-1 TITLE OF THE INVENTION BASE STATION DEVICE, MOBILE
STATION DEVICE, AND SYNCHRONIZATION CHANNEL TRANSMISSION
METHOD 5 BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention generally relates to radio communications systems to
which Orthogonal Frequency Division Multiplexing (OFDM) is applied in

downlink and 10 specifically relates to base station apparatuses, mobile

station Wtrammimng synchronization channels.
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20 Access) is being considered for uplink (see Non-patent

document 1, for example).

The OFDM, which is a scheme for dividing a
frequency band into multiple narrow frequency bands
(sub-carriers) and overlaying data onto the respective

25 frequency bands for transmission, densely arranges the
sub-carriers on the frequency axis such that one
sub-carrier partially overlaps another sub-carrier
without their interfering with each other, making it
possible to achieve high-speed transmission and to improve

30 frequency utilization efficiency.

The SC-FDMA is a transmission scheme which divides
a frequency bandwidth and transmits using different
frequency bands among multiple terminals to make it
possible to reduce interference between the terminals. The

35 SC-FDMA, which features a reduced variation in
transmission power, makes it possible to achieve wide
coverage as well as low power consumption of the terminals.



-2 In the LTE, the OFDM provides for two types of CPs (Cyclic Prefixes) for
reducing the effect of intersymbol interference by a delay wave, namely a
Long CP and a Short CP with different lengths. For example, the Long CP is
5 applied in a cell with a large cell radius and at the time of transmitting an
MBMS (Multimedia Broadcast Multicast Service) signal, while the Short LP is
applied in a cell with a small cell radius. The number of OFDM symbols is 6
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a cell to which a radio link is to be connected, is called
a cell search. The cell search method 1is generally

20 determined based on a time needed for the cell search as
well as throughput of the mobile station at the time of
conducting the cell search. 1In other words, the
above-described cell search method should be such that the
time needed for the cell search is short and the throughput

25 of the mobile station at the time of conducting the cell
search is small.

In the W-CDMA, the cell search is conducted using
two types of synchronization signals, namely a Primary SCH
(P-SCH) and a Secondary SCH (S-SCH) . Similarly, conducting

30 the cell search using the two types of the synchronization
signals P-SCH and S-SCH is also being considered in the
LTE.
For example, a cell search method 1is being
considered such that the P-SCH with one sequence and S-SCH
35 with multiple sequences are transmitted at time intervals
of 5 ms (Non-patent document 2). In the above-described
method, a downlink receive timing from a cell is specified



method, a downlink receive timing from a cell is specified -3- using the

P-SCH, while a receive frame timing is detected and a cell-specific

information set such as a cell IF, or cell gI‘OL[é,D ID is specified using the

S-SCH transmitted in the same slot. Here, it’is generally possible to use a 5
channel estimation value determined from the P-SCH in demodulating and
decoding the S-SCH. Then, the cell IDs to be grouped are detected from
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examplels applied, a problem occurs such that the S-SCHs

20 transmitted from multiple cells in different sequences are
demodulated and decoded based on the channel estimation
value determined from the P-SCHs transmitted from multiple
cells iIn the same sequence. Here, the transmission
characteristics also include a time needed for the cell

25 search, for example. For a non-inter-station
synchronization system in which signals from multiple
cells are not being synchronized, receive timings of the
P-SCH sequences transmitted from the multiple cells differ
from one cell to another. Thus, such a problem as described

30 above does not occur.

In order to prevent a degradation in the S-SCH
characteristics in the inter-station synchronization
system as described above, a cell search method is being
considered such that the number of the P-SCH sequences is

35 increased from 1 to a number no less than 2 (for example,
3 or 7) (see Non-patent document 3). Alternatively, there
is a method of transmitting the P-SCH in transmission



3 or 7) (see Non-patent document 3) . Alternatively, there is a method of
transmitting the P-SCH in transmission - 4 intervals which differ on a per cell
basis in order to prevent the S-SCH characteristics degradation in the
inter-station synchronization system as descfibed above. In the
above-described method, the P-SCHs having different 5 timings of receiving
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becomlng the same, so that the probablllty of occurrence
of the S=SCH characteristic degradation 1in the
20 Inter-station synchronization system becomes higher.
Moreover, there 1is a tradeoff relationship
between the time needed for conducting the cell search as
described above, or the transmission characteristics of
the cell search, and the throughput of the mobile station
25 when the cell search is being conducted. Thus, it is
desirable to be able to select whether the transmission
characteristics of the cell search are to be emphasized
or the throughput of the mobile station when the cell search
is being conducted is to be emphasized.
30 Non-patent document 1:
3GPP TR 25.814 (V7.0.0), “Physical Layer Aspects
for Evolved UTRA,” June 2006;
Non-patent document 2:
R1-062990, Outcome of cell search drafting
35 session;
Non-patent document 3:
R1-062636, Cell Search Performance in Tightly




35 session; Non-patent document 3: R1-062636, Cell Search Performance in
Tightly Synchronized Network for E-UTRA; Non-patent document 4:
R1-070428, Further analysis of initial cell search for Approach 1 and 2 -

single cell scenario; 5 Non-patent documents: 3GPP TS 36.211 V1.0.0
(2007-03); Non-patent document 6: 3GPP R1-060042 SCH Structure and

Cell Search Method in E-UTRA Downlink; 10 Non-patent document 7: 3GPP
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Non-Patent Document 8:

3GPP R1-071794;

15 Non-Patent Document 9:

Chu, *“Polyphase codes with good periodic
correlation properties,” IEEE Trans. Inform. Theory, vol.
11-18, pp.531-532, July 1972;

Non-Patent Document 10:

20 R. L. Frank and S. A. Zadoff, “Phase shift pulse
codes with good periodic correlation properties,”IRE
Trans. Inform. Theory, vol. 1T-8, pp. 381-382, 1962;

Non-Patent Document 11:

M.J.E. Golay, “Complementary Series,” IRE Trans.

25 Inform. Theory, vol. 7, pp. 82-87, April 1961;

Non-Patent Document 12:

3GPP, R1-062487 Hierarchical SCH signals suitable
for both (FDD and TDD) modes of E-UTRA;

Non-Patent Document 13:

30 3GPP, R1-070146, S-SCH Sequence Design;

Non-Patent Document 14:

3GPP, R1-072093, Details on SSC Sequence Design;

Non-Patent Document 15:
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Non-Patent Document 16:
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35 Downlink Reference Signal in E-UTRA; Non-Patent Document 16: 3GPP,
R1-072368, Mapping of Short Sequences for 6 S-SCH; Non-Patent

Document 17: 3GPP, R1-072326, S-SCH sequences based on

concatenated Golay Hadamard codes; 5 Non-Patent Document 18: 3GPP,
R1-072189, Views on Remaining Issues on SCH Design; Non-patent
document 19: 3GPP, R1-072328, Secondary-Synchronization 10 Channel
Design; RoPatent document 20: 3GPP, R1-072110, Secondary
Synchronisation Cotus-FartieNE dedicigeectt; dntt Non-Patent Document 21:

15 3GPP, R1-07268¢pS¢rambluy MetbQd fe-Ban S-Séiuchided Cagtesed on
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described above, th%%ﬂ%ﬁrﬂﬁvﬁhm—@%aﬁﬁeg(SCH) is_a downlink signalin
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hierarchiR&$-hgHE 25 SCH for this Synchronization Channel (see Non-patent
document 5). In othéowaraltetie 8ypocimemizati®n Channel includes a

Primary Synchronizzgiem ChamneldP28€s1) andsacoaerifaSynchronization
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on the number of tr , dio frame timing is reported in
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Non-Patent Document 21:
15 3GPP, R1-072661, Scrambling Method for Two S-SCH
Short Code

SUMMARY OF THE INVENTION
[Problems to be solved by the Invention]
20 However, the related art as described above has
the following problems.
As described above, the Synchronization Channel
(SCH) is a downlink signaling channel used in the cell
search. 1t has been determined to apply a hierarchical-type
25 SCH for this Synchronization Channel (see Non-patent
document 5). In other words, the Synchronization Channel
includes a Primary Synchronization Channel (P-SCH) and a
Secondary Synchronization Channel (S-SCH).
Of the Primary SCH and Secondary SCH, the
30 cell-specific information set such as the cell ID group,
the information on the number of transmit antennas, and
the radio frame timing is reported in the Secondary SCH.
A user apparatus detects the Secondary SCH sequence to
detect the cell-specific information set.
35 As described above, in the W-CDMA scheme, in which
a surrounding-cell search is conducted for performing a
handover, neighboring cell-specific information




35 As described above, in the W-CDMA scheme, in which a surrounding-cell
search is conducted for performing a hangover, neighboring cell-specific
information (neighboring cell information) is reported in advance to the user
apparatus prior to the surrounding cell search. However, it is not decided for
the LTE system, whether such surrounding cell information is to be reported.
In the 5 surrounding cell search for detecting a cell to hangover_to during
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(see Nosgmpieniceairsfdd 5> apd1d, for exaPy8)l)) are mapped such that
20 the respective sequences are arranged iIn successive

sub-carriers. Such dividing of sequences into multiple
ones makes it possible to increase the number of patterns
which may be transmitted. More specifically, when one type
of sequence with a sequence length of 64 is used, for

25 example, 64 types of the number of patterns can be
transmitted, while when two types of sequences, each with
a sequence length of 32, are used as shown in FIG. 2, 1024
types of the number of patterns can be transmitted.

Conventionally, as a sequence for a sync channel,

30 i1t has been determined that multiple (for, example, three)
types of Zadoff-Chu sequences are used for the P-SCH, while
a binary sequence, which is a combination of two types of
short codes, is used for the S-SCH (see Non-patent
documents 5 and 8, for example).

35 When using such S-SCH sequence as described above,
there is a problem of an increased PAPR (peak-to-average
power ratio), especially in a 1.25 MHz system.



35 When using such S-SCH sequence as described above, thereis a
problem of an increased PAPR (peak-to-average power ratio), especially in a
1.25 MHz system. - 8 Moreover, the P-SCH _and S-SCH are transmitted
every 5 ms. In an inter-station synchronizétign system, in which signals from
multiple cells are being synchronized, a mobile station receives signals from
multiple cells at 5 the same time. Here, when multiple cells transmit the same

S-SCH every 5 ms MPEPOYEE prdhiemithatHn andiiSsSSHaRertd@pea i tted
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generates a secon éw)gﬂ%r to so ve_t e pro_b em as ?scr! ed above,
a base station apparatus in a radio communications system
is provided according to the present invention, the base
20 station apparatus communicating with a mobile station
using an OFDM scheme in downlink, the base station
apparatus including a sync signal generating unit which
generates a secondary sync channel; a multiplying unit
which multiplies a scramble code with the secondary sync
25 channel; and a transmitting unit which transmits the
secondary sync channel with which the scramble code is
multiplied, wherein cell-specific information is included

in the secondary sync channel.

A  mobile station apparatus in a radio
30 communications system is provided according to the present
invention, the mobile station communicating with a base
station apparatus in an OFDM scheme in downlink, wherein
the base station apparatus generates a secondary sync
channel, and multiplies a scramble code with the secondary
35 sync channel, the mobile station further including a
descrambling unit which descrambles the secondary sync
channel with which the scramble code is multiplied; and



channel, and multiplies a scramble code with the secondary 35 sync channel,
the mobile station further including a descrambling unit which descrambles
the secondary sync channel with which the aecramble code is multiplied; and
- 9 adetecting unit which detects the cell-specific information based on the
descrambled secondary sync channel. A method of transmitting sync
channels in a 5 wireless communications system having a base station
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scramble code with the secondary sync channel; and a transmi

S ] tin _ste[:t) in _
which is2PRUFAKES, "B e 6T %EHtﬁﬁthSpHﬂa‘EUs?tﬁ?Qéé&ﬁ&"i}%s&% ustng
channela® RftANviseReRe strafBrendddkisi suriield athersipahe I Rtbie the
station detestsrcellgpesiticiiofor maimnnathe dsacorbaoy sgnc ahaynel. signal
[Advantaee ef-tei tyentign]iz0vWHrcamieogisprita eddheny agastiavendeation
ot e oA code

kb Tyang, ste BiikPoriLL] .ﬂ%gﬁ S 0308 e

reducing | a}‘anﬁnpsfovﬁ)]g e gro abiIifySof ete

25 searcH BRI INPSERIPT IGNSGEIM HRAAGINES Aiee secanfidgrmapync

for explaghimgne heod ef thappihbhtt BOHsdehuanceb I3 AIS trangmi tted,

diagramidyr eixplangtg statiermeped-atfusapping see S8&H/segnenckanne

FIGs3 isd Blrcindiearand!leeiraiiag eorlidwatinn PERRHRI, wherein the

i‘:n‘i/rgmi‘éw&%t% DEIBTLACRI NG L0 AMGTERAIFILOHNPAISSETbN in the
secondary sync channel.

[Advantage of the Invention]

20 The embodiments of the present invention make it
possible to implement a base station apparatus, a mobile
station apparatus, and a method of transmitting
synchronization channels that allow reducing PAPR and

improving the probability of detecting an S-SCH in a cell
25 search.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for explaining a method of
mapping S-SCH sequences;

30 FIG. 2 is a diagram for explaining another method
of mapping the S-SCH sequences;

FIG. 3 1i1s a block diagram illustrating a
configuration of a radio communications system according
to an embodiment of the present invention;

35 FIG. 4 is a diagram for explaining a radio frame
configuration;

FIG. 5 is a diagram for explaining sub-frame




35 FIG. 4 is a diagram for explaining a radio frame configuration; FIG. 5is a
diagram for explaining sub-frame -10- configurations; FIG. 6 is a partial block
diagram illustrating a base station apparatus according to an embodiment of
the present invention; 5 FIG. 7 is a block di 8ra_m illustrating a base band
signal processor of the base station apparatus according to an embodiment

of the present invention; FIG. 8 is diagram for explaining an exemplary
definitiof ¥ BIGMERAEINR&tion signal transmission 10 pattern; FIG. 9 is a
diagram for explainirkf>a ietlsod gfamtibping oels-SCGig sauehtestrating a
accordingatseas eattiedingipaf athespeaseni tMegtien; driGenifbis imdiagram the
for explaipinges pefRod 9f ibm mapping the S-SCH sequences according to

an gmbodiment of m‘% ProsEOUNYRRIRY G ad P13 Héﬁfe'\g}%cgkg'agrﬁ}”band
illustrating a mobile station apparatus according tQ an embodiment of the

present TARMIBP HBGAES AL &Fa How DRRfant L RLHARRALAT S 4ERME N9
method Becéiief kP eh eento difndief e peederknivR@RABA-and FIG. 13 is
a diagram for explailiig a8methodiciggamerbting exgtambiegode irexemplary
primary Qegeideesi 6hangel. 25 BRTPREMILNN Rin THA fRAEFERRRBnission
EMBODIMENS, -[Description of Notations] 50k (501, 502, 503) cell 100"
(1001, 1002, 1003,F’I.IOC94, &005) mocpjle station. 30 102 basic. waveform

- Lro S aadakam explatning a mgﬁhod of
correlator 104 sync signalreplica generator 106 code sequence multiptier
108 upp@?%@a@cédé%rﬁﬁgﬁnces according to an embodiment of

the present iInvention;
FIG. 10 i1s a diagram for explaining a method of

15 mapping the S-SCH sequences according to an embodiment of
the present invention;

FIG. 11 is a partial block diagram illustrating
a mobile station apparatus according to an embodiment of
the present invention;

20 FIG. 12 is a flow diagram illustrating a cell
searching method according to an embodiment of the present
invention; and

FIG. 13 is a diagram for explaining a method of
generating a scramble code in a primary broadcast channel.

25
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Description of Notations]

50 (50;, 502, 503) cell

100, (1001, 100,, 1003, 1004, 1005) mobile station
30 102 basic waveform correlator

104 sync signal replica generator

106 code sequence multiplier

108 upper-level layer code correlator

110 timing detector
35 112 S-SCH detector

200, (200;, 200,, 2003) base station apparatus

202 transmit/receive antenna




110 timing detector 35 112 S-SCH detector 200m (2001, 2002, 2003) base
station apparatus 202 transmit/receive antenna - 11- 204 amplifier 206
transceiver 208 baseband signal processor %09 sync signal generator 5 210
call processor 212 transmission line interfac]e 2081 RLC processor 2082
MAC processor 2083 encoder 10 2084 data modulator 2085 multiplexer
2086 serial/parallel converter 2087 multiplier 2088 multiplier 15 2089
scramble code gendPstormEdetBI §Mplitude adjusting unit 2081, combiner
20812 inverse FouZ@ttransfosnei vZ)813 CP adder 20 2091 sync signal
controller 2092 syrmpgigbabgeaeiatei @O gatadcaedadator 2094
serial/parallel convelier %Q,Qé ByliRlier gerki9b@Pplitude adjusting unit 252

P-Sg:H generator 25;%98 %%Cbl-limgﬁeﬁnpeﬁg%tgé 256 multiplier 258 scramble

sequence generator 30 1 e_xer%_o access gateway apparatus 400
core network 212 transmission line interftace

208; RLC processor
208, MAC processor
2083 encoder
10 208, data modulator
2085 multiplexer
2086 serial/parallel converter
208; multiplier
208g multiplier
15 208y scramble code generator
208310 amplitude adjusting unit
208;1 combiner
208;, inverse Fourier transformer
208;:3 CP adder
20 209; sync signal controller
209, sync signal generator
2093 data modulator
209, serial/parallel converter
2095 multiplier
25 209¢ amplitude adjusting unit
252 P-SCH generator
254 S-SCH generator
256 multiplier
258 scramble sequence generator
30 260 multiplexer
300 access gateway apparatus
400 core network
1000 radio communications system

35 [Best Mode of Carrying Out the Invention]
A description is given below with regard to
embodiments of the present invention. Throughout the



1000 radio communications system 35 [Best Mode of Carrying Out the
Invention] A description is given below with regard to embodiments of the
present invention. Throughout the -12- drawjngs for explaining the
embodiments, same letters are used for th having the same functions, so
that repetitive explanations are omitted. A radio communications system
having base and 5 mobile station apparatuses according to an embodiment

of the pfdsetigrelfdnexabadnded it refedda e EsG. SamendakipRys are

communis&tbnF eystefhdS®0 vy spgtenthd widote EVOWELUTRA arsb  that
UTRAN falsetchilpdd-angy Tara tio fyoditioroni Seper. 3G) is applied, for
examplte The rad'OAC%W%'CéaﬁméﬁYétﬁ(%&HQo %Zéﬁﬁ RLAPESIRNE and
apparatys (e e

|nte§er lft{}eélfgr%thgaglladc)iia %)§ r8786}{ %g%géleggéﬁ §n a %?a uses[Jﬁ %é@ Ls@%ﬁ)‘i of
1002, 100 Prefst \R/HEFé‘R‘?{‘us'&nqﬁt%%f*@‘?é’a\f\é'r Rahedjghence to FIG.

commurﬁcatlon with the base station apparatus 200m. The base station
apparatus 200 is cdbheectatitv eonupperdaydarostatisyskaenexdiapld saa system

access gajeway AP IyailisedP U MACARECOTRARIEPEDS APPAIAWE iBong Term

congected iq MGYA %@W&e@%@éh%@ Hq POFtaggp %%n@%mbmeaﬁea% io
with the base statlog%éagﬁaratus 0 wa 60 lved qucD}A and UTRAN In %aﬁ

of cells oRYFNere ks an infeger greater hanaﬁ) HEYE

is assurRBPEIALHS KENRS sBARAR BR0RORN M a AQF RBQa- havngQOm .
communibgiienh g drauaie i Zeegmablisieed andtinecoMmuaidtionlwikn keynobi le
the basesstatiborappapatedas2e0r0@N{1b0se Nathavi@dg, connMavgsativnsre
C?@t@nd&Siébhﬁh?ﬂwﬁb?fngr@it‘éﬁ%ﬁﬁﬂf?‘fai'ﬁ%wmhhmv&fﬁi@rbmh the
station a ati
synchroaépggéon % Ig%’ QTEﬁmogﬁjg sta?:)ﬁngfgg%? %1&&? Esaaltus
any of ¢ shR E ggte go a@OH per-layer station, r examp e
an access gateway apparatus 300, which access gateway
apparatus is connected to a core network 400. The mobile

20 station 100, communicates with the base station apparatus
200, via Evolved UTRA and UTRAN in any of cells 50 (501,
50,, .. 50k, where k is an integer greater than 0).

Here, it is assumed that the mobile stations 100n
represent a mix of those having a communications channel

25 established and in communication with any of the base
station apparatuses 200,, and those not having a
communications channel established with and not 1in
communication with any of the base station apparatuses
200,.

30 The base station apparatus 200, transmits a
synchronization (sync) signal. The mobile station 100,,
which is located in any of cells 50 (50,, 50,, 503, .. 50k,
where k is an integer greater than 0), conducts, based on
the sync signal, a cell search in which a cell with a good

35 radio quality for the own station is detected. In other
words, the mobile station 100, detects symbol and frame
timings using the sync signal and detects cell-specific



where k is an integer greater than 0), conducts, based on the sync signal, a
cell search in which a cell with a good 35 radio quality for the own station is
detected. In other words, the mobile station, 100" detects symbol and frame
timings using the sync signal and detects_cél -specific - 13 control
information such as a cell ID (cell-specific scramble code generated from the

cell ID) or a collection of cell IDs (below-called cell ID group). Here, the cell
search i§20hHAdted HdCKARERBEe SHRTbLAS sttt Joo vhiGeddeFPeciTic

commurscawmbirdahdseg aruhiletstdtibnen odYevhehladddovina collection
commurifatit FoDexgmlkvihe LBl sgacet forithoge sughile stations in
communication inclydpg a ¢/E 6 $hJORFEIPGUIG GheRlb PENESABEth those
freqilengy, .‘i%”ﬁ%ﬁrt‘-‘i“{ﬁ’% dﬁéSC“v’vWi%ﬁ.eﬁllO oha Al L%”%é%%’%?ﬁ‘%ﬁt%hose
Moreover, the cell search for thdse mobile stations not in communication

includes" 3 Fs AR L MRe 1% SHEATING'oh AR OARRI 1S LR 40T
standbyeXaie 1 etc. BafovE Hbkestafish afparatiese2omhrdel sigobiops in
2003, ..,20thuhacea thiesame todkgu e, Fusetionhahdr stettecthog, a cel l

unless ogifeimisessprReiFeddhienays dessubeddniew #on e eEiing a cell
20Q§.- Bgjoy, m%m%'ﬁtsﬁfgme%f&%‘ (1002, 1007 d098: --eA80k13Veddgch

same cqnfi |+rat|on, furlg:tli)n, d status. Th;és unless 20 othepwise .
specitied Ghe} e A PBLH b0 ine1360AC SCHBHIHO e dnepges
0k (507 59 I5682rBORF HEve tHeTeare ERRAGAIRIN, YaReRGHEAd @ oot
status. HRAY Cinldds atisdiansindid@tdsthestare described below as the
cell 50k 25 For theBabiowgobaseniedivnersgipanrhAQGeQF2IG, ((rdmgonab, ,
Freguensydlivision didtipledoe) ihareled &yrdawnliitcaos SFureVifon, and
(Single Cauigrreaygncy gwii@ év'%btmlsﬁ&fsés)' anqliacLfer um@ﬁsare
radio access schemes. As descried above, the O IS a schem _
hich R T RER B o ARG RE hTg eqUEIgaiie movite
(sub-carFiEAd IR ot Pay £ 48tk ont®fre 1005, .-, 100n) have the same
configuration, Tfunction, and status. Thus, unless

20 otherwise specified, they are described below as the mobile
station 100,. Below, cells 50« (50;, 50,, 503, .., 50x) have
the same configuration, function, and status. Thus, unless
otherwise indicated, they are described below as the cell
50k-

25 For the radio communications system 1000, OFDM
(Orthogonal Frequency Division Multiplexing) is applied
for downlink and SC-FDMA (Single Carrier-Frequency
Division Multiple Access) is applied for uplink as radio
access schemes. As described above, the OFDM is a scheme

30 which divides a frequency band into multiple narrow
frequency bands (sub-carriers) and overlays data onto the
respective frequency bands for transmission. The SC-FDMA
is a transmission scheme which divides a frequency
bandwidth and transmits using different frequency bands

35 among multiple terminals to make it possible to reduce
interference between the terminals.

Here, communication channels in Evolved UTRA and



respective frequency bands for transmission. The SC-FDMA is a

transmission scheme which divides a frequency bandwidth and transmits
using different frequency bands 35 among rgalti_ple terminals to make it
possible to reduce interference between the terminals. Here, communication
channels in Evolved UTRA and - 14 - UTRAN are described. For downlink, a
PDSCHéS hysical downlink shared channel) , which is shared for use by the
mobile gﬁ@r’u\k a0, darard B6@nlink control channel for LTE are used. In 5
downlink, transportfommédoimidrindtior aPdStidb{(e ystiora Infdemalibnkhabared
mappeddhdhadhysica tlowrinksshkared £bannsk tANPwt iwbide stations
'”f?rTathﬁﬁ;E‘dah’ﬁ'@b&i‘d%@H‘i'i n'l@f%ﬂ%t@_”&%ﬁ‘{ﬁtéi‘@aliﬂ_tﬁé@r@‘?ﬁ@@'- In
uplink share nngl, acknowle ent.information on Si .
upIiEk s%%rvtvedlc%na%hgr% céfpzé)r'é{r(f go%%l bI nﬁ%%vgﬁl?ri a@?nﬁ%éﬁ%n%’%ﬁaon

LTE, whiE TREPELL SRRt FB?qf_%)ﬂWﬁiBQ_V&d\ﬁﬁﬂnQ%'régk shared
channelChRIPE6ler, T ABGRMIRK, fid Bade Bididrnapparat@sd20oB ikanskakion
a sync sigriad foiatheomatile tstatie mip@ed Sttm tbhedoloysicedll sphicik Bhvared
uplink, acRBSe (Physieabwpbitlgehared Gharyelheibich dhshered feRysecal
by the mabylptalings 400 aRAAN, uekiek conpiol GhaBPeL P TERIGIBRRAT i nk
There are tvtvo t)l’peﬁ of Uanlf: cont chaﬂn s, a char&nc-{l which %O iS tlmett q
multiple>(<:e0(§1 Wi the a'r\]fsmal l?pliil;]\k hared channel and a channel ARch'is©

frequen®Y mtlip | BRYE hrlind Wyl d Nk, SRfRR D GhAIEhysical shared
channel HARQ ACKanreneior artpdolalid, ADe (Creisdiagigiyapparatus
IndicatopOofortraiiemicrsise syeawslinoplySical sharetb2blehatetion 100,
schedulipg, apAME AanrtiveMaddlpgian and Coding) are transmitted by
the uplink control chagnel o hk ™. MOrBRYel U3 ARRALT rapYTIHedMared
the phys(g%:pugl& k share chanlrfliﬁl. A}%ggpwn_m IG. 4, in doﬁgﬁ IC@ _
transmissioh, ' 30thel&'afE' 163 fth %ﬁhﬂ?SnBXaﬁli}?ﬁ% d \ihiehgriens
100, and an uplink control channel for LTE are used. There
are two types of uplink control channels, a channel which
20 istimemultiplexed with the physical uplink Shared channel
and a channel which is frequency multiplexed with the same.
In uplink, downlink physical shared channel HARQ
ACK information and downlink CQI (Channel Quality
Indicator) information for use in downlink physical shared
25 channel scheduling, and AMC (Adaptive Modulation and
Coding) are transmitted by the uplink control channel for
LTE. Moreover, user data are transmitted by the physical
uplink shared channel.
As shown in FIG. 4, in downlink transmission,
30 there are 10 sub-frames within one radio frame, which one
radio frame is 10 ms. Moreover, as shown in FIG. 5, one
sub-frame includes two slots with one slot including 7 OFDM
symbols for using a Short CP (upper portion of FIG. 5) and
one slot including 6 OFDM symbols for using a Long CP (lower
35 portion of FIG. 5).
Next, the mobile station apparatus 200, according
to the embodiment of the present invention is described



radio frame is 10 ms. Moreover, as shown in FIG. 5, one sub-frame includes
two slots with one slot including 7 OFDM symbols for using a Short CP

(upper portion of FIG. 5) and one slot including 6 OFDM symbols for using a
Long CP (lower 35 portion of FIG. 5). Next, the mobile station apparatus

200, according to the embodiment of the present invention is described with
reference to FIG. 6. The mobile station apparatus 200 according to the
present B IRERE fltGEddLa ihsnfit/receive antenna 202, an amplifier
204, a transceiver A0& adiaskehatd €igalkp peocekisor2ZiB agcaligprogetsothe
210, angh pdErnsmieniood ine irtefacd dd@s Packataria ianssoleddram theina
base stajigp, aprarpys £R0 odhe E‘QPH%&@R%%%@" %Mﬁ@@‘b@n&“@i’bnal
from an P88e£a§’ozro %0” &’hé% 'F F%Ee 'Byer ﬁggg\/ tt#ﬁs i%sion

station paratus e access ga eWay

transmi ?&?IMQTT?LE ES gﬁto the base band S|gnal processor 208. In the
base band signal pRx@«etr dodah& iored ekgd uhbieryobke base station
segmentgiparedncatéoaiotpatiR @qadie $Tdnk@onti@l),layerdownlink is
transmisFiQRIaaess SeNppan-AkGJeaesmisHonsPEHOl EaRsRissen at a
ProGfsSsy %Aéq u%tﬁ%’?s’ﬂle?H@ (FR8L {3 R REARSOEYPIY example,

automat{cp eat reque tran @?IOD %Ce% scheduhn Eransmlsso

rrace
format sele on c%a ne gnc and an Inverse ?&S! ourier trans orm

(IFFT) p?r%%e§§’ bEﬁ?re%é? a?é%n%fé!?@d tPIREEERSeivdB206. Moreover,
in the base band sidnatprobessob208, gkosalc psigaasisyezdBitetis packet
describeathivelamdEreyewac signa nisan i bip/eaddaten padket data, RAcCtatadio
tzhoeégf]ultﬂwd:&&mujt i dipneierred i ke vans @Meés@%tt’aﬁsa@vah RLC
req ase gn S|gn
b e et 1 oL o B o Hac

processor

uenc ? freque
i E e R Sl T el e G P
transmitfetefidEftennsEREAHerd, equest) transmission process),
scheduling, transmission format selection, channel

20 encoding, and an inverse fast Fourier transform (IFFT)
process before they are transferred to the transceiver 206.
Moreover, in the base band signal processor 208, the sync
signal is generated as described below. The sync signal
is multiplexed to be packet data, so that the multiplexed

25 result is transferred to the transceiver.

The transceiver 206 frequency converts a base band
signal output from the base band signal processor 208 to
a radio frequency band, after which the radio frequency
band signal is amplified at the amplifier 204, then is

30 transmitted from the transmit/receive antenna 202. Here,
the base band signal is the above-described packet data
or sync signal.

On the other hand, for data transmitted from the
mobile station 100, to the base station apparatus 200, In

35 uplink, a radio frequency signal received at the
transmit/receive antenna 202 is amplified at the amplifier
204, which amplified signal is frequency converted at the



the base band signal is the above-described packet data or sync signal. On
the other hand, for data transmitted from the mobile station 100" to the base
station apparatus 200, in 35 uplink, a radioirequency signal received at the
transmit /receive antenna 202 is amplified a ?ne_amplifier 204, which
amplified signal is frequency converted at the -16- transceiver 206 to the
base band signal, which is input to the base band signal processor 208. The

base bak#&i§ita br6EeLYt 5B fbAokASAPAPY Bisteal; elfBf eBrrkgtidPuTt
decodingoatMACaeeahsmissiagna boptroLesseptiodQfiocess, and an RLC
layer reception progess isasée didiagrabancbeigssb WRTB pEacRSERS an FFT
flgnal '_Sﬁf_%&lé%g?de%l? %6?@%@@%%@88@@9?%%@@@3&%% ission
ransmis ing inter . rocessor rfQrms, status -
margeR i 40 abGeobaion HSCRE S an REE LR Feeption

Next, a PSRN of e A BaRESRyriA ProchaBR bos ' HEScRIQF GRS
reference@Ak 15 thansifpburelche dterareee iy apraipius 300
relates pmmatihetotdawsbinlssamthal inesd pads falete@i@the 15 downlink
process are shownwilealhpssbees sela2dop R dipliBkStRERSSRII®agement
omjifed. e Pase bAad SIFTFARTBRSHROGHI YRR BRI BHOCERSA" 200.
2081, a MAC (Med m@ccess CoFtroHip(?g%g%%sooer i?]% gn %réc%jaer§083 &
data modulator 20 ,)é. muﬁtlpf;ec;(rér al) ,.a senal/paralle?converper 2%!3%

a multiphdPseFE08 RlRiphier 2888 Medamtd cbatysisidr2bd$ arf - The
amplitucRnhgidstneg inacognd i acokhirkreognesan tFAMVEDETYR08Ed ates
CP addegrrao&h3i byncte siovndignél,gspetdiat 209s25phetdovanliak pdcketthe
datg traRgispiikdpieo segyenre eesived finmmdectisranissien linglated to
interfacetﬁi;p 38%S g{ﬁ@é\é@ti%ﬂlgo%ﬁtﬂggqn, and an RLC layer

ransmission n RLC retransmission | tr ission
transmission p oce; %%gaé as a C et? SMISSIO cogt([;% itn%r]su iSsio

process in the RLC RB150Kh SAggal pReessor es an RLC

processor 208;, a MAC (Medium Access Control) processor
208,, an encoder 2083, a data modulator 208,, a multiplexer

20 2085, a serial/parallel converter 208s, a multiplier 2087,
a multiplier 208g, a scramble code generator 208y, an
amplitude adjusting unit 208,09, a combiner 208;;, an IFFT
(IDFT) 208;,, a CP adder 208:3, and a sync signal generator
209.

25 The downlink packet data transmission data
sequence received from the transmission line interface
undergoes segmentation/concatenation, and an RLC layer
transmission process such as an RLC retransmission control
transmission process in the RLC processor 208;; and a HARQ

30 (Hybrid automatic repeat request) transmission process
and a MAC layer transmission process such as scheduling,
transmission format selection, or frequency resource
allocation in the MAC processor 208, before it is encoded
in the encoder 2083 and data modulated in the data modulator

35 2084;. Then, a pilot symbol is multiplexed to be the data
modulated transmission data sequence in the multiplexer
2085, and the pilot symbol-multiplexed transmission data



30 (Hybrid automatic repeat request) transmission process and a MAC layer
transmission process such as scheduling, transmission format selection, or
frequency resource allocation in the MAC processor 2082 before it is

encoded in the encoder 2083 and data modulated in the data modulator 35
2084. Then, a pilot symbol is multiplexed to be the data modulated
transmission data sequence in the multiplexer 2085, and the pilot
symbol-BRMSELE trahSmissieT Sty Badiadd@is serrpardirg conéited #he
the seriafpdallépesralded 208ovierténfoa8totasymbbh Raguehtes osyihkol
frequengyeguisraseihaliney@redngpaeneoalie axis thare, theyitsynibeldsup
a downligk g&{eranse > FIORE, IMETATRI SHMSHAMIISCadR AR P¥#BPence

ble - [ ipliedin the f di
WA GRS U ET ﬁéﬁﬁé‘%@éb A

above PN FERIRES 2087 Sand e s BhNilGde-ddusthg sebiiemdgncy
value 107dugpeit bgnheidhditdad aonasthgrusy?bsl osieqHamiered WigdHer in
scrambl&lveda-aquepled syinbdels eqseahied e vV enahipgtieesN2 083 bwhithers
multipliegogsultaate atiprt Entheuspbinere28jl sitmegondeigaere8l. value
muliplexss HiNHPq fTamblF eadk andyaTpii'e ATk 98 SLRNIR 1 e
value-mulllE)Ileghsgmbol s% encedW|th czdel length oft%\l It e SMnC sgml th

generattl] B (iU R SIS SUSIIONG RIARY SIS SGAUSHER 11 the

further MuMpEkbakdaiesa 2 evatildSiicital StibldgHeF 851 dfER are output
sub-carrersths clesbiibed Fd8u, -nlithembfiaetin2f8menard ap2e>shst.invi th
which thetreyncsigaabiberansaiétechace deterhiinadebydtg synésignalequence
conyyollay 2P ol #ip P¥bdrapfuumhesuand éa e BUBRES iINeMBiER BIE N,
SYNC Sigpge! 9&‘8%‘?%§?€| %%éfécté'&%aé YRR 99@%%&%}'9 gbr 209,
generator 209" Is multiplex ith the scramble cqde an fmp \i)u e 25

diusing Ahg0eRed LRESERR SRR Al BERs Qi R EEKed dan e @
with the 5@}B¥ARE |A/TE LN oReheCafor ik soHkraheMurHBeCatd ligd's -
slot number in whichsthdesgne lseghdiad owt traumsheitedothe synbsfgraale and a

generated dy thaspshsignakgenecsatgn 209 is tpanuiipiesedh se determined

by the sync signal controller 209;. For the sub-frame number

and the slot number in which the sync signal is transmitted,

the sync signal generated by the sync signal generator 209

is multiplexed with the scramble code and amplitude

25 adjusting sequence value-multiplied downlink packet data

symbol sequence with the sequence length of N. However,

for the sub-frame number and the slot number in which the

sync signal is not transmitted, the sync signal generated

by the sync signal generator 209 is not multiplexed, so

30 that only the scramble code and amplitude adjusting

sequence value-multiplied downlink packet data symbol

sequence with the sequence length of N is transmitted to

the 1inverse Fourier transformer 208:,. The sync

signal-multiplexed sub-carrier is located at a band which

35 includes the center of the whole frequency bandwidth, for

example. Moreover, the sync signal-multiplexed
sub-carrier bandwidth is 1.25 MHz, for example.



30 that only the scramble code and amplitude adjusting sequence
value-multiplied downlink packet data symbol sequence with the sequence
length of N is transmitted to the inverse Eo;i%er_transformer 20812. The sync
signal-multiplexed sub-carrier is located at a band which 35 includes the

center of the whole frequency bandwidth, for example. Moreover, the sync
signal-multiplexed sub-carrier bandwidth is 1.25 MHz, for example. - 18 The
inverse Fourier trandi§rmbRYRIFSS 26019 kednstrasiayRtolsthid an 20812
orthogortalansifiedansieN siymdioThe GP hddan2081hogenzla QPlibithiarrier
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and a sddrifsyfReto LRy 15586 called S-SCH) . The sync signal

generator 209 inclddées 8)¥yRcsigha bop@dREpEdoy, KEYRESHNEN the sync
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254, the scramble sequence generator 258, and the
20 multiplexer 260 of the sync signal generator 209,.

The sync signal controller 209; determines
sequence numbers of the P-SCH and S-SCH, and the sub-frame
and slot numbers in which the P-SCH and S-SCH are to be
transmitted based on the cell 1D or cell group ID of the

25 cell providing communications by the relevant base station
apparatus 200, using the Evolved UTRA and UTRAN. The mobile
station may specify the cell based on a pilot signal (in
other words, a signal pattern of a Reference signal) after
the cell 1D group is specified, for example. In this case,

30 the cell ID and the Reference Signal pattern are specified
in advance, for example. Alternatively, the mobile station
may specify the cell based on demodulating and decoding
of the P-SCH and S-SCH, for example. In this case, the P-SCH
sequence number and cell ID information are specified in

35 advance, for example. For the P-SCH, a different sequence
is selected per sector. For example, the P-SCH sequence
for a three-sector cell is selected from a set which



the cell ID group is specified, for example. In this case, 30 the cell ID and the
Reference Signal pattern are specified in advance, for example.

Alternatively, the mobile station may specifi he cell based on demodulating
and decoding of the P-SCH and S-SCH, for €xample. In this case, the

P-SCH sequence number and cell ID information are specified in 35

advance, for example. For the P-SCH, a different sequence is selected per
sector. Al uisietiHer-dEfsdQith &L qoeaasee-sector cell is selected
from a set which - Thenclutles thyee diffgrerkt seuusrebe MHE thepprds the
signal centsgllers2@Riereporisiting: P {Ctheepustee gemebertonthEsP-Seht the
generatey 252, 80 1BRcE MGHIDSPALRARE BUSHS HOHDR AL ACRE R S ver

254 _Moreover, 5 t ne signal troll 091 repaqrts, to t I
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commurigidigigstent 190t 1DnMiHe HO AUSEY GiMBeSsuti-tante ake be
slot in whicdmntbrei PEB@H and S-SCH are transmitted. In this example, using
multiple types (for examplantpiIre, ipes) 8t PoSEdnmerienersn SYSp=¥anainoo
i e TS O e So e 1ok HEVANE the
Slot Makae T bDS T AT S 7l HEAS P ANBNGr g ino
Long CP'BA ShehecPAgsed (T tHe neoBiRPdigtiont Mg rek¥0S 9 th & in RheCH
last OF HAGYeNISEIDf therstos itiRadth aFDNMIrgmshditiesh the thimap-iErame
applied andiiea2017 %A F® Nssyenbalovhel thedteny EP, isiappliadsnestamil e ,
timg; In@{Bep wardsp iy hethHppeotdCthand B¢ loraIEBy Ko beginpigsiot

% N . MBE
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e

may associat sequence number_with the cell ID information in. .
ncvanca IS RRESSE LR RREHBel abOVS BEAG BORdhFIRAIS, Shation-
radio cofifhurfésiihd Sydieat1080 rkARed oSk reyRRodyRd digRaplot,
controllek B Athf €acMosiebodsavbeniobhe Long CP is applied and the
20 7th OFDM symbol when the Short CP is applied match in time.
In other words, in both the short CP and the long CP, the
beginning and end timings of the slot match. Here, the radio
communications system may associate the P-SCH sequence
number with the cell 1D information iIn advance. Such
25 association as described above being performed by the radio
communications system 1000 makes it possible for the sync
signal controller 209; of each of the base station
apparatuses 200, to determine the P-SCH sequence number
based on the cell ID of the cell which provides
30 communications using the Evolved UTRA and UTRAN.

In general, a communications area provided by the
base station apparatus 200, is divided into two or more
areas. This is called sectorization. When the base station
apparatus 200, has multiple sectors, the cell ID or cell

35 ID group may be used as an ID of an area combining all the
sectors of the base station apparatus 200,, or as an ID
of each sector of the base station apparatus 200,. When



apparatuses 200, to determine the P-SCH sequence number based on the
cell ID of the cell which provides 30 communications using the Evolved
UTRA and UTRAN. In general, a communicgéions area provided by the base
station apparatus 200, is divided into two or‘more areas. This is called
sectorization. When the base station apparatus 200m has multiple sectors,

the cell ID or cell 35 ID group may be used as an ID of an area combining all
the seclEs stald HdsOktaha gBagiﬂ%FQG@TP%?%@&n"}be otleth kbeGrrea
of the bazmbtatiangpphtatise2Geativisen T 20hehdask B trtriinDagroaipatus
used as2be,|D ef ibentyeaataawivfg eligheaacterpgifdlle fegecsiatioand the
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numbersbbtre-sidstnante dndshbtiinattiich tb€ stine Ky signal gnisdnsadteshce

is set upapRr sRetAILAHEEDaTeLRRbapPaiMUePS1 A6 itevriéHthe sync
Seqyencs; 919/1\2%3 o eeaiWes L g\ oLEEtion %qqtﬁﬁl&ebase

such as & doff-Chu_se encsc%lon patent document 9), a Frank
sequence eﬁenfe‘ Scurfient 10), a Golay Complementary sequence

(Non-patent docu {tp P %6@%8{9&‘?{?\/@ ERFAF €omipitaiahiypp 1 1tude
sequencéeNonAeierodselagnpn2) se e NP2 udNDIs@sseguehiedoElc-Chu
may be geeueMoeco@prasihe b Cldsaguente, a)iwo hydrityp& 28equence

S-3€H ewiensedenhisbcamerbogeyal é%’é‘?ﬁ?%§mﬁ‘l@r@i@ﬂa@5§/asequence
Scramb'Ee E%n\ﬂh' &%e?@ oy Ogo'aa' 5‘8% cep %Zi,

(Non-pafent {gcument 1 uence In which m ferent
orthogo SR RRRES o SAHGRE S NISRARTHE zéq%aererﬁy wift P
an S-SCH §8H99n&9 kRN FERURTHEE -diffEFent FHOJYRANEBEuences are
multiplied by the Moreover, as the S-SCH sequence, a two layer-type

20 S-SCH sequence to which an orthogonal sequence is
multiplied by a scramble sequence, which 1is a
non-orthogonal sequence, may be used (Non-patent document
13), an S-SCH sequence in which multiple different
orthogonal sequences are arranged alternately in the

25 frequency domain or an S-SCH sequence in which multiple
different orthogonal sequences are multiplied by the
non-orthogonal scramble sequence may be used (Non-patent
document 6), an S-SCH sequence in which multiple different
orthogonal sequences are arranged 1In consecutive

30 sub-carriers may be used (Non-patent document 7), or an
S-SCH sequence in which the multiple different orthogonal
sequences, which are arranged in consecutive sub-carriers,
are multiplied by the non-orthogonal scramble sequence may
be used. As the orthogonal sequence, a Walsh-Hadamard

35 sequence, a phase-rotation orthogonal sequence, a PN
sequence, or an M sequence may be used (Non-patent document
14), while, as the non-orthogonal sequences, the CAZAC



non-orthogonal scramble sequence may be used (Non-patent document 6),
an S-SCH sequence in which multiple different orthogonal sequences are
arranged in consecutive 30 sub-carriers may be used (Non-patent document
7), or an S-SCH sequence in which the muftiple different orthogonal
sequences, which are arranged in consecutive sub-carriers, are multiplied by
the non-orthogonal scramble sequence may be used. As the orthogonal
sequen@ERRISH I FMEMRFIBS SkotRALENE Phddterstaliay GamisHg. the
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20 may be arranged to report the cell ID groups, some of the
cell ID groups, the radio frame timing, information on the
number of transmit antennas, or what is included in any
one information set of information sets combining the cell
ID groups, some of the cell 1D groups, the radio frame

25 timing, and the information on the number of transmit
antennas. Such an arrangement as described above makes it
possible to reduce the number of sequences detected at the
time the mobile station conducts the cell search.

More specifically, as shown in FIG. 9, for example,

30 the cell 1D group is divided into multiple types of
sequences (for example, two types of sequences, each of
which includes 32 short codes). FIG. 9 shows a first layer
cell ID group as a sequence 1 having 32 short codes, each
of the short codes having a sequence length of 32 and a

35 second layer cell ID group as a sequence 2 having 32 short
codes, each of the short codes having a sequence length
of 32. It may be set to have the radio frame timing




antennas. Such an arrangement as described above makes it possible to
reduce the number of sequences detected at the time the mobile station
conducts the cell search. More specifically, ag shown in FIG. 9, for example,
30 the cell ID group is divided into multiple §§e§ of sequences (for example,
two types of sequences, each of which includes 32 short codes) . FIG. 9

shows a first layer cell ID group as a sequence 1 having 32 short codes,

each ofthaHpitdsibd hABSEILg0ERCE B EPEIARKN B sk Mber
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sequencBlingicdsa@es.&dh 1D group used for the S-SCH transmitted

20 in a radio frame timing #2.

Moreover, the short codes belonging to the second
layer cell ID group, each of the short codes being aasigned
sequence indices 0-31 for the sequence 2, are divided in
two and are assigned further sequence indices 0-15. Such

25 further sequence indices are called second layer cell ID
group indicators. For example, as the S-SCH sequence, the
Walsh-Hadamard sequence may be used. The sequence indices
0-31 assigned to the Walsh-Hadamard sequence are divided
into 0-16 and 16-31 portions, to each of which portions

30 0-15 are collated as the second layer cell indicator #2.
In this case, numbers 0-15 of the second layer cell ID group
indicator #2 that correspond to the sequence indices 0-15
are used as the second layer cell ID group used for the
S-SCH transmitted in the radio frame timing #1 and numbers

35 0-15 of the second layer cell ID group indicator #2 that
correspond to the sequence indices 16-31 are used as the
second layer cell 1D group used for the S-SCH transmitted



25 further sequence indices are called second layer cell ID group indicators.
For example, as the S-SCH sequence, the Walsh-Hadamard sequence may
be used. The sequence indices 0-31 assigned to the Walsh-Hadamard
sequence are divided into 0-16 and 16-31 fottions, to each of which portions
30 0-15 are collated as the second layer cell indicator #2. In this case,
numbers 0-15 of the second layer cell ID group indicator #2 that correspond

to the sejueH@ iharkks oE8MgreLdgddasiie second layer cell ID group
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describekhsuchdmangf fitsfayBAtdiPIb gl arrcddhe tRlicdtedRetfrfingsing
are assauiatedinail thessedoridhéaylaming #2 and the information on the
20 number of transmit antennas. In this case, the S-SCH is
detected from 16x32 combinations. In FIG. 9, a case has
been described such that the first layer cell 1D group and
the radio frame timing are associated and the second layer
cell 1D group and the information on the number of transmit
25 antennas are associated. Such associations as described

above may be modified appropriately.

Moreover, as shown in FIG. 10, for example, the
cell ID group may be divided into multiple types of
sequences, for example, two types of sequences, each having

30 29 and 6 short codes. FIG. 10 shows a first layer cell 1D
group as a sequence 1 having 29 short codes, each short
code having a sequence length of 29 and a second layer cell
ID group as a sequence 2 having 6 short codes, each short
code having a sequence length of 6. In the sequence 2, it

35 may be set to have the radio frame timing and/or information
on the number of transmit antennas transmitted. For example,
when the cell ID group is reported as advance information



cell ID group and the information on the number of transmit 25 antennas are
associated. Such associations as described above may be modified
appropriately. Moreover, as shown in FIG. 23? for example, the cell ID group
may be divided into multiple types of sequ L}:e_s, for example, two types of
sequences, each having 30 29 and 6 short codes. FIG. 10 shows a first layer
cell ID group as a sequence 1 having 29 short codes, each short code
having &8e&liéntetdigtsdedd and £88cBAR 1dgestatiPyrdtb k6@ time of
sequend&R thavaig, 6rerrisctdedeacit shiohy ddue hading &sanechteloggand
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Morgoverp wies generating the S-SCH, the sync signal generator 2092 does
not have to put the gel:specific |famajianeiERpried 1R/Re 8-SERL N ey nc
hierarchy, for example. For example, when cell-specific information is 20 _~ .
mapped DI AHEEPI C o I AP e UL el LeaRg aid 1o
sequencEiGHBRE 8N eb2ATRERCC ARt 2t fehdidie EommbitaKiBRatly » Tor
informatraggbef thoicetixample, when cell-specific information is

20 mapped to two types of short codes, a method may be used
of selecting the sequence numbers of each short code from
at least one combination of information sets of the cell
ID group, the frame timing, and the information on the
number of transmit antennas, which are cell-specific

25 information, such that interference in a particular cell
becomes small, or more specifically that the probability
of collision due to having the same code assigned to
neighboring cells becomes small (see non-patent document
16).

30 Moreover, as disclosed in non-patent document 17,
for example, at least one combination of information sets
of the cell 1D group, the information on the number of
transmit antennas, and the frame timing, which are
cell-specific information may be used to determine an

35 assignment of sequence numbers to the two types of short
codes, or a method of assigning the sequence numbers to
the two types of short codes may be used to report the



ID group, the frame timing, and the information on the number of transmit
antennas, which are cell-specific 25 information, such that interference in a
particular cell becomes small, or more spegifically that the probability of

collision due to having the same code assighed to neighboring cells
becomes small (see non-patent document 16). 30 Moreover, as disclosed in

non-patent document 17, for example, at least one combination of
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S-SCH sequence generated by the S-SCH generator 254 is

input to the multiplier 256. The sync signal controller

20 209; i1nputs, to the scramble sequence generator 258,

information showing the scramble sequence. For example,

the sync signal controller 209; inputs, to the scramble

sequence generator 258, information indicating a scramble

code common to all cells. Based on the input information

25 indicating the scramble sequence that is input by the sync

signal controller 209;, the scramble sequence generator

258 generates the scramble sequence to input the generated

sequence into the multiplier 256. In the multiplier 256,

the scramble sequence is multiplied with the S-SCH, and

30 the scramble sequence-multiplied S-SCH sequence is input

to the multiplexer 260. As the scramble sequence length,

scrambling (spreading) may be performed over the two types

of short codes, or scrambling may be performed on the

respective two types of short codes. Depending on the

35 multiple types of scramble sequences, any one of e.g.,

system information sets for the S-SCH sequence, e.g., the

frame timing, cell ID group, and information on the number



the sync signal controller 2091 inputs, to the scramble sequence generator
258, information indicating a scramble code common to all cells. Based on
the input information 25 indicating the scrané le sequence that is input by the
sync signal controller 2091, the scramble s&éuence generator 258
generates the scramble sequence to input the generated sequence into the
multiplier 256. In the multiplier 256, the scramble sequence is multiplied with
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another Ry BE AR ¢h $FURRES hREE b HEFom ifTPm AR PRRGHERHRECD
scramblésequetdeethamaynie used. In this case, based on the
20 information indicating the scramble sequence that is input
by the sync signal controller 209;, the scramble sequence
generator 258 generates the scramble sequence to input the
generated sequence into the multiplier 256. Here, for the
scramble sequence to be generated, a P-SCH

25 sequence-specific scramble sequence that is collated with

a P-SCH sequence number may be generated. Moreover, as
disclosed in Non-patent document 21, for example, of the

two types of short codes, a scramble sequence specific to

the sequence number of one of the short codes may be

30 generated. In the multiplier 256, the scramble sequence
input by the scramble sequence generator 258 is multiplied

with the S-SCH sequence, and the multiplied result is input

into the multiplexer 260. As the scramble sequence length,
scrambling may be performed over the two types of short

35 codes, or scrambling may be performed on the respective
two types of short codes. For example, for the scramble
sequence to be multiplied, the scramble sequence specific



by the sync signal controller 2091, the scramble sequence generator 258
generates the scramble sequence to input the generated sequence into the
multiplier 256. Here, for the scramble seq 2’3 e to be generated, a P-SCH

25 sequence-specific scramble sequence tHat is collated with a P-SCH
sequence number may be generated. Moreover, as disclosed in Non-patent
document 21, for example, of the two types of short codes, a scramble
sequenc@s@édﬁ&%‘ ke @é&{u@ﬁcélﬁﬁ be? bf BnB0tthe SRBHAMRsSAGE bEI C
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S-SCH sguencpdRefedR¥sult into the data modulator 209;.

The sync signal sequence generated by the sync
signal generator 209, is data modulated in the data
modulator 2093, and further serial/parallel converted in

25 the serial/parallel converter 209,, so that the
serial/parallel converted result is converted to Nscy
symbol sequences on the frequency axis. In the multiplier
2095, an amplitude adjusting sequence value input by the
amplitude adjusting unit 209 is multiplied with the Nscy

30 symbol signals, and the multiplied result is output to the
combiner 208i;.

Next, a mobile station 100 according to the
embodiment of the present invention is described with
reference to FIG. 11.

35 The mobile station 100 includes a basic waveform
correlator 102, a sync signal replica generator 104, a code
sequence multiplier 106, an upper-layer code correlator



the multiplexed result into the data modulator 2093. The sync signal
sequence generated by the sync signal generator 2092 is data modulated in
the data modulator 2093, and further seriaé/é) rallel converted in 25 the
serial/parallel converter 2099, so that the seTial/parallel converted result is
converted to Nsc1 symbol sequences on the frequency axis. In the multiplier
2095, an amplitude adjusting sequence value input by the amplitude

adjustind YRt 096! B IHALIHRES GHRH thElRsc 83 HnBoixignaletard e 112-
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from thecgd?rtﬁéﬁ'eﬁe dlue. When

The timing detector 110 detects the P-SCH timing

and P-SCH sequence number from the correlated value. When

20 the P-SCH sequence number is detected, the scramble

sequence-multiplied S-SCH sequence is descrambled. Then,

based on the detected P-SCH timing, the S-SCH is detected

at the S-SCH detector 112 with the P-SCH as a reference

signal. Here, when the cell ID group has been reported as

25 the advance information, for example, the radio frame

timing and the information on the number of transmit

antennas are detected. It is necessary to descramble after

sync detection when scrambling is applied at the base
station.

30 A more specific explanation is provided below.

The cell search is conducted using the P-SCH and

S-SCH that are included in the downlink signal. Based on

the P-SCH sequence and the S-SCH sequence that are defined

by the radio communications system 1000 as described above,

35 the cell search is conducted. In other words, by detecting

the P-SCH sequence and the S-SCH sequence, the cell ID or

the cell ID group is detected. Then, after detecting the



20 the P-SCH sequence number is detected, the scramble
sequence-multiplied S-SCH sequence is descrambled. Then, based on the
detected P-SCH timing, the S-SCH is detecied at the S-SCH detector 112
with the P-SCH as a reference signal. Here, When the cell ID group has been
reported as 25 the advance information, for example, the radio frame timing

and the information on the number of transmit antennas are detected. It is
necessaf§ Id désciapine kierssfirbdirasiPinassocahsting d kpiea ae! !
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with the S-SCH s%é]uence,agir 155 example, and detects information elements
included'MREMEEY & hake it possible to detect the cell-specific

information sets. N8B -méthae bhadnsHhitieespeidiaiieisSync channels

according to the embodiment of the present iInvention is
20 described.
The S-SCH generator 254 selects multiple sync
signal sequences. For example, in the radio frame timings
#1 and #2, two types of sequences, a sequence having 16
short codes with the sequence length of 32 (the first layer
25 cell ID group indicator #1) and another sequence having
16 short codes with the sequence length of 32 (the second
layer cell ID group indicator #2) are selected. Then, the
S-SCH generator 254 generates advance information to be
reported to the mobile station in advance. For example,
30 advance information indicating the first layer cell 1D
group, which is part of information for specifying the cell
ID group, is generated. The generated advance information
is transmitted.
Moreover, the S-SCH generator 254 generates the
35 secondary sync channel using the selected multiple sync
signal sequences. For example, a secondary sync channel
is generated that indicates the first layer cell ID group



according to the embodiment of the present invention is 20 described. The
S-SCH generator 254 selects multiple sync signal sequences. For example,

in the radio frame timings #1 and #2, two tyigs of sequences, a sequence
having 16 short codes with the sequence length of 32 (the first layer 25 cell

ID group indicator #1) and another sequence having 16 short codes with the
sequence length of 32 (the second layer cell ID group indicator #2) are
selected'THeh, Iife s RREH d&e’rﬁi@?%tdé’ﬁbr%@é's aneeddy H6rAatsd o 10
be repogtedup thednbhée Statiodinl asredance Horléxanple) 3tadvadse a part
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channel,_sc%that the multlg result is transm ile station

detects HUSAMERIRe Untdithdiih AUKGIRE ANERELRARRARRH agondary
secondatync channel.
Next, a cell search method 1In the radio

20 communications system 1000 according to the present
embodiment is described with reference to FIG. 12.

As a First step, the mobile station detects the
correlation between a primary sync channel sequence and
a receive signal, and detects the carrier frequency and

25 timing of the primary sync channel (S1102, S1104). As a
result, a primary sync channel sequence number is detected
(step S1106). In this first step, the mobile station may
determine the signal phase difference and compensates for
the frequency offset.

30 Once the primary sync channel timing, the carrier
frequency, and the primary sync channel sequence number
are known, the secondary sync channel timing and carrier
frequency also become known . The scramble
sequence-multiplied secondary sync channel is

35 descrambled.

Next, frame timing is detected from a secondary
sync channel sequence specific to a cell used in the



sync channel. Next, a cell search method in the radio 20 communications
system 1000 according to the present embodiment is described with
reference to FIG. 12. As a first step, the molgi e station detects the
correlation between a primary sync channel“sequence and a receive signal,
and detects the carrier frequency and 25 timing of the primary sync channel

(51102, S1104). As a result, a primary sync channel sequence number is
detecte P ]SRIPFSIY08Y N ehidtinstIstepl iRShodidPdtandd ymafuddibprhmd Tor

the signaikaimdeedifi2)essm andicomedisates far taafeduencyndfstrad®, so
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sequence-mu?tlpﬁled secondary sync channel is 3 descrambled: IQext, rame
timing isSRRERSEFrEmtd L8ondary sync channel sequence specific to a cell
used in the - '31 sdtR¥fRlarySYAE EhAAED (Sheoppbikacalatharipla (@sivance
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When t@?n%sr%a@fiorh pas,Quitiple, Bapsmit ANENagJh Y reRATISHNe the
mOb"esﬁ¥EgP%a%ion on the number of transmit antennas in the
secondary sync channel, and, in the second step, the mobile
station may detect the number of transmit antennas (MIMO

20 (Multiple Input Multiple Outputs) information on the
number of antennas) (S1112). In particular, the
information on the number of transmit antennas used for
the base station to transmit the broadcast channel may be
detected.

25 Next, the cell ID is detected using the cell ID
group detected in the second step and the primary sync
channel sequence number detected in the First step (S1114).

Next, a radio communications system having base
and mobile station apparatuses according to other

30 embodiments of the present invention is described. The
radio communications system, base station apparatus, and
mobile station according to the present embodiments are
configured in a manner similar to those described with
reference to FIGS. 3, 6, 7, and 11.

35 In the base station apparatus 200 according to the
present embodiments, the sync signal controller 209,
inputs, to the scramble sequence generator 258,



information on the number of transmit antennas in the secondary sync
channel, and, in the second step, the mobile station may detect the number
of transmit antennas (MIMO 20 (Multiple In%%t Multiple Outputs) information
on the number of antennas) (51112). In particular, the information on the
number of transmit antennas used for the base station to transmit the
broadcast channel may be detected. 25 Next, the cell ID is detected using

the cell I iU ERAECRRAIMEAE R 3t BRAURBGRmFRShtC Hehaspble
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includes three different scramble sequences.

20 The timing detector 110 of the mobile station 100
detects the P-SCH timing and the P-SCH sequence number from
the value of correlation between the output of the code
sequence multiplier 106 and the upper-layer code. When the
P-SCH sequence number is detected, the P-SCH sequence

25 specific scramble sequence-multiplied S-SCH sequence is
descrambled. Then, based on the detected P-SCH timing, the
S-SCH is detected at the S-SCH detector 112 with the P-SCH
as a reference signal.

Moreover, in the cell search method, in the flow

30 described with reference to FIG. 12, the primary sync
channel sequence number is detected in step S1106. Using
the detected primary sync channel sequence number, a
primary sync channel-specific scramble sequence
multiplied with the secondary-sync channel also becomes

35 known. The primary sync channel-specific scramble
sequence-multiplied secondary sync channel is descrambled.
Then, the process proceeds to step S1108.



selected from a set which includes three different sequences, so that the
scramble sequence to be multiplied with the S-SCH sequence is selected

from a set which includes three different scg mble sequences. 20 The timing
detector 110 of the mobile station 100 detetts the P-SCH timing and the
P-SCH sequence number from the value of correlation between the output of
the code sequence multiplier 106 and the upper-layer code. When the
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detectio® ?Y@B@ﬁnﬁﬁ&!’@l in an initial stage (a first stage)

of the cell search, i1t also detects the P-SCH sequence

20 number at the same time. In this way, the P-SCH sequence
number corresponds one to one with the scramble sequence
number multiplied with the S-SCH. Thus, the S-SCH scramble
sequence number is determined based on the detected P-SCH
sequence number. Therefore, there is no need to detect

25 multiple types (for example, three types) of S-SCH scramble
sequence numbers. Therefore, in detecting the S-SCH
sequence, it is made possible to generate three types of
S-SCH scramble sequences without Increasing the amount of
computation.

30 Moreover, in detecting the primary broadcast
channel (P-BCH), it is made possible to generate 510 types
of scramble sequences without increasing the amount of
computation. As described above, in detecting the S-SCH
sequence, it is made possible to generate three types of

35 scramble sequences without increasing the amount of
computation. The above is next explained with reference
to FIG. 13. The P-SCH, which includes three types of



15 Moreover, in the present embodiments, the P-SCH-specific scramble
sequence is applied (multiplied) with the S-SCH sequence. When the mobile
station detects the SCH symbol timing in a g}iﬁltlal stage (a first stage) of the
cell search, it also detects the P-SCH sequénhce 20 number at the same time.

In this way, the P-SCH sequence number corresponds one to one with the
scramble sequence number multiplied with the S-SCH. Thus, the S-SCH
scrambl8CES e PRAMIGE HetefiBfiRd 'B%edié‘t‘?%’@@et&l%d pogserpling

sequencaogeber. Ther&fos€Hthardas goaseh eosiptasibdd nouiptegpe§end
examples tiresOypepkeiFiTCHacambe sequence ngfidieraxahembiqretitree
detec“”‘i RS- SRR It Soneds posgilde t@%ﬁ@%&@?&&&esthe
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without Pciédsing§eAEMsSunt 6PebRfuthiien. Megssciited @ble, IR group
detectingitfe Sr&Cibreeguencanibisthade pobskeiguergenfie txeemlees two
of 35 scigypble §¢Cﬁrﬂﬂ€€&&\d@@)ﬂ InREaaSa-Ee B @b I%wiﬂgtitﬂ@P—BCH .
Theaboye 'fym&é%eed UL CuRs ded Berdred 6 BE3Chr WiFlinb 1
mcludes three r,}/(pe é mble se uentic-i-s oes notunde'_rg %
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scramblif proces he scra process usin
P-SCH- sr*d%h?i&%?‘a%lé%%%{ﬂ}%h‘éecﬁ&e&%ﬁp%ﬁré@%ﬁ@% U?%&Qﬁ]@@ount
codes). The@BTHahtengoes the 5 scrambling process using a cell-specific

scramble sequencldicr@xamplé b detypds leftsbngmitleecarleBIH L havhen the
S-3CH Qe égﬁqmﬁeﬁyp@%@ﬁaau@&%WW@LQ@%@QWce,
Orthogo?aé SPYURY (fBE)géei'iS‘PJee ‘g cté{RS S*Eﬂ’é C8H8F§“ heégioirrﬁahfnuon
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improve the channel estimation accuracy allows the P-BCH
20 demodulation accuracy to be improved.

In the above-described embodiments, an exemplary
system to which Evolved UTRA and UTRAN(also called Long
Term Evolution or Super 3G)is applied has been described.
However, the mobile and base station apparatuses, and the

25 method of transmitting the sync channels are applicable
in all systems using the Orthogonal Frequency Division
Multiplexing (OFDM) in downlink.

For convenience of explanation, specific

numerical value examples are used to Ffacilitate
30 understanding of the present invention. However, unless

otherwise specified, such numerical values are merely

exemplary, so that any appropriate value may be used.

As described above, while the present invention
is described with reference to specific embodiments, the

35 respective embodiments are merely examples, so that a
skilled person will understand variations, modifications,
alternatives, replacements, etc. For convenience of



Moreover, in demodulating the P-BCH, when the 15 channel estimation is
conducted based on the S-SCH sequence, it is made possible to conduct the
channel estimation taking into account the $§annel state per channel,

allowing improved channel estimation accuracy. The ability to improve the
channel estimation accuracy allows the P-BCH 20 demodulation accuracy to
be improved. In the above-described embodiments, an exemplary system to
which EGXRéaNFRALNd WITHAN B ARea L3RYSTernREGBIAibAGr Sapdkhe
3G) is appliexti hae e node $tvébed e sovevdaTy dretrwbikrandXaba Biatobons ing
apparatfigs ehohae B oexthoiefiisarsmitiat the synravhesseldsaiescribed
applicablg, jp&ll gysteps Usina B Redwoenal figpanarey, Divbiare, or a
M“'Ep'.e@”%tﬁ‘?rfa[{'\.‘%h” WILDE- ffﬁé? ”ﬁ’eé‘%%'{gir?\‘igxwi%‘ﬁ“"é"nsq‘if“i“i'% i ted
numerical value examples are used to facilitate understanding of the

present kentldH HoRRUYP unRBRUIMERNLE specifed, LaEnuni@idations.

values dreddrepatde@nsplaryadd enaediiyvagpropaa valigPhrgasented. are
As desciibed athodel witireet i preseht imventibinos daddninet! wepaeferagc&rom
to specif'tch@ng}g)mﬁengg thﬁ&@f@g@cﬂvemhﬁi@pﬁnts are mergl_y _

exgmples, so that apgkilled pegson Wil HOARERIGRA Y RIali90E; A BRI S ms

alternatiV(;:;s,or'ePLacerBegtgdetc.nFor ona/eggeencepof -e% e Iarﬁté% %Wle NG
the appé)rafuses According to e enBStifiants of%e preseon? Invention are ™ -

explainetP9ing el PtRon il Bk Wagktitfis Suck AP pardfifeddnpessibatent
above nfg3pild gapieonenred RORArdlafe08oftilaile hoa SIemabAtatictP07, the
thereof. dheipresardniearton ifnathindted atoethdabosg ermbodimpentsted by
thafvariptigase pradifications, alternatives, and replacements are included in
the present invention without departing from the spirit of the present

invention. 10 The present international application claims priority based on
Japanese Patent Application No. 2007-161945, filed on June 19, 2007, and
Japanese Patent



Application No. 2007-167009, filed on June 25, 2007, the entire contents of
which are hereby incorporated by 15 reference. -36- CLAIMS 1. A base
station apparatus in a radio communications system, the base station
apparatus 5 communicating with a mobile gti6n using an OFDM scheme in
downlink, the base station apparatus comprising: a sync signal generating

unit which generates a secondary sync channel; a multiplying unit which
multipli mble 10 code with the secondary sync channel; and a
transmitting unit which transmits the secondary sync channel with which the
scramble code is multiplied, wewreinsaelespecifiainbenraation isdetecied iadio
the secquslary,sVee £98nael. 4pAdihe basstaggaearraials s clajiped ftus
claip 1 luieh eOTPYISING RIPIENGR T8lecing i ybigh, ssieeiednilipie
sync signal sequences, wWherein the sync signal generating tinit generates the

20 secoﬁ&agp%i&ﬁnrm%ﬁﬁéﬁdﬁﬁﬁ > ABRAEF MUl E 7l S)nal
sequences, one paft SMAe SHINAdnaEReKaEMBSs WRltanditehpaasiiades a

sync sigaatsegizancesy3c Toedraselstation apparatus as claimed in claim 25

1, wherein the multiplying enIpiiipliesiwithifie rseaenepl $¥RC ghagiemBle

scrgmble Gede, iieh difersdtymasey [ oRl 4nbinBese stafion apparatus

as claimed in claim_30 3, wherein thé scram le chogée and a)%g ence use
wniacn . Iy

. . trahsmitting yni ransmi e n(cjiar
ina primary sync c%anne“sare coflageb‘, And WASIEIR RARSAdI iplying TR 4

multiplieSY WArRNEEdoNARH) WHCBhthReP e ERkinBRAGAE multiplied,
corresponding to tideEgaence Usespaahé iirafpspadepanheldstected in
base statiog appayatisargs sianmedHarmtain
15
2. The base station apparatus as claimed in claim
1, further comprising a sequence selecting unit which
selects multiple sync signal sequences, wherein
the sync signal generating unit generates the
20 secondary sync channel by including, of the selected
multiple sync signal sequences, one part of the sync signal
sequences and another part of the sync signal sequences.

3. The base station apparatus as claimed in claim

25 1, wherein the multiplying unit multiplies, with the

secondary sync channel, a scramble code which differs from
cell to cell.

4. The base station apparatus as claimed in claim
30 3, wherein the scramble code and a sequence used In a
primary sync channel are collated, and wherein
the multiplying unit multiplies, with the
secondary sync channel, the scramble code corresponding
to the sequence used in the primary sync channel.
35
5. The base station apparatus as claimed in claim
1, wherein the cell-specific information includes at least



1, wherein the cell-specific information includes at least one information set
out of a cell ID group, a radio frame timing, and information on the number of
transmit antennas. 6. The base station apparatus as claimed in claim 55,
further comprising: an advance information Znérating unit which generates
advance information to be reported in advance to the mobile station, wherein

the advance information includes at least one 10 information set out of:
informatf3ieirkiid& IR a Hant Setheed b 3r668 linkorakBOR indice@iAdenkrame

cell ID gtdud,nihforncatiof oncliedtirantbe Eukouatpertiofirgy; anSinférangtmas .
indicating the number of transmit antennas, and information combining the

information indicatigg insasel digaeslbIPAPPHPa I erOPAPRdRdiGRE IR i m

thecell ID g he information indicating the radio 20 frame timing, and the
infogmatl'fjg’n ﬁy%arﬁ%% t gﬁ]rpuﬁrﬁ%érrl] Of transmit_antennas. 7. A_mobile station

apparatus in a radiémcoﬁﬂﬁﬁﬁfé%tio\%f&fé?é‘ﬂ% AEBRE LA “_n't which
commuriEaRTR tesnaAVAP&Se akprmaddaatdirdgen (PoKEsshdheadvance
downlinkovtebveimtiel bass titinongppdrated generates a secondary sync

channel, and multipties asgFantde g Wititien saeRNAI¥SYag chanaral, one

the, robile fiationfsthes gompgisipg: 30 a d.escra.mbling unit which .
descrambles the sec%q%rgtsfnc chaé]nel with which the SCV6!|ET1bt|ﬁ_ code ﬁ 1D

multiplied; and a deltgctlng et which’ e't%%Fs'lel-gpe%ﬁfétin?ormatl%n ased
on the d@&8*dMbled secondary sync 35 channel. 8. The mobile station as
claimed in claim 7. 13Bovittdprthérstigableagodbended $edBe@d®uBed in

a primary information indicating the radio frame timing,

15 information indicating the number of transmit
antennas, and
information combining the information indicating
the part of the cell ID group, the information indicating
the cell ID group, the information indicating the radio
20 frame timing, and the information indicating the number
of transmit antennas.

7. A mobile station apparatus in a radio
communications system, the mobile station communicating

25 with abase station apparatus in an OFDM scheme in downlink,
wherein the base station apparatus generates a secondary
sync channel, and multiplies a scramble code with the
secondary sync channel, the mobile station further
comprising:

30 a descrambling unit which descrambles the
secondary sync channel with which the scramble code is
multiplied; and

a detecting unit which detects cell-specific
information based on the descrambled secondary sync

35 channel.

8. The mobile station as claimed in claim 7,



sync channel are collated, and wherein the descrambling unit descrambles
the secondary sync channel by using the scramble code 5 corresponding to
the sequence used in the primary sync cha gel. 9. The mobile station as
claimed in claim 8, wherein the base statioiY apparatus reports advance 10
information in advance, and wherein the detecting unit detects cell-specific
information other than the advance information. 10. A method of transmitting

sync ch&hieds I L& SHedadsl SoRfAENRMiIGh SSPLRAT AR aladePr imary
station ayparatheuniidh esenaali¢atesdyitlaadmobile station using an

OFDM scheme in dawvettieknthehaethosiempising: asyec gigsalgepdesinghe
step whigh ganesaies. dynthe BREAMIALIODAPNEFIYS: AFREOUIAUMIE code
chagnel, 20,3 SSIAMAIGCHS ThIlPMAg step whiGmpltinies: BY 11ep9S8ync
station aé)ﬁarat S, a scramble code with the “secondary sync channel; and
transmitti Ggﬂ?ﬂ which transmits, by the base station apparatus, the
secondary sync channel with which 25 the scramble code is multiplied,

wherein the mobile$tatitimedetetis k|| spation indermati@nnadthérsecdadary 8,
sync chgimedlein the base station apparatus reports advance
10 information in advance, and wherein
the detecting unit detects cell-specific
information other than the advance information.

10. A method of transmitting sync channels in a
15 wireless communications system having a base station
apparatus which communicates with a mobile station using
an OFDM scheme in downlink, the method comprising:
a sync signal generating step which generates, by
the base station apparatus, a secondary sync channel;
20 a scramble code multiplying step which multiplies,
by the base station apparatus, a scramble code with the
secondary sync channel; and
a transmitting step which transmits, by the base
station apparatus, the secondary sync channel with which
25 the scramble code is multiplied, wherein
the mobile station detects cell-specific
information by the secondary sync channel.





