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(57) ABSTRACT

One of sequence groups each specitying reference signal
sequences for respective radio resource bandwidths is
assigned to a base station and a different one of the sequence
groups is assigned to a neighboring cell. The base station
includes a scheduler configured to allocate radio resources; a
reporting unit configured to report the allocated radio
resources and a cyclic shift amount to a mobile station; and a
demodulating unit configured to demodulate a signal
received from the mobile station based on one of the reference
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 sequences are assigned to consecutive
subframes is applied to the reference signal sequences to be
transmitted using a bandwidth greater than one resource unit.

116

122
MEMORY FOR STORING RS .
SRS
esPElERA MBI e | Seauence | TR
YW W NUMBER UNIT SIGNAL
USER 118 120 (DFT-
E,
DATA CHANNEL DATA S(JF;-'F})M%D
112 CODING  [—»{MODULAT ION|—»|
CYCLIG-SHIFT UNIT wir
]
ALLOCATED
UNIT FREGUNN ) TRANSMITTING
UNIT
"""""""" R éﬁ;sl:l'g%%DMg\E(ngc RECGEIVING
RADIO | | ALLOCATED 104 102 UNIT
NUMBERS FREQUENCY (A) UPLINK-SCHEDULING-
AND | GRANT-SIGNAL <
SUBFRAME e GoniG UNIY.
NUMBERS ALLOCATED EGEIVED
BANDWIDTH RECEIVE
RS SEQUENCE 106 SIGNAL
GROUP NUMBER OFDM S|GHAL
110 BROADCAST= DEMODULAT | 0N f—————O
RADIO-FRAME-NUMBER- DEMOBULATION/ UNIT
AND-SUBFRAME-RNUMBER f¢ DECODING UNIT | | -
TRAE' [ OTLEONTOLA
NUMBER DEMODULATION/
DECODING UNIT




US 2010/0067464 Al

Mar. 18, 2010 Sheet 1 of 11

Patent Application Publication

6an :

yan:

€an :

¢dn -

ban :

&8

Z

6
&)
%

K

]

£

ON|ddOH

ADONINOIYA

ON1TNAIHOS AON3NDIYL

1 Ol

A A A A AN N T T L T T L T L T I A AR AL AR A A TSI
>OZMDOMK& A A A A A Y e e 00t 00 %0 T 00 00 2006 06 20 10 20 20 00 A A A A A A QA V4 R TR
A Al AR AW, $T0000 06 O O S 0 LA A AR A A AR A A A d g A a ¢ LTI I K
R A A A N A 0 0 R s L O R R R R R A R R R A R TSyl R R X
A AT T ET
T R gt 20 e e 20 Yt s Yt e et AR A R A A A L A A R A A A A ¢ oy R
A ALY (9,0.8,8,00.0. 00,008,008 0:% %00 A A A A A AR QA A QA AN A R Rty hes
AN N NN N R WA Y AAAAAAAAAAAAAAAAAI L LLLLLLLLLLL LA, o e e v e
|I |||||||||| .ﬂ\l
o A K N AAAATLY
o o - - AT, ATATAY,
||||||| AT AT,
...... AR
||||||||| .\(H).un«”nuu..
........ A
........ ,‘
lllllllllllllll o~ v
........ AP
|||||||||||||||| :\(r)\d&
........ AT,
s TRl ol et gt K i e A e L
AAAT Attt AR AAAR AR AR R AR ARARARARAN LA AN S
vy 00200000 % N b AA A A A A A A AR A QAR AN AR QAR AR ARG MG AN T
A o e e e A A A A A A A A R R A A R A A A A A A A N e A B LT
AT A0, T e ARG ARA R AN AR LA AR AN AL A AR AR AR A SRRy
o s/ JNVHEENS
AOAAEDLT 0 S S  AAARAAA A QA AAAN S 2 A A QA QAR AAAAA QA QA QA AT SEET
J .\ﬁmu ||||||||||||||||
A AT 82 20 AL A L AR AR A AR LA 2 A A AR LA A A AR A R A AN ST TR T T C
A A A A et e N R R R A A R S A R S st et a e a a iitiiie
o AT R % NN AA A A A S A A AN A QA QA QAR AR AR NN
VI SO SHHUAALAN L AAAA LA A A AL A A AN A A A AR AR A AN AR SEEIt DI
X N,

—p

1INN momDO_mmm



US 2010/0067464 Al

Mar. 18, 2010 Sheet 2 of 11

Patent Application Publication

00€ LNOAVY=S3IONINDIS 40 YIGNNN<—-00¢ LNOaY
=HLON31 FJONINDIS+-00£=STOGNAS 40 YIEANN

—

-

(ZHN §y=SHAMYVYOGNS 00£=S.LINN IOHNOSIH §¢ “8'9) AISN SI ANVE IAIM NIHM

21 LN08v=S3aON3ND3S 40 H3gNNN<—-¢| LNOgyv
=H19DN31T IONINOIS—2¢1=STOGNAS J0 HIFGWNN

(ZH 081=SH3YVYOLGNS ZI=LINN IOYNOSIY | “F9)
d3sn SI dNVE MOYHVN NaHM

vivda

vivdad

v1ivda

SyH

vivd

vivdjvivd

vivd

vivda

vivd

Sd

Vivda

vivd

vivd

sl ] JAVYHAENS

v

¢ Ol4




US 2010/0067464 Al

Mar. 18,2010 Sheet 3 of 11

Patent Application Publication

-

Syd

axn _‘O

N

[N |

¢ INNOWY 14IHS OI'NOAD

-1

SyH

...-.O

N

SY

<+— £ H3SN

"1 «—z ¥3sn
| INNOWY L4IHS DIMOAD +———

"0l «— 1 »3SN

vivd

vivd

vivd

Sy

viva

vivda

viva

vivda

v.ivda

Sy

vivd

vivda

A

Sw | JAvY49Nns

v

I




US 2010/0067464 Al

Mar. 18, 2010 Sheet 4 of 11

Patent Application Publication

- JONINODIS HONIHIAOD TVNOOOHLHO  + o+ d3sn

~ -

lllll

4+ 3ONINO3S ONIMIAOD TYNODOHIHO + 5 «——1 ¥3sn

vivda

vivda

S |vlivd|vivad|vlivd|vlivd|vivd|vlivd| Sd |Vv.ivd

vivd

viva

»
»

A

sw | -3AVH4dNS

¥ Old




Patent Application Publication = Mar. 18,2010 Sheet 5 of 11 US 2010/0067464 A1

FIG.5

400

—
(=]
o

~-300




US 2010/0067464 Al

Mar. 18,2010 Sheet 6 of 11

Patent Application Publication

[8¥ ‘NYE] IDNINO3S SH
ANV ‘[¥2 ‘nde] IDNIND3S
SY ‘[Z1 ‘nYe] IONINO3S Sy
DNISN DNIddOH FONIND3IS

[¥Z ‘NY¥Z] IONINDIS SY ANV
[Z1 ‘NYZ] IDONIND3S SH
HNISN DNIddOH IONIND3S

[Z1 'nYL]
JONINOIS SY

4

[8¢ ‘NYE] IDNINDIS SH
anNv ‘¥l ‘'nye] IONIND3S
SY ‘[2 ‘NY€] IDON3NOIS SH
DNISN DNIddOH IONIND3S

[¥1 ‘NYg] IDONIND3S SH
aNVv [2 ‘n¥2] 30N3IND3S s
HNISN DNIddOH IONIND3S

[Z ‘nYI]
JONINO3IS SY

[L€ ‘NYE] IONIND3IS SY
aNv el ‘Ny€] ION3IND3S
SY [} ‘NYe] IONIND3IS S
DNISN DNIddOH FON3INDIS

[€1 ‘NYZ] JON3IND3S SH
aNv [1 ‘ndz] 3ON3ND3S s
ONISN YNIddOH FON3ND3S

[ ‘NYt]
JONINDIS SH

3

@3rddyv SI ONIddOH
JON3ND3S SNH €

@3riddv SI ONIddOH

JON3ND3S SNY ¢

d3ariddyv
1ON SI ONIddOH
JON3IND3S -NY |

d39NNN
dNOHd
JON3NO3IS SH

9'0l4




US 2010/0067464 Al

Mar. 18,2010 Sheet 7 of 11

Patent Application Publication

(013 "AVI3Q ‘Jlvy ¥OHM3 a3d183d
'SNLY1S ¥3d4ng 'ILvY¥ VIVA @31S3N03Y)

YA AN S¥ISN 40 NGILVAMOANI SO0
TINA S¥3SN 40 SNOILIONGD 22 il
NOLLVINLLSS TINNYHO v_z_.&ﬂ: QILVN1LS3
NOLNNVHS 43INA3HIS HIGNN
“INIdN HHOMLIN dnoyo
«— TYNDIS V1vd JONINBIS
a3aonaodday &
022 812 SHLAIMANVE
/ths TINA SHIEWNN aaLvooT1v
O——————>{ NOLLO13a [—» DNIODAA [ komm_mm ® ~
INIHIHOD JaNNVHO 3 !
JYNIIS 3 SHIINON — ows FoNanoIs 5O
WENNEREL L T JONINDIS SH Q3LOFTIS| \, 5 GimaNve JALLOIASIY
»| TINNVHO,/NO 119313 e—] BN 1 Lvaianas sy [¢ SIM Q3LVIdOSSYs [T
—NQ | LYZ {NOYHONAS NOILYINAaow3aa [~ SH HNIHOLS HO3 AHOWIN
91z~ vz e
L
(ST130 G3ZINOYHONAS NIIM13E ONININY3LIa
1IN Q3LLINSNYHL STYNDIS WIGWNN o%_\«qmmm%_\n,__@ul
ONIAIZO3Y T0HINOD JAILYHIH00D) Z1g | -141HS-0119AD
..... 1 mz:wmmms_:z mﬁe;ﬁ_zé
ONILLINSNVYYH.L 14IHS OIDAD —1 \me.“.wmw_wm“@_wmn_ 90¢ ey
DIV 4y T TR
LINN ON1LY¥INTD -
. “VND | S— 10 INOD- .m_csz<|xm_%_=_o:zz
LA DN RSN i MR
LIND . HIGWNN
802 (‘013 TINNYHO ONIOVd
oL ._«w__,wmvh—%_\_u__w__,_% m__h%z_m,quAl ONILVHENZD % MaNNVHO V.IVa ‘SH MNFINMOQ) [ 3Wvd
SIASNVY WNDIS Wa40 STANNVHO YNITNMOQ HIHLO WN3LSAS
< LINN ONILVHANID |
NGHH_ TIANNVYHD 1Svoavodgal™

¥02

z0z~



US 2010/0067464 Al

Mar. 18,2010 Sheet 8 of 11

Patent Application Publication

P
> STIVNDIS-V1Va- =
aNY-108INOD-4IHLO e
801 — _ HILINNOD
TiNA BNIG003a »| HITANN-TAYHIANS-ANY
LINN /NOLLY INQOW3a ~439WNN-INVY 3-01avY
(O——————»|NO 1 LVINA0KIa g oL
— ¥IGWNN dno¥D —
IVYNDIS TYNDIS WNA40 001
JONIANO3S S¥ ) qimanvs
daAI303d 1INA DNIG093a a3LvooTiv SHIENON
/NOLLYINQOWAQ = m_\_“«m“_m:m
> TYNDIS-LNYHD jof wmmmz:z
WUcz::om_xow-v_z:n_: ) >ow_mwwm_w__m SNV
1IN Z01~ vol UIGNNN LAIHS dalv —olavy
CONIAIROAM e _OnOAQGENOISSY 4] I T
LINN (V) AON3NOIYS
DNILIINSNYYL 1INN
ﬁ a3alLvooTiv ONININY3L3a
LIS OMDAD
LINR 1INN _
«—{NOI LVInGONf«—{ DNIAOD j«—) 4 ol
cﬁ_ﬁm viva T3INNVHD viva
O¢—roF -Li0) 14 gL d3sn
WNDIS LiNn YIGNNN LY Y
No1ss tsnvaL | N e LINR e ONANOTS | o,y ST ORIV A D32
a4-08 ONILYHINID Sd 43103138 HLIM a3LVvIDOSSY
SY . —~ SHISWNN 3ON3INO3S
- NO1 LVINAOW3a SH ONIHOLS HO4 AHOWAW
44 oL b

8ol




US 2010/0067464 Al

Mar. 18,2010 Sheet 9 of 11

Patent Application Publication

JONIND3AS SY Q3L4IHS ONIANTIONI
TINNVHO MNITTdN SLINSNvYL ONV

“TINNVHO T0YLINOD VIA Q3140434 INNOWY|-----

L41HS 21710A0 A@ JONINDIS SY GININYIL3A
S14IHS ‘¥IGWNN JNVY4GNS 431vO0TIV

ANV dnoY¥9 3ON3N03S SH d31d0d3y

0L DN1ONOJS3¥H00 37dvL NO d3Svd
H1AIMANYE @31V20T1V ¥04 @3Sn JININO3S
Sy SANIWY3L3A ¥3ASN d3INAIHIS HOVI

0165

~ 7
~
~L
D

TANNVHO TTOYLNOD MNITINMOd
VIA SH3ISN 43NA3IHOS 0L

) NOILYWYOANI NOILVOOTIV
HLAIMANVE HLIM ¥3H1390L
SINNOWY 141HS OJ17T0AD
S1¥0d3Y NOI1V1S 3Svd

-
-

NOILYLS

GaNDISSY v
SdNOYD FONINDIS

asve 206S—

NOILVLS
SY 1N3IH3441a | 806S 19V

TANNVHO 1SYdavoud
VIA 1730 NI sy3asn TV
0L dnoy¥9 3ON3ND3S
SY MNIdN QINDISSY
S140d434 NOILV1S 3Svd

-

002

(@3TTV.LSNI dV SNOLLV.LS 3Sva) gaNDISAd
34V ST17130 3FHL NIHM ST130 JAILOIdSIH Ol
@IANDISSY JHY SdNOYHD FONINDIAS SH UNI'dN

¥06S

6014



US 2010/0067464 Al

Mar. 18, 2010 Sheet 10 of 11

Patent Application Publication

2 H0.103S ¢
e NOILYLS |~ . L¥oL0ss
ENE
ALY I P L Y 4=~ NOI LVZ I TVNOBOHLYO -+ TNTAaL
,/;r "" \\\\\ \\\\ ﬁ%v AHV N
,/u;.n ||||||||||||||| ._ﬁ ......... _“. :::::: s\ \\\\ ".
....... N 2 INNOWY !
! | L4IHS O110AD | s Doy
z INNOWY| | LINNOWY| % 2 | dNOYD u 21 4NOUD
14IHS OMOAD| || LdIHS OMOAD| % |3ON3NO3S s L | 30NaN54S S
87dnOMD| || Wednodd| oy !
J0NINDIS S¥| | | IONANDAS SH — m
" NOLLYZINOQNVX “
: FONIIISHALNT "
_ T T IS
............. A NO1LVLS | H0103S
NOLLYLS | 40103S zy0ioas o
asve



Patent Application Publication = Mar. 18,2010 Sheet 11 of 11 US 2010/0067464 A1

FIG.11
BASE
STATION USER 1 USER 2
BROADCAST
_ CHANNEL - 51102
__PAGING CHANNEL _S1104
RANDOM
_ ACCESS CHANNEL _Ls1106
< RANDOM
) _ ACCESS CHANNEL
\
CONTROL 1108
; _ CHANNEL _bs1110 CONTROL
) _ GHANNEL
SSs1112
_S1114
SCHEDULING
FOR USER 1
UPLINK SCHEDULING
_GRANT SIGNAL _Lst1116
_UPLINK CHANNEL 151118
_S1120
SCHEDULING
FOR USER 2
UPLINK SCHEDULING
_GRANT SIGNAL _S1122
__UPLINK CHANNEL
Ns1124




US 2010/0067464 Al

BASE STATION, MOBILE STATION, RADIO
COMMUNICATION SYSTEM, AND
COMMUNICATION CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention generally relates to a radio
communication system. More particularly, the present inven-
tion relates to a base station, a mobile station, a radio com-
munication system, and a communication control method.

BACKGROUND ART

[0002] A successor communication 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 multiplex-
ing (OFDM) 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,
for example, 3GPP TR 25.814 (V7.0.0), “Physical Layer
Aspects for Evolved UTRA,” June 2006).

[0003] InOFDM, afrequency band is divided into multiple
narrow frequency bands (subcarriers) and data are transmit-
ted 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 improves frequency
efficiency.

[0004] InSC-FDMA, afrequency band is divided into mul-
tiple frequency bands and the frequency bands are allocated
to different terminals for transmission in 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.

[0005] A reference signal for uplink in E-UTRA indicates a
pilot channel that is used for purposes such as synchroniza-
tion, channel estimation for coherent detection, and measure-
ment of received SINR in transmission power control. The
reference signal is a transmission signal known to the receiv-
ing end, i.e., the base station, and is embedded at intervals in
each subframe.

[0006] In W-CDMA, a user-specific PN sequence, more
precisely, a signal sequence obtained by multiplying a long-
cycle Gold sequence and an orthogonal sequence, is used as
the reference signal (pilot channel). Since the PN sequence is
long, it is possible to generate many different PN sequences.
However, since the correlation properties of PN sequences are
poor, the accuracy of channel estimation may become low. In
other words, the interference between a pilot channel ofa user
and a pilot channel of another user may become high. Also, in
a multipath environment, the autocorrelation between a pilot
channel sequence and its delayed wave becomes high. 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, for example, an
equalizer. For this reason, in E-UTRA, a constant amplitude
and zero auto-correlation (CAZAC) sequence is used instead
of a user-specific PN sequence.

[0007] 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
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makes it possible to greatly improve the demodulation accu-
racy. With the CAZAC sequence, the variation in the ampli-
tude of a signal is small both in the frequency domain and the
time domain, i.e., the amplitude of the signal becomes com-
paratively flat. Meanwhile, with the PN sequence, the varia-
tion in the amplitude of a signal is large in the frequency
domain. Thus, using the CAZAC sequence makes it possible
to accurately perform channel estimation for each frequency
using an equalizer. Also, since the autocorrelation of a trans-
mitted CAZAC sequence becomes zero, it is possible to
reduce the influence of multipath interference.

[0008] Still, the CAZAC sequence has problems as
described below.

[0009] The number of sequences is small.

[0010] Since it is not possible to assign unique CAZAC
sequences to respective users, it is necessary to repeatedly or
cyclically assign a limited number of CAZAC sequences to
multiple cells (hereafter, this is called “cell reuse”). The num-
ber of sequences becomes particularly small when the trans-
mission band in SC-FDMA is narrow. In other words, when
the transmission band in SC-FDMA is 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 low and the sequence
length decreases when the transmission band is narrow. The
number of sequences corresponds to the sequence length. For
example, when the sequence length is 12 symbols in a trans-
mission band of 180 kHz, it is not possible to 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
neighboring cells.

[0011] 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 channel esti-
mation is reduced.

[0012] Next, SC-FDMA used as an uplink radio access
method in E-UTRA is described with reference to FIG. 1. In
SC-FDMA, a system frequency band is divided into multiple
resource blocks each of which includes one or more subcar-
riers. Each user device (user equipment: UE) is allocated one
or more resource blocks. In frequency scheduling, to improve
the transmission efficiency or the throughput of the entire
system, resource blocks are allocated preferentially to user
devices with good channel conditions according to received
signal quality or channel quality indicators (CQIs) measured
and reported based on downlink pilot channels for the respec-
tive resource blocks by the user devices. Frequency hopping
where allocation of frequency blocks is varied according to a
frequency hopping pattern may also be employed.

[0013] InFIG.1,time and frequency resources allocated to
different users 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 in the next subframe. Different frequency
bands are allocated to the respective users such that the fre-
quency bands do not overlap.

[0014] In SC-FDMA, different time and frequency
resources are allocated to respective users in a cell for trans-
mission to achieve orthogonality between the users 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 each user to achieve single-
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 the base station
based on propagation conditions of respective users and the
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quality of service (QoS) of data to be transmitted. The QoS
includes a data rate, a desired error rate, and a delay. Thus, in
SC-FDMA, the system throughput is improved by allocating
time and frequency resources providing good propagation
conditions to respective users.

[0015] Respective base stations separately determine allo-
cation of time and frequency resources. Therefore, a fre-
quency band allocated in a cell may overlap a frequency band
allocated in a neighboring cell. If frequency bands allocated
in neighboring cells partly overlap, signals interfere with each
other and their quality is reduced.

[0016] Next, a reference signal in uplink SC-FDMA is
described with reference to FIG. 2. FIG. 2 shows an example
of a subframe structure.

[0017] Thepacketlength ofaTTIcalledasubframeis 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.
[0018] The reference signal is time-division-multiplexed
with a data channel. The transmission bandwidth is dynami-
cally changed according to the results of frequency schedul-
ing by the base station. When the transmission bandwidth
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 increases and the sequence length of a reference
signal to be transmitted in a fixed time period increases. When
areference signal is to be transmitted using a narrow band, for
example, a 180 kHz band that equals one resource unit or 12
subcarriers, the number of symbols becomes 12. In this case,
both the 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 the
number of sequences become about 300.

[0019] Meanwhile, orthogonalization of multiple reference
signals by using cyclically-shifted CAZAC sequences is pro-
posed. As shown in FIG. 3, when cyclically-shifted CAZAC
sequences are used and all multipaths are within the amount
of cyclic shift (cyclic shift amount), it is possible to orthogo-
nalize 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
orthogonalize the users by cyclically shifting the sequence.
[0020] It is also proposed to orthogonalize two reference
signals by employing orthogonal covering. In 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 sequence and the same cyclic shift
amount are used for two reference signals in a subframe. With
this approach, after the two reference signals are despread, the
users become orthogonal with each other.

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0021] However, the above background art technologies
have problems as described below.

[0022] When the same frequency band with the same band-
width is used in the base station’s own cell and an interfering
cell, the cross-correlation (interference) between reference
signals using CAZAC sequences becomes very low and
therefore the communication quality is improved.
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[0023] However, in SC-FDMA, since the frequency band
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 if the bandwidths are the same, different fre-
quency 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, since the number of CAZAC sequences
usable for reference signals is small, CAZAC sequences are
assigned cell by cell. If one CAZAC sequence is always used
for a bandwidth in a cell, interference may become continu-
ously high in all frames and the communication quality may
be reduced greatly depending on the combination of the band-
width used in the cell and a bandwidth used in an interfering
cell. In W-CDMA, the interval between reference signals is
very long. Therefore, even if high interference is observed in
a frame, it is expected that the interference decreases in a
succeeding frame.

[0024] To prevent interference from becoming continu-
ously high in temporally-consecutive frames, one of the fol-
lowing two methods may be employed: sequence hopping
where different CAZAC sequences are used in the consecu-
tive frames; and cyclic-shift hopping where the amount of
cyclically shifting the CAZAC sequence in the time direction
is changed (hopped) for each frame.

[0025] 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 limited. With the sequence hop-
ping, a greater effect of interference randomization can be
expected particularly when a wide frequency band is used,
i.e., when a large number of sequences are available. How-
ever, when a narrow frequency band, for example, one
resource unit (RU), is used, only about 12 sequences can be
generated. Therefore, even if the CAZAC sequences are ran-
domly changed (hopped), the same CAZAC sequence may be
used about once in 12 frames in neighboring cells and as a
result, a packet error may be caused.

[0026] One object of the present invention is 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 that make it possible to
flexibly reuse CAZAC reference signal sequences for mul-
tiple cells in an E-UTRA system and thereby to reduce the
influence of characteristic degradation caused by cross-cor-
relation.

Means for Solving the Problems

[0027] An aspect of the present invention provides a base
station for communicating with a mobile station transmitting
an uplink signal according to a single-carrier scheme. One of
sequence groups each specifying reference signal sequences
for respective radio resource bandwidths is assigned to the
base station, a different one of the sequence groups is
assigned to a neighboring cell, and the mobile station trans-
mits 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
configured to allocate radio resources such that one or more
resource units are allocated to the mobile station for commu-
nication; a reporting unit configured to report the allocated
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radio resources and a cyclic shift amount to the mobile sta-
tion; and a demodulating unit configured to demodulate the
uplink signal received from the mobile station based on one of
the reference 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 trans-
mitted 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 unit.

[0028] 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 store sequence groups each specitying
reference signal sequences for respective radio resource
bandwidths; a transmitting unit configured to determine one
of' the reference signal sequences corresponding to 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 the reference signal sequences. 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 to be
transmitted using a bandwidth greater than one resource unit.

[0029] Another aspect of the present invention provides a
radio communication system including a mobile station con-
figured to transmit an uplink signal according to a single-
carrier scheme; and a base station configured to communicate
with the mobile station. One of sequence groups each speci-
fying reference signal sequences for respective radio resource
bandwidths is assigned to the base station, and a different one
of'the sequence groups is assigned to a neighboring cell. The
mobile station is 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 configured to allocate radio
resources such that one or more resource units are allocated to
the mobile station for communication, a reporting unit con-
figured 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 sequences
corresponding to one of the radio resource bandwidths and
the cyclic shift amount. The mobile station includes a storage
unit configured to store the sequence groups; and a transmit-
ting unit configured to determine one of the reference signal
sequences corresponding to one of the radio resource band-
widths 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 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 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 unit.
[0030] Still another aspect of the present invention provides
a communication control method used in a radio communi-
cation system including a mobile station transmitting an
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uplink signal according to a single-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 is assigned to the
base station and a different one of the sequence groups is
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 resource
units are allocated to the mobile station for communication; a
reporting step, performed by the base 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 radio
resources and the cyclic shift amount reported by the base
station; and a demodulating step, performed by the base sta-
tion, of demodulating the uplink signal received from the
mobile station based on one of the reference 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 sequences are assigned to consecutive subframes is
applied to the reference signal sequences to be transmitted
using a bandwidth greater than one resource unit.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0031] 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 sequences for mul-
tiple cells in an E-UTRA system and thereby to reduce the
influence of characteristic degradation caused by cross-cor-
relation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a drawing illustrating single-carrier
FDMA,
[0033] FIG. 2 is a drawing illustrating reference signals

used in single-carrier FDMA;

[0034] FIG. 3 is a drawing illustrating reference signals
used in single-carrier FDMA;

[0035] FIG. 4 is a drawing illustrating reference signals
used in single-carrier FDMA;

[0036] FIG. 5 is a drawing illustrating a radio communica-
tion system according to an embodiment of the present inven-
tion;

[0037] FIG. 6 is a table showing exemplary assignment of
reference signal sequences according to an embodiment of
the present invention;

[0038] FIG. 7 is a partial block diagram of a base station
according to an embodiment of the present invention;

[0039] FIG. 8 is a partial block diagram of a mobile station
according to an embodiment of the present invention;

[0040] FIG. 9 is a drawing illustrating an exemplary
method of assigning reference signal sequences according to
an embodiment of the present invention;

[0041] 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
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[0042] FIG. 11 is a flowchart showing a process in a radio
communication system according to an embodiment of the
present invention.

EXPLANATION OF REFERENCES

[0043] 50 Cell

[0044] 100,, 100,, 1005, 100, Mobile station

[0045] 102 OFDM signal demodulation unit

[0046] 104 Uplink-scheduling-grant-signal demodula-

tion/decoding unit

[0047] 106 Broadcast-channel demodulation/decoding
unit
[0048] 108 Other-control-and-data-signals demodula-

tion/decoding unit

[0049] 110 Radio-frame-number-and-subframe-number
counter

[0050] 112 Cyclic-shift-amount determining unit

[0051] 114 Memory for storing RS sequence numbers

associated with bandwidths in RS sequence groups

[0052] 116 Demodulation RS generating unit

[0053] 118 Channel coding unit

[0054] 120 Data modulation unit

[0055] 122 SC-FDMA modulation unit

[0056] 200 Base station

[0057] 202 Broadcast channel generating unit

[0058] 204 OFDM signal generating unit

[0059] 206 Radio-frame-number-and-subframe-number

management unit

[0060] 208 Uplink-scheduling-grant-signal-transmis-
sion-control-signal generating unit

[0061] 210 Memory for storing RS sequence numbers
associated with bandwidths in RS sequence groups

[0062] 212 Cyclic-shift-number determining unit

[0063] 214 Demodulation RS generating unit

[0064] 216 Synchronization-detection/channel-estima-
tion unit

[0065] 218 Channel decoding unit

[0066] 220 Coherent detection unit

[0067] 222 Uplink-channel-condition estimation unit

[0068] 224 Scheduler

[0069] 300 Access gateway

[0070] 400 Core network

BEST MODE FOR CARRYING OUT THE
INVENTION

[0071] Embodiments ofthe present invention 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, and
overlapping descriptions of those parts are omitted.

[0072] A radio communication system 1000 including
mobile stations and a base station according to an embodi-
ment of the present invention is described below with refer-
ence to FI1G. 5.

[0073] The radio communication system 1000 is based on,
for example, Evolved UTRA and UTRAN (also called Long
Term Evolution or Super 3G). The radio communication sys-
tem 1000 includes a base station (eNode B: eNB) 200 and
mobile stations 100,, (100,, 100,, 1005, . . . 100,; n is an
integer greater than 0). The base station 200 is 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
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stations 100,, are in a cell 50 and communicate with the base
station 200 according to Evolved UTRA and UTRAN.
[0074] Themobilestations100,,(100,,100,,100,...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 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 include fixed terminals.

[0075] In the radio communication system 1000, orthogo-
nal frequency division multiplexing (OFDM) is used as the
downlink radio access method and single-carrier frequency
division multiple access (SC-FDMA) is used as the uplink
radio access method. As described above, OFDM is a multi-
carrier transmission scheme where a frequency band is
divided into multiple narrow frequency bands (subcarriers)
and data are mapped to the subcarriers for transmission.
Meanwhile, SC-FDMA is a single-carrier transmission
scheme where a frequency band is divided into multiple fre-
quency bands and the frequency bands are allocated to dif-
ferent terminals in order to reduce interference between the
terminals.

[0076] Communication channels used in Evolved UTRA
and UTRAN are described below.

[0077] For downlink, a physical downlink shared channel
(PDSCH) shared by the mobile stations 100,, and a physical
downlink control channel (PDCCH) are used. The physical
downlink control channel is also called a downlink L1/1.2
control channel. The physical downlink shared channel is
used to transmit user data, i.e., a normal data signal.

[0078] For uplink, a physical uplink shared channel
(PUSCH) shared by the mobile stations 100,, and a physical
uplink control channel are used. The physical uplink shared
channel is used to transmit user data, i.e., a normal data signal.
The physical uplink control channel is used to transmit a
downlink channel quality indicator (CQI)used for scheduling
and adaptive modulation and coding (AMC) of the physical
downlink shared channel, and acknowledgement information
for the physical downlink shared channel. The acknowledge-
ment information includes either acknowledgement (ACK)
indicating normal reception of a transmitted signal or nega-
tive acknowledgement (NACK) indicating abnormal recep-
tion of a transmitted signal.

[0079] The physical uplink control channel may also be
used to transmit, in addition to the CQI and the acknowledge-
ment information, a scheduling request for requesting alloca-
tion of resources of an uplink shared channel and a release
request used in persistent scheduling. Here, allocation of
resources of an uplink shared channel indicates a process
where a base station reports to a mobile station by using the
physical downlink control channel in a subframe that the
mobile station is allowed to communicate using the uplink
shared channel in a subsequent subframe.

[0080] 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 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 in each group are assigned to different subframes,
i.e., sequence hopping is performed using the sequences in
each group. The total number of sequences used for reference
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signals using a narrow bandwidth is equal to the cell reuse
number. Hereafter, the groups of reference signal sequences
associated with various bandwidths are called sequence
groups. The number of the sequence groups is the same as the
total number of sequences used for reference signals using a
narrow bandwidth. This approach makes it possible to assign
one of the sequence groups to a cell and to assign another one
of the sequence groups to a neighboring cell.

[0081] Thus, in this embodiment, sequence hopping is not
employed for reference signals using a narrow bandwidth,
and sequence hopping is employed for reference signals
using a wide bandwidth. As a result, the combination of used
sequences changes from subframe to subframe. This in turn
makes it possible to prevent continuous occurrence of high
interference and thereby to reduce the probability of succes-
sive packet errors.

[0082] Let us assume that the number of reference signal
(RS) sequences for the narrowest bandwidth W is N, and the
number of RS sequences for a bandwidth W that is X times
greaterthan W is XN, . The number of sequences depends on
the sequence length when CAZAC sequences are used, and
the sequence length is in proportion to the bandwidth in
E-UTRA where the transmission interval of the reference
signal is constant regardless of the bandwidth. Therefore, in
E-UTRA, the number of sequences is proportional to the
bandwidth.

[0083] 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 N, ) for abandwidth
W, includes (W,/W,) sequences with sequence numbers k,
k+N,, . . ., and k+(W /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 hopping is performed using
only the RS sequences assigned to the same bandwidth in the
selected RS sequence group.

[0084] In the example shown in FIG. 6, one resource unit
(RU) is the narrowest bandwidth and one RS sequence is
provided for each RU in each of RS sequence groups 1-12. In
FIG. 6, RS sequence [ A, B] indicates the Bth sequence of RS
sequences for a transmission bandwidth A.

[0085] For example, RS sequence group 1 is assigned to
base station #1, RS sequence group 2 is assigned to base
station #2, . . ., and RS sequence group 12 is assigned to base
station #12. Thus, cell reuse where a set of sequence groups
are cyclically assigned to different cells is employed in this
embodiment. When a narrow bandwidth, for example, 1 RU,
is used, sequence hopping is not employed, but cell reuse
where a set of RS sequences are cyclically assigned to differ-
ent cells is employed. For example, RS sequence 1 is assigned
to base station #1, RS sequence 2 is assigned to base station
#2,...,and RS sequence 12 is assigned to base station #12.
When 2 RUs are used, i.e., when the bandwidth of the refer-
ence signal is doubled, the number of sequences is also
doubled. The doubled sequences are divided into 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 in a group do not
belong to other groups at the same time. Sequence hopping is
performed between the pair of sequences. For example, in a
base station to which RS sequence group 1 is assigned,
sequence 1 is used when the bandwidth is 1 RU and sequences
1 and 13 are used when the bandwidth is 2 RUs. Similarly, in
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aneighboring cell, sequence 2 is used when the bandwidth is
1 RU and sequences 2 and 14 are used when the bandwidth is
2 RUs.

[0086] This approach makes it possibleto preventuse ofthe
same RS sequence in neighboring cells and also to randomize
the interference by sequence hopping.

[0087] Next, the base station 200 of this embodiment is
described with reference to FIG. 7.

[0088] The base station 200 of this embodiment includes a
broadcast channel generating unit 202, an OFDM signal gen-
erating unit 204, a radio-frame-number-and-subframe-num-
ber management unit 206, an uplink-scheduling-grant-sig-
nal-transmission-control-signal generating unit 208, a
memory 210 for storing RS sequence numbers associated
with bandwidths in RS sequence groups, a cyclic-shift-num-
ber determining unit 212, a demodulation RS generating unit
214, a synchronization-detection/channel-estimation unit
216, a channel decoding unit 218, a coherent detection unit
220, an uplink-channel-condition estimation unit 222, and a
scheduler 224.

[0089] When cells are designed (base stations are
installed), an uplink RS sequence group (number) is assigned
to each cell. For each sequence group, sequence hopping
patterns based on subframe numbers are predetermined by
specifications for bandwidths of two or more RUs. Accord-
ingly, different RS sequence groups (numbers) are assigned
to neighboring base stations. This approach makes it possible
to randomize the interference.

[0090] An RS sequence group number assigned to the base
station 200 is input to the broadcast channel generating unit
202 and the memory 210.

[0091] The broadcast channel generating unit 202 gener-
ates 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 broadcast channel to
the OFDM signal generating unit 204. The OFDM signal
generating unit 204 generates an OFDM signal including the
broadcast channel and inputs the OFDM signal to a radio
transmitter. As a result, the assigned uplink RS sequence
group is reported via the broadcast channel to all users in the
cell.

[0092] Meanwhile, uplink channels received from the
mobile stations 100, are input to the synchronization-detec-
tion/channel-estimation unit 216, the coherent detection unit
220, and the uplink-channel-condition estimation unit 222.

[0093] The synchronization-detection/channel-estimation
unit 216 performs synchronization detection for the input
received signals to estimate their 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.

[0094] The coherent detection unit 220 performs coherent
detection for the received signals based on the channel esti-
mation results and allocated frequencies and bandwidths
input from the scheduler 224 described later, and inputs the
demodulated received signals to the channel decoding unit
218. The channel decoding unit 218 decodes the demodulated
received signals and generates reproduced data signals cor-
responding to selected user numbers input from the scheduler
224. The generated reproduced data signals are transmitted to
a network.
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[0095] The uplink-channel-condition estimation unit 222
estimates uplink channel conditions of respective users based
on the input received signals and inputs the estimated uplink
channel conditions to the scheduler 224.

[0096] The scheduler 224 performs, for example, fre-
quency scheduling based on the input uplink channel condi-
tions of the respective users and QoS information of the users
such as requested data rates, buffer statuses, desired error
rates, and delays. Then, the scheduler 224 inputs allocated
frequencies and bandwidths to the uplink-scheduling-grant-
signal-transmission-control-signal generating unit 208, the
memory 210, and the coherent detection unit 220, and inputs
selected user numbers to the uplink-scheduling-grant-signal-
transmission-control-signal generating unit 208 and the
channel decoding unit 218.

[0097] The cyclic-shift-number determining unit 212
determines cyclic shift numbers based on, for example, coop-
erative control signals transmitted between synchronized
cells and inputs the cyclic shift numbers to the uplink-sched-
uling-grant-signal-transmission-control-signal ~ generating
unit 208 and the demodulation RS generating unit 214. The
cyclic shift numbers are associated with cyclic shift amounts.
Assignment of the cyclic shift numbers is reported to the
mobile stations 100,, via, for example, a broadcast channel.
[0098] The radio-frame-number-and-subframe-number
management unit 206 manages radio frame numbers and
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.

[0099] The memory 210 stores the correspondence
between RS sequence group numbers, bandwidths in respec-
tive RS sequence groups, and RS sequence numbers as shown
in FIG. 6. Also, the memory 210 selects RS sequence num-
bers corresponding to the allocated bandwidths input from
the scheduler 224 and inputs the selected RS sequence num-
bers to the demodulation RS generating unit 214.

[0100] The demodulation RS generating unit 214 generates
demodulation RSs based on the RS sequence numbers input
from the memory 210 and the cyclic shift numbers input from
the cyclic-shift-number determining unit 212, and inputs the
demodulation RSs to the synchronization-detection/channel-
estimation unit 216.

[0101] The uplink-scheduling-grant-signal-transmission-
control-signal generating unit 208 generates a control signal
(uplink-scheduling-grant-signal transmission control signal)
including the allocated frequencies and bandwidths, the
selected user 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, the control
signal is transmitted to scheduled users via a downlink control
channel.

[0102] The OFDM signal generating unit 204 also gener-
ates an OFDM signal including downlink channels other than
the broadcast channel and the control channel such as a down-
link 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.
[0103] Next, the mobile station 100,, of this embodiment is
described with reference to FIG. 8.

[0104] The mobile station 100, of this embodiment
includes an OFDM signal demodulation unit 102, an uplink-
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scheduling-grant-signal demodulation/decoding unit 104, a
broadcast-channel demodulation/decoding unit 106, an
other-control-and-data-signals demodulation/decoding unit
108, a radio-frame-number-and-subframe-number counter
110, a cyclic-shift-amount determining unit 112, a memory
114 for storing RS sequence numbers associated with band-
widths in RS sequence groups, ademodulation RS generating
unit 116, a channel coding unit 118, a data modulation unit
120, and an SC-FDMA modulation unit 122. The mobile
station 100,, decodes an uplink scheduling grant signal and if
a selected user number corresponding to the mobile station
100,, is included in the uplink scheduling grant signal, gener-
ates and transmits a transmission signal.

[0105] A received signal from the base station 200 is input
to the OFDM signal demodulation unit 102. The OFDM
signal demodulation unit 102 demodulates the received sig-
nal, inputs the uplink-scheduling-grant-signal transmission
control signal to the uplink-scheduling-grant-signal demodu-
lation/decoding unit 104, inputs the broadcast channel to the
broadcast-channel demodulation/decoding unit 106, and
inputs control and data signals other than the uplink-sched-
uling-grant-signal transmission control signal and the broad-
cast channel to the other-control-and-data-signals demodula-
tion/decoding unit 108.

[0106] The broadcast-channel demodulation/decoding 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 radio-frame-number-
and-subframe-number counter 110.

[0107] The radio-frame-number-and-subframe-number
counter 110 counts radio frame numbers and subframe num-
bers and inputs the radio frame numbers and the subframe
numbers to the memory 114.

[0108] The uplink-scheduling-grant-signal demodulation/
decoding unit 104 demodulates and decodes the input uplink
scheduling grant signal, inputs the assigned cyclic shift num-
ber to the cyclic-shift-amount determining unit 112, inputs
the allocated frequency to the SC-FDMA modulation unit
122, and inputs the allocated bandwidth to the memory 114.

[0109] The memory 114 stores the correspondence
between bandwidths in respective RS sequence groups and
RS sequence numbers as shown in FIG. 6. The memory 114
also stores the correspondence between RS sequence num-
bers and bandwidths in an RS sequence group assigned to the
serving cell and reported by the base station 200. 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 the selected RS sequence num-
ber to the demodulation RS generating unit 116.

[0110] Thecyclic-shift-amount determining unit 112 deter-
mines a cyclic shift amount corresponding to the assigned
cyclic shift number input from the uplink-scheduling-grant-
signal demodulation/decoding unit 104, and inputs the deter-
mined cyclic shift amount to the demodulation RS generating
unit 116.

[0111] The demodulation RS generating unit 116 generates
a demodulation RS based on the input RS sequence number
and cyclic shift amount, and inputs the demodulation RS to
the SC-FDMA modulation unit 122.

[0112] Meanwhile, the channel coding unit 118 performs
channel coding on user data. Then, the data modulation unit
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120 performs data modulation on the channel-coded user data
and inputs the modulated user data to the SC-FDMA modu-
lation unit 122.

[0113] The SC-FDMA modulation unit (DFT-spread
OFDM) 122 modulates the input demodulation RS and the
user data based on the allocated frequency and outputs a
transmission signal.

[0114] Next, an exemplary method of assigning reference
signal sequences is described with reference to FIG. 9.
[0115] InFIG.9,itisassumedthat RS sequence group 2 has
already been assigned to a base station 200, and an RS
sequence group is to be assigned to a base station 200,.
[0116] 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,.

[0117] Uplink RS sequence groups are assigned to respec-
tive cells when the cells are designed (base stations are
installed) (step S904). For each sequence group, sequence
hopping patterns based on subframe numbers are predeter-
mined by specifications.

[0118] Thebasestation 200, reports the assigned uplink RS
sequence group via a broadcast channel to all users in the cell
(step S906).

[0119] The base station 200, also reports cyclic shift
amounts together with bandwidth allocation information to
scheduled users via a downlink control channel (step S908).
[0120] Each scheduled mobile station (terminal) 100,
determines an RS sequence used for the allocated bandwidth
based on a table (FIG. 6) corresponding to the reported RS
sequence group and an allocated subframe number, shifts the
determined RS sequence by the cyclic shift amount reported
via the control channel, and transmits an uplink channel
including the shifted RS sequence (step S910).

[0121] In this embodiment, assigned reference signal
sequence numbers are reported to terminals by reporting a
sequence group number assigned to the serving cell to the
terminal. Alternatively, cell IDs may be associated with
sequence group numbers in advance, or reference signal
sequence numbers may be reported from the serving cell to
scheduled terminals together with control information indi-
cating a scheduling grant (uplink-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.

[0122] In this embodiment, hopping patterns used for each
sequence group are predetermined, i.e., sequence hopping
patterns based on subframe numbers are predetermined by
specifications for each sequence group. Alternatively, hop-
ping patterns may be reported to terminals from the base
station. For example, hopping patterns may be reported via a
broadcast channel, or hopping patterns determined by
dynamic hopping control may be reported.

[0123] Also in this embodiment, the cyclic shift amount is
reported as a part of format information for the uplink refer-
ence signal. More specifically, cyclic shift amounts associ-
ated with cyclic shift numbers are predetermined by the base
station taking into account the cell radius and the delay spread
and reported to terminals via a broadcast channel; and
assigned cyclic shift amounts are reported dynamically to the
terminals together with the scheduling grant. For example,
the correspondence between cyclic shift numbers and cyclic
shift amounts is predetermined and reported via broadcast
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information, and after cyclic shift amounts are assigned, the
corresponding cyclic shift numbers are reported to the termi-
nals.

[0124] Also, orthogonal covering sequences may be
reported as the format information for uplink reference sig-
nals. Orthogonal covering may be used for orthogonalization
of multiple antennas of a MIMO user. When a user is
requested to use MIMO, the user orthogonalizes reference
signals from multiple antennas by orthogonal covering with-
out additional signaling. With orthogonal covering, the same
CAZAC sequence and the same cyclic shift amount are used
for two reference signals in a subframe. The orthogonal cov-
ering may also be used for orthogonalization of users. In this
case, orthogonal covering sequences are reported dynami-
cally together with the scheduling grant.

[0125] Next, selective use of orthogonalization and inter-
ference randomization is described with reference to FIG. 10.
[0126] In FIG. 10, it is assumed that uplink 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.

[0127] 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
1is assigned to sectors 1 and 2 of base station #1, sectors 1 and
2 can be orthogonalized because different cyclic shift
amounts are used. Similarly, although the same RS sequence
group is assigned to sectors 1 and 2 of base station #2, sectors
1 and 2 can be orthogonalized because different cyclic shift
amounts are used.

[0128] Also, the interference between base stations #1 and
#2 can be randomized by assigning different RS sequence
groups to base stations #1 and #2. In this example, the inter-
ference is randomized by assigning RS sequence group 1 to
base station #1 and assigning RS sequence group 2 to base
station #2.

[0129] In the case of a MIMO terminal, multiple antennas
can be orthogonalized by orthogonal covering or by cyclic
shifting.

[0130] Also, different RS sequence groups may be assigned
even to synchronized cells (e.g., sectors 1 and of base station
#3) to achieve interference randomization.

[0131] As described above, in this example, it is 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 using the same frequency band
with the same bandwidth.

[0132] Next, a process in the radio communication system
1000 of this embodiment is described with reference to FIG.
11.

[0133] Here, it is assumed that an RS sequence group is
assigned in advance to the base station 200. In each user
terminal, information regarding all RS sequence groups
available in the system (correspondence between sequence
groups and RS sequences and correspondence between RS
sequences and subframe/radio frame numbers (hopping pat-
terns)) is stored in advance. User terminal 2 employs multi-
antenna MIMO.

[0134] The base station 200 transmits system information
via a broadcast channel (step S1102). For example, the base
station 200 broadcasts an RS sequence group number and a
system frame number.
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[0135] Thebase station 200 also transmits a paging channel
(step S1104). For example, the base station 200 transmits a
paging channel to page user terminals 1 and 2, i.e., when there
are incoming calls for the user terminals 1 and 2.

[0136] Inresponse to the paging channel, the user terminals
1 and 2 transmit random access channels for 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 stage,
the base station 200 recognizes that the user terminal 2 is a
MIMO terminal.

[0137] Afterthe above steps are conducted, packet commu-
nications based on downlink scheduling are enabled. The user
terminals 1 and 2 transmit wideband sounding reference sig-
nals for CQI measurement at predetermined intervals.
[0138] The base station 200 performs scheduling for the
user terminal 1 (step S1114).

[0139] The base station 200 transmits an uplink 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.

[0140] The user terminal 1 determines an assigned RS
sequence based on the allocated bandwidth, the subframe
number, and the radio frame number used for transmission.
The user terminal 1 shifts the RS sequence by a cyclic shift
amount corresponding to the cyclic shift number reported by
the uplink scheduling grant signal and transmits an uplink
channel including the shifted RS sequence (step S1118).
[0141] The base station 200 performs scheduling for the
user terminal 2 (step S1120).

[0142] The base station 200 transmits an uplink scheduling
grant signal to the user terminal 2 (step S1122). The uplink
scheduling grant signal includes a selected user number, an
allocated frequency band for uplink, and an assigned cyclic
shift number.

[0143] 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 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 anten-
nas 1 and 2 after multiplying the RS sequence by the corre-
sponding orthogonal covering sequence predetermined by
the system (step S1124).

[0144] The descriptions and drawings in the above embodi-
ments should not be construed to be limiting the present
invention. A person skilled in the art may think of variations
of the above embodiments from the descriptions.

[0145] In other words, the present invention may also
include various embodiments not disclosed above. Therefore,
the technical scope of the present invention should be deter-
mined based on proper understanding of the claims with
reference to the above descriptions.

[0146] Although the present invention is described above in
different embodiments, the distinctions between the embodi-
ments are not essential for the present invention, and the
embodiments may be used individually or in combination.
Although specific values are used in the above descriptions to
facilitate the understanding of the present invention, the val-
ues are just examples and different values may also be used
unless otherwise mentioned.
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[0147] The present invention is not limited to the specifi-
cally disclosed embodiments, and variations and modifica-
tions may be made without departing from the scope of the
present invention. Although functional block diagrams are
used to describe apparatuses in the above embodiments, the
apparatuses may be implemented by hardware, software, or a
combination of them.

[0148] The present international application claims priority
from Japanese Patent Application No. 2007-073728 filed on
Mar. 20, 2007, the entire contents of which are hereby incor-
porated herein by reference.

1. A base station for communicating with a mobile station
transmitting an uplink signal according to a single-carrier
scheme, wherein one of sequence groups each specifying
reference signal sequences for respective radio resource
bandwidths is assigned to the base station, a different one of
the sequence groups is assigned to a neighboring cell, and the
mobile station transmits the uplink signal including one of the
reference signal sequences specified by the one of the
sequence groups assigned to the base station, the base station
comprising:

a scheduler configured to allocate radio 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

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

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 to be trans-
mitted using a bandwidth greater than one resource unit.

2. The base station as claimed in claim 1, further compris-
ing:

a broadcasting unit configured to broadcast the one of the
sequence groups assigned to the base station to the
mobile station.

3. The base station as claimed in claim 1, wherein

one of the reference signal sequences to be transmitted
using one resource unit is statically assigned to the base
station;

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 signal sequences to be transmit-
ted using one resource unit; and

the reference signal sequences in each one of the sequence
groups are assigned to different subframes.

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

when one resource unit is a minimum bandwidth W,, a
number of the reference signal sequences using the
minimum bandwidth W, is N, and a number of the
reference signal sequences using a bandwidth W_ 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,) includes (W /W)
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reference signal sequences with sequence numbers k,
k+N,, ..., and k+(W /W )N, for the bandwidth W_.

5. The base station as claimed in claim 4, wherein one of the
N, sequence groups is assigned to the base station.

6. The base station as claimed in claim 4, wherein when a
radio resource bandwidth allocated to the mobile station is
W,, the sequence hopping is performed using the (W,/W,)
reference signal sequences with sequence numbers k, k+N |, .
.., and k+(W /W N,.

7. The base station as claimed in claim 6, wherein one or
more hopping patterns are predetermined for each of the N,
sequence groups.

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

9. A mobile station transmitting an uplink signal according
to a single-carrier scheme, comprising:

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 ref-
erence signal sequences corresponding to 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 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 reference
signal sequences are assigned to consecutive subframes
is applied to the reference signal sequences to be trans-
mitted using a bandwidth greater than one resource unit.

10. The mobile station as claimed in claim 9, wherein

one of the reference signal sequences to be transmitted
using one resource unit is statically assigned to the base
station;

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 signal sequences to be transmit-
ted using one resource unit; and

the reference signal sequences in each one of the sequence
groups are assigned to different subframes.

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 claim 9, 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 reference signals
in a subframe.

13. The mobile station as claimed in claim 9, wherein the

reference signal sequences are CAZAC sequences.

14. A radio communication system, comprising:

a mobile station configured to transmit an uplink signal
according to a single-carrier scheme; and

a base station configured to communicate with the mobile
station, wherein

one of sequence groups each specifying reference signal
sequences for respective radio resource bandwidths is
assigned to the base station;

a different one of the sequence groups is assigned to a
neighboring cell;
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the mobile station is 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 configured to allocate radio 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

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;

the mobile station includes
a storage unit configured to store the sequence groups, and

a transmitting unit configured to determine the one of the
reference signal sequences corresponding to the one of
the radio resource bandwidths based on the radio
resources allocated by the base station, to shift the deter-
mined 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 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 trans-
mitted using a bandwidth greater than one resource unit.

15. A communication control method used in a radio com-
munication system including a mobile station transmitting an
uplink signal according to a single-carrier scheme and a base
station communicating with the mobile station, wherein one
of sequence groups each specifying reference signal
sequences for respective radio resource bandwidths is
assigned to the base station and a different one of the
sequence groups is assigned to a neighboring cell, the method
comprising:

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;

areporting step, performed by the base 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 radio
resources and the cyclic shift amount reported by the
base station; and

a demodulating step, performed by the base station, of
demodulating the uplink signal received from 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

sequence hopping where different ones of the reference
signal sequences are assigned to consecutive subframes
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10
is applied to the reference signal sequences to be trans- 17. The mobile station as claimed in claim 11, wherein
mitted using a bandwidth greater than one resource unit. the mobile station includes multiple antennas; and
16. The mobile station as claimed in claim 10, wherein the transmitting unit is configured to use the same one of
the mobile station includes multiple antennas; and the reference signal sequences for two reference signals
the transmitting unit is configured to use the same one of in a subframe.

the reference signal sequences for two reference signals
in a subframe. EIE T T



