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-1- DESCRIPTION BASE STATION DEVICE 5 TECHNICAL FIELD The
present invention generally relates to a radio communication system.
More particularly, the present invention relates to a base station. 10
BACKGROUND ART A successor corlmunication system to W-CDMA
and HSDPA, i.e., Long Term Evolution (LTE), is currently being
discussed by 3GPP, a standardization group for W- CDMA. In LTE,
orthogonal frequency division multiplexingptpGFDM) is to be used as a
downlink radio access method and single-carrier frequency division
multiple access (SC-FDMA) is to be used as an uplink radio access
method (see, foBagsampip) BGRP JR/A%B14 (V7.0.0), "Physical Layer
Aspects for Evolved UTRA," June 2006). 20 In OFDM, a frequency band
is divided into multiple narrow frequency bands (subcarriers) and data
ard trehidhhitreld dnl fhleDsubcarriers. The subcarriers are densely arranged
along the frequengy ais-sdeh haliG¥nRAYN OWRIRR A PHYIMEEY to a

not interfere with each 25 other. This method enables high-Speed
traﬁ%!ééloncé?{@“‘dﬂﬁﬁﬁﬁéWéquéYﬁit&‘ﬂuen&ﬂPTr‘?SC%MA%\'a”y’ the
fregues@nharichisedidded inte laulipleiequencydardstanshthe

frequency bands are allocated to different terminals for transmission in 30
order to reduce interference between the terminals. Also, SC-FDMA

redifges RGO BRthe transmission power and therefore makes it

possible to reduge BWEESASTRIIARATISHEINAS 394 1RACHEVALERIA and

coverage -2- Areference signal for uplink in E-UT
i.e. Long Term Evolution (LTE) is currently

being discussed by 3GPP, a standardization group for W-
CDMA. In LTE, orthogonal frequency division multiplexing
(OFDM) 1s to be used as a downlink radio access method
and single-carrier frequency division multiple access
(SC-FDMA) 1is 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 OFDM, a frequency band 1is divided into
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
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 1in
order to reduce interference between the terminals. Also,
SC-FDMA reduces variation of the transmission power and
therefore makes it possible to reduce power consumption
of terminals and to achieve wide coverage.
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indicates a pilot channel that is used for purposes such as
synchronization, channel estimation for coherent detection, and
measurement of received SINR in 5 transmission power control. The
reference signal is a transmission sigrat known to the receiving end, i.e.,
the base station and is embedded at certain intervals in subframes.
SC-FDMA used as an uplink radio access method 10 in E-UTRA is

described belowwith @i paeRe0 FISk dndp SEEPMARIHEMin  E-UTRA

frequency band is divided into multiple resource blocks each including

ond " MétkesustPAd tESBIRN8E adhG (uker EgGPnERE BEfROSes such

allegated gnelor onreaedource bickanwifrequeniydbisoheddling, teoherent
im rove tt}.e transmissi(an efficienca/ ar_the throuthut of the engre .

etection ar?( meﬁls re(rgpemf C{ receiye Slh%R in
system, resource blocks are allocated preferentially to USer devices wi

godd attrinhesdomditionyaccarding ito keceied sighiEdieNiBe osdigarmkl Is a
quliy iRGiGRISERIF QT MeRsUeH AR 4@ reppadedasep amdoveigk e,

pilot channels for the_ respective resource blocks by the user devices. )
Al or Ntk FAGE Hee s th B BRIREHECS! iidqueREF AbPpikgtathEds 1N
alleggiibnapideequency blocks is varied according to a frequency hopping

pattern, is being disc d. 25 In FIG. 1, time and freque resqurces
ocated to diot LR GG A rEbreURTAd by AT He gL thod
Fof exampleRA rdlativégapideberdquembyvband thalloeheiceiodeEXim thdG. 1.

firsf subfianesut a geladiyelyiar gy disauiRBey baadds allacalsd PRy into
UEZ2 in the next subframe.” Different frequency bands are_ allocated to the

usBHddABIEWith6FCNVS RppHP K SCFEWA, Bitfelsisthitee spge or more
freguenreyr rasauscesmielallagatad toasecdevioesdnr a egliigpmént: 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 preferentially to user devices with good
channel conditions according to received signal quality
or channel quality 1indicators (CQIs) measured and
reported based on downlink pilot channels for the
respective resource blocks by the user devices. Also for
uplink radio access in E-UTRA, use of frequency hopping,
where allocation of frequency blocks i1s varied according
to a frequency hopping pattern, iIs being discussed.

In FIG. 1, time and frequency resources
allocated to different user devices are represented by
different hatchings. For example, a relatively wide
frequency band is allocated to UE2 in the first subframe,
but a relatively narrow frequency band is allocated to
UE2 iIn the next subframe. Different frequency bands are
allocated to the user devices without overlapping.

In SC-FDMA, different time and frequency
resources are allocated to user devices in a cell for
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transmission to achieve orthogonality between the user devices in the
cell. Here, the minimum unit of the time and frequency resources is called
a resource unit (RU). In SC-FDMA, a consecutive frequency band is
allocated to 5 each user to achieve sirgle-carrier transmission with a low
peak-to-average power ratio (PAPR) . Allocation of the time and
frequency resources in SC-FDMA is determined by a scheduler of a base

stagipags§d Ofo RroPAIAIoR KN tighsAb &'Pi’ggs BEYMRRAYSIRE user

10 of service (QoS) of data to be transmitted. The Q includes a data )
ratdY WeSited BrridatE ahli-a 8856 - TROS iN BH RBMAIMAL spdehhe time
thrandhpit dg)ineproyed by callocatindi ime ahlidteqaeneysmspoeceanit  (RU) .
praviding. g propagation conditionsto respective user,devices. .5

ol e DA et e A o BTN AT R ety o
fregaehcyusesurtes. aThdelisre Sd fred e iyay allbcatsiinssdslnmay th a

OVRIUAP EMURSY RADARIOCHRH HY2 ri%&'i@“gg&ﬁﬂe) If fraquesiCtion of

bands allocated in neighboring cells partly 20 overlap each other, signals

intd#&re withach BfHer ahbSALIFRGXiity EGEAUESE DISALOSUREFBEA IS
INVERGHQNRROBLEMS ORI SRUVEDB aTHEZ S¥VENFEON 25 Based on

described ahove, use of frequency hepping for yplink radio access in .
- DT RA PE O oGRS L P5c0Tr BSgui MRS 7 masbathg: cuality
sighblingerrd@een€Rhsppirgfpaterheandfor dilocatednesddrtedinitsline QoS

fregHeneRePRIng hgye paiheen 30lisqussed veb P%Q@?Cbﬂdhﬁ delay.

present invention is to provide a base station that makes it possible to

usé frSquehBy REpiRg for ublitk redRtEtedd P49 BRYERAS-Improved by

allocating time and frequency resources providing good
propagation conditions to respective user devices.

Base stations 1In a system independently
determine allocation of time and frequency resources.
Therefore, a frequency band allocated 1In a cell may
overlap a frequency band allocated in a neighboring cell.
IT frequency bands allocated in neighboring cells partly
overlap each other, signals interfere with each other
and their quality i1s reduced.

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
As described above, use of frequency hopping

for uplink radio access in E-UTRA i1s being discussed.

However, configurations or methods for
signaling a frequency hopping pattern and/or allocated
resource units 1iIn frequency hopping have not been
discussed yet.

One object of the present invention is to
provide a base station that makes it possible to use
frequency hopping for uplink radio access iIn an E-UTRA
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system. MEANS FOR SOLVING THE PROBLEMS In an aspect of this
disclosure, there is 5 provided a base station communicating with a user
device transmitting an uplink signal based on a single-carrier

transmission scheme. The base statiorftincludes a frequency hopping
determining unit configured to determine whether to apply frequency

hopping to the user 10 device based on radio-wave propagation

infQ jgh from the user device and a traffic type of data to be

transmitted by the user device; a scheduler configured to allocate
frequencies to the user device based on uplink channel reception

condifinigs pOthesmey tegicEHES RROBLEPSIting unit configured to report
allocation information indicating resource ynits allocated by the -
scheduler to thg] u@er%révicas."ggl%eh tk?eﬁ‘re%ﬂér?cy Hc(f‘b;gﬁlgggégrminifﬁge re s
unfo deterftigestoldsply thesftdquencymmopplegiol the uskklegicestie device
schediflenis cepfigurad 2059 pHrcalg Jrdiie HeQldpviss: é‘v‘%‘iﬁgw%arr ier
with different frequency bands in different slots. ADVANTAGEOUS
EFEERSEOHESPRENNYERFROR Onedpecttitfe petatdiflentibAciudes  a

prefdes i@ rkdybase stasibhghat diakesntipassiple tavse freqeanEygured  to
hoppipg for.uplink radio access in an E-UTRA system, BRIEF

e B R R B T SO kg the user
singfe BoecApdererDMA; Fidl oiswashawiricpilastedingra eakormation from
CORRRHNIGRNGN SYRieMRecasding tg anempedinenipidne Jyresgita to  be

invention; -5- FIG. 3 is a drawing illustrating exemplary mapping of uplink
cofttrangahhird by the uSer device; a scheduler configured

to allocate frequencies to the user device based on
uplink channel reception conditions of the user device;
and a reporting unit configured to report allocation
information iIndicating resource units allocated by the
scheduler to the user device. When the frequency hopping
determining unit determines to apply the frequency
hopping to the user device, the scheduler i1s configured
to allocate, to the user device, resource units with
different frequency bands iIn different slots.

ADVANTAGEOUS EFFECT OF THE INVENTION
One aspect of the present iInvention provides a

base station that makes 1t possible to use frequency
hopping for uplink radio access in an E-UTRA system.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1i1s a drawing illustrating single-

carrier FDMA;

FIG. 2 1s a drawing illustrating a radio
communication system according to an embodiment of the
present invention;
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FIG. 4 is a drawing illustrating exemplary allocation of resource units to
user devices to which 5 frequency hopping is applied; FIG. 5 is a partial
block diagram of a base station according to an embodiment of the
present invention; FIG. 6 is a partial bloek diagram of a user 10 device
according to an embodiment of the present invention; FIG. 7 is a drawing
illustrating exemplary allocation of resource units to user devices to which

frequency hoppigg ¢ apglieqsls &1Gq B4g frdiawing lLsrainghexemrians 1ary

allocation of resource units to user devices to which frequency hopping is

apPReP 6. 61s YRtARhGRRhg @IS allocation of resource
units to user deviaes._to whichs 20 reguendymippaing issapplieih&lGekeriplary

2 digying Yustiating exempiap. allocajion of esoures. UNB IPUSET 1o which
detices t5'which fcr)equency_Hoppmg IS applieo? FIGT1i§'5 partial block

diafraaustcyadeo B Wigtiorsacgupdihgds an embodiment of the present
invention; FIG. 12yig a partipkblock diggramyof giusak devisragsordingde base
an embodiment of the present invention; 30 FIG. 13 is a drawin

(g e%"'l% whEgsent

iluskafiy BxeRBEAN HiBlatidrPof r@BoureBRRFETS tEer @dvic

fregnereytiopping is applied; and FIG. 14 is a drawing illustrating

exemplary -6- aljopationof {esoures Wi 19 YIS SEYCR IS of a user
device according to an embodiment of the present
invention;

FIG. 7 1s a drawing illustrating exemplary
allocation of resource units to user devices to which
frequency hopping is applied;

FIG. 8 1s a drawing illustrating exemplary
allocation of resource units to user devices to which
frequency hopping is applied;

FIG. 9 1s a drawing illustrating exemplary
allocation of resource units to user devices to which
frequency hopping is applied;

FIG. 10 1s a drawing illustrating exemplary
allocation of resource units to user devices to which
frequency hopping i1s applied;

FIG. 11 i1s a partial block diagram of a base
station according to an embodiment of the present
invention;

FIG. 12 i1s a partial block diagram of a user
device according to an embodiment of the present
invention;

FIG. 13 i1s a drawing illustrating exemplary
allocation of resource units to user devices to which
frequency hopping is applied; and

FIG. 14 1i1s a drawing illustrating exemplary
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frequency hopping is applied. EXPLANATION OF REFERENCES 5 50k
(501, 502, ..., 50k) Cell 100, (1001, 1002, 1003, ..., 100n) User device
102 OFDM signal demodulation unit 104 Uplink-scheduling-grant-signal
demodulation/decoding unit 10 106 Otter-control-and-data-signals
demodulation/decoding unit 108 Demodulation RS generating unit 110
Channel coding unit 112 Data modulation unit 15 114 SC-FDMA

modigioRtihl 16Breadeasi-channgtemqdiiqtiopdecpdiig bait £90Mnich

(2001, 2002, 2003, ...,.200m) Base station 202 OFDM signal generating
unif PBAUGAIRK-LPRBAfSY- iR tansmission- 20 control-signal
generating unit 206 Demodulation RS generating unit 208

Sy opization-detectign/channel-estimation unit 210 Channel decoding
ung%gé‘ggﬁ%%@ég elf('e_& GENL.EPEI%ZM Uplink-channel-condition
estimatidhuf 0216 Seheduler 28 Frecuehdy hopping determining unit
220 Bragsisast shanneheggyeraiipg unit 304889 §ore peorha0f Lysical

uplink shared channel 510 Uplink control channiel 520 Uplink control

channel 97 BESTINIOBEIEGR EARRIYNBIART HIEENVENTION
104 Uplink-scheduling-grant-signal

demodulation/decoding unit

106 Other-control-and-data-signals
demodulation/decoding unit

108 Demodulation RS generating unit

110 Channel coding unit

112 Data modulation unit

114 SC-FDMA modulation unit

116 Broadcast-channel demodulation/decoding unit

200, (200;, 200,, 2003, .., 200p) Base station

202 OFDM signal generating unit

204 Uplink-scheduling-grant-signal-transmission-
control-signal generating unit

206 Demodulation RS generating unit

208  Synchronization-detection/channel-estimation
unit

210 Channel decoding unit

212 Coherent detection unit

214  Uplink-channel-condition estimation unit

216 Scheduler

218 Frequency hopping determining unit

220 Broadcast channel generating unit

400 Core network

500 Physical uplink shared channel

510 Uplink control channel

520 Uplink control channel
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Embodiments of the present invention are described below with reference

to the accompanying 5 drawings. Throughout the accompanying

drawings, the same reference numbers are used for parts having the

same functions, and overlapping deseriptions of those parts are omitted.

A radio communication system 1000 including 10 user devices and base
stations according to an embodiment of the present invention is described
below with reference to FIG. 2. In the present application, user devices

(user equipment: UE) ma also be caIIed moblle stations. 15 The radio
coRrmUnidiaidn 000 18 BaSbt INARId OBvolved UTRA

and UTRAN (alsmradjadmmTemevctW@n rSiEi 8G).itheradion are
communic. tlon Syst 10001 udes 156 stations eNo&e B: g%lc anvin
208m &56 éjezegé rgBm m |s an m?egerE greater than gncpy d
uselrrdwrmmd' r(:oogrmuz 1be3 accanoarpyiisandiryengratdihe same
thanPthah SOMARiSaES Wikl the pase stalinns BaPHs ThRBASRy the same

stations 200m are connected to an upper node such as an access
galeli a8 and BRI JaBRED 306 7S datiiisy 18h cbhese parts

nem@rkdﬁ)[}t’é@dh of the user devices 100, is in one of cells 50k (501,

502, ..., 50Kk; k | an int reater than and communica ith the

correspondlng one ofgfﬁeﬂgage Sations m accor@ng o IE—_ﬁ?q\@ed U’ﬁi&d 'ng

and$£TRANIES0IIgere, it Babsuagehat SdaEioftive uskECdeViderg100to  an

gaéﬁqegaaﬁréﬁita@rsh%éorﬁ%e&%mr AR lsitpdne;Bass ilane ow

Om and are in communications; and the other user devices 100, have

otV Bt sHBTEHRNSSntGhidaliBn cRanndR wiighdPbgsent application,

user devices (user equipment: UE) may also be called

mobile stations.

The radio communication system 1000 i1s based
on, Tfor example, Evolved UTRA and UTRAN (also called
Long Term Evolution or  Super 36). The radio
communication system 1000 includes base stations (eNode
B: eNB) 200, (200,, 200,, 2003, .., 200,; m §IsS an iInteger
greater than 0) and user devices 100, (100,, 100, 1003,
., 100,; n 1s an 1iInteger 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 1is
connected to a core network 400. Each of the user
devices 100, is in one of cells 50k (60;, 502, .., 50«; k
IS an iInteger greater than 0) and communicates with the
corresponding one of the base stations 200, according to
Evolved UTRA and UTRAN.

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



stations 200m and are not in communications. Each of the base stations
200m transmits synchronization signals. Each of the user devices 100, 5
is located in one of the cells 50k (501, 502, ..., 50k; k is an integer greater
than 0). When the user device 100, is;5er example, turned on or in the
intermittent reception mode during communications, the user device 100,
performs a cell search based on the synchronization 10 signals to find a

celb el PIGUpRsI00d SRAIGN FRRTHICALIN QUMY or the eer deyiee  pase

100,. More specifically, the user device 100, detects a symbol timing and

a A& iRTiSy 2RHuERE -SRIt cGATBIURIBAREAG Such as a cell
ID (or a scramblipgcld cage unitige taoasell generaieshisom20e cell tiPhasmi ts

2 giounfeel IBs (narealiey sajled a,callid grpup), basedan e s cos 100,
synchronization signals. A céll search may be performed when the user

5 de\iis_e loo,arsed ccimrr.mm.taﬁifnst&l#w@leds! Whéﬁuh&@h_us@r%evice, 50k; k
10§ <is A9t HUPEENCAEGRS FOFIXAMRIE, the daerdRyicRst0.device 100,

performs a cell search'during communications to find a cell using the

sate-frediitincy €S8R a cEH LSRG a Biffer&t fridduenteThd fEgrmittent
devieedi9Pi also peidiermd araalicseacehihaitihising<25 inthe user device

co nicatigns, for example, when the yser device 0, has just been .

R R A s Ol LA 0 ey S i zation
10 206202G06G; ..., QO0m hage tive sarad bonf@m&tiorparmmﬂonsg@m argradio

thesgfare salefiisPask sipie) 240 the pase sfalion 3 ¢Pem. orde. More

base stations 200m in the descriptions below unless otherwise mentioned.

TheRRel faGedd Yeo, i1, VEsH2, #9381 Ca 00 Ravetfdsatie @ sSymbol
configuration and functipnsnand arentheteforacallefbiheotser daylde-Eacific

'gbontrol information such as a cell ID (or a scrambling

15 code unique to a cell generated from the cell ID) or a

group of cell IDs (hereafter called a cell ID group)

based on the synchronization signals.

A cell search may be performed when the user

device 100, is in communications as well as when the

20 user device 100, i1s not iIn communications. For example,

the user device 100, performs a cell search during

communications to find a cell using the same frequency

or to find a cell using a different frequency. The user

device 100, also performs a cell search when i1t iIs not

25 In communications, Tfor example, when the user device
100, has just been turned on or is iIn the standby mode.

The base stations 200, (200, 200,, 2003, ..,

200,) have the same configuration and functions and are

therefore called the base station 200, the base station

30 200,, or the base stations 200, in the descriptions below

unless otherwise mentioned. The user devices 100, (100,,

100,, 1003 .. 100,) have the same configuration and

functions and are therefore called the user device 100,
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the user device 100" or the user devices 100, in the descriptions below
unless otherwise mentioned. The cells 50k (501, 502, 503, ..., 50k) have
the same configuration and functions and are therefore called the cell 50k
or 5 the cells 50k in the descriptions be&few unless otherwise mentioned.
In the radio communication system 1000, orthogonal frequency division
multiplexing (OFDM) is used as the downlink radio access method and

singix1Q earper Jerppency diisiongpuligple aceess (Jedie¥4) Bodsedin the
as the uplink radio access method. In OFDM, as described above, a

frefGeSdy PAHPRYNEAG i MhFew FERGENASEa R EhBES ers) BRacel Is
daOare(BOSMited , orbihe subcaB®ry. InBeFRNA, sdreguensyfiandration
s L dvigeddipdnultple regyency bands and the freauengybandpare o
allocated to (§;| eren?user devicés for transmission In order to re&uce

intétierened betvidbn #ie tiber dedeast Cohamanieationchartrgsusddiprwise
Evalved ibHRA 20 and UTRAN are described below. For downlink, a
physical downlink shared channel (PDSCH) shared by the user devices

100, and an LTE HowiHk coRflianf 3R aca tAYdbwniStise 1000,
LTE&rdavenjimkecbntrbl-ebgranatys uskd/ isiaport 2 ihfdpiationen ugerDv)  is
devices, to be ed, to the.physical .downlink shared channgl, transport ~
oAt e for e W el A e chle BT i b nate
oncagar idevicEs g0 bentappetMdzl physival Gplrleshaesd shaqeél;-FDMA) is

trapspeyt iguna eormaiigH o ety sicRl S0uuplinkeshisgd channelpanf  as
acknowledgement information for the physical uplink shared channel; and

thelpRyidd edovimkesnafe d ERMRITTYURRNE tahsHfivi st Hata taspar row
in gowolink, die hasedstatiopalZOQrriers) and data are transmitted

on the subcarriers. In SC-FDMA, a frequency band 1is
divided into multiple frequency bands and the frequency
bands are allocated to different user devices for
transmission in order to reduce interference between the
user devices.

Communication channels used i1n Evolved UTRA
and UTRAN are described below.

For downlink, a physical downlink shared
channel (PDSCH) shared by the user devices 100, and an
LTE downlink control channel are used. In downlink, the
LTE downlink control channel 1i1s used to report
information on user devices to be mapped to the physical
downlink shared channel, transport format information
for the physical downlink shared channel, information on
user devices to be mapped to a physical uplink shared
channel, transport format information for the physical
uplink shared channel, and acknowledgement information
for the physical uplink shared channel; and the physical
downlink shared channel is used to transmit user data.

Also i1n downlink, the base stations 200,



-10- transmit synchronization signals used by the user devices 100, to
perform cell searches. For uplink, a physical uplink shared channel
(PUSCH) shared by the user devices 100, and an LTE 5 uplink control
channel are used. There are two typesIdi-uplink control channels: the first
is an uplink control channel to be time-division-multiplexed with the
physical uplink shared channel, and the second is an uplink control

chanaglda Pe fregyReREYiSIeR 18 Multpigxpdwith theRhysical URKRK  user
shared_channel. In uplink, the LTE uplink control channel is used to report

doARNAIEBRart i U PREERIs Febl) f&foPetheduling and
adaptive modulation ang Eéding (AMEhek iheaphysichi dawnlinkisbaredhannel
ch to report 15 acknqwledgement information ( QAC
O foF TRL Bysish obming SHbred ST AfCopingTd an  LTE
5 chamddinmagandicatd eithanttel paysical splink Shgee chiienatwetheypes of

LTEHAIRK ceppelrsianiehniors arq o wpps £f T EE SRIINKGFHIO! €8ntrol

channels: the first is an uplink control channel to be _ )
tinfel@0Rh-mUiblexBE witd tHeepiirckd ki shbred excthel, diidthe the
seponydibanuplipd ¢omtrosichranel tthog frefyensydlivision-raidtiplesedis  an
Witlr}t en[P(hysi%%InuP}jn sha(r: %ﬁrﬁaer]nel. %IG. 3ti)sadr \t/_vin %E'r)](ijllu_st ?tiri%ion—
exel%pl'ary mapping of LTE uplink control Channéls. AS'Shdwn INFIG, ,

10 frequdidypedivisish- widitipldsl uphivik toakolghbihnklssie negppedaonel . In

AtesiteRs In 40 §lojS Ala SHREFDE IHASAEENPSNORRIY 5 report

di
applied to_the uplink control channels). In_FIG. 3, 500 indicates a physical

upfWshard criMenesho iAdRAESIpIiAREARESARannERl)  used  Tor

scheduling and adaptive modulation and coding (AMC) of
the physical downlink shared channel and to report

15 acknowledgement information (HARQ ACK information) for
the physical downlink shared channel.

An “uplink channel” may 1i1ndicate either the
physical uplink shared channel or the LTE uplink control
channel. There are two types of LTE uplink control

20 channels: the fTirst i1s an uplink control 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. FIG. 3 1is a drawing

25 illustrating exemplary mapping of LTE uplink control
channels.

As shown in FIG. 3, frequency-division-
multiplexed wuplink control channels are mapped to
different positions iIn two slots of a subframe

30 (frequency hopping is applied to the uplink control
channels). In FIG. 3, 500 indicates a physical uplink
shared channel, 510 indicates uplink control channels
that are frequency-division-multiplexed with the
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that are frequency-division-multiplexed with the -11- physical uplink
shared channel, and 520 indicates uplink control channels that are
time-division-multiplexed with the physical uplink shared channel. In
uplink, the LTE uplink control channelH$15 used to report downlink
channel quality indicators (CQI) used for scheduling and adaptive
modulation and coding (AMC) of the physical downlink shared channel

a”ﬂH?éiwm'hﬁqm%'%‘ﬂ%"@%ﬁtdﬂf&ﬁfﬁéﬂon HAREACKnMURAON) H 1 i nk

for the physical downlink shared channel; 10 and the_physical uplink

sh&fdtdrahne R %o WhaHsnft Gk ita A YhRER6IT @Hz!r'ﬁw‘é? t6xed with

magipedghyikd gzl sigal aplinksshared cobhaneldd an upllnk shared
channel (UL- SCHP1 Use da}(a ar%ﬁnapee%to th con nnel is
physical uplink contr(H Shnel may ral e lfsed% transm 9 agg‘?

to theedQtand & Eekdowlkbigohenbminelatidnad sthedmmgqeqwst «en

for, eeqyestilg allepatinn g S%BG%QJ‘MQ)E‘WBG%E%W%F}W foding

release request used in Hersstent 20 scheduling. Here, allocation of

reddtiféas oPfin &9 &@HanHQWHalel%s %'b?E@éss g hagnd to
statipaneapprts to @dkﬁo@lﬂ\é@&gbmgﬁmg theipitisicahddwnlink omrD ACK

channel in a give fram that the user devige isallo i
comrﬂﬁnlca 1e:qius&g tk?e upI%k shgrre% 263 ané‘he m%l S%Vbsseraﬁgﬁp channel ;

subfigmetirethepladipi s mumithiiok systearefithishanibedimens used to
fregpgrﬂ@mctpgjg%is vsgesfor uplink. In - frequency hopping, allocation of

frequency blocks is varied according to a frequency hopping pattern. 30

As shown in FIG) 4, kheR$RYUENcy-REpMAY is tRed st upiRPREoukRs the
arpplechted to theluse#k shared channel is an uplink shared

channel (UL-SCH). User data are mapped to the UL-SCH.

The physical uplink control channel may also
be used to transmit, iIn addition to the CQI and the
acknowledgement i1nformation, a scheduling request for
requesting allocation of resources of an uplink shared
channel and a release request wused 1In persistent
scheduling. Here, allocation of resources of an uplink
shared channel indicates a process where a base station
reports to a user device by using the physical downlink
control channel in a given subframe that the user device
iIs allowed to communicate using the uplink shared
channel i1n a subsequent subframe.

In the radio communication system of this
embodiment, Tfrequency hopping is used fTor uplink. In
frequency hopping, allocation of frequency blocks is
varied according to a frequency hopping pattern.

As shown in FIG. 4, when frequency hopping is
used for uplink, resources are allocated to the user
device 100, by resource units (RU). In FIG. 4, the
horizontal axis 1indicates frequency and the vertical



device 100n by resource units (RU). In FIG. 4, the horizontal axis
indicates frequency and the vertical -12- axis indicates time. For example,
one resource unit has a bandwidth of 180 kHz and one slot has a length
of 0.5 ms. One subframe includes twelslets. Frequency bands located
near the lower and 5 higher ends of a system frequency band may be
allocated to user devices to which frequency hopping is applied. This

Makepdl RS ING IRBCeRse theBpausnay pIWersEn@MaRgdseEdeViReS has
to which frequency hopplgﬁ is applied, Frequency bands other than the
e

frefudRNT B Llear@Re tiverdiid Hgierehal daw §stgnoth of 0.5

freggengnleand aeralliecaietcibudkes devices fowdich localized FDMA is

applied. For the user devices tq which Iqcalized FDMA is applied, this

hbroves the o ERtAN SutHE g e e SR b g g T0uer and
5 schdrgbeTheebase sthtion 30@hat thig efbeditvemnadeteraedavhetlpcated

to ggply, FEAUENSY NAPRINGJO AKiPER dﬂf@ﬁl%ﬁ?% OREPPRARUIYS applied.

information and a traffic type of the user device. The propagation
infdfdation 8% uddr deRREIABEGes the mdViRd Spe&d ofiihe us&ireauency
devigeeroriaxamplerihe base svon cOOmMideteimiiogs ®regabncy hopping
]fre?'%engijsﬁi’?%‘? topi;é’éll%'é%%‘(’y'ce.t')fe{%ﬁﬁ.eXB%&tee? theh 3PS Frequency
requency ‘hopping to thé user device achieves frequency diversity gain.

10 mdredsspetsfivallyt e basesmatichn200midsermiresds apply the system

regpeRRicRRRPINGHIQA USFE AV BIRVEY atHIJNSEPE &) RUSST to which

device periodically transmitting small-sized data such as voice packets

(vARCEdkets). KrdA abtermmiild 85 appig frebentPREpSIRY I¢aTuskp Which
devieeadG Hwedbaserstation 2@em reppd iethe usetidiyice thaiaoves  the

compatibility with the single-carrier transmission
15 scheme.

The base station 200, of this embodiment
determines whether to apply frequency hopping to a user
device based on propagation information and a traffic
type of the user device. The propagation information of

20 a user device includes the moving speed of the user
device. For example, the base station 200, determines to
apply frequency hopping to a user device if 1t 1is
expected that applying frequency hopping to the user
device achieves frequency diversity gain. More

25 speciftically, the base station 200, determines to apply
frequency hopping to a user device moving at high speed
or a user device periodically transmitting small-sized
data such as voice packets (VolP packets). After
determining to apply frequency hopping to a user device,

30 the base station 200, reports to the user device that an
uplink signal 1is transmitted to the user device by
frequency hopping.

In scheduling, to the user device to which
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uplink signal is transmitted to the user device by frequency hopping. In
scheduling, to the user device to which -13- frequency hopping is to be
applied, the base station 200m allocates resource units with different
frequency bands in different slots of edéh-subframe. In other words, a
subframe is divided in the time direction into 5 a first half (first slot) and a
second half (second slot), and a first resource unit(s) allocated in the first

half (irgt@lRbyP! g HPITgMG Hased freguengy, ppad thagigedifieseid frefation
the frequencx band of a Second resource unit(s) allocated in the second

haif Ot (aESRG RS of S QREme- AkE? schbbilling ! fHeessdetsdigrauency
200an deporis infoirfgtor ndicatingtibe albcated heseuris€ranits.vialan other
uplink scheduling grant to the uset devjce. Eor example, the base station .

200 Wors 151 DTG clrate ik ALotTee (S RTRE IO into
anmfourftiofsdhiftia kife fidguesity dideetion fedl the firse esstdircbadit(sfsecond

Nex 4§ basgsiatign 24Qmof thisempediment igdgscilgdb¥itted in the
reference to FIG. 5. 20 The base station 200m of this'embodiment

includestar @ kDM JighaitgenbrdihgUhitB, aHRpriaRe has a frequency
scheghdingegeant-sSignabit #femission-Centrol-sigpal Penguiating/uni204, of a

demodulation RS generating uni %e14 .
oo eI IANICSY Srldocaterd cing the second  half

de€sdingait2lota cofiefidre detsrtivamenit 212, an

uplink-channel-c_:lgpggipn eg&ﬂ%@ﬂﬂﬁ'ﬂ%?141ﬁﬁ%0he%‘é{§62165ﬁ5\@ fon 200,
frequency hoppln% determining unit 218. The OFDM signal generating
B

unkeRSY & the TpRiatansiuitdaat mal Hagsnaddigrated  resource

units via an uplink scheduling grant to the user device.
For example, the base station 200, reports, for each
subframe, a Tfirst resource unit(s) and the amount of
shift in the frequency direction from the first resource
unit(s).

Next, the base station 200, of this embodiment
Is described with reference to FIG. 5.

The base station 200, of this embodiment
includes an OFDM signal generating unit 202, an uplink-
scheduling-grant-signal-transmission-control-signal
generating unit 204, a demodulation RS generating unit
214, a synchronization-detection/channel-estimation unit
208, a channel decoding unit 210, a coherent detection
unit 212, an uplink-channel-condition estimation unit
214, a scheduler 216, and a frequency hopping
determining unit 218. The OFDM signal generating unit
202 and the uplink-scheduling-grant-signal-transmission-
control-signal generating unit 204 constitute a
transmitting unit. The demodulation RS generating unit
214, the synchronization-detection/channel-estimation
unit 208, the channel decoding unit 210, the coherent
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30 control-signal generating unit 204 constitute a transmitting unit. The
demodulation RS generating unit 214, the
synchronization-detection/channel-estimation unit 208, the channel
decoding unit 210, the coherent -14- détéetion unit 212, the
uplink-channel-condition estimation unit 214, the scheduler 216, and the
frequency hopping determining unit 218 constitute a receiving unit. 5

UnliBle Ba151S reqrivegl rom be usergigyices, JP9RRI W& Nond i tion

synchronizat_ion-detection/channe’l- estimation unit 208, the coherent

deRTEARZRADL2, YRAthe Glithk-chiRRel-cBRbGEH EelimatidiPunit 2!  the
Thesygokionizatinoreieciiondelannekrlihestinatian unit 808gentotihsute a
syr}%hrgriichiltri]on altra]tiegtion for the input received signals to estimate their
recep%on\{imlggs, performs channel estimation based on a demodulation
reference signallipdutrifont fieneie ko dokaiohWRE gEneratitjeinitooe devices

desggjihed; iater; apd 5 puis e ShaeRebesimatisresee i th6n/channe I -

coherent detection unit 212. The coherent detection unit 212 performs

coRsrbhfadtetion ol the 28&ivelgnsRN&=a%n q’ﬁ@%ﬁhﬁ%@l unit 212,

estimdtiameesyits Bnd-dlegatedifreguentieborn ez bandwisithsinput from.

the scheduler ZJﬁ%escribed IaterS and{iUrlBIl[J}t]lszth% %:-rrp_o lu aeteq: E%cne;v%d nnel -
signals to the channel decoding it 210 rHE Ehahner 46¢s ing onft 919
dee@ctgisnm’e idgmodo iate_d&@Beiwsﬁgms aﬁd/g@hf@t@gaqmﬂua_é@tect ion
daig,§ionaip £orrgspANAINg LA USE) BYMPeFPlAR Selegied MS§FARMEES their

100n input from the scheduler 216. The generated reproduced data

sighafsCaE kPhshHdd &S a et IR TRe GRMINEHarfreEdBRdida based on

estmatigenédfulation reference signal input from the
demodulation RS generating unit 206 described later, and
inputs the channel estimation results to the coherent
detection unit 212.

The coherent detection unit 212 performs
coherent detection for the received signals based on the
channel estimation results and allocated frequencies and
bandwidths input from the scheduler 216 described later,
and 1nputs the demodulated received signals to the
channel decoding unit 210. The channel decoding unit 210
decodes the demodulated received signals and generates
reproduced data signals corresponding to user numbers of
selected user devices 100, input from the scheduler 216.
The generated reproduced data signals are transmitted to
a network.

The uplink-channel-condition estimation unit
214 estimates uplink channel conditions of the user
devices 100, based on the 1input received signals and
inputs the estimated uplink channel conditions to the
scheduler 216.

The frequency hopping determining unit 218
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214 estimates uplink channel conditions of the user 30 devices 100n
based on the input received signals and inputs the estimated uplink
channel conditions to the scheduler 216. The frequency hopping
determining unit 218 -15- receives progdgation information and traffic
types of the user devices 100n. Based on the received propagation
information and traffic types of the user devices 100n, the frequency

hopgiag pRlerMpyag, Uih 218 HeteHFaps 204/ Bpthel A0 2RAN FPTEENEYpes of

hopping to the user devices 100. For example, if the propagation }
inffiRatlbPedt o BNAFESvIdE icAtBS Btht Me MoRingESiebYest thd gegaation
devie€ds grerienthamar equsffd a prggrisrmyfectibresbeld odéiees 100,,
traffic type is small-sized data 10 such,as vaice packets.(Vo cket .

et o BT e o B R R T Yo g L ines
218hetdratinebao appliprefiuencse hoypingp g uded déviee.user devices

Megswyhilesdfthe piapaeation {nfrmation-gha yse deViceREiFaeeibAt of a
15 the moving_speed of the user device is less than the predetermined

threSRdId P Y A€ AR Red RSotfba thaH e AIRYiB B daResTENE Ei& user
packsats (¥olR Ppackets) that areHzansmittedgepiwbicatly, the fraguesaty rmined
hopping determining unjt 218 determipes to not 20 apply fre cy-

oSS 2l el loe thfer Uit Uay Al Hy data

to Shelor mae used dedicesPEOTe tise freGueley hoppirigedstarminthgt  are
unig 218IRRYFS P the sehedid§talq gnd thewplink- frequency  hopping

scheduling-grant-signal-transmission-control-signal 25 generating unit 204

thH SEUEARY ReppiHg Ito Iset SppHied & th iser dkQice8RBBY. THE equency
schegildngl6 pecformenéor exasaple, device. Meanwhile, if the

propagation information of a user device iIndicates that
the moving speed of the user device i1s less than the
predetermined threshold or i1f the traffic type i1s other
than small-sized data such as voice packets (VolP
packets) that are transmitted periodically, the
frequency hopping determining unit 218 determines to not
apply frequency hopping to the user device. After
determining to apply frequency hopping to one or more
user devices 100,, the frequency hopping determining
unit 218 reports to the scheduler 216 and the uplink-
scheduling-grant-signal-transmission-control-signal
generating unit 204 that frequency hopping is to be
applied to the user devices 100,.

The scheduler 216 performs, fTor example,
frequency scheduling based on the estimated uplink
channel conditions of the user devices 100, and QoS
information of the user devices 100, such as requested
data rates, buffer statuses, desired error rates, and
delays. Then, the scheduler 216 inputs allocated
frequencies and bandwidths to the uplink-scheduling-
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frequency scheduling based on the estimated uplink channel conditions
of the user devices 100n and QoS 30 information of the user devices 100n
such as requested data rates, buffer statuses, desired error rates, and
delays. Then, the scheduler 216 inputsldllocated frequencies and
bandwidths to the uplink-scheduling -16-
grant-signal-transmission-control-signal generating unit 204 and the

copgrentdetpgHaN UEF&&%mQ%‘% VM BERN - DY TOPEhAISERGEF 488hg unit

devices 100, to the uplink- ) ) )
sciédtIRGriREsigRAGHSEMiSSSRCbARDI- &I844 Fdéneratity dRRYES user
anddh®elrannelfdeseding tvit 21 elHerde\stbedulingondicatestie uplink-
Pracess g pelecting user devices aflowsd fo Lapsmitbacket data ysinga
shared” channel ima given Sibtrame. ATter USET devices are selected in
thedseraciing omoduldtioasthemes, [doding o waeds, dacaainsizesdfit 210.

paﬂ'éertéj?ta‘gbﬂ%éféi‘ﬁﬁaﬁz“edi Ry e gelsciediserdevice§ ak Jecting user

determined. The modulation schemes, coding rates, and data sizes are
detfhesE ot bhkanffk, Basdd 87 STRE ofP&tffilngdAkreHed Bnals Shared
(Skebatrapdmitied fromdlie oser 4bisierioes viaAplielk. Alsoeresalisodces are
units to be used.b e selected,user devices to transmit the packet data -
b2 o R s ol LS VORI e U T
onISIRe®f sattirtpiedersiee sigodls (SRS trandsibitteticfrope thErgesmi tted

deyiges yigaipligk RQ-Hag uplinksschedulngsgrant-gigoal- getermined. The

transmission-control-signal generating unit 204 generates lﬁ%mk )
schelHihgtants BESEd6 the CQMELIIng FEEHs, dermitRbdrandgsie are
foroats ranth @dlQcated freqeieay Iespureess drchauplink IRBedulihg 28bunding

arantor gxample. fnolugps ani.ahhe gelecledsL 1SRRI user
communicaté using tAe physical upfink
devices via uplink. Also, resource units to be used by
the selected user devices to transmit the packet data
are determined. The resource units are determined, for
example, based on SIRs of sounding reference signals
(SRS) transmitted from the user devices via uplink.

The uplink-scheduling-grant-signal-
transmission-control-signal generating unit 204
generates uplink scheduling grants based on the
scheduling results, determined transport formats, and
allocated frequency resources. Each uplink scheduling
grant, for example, includes an ID of the selected user
device allowed to communicate using the physical uplink
shared channel, transport format information for the
user data such as a data size and a modulation scheme,
uplink resource unit allocation information, and
transmission power information for the uplink shared
channel. Here, uplink resource units correspond to
frequency resources and may also be called resource
blocks.



shared channel, transport format information for the user data such as a
data size and a modulation scheme, uplink resource unit allocation
information, and 30 transmission power information for the uplink shared
channel. Here, uplink resource units cekrespond to frequency resources
and may also be called resource blocks. -17- When user devices
(hereafter may be called frequency-hopping-applied user devices) to

which frequency/happingds o hecapplied argHepeigd-fipm be called

frequency hopping determining unit 218, the scheduler 5 216 allocates, to

calll BAHRNFYGUERY MppRRASSRd usSEdevicdleYdsstrde unifwith Which
differenjieeutieny ppainds in slifiesenies|eis of fadh subframpofisedth®rom the
uplink-scheduling-grant-signal- transmission-conteql-signgl geperating unit
ol 10T AY o O ns R T A SR e, S HRburer
5 fregliéncyHoppirieeis to be applidd. Thistfreqiarryuroppingeepdrmomapp i ied

be e8| VigiheRlnk sehadulipe c0raiH PEYIa ARUPPRlIRYRT e Ot requency
snggal. The_uplink scheduling grant is transmitted every subframe. 15
Th &E‘é

AteR, EBnhufdeRaRRtG it aR pPer MY EF Ahtrol signal,
sending the frequésey, hoppiageeportid th& plihkeschiachding giatt-signal -
makes it possible to mor ickly switch between_, normal and fr nc
e S T SR LA b Peports
10 to &ousetldevicd naguplick-sbogguling-granttdigdal- user devices that

UapPRIRRAMECONHIIHINR] 95eraag Ul 204, 9ppeptesTiol §ach frequency

subframe, an uplink scheduling grant including information indicating first
red¥UPEd DRits 2PN Catd8 thefirSEhdir (R sidtyef tHRTInk scheduling

grant or via an upper-layer control signal. The uplink
scheduling grant is transmitted every subframe.

15 Therefore, compared with a case using an upper-layer
control signal, sending the frequency hopping report via
the uplink scheduling grant makes it possible to more
quickly switch between normal and frequency hopping
allocation schemes.

20 When frequency hopping is to be applied to a
user device, the uplink-scheduling-grant-signal-
transmission-control-signal generating unit 204

generates, for each subframe, an uplink scheduling grant
including information iIndicating Tfirst resource units
25 (allocated 1i1n the first half (Tfirst slot) of the
subframe) and the amount of shift iIn the frequency
direction from the Tirst resource units. For example,
assuming that 1indexes are assigned to resource units
from one end of the frequency direction, the uplink-
30 scheduling-grant-signal-transmission-control-signal
generating unit 204 generates, for each subframe, an
uplink scheduling grant including indexes of fTirst
resource units and the amount of shift from the iIndexes
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subframe) and the amount of shift in the frequency direction from the first
resource units. For example, assuming that indexes are assigned to
resource units from one end of the frequency direction, the uplink- 30
scheduling-grant-signal-transmission-ebftrol-signal generating unit 204
generates, for each subframe, an uplink scheduling grant including
indexes of first resource units and the amount of shift from the indexes

-18;pf the drstfgyaugce pais, heuselpavice 1601 detarginegiggqend 100,

resource units allocated in the second half (second slot) of the subframe
baSedF 8RS GMOBRE YIShIERIHE ‘ﬁ%qHQchﬁd@e'cli%ﬁffFo?H tHeirkh e second
resouilde iitscdhd dsiodylabien Rﬁegmmﬁmnmltb’&lﬁe@emfateh@ amount
dedeuIEHLop referenc egnq,l and mHuts th eEated d%modulaélh First
reference S|gnal tor}he synchron ation- %etec‘tlonf annel-eStimation unit
20880 Theaiplink-E8heduling-grant-signal- transmission-control-signal
generating unit 20d. geniaiss A sAtEn] Sigral (Unlipkseheduling-giante 206

signal transmission control S|gnal) including the allocated frequenmes and

baHERRARLERd thelGE At ﬁl’rﬁﬁé‘rsﬁﬁfﬁé%@@%te%‘@@he@f&%s inputs the
reepivesktiamdhe stheddler 2tPoand inpafeihecantrol siggabtb theto  the

SpFF%tAsfhg(r%ﬁJ %qg.-:-ratln |t 2?:2 Trye ﬁontrol ISI% a{maa/'it%lijde th% 208

ing gran s B sighal generating Uni génerates
20 an OFDM S|gﬁbE|ncIud|ng the contigl kigriat andeniputs nheddBDI-signal -

sigpphiosh iadlq ROEBHIE oS Sifgadli the cputiol sigRabs trangmtted 204

to the selected user devices via a downlink control channéel. The OFDM

signal§&rdrating ﬁmt?@?ﬁﬁ%‘ signal (uplink-scheduling-grant-

signal transmission control signal) including the
allocated frequencies and bandwidths and the user
numbers of the selected user devices received from the
scheduler 216, and inputs the control signal to the OFDM
signal generating unit 202. The control signal may
include the uplink scheduling grants.

The OFDM signal generating unit 204 generates
an OFDM signal i1ncluding the control signal and inputs
the OFDM signal to a radio transmitter. As a result, the
control signal 1is transmitted to the selected user
devices via a downlink control channel.

The OFDM signal generating unit 202 may
generate an OFDM signal that includes, iIn addition to
the above described control channel, downlink channels
such as a downlink reference signal, a data channel, and
a paging channel, and input the OFDM signal to the radio
transmitter. As a result, the downlink channels are
transmitted to the users.

Next, the user device 100, of this embodiment
Is described with reference to FIG. 6.

The user device 100, of this embodiment
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25 generate an OFDM signal that includes, in addition to the above
described control channel, downlink channels such as a downlink
reference signal, a data channel, and a paging channel, and input the
OFDM signal to the radio transmitter-A8-a result, the downlink channels
are 30 transmitted to the users. Next, the user device 100n of this
embodiment is described with reference to FIG. 6. The user device 100n

of §lizgtbedimept -19Hnnludes GHAFDNLRgR dermeftlatighiyit 102 an
an uplink-scheduling-grant-signal demodulation/decoding unit 104, an )
otHé‘?-l:b’ﬁl?ﬁﬁ&H&-@l%\%a‘-E@ﬁal'éaﬁém%ﬂal&%n/decod?ﬁ@ﬂ%h' hkagign/decoding

demoittlation REDZ generatirghunit 108 erehansehaading and ld8tadaiynals
modulation.,unit. 112, and an. SC-FDMA moduylation unit 114. The OF

e A bbb SRR e AL o Ring Grant ORAFESn s
degt@laibh/Rcoting uhRg 04 aamih e stherceshtitl-abd-tititaldignale data

10 0emAdiialan [dreeding Hinit 108 constiite-ayiacedng 13 deunit 114.
demodulation RS generating unit 108, the channel codlnagl:mt 110, the
datFoddft¥n dle®! aSleBRASESIBA mdbdiktohmit 119e  uplink-
cosgiiaigid irapsgiiting-ilgha IMhelesedddaaa 400X etesadag aupilink 104,
sc%%%lmg grant &gﬁgjl and if a user nur% er_carre on.dl%t the user -

. 12 ink EASI=CORLIOL —-data-signals
device 100x, is inclu in the uplink scheduling grant sighal, generatés
anderspdmits ta aridaisgidmeigran 0 Al@ceiveelsigididion the begeeiving

staliqp-£00. TR dNPUdR Bk, PLEN §Iones de eIt 1054 e o8, the

OFDM signal demodulation unit 102 demodulates the réceived signal,

inﬁf@ﬁﬁ%blirﬁ@é’d{é@uﬁ’r@&raﬁéo’ the data modulation unit 112,
and the SC-FDMA modullation unit 114 constitute a

transmitting unit.

The user device 100, decodes an uplink
scheduling grant signal and iIf a user number
corresponding to the user device 100, is included iIn the
uplink scheduling grant signal, generates and transmits
a transmission signal.

A received signal from the base station 200,
IS Input to the OFDM signal demodulation unit 102. The
OFDM signal demodulation wunit 102 demodulates the
received signal, 1inputs an uplink-scheduling-grant-
signal transmission control signal in the received
signal to the uplink-scheduling-grant-signal
demodulation/decoding unit 104, and inputs control and
data signals other than the uplink-scheduling-grant-
signal transmission control signal in the received
signal to the other-control-and-data-signals
demodulation/decoding unit 106.

The uplink-scheduling-grant-signal
demodulation/decoding unit 104 demodulates and decodes
the uplink scheduling grant signal. I1f the uplink
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signal transmission control signal in the received 25 signal to the
uplink-scheduling-grant-signal demodulation/decoding unit 104, and
inputs control and data signals other than the uplink-scheduling-grant-
signal transmission control signal in thé2feceived signal to the
other-control-and-data-signals 30 demodulation/decoding unit 106. The
uplink-scheduling-grant-signal demodulation /decoding unit 104

degadulatiqg ARd dhcades digHBlINK rbqdidig gantsignalulb g uphBbping

-20- scheduling grant signal includes a "frequency hopping report" 3

indf&RMGthatkEHLUEAEY RBpfing ts d3REaDChe IRBP §BGICd SogRLTed to

uplieschssidlinggiard-sigha| , darhedulatianittecastirgliunii A4 e theignal

frequenc q h ?BW?JSB%% }o the SC-EDM odulra]ltioq:gnit %ﬁé T
1

up |r‘ﬁ<njgc_ Tedu |ng-grant-agné]%erﬁ@o’u‘zation deCO('jergu unit qlsgl?requency
inpuep Micenatiopddicating Bhecatéd-fr@sBurcwdnilaibithe SGIFOMAL4 . The

MQAyGHAR- kb FﬂﬁgQ@;&%\H‘%}%‘%ii‘k'SChe%mSCM #ie518R2 AL od ing

demodulation /decoding unit 104 inputs, to the SC-FDMA modulation_ unit
114Nikform&fbn Fdieatid G Rt Se HUFQY iR Aibcdigd ¢ a it %10 i Ocated
eagle ssubfreeneancethe enouheofshifFmthe fredudaay olirectiontfrom 4. For
the first resource units. 15 The demodulation RS generating unit 108 -
geﬁé(%r{]gzlsg Uemodulati](}%reeference sigl Ra@%%?ﬁ%%t%ﬁ!%&_egg?eﬁt_s 1gnal
deArotitibatefandnacodnago thelSC-EDMAI mpdttiortonittng. SC-FDMA
Measubils it chanmgleoding anit 150, 2-pergrars chanpslCodingon first
user data, and the data modulation unit 112 performs data modulation on

thd @PaHAGECodealIser datl a5@RRRits the dta-nddidiegsiot of  each

subframe and the amount of shift i1n the frequency
direction from the first resource units.

The demodulation RS generating unit 108
generates a demodulation reference signal and inputs the
generated demodulation reference signal to the SC-FDMA
modulation unit 114.

Meanwhile, the channel coding unit 110
performs channel coding on user data, and the data
modulation unit 112 performs data modulation on the
channel-coded user data and iInputs the data-modulated
user data to the SC-FDMA modulation unit 114.

The SC-FDMA modulation unit (DFT-spread OFDM)
114 modulates the 1input demodulation reference signal
and the user data based on the allocated resource units
and outputs a transmission signal. For example, the SC-
FDMA modulation unit (DFT-spread OFDM) 114 determines
second resource units allocated in the second slot of a
subframe based on the amount of shift iIn the frequency
direction from the  first resource units. This
configuration makes 1t possible for a user device to
which frequency hopping is applied to transmit data
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user data to the SC-FDMA modulation unit 114. The SC-FDMA
modulation unit (DFT-spread OFDM) 25 114 modulates the input
demodulation reference signal and the user data based on the allocated
resource units and outputs a transmisgidn signal. For example, the SC-
FDMA modulation unit (DFT-spread OFDM) 114 determines second
resource units allocated in the second slot of a 30 subframe based on the

amediph §f SIS ELIREATEGHTRSY HifREHOR PR S SHPEBWICA MM Dands in

This_ configuration makes it possible for a user device to which frequency
hofBihE6e apiict RtFathitasta 24P EERGSesource units with different
frequency bands\iaxdifferentisiel$ of eastnsubicata diexsygedio including
copmunication gystem inclyding, base tgfions.and userdeviees ¢o  another
accor%mg f another 5 embodiment of the present’invention ¥ deseribed’
Thedontldmeititne bf #ecragicesemiuhiva@o 1systdia, thessaskostdtions,

and the user deviggs of $hip i §MPRYITRERL ALFFSUBSEANTal; the SBMAAS cation

those described with reference to FIGs. 2, 5, and 6. 10 In this _

endbElRBnt, HiGlaPesheSbala08sscriBBl eMipdiinstt, fie\tiges of this
statiobafihallocatesetos @abssesnievies k9 witieh eaency happig idéecribed
be applied, tesource units with different_frequency bands in different slots

of \évallé%sggfjriierﬁgnl%eth%oer\gggg‘lment, %Stk%ngmgunt of shift in the

frequency directibn froeh ifirst i@Bbotenaiits .allosdretiiathe st hdlhef above

eagla SUPTIFERF EnIBRGISERPEd@Nd YRedIOLRITAC S66P IB3UFES, to

units allocated in the second half of the subframe. For example,

asSumitRfthat SIEkes ar&20 #HGhed 10 RGBS UnitOREH she &8d o0  be
theafspquenty ditestiarcide ampest of stift is idifesented Pyequency bands

in different slots of each subframe. In this embodiment,
the amount of shift i1In the frequency direction from
first resource units allocated in the first half of each
subframe 1s predetermined and used to determine second
resource units allocated iIn the second half of the
subframe. For example, assuming that 1indexes are
assigned to resource units from one end of the frequency
direction, the amount of shift 1s represented by a
difference between the iIndexes (resource unit numbers)
of first and second resource units. In the example shown
in FIG. 7, the amount of shift i1s +21 and second
resource units are identified by resource unit numbers
obtained by adding 21 to each of the resource unit
numbers of first resource units. The amount of shift may
be defined iIn specifications according to a frequency
band supported by user devices or may be reported via an
upper layer signal. This configuration allows a user
device to transmit a signal iIn a second slot of a
subframe using a frequency band that differs by a given
amount from the frequency band used in a first slot of
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difference between the indexes (resource unit numbers) of first and
second resource units. In the example shown in FIG. 7, the amount of
shift is +21 and second 25 resource units are identified by resource unit
numbers obtained by adding 21 to eactlef the resource unit numbers of
first resource units. The amount of shift may be defined in specifications
according to a frequency band supported by user devices or may be

reRA eI AP3RUPRET AN SIHKY ThRigk&aNTiurabsgiaws @4S8thieve a
device to transmit a signal in a second slot of a subframe using a

freGGEAG Parld Bl BitfeYs BY YedivdiYaridit from the frequency band
used in a first slgtfofez22-dbhstbiramg, ant¢haraby makes itgpossdile ieports
achieys apoeiain frequencvdiversiygain per seheduling, the b3ee via an
station 200 repoﬂs Information %dicatlng gﬂ:ocated resource units via an
5 uiihRk Bshedihiad wrdngo t@ 0dertdevidee Bosausedhy tatounBefshiie the

IS RIRAGIEMINE ShRFTDERD rBRQIiRA &3 3R MAPYS FYREINGRRAIE reported

station 200 reports, for each subframe, indexes of the first resource units.

WHARUSR? d&RBES to WE fredteficyPRSSpiIEABES o kd9pprieROr ts, Tor
(freqgusmcyiitoppingzgpiliedeuces deaviads) afq reporiessibomdbe units.

frequency hoppi%edetermeinin%ur\}it 21%, t}{%scvi\}ﬁduﬁzr %%all%cr?(t:es f'H%t in
resource units in the first Ralf (fIrSetS(():t?Of each 'Subframe'to the =Y PPINg
fre§8encEhoppirgy-applied sser dei€esaEHee; BiveisQ-FpwAisd  user
empiQyRASY upligkewhen: saiiiiplg resprige unjisare terke alioraied Bhping
user device, it is necessary to allocate consecutive resource_units in the

fir{ 8Tt bf EadRubtrthie $d%hat teSofeBeMitd Aocated Mmlthe<REsRy TIrst
slokesther2@ subfiase da natkecsinesecansegutigfirst slot) of each

subframe to the frequency-hopping-applied user devices.
Here, since SC-FDMA 1i1s employed for uplink, when
multiple resource units are to be allocated to a user
device, It i1s necessary to allocate consecutive resource
units iIn the Tfirst slot of each subframe so that
resource units allocated iIn the second slot of the
subframe do not become iInconsecutive.

For a user device to which frequency hopping
iIs to be applied, the uplink-scheduling-grant-signal-
transmission-control-signal generating unit 204
generates, for each subframe, an uplink scheduling grant
including information, such as indexes, indicating first
resource units allocated in the Tfirst half of the
subframe.

Next, a radio communication system including
base stations and user devices according to another
embodiment of the present invention iIs described.

The configurations of the radio communication
system, the base stations, and the user devices of this
embodiment are substantially the same as those described
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For a user device to which frequency hopping is to be applied, the
uplink-scheduling-grant-signal- transmission-control-signal generating unit
204 generates, for each subframe, an uplink scheduling grant 25
including information, such as indexesd@dicating first resource units
allocated in the first half of the subframe. Next, a radio communication
system including base stations and user devices according to another 30

emppgimentief the pEesent inMestion is descyipgdg The configurations of
the radio communication_system, the_base stations, and the user devices

of this embodimbt afedibst&HRAY INE8Eme a3ifdd@besdibedths- above

withaetardesito dnGsda nferansl,6. ththiscemsbodyaant simil20® thd locates,
above described e bodime%s, tvk}ﬁlb se §tation 200 aII%cates, to a.user

device ?(‘3 w%?&rfreq%\éhgg hopping |s?q be g%%%ﬁg&xeso%&' Uﬁits'vﬁthto be
diffeperitifeshuen@sband:se inwiffdienteldig ofldddresigstanier @dseimaiis bands

empodigerdieparresnripence petugen fir ipgquige unigrRligcalgd this

in the first_half of a subframe and second resource units allocated in the
seERPAANEN 0 thd REbrarid RSReaSRNF el BV eRAmdid rakuhfgource
thaiiridexessdrboassigned inresgigceftinitstfropedrie enfl o theubframe and

freguen(%}/ direction and an index of ﬂirst resgurce U[};if-,in the first(lilal of
od.rsuhrce unics, alllocate in elste n alt of
a su% rame is f\)/v ere k Is an'integer greater than or equa o%ﬁ ,al

coitbspordih@ savend resopcedgitidn e sdcond half afxpsldiranaegming

reFREINIEHA NS BipResldesaes Wit IRIeYnkcas ShPYS IFFYR- Bne end

The correspondence may be défined_in specifications or may be reported

viePin dper AY&RIGRAY THISIESiHLPtioRPrbvelts Index of a Tirst

resource unit iIn the Tfirst half of a subframe is Kk
(where k 1s an integer greater than or equal to 0), a
corresponding second resource unit in the second half of
the subframe 1is represented by “the highest resource
unit Index — k” as shown in FIG. 8. The correspondence
may be defined iIn specifications or may be reported via
an upper layer signal. This configuration prevents
resource units allocated In a second slot from becoming
inconsecutive and thereby makes i1t possible to achieve
single-carrier transmission without performing any
special control process.

After scheduling, information indicating
allocated resource units 1s reported via an uplink
scheduling grant. Because the correspondence between
first resource units and second resource units IS
predetermined or has been reported via an upper layer,
indexes of the first resource units is reported for each
subframe via the uplink scheduling grant.

When user devices to which frequency hopping
iIs to be applied (frequency-hopping-applied user
devices) are reported from the frequency hopping
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20 resource units allocated in a second slot from becoming inconsecutive
and thereby makes it possible to achieve single-carrier transmission
without performing any special control process. After scheduling,
information indicating 25 allocated resddrce units is reported via an uplink
scheduling grant. Because the correspondence between first resource
units and second resource units is predetermined or has been reported

VIa R HPRATRVEY ihdiaxes 08 thedist respwgs HEWS 18 PQIE§e fMRaCN First
30 subframe via the uplink scheduling grant. When user devices to which

fre§EERL FSppify! Tto bR abBfedfregliedty Hopfihaphlisd 6der of each
dexigbfrareg eporteth&om thgUeeqtiency ioppinga2gd det@rmimg deices.
218, the schedutger r2'1% allocgtes éiés\;iréaso%rge Vt\J/Higsé W tt]g?fgrsltJ hrqlé firﬁtO in
slot) of each su fiAmé'to the 'frequency‘-ahopping-applled GSet devices. '°PPING
Fofl & ude? déice ap whictdfreqiiéecy Hpdpgink -5 @hecbd apglicgr and-signal -
uplinkspeherulipearadi-Tgeal- tagsmission-cpitiol-signabgeneratingunit 204
204 generates, for each subframe, an uplink Scheduling grant including
infOPRSRIGRLSTeh B9 indeel, iﬁHRﬁﬁﬁﬁ‘%re firstyedduike BhltecoINBgG, 9rant
a radioleanimynigatnysystdonnclusling base statiensand Used tlesieeag the
acq_cir'd‘isnf tPeané)&r}_%r emt]JPgiSment of the present invention is described.

The con |gura%ons 6F the radio'communication system, the base stations,

and the user deWesdtof this N8&EbodpentrareZLbSIANtEWS tee sane hgd ing

thasedesceiped j WA refgiance i FlIGe roddld G dRdRg BIEPOHT e Hnother
resource unit groups (RUG) each including multiple consecutive resource
unf@gpdiment of the present invention is described.

The configurations of the radio communication
system, the base stations, and the user devices of this
embodiment are substantially the same as those described
with reference to FIGs. 2, 5, and 6.

In this embodiment, resource unit groups (RUG)
each i1ncluding multiple consecutive resource units are
defined.

Similar to the above described embodiments,
the base station 200 allocates, to a user device to
which frequency hopping iIs to be applied, resource units
with different frequency bands i1n different slots of
each subframe. In this embodiment, the amount of shift
In the frequency direction from a Tfirst resource unit
group in the first half (first slot) of each subframe is
predetermined and used to determine a second resource
unit group iIn the second half (second slot) of the
subframe. For example, assuming that iIndexes are
assigned to resource unit groups from one end of the
frequency direction, the amount of shift is represented
by a difference between the indexes (resource unit group
numbers) of Tfirst resource unit groups and second
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defined. 20 Similar to the above described embodiments, the base station
200 allocates, to a user device to which frequency hopping is to be
applied, resource units with different frequency bands in different slots of
each subframe. In this embodiment, th@amount of shift 25 in the
frequency direction from a first resource unit group in the first half (first
slot) of each subframe is predetermined and used to determine a second

reSQLECR: (AW OFRHALIN Y% apeond 1RIT fgecord sippef thensWRirame- £S5 . o,
example, assuming that indexes are 30 assigned to resource unit groups

. g i
froWSnea@mJBﬁh@freﬁﬁ‘élf@ dkectibn, tA@AmBurteF SR/ igesource unit
represeniedadyia diffiecencedmmtveen the indlexes{rgsbsaunitgrpdentified
numbers) of first resqurce unit groups and second -25- resource unj
o R e e e Ty oF the
secontr essoarskingt Jrbup 6 Ireheweeondusiditof g sabfranidis the Tirst

idepjified Jy ¢RIing S¢ A esource unit group number #1 of the 5

corresponding first resource unit_ group in the first slot of the subframe.
Also in this emb&diifentithe rt&sp&aEEMB8tveet R0 FEL LRRE RS ENCe
firdbsasmuee urikgionpeanshd secoid resodrEesmnit gestgumnay benit group

predeéermined. 10(_!1_et us assume thatJtndexes are assigBed tore oyree
nd- a second resour ce it group. may.-oe Rrege rmined.
unitS in Each resolrce ani group from one’end of the” frequency direction

as lshbwrim FES:S10n8n tl_iis_aisei rw!la_mar_\ ipdex cﬁasiegﬁme dgit irg@source
firsh FESUIrGEn URILBIPUR &ShyThese Lis AP IfREED 274Gt Iond> RYAPESF the

of resource units in resource unit group), thé_ corresponding resource unit

in tHESSHIBRBYeSHUFES MR Y réthh iShepresdited bf 'thé Pighkst rEBdGc&ase .

unitirgexan index of a resource unit in a first resource
unit group is i (where i1 is an integer, and 0 < i1 =
number of resource units iIn resource unit group), the
corresponding resource unit In the second resource unit
group is represented by “the highest resource unit index
In the second resource unit group + 1 — 1”. The
correspondence may be defined iIn specifications or may
be reported via an upper layer signal. This
configuration allows a user device to transmit a signal
in a second slot of a subframe using a frequency band in
a second resource unit group that differs by a given
amount from the frequency band In a first resource unit
group used in a first slot of the subframe, and thereby
makes it possible to achieve a certain TfTrequency
diversity gain. This configuration also prevents
resource units allocated 1iIn the second slot from
becoming inconsecutive and thereby makes it possible to
achieve single-carrier transmission without performing
any special control process.
After scheduling, information, such as indexes,
indicating allocated resource units 1Is reported via an
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in the second resource unit group + 1 - i". The correspondence may be

defined in specifications or may 20 be reported via an upper layer signal.

This configuration allows a user device to transmit a signal in a second

slot of a subframe using a frequency bafid in a second resource unit

group that differs by a given amount from the frequency band in a first

resource unit 25 group used in a first slot of the subframe, and thereby

make iHROSSIIR LiAaiRYe 2 sRPHAY reguansy sdiversilt 9aith FRiSspondence
configuration also prevents resource units allocated in the second slot

froRf BERSMinG ihcdns8ltive SRARRErdISPRIAKES it HBddhIgtPeps and the
achieve siigierdariies trapsmission ndoui-perfaiming aiy spaeial €antsdl and
Pragess, fier scheduling, jiprmarion, such gs.indexes, Jndicaiing,
allocated resburee Units is reporte%rwa%n %5- upﬁ’nk scheduling gran
Bebeagse trensoriespovdenca beppedh lidyand séedi resbiifde uritdicating
grayRs e pUERRRARdenRs eyRResAW Ceiiis iR R ASi AR cating

second resource unit groups are predetermined or have 5 been reported
vidr&sOHE&Ray e dformttiontiRgicalihgSthe fiReRddtRce Rk Grodp e are
infepationsiadicaling reschece unfid imtoe fisstresduldaunit ggewmare  More
repoa{tregi\ga i%erhl Iinkasrg:hedlcjjlin)g %r%ntth/lor iprasft}:cularlé/0 an index aof the

firdt Fesource dni

Pr have

foup 10'ANT hd@Xes Of reSAUree uhits |nutﬂ%q‘ir§{mt group
resouiicd oaieXeuP fra espoiedsyial thistgplink sthedifiingsdraneswhigce unit
usgdeiioas o B Fesiens L nepRInppiAkeIAH 1 ing grant.
(frequency-hopping-applied user devices) are reported from the i
frequency hoppitt§@8 deffhinfgIiES18tthe Seheduld 2 alc4ate8OPP NG
firsi gesotiece upits in dyiirbebalf (firsk stptleefgadhopping-applied  user

devices) are reported from the frequency hopping
determining unit 218, the scheduler 216 allocates fTirst
resource units iIn the fTirst half (first slot) of each
subframe to the frequency-hopping-applied user devices.

For each of the frequency-hopping-applied user
devices, the uplink-scheduling-grant-signal-
transmission-control-signal generating unit 204
generates, for each subframe, an uplink scheduling grant
including an index of a Tirst resource unit group
allocated in the first half of the subframe and iIndexes
of resource units iIn the first resource unit group.

Next, a radio communication system including
base stations and user devices according to another
embodiment of the present invention iIs described.

The configuration of the radio communication
system of this embodiment is substantially the same as
that described with reference to FIG. 2.

A base station 200 of this embodiment has a
configuration as shown in FIG. 11 where a broadcast
channel generating unit 220 connected to the scheduler



10

15

20

25

30

subframe to the frequency-hopping-applied user devices. For each of the
frequency-hopping-applied user devices, the
uplink-scheduling-grant-signal- 20 transmission-control-signal generating
unit 204 generates, for each subframe Zaf+ uplink scheduling grant
including an index of a first resource unit group allocated in the first half of
the subframe and indexes of resource units in the first resource unit

9rouis 23 Nexbrferasih e BIYRICAIGR S¥FE T NG UdRPL PasR SREORRIded to
and user devices according to another embodiment of the present

C raing 1
invERBo N ddSYHRE T PRe TBRMELrAROT &FtheYadio communication
system of this ernhodimést iesbbsiantally thersamesah edlithar despeibachputs
withypierenge ip FIC; 2eAbasesiaton 200 pLUyS smbodiment s 1nits
cor?flguraﬁon 85 shown In FIG. 1P Where a%roa cast channa generating
unit PRoawhadctddto teeschelddiRing16tand tie OkDMEsigast channel
ge%%q@éipggm&q%ﬁ@dggg to the configuration shown in FIG. 5. In this
em

odiment, the scheduler 216 inputs allocation information_indicating
resource units 5 AfocafiPRdRESERe &iIRGSE the BRIMEASH EANNENTT 220
genetating Lind 220. Tihedefoadeastblaniel ganeardting Hoit 22(: trandwisition
a broadcast channel including the allogcation information via a physical
hiftcrgravii b e e T o G TR
phizgicalcizaalink hetianed cararsisidise daetba dreaniibysdarchsdownlink

chappglefhis crAfgption Makepdpossiblq kyrepert IR AMsstdeHE®adcast
that frequency hopping is to be applied 15 to the user device by using

on 5it. in this case,
This configuration makes it possible to report

to a user device that frequency hopping is to be applied
to the user device by using only one bit. In this case,
the uplink scheduling grant 1includes one bit of
information indicating whether frequency hopping is to
be applied.

A user device 100 of this embodiment has a
configuration as shown In FIG. 12 where a broadcast-
channel demodulation/decoding unit 116 connected to the
OFDM signal demodulation wunit 102 and the SC-FDMA
modulation unit 114 i1s added to the configuration shown
in FIG. 6.

A received signal from the base station 200,
iIs Input to the OFDM signal demodulation unit 102. The
OFDM signal demodulation wunit 102 demodulates the
received signal, 1inputs an uplink-scheduling-grant-
signal transmission control signal in the received
signal to the uplink-scheduling-grant-signal
demodulation/decoding unit 104, 1inputs a broadcast
channel 1n the received signal to the broadcast-channel
demodulation/decoding unit 116, and inputs control and
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the uplink scheduling grant includes one bit of information indicating
whether frequency hopping is to be applied. A user device 100 of this
embodiment has a 20 configuration as shown in FIG. 12 where a
broadcast- channel demodulation /dee@ding unit 116 connected to the
OFDM signal demodulation unit 102 and the SC-FDMA modulation unit
114 is added to the configuration shown in FIG. 6. 25 A received signal

frogythe b 242N 209n &5 NP i ther QEDN sionak demedy iR

102.. The OFDM signal demodulation unit 102 demodulates the receive
sighhfduts HrAtsmkSHRaulifG GFR sight®iralsnfiéon EBRtrdproadcast
signiahimribé réceiveb 30 stigmiltadths igptinli-sebedtHivgegraptisigoaltrol -and-
demogdulation/degoding unit 104, inpuis a brqadcast cha in the

o S S e R S e S e B ing wnie.
116, and inputs ¢tvtrol drcb28caata-sigaaather thanate lation/decoding

upﬂn‘mchi@l@inwgmuﬁiiaeegraaﬁ&isﬁ%sa%ol tigeal gAdiAe broadcast

rant-
d

broadcast channel in the received signal_to the_other-control-and-

dafl&gAsIE dénddutatiitfdecadilg wik hoB. 51 7fe bisditast-chfinnepsource
demoituation/deeed®g- BDNA 16 slenieduiaias @ni©erodes the input
broadcast chanriel ap inputs allocation int%"en(?ti%%Bf resource units to

ati

the SC-FDMA mo%ul gn l?nltoi/f4. neﬁl%raloove deéscri edﬂéambgdimgﬁts,Shown

as Bhowi GL0 ibFIGFI8drequencybadds Iboartiarantriowseartbwer and
highgygaps ahasyemdredpepey b?‘i‘%&[ﬁ‘eﬁ@‘ﬁrfa%@ 3@ deyisEdRed to

which frequency hopping is applied, and other frequency bands are

allBEREd HRYGRRVERS ¥ VAN cH IRAHEREYDRRPR Hplid® iRerd ied. and

embgldénertrazjuency bands are allocated to user devices to
which localized FDMA is applied. In this embodiment, as
shown i1n FIG. 14, frequency bands other than the
frequency bands located near the lower and higher ends
of a system frequency band may also be allocated to user
devices to which frequency hopping is applied. With this
configuration, 1t 1s possible to efficiently perform
frequency scheduling even when frequency hopping 1s
applied to a large number of user devices.

In the above embodiments, 1t i1s assumed that a
system based on Evolved UTRA and UTRAN (also called Long
Term Evolution or Super 3G) is used. However, a base
station according to an embodiment of the present
invention may also be applied to 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
present invention, the values are just examples and
different values may also be used unless otherwise
mentioned.

The present invention is not limited to the
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15 shown in FIG. 14, frequency bands other than the frequency bands
located near the lower and higher ends of a system frequency band may
also be allocated to user devices to which frequency hopping is applied.
With this configuration, it is possible te2&fficiently perform 20 frequency
scheduling even when frequency hopping is applied to a large number of
user devices. In the above embodiments, it is assumed that a system

bageh 0§ FVOMPAM T apd ALIRAN (3G falAELONgnfieralriRl¢idher and

Super 3G) is used. However, a base 25 station according to an
n{%‘ahﬁéﬁa&ﬁﬁé‘%re@é’ﬁﬁ R?enﬂ?&ﬁ‘fiﬁlaQNdI%"B\é‘épﬂ%?ﬁBWygsy&é’W the
engioyieg apfFDiik schemeestuch assErEDRMA, foalplidudgtithofighctional
sp cllflc vaIHes are used |r'1 éheuaboa/e desg gtlonsoto facilitate the s in the
ers(t:andlng gf tﬁe 30a reserﬁ invention, The V. values apéojus examples
anamemﬁnmlj%lsdb@ usepankbyeTerie peentivpéanrended by
PreserbiRypBRton srigldiraitedsp the c2fminesifically declases .

embodiments, and variations and modifications may be made without

departing from tH&'&cdPECSHRRE praBd&iRAdHRIME Ritrdgh ¥eAdids claims

blgek Khagregnsfarenusesbarieseribe epparatppds ivai@dnaeve 2007-211598
ents, the a es e implemented by ]d.wa ,

sgﬁvgréa of ac%m Ib;% or?LJ gfthgtrﬁcy?he%ﬁsen r|J‘r:1!ernat|ona app{):ﬁca%)f which

claime héorithyrohn gapaiasetratehe Applicdlonmed eaBOWR211598 filed

on August 14, 2007, the entire contents of which 10 are hereby

incorporated herein by reference. -30- CLAIMS 1. A base station

communicating with a user
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device transmitting an uplink signal based on a single- 5 carrier

transmission scheme, the base station comprising: a frequency hopping
determining unit configured to determine whether to apply frequency

hopping to the user device based on radlile-wave 10 propagation

information from the user device and a traffic type of data to be

transmitted by the user device; a scheduler configured to allocate

frequencies to the user device based-en ypknk channel reception 15
conditions of the user device; and a reporting unit configured to report
allocation information indicating resource units allocated by the scheduler

to the user device, wher¢inyehes the¥equenoyhappivgiatermining 28 user
oSG s Soaser ot Sodtte. 151 fdRicer dbiile HESsrootnts wiote-
differgntifeaquendy D298 93 different SISNES, 2. ThHEsase sta@ipm as station
claiygd fyslpip L. wherein the radio wave propagation information from

the user device includes a moving speed of the user device; and 30 the

frequency hoppifg det&fmAlR it is CBRRGIFRE to affRFEiedidhcy UNIT

hopping igthedsertdevide tfdhe imevingvbpagtbef theaiseagdelige isfrequency
grc—hater than orfrqual,#%a predetermintfd tlilreshol .-31- 3. The base
[ [

station'as daimed in caim 1, CWhdreinTirst rggourceaﬁr%% all3Cated %dai o-wave

firgpspagation information from the user device and a
traffic type of data to be transmitted by the user
device;

a scheduler configured to allocate frequencies
to the user device based on uplink channel reception
conditions of the user device; and

a reporting unit configured to report
allocation information indicating resource units
allocated by the scheduler to the user device,

wherein when the frequency hopping determining
unit determines to apply the frequency hopping to the
user device, the scheduler i1s configured to allocate, to
the user device, resource units with different frequency

bands in different slots.

2. The base station as claimed iIn claim 1,
wherein

the radio wave propagation information Tfrom
the user device includes a moving speed of the user
device; and

the frequency hopping determining unit is
configured to apply the frequency hopping to the user
device i1f the moving speed of the user device is greater
than or equal to a predetermined threshold.
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5 of a subframe are associated with second resource units allocated in a
second slot of the subframe; and the reporting unit is configured to report
information indicating the first resource units. 10 4. The base station as
claimed in claim 3, wherein the secon®@tesource units are determined by
shifting the first resource units in a frequency direction by a
predetermined amount. 15 5. The base station as claimed in claim 3,
wherein resource unit indexes are assigned to the resource units from
one end of a frequency direction; and 20 each of the second resource

units is determiried b}/ EfoftAFs; "8 hihtebredSurel@hiimdexd 0 ued aim 1,

resgwsee @it index of a corresponding one of the first resource units”. 25

6. The base statan as, claimed in claim 3 wheﬁin [esource unit b!Pcks

. . ||rs .re§ﬁ)1urce units. a ocda ed, 1n 83 Irst slot
each including a’ plurality of the résource units are defined; and 30 a ]
seedhderesolyeamit bidsk indedingake setditt resupssludigsgurce units

determied Ry shiffing 3 B §say'se Wit Ripek Bighipngnihe Tish
resource units in a frequency direction by a predetermined amount. -32-

7. The base statfdtas ERRAES 8laim T twhbFeinGB8d I R infiexegePOrt
arej asignect ioihei bdéseuréa g nithé Edcisef thegeapweewmitttdqcks

from one end of the frequency direction; and
4. The base station as claimed in claim 3,
wherein the second resource units are determined by
shifting the Tfirst resource units 1iIn a frequency
direction by a predetermined amount.

5. The base station as claimed iIn claim 3,
wherein

resource unit 1iIndexes are assigned to the
resource units from one end of a frequency direction;
and

each of the second resource units is
determined by a formula:

“a highest resource unit index” — “the
resource unit index of a corresponding one of the first

resource units™.

6. The base station as claimed in claim 3,
wherein

resource unit Dblocks each including a
plurality of the resource units are defined; and

a second resource unit block including the
second resource units iIs determined by shifting a first
resource unit block including the first resource units
in a frequency direction by a predetermined amount.



each of the second resource units in the second resource unit block is
determined by a formula: "a highest resource unit index in the second 10
resource unit block" + 1 - "the resource unit index of a corresponding one
of the first resource units in the first reS@urce unit block". 8. The base
station as claimed in claim 1, 15 further comprising: a frequency hopping
reporting unit configured to report to the user device that the frequency
hopping is to be applied.
7. The base station as claimed iIn claim 6,
wherein
resource unit 1indexes are assigned to the
resource units iIn each of the resource unit blocks from
one end of the frequency direction; and
each of the second resource units 1iIn the
second resource unit block is determined by a formula:
“a highest resource unit index in the second
resource unit block” + 1 — “the resource unit index of a
corresponding one of the Tfirst resource units iIn the

first resource unit block”.

8. The base station as claimed iIn claim 1,
further comprising:

a frequency hopping reporting unit configured
to report to the user device that the frequency hopping
Is to be applied.





