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DESCRIPTION BASE STATION APPARATUS, MOBILE STATION
APPARATUS AND SYNCHRONIZATION CHANNEL TRANSMISSION
METHOD 5 TECHNICAL FIELD The present invention relates
to a radio communication system where OFDM (Orthogonal Frequency
Division Multiplexing) is applied in downlinks, and 10 particularly relates to
a base station apparatus, a mobile station apparatus and a
synchronization channel transmissionmeiiq BPACKGROUND ART 15A
successor communication scheme LTE (Long Term Evolution) to
W-CDMA and HSDPA has been discussed in W-CDMA standardization
BAFEIGHR TN APV ARA BLSEDMOE $IngleSTATRON e mMERATUS AND
Divisio [tip } [ S radi

for 20 B T eSS For AN ST AT gD
25.814 (V7.0.0) "Physical Layer Aspects for Evolved UTRA" (June 2006).

Tee P PMIS adjansmission scheme where a frequency band is

segmented into muliiple smaller 25 fre uencﬁands (subcarriers) and
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ammansdlyg atraogedsygibemmuwtuaietedfE@Mcd @hitthihgpael Frequency
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efficiency of frequency.

particularly relates to a base station apparatus, a
mobile station apparatus and a synchronization channel

transmission method.

BACKGROUND ART

A successor communication scheme LTE (Long
Term Evolution) to W-CDMA and HSDPA has been discussed
in W-CDMA standardization group 3GPP, and OFDM and
SC-FDMA (Single-Carrier Frequency Division Multiple
Access) are being discussed as radio access schemes for
downlinks and uplinks, respectively. For example, see
3GPP TR 25.814 (V7.0.0) “Physical Layer Aspects for
Evolved UTRA” (June 2006).

The OFDM i1s a transmission scheme where a
frequency band i1s segmented into multiple smaller
frequency bands (subcarriers) and data is transferred
over the respective frequency bands. The subcarriers
are densely arranged without mutual interference while
they are overlapped, which can realize fast transmission
and improve utilization efficiency of frequency.

The SC-FDMA is a transmission scheme where a
frequency band i1s segmented and the segmented different
frequency bands are used for multiple terminals for
transmissions, resulting In reduction 1n interference
among the terminals. 1In the SC-FDMA, transmit power has
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30The SC-FDMA is a transmission scheme where a frequency band is
segmented and the segmented different frequency bands are used for
multiple terminals for transmissions, resulting in reduction in interference
among the terminals. In the SC-FDMA, transmit power has small
variations, which can reduce power consumption of the terminals and
realize broad coverage. In the LIE, two types of CP, long CP and

shI1FPVA AfigEN6 1989 then derPreWrAes &l e OFEe #S odr3 (MfStG on of

Prefix) for reducing influence of inter-symbol interference due to delay

§aGetebMd Rt WIOH&@L’%%& Basmed it QY8 bl farge cell radii
or at transmissidns ehdBMSE (M ahiimethaoreadfastFVjullioasy SPviead short
nals w C lie cells 10 wit e ii
Igejaéeé]v ere tﬁgﬁrlE F gtrg%%plgéﬂés%%éﬁwgémbo sParqéF?ar%lPl eI(DJINI as
frPaGigd di6t. Hﬁﬂfele@)sé‘wner@m@%haﬂ apd dreaipphed fohnesthsymbol

pARS ﬁ?@‘b@%@'\/b@’@ﬁ%s éEel'a u@,gd,@@ singlg ﬁ'@x%ﬂ\f’oep@Whﬂﬁea long
mobile station m nerally detect a cell rowdl the fl e statiqQn

CRR bake: (ARE ISR, B 8D D ik Heabd SRt bhng gt 1 or at
W-ED8N dild B or othekBiES e da Ismch\emhlzatlarrelgda:lastomfiarlmi cast
BWY -%’eﬁ”& n%ﬁ@i‘gb%hoﬁ‘i IEPCAURBHRIGAYANS PL 3&;%51' 'i”étl':?’i:]n cells

reception | unlcatlons his process is re eferred to a | searc
W EEhpsesthadd capth ber@dldcted IinkB@o fincEiskbgrtBed e Aeslg CPs

a?ﬁt,rgslam@lfirll@dsddgtemmﬁeb W:aﬁgﬂgmbq %”?ﬁ ﬁ@:ama [@tﬁ}é@d”ic@f thesi ngle
searc rocessi oad 1or monlile statio N e cell sea .
BT e e R b R e T B E b AT, Al ped on
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§t@H%rpe|n g]eoqr_sll search. 30In the W-CDMA, two types of
synchronization signals, P-SCH (Primary SCH) and S-SCH (Secondary

SCH) are used 1 &deh kgarch. A1SDihkRe BIEaK KbimfGtcgsaeral ly
that thetwa tyrek of syshienizegor sgnas iy $eHargtSG SR HErespeé tter

¥g.|cF%U§?¥{b in a radio communication system using the
W-CDMA, the LTE or others based on synchronization
signals or others at power up, during standby, during
communications or at intermittent reception in
communications. This process is referred to as cell
search in a sense that a cell to be connected to in radio
links 1s searched for. A cell search method is
determined based on a time duration required for the cell
search and processing load for mobile stations in the
cell search. 1In other words, the cell search method must
be performed with a less time duration required for the
cell search and less processing load for mobile stations
in the cell search.

In the W-CDMA, two types of synchronization
signals, P-SCH (Primary SCH) and S-SCH (Secondary SCH)
are used for the cell search. Also in the LTE, it is being
discussed that the two types of synchronization signals
P-SCH and S-SCH are used for the cell search.
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For example, one cell search method where a P-SCH having one
sequence and a S-SCH having multiple sequences are transmitted every
5 ms is being discussed. For example, see R1-062990 "Outcome of cell
search 5 drafting session". In this method, downlink reception timings from
cells are identified based on the P-SCH while received frame timings are
detected and cell specific information such as cell IDs or cell groups

(group IDs) is idegiffieghbagpd @ thene SEEanSBUeHN HRSFHRE Where a
slot. In general, a channel estimation value derived from the P-SCH can
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RedsPR et dEdiPaer &ReR Atapih BRkER ohtRd mpddot signal .
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e above-mentioned problem cannat.be arise. 5In avoi e
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sequences, are used. For 10 example, see R1-062636 "Cell Search

ErBeAdndOm Tighty EPAchroAEE: NERFOROBAH & FEAT Midnfalefe tect
toree owliods fordrenemétingimhe Chis i diffeent iensdussieiitentm and
f é gccréléisgti:rgg/egget}ﬁré)pggegidg _av0|d the S-SCH characteristic

In the case where the above-mentioned cell
search method i1s applied, however, S-SCHs transmitted
in different sequences from multiple cells may be
demodulated and decoded in an Iinter-station synchronous
system, where signals from the different cells are
synchronized with each other, based on channel estimation
values derived from P-SCHs transmitted in the identical
sequences from the cells, which may degrade transmission
characteristics for the S-SCHs. The transmission
characteristics herein include a time period required
for the cell search. On the other hand, in an

inter-station asynchronous system where signals from
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15 in the inter-station synchronous system. For example, see R1-070428
"Further analysis of initial cell search for Approach 1 and 2 - single cell
scenario”. In this method, P-SCHSs having different reception timings from
multiple cells can be used for demodulating and decoding 20 S-SCHs,
which can prevent the above-mentioned S-SCH characteristic
degradation. Meanwhile, it is desirable that a larger number of

HiStid PRIHENERYASPIAPeSeRdt (N APEHPBRIIsB03PPRIT B0EH other,

kinds of P-SCH transmission intervals_25 as proposed in the document

REGRRISPe EdLbhiR9IRwWOF cEifBedig Hhssntdigimibk b8 sbypm the
secuenpdseorciebd kinds of Bk remstifsiominézreals athesed, thete thus
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synchronous system. In addition,_the above-mentioned time period

SRE RP HESe Y ebhth: ik ASUREANG AR S RATedgnaPP 1Y a cell
skearacthristiet hodl probessingtioad ofMmaotmlestaRieSCHdr Seqped searsh) for
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paramnieter contiguration or operational manner which of the cell search
exasmidsion segadidristie26fe Theblld sGEiam procBsHTPIbAGRE ehel N

‘?‘i{bmﬂaé‘l I8 goRiesed PRe NBHPR 1 rLORISFRPSURE OF
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TR e Vo e RS RS ulS fochhAUS RA LIRY P-SCHS at
giobEerseastioltavasn As sasadbaboveesynsilienikatoncehbliselhave been

proposed to avoid the S-SCH characteristic degradation
in the Inter-station synchronous system. For example,
see R1-070428 “Further analysis of initial cell search
for Approach 1 and 2 — single cell scenario”. In this
method, P-SCHs having different reception timings from
multiple cells can be used for demodulating and decoding
S-SCHs, which can prevent the above-mentioned S-SCH
characteristic degradation.

Meanwhile, 1t iIs desirable that a larger
number of P-SCH sequences as proposed in the document
R1-062636 or more kinds of P-SCH transmission intervals
as proposed in the document R1-070428 be used In view
of cell design. |If a small number of P-SCH sequences or
less kinds of P-SCH transmission intervals are used,
there 1s a higher likelithood that the P-SCHs sequences
are the same in adjacent cells or there is a higher
likelihood that the P-SCH transmission intervals are the
same in adjacent cells, which may lead to a higher
likelihood that the S-SCH characteristics may degrade
Iin an inter-station synchronous system.

In addition, the above-mentioned time period
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15(SCH) serves as downlink signaling for cell search. It is concluded that

a hierarchical SCH is applied to the synchronization channel. For

example, see 3GPP TS 36.211 V1.0.0 (2007-03).Specifically, the

synchronization channel consists of two sub-channels, 20 a primary

synchronization channel (P-SCH) and a secondary synchronization

channel (S-SCH). In the secondary synchronization channel, cell

pRefifiFrfaraiienaveh @ Fell L2arpups, radia frags tinings adithesearch

number of transmit antennas is 25 transmitted. User apparatuses detect
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whegfﬁhand Ve tar§qet cells are detected durin céoéigqgumc tion or

kg, F MR dfacht EAPRIBMRGER Rhh @lortRgnge ! search

eandidatesi aféhree celitspebiéc méormatiorpto ibeadetected can be reduced.

In the LIE system, however, it cannot be concluded at 5 the present that

the adjacent cell information is transmitted. As one mapping
poldderstieofttary SyeNrohizdtion channel sequences, a method for

[r2RpiRY Eifferent gequsneewitiBrespent to g ERUYENEY
However, the above-mentioned background

technique has some problems as follows.

As stated above, a synchronization channel
(SCH) serves as downlink signaling for cell search. It
iIs concluded that a hierarchical SCH i1s applied to the
synchronization channel. For example, see 3GPP TS
36.211 V1.0.0 (2007-03). Specifically, the
synchronization channel consists of two sub-channels,
a primary synchronization channel (P-SCH) and a secondary
synchronization channel (S-SCH).

In the secondary synchronization channel,
cell specific information such as cell ID groups, radio
frame timings and the number of transmit antennas 1s
transmitted. User apparatuses detect the cell specific
information through detection of sequences of the
secondary synchronization channels.

As stated above, 1n the W-CDMA (Wideband Code
Division Multiple Access) scheme, adjacent cells are
searched for in handover, but the cell specific
information on the adjacent cells (adjacent cell
information) is transmitted to a user apparatus before
the adjacent cell search. 1In the adjacent cell search
where handover target cells are detected during
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10 direction has been proposed. For example, see 3GPP R1-060042
"SCH Structure and Cell Search Method in E-UTRA Downlink™ and 3GPP
R1-071584 "Secondary Synchronization Signal Design”. For example,
subcarriers of orthogonal sequence 1 (P1(0), P1(1), ..., P1(31)) and
orthogonal 15 sequence 2 (P2(0), P2(1), Pz(31)) maybe alternately
mapped one after the other, as illustrated in FIG. 1. Also, for example,

eghraeniseaioiredrPdnd by L3 2 arBRAPARISSEURRCE P

(P2(0), P2(31)) may be mapped info successive 20 subcarriers, as
I&RERR G, bS Ik HROmEA e Redar&hande seqichtdatgs of the
oeddl slpegei finbgndqatiamscante rendwitied tekaiinallyef peeuced.

' he4i f
e oo L e O BB T B dsd at
thgueptesieivingtdeqlierideserafid sz arctusea bl ilsfasaatiign2is

+P2hypescefqatterns can be transmitted. It has been concluded

that several synchronization channel sequences, for example, three 30
types of zadoft & SBuaRERS BB HELEd fo o PERRATS binary
sequehecemare ad e nsedh fon theel Ss¥CH and tay, tlee sedqurodefate mapping

TIE | |
QT BTTE, SR R, TR TR YR E6 e e FFEE R noy
dheRakd SISMASeRPBe PARRRES dt-is rEQgnREATHA thersSB @ rdRPP
R&éﬂqs@?miz SPSEH @’@ﬁ&é&gwaewd’sgwgf@é@)trnﬂﬁﬂm%@gmt g A-B52UTRA
z system,, SAIso, - e S- are transmitted In the . .
e LR BT R s SR AR FORB R a2t on
ST bebears egary S5mé: dr otheamplds, tisridaoaimonizaton thanmehisgonal
' ever sepa atuses derjye el estimati
gglﬁz@ﬂ% re\fsi)gfn %()ag’orsbt%géa%h réée'piiorl?/ 0 theﬂgffergrg{n ngjglr-]lg Oc;nal

FRAHANECa s Ldte0PertBiak Eannel confieiddtioh frhP aifldigrnately
Pappsifop e iadhtdyal the other, as illustrated in FIG. 1.

Also, for example, orthogonal sequence 1 (P1(0),
P:(1), -.., P1(31)) and orthogonal sequence 2 (P2(0),
P.(1), --.., P2(31)) may be mapped into successive
subcarriers, as illustrated in FIG. 2. In this manner,
1T several separate sequences are used, a larger number
of patterns can be transmitted. Specifically, if one
type of sequence having sequence length 64 i1s used, for
example, 64 types of patterns can be transmitted. On the
other hand, i1f two types of sequences having sequence
length 32 are used as illustrated in FIG. 2, 1024 types
of patterns can be transmitted.

It has been concluded that several
synchronization channel sequences, for example, three
types of Zadoff-Chu sequences, are to be used for the
P-SCH while binary sequences are to be used for the S-SCH
and that the sequences are combinations of two types of
short codes. For example, see 3GPP TS 36.211 Vv1.0.0
(2007-03) and 3GPP R1-071794.
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cells based on the channel estimation values, and demodulate the S-SCH
for cell search. The terms "cell" 15 and "sector" are used herein
synonymously with each other without confusion, but the term "cell" may
mean that it includes multiple "sectors" as needed. In an inter-station
synchronous system where signals from different cells are synchronized,
a mobile station 20 receives the signals from the multiple cells

simultaneously. frhUpfid @SilR0\IRaT@ RAYBdaNSelpeid é@ﬁ@@%‘%ﬂft@ used,

the same base station can determine the sectors throu h reception of
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values in the redid& setides. A=ob &is asubdeh 8 det&Sidnaikelifdoarnss et ted
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e the 4add; Mool &GS SEMGT e Mvile dRBANGILOrds,
the objgotali trenpreseni oweostanis € improte dresdetdtiod Iléemhngd 5 ms.
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present invention, abase station a pparatus for use in a

one as
ﬁ@bnéfwﬁmﬁméémﬁ%y%mqn@hwgemamsle%@nma\iﬁ%gemdmme rent
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RN OP AP dEischeh b & UREE AT paac AncH FaRn ARy dual
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channel and a 15 secondary Cﬁﬁg:hronlzatl channel. The primary

afEnremediRdh Al #RA) rmm@xwgywdéstéh@w other
wacendany YoeFaeiaion chaeneHensavtiedio@ISECtoffaten that it

Iir]r(12|(_l:1 Ssdggo%euqetrilyrejq éromsae%rgg?ﬁsnedaqeneratltgp %olyno'mlal eguation
inter-station synchronous system where signals from
different cells are synchronized, a mobile station
receives the signals from the multiple cells
simultaneously. A user residing near a boundary of
sectors belonging to the same base station can determine
the sectors through reception of different P-SCHs for
the individual cells. However, since S-SCHs from the
individual cells are common, the S-SCHs would be received
as a composite signal from both the sectors. 1t is hard
to perform channel compensation for the S-SCHs based on
only the channel estimation values In the resident
sectors. For this reason, a detection likelihood of the
S-SCHs may be reduced. 1In the case where each cell
transmits the same S-SCH every 5 ms, interference may
arise every 5 ms, which may reduce the detection
likelihood of the S-SCH iIn the mobile station.

Thus, one object of the present invention is
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20 corresponding to the primary synchronization channel. [ADVANTAGE
OF THE INVENTION] According to the embodiment of the
present invention, it is possible to improve the detection 25 likelihood of
the S-SCH in cell search. BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically illustrates a mapping method for S-SCH sequences;
30FIG. 2 schematically illustrates another mapping method for S-SCH

ﬁ%qti%??6ve the GExSdTfHPATRATRIVGISIERE BEGEAMPRL cel |

of a radio communication system according to one embodiment of the
BRAE S Invention; FIG. 4 schematically illustrates a radio frame
structure; FIG. 5 schematically illustrates a subframe structure; 5FIG. 6 is

PRSP IPERIRH RSN prOBLEM]

In one aspect of the present invention, a base
station apparatus for use Iin a mobile communication
system including multiple cells having multiple sectors
Is used. The base station apparatus includes a
synchronization channel generation unit configured to
generate a synchronization channel for use in cell search
by a user apparatus and a transmitting unit configured
to wirelessly transmit a signal including the
synchronization channel. The synchronization channel
includes a primary synchronization channel and a
secondary synchronization channel. The primary
synchronization channel includes multiple types of
sequences, and the secondary synchronization channel
transmitted in a sector of a cell includes a code derived
from a predefined generation polynomial equation
corresponding to the primary synchronization channel.

[ADVANTAGE OF THE INVENTION]

According to the embodiment of the present
invention, 1t is possible to improve the detection
likelihood of the S-SCH in cell search.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically i1llustrates a mapping
method for S-SCH sequences;

FIG. 2 schematically illustrates another
mapping method for S-SCH sequences;

FIG. 3 is a block diagram illustrating an
arrangement of a radio communication system according
to one embodiment of the present invention;
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a base station apparatus according to one embodiment of the present
invention; FIG. 7 is a block diagram illustrating a baseband signal
processing unit in a base station 10 apparatus according to one
embodiment of the present invention; FIG. 8 schematically
illustrates an exemplary definition of a synchronization signal transmission
pattern; 15FIG. 9A illustrates an exemplary S-SCH sequence

determination mejd; 4 schefbt 7B AIHFYAEY ARG LXETPR Y ad i o

S-SCH sequence determination method; FIG. 10 illustrates

IRaRE SERPER'ESSCH 20 sequence determination method;

FIG. 11 is a partd ®lock daginem dlusicatih ya rddiestatetepparagusb frame
cfor@l%'peo_ne embodiment of the present invention; FIG. 12

IS a ﬁjow iagram illustrating a cell 25 search method according to one

embodiment of thk@reBehsivdibl;iAG boekeptaiodigmldkbista ating

§C!§H§Qﬂﬁ §Wr@mm&%i%em@r Vhgpadsashehamsb & ihent of
the B A e Rty

FIG. 7 is a block diagram illustrating a
baseband signal processing unit In a base station
apparatus according to one embodiment of the present
invention;

FIG. 8 schematically illustrates an exemplary
definition of a synchronization signal transmission
pattern;

FIG. 9A illustrates an exemplary S-SCH
sequence determination method;

FIG. 9B illustrates another exemplary S-SCH
sequence determination method;

FIG. 10 illustrates another exemplary S-SCH
sequence determination method;

FIG. 11 1s a partial block dragram
illustrating a mobile station apparatus according to one
embodiment of the present iInvention;

FIG. 12 is a Tflow diagram illustrating a cell
search method according to one embodiment of the present
invention;

FIG. 13 schematically illustrates a scramble
code generation method in a primary broadcast channel;

FIG. 14 illustrates a SCH transmission
method; and

FI1G. 15 1llustrates a variation of a
synchronization signal generation unit.

LIST OF REFERENCE SYMBOLS
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30 method; and FIG. 15 illustrates a variation of a
synchronization signal generation unit. LIST OF REFERENCE SYMBOLS
50k (501, 502, 503): cell 100, (1001, 1002, 1003, 1004, 1005): mobile
station 102: basic waveform correlation unit 104: synchronization signal
replica generation 5 unit 106: code sequence multiplication unit 108:
upper layer code correlation unit 110: timing detection unit 112: S-SCH

detectiog init Yz 00mgg901.5390p, 2@Q3) jbase station apparatus 202:
transmit and receive antenna 204: amplification unit 206: transmitting and

receiving YRt 2080PaserdB2sigtd Procddf-udil0s) - mobile station

102: basic waveform correlation unit

104: synchronization signal replica generation
unit

106: code sequence multiplication unit

108: upper layer code correlation unit

110: timing detection unit

112: S-SCH detection unit

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

202: transmit and receive antenna

204: amplification unit

206: transmitting and receiving unit

208: baseband signal processing unit

209: synchronization signal generation unit

210: call processing unit

212: channel interface

208;:: RLC processing unit

208,: MAC processing unit

2083: encoding unit

208,: data modulation unit

208s: multiplexing unit

208: serial to parallel conversion unit

2087: multiplier

208g: multiplier

2089: scramble code generation unit

20810: amplitude adjustment unit

20811: combination unit

208;,2: inverse Fourier transform unit

208;3: CP addition unit

209:: synchronization signal control unit

209,: synchronization signal generation unit

209;: data modulation unit

209,4: serial to parallel conversion unit

10
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15209: synchronization signal generation unit 210: call processing unit
212: channel Interface 2081: RLC processing unit 2082: MAC processing
unit 202083: encoding unit 2084: data modulation unit 2085: multlplexing
unit 2086: serial to parallel conversion unit 2087: multlplier 252088:
multiplier 2089: scramble code generation unit 20810: amplitude
adjustment unit 20811: combination unit 20812: Inverse Fourier
transforpg4lit- 3420815 (3 aqdition unit 2091: synchronization signal
control unit 2092: synchronlzatlon signal generation_unit 2093: data

modulatfdherit S50R 1 dhiafee, RAOABISREEEiIoHhE

252: P-SCH generation unit

254: S-SCH generation unit

256: multiplier

258: scramble sequence generation unit
260: multiplexing unit

300: access gateway apparatus

400: core network

1000: radio communication system

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention are
described with reference to the drawings in detail below.
Throughout the drawings, elements having the same
functions are designated by the same symbols, and
descriptions thereof are not repeated.

[First Embodiment]

A radio communication system including mobile
stations and base station apparatuses according to one
embodiment of the present invention is described with
reference to FIG. 3.

A radio communication system 1000 may be an
Evolved UTRA and UTRAN (also referred to as Long Term
Evolution or Super 3G) applied system, for example. The
radio communication system 1000 includes base station
apparatuses (eNBs: eNode Bs) 200, (200,, 200, 2003, ...,
200, where m 1s a positive iInteger) and mobile stations
100, (100;, 100, 1003, ..., 100, where n is a positive
integer) communicating with the base station apparatuses
200,. The base station apparatuses 200 are connected to
an upper station such as an access gateway apparatus 300,
which 1s connected to a core network 400. The mobile
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2095: 2093: multiplier amplitude adjustment unit 252: P-SCH generation
unit 254:

stations 100, communicate with the base station
apparatuses 200, in any of cells 50« (501, 502, ..., 50«
where k 1s a positive integer) in accordance with Evolved
UTRA and UTRAN. In this embodiment, some of the mobile
stations 100, establish communication channels to the
base station apparatuses 200, and can communicate with
the base station apparatuses 200,, and the others do not
establish any communication channel to any of the base
station apparatuses and cannot communicate with the base
station apparatuses 200,.

The base station apparatus 200, transmits
synchronization signals. The mobile station 100,
resides one of the cells 50 (50;, 50,, ..., 50k where k
IS a positive integer) and performs cell search to detect
a cell that can serve for the mobile station 100, with
better radio quality based on the synchronization signals
at power up or at intermittent reception during
communications. 1In other words, the mobile station 100,
uses the synchronization signals to detect symbol timing
and frame timing as well as cell specific control
information such as a cell ID (cell specific scramble
codes derived from the cell ID) or a collection of cell
IDs (referred to as a cell ID group hereinafter).

In this embodiment, the cell search 1is
performed in both the cases where the mobile station 100,
Is presently communicating and where the mobile station
100, 1s not presently communicating. For example, the
cell search for the presently communicating mobile
station 100, may be for detecting cells having the same
frequency or cells having different frequencies. Also,
for example, the cell search for the presently
not-communicating mobile station 100, may be for power
up or standby.

The base station apparatuses 200, (200;, 200,,
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S-SCH generation unit 5 256: multiplier 258: scramblesequence
generation unit 260: multiplexing unit

2003, ..., 200,) have the same arrangement, function and
state, and thus the base station 200, is focused on below
unless specifically stated otherwise. Also, the mobile
stations 100, (100,, 100, 1003, ..., 100,) have the same
arrangement, function and state, and thus the mobile
station 100, is focused on below unless specifically
stated otherwise. Furthermore, the cells 50 (50;, 50,,
503, ..., 50x) have the same arrangement, function and
state, and thus the cell 50 1s focused on below unless
specifically stated otherwise.

The radio communication system 1000 uses
radio access schemes OFDM and SC-FDMA i1n downlinks and
uplinks, respectively. As stated above, in the OFDM
scheme, a frequency band is segmented into multiple
narrower frequency bands (subcarriers), and data is
transmitted in the individual subcarriers. On the other
hand, in the SC-FDMA scheme, a frequency band is segmented
into some frequency bands, and the different frequency
bands are assigned to individual terminals for
transmission, which can reduce interference between the
terminals.

Next, communication channels in Evolved UTRAN
and UTRAN are described below.

For downlinks, a PDSCH (Physical Downlink
Shared Channel) shared among the mobile stations 100, and
a LTE downlink control channel are used. 1In the
downlinks, some information items such as mobile stations
mapped to the PDSCH, associated transport format, mobile
stations mapped to a PUSCH (Physical Uplink Shared
Channel), associated transport format and
acknowledgement for the PUSCH are transmitted in the LTE
downlink control channel, and user data is transmitted
in the PDSCH.

Also, the base station apparatus 200,
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300: accessgateway apparatus 400: core network 10 1000:
radiocommunicationsystem BEST MODE

transmits synchronization signals for the mobile station
100, to perform cell search in the downlinks.

For uplinks, the PUSCH (Physical Uplink
Shared Channel) shared among the mobile stations 100, and
a LTE uplink control channel are used. The uplink
control channel may include two types of channels, a
channel time-multiplexed with the PUSCH and a channel
frequency-multiplexed with the PUSCH.

In the uplinks, some 1nformation 1tems such
as downlink quality information (CQI: Channel Quality
Indicator) used for scheduling of the PDSCH and AMC
(Adaptive Modulation and Coding) and acknowledgement for
the PDSCH (HARQ ACK information) are transmitted in the
LTE uplink control channel. Also, user data is
transmitted in the PUSCH.

For downlink transmission, as i1llustrated iIn
FIG. 4, one radio frame consists of 10 ms and includes
ten subframes. Also, as illustrated in FIG. 5, one
subframe consists of two slots, each of which includes
seven OFDM symbols for short CP (upper portion of FIG.
5) and six OFDM symbols for long CP (lower portion of
FIG. 5).

<Base station apparatus eNB>

Next, the base station apparatus 200,
according to one embodiment of the present iInvention 1Is
described with reference to FIG. 6.

In this embodiment, the base station
apparatus 200 includes a transmit and receive antenna
202, an amplification unit 204, a transmitting and
receiving unit 206, a baseband signal processing unit
208, a call processing unit 210 and a channel interface
212.

Packet data transmitted from the base station
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FOR CARRYING OUT THE INVENTION Embodiments of the
present invention are describedwith reference to the drawings
indetailbelow. 15 Throughout the drawings, elements having the same
functions are designated by the same symbols, and descriptions thereof
are not repeated. [First Embodiment] 20A radio communication system
including mobile stations and base station apparatuses according to one
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base station appajatpfies BeMeHePass girtan prrarabsanePUN et 208,

connected to an up tation such as an acce tewa parat s 300
SRRRSOAARAOBA S BRITALERABA SPhehobile SBRABRE To6iata, RLC
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et debibvege d0statidiFdppalatvss 200fmast Fourier Transform)
operations are conducted, and the resulting data 1is
forwarded to the transmitting and receiving unit 206.
Also, generation operations for synchronization signals
are carried out in the baseband signal processing unit
208, as stated below. The synchronization signals are
multiplexed into the packet data and forwarded to the
transmitting and receiving unit 206.

The transmitting and receiving unit 206
conducts frequency conversion operations for converting
baseband signals supplied from the baseband signal
processing unit 208 into a radio frequency band. Then,
the resulting signals are amplified in the amplification
unit 204 and transmitted from the transmitting and
receiving antenna 202. The baseband signal herein means
packet data and/or synchronization signals as stated
above.

On the other hand, for data transmitted from
the mobile station 100, to the base station apparatus 200,
in uplinks, radio frequency signals received via the
transmit and receive antenna 202 are amplified i1n the
amplification unit 204 and frequency-converted into
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The base station apparatus 200m transmits synchronization signals. The
mobile station 100, resides one of the cells 50k (501, 502, ..., 50k where k
is a positive integer) and performs cell search to detect 15 a cell that can
serve for the mobile station 100, with better radio quality based on the
synchronization signals at power up or at intermittent reception during
communications. In other words, the mobile station 100, uses the
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related portions are illustrated in FIG. 7, and uplink
operation related portions are omitted.

The baseband signal processing unit 208
includes a RLC processing unit 208;, a MAC (Medium Access
Control) processing unit 208,, an encoding unit 2083, a
data modulation unit 2084, a multiplexing unit 2085, a
serial to parallel conversion unit 208z, multipliers 208,
208g, a scramble code generation unit 208y, an amplitude
adjustment unit 208,,, a combination unit 208;;, an
IFFT(IDFT) 208i2, a CP addition unit 208;3 and a
synchronization signal generation unit 209.

The RLC processing unit 208; performs RLC
layer transmission operations such as segmentation and
concatenation and transmission operations for RLC
retransmission control on transmitted data sequences of
downlink packet data received from the channel interface.
Then, the resulting data sequences are encoded by the
encoding unit 2083 and modulated by the data modulation
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15 narrower frequency bands (subcarriers), and data is transmitted in the
individual subcarriers. On the other hand, in the SC-FDMA scheme, a
frequency band is segmented into some frequency bands, and the
different frequency bands are assigned to individual terminals for 20
transmission, which can reduce interference between the terminals.
Next, communication channels in Evolved UTRAN and UTRAN are
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link transmission, as |ﬁustrated in FIG. 4, one radio frame consist
af %sS&HaHrldL%és% LiHeraffRd bAI@@‘é!;QITUsHQtEE irtBi85.15, onkhe

suhfrineaaonsistsunt iveo slots, cal Prwhisle loekides nchronization
signals generated by the synchronization signal
generation unit 209 into symbol sequences having sequence
length N, with which the scramble codes and the amplitude
adjustment sequence values are multiplied, In relevant
subcarriers of N subcarriers.

As stated below, the synchronization signal
control unit 209; determines subframe numbers and slot
numbers for transmitting the synchronization signals.
In the subframe numbers and the slot numbers for
transmitting the synchronization signals, the
combination unit 208;; combines the synchronization
signals generated by the synchronization signal
generation unit 209 with other signals (symbol sequences
resulting inmultiplication of downlink packet data with
the scramble codes and the amplitude adjustment sequence
values). 1In the subframe numbers and the slot numbers
where no synchronization signal i1s transmitted, the
synchronization signals generated by the
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20 seven OFDM symbols for short CP (upper portion of FIG. 5) and six
OFDM symbols for long CP (lower portion of FIG. 5) . <Base station
apparatus eNB> 25Next, the base station apparatus 200m according to
one embodiment of the present invention is described with reference to
FIG. 6. In this embodiment, the base station apparatus 200
includes a transmit and receive antenna 30 202, an amplification unit 204,
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208, a_call processm% unit 210 and a channel interface 212. Packet data
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flsp, gstergsipa operations for synchronization signals are carried out in

the baseband sigpal ing unit 208, as stated below. Th _
Synchronization DR A6 MURpIEHAA el 1 GABRES O JUFF ) unit

ROWasddorarniseforms N symbols into an orthogonal
multicarrier signal. The CP addition unit 208;3 Inserts
a CP into the multicarrier signal for each Fourier
targeted time period. The length of the CP (CP length)
may have two types, long CP and short CP, one of which
iIs selected for each cell.

Generation operations of synchronization
signals at the synchronization signal generation unit
209 are described. The synchronization signal consists
of a first synchronization signal (referred to as a
primary synchronization channel or P-SCH hereinafter)
and a second synchronization signal (referred to as a
secondary synchronization channel or S-SCH hereinafter).
The synchronization signal generation unit 209 includes
a synchronization signal control unit 209;, a
synchronization signal creation unit 209,, a data
modulation unit 2093, a serial to parallel conversion
unit 2094, a multiplier 2095 and an amplitude adjustment
unit 209¢. The synchronization signal creationunit 209,
includes a P-SCH generation unit 252, a S-SCH generation
unit 254, a multiplier 256, a scramble sequence
generation unit 258 and a multiplexing unit 260. The
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20 transmitting and receiving unit 206. The transmitting and
receiving unit 206 conducts frequency conversion operations for
converting baseband signals supplied from the baseband signal
processing unit 208 into a radio frequency band. Then, 25 the resulting
signals are amplified in the amplification unit 204 and transmitted from the
transmitting and receiving antenna 202. The baseband signal herein
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encoding unit 2083, a data modulation unit 2084, a multiplexing unit 2085,  _
8 5ena ks pakfdl @r38RbA unitbkdsEhhaltphss 2082 opgagple, It is

stgpbleteodetgenterativs yit089naeagplnide pattern and the cell
ID may be specified beforehand. Alternatively, the
mobile station may identify the cell based on modulation
and decoding of the P-SCH and the S-SCH, for example.
In this case, it iIs suggested that the P-SCH sequence
number and the cell 1D may be specified beforehand, for
example. In the P-SCH, different sequences may be
selected for individual sectors, for example. For
example, the P-SCH for a cell consisting of three sectors
may be selected from a set including three different
sequences.

Then, the synchronization signal control unit
209; transmits the P-SCH sequence number to the P-SCH
generation unit 252 and the S-SCH sequence number to the
S-SCH generation unit 254. Also, the synchronization
signal control unit 209; transmits the subframe number
and the slot number for transmitting the P-SCH and the
S-SCH as synchronization signal transmission timing
information to the multiplexing unit 260.
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25adjustment unit 20820, a combination unit 20821, an IFFT(IDFT)
2082,2a CP addition unit 20823 and a synchronization signal generation
unit 209. The RLC processing unit 2082 performs RLC layer
transmission operations such as segmentation and 30 concatenation and
transmission operations for RLC retransmission control on transmitted
data sequences of downlink packet data received from the channel
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subframe numbers and slot numbers for transmitting the synchronization
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-SCH sequence number with the ceII ID information
beforehand. This association Is conducted In the radio
communication system 1000, which enables the
synchronization signal control unit 209; In the
respective base station apparatuses 200, to determine the
P-SCH sequence number based on the cell 1D for a cell
where the base station apparatus 200, provides
communications in the Evolved UTRA and UTRAN.

In general, a communication area provided by
the base station apparatus 200, is divided into two or
more areas. This is called sectoring. |If the base
station apparatus 200, has multiple sectors, an area ID
collectively assigned for all the sectors of the base
station apparatus 200, or individual sector IDs of the
base station apparatus 200, may be used for the
above-mentioned cell ID or cell ID group. |If the area
ID collectively assigned to all the sectors of the base
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30 resulting in multiplication of downlink packet data with the scramble
codes and the amplitude adjustment sequence values). In the subframe
numbers and the slot numbers where no synchronization signal is
transmitted, the synchronization signals generated by the synchronization
signal generation unit 209 are not multiplexed. In this case, only the
symbol sequences having the sequence length N resulting in
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a 25secondary synchronization_channel or S- ere n.. The
synchronization?:s?glﬁa e%a"u%ﬁnﬁﬁ@é‘ Meftbes gs%&(}wizg%&pStant
Bigpdl i:bmﬂcd_ udie 2_091Alaisyﬁd1_rmiiaibi|osighalsr&qa_t@nwitg_oem as a
galagpaeuigtian sl et @ sesalipaailekepnypreion Ehun 2091 gphase
multiplier 2095 and an amplitude adjustment unit 2095. The L
spftfRMAEDN SRAE Redtbadhi 2008 IRhEd ap-BEPRAEARSH (1EEE

TRpiH A2, al e rhoengrden ynit &M a multipligr, 2% a ssem#B2 , July
ig$5T?ea Frank sequence as disclosed in R. L. Frank and
S. A. Zadoff, “Phase shift pulse codes with good periodic
correlation properties”, (IRE Trans. Inform. Theory, vol.
IT-8, pp- 381-382, 1962), a modulated Frank sequence as
disclosed 1n 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),
a Golay Complementary sequence as disclosed in M. J. E.
Golay, “Complementary Series”, (IRE Trans. Inform.
Theory, vol. 7, pp- 82-87, April 1961), a Double
Repetitive Golay Complementary sequence as disclosed in
3GPP, R1-062487 Hierarchical SCH signals suitable for
both (FDD and TDD) modes of E-UTRA, a PN (Pseudo Noise)
sequence and/or other sequences may be used.

Also for the S-SCH sequence, a two-layer type
of S-SCH sequence resulting from multiplication of a
nonorthogonal or orthogonal scramble sequence with an
orthogonal or nonorthogonal sequence as disclosed in 3GPP,
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generation unit 258 and a multiplexing unit 260. The synchronization

signal control unit 2092 is coupled to the P-SCH generation unit 252, the
S-SCH generation unit 254, the scramble sequence generation unit 258
and the multiplexing unit 260 in the synchronization signal 5creation unit
2092. The synchronization signal control unit 2091 determines
sequence numbers of P-SCH and S-SCH as well as subframe numbers

RAA globauePers Igdiansayjiihite hesiignd e y-petliasgd o so, a

cell ID or a cell ID 10 group of one or more cells where the base station

AppirES BHRNF S iSO M BT irdh LR LS LARRAREMENT of
LT RARN, For exetipiey afterlidersifingnibe sethivigraupna mohitystatich

dentty the cell b cOpiIe T ;
e 3 R E AN ST YOl B HLT TR Also, a
Sugifedteg el eMcrfdrerde kighagpditeemantithe tell Icabyoe of

aegrdedhsivenandontespatiyely othe Mabde alrBaemay ifleahfy éle oallth
based_on_modulatijon and dfscoﬁc%n of the P-SCH and the S-SCH, fOE

L 12 1% REkSegeng GO& Rt fhe P18BRIELRRA
seqberanelsha sed i3 by Dedpenif@dPrf& &R0 (it 2x4Bple. Stthecture

Brftey e@gaﬁfmemgisg@ yﬁﬁ selegtad obingNipyAlsectors, Bk ysed.
example. For example, the P-SCH for a cell consisting of three secCtors 2
b5 De sBlettedGdnts dbteNG@inEhiebtdifgerdicefuaiceangement of

mban: s @/mgtcrrttb?gtﬁﬁ% ggféﬁhmﬁr@?mibmﬁ%g@wgﬂihtﬁgbﬁ B#SSHquence
seqguence numper 1o - eneraton _uni anad.the_ -

L ON RSy £ PSP ke Seas B 358 WigGRE R1-071584
Syiembmmization Signalltooindl ziait RO%2 Sagemaits the salgfrdmenaymber used .
A e slotauesgr fg&g%%@%@ﬁ%@ﬁgi“ﬁﬁ% Sé’ﬁ‘éﬁ?

y ?ment of
synchronization signal transmission timing information to the multiplexing

nHid#dple orthogonal sequences or nonorthogonal
sequences 1n consecutive subcarriers and multiplication
with nonorthogonal scramble sequences or orthogonal
scramble sequences may be used. For the orthogonal
sequence, a Walsh-Hadamard sequence, a phase rotation
orthogonal sequence and/or an orthogonal M sequence may
be used. For the nonorthogonal sequence, a CAZAC
sequence such as a GCL sequence, a Golay sequence, a Golay
Complementary sequence as disclosed in M. J. E. Golay,
“Complementary Series”, (IRE Trans. Inform. Theory, vol.
7, pp- 82-87, April 1961), a M sequence as disclosed in
3GPP, R1-072093 “Details on SSC Sequence Design”, a PN
sequence and/or other sequences may be used.

The P-SCH generation unit 252 and the S-SCH
generation unit 254 generate P-SCH sequences and S-SCH
sequences, respectively, based on synchronization
signal sequence information and synchronization signal
transmission timing information transmitted by the
synchronization signal control unit 209;.

For example, the synchronization signal
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For example, as disclosed In 3GPP IS 36.211 V1.0.0 (2007-03) and
lllustrated In FIG. 8, the radio communication system 1000 may define the
subframe number and the slot number for transmitting the P-SCH and the
5 S-SCH. In this example, several types of P-SCH sequences, for
example, three types of P-SCH sequences, are used to transmit
synchronization signals In the subframe numbers #1 and #6. Also, In the

BesaRiEXAMRISE £Ns U1 R3H ta/BrPredity g, ReG@h My FdPhAtion
slots, 10 the mobile station can demodulate the P-SCH regardless o

f
GheisPht i1 &P EhfcSsofttBIsIRBE kb ebasnIs tlatihe Skt cell
&M finaba mrfhencatd ofrthé hanbuche teraordidyasatcbesthersPeentation

B R SR T3 s SR M, i LI g, ehe

HaaUseof tHersho &' Obtoradt ®AG &P In ik thhd Sheraddd iment, the

P@HW@@W?%}W @9%%%?@Ciﬁ(tﬁ)ﬂ5‘en%§9t‘|r%ﬁ%lﬁﬁfieﬁ %H%Wt ion
w%h the c;ll ID information beforehand. This association Is conducted In
the R o) \3&

USRI LRI IRERP OGS iHidPdnqrgiation in cell
sywhainizayiomsipid eostich tiib AGA1 INROE respactpybdasda b@tiaell 1D

%@%@iﬁtﬁ@%@r@g‘gf\;&vﬁgﬁﬁﬁ%?ﬁg o pridi i W??Q‘?ﬂo“ Also,

L ere the base station apparatus m provides 25
goRPiUhicanodd IR eodited L DR YUAIMFIRAR. transm ktd&fdeal, A1sO,

sorpEd RigatpRiea Q@Miﬂﬁ@ bbﬁﬁ}? hpse eicdin’ pRRaFalYS 20AMds , the
divided Into fwo or more_areas. This Is called si%taoringalf the base station

OHIR&s Shoh R LA pR LS RPAA AN BF 38 Ealdeiklisdigneat SO -
& yallith& sectart Db thd tase statéoic apiaratat R00nodr kcle/ided bekfbigroup

P8I LG 8ASE FlAHNB PRTPNYD2BIB MY BE PSR H1%me timing and

above-mentioned cell ID or cell ID group. If the area ID collectively

EEGgRuanB AN tfsdeXcHe Btht AR &R JpPira® AovrliddREd ke the
peicst |Profihencet i groupl gorbhinatinahefdire aQoveraenignetumber of

RENUE 6 o R G O BREATSh S preradre BT or BallVpdigbi 1e
sthadn gpymaratus 200m. If the Individual sector IDs of the base station
apparatus Specifically, as illustrated in FIG. 9A, the
cell ID group may be divided into several types of
sequences, for example, two types of sequences each
including a short code having 31 in sequence length. In
the 1llustration, the first short code 1n the vertical
axis represents a sequence index of the first short code
in the S-SCH sequence, for example, in the case of two
types of short codes each having 31 in sequence length.
In the illustration, the second short code in the
horizontal axis represents a sequence index of the second
short code. For any of the first and second short codes,
31 sequence indices are prepared, but as mentioned above,
the number of sequence iIndices assigned to the first and
second short codes may be limited as needed.

As i1llustrated, the sequence i1ndex for the
first short code for use in (frame) timing #1 i1s selected
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200m are used as the cell ID or the cell ID group, combinations of the
above-mentioned synchronization sequence and the subframe number
and the slot number for 10 transmitting the synchronization signals are set
for each sector of the base station apparatus 200m. For the P-SCH
sequence, a CAZAC (Constant Amplitude Zero AutoCorrelatron)
sequence such as a Zadoff-Chu sequence as disclosed In C. Chu,

fradvphape 1§ §odee Wihaops! ééﬁoqi%ﬁ%ée'?{;@ﬂ ertigh § EEEquence
Trans. Inform. Theory, vol. 11-18, pp. 531-532, July 1972), a Frank L
LaglR¥cd 8 ditBEsARM Y. BRAK EnG QIR XAbHUeRadd s Buitd ming

gaddswitle § eadtieetiofiicooortdiarawpeopedresimgRE dedhs fnigen.(23-30) .
ory, vol 20 1T-8, 81-382, 2 r q e -
Eﬂ%loégéﬂ%q%i? F?arﬁ(l?ea%d]fsg %\2 ‘Z]tes{)goft 'lgri%}gég ﬁ%%guﬁgg%e@vﬁhﬁe '
Hdou petiotit dofr&RPorPpidperddd e (MR MFdr3d Infckmi Fhes) aetergfrom
PRS&e3n é%&)ﬂéﬁ%@’lci?ﬁ‘ﬁ@@‘@@ y seguencerps digderedde Mindex
%. E.2 Golag, "Comg%ementaréﬁ?e:fs", IRE Trans._Inform. Theory, voh. q
Ofp 1287 CARN 49819 ADGERNE AdlettRE A8l Biiefiertsyse lecte
femqentd es fiscistedloB&PRC KL-06248 e HiE0artldgal SCH signals

suitable for bothy(FQR ggmeMéT;QdEngO{E-éJ}ﬁﬁﬁeé}-?@é'iiﬁé&‘%g%:?} the

30 sequence and/or other sequences may be used. e
sesitig Requdritd 1 £ 8- FgEr yar dis 8o EddichcanesagsPremtimings
H\E@iﬂ@ﬁio@\lﬂé f FQB@{fngBi@dﬁ Oﬂamgﬁwgﬁﬁgzésww%d for
an or nal or nonorthogonal sequence as disclosed In ,

SR DA s B i TRE by b ah mE5 4G &grt codes.
seqiehtd reguliing famt:ﬁerrm@ardmger_rhmt efddultgle nr,thc_ig:)nalan be
?%g}’?ﬁi%‘ﬁ PAPRERAP A REAHENCEE b2 LBANRNGE HOPARENAYRSY the
used. Also, a 5 S-SCH sequence resulting from multiplication of )
hdnGthRog bRl Br AR CRANICPARINE deqichctd WAR thifthi@& e bagtion

sFyUEneess¥dweaidrRogPAdsrguences as disclosed in 3GPP R1-060042

"SCH Structure I@n%C}e_ggearcﬁé\/let}tod_in -UTR?EOW link" may be her
used. 10 Also, aé- C eq%g & dlffﬁgﬁlé’m Liratge eﬂ:%ismﬁlﬂgljé
dreficgonaintilortes ot hotbrindgditae seu8hite megusaratve In the
THIGLErR I USERSRHINSCRIA R LR (78 cee G R ESIPRFALIOR rst
Signal Design" may be used. Also, a S-SCH sequence resulting from
gﬁ&xﬁﬁﬁﬁpgfshort codes are selected from the same
numerical range (0-30). For convenience, the sequence
indices for the first and second short codes are
designated as mand n. In the illustration, for example,
a pair of the parameters m and n is determined such that
inequality m-n= A or n-m= A is satisfied. The
parameters m and n are integers ranging between 0 to 30,
and the parameter A 1is an integer less than or equal to
29. Compared to the example 1llustrated in FIG. 9A, the
sequence indices are selected from a relatively broad
numerical range, and thus different codes can be more
freely combined for the secondary synchronization
channel, which is preferred to prevent collision.
FIG. 10 schematically i1llustrates another

determination method of the S-SCH sequence. Also in the
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15 multiple orthogonal sequences or nonorthogonal sequences in
consecutive subcarriers and multiplication with nonorthogonal scramble
sequences or orthogonal scramble sequences may be used. For the
orthogonal sequence, a Walsh-Hadamard sequence, a phase rotation 20
orthogonal sequence and/or an orthogonal M sequence may be used. For
the nonorthogonal sequence, a CAZAC sequence such as a GCL

FAAFE 5 Prladlay R e, 350l fUNRIRAIFRIBY FRAYSFRE i rst and

disclosed in M. J. E. Golay, "Complementary Series", (IRE Trans. Inform. _
FREMN At L (088872 KBrirRbes LAY sEHGSh gidfiGsdtrmerical
Ba&R§eR{O®+3008."DaailstineSSE Begudran desight pePN sequensdmp l e

t = The P- i
A G S a ks s i S Chds - o

and SOSGHaBDdey@antes Fepsettivelp Thakee ohkyadhranidas@ragthishort

edHesce ref gl SYRANreRizFI¢h sigahEapemissiAR EMdWs cannot
infarmation transmitted by the synchronization signal control unit 2091.
5 &&mple, the synchronization signal creation unit 2092 may layer cell

specific informaifidretrdnsatiitedae theeH-SEHyergenarbethb yb-3GHE. PreSCH

I ffic informationincludes at least-one information items: -
B by R et unie
dRBoadireft, tHteradioTeMnRALAEH TSy st edcolagy Binskhiea S-SCH

Q@rﬁ_@'iaftti‘@ﬁﬁxﬁffﬁjﬂ”maﬁ@ a3 M inder ”tﬁﬁiOEW'éCﬂibfﬁei%"IWer 256.
obile statigns. Far example, the cel hD roup may be transmitted as theI .
5 RIS ANARS GO RSB n BB ot hey pEO: SuPplies

rarfowited: Pdso, _imati@aztriweeirrm'g mawpe’aamhslmtaemnm_ to the
SWPLRIA & %l?n%gﬁl‘?%?l %H%qyat{eit&?‘f‘ﬂﬂ'ﬁt‘i%é@?’ appipiamatiie, the

item in a com I 1e cell 1D group, a portion of the cell ID group, a
PUEIAE fafl A 15180 AdmEaHE radsHiDdfte R 3 mBRYe SUPP 1y

nelpded itthe prigaPoaatione Inthissmamiefoa- smaltar awmber efode over

h d d,i Il hb bil jons. .
) S e T B b BN DR M B aHRAE 258
inesserdnpls osssyuensas, e sxamdld awo typet oRséjugatssrates a
S25LNEYENG 8 0@ eV BN BRAUEPRTFEPILE YR indicative

illustration, the first short code in the vertical axis represents a sequence

ofetbeths Graudecgrauence supplied from the

synchronization signal control unit 209; and supplies it
to the multiplier 256. 1In the multiplier 256, the
scramble sequence 1s multiplied with the S-SCH, and the
multiplied S-SCH sequence is supplied to themultiplexing
unit 260. As to the scramble sequence length, scrambling
(spreading) may be conducted over two types of short codes
whille the scrambling may be conducted for each of the
two types of short codes. Multiple types of scramble
codes may be used to transmit some system information
to the S-SCH sequence such as a frame timing, a cell ID
group and the number of transmit antennas. 1In this
manner, it is possible to reduce PAPR for the S-SCH
sequence particularly in a 1.25 MHz system.

In the case where adjacent cells and/or cells
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25 in the S-SCH sequence, for example, in the case of two types of short
codes each having 31 in sequence length. In the illustration, the second
short code in the horizontal axis represents a sequence index of the
second short code. For any of the first and second short codes, 30 31
sequence indices are prepared, but as mentioned above, the number of
sequence indices assigned to the first and second short codes may be

Higerias PRed8Eme base ASHHETRIRA I tevengRdndexiontietisence,

short code for use in (frame) timing 111 is selected from the first numerical

ROWE Y6 3) HHESR LRGSR itd ScasPGoR t & kdudian feduce
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seguehtd mde for dROJcadRt I @lie tdraise el ming AP ehsdddiey

Bﬁ'élﬁﬁ%ifé?rilﬁ‘lqr@é“-ranﬁﬁ (_%ika)e I tjﬁ'@ W_ﬁbdfrﬁ@e ﬂﬁmgfiﬁﬂ’_ob lem
ﬁglges of the 10 sequence indices far use in the first anij secon%tlmln S

R B0 A A MR CARG A M LB GG G0l LPHNG rERacent
ospédiye it asy sedond shard tades, sgltied indasténrsehrainint 209,
g iy dotorm .
AT SUBR L L TRE e mat e WRAFRatrgd OF fifFerenc
geieamble seqyedeheffaticaly fillekapd asaldrdctrmitatiseveral

o fhese p&bIrsIuefe ¥ 8 ilppigated pxamiae tB%aQFéﬁ‘Bée
indices for the first 20 arﬁigecon short codes are selected frorg the same

AGMEXETLNGe (48) FF conldhichdd Siné 88§ rencé KRS b YRS oF
fist amtbdezond dlest cuales bee desiphatesl ashe afid 8CH teeitastialion,code

13 PRI AR Blig 82 amﬁifﬁgd e Ve ﬁtefmq%%h@é%mb le

Inequality m-n- A or n-ms A Is sat parameters m and n are

Ry iR eoatResh HIE 3@,iacrfﬁﬁ8 PhPRser RIAdiRitger b8 this
e ®! egidl (2T datnaresbigube exange dvstgiethin @192 3i%e may
sequence indices are setl) ted from a relatively broad 30 rger'hcakran Stion
GRIFLE HifeTbrt SORILLR bRHBIE &S RATBhed for HE BN
gyithamizivien of the scramble code supplied from the
synchronization signal control unit 209; and supply i1t
to the multiplier 256. The generated scramble sequence
may be a P-SCH sequence specific scramble sequence
associated with the P-SCH sequence number. Also, as
disclosed in 3GPP, R1-072661 “Scrambling Method for Two
S-SCH Short Code”, a scramble sequence specific to the
sequence number of one of two types of short codes may
be generated. 1In the multiplier 256, the scramble
sequence supplied from the scramble sequence generation
unit 258 1s multiplied with the S-SCH sequence, and the
resulting sequence is supplied to the multiplexing unit
260. As to the scramble sequence length, scrambling may
be performed over two types of short codes or for each
of the two types of short codes. For example, the
multiplied scramble sequence may be a scramble sequence
specific to all cells, a scramble sequence specific to

26



10

15

20

25

30

channel, which is preferred to prevent collision. FIG. 10
schematically illustrates another determination method of the S-SCH
sequence. Also in the illustrated example, sequence indices for the first
and second short codes are selected from the same numerical range
(0-30). On the other hand, there is no simple regularity in FIG. 10 unlike
the examples in FIGS. 9A 5 and 9B, and various pairs of the first and

teronssfier wdgs arpguovided sythal ihe sape s PRiRgPesSafidnces
arise. The P-SCH sequence generated by the P-SCH generation

SRS is3uSEATOIE RAGIEHRELTPRIAD! Sndhe B1gCREdUENCe
aeques ce@brenaieoctbit the ﬁ%g&ﬁ%&t@nﬂmb&@ss suplliedtatheively,

ylinler 256, The synchuonisation SB0Bh RO O SUBPIER o cet 1

rma ion indicative a scram e sequence to the scram Ie sequen

génerbformurtitasl kece waibie, Qrﬂﬁl@fyrfé:‘ﬁﬁbnﬁéﬂ@@s@ﬁal?d@ﬁﬁdl codes
WAI§ 4@ 1eRay %@Pa/mafpém@t@@u@i@élvg pER ¥ EM E6raEHEe padsCH

over all cells to the scrambl generation unit 258. The scramble
SEAILAEE GerticRGr oS BENdh&ths Wk anttIé séceREe RebnCode -
tkEtieformadtipuneridycatité 20 stthamsbrbenbéespoeacee s.qpphﬁdﬁmn m the

X’gﬂ?@”&@fﬁ%{bﬁ%""' “tﬁﬂji”&'ﬁréqgile%l“%ﬁli?ﬂ"eédtetoéqe@ Pl pes of

n the ler 2 the scramble sequence is multiplied with th
sheaiy, gerpe M@ﬂd.@dtélsm@nbd@e segggretosmemifilexty the

géquﬁa@é A?F@HB? S(?Ia%hlé‘ @qe}wéhﬁc? Hﬂf&ﬂﬁc@éﬁﬂaﬁw preadigdp lied
naucted over €S 01, short codes wnjle tne scCra N

B SN R G iRe or SAYE ake B DR Ghesor 2nb e
saqmreamdesayap emmrdl toarimsamissamte sy stens ynsdraration Bortoation

115 IEHesequence §UdRSA LR WUng, Feelil IR AL e cent 10

number of transmit antennas. In this manner, it is possible to reduce
PRPRToRPRE StEEH '%Hﬁl%h(ie 9§rt|&'ﬂ§ﬂ‘)$m B, o V9 Stem. Thehe

eacEtiiAre RijagcohGeti o®vIMutallBp l exes the P-SCH sequence with
the scramble sequence multiplied S-SCH sequence and
supplies the resulting sequence to the data modulation
unit 209s.

A synchronization signal sequence generated
by the synchronization signal creation unit 209, 1is
modulated by the data modulation unit 2093 and serial to
parallel converted by the serial to parallel conversion
unit 2094 Into Nscy symbol sequences on the frequency axis.
The multiplier 209s multiplies the Nscy symbol sequences
with an amplitude adjustment sequence value supplied from
the amplitude adjustment unit 209¢ and supplies the
resulting sequence to the combination unit 208;;.

<User apparatus UE>

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

The mobile station 100 includes a basic
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within the same base station use the same S-SCH sequence, however,

interference from the adjacent cells may reduce a detection likelihood of

the S-SCH in user apparatuses. For this reason, it takes more time to

perform cell search, 5 resulting in degradation of the cell search time

characteristics. In order to overcome this problem through randomization

of interference from the adjacent cells, the synchronization signal control

Wail 2 rinetesathe BeRplien infrimation ndigativeefiiftsra dRion signal

scramble sequences far different cells among several types of scramble

EERL RS TS RaHiAL LO4LENBY Terddt4iontinR 298, REHY BRGE several
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Ifferent bask stations. In this case, the scramble sequence generation

deitesahan geretdte Blstramble sequence based on the information

indicative of thesg@milg P‘I%e SHRPHEe i Oﬂ_l)ﬂ_ﬁesi)’ preRizaeMY¥I B rrier
caqntrol it 20 to the multiplier 256. The generated

nit 2091 and syppl
§dr991%liésseﬁﬁé?r?cb\fﬁ S@lép?ébﬁe&ﬁ%%e E;S’ecﬁ?&%cﬁg%'lé? waveform
sequeada tasooiatedvtithliB@ P-SCH seheerwehmaimbleadsp, it e
isgl i - R1- " ' f C
coferian coati S VeBis SO RMERATSn ShIYE s dhefates
Broafiesas shabdsed dyas frardgens e Pihd Zakikdier 2560 frl

pPepIPlEssaupFesUpp RHdMhesCregbiheebgRGECINE(AIPD HAit
258 isgrgulti ied with _thejgb CH sequence, zz)p the rj_fhulti sequence i

Cotitied T b T anie 55980 ALY hé-scrdifie agdénakave form
Eogihe daamblingumaytbd pérfaletd oter two typed atslunt doelew eefor the

F%@b‘i@'&%“’%ﬁ!&%‘c"o{ﬁp‘i%Fo%?ﬁgﬁ%rle%‘a REE: 5N URlIpE g Ueform

sequence may be a scramble sequence specific to all cells, a scram

SYAURES BIEHE 10 thS B sdRRAE B veral HBeSOMR AR ENCe
RSOUENPASIVHHT @sAidpiie seguencEsppdiiet te peduaise NHOWRLs) a
of one of two types of shqrt codes. Alternatively, the, scramble se\%?nce f
GRHSRPALETICE, WikD 21k SHEDBE e s RdRAm e s Wed fpls From
thshbasddewanichibesaanivie baduemeauspetificdd the PReCipper layer
EBIENED PRY P8 APl pith eertherebat So8, AT e tween

scramble sequence sg}(eacific to the P-SCH sequence is multiplied with one

BRI BELf 1@ 8ndit BoBOIRHRE tHeeRFhmBld kb Rdnte 3pd &fit tthE 106

aeqlenceuppber e pthes@$bart code traydananitiplied wittsthE otlegs 1 i ca

short co.de Several t¥Pel‘§‘ of scramble sequences may be used to transmit
corre f:t\t oq cafl I%er géme - S
Some System information to the S- sequence such as a frame timing,

a cell ID 15 grodgndithe hoghbdediacihinn avehtad. Thedetiggdiend’ - SCH
YihasRymuliplexgrthp PsehiH sequraee with ifhecraife ReeusPFe 1ation

multiplied S-SCH sequence and sur%plies the resulting sequence to the
¥ahYsSiulattdrQnifedegaction of the P-SCH sequence number, the

scramble sequence multiplied S-SCH sequence 1is
descrambled. Based on the detected P-SCH timing, the
S-SCH detection unit 112 detects the S-SCH by using the
P-SCH as a reference signal. For example, 1f the cell
ID group is transmitted as prior information, radio frame
timing and the number of transmit antennas are detected.
IT scrambling is conducted In a base station, the
descrambling must be performed after synchronization
detection.
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20A synchronization signal sequence generated by the synchronization
signal creation unit 2092 is modulated by the data modulation unit 2093
and serial to parallel converted by the serial to parallel conversion unit
2094 into NscH symbol sequences on the frequency axis. 25 The
multiplier 2095 multiplies the NscH symbol sequences with an amplitude
adjustment sequence value supplied from the amplitude adjustment unit

2096 and suppligs §j5Se 49 EANBRATaAE GunRiRAliop ppk 40822.

30 <User apparatus UE> _Next, a mobile station 100 according to
the present embdehlent 80l GaNLRGLSE BRFEeH LRnLthe P-SCH
aodila btatier STHinélndesa bddio kvayvetpna kstrelalibe uoi 102,search is

ot S : . , g
R e e, e e o, TR, s s
gebRmamidEDIaRIh SrethRsdedstiioncarnum i cationTry mbeile 1000

a@t@:@ﬂé@@éuael&ﬁénul_tiqaf ri&tﬁigrﬂalﬁd?%,e@t‘ﬂé Feient? drthene cel
basic waveform correlation ua;t 102. On heé)ther hand, the

LB Ridrepidesehothibh LA 964 §&eHEd 98 pREiefll fasiCH
saygefemc syacidotizatiGn Sighakreqlicar @ad supfies thémdodbd bataon of

PrRuefaN) jorjeiation Mol 402 SRAUER IV L5 ?ﬁ?i%‘%‘f?ﬂ%{g‘ a_primary

correlation unit 102 detects correlation between the received multicarrier

bigAAd ang thechatnedveldmr e3agAMeehiRationssigral rRephiédsamid e code
gedezenderce milipliceien peil 10G myltiglies (heoainyersa arkeHe ends .
O e Bt SN e T T
sdrggiabntearesni ssion pattern defined in the radio
communication system 1000 are the same as the base station
apparatus 200,, and thus descriptions thereof are
omitted.

For example, if the radio communication
system 1000 defines the synchronization signal
transmission pattern in FIG. 8 and the P-SCH sequence
number is associated with the cell ID information
beforehand, the timing detection unit 110 may detect
synchronization channel timing and the P-SCH sequence
number. Also, the S-SCH detection unit 112 may perform
descrambling based on the S-SCH sequence multiplied
scramble sequence, for example, and could detect cell
specific information through detection of information
elements 1In the S-SCH.

<Transmission and reception of synchronization channel>
Next, a synchronization channel transmission
method according to the present embodiment is described.
The S-SCH generation unit 254 selects
multiple synchronization signal sequences. For example,
in each of radio frame timings #1 and #2, two types of
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20 an output from the code sequence multiplication unit 106 and an upper
layer code. In this manner, P-SCH replica correlation can be performed.
The timing detection unit 110 detects P-SCH timing and the P-SCH
sequence number from correlation 25 values. Upon detection of the
P-SCH sequence number, the scramble sequence multiplied S-SCH
sequence is descrambled. Based on the detected P-SCH timing, the

Sefefd deleciPhiy¥t §le dejeds HireFictH *I%LI%’EHWS Pr8Ceasrx codes

reference signal. For example if the cell 30 1D g is transmitted as

Bhst RAYHAGHS S54E fSRe tﬁﬁ‘iﬂ& Braavelu Be 6f £Iddhstal@Xsds cell
e getectpdl ti ddrasnbbing islopratudtenl Beghasectationctheding 16 short

f
gg)ec Ific em menags é?crr%ﬁ%g tféﬁﬂqu %%e%ﬁﬁlgseg?r: Se%md layer
gadel othhQ POSIOH bR iHeaL STHAR Howallik sithbeCtRé cell d&eeh, the

§—®OHU§%¢1@%‘@ Porhe RCh sed Bﬁ%%f?ﬁ@§ $¢H|5 FERGFation
deflggd in the radiQ com unlcatlorha/item 1000_as stat d bove Ino q!her For

ShE RN ALEE Leild JIBRY Suetdtdi ity % RERIES
20 bequeice apd ihB'S-BﬂH)sacmmcm Aited theadeiection 6f thieecefirst

t f dcast
clplve giug::]P a ram gt%;(gj ﬂg?ssogéée}c? vepﬁih%qfe H?%%e‘ ((:) ql for
s@&arteffdsl D@taﬂ@ of tae PISAR sogiihRe BAY tHessyaeneniadion -  The

§|§ Aal ﬁ'@ﬁé@'sélﬁii oritarA fgkneddn die raglot:pmﬁryﬁlpﬂﬂ@asystem
1000 are the samﬁ as the bas s&ﬂgn 15 a r'_%iparalus 200m, a

descriptions thereb? Are SRt ge Uﬁ’[ﬁ"g generates
acsECOTICEION swtwhmm)lcmnawme:mmhmhlm-edlgmathe selected

Laupsyon HHWP%FLE%\ ﬂ:&‘r‘i’%‘?{? ’e'%% EATE0. NURBS! By ample,

associated h the cell ID information , the timing detection

Ghmﬁr@.ﬁiﬂ deBeNAtHenzath EndRikl BRRMgEAEeS fixzsecondary
s§avene® AUMBari 8i50.dhaSnedH lagsitentunicl l3maphrerfpitst layer

des|ciarri15||n8 based rétpr?gs-gcgosrgglil%nnceorqyIt{pﬂigd information for
identifying the cell ID group as well as the second layer
cell ID group being a portion of the information for
identifying the cell ID group. The synchronization
signal control unit 209; supplies information indicative
of a scramble sequence to the scramble sequence
generation unit 258. For example, the synchronization
signal control unit 209; supplies information indicative
of a scramble code used uniformly over all cells to the
scramble sequence generation unit 258. Also, for
example, the synchronization signal control unit 209;
supplies information indicative of several types of
scramble codes to the scramble sequence generation unit
258. The secondary synchronization channel is supplied
to the multiplier 256, which multiplies the secondary
synchronization channel with the scramble sequence
generated by the scramble sequence generation unit 258
for transmission.
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25 scramble sequence, for example, and could detect cell specific
information through detection of information elements in the S-SCH.
<Transmission and reception of synchronization channel> 30Next, a
synchronization channel transmission method according to the present
embodiment is described. The S-SCH generation unit 254 selects
multiple synchronization signal sequences. For example, in each of radio

frame timings #{18R4q & 'We MPPS 95 SERHANER BRI FRE§HSFC

including 16 short codes and havmg sequence length equal to 32 (first
EoEoddnasd bedud HaRaddieBrah gédi%ﬁ@é%&faﬂlr?d% EHS’rt%%&é’é"dary
sipth baminghderpencenlengtheged fo 32 (second layer 5 cell ID group

indicator #2), arg selected. Thep,the S;5GH qgg%rﬁ{#gn H?{t?t%e radio

generates prIOI‘ |n ormatlon to be transmitted to mobile stations
pefpiunang bl eRarfy e tRe pASHQRfoaraRA M dihti® ofthe fiBr Rgent

efiblErRemieinga gedier PHBEP M f%%iﬂéﬂfiﬁé‘n&&@ﬁ@ D12,
group may be generated. é[ enerate rior informagion is transmitted.

Also, the S-SCH'Geret&tidr! 1t2§4t§ rat@s@%%& fiayation detects
syncheohizbionclizateldmised op mmtesiyswerabsynzhrbnaatmh annel

E'QHéﬂéﬁB\éh%ﬁ%r R PEUBRGetp @?g %hanne %%‘é”é 4 carrier

rates the secondary synchronizatl catlve of the first
LeAANO YrapchetrH paridipdt thd mf&mam@\m REAEDIRG ez ion

Hhaione Bs yvell gg dipssesond Ryeircell 43 gouip beirg & perdan eftthe the
information for 20 |dent|§/ he cell LD roup The ﬂ/nchronlz tion si

eEHHT UG08 bl infdHnabisr! IP1 fedtivey Y2 I PAMBiE SAqUe %Qa“”e'
icstitkedoeantield setjshep Gehieedion uhit p 1752 H’tneezztrmie:pl&e, the mobile

§%W#%Qg0§gai9@%° r?é’i’lpWBE' HPProM dé?ﬁHV 8$form

of a scrambl sed uniformly over all cel s to the scram e sequ
hERIHRIMN DNt PEE SATE0, FeMBRRDAL M synchronization signal control

unit 2091 supplieFinferenatipn infticative of eeweraléypeﬁroéqcrembye and the
codes to the scrarﬁb e se;é %nce g)eneratlon unit 30 258. The s conda
S

YRR 5 BN IR ePiE hidsidd (bR Muriplis D58\ Aige M&ﬂ.pﬁg‘a” nel
theesabebieary syethrorfieeioh bhamaelavith thb scemibid sagueneguency of

PR DNGBE YRR FEHIENST PEFENAN HA'I 208 HOh HadePISFiRTned .
Descrambling is performed for the scramble sequence
multiplied secondary synchronization channel.

Next, frame timing is detected from a cell
specific secondary synchronization channel sequence for
use iIn the secondary synchronization channel at step
S1108. Typically, several synchronization channels,
for example, two synchronization channels, are assigned
to one frame, and thus frame timing must be detected after
the timing detection. Also, the cell ID group 1s
detected from the cell specific secondary
synchronization channel sequence at step S1110.

Here, for example, 1if a portion or all of the
cell ID group is transmitted to mobile stations
beforehand, candidates of specific information to be
detected can be reduced, which can improve detection
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Mobile stations detect cell specific information from the prior information
and the secondary synchronization channel. Next, a cell search method in
the radio 5 communication system 1000 according to the present
embodiment is described with reference to FIG. 12. As the first
steps, a mobile station detects correlation between a primary
synchronization channel sequence and a received signal and detects a

sEarHEvequensy ang-Baing¢or tee BrimARY SYBYEPHEAIPE Shayie! Ble

steps S1102 and S1104. As a result, the sequence number of the primary
éﬁ)}&ﬁﬂ)‘ﬁ%uon RRatis i95delich %th'éB%El@é‘ in T ifxe@pd gre Fadio
fohitesteioni mgy deriteha sigoallphase fifferencs mdd paritentas may be

fAYeOCY ¢ E\éfompensation. If thg timing, the car_rier_
requency and the sequence number of the primary synchronization

channel are detdinfleg, Gas@mitieditl thechaisefeaddgoime multiple

f@@ﬁgwwyaqﬂ@ﬂmgn Ciineheatiebesqeitr e dn 89 DepeARRINg the
formed for the scramble Set% uence multiplied se

FhiBork SRAREN € an tEaASafe IARE ISIGEaLd AR 2N the
sdbsnedacyetsmdewyrsynamam:ajnn chameédequanck fohasanialihid e

Eiﬁagﬁﬁ%@(émi}r%?é'8?fﬂ%r}% tbsé‘?p@f‘sﬂﬁgﬁsWP’E%l' RS (MIMO

ronization'channels, for exam e two s ronization ¢ annels ar
éybiglﬁéund ond famE, %dltﬁl!spﬂ@m@ Hmwtau%&@@té@teuraf@met ion)

Hinggeecgan. ¥¥so, theyedllilBoreuntiy deiesediiopithe cehtsrerties may
aecondary n
etect ' the number of transmit antennas used for
transmitting broadcast channels.

Next, the cell ID is detected by using the cell
ID group detected at the second step and the primary
synchronization channel sequence number detected at the

first step at step S1114.

[Second Embodiment]

Next, a radio communication system including
a mobile station and a base station apparatus according
to another embodiment of the present invention 1is
described. The radio communication system, the base
station apparatus and the mobile station according to
this embodiment have the same arrangements as those
described in conjunction with FIGS. 3, 6, 7 and 11.

In the base station apparatus 200 according
to the present embodiment, the synchronization signal
control unit 209; supplies information indicative of a
P-SCH sequence specific scramble sequence to the scramble
sequence generation unit 258 based on the P-SCH sequence
number. In this case, the scramble sequence generation
unit 258 generates the scramble sequence based on the
information indicative of the scramble sequence supplied
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30synchronization channel sequence at step S1110. Here, for
example, if a portion or all of the cell ID group is transmitted to mobile
stations beforehand, candidates of specific information to be detected can
be reduced, which can improve detection accuracy. As a result, the
characteristics can be improved. As the prior information, for example,
radio frame timing or the number of transmit antennas may be transmitted.

FiPghe ease WhATe Hiedips £@ien hag @gﬁ'?'e&?ﬁ‘i'ﬁqﬁ RNERRES #0, and

base station may transmit the number of fransmit antennas to mohile

StAREHIIR $hd LetBnlils SHhLEBRLLEIN 2R&mel Idhdhe MUliiRARE 256,
tlay detesCthe sembenafdragpait fittonacivi MIOI ) (Slatjpkernogut i s

mﬁe@%‘. BHt)\ﬁ?tEH”%ié{t‘ °r§‘a§EBPer (ﬁfﬁinﬁé. 2 %[“%ﬂ%gl V€ to the

> ons may detect the num ennas d for
tredkdiRihg Yidaa casticha®els. NERt, Ehd Self B8 dététﬁea by CHirgedence

RelhblP qrgurésiﬁrcited ﬁwe ég%@ﬁ%@‘%h‘tﬁ“%ﬁ@ scramble

SHEUIER [SUEbRT SRR FRTR N Mrad dhahankRGon e First

eydierd imouaingva enobilE sation S0 albasms!tamfpdmalatllsyadmg ated
with the scramble sequence number. Since different
sequences are selected for individual sectors in the
P-SCH, different scramble sequences are multiplied with
the S-SCH. For example, since the P-SCH sequence for a
cell including three sectors is selected from a set
including three different sequences, the scramble
sequence multiplied with the S-SCH sequence is also
selected from a set including three different scramble
sequences.

The timing detection unit 110 in the mobile
station 100 detects timing and sequence number of the
P-SCH from a correlation value between outputs of the
code sequence multiplication unit 106 and the upper layer
code. Upon detecting the P-SCH sequence number, the
S-SCH sequence multiplied with the P-SCH sequence
specific scramble sequence is descrambled. Then, the
S-SCH detection unit 112 detects the S-SCH based on the
detected P-SCH timing by using the P-SCH as a reference
signal.

Also in the cell search method, a primary
synchronization channel sequence number is detected at
step S1106 in the flow described in conjunction with FIG.
12. Based on the detected primary synchronization
channel sequence number, a secondary synchronization
channel specific scramble sequence multiplied with the
secondary synchronization channel can be determined.
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to another embodiment of the present invention is described. The radio
communication system, the base station apparatus and the mobile station
according to 25 this embodiment have the same arrangements as those
described in conjunction with FIGS. 3, 6, 7 and 11. In the base
station apparatus 200 according to the present embodiment, the
synchronization signal control unit 2091 supplies information indicative of

ﬁéQP S@I‘T@%’é‘éﬂ?ﬁd%&?'f@%ﬁﬁ@@mﬁ%ﬁ%méhﬁﬁ?fé’ﬁ% Itiplied
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e hronization signal control unit 2091 and
éupp ?E%o ?ﬁé r%uﬁ%e%‘gé n'the multiplier 256, the P-SCH sequence
specific scramblbrseflidrizenamiRipliediithitthe SCace sehedfee afd acent

edpligd e e Srmebiplpsing iupK PROtdhisfase phe £-SEHEREHENSe the
number is exphmtlg associated with the scramble secgq uence nambe

BefBfeRam THEGHERL GO m HEREdSRIifchl Rt e BIase Rthee 1 1S
exqplibiy vasabtatddz with, thvi Sahnaae saqpmmemdmhercﬁma diffdcedti hood
3¢ Sefeneesg Se'%éedaio?'ggdh’ fya %8“88 i*[‘f Pé&%ﬂ'ff@&w be
SCrample seguences are multlp W the or exampie, since
n%rﬁfscvpﬁé%cﬁéﬁca fon® EdiERclLAing tARE Ledtora RGEtecg abth gearch

sahiecleding-heeecdifies eritesadencepdha pgrabiedld sequence
multiplied with t S SCH seguence is als selecteﬁ from gzltset includin

three different sc ?n%fe §5'q esaS€ WNerfaGi eBchl thl%n Is
cothd uwbée stationthed EeiS&disitidmyant soqudnas @admber dfhiee P0-SCH

Eeﬁéﬁe@ 2 §qieiatin valbg bSE"fFHé”EtP I Al dhe ‘EPé’eéSH%‘?IP’Eed in

lication unit 106 and the upper layer co Upon detecting t
PO @@dl?éﬁéé’Hurﬂiferrﬁr‘é@SEH\é%qGéﬁb@’?ﬁltlpﬁlEémﬁ tfeor cells,

WHEEH seatensmprediiie sereamie Jeasseqenia tpseragbled r Hiap. therhe
25 S-SCHﬁi ection u t 112 detec %-the S-SCH based on the detected
g

PISE Yimihg B NG hgﬁtédﬂﬁ'i‘ d 3efdfendd SigHa=an 1MPTOVE

detection accuracy of the S-SCH.

Also in the present embodiment, a P-SCH
specific scramble sequence is applied (multiplied) to
the S-SCH sequence. Unlike the first embodiment, there
iIs a predefined correspondence between P-SCH sequences
and scramble sequences, and this correspondence 1s known
to a mobile station. The mobile station detects SCH
symbol timing in the first phase of the cell search and
also detects the P-SCH sequence number at the same time.
Since the P-SCH sequence number has one-to-one
correspondence to the S-SCHmultiplied scramble sequence
number, the present embodiment can identify the S-SCH
scramble sequence number faster than the first embodiment
based on the detected P-SCH sequence number. For this
reason, several types of S-SCH scramble sequence numbers,
for example, three types of S-SCH scramble sequence
numbers, do not have to detected. Thus, three types of
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Also in the cell search method, a primary synchronization channel
sequence number is detected at 30step S1106 in the flow described in
conjunction with FIG. 12. Based on the detected primary synchronization
channel sequence number, a secondary synchronization channel specific
scramble sequence multiplied with the secondary synchronization channel
can be determined. Next, the secondary synchronization channel

gEiplied Wit s RSNy SUIFRERIZAHAN peayiehelesde sCamihe s-scH

sequence is descrambled. Then, the flow_proceeds to step 51108. 5In this
RENHEN £ g EASCARD ARSI R dith CHBRUARE 10na

basrusiation use the same S-SCH sequence, interference from the

adjacent cells cgn be randomized, g/ft? érgp%ye %?}%%'BQ lkelihogd hces

of the S-SCH. As a result, the c€ell search ormed for a
Shdtte? Emagreac@ tad tHceastaet tigfe (Qlﬁra[ét’eﬂ@ﬁcrs)talﬁ meadcast

EW%HW%“S Béﬁ@ nNF%%@Qﬂm?Ht¢E@§@E$Hmé iStational
conducted in t e S-SCH dete tion basecif%r%the P-SCH se uence th

BB Eestimstion EaF BY cARRIER it 1% B6nshdSndt rpER
skeaqunehstaetes a el whsbdan Mmprbee S0l &sﬂma&mrc@ccdmbgct ion

TR HYRIRY %‘Sii%%%gs?rﬁatto hr G Eaeh & i“pé‘ﬁY&ﬂ?fc“o his is

accuracy of th SO |nt e present em odlment a

gmﬁb@%me%qn@ﬁ@rg aBslIdO(HdIBpIidd to thehs- §cr$CH l ncludes
ﬁ?ﬂt@écﬁyH@§<%tfe§6${eﬂﬁml@@'@fu@ﬁf%§ aprgdgieethot scrambled.

d H d
ST L N I R e R
defeeS@ECI3pBayibd tmamamiile fisse gleseas thefoatl seaeshahe aldthree
g/g%té tBGr-P CHREIEEEgheEat theﬁ%‘@‘%“rﬁ%ss”i'%e helzmbed by

ence num er has one-to-one correspondence to the S-SC
fiftftipied Ecramsik lseaaeﬁdefn&n%rmq*@sé%ﬁ%amﬂanexamp le,

gteotipyipe S-8€Hscramble codes. The S-SCH sequence is used
to transmit 170 types of cell ID group information in
an orthogonal sequence, for example, two types of short
codes. For this reason, 510 types of scramble codes,
which is equal to (three types of scramble sequences)
X (170 types of cell ID group information), can be
generated in demodulation of the P-BCH without increase
in computational amount.

Also, In the case where channel estimation is
conducted based on the S-SCH sequence in the P-BCH
demodulation, the channel estimation can be conducted
in consideration of respective channel states for
individual cells, which can improve channel estimation
accuracy. The improved channel estimation accuracy can
improve demodulation accuracy of the P-BCH.

[Third Embodiment]

FIG. 14 illustrates some differences among a
conventional example, the first, the second and the third
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30 scramble sequence number faster than the first embodiment based on
the detected P-SCH sequence number. For this reason, several types of
S-SCH scramble sequence numbers, for example, three types of S-SCH
scramble sequence numbers, do not have to detected. Thus, three types
of S-SCH scramble sequences can be generated in the S-SCH sequence
detection without increase in computational amount. In addition, 510 types

ahtrornible sequensesie S i aenasaied in detgpliop conventional

primary-broadcast channels (P-BCHSs) without increase in computational

SHBUR! Bs sBlddAo(eS G §REd SRt Ephbie Rk Ss can heusBa are

trthe SrHGiH sdguence-@ertionnwitwottioerease i2GoBputadispEctively.
unt, This §s,10 desctrj ith r e_to Fl I -

R aB G el B LN SEEETEh G Brbb 1UBT PR ape base

gk hadg, thd usaH atedamiibe by hERRY 6P BCiCéisecite used

¥ ?mbl_ﬁ*eseilH%!Wi wnarRRethes }ygﬁﬁ&f_iﬁ agble sggeenceppHitatus
P-BCS, is scrambled by 15 mea%s of a cell specific scramble sequence

R R ARHE B S pes JFREABcRRE EHe SREHRGIHANE @ushipnnel
esttansatt a0 typebusd ceélh I p@up edandsation seartonthogonhlis feature
, f des '
L e R d o EHE EFTRe b onal
Qé@u@ﬂé@s) xinfo typad ¢kl (S Frouhiafematiohy, canbaiphekedy for

odamopplaling of te CeHGH yvijhoy Bsrenree i foNPHRiipBd er8edBndary
Also ilq the case where channel Ttimftion is,25 con(gfcted based on Lleﬁ is

SYSG0 EQG AR HHe PR Al M od Qhtich fhe 'RLA Y QT adef
be avridiettd anmbridiveatore o esspaciae yhaynelstaed baibtividadianne |

gglls, YOI CAIMPIE ARSI DBLILILURA o N TP 2% he same
channel estimation accuracy can

base station. As stated above, transmissions of the same
signals In adjacent sectors may reduce detection
likelihood of the S-SCH near a sector boundary.

In the Ffirst and second embodiments, a
scramble code SC;, which is different for each sector,
is multiplied with the Iinformation SE; indicative of the
secondary synchronization channel. Even in the case of
the same SE; being used for all the sectors, if the
different scramble codes SC; are used for the individual
sectors, SC; XSE;, SC,XSE; and SC3XSE; would be different
from each other. Thus, the different S-SCHs can be
transmitted for the individual sectors and be demodulated
even near sector boundaries with high accuracy. In the
second embodiment, primary synchronization channels P;,
which are different from each other for the individual
sectors, are associated with the scramble codes SC; being
different from each other for the individual sectors,
and the association is known to the user apparatus. Thus,
the S-SCH can be demodulated rapidly after confirmation
of the primary synchronization channel P-SCH.
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30 improve demodulation accuracy of the P-BCH. [Third Embodiment]
FIG. 14 illustrates some differences among a conventional example, the
first, the second and the third embodiments as described below. In the
conventional example, primary synchronization channels Pi, P2, P3 are
transmitted as P-SCHSs in sectors 1, 2, 3, respectively. For example, if
three sectors are provided for one base 5 station as illustrated, the

different P-SCHS prceseda Hisradysyassagiersi 8ad s ﬁH’éefl rst and

apparatus can determine a resident sector and acquire a channel
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tllge ageuragyatnithe spodnremntioalinetuaitison synchengeatier ated

nelsdd: ‘%'a(g}" /€ ¥iesqd FBsAcH Oi'heﬁéoi'thef@g'éfﬁfa%'ﬁo hift
sec ors, are associated with the scramble codes SCi being different from
55(91'(%5&'?04 lﬂ'%clﬁal\ﬁcﬁ&!i%t%ﬂs? REdMRd SsBd@FRhaPIoRMSBguence .

F8Af apRafipI® Thlﬂl_S,'tbea&?;@rHe@rth%tdeﬂmtd@tﬁ@ FaptYoafteb 1 ynomial
confirmation rima nchronjzation el P-SCH

ST B L e LGl LERRA RN 0 obl P B et

some bodusi(3aR i multipiwanithith® sciambldieodEs nakt be piesent. In
ggﬂg%gﬁawa%nﬂee BOWRY B AR IVREGPL €397 (POR 9 tang a
M sequence having code length equal to 31. 1In this
assumption, several of any one of 31 code sequences that
can be generated by the generation polynomial equation
Qi1(X) are combined and used for the S-SCH i1n the first
sector. Similarly, several of any one of 31 code
sequences that can be generated by the generation
polynomial equation Qx(X) are combined and used for the
S-SCH in the second sector, and several of any one of
31 code sequences that can be generated by the generation
polynomial equation Q3z(X) are combined and used for the
S-SCH in the third sector. The user apparatus identifies
the primary synchronization channel P-SCH and determines
a resident sector. Then, the user apparatus identifies
a generation polynomial equation such as Q;(X) for use
in the resident sector based on the correspondence as
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5 to be present. In the third embodiment of the present invention, different
generation polynomial equations QI(X), Qz(X), Q2(X) are associated with
the primary synchronization channels P2, P2, P3 being different from each
other for the individual sectors. The generation 10 polynomial equation
Q2(X) may be a polynomial equation for generating codes such as
X5+X2+1, for example. Although any suitable sequence may be

Panaiated havgh ihe Q?r‘i@rq@ﬂ/@?w?f‘i'gbﬁ'te%ﬁ%’ dhe geneeaied 14,

ge uence may be preferably a linear feedback shift 15 register (LSFR
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930 rad tonmehdnenitad Bawa Bbansdio Ih usetHiny ed&iier BRCtors .

‘gﬁ;@ Qﬁ?@érlatléﬁjg_(?mﬁiiﬁﬁ%‘%Q_I[E@ﬂry'i[ﬁﬁqeﬁmr&@i@? @b&dnr??_B-%@di asd that
etermines a residae eclor. en, e user aratus, iaentities -
i SR R A S R 50k ) B8 WVHE Pk gauation
seaterasmg o di tige doorespandeficetdne |IRsBaES In thelldbertfght 1t s

i El t i hij -
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code of the 31 codes ed fromt eneration

BOKSRRANY B ation xRk AT Eed I5Ad SO sanfRBRInation
eFmpaiseR aMth geseded siahalsp ble/REMHHPkAsoNEdaSNRay

correspondence o the generatign polyngmial ation QI(X), and thus If
R R b0 G e red Bt b Gor 3 acf Bigratus
dosdrint At akida\coted tige sar ddridyedofedny n0géadragiguations
Hglyln%q;a}@g%i,qas 5 usq Kether e 19FSs The user apparatus only

has to consider the codes that can be der-dyed from the generation

polynommal eqliti®n dorrddobndihg 3F 6 DAL BISERT Aikiigs glation
Hipptrated that Fy onss gerpfiatonepotyndindaleanbainimnaorresphieds
GPEE0L I 3 mRlipibe g combingtion gl Several 9SneIglion  sjgnal
polynomma equations may correspondeto Oxe Sector. fn t%ls case, O tger
comsinatb g dfts@Pal geteidiersponsoroml zatakionssagnal creation

GPriasPoRd o othe) $8def§h the illustration in FIG. 15 is

similar to FIG. 7, the scramble sequence generation unit
258 and the multiplier 256 are not illustrated iIn that
the present embodiment does not use scramble codes. Even
in the present embodiment, however, the scramble codes
can be used. For example, iIf the same scramble code is
used over all sectors, the scramble code is multiplied
in the S-SCH generation unit 254. Also, as disclosed 1In
3GPP R1-072661 “Scrambling Method for Two S-SCH Short
Code”, a scramble code associated with the sequence

number for the first short code iIn two types of short
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20FIG. 15 lllustrates a portlon of a base statlon apparatus for use In the
third embodiment. The illustration relates to the synchronization signal
control milt 2092 and the synchrofizatlonslgnalcreatlon unit 2092.
Although the illustration In FIG. 15 Is 25 sir-filar to FIG. 7, the scramble
sequence generation unit 258 and the multiplier 256 are not lllustrated In
that the present embodiment does not use scramble codes. Even In the

errge gpPqdiackl. karpwesdhe AEaMRRLades fian 8§ P19k i th the

example, If the same scramble code Is 30 used over all sectors, the

§€r§%% SHRNE FQfiSielNnthe SSsefthGrrabA HiR BsY NA%,254 - The
sljmblwd) Mi3GRA 8d-03 26ek ' Bccamiting MeaimadtfoPD®e SraGHJHwrtthe

889 fﬁrﬁ{]‘%’w C0ds apRRd %e?Wghrﬁfﬁgggg PHEReL IRl Q%t“ﬁ}

sho esofshor codes i quencernay

ﬁhuﬂi’pﬁ@iwiﬂw-@m@%e@@ﬁi sHof caes mad BosC gdivéraAahitegyation

dhexsynchrppigationsign @ﬁ@?b%16%méﬂFﬁaQ€ﬂmq$nerates a
corres %%dence bet een the prima %/bsynchronl tign 5 channel P-SCH

af& h¥ratigh b \WPdH.EPeEbB OB ¢le E5ES gAY D
PB4 genecdies asecfumﬂraryts’ryectwymz&tmrchaar@i ornacsagiaade witmtrol

f | I
08 A SIS PES Y, RO RO REX g SRR Es250.
d8neehtioh Lﬁm@@dg HaR&Yhtes EBBeShazet odemedareiion ol ko
g@gﬁnpaﬂé&xl )ch’@é@te% ﬁy;tm jancftmsiz;g(ii@lf?igtﬁ@.@ﬂtr?wrwaﬁﬁ al

an S 1es actually use S [he (0] mulitaplexing uni

S A D S B A s o TR e LSRR sgd anal
camsoritdd o the 2418 madalasiap pdii 2608 ane: precetsetlih yoeseldnes the

Yitg ghe Wv%ﬂseem%ﬁ?ucfﬁé%??ﬂ 9 frAnemieyer the glis % ntly,

above-menti ments, Ev ved 20 UTRA and UTR
YR t@%{@ﬁg 9Brn§ E@(Bl[]t?o'n%r @L@é#@b%pﬁ@&sﬁr hae€

eeemitiusiretierly desctibed, daithie mibila stevomappaiatu dige basel
processed in accordance with the above-mentioned
operations to transmit over the air.

In the above-mentioned embodiments, Evolved
UTRA and UTRAN (also referred to as Long Term Evolution
or Super 3G) applied systems have been i1llustratively
described, but the mobile station apparatus, the base
station apparatus and the synchronization channel
transmission method according to the present invention
can be applied to all systems using the OFDM scheme for
downlinks.

For convenience, the embodiments have been
described with use of specific numerical examples to
facilitate understandings of the present invention, but
the numerical examples are simply illustrative unless
specifically stated otherwise, and any other appropriate
value may be used.

The present 1nvention has been described with
reference to the specific embodiments, but the
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station apparatus and the synchronization channel transmission method
according to the present invention 25 can be applied to all systems using
the OFDM scheme for downlinks. For convenience, the
embodiments have been described with use of specific numerical
examples to facilitate understandings of the present invention, but 30 the
numerical examples are simply illustrative unless specifically stated

SIS BY I EAE 8NY PRCEIRMIARF I JALA PAY PO ESethd vari affons,

resent invention has been described with reference to_the specific

prese
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owdificationd, dierations endiibklwtionscotlteeaqottrivelibytheseabove
illed | _ In bave Hption cifi rical S

G B S Best i G FUTBRECRITVE FUSE SRt for

bpdctir bllyindR el N er, efesehrinfdreaealuetye sikkAn - Unless

Usolcoira ead A5y PHISI EHIEDle VHURRRY boted FALARIINEITS Hll ues
explanation, appar uses accor Ing 0 the empodiments o e pre en
B P S PSS R e b R S RBTE V1 es

diayraoes, betedbese &pparatosesanad\eine enpbdmented mriatolveane,

f ot : — it
S P dIHE e g e SR NS PR frpsent
LmsantdcareeEmb@epy os< sidiRedn thetdh Wit 886&ingrom

oot ohhe BeRPkinyPadAfams , butTip 8¥Napeet Balesles may be
R P e P R P 0 N 80 i Ak
thereof. The present invention is not limited to the
above embodiments, and variations, modifications,
alterations and substitutions can be made by those
skilled 1n the art without deviating from the spirit of
the present invention.

This international patent application 1is
based on Japanese Priority Application No. 2007-211593
filed on August 14, 2007, the entire contents of which

are hereby incorporated by reference.

40



10

15

20

25

30

20 filed on August 14, 2007, the entire contents of which are hereby
incorporated by reference. CLAIMS 1.A base station apparatus,
comprising: 5a generation unit configured to generate a synchronization
channel including a primary synchronization channel and a secondary
synchronization channel; and a transmitting unit configured to wirelessly
10 transmit a signal including the synchronization channel, wherein in
the generation unit, multiple types of prinpfiy synchronization channels are
defined corresponding to respective sequence numbers of the primary
synchronization channels, and the secondary 15 synchronization channe
includes a code derived from generation polynomial equations predefined

orrespqnding.to the r v umber imary
gynchro%iférﬁ%lgch%eﬁfﬁsﬁ.% 23'§ @%bﬁ%%%s%atiog%é@ zgr?%goé claimed in
claim 1,avH@ede rtgedBraiod tiniEgstE kgsbae dokesppbpgadke a

§¢5e'h I Sn TRRASS IR ARBAraus AP ARG B GaHnads/or 2,
W ere_nthe code derlveﬁc:‘i%)m th§ pre efl_ned er%gatlon gol nomial _ n
YIRS BAIGATHB™ it RRALABK sRiP RORIY WRSRY S&lERE zation

channel; and

a transmitting unit configured to wirelessly
transmit a signal including the synchronization channel,

wherein iIn the generation unit, multiple types of
primary synchronization channels are defined
corresponding to respective sequence numbers of the
primary synchronization channels, and the secondary
synchronization channel includes a code derived from
generation polynomial equations predefined
corresponding to the respective sequence numbers of the
primary synchronization channels.

2. The base station apparatus as claimed in claim 1,
wherein the generation unit uses a code corresponding
to a sector.

3. The base station apparatus as claimed in claim 1
or 2, wherein the code derived from the predefined
generation polynomial equations belongs to a linear
feedback shift register (LFSR) sequence.

4. The base station apparatus as claimed in claim 3,
wherein the code derived from the predefined generation

polynomial equations comprises a M sequence.

5. The base station apparatus as claimed 1In one of
claims 1 through 4, wherein a cell ID group and a radio

41



10

15

20

25

30

4. The base station apparatus as claimed in claim 3, 30 wherein the code
derived from the predefined generation polynomial equations comprises a
M sequence. 5. The base station apparatus as claimed in one of claims 1
through 4, wherein a cell ID group and a radio frame timing are identified
by identifying the secondary synchronization channel. 6. A transmitting
method, comprising: 5generating a synchronization channel including a

PHAAY DIRERGZHENITenta e @ SRFAWBNSIFYTAYZER secondary

channel; and wirelessly transmitting a signal including the
SYRANARGAEERARC I din in the generating step, multiple types

of primary synchronization channels are defined corresponding to

spectiye S ima ronization channels,
éﬁid thexse??r?%ﬁ%ﬁ?yﬁﬁ%ﬁzéﬁ%ﬁﬁ:ﬁgﬁneﬁ’yﬁﬁgﬁg(iesg glﬁ de derived from
15 genc@& o ipak/hodiak egydliohs prelie@etivorreisomamy td ieluding a

gﬂspﬁ%ﬂ«’? S§W?@Hm2§$ﬁﬂﬁe&{mﬁ% SIWEHBJnEa&%@W@H?@-
. The method as claimed in clalni 6, wherein the 20 generating step

cf egméﬁaﬁ'c%ﬂe%chﬁ&b% ding'ta sector. 8. The method as
claimedvn claihe6 sil y, whesieis thietdore gledvesifgoma theipredefidéthg the

ge?/rh%ﬂtpél g@riﬁ(gq# ZEﬁgH:H@i]s belongs to a linear feedback shift
regi ({ se ’

gister ( ) sequence.
erein In the generating step, multiple types of

primary synchronization channels are defined
corresponding to respective sequence numbers of the
primary synchronization channels, and the secondary
synchronization channel includes a code derived from
generation polynomial equations predefined
corresponding to the respective sequence numbers of the
primary synchronization channels.

7. The method as claimed in claim 6, wherein the
generating step comprises using a code corresponding to
a sector.

8. The method as claimed 1n claim 6 or 7, wherein the
code derived from the predefined generation polynomial
equations belongs to a linear feedback shift register
(LFSR) sequence.

9. The method as claimed in claim 8, wherein the code
derived from the predefined generation polynomial
equations comprises a M sequence.

10. The method as claimed in one of claims 6 through

9, wherein a cell ID group and a radio frame timing are
identified by identifying the secondary synchronization
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9. The method as claimed in claim 8, wherein the code derived from the
predefined generation polynomial 30 equations comprises a M sequence.

10. The method as claimed in one of claims 6 through 9, wherein a cell ID
group and a radio frame timing are identified by identifying the secondary
synchronization channel. 11.A radio communication system, comprising:

a base station apparatus configured to wirelessly 5 transmit a

SHIHRgation channel including a primary synchronization channel and

a secondary synchronization channel; and a user apparatus

configured to receive the synchronization channel from the base station
apparatas, AQdiereio mmunn tetbboe seyietepparaios prliltpietypes

of primaty synchrryzafig ﬁh%g);}fésr%{%disf'%%ﬁ rge&P%fbd"E Qvirelessly
respective sequence numbers e primary synchronization channels,
BR@mhensktordsry N6 Rywunhicrdlion cadren@dlulesd vedaded/dar imary

FOMEePBIRIOR RGOk ARESI0RS @radstnes rexPSPeYRthPIRG Zzati on
reggectlv §egueéﬂce numbers of the primary synchronization channels.
ABIPRAET @NY  Apase station apparatus is disclosed for use in a

mobile @mums@cadipp aysda snobimimbirgultigd celts Slessapuaultiple

[ Us a ization.c
S e R M s,
ih&X&&8rch by a user apparatus and a transmitting unit configured to

wirelessphtrafisanitrasignad 8B apparatus, multiple types of
primary synchronization channels are defined
corresponding to respective sequence numbers of the
primary synchronization channels, and the secondary
synchronization channel includes a code derived from
generation polynomial equations predefined
corresponding to the respective sequence numbers of the
primary synchronization channels.
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10 the synchronization channel. The synchronization channel includes a
primary synchronization channel and a secondary synchronization
channel. The primary synchronization channel includes multiple types of
sequences, and the secondary synchronization channel 15 transmitted in
a sector of a cell includes a code derived from a predefined generation
polynomial equation corresponding to the primary synchronization

channel. ABSTRACT

A base station apparatus is disclosed for use
inamobile communication system includingmultiple cells
having multiple sectors. The base station apparatus
includes a synchronization channel generation unit
configured to generate a synchronization channel for use
in cell search by a user apparatus and a transmitting
unit configured towirelessly transmit asignal including
the synchronization channel. The synchronization
channel 1ncludes a primary synchronization channel and
a secondary synchronization channel. The primary
synchronization channel includes multiple types of
sequences, and the secondary synchronization channel
transmitted in a sector of a cell includes a code derived
from a predefined generation polynomial equation
corresponding to the primary synchronization channel.
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