DESCRIPTION BASESTATIONAPPARATUS,MOBILESTATION APPARATUS, AND
SYNCHRONIZATION CHANNEL TRANSMISSION METHOD TECHNICAL FIELD The present
invention generally relates to a radio communication system employing orthogonal frequency division
multiplexing (OFDM) for downlink. 10 More particularly, the present invention relates to a base station, a
mobile stailon, and a synchronization channel transmission method. BACKGROUND ART 15A successor
communication system to W-CDMA and HSDPA, i.e., Long Term Evolution (LTE), is currently being
discussed by 3GPP, a standardization group for VPESEGRMIRTTAANTE, orthogonal frequency division
multiplexing (OFDM) is to be usegasta dogmimi oadio ageesramethod 2Mepdisnglepxmeoiequency

division multiple acc % -FRAMA) | b 5\8 j ra&i‘ﬁgﬁ S % for, example,
3GPP TR. 25.814 (\%/?%. igﬁf?ysica@_g;/er% Xs@ggcts orr}é\fglgﬁd A,ﬁ%ﬁune Wr%%'i%\/l a
frequency band is di¥gEd4Rto 25 multiple narrow frequency bands (subcarriers) and data are transmitted
on the subcarriess. The subcarriers are densely arranged along the frequency axis such that they partly

overlap each other bf%@ﬁm%%!'ﬂt%fﬁéﬁwth each other. This approach enables high-speed transmission

and 30 improves fre ; In SC-FDMA, a frequency band is divided into multiple
frequency bands and the frequent®aRd§8fe bk td aftfepSRaERRDAISTRI FEFIMIidh in

radio communication system employing orthogonal
frequency division multiplexing (OFDM) for downlink.

10 More particularly, the present invention relates to a
base station, a mobile station, and a synchronization
channel transmission method.

BACKGROUND ART
15 A successor communication system to W-CDMA and

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



-2- order to reduce interference between the terminals. Also, SC-UMA reduces variation of the
transmission power and therefore makes it possible to reduce power consumption of terminals and to
achieve wide coverage. In OFDM employed in LIE, two types of cyclic prefixes (CP), a long CP
and a short CP having different lengths, are provided 6 reduce the influence of inter--symbol interference
caused by a delayed signal. For example, the long CP is used in a cell with a large cell 10 radius or to
trahsmit a multimedia broadcast multicast service (MEMS) signal, and the short CP is used in a cell with a
small cell radius. WHeFO@E [§Ag ol asdat@ERaBer oPerrsasykiso§smaisiad Becdrhes six; and

wEen the srt;?rt CP isgsewihe wg»mnbgrsof\@Fmt stb@dIs ieHbarsiahbreepsseyeNer and Generally,
tat the, st tions, ttent
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reception mode in a radio communication sys employing e mobile station has 20 to
find a cell proving gd®tl fERFS EBAkRUARELSA REALKS tHE FRoBRY 8RR -based on, for example, a

synchronizationghannel. In other miordsptiheamphids/station searchesior agpkt4o b ceradated via a radio

link. Therefore, this is.c “cell h? ell hod. | n mined
based on time nece?sg(%f io%‘l% cg#’?eéraﬁﬁ hg %ﬁéﬁgs%nﬁﬂ%%qo?ﬁeﬂr%&‘?gs(?jiﬁe%%tﬁg cell search.
In other words, it is kSRR, tod&te RAMETS 241 ERardriviethddso hetd yeaGee ik thiikSiecessary for a
cell search and to 3Gskethisk thmpracEssmgclwaccalbedndiyle stataliaybd caliseath. IFd¥-CDMA,two

types of synchronizaéig%@‘ai@ne&@ R g@%|§§l-sl (BS%%]HQ And a segondasy |C ﬁje S&H)I are used for

the cell search. Also in LIE, it is being disCussed to empo¥_the two %pes of synchronization channels
P-SCH and S-4eH. radius or to transmit a multimedia broadcast multicast

service (MBMS) signal, and the short CP is used iIn a

cell with a small cell radius. When the long CP is used,

the number of OFDM symbols iIn a slot becomes six; and

when the short CP i1s used, the number of OFDM symbols in
15 a slot becomes seven.

Generally, when a mobile station is powered on,
in the standby mode, 1In communications, or in the
intermittent reception mode iIn a radio communication
system employing W-CDMA or LTE, the mobile station has

20 to find a cell proving good radio communication quality
for the mobile station based on, for example, a
synchronization channel. In other words, the mobile
station searches for a cell to be connected via a radio
link. Therefore, this process is called “cell search”. A

25 cell search method is generally determined based on time
necessary for a cell search and the processing load of
the mobile station in the cell search. In other words,
it Is necessary to determine a cell search method so as
to reduce the time necessary for a cell search and to

30 reduce the processing load of the mobile station in the
cell search.

In W-CDMA, two types of synchronization
channels, a primary SCH (P-SCH) and a secondary SCH (S-



In a cell search method being discussed, a PSCH including one sequence and an S-SCH including plural
sequences are transmitted once in 5 ms (R1-062990, Outcome of cell search drafting session). In this
method, the F---SOH is used to identify a downlink reception timing from each cell, and the S--SOH
transmitted in the 10 same subframe is used to determmine a reception frame timing and to obtai.n cell
specific information such as a cell ID or a cell group (group ID). For demodulation and decoding of the
S-SOS, a channel estimate obtained based on the P-SOH may generally be used. When cell IDs are 15
grouped, a cell ID of¥kEXor@EgonEifg cElis Biumdardrh ceiapstbeldgifg 16 tHel6htatfedigroup ID. For

example, a cell ID mgy iagyobtadriesthased on the sigealdiaiiern ofteepilotsignal. Agpnpthepgxample, a
cell ID may be obtairﬁ%gﬁ%ﬂ Pga(ﬁrgﬁdgl?%pﬁeq d |jg§$§qﬂin§n%o ge_gt&& of the P-SOH and the S-SOH.
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Meanwhile, when cell’IDs are not grouped, the cel e correspgndlhg_cell may be included in the
S-SCH as an information item. In tRis&aS8 ltheS?dbfie starrshah @bigindhe @efserby fusPdemodulating
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cells using different sequences are demodulate coded based on channel 30 estimatés obtained
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timing from each cell, and the S-SCH transmitted in the

10 same subframe is used to determine a reception frame
timing and to obtain cell-specific information such as a
cell ID or a cell group (group ID). For demodulation and
decoding of the S-SCH, a channel estimate obtained based
on the P-SCH may generally be used. When cell IDs are

15 grouped, a cell ID of the corresponding cell is found
from cell IDs belonging to the obtained group ID. For
example, a cell ID may be obtained based on the signal
pattern of a pilot signal. As another example, a cell ID
may be obtained based on demodulation and decoding

20 results of the P-SCH and the S-SCH. Meanwhile, when cell
IDs are not grouped, the cell ID of the corresponding
cell may be included in the S-SCH as an information i1tem.
In this case, the mobile station may obtain the cell 1D
by just demodulating and decoding the S-SCH.

25 However, if the above cell search method is
applied to an inter-base-station synchronous system
where signals from multiple cells are synchronized, S-
SCHs transmitted from the cells using different
sequences are demodulated and decoded based on channel

30 estimates obtained based on P-SCHs transmitted from the
cells using the same sequence. This In turn may degrade
the transmission characteristics of the S-SCHs. Here,
the transmission characteristics may include the time



necessary for a cell search. Meanwhile, in an interbase-station asynchronous system where signals from
multiple cells are not synchronized, the above problem may not occur because the reception timings of
P-SCH sequences transmitted from the cells are different from each other. To prevent the above
described characteristic degradation of S-SCHs in anfiter-base-station synchronous system, a cell
search method where plural 10 sequences, for example, three or seven sequences, are used for P-SCHs
is being studied (R1-062636, Cell Search Performance in Tightly Synchronized Network for E-UTRA).
Also to prevent the diRvesE@dYibd® Eharackeddic SRYFafatioMesIBUSgs inkh iRter-Bad@Etation 15
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configure a system to B o
Also to prevent the above described characteristic

degradation of S-SCHs in an inter-base-station
15 synchronous system, a cell search method where P-SCHs
are transmitted from plural cells at different
transmission intervals has been proposed (R1-070428,
Further analysis of initial cell search for Approach 1
and 2 — single cell scenario). This method makes it
20 possible to use P-SCHs received from plural cells at
different reception timings for the demodulation and
decoding of S-SCHs and thereby to prevent the
characteristic degradation of the S-SCHs.
From the view point of cell design, 1t 1is
25 preferable to use as many sequences as possible for P-
SCHs iIn the method described in R1-062636 and as many
different transmission intervals as possible for
transmitting P-SCHs in the method described in R1-070428.
IT the number of sequences used for P-SCHs is small, the
30 probability that the same sequence is used for P-SCHs of
adjacent cells increases. Also, 1if the number of
different transmission intervals for transmitting P-SCHs
is small, the probability that P-SCHs of adjacent cells



10 enable the user to select whether to attach importance to the transmission chaxacteristics in a cell
search or to the processing load of the mobile station in. a cell search by setting parameters or by
changing operational methods. 15 DISCLOSURE OF' INVENTION. PROBLEMS To BE SOLVED BY THE
INVENTION However, the above backgrouncfaft technologies have problems as described
below. 20As described above, synchronization channels (SCH) are downlink signals used for cell
searches. A hierarchical SCH structure is to be employed for the synchronization channels (see, for
example, 3GPP TS 26211 WROINPIOEA03 3 tin thEdierafdifical S@ASIH sgdefure, kAEsK¥hronization

channels are composad edgesubahaelpha ginary sybebsrizatioRCchpra@lpiiray S6&H) and a
secondary synchroniza iSPFé}‘?‘é‘é'e&?ecﬁ?QP&%%ci@)t LSRG af¥§é(”8?r°§‘i€%‘ffé‘ Grannel is used 30
n e

to report cell-speclfic information such as a ce group, a radio frame timing, a number of
transmitting antennadN¥RERRPRIGREAD dEWIES Hd eER-sp¥eFRnformation by detecting secondary
synchronizationghannel sequenagsanwhi 1eAs deissribed mbovaeitewistabandfende divisierl multiple

access (W-CDMA), %Q&i%??orif.ge‘ie” T C’E.ia['?&rﬁf%@?gnfg&ﬁ PQ8¥8"r?E‘Ef8§'m‘; ICigjgmation

(neighboring cell information) of heighboring cells’is reported to the user equipme >fore the
neighboring cell seaR#AEPbrictitbMtetRAfSSANHe 198G nBARA kS ebBkEMIgHBoring cell
information has not lzeencdddidedsgetr ¢tih theareighlieringnpealt sbdech 10 phrfomaedth dukingrepmmunications

or during the standby &li-find g pandover destingfipn cgl, "t:iérﬂgié.}inj@ tgreg_yggéme Rymber of
candidates of ceII-spelgléf%nform’ation that hgve to be (%:ected if neighboring cell information is reported
in advance. enable the user to select whether to attach importance

to the transmission characteristics in a cell search or

to the processing load of the mobile station in a cell

search by setting parameters or by changing operational

methods.
15
DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
However, the above background art technologies
have problems as described below.
20 As described above, synchronization channels

(SCH) are downlink signals used for cell searches. A

hierarchical SCH structure is to be employed for the

synchronization channels (see, for example, 3GPP TS

36.211 V1.0.0 (2007-03)). In the hierarchical SCH

25 structure, the synchronization channels are composed of

two subchannels: a primary synchronization channel

(primary SCH) and a secondary synchronization channel
(secondary SCH).

The secondary synchronization channel 1is used

30 to report cell-specific information such as a cell 1ID

group, a radio frame timing, and the number of

transmitting antennas. The user equipment detects the

cell-specific information by detecting secondary



15A mapping method for secondary synchronization channel sequences has been proposed. In the
proposed mapping method, different sequences are mapped along the frequency direction (see, for
example, 3GPP R1-060042 "SCH Structure and Cell Search Method in E-UTRA 20 Downlink" and 3GPP
R1-071584 "Secondary Synchronization Signal Desig‘r@). FIG. 1 shows an example of this method where
an orthogonal sequence 1 (P1(0), P1(1), , Pi(31)) and an orthogonal sequence 2 (P2(0), P2(1), P2(31))
are mapped to alternate subcarriers. FIG. 2 25 shows another example where an orthogonal sequence 1
(P1(0), P1(1),P1(31)5¥neliPbAragdAal Sbamrde SERREMCED(1),P2(31)) are mapped, respectively, to
consecutive subcarriers.Dividing asegqueaed e nwipee seguarceshasahwdden thespsaxamples

e i1 ke e L R
performed for handover and cell-specific iInformation
5 (neighboring cell information) of neighboring cells 1is
reported to the user equipment before the neighboring
cell search is performed. Meanwhile, in the LTE system,
whether to report neighboring cell information has not
been decided vyet. |In the neighboring cell search

10 performed during communications or during the standby
mode to find a handover destination cell, it is possible
to reduce the number of candidates of cell-specific
information that have to be detected if neighboring cell
information is reported in advance.

15 A mapping method for secondary synchronization
channel sequences has been proposed. In the proposed
mapping method, different sequences are mapped along the
frequency direction (see, fTor example, 3GPP R1-060042
“SCH Structure and Cell Search Method i1n E-UTRA

20 Downlink” and 3GPP R1-071584 ‘“Secondary Synchronization
Signal Design”). FIG. 1 shows an example of this method
where an orthogonal sequence 1 (P:(0), P:(1), - - -,
P1(31)) and an orthogonal sequence 2 (P.(0), P2(1), ,
P2(31)) are mapped to alternate subcarriers. FIG. 2

25 shows another example where an orthogonal sequence 1
(P2(0), P1(1), --+, P1(31)) and an orthogonal sequence 2
(P2(0), P2(1), ---, P2(31)) are mapped, respectively, to
consecutive subcarriers. Dividing a sequence iInto
multiple sequences as shown iIn these examples makes it

30 possible to increase the number of patterns that can be
transmitted. For example, while only 64 patterns are
available when one sequence with a sequence length of 64
is used, 1024 patterns are available when two sequences



is used, 1024 patterns are available when two sequences --7- having a sequence length of 32 are used
as shown in FIG. 2. 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, and a synchronization channel
transmission method that make it possible to reduce fHe number of candidates of cell-specific information
that have to be detected in a neighboring cell search. 10 MEANS FOR SOLVING THE PROBLEMS

An aspect of the presem__ invention provides a base station communicating with a mobile station in a
radio communicatior8ydBéh By SO MIopEbWAfinR215 MR elsst satisAmMEludes alsequence
selecting unit configgred to select multiple synchronization signal sequences; a synchronization signal

generating unit configured to genah%te %ngdear quﬁ ro %%t%) %halﬁln\ellep&sieoqwoni%p E)of the
ano

selected synchronization 20 signal sequences an er part of the selected synchronization signal
sequences; and a tr&MRLIY URREPRGARR] RY trBREMItAhe R oABAKESPHEHIbARALIBATHEMNEl. The
secondary synchronizetondianael inghislessaadit spacificdnforvaies. 25Anathengspeat@f the present

invention provides a (ARG SIRIPRGAIRMUNGHIE YHRARARE FEORIRR (RARSPNIMAICAEn System by

using OFDM for dowrilink. ase station is configured to select multiple synchronization signal
sequences and to 3PGERARAE a C_cdiRHG Ry Mo RS chahndadbdediea pak offhblselected
synchronization sighapeedfdiaced afidrargtihenpatiheftthensalectexbsybehratezaittredigniah seguences.

The mobile station ir}%q(ilﬁ_ﬁ)a'oherqactgm Y learch.
10
MEANS FOR SOLVING THE PROBLEMS
An aspect of the present invention provides a

base station communicating with a mobile station iIn a
radio communication system by using OFDM for downlink.

15 The base station 1includes a sequence selecting unit
configured to select multiple synchronization signal
sequences; a synchronization signal generating unit
configured to generate a secondary synchronization
channel based on a part of the selected synchronization

20 signal sequences and another part of the selected
synchronization signal sequences; and a transmitting
unit configured to transmit the secondary
synchronization channel. The secondary synchronization
channel includes cell-specific information.

25 Another aspect of the present invention
provides a mobile station communicating with a base
station iIn a radio communication system by using OFDM
for downlink. The base station is configured to select
multiple synchronization signal sequences and to

30 generate a secondary synchronization channel based on a
part of the selected synchronization signal sequences
and another part of the selected synchronization signal
sequences. The mobile station includes a detection unit



--8- configured to detect cell-specific information based on the secondary synchronization channel.

Still another aspect of the present invention provides a synchronization channel transmission method in a
radio communication system including a base station communicating with a mobile station by using
OFDM for downlink. The method includes a sequencé%‘electing step, performed by the base station, of
selecting multiple synchronization signal sequences; a synchronization 10 signal generating step,
performed by the base stailon, of generating a secondary synchronization channel based on a part of the

selected synchroniz@WHf dighbegdediterdetest ackh-shetéfie JdecmpdimhrdazatorPsignal
sequences; and a traftmigdre A8Htop spedairead Ratherbagesiagen, of transmitting the secondary

synchronization channel. The mopj ati tects_cell-specific informati e _secondary
synchronization channel. 20 ADV%WAG@%%%%FF?&?%% #ﬁE%\ﬁ/P—ﬁfl‘lg‘%ﬁ? e rll%z)a%]s,pect of the
present invention pré\ig¥d @85asa seXivhh BandBad beatiofhand alsyERfFTIARRAPEN RAENRENnsmission
method that make it pasaibleathi cedtwenthe idebenokgandidaiscdiealhgpeciiangd iskurrsion that have

to be detected in a ngm%%qy@re%qq@@Eﬁ@iiﬁ%@gl&g@%}ﬁﬁgﬁ@?@ﬁ@é groa'\,N ng FIG.

1 is a drawing illustrating a m mapping sequences; .
illustrating a method @A dpiRg SR eERnEBS IBRESiAFPENHRIIRRtRRIHRCBINg step,

performed by the base station, of selecting multiple
synchronization signal sequences; a synchronization

10 signal generating step, performed by the base station,
of generating a secondary synchronization channel based
on a part of the selected synchronization signal
sequences and another part of the selected
synchronization signal sequences; and a transmitting

15 step, performed by the base station, of transmitting the
secondary synchronization channel. The mobile station
detects cell-specific information based on the secondary
synchronization channel.

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

base station, a mobile station, and a synchronization
channel transmission method that make i1t possible to
reduce the number of candidates of cell-specific

25 information that have to be detected in a neighboring
cell search.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a drawing illustrating a method of

30 mapping S-SCH sequences;
FIG. 2 is a drawing illustrating a method of

mapping S-SCH sequences;
FIG. 3 is a drawing illustrating a



configuration of a radio communication system according to an embodiment of the present invention; FIG.
4 is a drawing illustrating a radio frame structure; FIG. 5 is a drawing illustrating subframe
structures; FIG. 6 is a partial block diagram of a base station according to an embodiment of the
present invention; 10FIG, 7 is a block diagram of a baseband signal processimj unit of a base station
according to an embodiment of the present invention.; FIG. 8 is a drawing illustrailng an.
exemplaxy synchron_Lzatipn signal transmission pattern; 15FIG. 9 is a drawing illustrating exemplary
synchronization sign@PtthhgHiskdnPaférnd; FAC 1QiscRaBIeBh6AkPEXSVPER] cOREM At of P-SCH
sequences and synchsorizatiensina irensmispienmaiteing, 10bKadidsaiableshowing exemplary

conﬂﬁnaﬁonsofFLSCFisequencgﬁeqdEyggh%wﬁgg%qhaggﬁhﬁgQ$y%¥wa1gangF% frame
structure;

5 FIG. 5 1is a drawing illustrating subframe
structures;

FIG. 6 i1s a partial block diagram of a base
station according to an embodiment of the present
invention;

10 FIG. 7 1s a block diagram of a baseband signal
processing unit of a base station according to an
embodiment of the present invention;

FIG. 8 is a drawing illustrating an exemplary
synchronization signal transmission pattern;

15 FIG. 9 1is a drawing illustrating exemplary
synchronization signal transmission patterns;

FIG. 10 is a table showing exemplary
combinations of P-SCH sequences and synchronization
signal transmission patterns;

20 FIG. 11 is a table showing exemplary
combinations of P-SCH sequences and synchronization
signal transmission patterns;

FIG. 12 is a table showing exemplary
combinations of P-SCH sequences and synchronization

25 signal transmission patterns;

FIG. 13 is a table showing exemplary
combinations of P-SCH sequences and synchronization
signal transmission patterns;

FIG. 14 is a drawing illustrating exemplary

30 synchronization signal transmission patterns;

FIG. 15 is a table showing exemplary
combinations of P-SCH sequences and synchronization
signal transmission patterns;



12isa tableshowing exemplary ~ combinations of P-SCH sequences and synchronization 25signal
transmission patterns; FIG.17isatableshowingexemplary combinations of P-SCH sequences and
synchronization signal transmission patterns; FIG. 14 is a drawing illustrating exemplary
30synchronization signal trahsmissipn patterns; FIG.Igigatableshowingexemplary combinations of P-SCH
sequences and synchronization signal transmission patterns; -10- FIG. 16 is a drawing
illustrating exemplary synchronization signal transmission patterns; FIG.17isatableshowing exemplary
combinations of P-SCH sequencéd 8nd df¢hcl®ni2atibresidnal trbhbussdivhidtemsemplary  FIG.. 18

is a drawing illustratiggraxeroplapasiioehre nizaipNtsiaRahiiaRIvisSiit paitaes; 19isa tableshowing

exemplary FIG. 17 iIs a table showing exemplary
combinations of P-SCH sequences and synchronization

5 signal transmission patterns;

FIG. 18 1i1s a drawing illustrating exemplary
synchronization signal transmission patterns;

FIG. 19 is a table showing exemplary
combinations of P-SCH sequences and synchronization

10 signal transmission patterns;

FIG. 20 is a drawing illustrating a method of
mapping S-SCH sequences according to an embodiment of
the present invention;

FIG. 21 is a partial block diagram

15 i1llustrating a mobile station according to an embodiment
of the present invention;

FIG. 22 is a flowchart showing a cell search
method according to an embodiment of the present
invention;

20 FIG. 23 1is a table used to describe an
exemplary method of mapping short codes;

FIG. 24 1s a drawing i1llustrating an exemplary
method of mapping short codes according to an embodiment
of the present invention;

25 FIG. 25 is a drawing illustrating a method of
mapping S-SCH sequences according to an embodiment of
the present invention;

FIG. 26 is a drawing illustrating a method of
determining S-SCH sequences;

30 FIG. 27 1s a drawing 1illustrating another
method of determining S-SCH sequences;

FIG. 28 is a drawing 1illustrating still
another method of determining S-SCH sequences;



combinations of P-SCH sequences and synchronization 10signal transmission patterns; FIG. 20
is a drawing illustrating a method of mapping S-SCH sequences according to an embodiment of the
present invention.; FIG.21lisapartialblockdiagram, 15 illustrating a mobile station according to an

embodiment of the present invention; FIG. 22%5 a flowchart showing a cell search method
according to an embodiment of the present invention; 20FIG. 23 is a table used to describe an exemplary
method of mapping short codes; FIG. 24 is a drawing illustrating an exemplary method of

mapping short codes according t& b -emB8dintént ¢ th&plpd SentUfeehtidi® 25186CraDes adfawing
illustrating a method &tenanRing SSEhidGasiEengpp Bagostiogtocsuembasiiment of the present invention;
FIG. 26 is a drawing illustrating a[gi%thogd)f t%m@BgeS-§%—\,V§ﬁ8uetrb%eSé§éQFéC§‘%gz&%§C rawing

ir C G. r

illustrating another method of determining S- sequences, Is a'drawing Illustrating still
another method of dBRFHEfIAgSIYEHRARRRRBY; Scrambling codes.

5
EXPLANATION OF REFERENCES
50:, 502, 503, .., 50« Cell
100;, 1002, 1003, 100, Mobile station
102 Basic waveform correlation unit
10 104 Synchronization signal replica generating unit

106 Code sequence multiplying unit
108 Upper layer code correlation unit
110 Timing detection unit
112 S-SCH detection unit
15 200 Base station
202 Transceiver antenna
204  Amplifier
206 Transceiver unit
208 Baseband signal processing unit
20 208; RLC processing unit
208, MAC processing unit
2083 Encoding unit
2084 Data modulation unit
208s Multiplexing unit
25 2086 Serial-parallel converting unit
208, Multiplier
208g Multiplier
208y Scrambling code generating unit
20810 Amplitude adjusting unit
30 20813 Combining unit
20817 Inverse Fourier transform unit
20813 CP adding unit
2091 Synchronization signal control unit



FIG. 29 is a table used to describe an exemplary method of mapping short codes; and FIG. 30 is a table
showing the correspondence between short codes and scrambling codes. EXPLANATION OF
REFERENCES 501, 1001, 502,503,...,501,Cell 1002,115)03,100,Mobilestation

209, Synchronization signal generator
2093 Data modulation unit
2094 Serial-parallel converting unit
2095 Multiplier
5 209¢ Amplitude adjusting unit
210 Call processing unit
212 Transmission path interface
300 Access gateway
400 Core network
10 1000 Radio communication system

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the present invention are

described below with reference to the accompanying
15 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.
A radio communication system 1000 including
20 mobile stations and base stations according to an
embodiment of the present invention is described below
with reference to FIG. 3.
The radio communication system 1000 is based
on, Tfor example, Evolved UTRA and UTRAN (also called
25 Long Term Evolution or Super 30G). The radio
communication system 1000 includes base stations (eNode
B: eNB) 200, (200,, 200,, 2003, .., 200,; m @s an integer
greater than 0) and mobile stations 100, (100,;, 100,
1003, .., 100,; n 1is an integer greater than 0) that
30 communicate with the base stations 200,. The base
stations 200, are connected to an upper node such as an
access gateway 300 and the access gateway 300 is
connected to a core network 400. Each of the mobile
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stations 100, is in one of cells 50« (50;, 50, .., 50«; k
is an iInteger greater than 0) and communicates with the
corresponding one of the base stations 200, according to
Evolved UTRA and UTRAN.

5 Some of the mobile stations 100, have
established communication channels with the base
stations 200, and are iIn communications; and the other
mobile stations 100, have not established communication
channels with the base stations 200, and are not in

10 communications.

Each of the base stations 200, transmits
synchronization signals. Each of the mobile stations
100, is located in one of the cells 50« (50;, 502, .., 50k;
k 1s an integer greater than 0). When the mobile station

15 100, i1s, for example, turned on or iIn the iIntermittent
reception mode during communications, the mobile station
100, performs a cell search based on the synchronization
signals to TfTind a cell that provides good radio
communication quality for the mobile station 100,. More

20 specifically, the mobile station 100, detects a symbol
timing and a frame timing and detects cell-specific
control information such as a cell ID (a scrambling code
unique to a cell generated from the cell ID) or a group
of cell IDs (hereafter called a cell 1D group) based on

25 the synchronization signals.

A cell search 1is performed when the mobile
station 100, is iIn communications as well as when the
mobile station 100, is not 1iIn communications. For
example, the mobile station 100, performs a cell search

30 during communications to find a cell using the same
frequency or to find a cell using a different frequency.
The mobile station 100, also performs a cell search when
it is not iIn communications, Tfor example, when the
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mobile station 100, is turned on or in the standby mode.

The base stations 200, (200;, 200,, 2003, ..,
200,) have the same configuration and functions and are
therefore called the base station 200, or the base
stations 200, in the descriptions below unless otherwise
mentioned. The mobile stations 100, (100,, 100,, 1003, ---,
100,) have the same configuration and functions and are
therefore called the mobile station 100, or the mobile
stations 100, in the descriptions below unless otherwise
mentioned. The cells 50« (50, 50,, 503, .., 50¢) have the
same configuration and functions and are therefore
called the cell 50 or the cells 50 In the descriptions
below unless otherwise mentioned.

In the radio communication system 1000,
orthogonal frequency division multiplexing (OFDM) 1is
used as the downlink radio access method and single-
carrier frequency division multiple access (SC-FDMA) is
used as the uplink radio access method. In OFDM, as
described above, a frequency band is divided Into narrow
frequency bands (subcarriers) and data are transmitted
on the subcarriers. In SC-FDMA, a frequency band 1is
divided into multiple frequency bands and the frequency
bands are allocated to different terminals for
transmission in order to reduce interference between the
terminals.

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

For downlink, a physical downlink shared
channel (PDSCH) shared by the mobile stations 100, and
an LTE downlink control channel are used. In downlink,
the LTE downlink control channel 1i1s used to report
information on mobile stations to be mapped to the
physical downlink shared channel, transport format
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information for the physical downlink shared channel,
information on mobile stations to be mapped to a
physical uplink shared channel, transport Tformat
information for the physical uplink shared channel, and

5 acknowledgement information for the physical uplink
shared channel; and the physical downlink shared channel
is used to transmit user data.

Also in downlink, the base stations 200,
transmit synchronization signals used by the mobile

10 stations 100, to perform cell searches.

For uplink, the physical uplink shared channel
(PUSCH) shared by the mobile stations 100, and an LTE
uplink control channel are used. There are two types of
uplink control channel: an uplink control channel to be

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

In uplink, the LTE uplink control channel is

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

25 and the physical uplink shared channel 1is used to
transmit user data.

In downlink transmission, as shown in FIG. 4,
one radio frame is 10 ms and includes 10 subframes. Also,
as shown in FIG. 5, one subframe includes two slots, and

30 one slot includes seven OFDM symbols when short CPs are
used or six OFDM symbols when long CPs are used.

Next, the base station 200, according to an
embodiment of the present invention 1is described with
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reference to FIG. 6.

The base station 200, of this embodiment
includes a transceiver antenna 202, an amplifier 204, a
transceiver unit 206, a baseband signal processing unit
208, a call processing unit 210, and a transmission path
interface 212.

Downlink packet data to be transmitted from
the base station 200, to the mobile station 100, are sent
from an upper node such as the access gateway 300 to the
base station 200, and input to the baseband signal
processing unit 208 via the transmission path interface
212.

The baseband signal processing unit 208
performs, for the packet data, RLC layer transmission
processing such as segmentation/concatenation and a
transmission process in radio link control (RLC)
retransmission control; a transmission process in MAC
retransmission control (e.g., hybrid automatic repeat
request (HARQ)); scheduling; selection of transport
formats; channel coding; and inverse TfTast Fourier
transform (IFFT) processing. Then, the baseband signal
processing unit 208 sends the packet data to the
transceiver unit 206. Also, as described later, the
baseband signal processing unit 208 generates
synchronization signals. The generated synchronization
signals are multiplexed with the packet data and sent to
the transceiver unit 206.

The transceiver unit 206 performs frequency
conversion to convert a baseband signal output from the
baseband signal processing unit 208 iInto a radio
frequency signal. The vradio frequency signal is
ampliftied by the amplifier 204 and transmitted from the
transceiver antenna 202. Here, the baseband signal
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indicates the packet data and the synchronization
signals described above.

Meanwhile, when a radio frequency signal
including uplink data is transmitted from the mobile

5 station 100, to the base station 200, the radio
frequency signal is received by the transceiver antenna
202, is amplified by the amplifier 204, and is
frequency-converted by the transceiver unit 206 into a
baseband signal. Then, the transceiver unit 206 inputs

10 the baseband signal to the baseband signal processing
unit 208.

The baseband signal processing unit 208
performs FFT processing, error correction decoding, a
reception process in MAC retransmission control, and RLC

15 layer reception processing on the input baseband signal
and transmits the baseband signal via the transmission
path interface 212 to the access gateway 300.

The call processing unit 210 performs status

management and resource allocation for the base station
20 200y-

Next, a configuration of the baseband signal
processing unit 208 i1s described with reference to FIG.
7. Embodiments of the present invention mainly relate to
downlink. Therefore, only components related to downlink

25 processing are shown in FIG. 7 and components related to
uplink processing are omitted.

The baseband signal processing unit 208
includes an RLC processing unit 208;, a medium access
control (MAC) processing unit 208,, an encoding unit 2083,

30 a data modulation unit 208,, a multiplexing unit 2085, a
serial-parallel converting unit 208s, multipliers 208,,
multipliers 208g, a scrambling code generating unit 208¢,
an amplitude adjusting unit 208;p, a combining unit 208;,,
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an IFFT (IDFT) 208;,, a CP adding unit 208,35, and a
synchronization signal generating unit 209.

The RLC processing unit 208; performs RLC
layer transmission processing such as
segmentation/concatenation and a transmission process in
RLC retransmission control on a transmission data
sequence of downlink packet data received from the
transmission path interface 212. The MAC processing unit
208, performs MAC-layer transmission processing such as
a transmission process iIn hybrid automatic repeat
request (HARQ), scheduling, selection of transport
formats, and allocation of frequency resources on the
transmission data sequence of the downlink packet data.
Then, the encoding unit 208; encodes the transmission
data sequence and the data modulation unit 208, data-
modulates the encoded transmission data sequence. The
multiplexing unit 2085 multiplexes the data-modulated
transmission data sequence with a pilot symbol, and the
serial-parallel converting unit 208s converts the
transmission data sequence multiplexed with the pilot
symbol into a symbol sequence with N information symbols
by serial-parallel conversion such that the N
information symbols are arranged along the frequency
axis. Here, the pilot symbol is, for example, a downlink
reference signal. The respective multipliers 208; (the
number of which is N) multiply the N information symbols
arranged along the frequency axis 1iIn the frequency
direction by a scrambling code output from the
scrambling code generating unit 208ys. Also, the
respective multipliers 208s (the number of which is N)
multiply the N 1information symbols multiplied by the
scrambling code by an amplitude adjusting sequence value
output from the amplitude adjusting unit 208;, and output
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the multiplied symbols (symbol sequence) to the
combining unit  208;1;. The combining unit 2081
multiplexes the symbol sequence having a sequence length
N and multiplied by the scrambling code and the
amplitude adjusting sequence value with synchronization
signals generated by the synchronization signal
generating unit 209 in one or more of N subcarriers.

As described later, subframes and slots used
to transmit the synchronization signals are determined
by a synchronization signal control unit 209;. In the
slots of the subframes used to transmit the
synchronization signals, the synchronization signals
generated by the synchronization signal generating unit
209 are multiplexed with a symbol sequence of downlink
packet data that has a sequence length N and 1is
multiplied by a scrambling code and an amplitude
adjusting sequence value. Meanwhile, in slots of
subframes that are not wused to transmit the
synchronization signals, the synchronization signals
generated by the synchronization signal generating unit
209 are not multiplexed and only a symbol sequence of
downlink packet data having a sequence length N and
multiplied by a scrambling code and an amplitude
adjusting sequence value is sent to the inverse Fourier
transform unit  208i,. The subcarrier where the
synchronization signals are multiplexed is located, for
example, 1In the center of the entire frequency band.
Also, the bandwidth of the subcarrier where the
synchronization signals are multiplexed is, for example,
1.25 MHz.

The inverse Fourier transform unit (IFFT) 208,
converts the N symbols into an orthogonal multi-carrier
signal. The CP adding unit 208;3 inserts a CP into the
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multi-carrier signal at every Fourier transform time.
There are two types of CPs with different lengths (CP
lengths): a long CP and a short CP. Either one of the
long CP and the short CP is selected for each cell.

5 A synchronization signal generation process of
the synchronization signal generating unit 209 1is
described below. The synchronization signals include a
first synchronization signal (hereafter called P-SCH)
and a second synchronization signal (hereafter called S-

10 SCH). The synchronization signal generating unit 209
includes a synchronization signal control unit 209;, a
synchronization signal generator 209,, a data modulation
unit 2093, a serial-parallel converting unit 2094,
multipliers 2095, and an amplitude adjusting unit 209c.

15 The synchronization signal control unit 209; is connected
to the synchronization signal generator 209,.

The synchronization signal control unit 209;
determines a sequence used for the P-SCH (P-SCH
sequence) and subframes and slots used to transmit the

20 P-SCH and the S-SCH based on the cell ID or the cell 1D
group of a cell where the base station 200, provides
communications based on Evolved UTRA and UTRAN. The
mobile station may be configured to identify a cell
based on a signal pattern of a pilot signal, i1.e., a

25 reference signal, after identifying a cell 1D group. In
this case, for example, the correspondence between
signal patterns of the reference signal and cell IDs is
predefined. Alternatively, the mobile station may be
configured to identify a cell based on demodulation and

30 decoding results of the P-SCH and the S-SCH. In this
case, Tor example, the correspondence between P-SCH
sequences and cell ID information is predefined.

The synchronization signal control unit 209;
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1000, subframes and slots used to transmit the P-SCH and
the S-SCH are defined as described in 3GPP TS 36.211
V1.0.0 (2007-03) and shown in FIG. 8. In this example,
multiple types of P-SCH sequences are used and the
15 synchronization signals are transmitted iIn subframe #1
and subframe #6. Also in this example, the P-SCH is
mapped to the last OFDM symbol of each selected slot.
This configuration enables the mobile station to
demodulate the P-SCH regardless of whether the long CP
20 or the short CP is used. This is because the timing of
the sixth OFDM symbol that is the last OFDM symbol in a
slot where the long CP is used matches the timing of the
seventh OFDM symbol that is the last OFDM symbol in a
slot where the short CP 1is used. In other words, the
25 timings of the first and last symbols iIn a subframe
where the long CP is used and those in a subframe where
the short CP is used are the same. In this case, the
correspondence between P-SCH sequence numbers and cell
ID information may be predefined in the vradio
30 communication system 1000. With the correspondence
between P-SCH sequence numbers and cell 1D information
predefined in the radio communication system 1000, the
synchronization signal control unit 209; of the base



20 specifically, the mobile station 100, detects a symbol timing and a frame timing and detects
cell-specific control information such as a cell ID (a scrambling code unique to a cell generated from the
cell ID) or a group of cell IDs (hereafter called a cell ID group) based on 25 the synchronization signals. A
cell search is performed when the mobile station 100, 1s9n communications as well as when the mobile
station 100, is not in communications. For example, the mobile stailon 100, performs a cell search 30
during communications to find a cell using the same frequency or to find a cell using a different frequency.
The mobil.e. station $981aRD FOorra dekeEaIdeWReRbehdeaeNaRURRSEBNSfoElR&ample,
when the -14- mobilesHatian10QfF; isitusedd ontas e thenstapeby Moekee ildie paR®, Siaons &89 (2001,
2002, 2003, communications based on Evolved UTRA and UTRAN.
Alternatively, combinations of subframes and
5 slots used to transmit the P-SCH and the S-SCH may be
predefined as synchronization signal transmission
patterns in the radio communication system 1000. In FIG.
9, four synchronization signal transmission patterns #1,
#2, #3, and #4 are defined. In this example, the
10 synchronization signals are transmitted at regular
intervals iIn subframe #1 and subframe #6. This
configuration makes it easier for the mobile terminal to
obtain an average of multiple frames. Also in this
example, the P-SCH i1s mapped to the last OFDM symbols of
15 subframes. This configuration enables the mobile station
to demodulate the P-SCH regardless of whether the long
CP or the short CP is used.
In the radio communication system 1000
configured as described above, eight combinations of
20 four P-SCH sequences and two synchronization signal
transmission patterns may be defined as shown in FIG. 10.
The combinations of the P-SCH sequences and the
synchronization signal transmission patterns may be
associated with cell IDs or cell ID groups such that use
25 of the same combination of a P-SCH sequence and a
synchronization signal transmission pattern in adjacent
cells 1s prevented. With the association information,
the synchronization signal control unit 209; of the base
station 200, can determine a P-SCH sequence and
30 subframes and slots used to transmit the P-SCH and the
S-SCH based on the cell 1D or the cell ID group of a
cell where the base station 200, provides communications
based on Evolved UTRA and UTRAN. In this case, the S-SCH
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With the combinations defined in FIG. 10, P-

10 SCHs based on different combinations are transmitted at
different timings (do not collide with each other) or
use different P-SCH sequences. Thus, using the
combinations as defined in FIG. 10 makes it possible to
prevent characteristic degradation of S-SCHs.

15 As another example, in the radio communication
system 1000, eight combinations of four P-SCH sequences
and two synchronization signal transmission patterns may
be defined as shown in FIG. 11. The combinations of the
P-SCH sequences and the synchronization signal

20 transmission patterns may be associated with cell IDs or
cell ID groups such that use of the same combination of
a P-SCH sequence and a synchronization signal
transmission pattern iIn adjacent cells 1is prevented.
With the association iInformation, the synchronization

25 signal control unit 209; of the base station 200, can
determine a P-SCH sequence and subframes and slots used
to transmit the P-SCH and the S-SCH based on the cell 1D
or the cell ID group of a cell where the base station
200, provides communications based on Evolved UTRA and

30 UTRAN. In this case, the S-SCH does not have to include
an information item indicating which one of
synchronization signal transmission patterns #2 and #3
is used to transmit the synchronization signals, i.e.,
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includes a transceiver antenna 202, an amplifier 204, a transceiver unit 206, a baseband signal
processing unit 908, Aedirpistets s udrR 2MadahiNtdhsRisSiBE path interface 212.

As another example, in the radio communication
system 1000, nine combinations of three P-SCH sequences
and three synchronization signal transmission patterns
may be defined as shown in FIG. 12. The combinations of

15 the P-SCH sequences and the synchronization signal
transmission patterns may be associated with cell IDs or
cell 1D groups such that use of the same combination of
a P-SCH sequence and a synchronization signal
transmission pattern iIn adjacent cells 1is prevented.

20 With the association information, the synchronization
signal control unit 209; of the base station 200, can
determine a P-SCH sequence and subframes and slots used
to transmit the P-SCH and the S-SCH based on the cell 1D
or the cell ID group of a cell where the base station

25 200, provides communications based on Evolved UTRA and
UTRAN. In this case, the S-SCH does not have to include
an information item indicating which one of
synchronization signal transmission patterns #1, #2, and
#3 1s used to transmit the synchronization signals, i.e.,

30 the P-SCH and the S-SCH. This 1is because the mobile
station can determine which one of synchronization
signal transmission patterns #1, #2, and #3 1s used to
transmit the synchronization signals based on the time
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transmission path interface 212 to the access gateway 3
reduce the processing loa of ‘the mobile terminal. Also,

defining the combinations as shown in FIG. 12 makes it
15 possible to more flexibly associate cell IDs or cell 1D
groups with the combinations of P-SCH sequences and
synchronization signal transmission patterns. For
example, only combinations #2, #3, #5, #6, #8, and #9
may be associated with cells where prevention of
20 characteristic degradation of S-SCHs is highly desired.
Combinations #2, #3, #5, #6, #8, and #9 used in this
case correspond to the combinations defined in FIG. 11
and therefore P-SCHs are transmitted at different
timings. Thus, using combinations #2, #3, #5, #6, #8,
25 and #9 makes it possible to effectively prevent
characteristic degradation of S-SCHs. Meanwhile, all
combinations #1-#9 may be used for cells where
characteristic degradation of S-SCHs is acceptable to
some extent. This iIn turn makes it easier to associate

30 cell IDs or cell ID groups with the combinations.
In FIG. 12, synchronization signal
transmission patterns #2, #3, and #4 may be used instead
of synchronization signal transmission patterns #1, #2,



The call processing unit 210 performs status management and resource allocation for the base station
20200m. Next, a configuration of the baseband signal processing unit 208 is described with
reference to FIG. 7. Embodiments of the present invention mainly relate to downlink. Therefore, only
components related to downlink 25 processing are showh in FIG. 7 and components related to uplink
processing are omitted. The baseband signal processing unit 208 includes an RLC processing unit
2081, a medium access control (MAC) processing unit 2082, an encoding unit 2083, 30a data modulation
unit 2084, a multipi.eXisly tiRit 2085, a converting unit 2086, multipliers 2087, multipliers 2088,
a scrambling code generating unihn@08% &1 amphiitistenaaiustingaip 80810 ra cognbiningadib20811, -18-
an IFET (IDFT) 20812, &, G addiag nit 208, and Synenizalian FanAl eneifing ini209.

The RLC processing unit 4 performs LC layer trénsmission processing suchas
segmentation/concaféttation TR BB misHHA prockddlin RIXY REEREHZRIHPBontr& i@ bransmission

data sequence &f dowrdinknpiasked dapatacaived fiam te WaFimissias pstvintefaceERd2. The MAC
processing unit 2082.|.ngforErE)§¢nMﬁ%-‘§¥S Jra isséﬂg prqp_e§é'wg %&%‘%ﬁ #Qsa tr%%ﬂ"nis i 0 process in
o) .

hybrid automatic repeat request \ scheduling, selection of transport formats, and allocation of
frequency resourcesOR fHE aASATIGEN dal9Badueft@BFHS 8RR IINRREEREN§ata"dYenPfhe encoding

unit 2083 encodes thestansmtssion ilbhdatalieqLEncerarckthke datagnodpkationahitA6g4 usea-modulates
the encoded transmiéﬁontqga %gg]%en(&%m]:’)l%%ﬁ%l%le@]g ugit %Q @uigg@@ﬁége %-n@dulated
i ol, and the serial [ i

transmission data sequence with a pilot sym rial-parallel converting unit 2086 converts the
20 transmissiohYatS¥SGHEREH ARANSExS AR khd HABE SN FBEPhtP aEYATB0I ERgGEHAS Rt N
information symbols dybésgalligargiedeemterdionsudiihatthe association information,

the synchronization signal control unit 209; of the base
station 200, can determine a P-SCH sequence and
subframes and slots used to transmit the P-SCH and the
15 S-SCH based on the cell ID or the cell ID group of a
cell where the base station 200, provides communications
based on Evolved UTRA and UTRAN. In this case, the S-SCH
may include an information item indicating which one of
synchronization signal transmission patterns #1, #2, #3,
20 and #4 is used to transmit the synchronization signals,
i.e., the P-SCH and the S-SCH. This configuration
enables the mobile station to determine which one of
synchronization signal transmission patterns #1, #2, #3,
and #4 1is used to transmit the synchronization signals
25 based on the information item included iIn the S-SCH.
With the combinations defined in FIG. 13, even when
different combinations are used, P-SCHs may Dbe
transmitted at the same timing in some cases. Still, in
other cases, P-SCHs based on different combinations are
30 transmitted at different timings. Therefore, using the
combinations as defined in FIG. 13 makes i1t possible to
prevent characteristic degradation of S-SCHs to a
certain extent. Meanwhile, in FIG. 13, only two P-SCH



information symbols are arranged along the frequency axis. Here, the pilot symbol is, for example, a
downlink 25 reference signal. The respective multipliers 2087 (the number of which is N) multiply the N
information symbols arranged along the frequency axis in the frequency direction by a scrambling code
output from the scrambling code generating unit 2089.“Also, the 30 respective multipliers 2088 (the
number of which is N) multiply the N information symbols multiplied by the scramblin.g code by an
amplitude adjusting sequence value output from the amplitude adjusting unit 20810 and output the
multiplied symbols(s§RbétREaEeAEE) 16 HeE cEmIsTRENMILIOL crid &pmbleing Uikt 20SLCHmultiplexes

the symbol sequence dquiitcasequange lesgifthrand satiplied by ithaserambliag<hopssaosd the
amplitude adjusting e val i onjzadi ignal gener the s jzation signal
generating unit 209 i_%gr%g%%ﬁ\'orggo%asiﬁ@%br@ lr%l %ﬂﬁgs §escr|b§ﬁg (E'% %%fé%nﬁﬁgg—d slots used
to transmit the synchtBnizdffon digna1dkee ddfermrisil bdisy X3yA@HYRR atldle sigRRCESRIALNit 2091. In
the slots of the fKubfrasies ved e traosiniethesyynbhadnization signals, the synchronization signals

generated by the synchronizationAsligBal ggR¢ ungr?e09@6ﬁ6'rml [ je%ﬁ:g V\é@ asﬁdm’pol gRauence of
) . . {

downlink 15 packet data that has a sequence length N and is multiplied by a scrambling code and an
amplitude adjusting §d&§uenéd vaakeRedfwiiRSH Bibks disubrimedithatdhehytusssettatmitthe
synchronization signatsl thd bgnahworizdtion Biggaisus gendatateachby dwnbymettboiratior skynal

generating unit 209 a[%nr@_lno g&ﬂ gégd %o ﬂ(ﬁypaml c%%ﬁgwnligkm‘%g%having a

sequence length N multiplied by a scrambling code and an amplitude adjusting sequence value is

sent to the invérde FBRRER EBSrad S XRAIPIse1 2 he SIRARRE I e te sYAchibnizaih signals are
multiplexed is locateti3fomeyanipte, astwcdertted ofva&lentae lequehey banur &lsm ttherbaondwidth of the

subcarrier where thepjchirepizlies SIaT 2R RIS SIS iLXPMMGgh 1y desired.
Combinations #1, #4, #5, and #8 wused 1iIn this case
correspond to the combinations defined in FIG. 10 and
15 therefore P-SCHs are transmitted at different timings.
Thus, using combinations #1, #4, #5, and #8 makes it
possible to effectively prevent characteristic
degradation of S-SCHs. Meanwhile, all combinations #1-#8
may be used for cells where characteristic degradation
20 of S-SCHs is accepted to some extent. This in turn makes
it easier to associate cell IDs or cell 1D groups with

the combinations.
In FIG. 9 described above, the P-SCH and the
S-SCH are transmitted in subframes #1 and #6.
25 Alternatively, the P-SCH and the S-SCH may be
transmitted in subframes #1 and #5. In this case, the
synchronization signals are transmitted at different
intervals. This method enables the mobile station to
easily detect the boundary between radio frames based on
30 transmission intervals of the P-SCH. Also iIn the case
where the P-SCH and the S-SCH are transmitted 1in
subframes #1 and #5 i1nstead of subframes #1 and #6,

synchronization signal transmission patterns #1, #2, #3,



301.25 MHz. The inverse Fourier transform unit (IFFT) 20812 converts the N symbols into an
orthogonal multi-carrier signal. The CP adding unit 20813 inserts a CP into the -20- multi-carrier signal at
every Fourier transform time. There are two types of CPs with different lengths (CP lengths): a long CP
and a short CP. Either one of the long (OP and the sh‘gr%(OP is selected for each cell. A
synchronization signal generation process of the synchronization signal generating unit 209 is described
below. The synchronization signals include a first synchronization signal (hereafter called P-SCH) and a
second synchroniza@ ! sitifhaPiFeréeddmediedT g STHP Th ek nEh sz arsiHsigRaPgémérating unit
209 includes a synchyypiinaben sionpbicoB¥ghunit 2094sa RYOEbropzatien fignalgeaerined092, a data

modulation unit 2093, a serial-parallel converting unijt 209 ultipliers 209 an gq@pl' e adjusting
unit 2096. 15The syr?&r:gg'n@arlﬁgings%h I%Sr%trgﬁ:urﬁti 928914%s§réorilrﬁlgéct§éz’to%8a gg‘r)’\éhr:pnizgﬁ%n signal

generator 2092.  compfBayheRfonkfioR sl esRfol Wihk09¢ bbtelRnesta seglibndPused for the
P-SCH (P-SCH sequarmg)nd subframes and slots used to transmit the 20 P-SCH and the S-SCH based

on the cell ID or the cell ID group pf a cell t ion - ' omaunications based
on Evolved UTRA and UTRAN. T‘ﬁ;é m%edﬁ\gatgéﬁorﬁ(%@%gegc nfig%tﬂ%q;'tg{%\égﬁ%@ cel baseﬁ on a signal

pattern of a pilot sigd@dite., £95Mefeteadd Qynay akeMidditifing 2wl BPHRAFTARS c&Fe, for
example, the corresputdarmeebetaeen signal patiedhstof the satandncetbignal-aat celhtDstisegpredefined.

Alternatively, the mogﬂgégptiqgalyaylpg configurgqg te fentify a g%azﬁsgq Q?Wdu?itdﬁ’ﬁaqnd 30
pl

decoding results of the P-SCH and the S-SCH. In this case, for example, the corresppndence between
P-SCH sequent®s ahBaE BRI RBh4e Hredefhe @ Fhe™Sn@%om2W6n digndt Eontrdtimit 2091

With this configuration, the synchronization signals are
transmitted iIn subframe #1 and subframe #5, i1.e., at
different intervals. Therefore, this configuration
enables the mobile station to easily detect the boundary
15 Dbetween radio frames. Also with this configuration, the
P-SCH i1s mapped to the last OFDM symbol of each defined
slot. This in turn enables the mobile station to
demodulate the P-SCH regardless of whether the long CP
or the short CP is used. This is because the timing of
20 the sixth OFDM symbol that is the last OFDM symbol in a
slot where the long CP is used matches the timing of the
seventh OFDM symbol that is the last OFDM symbol iIn a
slot where the short CP 1i1s used. With synchronization
signal transmission patterns #1 and #2 shown in FIG. 14,
25 the S-SCH is transmitted only in subframe #1 in each
radio frame and is not transmitted in subframe #5. Since
the P-SCH 1s transmitted at different intervals, the
mobile station can easily detect the boundary between
radio frames and thereby demodulate the S-SCH only in
30 subframe #1. Also, in subframe #1, different OFDM
symbols are used in synchronization signal transmission
patterns #1 and #2 to transmit the P-SCH and the S-SCH.
Therefore, this configuration allows P-SCHs to be



-21- reports a number indicating the P-SCH sequence (P-SCH sequence number) as synchronization
signal sequence information to the synchronization signal generator 2092. The synchronization signal
control unit 2091 also reports numbers indicating the subframes and the slots (subframe numbers and
slot numbers) used to transmit the P-SCH and the S-S€H as synchronization signal transmission timing
information to the synchronization signal generator 2092. 10For example, in the radio communication
system 100subframes and slots used to transmit the P-SCH and the S-SCH are defined as described in

3GPP TO 36.211 VIt @S0bvtes) @l shdfielieric Bnanres £eenpie, matipleaysed 8 pescH
sequences are usedya@ehthedéhsysehemmnzaiian sighfisaee transanite ddn sdibiiamesikk and gubframe #6.

Also in this example R:SCH.i el I le slgt. This
configuration enablegt(?f% }ﬁﬁoéleéét;%%%%%%ﬁrgb&ﬁ%ept{@Ig-téyé?ﬁr% ?;?%%ﬁgcﬁ wanl‘i%erg t&meg;bng GP 20
or the short GP is used. This is bd€ausd e tinfing St theCSRFHOFEMN KYboBat®the IO FDM
symbol in a slotsvhet i eGP issusadsoatibes thedining oé yhsevenhtib®@rdd sysnbolfthat is the

last OFDM symbol ingg slot \gbﬁféq_'theség‘@gn%%é’s ugfe([j&E Intwg]ersv\‘/’ﬂﬁfrgﬁ% g%ggg@]gesséf e first and last

symbols in a subframe where the long IS used and those in a subframe where rt CP is used
are the same. In thisldRRSMSThRdsPakEERES nave b PFISEHSHasn & Althk?s aHe-ceiPiD
information may be [THee redefibédan fads 30odommiuaicafes@ystesed06Ac¥éth thacorrespondence

between P-SCH squgﬂgﬁmgedrﬁ@p‘d cgli équrmpgggﬂggggﬂed H’ém@{go COR uB'@ation

system 1000, the syncChronization signal control unit 2091 of the base --22-- station 200m can determine

a P-SCH sequéfce BESAFAARE KRED & Lell Ahe?s 158 bhsd Rt BBoRHSROVIdEE cH$funications
based on Evolved UDRA thd US&AN. combiAdieioativel§, camiinratiohs ségubframesadd slots used to

transmit the P-SCH @%&?%%ﬁi‘lﬁ’y l%e.g@efi@?gﬁﬁm[qni@mF;gnixhtr%reﬁragéiq\ patterns in

the radio communication system 1000. In FIG. 9, four synchronization signal transmission patterns #1, #2,
#3 and #4 are defin&&.llhsth%%x%ﬁ}@a'm&d' With “the association information,
the synchronization signal control unit 209; of the base

15 station 200, can determine a P-SCH sequence and
subframes and slots used to transmit the P-SCH and the
S-SCH based on the cell ID or the cell 1D group of a
cell where the base station 200, provides communications
based on Evolved UTRA and UTRAN. In this case, the S-SCH

20 does not have to include an information item indicating
which one of synchronization signal transmission
patterns #1 and #2 IS used to transmit the
synchronization signals, i1.e., the P-SCH and the S-SCH.
This 1s because the mobile station can determine which

25 one of synchronization signal transmission patterns #1
and #2 is used to transmit the synchronization signals
based on the time interval between received P-SCHs.

As another exemplary configuration of the
radio communication system 1000, three combinations of

30 subframes and slots used to transmit the P-SCH and the
S-SCH may be predefined as synchronization signal
transmission patterns #1, #2, and #3 as shown In FIG. 16.
In this example, the synchronization signhals are



10 synchronization signals are transmitted at regular intervals in subframe #1 and subframe #6. This
configuration makes it easier for the mobile terminal to obtain an average of multiple frames. Also in this
example, the P-SCH is mapped to the last OFDM symbols of 15 subframes. This configuration enables
the mobile station to demodulate the P-SCH regardleég%‘f whether the long CP or the short CP is used. In
the radiocommunicationsystem 1000 configured as described above, eight combinations of 20 four
P-SCH sequences and two synchronization signal transmission patterns may be defined as shown in FIG.
10. The combination§istee FLEesH ssfudir@slard tHatghyRlbmizAfion Sitpfdiaresiiksigi Patterns may

be associated with celibipsaneceltdD grades suelFilbririas dh ohdhe same cashivatioo of @f&-SCH
sequence and a synchronizati i transmissiqn pattern | jac ' vent ith the
association informatl%r(zrglt,) h% sﬁ%@r?)ﬁ%llag%% ?.&S%‘qu:']’on% %}I{llé;r 1 §ﬁhﬁéﬂﬁs§ﬂggﬁl% m can
determine a P-SCH 4d§@ence an@BbSsAtantd 8 BRESIGE RedGHFraprRAftheP- St erRNMke S-SCH

based on the cedl ID onélae o€ll dyrgrbupof 2aadlbwheigytha basastingsd0dmperevisiasscemmunications
based on Evolved ULRA gﬂa l#‘[ﬁﬁ\gk%éhia fﬁ?grg?ﬁ:_s'SCH -23- may include an information item

indicating which one of 'synchronization signal transmission patterns #1 and #4 is used to transmit the
synchronization signals, i.e., the BISCEHNgnd 1R 50s CRPME ketiaraticty 8k §hleslif@tnoBite station to
determine which onaleksyridiednizabionsignah inaasmissibn pattéons#1 afd #dhisaesedre3crnsmit the
synchronization signalg.based on the information item inalkdedipthe YW ﬂweﬁqﬂgm@g [fefined in
FIG.. 10, P- 10 SCHg%aseﬁ on different combior%{f]ons are transmﬁtedyﬁ%fferent tlmings§ 0 not collide

with each othe®or URBIRERSHt PIREHRR qUERHELECFhuaSusRINR cdibidalidns ddefiné®in FIG. 10
makes it possible to pomETiabEvacteristiiddegradation Pf S8 CHssdGhenarather axampletie the radio

communication syst@prg&%rﬁggtﬁqﬂbir@iigﬂg pf fwaﬁ-sﬁ]qgggﬂpemgmo ,ﬁggchrgélization

signal transmission patterns may be defined as shown in FIG. 11. The combinations of the P-SCH
sequences and the @?ﬁﬂ?dr‘ﬁ?&ﬂoﬁ"!ﬂha?e" IDs or cell ID groups such that use
of the same combination of a P-SCH sequence and a

15 synchronization signal transmission pattern in adjacent
cells 1i1s prevented. With the association information,
the synchronization signal control unit 209; of the base
station 200, can determine a P-SCH sequence and
subframes and slots used to transmit the P-SCH and the

20 S-SCH based on the cell ID or the cell ID group of a
cell where the base station 200, provides communications
based on Evolved UTRA and UTRAN. In this case, the S-SCH
may include an information item indicating which one of
synchronization signal transmission patterns #1, #2, and

25 #3 1s used to transmit the synchronization signals, i.e.,
the P-SCH and the S-SCH. This configuration enables the
mobile station to determine which one of synchronization
signal transmission patterns #1, #2, and #3 is used to
transmit the synchronization signals based on the

30 information item included in the S-SCH.

With the combinations defined in FIG. 17, P-
SCHs based on different combinations are transmitted at
different timings or use different P-SCH sequences. Thus,



20 transmission patterns may be associated with cell IDs or cell ID groups such that use of the same
combination of a P-SCH sequence and a synchronization signal transmission pattern in adjacent cells is
prevented. With the association information, the synchronization 25 signal control unit 2091 of the base
station 200m can determine a P-SCH sequence and sdBframes and slots used to transmit the P-SCH and
the S-SCH based on the cell ID or the cell ID group of a cel:L where the base station 200m provides
communications based on Evolved UTRA and 30 UTRAN. In this case, the S-SCH does not have to
include an informatidtcite® ifdieatrRMRMIaH 6AE opsyriiefdmedtiosig& wrahdmiwdie@s pditerns #2 and
#3 is used to transmijdke ByRehranizationesitnalsar-ac tetrdbed-Sgt ansitthenSSCH -Siss's because

the mobile station can determine )_@icgw I01‘ gxg%rgﬁié%gger}ﬂﬁifgr | trag'lc'tsigqjﬁigpaq:a}téq{nso and #3 is

used to transmit the synchronization signals based on ime al between received P-SCHs. With
the combinations de R, 190PISCHRRA9E] &Y Tlfste AU mbif 28N sCaBR IR at different
timings or use difereyt PsGoftasgdenaes. Blotdisingeiine tombiaaisnstastteflined3oH 1Gnd 1l makes it
possible to prevent aracteristi gradatj - S. ple, jn.the radio
commuhication systﬁ%O?&%ﬁe%o bﬁ%ti%’%%%i‘rﬁ%@-géHs eﬁ%ﬁ%@%dt ree%é%nc#ronization
signal transmission JdifEIRE IRy /e RSFHERIAS stdwrif FIt3 122 the"dorRBinziivhe ot15the-P-ScH
sequences and the sp@chwartiratidri signahfagenatdion patieensyrahibe@ssatinted witneaks|Ds or cell ID

groups such that usedpgthgr%q,{gﬁ gﬁlsfgllaingtéor}%c? %ﬁmﬁﬁgygqge ilﬁ_d Mgpi&ﬁti% aignal

transmission pattern in adjacent ¢ S prevented. e association information, the

synchronizatiohQignaHBENGBEuNit 2091 Gtahe iR statiBAS 0P UHH I 98 a PaKER sdduence and
subframes and slotseseiko tEmsmihineniSid abdrthérsbCtd basdd on the celV b agehe€ell ID group

of a cell where the basq ﬁzi;'\cg] %Q@g_prg\viggs’ c%mmpqﬁg %gvo(g\ied&'glaﬁsand UTRAN.

In this case, the S-SCH does not have to include an information item |nd|cat|n%_which one of
i

synchronization sign@?§8Hsmior3dare iy, #Nehd #5fis WREABPHEARIRE sydd8Rkation
signals, i.e., 30 the REGGisransistherS-SEHtENSSs bédausethe maldle station céld deteeodomewhich one

of synchronizagign sigpgFERBRTISSIPA PRIRMSHACHE AT ABilstSed EhHRNSEHAS T¥aGRNIzation
signals based on theptz!\r{]%el_r%ss_ shown in FIG. 16, OFDM symbols to which the P-
SCH and the S-SCH are to be mapped are arranged within
one slot. On the other hand, in the synchronization
signal transmission patterns shown 1in FIG. 18, OFDM
20 symbols to which the P-SCH and the S-SCH are to be
mapped are arranged across two slots, i1.e., within one
subframe.
In the radio communication system 1000
configured as described above, eight combinations of two
25 P-SCH sequences and four synchronization signal
transmission patterns may be defined as shown in FIG. 19.
The combinations of the P-SCH sequences and the
synchronization signal transmission patterns may be
associated with cell IDs or cell ID groups such that use
30 of the same combination of a P-SCH sequence and a
synchronization signal transmission pattern in adjacent
cells 1s prevented. With the association information,
the synchronization signal control unit 209; of the base



interval between received P-SCHs. With the combinations defined in FIG. 12, even when different
combinations are used, P-SCHs may be transmitted at the same timing in some cases. Still, in other
cases, P-SCHs based on different combinations are transmitted at different timings. Therefore, using the
combinations as defined in FIG.. 12 makes it possible‘?@brevent characteristic degradation of S-SCHSs to
a certain extent. Meanwhile, in FIG.. 12, only three P-SCH sequences are used to define 10 nine
combinations of P-SCH sequences and synchronization signal transmission patterns. Accordingly, using
the combinations as ¥€dikiéann FARE042 nsakes itpESIiBE® reducetheChrocESsing N6&d ofthd mobile
terminal. Alscﬁ, definiggtife ansbinaiionsiashQwe dn E&.%Qamkeﬁ ittHe pessibie tamaoreHiexibly
associate cell IDs or with t ombinatiqns -SC ences nchronization
signal transmission %ﬁ#&ﬁs%ggregxa%plg% o(g'nlyr/8 gopnﬁpii%ti(%n's#&é;%%y #66@#8628\@#98[?{@% be
associated with cellsSRhdreVpRX@nEBR dP2eectekattrRtié ¢fdgrafaNdef SCOUMEEIAERR Gesired.
Combinations #8, #3,4#Se #6o#SEaBdwEIUSATRM thisl cAsRARreppoed ie thasemhtnatigisdafined in FIG.
11 and therefore P- tted at.di t timin ing inat] 2 #3 #5, #6,
#8, 25 and #9 make%%t%%?ﬁs% eaﬁ)g(e}#eit%ve ﬁ gri;av%&t %ﬁar%@:%r?@%tg?g‘ raggt%?l r@l@géﬁsn eanwhile,
all combinations #1-#0 K&y bePli§ed 18if cell SWHEHEXNFaLEPRtic fd¢raa katiort bRESBERRI RMcceptable
to some extent. Thispataermsakeslij easier toBssaeaidte Bcalk IDssedcetiol Digranps itiththe

combinations. s%&{%&&é}é%ﬁogiizé}gigpé’igriqlér_ansgﬂésigg AN 4ES, @ may be

used. instead of synchronization signal transmission patterns #1, #2, -26- and #3, As still another

example,in thel@dio dbHmiFicREse5StetNeodP AR HHtiRalofSBr eSS ediidiides and four
synchronization signahtrandmisgiorhpattdirstmay beidgfak dtasasksowasn diGpagt&ha<otftibjnations of

the P-SCH sequencegs, and.the sypehponizationsigngldrapsgpissiep pagtgrw%ﬁgqqigp?d with cell
' 0

IDs or cell ID groups such that use of the same combination of a P-SCH sequence and a 1
synchronization signaf #3Amid2a5ie Pattiin Hhcadid@nt LBRS 1Al BREESAIH 8RE Bl ciation

information, the syndttdaization signal control unit 2091 of the base station 200m can. determine a

P-SCH sequengs and subframes,gnghsiqisdisgdis fransivh theRShERLNFHhe 15 S-8&H pased on the
cell ID or the cell IDlgroFlg&f a Cﬁ” where_[%f base station_ZOOmgprovides communications based on
TRAN? e

Evolved UTRA and EIihi isc?:'%\sg,' §9§6H%Q§? WRALAELH iffdTmbEBRSRNT cgtfng which
one of synchronizatidi Ekgrgntankmission atteras #dj f#Pergnt P-SCH sequences. Thus,

using the combinations as defined In FIG. 19 makes it
possible to prevent characteristic degradation of S-SCHs.
20 Generally, a communication area provided by
the base station 200, is divided into two or more sub-
areas called sectors. When the base station 200, covers
multiple sectors, the cell ID or the cell ID group may
be used to identify an area including all of the sectors
25 or to identify each of the sectors. When the cell ID or
the cell ID group is used to identify an area including
all sectors of the base station 200,, combinations of
synchronization signal sequences and subframes and slots
used to transmit synchronization signals are defined for
30 each base station 200,. When the cell ID or the cell ID
group 1is used to 1identify each sector of the base
station 200,, combinations of synchronization signal
sequences and subframes and slots used to transmit



20 and #4 is used to transmit the synchronization signals, i.e., the P-SCH and the S-SCH. This
configuration enables the mobile station to determine which one of synchronization signal transmission
patterns #1, #2, #3, and #4 is used to transmit the synchronization signals 25 based on the information
item included in the S-SCH. With the combinations defittd in FIG. 13, even when different combinations
are used, P-SCHs may be transmitted at the same timing in some cases. Still, in other cases, P-SCHs
based on different combinations are 30 transmitted at different timings. Therefore, using the combinations
as defined. in FIG. 13¥Ask&OR ksxkisie 1 penats cRacHeEliteitgfatatieA®T SSsct o certain
extent. Meanwhile, irdGbageoBlivavinR-3066], Sequences are used to define eight combinations of

P-SCH sequences and synchroni&gtio ﬁignaIF;[ isgigg&%&e ns. %%%rdigglg(_, u%ipg _tr{%gombinations
[

as defined in FIG. 13 makes it possible 1o reduce the processing 16ad of the mobile terminal. Also,
defining the combinak®hbossl BHovAEAHETES 3 ke BSt passible 1B nfstesieaily assddidiedeell IDs or cell
ID groups with tBe cambinasionscf HeCHtdenUe(CazA0Y spsatizatorsional asmseon 10

patterns. For examp nly, inations #1, #4, #5, a a igted ywth cel ere
prevention of characﬁnrﬁjicsdgggqgﬁg%on g? S_-Sépé’is h??h?)? %E@ﬁé)g C?ﬁ%%atioﬁ%l, OV(\;S# , and #8
used in this case co&SISiH fo 150 EbRAItAGhs RIefRebtAGSe. 1d BRE 13 Hisdteford PISEKs are
transmitted at differenihéionipgs. ¥dlis, using 8ombimatiG&I#5324, #3udnd #8Tajkesat posaitke to

effectively prevent sequence Frank Shajaderistic degradagion @b S:SCHs Meanwhile, all

R. L
combinations #1-#8 marleqsbe usecffor cells where characteristic degradation 20 of S-SCHs is accepted to

some extent. THs inRUASMakEL G 4ldito 3P ciatd Eef 15s 6P EER IBAB0pL ARSRE i&Sbinations.
In FIG. 9 described dirxive, Tharks SCHafmrthe STREbIrgre trandmittdd #8subfrpames¥a andides,. 25

Alternatively, the P-S_Lgléizgr}d ggeG%]%@,H é’%@é@ﬁé&a nittgd irtguléf(gqlg@s #lcg% #gmgh@§§ase, the

synchronization signals afe transmitted at different intervals. This method enables the mobilé station to

easily detect the bourflaly Betwdetrrabi@ fame Hlal orl BEWahsmidion fteRBts &#4RE P-SCH. Also
in the case where thafR-BCH1& G the SSSCld wré ¢ramspétedtinsubfearheg # € amoll&s arsteary of

subframes #1 gad #GHNGhERNIZAIILBIONSY FANHBFSIRFRREAMSEL, £ dthls suitable

for both (FDD and TDD) modes of E-UTRA); and a pseudo
noise (PN) sequence.

As the S-SCH sequence, any one of the

following sequences may be used: a two-layered S-SCH

20 sequence obtained by multiplying an orthogonal or non-

orthogonal sequence by an orthogonal or non-orthogonal

scrambling sequence (3GPP, R1-070146, S-SCH Sequence

Design); an S-SCH sequence composed of multiple

orthogonal or non-orthogonal sequences arranged

25 alternately in the frequency domain; an S-SCH sequence

obtained by multiplying multiple orthogonal or non-

orthogonal sequences by a non-orthogonal or orthogonal

scrambling sequence (3GPP R1-060042, SCH Structure and

Cell Search Method 1in E-UTRA Downlink); an S-SCH

30 sequence composed of multiple orthogonal or non-

orthogonal sequences arranged iIn consecutive subcarriers

(3GPP  R1-071584, Secondary Synchronization Signal

Design); and an S-SCH sequence composed of multiple



-28- and #4 are defined, combinations of P-SCH sequences and synchronization signal transmission
patterns are defined as shown in any one of FiGs. 10, 11, 12, and 13, and the combinations are
associated with cell IDs or cell ID groups. As another exemplary configuration of the radio
communication system 1000, two combinations of subftmes and slots used to transmit the P-SCH and
the S-SCH may be predefined as synchronization signal 10 transmission patterns #1 and #2 as shown in
FIG. 14. With this configuration, the synchronization signals are transmitted in subframe #1 and subfra=
#5, i.e., at different iRER80NRdref&tE, thi®BopfditegioRahabReARNESDIle atfRMIReashy detect the

boundary 15 betweesgadiriiangs. Alsgwik tiisreonfiguentionutheip1aet is piappad tgmtie-last OFDM
symbol of each defined, slat. Thig in turn ‘?%P mQRj tion.to de late t - regardless
of whether the long C 2}8&(3 S iort0 P i3 use%ﬁ%%lé is%ge%%@éi t tir%r@ %%%g'theggﬁprt'}?g M symbol
that is the last OF DRifsym®bERPEMG vheFeBHERFRPCP KGdeithatches HrlGRTREAIR Seventh

OFDM symbol that is#tpiast ©F DM pyrabelincxsliotavhekectiwysiert CBdgusede YVithrgynehronization
signal transmission Qﬁtﬁrgqﬁaqnd %_g!%%\%@%gl& %X%Eptggss-sglﬁ is t@ffrai'uﬁ%?ﬁ’lﬁﬁg subframe
. itte

#1 in each radio frame andis not transmittéd in subframe ince the P-S is trans at different

intervals, the mobile SRAHSTESS eabily Hatisct the HobRtiaxy SRANEERFadRMFEIMedandthebeby
demodulate the S-SEkorlyde 30 subfraniagl. Alsguénsehfrarae #lo Hifferecb@pviaythslts are used

in synchronization siggabgﬂe%mimipn patterns #1 %:#Z‘@O%%q%mgr{gg%sgm%g Eh,e JCH.

Therefore, this configuration allows P-SCHs to be transmitted at different timings (so as not to collide

with each othe®dn shbf8fe HEREThertBG ke P bossibleRB préfeift thafiiddstit adation of
S-SCHis. In the radisapmemcaic6BORRsy st TR0 fidertad bs dasci$is€d Sbqueneight
combinations of fourg; )sewcgsp}@ds%q@%@ronization signal transmission patterns may be
defined as shown in FIG. 157 The_combinations of the P-SCH sequences and the synchronization signal

transmission patterns may be 10 A¥sociYEF WA VARBOEr cefli®GbupISHERAHY us€BPthe same
combination of a P-SeHessatehca sythalsyochzatiaaorssignal trapgoniseien ipastedn.an atiecent cells is

prevented. Witkj5the§§§gﬁp5i,qpﬂgiqmatio§igp\%fyngy%,ng%@n SHE) ERREPLHNIt 2091 gf{he base 15

station 200m can. determjne a P-SCH se}u_ence and subframes and slots used._to ftransmil the P-SCH

and the S-SCH baset?8 O BT IL H'h d(glpﬁj gr‘c-)ﬁﬁrb?f"é' el Aherb AtShsd RIISIRE86M provides
communications baseeipo Edvda UTRENendsYTRMONInzais oasestgngisGientrol unit

209;. The synchronization signal sequence is either the
P-SCH or the S-SCH.

20 For example, when generating the S-SCH, the
synchronization signal generator 209, may include cell-
speciftic information iIn the S-SCH in a layered manner.
The cell-specific information includes at least one of a
cell ID group, a radio frame timing, and the number of

25 transmitting antennas. Here, the radio communication
system 1000 may be configured to report to the mobile
station a part of layered 1information as prior
information (e.g., neighboring cell information) for a
cell search. For example, the prior information may

30 include a cell ID group, a part of the cell ID group, a
radio frame timing, the number of transmitting antennas,
or any combination of them. The prior information makes
it possible to reduce the number of sequences that the



20 does not have to include an information item indicating which one of synchronization signal
transmission patterns #1 and #2 is used to transmit the synchronization signals, i.e., the P-SCH and the
S-SCH. This is because the mobile station can determine which 25 one of synchronization signal
transmission patterns #1 and #2 is used to transmit th‘g’gynchronization signals based. on the time
interval between received P-SCHs. As ahother exemplary configuration of the radio
commuhicatipn system 1000, three combinations of 30 subframes and slots used to trahsmit the P-SCH
and the S-SCH may Bebiltelefriitd98yndAfonitationedighdl traRsndissksl Jatteaad g - #2rFand #3 as

shown. in FIG. 16. Inreftdgpkample, theegynchypnizggiensignaly anee trapspittied @t sagulay intgrvals in

subframe #1 and supfiame 43 ;s senigyatiannaleel easier 10; frz Inape terpipgldgobtain an
average of multiple frames. Also, transmission timings of BSSCHs based on differen ones of
synchronization signhNtrdh$missRd&terhown, 42 ahk:3 BEonteaiffefsntences Whthe fadio

communication systdamnf¥l) asFdescrivediabogehoire eabintians olitede PreCHIsequEmces and
three synchronization sjgnaj tya ission_10 patter y i inE 7. The
combinations of the g% H ls%q%?ﬁc@i ar‘?l theﬁgﬁrﬁ%zsﬁﬁigﬁa ?a?%%é%‘r‘%ér%@%ay be
associated with cell s 8Pcdif 15 rdaye suek IHatllk O5PiHeSs e Hnisirahen bryer-selikequence
and a 15 synchronizatorgsignpstrgizenesion paitdrh indgeenpselisan pheventiech difthetiy association

information, the sync{yapizatign signaj Gonteel it ZQ}?% plflgwe BAse SfatiopR00m Jetegpine a P-SCH
sequence and subframes and slots used to transmit the P-SCH and the 20 S-SCH based on the ~.0.11 ID

or the cell ID gféup JiRESMIHEIEh&BLEE E5idIAY00R plsRREY thhsHuliRbtidNE bSSEPBH Evolved
UTRA and UTRAN. betihieoase, therS<SG@hphay indiude ealibfortnagoouipemsnaiepting echiels one of

synchronization signg), kRS qiSsiofHRAYRHIEIh #2002 § #dS UBsH iBTaRsTitdhe ypghionization

signals, i.e., the P-SCH and the S-SCH._This configuratign enables the mobile station to determine which

one of synchronizati8 YgnaHt&hsrhiRdih pafe?ig #1 WY #3 setB trafihiethe sYfichronization
signals based on thet3amnsfosrhtiiog ientaroladed i g Sh&GHHbver. With the combinations defined. in

FIG. 17, PSCHgsbased on differepf,compinatiqrs aje trajjspiiisdat qifereritimirgs g yseifferent

P-SCH sequences. Thus, . _ _
g patterns and 6 shifting patterns to transmit downlink

reference signals (see, for example, 3GPP, R1-071641,
Frequency Hopping/Shifting of Downlink Reference Signal
in E-UTRA). For example, information to be transmitted
20 using combinations of 29 sequences and 6 sequences may
be associated with frequency hopping/shifting patterns
of downlink reference signals. With this method, if a
frequency hopping pattern is reported as the prior
information, a Tfirst layer cell 1ID group 1is also
25 reported. Thus, this method makes it possible to
eliminate the step of identifying the first layer cell
ID group.
Also, reporting the number of transmitting
antennas and/or a radio frame timing as neighboring cell
30 information makes it possible to reduce the number of
sequences that have to be detected.
The data modulation unit 209; data-modulates
the synchronization signal sequence generated by the



using the combinations as defined in FIG. 17 makes it possible to prevent characteristic degradation of
S-SCHs. As still another exemplary configuration of the radio communication system 1000, four
combinations of subframes and slots used to transmit the P-SCH and the S-SCH may be predefined as
synchronization signal transmission patterns #1, #2, #§,6a'nd #4 as shown in FIG. 18. With this
configuration, the synchronization signals are transmitted at regular intervals in subframe #1 and 10
subframe #6. Therefore, this configuration makes it easier for the mobile terminal to obtain an average of
Multiple frames. Als@XreurAREEHARIhgS W bCcernasadon HfSent 8REs dheyneRidkilation signal

transmission patternpéiﬂa#ee#B coevé4beegmed budiffro®t. lodhesytshranigatigodigaaldeansmission

patterns shown in FI%/ CGB Pﬂ\%ﬁ’ghbdﬂ glfh th gg&gnd tn?t SCNH aret 2.he flgped are
ot he’other

arranged within one s e sync nlzatlon signal transtfiissio patterns shown in
FIG. 18, OFDM 20 s?ﬁﬁﬁi@ﬁﬂwtﬂé%@e Ii'SQ:errrﬁﬂH%"SyS@H(hﬁe t8e Fedpsek-RAY akhRded across
two slots, i.e., wghin eoevaiiifiane. Mhide radiesommwiipdiersyskn;1000 eapiguredeasnigscribed

above, eight combin t gieﬁw c ti al- ission
patterns may be defl%e%%g)s%h n mﬁzé%q e(glcomﬁlj?ljg'ﬁ)ns5 %%@H%E%nc‘esﬁ grﬁl{ln the
synchronization signfil #8nsthRsi8ADhtEYAS mag s tdsstided With A 18R%br eEFS rdidiss such that
use 30 of the same canbkinalibacdfsyRSTH tequdrcecand endyrrchiniiza®os;signal transmission pattern

in adjacent cells is prevented. Wlhhegt(’lg assqﬂ@tlonmgigfq@tlorh{g% %Hchr%raéatlogflgn%g@trol unit

2091 of the base --32- station 200m can determine a P H sequence and subframes and slots used to

transmit the P-5¢H SRR Be8EH Ba@@&%ﬁ'@l%dc&l'@orﬂféelﬁp‘ﬁ? gt8up bBF a &i-where the base
station 200m provides communic@tiens basad en Etduadb TREOAnd LAdHANe# this céses the S-SCH

does not have to chmpMo%% gg%wd&zﬁlﬁg ydych gn%%ép‘%&p‘r%m sigpaltjansmission

patterns #1, #2, #3, and #4 is used to transmit the sinchronlzatlon signals, i.e., the P-SCH and the

S-SCH. 10 This is bd GRS ARBBIE LR HET dttétmife GHlEN %ﬂguﬁ%ﬁ]crﬁi'ﬂrﬂgl'éﬂ 8@nal
transmission patterng#lt #2083, aantl Apsarselidgdransoriethesynesdnizetionrdignal®®ased on. the

time interval between jpGeiyediResetth unit 110, and an S-SCH detection unit
112.

In the mobile station 100, a multi-carrier
signal received via an antenna is iInput to the basic
waveform correlation wunit 102. The synchronization

20 signal replica generating unit 104 generates a
synchronization signal replica with a predetermined
basic waveform and inputs the generated synchronization
signal replica to the basic waveform correlation unit
102. The basic waveform correlation unit 102 detects the

25 correlation between the received multi-carrier signal
and the synchronization signal replica with the basic
waveform. The code sequence multiplying unit 106
multiplies an output from the basic waveform correlation
unit 102 by a code sequence (or performs sign iInversion

30 on the output). The upper layer code correlation unit
108 detects the correlation between an output from the
code sequence multiplying unit 106 and an upper layer
code. Thus, the mobile station 100 detects the



15With the combinations defined in FIG. 19, P- SCHs based on different combinations are transmitted at
different timings or use different P-SCH sequences. Thus, using the combinations as defined in FIG. 19
makes it possible to prevent characteristic degradation of S-SCHs. 20 Generally, a communication area
. . . .o . _621’7_
provided by the base station 200m is divided into twoot'more subareas called sectors. When the base
station 200m covers multiple sectors, the cell ID or the cell ID group may be used to identify an area
including all of the sectors 25 or to identify each of the sectors. When the cell ID or the cell ID group is
used to identify an afsH FrRhakingallbsliseohB1se staflich Femrhi é@mbinations of synchronization

signal sequences and subframes gl Yetsiveedioteanioi syAshronizatigesigialssare-dafined for 30
each base station ZOHR.iWé'lenan ce(leI IDFp_rStgﬁ ceél 13I ) Aroup is Isis etp id%rgllgg gacdgﬁeclﬂg e01‘ the base
natio izati [

station 200m, combi ns of synchronization signal sequences and subframes and slots used to
transmit synchroniz&@dH Stmbl®are\ddiied f¥heachiditd? vithe Bd8d Beatids 206kected, As the

P-SCH sequencg, amheng-afthe tnllovdng sequantes naydeagsed: auG03SIBOH apiitdfetrero
autocorrelation (CAZAG)sequence u seque ( a1 pPol cogdes with good
periodic correlation ipf\o%}éﬁig%' %E@f%&%ﬁ?ﬁé@eorjﬁolqﬁrﬁﬁﬁm Il}g)?[?éﬁlgggn); a Frank
sequence (R. L. Fra®¥ 8HB S.18 zd&He " Efhsedshift ADIRIse toHRENGH §Bed pEiRdiccofrElation
properties,” IRE Tranie tatorion haoiy, viol 2 168 tee 38 1a382di6 2frarisolay seqgencel (Mhel. E. Golay,

"Complementary Sefies,dRE Tiaps. Inform. T; pggﬂz],gvol. LnRBnRZS87. A’T—@r]e%l); qfioubﬁ] epetitive
Golay complementary 15 sequence (R1-062487, Hierarchical SCH signals suitable for both (FDD and

TDD) modes of &-UF¥AF R BZ58 R noid @By se&ﬁ@nce’?cramb?% th8%5-sEIf sefdSice, any one
of the following sequebatsangy be uted: a two-layeced SaBZH 2@ sequetescobiairied by thdtiplying an

orthogonal or non-orgéngggﬂadﬁpgggpgﬁ hy;am, 2fthogonal or non-orthogonal scrambling sequence (3GPP,
R1.-070146, S-SCH Sequence Design); an S-SCH sequence composed of multiple

orornosequencesarranged 25 altéfhaffe P R He Gy IRFREM; BRSSRSH LeqiaRe 8B&fhed by
multiplying multiple dréHayonal or no

15 A cell search i1s performed based on the P-SCH
and the S-SCH included in a downlink signal. More
specifically, a cell search is performed based on a P-
SCH sequence and S-SCH sequences defined in the radio
communication system 1000 described above. The mobile

20 station 100 detects the P-SCH sequence and the S-SCH
sequences and thereby detects a cell ID or a cell 1ID
group. After detecting the cell 1D, the mobile station
receives broadcast information using a scrambling code
associated with the cell ID and terminates the cell

25 search process. P-SCH sequences and synchronization
signal transmission patterns defined 1iIn the radio
communication system 1000 are described above in
relation to the base station 200, and therefore their
descriptions are omitted here.

30 IT, fTor example, a synchronization signal
transmission pattern is defined in the radio
communication system 1000 as shown in FIG. 8 and P-SCH
sequences are associated with cell 1D information, the



sequences by a non-orthogonal or orthogonal scrambling sequence (3GPP R1-060042, SCH Structure
and Cell Search Method in E-UTRA Downlink); an S-SCH 30 sequence composed of multiple orthogonal
or non-orthogonal sequences arranged in consecutive subcarriers (3GPP R1-071584, Secondary
Synchronization Signal Design); and an S-SCH seque‘r?l@é composed of multiple orthogonal or
non-orthogonal sequences arranged in consecutive subcarriers and multiplied by a non-orthogonal or
orthogonal scrambling sequence. Examples of orthogonal sequences include a Walsh-Hadamard
sequence, a phase-rbigttadbriisedsed) keuatekt antléh of@ERBRENRE- sBleREeNEZahPNS of
non-orthogonal sequemgeadnclud frigdZARdeguancscsuchafuaisel saqeencetpeGalagsequence; a

Golay complementar . olay, "C lementar, ries,« IRE 10, Trans..Inform. Theory,
vol. 7, pp. 82-87, Apﬁ/fe}%%ﬁ%ﬁ ﬁ‘sz‘sﬂlﬁfé%e P@%‘%%? é‘li’ _D%Eqﬁs% gr* %Sé]og%éﬁae%(':e esign.);
and a PN sequence.bY. TormxadfenZatisn bigsalajentrdrmaotogeddigfed B sYAghfonization

signal sequencesbasgdHn the 15 synchronization signal sequence information and the synchronization

signal transmission timing informatj m the sypchronjzati ignal controLynit 2091. The

synchronization signal seque_nce_%%i%k@%%ﬁ%@CH or theegﬁs%j@%?ggﬁmple, W%He%%gepnerating the
S-SCH, the synchrofiz8fsh bRt yeRahisi 2002 Aty fltQide cbl- shaEific iRfodRatiofs 19
layered manner. Thecoelb$pediiiorisfoofiatorsticlusesianeast amel oftheekyb gioop iasadioframe timing,

and the number of 23 i@?i“%ﬁf?@ﬂ??&&%nHﬁ&‘?‘tf@?r@dié’sc%ﬂwicﬂﬁioﬁ RyYSterp 1099 nay be

configured to report
J 10

15
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25

30

to mobi
defined i1n the radio communication system 1000, and the

S-SCH may include an information item indicating which
one of synchronization signal transmission patterns #1
and #4 i1s used to transmit the synchronization signals,
i.e., the P-SCH and the S-SCH. In this case, the S-SCH
detection unit 112 can determine which one of
synchronization signal transmission patterns #1 and #4
is used to transmit the synchronization signals based on
the iInformation i1tem included iIn the S-SCH. With this
configuration, the timing detection unit 110 can
determine a cell ID or a cell 1D group by determining a
P-SCH sequence and a synchronization signal transmission
pattern.

As another example, synchronization signal
transmission patterns as shown in FIG. 9 and eight
combinations of P-SCH sequences and the synchronization
signal transmission patterns as shown in FIG. 11 may be
defined i1n the radio communication system 1000. In this
case, even If the S-SCH does not include an information
item indicating which one of synchronization signal
transmission patterns #2 and #3 1s used to transmit the
synchronization signals, i1.e., the P-SCH and the S-SCH,
the basic waveform correlation unit 102 can determine
which one of synchronization signal transmission

S-SCHin a



station a part of layered information as prior information (e.g., neighboring cell information) for a cell
search. For example, the prior information may 30 include a cell ID group, a part of the cell ID group, a
radio frame timing, the number of transmitting antennas, or any combination of them. The prior
information makes it possible to reduce the number of%%ﬁuences that the mobile station has to detect in
a cell search. For example, a cell ID group may be represented by a combination of sequence indexes of
different sequences. In the example shown in FIG. 20, two sequences with a length of 32 chips (short
codes) are used. In PREEEY NI IBgroupddre dhikquelySdentiféd by ddmbirtdtraNdit29 fitSGayer cell ID
groups and 6 secongiaye cel i R-grpows (2946al1 44 ceidedrogns cendoe idpniifiedh¥sad radio frame

timing and/or the nu%lgﬁlé)&}o Ergggg(i/t ing ngea_lr?s rnr\}nﬁayFRe %ﬁqgmigﬁgﬁgbgﬁaﬁ%%d sgquence. For

example, if a cell ID group'Is reported as the prior info ion, the mo as t6 detect only the
radio frame timing ard tH&'8ufBER S IiamsHidiRg BHeerfRs HRFRYRdRgover cedih LIB, iPKs froposed to
use 29 hopping pattey@bland® shifog pasieretcraismiglownlmkeferenapisigoals 4see, for example,

3GPP, 111'071641’%&%@?%?8@8?9@ ' H’gq Q{Pa%g%ggﬁerggg%@gnal in E-UTRA). For example,

information to be tran using combinations o sequences and 6 Sequences may be
associated with frequency hoppintPshifitgibttern§ A BRlGHink TERTBRES ErgHAS With k8hethod, if a
frequency hopping pettansisitepisted patite phisr irfermstionna first layeé cell9D gnodp isateo 25

reported. Thus, this metAqE MAKGIt BesPRIeIq elmynaicits iRl okidentlyig, fum Prstdgys cell ID
group. ) .. .
10 signal transmission patterns as shown in FIG. 12 may be

defined in the radio communication system 1000. In this

case, even If the S-SCH does not include an information

item indicating which one of synchronization signal

transmission patterns #1, #2, and #3 is used to transmit

15 the synchronization signals, i1.e., the P-SCH and the S-

SCH, the basic waveform correlation unit 102 can

determine which one of synchronization signal

transmission patterns #1, #2, and #3 is used to transmit

the synchronization signals based on the time interval

20 between received P-SCHs. With this configuration, the

timing detection unit 110 can determine a cell ID or a

cell ID group by determining a P-SCH sequence and a
synchronization signal transmission pattern.

As another example, synchronization signal

25 transmission patterns as shown in FIG. 9 and eight

combinations of P-SCH sequences and the synchronization

signal transmission patterns as shown in FIG. 13 may be

defined in the radio communication system 1000, and the

S-SCH may include an information item indicating which

30 one of synchronization signal transmission patterns #1,

#2, #3, and #4 1s used to transmit the synchronization

signals, 1.e., the P-SCH and the S-SCH. In this case,

the S-SCH detection unit 112 can determine which one of



Also, reporting the number of transmitting antennas and/or a radio Frame timing as neighboring cell 30
information makes it possible to reduce the number of sequences that have to be detected. The
data modulation unit 2093 data-modulates the synchronization signal sequence generated by the
synchronization signal generator 2092, and the serial-‘égrallel converting unit 2094 converts the
modulated synchronization signal sequence into Nscii symbols arranged along the frequency axis by
serial-parallel conversion. Then, the multipliers 2095 multiply the Nscii symbols by an amplitude adjusting
sequence value inpuYrtEh K88 batitade abistihgtiimns0d6 aHe oL mitiplietPsyrtBols to the
combining unit 2081anexiahq snakilestation 1GRefEhs € 0-arabagimeni i deadriled wihmaisence to FIG.
2L The mobiiesiation 10q jpelufics A havaavelarm cpliefgtianunhL0g,8 syncignization
signal replica generating unit 104, a code sequence multiplying uni , an upper layer code correlation
unit 108, 15 timing d¥#detiofubt 1990 BhaWHREISCH ddtectiolndnig 1 figtectionn yid kobii€ station 100,
a multi-carrier signaldageivaed téaxapranteana ¢xinput Wwthedvasie wayeidrm ¢orrelgiionginitel02. The
synchronization 20 s(i)%r{aé 'rﬁﬂi'ciq..rgengratilglgsl(gp_it 104 é}%%tesaq‘ayn%rogg'qgﬁpcﬁ%qr}%l{?ﬁnca with a
predetermined basic waveftorm and inputs the generated synchronization signal replica to the basic
waveform_ correlaticH AR LoBramendssid A RA&HR Meorrelation unit 102 detects the 25 correlation
between the received multi-carrieAsigrahanbdhe syrahrohezatiasysighabreitictiwith thsl basit waveform.

The code sequence Hglfyngsq% 1%%%@5 ga ogtt%%yorgr{he.:q%s_ic vﬂ:v%{ﬂ[&n (‘é){&ﬂixtion unit 102

by a code sequence (or performs sign inversion 30 on the output). The upper layer code correlatjon unit

108 detects thé RorrEIfiBA HMERR affoRpEtifoRaREa YRS NEBSn IHPSIHP O 2BEChd an upper
layer code. Thus, thes inpizlk steabosibDdsietecisabeerns as shown in FIG. 15 may be

defined in the radio communication system 1000. In this
case, even if the S-SCH does not include an information
item indicating which one of synchronization signal

15 transmission patterns #1 and #2 i1s used to transmit the
synchronization signals, i.e., the P-SCH and the S-SCH,
the timing detection unit 110 can determine which one of
synchronization signal transmission patterns #1 and #2
is used to transmit the synchronization signals based on

20 the time interval between received P-SCHs. With this
configuration, the timing detection unit 110 can
determine a cell ID or a cell ID group by determining a
P-SCH sequence and a synchronization signal transmission
pattern.

25 As another example, synchronization signal
transmission patterns as shown in FIG. 16 and nine
combinations of P-SCH sequences and the synchronization
signal transmission patterns as shown in FIG. 17 may be
defined in the radio communication system 1000, and the

30 S-SCH may include an information item indicating which
one of synchronization signal transmission patterns #1,
#2, and #3 1is used to transmit the synchronization
signals, i1.e., the P-SCH and the S-SCH. In this case,



correlation between a P-SCH and a replica. The timing detection unit 110 detects a P-SCH timing
and a P-SCH sequence number based on the correlation value. When the P-SCH timing is detected, the
S-SCH detection unit 112 detects an S-SCH using the P-SCH as a reference signal. If, for example, a cell
ID group is reported as prior information, the S-SCH détbction unit 112 detects a radio frame timing and
the number of transmitting antennas. Here, if the 10 synchronization signals are scrambled at the base
station, it is necessaxy to descramble the synchronization signals. An exemplary cell search process is
described below. 15AhIteetel isipgaefhen baskl dd theposdetana tne SVBEHN irNed&fin a

downlink signal. MoreyspsteHisailyaticell sshisis peHasned dsedmiedtveHagquaenceapad S-SCH
sequences defined in the radiq ¢ upication-sys 0 rihe Ve.. ohile 20 station 100
detects the P-SCH s%éui%cg}%%(g?k@ SE%@@L@E%%%%%%J%%Stge%ts% 51-5&%1% %;ra g%:%ell ID group.

After detecting the cEM 3@ elRbBNEatkth AR AsE hfdtatoreGSing'd §Brabiffhg code
associated with the egihtbi gogdenivinatesthe cett pbiseprchipterssiol-SGHiIsequenoes aad
synchronization sign issign rns-defined i ragdio upicatj 00 are
described above in rgé%%ﬂﬁtmﬁe%aggﬁat@n eggOr% z:ler%i (tinezirglfg?céoéﬁgr Qgﬁ?&%@iﬁ _mf%ed here.
30If, for example, a oS aHER <Fy ¥ hsAYESBRPAREAF@ rtARRbrddiBNtIM #ihthtion system
1000 as shown in FligaBtamth P-SCH sequences are associated with cell ID information, the

As still another example, synchronization
10 signal transmission patterns as shown in FIG. 18 and
eight combinations of P-SCH sequences and the
synchronization signal transmission patterns as shown in
FIG. 19 may be defined in the radio communication system
1000. In this case, even i1If the S-SCH does not include
15 an information item indicating which one of
synchronization signal transmission patterns #1, #2, #3,
and #4 i1s used to transmit the synchronization signals,
i.e., the P-SCH and the S-SCH, the timing detection unit
110 can determine which one of synchronization signal
20 transmission patterns #1, #2, #3, and #4 1is used to
transmit the synchronization signals based on the time
interval between received P-SCHs. With this
configuration, the timing detection unit 110 can
determine a cell ID or a cell 1D group by determining a
25 P-SCH sequence and a synchronization signal transmission
pattern.
Next, a synchronization channel transmission
method of this embodiment is described.
The synchronization signal generator 209,
30 selects plural synchronization signal sequences. For
example, the synchronization signal generator 209,
selects two types of sequences, i.e., one from 29 short
codes and one from 6 short codes. Then, the



-38-- timing detection unit 110 determines synchronization channel timings and a P-SCH sequence. Also,
the S-SCH detection unit 112 can detect cell-specific information by, for example, detecting an
information item in the S- SCH. Alternatively,synchronizationsignal transmission patterns as shown in
FIG. 9 and eight combinations of P-SCH sequences and the synchronization signal transmission patterns
as shown in FIG. 10 may be 10 defined in the radio communication system, 1000, and the S-SCH may
include ah informationitem indicating which one of synchronization signal transmission patterns #1 and #4
is used to transmit tHRY S@EBAZAENALIgRARNAE. BRRISEArANd e SIBORIN T Efis dHsEOkhe S-SCH
15 detection unit 117 a0 eifs@moine \wo_Lse opepsy syaghrenizagion sigsiad ransstissinsnpaiarns #1 and

#4 is used to transmj chranization sj based pn the info ion. i inc in the S-SCH.
With this configuratio%é%ﬁéf(#nil’rpgg Ee@ctl%n %1§€aﬁg8 dé%?r%ﬁ'rn%%t cc%mg%ﬁé%%%}éﬂup by
determining a P-SCH$ k8aaéncSaAHans@schrofi2btiore SRRl &anshiiorSyaeron 1 zatiag another
example, synchenizaiignssignatjrassanisaton paterns gsrshewedn Flgr:and dighb Phaoiabinations of
P-SCH sequences a ronizati ig nsmission patterns.as i 11 may be
defined in the radio c%ﬂgi%%nﬁtpongsy?ftieﬁﬁoggpﬁ?thﬁ%cfgsq? g)ve_ gélt%’_e gg%?gq}gje%ﬁgt i]r?clude an
information item indiB&lg Wikicir8hé of ByrehRvzatderddfaced- banshRERIMBARSfhs #7%hd #3 is
used to transmit the sjecimonmationfsignalsi or., ibe B-&GH entkithe S-SCH, the basic waveform

correlation unit 102 cah determinq%ig@geg%&yg&?%z@%ggnalg}@%@ﬁsi%gz also
10 generates a secondary synchronization channel using
another part of the selected synchronization signal
sequences. For example, the synchronization signal
generator 209, generates a secondary synchronization
channel 1indicating a second layer cell 1D group that
15 constitutes the cell 1D group identification information
together with the first layer cell 1D group, and the
secondary synchronization channel is transmitted. Then,
the mobile station detects cell-specific iInformation
based on the prior information and the secondary

20 synchronization channel.

Next, a cell search method 1in the radio
communication system 1000 of this embodiment 1is
described with reference to FIG. 22.

In a first step, the mobile station detects

25 the correlation between a primary synchronization
channel sequence and a received signal and thereby
determines the carrier frequency and the timing of the
primary synchronization channel (S2102, S2104). As a
result, a primary synchronization channel sequence

30 number is determined (S52106). The mobile station may be
configured to also obtain the phase difference of the
signal and perform frequency offset compensation in the
first step.



patterns#2and#3isused totransmitthe synchronization signals based on the time interval between
received P-SCHSs. With this configuration, the timing detection unit 110 can determine a cell ID or a cell ID
group by determining a P-SCH sequence and a synchronization signal transmission pattern. As
another example, synchronization signal transmission 3tterns as shown in FIG. 9 and nine combinations
of P-SCH sequences and the synchronization 10 signal transmission patterns as shown in FIG. 12 may
be defined in the radio communication system 1000. In this case, even if the S-SCH does npt include an
information item indicating which WhEhof chdatastohsighal raRsShissidApattdingl, Adand #3 is

used to transmit 15 tbgraynehraiigaiemsignas, tite, theifaGH Sniciheob bedtitbe hasiemeayeform
correlation unit 102 Q(ﬂ{hdetgﬁr%inedglai pmqrheegf syé]gmg ' ati%n ﬁi&pla%r?? %ﬂon Bﬁ‘gﬁﬁ%ﬁ#l' #2, and
e ase

#3 is used to transmit the synchronization signals base thetime interval 20 between received
P-SCHSs. With this cGFHREESN, IW&BRHing d8RciRPEAR 1 FE->EATRtGRINCIEERIMBNG a1 1D group by
determining a PsSCH seqeeiss bntl a synehtpnizaiion signal dzansiigsionreafirrncs afother example,

synchronization Sign&gg%ﬁ%imﬂﬁﬁ%ﬁ 8novxghghﬁleq._9 aﬁpeei% birga&gpiso%f P-SCH

sequences and the synchronization“signal transmission patterns as shown in . 13 may be defined in
the radio communic&RFEETRERS1080, EX@TFe SLEMIaPRRGdde & inforntRIr REECHEGLing which

30 one of synchronizstiomzlgngl teansrhissivizpatiems élarize E3sandeidcs ussddo fiansihkthe

synchronization signg&é.ﬁdatpﬁ P%E%%@i%ﬁ“dﬂéﬂi‘?&ag‘ dhe _C#I;@%gqq é;nit 112 can

determine which one of -40- sgnchronlzatlon signal transmission patterns 3, and #4 is used to

transmit the syh€hroRbAtiRh $&ndls babkorPHEFGM 2 RBCRRINEAS iRt 3TEEMISHith this
configuration, the timing eletéctibrameit 1THecefdetermitieeaoedinl® dria ced IDyrdapdrymdetedmining a

P-SCH sequence angeg synGiHENIZRYRE RIS JIANEIMTHGN PAUGE e rmined'S aRRINRLEYITPIE,

synchronization signal transmission patterns as shown in FIG. 14 and eight 10 combinations of P-SCH

sequences and the SHEhIOZALFsiFIR S ARERGSsich Faldnd Bs HARR inPee % 5 aytBE defined in
the radio communicatmhlsygiemi L000saTindange sgvem ifahe S 6CH doesnrat Indadeamceformation

item indicating hichygpe fhpynchronization signal

Here, it i1s possible to reduce the number of
candidates of cell-specific information that have to be
detected and iImprove the detection accuracy by reporting
a part or entirety of the cell ID group in advance as
20 prior information to the mobile station. This in turn
makes 1t possible to improve the communication quality.
The prior information may instead include a radio frame

timing or the number of transmitting antennas.
When the base station has multiple
25 transmitting antennas, the Dbase station may be
configured to report the number of transmitting antennas
via the secondary synchronization channel to the mobile
station, and the mobile station may be configured to
determine the number of transmitting antennas (the
30 number of antennas in multiple input multiple output
(MIMO)) 1In a second step (S2112). For example, the
mobile station determines the number of transmitting
antennas used by the base station to transmit a



15 transmission patterns #1 and #2 is used to transmit the synchronization signals, i.e., the P-SCH and
the S-SCH, the timing detection unit 110 can determine which one of synchronization signal transmission
patterns #1 and #2 is used to transmit the synchronization signals based on 20 the time interval between
received P-SCHSs. With this configuration, the timing détéction unit 110 can determine a cell ID or a cell ID
group by determining a P-SCH sequence and a synchronization signal transmission pattern. 25As
another example, synchronization signal transmission patterns as shown in FIG. 16 and nine
combinations of P-SEFPaegasicedandele synchronization signal transmission patterns as shown in FIG.
17 may be defined in the radio corpannicetien vysiEne, Q0 phd thed-hipes maydidudeah

information item indigating, whic e nehronization s missi after 1. #2 and #3is
used to trahsmit the %%réfc ro(%il'za %% s%rfgls??e%é} l&;g%%gﬁhtﬁﬁé Sﬁégﬁ 8 In%%ﬁ%%gsé#t%fl- the timing
detection unit 110 cadetERfinRriRRRYorYSCEihtéALhABN St ehnSRISSDR Paftefties1, #2, and
#3 is used to traRsmildite Byhabonizatiiesighaistbazesh odheiafprmation item included in the S-SCH.

With this configuration, the timing,\ﬁje cti%n FQE ﬂ&%%%ﬂﬁ%%ﬁ’é’i%ﬁ %&Elpeﬂr ?r?@ilinWé’uQ by
determining a P-SCH sequence and a synchronization signal transmission pattern.
base station and a mobile station according to another

embodiment of the present invention is described.
The radio communication system of this

10 embodiment has substantially the same configuration as
that described with reference to FIG. 3. Also,
configurations of the base station and the mobile
station of this embodiment are substantially the same as
those described with reference to FIGs. 6, 7, and 21.

15 As proposed by 3GPP (see, for example, 3GPP TS
36.211 v1.0.0 (2007-03) and 3GPP, R1-071794, Way forward
for stage 2.5 details of SCH), multiple, for example,
three types of Zadoff-Chu sequences are to be used for
the P-SCH and a binary sequence obtained by combining

20 two types of short codes are to be used for the S-SCH.

The P-SCH and the S-SCH are transmitted every
5 ms. In an iInter-base-station synchronous system where
signals from plural cells are synchronized, the mobile
station receives the signals from the cells at the same

25 time. If the cells transmit the same S-SCHs every 5 ms,
interference of the S-SCHs occurs every 5 ms in a given
cell.

In the radio communication system described
with reference to FIG. 3, each of the base stations 2004,

30 200, and 2003, for example, transmits the P-SCH and the
S-SCH using subframes and slots defined 1i1n the
synchronization signal transmission pattern shown iIn FIG.
8. For example, multiple sequences are provided for the



As still another example, synchronization 10signal transmission. patterns as shown in FIG. 18 and eight
combinations of P-SCH secrlences and the synchronization signal transmission patterns as shown in FIG.
19 may be defined in the radio communication. system 1000. In. this case, even if the S-SCH does not
include 15 an information item indicating which one ofé?ﬁchronization signal transmission patterns #1,
#2, #3, and #4 is used to transmit the synchronization signals, i.e., the P-SCH and the S-SCH, the timing
detection unit 110 can determine which one of synchronization signal 20 transmission patterns #1, #2,
#3, and #4 is used t&’traREmitkRe synehibnifatibardigharRtstsdeorRtHeomnhenaktoal kekwEeA received

P-SCHs. With this ceiigueatiatpingstimingridetection uniyhh ean deieiioine asiejhdl er a geé ID group by
determining a 25 P-%?%h%%oitﬁkc& %n\ge?}ay%cf}é%r:_igﬁtio Blpp&h%ran mgﬁ'é)néqﬁglﬁrgm e #6. Next., a
odo ed.

synchronization channel transmission me IS embodiment is descri
Thesynchronizationslghalddifer&dP209250se/s3E PARAI YR rdrffarsinsandiseqlienceX) For
example,the syrghrogtizatisarmignskgeieerator 20Rdreelectsingo typesudaequencesdd.ef nnetfrom 29

short codesandonefrpg@%qhogeﬁdeﬁjﬂbe'rbm? for the S-SCH i1n subframe #1 and
subframe #6.

This is described iIn more detail with

reference to FIG. 23. In the cell 50; (cell #1), a short

10 code with sequence index (sequence number) 1 iIs used as
one of two short codes, i1.e., the TfTirst layer cell 1ID
group and a short code with sequence index 2 is used as
the other one of the two short codes, i.e., the second
layer cell 1D group, for the S-SCH to be transmitted iIn

15 subframe #1 (frame timing #1); and a short code with
sequence index 1 is used as the first layer cell 1D
group and a short code with sequence index 7 is used as
the second layer cell ID group for the S-SCH to be
transmitted in subframe #6 (frame timing #2).

20 Meanwhile, in the cell 50, (cell #2), a short
code with sequence index 1 is used as the fTirst layer
cell ID group and a short code with sequence index 3 1is
used as the second layer cell 1D group for the S-SCH to
be transmitted at frame timing #1; and a short code with

25 sequence index 1 is used as the first layer cell 1D
group and a short code with sequence index 8 is used as
the second layer cell ID group for the S-SCH to be
transmitted at frame timing #2.

IT the same short code is used as the Ffirst

30 layer cell ID group in adjacent cells as described above,
it means that the same sequence is used both iIn radio
frame timing #1 and radio frame timing #2 1iIn the
adjacent cells. Therefore, the maximum probability of



--42- synchronization signal generator 2092 generates prior information to be reported to the mobile
station in advance using a part of the selected synchronization signal sequences. For example, the
synchronization signal generator 2092 generates prior information indicating a first layer cell ID group
constituting a part of cell ID group identification inforrﬁé‘t%n, and the prior information is transmitted. The
synchronization signal generator 2092 also 10 generates a secondary synchronization channel using
another paxt of the selected synchronization signal sequences. For example, the synchronization signal
generator 2092 genéraldd g Keofary sphthrosigdgos ehariiel Hificalifgns semblaydrad! D group
that 15 constitutes thseeelhHs groyp identificatiisinfeavationdagethey withdheifirselipger éattéD group,

and the secondary sga&@rg@iz%tgor%ﬁga@_eé&‘atrqg}%rmittgg. 'Ié égﬁ o(pélhstatﬁﬂ %eet%%e%ell-specific
information based on the prior information and the seconda_ryé Ségec ronizatfon channel. Next, a
cell search method iff td Fadibleofemuiit@tival et 1RbbowF thllerhBodinthtes desddbdePwith

reference to FIG 22dua ditstttiep, 3heanohilaktating dstieets Zootde easerlation betvecefi aprimary
hronizati h . . b tormi )
synchronization c aqr&s}esrqugrﬁe qrﬂ)d_ g}:%%ve%gglq(ag;l%%gg‘gfoﬁ' letesmings %gmrrﬁ{grequency

and the timing of the primary synchxonization channe As a result, a primary
synchxonization chafferfeGsifce /86 thuhertE@icisrnindd @rebeselde 1Bil@sRiton Maydbe
configured to also ohtaisuthe, phasedifideaect dbthe pigoahbid peyformf fretjuencg-cfiSet campensation in
the first step. reqwg%daﬂe determined transmission timing and carrier frequency of the primary
synchronization channel and the determined primary synchronization channel sequence number, the

mobile station &¢9n determine the f8insriRSihAfithg aRBAKE carrer HeduerR§PHERSEEonddly
synchronization chaawngladestnaslbElstatar détEminesha feacie tiotihgibasdd shardellspeedic secondary

synchronization chame&wxgqﬂgncg%dg%%g%comﬁa@yn&péon@i&m ghpnngl £32d.08) Typically, 10

plural (e.g., two) synchronization channels are arranged in each frame. Therefore, the frame timing is

determined after the SRHHERSERN tifInPEYERIMIARY IR ML st IS aLRIffiTesH re]] TD
gxoup based on the adij-apeciiceztbadany. syncheolikagenchafindivaegeygnice kb (811 HHSCH

15 i1n the 10-ms radio frame, a short code sequence number
mapping (permutation) method 1is proposed (see, for
example, 3GPP, R1-072368, Mapping of Short Sequences for
S-SCH). In this method, the iInterference between
adjacent cells 1is taken into account iIn mapping two

20 short codes of S-SCHs to frame timing #1 and frame
timing #2. More specifically, in this method, sequence
numbers of short codes are selected based on cell-
speciftic information including at least one of the cell
ID group, the frame timing, and the number of

25 transmitting antennas to reduce the probability of
collision of short codes between adjacent cells and
thereby to reduce the iInterference in a given cell. For
example, short code sequence numbers are assigned in
advance to each cell ID group such that the maximum

30 probability of collision of S-SCH sequences in the 10-ms
radio frame becomes 1/74. In this case, the number of
transmitting antennas may also be assigned. As
exemplified in FIG. 24, in the cell 50, (cell #2), a



Here, it is possible to reduce the number of candidates of cell-specific information that have to be
detected and improve the detection accuracy by reporting a part or entirety of the cell ID group in advance
as 20 prior information to the mobile station. This in turn_makes it possible to improve the communication
quality. The prior information may instead include a radi6frame timing or the number of transmitting
antennas. Whenthebasestationhasmultiple 25 transmitting antennas, the base station may be configured
to report the number of transmitting antennas via the secondary synchronization channel to the mobile
station, and the mpbi8&¥dtionafay Wa Eonfqeréeneeleldifaie (REAURMES oNBRSKXtIMY ftennas (the

30 number of antennascid nagtipladnE neliidplspoiut JIIMED) Jiinea seaond Stepd82i1)e-or example,
the --44.-- broadcas(%glilzimr]%l. rou Tffﬁ%,th&@ogﬂgagaﬂ@@ deterpines a Efg 4P based.on.the cell ID
group determined in the _secom?stepfén e primary synchronization channel sequence number
determined in the firdtiidpqs#214yith thigxmey cBMRudiEatibr s§afen AndingCsBase station
and a mobile staion gecorsing tasanetier €émadiniayicef the plesent igveoiioniis deagreeahtl he radio

communication syst f this F]FQQQ jme antjally t me:confj jon t described
with reference to Fl(gd.? 3'0l A%éo, qg(ci)n | urﬁ{ug]nsr%%}ﬂ%%%%% st%%c%; ;lr%da t?l!1e rh%bilg%;qgﬁon ﬁfs?ﬁ?g
embodiment are sub&taHtytRe sﬁ’r\#@ as thdse BebEABedA@SreldrdPRESdHIB LS, 7edHED1. 15 As

proposed by 3GPP (gkre, forcxamidler3CHP ¢5Bhi2ibv1.0.0 (2007-03) and 3GPP, R1-071794, Way
forward for stage 2.5 details of SGfiLMyltiple, SRR ﬁow\ggriypqstofiéaqggg‘%wu&pces are to

pl
be used for the P-SCH and a binary sequence obtained by combining 20 two types of short codes are to
be used for thet8-scgglect S-S sequences (short codes) from all possible

combinations even if any one of the cell 1D group, the

frame timing, and the number of transmitting antennas is

reported in advance as neighboring cell information In a

neighboring cell search. Thus, this method increases the

15 workload of the base station. In other words, this

method 1increases the number of candidates of S-SCH
sequences that have to be detected.

For this reason, iIn the base station 200 of

this embodiment, the short code with sequence indexes O-

20 29 used for the first layer cell 1D groups shown in FIG.

20 is divided into two short codes and sequence indexes

0-15 are newly assigned to each of the two short codes

as shown in FIG. 25. The newly assigned sequence indexes

are called fTirst layer cell 1D group indicators. For

25 example, a Walsh-Hadamard sequence may be used as the S-

SCH sequence. In FIG. 25, it is assumed that a Walsh-

Hadamard sequence with sequence indexes 0-31 are divided

into two sequences with sequence indexes 0-15 and 16-31,

and first layer cell ID indicators #1: 0-15 are assigned

30 to each of the two sequences. In this case, the Tirst

layer cell 1D group indicators #1: 0-15 corresponding to

sequence iIndexes 0-15 are used as the TfTirst layer cell

ID groups for the S-SCH to be transmitted in radio frame



The P-SCH and the S-SCH are transmitted every 5 ms. In an inter-base-station synchronous system
where signals from plural cells are synchronized, the mobile station receives the signals from the cells at
the same 25 time. If the cells transmit the same S-SCHSs every 5 ms, interference of the S-SCHs occurs
every 5 ms in a given cell. In the radio commuHiBation system described with reference to FIG. 3,
each of the base stations 2001, 30 2002, and 2003, for example, transmits the P-SCH and the S-SCH
using subframes and slots defined in the synchronization signal transmission pattern shown in FIG. 8. For
example, multiple se§lidheds Ate prAdddorEResuslpecisahd ISCH WiReplasdiatiaisa
combination of two siprt codes, apdithesiydebiezation signaknaie trangeided aeryb ngi subframe

#1 and subframe #6, In this ca S ib ith refegence to FIG. . 2 erﬁﬂgn sedyence (short
code) is used as the %t a\a}gr ﬁ]ﬁDﬂe{gsﬁEp t%%%%e ngiﬁﬂm%%é%g #%Otfn sub%ar%BeH#(?. hisis
described in more dégil Wit rsté HFKRAID [fRABR TN EeN%41), a short 10 code with sequence

index (sequence&number) 1 is used @i lend 9f, two shasi-eodesié ew ilte fisstdayeroeellilPdgsoe and a short
de with i i t ie.,t 11D
code with sequence %é%HS?‘BnanHS égsgl%‘ﬁaari g%%‘ we lshoibc%&ici]gg Qedsle\;pglgéayer ce

group, for the S-SC to be transmitted in 1 rame timing nd a short code with

sequence index 1 is 1R3ER Vet faveP LR IBNtoaB RN hBRASSIRSWith 52 RERCBSHA¥X 7 is used
as the second layer egl$ igigeduptior tkaGSCHt tothe: tranamittdtbintsubdewe #6TFramedinding #2).

20Meanwhile, in the gell § g:egg&%%égori 5Qde Juth ¢ uggﬁéad%%&qls%%pﬁec@rf layer cell ID

it
group and a short code with sequence Index 3 is used as the second laver cell ID group for the S-SCH to

be transmitted 19 fratfe trdYRL; N9 ASHRT Sode With 2558004 Ree itiex' ks0sE@LRMAEirst layer cell
ID group and a shortseupenitd seayiebee usdtek ss kbed 8s 30l seequetener cill IBIgroupsqr the S-SCH

to be transmitted at ffgmeiming#204  that a Walsh-Hadamard sequence with

sequence iIndexes 0-31 are divided into two sequences

with sequence indexes 0-15 and 16-31, and second layer

15 cell ID indicators #2: 0-15 are assigned to each of the

two sequences. In this case, the second layer cell ID

group indicators #2: 0-15 corresponding to sequence

indexes 0-15 are used as the second layer cell ID groups

for the S-SCH to be transmitted in radio frame timing #1,

20 and the second layer cell ID group indicators #2: 0-15

corresponding to sequence indexes 16-31 are used as the

second layer cell |ID groups for the S-SCH to be

transmitted in radio frame timing #2. Although sequence

indexes 0-31 are used to indicate short codes

25 representing the first layer cell 1D groups and the

second layer cell ID groups in the above example, the

number of sequence indexes is not limited to 32. For

example, to represent about 170 cell 1ID groups, 16

sequence iIndexes for the first layer cell ID groups and

30 11 sequence indexes for the second layer cell 1D groups
are necessary (16 x 11 = 176).

In FIG. 25, cell ID groups are identified by

combinations of the first layer cell 1D group indicators



If the same short code is used as the first 30 layer cell ID group in adjacent cells as described above, it
means that the same sequence is used both in radio frame timing #1 and radio frame timing #2 in the
adjacent cells. Therefore, the maximum probability of -46- collision of S-SCH sequences in the 10-ms
radio frame becomes 1/2. In this case, due to the interftfence caused by the S-SCH from an adjacent
cell, it becomes difficult for the mobile station 100 in a given cell to detect the S-SCH with the short code
used for the first laver cell ID group and to detect the S-SCH with the short code used for the second layer
cell ID group. As a résulgide Heee@RPONGbEAVRY of e SISCerRURdiipddcators #2. For

10ASdescribedabove,arifliidsequencesel adjppenigiel|spcollide withgach ath@s Hghopticodgs with the

same sequence nu ed for the S- nges. T t collision =S guences of
adjacent cells, i.e., ggjﬁ?éri?gﬁ%%? m%oéoﬁ%ilégﬂlgﬁs s|5r?str‘lsle %gﬁi\ge%&%féﬁ?g?&%hgr lE::egge sequence
number mapping (petbhuitonPetisd Ereboday &leeCrk lexdhpW, B3P A NHLAYOBE3 Alapping of
Short Sequences forafdSGHEHOtRisScneth @), thediterieranpy betweer  adiacese celigl isltaken into

account in mapping g g0 §Bor ?,%qj%s o{ﬁ%‘# Sﬁ% fr%e tigmg #l acqacwani]B ti?;%qj 2. More

specifically, in this method, sequence numbers of short codes are selected based 6n cell-specific
information includingf&t18&st BHRIAGh& Eell 1D gloGH ERE KRS Pimiflg, GRBPtheathABerdF 28 transmitting
antennas to reduce tsieqprobability ¢f;goliisticaftshbrbgodesbeifeeheadfdeast cklyanddbémeby to

reduce the interferenge i%%giye@ﬁ:&tlfﬂoep@rgﬂe%a récgtp]% F?iq%%%e SngJSnc?l—Tﬁ @ﬁ@&SWed advance

to each cell IDEqroup such that the maximum 30 probability of collision_ of S- sequences’in the 10-ms
radio frame be

Ome81%4 A RRECREWRE nldvsdr Galdnshhit® AgUhtdRRAS RN Sisbde A8&igned. As
exemplified in FIG. 2domb imatalbbe24cell d2feamiliied such that the cell 1D groups

identified by {Sia, S} and {Sip, S} do not collide with
each other. A cell search process can be simplified by
reporting prior information including the radio frame
15 timing or the number of transmitting antennas of a
target cell. For example, if timing #1 is reported in
advance as the prior information, the S-SCH is detected
based on the combination of timing #2 and the number of
transmitting antennas. In this case, the S-SCH is
20 identified from 16 x 32 combinations.

Also, to reduce the interference between
adjacent cells, cell ID group indicators used iIn radio
frame timings #1 and #2 in a fTirst cell are determined
such that at most only one of the first layer cell 1D

25 group indicators #1 and the second layer cell ID group
indicators #2 matches the corresponding indicator used
in a second cell. Also, to reduce the probability of
collision between the Ffirst Ilayer cell ID group
indicators #1 and the second Ulayer cell 1D group

30 indicators #2 used in adjacent cells, i1t is preferable
to select sequences (short codes) such that the Tirst
layer cell ID group indicators #1 and the second layer
cell ID group indicators #2 for the adjacent cells



short code with sequence index (sequence number) 4 is used as one of two short codes, i.e., the first
layer cell ID group, for the S-SCH to be transmitted at frame timing #2. With this method, even if the same
short code is used as the first layer cell ID group in adjacent cells, different sequences are used in radio
frame timing #2. Thus, this method makes it possible B%duce the probability of collision. With this
method, however, it is necessary to 10 select S-SCH sequences (short codes) from all possible
combinations even if any one of the cell ID group, the frame timing, and the number of trahsmiLLing
ahtennas is reporteddfGRRRned BEatEgkboriry cetpipfithfationin Zhrigk®blind telpséaréheThus, this

method increases theglil werkloagof the hasefation <n ethessnsds, tkisonetheddeereasasmthe number

of candidates of S-Sgrr%ﬁe%qir;%ei ;g%h?\ﬁ,gtbci é?ctg& I 0! %o@%ﬁ iscirﬁgi%% i&r@eﬁaase station

200 of this embodim he's e with sequence indexes uSed for irst layer cell ID

groups shown in FIG iLhRideaeeRctwdaydk c684d add scafiee Hidkeda (RIS afe2nedlly assigned
to each of the tv® sheirhgadessas ahawrtie FiG.r2t Theyeewlyelbignedpesuengeadidexesare called first

layer cell ID group ir;;g'ica}gg.ré. %ﬂgZ%ﬁég%@@%@%};ﬂfgi;@aéglg%g\lljmﬂaei EAF%PE g&gd 28 the SSCH

sequence. In FIG. 25, it is assumed that | guenc sequence indexes 0-31 are
divided into two seqUditEwith #équeREERItRxes Dl fF erets-31 FARA first®RT celldBRBicators #1:
0-15 are assigned 30 lxernchivkd ywo I¢gLenceH datbisscasaytheoi st dayesroa hiédgreuimdicators #1.:

0-15 corresponding ten%lq_q%pqﬁdggeégﬁ g-llo?;r%re%l.ﬁeﬂ.@s E%ﬁ m cﬂl IQ FPHRE f%fe‘i“li 5S-SCH to

be transmitted in radio frame -48- timing d the first layer cell ID group indicators #1: O-

corresponding 19 se QRGRER IS 1928¢ akSustB%s B FiREAEHEE 1DSHBEREIST tHE SESCH to be

transmitted in radio fsamertimicgiA2. Similarly, a short code with sequence indexes 0-31 used for

the second layer cell ID groups isﬂgidg@,}{gg ,twlqisg}jpﬁ_ggde§%ieaé@ﬁlgpd@dq}ﬁ§p-lz%grle newly

assigned to each of the two short codes. The newly assigned séquence indexes are called second layer

cell 10 ID group indiGbR HEISSafn e SE W AEAYFAFEM AHINEE ue PIERSS u8i aS 1RES-SCH
sequence. In FIG. 25i9e astametithatsa Walshitadafmaidseqaadce with se§u&ate indares 0-31 are

divided into twq seq WHiE S2EHSACS iR e St P vsRid 4 Podl ANl RSO YET dp Gglk/D indicators
#2: 0-15 are assigned to each of thetbwo sectLences. In this case, the s(&ecopr&g Izyerfﬁll IB %roup
indicators #2: 0-15 cBft gpdr’?diﬁgfto gqlfé?w ilfex@5WiR 5 Afe Bséef gt §&¢on I%y Fe&l 1D groups

for the S-SCH to be statimiiteddACadipfraumdasnirgpstbunications based on Evolved
UTRA and UTRAN, and inputs the synchronization signal
sequence information and the synchronization signal
20 transmission timing information to the synchronization
signal generator 209,.

The synchronization signal generator 209,
generates a synchronization signal sequence based on the
synchronization signal sequence information and the

25 synchronization signal transmission timing information
reported from the synchronization signal control unit
209;. The synchronization signal sequence is either the
P-SCH or the S-SCH.

For example, when generating the S-SCH, the

30 synchronization signal generator 209, includes
predetermined layered sequences in the S-SCH. Here, the
radio communication system 1000 may be configured to
report to the mobile station a part of the Ilayered



20 and the second layer cell ID group indicators #2: 0-15 corresponding to sequence indexes 16-31 are
used as the second layer cell ID groups for the S-SCH to be transmitted in radio frame timing #2.
Although sequence indexes 0-31 are used to indicate short codes 25 representing the first layer cell ID
groups and the second layer cell ID groups in the abo'\;_éléxample, the number of sequence indexes is npt
limited to 32. For example, to represent ab 0 U t 110 cell. ID groups, 16 sequence indexes for the first
layer cell ID groups and 3011 sequence indexes for the second layer cell TD groups axe necessary (16 x
11 = 176). InFaGUemRcesll i gRubevard identitRbioy cdfbhations bgthofilsidayee k&Il ID group
indicators --49.-- #1 piEbiReaREEHY layriaceli D arode indicesencct. Frb examalep Pecell thegroup at
frame timing #1 is identifi g io g d ipdicat one.o irstlayer cell ID
group indicators #1 §r?§ gfh%ﬁ?c% e gb?édriﬂ;a eﬁ %%/?oﬁncgé)o th%eg;!ei:_:oﬁll %%/é)?{géll ?Dggr‘]fgp ?rifdicators #2,
and a cell ID group dant€ lihidd#2 @ kRntifled BY EocohhBifatidA B Adhokh€oda SheihdREted by one

of the first layer sell & graufi teicrforsvtbands, shart cotle Thinsicrateddyy rongemhtheasond layer
cell ID group indicat T erﬁ; determjned- t I o] identified by
{Sla! 32} and {Sib, 3 }F 0 noﬂﬁﬁi?(ﬁ with ’g;}?ﬁ@{)%ﬁeﬁt%rggﬁ? ségLric_(:%: g%gclé%%%ga% t?e%ir#&i@%%ﬁ)y reporting
prior information inclB8ingRAeeReRsfrARrtL I hmiIM B e BEABE?Of BaRskRtAE EREEN T4 6f a target
cell. For example, if tenlrlg éas cepoited ieadviples asthelpoion irformmagon 2the 3-SEellis betected

based on the combi lSh ofit'gni'r@p%gglqggg q}gzlgsr ?(Ngadggag 'H%.é‘é‘t%ﬂ'ﬁ?-én %I&ia@ge the S-SCH

is 20identified from To x 32 combinations. 0, to reduce the interference between adjacent cells,

cell ID group intHcatd@NERY Pfradfo frAmhd dihingPx1 Arcea NS Firdt CAVAROd&eRFIEISEeh that at
most only one of the Feagltlyerodell3D 2indroupedditaiosntl eatiehd sestind lyer cel IO gidup indicators

#2 matches the corr%w)qugnq 'gwqi'q@tpaé@egirjlg@ %ﬁﬁ?'@e&ﬂér@ég’ toHEedkies itggﬁgpga_gili%of collision

between the first layér cell ID group indicators #1 and the second layer cell ID group 30 indicators #2

used in adjacent cel@V is BRSEPARE 10\ R 1e 82 uHce s 2P ortEte SEARFHET the AP 1afer cell ID
group indicators #1 aed|tlenseconhdhayameelldD sgqupnodicdterg#h farfthéadjacdntucaid to

15 represent second layer cell 1D groups 1is divided into
two sequences and indicators 0-15 are assigned to each
of the two sequences. In this case, the synchronization
signal control wunit 209; determines synchronization
signal sequences such that at most only one of the first

20 layer cell 1D group indicator #1 and the second layer
cell ID group indicator #2 at timing #1 and the first
layer cell ID group indicator #1 and the second layer
cell 1D group indicator #2 at timing #2 matches the
corresponding indicator used in an adjacent cell.

25 A radio frame timing may be transmitted for
the first layer cell 1D group indicator #1 (sequence 1)
and the number of transmitting antennas may be
transmitted for the second layer cell 1D group indicator
#2 (sequence 2). Alternatively, the radio frame timing

30 may be transmitted for the sequence 2 and the number of
transmitting antennas may be transmitted for the
sequence 1. For example, if timing #1 1iIs reported as
prior information to the mobile station, the mobile



become different. For example, in the cell #1 and the cell #2, it is preferable to select short codes such
that all of the first layer cell ID group indicators #1 and the second layer cell ID group indicators #2 at
timing #1 and the first layer cell ID group indicators #1 and the second layer cell ID group indicators #2 at
timing #2 become different from each other. Alternativég,'the indicators may be determined such that at
most only one of the indicators in a first cell 10 becomes the same as the corresponding- indicator in a
second ceii. The synchronization signal control unit 2091 determines a P-SCH sequence number,
subframes and slotst&tIRtrditthedPISCH &id theassscrndnd avesyriedtdni BticH Sighal

transmission timingsibpaeRsheo ihescell 4 orie egll 1P10rewel ofa ceilneherg e basse$tptiqm200m
provides communicaﬁi%\a a%%% on I.:t\éqlve 1UT£% aréd %138&% aligi utscgﬁsy%hrﬁrijéﬁgon signal
0 ior to the

sequence information and the synchronization signal ransmission timing informatio
synchronization signbNg&Rakasr #89at timinph&3ynchronization signal generator 2092 generates a
synchronizationsignal sequence hase¢tdimidie syrchroaizationsgignal sequyact mdarmatiorifind the 25

synchronization Signﬂé?@ﬂﬁ@ﬁ% n (t'igliqg i’rﬁf%%geiaﬁpgnﬁégw é?%]@ggggmzﬁtgm&jg@al control

unit 2091. The synchronization signal sequence is either the or example, when
generating the S-SCIP t8& @dPoyrithfE@P8tidA Bl gRRerdioe 209PRREIuaES BreashhliéW ayered
sequences in the S-G@tértere, the radpperamuniaalivs systesi HDO0tvayi Hercoinfigurad tereport to the
mobile station a partégﬁhes@éfg[ﬁg:émf%gugncieégéepriolgwggpat@p (g.gsdmeigalmg]gcggl
information) used in a cell search. For example, the prior information may include a cell ID group, a part of

the cell ID grod? a rAaRFHafB titlifg, TREAUHSer bttty SReAn TR HRESbiIRGHON of them.
The prior informationtimekelsyit possibledacedutieahemonbses Dhgeglmadesothatthe moblié Btation has to
detect in a cell searchEpt gxample, as shown in FIG.. 25, a cell ID group is represented using two
sequences with a sequence 10 length of 32. In FIG. 25, a sequence 1 haAring_a sequence length of 32

and used to indicate first layer ceft FEPgroli§ Lo dSRBAIMENd BRkES artinBie S’ R R 15 are
assigned to each of the twoapquenayeseand aisdouercei? havirkpk segluencetiengttactdlrand used to

15 permutations and thereby to randomize the interference
from an adjacent cell when the adjacent cell and a cell
of the base station use the same S-SCH sequence. This in
turn makes 1t possible to improve the detection
probability of the S-SCH and to improve the cell search

20 time characteristic. In other words, the above
embodiment makes it possible to reduce cell search time.
For example, with the above embodiment, 1t is possible
to reduce the number of candidates of S-SCH sequences
that have to be detected In a neighboring cell search by

25 reporting neighboring cell information in advance to the
user equipment. This 1iIn turn makes it possible to
improve the accuracy of detecting the S-SCH and to
improve the cell search time characteristic.

Also, the above embodiment makes i1t possible

30 to reduce the number of candidates of S-SCH sequences
that have to be detected by providing the user equipment
with prior information. This iIn turn makes it possible
to simplify a cell search method.



15 represent second layer cell ID groups is divided into two sequences and indicators 0-15 are assigned
to each of the two sequences. In this case, the synchronization signal control unit 2091 determines
synchronization signal sequences such that at most only one of the first 20 layer cell ID group indicator #1
and the second layer cell ID group indicator #2 at timirg~#1 and the first layer cell ID group indicator #1
and the second layer cell ID group indicator #2 at timing #2 matches the corresponding indicator used in
an adjacent cell. 25 A radio frame timing may be transmitted for the first layer cell ID group indicator #1
(sequence 1) and the number of thandhiengabesHieNthayase gaASMItEY fokGhe Fecohd@fer cell ID
group indicator Z#Zh(smy@ﬁca:%)l Altgmativelyipdie saeio fagiiatieg 3&13’?3/ besalsmtagdor the
sequ.ence 2 and the 0 smitt ntenn et it r the_se C For
example, if timing #1%%5) %’téd%%ap:?o%n o@mf&ﬁor%gg ﬁolbf??e @ﬁ@rg t%(gg;no 5 g) L{: E‘E gﬂ%tion has to
detect only a secondMbyBr cBHTB&raupAfidiceeng? EEMIAg ANARARARH st |AIRIRERND gt indicator
#1 and a second laygapeli Hg granpthditato( #2eat timingi#@. Aedgording tethehbdrgemigodiorent,if
neighboring cell info ion | di 0 acell r imi n t{é)e ber of
transmitting antenna%%girj(é%%% , ijte%%sig‘lﬁgté ig%er‘%ﬁlé)naqn%@%ﬁfésqér@ﬁgggm% @6\ sé!:gr?umber of
S-SCH sequences 18 RBIGY 8% EhoretdRSghhERsy S8FRTEmIaNST afg HertBy Y RMRR e the
processing load of trermobiestatiored withAlsadie dhameentbodimentana ealnbessiblef

tomapsysteminformaé' @lﬁi ﬁ'ggj?gcaﬂ%m%%geg’gu?g%ﬁ anql tp?@_pyzt@_raﬂgor@g&r'hpoigée:erence

from an adjacent cell when t cent cell and a cell of the base station use the same S-S

sequence. Thidth uAPM4kes if fosdible RBORTHBYE thd YetdCRIPYRbabIRY R E26¥H Sfid to improve
the cell search 20 tinde tbatactgristice INStEEHW b s dbetaiyavege nthedipe ninoiekesdhposaitale to reduce
cell search time. For@@niglgepg@ W&;ﬁﬁ‘?}ﬁ? gpogiment, it is possible to reduce the number of
candidates of S-SCH sequences that have to be detected in_a neighboring cell search by 25 reporting

neighboring cell information in adidfice t6%he tRer @quiiiA¥ARrhid I WSHrALARY it FOEBR 0 improve
the accuracy of detevtrddde $ECiHeairdne mmpgove-1hEitelbseamncine chaxaEsisti?6, a

15 first short code arranged along the vertical axis
indicates sequence indexes of a first one of two short
codes with a sequence length of 31 used for S-SCH
sequences; and a second short code arranged along the
horizontal axis indicates sequence indexes of a second

20 one of the two short codes. In this example, each of the
first short code and the second short code has 31
sequence 1iIndexes. However, as described above, the
number of sequence indexes assigned to each of the first
short code and the second short code may be limited as

25 needed.

As shown in FIG. 26, a sequence index of the
first short code used at (frame) timing #1 is selected
from a first numerical range (0-13); and a sequence
index of the second short code used at timing #1 1is

30 selected from a second numerical range (23-30).
Meanwhile, a sequence index of the first short code used
at timing #2 that is 5 ms after timing #1 is selected
from the second numerical range (23-30); and a sequence



Also, the above embodiment makes it possible 30 to reduce the number of candidates of S-SCH
sequences that have to be detected by providimj the user equipment with prior information. This in tuxn
makes it possible to simplify a cell search method. In this embodiment, as shown in FIG. 25, first
layer cell ID groups are associated with radio frame tiﬁ%gs, and second layer cell ID groups are
associated with numbers of transmitting antennas. However, the napping method (the method or
determining S-SCH sequences) taking into account the permutations may also be employed in a case
where second layer ¢89ex g@lipdafe Hreete SR Fadi®fRMESHHINGS arfd RliRtbefof IRNsmitting
antennas as shown isciléo 21 A-gesaiied Lpabavendrs oBsiia de inprawthe accuracy of detecting

the S-SCH by combinimj the perr‘g%tfléigja%@d t éag%eed magg%g;é%%.ﬁbe u@@- Zggs a drawing

illustrating another method of determining S=SCH sequences. In € rst short code arranged
along the vertical axi§iifdR3geFdedithcedndeess Siffirdieie SfnRIdIsaH c6aB99sthmRKBguence
length of 31 uses fori%-Sedd senuenaes; apdwceecend shorkadeofravgedidlang sheolforgesntal axis

indicates sequence LFS%SSS%F‘B S§§88Hc?0§ﬂ%?9f %ad%o j%o%g()@%%ﬂ@ﬁ@}? ?éidgr%i%ggg of the first

short code and the se hort code has 31 sequence indexes. However, as above, the
number of sequencetieRed ksd1§5ed fd @adi? of BfUGRt Th6it EdAE aREEEESREYNd ShortRBde may be
limited as 25neededsearch . AxdmovmintRlGtEbsa sequence indexsoidthe fisst shasecpdmased at

(frame) timing #1 is gq.lagggd frgm g ficst qﬁmggcagmg@ (Q:43% arhd]sa Degndex pf t Q second
e

short code used at timing #1 is 30 selected from a second numerical range (23-30). Meanwhile, a
sequence indeX®f tRPHZE RASIQREISIT APEmING 2 thS: REFHRNSRe M iRy A% i4'SBRCBYd from the

second numerical range {88-3€); and a sequence -54- index of the second short code used at timing #2
is selected from the first numericgijange49-139s a drawing illustrating another

method of determining S-SCH sequences. In the example

shown i1n FIG. 27, sequence indexes of the first and

15 second short codes are selected from the same numerical
range (0-30). For descriptive purposes, a sequence index
of the Tfirst short code is iIndicated by “m” and a
sequence iIndex of the second short code is indicated by
“n”. In FIG. 27, a combination of sequence indexes m and

20 n is selected to satisfy m-n=A or n-m=A. Here, m and
n are integers between 0 and 30, and A 1is an integer
less than or equal to 29. With this method, sequence
indexes are selected from a numerical range wider than
that in the method shown in FIG. 26. In other words,

25 this method increases the flexibility in selecting a
combination of codes used for the secondary
synchronization channel. Accordingly, this method 1is
preferable to prevent collision of codes as shown in FIG.
23.

30 FIG. 28 1s a drawing 1illustrating another
method of determining S-SCH sequences. Also 1iIn this
method, sequence indexes of the Tfirst and second short
codes are selected from the same numerical range (0-30).



Selecting sequence indexes to be used at timings #1 and #2 from different numerical ranges makes it
possible to reduce the number of candidates of the first and second short codes to be searched and
thereby makes it possible to reduce the time necessaréfor the search. Also with this method, as soon as
a sequence index of the first short code is detected, it 510 possible to determine that the sequence index
is used at timing #1. FIG. 27 is a drawing illustrating anpther method of determining S-SCH
sequences. In the example shown in FIG. 27, sequence indexes of the first and 15 second short codes
are selected from thél@4ehumepicalifembe (0UdE). For gesetipti/e fkposéd, d Sedieddrdiex of the
first short code is indigated by "fetddda SEgUenss ingdephebithesaponacehorhaede & igglicated by "n”. In
F! 1G. 27, a combingti f sequence indexe d 20,nis ct isfy m-ri’ . Here, m
and n are integers b?thv?/%éen g#d %8(:&;;? A%@ﬁ&é’&%séﬁﬁaq %% (ia%égfgt%o 2%1.1 W?t#tﬁl%%ethod,
sequence indexes afPSSRERFHEM i diiealFange GARE fiddl #iat IS tHO T &BBESRER¢h in PIG. 26. In

other words, 25%his method increasgs fheflexiphibdintselectiwgha sombinaiibhadfigodescugactfor the
secondary synchroni g?g%i@pnﬁ %%%olr?i%étgisi@e %(USi reec]erable to prevent collision of codes as
IG. 28'is a dra I )

shown in FIG. 23. 30 wing illustrating another method of determining S-SCH sequences.
Also in this method, sequence indehes offie St aRdsbtdhd ddort Edbes a8 seldtledFHhe same
numerical range (0-3f)nFHHowewdi nessinplsederatasiyowy e iiGn 2Z4s poovidadnndtis ngsthod. In this

method, sequence i% ofthe figst (?Pgr?&ﬁil[l@e%mf{&o arg sglecied jp@rigys ngagpers such that

the same combination Is ot generate Next, a method that can more reliably prevent collision of

short codes is 48scribb8INIS #X@Nd e Sfirfidr RARRSEHE Rt Ve c8Rflyiratiod8 of Lecondary
synchronization cha@3sls ¢ho 5€Hedebatransmitiethtetheyseuddvdcs asframes 1 and 2.

Meanwhile, in FIG. 29, short codes are indicated by
symbols such as M; and M,. The secondary synchronization
channel (S-SCH) to be transmitted at frame timing #1
15 from the cell #1 i1s composed of M; and M;xSC;, and the
secondary synchronization channel (S-SCH) to be
transmitted at frame timing #1 from the cell #2 is
composed of M; and M3xSC;. This method is the same as
that shown in FIG. 23 in that M; and M, are used by the
20 cell #1 and M; and M3 are used by the cell #2. However,
this method is different from that shown in FIG. 23 in
that a scrambling code SC; is used for the short codes

#2.
FIG. 30 shows the correspondence between short
25 codes M; and scrambling codes SC;j. The short codes M;
correspond to the sequences P; shown in FIG. 1 and are
made of, for example, M sequences with a code length of
31. The secondary synchronization channel 1is, for
example, a code with a code length of 62 and composed of
30 a pair of short codes. The scrambling codes SC;
associated with the short codes M; may be any types of
codes as long as the short codes M; can be converted
into different codes when multiplied by the scrambling



10 timings #1 and #2 from adjacent cells #1 and #2. In FIG. 23, short codes are indicated by numbers
such as 1 and 2. Meanwhile, in FIG. 29, short codesare indicated by symbols such as Ml and M2. The
secondary synchronization channel (S-SCH) to be transmitted at frame timing #1 15from the cell #1 is
comippsed of M1 and M2xSC1, and the secondary sy‘%‘ronization chanhel (S-SCH) to be transmitted at
frame timing #1 from the cell #2 is composed of Ml and M3xSC1. This method is the same as that shown
in FIG. 23 in that Mi and M2 are used by the 20 cell #1 and Ml and M3 are used by the cell #2. However,
this method is differetRdRsm Hat-sHowh A b inMh&esgeressiingiddtess Criteusten@kihe short

codes #2. FIG. 30 shomvg thenagrreepaseencs behrees BAaB Kingodesid astl scrambling codes SCi. The
short codes M; correspond to the sgq gnces Pg%%wpgﬂ ﬂgtijog d em de# f, &ro%]arri%le, M
. Th % a (?n (ﬁanng i 1

sequences with a code length of e secondary synchronization s, for example, a code with
a code length of 62 d&l®ecoriBosckhsf L PRfIEdHshanSHe) iFRdGamBIIAG tBle L 8@ ociated with
the short codes $1i may be anydyged eteddesas ung asdhe shorticodasniddseah be convarigd into

different codes Whel‘M%g?!iegﬂ Qé(rmﬁ ﬁé%mgﬂggsgggbﬁagﬁ/ Sﬁﬁg{mg i%s (F]lé‘?')[ﬁceels, with a code

length of 31 may be used as the scrambling cod ame (synchronization) timing #1
shown in FIG. 29, théXeeoRdarlfsyPehbrifsiohtdieshnbr 08-s68) ©d trdsshitte8IRRAIRE cell #1 is
composed of Mi andd#i2XEC landeamnnBide, the seadridancagechrarvziaisonvghanset (SisChihto be

transmitted from the&gil i#g ﬁlccgﬂao%d 83 M]I q]gde%sg%c“ﬂ gfgﬁ&pse, codes Nh used in the cells #1
l ) N

and #2 collide with each other. 10At frame (synchronization t|m|n%f#2 that is 5 Ms after frame timing #1,

the secondary $9nchronization cHhnEl t8SESY REBEUHFMHRA K drhMAB S efiZ b0 Sosed of M2 and
M1xSC2. Thus, a cods usEtieas thessteortdoded 17t jimihg #4dsaisedas thersttarbnddatoat 15 timing

#2 Similarly, a code gggd @sth §b§(:q_?>dgg¢2@é tigyng &t Hsed psdhe ghart coglg #iqat fiming #2.
| T ! .

Meanwhile, at each of timings #1 an , the shaort code #2 is multiplied by a scrambling code
corresponding to the"TPE60e 3. Y @Nfhd"wsSbath Hrtse cansege used as the sShort

code #1 at timing #1 i1s used as the short code #2 at
15 timing #2. Similarly, a code used as the short code #2
at timing #1 i1s used as the short code #1 at timing #2.
Meanwhile, at each of timings #1 and #2, the short code
#2 1s multiplied by a scrambling code corresponding to
the short code #1. At timing #2, both of the cells #1
20 and #2 wuse M; as the short code #2 and therefore a
collision occurs if the short code #2 is used as 1is.
However, since M; is multiplied by the scrambling code
SCz in the cell #1 and M; is multiplied by the scrambling
code SC; in the cell #2, the short codes #2 used in the
25 cells #1 and #2 become different. Thus, this method
makes it possible to reliably prevent a collision at
timing #2. The mobile station identifies the fTirst short
code M; iIn the secondary synchronization channel,
identifies the scrambling code SC; based on the
30 correspondence as shown 1i1n FIG. 30, descrambles the
second short code, and thereby identifies the second
layer cell ID group 1indicator. This method makes it
possible to reduce the occurrence of collisions and



20 and #2 use MI as the short code #2 and therefore a collision occurs if the short code #2 is used as is.
However, since Ml is multiplied by the scrambling code SC2 in the cell #1 and M1 is multiplied by the
scrambling code SC3 in the cell #2, the short codes #2 used in the 25 cells #1 and #2 become different_
Thus, this method makes it possible to reliably preven‘t56??;ollision at timing #2. The mobile station
identifies the first short code Mi in the secondary synchronization channel, identifies the scrambling code
SC i based on the 30 correspondence as shown in FIG. 30, descrambles the second short code, and
thereby identifies thetbedshy lagapedr$D Hhsup Hild&os taid ARetkod heddabil yodsiBrtibheduce the
occurrence of collisiens @seb inétihencby enalesthedvabie siatan tedeliabheidesdty adearpbination of

short codes used forsgbﬁc%ep&qg%*ﬂéﬂd&rﬁg}fﬁ%ipn cllhar&eé._ I %%grﬁé)%ea%lgﬁpow |J_:1|EIG , two short

codes used for timing#1 are also used for timing #2 to efrectiv ce the occurrence of collisions.
However, this is not £48en®aPick tk@ RS eHERFefitn. Alstddhdéry syhehrdhRatist$eHark®r may be
composed of a shortttotingl arel a sbortepfiectd selmbledduca sctwmbling codesateesponding to the

10short code #1. col ||E‘SIE‘SL‘IF§JOV%8WQ\99F“G’”{% i'tsis urn%q th%tsgéﬁt%ri baﬁgp or{ﬁgolved UTRA
erm ion ¢ ' d. H

and UTRAN (also nailed Long T volution or Super 3G) is used. However, a base station, a =bile
station, and a synchRIfigstith cHaYRRE 18t randmRS AN RN SYELIHIRRIEAREPre L1 TAGNtion may
also be applied to anyasystemamployét) arfhcgosiad freqeeney divistordmaltiptexitg OEOM)Xor downlink.

Although the presengw&ﬂgqg&s cri ecggpgm%n qu(_erggagm%](yj%%Pn@(fﬂgjsﬂ%ﬂogﬁgetween 20

the embodiments are not essential for the present invention, and the e S may be implemented
individually or HocontiR&forFRhdidgh specific values are used in the above descriptions to facilitate the
understanding of the present invehtiobhtheabalues emb @bijushezampted and skifteredt vaklresanay also be

used unless otherwig@g}_eerh;ioggged on é(_nﬁgw%n{my%i@nﬁm Ii@t@otoctgis@%pc@‘%ly disclosed

embodiments, and variations and modifications may be made without degg)rting from the 30 Scope of the

present invention. ATESTYhFURMBHADIGK dRtiEfs 37 uds SR criblPYpBs atusts #2E% above
embodiments, the agiartiuses maydid ihepletmanted byamal dwasy nsbitwarkez at eocombavatioh of them.

15 transmission method according to the present invention
may also be applied to any system employing orthogonal
frequency division multiplexing (OFDM) for downlink.

Although the present iInvention 1is described
above in different embodiments, the distinctions between

20 the embodiments are not essential for the present
invention, and the embodiments may be implemented
individually or in combination. Although specific values
are used in the above descriptions to TfTacilitate the
understanding of the present invention, the values are

25 just examples and different values may also be used
unless otherwise mentioned.

The present invention is not limited to the
specifically disclosed embodiments, and variations and
modifications may be made without departing from the

30 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.



--58- The present international application claims priority from Japanese Patent Application No.
2007-121306 filed on May 1, 2007, Japanese Patent Application No. 2007-161946 filed on June 19, 2007,
and Japanese Patent Application No. 2007-211592 filed on August 14, 2007, the entire contents of which

are hereby incorporated herein by reference. -59- CLAIMS 1. A base station communicating with
a mobile station in a radio communication system by using OFDM for downlink, comprising: a
sequence selecting unit configured to select multiple synchronization signal sequences; a

synchronization signal generating'tigit do¥gigerdd tdtfesieratel araborriiy sgaEhshiz&ReAMD channel

based on a part of therSeleeied Frephroapratiosesigagksadugiitercatd amotie= paooof-theisgected
synchronization sig uences; and tra itting unit configured to.t it the secondary
synchronization che;?rkjl,g%SvéﬁeﬁeAF théL éeczo%%a}a’ry g}%ﬁ%ggﬁaﬁ&? gﬁgnng I?n?c é%ﬁ%%llt-}fgéciﬁc

information. 206elipdSsetafibhass @aimbim dfim 20 heréindhe2BRUIIpRRIfiRatRMthation
includes at leas&  Application No. 2007-211592 filed on August 14, 2007, the

entire contents of which are hereby incorporated herein
by reference.



20 one of a cell ID group, a radio frame timing, and a number of transmitting antennas. 7. The
base station as claimed in claim 2, further comprising: 25a prior information generating unit configured to
generate prior information to be reported in advance to the =bile station using the part of the selected
synchrchization signal sequences, Whereinthepriorinfﬁﬁ%étionincludes 30 information indicating a part of
the cell ID group, information indicating the cell ID group, information indicating the radio frame timing, the
number of transmitting antennas, or a combination of them. --60- 4. The base station as claimed
in claim 1, wherein the sequence selecting unit is corffigtilét$ to select the synchronization signal
sequences that are different from synchronization signal sequences selected in a cell adjacent to the

base station. The base station aslclaiwege{g eclasim Jt,-\gnerg'ﬂ”%gﬁ?gggrﬁ? mtﬁhrgnir%ggqri ignal
S rel 35 ings; and

sequences is divided into multiple Sequences acco Ing to transmission t ; an he
sequence selecting SHREISONfig0xed thadliect SERIERIEakbANthaXHHeBd B¥qutTtes fOFp

5 for downlink, comprising:
a sequence selecting unit configured to select
multiple synchronization signal sequences;
a synchronization signal generating unit
configured to generate a secondary synchronization
10 channel based on a part of the selected synchronization
signal sequences and another part of the selected
synchronization signal sequences; and
a transmitting unit configured to transmit the
secondary synchronization channel,
15 wherein the secondary synchronization channel
includes cell-specific information.

2. The base station as claimed in claim 1,

wherein the cell-specific information includes at least

20 one of a cell ID group, a radio frame timing, and a
number of transmitting antennas.

3. The base station as claimed in claim 2,
further comprising:

25 a prior information generating unit configured
to generate prior information to be reported in advance
to the mobile station using the part of the selected
synchronization signal sequences,

wherein the prior information includes

30 information 1indicating a part of the cell ID group,
information indicating the cell 1D group, information
indicating the radio frame timing, the number of
transmitting antennas, or a combination of them.



15 respective transmission timings in a radio frame such that at most only one of the selected sequences
matches a corresponding one of sequences selected in a cell adjacent to the base station. 206. A mobile
station communicating with a base station in a radio communication system by using OFDM for downlink,
the base station being configured to select multiple sy‘@&'ronization signal sequences and to generate a
secondary synchronization channel based on a 25 part of the selected synchronization signal sequences
and another part of the selected synchronization signal sequences, the mobile station comprising.:

a detection unit configured to detect cell-specificinformationbasedonthesecondary 30synchronization
channel. 7. The mobile station asglaimgd inelgsn, Staesain a$lclaimedha haselstationis configured

to report prior inforn\ﬁﬂgp é'ri I;f1d\1€mace g%w?eﬁboé)i_lesgt'a%iggi%séngutnﬁpaﬂ of t@(ﬁrﬁell cte gdsyq:%hronization
on -Sp

signal sequences; and the detection unit is configured to detect the ce cific information other
than the prior inform&8d€ct the g sSyRoREROHAkH chalaerttanSRALSHEaD nfdtAdd iAeradio
communication systerififelbeing & hasessiatidnrenimtnicatiag gvitl a seopibaciaticrebycssty OFDM for

downlink, COmprisiNGgn a cell adjacent to the base station.

5. The base station as claimed in claim 1,
wherein
10 each of the synchronization signal sequences
is divided into multiple sequences according to
transmission timings; and
the sequence selecting unit is configured to
select sequences from the divided sequences fTor the
15 respective transmission timings in a radio frame such
that at most only one of the selected sequences matches
a corresponding one of sequences selected iIn a cell
adjacent to the base station.

20 6. A mobile station communicating with a base
station In a radio communication system by using OFDM
for downlink, the base station being configured to
select multiple synchronization signal sequences and to
generate a secondary synchronization channel based on a

25 part of the selected synchronization signal sequences
and another part of the selected synchronization signal
sequences, the mobile station comprising:

a detection unit configured to detect cell-
specific information based on the secondary

30 synchronization channel.

7. The mobile station as claimed in claim 6,

wherein



a sequence selecting step, performed by the base station, of selecting multiple synchronization 15signal
sequences; a synchronization signal generating step, performed by the base station, of generating
a secondary synchronization channel based on a part of the selected synchronization signal sequences
and another part of the 20 selected synchronization srg?r?aﬂ sequences; and a transmitting step,
performed by the base station, of transmitting the secondary synchronization channel, wherein
the =bile station detects cell-25 specificinformationbasedonthesecondary synchronization channel.

9. A basestationusedinamobile cdffhupiGgicHtayistem, EBnfin gt chanf@rrerafid@ Ghit
configured to generajepyneareEibzatipn chauaalstofe uges incoadlesearalt neiforseddyaneser

equipment; and a tr wttlng UIEH gogféqlgﬁ 8W§yi %%%n(i% qla%mlﬁl%%{%éial g}%ﬁ%llqgt e

synchronization cha nels wherein e synchronization ¢ Shannels’in e a primary syhchronlzatlon
channel for detectlngﬂ‘ﬁ%ceptlon timing and a secondary synchronization channel including cell-specific
information; 5 the detection unit is configured to detect the

cell-specific information other than the prior
information.

8. A synchronization channel transmission

10 method In a radio communication system including a base

station communicating with a mobile station by using
OFDM for downlink, comprising:

a sequence selecting step, performed by the
base station, of selecting multiple synchronization

15 signal sequences;

a synchronization signal generating step,
performed by the base station, of generating a secondary
synchronization channel based on a part of the selected
synchronization signal sequences and another part of the

20 selected synchronization signal sequences; and

a transmitting step, performed by the base
station, of transmitting the secondary synchronization
channel,

wherein the mobile station detects cell-

25 specific information based on the secondary
synchronization channel.

9. A base station used in a mobile
communication system, comprising:

30 a channel generating unit configured to
generate synchronization channels to be used in a cell
search performed by a user equipment; and

a transmitting unit configured to wirelessly



the secondary synchronization channel is composed of a combination of different short codes selected
from multiple combinations of short codes; 10correspondence among the combinations of short codes,cell
identification information,and frame synchronization timings is stored in a memory; and the
combinations of short codes are determined such thaf@%éondary synchronization channels including a 15
same short code are not transmitted from adjacent cells at two or more of the frame synchronization
timings in succession. 10. The base station as claimed in claim 9, 20 wherein the secondary
synchronization chad@nsebposetonrd filichediast iR nsiagbyoa firatigex abaiie khd a second
short code identifiednyeasgaond index number; 25for the secondary synchronization channel to be

transmitted at a first one of the fra{ﬂ§ EQF‘O'IB a}tk%&g%n%% %éli t| rﬂg)ﬁ n(%nber %!ie ted from a

first numerical rahge and the secon ex num er I1s selected from the first numeric rang 30and
for the secondary syR¥RFSH ?&W@!%&h@%aﬁ%nf&%ﬂ’& LRg0Ad BRRSSH R T B BY@ichronization
timings, the first3ndexnaumabe&idsondary synchronization channel including cell-

specific information;

the secondary synchronization channel iIs
composed of a combination of different short codes
selected from multiple combinations of short codes;

10 correspondence among the combinations of short
codes, cell identification information, and frame
synchronization timings is stored in a memory; and

the combinations of short codes are determined
such that secondary synchronization channels including a

15 same short code are not transmitted from adjacent cells
at two or more of the frame synchronization timings in
succession.

10. The base station as claimed i1in claim 9,

20 wherein

the secondary synchronization channel is
composed of a Tirst short code identified by a Tirst
index number and a second short code identified by a
second index number;

25 for the secondary synchronization channel to
be transmitted at a Tfirst one of the frame
synchronization timings, the Tfirst index number 1is
selected from a first numerical range and the second
index number is selected from the first numerical range;

30 and

for the secondary synchronization channel to
be transmitted at a second one of the frame
synchronization timings, the first index number is



-63- selected from a second numerical range that is different from the first numerical range and the
second index number is selected from the second numerical range. 11. The base station as
claimed in claim wherein the secondary synchronization channel is composed of a first short code
identified by a first index number and a second short cBde identified by a 10 second index number; and
the first index number and the second index number are selected from a same numerical range both for a
first one of the frame synchronization timings and a second one of the frame synchronization timings. 15
12. The base stations& eaffed T emim sepRekinumer icakhesaegenibptsyicHidhitatienthannel is

composed of a first shashcotrand prsacondisbpitcore;r2hgad hedseeprd Swrsage Engenerated by
multiplying a given cQ ﬁ@é’ra fgr%rgl?%%q: 88d$rag[ﬁo%ageg é@%rﬁ _tnimiéﬁ%%i. %% eThe base station as
C o be

claimed in claim 12, wherein the secondary synchronization channe ansmitted at a first
one of the frame synchronization timings is composed of a. first short code identified. by
5 11. The base station as claimed in claim 9,

wherein

the secondary synchronization channel iIs
composed of a fTirst short code identified by a first
index number and a second short code identified by a

10 second index number; and

the Tfirst index number and the second index
number are selected from a same numerical range both for
a first one of the frame synchronization timings and a
second one of the frame synchronization timings.

15
12. The base station as claimed in claim 9,
wherein
the secondary synchronization channel iIs
composed of a first short code and a second short code;
20 and
the second short code is generated by
multiplying a given code by a scrambling code associated
the first short code.
25 13. The base station as claimed in claim 12,

wherein
the secondary synchronization channel to be
transmitted at a first one of the frame synchronization
timings is composed of a first short code identified by
30 a first index number and a second short code i1dentified
by a second index number; and
the secondary synchronization channel to be
transmitted at a second one of the frame synchronization



30 a first index number and a second short code identified by a second. index number; and the
secondaxy synchronization channel to be transmitted at a second one of the frame synchronization --64-
timings is composed of a first short code identified by the second index number and a second short code
identified by the first index number. 14. The b station as claimed in claim wherein the short
codes are made of M sequences. 15. A user equipment communicating via a base station in a
mobile communication system, comprising: 10a receiving unit configured to receive signal including
synchronization chadiél&nggettstisQumessfigofecoddiest sbeaptiorrsiaintdardhfdrsh Based on a
primaxy synchronizatipg chggﬁghmclmmgija thagypehronizgationsl Scharmeds; agidort  c@deidentification

unit configured to id &@E 'Q?, If_i@ﬁt Wq]ocig;? borm%%?ed on a secondary synchronization

channel included in t e synchr nlza on c annels, wherein e secondary synchronization channel is
composed of a combination of different short codes selected from multiple combinations of short codes;
5 14. The base station as claimed in claim 9,

wherein the short codes are made of M sequences.

15. A user equipment communicating via a base
station in a mobile communication system, comprising:

10 a vreceiving unit configured to receilve a
signal including synchronization channels;

a detecting unit configured to detect
reception timing information based on a primary
synchronization channel included iIn the synchronization

15 channels; and

an i1dentification unit configured to identify
at least cell 1identification information based on a
secondary synchronization channel 1included 1i1n the
synchronization channels, wherein

20 the secondary synchronization channel is
composed of a combination of different short codes
selected from multiple combinations of short codes;

correspondence among the combinations of short
codes, the cell 1identification information, and frame

25 synchronization timings is stored in a memory; and

the combinations of short codes are determined
such that secondary synchronization channels including a
same short code are not transmitted from adjacent cells
at two or more of the frame synchronization timings in

30 succession.

16. The user equipment as claimed in claim 15,
wherein



correspondence among the combinations of short codes, the cell identification information, and frame 25
synchronization timings is stored in a memory; and the combinations of short codes are
determined such that secondary synchronization channels including a same short code are not
transmitted from adjacent cells at two or more of the friRie synchronization timings in 30succession.

16. The user equipment as claimed in claim 15, wherein --65- the secondary synchronization
channel is composed of a first short code identified by a first index number and a second short code
identified by a second index numB&e  secapeleie/ seceviaaRyr syiaabhiiatiorrBRaARd| to BE transmitted

at a first one of the fiesnp syBehreFzatior firaiagsHbe first tiieX ntepharfisselesieddrom adiest numerical

range and the seconpni g)e(x ﬁﬂﬁ@%{; is %eciecged&f%lgnt e gﬁ%ﬂjm@g&gl riggﬁ;tji%%% afor the
secondary synchronization channel to Be transmitted at a second ohe of the frame syncRYonlzation
timings, the first indeX@Bef H6eBtEHREM a second numerical range that is different 15 from the first

numerical rangesand the second ifidlex anmbeeisoselacied Spne e s¢eand cmenaahehgeo 17.
The user equipment&; cla@gqgﬂ] fﬂg}dl& ypere@g 20tp§r§etcon%q{é/ syrbcpronjﬁ@éion qj}%rl%el is
synchronization timings, the Tfirst index number is
selected from a first numerical range and the second
index number is selected from the first numerical range;
10 and
for the secondary synchronization channel to
be transmitted at a second one of the frame
synchronization timings, the first index number 1is
selected from a second numerical range that is different
15 from the Tfirst numerical range and the second index
number is selected from the second numerical range.

17. The user equipment as claimed in claim 15,
wherein
20 the secondary synchronization channel is
composed of a fTirst short code identified by a first
index number and a second short code 1identified by a
second 1ndex number; and
the first index number and the second index
25 number are selected from a same numerical range both for
a first one of the frame synchronization timings and a
second one of the frame synchronization timings.

18. The user equipment as claimed in claim 15,
30 wherein
the secondary synchronization channel is
composed of a first short code and a second short code;
and



composed of a first short code identified by a first index number and a second short code identified by a
second index number; and the first index number and the second index 25 number are selected from a
same numerical range both for a first one of the frame synchronization timings and a second one of the
frame synchronization timings. 18. The usé?é‘quipment as cialmed in claim 30 wherein
thesecondarysynchronization channelis --66- the second short code is generated by multiplying a
given code by a scrambling code associated with the first short code. 19. The user equipment as
claimed in claim 18, wherein ~ thehe se€@dhary S{adHroni£Q6Eh chbfineld8MI 8&REMItteY at a first
one of the frame synehiariipaljamgmings irepowpasedpf a fissrahet Pegeddentifisebby ifradrst index

number and a secorwig]rpfr{i)ﬁgd%iq%q{ifgergo?¥ acsoe&é)nd index number; and the secondary
synchronization channel to be transmitted at a second one of the frame synchronization timings is

composed of a first short code identified by 15 the second index number and a second short code
identified by thesirst index numberg. The ug8r Thguigsnantipveotas taimiad iolkddim 18, wherein the

short codes are maqﬁh%flj}gﬁ?quences. 20
the secondary synchronization channel to be
transmitted at a first one of the frame synchronization
timings is composed of a first short code identified by
10 a first index number and a second short code identified
by a second index number; and
the secondary synchronization channel to be
transmitted at a second one of the frame synchronization
timings 1s composed of a fTirst short code i1dentified by
15 the second 1i1ndex number and a second short code
identified by the first index number.

20. The user equipment as claimed in claim 15,
wherein the short codes are made of M sequences.
20
21. A method used in a mobile communication
system, comprising the steps of:
wirelessly transmitting a signal including
synchronization channels from a base station to a user
25 equipment;
detecting candidates of a frame
synchronization timing based on a primary
synchronization channel included in the synchronization
channels; and
30 extracting a secondary synchronization channel
from the synchronization channels and 1identifying
multiple combinations of short codes, cell
identification information, and the frame



21. A method used in a mobile communication system, comprising the steps of: wirelessly
transmitting a signal including synchronization channels from a base station to a user 25 equipment;
detectingcandidatesofaframe synchronization timing based on a primary synchronization channel
included in the synchronization channels; and 30extraTc§t7n‘g a secondary synchronization channel from the
synchronization channels and identifying multiplecombinationsofshortcodes,cell
identificationinformation,andtheframe -67- synchronization timing, wherein the secondary
synchronization chaY&1G8 ceniFaselPof & tohiltinatihie b Bifferent short codes selected from the
combinations of short codes; andthe #aeeagdiyatiosgmiishoricederoare detennmaed syeh that

secondary synchongaigaaansts nEludon A SARRROL oo RPN REIRE Meguagacent cels

at two or more of the e synchronization timings in succession
selected from the combinations of short codes; and

5 the combinations of short codes are determined
such that secondary synchronization channels including a
same short code are not transmitted from adjacent cells
at two or more of the frame synchronization timings in
succession.

10





