-1- DESCRIPTION BASE STATION DEVICE, MOBILE STATION AND
WIRELESS COMMUNICATION SYSTEM, AND COMMUNICATION
CONTROL METHOD TECHNICAL FIELD The present invention generally
relates to a radio communication systent. More particularly, the 10 present
invention relates to a base station, a mobile station, a radio communication
system, and a communication control method. BACKGROUND ART 15 A
successor communication system t@RREIRNINEGNd HSDPA, i.e., Long Term
Evolution (LTE), is currently being discussed by 3GPP, a standardization
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BACKGROUND ART
15 A successor communication system to W-CDMA and

HSDPA, 1.e., Long Term Evolution (LTE), is currently
being discussed by 3GPP, a standardization group for W-
CDMA. In LTE, orthogonal frequency division multiplexing
(OFDM) 1is to be used as a downlink radio access method
20 and single-carrier frequency division multiple access
(SC-FDMA) 1is to be used as an uplink radio access method
(see, fTor example, 3GPP TR 25.814 (V7.0.0), *“Physical
Layer Aspects for Evolved UTRA,” June 2006).
In OFDM, 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 approach 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



SC-FDMA reduces variation of the transmission power and therefore makes

it possible to reduce power consumption of terminals and to achieve wide
coverage. A reference signal for uplink in E-UTRA indicates a pilot channel
that is used for purposes such as syncFﬁGnization, channel estimation for
coherent detection, and measurement of received SINR in transmission
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instead of a user-specific PN sequence. The CAZAC se%uence has excellent

autocorrelation prof8rti¥s A tros-dbifdiafprcd fic PN sequence, more

precisely, a signal sequence obtained by multiplying a

15 long-cycle Gold sequence and an orthogonal sequence, is

used as the reference signal (pilot channel). Since the

PN sequence 1is long, it is possible to generate many

different PN sequences. However, since the correlation

properties of PN sequences are poor, the accuracy of

20 channel estimation may become low. In other words, the

interference between a pilot channel of a user and a

pilot channel of another user may become high. Also, iIn

a multipath environment, the autocorrelation between a

pilot channel sequence and its delayed wave becomes high.

25 In W-CDMA, simple reception processing such as RAKE

reception is employed. Meanwhile, an E-UTRA system is

designed to suppress the multipath interference based on

highly-accurate channel estimation using, Tfor example,

an equalizer. For this reason, iIn E-UTRA, a constant

30 amplitude and zero auto-correlation (CAZAC) sequence 1is
used instead of a user-specific PN sequence.

The CAZAC sequence has excellent

autocorrelation properties and cross-correlation



properties and therefore enables highly-accurate channel estimation. In
other words, compared with the PN sequence, the CAZAC sequence makes
it possible to greatly improve the demodulation accuracy. With the CAZAC
sequence, the variation in the amplitudégb‘f a signal is small both in the
frequency domain and the time domain, i.e., the amplitude of the signal
becomes comparatively flat. Meanwhile, with the PN sequence, the variation

in the BRFPNRIAD BFadghaihe ra§ene teaablrsy ity laonan ke, cRael

the CA8AGweaince Makestheassihle taaccuwiplyqiertornvghannathe PN
estimati ach ue ing lizer, Alsg, si the __.

otocr e R e T ST REHEL AR O Mossinte to
possibid e idYucd By RPRentBef dsnadiibatH flerfREStecHil, tHdth the

CBZACKmapener hapgsqblame as/deretbed bélowthéheampnbeudé of a
sequenges Iy smal- SINGRt ISAGE PIFSIAIRAC §5% U&Q&g}&%&%ﬁi@@ the

sequences to respective users, It Is necessary to repeatedly or cy

assigntd MfmitdaMAiberlofe cAZEE séfpaatEsdeo MliItBNE cakdbedifGomes
this is ceallear'zeilvedige flahe Nieabehaflssquandestiecamies quartiodiarlythe
small NsMISSIoN | - ' rrow. re-
WOI‘dS\fy\/% Eﬁﬁé@aﬁ@mﬁ%or‘? %gﬂgqfrllﬁ%_cgl%wl\%%g %%%W?%,herég%oll rnatet he

BEonfLOUPRRY tROEARAC HiiRients I tFBBCIEA%ES. IRGEVRRR, akes
referende migisdlbs ¢inte dadcsionantalkiplpedfdineretosenthk sgnbohtaten for

becomesow #pddlie seguenssignIth30 daraasiy Whepihs ranyRissiotne

band is narrow. The number of sequences corresponds to the sequence
length2 HQERIRT A NYhe LEHBREE IR i ASATnBRIIfGE  becomes
transnzssion bamt of 80 kiezsi sleot pussibtedoce the influence of

15 multipath interference.
Still, the CAZAC sequence has problems as
described below.
- The number of sequences is small.
Since i1t 1is not possible to assign unique
20 CAZAC sequences to respective users, it is necessary to
repeatedly or cyclically assign a limited number of
CAZAC sequences to multiple cells (hereafter, this 1is
called “cell reuse”). The number of sequences becomes
particularly small when the transmission band in SC-FDMA
25 is narrow. In other words, when the transmission band in
SC-FDMA i1s narrow, the symbol rate becomes low and the
CAZAC sequence length decreases. In E-UTRA, a reference
signal is time-division-multiplexed. Therefore, the
symbol rate becomes Jlow and the sequence length
30 decreases when the transmission band 1is narrow. The
number of sequences corresponds to the sequence length.
For example, when the sequence length is 12 symbols iIn a
transmission band of 180 kHz, it is not possible to



_4 assign user-specific sequences and therefore it is necessary to

repeatedly or cyclically assign 12 sequences to multiple cells (may be

greater than 12) such that the same sequence is not assigned to 5
neighboring cells. Cross-correlation between CAZAC sequences with

different lengths varies rather greatly depending on the combination of the
CAZAC sequences. When the cross-correlation is high, the accuracy of
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narrow frequency band is allocated to. UE2 in the next subframe. Different_

ﬂequeh@y%ﬁﬁﬂﬁggﬁ? a system frequency band 1i1s divided into
multiple resource blocks each of which includes one or

15 more subcarriers. Each user device (user equipment: UE)
is allocated one or more resource blocks. In frequency
scheduling, to iImprove the transmission efficiency or
the throughput of the entire system, resource blocks are
allocated preferentially to user devices with good

20 channel conditions according to received signal quality
or channel quality indicators (CQIs) measured and
reported based on downlink pilot channels fTor the
respective resource blocks by the wuser devices.
Frequency hopping where allocation of frequency blocks

25 1s varied according to a frequency hopping pattern may
also be employed.

In FIG. 1, time and frequency resources
allocated to different users are represented by
different hatchings. For example, a relatively wide

30 frequency band i1s allocated to UE2 i1n the first subframe,
but a relatively narrow frequency band is allocated to
UE2 in the next subframe. Different frequency bands are
allocated to the respective users such that the



allocated to the respective users such that the frequency bands do not
overlap. In SC-FDMA, different time and frequency resources are allocated
to respective users in a cell for transmission to achieve orthogonality
between the 5 users in the cell. Here, th@ minimum unit of the time and
frequency resources is called a resource unit (RU). In SC-FDMA, a
consecutive frequency band is allocated to each user to achieve

single TegARERENsPRYSH dathn@ Yoavsedidbo-average power ratio (PAPR).

Allocation of 10 theptime sodrpgmuency iresewes in Bim&EDMAIS fFrequency

determj chedule e siation 0N p ati

condi?%%%8§'¥%%§e£}f%/% uétfr{sggﬁﬁ ‘?ﬁe _%%alﬁ?%?%é?\,ﬁ:% ?é(g%%?%f jaﬁa fo b6 I
transrfitéd. FRRNSIISFA0deE% B8 taNe a dEthieadifdihye, RAlweey the
delay. Udwiss iNIBCH#H2MBe b, systerd threnghpathibmimpronéd by fllacatingime
time ang fr 0 roviding g pagatj iti

st e TS L ).
allocatléh 8ftiffé4nd ﬁeﬁﬂ@ﬁ@?‘ﬂééd@rc&?%@@bﬁré?%ﬂ‘#reh%eﬁH/Qi%ﬁ%ed to
allocatealdh ausglrmey avenapwae fretugheydzandialiocetec smaseiohbavingh a

cell 1156506k PROCRBICRLeIRNIGINPARRE CUMPRYY AT iSOt

interfere with each other and their 25 quality Is reduced. Next, a reference
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to FF o Of the 14 blocks are used for transmission of a reference signal
and thg%Fn'éWin@flzsﬁl&ffé%ré(gos) of data to be transmitted. The
QoS includes a data rate, a desired error rate, and a

15 delay. Thus, 1in SC-FDMA, the system throughput is
improved by allocating time and frequency resources
providing good propagation conditions to respective
users.

Respective base stations separately determine

20 allocation of time and frequency resources. Therefore, a
frequency band allocated in a cell may overlap a
frequency band allocated iIn a neighboring cell. |ITf
frequency bands allocated in neighboring cells partly
overlap, signals interfere with each other and their

25 quality is reduced.

Next, a reference signal in uplink SC-FDMA is
described with reference to FIG. 2. FIG. 2 shows an
example of a subframe structure.

The packet length of a TTl called a subframe

30 i1s 1 ms. One subframe includes 14 blocks to be submitted
to FFT. Two of the 14 blocks are used for transmission
of a reference signal and the remaining 12 blocks are
used for transmission of data.



used for transmission of data. _6 The reference signal is time-division-
multiplexed with a data channel. The transmission bandwidth is dynamically
changed according to the results of frequency scheduling by the base

station. 5 When the transmission bandwfith decreases, the symbol rate
decreases and the sequence length of a reference signal to be transmitted in
a fixed time period decreases. When the transmission bandwidth increases,
the symbol rate incld¥ses diffFeHeesequence @mglh of 4310 retdregcéigidgdon-
to be tiraniitrskiach fixactimeapeided acraghsemel hen preferengAsmission
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frequency band, it is poss e to 30 orthogonalize the users 2/ cyclically
shlﬂlné’@lﬁ‘éj Sgaagn&gua S one resource unit or subcarrlers
the number of symbols becomes 12. In this case, both the

15 sequence length and the number of sequences become about
12. When a reference signal is to be transmitted using a
wide band, for example, a 4.5 MHz band that equals 25
resource units or 300 subcarriers, the number of symbols
becomes 300. In this case, both the sequence length and

20 the number of sequences become about 300.

Meanwhile, orthogonalization of multiple
reference signals by wusing cyclically-shifted CAZAC
sequences is proposed. As shown in FIG. 3, when
cyclically-shifted CAZAC sequences are used and all

25 multipaths are within the amount of cyclic shift (cyclic
shift amount), it is possible to orthogonalize reference
signals of different users and antennas. Even when
different users transmit the same sequence at the same
timing using the same frequency band, it is possible to

30 orthogonalize the wusers by cyclically shifting the
sequence.

It is also proposed to orthogonalize two
reference signals by employing orthogonal covering. In



It is also proposed to Orthogonal ize t: WO reference signals by employing
orthogonal covering. In -7- orthogonal covering, as shown in FIG. 4, users 1
and 2 may use different CAZAC sequences and different cyclic shift

amounts as long as the same CAZAC s‘gq'uence and the same cyclic shift
amount are used for two reference 5 signals in a subframe. With this
approach, after the two reference signals are despread, the users become
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number of CAZAC sequences usable for reference signals is small, CAZAC
sequences are ass th‘%y same frequency band with the same

bandwidth 1s used iIn the base station’s own cell and an

15 interfering cell, the cross-correlation (interference)
between reference signals using CAZAC sequences becomes
very Jlow and therefore the communication quality 1is
improved.

However, in SC-FDMA, since the frequency band

20 and the bandwidth allocated to a user change from time
to time according to scheduling results, it is rare that
the same frequency band with the same bandwidth is
allocated to both the user and an interfering station.
In other words, in most cases, even iIf the bandwidths

25 are the same, different frequency bands are allocated to
the user and the interfering station. In such a case,
the interference or correlation between a certain
combination of CAZAC sequences may become high and the
communication quality may be reduced. As described above,

30 since the number of CAZAC sequences usable for reference
signals is small, CAZAC sequences are assigned cell by
cell. I1f one CAZAC sequence 1is always used for a
bandwidth in a cell, interference may become



cell. If one CAZAC sequence is always used for a bandwidth in a cell,
interference may become continuously high in all frames and the
communication quality may be reduced greatly depending on the

combination of the bandwidth used in th€cell and a bandwidth used in an
interfering cell. in W-CDMA, the 5 interval between reference signals is very
long. Therefore, even if high interference is observed in a frame, it is
expecte@nbide k¥ rfdreeBe dacréddesthagescadingfeans@mms pieation
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number of sequences are aval lable. However, when a narrow requency
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about OanPZ@Z frames in neighboring cells_ and as a result, a packet error

may bEXRREY 3O 8Bett ofARE prasehtGrvitiidh B9RPINIge YPRIG CENE
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15 time direction is changed (hopped) for each frame.

With the cyclic-shift hopping, since the
number of cyclic shift amounts is limited to about six
when the CP length and the delay spread are taken into
account, the effect of interference randomization is

20 limited. With the sequence hopping, a greater effect of
interference randomization can be expected particularly
when a wide frequency band i1s used, i1.e., when a large
number of sequences are available. However, when a
narrow frequency band, for example, one resource unit

25 (RU), is used, only about 12 sequences can be generated.
Therefore, even if the CAZAC sequences are randomly
changed (hopped), the same CAZAC sequence may be used
about once in 12 frames iIn neighboring cells and as a
result, a packet error may be caused.

30 One object of the present invention 1iIs to
solve or reduce one or more of the above problems and to
provide a base station, a mobile station, a radio
communication system, and a communication control method



provide a base station, a mobile station, a radio communication system, and
a communication control method _y  that make it possible to flexibly reuse
CAZAC reference signal sequences for multiple cells in an E-UIRA system
and thereby to reduce the influence of cRaracteristic degradation caused by
cross-correlation. MEANS FOR SOLVING THE PROBLEMS An aspect of the
present invention provides a base station for communicating with a mobile
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hopping where different ones of the reference signal 30 sequences are )
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sequenedd to Bed the mobile station transmits the uplink signal

15 including one of the reference signal sequences
specified by one of the sequence groups assigned to the
base station. The base station includes a scheduler
configured to allocate radio resources such that one or
more resource units are allocated to the mobile station

20 for communication; a reporting unit configured to report
the allocated radio resources and a cyclic shift amount
to the mobile station; and a demodulating unit
configured to demodulate the uplink signal received from
the mobile station based on one of the reference signal

25 sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount. Cell reuse 1is
applied to the reference signal sequences to be
transmitted wusing one resource unit, and sequence
hopping where different ones of the reference signal

30 sequences are assigned to consecutive subframes 1is
applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource
unit.



transmitted using a bandwidth greater than one resource unit. 10- Another
aspect of the present invention provides a mobile station transmitting an

uplink signal according to a single-carrier scheme. The mobile station

includes a storage unit configured to stc')r]é)éequence 5 groups each

specifying reference signal sequences for respective radio resource
bandwidths; a transmitting unit configured to determine one of the reference
sighal sequences éned&\sandirpRResite ofthe rdde resvigee BandhiygRtion
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sequence groups is assigned to a neighboring cell. The 30 mobile station_is

configlﬂ fbdt'raﬁsmﬁ%e lﬁnhtted one ©of the reference signal
sequences. Cell reuse is applied to the reference signal

15 sequences to be transmitted using one resource unit, and
sequence hopping where different ones of the reference
signal sequences are assigned to consecutive subframes
is applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource

20 unit.

Another aspect of the present invention
provides a radio communication system including a mobile
station configured to transmit an uplink signal
according to a single-carrier scheme; and a base station

25 configured to communicate with the mobile station. One
of sequence groups each specifying reference signal
sequences Tor respective radio resource bandwidths 1is
assigned to the base station, and a different one of the
sequence groups Is assigned to a neighboring cell. The

30 mobile station 1is configured to transmit the uplink
signal including one of the reference signal sequences
specified by one of the sequence groups assigned to the
base station. The base station includes a scheduler



signal nclud.ng one of the reference, signal sequences spec f -ed. by one of
the Se(4uence soups ass gned to the base station. The base station

includes a scheduler -11- configured to allocate radio resources such that

one or more resource units are allocatéds the mobile station for
communication, a reporting unit configured to report the allocated radio
resources and a cyclic shift amount 5 to the mobile station, and a
demodifafigunadcdistiguld @ ¢ tR it e tAE UPIERSiGH te d&198d Broen OF

the mohilecstatien hased oniare afrthedRierenecesianal tsRAURSISEPe station

°°rr6598.?dt§‘&n‘k?g%rie gﬁ{b%radéo Jigai aﬂﬂ‘ﬁ’{dt?%r"i‘[“ é{lp’rg%%"”&% spd ort

amount. The mo |Ie dn |nc es a st rage unit conii store
sequehbe gedUesakrra fRAMItIRTUHICESH RJIfe @t Xeld iR bie @mﬁ\ént
reference sighal sequpiges cetrgaeponding &mene af thadmdmm@mge unit

banduiiihe: based opdhadREiRRReLaRR AlRAR NEAPILLE R,

shift the mined one 0 the reference sig aI sequen Ift
amourktepbrBd b HeBAse skared afl toR@anekhitthe Uifi R s‘?@‘ﬁ% signal
includisgabersiéitedana-etihentfepnam signal  sefjuarces.rGeli ccusessurce

applied 1p 404 a%fﬁgeng?]a'g"ﬁi]go ﬁ%ﬁ neessioslig ransoified USHH% OMNobi e

resource unit, and sequence ere different ones of the reference

difnal %EaEéHEeé ard HQ&@n@d %&%ﬁgécd{r\‘/btsﬂfbfﬂs&' ighphfestotife the
refereses sgmat semeenses tard targmitediddingg handwidibngregiercttiako
one regayae, gmeUnito Ul agthergrpect afdhpdresentdveniipn RGYiIdGR-as

communication control method used in a radio communication system
includifg'd ArARRLEEo N raRSRitHy SHEpIiRR Sighal GE05 RSy BaldmbfENS

based on the radio resources allocated by the base
15 station, to shift the determined one of the reference
signal sequences by the cyclic shift amount reported by
the base station, and to transmit the uplink signal
including the shifted one of the reference signal
sequences. Cell reuse is applied to the reference signal
20 sequences to be transmitted using one resource unit, and
sequence hopping where different ones of the reference
signal sequences are assigned to consecutive subframes
is applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource
25 unit.

Still another aspect of the present invention
provides a communication control method used In a radio
communication system including a mobile station
transmitting an uplink signal according to a single-

30 carrier scheme and a base station communicating with the
mobile station. One of sequence groups each specifying
reference signal sequences for respective radio resource
bandwidths 1is assigned to the base station and a



30 carrier scheme and a base station communicating with the mobile station.
One of sequence groups each specifying reference si-gna.l. sequences for
respective radio resource bandwidths is assigned to the base station and a
-12- different one of the sequence groub%%é assigned to a neighboring cell.
The method including a radio resource allocation step, performed by the

base station, of allocating radio resources such that one or more 5 resource
units Hé Bfiotaf tenhe Aob8StafiBAUBN GO NINAHRALT adepbairfistép, a

performepgib e bgseslation i reeatiog theallogaieg radieagiouiessodide
a cycli if t tg the mobhi jon, a transmitting step, performed by

the m(ﬁ)ﬁg&éa |c_)8%r:)f %‘?ﬁgﬁsrﬁiﬁ%ﬁ{w@ggplir& sisgwﬂa ba?%%%‘%n ear{arl%)l{)g »of
resourddd QeRitthaCcy cliedhfit afReRAY FESSitePHF the HIRE St&fiéh; 4Md amore

dgmodtdghog stepuipetorned by thecaasel stegorthef desnddwatgxattieon for
uplink '!?Qﬂ! [ from t ile stat as f the refere
15 sigrc?a seqﬁfgr%:%iggo’rrer%pgﬁg%ﬁfn gﬁe%o tﬁé r |g?§é@ﬁ%8fceggan(ﬁv§idﬁgse

and the'&EReshifedmbEREIAdINGedde s ertethEdehR e fESQleES and
sequeacescigctid ciransmiifted usinguate ragouraghenitnaidi dequencetion; a

hOF’Pi”élrﬁ’Hérn'%ﬁfﬁgcecgﬁ%S ofJBe ¢5151ERC §i9%]ﬂlez%%%qqeé‘c§§§f?on, of

assigned to consecu frames Is ap;ﬂjeeg to the reference sign

dQuektes B bEtAEsmitEd udil e banahitih lgreBasiaHan Yhe EiBurd@dio
unit. 256DV ANERAGIEO U BHeFFS/CT IQF SHBEFIN\daNuif@N repasiext obthethe

presenfjaxentiofjigyidesd baseeraltiad NP SRIBIODR fffifed by the

communication system, and a communication control method that make’it_
possitt@Es B lse B AZRTO LA IsERg) uplink signal received

from the mobile station based on one of the reference

15 signal sequences corresponding to one of the radio
resource bandwidths and the cyclic shift amount. Cell
reuse is applied to the reference signal sequences to be
transmitted using one resource unit, and sequence
hopping where different ones of the reference signal

20 sequences are assigned to consecutive subframes is
applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource
unit.

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

base station, a mobile station, a radio communication
system, and a communication control method that make it
possible to flexibly reuse CAZAC reference signal

30 sequences for multiple cells In an E-UTRA system and
thereby to reduce the iInfluence of characteristic
degradation caused by cross-correlation.



30 sequences for multiple cells in an E-UTRA system and thereby to reduce
the influence of characteristic degradation caused by cross-correlation. -13-
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a drawing illustrating
single- carrier FDMA; FIG. 2 is a drawiﬁg}ﬁrustrating reference signals used

in single-carrier FDMA; FIG. 3 is a drawing illustrating reference signals used
in single-carrier FDMA,; FIG. 4 is a drawing illustrating reference signals used
in singisEaiett SO s'a chianiig'@Ristrating a radio
communication systqm accordipg toan gnbeilitgentidaiithet prasey ineimipne -
FIG. Gégﬁti’;\g,e g ﬁ\A/'Lng exemplary assignment of reference signal
sequences according to an embodiment 15 of the present invention; FIG. 7

is a partial block di&dfam of a base@st&icH'ABSordild ¥s BredihBedirehebence
the preseyiailnyensed; G si gy depattiziriloek Eiagram of a mobile 20 station
according to an emppdimegt of the preseal KNS ot i PU¥IFence

illustrating an exemplary method of assigning Teference signal sequences
accordil§nidlsn erasbdiment 9 liss predafinFéitton: 25 FIG. 10is a
drawing illustrating Betective use ohorthagonadjzaiidd trntdnfeyenceference

randorg%aﬁ@ps forRass ﬁtaéiplqa Eec_cggt}]pgetp ahfbodiment of the present
invention; and FIG. 11 is a flowchart showing a processina _ )
10 FIG. is a drawing illustrating a radio

communication system according to an embodiment of the
present invention;

FIG. 6 is a table showing exemplary assignment
of reference signal sequences according to an embodiment

15 of the present invention;

FIG. 7 1is a partial block diagram of a base
station according to an embodiment of the present
invention;

FIG. 8 is a partial block diagram of a mobile

20 station according to an embodiment of the present
invention;

FIG. 9 is a drawing illustrating an exemplary
method of assigning reference signal sequences according
to an embodiment of the present invention;

25 FIG. 10 is a drawing illustrating selective
use of orthogonalization and interference randomization
for base stations according to an embodiment of the
present invention; and

FIG. 11 is a flowchart showing a process In a

30 radio communication system according to an embodiment of
the present invention.

EXPLANATION OF REFERENCES




30 radio communication system according to an embodiment of the present
invention. EXPLANATION OF REFERENCES -14- 50 Cell 1001, 1002, 1003,
100 Mobile station 102 OFDM signal demodulation unit 104
Uplink-scheduling-grant-signal 5 demoajcﬁétion/decoding unit 106
Broadcast--channel demodulation/decoding unit 108
Other-control-and-data-signals demodulation/decoding unit 110
Radio-fran®nunftsdtland-subframe-number counter 10 112
Cyclic-shiftrtamountodsternooing aoiv, 114 Mamiaey Otstardrg RS sequence
numbers cia it i ' e roups 116
Demodula |§?Rst§gplﬂhgrla}'tﬁ;%§q§¥t%ﬁgf? %@%ﬁi@ﬁo%@%nit 15 120 Data
modulation-Gftit 122 SC-FDMA modulatig®kMiK-20e8esd Shgtisi apx-signal
Bmaddagiczthanei geyeesdiows npit udG4a OFDM signal generating unit 20 206

Radio-framy '8””‘%%fb%&dc'ég?ﬂéﬂkﬁiﬂﬂ’i‘.t’c?ém%‘i’gf%%'?ﬁé%aqﬁ%gunit

Uplink-scheduling-grant-signal-transmission- control-signal generating unit
210 Memok%or storing RS sequence nuttheE- 28 HIbiBd Wigta-signals
bandwiidihsdn RS seqledacediagpsi2i Cyclic-shift-number determining unit

214 DemodiyigtionRa Qengratind Withrehd SHACRB R ZAHMHBRCt cOM et
n. r.e -est mation unit _ ) o )
10 112 Cyclic-shift-amount determining unit
114 Memory for storing RS sequence numbers
associated with bandwidths in RS sequence groups
116 Demodulation RS generating unit
118 Channel coding unit
15 120 Data modulation unit
122 SC-FDMA modulation unit
200 Base station
202 Broadcast channel generating unit
204 OFDM signal generating unit
20 206 Radio-frame-number-and-subframe-number
management unit
208 Uplink-scheduling-grant-signal-transmission-
control-signal generating unit
210 Memory for storing RS sequence numbers
25 associated with bandwidths In RS sequence groups
212 Cyclic-shift-number determining unit
214 Demodulation RS generating unit

216 Synchronization-detection/channel-estimation
unit
30 218 Channel decoding unit

220 Coherent detection unit
222 Uplink-channel-condition estimation unit
224  Scheduler



30 218 Channel decoding unit 220 Coherent detection unit 222
Uplink-channel-condition estimation unit 224 Scheduler -15- 300 Access
gateway 400 Core network BEST MODE FOR CARRYING OUT THE
INVENTION Embodiments of the preseﬁ]tsl'ﬁvention are described below with
reference to the accompanying drawings. Throughout the accompanying
drawings, the same reference numbers are used for parts having the same
functions, 898 oveNapRRR) ded@ons of those parts 10 are omitted. A radio
communicaton sysiere 108wbeikding mobile stations and a base station
according to an embodiment of the present invention is described below
with reference to FIG. 5. 15 The radio communication system 1000 is based

¢ % re ORIA A dAUTRINE (AINYEATIAANL ong Term
Ewgolution or Super Bdjod hegadio commuteatigirssiam 1000/metides a are

base %g%%rf-lﬁo%'éade. b%iSWB)V@P&a”CPE‘F&”&B?@“O LOPR108L Eny ing

1003, .. n; nis an integer greater than 0) . The base station
connebfetb &% uppBF ABEBQAEN B aR eeeBRe yHBW T HAd thdRRcesge
gateway BOPanconmecibd ite a atere nsbuorfdp0. pehrermobide $tagiorth@0Gsame
are in f il pOANI cOmMUGCRIGUIIYIGe fase s fRianat0 BEHhing: 2840 es
Evolved UTRA and UTRAN. The mobile stations 100n (1001, 1002, 1003 ...
76bn) AEGeRE CERSE configuration and functions and are therefore called

the mobile station X00mad ilve mobitersdaddn®A00yistibe dagdiptiamsbakbing

unlessRpWiS&tations and a base station according to an
embodiment of the present iInvention is described below

with reference to FIG. 5.

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 a base station (eNode
B: eNB) 200 and mobile stations 100, (100;, 100,, 1003,

20 100,; n is an integer greater than 0). The base station
200 1is connected to an upper node such as an access
gateway 300 and the access gateway 300 is connected to a
core network 400. The mobile stations 100, are in a cell
50 and communicate with the base station 200 according

25 to Evolved UTRA and UTRAN.

The mobile stations 100, (100,, 100, 1003
100,) have the same configuration and functions and are
therefore called the mobile station 100, or the mobile
stations 100, in the descriptions below unless otherwise

30 mentioned. In the descriptions below, mobile stations
are used as examples of user equipment (UE)
communicating with a base station. However, user
equipment communicating with a base station may also



30 mentioned. In the descriptions below, mobile stations are used as
examples of user equipment (UE) communicating with a base station.
However, user equipment communicating with a base station may also -16-
include fixed terminals. In the radio commtinication system 1000, orthogonal
frequency division multiplexing (OFDM) is used as the downlink radio access
method and single- carrier frequency division multiple access (SC--DMA) is
used R REUGSikipeRio BerBdsalk&hod. As described above, OFDM is a
multicarrier transmiggion gaBemeariere afieguaierbpod is diyideshinto1000,

Itipl i .
10 s IE L EPEURancs, HPCRL IS AR AnEr et &
transmiS§idn 3éhekiewiMd fiddqudindl HaRF ~e8RidBe thedm@figle sSTtngle-

frequenay bbads finshilen &g quenéy bandsala ppllecateddedlifsenEDMA) is

Commiraehiat ofnelt Lok n Eoc OV EGR a0 RGN Sre deegricg?

below 3PV GowRfiti! alshyRical HbhrAhk kpardd kehhes IoD secaiarehere
by theanolfilegiatioog 100aadd ai physitaidednlinintontroludheinmbd narrow

(PDC Al HEGC nENAS ORAREH AV IRN R C1BPE | RARRECI Ene

downli 2 contr annel. The physical downlink shared chahnel is _
d<kd SURGRINE BE8r ERE, i BV a0 ST Yata ARV &iplinE S phsickd @
uplink shagde: ebannée 25 @tasSt)ssheoad mcthemmobilbestations 1D0dquemdty

a phypigaliunlak 6OVRLENaINES Ak HSGH I CRVGIRH YPIIBK R ethd  the
channel is u.sed to transmit user data, i.e., a normal data szlgnal. The )
phy&éﬁfﬁﬂHﬂ?EXnﬁ&nds are allocated to different terminals in
order to reduce interference between the terminals.
15 Communication channels used in Evolved UTRA
and UTRAN are described below.
For downlink, a physical downlink shared
channel (PDSCH) shared by the mobile stations 100, and a
physical downlink control channel (PDCCH) are used. The
20 physical downlink control channel 1is also called a
downlink L1/L2 control channel. The physical downlink
shared channel is used to transmit user data, 1.e., a
normal data signal.
For uplink, a physical uplink shared channel
25 (PUSCH) shared by the mobile stations 100, and a
physical uplink control channel are used. The physical
uplink shared channel 1is used to transmit user data,
i.e., a normal data signal. The physical uplink control
channel is used to transmit a downlink channel quality
30 indicator (CQI) wused for scheduling and adaptive
modulation and coding (AMC) of the physical downlink
shared channel, and acknowledgement information for the
physical downlink shared channel. The acknowledgement



channel is used to transmit a downlink channel quality 30 indicator (CQI)

used for scheduling and adaptive modulation and coding (1C) of the physical
downlink shared channel, and acknowlzlgﬁement information for the

physical downlink shared channel. The acknowledgement _17- information
includes either acknowledgement (ACK) indicating normal reception of a
transmitted signal or negative acknowledgement (NACK) indicating
abnorrhafaEBasden of atiredsiffted sihtnerhe phgkirarvdiprgessntol (ACK)

channghanpyzalsagbenused 1o raasipiti thadsftion tethe Sx@tand tbegnal or
ackno eggﬁq nt informati uli est e ing all i
of reS(\)AlIJ}er es o_%an u%%@%ggg e(_: ‘gﬁﬁlelr@éa elea@édr%%%ﬁgse %ﬁ%ﬂ%&
persiste?fADEHeRfing. HereSAIERBNSdF@a8burces of an uplink shared

chmnnel. ndica.tes asogsisgsibere aupbbekstaimntreporthtonadiobilay also
statio ing t hysi ﬁﬂﬂ/vnl—' k nne| i ubfrgm t
the mo %fe%%%oﬁﬁfaﬁv%@% to c’om—'lrrE u n%:(ﬂa?%tﬂjfﬂg t%? unﬁ?'ni ?ﬁh:‘j}ﬁgﬁ the

chann@Fie¥lege§ieNsuBRERENRT 198 radi® cSRTROHIEANEN SRMEFSTo0HOT
of this reolesttriagt, a¢ll vevsd snhappfieddsibseqasneefhepping I mkt shared

app"eeﬁ%ﬁﬁgwen gRjused fordglerepce FE%?%%&R%MQ "i‘rTa”ﬁé‘FsiSt nt

bandwidth. Meanwhile, sequences used 2 reference signals using a wide
BehawidheseldiDRied RS grRHLAFR AN &Tof TATEN ISR Snéds HRI 1nk
total reimpedoictequertesnoiechibe sefergnuecsignalshesneg a basewstation

bandwyeif, 1€ Sq@encesBRae SRt asYONed IngMRRBL physical

subframes, i.e., sequence hopping 25 is_performed using the sequences in _
each ¢ioUPIHRE GRIHM bR ledBelustiPrabierdhatsifhgismobile

using sttt banswidthlisveglalto thewwliusasate using the uplink
15 shared channel iIn a subsequent subframe.

In the radio communication system 1000 of this
embodiment, cell reuse is applied but sequence hopping
is not applied to sequences used for reference signals
(RS) using a narrow bandwidth. Meanwhile, sequences used

20 for reference signals using a wide bandwidth are divided
into groups the number of which is the same as the total
number of sequences used for reference signals using a
narrow bandwidth. The sequences iIn each group are
assigned to different subframes, i1.e., sequence hopping

25 1s performed using the sequences 1in each group. The
total number of sequences used for reference signals
using a narrow bandwidth i1s equal to the cell reuse
number. Hereafter, the groups of reference signal
sequences associated with various bandwidths are called

30 sequence groups. The number of the sequence groups Iis
the same as the total number of sequences used fTor
reference signals using a narrow bandwidth. This
approach makes it possible to assign one of the sequence



number. Hereafter, the groups of reference signal sequences associated

with various bandwidths are called 30 sequence groups. The number of the
sequence groups is the sauce as the total cumber of sequences used for
reference signals using a narrow bandwitfth. This approach makes it

possible to assign one of the sequence -18- groups to a cell and to assign
another one of the sequence groups to a neighboring cell. Thus, in this
embodffdSsed@ente K63dinga8dnotem@eséd tor peRESRde spiifalsakinghe
a narrewqbdransivygdiu s desequenrcryhepRinggs esnloyed for reference

signals using a wid dwidth result mbination of used . -
sequences chan ei rom saﬁfratﬁr;lisatogﬁ%f?iﬁ%ﬁghiséi%%itldr%_ ?neakﬁgdep hg 1s
possibi®to p yeshtinkRius d&IRFEeCof H4BNALSferdSdE Anddhe i oW

1Gto neduian ibiepyobadtity of Sepeessse paoketeiors.i et usnpd Syste th&br
the nu er ign seq S 1 owest handwidt
Wi s o e revpae %‘éi@éé&?&% ey e
times $Rt&ORARAETRK . HREAUFBRYBRCES UehRBIGRpEREE oRURErame
sequemoe !mtgﬂrrammn CAr8G rseqyenqe&a&resusiad, poddlie bequengerevent
length 15 1 R1QBALIO8JR PR Haadwidh H‘iEhUTi'ﬁ%é'W%Fe‘rﬂ‘%e” 2RO eby
interval of the reference signal is constant fegardless of the bandwidth.

PRerefte MRASD GRRAKRBFHRMIEY o de FHGRESSE 0BRSS § IS -
bandwidth. In this dreftodimerdsNlinieS sdgienehgronpsizee geferatkbandce

a kth %ﬁmvee’g?r%ﬂ@ﬁc@%inf%qertﬂée%%rrm@te%&wmﬁd IBSsis

than or equal to 25 for a bandwidth W,; includes (W,;/W1) sequences
with SRUetiFmBUFORTIAGLRS. SERHEAGISVIZINE MARAKIITN W that

is X times greater than W; 1i1s XN;. The number of

15 sequences depends on the sequence length when CAZAC
sequences are used, and the sequence length 1is in
proportion to the bandwidth in E-UTRA where the
transmission interval of the reference signal is
constant regardless of the bandwidth. Therefore, iIn E-

20 UTRA, the number of sequences 1is proportional to the
bandwidth.

In this embodiment, N; RS sequence groups are
generated and a kth RS sequence group (k is an integer
greater than or equal to 1 and less than or equal to Ni)

25 for a bandwidth Wy includes Wx/W;) sequences with
sequence numbers k, k+N;, .., and k+(Wx/W;)N;. With this
method, an RS sequence does not belong to multiple RS
sequence groups at the same time. In each cell, one of
the N; RS sequence groups is selected and used. Sequence

30 hopping 1is performed using only the RS sequences
assigned to the same bandwidth i1n the selected RS
sequence group.

In the example shown in FIG. 6, one resource



method, an RS sequence does not belong to multiple RS sequence groups

at the same time. In each cell, one of the N1 RS sequence groups is

selected and used. Sequence 30 hopping is performed using only the RS
sequences assigned to the same bandv idth in the selected RS sequence
group. In the example shown in FIG. 6, one resource -19- unit (RU) is the
narrowest bandwidth and one RS sequence is provided for each RU in each
of RS YBateltd Yrdspstinel papnonssd. RerdyidHeegad BPNRiiBaesapEence

Bth sa@uenesatBé Fwuenses fRuaikransBisson kandwigile Acd&roups 1-
example, RS se ce groupl i i tp basg-stati sequen

group %Ié aisﬁlgneﬁ to bgdse@s ati%‘r’%ﬁ%, ..c?,gan S% quica%%fggr‘(%% 1%91% Beh
assigne@ e page &fafioh #29UTAGEScIPfe BctABRIASLRR Sisisbtidth A.

geups are cyclicallyassigratibdiffesnistggelieés emplayed inidisassigned
embodime h ow, ba i a , U,:i .

cotuends Past SRAAB L T SRISR BT 2 48 (fiRRianed to
sequelass ard @Y bR 4y assighied. R SRERCR S RRMgloledagsigned
exampte, Rasequaroe dris assignethiodhasedlA statos# 1 WREIseqaerset? of

is assi S ion #2,. .., e 2 | signe
s.tationgaﬁgrf%j é %V@kir?; @L%Qaré E%ed??% i? v%vﬁgr??her%%%éw%?ﬁ olfgﬁleddtpﬁ%%nt

Eferef&d LRndiSs FQy e AImBEIST sEGRORETERT alsyiiRbI8d. FREIOW
doubldzhsegueittes derdiexiadpit, 20 gRuupsithe msrahersefgueichesduaytsp i ng

the miginup,pUMAerIef, SRIUSHGES (12) Puchdhabearhdrgurinalides gpaigs

of sequences to be assigned to a cell. The pair of sequences in a group do _
not beRSilH 66 Rr BFSugY ! i LR g8edudfcndSsingnt cells is
perforerealivstetenribe ZXpap lf sefbenegschoeedampleass edrese statibase

5  station #1, RS sequence 2 iIs assigned to base station #2,
.., and RS sequence 12 is assigned to base station #12.
When 2 RUs are used, i1.e., when the bandwidth of the
reference signal is doubled, the number of sequences is
also doubled. The doubled sequences are divided into

20 groups the number of which equals the minimum number of
sequences (12) such that each group includes a pair of
sequences to be assigned to a cell. The pair of
sequences iIn a group do not belong to other groups at
the same time. Sequence hopping is performed between the

25 pair of sequences. For example, In a base station to
which RS sequence group 1 1is assigned, sequence 1 1is
used when the bandwidth is 1 RU and sequences 1 and 13
are used when the bandwidth is 2 RUs. Similarly, in a
neighboring cell, sequence 2 is used when the bandwidth

30 i1s 1 RU and sequences 2 and 14 are used when the
bandwidth is 2 RUs.

This approach makes it possible to prevent use
of the same RS sequence iIn neighboring cells and also to



which RS sequence group ~ is assigned, sequence 1 is used when the
bandwidth is 1 RU and sequences 1 and 13 are used. when the
ba.ndwi_d.th is 2 R.Us. Similarly, in. a neighboring cell, sequence 2 is used
when the bandwidth 30 is RU and sequ‘e?rf?:es 2 and 14 are used whet: the
bandwidth is 2 RUs. This approach makes it possible to prevent use of the
same RS sequence in neighboring cells and also to -20- randomize the
interfeféMEOBY 2 qliBAca HepPlitd a0eR, e BasEeiafM200 bighis

embodiment is desgsibed veitle rafaeencedatilen 720bedpsersiatiamBod dfent
this er’rigogig%cr}t Eé cwgle_ﬁ %ZF% é"\dé:ﬁ lggnr'n_,engenieratlng unit 202, an
t

OFDM signa genera Ing uni a ra rame-numher-
and-subframe- numEB?méP\%ﬁ%meﬁ%ﬁ!tOZDG #Quplipk- this embodiment
saediligrged-signarivaikiaissiogirantol-sigeakgendragnqiait 2089z,  an

memogE 8?“ BiFe ALeTFHCORT QUIDLTS stﬁ dei‘YJ%e number-

bandmdt%s in seq ence groups, a cyclic-shift-num etermining unit
212, a%&ﬂéHBEﬁ%ﬂ%Q%atuﬁlj‘%ﬁﬁ%&%% unit 206 an uplink-
synchextizatiohi dgtagtiantchsimes bstmaioniysi dh6 cantraring dpwabing

unit 218, 2, i{qrretdgmlo 't22gl 1&3@{1} ink. Q)annleércongg@gumg RS
estimation un|t22 and a scheddler 224 en ce are designed (base

it tlon%e&\%eq?ﬁalléwmbﬁrﬁpllrﬁsﬁSWwV&Bnp (R%‘B‘@F)dlghﬁssdﬁed RS
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two or more RUs. Accordingly, different RS Sequence _groups numbersigre
assugm%m%hr'féiaﬁﬁaﬁﬂﬁ%a % 5800/ ARSI RRRIHAkASH pisthie

randomimentiel decoding unit 218, a coherent detection unit 220,
15 an uplink-channel-condition estimation unit 222, and a
scheduler 224.

When cells are designed (base stations are
installed), an uplink RS sequence group (number) 1is
assigned to each cell. For each sequence group, sequence

20 hopping patterns based on subframe numbers are
predetermined by specifications for bandwidths of two or
more RUs. Accordingly, different RS sequence groups
(numbers) are assigned to neighboring base stations.
This approach makes it possible to randomize the

25 interference.

An RS sequence group number assigned to the
base station 200 1is input to the broadcast channel
generating unit 202 and the memory 210.

The broadcast channel generating unit 202

30 generates a broadcast channel including the 1input RS
sequence group number and a system frame number input
from the radio-frame-number-and-subframe-number
management unit 206 described later, and inputs the



25 interference. An RS sequence group number assigned to the base station
200 is input to the broadcast channel generating unit 202 and the memory
210. The broadcast channel generating unit 202 30 generates a broadcast
channel including the input RS sequence group number and a system frame
number input from the radio-frame-number-and-subframe-number
management unit 206 described later, and inputs the -21- broadcast channel

to the DIEBNCS§kachene@linguthe0AFPHeIBDM sEpRe Fakensting diit 204 -
2h04 gemeratestn GPha Isignahdicleding the btoeltzloastgyé\@@ﬁ@téﬁd HPUGFDM
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tozthe aysdlyioadizatipn- deteg®n&iiuweatesignatipn @sit 2épahesebheient the

10 detsp 'g@&g'&@% qjetlbolmc gréq%-c&pdm%n C«sés.timation unit 222.

The synchronization-detect ionichannel- estimation unit 216 performs
synchronization dei@&BHN ke the mblitfeceRritnedsald Rrediadie thap 185he
receptiarbtimhéngstpeiforms thannalrestilgtion besedba dgmobutatipnation-

refere%ﬁgﬁf&%i A0 e (Gemefylation (3% genegting Yot 2145pe rent

describe r, and Inputs the --barrel estimation results fo the coherent_ _
d&ecttest »90. 20Mde cBRBrentiétectiBf uriPdIf herdamaedsrarht tion

detectemtfiionditd oeceinéd skprals based on the channel estimation results
and allocated frequgpgies and. bandyidihe dRRYLEGBHNEANSHHIR 22dnnen -

described later, . B i i
estimation unit 216 performs synchronization detection

for the input received signals to estimate their

15 reception timings, performs channel estimation based on
demodulation reference signals input from the
demodulation RS generating unit 214 described later, and
inputs the channel estimation results to the coherent
detection unit 220.

20 The coherent detection unit 220 performs
coherent detection for the received signals based on the
channel estimation results and allocated frequencies and
bandwidths input from the scheduler 224 described later,
and inputs the demodulated received signals to the

25 channel decoding unit 218. The channel decoding unit 218
decodes the demodulated received signals and generates
reproduced data signals corresponding to selected user
numbers iInput from the scheduler 224. The generated
reproduced data signals are transmitted to a network.

30 The uplink-channel-condition estimation unit
222 estimates uplink channel conditions of respective
users based on the iInput received signals and inputs the
estimated uplink channel conditions to the scheduler 224.



and inputs the demodulated received signals to the 25 channel decoding unit
218. The channel decoding unit 218 decodes the demodulated received
signals and generates reproduced data s=ignals corresponding to selected
user numbers input :Prom. t ne scheduléf224. The generated reproduced
data signals are transmitted to a network. 30 The uplink-channel-condition
estimation unit 222 estimates uplnk. channel conditions of respective users

based on the input TE€eiveaFBRfakeand dhits PR EQtififated Tiplink ep@ndle.,
conditiprsdadheschedidlen Pdg_BasEde sehedwer 2durerigsmenkorchannel

example, f schedulin he | plink,c e it]
of the ég)st] pﬁ%ﬂ%ﬁ%e?gpar? cﬁ ((L)o %?)ger%ngﬁt%% g#i%aéju sée?'rlé s@%hrg]ask ?Z%%s%ﬁon
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208, tﬁs’egnr{g]gwo%%élol,}%%d thér‘io e%gnt ei:g:%tlon ucrf‘it 226%, a déﬁ%?r%fjts and

select®@ e Athtbers &the ublifk-scheddiME-gphedeiigreapt-signal -
sstcn-mmn@msiigejqumthm)mﬁigfi_i&hndghaei'mnmgo_leood:dnqmjt the
218. The eyA)c-shifnusixer gaetMIgiy U 215 ARIBINeS AYFIC $80 Mt and
numbers based on, :for example, 15 cooperative control signals transmlite(fij1

dwedARYhehrBRLTE s YrRlinHBRRESy iR sHYE nitRBARK§¢REAUTing-
uplink-grhetubngrypd rtesignakrassonssionteoldirgligigadl gemeratitgnoitunit

208 a%@%ggngqgl@%,%s AenesAtN, DR 529421@? cyclic shift numbers

are 20 associated with cyclic shift amounts. Assignment of the _cyclic shift
numbers is reported 1§ th&YhbBfe Stidhe Yaee lia SoF e AMHI8%a Yoblcat2

channdetermines cyclic shift numbers based on, for example,
15 cooperative control signals transmitted between
synchronized cells and inputs the cyclic shift numbers
to the uplink-scheduling-grant-signal-transmission-
control-signal generating unit 208 and the demodulation
RS generating unit 214. The cyclic shift numbers are
20 associated with cyclic shift amounts. Assignment of the
cyclic shift numbers is reported to the mobile stations
100, via, for example, a broadcast channel.
The radio-frame-number-and-subframe-number
management unit 206 manages radio Tframe numbers and
25 subframe numbers, inputs a system frame number to the
broadcast channel generating unit 202, and inputs the
radio frame numbers and the subframe numbers to the
memory 210.
The memory 210 stores the correspondence
30 between RS sequence group numbers, bandwidths 1iIn
respective RS sequence groups, and RS sequence numbers
as shown in FIG. 6. Also, the memory 210 selects RS
sequence numbers corresponding to the allocated



The radio-frame-number-and-subframe-number management unit 206
manages radio frame numbers and 25 subframe numbers, inputs a system
frame number to the broadcast channel generating unit 202, and inputs the
radio frame numbers and the subframetimbers to the memory 210. The
memory 210 stores the correspondence 30 between RS sequence group
numbers, bandw-dths in respective RS sequence groups, and RS sequence

numbd¥angy kabm ifPLE. o the nsemetyPen sékttsPRS dedudiscethe
numbeys KsgiesPORENgdedherabecateshbandwigdhs ittt fermdbie Eebedalers
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demodulation RSs hBSed §8ME R Eglenc?S nuaBeed AblAgromimkt 214
memogeAépansstheleyddhilt i boumimss inpastram dre cyplic-ghdt-rssgbence
determini it ~Ang inputs the lagi t - -
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208 genétateg recontepickignial{upknk-shbedudling>gdrdrat egnal Ressirtsion the
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selected user 15 numbers, and the assigned cyclic shift numbers, and nputs

th® control signal td' tfe OFDM signal gBR&MS ThfeedA e BRwsdgral -
generatiranenii 20fogeenatea brs@FHRN signajeneudingnthe contra ignal 208

and g, 3 QD Sigaplipdie raSianEAnSEiSY s il PEg rant.-

control' signal is transmitted tQ scheduled users via a downlink contro
channgf SR oF BRABRIALP G LABratifg T do4 sidgnald  including  the

allocated frequencies and bandwidths, the selected user

15 numbers, and the assigned cyclic shift numbers, and
inputs the control signal to the OFDM signal generating
unit 204. The OFDM signal generating unit 204 generates
an OFDM signal including the control signal and inputs
the OFDM signal to the radio transmitter. As a result,

20 the control signal is transmitted to scheduled users via
a downlink control channel.

The OFDM signal generating unit 204 also
generates an OFDM signal 1including downlink channels
other than the broadcast channel and the control channel

25 such as a downlink reference signal, a data channel, and
a paging channel, and inputs the OFDM signal to the
radio transmitter. As a result, the downlink channels
are transmitted to the users.

Next, the mobile station 100, of this

30 embodiment is described with reference to FIG. 8.

The mobile station 100, of this embodiment
includes an OFDM signal demodulation unit 102, an
uplink-scheduling-grant-signal demodulation/decoding



generates an OFDM signal including downlink channels other than the
broadcast channel and the control channel 25 such as a downlink reference
signal, a data channel, and a paging channel, and inputs the OFDM signal to
the radio transmitter. As a result, the dofvhlink channels are transmitted to
the users. Next, the mobile station 100" of this 30 embodiment -i5 described

with reference to FAG. 8. The mobile station 100" of this embodiment )
include® kR APBHM sighePadrrsekitaian0at 1denadulation/decoding unit

uplink-egbedul __rig-grandrsignal lemod athrtionvdetedingari-ditbledgrnals
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modul&REHEMREL 2D ORRS an SERTIMAIABEAMLBA WRMEIAEHYNoBEE 116,
statioral@:ﬂaaﬁhdecmﬁﬁsi_ag uphriltsahe_ﬂ,uliag Geani simm_mﬂiifna _smliecteﬂzo,
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transmission controllﬂgnal to the uplink-scheduling-_grant-signal

demodlRRSAERE0AIMG dhiRRBa ! s HEBEHBaAREs S to the
broadcast-channel Aderaodalationfiepuaiing uoit 106 abdsrpstsadatirol 200 1s

15 1nput to the OFDM signal demodulation unit 102. The OFDM
signal demodulation unit 102 demodulates the received
signal, inputs the uplink-scheduling-grant-signal
transmission control signal to the uplink-scheduling-
grant-signal demodulation/decoding unit 104, inputs the

20 broadcast channel to the broadcast-channel
demodulation/decoding unit 106, and inputs control and
data signals other than the uplink-scheduling-grant-
signal transmission control signal and the broadcast
channel to the other-control-and-data-signals

25 demodulation/decoding unit 108.

The broadcast-channel demodulation/decoding
unit 106 demodulates and decodes the 1input broadcast
channel, inputs the RS sequence group number to the
memory 114, and inputs the system frame number to the

30 radio-frame-number-and-subframe-number counter 110.

The radio-frame-number-and-subframe-number
counter 110 counts radio frame numbers and subframe
numbers and inputs the radio frame numbers and the



data signals other than the uplink-scheduling-grant- signal transmission
control signal and the broadcast channel to the
other-control-and-data-signals 25 demodulation/decoding unit 108. The
broadcast-channel demodulation/decocﬁﬁa' unit 106 demodulates and
decodes the input broadcast channel, inputs the RS sequence group number
to the memory 114, and inputs the system frame number to the 30

radio- AR ErRN@ berBpRrsudiParkBeniaber Yodater 110. The

radio-frame-numbermd-subframe-numQq‘;n Eﬁunwﬂé@qqu@sgagiqﬁgmm
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allocafEtfoanefwib#iid thBeREhRR 314, TR enldg-11428reskpeuts  the
corresapbihdeate d1® detivd et ibabovwthidsrieniespedtive. RS sequence groups

and RS sequence pymbers as showpyip FIG 5, ory 334, AR e

the correspondence between RS sequence numbers and bandwidths in an
RS sehGEHEEYrARIWSGRBE HInERPGRG LT dhdl rRPIHEIAS, SEyRS and
statiorR80G e Endbenihderamary Ehbseledts dnlRS quEhee menther 114

based.yithe REQAIENGRIrOUR, HUBREH AL &rom the, dugadgast-chapnglce

demodulation/decodinﬁ unit 106 and the allocated bandwidth input from the

uplink YYRBALRn G GtaRRRRMLY BRRM oI AT nfRe OB AR 185°YRd Asskgned
20 thetse|dttedFRB \seuwened humbe mepthetdembyuletienRSe station 200.

15 Further, the memory 114 selects an RS sequence number
based on the RS sequence group number input from the
broadcast-channel demodulation/decoding unit 106 and the
allocated bandwidth input from the uplink-scheduling-
grant-signal demodulation/decoding unit 104, and inputs

20 the selected RS sequence number to the demodulation RS
generating unit 116.

The cyclic-shift-amount determining unit 112
determines a cyclic shift amount corresponding to the
assigned cyclic shift number input from the uplink-

25 scheduling-grant-signal demodulation/decoding unit 104,
and 1inputs the determined cyclic shift amount to the
demodulation RS generating unit 116.

The demodulation RS generating unit 116
generates a demodulation RS based on the input RS

30 sequence number and cyclic shift amount, and iInputs the
demodulation RS to the SC-FDMA modulation unit 122.

Meanwhile, the channel coding unit 118
performs channel coding on user data. Then, the data



generating unit 116. The cyclic-shift-amount determining unit 112 determines
a cyclic shift amount corresponding to the assigned cyclic shift number input
from the uplink 25 scheduling-grant-signal demodulation/decoding unit 104,
and inputs the determined cyclic shift anfolint to the demodulation RS
generating unit 116. The demodulation RS generating unit 116 generates a
demodulation RS based on the input RS 30 sequence number and cyclic

shift afRAnt 2add@ThpuR ke H3thodeElienTRs tdaka soadolpt kstul@fionthe
unit 12&1&!‘\&@“\?{66@19@9 @b@nn@@ﬁdin?mit ﬂﬁ&ﬁ@ffﬁi’rﬁﬁf @rlrtandrﬂﬁ@dingser
on usef data t -26- ' It- rforms data

modulg %aﬁ‘ o%gth%en%rtggﬁ%@éénﬁi%ggtgaﬂaﬁ% fﬁﬁtg%ﬁe modulated user

data to the SC-FDMASnS§ulEEYA uRrdybathens crbdvARhbdarRERALINRFDM
(- T-gpeathdtNMies 1aheodulatias thenoputldanodulaBonaRg atddheuser

user Jagaden th&na”%%tedaéﬁﬁﬂﬁfi%?”Pr%%ﬁ’é‘ﬁ%g %ﬁ‘&m@&’%hts a
signal. Next, an exemplary method ot assigning referencé signal sequences
is desdVFEPAABTERYREEN2 10 FIG. 9. In FIG. 9, it is assumed that RS

sequence group th';_a,lreadm beetgxaspmleﬂl to mehaqel statdn 2Q%ssanding
an RS, SeAURNLEDTQYR IR P REAEFIARE 198 bagsc3ipfen 209ehl F-ERdfBnce

sequenceé]roup different from RS sequence group 2 assigned to the base
tiort8o6, G - s@lected for the base station 2002 to randomize the
interference (step 5BO2)F For exampid;, RiEssegsencedrotpat iskelesglfence

the bage&ition 3892 a1 ready been assigned to a base station 200;
and an RS sequence group is to be assigned to a base
station 200,.

15 An RS sequence group different from RS
sequence group 2 assigned to the base station 200; is
selected for the base station 200, to randomize the
interference (step S902). For example, RS sequence group
1 is selected for the base station 200,.

20 Uplink RS sequence groups are assigned to
respective cells when the cells are designed (base
stations are installed) (step S904). For each sequence
group, sequence hopping patterns based on subframe
numbers are predetermined by specifications.

25 The base station 200, reports the assigned
uplink RS sequence group via a broadcast channel to all
users iIn the cell (step S906).

The base station 200, also reports cyclic
shift amounts together with bandwidth allocation

30 information to scheduled users via a downlink control
channel (step S908).

Each scheduled mobile station (terminal) 100,
determines an RS sequence used for the allocated



20 Uplink RS sequence groups are assigned to respective cells when the
cells are designed (base stations are installed) (step 5904). For each
sequence group, sequence hopping patterns based on subframe numbers
are predetermined by specifications. 25 The base station 2002 reports the
assigned uplink RS sequence group via a broadcast channel to all users in

the cell (step 5906). The base station 2002 also reports cyclic shift amounts
togethBROAISEH\RREE 81l efatoriaplpfdintétiorfh SEHARAONBERY Vi the

?ownliﬁgmnt@ﬂd channsé{piep&P0Gr dgsh éﬁhedd@n‘ed amllai&t@cniorr,ubframe
termi , rmine e r the allocated ;27- -
bandvx?i]?],th&tgfs’ed%n ﬂgb%ﬁélﬁigz ggﬁ@égon mé %8 fe %r(l"epo te%rés cyclic

sequefibd BEouperidndn aNeBaicEesSLbYdde Rienb&OREKaItheché@ined and
RS seguanes bysheagyclip Bhifk arshanhegporied Vialiheycoutiel chlaifiebdn@s

5 transmj I including the shifted RS sequence (step
e i)

S910). In ! igned reference signal sequence numbers
are reported to ternliRal6ThBrepBRAH L8 quetRBIGRMD nMipTE&ECasSyRHoRa!
the sendngertdo AOntbeiterninal. Adieonatike i cetldbsimay bemssoe@ded ing

with sequenge @ypgy{gggemm@gyagggighé e?&%hgiggéké‘?%e : I to

numbers may be rep from the serv=ing cell to scheduled terminals _
tbgeththewkRrednedi: iAbHRERIMERAtnG R dcnERIIAGYr At (B5RACIETed
schedulirtdrgraatisgmnad transmissioncbeatrs| signabdvssoeiating catldBsreitte
sequenyg HQUROYITRRIS IR ABEGCEaIMERtee Ju- e 2 4RPRRdN&erving
Sequegg?PnM#%rug@%ggd?égwn¥35%inals together with control
information 1indicating a scheduling grant (uplink-
15 scheduling-grant-signal transmission control signal).
Associating cell IDs with sequence group numbers in
advance eliminates the need to report the sequence group
numbers to terminals.
In this embodiment, hopping patterns used for
20 each sequence group are predetermined, 1i.e., sequence
hopping patterns based on subframe numbers are
predetermined by specifications for each sequence group.
Alternatively, hopping patterns may be reported to
terminals from the base station. For example, hopping
25 patterns may be reported via a broadcast channel, or
hopping patterns determined by dynamic hopping control
may be reported.
Also 1n this embodiment, the cyclic shift
amount is reported as a part of format information for
30 the uplink reference signal. More specifically, cyclic
shift amounts associated with cyclic shift numbers are
predetermined by the base station taking into account
the cell radius and the delay spread and reported to



In this embodiment, hopping patterns used for 20 each sequence group are
predetermined, i.e., sequence hopping patterns based on subframe numbers
are predetermined by specifications for each sequence group. Alternatively,
hopping patterns may be reported to terdfinals from the base station. For
example, hopping 25 patterns may be reported via a broadcast channel, or
hopping patterns determined by dynamic hopping control may be reported.
Also irkeRBIaAbsdiMieht &k epelrastift cAnbonl is raperésatangsarfclic

formatshifee_raadomiey 3Pdheopbin‘tetefaanarisianaly Mase shecteatinals
cyclic shi nt ocjated with cycl ift ers are_predetermine

by the%%a(ieea{ﬂgﬁonﬁltgﬁiﬁng In % a\g({fgﬁrﬁﬁ (ie'_% ellqgé:ﬁ&'ang%e geé?%@%sg‘%éagt r_]e
and repRREBSBAREE fGPhikatWReR brysdddst ehdifel nartPatsigsed cyriel ic
si8ft agioints aranepoted dysamipalyléxtheniiginalaiidgetiepoitidde via
schedyling.g .Fogneﬁ?g%lﬁi&% F&Hﬁspéw@Pceg%W%e”ﬁf Siffounts
numbers and cyclic 5 shift amounts is predeterminedand reported via

broad &S ifeRHalBH ; atdafter EYERPSARIAR0EHE! tre BREERLBRETS are
correspepdingecydic sttié nuentdnsaels . reported to the terminals. Also,

orthogonal covering peguenges MRS 1104608YeAFS L itmals may  be

information for uplink reference signals. Orthogonal Covering ma %e used

&9 orthRBhbRdatth dMRuiliplenatteARES oF ofg&erunhgk rgdsrignce
requestedrialse MIdExhbgasal  ortduagoralg zesmaferenbe signadseftom for
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With orthogonal covering, the same CAZAC sequence and the same cyclic
shift et afe ude§ for tho refGRigated to use MIMO,  the” user

orthogonalizes reference signals from multiple antennas

15 by orthogonal covering without additional signaling.
With orthogonal covering, the same CAZAC sequence and
the same cyclic shift amount are used for two reference
signals i1n a subframe. The orthogonal covering may also
be used for orthogonalization of users. In this case,

20 orthogonal covering sequences are reported dynamically
together with the scheduling grant.

Next, selective use of orthogonalization and
interference randomization is described with reference
to FIG. 10.

25 In FIG. 10, it 1is assumed that wuplink
transmission timings of base station #1, base station #2,
and base station #3 are asynchronous. Each base station
covers two sectors and transmission timings of sectors
belonging to the same base station can be synchronized.

30 The sectors can be orthogonalized by using
different cyclic shift amounts even if the same RS
sequence group is assigned. For example, although the
same RS sequence group 1 is assigned to sectors 1 and 2



signals in a subframe. The orthogonal covering may also be used for
orthogonalization of users. In this case, 20 orthogonal covering sequences

are -eported dynamically together with the scheduling grant. Next, selective
use of orthogonalization and interferenc@andomization is described with
reference to FIG. 10. 25 In FIG. 10, it is assumed that uplink transmission
timings of base station #l, base station #2, and base station #3 are
asyncRbnolpaTeach Hkatiftation toverSaw&EStorslancbifdnsndssictgn  be

|._ngsetaeeors bieleagingiatheesamprtrase atatioycande siagirorizednts
30 Th ?Scﬁ?é_%qa“%?rfﬁg gna-lged DY sig défé?r{gnhﬁy%&qﬂ@ﬁce group
amounts eves: | The same seqguencegroup Is assigned. For exampl ,

although #fe 3amtIRESckRe@cERD Lis@idighePlo 236rsAtatd on 262,
ofhasestaivnz#1, saniors lcand Becadirivd opjtiedanalizeddienasise difffientnt

cyclic ﬁggﬁ@%ﬂ%ﬁrgmﬁtg@%”}ﬁs Igwough the same RS sequence

group 2 is assigned to sectors 1 and 2 of base station #2, 5 sectors and 2

can be orthogonaliZd$BecatiRe dfeteRfeyRic_niReEMEEHs BRSBisesttalidgns
the intgtferande Betwean Hase shaitonsl Zzddaroy# 263 geinagdani®sirent RS
assIong AUIRKEN! Fi3 ARAUERCCHHOUPS pfismsialians ifang#22. [hihignis
10 example, the; -nt_er-ference random-zed by assigning RS sequence

dBup D1aMR- sthfin M tEFaEsaRfhg'RS réékﬁ#&’éﬂ&eegrdﬁ% PReB3EdNg RS
statiors#gulentbe cgseud a MINI® tbammak tatliiple #iteramab cssligning RS

orthoggg&ué%@gyd)‘rgmg%a{&oggggg Ot a3 &y glic shifting. Also, different
e

RS sequence groups may b ) )
In the case of a MIMO terminal, multiple

antennas can be orthogonalized by orthogonal covering or
15 by cyclic shifting.
Also, different RS sequence groups may be
assigned even to synchronized cells (e.g., sectors 1 and
2 of base station #3) to achieve iInterference
randomization.
20 As described above, iIn this example, 1t 1is
assumed that the base stations are not synchronized. In
a case where base stations are synchronized, the same RS
sequence group and different cyclic shift amounts may be
assigned to the base stations to orthogonalize users
25 using the same frequency band with the same bandwidth.
Next, a process in the radio communication
system 1000 of this embodiment 1is described with
reference to FIG. 11.
Here, it is assumed that an RS sequence group
30 i1s assigned In advance to the base station 200. In each
user terminal, 1information regarding all RS sequence
groups available iIn the system (correspondence between
sequence groups and RS sequences and correspondence



assigned even to synchronized cells (e.g., sectors | and 2 of base station #3)
to achieve interference randomization. 20 As described above, in this
example, it is assumed that the base stations are not synchronized. In a

case where base stations are synchroan’de, the same RS sequence group
and different cyclic shift amounts may be assigned to the base stations to
orthogonalize users 25 using the same frequency band with the same
bandwRgthaqBxt R® proeaseneafe radid coHirtiaradbaddpstehando Bemksrs

embodims is geperthes-wil) refereseeriedAp. bvaess it igespureenthak |
an RSseguence gr Ptf%@éﬁi%‘%ﬁ‘& advance to the base station 200.
ﬁs l}gte)?miné#, In \

In each u ormation regarding all RS sequence groups
available in. the systBfh. (cBA®8ponatatd HetwedR0seqkEAESHIdEps afystem
RS sequfocemandrcoreapandencadbasetwaeainslseqeergessnd?) . For

subfrag;gé{mmgjr'g fragp]e?n[jgg)gr%t(gi?%m I é%?ﬁ%cﬁééquéﬂnaggg%%%uence

User term Z employs multi-antenna : ase statio
transn¥ICSPsBRMBER TSt YRtE Brdd it RUBRREF (step 51102). For
example, the base Ttatiob6) meaddasts 200R S $squancengadws nampaging

and a ra meer.~lke b staji Oa rgacpit Qggépg
channgﬁ%strt?é% E‘;l%e}l:%HFogf&%En}}pile?%i t%zs%ﬁgﬁa%én I,;%%t) 10 trar?ss?nlts a 200

Aind-ERASAEIES FageasiderhRaNe] aha £3ee WrRER tH&ERalSorhirgd
calls f@r,tha ueer, tevhmmalsthane 2airerespaosd tgythepbbingthanrdletheser
user tgLpieadgd and,g4ransm-t random. access channels for 15 initial

access (steps 51106 and 51108), .
In response to the paging channel, the user

terminals 1 and 2 transmit random access channels for
15 initial access (steps S1106 and S1108),
The base station 200 and the user terminals 1
and 2 exchange control channels (steps S1110 and S1112).
As a result, radio links are established between the
base station 200 and the user terminals 1 and 2. At this
20 stage, the base station 200 recognizes that the user
terminal 2 is a MIMO terminal.
After the above steps are conducted, packet
communications based on downlink scheduling are enabled.
The user terminals 1 and 2 transmit wideband sounding
25 reference signals for CQI measurement at predetermined
intervals.
The base station 200 performs scheduling for
the user terminal 1 (step S1114).
The base station 200 transmits an uplink
30 scheduling grant signal to the user terminal 1 (step
S1116). The uplink scheduling grant signal includes a
selected user number, an allocated frequency band for
uplink, and an assigned cyclic shift number.



The base station 200 and the user terminals 1 and 2 exchange control
channels (steps 51110 and 51112). As a result, radio links are established
between the base station 200 and the user terminals 1 and 2. At this 20

stage, the base station 200 recognizes tRafthe user terminal 2 is a MTMO
terminal. After the above steps are conducted, packet communications

based on downlink scheduling are enabled. The user terminals 1 and 2
transmit wideband $66ndifg R5tefatRed sigrdgtRirmdoTsmaasaeniaiied RS

predetesairertdnieasya. Oie tase siRlihetdd0 beronmatbcheehiing fiorF Eage

user termipal 1 ( 4 stat, -on..200 transmi R

schedﬁfgra\*ggglrrdnt%ﬁggn%tk%%ﬁr @r%q}(ra\abf %Etee% %%ﬁGW&%éﬁ% éé’.c_m_
schedlit®y §&8¥ sEREN Hdddes Shkfd&edhReRRumBaHeAFaIIddAted cyclic
frequesiey Panafounplinde arespo assigyedcyctifeshitalmoersHifithenusgier

termin rmi a si RS's d al

bandw? g{eh{e% éﬂg@me[t ﬁrl1‘§ur_n rij Ialﬁn% t%ﬂgﬁaﬂrﬁz n%Ena%]eﬁr us%:@%ﬁ and
transnfiESBAT Hlkfe (@Rr taRhhHf 1-chianaede R8N e BY% cHRIFERHifRS
amountezpregsponCitg o 8id ¢pdlic shift number reported by the uplink

scheduling grant sighal a i IRk jacludi shift
RS seﬂiénce (stegL %%l%ghgﬁgz@aﬁam%ggﬁ?ﬁﬁs ?&%‘%Egﬁ%r%r

1@ thethrushhintt BMERH 571461 Sthe <O Xtation 200 transmits an uplink
scheduling grant sighal tolthsaises tartiinal 2Z6@p btdd2n itz uphnk uplink

scheddlifg gIANGRIONGHIAUISS shapleetsd Hser nuBPerBpmingded: (step
ﬂequeg%ngygf%%e uplink scheduling grant signal includes a

selected user number, an allocated frequency band for
15 uplink, and an assigned cyclic shift number.

The user terminal 2 determines an assigned RS
sequence based on the allocated bandwidth, the subframe
number, and the radio frame number used for transmission.
The user terminal 2, which is a MIMO terminal, shifts

20 the RS sequence by a cyclic shift amount corresponding
to the cyclic shift number reported by the uplink
scheduling grant signal and transmits the shifted RS
sequence from respective antennas 1 and 2 after
multiplying the RS sequence by the corresponding

25 orthogonal covering sequence predetermined by the system
(step S1124).

The descriptions and drawings in the above
embodiments should not be construed to be limiting the
present invention. A person skilled in the art may think

30 of variations of the above embodiments from the
descriptions.

In other words, the present invention may also
include various embodiments not disclosed above.



15 uplink, and an assigned cyclic shift number. The user terminal 2
determines an assigned RS sequence based on the allocated bandwidth, the
subframe number, and the radio frame number used for transmission. The
user terminal 2, which is a MIMO term|n§|2 shifts 20 the RS sequence by a
cyclic shift amount corresponding to the cyclic shift number reported by the
uplink scheduling grant signal and transmits the shifted RS sequence from

respeciferafierfas thendteeliet caliltpRaRg e REhsedquearedy thavention
correS§ﬁading 25c0rdoeonal peveripgsie uancepm@@@termwmbtéhq ing of

syste riptions t -

embodi me g%élc}V Q}bggﬁé%%e %r(%) {:IE miting t g p?esenlt vention. A
person skilled in thé BENRgthifiog8o erresgRtionsveid aBovks described
emmbodipwnds fiom iti€edesat:iphiansi hieothier voksisd iRepresentmavasdioneen
may also_ inc m m no ab [ r

the teﬁlcalésﬁ%%eﬁﬂguz%re%ﬁt |r?\5§§tlor% gs%é:}ﬂ%e%le dg:gerrmm%e-hde baz)Ie Sent
proper INYGEEHMinG B¢ RO IHMRAAITPErEFe MY tofe Wb e Hé%!:HbHHﬁé ly
Although thie peesdririatdinn iskddsaidedspebbiiedn vifferest are used in

embodients, e AiRUAEIARBICSR, e LITPPIIRENT AL 01 F&h-ng

for the present invention, and the embodiments may be used |nd|V| ually or

itGonfbinaties. Rﬁﬁéﬁ&ﬁ sPEMRETARIEs é‘i@%séaliHeﬁﬁeaarkﬁ)vélb‘%Ecﬁ
to faciktate theffiedenstandaiy @8 ontye prksentiaverdan, thd esksies tine mﬂse
examples, g different values may also be use :~. unless otherwise

mentioned. The present invention is not limited to the o
The present invention is not limited to the

specifically disclosed embodiments, and variations and

15 modifications may be made without departing from the
scope of the present invention. Although Tfunctional
block diagrams are used to describe apparatuses in the
above embodiments, the apparatuses may be implemented by
hardware, software, or a combination of them.

20 The present international application claims
priority from Japanese Patent Application No. 2007-073728
filed on March 20, 2007, the entire contents of which are
hereby iIncorporated herein by reference.



specifically disclosed embodiments, and variations and 15 modifications may
be made without departing from the scope of the present invention. Although
functional block diagrams are used to describe apparatuses Jr the above
embodiments, the apparatuses may be‘l%lemented by hardware, software,
or a combination of them. 20 The present international application claims
priority from Japanese Patent Application No. 2007--073728 filed on March
20, 2007, the entire contents of which &reAhWreby incorporated herein by
reference. --33- T AIMS 1. A base station for communicating with a mobile

station transmitting an plin-ianal peeqidinaelq a NG EAL AW eh

wherein one of secyrence groups each specifying reference signa i
sequefield 16 rkpEEave oo FEddtrtBDhaABwidrld kassighad oIREOKEdET
stationg@ differenbhghe-afdhe Beguencecgrolpsiseasdignese aaeigklofirgce

o difershaghe-o cgroypsieassgnedo aorigsas
ererois D, Seria UM PR ALY SEIGE "or

assignERFIBARE R e REA6N RB UM sRARMISHPRsIAG: 23EReAERr to the
confidbarsel totallbtate, radial ifFeasmrcessudftheionseauanoe repups is

units e e i farggmmuynicatinn; rtin it-
configaérgesdqg)éh(gaé?o%tthe@ a%%%@jéﬁﬁg rgseo(il?r(’:es andag%%c%cégﬁ%éan%ﬁ%mn

50 the theBfe tstionthRd 26Pd o RN unit REAHGER toUmo@Tiatethe
the uplielfsiginat ee ceivgth Fosetipgemobse siadionfaaskdobyn tie ooeef he the
reference, Signal SeRHESaSQTERRANARY ©hang aEed i FSOUER base
bandwidths _ C

station comprising:

a scheduler configured to allocate radio

15 resources such that one or more resource units are

allocated to the mobile station for communication;

a reporting unit configured to report the
allocated radio resources and a cyclic shift amount to
the mobile station; and

20 a demodulating unit configured to demodulate
the uplink signal received from the mobile station based
on the one of the reference signal sequences
corresponding to one of the radio resource bandwidths
and the cyclic shift amount, wherein

25 cell reuse is applied to the reference signal
sequences to be transmitted using one resource unit; and

sequence hopping where different ones of the
reference signal sequences are assigned to consecutive
subframes is applied to the reference signal sequences

30 to be transmitted using a bandwidth greater than one
resource unit.

2. The base station as claimed in claim 1,



and the cyclic shift amount, wherein 25 cell reuse is applied to the reference
signal sequences to be transmitted using one resource unit; and sequence
hopping where different ones of the reference signal sequences are assigned
to consecutive subframes is applied tothereference signal sequences 30 to
be transmitted using a bandwidth greater than one re Source unit. 2. The

base station as claimed Jr claim 1, -i4- further comprising: a broadcasting unit
configiitdctitetrozeeasd SMB®he of the sequence groups assigned to the

barl]se station t? rednqu@aﬁi@a@tilfhgTharbaee &tﬁﬁiﬁﬂg%ﬁ*éldiiﬁﬁd imeémcast
wherein.one of the refefence si sequ 0 I jtted using o
resour i sea 50 Sedtt o BIC thSe SRTAUTH 1 eze Base
signal SEglitABed %o BaetrapBiife§ taktPthe bandwidth greater than one
resource unit are divided into sequence groups the number of which equals

a total number of tf@_retﬁqgn(fajs%si%l{%hsie eg(‘ses(lgqgﬁmtégnsﬁmttegﬁﬂﬁg 1,

one resource unit; and the reference signal sequences in each one o
sequelBEERdiIps are assigned to different subframes. 20 4. The base
station as claimed dndaimf3, thiberesfehencaneségoarte siiue @o@nintombe

bandwj m he re | se es ysin -
minin\"ll\l%(rilf1L!‘;I“tr)]a¥r}16 vtv?(:j(?#wllq%ﬁﬁ : anE()(j'Ta8 anr'Cn%Seﬁgoget%e r%%gpeenceijz% %ﬁlﬂcal ly

dQyueRced 9eRfY ADahRiBRSR . Tt times

the reference signal sequences to be

transmitted using the bandwidth greater than one

resource unit are divided into sequence groups the

number of which equals a total number of the reference

15 signal sequences to be transmitted using one resource
unit; and

the reference signal sequences in each one of

the sequence groups are assigned to different subframes.

20 4. The base station as claimed in claim 3,
wherein
when one resource unit is a minimum bandwidth
W1, a number of the reference signal sequences using the
minimum bandwidth W; is Ni, and a number of the reference
25 signal sequences using a bandwidth Wy that is X times
greater than the minimum bandwidth W; is XN;, N; sequence
groups are generated; and
a kth sequence group (k is an integer greater
than or equal to 1 and less than or equal to N;)
30 includes (Wx/W;) reference signal sequences with sequence
numbers k, k+N;, .., and k+(Wx/W;)N; for the bandwidth Wx.

5. The base station as claimed in claim 4,



greater than the minimum bandwidth W, is WNi, Nn sequence groups are
generated; and a kth sequence group (k is an integer greater than or equal

to 1 and less than or equal to Nn) 30 includes (W,c/W1) reference signal
sequences with sequence numbers Kk, k‘gﬁﬂ ..., and k+ (W,;/Wi) Nn for the
bandwidth W. 5. The base station as claimed in claim 4, -35- wherein one of
the Ni sequence groups is assigned to the base station. 6. The base station
as claithed fi Blaffel, of Wi e WhRAUE FEd 0 FESRR e iSarRfFilie N aflodedhe
to the yagbilgstatishis W,;, the sequence hopping is performed using the
(W,;/Wi) reference signal sequences with sequence numbers k, k+Ni, ..., and
k+(W,;/Wi)N1. 10 The base station as claimed in claim 6, wherein one or

more hopping pattns dieeprédsernakadif aschaanead sefuefdaim 4,
geupsHE rembase statioroad olarregdun@altramdvlﬁdwhemmcbbatet&rmethe

S'gna'rﬁSHi‘i’EC%stégeigﬁzfsC v?eq”ﬁﬂ:?eée HEBb'P? F;S‘ rg” Wgr%d
rsi

uplink signal according to a single-carrier s me co 0 storage
unit catfibifed ®B'&ore(¥eqlichce ﬁ?cf@ﬁ@@‘a‘@h sﬁé&ﬂﬁﬂg re?@FBIﬁi?eCﬁ@naIW't
sequeseesifvrceespeditvesaklio kesayrce bamdivid@y,& wmsmitting unit
configured to determine one of the reference signal sequences
corresponding to 25 one of the radio resource bandwidths based on radio

rEources allocated by d Basd82%iorP t8EHAT th@Sdctdmlied ohB ofdiIm 6.
referemte sgnal. seguencesibye byppl sigft partibent assigee by deddasened

stationf@detgcﬁagpn{h@q\lgpg%ém irbqlgg,iﬁg_the shifted one of

8. The base station as claimed in claim 1,
15 wherein the reference signal sequences are CAZAC
sequences.

9. A mobile station transmitting an uplink
signal according to a single-carrier scheme, comprising:
20 a storage unit configured to store sequence
groups each specifying reference signal sequences for
respective radio resource bandwidths;
a transmitting unit configured to determine
one of the reference signal sequences corresponding to
25 one of the radio resource bandwidths based on radio
resources allocated by a base station, to shift the
determined one of the reference signal sequences by a
cyclic shift amount assigned by the base station, and to
transmit the uplink signal including the shifted one of
30 the reference signal sequences, wherein
cell reuse i1s applied to the reference signal
sequences to be transmitted using one resource unit; and
sequence hopping where different ones of the



30 the reference signal sequences, wherein cell reuse is applied to the
reference signal sequences to be transmitted using one resource unit; and
sequence hopping where different ones of the -36- reference signal

sequences are assigned to consecutive Qibframes is applied to the

reference signal sequences to be transmitted using a bandwidth greater than
one resource unit. 10. The mobile station as claimed in claim 9, wherein one
of the FEFERIRRCSig It cREESEH BEStrasmiREE LBNRS 0@ resBORREUkit Ve

is statisalyf rithassigeedhispthpeloaseostatien; Hereaferprcesignalisegugnenses

to be fransmitt iNg- ndwidth greater t r u e
chided i Beqt g o e e D R T ST ML e
the refEPSRH ¢S SiHdl sequences to be transmitted using one resource unit;

armgl the reference signal sequences in each one of the sequence groups are

assigned to differeq@_ub?ﬁgﬂzfﬁb%qglggﬁmﬂbigﬁsstgii @n?éd?lqiﬁ]e im o,

claim 10, wherein one or more hopping patterns are predetermined for each
of the YB§HEMEe groups. 12. The mobile station as claimed in any one 25 of
claims 9 through 1hnghesdin tive mebife statmn isdigded msditple adennes; be

and the lansmmigiag, unit,is enfigured torHE%&'?ﬁfesarﬂﬁ Ppe o dhe gferencq 1y

S|%nal sequences for two 30 reference s~:_anals in a subfr_ame. 13. The
hobilePSaligned &aintg ifdRfnmsgation;

the reference signal sequences to be

transmitted using the bandwidth greater than one

resource unit are divided into sequence groups the

number of which equals a total number of the reference

15 signal sequences to be transmitted using one resource
unit; and

the reference signal sequences in each one of

the sequence groups are assigned to different subframes.

20 11. The mobile station as claimed in claim 10,
wherein one or more hopping patterns are predetermined
for each of the sequence groups.

12. The mobile station as claimed in any one
25 of claims 9 through 11, wherein
the mobile station includes multiple antennas;
and
the transmitting unit is configured to use the
same one of the reference signal sequences for two
30 reference signals In a subframe.

13. The mobile station as claimed in claim 9,
wherein the reference signal sequences are CAZAC



wherein the reference signal sequences are CAZAC -37- sequences. 14. A
radio communication system, comprising: a mobile station configured to
transmit an 5 uplink signal according to a single-carrier scheme; and a base
station configured to communicate with™ e mobile station, wherein one of
sequence groups each specifying reference signal sequences for respective
radio resource 10 bandwidths is assigned t_o the base station; a different
one ofYABWRIEEEACe groups is assigned to a neighboring cell; the mobile
station is configured to transmit the uplink signal including one of the

reference signal 19 geqyiepees SPeailiad byalg YSW%?;%’ES%ﬁe” TS ing:

assigned to the base station; %ﬁe base_s@éﬁon include édu i
configured to allocate fB@iS k@soskedd stich tRaTd S bR tholPreddi@eanifits an
are 2Qplleoxteditgrihe meobie s@atpntor sogimyhicatanr agepsdingnanitand

configured to report.th 0 io cycli i unt-

to the mobile stgtio(trjl\, égr?(? J_z:?ll gﬁ?d@ﬂtlﬁ?ﬁﬁ%ﬁ%ﬁ%% tég%%gn%{&%a?g'th
the uphhR sitffl Fecatad Him thEer&dile station based on the one of the
reference signal seguencesfcorssgoadiy to gnewyishe reduhresepeei fying

bandwiltps anettheg i&F@fé%ﬁ%%ét%mopggﬁéﬁ%@@%sg&our.ce

storage unit configured to store the sequence groups, and a transmitting unit
g&]ﬁggﬁgpy&lg&&mﬁe assigned to the base station;

a different one of the sequence groups 1is
assigned to a neighboring cell;
the mobile station is configured to transmit
the uplink signal including one of the reference signal
15 sequences specified by one of the sequence groups
assigned to the base station;
the base station includes

a scheduler configured to allocate radio

resources such that one or more resource units are
20 allocated to the mobile station for communication,

a reporting unit configured to report the
allocated radio resources and a cyclic shift amount
to the mobile station, and

a demodulating unit configured to

25 demodulate the uplink signal received from the mobile
station based on the one of the reference signal
sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount;

the mobile station includes

30 a storage unit configured to store the
sequence groups, and

a transmitting unit configured to determine
the one of the reference signal sequences



the one of the reference signal sequences - i8_ corresponding to the one of
the radio resource bandwidths based on the radio resources allocated by

the base station, to shift the determined one of the reference signal
sequences by the cyclic shift amount STgﬁbrted by the base station, and to
transmit the uplink signal including the shifted one of the reference signal
sequences; cell reuse is applied to the reference signal sequences to be
transmitte FOEFREOM EdSLIrcEnitthnd 20sedRiEncENfoppiag Wherkesource
different ores afvirerreietenseds (gnathsertdaiecsasbassigsed idocated by

ti f i jedjot i I t
consecuingy SRIZHoS I3 BIET 13100 4G 8 SEBRLTAUALSGRo U e
communic&8di$ EBREBI MEIRGd LseaURRCeadIYcINmuURIEhtsh Stk amount

insluding areobitectatioy teansnitisg astptingrsjgnahaccosding-tmersingleche
carrier schggye Apd as‘i;@%%fta“ﬂﬁ‘cﬁ%[?%‘ﬁ;'cﬂ.lﬁég W#‘H iPE mablle gfgtiony, e
wherein on€ of sequence groups each specifying reference signal

sequenced RFFESPS&IVE 988b RRBUPEKBEAdWidths is assigned to the base
station and a differexildnerelibe sesjuappd prdupsisthesigedeteace signal

neighhqj h Hging: 2 iQ resour. ' e
perfor%%& ?%Eé b%@e%gggﬁ%fm gl%%%?in%ia@g ?é{ssoﬁ%gg ﬁ%ﬁ%?‘g’:]eagrd

mBre resource unitS&HeN6EatBaRE tHY MbSiIEstSddT fiecdmmlRR affdn; the
reportingfepnperf@ gttty tegbesec3) satorpss rgpeding thecallceated ive

radio reggipfceRaNd; & GySHG FBHt agoYHdo iermRbiesSiYhal sequences
to be transmitted using a bandwidth greater than one
resource unit.
15
15. A communication control method used in a
radio communication system including a mobile station
transmitting an uplink signal according to a single-
carrier scheme and a base station communicating with the
20 mobile station, wherein one of sequence groups each
specifying reference signal sequences for respective
radio resource bandwidths 1is assigned to the base
station and a different one of the sequence groups is
assigned to a neighboring cell, the method comprising:
25 a radio resource allocation step, performed by
the base station, of allocating radio resources such
that one or more resource units are allocated to the
mobile station for communication;
a reporting step, performed by the base
30 station, of reporting the allocated radio resources and
a cyclic shift amount to the mobile station;
a transmitting step, performed by the mobile
station, of transmitting the uplink signal based on the



a transmitting step, performed by the mobile station, of transmitting the

uplink signal based on the --39- radio resources and the cyclic shift amount
reported by the base station; and a demodulating step, performed by the

base station, of demodulating the upIinTg’%gnal received from 5 the mobile
station based on one of the reference signal sequences corresponding to one
of the radio resource bandwidths and the cyclic shift amount, wherein cell
reuse IRgIRlictPROhEGRTerafde EitfhafYsehiensbd td baneasmitteaastes by
one reghyreadBitsand ighseguance hopping where different ones of the

reference si_gnal_ Seqyenses pre as igget 0 Cco ég%w]e ubfr nig.s isb
g i e r?@aa ase

applied to the reference signal sequences to be transmitted usirng a
bandwidild@aierthadiddaddre die wplink signal received from

5 the mobile station based on one of the reference signal
sequences corresponding to one of the radio resource
bandwidths and the cyclic shift amount, wherein

cell reuse is applied to the reference signal
sequences to be transmitted using one resource unit; and

10 sequence hopping where different ones of the
reference signal sequences are assigned to consecutive
subframes is applied to the reference signal sequences
to be transmitted using a bandwidth greater than one
resource unit.

15





