packet length of, for example, 1 ms. One subframe includes 14 blocks to he
FFTed. Two of the 14 blocks are used for transmission of a reference signal
(RS) and the remaining 12 blocks are used for transmission of data. The
reference signal is time-division- multip1é>‘<ed with a data channel. The
transmission bandwidth is dynamically changed according to the results of
frequency scheduling by the base station. 10 When the transmission
bandwid®kgdcrbasednthefsyfipsl exrMid&eatedand the sequence length

of a reference signahéo kerppamittethidladixed timeRiisis deerepsesFTed.
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sequence length and the number of sequences become about 300.
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selected as the transmission 5- L i i
decreases. When the transmission bandwidth increases,
the symbol rate increases and the sequence length of a

15 reference signal to be transmitted iIn a fTixed time
period increases. When a reference signal 1is to be
transmitted using a narrow band, for example, a 180 kHz
band that equals one resource unit or 12 subcarriers,
the number of symbols becomes 12. In this case, both the

20 sequence length and the number of sequences become about
12.

Meanwhile, when a reference signal iIs to be
transmitted using a wide band, for example, a 4.5 MHz
band that equals 25 resource units or 300 subcarriers,

25 the number of symbols becomes 300. In this case, both
the sequence length and the number of sequences become
about 300.

DISCLOSURE OF INVENTION
30 PROBLEMS TO BE SOLVED BY THE INVENTION
In LTE, for example, multiple transmission

bandwidths are used. For example, one of 20 MHz, 10 MHz,
5 MHz, and 1.25 MHz may be selected as the transmission



bandwidth. FIG. 3 shows an example of a transmission bandwidth. When a
transmission bandwidth of 20 MHz is 5 used, the transmission bandwidth
includes 80 resource blocks (RBs). When a transmission bandwidth of 10
MHz is used, the transmission bandwidth of 20 MHz is divided into two
bandwidths. As shown in FIG. 3, when a 10 transmission bandwidth of 10
MHz is used, the transmission bandwidth includes 40 resource blocks When
a tran$iaR&IiBBadwidth of 5 MHz is used, the transmission bandwidth of

10 MHz is divided iptstwo 3bagdwidihsani hestkzansneission. kanawisiemi Ssion
MI-Iz'\iﬁ_gIIH(S\ﬁd{ﬁ 20 resource blocks. When a transmission bandwidth of
1.25 Z IS used, the transmission bandwidth of 5 MHz is divided into five
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physicgwel'@k g%ggzl_channel (PUCCH) is a control channel for LTE that is
to be frequency-diviSion-multiplexed with a physical uplink shared channel.
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the PRI iGN 5a%6 iRihS 10 TRSOUGRBICKS FULEPEDO resoufge, 4
blocks are allocated to the PUCCH, the percentage of PUCCH s 20%. 30

Hus, MRMSALRIS Tran ARG Andvidiths e udEE a thshsmis§sh bark®
to be usexhisndigisieonnbaredibi tlidhsmisslonléand thasbave thé Sanies .

bandwidth and  areparfower thalipLaasmissinhae 1B PesUsad: IRs used,
the transmission bandwidth of 10 MHz is divided into two
bandwidths. The transmission bandwidth of 5 MHz includes

15 20 resource blocks.

When a transmission bandwidth of 1.25 MHz is
used, the transmission bandwidth of 5 MHz 1is divided
into five bandwidths. The transmission bandwidth of 1.25
MHz includes 4 resource blocks. One resource block (RB)

20 may instead be 180 kHz.

In FIG. 3, a physical uplink control channel
(PUCCH) 1s a control channel for LTE that is to be
frequency-division-multiplexed with a physical uplink
shared channel. The number of resource blocks to be

25 allocated to the PUCCH may be varied. In the example
shown in FIG. 3, 10 resource blocks are allocated to the
PUCCH. In this case, since 10 resource blocks out of 50
resource blocks are allocated to the PUCCH, the
percentage of PUCCH is 20%.

30 Thus, when multiple transmission bandwidths
are used, a transmission band to be used is divided into
sub transmission bands that have the same bandwidth and
are narrower than the transmission band to be used. In



-6- other words, multiple transmission bandwidths with a tree structure are
defined. In order for the base station to measure channel quality in the entire
frequency band, the user 5 device is preferably configured to transmit a
sounding reference signal using the entiré frequency band. If a user device
located near the base station transmits a sounding reference signal using

the entire frequency band, it is highly likely that the base station receives 10
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to receive the sounding reference signal with high
15 quality.

In order for the base station to be able to
receive a sounding reference signal with high quality
from a user device Ilocated at the cell edge, the
sounding reference signal may be transmitted using a

20 frequency band narrower than the entire frequency band.
This enables the user device to increase the
transmission power of the sounding reference signal. In
this case, frequency hopping where the frequency band
used to transmit the sounding reference signal is

25 changed at given intervals may also be employed.
Compared with a case where the sounding reference signal
is transmitted using the entire frequency band, this
approach may increase the transmission time but makes it
possible to improve the reception quality of the

30 sounding reference signal at the base station.

Here, if the order of frequency hopping for a
sounding reference signal to be transmitted in a cell
and the order of frequency hopping for a sounding



and the order of frequency hopping for a sounding reference signal to be
transmitted in a neighboring cell are the same, the sounding reference

signals from the cells may interfere with each other. To prevent this

problem, different orders of frequency ﬁar)ping are 5 preferably used for
sounding reference signals to be transmitted in different cells. Also, it is not
always appropriate to perform frequency hopping of a sounding reference
signal ¢ fied esiire S@fRhcib AR, 10PORR et dftha predamavdngocel |
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bandwid e base stafion includes a storage unit configured to_store

rEference signal baRafid#PHEGmatidn itk atPBaRENKier ARG B4 ferelite O
signal $ahdavidihsrfed eaeh afi¢he BOngyste o ffraduee redydven gs; @bribfererened  to
signal Igr%pajésio% bagdwidth braadfasting unit canfiguregliogselect the 4
reference signal bandwidth information cc’)rresgonding to one of the

refere O SYLF AhMSisSRHBAIGERPd  that Mmake It possible to

control the transmission frequency band of a reference
15 signal.

MEANS FOR SOLVING THE PROBLEMS
In an aspect of this disclosure, there 1is

provided a base station for a system where multiple
20 reference signal transmission bandwidths are defined in
association with system frequency bands and hierarchical
reference signal bandwidths are defined for each of the
reference signal transmission bandwidths such that a
lower-order reference signal bandwidth Jlower than a
25 highest-order reference signal bandwidth is a division
of a higher-order reference signal bandwidth. The base
station includes a storage unit configured to store
reference signal bandwidth information indicating the
hierarchical reference signal bandwidths for each of the
30 system frequency bands; a reference signal transmission
bandwidth broadcasting unit configured to select the
reference signal bandwidth information corresponding to
one of the reference signal transmission bandwidths



-8- being used by the base station from the storage unit and to broadcast the
selected reference signal bandwidth information; a frequency hopping
bandwidth setting unit configured to set a frequency hopping bandwidth for 5
frequency hopping of a reference signal;a reporting unit configured to report,
to a user device, the frequency hopping bandwidth and one of the reference
signal bandwidths as information on an assigned reference signal
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The user 30 device includes a reference signal bandwidth receLVing unit
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informafignaddi¢atingsthiesssion bandwidth broadcasting unit and the
15 information on the assigned reference signal
transmission bandwidth reported by the reporting unit;
and a receiving unit configured to receive the reference
signal to be transmitted from the user device using the
reference signal transmission frequency band set by the
20 reference signal transmission band setting unit.

In another aspect of this disclosure, there is
provided a user device for a system where multiple
reference signal transmission bandwidths are defined in
association with system frequency bands and hierarchical

25 reference signal bandwidths are defined for each of the
reference signal transmission bandwidths such that a
lower-order reference signal bandwidth Jlower than a
highest-order reference signal bandwidth is a division
of a higher-order reference signal bandwidth. The user

30 device includes a reference signal bandwidth receiving
unit configured to receive, TfTrom a base station,
reference signal bandwidth information 1indicating the
hierarchical reference signal bandwidths corresponding



hierarchical reference signal bandwidths corresponding -9- to one of the
reference signal transmission bandwidths used for the user device; a
receiving unit configured to receive, from the base station, a frequency
hopping bandwidth for frequency hopp“lﬁg of a reference signal 5 and one of
the reference signal bandwidths as information on an assigned reference
signal transmission bandwidth; a reference signal transmission band setting
unit ckRiganel toEetheefbrditeesignatianshistioanfahsehep baradwiiths
the freqeeacybeppig baadwighl léehased-erdie regrenda signaFigured to
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unit starnd referande signal befidwidthe signal  transmitting unit

15 configured to transmit the reference signal using the

reference signal transmission frequency band set by the
reference signal transmission band setting unit.

In still another aspect of this disclosure,

there 1i1s provided a communication control method

20 performed by a base station communicating with a user

device and adapted for a system where multiple reference

signal transmission bandwidths are defined in

association with system frequency bands and hierarchical

reference signal bandwidths are defined for each of the

25 reference signal transmission bandwidths such that a

lower-order reference signal bandwidth Jlower than a

highest-order reference signal bandwidth is a division

of a higher-order reference signal bandwidth. The

communication control method includes a reference signal

30 transmission bandwidth broadcasting step of selecting,

from a storage unit storing reference signal bandwidth

information indicating the hierarchical reference signal

bandwidths for each of the system frequency bands, the



information indicating the hierarchical reference signal bandwidths for each

of the system frequency bands, the -10- reference signal bandwidth
information corresponding to one of the reference signal transmission
bandwidths being used by the base staliBn and broadcasting the selected
reference signal bandwidth information; a 5 frequency hopping bandwidth
setting step of setting a frequency hopping bandwidth for frequency hopping
of a rafefer@signall gn@boharfutbdtér rdpdeinpatd eie eREFeshrRed N to
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setting step. ADVANTAGEOUS EFFECT OF THE INVENTION An aspect of
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OF THE DRAWINGS 30 FIG. 1 is a drawing illustrating single- carrier DMAE
FIG. Y8 awihESIudraaHG MYictlhd'g  bandwidth™ based on  the

reference signal bandwidth information broadcast in the
15 reference signal transmission bandwidth broadcasting
step and the information on the assigned reference
signal transmission bandwidth reported in the reporting
step; and a receiving step of receiving the reference
signal to be transmitted from the user device using the
20 reference signal transmission frequency band set in the
reference signal transmission band setting step.

ADVANTAGEOUS EFFECT OF THE INVENTION
An aspect of the present invention provides a

25 base station, a user device, and a communication control
method that make it possible to control the transmission
frequency band of a reference signal.

BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG. 1 1s a drawing illustrating single-

carrier FDMA;
FIG. 2 is a drawing illustrating structures of
a sounding reference signal in single-carrier FDMA;



a sounding reference signal in single-carrier FDMA, -11- FIG. 3 a drawing

used to describe a transmission bandwidth; FIG. 4 is a drawing illustrating a
radio communication system according to an embodiment of the 5 present
invention; FIG. .5 is a partial block diag‘rja%' of a user device according to an
embodiment of the present invention; FIG. 6 is a drawing illustrating
exemplary 10 frequency hopping bandwidths according to an embodiment

of the present invefithén:; FI&. 718 drawindrifidinging'eRemplaty flegaedde a
hoppingrbasewEl s copRsPRRdNE; to a transmission bandwidth of a

sounding referenceﬁi@rjal 35 afzgor%ingatpa%vrh ﬁﬁ)b%w&?%m% resent__ 4io

invention; FIG. 8 a drawing illustrating exempl frequencg opping
bandwiHBLHHFESHATHINRY OtE Mr ARANESIbRID akRIwRIth BNEHUMNHg of the
referepee signel iascaidingntp an embodiment of the present invention; 20

FIG. 9 a drawing illygieating egemplapy JRAHENGYNOPPIRLAINAPS 2 user
corresponding to a transmission bandwidth of a sounding reference signa

accordifY ¥62an RE8HMER of ¥Re pEsentTiRRMBATEIG Of0 isthpartiiesent
block diagemrniafrg base 25 station according to an embodiment of the

present invention; E@. 114s §.sequenee GRAY SR INIG RIGHS dRAiRy
communication system according to a.n embodiment of the present

ih0entibFEANGNSY FROPPA W2 BRHUAEE RRaRSHRNAIYS FBcéds fiReddipent
commafficttienmysteEmtacooveimyitorgn

FIG. 7 1is a drawing illustrating exemplary
frequency hopping bandwidths corresponding to a
transmission bandwidth of a sounding reference signal

15 according to an embodiment of the present invention;

FIG. 8 1is a drawing illustrating exemplary
frequency hopping bandwidths corresponding to a
transmission bandwidth of a sounding reference signal
according to an embodiment of the present invention;

20 FIG. 9 1is a drawing illustrating exemplary
frequency hopping Dbandwidths corresponding to a
transmission bandwidth of a sounding reference signal
according to an embodiment of the present invention;

FIG. 10 is a partial block diagram of a base

25 station according to an embodiment of the present
invention;

FIG. 11 is a sequence chart showing a process
in a vradio communication system according to an
embodiment of the present invention; and

30 FIG. 12 is a sequence chart showing a process
in a vradio communication system according to an
embodiment of the present invention.



embodiment of the present invention. -12- BEST MODE FOR CARRYING
OUT THE INVENTION Embodiments of the present invention are described
below with reference to the accompanyifjrﬁ drawings. Throughout the
accompanying drawings, the same 5 réfefénce numbers are used for parts
having the same functions, and overlapping descriptions of those parts are
omitted. <RADIO COMMUNICATION SYSTEM> 10 A radio communication
systerBE9DOMARKIdIRR (itelite OHAd Base IMtMENAd QWcording to an
embodiment of the prieseritiBkeationis degrebegpelotvithirajeraiento are
FIG. 4 odj , devj Isope c moRi [

15 ThgI !r% |9'§)%r](r?mui§1?e§a ﬁn@i gm f’%gge?g%(g%ed_ %?1 f?#(? g)gar%g%%@\%@g?g
UTRAHRVITEEAN [AsaUHIRdt L BRg RFAPERBANIBACIASENANSS). e same

raglio gefwmenicatianusysies 1808 ingledesfinse ptates keNedg BrreNBgame
200m , 2 . : e ' t
and uad B Ao ERdBp I SREREIRAS SIS Parts

greate?f%ai90) H&d communicate with the base stations 200m. The base
stations 200m are connected to an upper node such as an access gateway
300 ang, iy BCQ%WA%WI ggo é\ﬁ{g%mnected to a core network 400.

Each of the user devices 100" is in one of cells 50k (501, 502, ..., 50k; )
wWhere k is an integér greskk? thﬁﬂ’@ﬁ%@&rﬁ%nﬁ\éﬁ@r@vitmﬁ@ including
correspsading daeiafdbe basd stabians 208 tattording tcEvolledd) TRA andn
UTRAN, 504154 19 ASBed oM e ALKSHSE 9ViIeRsLPIHBAVE e low

already established communication channels with the base stations 200m
andar‘?é'iﬁh reference to FIG. 4. 1In the embodiments, user

devices may also be called mobile stations.

15 The radio communication system 1000 is based
on, Tfor example, Evolved UTRA and UTRAN (also called
Long Term Evolution or Super 30G). The radio
communication system 1000 includes base stations (eNode
B: eNB) 200, (200, 200,, 2003, .., 200,; where m is an

20 integer greater than 0) and user devices 100, (100;, 100,,
1003, .., 100,; where n is an integer greater than 0) that
communicate with the base stations 200,. The base
stations 200, are connected to an upper node such as an
access gateway 300 and the access gateway 300 is

25 connected to a core network 400. Each of the user
devices 100, is in one of cells 50« (50, 50,, .., 50k;
where k i1s an integer greater than 0) and communicates
with the corresponding one of the base stations 200,
according to Evolved UTRA and UTRAN.

30 Here, 1t 1iIs assumed that some of the user
devices 100, have already established communication
channels with the base stations 200, and are in
communications; and the other user devices 100, have not



communications; and the other user devices 100" have not 13- established
communication channels with the base stations 200,,, and are not in
communications. The base stations 200,x, (2001, 2002, 2003, ..., 200m)

have the same configuration and funct|o1r% and are 5 therefore called the

base station 200, the base station 200m, or the base stations 200," in the
descriptions below unless otherwise mentioned. The user devices 100"
(1001.e3bablisbed.. 1GEHHHACEEI9&ame EbRMNShEon addTfunctidnas aldgse
are theyefarpoerllezbtic Alser seyicro0Gnl e thmuseedevieasloon, or the user

devices 100n in th Iggeo %%jk) ﬁgglgme glesz%Btheg\y étrlge%?ﬁed 2’

cells SCk (501, 50 ave the same con n“and’functions
and aréQ@ el*@?é’%alfé@tl’@@@l Wﬁﬁégﬂgﬁisﬂﬂnom cengsionshand are
descriptens el dad Ledesehethpase -ssraeidionedoThetiadibase station

t 0 I itinl
e L0 ST AR

freque%@}%ﬁxﬁsu%ﬁhﬁ NibRE aBEsss! B FDNIRG 2436 26 8)phRR FadiBlaces20: »
method00y OFDOA, as dexsadibed hhoee, thHiseqseney baod 4 giviaad anto and

NaImOW{TEQYPHRY bQHElS al?lalrb‘iWé'Fé Fd daipya gezﬁll S’UE@ﬂI&IE(Pﬁ:e 100,

suhcarriers. In SC--D uency and IS divi nto multiple frequenc

B&hds tHé?Feq98H6§%a 05 HE afbCatdtPtd difteMhteerl88vicds iokhe
transmilssioni ptaaies tbedduce miedsrandecheinese mihetiseradbyvidése cells

Commygicatian chagyels gsed in Eviglygd HIR, Argad é‘gﬁl%AIE(ﬂngu ration

descnbea below For ownllnk apélhsmal downlink shared 30 chan

(PDSCHf sTARGH iR God dhfces6TaRg aﬁ?‘[lé%olivﬁﬁunli%htr%@ the
channekdike used, Inosowttiek,cedIs 50x in the descriptions below

15 unless otherwise mentioned.
The radio communication system 1000 employs
orthogonal frequency division multiple access (OFDMA) as
a downlink radio access method and single-carrier
frequency division multiple access (SC-FDMA) as an
20 uplink radio access method. In OFDMA, as described above,
a frequency band is divided into narrow frequency bands
(subcarriers) and data are transmitted on the
subcarriers. In SC-FDMA, a frequency band is divided
into multiple frequency bands and the frequency bands
25 are allocated to different user devices for transmission
in order to reduce interference between the user devices.
Communication channels wused in Evolved UTRA
and UTRAN are described below.
For downlink, a physical downlink shared
30 channel (PDSCH) shared by the user devices 100, and an
LTE downlink control channel are used. In downlink, the
LTE downlink control channel is used, for example, to
report information on user devices to be mapped to the



LIE downlink control channel is used, for example, to report information on
user devices to be mapped to the -14- physical downlink shared channel,
transport format information for the physical downlink shared channel,
information on user devices to be mappedto a physical uplink shared
channel, transport format information for 5 the physical uplink shared

channel, and acknowledgement information for the physical uplink shared
channBR¥sitcale prpsiediiddvniFiradiRtted eRannellis uskiasraisknit Tvepat
data. Alsgdrcloradink,tbe base stphgrs 280X, dsandmiflsyretpsizaiidiannel ,
signal the us Vi " to, perfor | rches, F -
uplink,%g?%g/ﬁ%g §Blin ﬁsr]{'gsfgg cﬁ%%r%ng%P%gc Z}ﬂ%%&? %?/ ﬁ?e Sis r ysical
devicedPidmkasdaradrechlinkloontioReRRARE ek ThEpSBrd hpp Tor

types eheippihly 0ol chiinelts: sha sl ishanisink candgrohtkiebanseytmbat
time- i8Rl BIepae it S NFIER) LBl ARTEAAIAMENARANS and
second is an uplink control chanhef to be frequency-division- multiplexed

with thEShyRiya Lshkdrdd tharRar ef upliaRNek 1HE Wik Entbrnsmit
channakisr20daged to Adgort downtiblyglitity, infetpatibagehasbat muradity 200,

indicatpy:. se %&q j a ' o] ion cqding
ANICI)E)g?ﬁ]%EEyS%%ownIm gs%aﬁﬂ}?j c%%%la%d%g%gﬁsmi Y user

noffedgeinet thidithRRFETRAEL AL ISRAGHESoN) for the physical 25
downlink share_d cmnelup/leiarlwhila_, tpbym_i)(sa'dal uplininkshated-eldanciehimell
used teARRSHYI uses Fialp- Bhe Rinsicakiulinkeoqisakehappel mayalse, be Te
used to transmit, in addition to the CQI and the acknowledgement

inform4BdA K sERBATIY N lordErdiR RS tind ABEa i o oV RESPT

an uplinklshdgcedontrol channels: the first is an uplink control

15 channel to be time-division-multiplexed with the
physical uplink shared channel and the second is an
uplink control channel to be frequency-division-
multiplexed with the physical uplink shared channel.

In uplink, the LTE uplink control channel is

20 wused to report downlink quality information (channel
quality indicator: CQIl) used for scheduling and adaptive
modulation and coding (AMC) of the physical downlink
shared channel and to transmit acknowledgement
information (HARQ ACK information) for the physical

25 downlink shared channel. Meanwhile, the physical uplink
shared channel is used to transmit user data.

The physical uplink control channel may also
be used to transmit, in addition to the CQI and the
acknowledgement information, a scheduling request for

30 requesting allocation of resources of an uplink shared
channel and a release request used iIn semi-persistent
scheduling. Here, allocation of resources of an uplink
shared channel indicates a process where a base station



channel and a release request Used in semi-persistent scheduling. Here,
allocation of resources of an uplink shared channel indicates a process
where a base station 1 5 reports to a user device by using the physical
downlink control channel in a given subframe that the user device is allowed
to communicate using the uplink shared channel in a subsequent subframe.
In the radio communication system 1000 of this embodiment, the user device

100 trdiAKEa stundinds esfef@YdCsightl YsihgS freguettysisisd ndawakink
than therfntse fissensy bandhagsigead subTa-aystethia vdhiehdke Ks@evice

device, 100 byipngs, The base. sialien 20010 pef (S ALLNEIAL  shared

sched! ing and adaptive modu n and coding on the'sounding
referefE@8RHANI iPads RHRIPAYANTReSYSIT@ERee 100. The user device 100
may use frequency hopghieg ndgie thetrmnsivatiponfreqeeasy beod of this

(transigissiof HSH’E?”%#“X%&”%&WEE eosoypding pier e”c%‘?e SR g
changed at given Intervals. Also, the user device 100 may be configured to
use a hSHBWRAGaftbWeR thatSdngqual thitREUBARYWIBE s PP the than

systentias aérwimcyﬂnenpiegcpamhwidth alseilg‘oeth_e teq ey byppiy oto
the soynging Zgbéefﬁwe_cﬁi%@eT BASMPSTYOPRND B%%]@W@Hém%b%oo

specified by the base station 200. The transmisSion bandwidth of the

JSUndRfy FerehEncErSGHaNRYy (REEpELAASDy B pREAREANR 2BBBHEALYON
be detamiine_xd)ki)i tie ubesddyiceriOOtlF@r mp@, t[teﬁeeedeeices]i(_yhal
may be configpadlp fRIIMRRINGIENSHLTSeR bagawidinar thespuadigce
reference signal based on the capability of the user device 100. In this case,

the usePBeViY 1065%ay BE LG rdPRPHNbt #E B teAifed ransmission

transnfissignency band (transmission frequency) used to transmit

15 the sounding reference signal 1is changed at given

intervals. Also, the user device 100 may be configured

to use a bandwidth narrower than or equal to the

bandwidth assigned to the system as a frequency hopping

bandwidth used for the frequency hopping of the sounding

20 reference signal. The frequency hopping bandwidth may be
specified by the base station 200.

The transmission bandwidth of the sounding

reference signal may be specified by the base station

200 or may be determined by the user device 100. For

25 example, the user device 100 may be configured to

determine the transmission bandwidth of the sounding

reference signal based on the capability of the user

device 100. In this case, the user device 100 may be

configured to report the determined transmission

30 bandwidth of the sounding reference signal to the base

station 200. Alternatively, the base station 200 may be

configured to determine the transmission bandwidth of

the sounding reference signal based on the location of



30 bandwidth of the sounding reference signal to the base station 200.
Alternatively, the base station 200 may be configured to determine the
transmission bandwidth of the sounding reference signal based on the
location of -ti- the user device 100 in a ¢8I For example, the base station
200 may be configured to decrease the transmission bandwidth of the
sounding reference signal as the location of the user device 100 becomes
closerthethegel edgy ipeotA&Owdras aheplde sta®bn 289MRAE .bethe base

configgregdiomakete trangpnissie bavskfduetiie seyindingdeteiesce the
signal ice the.cell edge nar r -

ranat e iy, G EIRARNE, MEPePEhge signal
other BStHAIRtHEOGSdAGEVief |ddted SR theleul eRigtOMmAesgmpe closer to

transmissiondbhduddéd_of khe sonadingoiedierenehesigaskfos eatseyrdexdce may
locateg at rr t th Eﬁﬂﬁw ion b ' f
sound%é;l re %r%i%gps‘?sn;%o& \L%(sEeEr ewcefs'lother trl?saérllio (ﬂg tﬁﬁﬁ@ﬁ%@ic@? the

locate§ 2 PHd 281 E8EE G EfesStheNalef@dvice ASRE cHfetigR tdacatade at
the tramsmissibh palger ofihescendiigrefaience sigrsli ssd@asivgnithei dths

ransmgsign@ous!af e spupdingh (el gogel UKD WEKERLS otner

possible to improve 20 the reception quality at the base station of the

dQindfiprerdkBRce'ShadfyiSRittd @ $afR therlisetNgeiEd bocsffat tHeking
cell edgee <USBERSDIESACTE> 2bdriE Blthowsfthethser devicd ity of #fisrence

embodimanty Thedyserdeyjee L0qai g embpdipgnt Ueluqes a suydingqge
reference si-gna.l. generating unit 102, a sounding reference S|%nal hogpln%
patterr'?@@ﬁg\%lﬁg than he transmission bandwidths o he
sounding reference signal for user devices other than
15 the user device located at the cell edge enables the
user device at the cell edge to increase the
transmission power of the sounding reference signal.
Increasing the transmission power of the sounding
reference signal, In turn, makes it possible to improve
20 the reception quality at the base station of the
sounding reference signal transmitted from the user

device located at the cell edge.

<USER DEVICE>
25 FIG. 5 shows the user device 100 of this
embodiment.
The user device 100 of this embodiment
includes a sounding reference signal generating unit 102,
a sounding reference signal hopping pattern generating
30 unit 104, a frequency position shifting unit 106, and an
SC-FDMA transmission unit 108.
The sounding reference signal generating unit
102 generates a sounding reference signal. For example,



30 unit 104, a frequency position shifting unit 106, and an SC-FDMA
transmission unit 108. The sounding reference signal generating unit 102
generates a sounding reference signal. For example, a constant amplitude

and zero auto-correlation (CAZAC) sequénce may be used as a signal
sequence for the sounding reference signal. The sounding reference signal
hopping pattern 5 generating unit 104 receives sounding reference signal

tree sttucfeShrsitnafoR bHeLsunaity refdrenca §rpred ratafitaibn (CAZAC)
bandvédifusteatiery The souseding seferance pignal trerglivatse for the

informgﬁgﬂ &aﬂg th'eeﬁg)%qé%%;%%hr%fﬁﬁgie_ signal 10 transmission bandwidth

information are ‘descri reference to FIG. 6. The sounding reference
signal tree structurd NBforPiafgANAcIiEdS EBREnatibIRad HaPRIMAmHs Raktern
frequegepeastiions fanthe stomdingdeierescesignaintp Inettbeemesds thaal
Soun e RUEFIGE IR SIS W AN HETLPOAMOL AL
frequency bands) within which the transmission frequericy of the soundin
refereftd@RRMES o PR MhABEH ind ERFE\REE 100 changed. The
combinations of bambeid#w.Ad angl freefeneyEosiidgaddr theseurxingcture

refefe%jo’ﬁiﬁ@%i'@ﬂy be gfineddQL respeGHKR IRRSMISHRR RARAWIdING o )
andwi f (ll%

The b ths for the soun?i&}a reference signal; for example, include

the suppafet FSALP Y HanAWERT M2 T bomair dERaWisEr bAREHed YD
25 dividerfe trencextimuiRl Syste@m bandwidth into two parts, (3) one-fourth

bandwidih obtainect s il lL AEFAMIE 4GP PEFSe 208 (R

one-twentieth bandwidth obtained by dividing the one-fourth bandwidth into
five patEr P TR e, MEBLARR RO fALIONs  of  bandwidths and

frequency positions for the sounding reference signal.
15 In other words, the sounding reference signal tree
structure information indicates bandwidths (or frequency
bands) within which the transmission frequency of the
sounding reference signal transmitted from the user
device 100 is changed. The combinations of bandwidths
20 and frequency positions for the sounding reference
signal may be defined for respective transmission
bandwidths. The bandwidths for the sounding reference
signal, for example, include (1) the supported maximum
system bandwidth, (2) a half bandwidth obtained by
25 dividing the maximum system bandwidth into two parts,
(3) one-fourth bandwidth obtained by dividing the half
bandwidth into two parts, and (4) a one-twentieth
bandwidth obtained by dividing the one-fourth bandwidth
into five parts. In this case, the bandwidths for the
30 sounding reference signal are defined as a tree
structure of three levels including the half bandwidth,
the one-fourth bandwidth, and the one-twentieth
bandwidth. In other words, the combinations of



30 sour.dng reference sgnal are defined. as a. tree structure of three levels
including the half bandwidth, the one-fourth bandwidth, and the

one-twentieth bandwidth. In other words, the combinations of - 8-

bandwidths and frequency positions fof%ﬁe‘ sounding reference signal are
represented by a hierarchical structure of three levels including the half
bandwidth, the one-fourth bandwidth, and the one-twentieth 5 bandwidth.

The sAaiind déksenaadigifdierriingsidtP DEbbVISth FRsrmAtien ifaEaeENg
the trapswigsinbebardyithh, indhe socaglingeefecencersignal treq evtareHidal
of the sendipgyfeferengs sianay o By LOJransimifies Bine s douiGh AN,
For example, the” sounding reference signal transniission bandwi

inform&fi6n ingileardLERddf thedAAUNIEMs (1) IbugHhe) desbivdwanbleth
The searding deference signal hopping pattern 15 generating unit 104

generates informatign_indicating : combjnagi reqiﬁlm hopﬂig -
bandwidths for the Lﬂs%%nd%n%}ﬁegféﬁg’ncepgsggéggg patte nsg{frequer?(lz?/mfssfon
hoppifRPPENd Y for ARG Tl FransAilsdieAtiaquedifof thersoiaTthsg 1on
yeferemdi@mtbaseoi an ﬂ'EhEO seuuchiﬂgngfermedes@maétree bynature tree
information apdy the sgyndipgdeiarsnaapignal eansraiseion Bapdifth vo  pe
information. In_the descriptions below, it Is assumed that a parameter "b"

ibBicaltsBR SRR coMbintifond!SEbr deisR, When nEinérabmhem the
systensdandwidth is 25fesehas the srisguehcy hoppirsgnbasdwidth. etdsvi dth

case, {FYARSTISHORIERAUCASY Abike seuRgiag 6%%%%%@9@#3 through

changed within the maximum system bandwidth. When b=l, the ha
bandwkdth idaREIREth&RYGency

The sounding reference signal hopping pattern

15 generating unit 104 generates information indicating
combinations of frequency hopping bandwidths for the
sounding reference signal and patterns (frequency
hopping patterns) for changing the  transmission
frequency of the sounding reference signal based on the

20 sounding reference signal tree structure information and
the sounding reference signal transmission bandwidth
information. In the descriptions below, It Is assumed
that a parameter “b” indicates one of the combinations.

For example, when b=0, the maximum system bandwidth is

25 used as the frequency hopping bandwidth. In this case,
the transmission frequency of the sounding reference
signal 1s changed within the maximum system bandwidth.
When b=1, the half bandwidth is used as the frequency
hopping bandwidth. In this case, the transmission

30 frequency of the sounding reference signal 1i1s changed
within the half bandwidth. When b=2, the one-fourth
bandwidth is used as the frequency hopping bandwidth. In
this case, the transmission frequency of the sounding



hopping bandwidth. In this case, the transmission 30 frequency of the
Sounding reference s -gna.l. i s changed within the half bandwidth. When

b=2, the one-fourth bandwidth 1s used as the frequency hopping bandwidth.
In this case, the transmission frequen(f)}%f the sounding reference signal is
changed within the one-fourth bandwidth. When b-3, the one-twentieth
bandwidth is used as the frequency hopping bandwidth. In this case, the
transniisdiohefsgueneyBiale sdendiffaeaaenca sl 5 EhehangeaRniRth
the onpam@ni@tn bawdwidtbzﬁbeﬁwndml?fermwtﬁgbahhm@iﬂg pRdtaliged
generating,unit 104 rate ect cy bapnpl atter
based%ogrrw1 fréﬁqggelr‘%)?%%% f%’g S@?écﬁv%ﬂi Sé%éﬁigt%lgﬁ_inFo&m%ﬁ?ﬁréqéor ed the
from tHd HaSE ket 14 PeauanFheThfokhfatisRYAGIEREnd B KRB atibaRal

cfsfreduengyaneeing kandwidiis ane peliens dtequeinciy ivaping patterns)
for changing the tf@fﬁ@%%andfmguw?%ﬁ%eso PaiaeIRIsRE R Wt rern

The frequency hopping bandw specification information 15 rep m

the bag8ne&fdd PEO iHthdatdd HnOBPE@ E&mHiRAticTRIGIHFSIueh cf RBRRRTFY
bandy\rirdi]hﬁifngth@aammdingtra&@naersigﬁqbqndm:temmdﬂmglermnqwidth
hopping,paf§NSI{§ %W%WB%E% {ADSPUSPRe e fHBRCH AL teSAUNGg i on
reference signal. In other 20 words, the_frequency hopping bandwidth

JfkciftHort Ao fgt HHAEAEL e JALLGSTEARD aldifeter@Rinations of
(FREQWEN@YM:}OPMNG (X AMdiPid 1) X REG. arsit_lovpanneaxasnp@nhqneency
the uspLERYISE 25,HAGHPRS he ”%rPWG%Wch agiibe UrgSmSsision

bandwidth of the sounding reference signal s _example, the_sound_ng"

refered &€ A Yoppifg pdttsn GMEIAEAY unit $H8'RIEEs ord Ypddur  The
frequeficgghepping patpernsdadethdw ti€reprewyfhaeang information
15 reported from the base station 200 indicates one of the

combinations of frequency hopping bandwidths for the
sounding reference signal and patterns (frequency
hopping patterns) for changing the  transmission
frequency of the sounding reference signal. In other
20 words, the frequency hopping bandwidth specification
information indicates the value of the parameter “b”.

(FREQUENCY HOPPING (EXAMPLE 1))
FIG. 7 shows an example where the user device
25 100 uses the narrowest bandwidth as the transmission
bandwidth of the sounding reference signal. In this
example, the sounding reference signal hopping pattern
generating unit 104 selects one of four frequency
hopping patterns based on the frequency hopping
30 bandwidth specification information reported from the
base station 200. The narrowest bandwidth is, for
example, the one-twentieth bandwidth. The base station
200 reports the frequency hopping bandwidth



30 bandwidth specification information reported from the base station 200.
The narrowest bandwidth -,s, for example, the one-twentieth bandwidth. The
base station 200 reports the frequency hopping bandwidth -20- specification
information, for example, by sending a”Signal. The signal may include two

bits of information indicating one of the four frequency hopping patterns. In
FIG. 7, the horizontal axis indicates frequency and 5 the vertical axis
indica@RafhE 1 GRREDUEBNEYHOrmING (EXAVPENRIERIGDY siesisling  a
a;]noth@i@m plemreere i%a apemalevipeciQRigsama bBi‘dWidﬁfFf widefdhaation
the natrowes andwidth-as the tLansmigsi idth of.the sQundi
refererﬁl(ﬁe&\fﬁy n‘éﬁ?\ﬁ tt%%,\étlaxg}n p?é%hé%g?:dﬁg %@Z@Z\ég@@ nﬁioé&%%%s )
patterd gefidfating untN®4hegibeandad ofihtee Mreglentphoppeargncy and

p&Eternsbased oiciie fensehay heppdg dandwidth specification 15
information reported from the base station 200. The bandwidth wider than
the narrowest bandwidth is, for examéjle, the one-fourth bandwidth. The base

statiorKEB5 ARt ReAPdAGe (& RYbbRgZ2hdwidth specification

in_formgtion, for_ exqm@e,_ta/ seinolivyg aasigolae I hem]pigealwheymcmhe tweer
bits Ofdfé@@é“ﬁrbb‘d'ﬁélégg Qe QhiAHYRe W?Bg?”cifﬁ%ﬁ?p afEMDuBst
FIG. 8, the horizontal axis indicates frequency and the vertical axis indicates

fifle. ppehEeRiERE v i PHIRES[HRRMPL it @ sfiLhRopRYNding
exampte fidhreredbe usdlgnkelice 1D0 useh bsbanewadiblsti)l widdretharsthanding

narrowest handvddiy psdhg rapypipsPn papguidth gEile SPHAYINAnit 104
reference signal. In this case, the sounding 30 reference signal hopping
patterr?@bﬂ%ﬁtir@]ﬁnﬁ’foﬁhree frequency hopping patterns based on

the frequency hopping bandwidth specification

15 information reported from the base station 200. The
bandwidth wider than the narrowest bandwidth 1is, for
example, the one-fourth bandwidth. The base station 200
reports the frequency hopping bandwidth specification
information, Tfor example, by sending a signal. The

20 signal may include two bits of information indicating
one of the three frequency hopping patterns. In FIG. 8,
the horizontal axis iIndicates frequency and the vertical
axis indicates time.

25 (FREQUENCY HOPPING (EXAMPLE 3))

FIG. 9 shows another example where the user
device 100 uses a bandwidth still wider than the
narrowest bandwidth as the transmission bandwidth of the
sounding reference signal. In this case, the sounding

30 reference signal hopping pattern generating unit 104
selects one of two frequency hopping patterns based on
the frequency hopping bandwidth specification
information reported from the base station 200. The



selects one of two frequency hopping patterns based on the frequency
hopping bandwidth specification information reported from the base station
200. The -21- bandwidth still wider than the narrowest bandwidth is, for
example, the half bandwidth. The base étktion 200 reports the frequency
hopping bandwidth specification information, for example, by sending a
signal. The 5 signal may include one bit of information indicating one of the

two fr&pireyHeppiief pAtterhdem AN, e hBarsaweakishagiduitth is,
frequeney aastdh Ve ticehaxisdndicaigadimethhe fraguaneyeposkwnishiftingo

unit 106 connected to the soundi ence sj engratinge unit, -
102 a0 S 1Nt S Al G DA GShcr S et Ghgion
The frdfifei@atdsition ERikinGuANRLS.shir¥ thegRsthcyPposiigRadt the The
s@aindingpreidrense saedliopubiientvtne sofindhife dhaeieentadignaling one
generating,unit a in h c ing pattern input from

the so%tr%iﬁggre]éfgnéz%i %gﬁ‘lﬁgpg?ﬁg%i;@# éﬁ%ﬂﬁ%\g uirﬁ 1%1%%&% t_htehe
frequehey beRitlsHlis 8iifed, the betheiing TrefsrepreXsigRAMs Hpait tyerd ical
SC-FRMAdransinisstes A0 msit 108. The_SC-FDMA transmission unit 108 is
connected to the fipgueniaychosite) SHBOpYIh L0, TRERE ERNA 106 i
transmission unit 108 modulates thé sounding reference sighal input from

e fregRRnes Hediidh siiftfg SRS 186 BEI&T BAGRe FAFSAksigRNerating
frequency ©f théZousichg tieéerercersigngl anc: fransntts theigoadlilatedpping

soundinge {8igfenge S i nEAR P A LGN> SfhEhe Aasqeiaton 28% S ion
this embodiment is  _ B} o
shifting unit 106 shifts the frequency position of the
sounding reference signal i1nput from the sounding
15 reference signal generating unit 102 according to the
frequency hopping pattern input from the sounding
reference signal hopping pattern generating unit 104.
After the frequency position i1s shifted, the sounding
reference signal is input to the SC-FDMA transmission
20 unit 108.

The SC-FDMA transmission unit 108 is connected
to the frequency position shifting unit 106. The SC-FDMA
transmission unit 108 modulates the sounding reference
signal input from the frequency position shifting unit

25 106 based on the transmission frequency of the sounding
reference signal and transmits the modulated sounding
reference signal.

<BASE STATION>
30 The base station 200 of this embodiment 1is
described below with reference to FIG. 10.
The base station 200 of this embodiment
includes a receiving unit 202, a sounding reference



described below with reference to FIG. 10. The base station 200 of this
embodiment includes a receiving unit 202, a sounding reference -22- signal
receiving unit 204, a sounding reference signal hopping pattern generating
unit 206, and a frequency hopping bandwidth determining unit 208. The base
station 200 stores the sounding 5 reference signal tree structure information
and the sounding reference signal transmission bandwidth information. The
base stAGnRPoTessdnd fee sBWdirkP4efererreusighatrdeedenenge signal
in;ormatipp ﬂ@ht%mingéﬁé&féﬂiﬁgii9Oa|i'ffaE§UB'§SiQihbandWiﬂﬂééQency
informati r ice . Far ase station 200
broadc@ﬁg iﬁé s%#ﬁgmggxelfepée&%@?grﬁ;ﬁ re%@t%uc 8%9' information and the
sounding referencd BRyndt&ePsnidSibABandi8th infehestiontie the&ageding
deviceselfifl-sican as¢greoveraa &y thethaserliv statiorrdbhae veportaritie the

Soundg&w&?ﬁce qigqglrgggestrucgqg?%igiormag;o%gﬁ]q d%é%jéﬂ””d%‘gndwidth

reference signal transmission bandwidth information as cated control
informAf&RITAL teBeivihfunitaR retalEehindslinkePO SlghaliansiAledi ng
from the fiseedewicesi@hallhertrtbe reqaiviogunst 202 foputsttherrecaived the
uplink signalifghe saupdig ceferenct,sigal regelfing KU Tiendwidtn
frecyre_n%/ hopping bandwidth determining unit 208 determines a frequency

HSbpirtg BakBRIARTor t95 tHasolRbihg Fetét&ice ' GGhal YT ek &he the
frequebagénoppirat bandwitiii dévemaidazstisit 208emagodeimine treference

frequenghigPPippRandyidib i thahing nalEloffrearRW- e sSenditdng
reference s -gna.l. t ransmitted from a user device in a neighboring cell is
reference signal transmission bandwidth™ information to
the user devices 100 in an area covered by the base
15 station 200 or reports the sounding reference signal
tree structure information and the sounding reference
signal transmission bandwidth information as dedicated
control information.
The receiving unit 202 receives an uplink
20 signal transmitted from the user device 100. Then, the
receiving unit 202 inputs the received uplink signal to
the sounding reference signal receiving unit 204.
The frequency hopping bandwidth determining
unit 208 determines a frequency hopping bandwidth for
25 the sounding reference signal. For example, the
frequency hopping bandwidth determining unit 208 may
determine the frequency hopping bandwidth such that the
interference with a sounding reference signal
transmitted from a user device in a neighboring cell is
30 reduced. For this purpose, the frequency hopping
bandwidth determining unit 208 may employ an
interference coordination scheme. The frequency hopping
bandwidth determining unit 208 reports the determined



30 reduced. For this purpose, the frequency hopping bandwidth determining
unit 208 may employ an -nter_ference coor_d-nat.on s cheme. Tne
frequency hopping bandwidth determining unit 208 reports the determined
-23- frequency hopping bandwidth to théTiser device 100. For example, the
frequency hopping bandwidth determining unit 208 may report the

determined frequency hopping bandwidth as control information to the user
deviceF1B0I%aNg earRrd A Sigprinely 1 1B fe@uERey Heppindeydsvidfp - For

deterngiringpuait 208raisofirpdiseheydeteopiiiey fregurRneydt®PPidgtermining

bandwidth.to sounding reference, sig oppi attern tin it
206, Tk g o eD b P o S aSLITes fiang
is conRéadl k8 Ehe &% gGeAEY Hoplide HaABIAAh ERtdRRinHRElINIH2Y8 Cehd 00
s@Indingh refietid e sty nai Hoppingppatiers dganeyating wntiolia rigcexeavlieth
sounding,refer. =i ee cturg informati nd soupdi -
refererllﬁclz%t %ﬁﬁ?ﬁqsrar%ﬂrﬁs{;ionﬁgagndw tﬁ%nféﬁ%ﬁ : Thtg%oung%lggrm tned
refereﬁ&@glﬁmﬁomﬁﬁ Hé@ter*ﬁ%‘é\‘éﬁﬁg &Rit 2w géﬁé‘l"&i’éé‘% hﬁﬁﬁﬁf’gence
patters igriak smpping retereace Yenalixsedjonrtbe received information.
‘Then, the SOU”d'”GJ{QfeéSUﬁ%l ﬂ%‘alrlél?%?@r%%atgf T e v “PES%Pan
E@uts the generated hopping pattern to the sount'%:f reference sigha

eivARNGTES8AIThE Sblind#PrefdienceigRrstiedeiity ublie2of reauency
connebtaoptibnte eowiving tnit 62 anithengowndintg réfaencérsignabunding

hopping: paeHLAENS YN 2oHYHLTHE: apdREFYeBRTUHRY 'GIHENCS06

signal according to the hopping pattern input from thé sounding reference
signal BopphYE Battif oS AGRELUnk OB §hEShast Widdon YRS perhbrHisture

frequencyormation and the sounding reference signal
15 transmission bandwidth information. The sounding
reference signal hopping pattern generating unit 206
generates a hopping pattern for the sounding reference
signal based on the received information. Then, the
sounding reference signal hopping pattern generating
20 unit 206 inputs the generated hopping pattern to the
sounding reference signal receiving unit 204.
The sounding reference signal receiving unit
204 1is connected to the receiving unit 202 and the
sounding reference signal hopping pattern generating
25 unit 206, and receives the sounding reference signal
according to the hopping pattern input from the sounding
reference signal hopping pattern generating unit 206.
The base station 200 performs frequency
scheduling and adaptive modulation and coding (AMC)
30 based on the received sounding reference signal.

<PROCESS IN RADIO COMMUNICATION SYSTEM>
FIG. 11 is a sequence chart showing a process



scheduling and adaptive modulation and coding (AMC) 30 based on the
received sounding reference signal. <PROCESS IN RADIO
COMMUNICATION SYSTEM> FIG. 11 is a sequence chart showing a

process -24- in the radio communlcatlorgéystem 1000 of this embodiment.
The base station 200 reports the sounding reference signal tree structure
information and the 5 sounding reference signal transmission bandwidth
inform&fion e ukad Bievic€AVOUINATLY ONhe BYSEstatio’P60 ma§ this
broadeagidag senading reference signal tree structure information and the

sounding referencenﬁ{eqnad &@S@ll?%ﬁp %anggggg%é%g@@go Lhe s iﬁg%]]%

devices 100 in the cell or may report them as cont nfor
Next, thefiedsnstioni 206 Hetdihffes L THIERy HoFmRgakHRvideNfbr the

the useodauibegl00 feprented). Foi grample tirenisedueionboppagdla dth
bandw ng,uni et th eq ppi
‘E?%%]E’PHH L&P@’g@%? g%)nﬂﬁ 908 §e§d?8ys e Dbase

bandwid e use evice 100 base e suppor
bandwidiktdthe HAdeMadatibh SWCATH ot FOYIEHELhSSTI ﬁﬁ%&fﬁimﬁdﬁ”a'
used traaeighbosngcell. ROFbedeberstadion 20Rdragsonigifreguensderence

hololf’"%@i%1 Q‘iW"i!‘in?r% jiegtipn ”Bfé’ﬁ'a\%i'{?ﬂﬁo Nerdiafatpyice 400 ﬁ’iﬁp Jiser

51106) e frequency g bandwidth specification information inclu
ibformaGY¥l ChricteRg tRe szé‘ﬁu‘éﬁéy, hBppifdYbdritRAbh freRe @SerAei cated
devicecbdkrbie baferstattam200 generates a hopping pattern for the

sounding referencegigpal (sigR51108) Sika4ad: thedéser deviseni®ls  a

generates a
frequency hopping bandwidth for the user device 100

(step S1104). For example, the frequency hopping

15 bandwidth determining unit 208 may determine the
frequency hopping bandwidth for the user device 100
based on the supported system bandwidth of the base
station 200 and/or the frequency hopping bandwidth used
in a neighboring cell.

20 The base station 200 transmits frequency
hopping bandwidth specification information to the user
device 100 (step S1106). The frequency hopping bandwidth
specification information includes information
indicating the frequency hopping bandwidth for the user

25 device 100.

The base station 200 generates a hopping
pattern for the sounding reference signal (step S1108).

Similarly, the user device 100 generates a
hopping pattern for the sounding reference signal based

30 on the frequency hopping bandwidth specification
information transmitted from the base station 200 (step
S1110).

Then, the wuser device 100 transmits the



hopping pattern for the sounding reference signal based 30 on the frequency
hopping bandwidth specification information transmitted from the base

station 200 (step 51110). Then, the user device 100 transmits the -25
sounding reference signal (step 51112).2?ﬁe base station 200 receives the
sounding reference --"final transmitted from the user device 100 (step
51114). For example, the base station 200 waits for the sounding reference
sighal R¢BFRAY td efe Nesysising kaneekn €oitare Sddddidg reference signal.
Then, steps 51108 twwudinbdlldareiencated agedsdingto thedoppbigding

pattern [qr 1§ SO“”% s fe“t’f&ﬁ]s?ﬁq Q‘i‘!eéo FI8n1aRovRa Pa%ee%‘c?ée 100

the baSé station’ 2 casts the sour.d~:-ng reference signal-tre
structure §8Roratibhto the Us&@ERdss 10h & tﬁéséellsirﬁl'@ébrt%o(ﬂe waits
s@aindifgrreferancessignak ﬁgan%rsemI@wdwtﬁharlformﬁmged icatedhe

Con”ohégé’gﬁgé”%@%gneaﬁ&o & W é?@rlﬂw%‘@p p O FIG.

12, th reports the soun erence signal tree structure

information to the U§& deviREEPS0. 34 58 § G&‘Qﬁe Badd4tafibR 2bppeated

deternasioesd naguency heipgpindhbppdwidth @antita 20 trafieamission baodwitihg

for the 106 the base station 200 transmits frequency
opping bandwi dth specmcatlon information and sounding reference signal

t smission bandilith infgm8i8H S0 LSS dRIEL10895 RgREn gtation
bandwadih otheotdrathiesmatineum systeh ngandweifitr entoebe ssgaak th&ree

frequegey ORI PAREWIIR fBhthe>OPRdINg LefPrense el 186 b3se the
cell and reports the sounding reference signal
transmission bandwidth information as dedicated control

15 information to each of the user devices 100. In step
S1102 of FIG. 12, the base station 200 reports the
sounding reference signal tree structure information to
the user device 100. In step S1104, the base station 200
determines a frequency hopping bandwidth and a

20 transmission bandwidth for the user 100. In step S1106,
the base station 200 transmits frequency hopping
bandwidth specification information and sounding
reference signal transmission bandwidth information to
the user device 100.

25 When a bandwidth other than the maximum system
bandwidth is to be used as the frequency hopping
bandwidth for the sounding reference signal, the base
station 200 may be configured to determine the amount of
shift 1iIn a pattern for changing the transmission

30 frequency of the sounding reference signal. For example,
the base station 200 may be configured to determine the
amount of shift when determining the frequency hopping
bandwidth. This configuration makes 1t possible to



station 200 may be configured to determine the amount of shift in a pattern

for changing the transmission 30 frequency of t ne soundi_r.g reference
signal-. For example, the base station 200 may be configured to determine
the amount of shift when determining ﬂ?@frequency hopping bandwidth.

This configuration makes it possible to -26- reduce unused frequency bands
and thereby makes it possible to improve the frequency efficiency. The
above'&@flH6gimemnusares frgosispieMo RApHse adredeifioptylalitplgshe It
base statieribi had saprding refereneediendytraiTaiidishicom the user

device located at t?ﬁ;‘%ell gHgeAlSg, 408 ﬂggl){]e_ eirﬂﬁg gne?Emaé(§§§%ble to

possible to control the frequency hopping bandw or the soundin

refered@ ER)YfAI BhE theraRttkesiedddbRU EheikgeReha Hiciuchtythe
effjciesgyatithegenikersysiace FuiRhas kheabovendmbedimenbmakeseit user

possibé%\tﬂ ggteﬁggg%ége glrgqtﬁé\cgenoppéra%%)andwidth such that the
n

interference with a sounding reference signal fransmitted from a user device

in a neighboring 1% k&R is re@gicePIMenEaBOG Ba o diiAKRE it I adtiFrdgle
that theradiorcormomhunttationfsysiaentQ00hs ppsad orbEndivedith) THARNMhe

UTRAN 36 /1SR TELMBINIOnAL SURBEAG) NS« BBsE bt

station, a user device, an communication control metho accordlng to

the prdSertMPRUE oA PRayf BRAEECX el ¥ SAFRG¥T RIS oFEIde FYRikeM -
scheme, such as SBEFDiMVA,, for whlnk. Altluuegh spebifid vadnds arealsesl in it

the abgye <§egriPgansdadaciiiie thenunderignding, of e AmBrepalawi den
invention, the values are just examples and other appropriate values may
msobéQ%%dGH%ESthe interference with 'a sounding reference

signal transmitted from a user device In a neighboring
15 cell is reduced.

In the above embodiment, it iIs assumed that
the radio communication system 1000 is based on Evolved
UTRA and UTRAN (also called Long Term Evolution or Super
3G). However, a base station, a user device, and a

20 communication control method according to the present
invention may also be used for any system employing an
FDMA scheme, such as SC-FDMA, for uplink.

Although specific values are used in the above

descriptions to Tfacilitate the understanding of the

25 present invention, the values are just examples and
other appropriate values may also be used unless
otherwise mentioned.

The present invention is not limited to the
specifically disclosed embodiments, and variations and

30 modifications may be made without departing from the
scope of the present 1invention. Although Tfunctional
block diagrams are used to describe apparatuses in the
above embodiments, the apparatuses may be implemented by



otherwwise ment.oned.. The present invention is not limited to the

specifically disclosed embodiments, and variations and 30 modifications may
be made without departing from the scc;%e of the present invention. Although
functional block diagrams are used to ¢ &eribe apparatuses =in the above
embodiments, the apparatuses may be implemented by -27- hardware,
software, or a combination of them. The present international application
claimshprgngr fentoffumdss Pate® AopIREIRRING. 2608NBB846 filed on
June 23, 2008, the gméire pesksents ofivvbiamanei cnagrelypprptaeidad kargims

by ref XP, A R N 2,

100, (LGP 150, T30 ﬂ%&’%&%ﬁﬁi R e
signal ﬁbh%@'atﬂﬁg QHiﬂqoae’So@rQﬂﬁg &G eREE HIh L MRERIHE palemhich are
generaing:byit ilitolrpeatiensay pesitan shifting fewie 168 _SC-FRNA tra.nsin
iss.on un.t 15 200, (2001, 2002, 2003, ..., 200m) Base station 202 Receiving
unit 204 Soundrn reference srnal recelvmg unit 206 Sounding reference
signal RGP R 50 YAl 20 208 Frequency hopping bandwidth
determrnrngOrnl(SBIiO ﬁamzess gasoy 400e@dre network -28- CLAIMS 1. A
base statloIb@r 3f@56temlv%ere % PI‘?. reiejgrye sigpaltrapspission

bandwrdths are fined in
10 Sounding reference signal generating unit

104 Sounding reference signal hopping pattern
generating unit
106 Frequency position shifting unit
108 SC-FDMA transmission unit
15 200, (200;, 200, 2003, .., 200.) Base station
202 Receiving unit
204 Sounding reference signal receiving unit
206 Sounding reference signal hopping pattern
generating unit
20 208 Frequency hopping bandwidth determining unit
300 Access gateway
400 Core network



association with system frequency bands and hierarchical reference signal
bandwidths are defined for each of the reference signal transmission
bandwidths such that a lower-order reference signal bandwidth lower than a
highest-order reference signal bandwidthds a division 10 of a higher-order
reference signal bandwidth, the base station comprising: a storage unit
configured to store reference signal bandwidth information indicating the
hierarchical ref: erence signal bandw-dth4 F¥beach of the system 15
frequency bands; a reference ., gnal transmission bandwidth broadcasting

unit configured to SEIecAtkﬁa-S éergpgle_igilgng?l pa%dvggg{iéﬂgwp} tlpg nultiole
corresponding to one of the reference signaPtransm_ sion bandwi thsf’beln i
used HyEIE N8O BAsE bedtivh flsNAR ktskRe RAPdHadShroai@stiahaned in

sejected seleiando signithaggwidh ifosqaeinoy afeeaienaydapieigrchical
bandwidtp.elfing Uoj.AARTGURR3 5812 TR eacY fipnping Pandwidih forne
frequenc¥ opping of a reference signal; 25 a reporting unit configured to
report "®f& "Eseenid et frERABREY oppihg PARAAGHHSd Dt of thet @
rgfererlmer—goqdémandvefedmsm irécilgna.lforban@/mi @pbigrnﬂ/vmferm a
signal fransougsiopRandpiqiy afetere; alﬂn%@:@mﬁraﬁ%mwagd@mon
30 unit configured. to set a reference signal transrr). -ssion fre%’fnc and

Within ¥e RedtdMG HEPIARG bARERIRHCEastI6R IhPrutdi it sigde base

bandwsdtitinéornwadigpr bsdadcast by the reference signal transmission

bandwidth -29- brogdcaggpgdinit @nghe pp§yaran oedhesssaned rerence

e gl bandn1ath InFormatton i tcRting "The e A Can
reference signal bandwidths fTor each of the system

15 frequency bands;

a reference signal transmission bandwidth
broadcasting unit configured to select the reference
signal bandwidth information corresponding to one of the
reference signal transmission bandwidths being used by

20 the base station from the storage unit and to broadcast
the selected reference signal bandwidth information;

a fTrequency hopping bandwidth setting unit
configured to set a frequency hopping bandwidth for
frequency hopping of a reference signal;

25 a reporting unit configured to report, to a
user device, the frequency hopping bandwidth and one of
the reference signal bandwidths as information on an
assigned reference signal transmission bandwidth;

a reference signal transmission band setting

30 unit configured to set a reference signal transmission
frequency band within the frequency hopping bandwidth
based on the reference signal bandwidth information
broadcast by the reference signal transmission bandwidth



a receiving unit configured to receive the 5 reference signal to be transmitted
from the user device using the reference signal transmission frequency band
set by the reference signal transmission band setting unit. 10 2. The base
station as claimed in claim 1, wherein Tﬁg'storage unit is configured to store
information, which includes a number into which the higher-order reference
signal bandwidth is divided and a reference signal bandwidth obtained by
dividingreadimnfigheg- ottt kefafshcggnbnbahaaickBNfoPthe YbReraspdgned

referenedgrsignat bardyitkh lawendansbpdtighesideidaireierpoeesion® the

bandw}%tﬁ ?JH %Sﬁst iRH as claimed in claim 1, 20 wherein the storage
unit is co ?lgure to storé the reference signal transmission bandwidths

narrower than the Borre@pBhdtisysteht freeRithtgWats kPaskesalyg the
wih theesysaitenciseglienieylbangsb @5 ¢rdieniase stafiponasttiaimed in deinice
1, wherej q in id i it ' 0

e i R e e R
signal $@hsittedNBorh ef GEENGSVicRI N2 heibhBBRAG T2N 98 rebRicdd. s INg
The bassa station as claimed in claim 1, further comprising: a transmission
bandwidth setting unit 30- configured to set the assigned reference signal
transmission bandwidth_based on a location of the user device in a cell. 6.

% base station aLclailiéd iRXREm StakheRirfde FALRGSsidH banbikdih 1 -

settingweitéesin the storage unit 1is configured to store
information, which 1includes a number 1into which the
higher-order reference signal bandwidth is divided and a
reference signal bandwidth obtained by dividing the

15 higher-order reference signal bandwidth, for the lower-
order reference signal bandwidth lower than the highest-
order reference signal bandwidth.

3. The base station as claimed in claim 1,

20 wherein the storage unit is configured to store the

reference signal transmission bandwidths narrower than

the corresponding system frequency bands iIn association
with the system frequency bands.

25 4. The base station as claimed in claim 1,
wherein the frequency hopping bandwidth setting unit is
configured to set the frequency hopping bandwidth such
that interference with a reference signal transmitted
from a user device in a neighboring cell is reduced.

30

5. The base station as claimed in claim 1,
further comprising:
a transmission bandwidth setting unit



configured to make the assigned reference signal transmission bandwidth for
a user device located at a cell edge narrower than the assigned reference
signal 10 transmission bandwidth for a user device other than the user

device -rocated at the cell edge. 7. A usaPdevice for a system where multiple
reference signal transmission band:w.dths are defined in 15 association with
system frequency bands and hierarchical reference signal bandwidths are
define6g6f et efl theteeferefte sifhal raasafigsion banaf/itascech anal
Iowerl-@ité&rsrmg@"gm@a sm\bmd?/i%ﬁéﬁueroﬁzaa a : b@lesbﬁrdﬁf refiesengser
signa idth is_a divigion 20 of a higher-order reference signa
bandwt?gtﬂ?ﬁgée l*};,e? dgepi/ﬁé comprising: a reference signal bandwidth
receiving unit configured to receive, from a base station, reference signal
bandwidth informat@n intieatingsbe beiaichicahgb elfainee signalclaim 5,

bandwjgths carrespending 1g.ang of {h feé%{ﬁa\ﬁos&na'ﬁﬂ@gsioumn is

bandwidths used for the user device; a receiving unit con gf@r 0 receive,
from. B hAGERSoNTA fretREBcy RBBpinGDahaNAsth 6 BRI BEABNcyS1gnal
hopping-ahamétes@nee signdivdodiondol_ the teferende\sigral baodwddths@s a

informafigy 0B Atk a?%%%%é‘?fef@g&ﬁ signal %@%ﬁ'gﬁ‘é&?“ AL 3signal
reference signaltransmission band setting 31_ unif'configured to set a
rEfered@RMLF HAAR PG HEHUAREY FPardPRinHSHaGReREMRY nEpRingthe
bandwidttr bdsed cn theceeferbrece digpacledddwitljle information received by
the reference signal bandwidth receiving 5 unit and the information on the

assigned reference_ signal transmission bandwidth received by the receiving
7 user device for a system where multiple

reference signal transmission bandwidths are defined in

15 association with system frequency bands and hierarchical
reference signal bandwidths are defined for each of the
reference signal transmission bandwidths such that a
lower-order reference signal bandwidth Jlower than a
highest-order reference signal bandwidth is a division

20 of a higher-order reference signal bandwidth, the user
device comprising:

a reference signal bandwidth receiving unit
configured to receive, from a base station, reference
signal bandwidth information indicating the hierarchical

25 reference signal bandwidths corresponding to one of the
reference signal transmission bandwidths used for the
user device;

a receiving unit configured to receive, from
the base station, a frequency hopping bandwidth for

30 frequency hopping of a reference signal and one of the
reference signal bandwidths as information on an
assigned reference signal transmission bandwidth;

a reference signal transmission band setting



unit; and a reference signal transmitting unit configured to transmit the
reference signal using the 10 reference signal transmission frequency band
set by the reference signal transmission band setting unit. 8. A

communication control method perforﬁé&by a base station communicating
with a user device and 15 adapted for a system where multiple reference
signal transmission bandwidths are defined in association with system
frequeniey bafas BHaiethrdificaqtiferercefagracoard@nils cagemicgion
Ifor eaqfr@amqergaﬁa sighah ir@nﬁfsifamrf]wwthﬁ@pph igat Bandwidth
ower-prder 20 reference sj idth. t [ t-0 -
refereﬁg(e%éfgnagf?ﬁanﬁ%v%dth%g%?s%vn g'ﬁﬁ%ﬂers %@Q%eniﬁi‘?&ﬁqtfon
bandwi@®E hethettiod Eomprigigrenserefddahnpaadightidsionreceiving
bandwidtit breadcasiing stbpfofrseleddrg, foom astoragediheld stesifigrence
refere ' idth informatian indicatj iergrchical re -
sanal D R ekt g
signal WahBwi@Pinf. o_natior _ corresponding to one of the reference signal
transmission bandwidths befieg-ened by 38ihadhse statmmsanidting unit

broad%ﬁf&‘{“@osejﬁ&teﬁﬁﬁ%ﬁi‘fe 1N DROAYIAD INtPENAYON:&ing the
frequency hopping bandwidth setting_step of setting a frequency hopping
B&mdm&%%?%ﬁuéheyaéz-ﬁ{@éﬁﬂg oF Hore rhERBEGYal PR e Gifilhg Rlepthe
of reportifigremntiee s3gnalkvioegribe fresiu@mndydrapsed bangvwidttand one of
the reference signal bandwidths as information on an 5 assigned reference

signal transmission bandwidth; a reference signal transmission band settin
A communication control method performed by

a base station communicating with a user device and

15 adapted for a system where multiple reference signal

transmission bandwidths are defined in association with

system frequency bands and hierarchical reference signal

bandwidths are defined for each of the reference signal

transmission bandwidths such that a lower-order

20 reference signal bandwidth lower than a highest-order

reference signal bandwidth is a division of a higher-

order reference signal bandwidth, the method comprising:

a reference signal transmission bandwidth

broadcasting step of selecting, from a storage unit

25 storing reference signal bandwidth information

indicating the hierarchical reference signal bandwidths

for each of the system frequency bands, the reference

signal bandwidth information corresponding to one of the

reference signal transmission bandwidths being used by

30 the base station and broadcasting the selected reference
signal bandwidth information;

a frequency hopping bandwidth setting step of

setting a frequency hopping bandwidth for frequency



step of setting a reference signal transmission frequency band within the
frequency hopping bandwidth based on the reference signal bandwidth
information 10 broadcast in the reference signal transmission bandwidth
broadcasting step and the information oRhe assigned refcrence signal
transmission bandwidth reported in the reporting step; and a receiving step

of receiving the reference 15 signal to be transmitted from the user device
using thePrafedeAde aigrferrizesisSibaAdguency band set in the reference
signal transmissiongoapgseitinihgtegtep of reporting, to the user

device, the frequency hopping bandwidth and one of the
reference signal bandwidths as information on an
5 assigned reference signal transmission bandwidth;

a reference signal transmission band setting
step of setting a reference signal transmission
frequency band within the frequency hopping bandwidth
based on the reference signal bandwidth information

10 broadcast iIn the reference signal transmission bandwidth
broadcasting step and the information on the assigned
reference signal transmission bandwidth reported in the
reporting step; and

a receiving step of receiving the reference

15 signal to be transmitted from the user device using the
reference signal transmission frequency band set in the
reference signal transmission band setting step.



