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DESCRIPTION BASE STATION DEVICE, MOBILE STATION DEVICE
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 transmission method. BAGKRREOPMNNART 15 A successor
communication scheme LTE (Long Term Evolution) to W-CDMA and
HSDPA has been discussed in W-CDMA standardization group 3GPP,
and @AY adl AST-GDMT(BEItie-Cao'l EEq8gACcy IDXSIDE WLdPpleAND
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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 1s 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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the terminals and realize broad coverage. In the LTE, two types of CP,
long CP and short CP in different lengths, are provided for the OFDM as
5 CP (Cyclic Prefix) for reducing influence of inter-symbol interference due
to delay waves. For example, the long CPs are applied in cells with large
cell radii or at transmissions of MBMS (Multimedia Broadcast Multicast
Service) signals while the short CPs are applied in cells 10 with small cell
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Meanwhile, a mobile station must generally
detect a cell providing the mobile station with better
radio quality 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. In 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) s igeipfied Bggefon the e-e rasynites infberadewlere a

slot. In general, a channel estimation value derived from the P-SCH can
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an inter-station asynchronous system where signals fro ) )
may be derived based on a signal patternofapilotsignal.

As another example, the cell ID may be derived based on
the demodulation and decoding of the P-SCH and the S-SCH.
Alternatively, the cell ID may be included as an
information element of the S-SCH without the grouping
of cell IDs. 1In this case, the mobile station can detect
the cell 1D at the time point of the demodulation and
decoding of the S-SCH.

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 inter-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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3 different cells are not synchronized with each other, reception timings of
the P-SCHs transmitted from the multiple cells are different from each
other, and thus the above-mentioned problem cannot be arise. 5 In order
to avoid the above-mentioned S-SCH characteristic degradation in the
inter-station synchronous system, it is being discussed to apply a cell
search method where two or more P-SCH sequences, for example, three

Q968 EnICiASpILensre AR toady Aebarile. #§e R18eR3® ther,
"Cell Search Performance in T|%htly nchronized Network for E-UTRA".
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desinable thattehladjew meimbetofdP-8 CHeegeeriteS @4 pspgpaethindlkse for
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P- .CHS seguen es, are the same,in adjagent cells or there Is a hlgaj)jg %?I

DR RSRRANAL Bos AT AR Tl R BT 8 Fol LR Neadiasis at
ddliEfeieh hal feausto eSsghen likelbeos s thEds-SCelldnardtterstidseen
By S69@de s aBRESAHRN SYRGIPNS P¥EBristic 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 likelthood 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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In addition, the above-mentioned time period 4 required for the cell
search, that is, the cell search transmission characteristics and
processing load of mobile stations for the cell search have a trade-off
relationship. Thus, it can be preferably selected 5 through parameter
configuration or operational manner which of the cell search transmission
characteristics or the mobile station processing load for the cell search is

PRRIAEFGoORe MR d MPe TNt EQ PRI LQPERE 2 INENTEEMI search
PROBLEM TO BE SOLVED BY THE |NVENT|ON] However, the
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seconda nchronijzatiQn channel (S- e secondar
A EnDaR I ot 1 SJLeRE SRR choR LR gbhgsearch
islic dnasedieniiegs dnol the noober of trpogntibarttennas is 25
transmitted. User apparatuses detect the cell specific information through
detectlon of sequences of the secondary synchronization channels. As

e WX Wtleband Code Division Multiple Access)

{ﬁF@G?BL E}Mlatr‘%ﬁt EE”SSEIEV@DS®WT|PI EOVI'NVEWPI;P’N ut the ce)II
specific information on the adjacent cells acent cell in n) is
ranamitied 1o a RUEYpErat i A ONS AR a B Se it R FRUNC
tidjabant qelesdoach 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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where handover target cells are detected during 5 communication or
standby, if the adjacent cell information is transmitted beforehand,
candidates of the cell specific information to be detected can be reduced.
In the LTE system, however, it cannot be concluded at 5 the present that
the adjacent cell information is transmitted. As one mapping method for
secondary synchronization channel sequences, a method for mapping

EHiRrRThIRIETERT Wb retRarhi/he Freayansy 48 fueding hag pgen
proposed. For example, see 3GPP" R1-060042 "SCH Structure and Cell
Seff&ﬁ RASHAR N S- BT RA B AR BRT eEppatdoresdidatam gt the

Sgrldhrepigatiohi SignafDesiant'i bor examplal stlecatiésoanrthegeraluced .
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B8 BludtrRseintFIE ha tAEb Eopsidattd) brirédohal seboEnseti g (0)S

Fidhnsm PE&d9) and orthogonal sequence 2 (P2(0), P2(1), P2(31)) may
be mapped into successive 20 sybcarriers, as illuis_trated in FIG. 2. In this
d,

manner, if sevefd sBPSafboRBdA% S eI QL af L larf& FRRBRN ¥t

p¥iterha camilzattaremitéc riipe tifsaliy & voe sypa o sddnedcEhavimgpp i ng
4 for - f

e D Je e WA ReR R 0ErEg EHE R ey

dddiratd dhdins2 Brazel BeRRSRAted il PIG. X 80MkgpesSsee 3GPP

un@%mbe$r©ﬂsgﬁﬁ%i§@ﬁé kaed cEFHdRgdRIPeMEEHOd in E-UTRA
B D SRl SRR I MR s
Sdqueaded aeitgie usebdar trBrPEH , asd bahthe segysendearehogonal
SuPbiaAans Pf 1, ¥B8S b, (1), ..., P.(31)) and orthogonal
sequence 2 (P>(0), P>(1), --., P2(31)) may be alternately
mapped one after the other, as i1llustrated in FIG. 1.
Also, for example, orthogonal sequence 1 (P1(0),
P1(1), -.., P1(31)) and orthogonal sequence 2 (P.(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, 1f two types of sequences having sequence
length 32 are used as i1llustrated 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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short codes. For example, see 3GPP IS 36.211 V1.0.0 (2007-03) and
3GPP R1-071794. 6 In the case where the S-SCH sequences are used, it
is recognized that there is a risk of increase in PAPR (Peak-to-Average
Power Ratio) particularly in a 1.25 MHz system. 5 Also, the P-SCH and
the S-SCH are transmitted in the same subframe of 1 ms, and the
subframe including the P-SCH and the S-SCH occurs every 5 ms . In

other words, th SYpRRIUIZAIIHERBNERiS BarsHnitied QU SdBSa Mstised ,

apparatuses derive channel estimation values in 10 resident sectors _

hhodiGh FEEPEEH faHe Hitt N BISC IS 18 INESHIREIANSdgASEe 1N PAPR

perde k-ahannel eqonge saen fevditd difepent GiSUH s fol yhda mdividuab MHz

%?glb ed on the channel estimation values, and demodulate the S-SCH
cell'search. The terms "cell" 15 and "sector" are used herein

synonymously vithSsachtdige P withbuBdtmhfkdien Soud ¢e eere "EeRmsayl tted

F}?aﬁﬁaabié%'wldﬁ@e_éﬂe@oﬁ% 9Sal1ﬁ?dﬁﬁ e'%%fbﬂt%{nﬁéati'% luding
synchronaous Sﬁs em where agénals from different cells are Sénchromzed,

breGEliBR 90 ARen/es the Qfri s HEMaRY Rultpre cdil Other words,
tineltageatisiyo A Leartresidinghresana bouisdaty ah seddrede|agagyo5 ms.

, s t. '
e i Rn TSR S ET SRS R PRAC S CYAHICRET A Ples i
s hblediibl &1 bR Sonti6i® WEh S IS ePHd AN b fecEVed dkfferent
parypesie pRalfrm polb ia sresars deis fiaiss 10 prsterd enadtehnne |

g e e N IR Ly e Y
teldsSsasisdnanbetirducdta mied cesstwhert each selll rarssmisnd
NP oS HAEYE O4B%) IHEHCENF] "Warch. The terms “cell”
and “sector” are used herein synonymously with each other
without confusion, but the term “cell” may mean that i1t
includes multiple “sectors” as needed. 1In an
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 iIn 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 i1In the mobile station.

Thus, one object of the present invention is
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arise every 5 ms, which may reduce the detection likelihood of the S-SCH
in the mobile station. Thus, one object of the present invention is 7 to
improve the detection likelihood of the S-SCH in cell search. [MEANS
FOR SOLVING THE PROBLEM] 5 In one aspect of the present invention,
a base station apparatus for use in a mobile communication system
including multiple cells having multiple sectors is used. The base station

£8PFRBEIVRUESRA dvPel e igAlA K pRlctsaest i apmeniscasiiguigd cen i
to 10 generate a synchronization channel for use in cell search by a user
§65&{s and a transmitting unit configured to wirelessly transmit a

signal including the synchronization channel. The synchronization

Eyncﬁrﬁo% I;ﬁﬂg %@gﬁgﬁ% syDENreRIgAL R Miuanne_l and a 15 secondary

primary “synchronization channel includes
multiple types of Be@uena&h afd thd skbengdre Seickrdniy&ivhkPAnnal base

Henshiited @pﬂo%@ﬁ@f @&a sellinglydesimcedeianyad fr@mn?n piefeirefon
generatlon lynomial e uai[]i)/{ﬁ corres'(pjo ?h to the

yrehfhiZ |‘6 CHARHR AR TP IN f/ kfRdG&RmGLors
istha sadbodinidrd obths @reseatt Fyentagmp & rsapussmlerto Inplese the

SRR R IR BLaEh SRS conriourea <o

gRPBIMG tRctsY Ff IBLOOH Zaduemeshan el f@dhé#ﬁstueéwel I search

B S@@@%éﬁoﬁﬁbﬁF@ﬁmgf@ﬁﬂ@%“fﬁﬁﬂ%ﬁﬁﬁ%ﬁﬂﬁe&ﬁ?@ %6ﬁ¥|gured
block dla%c‘am |Ilastrat|r}%nsma{rtangement of il radio ioramunlcat on

EPsrdh b tne

synchronlzatlon 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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to one embodiment of the present invention; 8 FIG. 4 schematically
illustrates a radio frame structure; FIG. 5 schematically illustrates a
subframe structure; 5 FIG. 6 is a partial block diagram illustrating 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. &gehematicallydivs¥qies 11 ¢4 eyt feleEON L Radio

synchronization signal transmission pattern; 15 FIG. 9A illustrates an
Eram9as' 9 8ehUE&uence determination method; FIG. 9B illustrates
another exemplaryG-SEHs sb@eatd deiémyindtibhusathad;d4Gal&ubframe
%Ijéj[ﬁ%%olher exemplary S-SCH 20 sequence determination method,;

. 111s a partial block diagram illustrating a mobile station apparatus
according to on& Emb6dhsent Pt badsdnt ankraidacremipld yagwating

Qia@é%@ iy HAINgR ﬁﬁb%é%@hé@%mfﬂi%@:@ﬁﬁg he@@mbodiment of
Egbodlment of the present _invention; FIG. 13 schematically illustrates a

SmB e 860ty ehRMtBf hod in a primary broadcast channel; FIG.
14 illustrates a $AI8 tradsnaissian BA awkhadlj aigd-BiG. L% llusttatatang a

Balpa ghe SYBHEINHHOR SO G ¥Ata 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 Tlow 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.
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LIST OF REFERENCE SYMBOLS 9 50k (501, 502, 503): ce11 100n
(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 detection unit 10 200m (2001,
2002, 2003): base station apparatus 202: transmit and receive antenna

204: amppificageim ynit 206, traggmitingang yeceiving unit 208: baseband
signal processmg unit 15 209: synchronization sigaalé;eneration_unit 210:

call procde8ing(t®mn 2: tRQerel HAQgacd Pds1: stocBplfistation
2082: MR@2probessing Uni\20F2083: enoodimyarbii @084 dita modulation

i, 2O AGHE PAAE S1) CPITAT CONSIN B or

HmpRtude adjustment unit 20811: combination unit 20812: inverse Fourier
transforpgait 3%, 381360 adedomn UNie3¢AILli eXennizangresignal
ool Y 2O S IV T S8R MY EI T unie

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

2081: RLC processing unit

208,: MAC processing unit

2083: encoding unit

208,: data modulation unit

208s5: multiplexing unit

2086: serial to parallel conversion unit

2087: multiplier

208g: multiplier

2089: scramble code generation unit

20810: amplitude adjustment unit

20811 combination unit

208;:2: 1nverse Fourier transform unit

208;3: CP addition unit

209;:: synchronization signal control unit

209, : synchronization signal generation unit

2093: data modulation unit

209,4: serial to parallel conversion unit

10
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2093: data modulation unit 2094: serial to parallel conversion unit 10
2095: multiplier 2096: amplitude adjustment unit 252: P-SCH generation
unit 254: S-SCH generation unit 5 256: multiplier 258: scramble sequence
generation unit 260: multiplexing unit 300: access gateway apparatus
400: core network 10 1000: radio communication system BEST MODE
FOR CARRYING OUT THE INVENTION Embodiments of the present

inventiog@%]qeqﬁﬂhquiih geference to the drawings in detail below. 15
Throughout the drawings, elements_having the same functions are

designatetisy th@ BB SYHBoia BHES &8RN Htidhe Hereof are not
repeate@ qPirst Engidingentjedfaft dasiio comingunication system including

mobile jQnsar S i a according to one
embodir%t(‘—e)ar%it'ofs§ﬁ(2§i p@gfﬁég%%%%?dy&ﬁed with reference to FIG.
3. A rad@PémmivHidatipd Egdtem 1000 may be an 25 Evolved UTRA and

UTRANZ&lg0 referrethis ps Loag d 8%@@%@?8&3'&?@@ @pplied
system, for examphe. Thi radio communication system 1000 includes

base st&tf -apatAIRLIENBY RbE Bs) 200m (2001, 2002, 2003, ..,
200m wher@ m sEc pasitivg arttegery armpipalribetaiations 30 100, (1001,

1002, 1QR5’0 .. C,O]..OQ qu{ﬁ@éj a positive integer) communicating with
the base station apparatuses m. The base station apparatuses 200

are conAde&Y:to ¢l dshef Qftifiom d Gk tabodh ¥ 8dLdhteway apparatus
300,

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 integer) and mobile stations
100, (100, 100,, 1003, ..., 100, where n i1s 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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which is connected to a core network 400. The mobile 11 stations 100,
communicate with the base station apparatuses 200m in any of cells 50k
(501, 502, ..., 50k where k is a positive integer) in accordance with
Evolved UTRA and UTRAN. In this embodiment, some of the mobile 5
stations 100, establish communication channels to the base station
apparatuses 200m and can communicate with the base station

SRRAFTYRRS A1), AP MRGIREIZ €0 NPT BtaRIh HYLOMRUHGRYAN

channel to any of the base station apparatuses and cannot communicate
MR HeAHLE e <@fon LPpa AN RE SR FHebast W atiorrSharatus » SO0k
RO érdognita pushonizatibn tiggels)The nmavle stkdine 4 00i tésiges 1 ved

f I 2 i itive i -
TS A, W SR AL R DS b i e

sttadd 00 Wittooetes faid duiiityaRied o grtdashrehiaanals to the
BIA8IS St BRI VP 3% INSEF Y ST RSOt WN CRBMMTIAaECREE MW th

gbhér words, the mobile station 100, uses the synchroglz tion si%nals to
Il

P& titHP20 ARG ARALYRFT a8 Aeh RNLIEREAL G R ID0 not
edaraiafidrssuchs @ celDr(elbspioific sbrambéel ctdesadeyive fioire base

[ l f
REAELED SpPAREEITe Sl SRR IRARALE e M the base
geackbewaeRaNEHdBiIRSstZIA-00, is presently communicating and

where }he rrlnobihellwéati@ahstﬂg)oﬁi@an@i BWSQ'BBaGﬁﬁ‘@L}@iCZ‘U%B_::@Fan smits
example, the cell searc I the prese communjcating moboile station
T Frtshixirae et uie il

36 SR BB AR ing bR ing the SaMR2blfequdach "6 et
hagngdife@nefredliehbies.cddd sfobOxan{@6,.the 86lh search for & where

Rrepenty PYSPEVUNIANRE §OPYe AP O BAY Qe {UPPWEEarch 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, is 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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up or standby. The base station apparatuses200m (2001, 2002, 12 2003,
, 200m) have the same arrangement, function and state, and thus the
base station 200m is focused on below unless specifically stated
otherwise. Also, the mobile stations 100, (1001, 1002, 1003, ..., 100,)
have the same 5 arrangement, function and state, and thus the mobile
station 100, is focused on below unless specifically stated otherwise.

baghermore, thewglls SQk (R0% 1982 2R8: ar PARJENE H € Sa TR ction and

arrangement, function and state, and thus the cell 50k is focused on

ﬁ&%&!&%nlé’&d 16%%&19&5}3%%05&?}&%% Z98rabi IQFMGREafshbe Tow
aystméogﬁelsesf iadid dgcesbstbeimes DM sed SCARIBMA ithe mobile

% T'i"gﬁ%nfobo" 5?:5%’%n ated above dh %RM the same

eme, a frequefc seg intd multlﬁle 1 narrower
fEGRNGP Bank (sttraﬁ‘rblgnaramﬂat@E,att@nsnaﬁéb i hkSingivugiobi le

§Ett?£ﬁirtﬁﬁ3 {yothe piheranddn thimmSeERMA 8¢ eSS aéﬁ?ék&qr’ﬁical ly

band is egglﬂ%ted into some fre ue\ﬂgut’)ands and th §r\‘s

LGN EWMIS Sssighdtith' ¢ terhfiRIS § hrRGibn, 502 »

B0ich canredtﬁm@terfamecetbetm&eammeatmamgamnuett function and
nic I dWHR N are e

}ea(i{}jl\;{vlglfor8 éﬁc()?é/qvn inks, @I%SE%% i}hégcaﬁ§oaﬂﬂnlé% t(%ﬁreggfal\ranglyless

spaed hhead he A RehtioRE €0V BHE -a LTE downlink control

channel are useph i the FpYyNEAHEmSME BT HAl QY iERRSSUCD@S uses

N A i T AR
Chadnmels assoemreiatangpdryformasargit atienwédsigementifor thhe OFDM
EURGhkare rapsaiigd Mihe bdRd 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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downlink control channel, and user data is transmitted in the PDSCH.
Also, the base station apparatus 200m 13 transmits synchronization
signals for the mobile station 100n to perform cell search in the
downlinks. For uplinks, the PUSCH (Physical Uplink Shared Channel)
shared among the mobile stations 100n and 5 a LTE uplink control
channel are used. The uplink control channel may include two types of

£ransii & CagimehiFegr MR FsRIVETAY B4 ach#els tation

{Itre uency-multiplexed with the PUSCH. In the uplinks, some_information

s st&h BB LEAERNGK GRS FF&haliBn 1561 ERAYAHE! BSSiity
Indicator) used foo schegoldlingkas hetReSEUSTId AMD SdaptileUplink

latio i knowl _the PRSCH (HA
R e eaa RS U Rap S8 RYRISENE N 18 SxaehdlicTido, and
asdr datdlip L§iansaisd tmlthe Pysted Rrgowmsar transinisien 1 k
waggﬁt%ﬁingﬁ%ﬁeﬁne?@?ioifwnﬂ &gwsiéwfg @é%artsiﬁn@tih%?fnt@ns, a
S rames. AISO, as | rated in . 9, 0ne suptrame consists or two
SRR Bah: e TTH R e b RN A S e Shanne
ﬁmqumﬂtgn—nﬂﬂ@i pl amm_six WFEM fymebdBECbng CP (lower

portion of FIG. ?)r‘;gﬁﬁe E?ﬁm@%{’?@ﬂﬁwg'\lﬁjgé M‘?%’l:h%enbaisfems such
station apparatus 200m _according to'one embodiment of the present ]
fvertoMnd tekcrivea WithYerbrehed iptieoB. 0GR enfbbainead ual ity

Pﬂ%ﬁ%@*ﬁrﬁpm%@ﬁs?@}mﬁﬁﬁﬁﬂ@tiﬂﬁmb$uhﬁédWD®®ﬁn%h§0AMC
e B A 2 R s & et 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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208, a call processing unit 210 and a channel interface 212. Packet data
transmitted from the base station 14 apparatus 200, to the mobile station
100, in downlinks is supplied from an upper station, which serves as an
upper station of the base station apparatus 200, such as an access
gateway apparatus 300, to the baseband signal 5 processing unit 208 via
the channel interface 212. In the baseband signal processing unit 208,

SPPRGHRIPE FWFonseppioN S thIReketdddRILHERYeI n downlinks

transmissign operations such as transmission_ operations for RLC (Radio

IRk SRR Rrah GRMBsiBA 15 RBGFoI SHAE tansHib oA BRTY&SciRS an
ap pARGtybid AuvdmatiteR dpratreQuatt) bansappsioraapesatns,, such

J L e B AT SRR M AT 300 R S eERna signa
PISORIAG 9Afads UR fokwZi@8d Yol e tRAsHIRtMG Y rddebaigfane20812

Also, generatior_] W%ﬁ@%é@eﬂyaﬁﬁogiiﬁm Bigplsc aepiied i 1 208,
the baseband si na?lfﬁrg?cessmg unit 208, as stqged elow. T
p

SARRRNERESO G AN af® HTHRIRE KRS thfpddREt Baghrs data, RLC
fayeded raths mAGstsaremittipe ardiecaiging woi 266 Thedraesimetsigo n

8@% F%?EWE‘Hé‘”E@P‘SRi‘E‘ ﬁ%ﬁ%“ﬁﬁ?ﬁ&%‘?fbﬁrﬂ%‘ ﬁ’eF?é"EP%FPém ission
converting baseband signals supplied from the basebarfd signal i
pRRESMY. uMit SoB s anadd Fed@hGBahEOThen 3 &s fRARIEngHYbrid

?igﬁ@ﬁw_ g_ﬁ@ﬂg&@ip@ é{‘ﬁhi‘@Qtl@éf@ﬁZyg;t .tgrér!lﬁ gbm @g,ci %ﬂnmﬁﬁ%&qm e,
ransmjttl an receiving anten . e sepand signaj nerein
R A AR AT Er s, Selac T G hasAC

encbel athgr lsardi, oF Batalnsmitied fieast 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 mobile station 100, to the base station apparatus 200, in uplinks,
radio frequency signals received via the transmit and receive antenna
202 are amplified in the amplification unit 204 and frequency-converted
into 15 baseband signals in the transmitting and receiving unit 206 for
supplying to the baseband signal processing unit 208. The baseband
signal processing unit 208 5 performs FFT processing, error correction

HaEsH N dESGRIIRA PREFHIORR ORVAR SRHATETIP AheP it 8qd T uni t

layer reception operations on the incoming baseband signals and _ )
RafRrre4ea i Gotds th P acetantistgnahhERs 856 40 unit
g@gchannel interface 212. 10 The call processing unit 210 performs state

management ardgsguice RSSiaNmen) 01 f1eJPARLESS FIRTGR P00

Next, an exemplary arrangeme baseband signal processing uni
pes Euessrided Withr 0% R$S & hék.to 8@ OF. Shferegsfolihe i€ 6abd Ng ,

P@é@fﬁiﬁﬁ\&ﬁ'tiﬁﬁm trtade£e IJOM/N&DIF%QP‘HW'&}KP@@?(%”C@H% I and
gor iops are illustrated in FIG. 7, and u'ollnk operatjon related portions are

iR ¥RE LRESERE SR BEEAI TP B idcR8 bl Baseband
pigassliyy anit 20681, veav4€ (@hezdliveaick&an ¢ mirgh alesebsingheiccess

: 208 o 1 2004 et
A e R T
2088, a scramblERdE yleBiGCEHEARY, sM dkphdde PS REQsHRNEtate

Haih AfBen tombinatiass\if2O81 hswi M ERE TFHI81Eh@ CPadio base
additian unit§290§13 and a synchronization signal generation unit 209. The
ﬁE@fp?&,rés ing unit 2081 performs RLC layer transmission operations

such as segmetatiob,ar@n exemplary arrangement of the

baseband signal processing unit 208 i1s described with
reference to FIG. 7. Since embodiments of the present
invention mainly relate to downlinks, downlink operation
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 conversionunit 208, multipliers 208+,
208s, a scramble code generation unit 2085, an amplitude
adjustment unit 208,p, a combination unit 208;;, an
IFFT(IDFT) 208:2,, 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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30 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 16 unit 2084. The multiplexing unit 2085 multiplexes pilot
symbols into the modulated data sequences, which are serial to parallel

Genveregdly thesreakio Paialek LANGBIRT ¥IEESGIA PERP RS s pilot

information symbol 5 sequences aligned on the frequency axis. These

YR OG hbo Sy B Go MK Fé&%ﬁc@@&ﬁal?&ﬂyﬂggeﬁ)r ahtph are
Sertiha N intorpatien dyrbat seuentesialignet han the frieglertay axéisral lel

9
AR, BT B o X e o T A sy
araLionN. Cﬂ?ﬁerﬁ IHostesmisle ciembikpradesymbopsetsiencddi@ee pilot
gyiipbacsingag N B iliare BORS Méthareiitsles i%jtwn( SeAUes8y , for

values Browded from the amph%yde adjustment unit 20818, and the

FSAITRY SymbbdediRANSMETAELARARE BYAROImBRAH& GRS 2l 1gned
@68 1t1h @ h€ reomiemetipn ani 2085 cmatidescydasogeaimnadighldy the

9RNSIAEY LYdhG Y ‘JH%'P%%‘PB&' ﬁ@%éﬂ“%%r@% ?lsé’glﬁ’oin the

sequences having s uence ength with which the sc
Nrdese Qﬁﬁl!tM@e”E@'ééi!tElrﬁ@rﬁ%e%f@u%mcbﬂ/élb@sﬁF@ﬁh’dFﬁﬁﬁéd dd rection.

M@ﬁnt ﬁh‘?cgfélﬁéﬁnﬂﬁ i‘esktbﬁléelﬁrfz%gﬁﬁdﬁ?tﬁé@e@wgfﬂﬂ sequences are
ronjzati nal . control un etermipes.subframe num

T EEP KoL Ho oL EA BJ AR 20HS SHARE. SEMGhude
aub‘mlenmnlbaeau@ﬂme;lmahqﬁewpﬁoouamkeﬂttrﬁgmhe the amplitude
WWHWWWEZ’G@% omRiafiR Y Ei??%’l oy fﬁﬁg]? sequences

ronization signals generated by the synchroniz on S|gna
are supplied to the combination unit 208;:. The

combination unit 208;; multiplexes synchronization
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). |In the subframe numbers and the slot numbers
where no synchronization signal i1s transmitted, the
synchronization signals generated by the
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generation unit 209 with other signals (symbol sequences 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 17 synchronization signal
generation unit 209 are not multiplexed. In this case, only the symbol

SSAHERTeM P2URG BiR %ﬁ%‘zﬂg? ot e aum nkltpheatian of Hige

downlink packet data with the scramble codes and 5 the amplitude

A& RAE SR encd Dalbdd e SB5Ried OB e H0&EsS¥Y trafSHHAM CES

beit 2081 & hsysayorizationisgriat mtiplesed tuibegrriersmodytie Inigation
including t f overall b idth, fo Al

B T R R e R Ehelcs BRI SRR and

bBeertn bbtude, ®e éxaitpe MheSeRYeNCsuréptaesorar@sypplied

¥oit 0817 HansfaBshbhapriars toansFrHrgona inpultieasrier signal.
The CP addition unit 20813 inserts 15 a CP into the multicarrier signal for
BYLFRI PR 1254RA it d.mﬁhle‘férfbh%ﬁ e NEAGRSHagYy be

havatwahgpesniobhg CPrapdsiorc ERtene offwbith ewseleiel foapdehidth,

I ?Qﬁﬁ. opekations n izat] [ S - -
ﬁ%nlr(-:ﬁéronlz ti!))ﬁ Sign’gz\aar g%}n’e(r)éﬁ(})én %%ﬁﬁ%ﬁg&;?g ﬁ%ﬁc%@aeéd%he rontzation
syrithhizaddt $ind £ c8Hsistd btk dayachiayizRrsfdna freferda MHZ,
035 @pdm@nesynchronization channel or P-SCH hereinafter) and a

d hronijzati ignal (referred ti 25 d .
Synchronization EREm VP LSS0 AUHEhERer) THE SYRITorARET) unit

2igBabgdneaatsfianit 209 inside® bssymnctironiaation isigmapecoméadl unit
f@%¥ePcarrier signal. The CP addition unit 2085 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 creation unit
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.
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synchronization signal creation unit 2092, a data modulation unit 2093, a
serial to parallel conversion 30 unit 2094, a multiplier 2095 and an
amplitude adjustment unit 2096. The synchronization signal creation unit
2092 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. 18 The synchronization signal control unit 2091 is

Fpierled e Hedrr PEEtAEORTAIPERAF 2O8ntBR SHSGHHEEsION $'oupled

254, the scramble sequence generation unit 258 and the multlplexmg unlt

560 ke Ryméhiodl£tioR 2hAN s ektioR it 2882 TieSCH generation
ayrcbhraizpjiotsigrst eentiiol enis 20Q1e detergaee seqLienne uninbe2s& and

tra%gml'f?ﬂ% isﬁﬂ%%pfégvandﬁ% EsefgCTﬁbased 0 § %%Ifﬁ)hor a l0{617%150150' gnal

gicRip b Bfe bithdre2@fs where the base station apparatus 200,

provides commgrheation ﬁéfhtPSrEi/Q%(QCi d-hT%"i H@UT%NF@I unit 209,
a%mple after identi n the cell rou ile statio |dent|

TRNBANGS oR § g} d%ttgﬁn':% dt eén &T5a well
aignals, Utﬁrra(mmpimmbmlsscaaa dosdmmmmbe ssgg'ecstedlihmbm itting

repCs ”%'rP&m?bWe d @éﬁeEdgé‘&ayo*he aP 3"15 rSPa cell 1D
ternatlv the mobile station may identify the ce ased on mo uIatlon
aﬁ@u@cda gQﬂ eheot- ST ghdafid Essal abeexiifid 28¢n thladaken

ppiuedesied thao thedi-6¢ Hregueem vl endrike Gall lipreayeo Ived
o A o e S e S o
PESQHt dar,cell coobistig) cftiarte cactosy25iclay id fslettbe froemld sétased
BEiNeRresi e 7, SRHLEACPS ) signal patterns of reference
signals, for example. 1In this case, for example, it is
suggested that the reference signal 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 ID 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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Then, the synchronization signal control unit 2091 transmits the P-SCH
sequence number to the P-SCH generation unit 252 and the S-SCH
sequence number to the 30 S-SCH generation unit 254. Also, the
synchronization signal control unit 2091 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. 19 Forﬁéﬁ”@%ﬁéi@doa@éﬂ B PSEolSe- 3 ¥df0 15 36.211
(2007-03) and illustrated in FIG._8, the radio communication rs%stem 1000
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€5 aid theios- S@Hﬂemhm@mﬂ& skvEial typaseoRHSEFHame number

SndHhe SPLPHIRIB ettlf%w 9‘1‘??% Hah

ransmit syncﬁronlz ation S|gnals Int e su rame nu bers 5n§§g‘%d the
AtsdCifl the preddnt ex@xid bidces heer-8tHgnRsppddRo HeHasequences

%P'Vé&)éﬁﬁpl 18 slqtp, rjé)ethQWSJ@&e 8ftmwme§&9ul@%@§ P-a¢l used
i}e{gardless of whether the Ion%tCP or the short CP is used. The rea%OFrame
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maich each other even In any use 0 ort Cp or the ong

the, nebmlip é’oﬁﬂﬁdrﬁéhti%ﬁ%y%mb@ﬂ%@ dd38ciBrehé P’%@D’H’d less
éwww@ewmlweﬂlmﬁ@ cell oy Iﬂwmernb@pre@au@ér@ls The reason
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paratus 200, provides 25 communications in"the Evolved UTRA an
gEy Agp and bottom timings in slots match each other even

in any use of the short Cp or the long CP. In this time,
the radio communication system 1000 may associate the
P-SCH sequence number with the cell ID information
beforehand. This association Is conducted In the radio
communication system 1000, which enables the
synchronization signal control unit 209; 1n 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 i1s called sectoring. |1f 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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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 30 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

ST FIHOoA JaG-2aalu ST §e Pase <8 SO RPH AT 2P0 15 ¥§88 cell I

as the cell ID or the cell ID group, combinations of the above-mentioned
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sukirame RUTeRIANdsBe t9irnymhenipr iR drangaitisg Beion apparatus
é)énchronlzatlon signals are set for jqi\Jch sector of the bazl(;z1 station

Sarafib Q08meEordRe BIECIFEdduehbe, AeAPkC F8IEhY group.
aopbtuda ZemnAutoFortdiationh sapienenduobrasd ZgdafhC€oum i zation

s disgl i " 1 i indi
SEUERR eI A Rip PR TAIBRE 2 F0CERE PRPE HABEF for
syansm Lyl ngrEh e snkREQUEhéa kd aRGdea I R.arerasdahgr each
Sebréadofff Phpse phik sulse sedesrvitipgned petiedip gofrelation

properties”, (IRE. Trang, Inform. Theory, vol. 20 IT-8, pp -382, 1962), a
modulated Fran %eqﬁ% eé§s(}i£|0%%8%eﬁ% Frﬁﬁkca%%@ A(. 885#,3“
Artake thiftepulsa-codés WitG gooe pertodincoretgioe poperiesh (HRE a
-Zré?tf‘éﬁf—oérﬂuT@?ggLYré’Hl:éT'gsp%i?@&ﬁggeﬁggizﬁ 8 G/, “Polyphase

Complementary sequence as disclosed in M. J. E.

codes with good periodic correlation properties” (IEEE
Trans. Inform. Theory, vol. 11-18, pp. 531-532, July
1972), a 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. I1T-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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25 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) 30 sequence and/or other sequences may be used. Also for the
S-SCH sequence, a two-layer type of S-SCH sequence resulting from
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an orthogonal or nonorthogaonal sequence as disclosed in 3GPP, 21
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SEFRRRA PN gaonRLIsayenEEs IR MRdere gnald AR,
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Rofdrthogesl enGrEhohesal bRt cfdcerteb With l horigieon of

ﬁBWﬂﬂ'&@SH%’Feé er Wﬂﬁ@g@?’(@i SggycihBl as disglagatde sSGRPeh
R1-060042 "SCH Structure_and Cell Search Method in E-UTR

A
BROVARRY fad BENREG MRIAISE AUS BEESs Qe MR1RLAiIHRFRMR |
argngenens ob sndige babeybnah s8GiRIMdR S 00 B6QMAtAoYSIEH Structure

' ti ' iscl [ PP R1-Q7
T e R PR S S e
Adgrncérezufifg reRarangemER D hEknaidie erhsohangement of

ﬁ@ﬂﬁ{'ﬁli_lﬁﬁlseot_ bwth%@g%\]ﬁl §é@||l¢ﬁé‘ﬁ@$3b§|1 ANFRSHHEHOEYHEF &¥huence
multiplication with nonorthogonal scramble segyences, ar or;

TS S e S o kTSPt BAIERER Ll RS K1 -071584
WadsteiRadanyard weaglenae, iz pHase noaiigm 2d obikegopal setpgnbe used.
AILE anoiogepel baRILIRES PaX PPUPRE. TSI BpHouAeht of
sequence, a CAZAC sequence such as a GCL sequence, a Goia

s hed & @é’i&'ﬂ Qﬁt%]cﬁéméﬂﬂr‘}%@&%c@ BsiReRsdhpARNa E.

&8¥ences 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
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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"Complementary Series", (IRE Trans. Inform. Theory, vol. 25 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 30 sequences, respectively,
based on synchronization signal sequence information and

EYERENFRUAM §ign2loBansaisSIen, '@Pgdﬁfpﬁn%%%‘érﬁﬁ?@i“ﬂ#& thdtion
synchronization signal control unit 2091. For example, the synchronization
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mobil stallrt:ons. For exarg%:e, the cell ID group may be transmitted as_the
Blo 'E]%r UG A 1A ARk tﬁéc&ﬂt%robBﬁWk?et'O” in cell
saranatied Alsoo airkdiodeateitonisg maydre teacsmyitlesl, Alshetheel 1 1D

r it t j Isq, [ tion
e P R D, 4 <o
fadie FhkRRiMhqtdR €5 e AhhEPsRradynRantdrmasimkleed. Also,

Hcdad & tre awer iAo dythisendinehsnItalegnumMResef, the
se%tbences t}ave to be detected.in cell search bﬁ)moblle stations.
<y

fidan) BsSRARRRET BN R B8%eR D SIRP T Heehided SO
any sendralrtypdsial nsédiendes, doc exanipia, two typds theequehtekD group
g26/ GWinG # SPRE 088 MY B9yl 5eaUeREIFBIP Wne timing and
the number of transmit antennas may be included in the
prior information. 1In this manner, a smaller number of
sequences have to be detected in cell search by mobile
stations.

Specifically, as i1llustrated 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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the illustration, the first short code in the vertical axis represents a
sequence index of the first short code 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

Preparethbutep FrAPUAREFIVEL thedngibeg oLsesyencerindicgg quence
assigned to the first and second short codes may be limited as needed. _
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for the second short code for use in timing #2 is selected from_the first

AhehRg ARG 1113) A i AR Nt tREn R HE DA gBS of heabected
feprentd mdiEes Ot uselmetnd sl anchsapen OmME3 .are not

overlapped. codp eaetes FaRhe qHIY SRRIPIINt ffoes of the

respective first and second short codes, resulting in faster sear o
a6ditieH) feahidl EpRllf astdtsthddwhB@ef Hessbqueflce ffeR ¢brith@ ings

A &rsh sorb GrAeICAFsERPNds d@ Emiiftlidi sletestien of He seswaeed for
index. FIG. 9B chenhatically illustrates anather, dete minationénethod of

B SEHN J A ENf S RESEAYELAREE, MPRE MY indRddgodes
thesfindt@bregd Becdraisshern cedegark selekbtedefchohi theamel turnarnicabe

09§ 44704 ELETIY RUENGH LEREAURIE sequence index for the
first short code corresponds to timing #1 at detection
of the sequence index.

FIG. 9B schematically illustrates another
determination method of the S-SCH sequence. 1In the
illustrated example, the sequence indices for the first
and second short 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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indices for the first and second short codes are designated as m and n. In
the illustration, for example, a pair of the parameters m and n is
determined such that 25 inequality m-n~ A or n-ms A is satisfied. The
parameters m and n are integers ranging between 0 to 30, and the
parameter A is an integer less than or equal to 29. Compared to the
example illustrated in FIG. 9A, the sequence indices are selected from a
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freely combined for the secondary synchronization channel, which is
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such that the same combinations cannot arise. The P-SCH sequence
8¢et&ted by the P-SCH generation unit 252 is supplied to the
multiplexing uniT i@ 2B6.S0d tbe Gl sequenea gdredatby by e P-SCH

) i gt . ol | ] )
G AEIU AR 252 T SIRelag (108 PUHIE Aok il exing unit
AGCranscefience 2 the SeAHMNCSquener geherhtiby uline2sS FaFH

Qéﬁ’f@ﬁ*é;ﬂ*i;@ ﬂ|_5 @Wiebrggza_tipg séqm@bqor@*el it 294 me ft'ﬂ@b/i er 256.
iE)rmatlon ndicative of a uniform scramble C%Sde i;]/er all ceu%ﬁéo the li
BN HEL R R 0P AP LR iy eHde Supplies

yarfoaticntunitr258 nenerates\ee safimblesegasrickdasedioethee to the
D aRHARInlRlee & ghe rARTBIF SeaerssuPPiskraRdid1e , the
synchronization signal control unit 209; may supply
information indicative of a uniform scramble code over
all cells to the scramble sequence generation unit 258.
The scramble sequence generation unit 258 generates a
scramble sequence based on the information indicative
of the scramble sequence 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
while 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 iIn a 1.25 MHz system.

In the case where adjacent cells and/or cells
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synchronization signal control unit 2091 and supplies it to the multiplier
256. In the multiplier 256, the scramble sequence is multiplied with the
S-SCH, and the multiplied S-SCH sequence is supplied to the
multiplexing 25 unit 260. As to the scramble sequence length, scrambling
(spreading) may be conducted over two types of short codes while the
scrambling may be conducted for each of the two types of short codes.
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information 30 to the S-SCH seqqyence such as a frame timing, a cell |
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gﬂri]{ ?;@Jﬁ'??%%%@'&i‘ oM the, FYRTHATZVOR ¢'00A FYIALHRLLORLmb 1 e
codesp may be used for different base stations. 1In this

case, the scramble sequence generation unit 258 may
generate a scramble sequence based on the information
indicative 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
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20 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
25 sequence number of one of two types of short codes may be
generated. In the multiplier 256, the scramble sequence supplied from the
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multiplexingunit 260 multiplexes the P-SCH sequence with
the scramble sequence multiplied S-SCH sequence and
supplies the resulting sequence to the data modulation
unit 209;.

A synchronization signal sequence generated
by the synchronization signal creation unit 209, 1s
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 2095 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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unit 2093 20 A 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 N5 1 symbol sequences on the
frequency axis. 25 The multiplier 2095 multiplies the N5 11 symbol
sequences withanamplitudeadjustment sequencevaluesuppliedfrom the

RAPBFEGRALISFINT HEE BPG AT SHRIeS4NE VisBHIUhIEAH RIS S i gnal

the combination unit 20811. 30 <User apparatus UE> Next, a mobile
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an antepnna to the basic waveform correlation unit 102, On the qther
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correlation unit 102 detects correlation between the
received multicarrier signals and the basic waveform
synchronization signal replicas. The code sequence
multiplication unit 106 multiplies (or code inverts) a
code sequence with an output for a basic waveform from
the basic waveform correlationunit 102. The upper layer
code correlation unit 108 detects correlation between
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
values. Upon detection 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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code correlation unit 108 detects correlation between 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. Baseditipe fletesied SuShbiitning thee Sc3GlH dgtection
unit 112 detects the S-SCH by using the P-SCH as a reference signal.
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bsqa dssseled @AM AL cbf 1D eLRIKNE BelP3cdieH B Ba&iRU Iike code

Bsxed paquedce pieh thenyneRrpRiZation SieaaldransaussonsRaieth ends .
R R e O e e A R vacior
smijted I Fdriexasiples s eragiattmmunibafdmed 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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system 1000 defines the synchronization signal transmission pattern in
FIG. 8 and the P-SCH sequence 20 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 25 scramble sequence, for example, and

seiye dnleet ceflngpecyis Infarmaaiiondiverdh ARteeHPN AR e MaleR t codes

elements in the S-SCH. <Transmission and reception of Synchronization

gRshitrY Bag St W R RAGER RN ttRsrrsd hrtndayer cell

aCcgding o imjire satrd enitdoylimaot s dasquieatc hnS-BidHing 16 short
i it 254 el ; MGNAY |

O A g S R PR 2o naver

c&dubndd tediedI B skfddriea kudid)16 sHoft coede ahagtavinghen, the

SE@ECY Eﬁgtﬁéﬁi@ﬁo @A tftrstdgyer é%é@@ﬂ!@ indiGaser Al fBFAation
sequence including 16 sgort code a;i[ having. sequen el%rgﬁgh ﬁ%uagto .
59 (RRodd RDS EHTE ghUpIRAdAE: #2428 LBR 3G FFHRNRRA - For
8)@@\‘:!)_ gener_athcm pmiti2a4 g'enﬁoatemmiavmfbmnbi_ioqﬂb\be tr_nﬁsirﬁttedfi rst
P% 8'??'%%1@”?6’8 BhAnd ‘irnQX%{“B'BHP?&H%'?WW%%M'on for
Indicative of the first Tayer cell ID group being a portion of information for

10 aieRifvidnee dnaDerdub nhBy Bd gétieratay. e ganediadphor The
Héoreataed iePIvEed ieT M F1¢ H gereralivaning €64 generates

a secondfary .syrlgrronizatjlgl)ﬁré %_age&l)based on éhe selectle veral ates
synchronization g%%l’s es. lg%%?e, 18HhE 3! gf'elge‘?gt?oﬁ
arsexsd eaenatey thelseooridaat spmcioioaizatoh khaediomdichtéve el ected
heJist Ay &y ARl P SHGURRSIhaLPEHPR PTLBG (N aLoN TGt - example,
the S-SCH generation unit 254 generates the secondary
synchronization channel i1ndicative of the first layer
cell ID group being a portion of the 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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identifying the cell ID group as well as the second layer cell ID group
being a portion of the information for 20 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 25 of a scramble code used uniformly over all cells to the

scramble sequejjee, §QRer AP S8 R ¥ BEMPIgfb& i Fic

synchronization signal control unit 209, supplies information indicative of
LOERAI ML o Srafipld G ddshB thd SEa BRIk 1eARL gERErRFONdary
gpih3h 2o% iTha s@écondatyagynetironization channel is supplied to the

multiplier 256, whichymultiplies jre secandar yRstuonigalon ghanagh; o
with the scramble ‘seqlience “generated by the scramble sequence
genhstibhaal DB BYSdemiddidi) 38 Mubiig dfadoredetdre calresent

ERASHSi iﬁ@rﬁ"ﬁaﬁ@ fus Eeitsion im@ﬁti%mt@ﬁéécef@?m G. 12.
synchronization channel. Next, a cell search methcbdrini the radio. 5
t

communication 85st&fAL0bb R korifgRS thépfiBA Enblaihtanisdetects
desuibddawiio reféretoctort-1@. i Asdimy/ firsiysteps; amictsle satiochanne |

Q‘égiﬁté n@éfegaaian QetéNéédB ey ?Yﬁ‘ﬁfirofﬁﬁati%‘e@é‘%‘ﬁ XU Pier
and a recelved signal and detects a carrier 10 frequency and timing for the_
brimaneysdhrémgatibhNdiaandiQr sttps SRIMAYS BYACAS ardspgtion

Hea pefBENea Nty Of Bre1wimagy synshrooization shapnek s detectathe
at step S1106. In the first steps, the mobile station may derive a signal
SRR HUNR R oo RAIBALY offolh EHSEHEA RS Fing hanne

isidg tectadeatestiepc 2ddthe In the First steps, the mobile
station may derive a signal phase difference and perform
frequency offset compensation.

IT the timing, the carrier frequency and the
sequence number of the primary synchronization channel
are determined, the timing and the carrier frequency of
the secondary synchronization channel can be determined.
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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sequence number of the primary synchronization channel are
determined, the timing and the carrier frequency of the secondary
synchronization channel can be determined. 20 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 in the

geconpayyynchgnigatipaghpgnel gheleR Ra Paed® M VBled!lysSevsr! be

synchroniZation channels, for example, two synchronization channels, are  _
LIG4iR%e b -ond'ParhB SaRd s iR ARG bd B&tRIEMIEE thEadio
fmingaletaationcAlsa; thh eelhirgyewp sfdeteaird from the telhspesifitay be
ondar nchronization channel sequence at step S1110. Here, for
Eigan'?p @,iilfap‘pescé)!rfion or all of the cell ID group is transmitted to mobile i
stations beforedhd RushGaes e sgetineinerrasdmbin duascted tiple

E%h%ﬁﬁjt'c_%ﬁj wmﬁD_imﬁf@V%ﬁ%C@ﬁﬁi@ﬁu'@QXf ABraiesHst the
the haractefstlcs can be improved. As the E{Jrlor nformation, for
f

h -
BLGRSE, dio traRs trhihg TP AT e hlSntdkd fias pkn the
saconted:p 18 yirectase mineeetthe asd stat@lhasamudltifi eramsimik 1 e

E‘Etﬁ'ﬂri@wg‘%g ae '8%@Wg‘rﬁﬂﬁmiég‘r%f“ﬂ?%{%V"E”?H‘Eé’ﬁi&@am||v|o

to mobile stations in the secondary synchronization channel, an )
buile Eptiend may Betébtktid @ bOUH RiakIm BleARR (Mforation)

fultple hpgt Multiple Putpety antpara ipforipaiom ol FIRP F¢dZions may
Particul rlﬁgtéhe mobile stati0£s ma% detect the number of transmi%PE
D

debhcds J28 rlUPRhitilg Bloabelt EnARER AR, He e
tietaoten by tising theradldtiatgroba detedtsd at the second step and

the primary  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 is
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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synchronization channel sequence number detected at the first step at
step 51114. [Second Embodiment] 20 Next, a radio communication
system including a mobile station and a base station apparatus according
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

PP B COPHBRIBHITER PEn3 <G d il 1do At PSR Fi8lIoh9, and

apparatus 200 according to the present embodiment, the synchronization

SigRRI AR Lk dd S Upplds R AR L Rdicaliie bg By btd@ld 1er 256,
téquePeS Speciicuaantde sppienideiio the saamble sequrreace is
&Erieﬁ;boi‘il%‘& %?H@‘%%”&%%@C%g aes A}H‘Q‘b&cd%ﬁse‘&a% the
the scramble Sequence generation uni generates the scramble

Bedhiehed Badedd i the tird&ehatioh &bty CaI8e skagnihle Sequarguence

ﬁumnﬂlj@qt_ ﬁ?étrﬁmwﬁ _ﬁ\lgtiqn%nia%tiﬁa éﬂﬁﬁlﬁ@nﬂﬂ@itﬁg% §He¢amb le
supplies it to the multiplier . |n the multiplier the P- .

S BT R & LS RO aRGb s IS AR ERS d6ep the First
ealpedaemaemtsup@iee ta e P48dtplesingabite2601 indhit kgsedbeciated
o \ e . T
e ST hE o Cferent
FREARE PSS & 1fot bRSERIY afsucialety Wl shedersRGIE QEGuehbe the

PUTQQGF-, Simff%ffeé‘?m KhseqnpneEessy g seeled f@_fﬁédﬂh/iﬂ_ii@i W8 with
BN S branlehy, SiCH IR B o SERcHeE for e Bl FiemRfrcEor
seddrs insdedddadigont larsee it cimgrtbreesliffeedre ctquententhes set
THATREIRSCPHTAE BYHRHEH Ui e giRdHLaRAVeRRIS&SPamb 1 e
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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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 20 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

ReSUENCe FRedescesmiied-y s nBR Pe Fisalt PSR AR HREY L4 dateGB 1 i ed
the S-SCH based on the detected P-SCH timing by using the P-SCH as a

erdindd QigRkiT BREYh R¥REN EodF ALY, £Panast speciTic
synchndnkzatisrecheamnelsedgsenbeseiniebibatttectathan 30 step SELOG

' '188 élg\g ge%cdipgqi%hc%%%[ﬁgo_n with FIG. 12. Based on the detected

rimary synchronization sequence number, a secondary
synchronization l thabRdispaandsdfamible sthgerea seultiphed @iteehikacent

é%@ﬂgaﬁ/n%/}"@}m@!éﬂ® W’Pﬂﬁ‘i'rﬁaﬂﬂ@ @%Iﬁféniﬁﬁ%eff_‘%i‘:‘&ﬂig}? use the
secondar nchronization channel multiplied v&ih the}pélmagjrﬂ) .

§%ﬂr§ﬁé§&ﬁ@%ﬁgp§pedﬁt§& mbRegEhed it deRaharet cells
¢henbtha towd gmdceeds toisteprb CHIB. 1% nrtbig end erter cit ilvechsdkke l i hood

WFe‘ﬂféjjagﬁgch‘?”s and/ar cellsyyijin t Fﬁé‘"gebﬁfe%#%Hs%ﬁ‘ﬁ be
same S-SCH sequence, inter erencg romt e_a Jacent cells can be
PEbAIZBE WARK carShipFdRrdddstRmkENDd anfethiee bk gearch

tﬁm&"tbﬁ ae*ﬁsﬁeéqhirclsaﬁ i@sl%%ﬁfowsqf@paébgr@efl time pﬁriod, and
the cell search time characteristics can improved. Also,.in the case
Il 0 T §

where channel éstinfatiohls 'onduleRy i AT LS LR
terRlGCe dequentdn eheSetEDiHeldsstimattarocantzeseadoctiedtime P-SCH

sequence, the channel estimation can be conducted in
consideration of respective channel states for cells,
which can improve channel estimation accuracy. The
improved channel estimation accuracy can Improve
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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15 consideration of respective channel states for cells, which can improve
channel estimation accuracy. The improved channel estimation accuracy
can improve detection accuracy of the S-SCH. Also in the present
embodiment, a P-SCH 20 specific scramble sequence is applied
(multiplied) to the S-SCH sequence. Unlike the first embodiment, there is
a predefined correspondence between P-SCH sequences and scramble

SeaenCces: AAR B CYERPRERIEISE AN (A 8ok da§en-fhe s-scH
mobile station detects SCH 25_symbol timing in the first phase of the cell
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numbers, for examg ree ngs of S-SCH scramble sequence

le, t
AT -do At Rbe teHeBlRY CrnubthRR %3 38 & sejamble
sagmblecsegueranes loan be gdnaratet lreth8 -SSSE8Hssapuencedaededtiestion
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deperihest ekt kheahas eneeHS) Willout itreasenf donifethtional udes
tmpuet. fpstaied phove RS PdYBeyRf SEEEWI8 nepdeacad ta8 Peamb l ed .

R St R DRIl o
ancRie8€ Hheeayeb iof ssandiddezjusacpseancenye hotrsexablpd e Onthree
'é}?p%%efoha@e mty PE LIS @@q@é@-by Fganp op ad-PEH EReElS1ed by
sCramble sequence, for example, three

means of a cell specific scramble sequence, for example,
510 types of scramble codes. The S-SCH sequence i1s 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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types of scramble sequences. The P-BCS is scrambled by 15 means of a
cell specific scramble sequence, for example, 510 types of scramble
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, 20 which is
equal to (three types of scramble sequences) X (170 types of cell ID

EHB IVRISIAESN)a S2 RS OpRP/aLddR femodulpiorypfdhe BrRfdh tional

without i mcrease in computational amount._Also, in the case where
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examp|e, the first, the second gnd the third 35 embqdiments_as described
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iments. In the conventional 10 ampl |nfo ion (SE Whesl is
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§RMe PECRPAANS T ERIFIZALOR FB2Y tors belonging to the same
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 SCj;, which 1s different for each sector,
is multiplied with the information 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
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SEA is transmitted in the sectors belonging to the same 15 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 first and second embodiments, a scramble code SCE, which is

different for each sector, 20 is multiplied with the information SEA

indicative of the secondary synchronization channel. Even in the case of
HeeReoPhA A998 Hsethighalkthesediers, if the different scramble

codes SCE are used for the individual sectors, SC1XSE1, SC2XSE1 and
SC3XSE1 would b8 S5 GffdrBMlm 38k Siftk eTHRE thd Riftdtenf 1rst and
Seoinsl eanbduedians mitteg o e ndvslsa{ SEcirsnanbitip lied with the
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sectors, and theoaﬁgﬁlatlon is known to the user ayi&ar . Thus, the _

t
AT E10De hEEELERt ASa) SRR R RALY B BhatinEyiakions
UIChYONZRHEX PharDel RBCH: Sirwesutinbte coded tire wheel ip thEnary
Loh e SAESLENOURERA DTS codfs (SPANSBIRISEMPIbE ne Fron
Scrampie COdeS must be present. In the present |nvent|0n, however, the

8ASHyped brdodEs (SR and iR He wadhSrRCEWeSpresdMeIndre i@t ion
smbgv@lﬁmmw tae) DEREFININYG LN, ﬁﬁ?r%‘égan?féﬁ%mlni@quat ion
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AEthdivdinalaeytoss) Thelgdecratoru @olgromay etpatpa rie K H)ady bbough
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sequence may be preferably a linear feedback shift
register (LSFR) sequence and more preferably a M sequence.
For example, it is assumed that the generation polynomial
equation Qi1(X) corresponding to the primary
synchronization channel P; in the fTirst sector
corresponds to a polynomial equation for generating 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
Q1 (X) are combined and used for the S-SCH in the first
sector. Similarly, several of any one of 31 code
sequences that can be generated by the generation
polynomial equation Q,(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 Q3(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 i1dentifies
a generation polynomial equation such as Q;(X) for use
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Although any suitable sequence may be generated though the generation
polynomial equation, the generated 15 sequence may be preferably a
linear feedback shift register (LSFR) sequence and more preferably a M
sequence. For example, it is assumed that the generation polynomial
equation Q,(X) corresponding to the primary synchronization channel Pi in
the first sector 20 corresponds to a polynomial equation for generating a
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generation polynomial equations for use in other sectors. ) _

1l lustrated that only one generation polynomial equation
corresponds to one sector for simplicity, a combination
of several generation polynomial equations may
correspond to one sector. 1In this case, other
combinations of several generation polynomial equations
may correspond to other sectors.

FIG. 15 illustrates a portion of a base station
apparatus for use in the third embodiment. The
illustration relates to the synchronization signal
control unit 209; and the synchronization signal creation
unit 209,. Although the i1llustration in FIG. 15 is
similar to FIG. 7, the scramble sequence generation unit
258 and the multiplier 256 are not illustrated in that
the present embodiment does not use scramble codes. Even
in the present embodiment, however, the scramble codes
can be used. For example, if the same scramble code is
used over all sectors, the scramble code i1s multiplied
in the S-SCH generation unit 254. Also, as disclosed iIn
3GPP R1-072661 “Scrambling Method for Two S-SCH Short
Code”, a scramble code associated with the sequence
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The user apparatus only has to consider the codes that can be derived
from the generation polynomial equation corresponding to one of the
P-SCHs. Although it is 15 illustrated that only one generation polynomial
equation corresponds to one sector for simplicity, a combination of
several generation polynomial equations may correspond to one sector.
In this case, other combinations of several generation polynomial
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of a base_station agparatus for use in the third embodiment.
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SR 0N 1958 contiel LUBPIALY BRYEBPRIERII 1Y used as the

multlé)lexm gunit2
H to the multlpIeX|ng unit 260. Subsequently,

synchronization channels including the S-SCH are
transmitted to the data modulation unit 2093 and
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 i1llustrative unless
specifically stated otherwise, and any other appropriate
value may be used.

The present invention has been described with
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In this embodiment, the S-SCH generation unit 254 generates codes
based on the generation polynomial equation Q,(X) specified by the
synchronization signal control unit 2091 and supplies codes actually used
as the 15 S-SCH to the multiplexing unit 260. Subsequently,
synchronization channels including the S-SCH are transmitted to the data
modulation unit 2093 and processed in accordance with the
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exampl facilitate un tandings of the present invention, buit
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iments, but the embodiments are simply illu
ﬁ%ﬁlﬁé‘tﬁrﬁ§eeﬂteﬁlm5@hﬂguSé’tltﬁf&§6&mﬂﬂén%Bﬂlﬁv@<fb§%§%reSent

skiNesh ifsnarh dv Bepbeve B dsearipien spmeisPedferuapriicalto
e AT A AR AR o PSR e R e
ingtlztive ate dnyl othbieguitable @ aluse Titayebeeused. Eandohvertancs s
PhXPLAPRioNThe present invention is not limited to the
above embodiments, and variations, modifications,
alterations and substitutions can be made by those
skilled in 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 i1ncorporated by reference.
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10 apparatuses according to the embodiments of the present invention
have been described with reference to functional block diagrams, but
these apparatuses may be implemented in hardware, software or
combinations thereof. The present invention is not limited to the 15 above
embodiments, and variations, modifications, alterations and substitutions
can be made by those skilled in the art without deviating from the spirit of
the present invention. This internatignad patent application is 20 based on
Japanese Priority Application No. 2007-211593 filed on August 14, 2007,
the entire contents of which are hereby incorporated by reference. 40
CLAIMS 5 1. A base station apparatus for use in a mobile
communication system including multiple cells having multiple sectors,
comprising: a synchronization channel generation unit 10 configured to
generate a synchronization channel for use in cell search by a user

appafatus and a tr@(‘ﬁ&@@%‘t‘ﬁ‘t%‘ﬁ%!fﬂﬂd?%@@%rt[?é'é”iihaa mobile
ignal |nc1ud| the s nchronization EHa nel, w&h‘rem 15 the

9 FUHz%ﬁ xﬁﬁaaueyac ARGy R &P RN GRAR Bay Tng
aséeauhey smnmszatlmahmnsll thg primary synchronization

channel includeg rgx) Ql!ﬁ Po&S 9L ﬁn%ﬂ?aﬂfpf% Cewmcg?%{’ﬁf‘g’n unit

synchronization cha transmitted Iin a sector udes a code

geMElovdie & SR ERe gdiratisy pelneikFedubach chkessdndirg use
inthe IMaseypeonyatpnigamelpparatus; and

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

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 1n a sector of a cell includes a code derived
from a predefined generation polynomial equation
corresponding to the primary synchronization channel.

2. The base station apparatus as claimed 1in
claim 1, wherein a sequence of codes derived from the
predefined generation polynomial equation belongs to a
linear feedback shift register (LFSR) sequence.
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25 2. The base station apparatus as claimed in claim 1, wherein a
sequence of codes derived from the 30 predefined generation polynomial
eguation belongs to a linear feedback shift register (LFSR) sequence. 41
3. The base station apparatus as claimed in claim 2, wherein a sequence
of codes derived from the predefined generation polynomial equation is a
M 5 sequence. 10 4. The base station apparatus as claimed in one of
claims 1 through 3, wherein a cell ID group and a radio frame timing are
identified by identifying the secondary synchronization channel. 15 5. A

user apparatus for us€'f 2ABBIS EahARNIARRASRIMS itRidmbaimed 1n
alLdiphe cells waene PO naultge) sentere, aoMmpeisingsa theeivmgdinifrom the

B A AP A R L RO T

HEMURE 28 synchronization channel and perform cell search, wherein the

cell search unit performs the cell search by determining which of codes

derived from a predefined generation polynomial equation corresponding

to a sector determined from the primary synchronization 30 channel
corresponds to a code constituting a secondary synchronization channel

in the received synchronization channel. 42 6. The user apparatus as

claimed in claim 5, wherein a sequence of codes derived from the

predefined 5 gefleralifepOsiigiteajidfsh fRGRKad uginag claimed in

one of claims 1 through 3, wherein a cell ID group and
a radio frame timing are i1dentified by i1dentifying the
secondary synchronization channel.

5. A user apparatus for use in a mobile
communication system including multiple cells having
multiple sectors, comprising:

a receiving unit configured to receive a
signal including a synchronization channel; and

a cell search unit configured to extract a
primary synchronization channel from the
synchronization channel and perform cell search,

wherein the cell search unit performs the cell
search by determining which of codes derived from a
predefined generation polynomial equation corresponding
to a sector determined from the primary synchronization
channel corresponds to a code constituting a secondary
synchronization channel 1n the received synchronization
channel.
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feedback shift register (LFSR) sequence. 10 7. The user apparatus as

claimed in claim 6, wherein a sequence of codes derived from the

predefined generation polynomial equation is a M sequence. 15 8. The

user apparatus as claimed in one of claims 5 through 7, wherein a cell ID
group and a radio 20 frame timing are identified by identifying the

secondary synchronization channel. 25 9. A method for use in a radio
communication system including multiple cells having multiple sectors,
comprising: wirelessly transmitting a signal including a 30 synchronization
channel to a user apparatus; receiving the signal including the
synchronization@haminel ai §erusep pppadtus; awl ekudctiod aiprinadrstim 5,

RHepenizaion eipael I e SRR CRNIR 813 predefined
perrorming cel searcn, wherein the performlng cell searcn comprises
gemsafgine ceiPdesrsiihadet@ertiaitd @hiched edtas devived fdmear

pesafinadigespipfien pelyiasiakequaiaRy ceErpRanding, to a sector

determined from the primary synchronization channel corresponds to a
code constituting a secondary synchronization channel in the received
synchronization channel. 44

7. The user apparatus as claimed i1n claim 6,
wherein a sequence of codes derived from the predefined
generation polynomial equation is a M sequence.

8. The user apparatus as claimed in one of
claims 5 through 7, wherein a cell ID group and a radio
frame timing are identified by identifying the secondary
synchronization channel.

9. A method for use iIn a radio communication
system including multiple cells having multiple sectors,
comprising:

wirelessly transmitting a signal including a
synchronization channel to a user apparatus;

receiving the signal including the
synchronization channel at the user apparatus; and

extracting a primary synchronization channel
from the synchronization channel and performing cell
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search,

wherein the performing cell search comprises
performing the cell search by determining which of codes
derived from a predefined generation polynomial equation
corresponding to a sector determined from the primary
synchronization channel corresponds to a code
constituting a secondary synchronization channel in the
received synchronization channel.
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