SPECIFICATION TITLE OF THE INVENTION BASE STATION,
MOBILE STATION AND METHOD 5 TECHNICAL FIELD The present
invention generally relates to a technical field of radio communication,
and more particularly, relates to a base station, a mobile station and a
method that can be used for a 10 plurality of bands. BACKGROUND
ART _ --—----- In existing communication systems related to a
Wideband Code Division Multiple AggessH{¥V-7GRMA) 15 scheme and a
GSM scheme and the Ilke a center frequency of a band used for
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AFEB 6 535 %5 *OSURE OF THE INVENTION - -----
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muprng(OFDM%S@@%@%QE%ug%%ﬁ@ﬁ{@g¥95n systems related

to a Wideband Code Division Multiple Access (W-CDMA)
15 scheme and a GSM scheme and the like, a center

frequency of a band used for communication is
defined to agree with a predetermined frequency
called a raster or a frequency raster. The
frequency raster is arranged on a frequency axis at
20 every 200 kHz, for example. Therefore, a mobile
station searches frequency rasters on the frequency
axis in series (searches for each 200kHz) so as to
specify the center frequency of the operator so that
the mobile station can connect to a downlink.

25 Following non-patent documents 1 and 2 describe
downlink cell search.

[non-patent document 1]3GPP, TS$25.101, “Userx
Equipment (UE) radio transmission and reception (FDD)”
pp-12-14
30 [non-patent document 2]Keiji Tachikawa, “W-CDMA
mobile communication scheme”, MARUZEN, pp.35-45

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

35 By the way, a wireless communication

system supporting an orthogonal frequency division

multiplexing (OFDM) scheme that uses a plurality of



-2- wide and narrow bands is being studied. The reason for adopting the
OFDM scheme is that it has a merit that it can effectively suppress
multipath propagation interference and intersymbol 5 interference and

the like. In this radio communication system, consideration is given such
that various operators can provide services, in which a wide band such

as 20 MHz and a part (5 MHz, for example) of the band can be chosen :

according t9,19 apparatys ganfigurationof the mobileystation, apparailss on
conf uratlo(# of the basgstatl cation; and téjhe like. Fi

n, applj j L.
SchemAticay RRORS spediritd BY (e 15018 comniiifdativh 8ol t
the OFBM $chePiehaifg CIG A pivality BPEERIWIaHS HhRedEN A,
compturicadion 0 theiQEBM schemeeis pedfotmee ins gaclo of a wide

Epanq\é‘{:‘gérk‘%fe%%MEB anda RALOW ibandwidth Otf_fé_?_i'\é"'%a oharrow
bandwidth 5 MHztisolr(l)cated at a right end of the wide bandwidth of 20

20 MHZ'0n ?ﬁeclérequencfl%%—'s?%so%ﬁ a%ce eBr‘—J(Iﬁ'_ff'e%lntlfrson"cgJ fhveeéleII?Al,Ch
combitmicalivn bPtHe OPBKR seRémeE i p&fctinedusiiyiihe BaRdwicth
of 5 MHzhThe bantkatthedtel Bas pesitionediapart framathe abhand (&Gf 20H z,
MHZz-ef,the gelh Aiqn) thgfregygn%%s_.@aﬁﬁ%@e@p{g@%ag@/@@rding to
Jrequenc rasters are SPt at oI determn%edtg]tervalg on the ];reguency

1 . a. p%ra us (]‘,Ol'l 1gu a%l?n O moplle sStatlon
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the other hand(,j 3 Sub-carrier spa.ci¥1g T5'is determined in epen(?en?ly of d
1%he f@e@kﬁgﬁﬂé‘ig@é{n of bandwidths. In a cell A,

communication of the OFDM scheme is performed in
each of a wide bandwidth of 20 MHz and a narrow
bandwidth of 5 MHz. The narrow bandwidth of 5 MHz
is located at a right end of the wide bandwidth of
20 20 MHz on the frequency axis. Also in a cell B
different from the cell A, communication of the OFDM
scheme is performed using the bandwidth of 5 MHz.
The band at the cell B is positioned apart from the
band of 20 MHz of the cell A on the frequency axis.
25 As mentioned above, frequency rasters are set at
predetermined intervals on the frequency axis. 1In
the example shown in the figure, the frequency
rasters are set at every Araster HZz starting from the
point of X Mz on the left side. A center frequency
30 fa of the band of 20 MHz of the cell A is positioned
on a frequency raster X+2A:aster- A center frequency
fg of the band of 5 MHz of the cell B is positicned
on a frequency raster X+5Araster-
On the other hand, a sub-carrier spacing
35 is determined independently of the frequency raster,
a spacing between frequency rasters is not

necessarily an integral multiple of the sub-carrier



a spacing between frequency rasters is not necessarily an integral
multiple of the sub-canter -3- spacing. Therefore, even when the center
frequency fr of the wide frequency band of 20 MHz is positioned. on a
raster, it can be predicted that a center frequency fA' of a part of the
band of 5 MHz 5 is not always positionetBan a raster. Therefore, it is
feared that there is a problem in that a procedure for a mobile station
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1

MEANS FOR SOLVING THE PROBLEM

In the present invention, a base station

20 that performs communication of an OFDM scheme with a
mobile station by using any one of equal to or
greater than two frequency bands is used. The base
station includes means that transmits a
synchronization channel and a control channel using

25 a band that includes a center fregquency on a raster
of a first band and that has a bandwidth equal to or
greater than that of a second band. The control
channel includes center freqguency information for
specifying a center frequency of the second band.

30
EFFECT OF THE INVENTION

According to the present invention, in a

mobile communication system in which communication
of an OFDM scheme is performed by using any one of
35 equal to or greater than two frequency bands, it

becomes easy to connect to a downlink signal.



becomes easy to connect to a downlink signal. BRIEF DESCRIPTION
OF THE DRAWINGS Fig.1 schematically shows spectrum on a radio
communication system of an OFDM scheme having a plurality of
bandwidths; Fig.2 shows a block diagram of a transmitter according to
an embodiment of the present inventiom;4Fig.3 shows a block diagram of
a receiver accordlng to an embodiment of he present invention; 1°)
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etecting a center of.
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embodiment of the present invention ; F;:_g.8 in a block diagram of a
tranéﬁﬁﬁl%?%ﬁ&r%ﬁ]gat‘écéﬁréirﬁﬁgd|ﬁ1%nf‘8f tﬁ@kb?éis“éﬁ? veRtiort: "Eig.9
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synchronization thannel; 30 Fig.12 is a diagram sho ing still anot

1 0napping example &fthe %yﬁaﬁranﬁéﬁ‘&?@ﬁ%nﬁré?wﬁﬁﬁfis Iaad?é’draﬁl
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Fig.6 is a diagram showing a configuration
example of a control channel;

Fig.7A is a diagram showing a flowchart of
operation according to an embodiment of the present
invention;

Fig.7B is a diagram showing operation on a
freguency axis according to an embodiment of the
present invention ;

Fig.8 is a block diagram of a transmitter
according to an embodiment of the present invention;

Fig.9 is a block diagram of a receiver
according to an embodiment of the present invention;

Fig.10 shows principle for detecting the
center of the band;

Fig.1ll is a diagram showing another
mapping example of the synchronization channel;

Fig.12 is a diagram showing still another
mapping example of the synchronization channel;

Fig.1l3 is a diagram showing still another
mapping example of the synchronization channel;

Fig.14 is a diagram showing still another
mapping example of the synchronization channel;

Fig.1l5 is a diagram showing another

configuration example of the control channel;



F.;0.15 is a diagram showing another configuration example of the
control channel; Fig.15 is a diagram showing an example of scrambling
code by which a control channel is multiplied; Figal is a diagram
showing an example of scrambling code by which a control channel is
multiplied; Fic.18 is a diagram showing a Xonfiguration example of the
control channel; Fig.19 is a diagram showing another 10 configuration
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Description of reference signs

MUX multiplexing unit

FFT fast Fourier transform unit

IFFT inverse fast Fourier transform unit

GI guard interval inserting unit or removing unit

REF radio unit

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

According to an embodiment of the present

invention, a synchronization channel is transmitted
from the base station to the mobile station using a
band that includes a center frequency f, on a raster
of a first band (20MHz) and that has a bandwidth
equal to or greater than that of a second band (5MHz
of the end). Using a band near the center, a
control channel that includes center frequency
information for specifying a center frequency fa’ of
the second band is transmitted from the base station
to the mobile station. Since the mobile station
moves to a desired band after obtaining center
fregquency information using a band including the
center frequency on a raster, the mobile station can
connect to the desired band without searching

frequencies that are not on the raster.



connect to the desired band without searching frequencies that are not
on the raster. "he synchronization channel and the control channel may
be transmitted using a band that includes the center frequency on the
raster of the first band and that has a bandwidth same as that of 5 the
second band. Accordingly, the mobile stdtion can fairly connect to a
downlink irrespective of bandwidths to be used. The synchronization

channel and/or the ganteel.channe] may atransmitied using sthguhole
of the first ba#d.?gccordi gly, 10 information that is different accordian tothat
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1 go-dimensional scrambling codethat is mapped over 26 fhe st band
and equaq]iq Or greater Ran ofe ransmission fime itervar Accordingly,
the rA8PIfE" 5Ehtibn ¢8R YehfodueE e dotitrol eRarffRPwiRRoutncluded in
switditirg scrambbiing codsakdr.synchronization is established. 30 Basic

control informationthat ig §%§%%qdzg%@g>;hecm@§t 'E’E?Sly'd%%t%pped
center freﬁger}cy on the rastgr. of thg first bapd anigl th%ta}]']z%s a

bandwidth Same &5 that of the second band malynln%ﬁjde contrg~ Wider
l%ﬁmﬁﬁﬁ@n%OﬁmaﬂP@QﬁWQﬁoﬁE@Cing' Since other information

can be assigned to sub-carriers where the
synchronization channel is not mapped, information
transmission efficiency can be improved.

The control channel may be coded using

20 two-dimensional scrambling code that is mapped to
the band that includes the center frequency on the
raster of the first band and that has a bandwidth
equal to or greater than that of the second band in
two—-dimensional scrambling code that is mapped over

25 the first band and equal to or greater than one
transmission time interval. Accordingly, the mobile
station can demodulate the control channel without
switching scrambling code after synchronization is
established.

30 Basic control information that is
transmitted using the band that includes the center
frequency on the raster of the first band and that
has a bandwidth same as that of the second band may
include control information common to any mobile

35 station using any band, and control information that
is transmitted using a third band other than the

second band may include control information specific



35 station using any band, and control information that ,is transmitted
using a third band other than the second band may'_-nclude control
information specific |- to a mobile station that uses the third band. A
mobile station according to an embodiment of the present invention
includes: means that receives a downlink signal transmitted using 5 any
one of equal to or greater than two frequency bands; means that detects

a sypehronization ehannel. ang agonirol,channg, rapsmittad from;a

base station usinc a band that includes a center frelg}uency on a raster.
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15 [Embodiment 1]

Fig.2 schematically shows a transmitter
according to an embodiment of the present invention.
The transmitter is typically provided in a base
station. The transmitter includes a multiplexing
20 unit (MUX) for multiplexing transmission data and a
synchronization pattern, an IFFT unit for performing
inverse fast Fourier transform on the multiplexed
data, a guard interval adding unit (GI) for adding a
guard interval to a signal, on which the inverse
25 Fourier transform has been performed, modulated by
the OFDM scheme, and for outputting symbols to be
transmitted, and a radio unit (RF) for converting a
signal format of the symbols to be transmitted to a
signal format for transmission using a radio
30 frequency.

Fig.3 shows a block diagram of a receiver
according to an embodiment of the present invention.
The receiver is typically provided in a mobile
station. The receiver includes a radio unit (RF)

35 for converting a signal received by an antenna to a
symbol of a digital format, a guard interval

removing unit (GI) for removing the guard interval



The receiver is typically provided in a mobile station. The receiver
includes a radio unit (RF) 5 for converting a signal received by an
antenna to a symbol of a digital format, a guard interval removing unit
(GI) for removing the guard interval from the symbol to output an
effective symbol, a FFT ..nit for performifig fast Fourier conversion on
the data of the effective symbol to perform modulation of the OFDM

scheme,Andka. crTalalion defecion unit %W&?kéﬂ@ﬂ\gecoéﬁﬁ!@%’f a FfT

between the data modulated in the OFDM scheme and a redetermlned
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requen an ee e shown in igure sh in
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MHZiEUSEd F0t tRé Edmmumicalien WiendRé base §taﬁ@r¥9§é§§lon peak.
bandwidth of 20 MEz g the ansmnittenofithe ase siatioe saps the data

of t*‘é%;%l@?&(‘i%‘@'ﬂ&ﬁa@@ﬁ%g{e@ﬁ%@'% Qaﬁ({ﬁ%l’éqfe%%‘&“gw the
@Ithouglg 40 iu b--carrlers re sl‘%'own 20 for g| mfphe sub- (:arrleEa tBon
Sh

eX|stmac uaﬁﬁ/ gflguurl% eac number 0} OWS a p ase OF
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the transmitter of the base station maps the data of
the synchronization channel onto entire sub-carriers.
For simplicity, although 40 sub-carriers are shown
20 for 20 MHz, more sub-carriers exist actually. 1In
the figure, each number of 1 - 40 shows a phase of
code. When the synchronization channel indicates a
synchronization pattern using data sequence of di,
dz, ..., dso, the data sequence is arranged in a
25 frequency axis direction and is mapped to each sub-
carrier. In the figure, the number “17, “27,
correspond to d;, dz, .... respectively.
When the base station uses the band of 20
MHz and also the mobile station uses the same band
300 of 20 MHz, the mobile station can easily find a
center frequency of the band of 20 MHz by cell
search so that the mobile station can connect to a
downlink to perform communication after that. When
the mobile station uses a band of 5 MHz whose center
35 frequency is different from that of the band of 20
MHz, following operation is performed. The mobile

station supplies a synchronization pattern of



search so that the mobile station can connect to a downlink to perform
communication after that. When the mobile station uses a band of 5
MHz whose center 35 frequency is different from that of the band of 20
MHz, following operation is performed. The mobile stati_c.n supplies a
synchronization pattern of -9 d15, d17, =2, d25 to the correlation
detection unit shown in Fig.3. By doing so, as shown in Fig.S, the

mobjle stgtion can detect the genter freguency, tyofyine hand 9f 20, ;

MHz. The colrelation’detection unit 5 performs correlation calculatjon by

shn‘tr'?l}ifﬁf”fé1 pHasé bétween rgc?él@éﬁ Signaldhd A eiica Bf fred - 0+ the
synchedniiZatioptchahael dlandidetectd25)eo Beatee frequa@ysycy fa of
whichithe safielatan valugreachesits peakds detectad. dedketion unit

§0rr%e%ea&gu|@m49£y§eIw*@mtta@iaﬂ@l%ﬁp'ggedsﬂwlem&ethe
sub-carrier, the correlation value ecom s small. cco in
oo G BRI CAR b R AR aal: AS e Shoh b ibie ©f
pattérh?PﬁﬁC@@é%@ql}érﬁ:’@,l C@olé%@d@%éqlsﬂaraeéiand otheflvariog® that a
sequenegs a1 5e usedkH hisns beeauselitisionly Recessarydhattees its
peak.cayba abiaied ke posiion Ga be JdeaUiet PYDRIOmG: on,,
orrelation calculation. inthe p sent exa a cell where a mobile
G B B VS v SR 35 Mo e 81 20 3k Car sier,
MHZztdre 5 MHEdre hreparéd l§tPthRERRTIAGiE R AtoN cargseraliynerly ,
them: Hé additiertosthatthe hasa$taiion cap pesforn tikansmission by 1y .

mapﬁ'é‘gé%%smg?{kl@@?a{i@%ﬂe' QRio enfire sub-cargers
in FI%?@@% 25 base station tra smlgbcontrol information for all

user 8n Contral ¢ (ﬁ%ﬁﬁel)aa nd oi?%ll\ﬂlglf‘ dentered o %hé:an
1 gent&sfrétRefcy fA &3 8héwn Wﬁglé EAS Beschibed beingaersehipy that
Fig. apawhile statioe usingdhe band abs Mz earsdlsdon can be

identified by performing correlation calculation.
In the present example, in a cell where a
mobile station using a band of 5 MHz resides,

20 bandwidths of 20 MHz, 10 MHz and 5 MHz are prepared
so that the mobile station can use any of them. 1In
addition to that the base station can perform
transmission by mapping the synchronization channel
cnto entire sub-carriers as shown in Fig.4(1), the

25 Dbase station transmits control information for all
users (common control channel) using a band of 5 MHz
centered on the center frequency fp as shown in
Fig.6. As described being related to Fig.5, a
mobile station using the band of 5 MHz can also

30 detect the center frequency fa, and the mobile
station can properly demodulate the control channel
transmitted using the band of 5 MHz centered on the
frequency fa. The common control channel includes
center frequency information that can specify a

35 position of a center frequency fp’ (that is not
normally positioned on a raster) of the band of 5
MHz that uses a part of the band of 20 MHz. The



30 detect the center frequency fA, and the mobile station can properly
demodulate the control channel transmitted using the band of 5 MHz
centered on the frequency fA. The common control channel includes

center frequency information that can specify a 35 position of a center
frequency fA' (that is not normally positiéfed on a raster) of the band of

5 MHz that uses a part of the band of 20 MHz. The -10- center

frequency. pfarmalian may inlude infarmation. 'famqﬁ%wmé@%matmn

frequency fA' is apart from the frequency fA on %e raster, for examp

The Rfbbfté Efa%gn }agﬁoﬁﬁﬁt%e%ﬁﬁﬁﬁ?ggntﬁfl 5 &rﬁan%BFFé?adfsr om
the t&mterfregiveiey inférmatiort; hadjusts afrequéney syrth@sizger in thee
radig it 1sush as tkehRE4midshowndn Fighd), seasde adjust thel
centey Qﬁwlbanpeoiés'\’“a'ﬁ deceiyed.by the mobjle statige to the. ; o,

frequen(i}/ . After that, 10 the mobile_station can. communicate a data
chaffiel “GicPth Ik SR MHEHRAL G theHyht Bnd BF thé Bard 8PJ¢
MHZ RigIAsshowRk e fidwahatttof ©peratiohNadcoedifg to a® as to
emhogliment of itke preseatinventione 154tig. 7BSchematically showsd by

situation in which.the mabilg, statipn,connedts 1n,a downlnk aCCOA(E"&‘Q}O that,
the flow. An op(jjratlon example is described bg referfing to both ft e

Ligures S ARBRroFchBhAEH 8Rd YN CBRIZRIGHE Carhel aretra ?Wlﬁgdl
frorraz@itﬁéhﬁasbndf@uohsum@; thetBbndt(eertral bapd) 6B MEght end of
incluginrg thercentef fregueney. of the band of 20 MHz. The control

channel and the syng f%zaé&?8w%haa{m§h%§§&9£‘99“r8€ 19 0aYe A on
pattern com ﬁon to an% motll% station regar% of bandwidths to be 25

used for ¢o ication by th 8'statid Saﬁ%%g BF bandWiaths® ©™ -
15uchag sV chomrzl 2oMHE andthe likep It gpiprhd n which the
synelweiizationttation connects to a downlink according to

the flow. An operation example is described by
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referring to both of the figures. A control channel
and a synchronization channel are transmitted from

20 the base station using the band (central band) of 5
MHz including the center frequency of the band of 20
MHz. The control channel and the synchronization
channel are configured to have a pattern common to
any mobile station regardless of bandwidths to be

25 used for communication by the mobile station
(regardless of bandwidths such as 5MHz, 10MHz, 20MHz
and the like). 1In step 1, the synchronization
channel and the control channel are transmitted from
the base station, and the mobile station receives

30 the synchronization channel by performing cell
search to establish synchronization. In step 2, the
mobile station receives the control channel and
demodulates it so as to read frequency information.
The frequency information includes information on

35 frequency band assigned to the mobile station (such
as shift amount between central band and band (use

permitted band) permitted to use). The frequency



channel and the control channel are transmitted from the base station,
and the mobile station receives 30 the synchronization channel by
performing cell search to establish synchronization. In step 2, the
mobile station receives the control channel and demodulates it so as to
read frequency information. The frequenéy information includes
information on 35 frequency band assigned to the mobile station (such

ass 'Iqt e%’SH"’%?A‘yceﬁH@h%%d and, Qa%dc%foﬂerﬁ}l%%d:%’%@on

ermltte to us The fré quency it information may include base station

mforh{é\‘ﬁbﬁalﬁaﬁgtlﬁd‘ﬂ‘ﬂét i Spdrinioth SF thedelllis 20 $iZ (fh?s g0 Mz
Rot d¢dehtial}.qinRtep 3 38e nfobilé ) statiohadjlists a¥requencyfopile
receing:signals &) o adwand peraitesio wse separtechywtheconirghals to
ghanne],sq as fo.changethe bgnd for CPQHB%%@%‘% After thatthe, 1

mobile station starts data communication usmg the use permitted band

(haviy?d BandR it 8f 5 MHZ> 101 Ekahibie)° A therftibnEq 10 4bogée -+ 07 -
the cehtet fregbeicy fahef thedptral Hant iigTpositionéd of ateiraster,
but the esntet deegiuency:tal vfthenusepasmitteckiangds nebnd (having a

neceéﬁﬁwf?&%*ﬂ%%d an fhe raster. - Therefore, db is noteagy that the. o
mobi &?{Staﬂon detects the 15 cgnter frequenc oft se permitted ba}gdn

Lith R °thE abolE-nTéHtibRéd 5888&?/%0 Aobie 3tat
can éasily eeidet theecerver ﬁEQumf@rthebaﬁeft@fqh@%éﬁw band
and eare glesoshilate the eonttral charnel eHaus; thedampbilei2Q statiof

can easiy shift the cepter frequency of ,cqyrounicationto adesitede o, 1t
freq uencglthat is not orhther ster. A Eown in F 7, th mobile st |on

that t3e&8'MISZ Bétet atﬁe% ﬁtéP? §nci/tf%\t cEr?e 5 bEfid 2 20
1 MHzG#RstE8Ad fecei/estise cerhmone use permitted band without

the above-mentioned frequency information. Any
mobile station can easily detect the center
frequency on the raster of the central band and can
demodulate the control channel. Thus, the mobile

20 station can easily shift the center frequency of
communication to a desired frequency that is not on
the raster.

As shown in Fig.7, the mobile station that

uses 5 MHz detects the center frequency f of the

25 band of 20 MHz first, and receives the common
control channel that is transmitted using the
central band of 5 MHz. It is necessary that the
base station prepares such a control channel as
transmission data and adds it to the synchronization

30 channel to transmit them to the mobile station under
the base station. The mobile station moves to the
band of 5 MHz on the right end that is permitted to
use according to instruction information of the
control channel. After that, communication is

35 performed using the moved band.

By the way, in the examples of Figs.2 and

3, although the synchronization channel is



control channel that is transmitted using the central band of 5 MHz. it is
necessary that the base station prepares such a control channel as
transmission data and adds it to the synchronization 30 channel to
transmit them to the mobile station under the base station. The mobile
station moves to the band of 5 MHz onthé Tight end that is permitted to
use according to instruction information of the control channel. After

that QPI%’EBQ'&%QP I$:32 Q?é@u’ﬁ%%‘%@%'&e mpved bapd By, the way,

in the examples of FI%S .2and 3, athou%h the sg/nchromzatlon channel is

-12-$RdifpiBxed Sd é’r%ﬁFﬁbf%%e&Wt HFEHUEREY Tomian,may Pe
multiptesdig avdldémuhipleking maybeé Nperformedim a timedfdarfain aand 9.
shovrn insFigs. 8aneah sEhis ts hecause jt is enlynecessary thatthe: mobile

gnobile 5stafioncan Qf‘é%‘éé*%e E%%te%@fnt@@ bapd O{QQ W;_%@ng§a@o MHz

demod Iate the contr anne Em 0 |menEZJ Fin.l0 afo shows a

map%mg exam (f? % fnch};onlza%on channé. @ut the" example of

10 Fig.10, aﬂtﬁ@b@@ﬂi@ﬁ&se@aﬂon can perform communication only in

a band of 5 MHz, tee snabile astatiors hasva capability thai canaisg aebantl the

of 2%%%%:!86‘1‘%&%%%ﬁh%m%é§tat'oﬁ&é”“9tnp%'ﬁ%méxample of
unic Bon uigg the ge hah]d of 20 15 MHz. As shown i g Flg\ 4
85é

3) thebase stdtion ar(?s aesr%oglFe sttafD i6h Ghderthe
statiePIEdEta Se§hence ahing 10 pictes 8f @dtadsithzas die dg?,b.%.,le
d25 that atera pad ©f thecdatabsagiience bt40 peces skdatatasrad of 20

pattern of ther20 sypchronization,chanpel, The mopile §E§'ﬂ'°€ alfgRares
the data §e(%uence of 40Pleces of data.such %s dl djc, ppd 0 shgwnén

Flg & 6115 CaIlI&t3E S h reTation Between the' sequence and e receive
15 MHz. As shown in Fig.4 (3), the base station

transmits, to the mobile station under the base
station, a data sequence having 10 pieces of data
such as dig, di7, ..., dzs that are a part of the data
sequence of 40 pieces of data as a pattern of the

20 synchronization channel. The mobile station
prepares the data sequence of 40 pieces of data such
as di, dz, ..., dgo shown in Fig.4 (1), calculates
correlation between the sequence and the received
signal to detect a peak position. As shown in

25 Fig.10, the mobile station detects the center
frequency fp of the band of 5 MHz to establish
synchronization, and receives the control channel
transmitted using the band, and ascertains that the
base station can perform communication only by 5 MHz.

30 Which band the base station uses for
communication may be announced by the downlink
control channel, or it may be determined in the
mobile station as described in the following example.
As an example, the mobile station derives three

35 kinds of correlation values as shown in Fig.10. A
first correlation value is a correlation value on a

data sequence of dig ~ dzs near the center. A second



signal to detect a peak position. As shown in 25 Fig.10, the mobile
station detects the center frequency fA of the band of 5 MHz to establish
synchronization, and receives the control channel transmitted using the
band, and ascertains that the base station can perform communication
only by 5 MHz. 30 Which band the base dtation uses for communication
may be announced by the downlink control channel, or it may he

detepgiped in the, mablle statiop as d@ég%elda'&kg% foflowing %@”&p'éata

As an ample, the mobile statlon derives three 35 kinds of correlation

valu&€ 55 §R&n REFigit0” Adestdbrigiaoh VAl s Scbireldtion vaftieed
on atdatalseqdence sfaléedes nedr thescentérs Anseconghg3center,

correlatipravalug s @ cosrelativatvaliie arna datai sequenserf Uatd3Rinvalue
yvhich both, sidgs are %%Q;@S’eﬁ%@eo@%sequﬁn%? Qf .6 £ 2 ”Sﬁftt.[‘fe

center, and a third correlation value is a correlation value 5 on the data

sequre%gé%?dl dAd oV MR &ftire “IRGIbNT BEr Eiiple "Rfie? the base
statidrr arasreinits theé syrichnorizatioh ohahnel. ohigimthe badd ofithethe

MHzdike dhe abevre=mentiened examplec eaeh okthe dirst i secondawsmpl e,
third coprglagion 1) yajues indicales 8.5ame 3¢ of peak. tloweyer, when

the base station transmits the synchronlzatlon channel usi n%dthe band of

190 ML &E8n Fncﬁﬁ 99 2Pt Sorretatdh VaRiESs sster Yedy When
the seeend ecreelaticr-valtie larnta size fhEs tHersdedad taFElation
value akmoast the:same as tke size @f he thiod werrelatons value. The

reasqn 4s g, the Jongeg i'}esqatééﬁg‘éﬁ%cf?l'énth%”lrgSr fhe pear: 9k

the correlatlog value iS. in addition,. when the base station transmlt,, the

synchfthizati ﬁzé%%%ﬂﬁelﬁ%ﬁ@%%%hﬂféﬁ’ SRRz o he fifdt? S ©Ff
1 the sebkend ard tHirdcorretativh valuedapiae is almost the Same as
the size of the third correlation value. The reason

is that, the longer the data sequence is, the larger
the peak of the correlation value is. In addition,
when the base station transmits the synchronization
20 channel using the entire band of 20 MHz, the first,
the second and the third correlation values are
obtained in order of increasing size. Therefore, by
calculating the first to third correlation values
and comparing them, the band of the base station can
25 Dbe specified.
[Embodiment 3]

Fig.1ll shows another mapping example of
the synchronization channel. As long as
synchronization is maintained in the mobile station,

30 the synchronization channel is not necessarily
inserted into the entire region of the band that is
used. In the example of the figure, the
synchronization channel is intermittently inserted
at every two sub-carriers in the freguency axis

35 direction. In addition, the synchronization channel
may be inserted not only in the frequency axis

direction but also in the time axis direction as



obtained in ord e. of increasin;size. Therefore, by calculating the first to
third correlation values and comparing them, the band of the base
station can 25 he spe=.eci i ed. [Embodiment 3] Fig.11 shows another
mapping example of the synchronization channel. As long as
synchronization i.s maintained in the mobilé-station, 30 the
synchronization channel is not necessarily inserted into the entire region
of the band that i %] use In th exa e{])Ie of the flgure tai‘he v sianal can
sync?qronlzatlon c aﬂne iS i nter%lt%1 ntly Tnserted” at every two °

sub-B&rfBFLIRGAe FRHGerYRnGE3T dfddtioh CindtitRfont

synchyonization ichahnelnmaiy derinsertesl mop onlynia ¢he: frdquenty @kisg
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E.)b\nywa){d mclg ano;l?ner S rgcnag(g)anchbe ma Or%ntg sgg cgrrlerg tOl\évglfg 1

the synchronization channelis not inserte , mapping amount tof
synchidifizetidh hgnnélRaA Hedimited to S a minimum amount so that
information transmissionerdte car dedinproved tAs memtionedralpaet ern of

the mﬁ@oi@@ﬁéﬁg&ﬁ ARhe syAchrarization Mnﬁbm@i he diffarent
accor%ln%t %)acndwq;h sggg%rted U&B[he (l:% or 1Q&he the ﬁll or
t

sync%ronlzatlon hanne may he transmltte g a same andW|

1 hearthé cENtRF PegRrdiéSs dfthe B WHIRK the mobfié §ftished using
perfarmsa tembrunitation bs shewn I Eigcks tre this- easer ds edescrlied he

in Fig,ith it may hecame difficulldhatild the makile sig@tiopdieﬁ%rmines the
band %f the g%%tst%tlon yog\ﬁgﬁ; frg ?e V|elv§p0|ntlof egy é ggll as
widt esira

detectlon accuracy |rres).Epect|ve (0] that Is used, itis

that $ETRREREWHIEh TeisyHenrontzaton CRERREITs PoiReRL that

lzommba. mobile station determines the band of the base
station. However, from the viewpoint of equalizing
cell detection accuracy irrespective of bandwidth
that 1s used, it is desirable that the band to which
the synchronization channel is inserted is common.

20 Fig.1l4 shows an example in which, the
synchronization channel is transmitted using 5 MHz
when a band equal to or greater than 5 MHz is used,
and mapping of the synchronization channel is
different according to bandwidths when a band

25 narrower than 5 MHz is used. If fairness of cell
detection accuracy 1s required even when there are
significantly wide and narrow bands in bands that
can be used, it is feared that enough cell detection
accuracy cannot be adequately obtained when using a

30 wideband. The reason is that the synchronization
channel configuration of the case of wideband
becomes largely different from optimum one. In this
case, by adopting the configuration shown in Fig.14,
both of the cell detection accuracy and fairness can

35 Dbe considered.

[Embodiment 4]

Fig.15 shows a configuration of a common



20 Fig.14 shows an example in which, the synchronization channel is
transmitted using 5 MHz when a band equal to or greater than 5 MHz is
used, and mapping of the synchronization channel is different according
to bandwidths when a band 213 narrower than 5 MHz is Used. If fairness
of cell detection accuracy is required evérPwhen there are significantly
wide and narrow bands in bands that can be used, it is feared that

enougl,celldeteetion, aqcurgay.cannolbe adedu gﬁe'w@ﬁ@'fe%dewl!%]mon

using a 30 w_ideband. The reason is that the synchronization chan

conﬁﬁfﬁ&tﬁ%lof?ﬁé‘eél%oﬁplagﬁaﬁdq b%&gmgs larg&ly itferent from
optiramiorel irthis ras yrddoptifig thiedeonfigurmtion showhamd of 5
Fig.141 zbath of thescellrdetectionaccuracy @nd daimess €an 3mBermation

gonsidered, £ m@é‘i‘@e%ﬂi Figln §'29_W51?1 £00figuration of a-coramen

control channel that is |fferen§< rom the commaon control channel_ shown

in Fig & 1Pthe" Eortfuratdh exaiipfe of Fig35-a firs bahad of 5 °MHz
that isthe weatet iitludeslconrs| informationt 5 forinsers and cowttol on

information i@rius@r& aBHgibe Hang oé b MHz eihedattertcoatrobnter

informatign dncludes center frequency, informatiog,, indicating « e'@'ﬂ%"”ﬁ@é"
etc. tga%}\é\gen thé center érequency fA and th§bc§-nter frequency fA' of th

190 o'be %dui‘?l feecond Band TS b SidEE BF theirSH d
eactBéiRg 25EMH2e réduritfand mfstnaioh of thencbntrobinfBtmation for
all useraand contrakhatormatidrotor asershisingoa thand of 16z ateon for

transpifted s Ehesformear %%ﬁ%ﬂaw@@f@agt&%ﬁ represgRied 8S,sing a
redundant blr%s (gh?%llved accordlngﬁo varlous ac?orlt rg}s of_error c

xrecﬁ&?god;f t%ﬁs p@rfoerm% Bhthe 50 stitrol m? ﬁ1a¥|8ﬁm?ﬁe latter

1@mﬂﬁﬁQﬁ@@ﬁnbnlnformatlon is represented as redundant
bits derived according to various algorithms of
error correction coding that are performed on the
control information. The latter control information
includes center frequency information and the like

20 for users using the band of 10 MHz. 1In a third band
that is both sides of the second band, control
information and redundant information for all users
and control information for users using a band of 10
MHz are transmitted. By transmitting the control

25 information and the like by dispersing it according
to bands used by the user, transmission contents of
the control channel can be changed according to
classes of the mobile station, for example.

[Embodiment 5]

30 Scrambling code specific to a base station
may be applied to a control channel and a data
channel that are transmitted from the base station
in addition to the synchronization channel. In this
case, 1if scrambling code is set independently for

35 each bandwidth used for communication, processes for
the mobile station to decode a control channel after
synchronization is established may become



includes center frequency information and the like 20 for users using the
band of 10 MHz. In a third band that is both sides of the second band,
control information and redundant information for all users and control
information for users using a band of 10 MHz are transmitted. By
transmitting the control 25 information ané %he like by dispersing in
according to bands used by the user, transmission contents of the

control ghannel cag be Cﬁﬁn%ﬂea%%?é@ g o glasses ptihe Mg 11 ng

station, for example. [Embodiment 51 30 Scrambling code specific to

base“Staffort ndy i appiikado AohtofcharEldid & Hafh Eﬁgrjfne‘?% two-
that aremedrshtitied fromdhe Basd s&dion lin adaikied &¢ tenined period
synchrafnization icbarnel iindhis ecaisenif seramiling €nde isfset0 MHz.

independently for %i?pf@aggwgdtq yged or SOBMYicalioNe x ample of
processes for. the m§ |I%stat|%2t decode afgton]gol hanne&after h
syncﬁfo‘?}% |95ﬁ is"€Stabithed May betofite 16-C rrﬁfﬁ%gféa inaiﬁg ©
preséntienbctlimEat serahfting cotleti HeermitieusiPaientire bhe

a part dbfjtwee dimensiaial €ode detinedindepredetermingd4aeriodband

in the, gntiredegion of the-band.of, 20 MBIz JFigl6ds afigyre showingsn s in
1§}xam£j1e. 0 SI%ra 1'% é:g(glei b Wl |c.h da %cintro c §nrr]3el and Zyée, E!.Ik% r|1s.t
uatl-pf?e “h'the exampe% own in the ﬁfure, two-&lr'nensw?lafcode
covefili§a0 saba&ariersiin Heelfréquaney drebtiorratl B'$ymbektiadp with
the tiswectlirectiae is defineddirstrAdjaeentysyricls ate-shifiedin.phaseen

by one,subscarderwith s€3ch.otherdn thesfrequency axis direction, Y¥hen n g
the bgﬁe stPU n transmlts% e control charglel gnd h? Hk%ﬂsmg %he
entire hiardof 20 MEZ, the -5 Gontrol ch&niél i$'mu iplied e WRSIe

1 ScrarfiBitgrcodeC BAd i taristitted. WWRer #é bagethe whole

scrambling code, and is transmitted. When the base
station uses only the band of 5 MHz, scrambling code
mapped toc the band of 5 MHz including the center
frequency fp is used. When the base station uses

20 only the band of 10 MHz, scrambling code mapped to
the band of 10 MHz including the center frequency £,
is used. Therefore, the mobile station can
demodulate the control channel without switching
scrambling code after synchronization is established

25 so as to be able to connect to the downlink easily.

The two-dimensional code over the entire

band of 20 MHz and 8 symbols may not be a repetition
pattern shown in Fig.1l6. Fig.1l7 shows a case in
which the two-dimensional code is prepared by a

30 series of data sequences which is not the repetition
pattern. Also by using such two-dimensional code,
effect the same as those above-mentioned can be
obtained.

[Embodiment 6]

35 In the first embodiment and the like, a

minimum bandwidth of a use band of the mobile

station is 5 MHz, and the synchronization channel



base station uses 20 only the band of 10 MHz, scrambling code mapped
to the band of 10 MHz including the center frequency fA is used.
Therefore, the mobile station can demodulate the control channel
without switching scrambling code after synchronization is established

25 sQ.35 1o be able,to.conneqtio g downlinkeasily.; They s inc

two- dmensmnabcode over the entire band of 20 MHz and 8 s

e O DB C Eato i Chowr AR LR £8P as ShomCer coa@é%ﬁtlon
whic%hﬁ@médﬁﬁéhsﬁéhal ceaE i@qdresér@arwla SG5elss dhoprsmitted
sequentes Whichais @t therepetition patternSAISd by using sied example

gwo-dimgnsional eq Q;e 1%ffecgt%§§&n%gggp§e@@9vgﬁéeqﬁlgggq gan
be obtalned [Embo [g 35inth f;crﬁt embodiment d the I|ke 2 5suy
minimuR %andwﬂth oT A use Band Bt the- Mob e Stdtion iS WHZ,Sand” Z-
the Syh8hrbRizatiors éRdner -17R ahd 3he Eonitfol Eh@n@é@@a@ﬁﬁﬁé@ment,

usingat centrad hane oexMHz Howeavet Hbe synchranizationd ehannel o £

and fhe.controt ehannel may Hgdransmitied, Ygingapan dt@d?ﬁ%‘inmg
1(5ha MHz, In he exa Ie 5 shown in Fig. Jﬁ; a band le Lcar thend 19

b%sta%on is 825 Z and the Reftral ba i.IiS ig. 19
S|m|I5Flfb Fﬁa%iffpthecf@@rﬂﬁéﬁab@é%éh% Eﬁtﬁ@ﬁWbeérﬂqin et Bl a band
minimanibardwidth of the eentemis Aa25Nbdadn @additiomptzy. combining
10 the-configuration examplesshownrin Figs18,and. 19, the;eantrok .y be
channel m &/é?be téans Jtied usmg}aé;gnd offlf25 Jé/IHz and %cgntrad
band’6f5 ccor ng?y, airness arr%ng mobile Statiohs tant

1 2onsidered AnRfEproviding @#@étb?ﬁnd%fba‘ﬁ@ntrd channel and the

like) for users using a bandwidth eqgual to ox
greater than 5 MHz.
As mentioned above, preferred embodiments
of the present invention are described. But, the
20 present invention is not limited to these
embodiments. Variations and modifications can be
made within the scope of the present invention.
Although the present invention is described by
classifying it into several embodiments for the sake
25 of convenience of explanation, the classification
into each embodiment is not essential, and one or
more embodiment may be used as necessary.
The present application claims priority
based on Japanese patent application No.2005-174399,
30 filed in the JPO on June 14, 2005 and the entire

contents of it are incorporated herein by reference.

35
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preferred embodiments of the present invention are described. But, the
20 present invention is not limited tdl#rese embodiments. Variations and
modifications can be made Withgyggcﬂ pe of the present invention.
Although the present invention i ed by classifying it into several
embodiments for the sake 25 of convenience of explanation, the

classificatian pateameitdohodspentis notesaroHdcaBllomesgsrapre T
embodiment maﬁ be used as necessary. The present application claims

anpREHCBa88d ohreguieiee Skt ARPIiERbRIRESOHI1 £256Y) 30 filed
sciethe, JROAPFHSfnE? 2005 and the entire contents of it are _
incorporated herein by reference. 35 -18- CLAIMS I. A base station

used in% Q@Wlﬂﬂiﬁéﬁci@@yﬂ@Hoﬁ@ﬁﬁ%atﬂe@_%ﬂ&‘ Hﬁ\&sién
trandiNeRe OfitMlen SGhBHIS: CPBIP I RGhBIE Ynation unit

configured to determine a transmission frequency band for transmitting
predpieeictdimgid ekl a selection unit configured to select a

transmigsi| %léQﬁ%g?VﬂHﬁo%}?ﬁig” Fsin ggiﬂ%‘ﬁ%bi‘? nsmission
determined by the determination unit from among a plurality o
bacandid&te o bf tia@stiissisn kssitovid hse gupsneyrabandinftekefiguned tdy

enerate a- synchronization,channel and a brqadcast chanpel: 1
thg e R R el Cor ey o DR EL Rk Angates
ofsdleareshiip Hi@neleatidw Lohtihts ; the broadcast channel; a mapping unit

configured to map.the synchyo
Igua generation yunl{

géﬁgegured to generate a
synchronization channel and a broadcast channel;

a setting unit configured to set information on a
transmission bandwidth selected by the selection unit to
the broadcast channel;

a mapping unit configured to map the synchronization
channel and the broadcast channel generated by the
generation unit to a frequency band that is a center part
of the transmission frequency band; and

a unit configured to transmit a downlink signal
including the synchronization channel and the broadcast

channel .

2. A user apparatus used in a communication system
of an orthogonal frequency division multiplexing (OFDM)
scheme, comprising:

a reception unit configured to tune to a frequency
on a predetermined raster and receive a synchronization
channel and a broadcast channel that are mapped to a
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band; and a unit configured to transmit a downlink signal includi'ng the
synchronization channel and the brdfdcast channel. 25 2. A user
[ [ icatj y f n

G N el R TR Y
baoohfifuradiiasenstatifoeguency 30 on a predetermined raster and

receive & SURyaREAln CIANe A dpadeast hapnel fial 8B aceq

mapped to a - requency band of a centér part of a transmissién
onfréheeheydubrabdf ahasaslgtien;tardawnissatoon fnidgoefigyred to

determjne, hased on the broadcast channel, a transmissian freqyency 5
DA AN o106 oSS HAT PG, MEeay srorb Ao
stamipngy & ptmahiyoriccandidatesa bf tiyandmiseieri Haedwidifs; and a

communication unit configured to communicate a data channel using a

TransalRRl Of thandme ondFfrequency band determined by the

determigagemmliiication unit configured to communicate a
data channel using a bandwidth of the transmission

frequency band determined by the determination unit.





