DESCRIPTION TRANSMITTER; RECEIVER; MOBILE COMMUNICATION ON SYSTEM AND
SYNCHRONIZATION CHANNEL 5 TECHNICAL FIELD The preen: _:nvrention relatz>_sto a
transmitter, a omm.inica.tion system and a syn ai:? c,;:1” rion channel transmission method. i3
BACKGROUND ART In mu .::i such as multi ca nie CDMA (Multi Carrie.: Code D,,vl .., on Multiple:.
Access MC"CDMA) soheme, and OFDM (Ortho)gonal Frequency 15 Division Muu)itiplex:in;)
modulation scheme, an nformatic.n si anal modulated w.th multiple ,..:b c. E",- cz ..:t he transmitter
side and a a, uard interval is n pc.. int: ' nsmiiegsrnatrinarder t;. ..educe waveform i<st::rtion
,.:mused by multi:path delayed wave. 23 A_ on;, meth cf detecting F::T timin0O in the multi carrier

t..,....smission scheme the OFDM m dulat._. _ohem m;:, n: r.. c. of det : c:ti: _ FFT tt ring by
correlating a &N iterVal part RAsdel edk f obP BadtEsyrhhol i8N kedwint Allsd; aSAdétMod B2 dct_?ng
FFT timing t nsmit*,.in;t the same ..:; gRatdiprRgrdetect @ @paditygC::_ r= meet.cdiv anti
oorrela3tino two symbols at the receiver side is known. ....anat)lie;; transmitter fo r.zltiolexing and
t:ranismittin: a :y'nc_ ron-zaticn al at certain timinc 4 -z KnC>wn, tFr_| r xa :ie, s e patent document
1.) in this traDgroier drelsynclarbization signal is transmitted through :?ut al arr” e z: i n a .;:Drat
manner . In the

The present invention relates to a transmitter, a
receiver, a mobile communication system and a
synchronization channel transmission method.

10
BACKGROUND ART

Inmulti carrier transmission schemes such as multi
carrier CDMA (Multi Carrier Code Division Multiple
Access: MC-CDMA) scheme and OFDM (Orthogonal Freguency

15 Division Multiplexing) modulation scheme, an
information signal is modulated with multiple
subcarriers at the transmitter side, and a guard interval
is inserted into a transmitted signal in order to reduce
waveform distortion caused by multipath delayed wave.

20 As one method of detecting FFT timing in the multi
carrier transmission scheme utilizing the OFDM
modulation scheme, a method of detecting FFT timing by
correlating a guard interval part inserted for each
symbol is known. Also, a method of detecting FFT timing

25 Dby transmitting the same signal as a timing detection
signal twice repeatedly and correlating two symbols at
the receiver side is known.

Meanwhile, a transmitter for multiplexing and
transmitting a synchronization signal at certain timing

30 is known. (For example, see patent document 1.) 1In this
transmitter, the synchronization signal is transmitted
throughout all subcarriers in a burst manner. In the
transmitter, for example, if start time of a single

scramble code pattern is synchronized with transmitting



if start time of a single scramble cod= pattern is synchronized wir_h transmitting timing of the
synchronization signal, the synchronization signal might be transmitted twice during a repetit: i.on
nt.erval of the single ...:ramble code pattern Patent do:, ument 1: Japan Laic Open Patent
Application N 0 58 Non-patent _octment 1, R. L. Frank and S. A. Zadoff, "Phase .-:rift pulse codes
with good ?eri: dic: correlation properties”, IRE Trans. Inform. Theory, vol. IT-8, pp. 11¢c19t, N;:?:z
z:>tent ment D. C. Chu, "Polyphase codes with good periodic correlation properties”, IEEE Trans.
form,. Theory-velild¢l8oEp.t334 .'SEnkiyrEH2ANar +patertidprcement 82A. Mi ews :., "Periodic 15
sequences with optimal_properties for channel estimation and f ast start-up equalization”, IE4J Res.
Develop.. voF 7 No 8 b b6 4115 2693 Noh hatent HSFGH B RE Pobbu, Sendized
chirp-like polgphase séduence with optimam correldtionh 20 propeftie. $EEETrdns. nfoim. Theory,
vol. :38,.N 14Q6-1409, July 199" Non.oat;e:.nt document _ . N. Snehiio and M. Hatozi, Modulatable
orthogonal sequences and their application to SSMA systems", IEEE Trans. Inform. Tt ecory, vol.

34, 25 pb. 93-IN, wan® 1§98 NSRSt docuntét BU3GBP T P57 $7&&dig and modulation
(FDD) SOLOSYREL O tNVYENTION 20 [PRQS 72BN Br: SOLVED BY THE INVENTION] However the
above-mentioned priﬂro%rt—g%stseorm:edocument 1: R. L. Frankand S. A. Zadoff,
“Phase shift pulse codes with good periodic correlation
properties”, IRE Trans. Inform. Theory, vol. IT-8, pp.
10 381-382, 1962
Non-patent document 2: D. C. Chu, “Polyphase codes
with good periodic correlation properties”, IEEE Trans.
Inform. Theory, vol. IT-18, pp. 531-532, July 1972
Non-patent document 3: A. Milewski, “Periodic
15 sequences with optimal properties for channel estimation
and fast start-up equalization”, IBMJ. Res. Develop., vol.
27, No. 5, pp. 426-431, 1983
Non-patent document 4: B. M. Popovic, “Generalized
chirp-like polyphase sequence with optimum correlation
20 properties”, IEEE Trans. Inform. Theory, vol. 38, pp.
1406-1409, July 1992
Non-patent document 5: N. Suehiro and M. Hatori,

“Modulatable orthogonal sequences and their application
‘to SSMA systems”, IEEE Trans. Inform. Theory, vol. 34,
25 pp. 93-100, Jan. 1998
Non-patent document 6: 3GPP TS25.213 Spreading and
mocdulation (FDD)

DISCLOSURE OF INVENTION
30 [PROBLEM TO BE SOLVED BY THE INVENTION]

However, the above-mentioned prior art has some
problems as described below.
Different subcarrier signals are added to an OFDM

signal in a temporal range. Thus, it is required at a



problems ctes.:_..b:.:", bet:w, Different subcdrrit.r signals are added to an OFDM signal in a temporal
range. Thuit is required at a 2 transmission amplifier that these signals be amplified and wirelessly
transmitted. In the transmission amplifier, however, it is hard to amplify a signal of some width linearly. In
this case, average power may be 5 reduced, and some processing such as clipping may be conducted to
avoid occurrence of distortion. However, such processing may lead to degraded data and worse
detection accuracy of synchronization channels (SCHs). 10 In addition, the synchronization channel
induces overheadFed syst&n I proepbidrkeenitieaticidirinetigiads dirciensyl Afdedon of all

radio resources te e synebmnEzalign ehamgl iscieiccceptabith dhatrisnenly egaastion of time and
frequency can be ghlﬁ)c'aﬁdi %@ to ﬁg\,@/\pgt}rqniizqtiqré Cﬂ%’]ﬂ?'-ﬂ@ tréiﬁ]ﬁ:ﬁef if gagﬁgﬁgipn(ppwer of the
hanne “ad] 3 e syr%h

synchronization ¢ IS not "adjustable, signal power supplied to t ronization channel could be
reduced accordin@@Mesttitlin 1ditfed rdol seakbn HideSaf AoBHe AYATORE S20 Ahe pied¥nPRvention is

intended to eliminatedbe eaboverdestionedprolless ang trreuaijeci<f tHd presant invegnten is to provide
a transmitter, a reg%j}ﬁ%ru etggb%c%mg)p@icgggﬁ §¥%ﬁ@eaq§l|a EX@PBW%%W? channel transmission

method that achieve improved 25 detection accuracy on synchronization channels. [MEANS FOR
SOLVING THE PROBLENPWRYREr G Y RRhREFRSHdeN¥n 67 Broster af efed@ifire of the

present invention,enlamemgtedetection accuracy of synchronization channels
(SCHs).

10 In addition, the synchronization channel induces
overhead in a system. 1In order to prevent reduction in
the system efficiency, allocation of all radio resources
to the synchronization channel is not acceptable, that
is, only a portion of time and frequency can be allocated

15 to the synchronization channel. 1In this case, if
transmission power of the synchronization channel is not
adjustable, signal power supplied to the synchronization
channel could be reduced accordingly, resulting in longer
cell search time at mobile stations.

20 The present invention is intended to eliminate the
above-mentioned problem, and the object of the present
invention iIs to provide a transmitter, a receiver, a
mobile communication system and a synchronization
channel transmission method that achieve improved

25 detection accuracy on synchronization channels.
[MEANS FOR SOLVING THE PROBLEM]

In order to overcome the above-mentioned problem,
in one feature of the present invention, a transmitter
includes an amplitude adjustment unit multiplying an

30 amplitude adjustment sequence value for adjusting
amplitude with a synchronization channel. The amplitude
adjustment unit multiplies a sequence value having a
periodic autocorrelation characteristic as the
amplitude adjustment sequence value.



includes an amplitude adjustment unit multiplying an 30 amplitude adjustment sequence value for
adjusting amplitude witta synchronization channel. The amplitude adjustment unit multiplies a sequence
value having a periodic autocorrelation characteristic as the amplitude adjustment sequence value. 3
According to this configuration, the synchronization channel can be transmitted at higher power than a
data part. 3A In another feature of the present invention, a rece.sv. e:: inc hides a synchronization signal
replica generation unt genz:-rating a synchronization channel replica a :l::roximated by an integ e.r; and
a correlation 5 unit detectif $8# ¢d BortBethebh scee&iVay ra%fiesrsi-ridhal and tai= synchtoni.-.tion
channel replica aBy fldeatam irearidjatiatheaiue indisative of tr pagniarteimia e ‘Rasgesiated the peak
bas_ed on the q:tso?vé:};:zl;lr]%g‘o $rd%ctlég%lgg{q t_hls configurat-y~ n, it is possible to --educe an a7lount
of ci:omput at. ion'relating to correlation , ,'fations in the e-ca_ were In another feature of the present
invention, a mobile :omm: n is _tion system includes; transmit'ter and 15 a receive:c, s?nitter compriing
an amplitude adjustment lint multiplying an amplitude adjustment e uence value _._-. ad ' ustin amplitude
with a synchronization channel transmitte> from a bass, station for establit hing synchronization with
mobile station, 20 and the r:>ceiver comprisinte. a synchronization signal

3A



rep:.. 0 a ge.n esratio on, unit generati. vnchron - ~aticn c ne | r plica approximated by -nteger; and a
correlation .....t detecting correlation between a :hived mult .cornier signal and th<.". .synchronization
channel and ~etecng a correlation va':.u e indicative,; each peak and timin;; ass>::? ated with the
peak based c ..n the detected correiat’ 0. Ac:cording to this con: _gurat....on, the transmit ter ..:[an
transmit the ,,:r.ol"roniz lion c.haannel at higher power a d<>: z::ur + v than, a.. d the receiver caa
rt ¢ n r.dur* orrelatior. ::z Brat on::: w: :h computation. in _.nvthe . feat..cre the went inventi:-on, me
hod of transmitting a1 r:yachsenizatl.or Chanrel ccludesempliiply en tan amplittde-adjustment
sequence 4 vraeleuceefo;i aqjusit;,?g an daemsplitaudse Witghar%/gggrggizg%on fh%nanlfl’ ¥ver1e5e£r}: tape multiplying
step comprises mulltlrﬁying a sequence valug I’tl1avmg a perlod'lc aufocorrelation characteristic as the
amplitude 5 atjustrmetisequeicetvalleR AEcording taathisYoRfigurationa theosynehmnization channel

can be transmifted at higher, pewerihana data pakt, resulting in.improyed frame, detgetion-accuracy
in the receiver. 10 [ADVANTAGE OF THE INVENTION] According to the embodiments of the present

inventioR, it i& BosiblE fooprbviad a transmittBE 1O recBivEr aHobile TomATuhfation system and a
synchronization thannet trarsmissiom methoddhati1s achieve improvedtdetectioh acciracy on

Syndwomzm¥@plica and detecting a correlation value indicative of
each peak and timing associated with the peak based on
the detected correlation.

10 According to this configuration, it is possible to
reduce an amount of computation relating to correlation
operations in the receiver.

In another feature of the present invention, a
mobile communication system includes a transmitter and

15 a receiver, the transmitter comprising an amplitude
adjustment unit multiplying an amplitude adjustment
sequence value for adjusting amplitude with a
synchronization channel transmitted from a base station
for establishing synchronization with a mobile station,

20 and the receiver comprising: a synchronization signal
replica generation unit generating a synchronization
channel replica approximated by an integer; and a
correlation unit detecting correlation between a
received multicarrier signal and the synchronization

25 channel replica and detecting a correlation value
indicative of each peak and timing associated with the
peak based on the detected correlation.

According to this configuration, the transmitter
can transmit the synchronization channel at higher power

30 than a data part, and the receiver can conduct correlation
cperations with less computation.

In another feature of the present invention, a
method of transmitting a synchronization channel

includes: multiplying an amplitude adjustment seguence



channels. BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a block diagram illustrating a transmitter 20
according to one embodiment of the present invention; FIG. 2A is a schematic diagram illustrating a
repetition waveform in a time range; FIG. 2B is a schematic diagram illustrating a sawtoothed waveform
in a frequency range; 25 FIG. 3 is a schematic diagram illustrating exemplary correspondence between
synchronization channel numbers and scramble code group numbers; FIG. 4A is a schematic diagram
illustrating an exemplary method of generating a synchronization channel 30 waveform; FIG. 4B is a
schematic diagrard ALisgafing 20BGH iighavardtdmt veke) idthom rpeahe BAd @dd@B inversion of
a fundamental wagefarnel|G. Witeip @ibloahdiagiant flpsiyating exesiplaymB+SEHd signal generation in a
base stat!on;_SA Frh(a’ I?léi pi9 f%j{%f“@té % éa}g(g%m\}l Lisargtlﬂ%]\% n?_egn. 'er'xi% Gcggflgu:atl::lz_cf the_
synchronization c:hahnel; F-.... A5, ._ sch:emati:c diagram I lustrating an e X empl-ary :: nfi, urati<;:n of

the synchronizaticFREREN & o OB cohpsaekediithddrasit HRRamRPdd ExéiRplary ::: ur.a*icn of
the sync:.;: ,r,sanoacjageme FG e dsisctesnaticldiagram it ustrating an exemplary ......figu;r:ation of ?:e

synchronization channel; FlG 64 g@&h%@a@%i@g&awq%@gw&ﬁ . 1Q ggemplary configuration cof the

synchronization channel; FIG. 6S a..”a chemati<, diagram lllustrating an )
synchronization channel can be transmitted at higher

power than a data part, resulting in improved frame
detection accuracy in the receiver.
10 [ADVANTAGE OF THE INVENTION]

According to the embodiments of the present
invention, it is possible to provide a transmitter, a
receiver, a mobile communication system and a
synchronization channel transmission method that

15 achieve Improved detection accuracy on synchronization
channels.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 isablockdiagram illustrating a transmitter

20 according to one embodiment of the present invention;
FIG. 2A is a schematic diagram illustrating a
repetition waveform in a time range;
FIG. 2B is a schematic diagram illustrating a
sawtoothed waveform in a frequency range;

25 FIG. 3 1s a schematic diagram illustrating
exemplary correspondence between synchronization
channel numbers and scramble code group numbers;

FIG. 4A i1s a schematic diagram illustrating an
exemplary method of generating a synchronization channel

30 waveform;

FIG. 4B is a schematic diagram illustrating a P-SCH
signal waveform resulting from repetition and code



xemp.lary ig rat on of the synchronization channel; Fl.. _a a schematic dlagAam 11luatxatin g an
exemplary ¢ ~nfi.gu.. at ...on of the synchronization c panne-; 15 FIG.. >> .. a schematic diagra,n
illustrating an exemplary figurat .;: r, of :nesync.nrsynchronisationcationchannel; FIG. 91 <a
schematic diagram illustrating an exemplary waveform Of the :synchronization channel; FIG. .OAis a
schematic diagram illustrating an 12 e..emplary arrangement of the sync?:ronizaticr. channel; 1033 a
scnemat is d i a ram illustrating an exemplary waveform for use=.: FIE:,. 10C is a schematic di ram
_llustrati.ng an exEnYsAs Vedveddmar Furnsdanenhalk way e e miza ...thematic diagram illustrating the

‘ype pf the synchronizatignichanpel;idGa _b.FocR Sjthaghaam dipgiast Hustialtn ceate X Iapiary
multiplexing sc e 9 eing & ngi %9'5'{519 Rﬁ ||§ %agglggagltca am iustratin.g an 30
1 roni

exemplary c:onfiC111 ion oft e pn sync zation nner . A'Is] schematic diaggram
illustrating an exemplary ,,_nf'c?u;. tion of "he ,,-c ndary zsync' nronis ..ion :hannel; 6 FIG. 13S is a
schematic diagram illustrating an exemplary arrangement of the secondary synchronization channe
FIG. is a s. hematic diagram illustrating an 5 e. elnp_ary confijuiaticn of the secondary sy n.chronizat
.on c:gnnl; FIG. 131) is a schematic iliac am illustrating an

5A



exemplary arrangement of the secondary synchronization “anne 10 FIG. 1311 its a schematic
diagram illustrating, , n exemplary scheme of F- 'CH and S-SCH; FIG. 137 is a schematic diagram
illustrating an exemplary arrangement of the secondary synchronization channee I, 15 FIG. I'G is
schematic diac am illustrating an exemplary m Itrplexing scheme of -SCH and S-SOH; FIG. 1:3H is

cbematzc diagram illustrating exemplary ._; rr >pc: deuce between synchronization 20 channel c..:

e numbe_.s and C endtG., Flial5is aschematics diagram i Justrating 1exemplary iy, Edence
/etween synchronization channel .:'\f b'e c-: nug:g%rs an : scram._:~:te_~. and v'r 25 lengths.

FIG. 16. is .. SEtTEhF: %Wa&r%&r%_l.lﬂ.}%ﬁaﬁ&d) B@mplary 2.7 P& 5pe ﬂé..zr?cié%éjt{hectl’ha.gyrh% fonization
channel c,','d.,w numbefs.andBsciaamble eodeemanbers;Hl &gl AAnlsisthematicadiagrameittustrating

an, Al exemplagyarrangement, l?“fg%@&@ synctyenizatiop chapnel H..G  1(8 145 aschematic

diagram, illustrating -an exemplar y ,., noement of a synchronization channel; FIG. IBA a block
diagramillustrating afré€eiveracésrdihg Dhe hb=ofdinfeht A& presemtSventidr 97 £1G. 18B is a

Mock diagram:iiistrating,a cecefver aceerding ere enwosiment of the presenhinveations 1 ;
FIG. 5D is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 6A is a schematic diagram illustrating an
10 exemplary configuration of the synchronization channel;
FIG. 6B is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 7 i1s a schematic diagram illustrating ‘an
exemplary configuration of the synchronization channel;
15 FIG. 8 is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 9 1is a schematic diagram illustrating an
exemplary waveform of the synchronization channel;
FIG. 10A is a schematic diagram illustrating an
20 exemplary arrangement of the synchronization channel;
FIG. 10B is a schematic diagram i1llustrating an
exemplary waveform for use in S-SCH;
FIG. 10C is a schematic diagram illustrating an
exemplary waveform for use in S-SCH;
25 FIG. 11A is a schematic diagram illustrating the
type pf the synchronization channel;
FIG. 11B is a schematic diagram illustrating an
exemplary mﬁltiplexing scheme of P-SCH with S-SCH;
FIG. 12 is a schematic diagram illustrating an
30 exemplary configuration of the primary synchronization
channel;
FIG. 13A is a schematic diagram illustrating an
exemplary configuration of the secondary

synchronization channel;



FIG. 19A is a schematic diagram illustrating e_cmplar y frame timing detection: 5 FIG. 19B is a
schematic diagram illustrating exemplary frame timinci detection; FIG, is .a schematic diagram
illustrating exemplary frame timing detection; FIG. 20 is schematic: di :gram illustrating an 10
exemplary configuration of a synch ro: Ovation ciiannei; FIG.. 21 a schematic diagram illustrating an
exemplary configuration of a subf>:ame; FIG.. 22 is a block diagram .; lu>trating a transmitter
according to one embodiment of the present 15 invention; FIG. 23 i _ schematic diagram illustrating

an exemplary correlation compgitation scheme nkle: 4Ads afleek diagrang dliustrating asreceiver
according to one e.n;: odir.ent of present inventii nﬁg;e 2 0 F! 03. 241 is a schematic diafr.am
Lo Mmc

illustrating ex%ﬁﬁ)w ?ﬁ%h?&ﬁ?alﬁgﬁlaa&t.g: -SEH 88%35(% I & réceR/er drafﬁg to one

embodiment ohthempedsent nventior:; FIG. OA C is a c7ematic: diagram illustrating 25 exemplary
synchronjzatior_1 detegtion in l.ﬁ-l ggtegticgjc fﬂe%%ePg?XeE%C&BEdg?Q to ppg ggkbggim@t gfnthe
present invention; FIG. 24D in: a schematic diagram illustrating exemplary synchrcnirat ion
detectior in -SERFdRtECiBn 39k B Ediver A cérling 16 ofe eMBEdImEnt of the present invention,
FiG. 2'>A a .-{tRematicodiaer-am dhustratingnexemplary _l:a t. ips between SIM and detection
puobabjhykwa?magfagfwggog%wg schematic diagram illustrating an
exemplary arrangement of the secondary synchronizatiocon
channel;
10 FIG. 13E is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 13F is a schematic diagram illustrating an
exemplary arrangement of the secondary synchronization
channel;

15 FIG. 13G is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 13H is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 14 is a schematic diagram illustrating

20 exemplary correspondence between synchronization
channel code numbers and CP lengths;

FIG. 15 is a schematic diagram illustrating
exemplary correspondence between synchronization
channel code numbers, scramble cocde numbers and CP

25 lengths;

FIG. 16 is a schematic diagram illustrating
exemplary correspondence between synchronization
channel code numbers and scramble code numbers;

FIG. 17A is a schematic diagram illustrating an

30 exemplary arrangement of a synchronization channel;

FIG. 17B is a schematic diagram illustrating an
exemplary arrangement of a synchronization channel;

FIG. 18A is a block diagram illustrating a receiver

according to one embodiment of the present invention;



synchronization channel; FIG, .53 is a schematic diagram illustrating exemplar; relationships
between SNRs and detection probability for averages of the secondary 5 syr:chroni.z:,at Jon
channel; FIG. is a block diagram illustrating a receiver according to one embodiment of the present
invention; .7A is a schematic diac r am i .lustratin® an exemplary c:nfigurati. in of a sync'nran :.aticn
channel and a common pilot channel FI :73 a schematic diagram lustrating an exemplary CH
transmission scheme:: for multiple transmission antennas according to one embodiment of the
present invent irn; 15FIS, : 27631, 1 sschematickdiageadt Wrstratingsair exerpjasy rdxieansaission
scheme for multi%)Ie &ransm%ssion antennas %ccordina tofonte:ilembodimentgf the present invention FI
'>8 is a flowchar ﬁlﬁst%aﬁ%g an e?(ré%piaanrly 9 lo%%?a?ior? of a IranSmitter réccolrgﬁxr{ge to-one’’
embodiment of the dT1G -a:At9dvenhtors RIGHhZImats. ¢ ;dhedadrillusiratie anakémplary ration of a

receiver a cording,to,oneembodiment of the Present-inyepfion; 25 FIG, ". flowchart illustrating an

exemplary operation of a :.e<ce ver ac.ccrdin to one embodiment of the present. inv,enr? o:on;.
FIG.~'GAs a .schematit @i ad.7Hin #ilfistating "Exefiptary SeHAPdet8etion by aF&ffentd signal: FIG 3
a ._::hem,at di:lamy, lllustyating=axemplany eefl. Hed; eteciie.n by reference signa ; 'IG. 2:7% a chat

'Jll"lmmnaanexeg¥5¥y19c is a schematic diagram illustrating
exemplary frame timing detection;
FIG. 20 is a schematic diagram illustrating an
10 exemplary configuration of a synchronization channel;
FIG. 21 is a schematic diagram illustrating an
exemplary configuration of a subframe;
FIG. 22 is a block diagram illustrating a
transmitter according to one embodiment of the present
15 invention;
FIG. 23 is a schematic diagram illustrating an
exemplary correlation computation scheme;
FIG. 24A is a block diagram illustrating a receiver
according to cne embodiment of the present invention;
20 FIG. 24B 1is a schematic diagram illustrating
exemplary synchronization detection in S-SCH detection
in a receiver according to one embodiment of the present
invention;
FIG. 24C is a schematic diagram illustrating
25 exemplary synchronization detection in S-SCH detection
in a receiver according to one embodiment of the present
invention;
FIG. 24D i1s a schematic diagram illustrating
exemplary synchronization detection in S-SCH detection
30 in a receiver according to one embodiment of the present
invention;
FIG. 25A is a schematic diagram illustrating
exemplary relationships between SNRs and detection

probability for averages of the secondary



erati.on o a receiver ac, rdi.r,; to one embodiment of the present. invention; 9 FIG. 297 is : flowchart
illustrating an exemplary ration of a receiver a cc:~ rding to one :,smbodnmerit of the present invent.
ion;_ and FIG. 30 is a schematic diagram illustrating an 5 ... emplary ,,n,,hroni,ation channel
transmission scheme in each _;enlctoDr. T 'r OF REE?ENC> STh BOI" 10: 10 20: rec::ver e'ET
MODE OUT THE INVENTION Embodiments of the present invention will be described with
reference to the accompanying drawings. 15 Throughout the draw ngs, components having the
same functionglity may-pe; denoted as,thesame reference numerals, and the description thereof
may not be repeated. A mchile system according to an 20 embodiment :{ the pr. sent invention will

be described. In thi :Pbddint AE theSébile CORMAUNICatON Systéh ;- Fibéd s traAdmif&r 10 and a
receiver 20. thermthestransmitiex 10 @acedrding td thisv embodiNtesit lEreddesetilzedtwitinreference to

FIG. 25 The Jr ob‘aETH@Q}O%@PS@@%? éyéuggrogbzghign s‘%‘_@@'ﬁ%‘a cei 20 a es the

synchronization channel to detect symbol. timing : nd frame timing. Furthermore, 20 uses the
synchrorizatidi afRel & édcabt O1.. FBEiRfdPMAtion on scramble coaee s; a:..d

FIG. 26 is a block diagram illustrating a receiver
according to one embodiment of the present invention;
FIG. 27A 1s a schematic diagram illustrating an
exemplary configuration of a synchrenization channel and

10 a common pilot channel;

FIG. 27B is a schematic diagram illustrating an
exemplary SCH transmission scheme for multiple
transmission antennas according to one embodiment of the
present invention;

15 FIG. 27C is a schematic diagram illustrating an
exemplary SCH transmission scheme for multiple
transmission antennas according to one embodiment of the
present invention;

FIG. 28 is a flowchart illustrating an exemplary

20 operation of a transmitter according to one embodiment
of the present invention;

FIG. 29A is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of
the present invention;

25 FIG. 29B is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of
the present invention;

FIG. 29C is a schematic diagram illustrating
exemplary cell ID detection by a reference signal;

30 FIG. 29D i1s a schematic diagram illustrating
exemplary cell ID detection by a reference signal;

FIG. 29E is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of

the present invention;



T. _rimttz10il,. provided a 'base station for trapsmitt:.. radio signa'... The transmitter _0 _nvludei
multip_e. data channel g'neera..Ors 100._ _OO.x. .i..il each data channreel generator 100, iequence
of transmitted deta supplied from a transmitted data generator 1 )'1 is enc -oded in a trans mission
path encoder 102, and the res;;:t. ng data are modulated in a data dulatt r i ? in multiplexer 104, a
pilot symbol is 5 multiplexes to the modulated data equence, and in a :eria_ to pax all:l conversion
unit 105; the resulting data are i.al to parallel co-nve:rated into N/SF information symbol .. ~ ueP,ces
on a..regu c'_ncy axis.dn az3ya; < . 9s eedinfarmation symk orafihe N/Sk 10.6cenvert
inf.,rm.atio,n symbol sequences ...,. copied every SF symbols equal to the sequence length of short
period ,preadin® L3de< aRd e reShifin-E iffomTtion SymBolt SeqiEnce BRAIHAREE &1 the
freeuency' axisida nmitiphier-l1 08na shari perjodsspdeading Code generated 15 by a short .riod
spreading code generaior 10%s, mulliedh e infornalign symbal sequences glianed on the
freec._ueency anis. in first .::omt nation unit 1009, the. symbol sequences having the sequence
length NPanda&ifFlied £20 Witk theTespetivel sHortietivd Sprebdmg TOASSSUPPlied- L &am the
respective data oaannel generaters 10; are mu lt...p 'v'.:3. fl each of tf1.".a N P'L.;.~ tx lie_ 111, is
oramnle cues supi ad f ::;:om a scram le i.:::d generator .0 are m It i with the t plexed zvinbo'
sequences of the sequence length N in the frequent- di---t_on. In each of the N multipliers 118, the
symbol eq: ens:58 Mdl i&E WitRENE Sc SNIBEO[-6des are mult,,?lied with an amplitude .,justmert e

uence value generated an amplitude , + . -

10 20: receiver

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be
described with reference to the accompanying drawings.
15 Throughout the drawings, components having the same
functionality may be denoted as the same reference
numerals, and the description thereof may not be
repeated.
A mobile communication system according to an
20 embodiment of the present invention will be described.
In this embodiment, the mobile communication system
includes a transmitter 10 and a receiver 20.
Then, the transmitter 10 according to this
embodiment will be described with reference to FIG. 1.
25 The transmitter 10 transmits a synchronization
channel. The receiver 20 uses the synchronization
channel to detect symbol timing and frame timing.
Furthermore, the receiver 20 uses the synchronization
channel to detect control information on scramble codes,
30 scramble code groups and others.
The transmitter 10 is provided to a base station
for transmitting radio signals. The transmitter 10
includes multiple data channel generators 100.1-100.x.

In each data channel generator 100, a segquence of
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adjustment unit li't, and the resulting symbol se'quen: es: are suppl.i to:: a second combination un~*,
112.. The unit 1".._ multi the symbol ague :e a:. having the sequenoe length A and mlit_pl_ed with
the amplitude adjustment :*.e;uence value and the scramble codes ,.rth a synchr:oni z etion signal
generated 1.1 by a synchronization signal generator 120 in relevant ones of N .stubcarrie:..,.. An
sinvarTe F ouri:eer transform (IFFT) device 133 converts N symbols .into an orthogonal multi carrier
5 signal. A cyclic ire ix addition unit 114 ,inserts a CP selected b;.' a P se le cation unit 117 _nto the
mu..ti carrierc¥a psmireleBoutiet targep time¢ethefy the transmaitiemlOtitang mita the molt,. c.:,
:Tier signal aerated igg%art; 95’ add_iti r:n unéte1#4ias a r%(%io sisqual 10 in the k'CuM has

|

Ith<unh
beer iI.':.,straﬁ.%giye/%pi,l::.sd in ]Ihé%b%r\}é:-?nen oned ?ransr%ﬂter,]t)ﬁjr\fPna@aﬁ%%aﬁprﬁgg. i this.

assoc.ated witA Spreadiag hlthe OFCI M LRz fole Speeifigallythe dath chanael dE5-generators

100.2 100.x,#heicanyingunittk05, the,shork periog spreading ¢ode geperator 10¢ythe multip™-ie :
108 nc. the comb na 1 an -it 109 may .be omitted. Then, N information symb::le ar,: supplied from

the serial to ParalteitofvETSior Gnif 105. Y GtReF-E6f1s IRE N B FRSmTEtiGn -yHitsol Stipified from.
the serial to patallek T::erversioradrielOf carrey,emutiplied imthe M dipl erdle Ar eanplarygo’e;

e o SISO 90, 00 L1, SRR, gt 110
information symbol seguences on a frequency axis. In a
copying unit 106, each information symbol of the N/SF

10 converted information symbol sequences is copied every
SF symbols equal to the sequence length of short period
spreading codes, and the resulting information symbol
sequences are aligned on the frequency axis. In a
multiplier 108, a short period spreading code generated

15 by a short period spreading code generator 107 is
multiplied with the N information symbol sequences
aligned on the frequency axis.

In a first combination unit 109, the symbol
sequences having the sequence length N and multiplied

20 with the respective short period spreading codes supplied
from the respective data channel generators 100 are
multiplexed. In each of the Nmultipliers 111, scramble
codes supplied from a scramble code generator 110 are
multiplied with the multiplexed symbol sequences of the

25 sequence length N in the frequency direction. In each
of the Nmultipliers 118, the symbol sequences multiplied
with the scramble codes are multiplied with an amplitude
adjustment seguence value generated an amplitude
adjustment unit 115, and the resulting symbol sequences

30 are supplied to a second combination unit 112. The
second combination unit 112 multiplexes the symbol
sequences having the sequence length N and multiplied
with the amplitude adjustment sequence value and the

scramble codes with a synchronization signal generated

11



‘n C. ronization channels. For e::ample, the data generator 1,21 may ae™aerate a common code,
such as "1", inall Tn :h . mannr r, the z:>ce" vear 0 can easily detect timing independently of located
cells by i?,.. correlating rec.. ived' s gnal with a time waveform in a common sync”rcni:s ti _n channel.
As .. l...utrate . _e.: .Cr. 2A, the synchronization . , anal g::",:-rata 11,20 may generate a repetition
waveform in a temporal ranc e, For es:ample, the data generator 121 may repeatedly generate an
arbitrary fundamental wzavaffooorm. in this case, a correlzticn value may be omouted for a portion

located ai. the gistancerof theo repetitiongperiod dmthe receiver.da she tiniog wheress theseeeated
waveform is transmitte:d,l\? similar waveform in transmitted, resulting in a larger correlation value. in
this case, the’feG8iver does ho faveto khow ..he waveform of SCH, : nd determines whether two
separated portions de thesamesley ¢onuputiag tHereonefation valligs 11D farethe teo deparate--

portions. In this fashiops frequengy, of - set campensation-and, timing detection with aydqcorrelaticn

are achieved at timing detection time in the receiver by means of the arbitrary repeated waveform.
For exafiple Ssifc&the 15 s Sigfralis fransitted bdRS thefréCaivércah medstfeSscompare
its phase. The receiverlcantfagcilitaje the-frequeney offset and the timihgidetectionewitin 1 t 1
autoourrelation of the received sig%al based an Ephase rortagon in tﬁaspilon' comwltation 1,20

complexity anaﬁé lrgﬁucselola‘jtlﬁlrac‘)ug e ?r(aeqcuenc?/%ﬁ%gt and ﬁ%etlming%%t'ectlon With aa%liloecorrel

ration of receiveansompared tireplk r acoelationtsie multi carrier signal
generated in the CP addition unit 114 as a radio signal

10 in the air.
Although OFCDM has been illustratively applied in
the above-mentioned transmitter, OFDM may be applied.
In this case, portions associated with spreading
in the OFCDM are removed. Specifically, the data channel

15 generators 100.2-100.x%, the copying unit 106, the short
period spreading code generator 107, the multipliexr 108
and the combination unit 109 may be omitted. Then, N
information symbols are supplied from the serial to
parallel conversion unit 105. In other words, the N

20 information symbols supplied from the serial to parallel
conversion unit 105 aremultiplied in the multiplier 111.

An exemplary operation for generating
synchronization signals in the synchronization signal
generator 120 will be described.

25 A data generator 121 generates codes for
synchronization channels. For example, the data
generator 121 may generate a common code, such as “17,
in all cells. 1In this manner, the receiver 20 can easily
detect timing independently of located cells by

30 correlating received signals with a time waveform in a
common synchronization channel.

As illustrated in FIG. 2A, the synchronization
signal generator 120 may generate a repetition waveform

in a temporal range. For example, the data generator 121

12



As in FIG. 22, frequency conversion of the repeated waveform in a temporal range results in a 25
sawtoot :ed waveform in _ frequency range. The synchronization signal generator 120 may generate
tizi, sawtoothed waveform in this frequency range. Also in this fashion, it is possible to obtain an
advantage similar to the above mentioned one. so Altninatively, the repetition number of the
repeated avef.._.., in the temporal. range and/or the i:cterval beowes n teeth of the sawtoothed
waveform in the frequency range z*.aay greater t.,, an tern:atively, the data generator 121 may

generate A...13sypehranization.chaanel eades defingd {or fespective confrgliptormation such as

scramble codes and scramble code group::. In this case, as i 1..ustrated in FIG. 3, a
synchronizatibi €Rantielis defed for Fespeétive SicsiftroFidfotrhatich SIRA @8 altFaniiSle code and

a scramble code graupadinfaiheravgrds; disynchrenization chanrel snumbet indicativeroftan e
synchronization cg%nlncegs flsomatem glth th%ﬁgntrol information i#ch asa t.ramble code and a

scramble cod’ée..psoup. i this 2a ’gle;o 0 the TeCeiveér 20 can detect the ¢ntrol Tfdrthation and frame

timin:. by> conmpuingecoerelationvwenedentall defiteth pnchrdnization chianhéklbwavefvmisan
received signals,  resulting inreduced.cellisearch zimp. Thys, if §s ossiblete seduce-paover

consumed in the receiver 2,0. 15 A data modulation unit 122 modulates synchronization signal data,
and serial to paraifdl *convérdfon unit 325 pefdifsiseriad pardhel édtiverson’Sitife Midtulated
data t:0 genewate Bfsypipobf SCH, and determines whether two separated

portions are the same by computing the correlation values

10 for the two separated portions.

In this fashion, frequency offset compensation and
timing detection with autocorrelation are achieved at
timing detection time in the receiver by means of the
arbitrary repeated waveform. For example, since the

15 same signal is transmitted repeatedly, the receiver can
measure and compare its phase. The receiver can
facilitate the frequency offset and the timing detection
with autocorrelation of the received signal based on
phase rotation. In this fashion, computational

20 complexity can be reduced through the frequency offset
and the timing detectionwith autocorrelation of received
signals compared to replica correlation.

As illustrated in FIG. 2B, frequency conversion of
the repeated waveform in a temporal range results in a

25 sawtoothed waveform in a frequency range. The
synchronization signal generator 120 may generate the
sawtoothed waveform in this freguency range. Also in
this fashion, it is possible to obtain an advantage
similar to the above-mentioned one.

30 Alternatively, the repetition number of the
repeated waveforms in the temporal range and/or the
interval between teeth of the sawtoothed waveform in the
frequency range may be greater than 2.

Alternatively, the data generator 121 may generate

13



sequences on the fzecuency axis. Each multiplier 126 2,0, multiplies the corresponding symbol
sequence signal with a synchronization signal spreading code c;e:neratedin a ynchrcoonizat:.on
signal spreading code generator 12. _n the frequency direction to generate N parallel
synchhronization siio.nsls. 25 For example, the synchronization signal spreading cQde generator
123 may multiply a scramble code included in the scramble code group number; corresponding to
the synchronization cbsnnel code number in accordance with correspondence between the channel

code numbersandrhe, n\i seramble cGohin 6 OGP PUMBErs@s £ £ iy e tencz HG- 41 The
multipliers, 126 <enerat. N pa.a.a_lel avnchronl.. ation signals and supp-. ::hem to N multipliers 119.

Each of the N fidiitbRers A SRaIfFHIRE the T4 Fedrectivé paratd syRetdnizafiort SGANPWE an
amplitude adjustirenisequence Vatue incemagsfecom an amplitsderad'gpstmentonid - 116, and
-upplies the resulti lgnal_t c ination un.11" vex:; v_operation in
the amplitudeg%%%@%gﬁggfsﬁf ?Slf ar:iédafllqgél% aig tr?‘l[:?sftrr}]i%:é.ee’rd?(;Etl geg::oﬁﬁrsfeg ?o%j[g@eembodiment will
be desciibeddrn d&tal béwe TRe arhpRutie Hjasthehf 4Rl r caf@ 4262mdlthl§ CXEEyhkfonizati?n

channels with: g ampitddg adjustment rsequencedd|uesfagyhampliyde-adiy;s Hire-nta kereexample,

the amplitude adgstm?nt units 115 and 111", use a s%n)al havingﬂsuffi: ientl low peak-to-average
power ratio (PAPRTH t8Mi h23 1T Fafig8 fo Sond'T & KoRit Gisetatioh 1567 va&ilc.h§ PAPR of the

synchronizationshanret.ed with the control information such as a
scramble code and a scramble code group. In this case,

10 the receiver 20 can detect the control information and
frame timing by computing correlation between all defined
synchronization channel waveforms and received signals,
resulting in reduced cell search time. Thus, it is
possible to reduce power consumed in the receiver 20.

15 A data modulation unit 122 modulates
synchronization signal data, and a serial to parallel
conversion unit 125 performs serial to parallel
conversion on the modulated data to generate N symbol
sequences on the freguency axis. Each multiplier 126

20 multiplies the corresponding symbol sequence signal with
a synchronization signal spreading code generated in a
synchronization signal spreading code generator 123 in
the frequency direction to generate N parallel
synchronization signals.

25 For example, the synchronization signal spreading
code generator 123 may multiply a scramble code included
in the scramble code group number corresponding to the
synchronization channel code number in accordance with
correspondence between the channel code numbers and the

30 scramble code group numbers as described in reference
to FIG. 3.

The multipliers 126 generate N parallel
synchronization signals and supply them to Nmultipliers
119. Each of the N multipliers 119 multiplies the

14



Irc a txansmis.,.in amplifier, data are supplied to a data channel r.andc;mly, resulting, in the h_gher
PAPR and arand ,m waveform as i’ lustrat:" in 4A. In FIG. 4A, the vertical axis and the hori:ontal
axis represent 20 transmission power at a base station and time, respective On the other nano,
since the synchronization channel fixed eference pattern, a signal of lower PAPR can b;: sel ;::ted
by determining an appropriate 25ratter n. "n 4A, if the amplifier has an upper achievable power level
as indicated in a dotted lines; the ba :k-off is set Lr hai ---. a level. lower than the average level in

c:onsiderat’.pp Sifliceuaf o Of Mayh12Mol's §ignaly 3h SHRRAsNg B 3 tlemneral w=g,ye. irrm of

PAPR equal t.o sero, that. i. .:: temporx1 waveform without a peak ..Casing; can be generated as a
synchronizatidf 2 hariet einddtipt® aMRak theSerdfeoutifut ‘dvel REPELRF (ETOM R x.-;?
a:~:0rd1P.gbwpnerelys «CGj b {tis passitieda iraprave, detestion mecuraecy ©h the <Gy Th dAkE.=..t.ion
c;hhanne? s in.the relceje/g :'a20. The %%;pgtu ment unit. . 1 nd 115 supply an

5] Na SEego Od%a%gg n x %ﬁg
amplitudeadjusjh%e;:ntsequence Value the mul |61|ers B51"and 117'in order to generate a waveform

without t8ttanding PAFe.x The amplitieie RSt seqiehed valuethas semelcharadteristics as

follows. (a} .. 8168,k hifae, amplitude; adiustment sequenee, vajue has coastantd4l-tudg lin the
Temporal range and 10 the frequency range. For example, respective signal .components. of a

sequence ar@ﬁﬁﬁéf&ﬁgoftec}(pt(}j"é)svma}:éodimeNt will be described in detail

below.

The amplitude adjustment units 115 and 116 multiply

10 synchronization channels with an amplitude adjustment
sequence value for amplitude adjustment. For example,
the amplitude adjustment units 115 and 116 use a signal
having sufficiently low peak-to-average power ratio
(PAPR) in the temporal range to conduct some operation

15 for reducing PAPR of the synchronization channel.

In a transmission amplifier, data are supplied to
a data channel randomly, resulting in the higher PAPR
and a random waveform as illustrated in FIG. 4A. In FIG.
47, the vertical axis and the horizontal axis represent

20 transmission power at a base station and time,
respecfively.

On the other hand, since the synchronization
channel has a fixed reference pattern, a signal of lower
PAPR can be selected by determining an appropriate

25 pattern.

In FIG. 4A, if the amplifier has an upper achievable
power level as indicated in a dotted line, the back-off
is set to have a level lower than the average level in
consideration cof fluctuation margin of signals.

30 Supposing that a temporal waveform of PAPR equal
to zero, that is, a temporal waveform without a peak
rising, can be generated as a synchronization channel,
an output signal greater than the average output over

data channels can be transmitted accordingly. Thereby,
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is an ima inar~, '<z.'t . (b) The amplitude adjustment sequence value has perfectp .r.
aul.t4-orrelation ::.;iaracteristics, For 15 example, the autac orre. ati on has zero e7.-ept zero shift.
As a e ,:: ence having these CR< 'aC gist cs, a CAZAC (Constant Amplitude Zero AutoCecr.....lation)
sequence is typical. For example, see ncn-patent documents 1, 2 trod in this. fashion, utiizati_on of
the CAZAC sequence 20 (CAZAK code) fulfils better autol-;:rrelaticn characteristic , and thus timing
ietecrtion accuracy based on ..replica correlation can e. improved. Furt_ ermore, sequences having

characteri ticg as iyregeided how i dditiap ixthe abeve-mentionegd2b chargtesistic hmay be used.
(c) Even : ftee=r_ the e,=quenc.a is multiplied @F an arbitrary ,. s:.. pl... nunz)cgr s<.equencs the
h

sequence stiff YHAE'We® abb 7 meRfloned Tharacteristics )earﬁle(?r?)%&ﬁ 4°q e. ii. has -optimum
Crti::..soorrelation. 30 Fe "aegamp edtheaot jssoome rdt:olfal, ti-Uté Valuehis 1.1 misetbto +¥ cr th-

sequence. ‘eggth NoAS 23 HENE 5 s /AUAY the abeq:emeatoned hargs &r., 1UCsA ¢

(Generalize.,, Chirp-Like) 1,6 :quénce (cf. non-patent document 4) and a Generalized Frank

-

sequeerite (dd: hoApateht doduinent 85 aré typil SAlterRate W2y SRy tolé 6t dn-patent
document may ke isedd Singe txiGoly code fulfils bibet eetbs cirulecion sharastet =846 :, the
timing detection ..:?:t.%;('szicsy used qr.re lica c. c=-.-...atlcn car bfi lirg&’)(soved i-n the receiver. In

addi:i<';n, its 'co g%roperty 3% Correla %%epl?éfe%%i%a. Alfo na ively, finals generated h: y
converting PN (a) Basically, the amplitude adjustment sequence
value has constant amplitude in the temporal range and
10 the frequency range. For example, respective signal
components of a sequence are in the form of exp(j 0 ) where
j is an imaginary unit.
(b) The amplitude adjustment segquence value has
perfect periodic autocorrelation characteristics. For
15 example, the autocorrelation has zero except zero shift.
As a seqguence having these characteristics, a CAZAC
(Constant Amplitude Zero AutoCorrelation) seguence 1is
typical. For example, see non-patent documents 1, 2 and
3. In this fashion, utilization of the CAZAC sequence
20 (CAZAK code) fulfils better autocorrelation
characteristics, and thus timing detection accuracy
based on replica correlation can be improved.
Furthermore, sequences having characteristics as
presented below in addition to the above-mentioned
25 characteristics may be used.
(c) Even after the sequence is multiplied as an
arbitrary complex number sequence, the sequence still
has the above-mentioned characteristics (a) and (b).
(d) The sequence has optimum crosscorrelation.

30 For example, the crosscorrelation (absolute value) 1is

limited to )<bi for the sequence length N.

As sequences having the above-mentioned

characteristics, a GCL (Generalized Chirp-Like)
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10 codes generated within a SCH bandwidth in a frequency range into n;: a ..in a ..emporal range in
_FFT may be:: used. Since such sign ;le. fulfil better "ut-correlation c..aract >ristz :s, t a.. "iminc,
detection a :curacy based on replica correl atic'tn :::3n he improv d i": the re:c:e_ve. 15
"urth:eermore, any of the abcve-mentioned three veforms 2, be used as a fundamental Waveform,
and then is May be transmitter repeatedly. In this case reception prc.rcessing can be simplified in
the receive::.. For example, the receiver may inclu d e only one come" ator LIZ orresponding to the

fundamental s wavefgrm and eomhing -sizpe Qutpytse v he.._gyelator. Alsedn Case 0 adepeated
undame nt.al waveform, inverted may included. In .-hams.. case, the autocorrel,atl-'n ar ac teristics

can be improb&d Hhd>FEHRGE e tirihg MY EcRDA FREuBRE 48 fflpro ~& I8 FeRRS TR Also it
may ie sel acted in t & seenrverthaset pn thed;phdame bde;al waveforomtrare semitued repeatedly,

which f the aut ; =i, at:;ien d.app andthe repli isarrel ti20 0 A ~...4n0ac h
.Should ?~' uge%dc%%{té ﬁ(ﬁlrﬁ rigr%S te?f%. i? r%ﬁ thgro(;ng pu%?g%iv%élﬁFslighe%rgpdr%).rs%,lt%tqif%he
processifg amduitshoaldtBe febtE:L & thetiimiAedetectibr carfied dut based baTher I

autocorrelatioqe ndhe - gther hand; € highes detegtion-ageuracy - ogivemhighes prigd Ay, e timing
det;act .:;;on i carried out based on the reﬁallica ccrrelati ...or.e Xa In ‘i.g%—:‘, the fundamental wave

form having betRF 74 fotBrreftfion charattdristics tha She inveRted *ar 1" fverid S Yepeated

waveform m,aebe siqthlify correlation processing.
Alternatively, signals generated by converting PN

10 codes generated within a SCH bandwidth in a frequency
range into ones in a temporal range in IFFT may be used.
Since such signals fulfil better autocorrelation
characteristics, the timing detection accuracy based on
replica correlation can be improved in the receiver.

15 Furthermore, any of the above-mentioned three
waveforms may be used as a fundamental waveform, and then
it may be transmitted repeatedly. In this case,
reception processing can be simplified in the receiver.
For example, the receiver may include only one correlator

20 corresponding to the fundamental waveform and combine
some outputs of the correlator.

Also, in case of a repeated fundamental waveform,
inverted codes may be included. In this case, the
autocorrelation characteristics can be improved, and

25 thus the timing detection accuracy can be improved in
the receiver.

Also, it may be selected in the receiver, based on
the fundamental waveform transmitted repeatedly, which
of the autocorrelation based approach and the replica

30 correlation based approach should be used for the timing
detection. For example, i1f higher throughput is given
higher priority, that is, if the processing amount should
be reduced, the timing detection is carried out based

on the autocorrelation. On the other hand, if higher
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For example, a fundamental waveform. having the lena:tn c'7i-cal to, _.":4 of the symbol .I..engt 1 of
1 OFDM symbol may ha: In th. case. some _ode having better 10 autocorze ation :-hara~cteristics .u
h as Goolay ;code, a Gold coda and :n o thogonal Gold code may used as the fundament;! wavy
form. As illustrated in FIG. 4S, Nodes av ng better autoo::orreiaticn characteristics even in the whole
.signal can be generated by repeating the 15 inverted fundamental waveform N times. In FIG. 4B, the
horizontal as. is repreesents time (t). For example, inverted fundamental waveform "A" may be
repeated N timese dt Eléx 44; e inyerjed fungamental wavetorpyis Jsepresentes ast 1 80Me

component may arise out :.f the signal :and if is left as it Thus, a P-"H .:iga:al wavef:"rmis ....:rally
formed thro%ﬁybggstabg%té ﬁeé‘i%ﬂrsjr.%ﬂaloﬁécnag\ﬁdﬁﬁ ?iltéjrr.ngrEﬁ aﬁe%:l,?& the transmitter 10

described witho 25 e Terencer FIG ~, a sync ironizat:ion signal spreading co e generator 1.. i,

configured to include;3, fundamental wayefarmgeneraior123;1.,a ipefitign gad cade jnvering unit

12 -'? re,-eivin, output signals from the fund ame:nntal waveform 1 i, and band limiting filter 1';3-'s Vy
receiving outputt. © A< R T ptifiéit S Eode LIGA WR NG BnttlV S £ FRrsE fifanértal wavef

,'m generati's pda=1 gererates a-pdarnentakwavetfasrrhaying the cadedangth L/N. The repetition
and code Invert.i:;r 12"-2 regeats arid 18 co -|n§erts..- th%fundam%ntal wa})l/eform ha\tnlrln%the code

length L/N. For the rep%ﬁtionxgﬁnop code invertet 12177 r%ﬁeatg and codetinvérts the fundamental

length equal to 1/N of the symbol length L of 1 OFDM symbol
may be used. In this case, some code having better

10 autocorrelation characteristics such as a Golay code,
a Gold code and an orthogonal Gold code may used as the
fundamental waveform. As illustrated in FIG. 4B, codes
having better autocorrelation characteristics even in
the whole signal can be generated by repeating the

15 inverted fundamental waveform N times. In FIG. 4B, the
horizcntal axis represents time (t). For example,
inverted fundamental waveform “"A” may be repeated N times.
In FIG. 4B, the inverted fundamental waveform is
represented as “-A".

20 Some component may arise out of the signal band if
it is left as it is. Thus, a P-SCH signal waveform is
finally formed through passage into a desired signal
bandwidth filter.

For example, for the transmitter 10 described with

25 reference to FIG. 1, a synchronization signal spreading
code generator 123 is configured to include a fundamental
waveformgenerator 123-1, a repetition and code inverting
unit 123-2 receiving output signals from the fundamental
waveform 123-1, and a band limiting filter 123-3

30 receiving output signals from the repetition and code
inverting unit 123-2.

The fundamental waveform generator 123-1 generates
a fundamental waveform having the code length L/N. The

repetition and code inverter 123-2 repeats and
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waveform having tne code length W N N times, resulting 5 in the code length being The band limiting
filter 123-2 ,provides final P-SCH signal waveform by passing the resulting waveform through a
desired signal bandwidth fi_Iter. As such a de:ized signal bandwidth, two cases may 10 be
conceived as fcl_:.ws. (1) A bandwidth provided for S-SCH may be used. In this case, it is possible
to eliminate influence toward other channels out of the SCH band. (2) A system bandwidth may be
used. In this case, 15 although there is sight influence toward other channels out of this SIR band,

the SCH signabwavefery:hassless, distartion xestHting:,n bighero.etestionaccunasy i adnobile
station. In th((e}lgobile station, a qor relato r cogesponding 20 to the funds.=imenr.al waveform is prep

‘red, and its JUTpUE i€ cbddinveft8d afid 88Mbified. iR this aB8AIGH, répita A Corréi&tion with high
detection accunacycan belachie¥edetingetr a sialler adwunhofeomputationt Andxeamtazy

operation in the ombination, unit,112. 25 in thedransmitter 10 accqrding g the snahodiment will be
described in detail be' ow. As illustrated in FIG. SA, the combination unit 112 inserts a
synchrorizatiofR chérnef afEfrarfe pefod fri M éase frame periodic insertion of the 0

synchroni?attics, chanpel, far-example tthe gombinatien1 gnit 212 may tiunesmulliplexthe sync hron
..rration channel thTt is st0£e and transmit the s% chronizati Q,channel infan FD ::%mb?l of some
b ;48

slot. In this cassjéqf)o? ex"é%vp?e,o.ﬁr?r]aor%éj r‘—ﬁ%;? be Con |8ulféeds to have an’ %Ye%e? r%ﬂlttip e
a desired signal bandwidth filter.

As such a desired signal bandwidth, two cases may
10 be conceived as follows.

(1) A bandwidth provided for S-SCH may be used. In
this case, it is possible to eliminate influence toward
other channels out of the SCH band.

(2) A system bandwidth may be used. In this case,

15 although there is slight influence toward other channels
out of the SCH band, the SCH signal waveform has less
distortion, resulting in higher detection accuracy in
a mobile station.

In the mobile station, a correlator corresponding

20 to the fundamental waveform is prepared, and its output
is code-inverted and combined. 1In this fashion, replica
correlation with high detection accuracy can be achieved
under a smaller amount of computation.

An exemplary operation in the combination unit 112

25 1in the transmitter 10 according to the embodiment will
be described in detail below.

As illustrated in FIG. 5A, the combination unit 112
inserts a synchronization channel at a frame pericd. 1In
the case of frame periodic insertion of the

30 synchronization channel, for example, the combination
unit 112 may time-multiplex the synchronization channel,
that is, store and transmit the synchronization channel
in an OFDM symbol of some slot. Inthis case, for example,

a frame may be configured to have an integer multiple
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of the slot length. One frame may be configured to include multiple ;lots such as _.: slots, and in turn,
one slot may be configured to include multiple O -DM symbols s11:ct7 as 7 QFDM symbols. 5 In this
configuration, slot. having the synchronization channel can be central' :d under closed loop contro.i_
su::h as retransmisslic)n without awareness in the transmit er 10. In other ,rc)rds, the round trip time
may be Unchanged. in the receiver 20, the other 10 hand, reception timing of the synchronization

channel can be ide'.n".if Yy <7 rreldt]..ng re~'=:eived signal and synchronizatio._ channel replica in a

temporal range, amd h.sise symbo] dming andiame diringrcan hedetected atithe saestime.
Alternatively, the receiver 2Q may 15 identify the reception tjming of the synchronization channel b
_orrelat.ing thé Fe%%@%d%f@%g;l\ééethgls%%/c r(S)Hi%Cgtio%schtg?fné% féqu’lcszainaan f:rieqlunena}1 rra%ge. In this
case, the receiver 20 wouldage las:ormnchipgilotr €haritel sobjécted torscianmlgle eodindtd detect the

2.0 scrambleg9g:50%ysprgggiﬂg oply-png fgme, %{Q%ssynchroni : ta. tr, s::hannel, if a

synchronization channel is de="4ecte'-, the framé boundary can also be detected. In addition,
s_omp dted to the cdse dfp* S)vidhiEhapie t25° famEs Wit t-Feé Symchrdnitfation channel, higher
nsm1l ssion psAwestor theisyaehronizatiomehal nelds achieved rzresultdeq i:h taproved detection

accuracy. Alieorga::tc .g%I¥,rtQ¢_eL rec&i:vgr %% ml§1¥ use a corinrr%oinc;'lglLl%tic@gnnqcl sgtejgcrtgcljl t60 sscramble
coding to detect the:* 1 ¥ammble codettar framd detection and Scramble code group a5t ao :.

Conys:04: i.:&mn Y fior examplenacdording fb-W-CDM,her words, the round trip

time may be unchanged. In the receiver 20, on the other

10 hand, reception timing of the synchronization channel
can be identified by correlating a received signal and
a synchronization channel replica in a temporal range,
and thus, symbol timing and frame timing can be detected
at the same time. Alternatively, the receiver 20 may

15 identify the reception timing of the synchronization
channel by correlating the received signal with the
synchronization channel replica in a fregquency range.
In this case, the receiver 20 would use a common pilot
channel subjected to scramble coding to detect the

20 scramble code.

By providing only one frame with the
synchronization channel, if a synchronization channel
is detected, the frame boundary can also be detected.
In addition, compared to the case of providing multiple

25 frames with the synchronization channel, higher
transmission power for the synchronization channel 1is
achieved, resulting in improved detection accuracy.

Alternatively, the receiver 20 may use a common
pilot channel subjected to scramble coding to detect the

30 scramble code after frame detection and scramble code
group detection.

Conventionally, for example, according to W-CDMA,
the synchronization channel is inserted for each slot

period, that is, for each slot. As a result, symbol
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The synchrc:n~zatir:n chann.._is _nserted for each slot pe ioi, that each slot. As a result, symbol 20
timing is first detected, and then frame timing is detected. 'In ether words, the frame timing is
detected through the two steps. According to this scheme, although Act timing can be detected
through the 5 synchronization channel, it is not posai_e to identify the associated potion of the
frame. Thus, the associated portion of the frame is detected after the detection of the slot timing.
Ac..rordingt.o this embodiment, when the synchronization channel is detected, 10 -the frame: and

the symbol timings ¢gn be identified. As +a result, the syn?e,timing angd the-frame gming can be
detected at the same time. In_this embodiment, the insertign of the synchronjzation channel into only

one po rti an 8¢ FameSts: unit (hetibdfiad et deschbed HdWevet THE SyhehfoniZatior channel
may be inserteldtto gaultiple portions okthe frame unitdripegiod.dn othies werdse rilee

synchronizatign t(_:g%_r@{?e}lloglx Q@s pigfgiig?ﬁrgegﬁntg catjeast ope Bor{ilgr% ag}%]éﬁ frame unit .. period....

20 For example, as illustrated in FIG. 53, the synchronization channe inserted,,, in such a

manner that $¥6 FEFRIR tan be TBnfigired M eath fiand AlseCagstiet:g it FIGASC fHe Y

synchronizatipn Mangteb Bray thednsested insuch@a maaner thagdour pesiads cam &5 be configured
for e:ach frame. The recteiv r 20 identifies reception 'mi[:rlg of the é nchr?énizdatio?ghannterllby
correlating th8 FE&ved “§igndl With 158 syhchronizaatich Rarnel %ﬁ@a? pe arter the

detection of the slot timing. According to this
embodiment, when the synchronization channel is detected,

10 the frame and the symbol timings can be identified. As
a result, the symbol timing and the frame timing can be
detected at the same time.

In this embodiment, the insertion of the
synchronization channel into only one portion of frame

15 unit (period) has been described. However, the
synchronization channel may be inserted into multiple
portions of the frame unit or period. In other words,
the synchronization channel only has to be inserted into
at least one portion of the frame unit or period.

20 For example, as illustrated in FIG. 5B, the
synchronization channel may be inserted in such a manner
that two periods can be configured for each frame. Also,
as illustrated in FIG. 5C, the synchronization channel
may be inserted in such a manner that four periods can

25 be configured for each frame.

The receiver 20 identifies reception timing of the
synchronization channel by correlating the received
signal with the synchronization channel replica. 1In
this case, correlations between multiple frames are

30 averaged. For example, 1f there are 10,000 samples
within a single frame, correlations are computed for the
10,000 samples, and the sample having the maximum
correlaticon is found. In this case, if multiple frames

are averaged, a memory has to be prepared for storing
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this case: correlations between multiple frames are 30 averaged. ,...._ example. if there are 10,000
samples within a single frame, correlations are computed for the 113,0130 : mr~ e5, and. the
ssample ha.ving the maximum correlation is found. in this case, if multiple frames are averaged a
memory has to be prepared for storing the _0, 000 o orrel at .On values tempor aril;:. Then, co_
rrelaton values are computed for 10, 000 samples in the next frame, and the correlation values of the
respective samples are added for improved S/N. Thus, a larger memo :y ha:e to be provided. in the

case of multiplg channels heing pra'den; if e abave=o,'.eatxgped multiple frames, are averaged,
the memoo,ry only has to have smaller capaci_ty. For e::ample; if a fwq-period channel is used for
: 86 e 75 Hou pard chaRtel

each 10 frame’th é—lrﬁ&r?/rbaﬁg 't@%an B FedUieBH ¥ T 8 *foar chafifet is°used for e ch
frame, the meémeryn eagacity earebe eetldcecthte 1¢4. 1 additiomym,,v alore synchramieati n channels

are provided ot gach frame, dhe memo-y,capagity. can: e 13, IHherr3duged. In e case0::

multiple channels ::being provided, the channels may be arranged equally. in other words, the
synchronizatioh tR&ANEIE AR equaiRSspacedPm & Frafmedfiod, in this arrangement, the averaging
20 operation :tf multiple frames«cap decenstyucaried euts Miematvely, 4t thercase ahmultiple

channels 1 Bing provided, the . . ?anpei .. may, be arran eqrh'une'q" al.,y. .In this agrangement, the
frame bound%r?/qc%ﬁ t}::’breog&& )?dc_fetéc eéﬁ‘b% |nba%‘éﬁi0ﬁ,glﬁ leoé'laes(gzjo Ieti%\?erﬁon of Ssmultiple

synchronization €lendekdsto a fram@ etimey only has to have smaller capacity.

For example, 1f a two-period channel is used for each

10 frame, the memory capacity can be reduced to 1/2. If a
four-period channel is used for each frame, the memory
capacity can be reduced to 1/4.

In addition, as more synchronization channels are
provided for each frame, the memory capacity can be

15 further reduced.

In the case of multiple channels being provided,
the channels may be arranged equally. In other words,
the synchronization channels are equally spaced in a
frame period. In this arrangement, the averaging

20 operation of multiple frames can be easily carried out.

Alternatively, in the case of multiple channels
being provided, the channels may be arranged unequally.
In this arrangement, the frame boundary can be easily
detected.

25 In addition, in the case of the insertion of the
multiple synchronization channels into a frame, a time
diversityeffect canbe obtained by combining correlation
outputs between the multiple synchronization channels
in the receiver. As a result, it is possible to improve

30 the timing detection accuracy.

Also, as illustrated in FIG. 5D, in the case of the
synchreonization channel being timemultiplexedina frame
period, the combination unit 112 may provide an

independent slot and insert the synchronization channel
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diversity of feat can. be obtained by combining correlation .:utputn between the multiple
syncnrc:nizatien ::b:anne,s in the receiver. As a result, it is possible to improve 20 the timing
detection accuracy. Also, as illustrated in FIG. 50, in the case of the synchronization :::hannel being
time multiplexed in a frame period, the combination unit 112 may provide an independent slot and
insert the synchronization channel 22 therein. In this case, such a frame may be configured to have
(an integer multiple of the. slot length + the synchronization channel length) in length. in this

C_onfiguratiqntm&c@@%quratiqn withig slofsscan hemadg 5_ﬂlf‘§f=?ir@ Rvsf aﬁéh% slats; esulting in
simpler radio OF configuration. In other words, the transmission and. reception can be more:

simplified. A-CorfigiatidR8f & SYntAdRIzZAon 18 hie P Wil B destibedif W8 bélcH? 210 to
W-1DMA, asillustratedin 4:6t 6Anthe hsymakronizatiant¢hannel iS accottmodated atthe head of

slot, and in addition to the synchronization nnel, a.data channel is mmodated. In other words,
the synchror%fa?%nﬁ%ﬁggnge gr?d trté Str%eorgc z%ugfnerlértelig c";q-% g—%nfhl%l%?%éd%%ﬁ fgrgnrsnr%%t%d. in this
configur Sdo: i e 6thEr eNarihel-carkbe corfijubed Afithobt LrBideraftioh b thessynERdhaRzation

channel, butonly aperiog.of total transmission pawey; carnhe a'Hecated ;14 € sycs Aranization
channel, As a result, 20 the receiver 20 must conduittfgera ing operations for a longer time in order

to dete=ct thé SyIcRfonTZatiGi ThRmhel A .. 5 18R thé VEffical, and horizontal axes represent the
transmission power (Bade)tevebdndrtime;onfiguration of a synchronization

channel will be described in detail below.

10 In W-CDMA, as illustrated in FIG. ©6A, the
synchronization channel is accommodated at the head of
a slot, and in addition to the synchronization channel,
a data channel is accommodated. In other words, the
synchronization channel and the other channel are

15 code-multiplexed and transmitted. In this
configuration, the other channel can be configured
without consideration of the synchronization channel,
but only a portion of total transmission power can be
allocated to the synchronization channel. As a result,

20 the receiver 20 must conduct averaging operations for
a longer time in order to detect the synchronization
channel. 1In FIG. 6A, the vertical and horizontal axes
represent the transmission power (code) level and time,
respectively.

25 According to this embodiment, as illustrated in FIG.
6B, for example, an OFDM symbol is allocated to the
synchronization channel for a certain duration. As a
result, the total transmission power can be allocated
to the synchronization channel. 1In this configuration,

30 the receiver 20 can complete reception operations in a
shorter duration and detect the symbol and frame timings.
For example, 1 OFDM symbol is allccated to the
synchronization channel. In FIG. 6B, the vertical and

horizontal axes represent transmission power (code)
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respectively. According to th".. embodiment, as zi_ustrated in FIG. 6B, for example, an GFDM
;symbol is allocated to:o the synchronization channel for a certain duration. As a rEeesu :, the total
transmission power can be allocated to the synchronization channel. in this configuration, 30 the r
ceiv 2" ,an .. o.mplete reception operations, in a shorter duration and d :tec:t the symbol and frame
timings. For examole, 1 O 'IlJM symbol is al'.ooat ed to the synchronization channel. in FIG. 6B, the
vertical and hr:; Y.1:Z nta]. axes represent transmission power. (code) 23 level and time,,

respectively. in. 6-COMA th synchronizatign signglcapnot be detected based on only one slot, and
thus the ssynchroni nation . hannel having a 10> ger duration is used 5 like a frequency multiplex

type. In W-ODMA, mbRipfa~ SIo¥are fiked 2h0 TRERAIARR T eRLERE SsyREMBAICz&RN signal.
In other wor g dhe detectionaefdbie synchraniz=tier sighal requireda téassnabile number_ of

sample:=s, which may lead to_a |;.;ncrer. recepti ratign lar ount of commutation in
the receiver i%é“&:ﬁ_%gg%h"ié gﬁn%gdf:rﬁean?,gglp t?ér}it%% go%a% '[.S%l r%% %E{)Isv% %—oal%n i’)g a O%éted t:the
channel ¥ thé #aAsmittér B0 bifhel’ 18pbeP é.SKbé dalPcatet AY a¢O3H, thesynétrésization

annel can bedransmitted forasshi?rdatine ok-@ erdads ~ar example-whilethe transmission of the
synchronization ch?;égl:l mad)t/ reguire about 10% %f the 1t:i}r?e perioddof one ﬂ‘rangie . W-CDMA, it may
require only &b0UT 20194 frfthi- © Rnia@itfens,. 17 other words, the detection

of the synchronization signal requires a reasonable
number of samples, which may lead to a longer reception

10 duration and a larger amount of computation in the
receiver 20.

According to this embodiment, since the total
transmission power can be allocated to the
synchronization channel in the transmitter 10, higher

15 power canbe allocated. As aresult, the synchronization
channel can be transmitted for a shorter time of pericd.
For example, while the transmission of the
synchronization channel may require about 10% of the time
period of one frame in W-CDMA, it may require only about
20 1% in this embodiment.

Also in the receiver 20, frame correlation can be
facilitated in a shorter pericd of time, resulting in
a smaller amount of the computation. In addition, since
the symbol and frame timings can be detected by means

25 of only one synchronization channel, it is possible to
reduce the required buffering amount and the consumed
power.

Also in the case of the synchronization channel
being time-multiplexed as illustrated in FIG. 7, the

30 combination unit 112 may allocate the synchronization
channel to some subcarriers of 1 OFDM symbol. For
example, the combination unit 112 may allocate the
synchronization channel to some subcarriers of 1 OFDM

symbol at even intervals. Also, the synchronization
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A.-sr; in the c eiver 20, frame correlation can be litated in a ho ter period oaf time, resulting in
smaller of the computatl._..,- n. addition, s ¢_.?Ee the symbol and frame tlminc"s can be detected by
means 25 of oTi .j'one synchronization channe:, is possible to the required buffering amount and the
coins zm ¢ power. Ais; in the of the synchronization channel being i.mem:z1 | %lex :-eY as
illustrated in FIG. 7, the 10 C: mbination unit 11" may locat=-. the .vnchrc.n,zat_on ihannel some
,.Ul....., rer._ of 1. OFDM symbol. For examp i.e trhei co t to:matron unit Il.,. T.ay alio Cate e s

vne, hroni:F: %h%‘dfﬂeq::lmg?ft%@”&%-ﬂ@@ﬁﬁfi@fﬁ il WM symbot ateyen Inte nisa- Alsp,, the
synchronization': 24 channel may be allocated at uneven intervals in_order to improve the detection

accuracy in réflicd' RV ItdHe 97 ERS & feARrithP&Yd HorzoRtal ©&S Repf&skat H2Buency and
time, respectivelyr 5dn CUFDihdheraummber=0f saboariers and the=QF BMesymizob lengthrare
increased to %nhanS% It,loleran%‘edto m Iéipat@.eé%g 5§§%§’li'f one whole O'DM symbol is allocated

3 cy . and t . L .
to- a svn: nronlrzat?on S|gr¥al, this may increase overhead. 16 .his ...s:> the combination unit 112

allocates? the synchrathi: 2t [P .chahrfel B01801RE sGicafiers afd ansthepEranhélito 8ePémaining

channel part. sAgaosding to-thisnallogation; it pessikle ta: keduce, dhe-aver he:n-the synghyonization
channel. 15 Als,: ;| the rase of fixed tota transmission power, the, transmit ; ion 1%;(:3? ii of the

synchronizatiBR charitel 2an .2 Sadjustet™y S tingihg A tfangmissionpokr SYT 13

allocated to a synchronization signal, this may increase
overhead.

10 In this case, the combination unit 112 allocates
the synchronization channel to some subcarriers and
another channel to the remaining channel part.
According to this allocation, it is possible to reduce
the overhead con the synchronization channel.

15 Also in the case of fixed total transmission power,
the transmission power of the synchronization channel
can be adjusted by changing a transmission power
allocation ratio between the synchronization channel and
a multiplexed channel. Furthermore, the transmission

20 power of the multiplexed channel can be adjusted. The
transmission power of the synchronization channel can
be adjusted by an operator during cell designing, for
example.

In addition, the combination unit 112 may use at

25 least a portion of allocated frequency to allocate the
synchronization channel discretely (orthogonal
multiplex type FDM) as illustrated in FIG. 8. According
to this allocation, a frequency diversity effect can be
obtained.

30 In addition, the combination unit 112 may allocate
the synchronization channel in such a manner that time
division multiplexing can be facilitated by
superimposing it on at least one portion of a data channel

(non-orthogonal multiplex type TDM) as illustrated in
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$.'A. .~.ocatlon ratio rbet'ween the synchronization channel and a multiplexed c:hsnnel.
Furthermor-e_:, the transmission 20 power of the nult p:i.:;.:<_ed .".lannel can be adjusted. The
transm s.ic;a ;;:;,w -r o : the synchronization channel can ad ueted by an o orator during cell
designing, for example. In ac?dli.tioi-; ,.h:e combination unit 11: may use at 25 least a portion of
allocated frequency to allocate the synchronizat::-on channel discretely (orthogonal multiplex: type’
FDM) as illustrated in FIG. 8. According to this a:.lo.rzat>.on, a frequency d ver.__t > effect can be

>i:ainsad. 5~gdp @ddig: i orp.f. iecomb.n atlon ? Jait Is12-may-allpcate; fhe, . n:ifyenizationshannel in
such a manner that time d.vision multi lexing can be fa il_-tat,d by superimposing ?.t on a:_ ..east

one ,portion &FRARR thafiel ¥Ror*H CRod 2 aPmaRPRIBpR T 1dsdlfustratedS.n FIG" 8. In this
case, the synchronizatior ekahnehis: trahsmittecaingsie ) anarahgemert thatdtyis supesimposed on

at least a t:or%itr?r?ngf %@EQW@%W@RQ% ii@gecgivislon m Itiplexed. 5 in addition, the combination

unit 112may allocate the syn ronizat: n ,.. =anne |n such an _rrangement that it is
>upeerif.nco,se_d ohragléast bheportidie of adaian 2L Ififel apéven ihterRal¥ shbfret-aénc.

division multiplexed (Ronrithogenal multiplextype FDM) as: 16 illustrateddn FlG, s nAceording to this

configuration, the frequency diversity effect can be obtained. n addition:, the combination unit 112

may allocate ‘the $§nchréHiZatiBR Rathel ih stth. ‘& Mamneét fhatitTah 158 cdte divisiér fule
plexe d with ahzeastdnezportiorelb a dataxchairse! {moh-drthogoral mqlttpisxﬁy[i@ﬁDM)

multiplexed (non-orthogonal multiplex type FDM) as
10 illustrated in FIG. 8. According to this configuration,
the frequency diversity effect can be obtained.

In addition, the combination unit 112 may allocate
the synchronization channel in such a manner that it can
be code division multiplexed with at least one portion

15 of a data channel (non-orthogcnal multiplex type CDM)
as illustrated in FIG. 8.

As a result, as shown in FIG. 9, synchronization
channel codes px(l), px(2), ", px{(2n) (k=1, 2, " ,Kgrp)
belonging to a scramble code group are allocated to

20 subcarriers. The synchronization channel codes
allocated to the subcarriers are supplied to the inverse
Fourier transform (IFFT) unit 113. Then, the
synchronization channel codes are converted into an
orthogonal multi carrier signal, and the converted signal

25 i1s supplied to the CP addition unit 114. The CP addition
unit 114 inserts a CP (Cyclic Prefix) selected by the
CP selectionunit 117 intoamulti carrier signal supplied
for each Fourier target time. Then, the transmitter 10
transmits a multi carrier signal supplied from the CP

30 addition unit 114, that is, the SCH time waveform, into
the air as a radio signal. The SCH time waveform is
provided by defining a number of SCH time waveforms
corresponding to the number of groups.

Also, a sequence of synchronization channels may
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lustrated' in FIG, 8. As a result, as shown in FIG, 9, synchronization Channel c:Ces pk(.). 'k(.), .,.r
pk.(.On) (k=1, 2, ...,Kgrp) belonging to a scramble code group are allocated to 20 suhcarriers:. The
synchronization channel codes allocated to the s:ac.::: rrir. are :plied to the inverse Four_ertran
f.orm (IFFT) unit | Than, the synchronization channel codes are converted into an orthogonal multi ,.
e_:rri sr signal, and the converted signal _14. The CP addition lit supplied to the OP addition unit t
114 a C (Cy=clic Prefix) selected by the CP selection unit 117 into a multi carrier signal supplied fs:r

each F .u.riefyaacsytdige, E_[Beflv§h%ti%r§é'ﬂté%ft19aﬁa@5@(§o[§W'tb‘@tf%%ren_gnal, supplied from
the CP .:: a' anion uni : 114, that'is the SH time waveform, into the aira__arad .. . _.,..gnal. The S)

CH t:-me wavsi&Hif I& b§ Hefi)---ng a number of ‘CH time waveforms o.rresspond..ng to. ..ne.
number of gz ups.. Alee, atsssguers =f, synchranization elranrets=may 2tbe peayideddy differential

encoding betwegn. SUDEAYEr.. "ﬁﬁh‘éﬁg%%é@esf ;‘?‘%‘?Jtdféeﬁsﬂh‘% equence of: achrgnization
ci>annels by extracting ; hase d’l erence a informati. n throul*h del corre?atlon etween aubcarri-e
s. in the 2asel@ ffe rratdmaltiplicatonis:: siibbadrrierst With #iel:9R. hFontiatieR sequence, if there is
fading fluctuaticyr i freguency range , 're uency selective 10 fading) , no in-phase :addition can be

fulfilled in a long interval ,... the frequency axis. , , , ,
In the case'o irect multiplication of subcarriers

with the synchronization sequence, if there is fading
fluctuation in a frequency range (frequency selective

10 fading), no in-phase addition can be fulfilled in a long
interval on the frequency axis.

By using a phase difference between subcarriers
(differential encoding) tomultiply the synchronization
channel seqguence, even if fading fluctuation occurs in

15 the frequency range, in-phase addition can be fulfilled
for the small fading fluctuation between adjacent
subcarriers by extracting the phase difference between
subcarriers in delay detection type correlation. As a
result, even if the fading fluctuation occurs, high

20 detection accuracy can be achieved.

Also, since correlation in a long segquence can be
used, a large number of sequences can be provided. 1In
other words, the synchronization channel can be used to
transmit a large amount of information.

25 In this case, as illustrated in FIG. 10A, the
placement of the synchronization channel sequence is not
limited to the placement between adjacent subcarriers,
and the synchronization channel can be provided every
two subcarriers. Also, a larger amount of control

30 information can be transmitted by providing two types
of sequences and configuring them in two layers.

For example, if the two types of sequences include
16 patterns, 256 (= 16X16) types of information can be

transmitted. 1In this case, the synchronization channel
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By using a phase diffeerence. ,etween subcarrlerS (different, :l e:nc di. rig) to multiple the
synchronization channel sequence, evin if fading fluctuation. occurs in 15 the fi;equenc:rrange;
in-phase addition can be fulfilled for the small fading fluctuation et-we,,:n adjacent subcarriers by
extracting the pha:e differencebetween subcarriers i n dela: v detection ty:se correlation. As a result,
ver fading fluctuation occurs, high w.., detection 8C!:'lI+ ".ra'V can be aCn.1eV@Ci. Also::; since
correlation in ,a, long sequence can be used, a large number of se ;uencess can be provided. In

other words, e,y _f, Jugnization channelcan e used 1o fransmitlarge agqunt of ipfarmation. 25

thisal.1, aillustrated in _, GA, the placement of the synchronization channel sequence is not lim
ted y:lac:ementbediisert adjaceht sub¥strie RS tehe the ThanEl 88n be'tRotiddd evBi e b2

subcarriers.. Atspua tafgeramauat efcontrel 3L datgmation nh G Emited bs' oy v Hingtwe types of
seq. ennc s and c¢."; :iguring them in two layers. ¢'o .. _mple, if the two type: of sequences jnclude
115 patterns,sz%% e 6 fﬁf‘&%%& of iﬁ%?ﬂgtﬁ)naga%egegita%é%it?es:i..%Ig?.ﬁfacnacs%, ?hean&

synchrorization ¢hamet ¢, bé ased earams enit inforniatidn sdchnas i6 dell LDse Qurame= timings,

two sector stipgtuLes, L0, MIMO anienna, siructure:- anddwo,Ch lepgths. ndhis. iasgpthe fwo
sequences may be arranged alternately as sequence 1 and 5 sequence 2, for example. In add ,T. .~;

on, a GCL setiieh8E Waish Sdqiehtend SthakTan be £p2lisd 3 exEmpl€ M Sthe as ~rf the
C-C;L sequengcr, GC (A.)sequence - eonsisis, Of-1 Ckrm it 8 84Gin @§uU2NE 21CONS-SEY

of G2(1), G2(2), G2(3),

10 Instead cocf GCL code and Walsh code, any of (1)
orthogonal code, (2) guasi-orthogonal code or (3) code
having good autocorrelation and crosscorrelation
characteristics in a frequency range may be used as a
secondary synchronization channel code as described

15 below.

Specifically, an orthogonal code whose phase
rotates at a constant rotational speed on the freguency
axis may be used.

According to such a code, it is possible to generate

20 an orthogonal code for arbitrary seguence length and
improve the detection accuracy at the second step.

In addition, the above-mentioned code may be
scrambled on the fregquency axis in accordance with a
manner predefined in the system. In this case, a common

25 scrambling scheme is used for different cells rather than
different scrambling schemes. In the above-mentioned
code, the phase rotates on the frequency axis at a
constant rotational speed. As a result, the code has an
impulse waveform on the time axis, which is not desirable

30 from the viewpoint of efficiency of transmission
amplifiers. Thus, the code is scrambled on the freguency
axis for randomization in crder to eliminate the problem
with transmission amplifier efficiency. Since a mobile

station knows the scramble code in advance, the
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of G2 (1.)<'2,a.),".10Inste d ;f *r ::ode and Walsh code any of (I) orthogonal ' i ;uasi-orthogonal
code or code having good aute C~.c:irr :I anon and crosso:'-(:irrelation a frequency r ‘'n.ge may be
used as a secondary synchronization channel cede described 15 below. pes:: '..c.ally, an orthogonal
code whose phase rotates at a constant rotational Sneed on the frequency axis may be used.
According to sup:a coda, It is possible to generate 20 an orthogonal code f :r arbitrary quence length
and improve detection accuracy at the second st ; In addit cr th:e above-mentioned code may be

scrambled on.the frequency,axiss accprdance with B‘emé‘Q%efllﬁr;edféiH%% \ndhe gy;-tem. In this.

case, a common 2;a scrambling scheme is used for different cells rather than différent >c:r:ambling
schemes. In fheHbHFERENTIGh et Eode? theSpiase Pétatel Bn éifediehtyF aiiS. at a constant rotat
c ;;:!1"led. As ad'ir-s tilet thegcoelr das an dmpulse wavefemt e n £ ttme axisHsg nekdesirable 3 from
the views-, i.nt efficie{iggygcgc tran%misséio?lgggpl .r:l?igra. T.hé,lg, th Cg%%% sggaorirébsled o] { e frequency
_is for _'eandomi ration'in ’orcfer?o Siminate the proBIlem i-{tth Transmission am. Tifier ficiency.
Since a mobife: static:n*known:(the)...h.elmbd.icoglet.n advance el €:;reidition Metgetion gan be

easily achieved by; dascrambling and.correlating the.:cede,prier to coprelating, the secondasy
synchronization channel Here, the , .:odronization channe] ;:odes ;Pk (2(2), 2.C-n) belonging toa

SQC'ambmciﬂﬁcﬁﬁﬁFﬁ5§ng control information such as’ the scramb
code group. For example, the synchronization channel

for frame timing is used as a primary synchronization

10 channel (Primary-SCH), and the synchronization channel
for group detection is used as a secondary
synchronization channel (Seccndary-SCH). Here,
Primary~SCH is used as a waveform common to all cells.
Secondary-SCH has a waveform defined for each scramble

15 code group. Primary-SCH and Secondary-SCH are combined
with a data symbol sequence.

In other words, reception timing is detected in
Primary-SCH, and a reception frame and information
relating to scramble codes are detected in Secondary-SCH.

20 For example, symbol timing (FFT timing) is reported in
Primary-SCH. Also, the frame timing can be reported in
Primary-SCH by setting the insertion interval cof
Primary-SCH as one frame. Since the symbol timing and
the frame timing can be detected in Primary-SCH, the frame

25 timing does not have to be reported in Secondary-SCH.

Also, for example, a scramble code group may be
detected in Secondary-SCH. 1In addition, scramble codes
in the scramble code group may be further detected. The
further detection of scramble codes enables demodulation

30 to be carried out immediately. For example, some code
may be defined as a secondary channel, and different code
patterns may be associated with the respective scramble
groups. For example, for 64 types of code groups, 64

types of code patterns may be provided. For 512 types
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be divided into c::odes for detecting frame timing a,nd codes for detecting control information such
as the scramble codee grt: ul F,-,,,,. ,,;xampl e, the synchronization :_ hannel for frame timing is
used as a primary synchronization 10 channel (Primary _. ~}, and the synchronization :channel for
group detection is used as a secondary synchronization channel (Secondary-SC H) . Here,
Primary-SOH is used as a waveform common to all -Is. Seecondarv'-SCH has a waveform defined
for each scramble 15 code group. Primary-SCH and Secondary-S"H are combined with a data

symbol sequenc:gg rlnpiher erdsreceptiondypia defecteddn Prmapn-3GH, a0d,a geeepiion frame
and information relatingt::oscramble codes are detected in Secondary-SCH 0 For example, symb:=I

timing (FFT tiffingiid fepbR&& P PrimaREAIS L 2 fhedtante ring 't&n BE FEpOFRA HF Prinkiy-SAH by
setting the ingertiominterval obunaty 4’ as t,ne feq e iSincerthe symbal tmingtand dhe tsame ti.r: a

rc’ ..an be detected.i imag- the fr ? %ﬁgming oes no: have_to be rted ig
Secondary-Séﬁ. fss%dofzgﬁ a sce%(rén%r,:c%degggag may b% etectredr?n %:escgﬁcfgr{gg%Hc Pn aeddition,
scrambl@ ::0d&5CiaRhe scramble code group may be f rther detected. The further detection of

scramble codes enablessdemadufalion 32 1o 8, et b mmeadia- gly. FReexample, seme code may be

defined as :a seconder chann:eel, and different code at.te:lins ma'..... ass,:.cciateled with 'ch...
respective scAMBR IO Eor EXatpi’ 2 Bt ypeiof (10de'gtdtps "ed’ t5iesDF 2ife BatEns may
be provided. Forchd? typés 29=0fscramblefcodes Gintypes of cade patternsareprovided. ircthis

faﬁﬂmmCOH%%W%%@QT@%@W%@H%@%@%@ the workload of reception
10 operations and improve detection accuracy.

Also, information indicative of a scramble code
group may be reported through the pattern of a common
pilot channel (CPICH). The reporting of the CPICH
pattern allows a physical channel to report a scramble

15 code group, that is, the secondary synchronization
channel becomes unnecessary.

Also, information indicative of a system bandwidth
may be reported in the secondary synchronization channel.
If the transmission bandwidth of the synchronization

20 channel is 1.25 MHz or 5 MHz, a mobile station does not
have to know the system bandwidth at the cell search stage.
In addition, since radic resources allocated to the
synchronization channel may increase overhead, it is
desirable to use as few radio resources as possible.

25 Also, information indicative of the bandwidth of
a broadcasting channel may be reported in the secondary
synchronization channel. For example, the bandwidth of
the broadcasting channel can be detected in the secondary
synchronization channel in the reception side by using

30 different secondary synchronization channel signals for
different broadcasting channel bandwidths.

Also, information indicative of the number of
transmission antennas may be reported in the secondary

synchronization channel. For example, the maximum
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channel c:arzi: d out.. Conventionally, a pilot channel is used to detect a _.ramble code from a
scramble cede 5 :;roue. Also, inforimation reported the secondary synchronization channel may
include only scramble code a.rc up informet ion. According to this configuration, it is :ossibl.. to r:
duce the workload of reception 10 operations and improve detection accuracy. Alsc intor.mtion
indicative of a scramble code group may be reported through the pattern of a common pilot
channe.'. . The reporting of the CPICH pattern al'.o:::,ws phy:?ical channel to r epCort a scramble 15

code grog...: {halds,thg secondary synchganization £hagpeldiednes unnecessary. Alsg, informat cn

indicative of a system bandwidth maybe re_portetY n the 'e t:: o:nda ry sy”.:hroniZat on chant ... If
the transmissiG artdWi@R of the syhchroriZatiotP2oHaRASI o1, 5 MRIZERRE Za Mbbile Station
does no have i@ kroew the bandwidteatrihe celsearehesia e addition bine rasicnreseurces allocated

to the synchron'zE\ti%rga ::rlaggelsrr%%y igcrease overhead, itis desirable to u:=e at, few radio resources

as possible~ 5 Iso, information mcﬂca’tive: of the bandwidth Of a >::roadcae>,:ina ~~:harms:sl may
be repo.&ed the secdndlary, >yichfofne atiemr:arfel, 3ot exast |&€ el baridnidih of ¢hes uch

broadcas=ting ¢harfi.ehcanherdgtcted in thesecopdary pelyoniatignie, zaz:zel inthe FeGeption
side by using 3. different -eloo3ndar s¥nchronz za ..ion channel signals for different brcadccasting

channel bandWi@th8 “A8, FGrmTdtiof five: of T nBFBHBPOF yanshiis4ic Hlantennas may he
reported in thetsecondary nchrcniscatd & oachaa: b Fonexample tie maximum

synchronization channel at the reception side by using

10 different secondary synchronization channel signals
depending on the number of sectors in a cell.

Also, information relating to the number of
antennas in a base station may be reported in the
secondary synchronization channel. For example, the

15 number of transmission antennas can be detected in the
secondary synchronization channel at the reception side
by using different secondary synchronization channel
signals depending on the number of transmission antennas.

Also, information relating to the CP length may be

20 reported in the secondary synchronization channel. For
example, the CP length can be detected in the secondary
synchronization channel at the reception side by using
different secondary synchronization channel signals
depending on the CP length.

25 As a signal waveform for use i1n S-SCH, for example,
codes having good crosscorrelation characteristics at
the same timing may be used.

In S-SCH, control information such as cell ID groups
may be reported by transmittingdifferent codes. 1In this

30 case, correlation between different codes such as codes
having good crosscorrelation characteristics may be used
for easy identification of different control information.
In S-SCH, codes are arranged on the frequency axis unlike

W-CDMA. Thus, no shift on the fregquency axis has to be
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number of the synchronization channels and CPICH may be s tto be :.. In this configuration, the
number of transmission antennas does not have to be known at the c; :11 search stage. 5 Also,
information related to call structure such as the number of sectors may be reported in the secondary
synchronization channel. For example, the cell structure can be 3:: ,:rcted in the secondary
synchronization ,..nannee.| at the reception ..i_de by usin: 10 different secondary synchronization
channel signal depending on the number of sectors in a -ell.. Also information relating to the number

of antennas in.g base; tataton.may. be reported in the nsecondary. pGd - Ha-:3ign £Bamnel. For

examp e., the 15 number of transmission antennas ¢ n be detected in the secondary
:synchronizafidrP&hanReI%R tHietrbeptioh 3R Chyf tsifg différedt sécdRdars BfnchrdhiZzafion channel
signals depenrdiag ondhe nymber obransmission anterras; Hdses infermatiemretaating the € ' length
may be 20 r%pro(gtegérglthe sdefggdacq g%nché%niz%t(ieon %hagnel.fggfxca@ Ie,vthi%V(V)Polengct. can be
detected in the ..Er..onga}’xy sync%ronlzation “hannel'at the reception .. esby uslngp different
eec-ndafy syhétfrorizatiohthanrtel sighals Weebehdifig @A tfe'CP Jénplit 26 9®sa Siges' Y veorm. fc r

use in for example ; rodeshaving goodr9sscorelatitrcharacteristiesat dhee same fiming;may” te
used. In '-SOH, control info.rmatio::1 such as cell ID groups may bye reported by transmitting

different codé< in tHi¢ BcaRe, ddrr@Iatth Betlieken differehf codes, stich as code’ hav rigigood

c:rosscorr at lomcharacteristicsrmay: be used] aarieasycids'tndic t.¢ r ientdfdifferentice pteone
information. timing and code 2 (dl1, d2, d3, d4, d5, -, dn-1, dn) are
10 used as illustrated in FIG. 10B, information A and B can
be reported via the codes 1 and 2, respectively. 1In FIG.
10B, the horizontal axis represents frequency.
Also, for example, some code having good
autocorrelation and/or crosscorrelation
15 characteristics also including timing shift may be used
as the signal waveform in S-SCH. For example, different
timings may be generated through shifting on the
frequency axis.
If some code having good autocorrelation and/or
20 cross correlation characteristics also including timing
shift is used in addition to the crosscorrelation
characteristics, information can be reported by timing
shift such as the code phase in addition to codes. As
a result, a larger amount of control information can be
25 transmitted. For example, the transmitted amount of
information can be increased corresponding to (the number
of codes X the number of phase shifts). As the codes
having such characteristics, for example, Gold code and
orthogonal Gold code are applicable. For example, if
30 code 1 (cl, c2, c3, c4, c5, =, cn-1, cn) having good
crosscorrelation characteristics at the same timing and
code 1 (phase shift 1) (c2, c3, c4, ¢c5, c6, ', cn-2, cn-1)
resulting fromcode 1 being shifted by a predefined amount

of phase, such as the amount of phase shift egqual to 1,
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In S-SCH, c-%dies are arranged on the frequency axis unlike W ---DMA. T i'- ', no shift on the _r
guency axis has to be 31 taken into ;r lonsideration, and any code having good crr;sscr;~rr lation
characteristics at the same timing, that is, uncle n conditions where there is no shift in the frequency
direction, can be used. From this viewpoint, 5 the above-mentioned Walsh code and CAZAC code
are suitable bec:au.se they are orthogonal at the same timing. For example, if coode 1 (cl, ..2, c3,
c4, c': on-!, on) having good visa swarre laticn charac:t-eristics at the same timing and code 2 (01,
d2, U, d4, d5; Y ednrd c0n)are 10 used as ilusirated inkdG. 103, infognation A and,Bcagnbe
reported via the codes 1 and 2, respectively. In FIG. 10B, the .. arize,,n-.al axis represents
frequency. AfsoS fdt eXampTe S6ME Tod¥ HaVMG dodti duftedffelatidithdifortrdssEorr elaticr, 15
characteristicszalgeincludiag yiming shiff i@y belsed tthe signaliwavetoim ik S32CN. For example,
different timi nerated through shifting on the frequency axis. If com:? code having
good autocor%]eglggg)%gg%% 266‘ %r%ég %(Syrgélation cnaracteristint also including timing shift is used in
addition ®o the crossEatigTaibn ~cHaFactristics CifrATatiBr canthe Fesporied by Bikfing® ¢ha HiSsuch as

the rode. phasgdm addition:t9 codes.As 2488l @ large:¢ amoupt-gfcontralinfermation can be 25
transmitted. .or example:, the transmjtted aglcunt of énformation can b% inctea, sec. corresponding to

(the number “of £BAdYX t Y& nifBerdt phase SHfts)CAS theliEs HABnG Sacts FRar8c:tio%.stic:,
for example, CEdIM cogeland ,ordmwdona Goldi Boge-arerappicalite For exampledif to the

remaining subcarriers. In this case, as illustrated in
10 FIG. 11A, Primary-SCH(P(k)) (k=1, 3, ", 2n-1) and
Secondary-SCH (S (k)) (k=2, 4, -+, 2n) may be allccated to

some subcarriers of 1 OFDM symbol.
Alternatively, Primary-SCH and Secondary-SCH may
be allocated to different slots and transmitted. Also,

15 as illustrated in FIG. 8, Primary-SCH and Secondary-SCH
may be discretely allcoccated by using at least a portion
of allocated frequency (orthogonal multiplex type FDM).
According to this allocation, a frequency diversity
effect can be obtained.

20 Also, Primary-SCH and Secondary-SCH may be
allocated in such a manner that they are superimposed
on at least a portion of a data channel and time division
multiplexed (non-orthogonal multiplex type TDM). In
this case, Primary-SCH and Secondary-SCH are

25 superimposed on at least a portion of an OFDM symbol and
time division multiplexed. The resulting Primary-SCH
and Secondary-SCH are transmitted.

Also, Primary-SCH and Secondary-SCH may be
allocated in such a manner that they are superimposed

30 at even intervals on at least a portion of a data channel
and frequency division multiplexed (non-orthogonal
multiplex type FDM). According to this allocation,
frequency diversity effect can be obtained.

Also, Primary-SCH and Secondary-SCH may be
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rode .. (c |, cr2;. c: ¢5,. cr'. 1, on) having gocd rr.r,,sscorre.a’i:..n, ._. _ actaristics at the. .,am,e timing
and .ode _ (p. ase shift1) (c:2, oh c4, oe. aw... cn-. on-!) :sulting from code 1 being shifted by a
predefined amount of phase, such as the amount of phase shift equal to 1, 32 are used an
illustrated in FIG. 10C, information A and C can be reported by code _ and code. 1 (phase shift )
respectively. in FIG. _OC, the h': i;:antal axis represents frequency, 5 Primazv-SCH and
Secondary-SC,-'. are multiplexed and transmitted. example, as illustrated in FIG. 7, Primary-;?:a

may be allocated 40 geme subcasriers of_nQERMsymhol, andSecondaryy41 may be allocated the

remaining subcarrierslin this case, as illustrated in 10 FIG. ".A, r .mary.,SCH('?(k)), (k=l, , n-1) and
'St .e~cos arf-i LHEPLEZ§ W2 R | 35« ) 7S heallBBdtEd B .. 2dma sBBcefriérs 3R GED'M
symbol.. Alterratively, rimaryeSE€H andlSecondary{SGHe mapMie. allocated to different clots and

transmitted. Also, 1 gxsig%séraggnigﬂ n§,Zlggi_r§gr1¥-%g§?]q%§e§%ndﬂx;§glélc{n%l&e discretely
allocated by using at least a portion of allocated frequency (orthogonal multiplex type FDM)

Accordir}y to tHig N SBédtiohda freduenty divemity EHéctdeh besobtaifed 20 Kisb, PRf=ry-SCH and

Secondary-SEEmay be altpcatedkinsuch raannehthagthey areistpermpesed: 08 afdeast a
portion of a data channel and time division multiplexed (nog}irthoggonal mgl%%ex ype TDM) . 1n

this rase. Prith&s C & ¥nd SEr_bA i,.35 Bfe"25 Supefimposed orf at18ast ABoRfon of 2R GEDM

symboland on the detected frame timing.
In this configuration, only one type of
10 synchronization channel waveform has to be computed at
time point of the frame timing detection, that is,
correlation between Primary-SCH and the received signal
only has to be computed herein. In addition, after the
frame timing is detected, the synchronization channel
15 waveformonly has to be computed at the frame timing based
on Secondary-SCH and the received signal herein. As a
result, a computational amount in the receiver 20 can
be reduced compared to the configuration where different
types of synchronization channel waveforms of all pages
20 are defined corresponding to the number of code groups.
Also, when information indicative of scramble code
groups is reported in S-SCH, different types of waveforms
are defined corresponding to the number of groups in
advance, and these types of waveforms may be used for
26 reporting. According to this configuration, it is
possible to reduce the workload of reception operations
and improve the detection accuracy for a small number
of groups.
Also, when information indicative of scramble code
30 groups is reported in S-SCH, the information may be
reported in the form cof control bits resulting from
application of channel encoding. In this configuration,
particularly if there are a large number of groups or

if control information other than information indicative
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time division multiplexed. The .resulting Primary-SCH and Secondary-<C are transmitted. Also::,
Primary-07H and Secondary- <::H may be allocated in suchaaz manner that they are superimposed
aillle~ 0 at even intewals on least a portion of a data channel and, frequency divisi:on multiplexed
(non-orthogonal multiplex type :DM) According to this allocation, frequency diversity flea t can be.
::btained. Also, Primary-.,CH and Secondary-SCH may be 33 allocated in such a manner that they
are code division multiplexed with least a portion of a data channel (non-orthogonal m_ltiplex type C

M) It the synefworizatiognichanee q dyided angh, § frapsmitieddnig cimary-SCH gkac pdal.y-SCH,
the receiver 20 dete t:5 frame timing in Pr.imar.y-SCH and uses Secondary- .;,:Ed to detect a

scramble code’chanfidiBased on'th © Getdétid ‘Frgn%etfﬁ*ﬁﬁ& iR fhlsoé:’o?ﬁ@ﬁréﬁ&? ofRbne: type of
10 synchronizationcchannelevawefermchasrbe camputed at time paidtiaf ther framertio@ng RiCtectiot,

that is, :r...:r@lgtlgxggiv&%%fnm y§g§§dg%£@lrgcglgegﬁ%gpgbgn% as.to,he, olniplug herein.

add.tion, after the "name timing -L aete e synchronization channel 15 Wave orm o?hnly has
tob cor‘rﬁ)ute@lfat Heefrabfd fratngDased on Secondary--SCH and the received signal herein. As a

...sult, a r.omputat:; an gkamauntin thegeeeive-42Q he redticed comparedcys .. 4he; configuration
where d|fferent§y es of sl)j(nchr nization chan el waveform rsﬁgf allstp H%?s 20 are defined
ot R Bthatt

corresponding 1 tRSndHider ‘of ¢6dE So 5 Whén fcatide dFStramble code

FIG. 11B, the vertlcal and horizontal axes represent
frequency and time, respectively.

10 In this configuration, compared to TDMmultiplexing,
if the number of symbols allocated to SCH is the same,
both P-SCH and S-SCH can be allocated to a large number
of OFDM symbols, for example, in a temporally distributed
manner. As a result, a greater time diversity effect can

15 be obtained.

Also, since S-S5CH and P-SCH are located in the same
OFDM symbol, the synchronization detection can be
facilitated at the S-SCH detection by using P-SCH as
reference. Since channel estimation can be carried out

20 at the same time as S5-SCH reception timing, effective
synchronization can be detected.

There are two FDM schemes of P-SCH and S-SCH as
follows.
(1) As a regular arrangement every other one

25 subcarrier, P-SCH and S-SCH are arranged alternately.
In this arrangement, greater frequency diversity effect
can be obtained.

At the synchronization detection of S-SCH, P-SCHs
are always arranged at both sides evenly on the frequency

30 axis for any S5-SCH subcarriers. Thus, channel
estimation can be carried out with high accuracy by using

-SCH as reference. For FDM, no interference occurs
between P-SCH and S-SCH.
(2) P-SCH and S-SCH are irregularly alternated on
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g_oups Is reported in SSCH, different types of waveforms are defined corr;:::s: onding t: c) the
number of groups .n adVdP.C<9; and tpease types of waveforms may be used for ., 25 ieportting.
Aa;:c.:rdi:":g to this configuration, it , _ossible reduce the workload of reception operations. and
imprcv tion ac:curacy for a small number of group. All,. when information indicative of scramble
codes S 0", ,-:-ups. in S-SCii, the information may be reported in the form ::" control bits ._:s :ulting
from application of ¢ anise: 3. enco in In thd a configuration, particularly if the_.. are a la-. number of

groups or if confrokipfosmationotherithan infermation indicative 34 of seramble(.Qdes repayted in
S"SCH, it is possible to reduce the workload of recepti.:n operations and improve the detection

accuracy. In 8dditidh® SinBe CREL isSahphicdble, ifiS PBSSIHIB %o infbrdvie) the TeiiabMty 5 of the
detention. Also; as Hiysttateds=im 16t hEk, PnSCHandr xSEM may he mMultplexedogn dlxei sgme

OFDM symbal in, FDN.,1p FIG. 113, the vertical apd Pfﬁ”é%%F%'aaﬁ‘gsirﬁP%%%e'%tilé%qk'g@uc And time,
respectively. 10 In this conflgurgtlon, compared to TDM muitiplexing, If the number of symbols
allocatec®to SCHEiSTRE 'sarhe, SIS0t P2ER aAd T 2 PR, %he allbtstéd tbiaarge hember Bf s' >FDM

symbols, for examplera ¢ is ara:. 4 distided Jeannet.Asa restlt.agreater time,diversity effect
can 15 he obtained. Also, since .CH andbPl-SCH %resll%cHated in the same UEDM symbol, tge
synchronizatiof deYettiGh 8an be s problem, F- 1S lrreguilar-y arrange

on the frequency axis.

For example, P-SCH and S-SCH are arranged in either

10 one of 2 OFDM symbols or 4 OFDM symbols within a 10 ms
frame. Such arrangement can lead to a time diversity
effect.

In the case of P-SCH and S-SCH being arranged in
2 OFDM symbols or 4 OFDM symbols, supposing that the

15 overhead of SCH in W-CDMA is the transmission power rate
of 10%, for example, the SCH overhead can be limited below
about 1%. For example, if SCH of 1.25 MHz is transmitted
in the system having bandwidth greater than 5 MHz, the
SCH overhead can be reduced.

20 Also, since SCHs can be arranged in a temporally
burst manner, faster cell search can be fulfilled at
smaller SCH overhead than W-CDMA.

Exemplary transmission and reception operations of
a primary synchronization channel will be described with

25 reference to FIG. 12.

The transmitter 10 may transmit a primary
synchronization channel in discrete subcarriers. For
example, the primary synchronization channel may be
transmitted every other subcarrier. For example, the

30 primary synchronization channel may be transmitted in
the 1st, 3rd, 5th and 7th subframes from a certain
subcarrier in a PN-like pattern common to all cells. 1In
this case, the transmitted primary synchronization

channel is common to all subframes. As a result, a
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facilitated at the S--SCH detection by using P-SCH as reference.. Since channel estimation can be
carried out 20 at the same time as S-SCH reception timing, effective synchronization can be dot, ted.
There are two FDM schemes of P-SCH and S-,,CH as follows. (1) ?,,s a regular arrangement every
other one 25 subcarrier,. P-ACM and :-SC. H are arranged alternately. In this arrangement, greater
frequency diversity effect can be obtained. At the synchronization detection of S-SCM, P-SCHs are
always arranged at both sides evenly on the frequency ax for any S-SC'? ..uboar r iers. Thus,

channel estlr@%tﬁ%]d;gg peé:gg@glougwgl&mgg agcqrg@é@&%g@gj SQI@lﬁlg feference. For FDM, no
interference occurs between SC and (2) P-SCH and S-SCH are irr :cularly alternated on 35 the

frequency a XPE LETIRRAL8 gth@aﬁ&ﬁgérﬁ@&tﬁg gefirdtfoy tHetsyStent Aty to (A1, if
P-SCH is arranged ..w,qydiherone subearder on the fréquency axis e atwa-imedepetition

waveform appears | in Rhe téme j}r}%e é _,A; resu g %%Vgéerggc?ﬁ appear tath§ %mlngfdgg,g%tlon,

which may .. causecegra etection, a: curacy. [nor ercome IS problem, P-SCH is
_rreculaP ly &¥arged YoA Y}ié:ﬁl 86 BAGAHISL IFBFexdniplel P-L CHEMLS-5EH aFedryahyéd in enact

10 one of 2 Qi M syphQ 20 4-0FRMyBE;ls withinaii ms fameeSuchiryangerment £gn lead to
atime dlversmé effect, in the case of P- S%H and S-5' 'H being arra ged in 20FCM s 1%/mbol or4

OFDMsymb5 Hﬁﬁm6éﬂfﬁmfﬁean effective—data duration. In ot
words, when the primary synchronization channel is

transmitted to have an interval between subcarriers, the
10 same signal is repeated and transmitted.

According to this configuration, a mobile station
(receiver) can fulfill frequency synchronization by
comparing the repeatedly transmitted primary
synchronization channel and computing an amount of phase

15 rotation during the period.

The receiver detects crosscorrelation between
received signals in the time range. In this case, it is
advantageous that the synchronization channel be
arranged to have an interval more than or equal to one

20 carrier. 1In this case, the amount of frequency drift can
be found from the amount of phase rotation of a
correlation value.

In addition, correlation between the received
signal and the primary synchronization channel in the

25 time range is detected. 1In this case, the amount of
frequency drift can be found based on the amount of phase
rotation of partial correlation within an OFDM symbol.

Exemplary transmission and reception operations of
a secondary synchronization channel will be described

30 with reference to FIGS. 13A and 13B.

Ifmultiple secondary synchronization channels are
arranged in a frame, different secondary synchronization
channels may be arranged. 1In other words, different code

patterns are used for different synchronization channels
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15 overhead of ;"]CH in W-'DMA is the trsnsmissior, power rate of 10%, for example, the. SCH
overhead can be limited below about 1. For example, if SCH of 1. 5 MHz is transmitted in The
system having bandwidth great” r than 5 MHz, the SCH overhead can reduced. Also, .nce S"Hs can
be arranged in a temporally burst manner, f stet C: _. search ,an be fulfilled at _mall.er SCH
overhead than W-CDMA. Ex :ma:. a.r,a transmiasicm and re :eption operations cf a primary channel
will :<e described wih 25 r_efeerence to ....,.. 12. The transmitter 10 may transmit a primary

synchronisation charm.lj discete sucarrierz.. Foy rexample, the gr; many synghyenizatipn channel

may be transmitted c ae.: , other u !carri _:re For example, the SO arima.ry :y _;, cf'. h nnel rd:ly be
transmitted it e 1§ s/ PREHATE: Fubframa & o Aceftamagto e ariér n 2 PAERSe pattern
common to aflrcellss b this ggas.the. lran s:miitte,a primary synchronization ::i annex is common .. ..
all subframes. As a r‘gsulté ae%tmporal Si ngl l%elcgmes a rgg]%ti.tiorq S@r’;lgle corx sPongng lo the

. ar e. 10 .
length of the carrier mFervan: In 2 eI'XNOrI’ S, agtempgraﬁ similar pattern IS repea edS twice In an

effectiveddata’durati®re SirRiferly 1 &1 5 primary synchronization channel is transmitted every two

subcarr ers, a tempogallysirilarpagernsis fepeated, thieedimesdn gn effgetive data,duration. in other
words, when the primary synchronization channel is transmmittd to have an interval between

subcarriers, th8 A0 ¥ame sigrit kTepédted BRd BRI it PACcordRd fthiRtonfigrat™ a mobile

station range operation.
In the frequency range operation, as illustrated

10 in FIG. 13A, symbol timing is found in the primary
synchronization channel, and thus the location subjected
to FFT operation is found. Thus, the frequency range
operation is carried ocut after the FFT operation. If the
absolute phase is used, correlation between received

15 signals and the secondary synchronization channel is
detected. In this case, some characteristics may be
degraded due to phase rotation caused by fading. If the
absolute phase to adjacent primary synchronization
channel is used, the phase rotation caused by fading is

20 followed. 1In other words, the primary synchronization
channel is considered to be a pileoct, and the phase of
the secondary synchronization channel is restored.
After that, the correlation value is computed.

The time range operation is conducted before FFT

25 to detect correlation between a received signal and the
secondary synchronization channel. 1In this case, if the
secondary synchronization channel is spaced by more than
or egual to two carriers, crosscorelation may arise
between received signals.

30 Also, the primary synchronization channel and the
secondary synchronization channel are arranged at the
same symbol as illustrated in FIG. 13B. According to
this arrangement, it is possible to reduce influence of

fading in the case of channel estimation in the primary
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(receiver) can fulfill frequency synchronization by comparing the repeatedly transmitted primary
synchronization channel and computing an amount of phase 15 rotation during the period. The
receiver detects crosscorrelation between received signals in the time range. in this case, it is
advantageous that. the synchronization ,--harinel be arranged t:00 have an interval more than or
equal to one 20 carrier. In this case, the amount of frequency drift can be found from the amount of
phase. rotation of a correlation value. In addition, correlation between the received signal and the

;primary synchyenization channehin g a2time rangerissdetegted Inthisicase: heamountof
frequency drift can be found based on the amount of phase rotation partial correlation within an

OFDM <ymb&i™ ExRMbIEHF #: A ST Hnd e &ébtion Bp&rafichisor adelordaty yicRrthiktion
channel will beydestrilzedi 3@ with neteézen nek torfel & rkFnartil8c 1@ miilfiplessecondatyo 1

synchronization ghannels.are aranged in.a frame.differgnt Ss‘?&?'ldaa{ﬁ%ﬁﬂc%oﬁﬂizﬁ‘ﬂ% channels

may he arrange d. in other words, different co € patterns are used for different’synchronization
channel®® 37 #¥ & frame. Foex@imphe! Hiffefert rfod URtiBR pattérns dre Used dBperitling-&rflocation

of ,cramble cede groups and sybframes, Angxemplary eeception ﬁp’eregign undergis, casgy 5 will be
tee?:,:>ibed. As detection .,.-home s seconda,r)ég nchronization %r;nels, there are frequency range

operation and thfie® FAngR Dpéraifo chronization channe kede ST k,20 87k, 34

, s8'x,n/2 (k 1s a scramble code group index and N is a
subcarrier number) are arranged at different symbol
10 locations. The primary synchronization channel 1is
common to all cells, and the secondary synchronization
channel includes a code control bit (scramble code)
indicative of a scramble code.
Also, P-SCH and S-SCH may not be multiplexed with
15 the same OFDM symbol, that is, P-SCH and S-SCH may not
be alternately arranged as illustrated in FIG. 13B.
Rather, P-SCH and S-SCH may be consecutively arranged
as illustrated in FIG. 13C. Also, as illustrated in FIG.
13D, P-SCH and S-SCH may be multiplexed with the same
20 OFDM in accordance with CDM, that 1is, P-SCH and S-SCH
may be superimposed on each other.
If P-SCH and S-SCH are code multiplexed on the same
OFDM symbol as illustrated in FIG. 13E, P-SCH is
consecutively arranged on the frequency axis compared
25 to the case of multiplexing in accordance with FDM. As
a result, there may arise no problem of degraded timing
detection accuracy caused by arranging P-SCH every other
subcarrier.
Also, since the number of subcarriers for S-SCH,
30 that is, the code length on the frequency axis can be
increased, a larger amount of control information such
as a cell ID group can be transmitted.
At synchronization detection of S-SCH, P-SCH is

multiplexed on the same subcarriers as S-SCH on the



In the frequency range ooer action, as illustrated 10 in FIG'". ".3A, symb:l timing is found in the
primary synchroni :a on i::~ anne,!, and thus the lo:;cation subjected to FFT operation s found.
Thus, the frequency range operation .. oarria:ad out after the EFT operation. If the absolute phase
is used, correlation hee:tween received 15 signals and the secondary synchronization channel is
detected. in this case, some characteristics may be degraded due to phase rotation caused by if the
absolute -phase to aclisoent primary synchronization channel is used, the ,;:,base rotation caus=ed

by fading is 20.fallgyed.in atheraw rds, dhe primacy synebronization chapnel js consideree fo be a
pilot, and the phase of the secondary synchronization channel is restored. After that, the correlation

value is compiited SThetimTeangé Bpétat icohHis thnétted before I'FT 25 to detect correlation
between a re_c eived signakanaiihe ,secondary=sydchrafization ¢haanek: tisseases f thee

secondary synehioRizafipn channelis.,baged bymatsnan or,eaual 1o v eriers, ; fasscarre
atien may arise between re%.elve signals. Alec.., the'o:r m:ar'y synchronization ,%annel and the
aeconda®:y channel afe & Rarityeditat #7e3 SamB syp TP 1S CHllast@ted-in BiIFWIE3B) Mecdrdiflg to ....is

array , exment,ds possitle toyr_educ influence ot {adinorthe €ase of channel egtimation in the
primary 38 synchronization channel. For_exam?ie, inél:(f case where the primary synchronization

channel and the secardlaly* Syfchronization cianhef 4 atrangld AfdificteAtsyHbOF focations,
particularly, fading variaidiMmaymhave 5 greaterompactguring fastheovensent, =08 examplet the

in W-CDMA is the transmission power rate of 10%, for
10 example, the SCH overhead can be limited below about 1%.
For example, 1f SCH of 1.25 MHz is transmitted in the
system having bandwidth greater than 5 MHz, the SCH
overhead can be reduced. Since SCH can be arranged in
a temporally burst manner, fast cell search can be
15 achieved at less SCH overhead than W-CDMA.

Also, as 1llustrated in FIG. 13F, P-SCH and S-SCH
may be multiplexed at different OFDM symbols in
accordance with TDM.

For example, P-SCH and S-SCH may be multiplexed at

20 different OFDM symbols in accordance with TDM as
illustrated in FIG. 13G. 1In this configuration, P-SCH
is consecutively arranged on the frequency axis compared
to the case of multiplexing in accordance with FDM. As
a result, there may arise no problem of degraded timing

25 detection accuracy caused by arranging P-SCH every other
subcarrier.

Also, since the number of subcarriers for S-SCH can
be increased, that is, the ccde length on the fregquency
axis can be increased, a larger amount of control

30 information such as a cell ID group can be transmitted.

There are two types of arrangement of P-SCH and
S-SCH as follows.

(1) As illustrated in FIG. 13G, P-SCH and S-SCH are

spaced by a predefined number of frames. According to
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primary svnohroniz:ation channel pl, p2, p3, " Pni2 and the secondary synchronization channel .’k,1,
sk,2,, rk,3, k, P/2 Ik is a scramble code group index and N is a sub::carrier number) are arranged at
different symbol 10 locations, The primary synchronization channel is common to all cells, and the
secondary synchronization channel includes a .vide control bit (scramble code) indicative of a
scramble code.. Alec:. P-SCH and H.-SCH may not be multiplexed with 15 the same C)FDM symbci
that is, P-SCH and S-SCH may not b; alternately arranged a; illustrated in FIG. 13B. :_;aheer,
P-SCH and S-5€K mayrkegenseeutively afrangech msdlust@ed #HpElG. 13Q. Alsg,@s illusyrated in
FIG. 13D, P-SCM %gd NCIS—I may Q%multgoleng with the same .20 COMM in accordance Wgh CDM,
that is, P-SCHRR4 -S@H mn}ﬁ/’be sﬁpérlrﬁbloseﬁno% dach oL%ﬁ‘elr, it FS:-%B. %ncdo; *H &re Sode
multiplexed ohdhé:sarae tOF 0% symabel asullustrated in FIG. | E,. P-SCH is consecutively arranged
on the frequent axis pared; 25, to dhe-cage;of multiplexing in agcosdance with EBM; As- a result,

there may arise no problem of degraded timing detection accuracy caused by arranging P-SCH
every otRer SUBbEARiBR AISo! Siftd theruntbier Bf St fieRfor SSCHEMBPthati ,.32H &c de length
on the frequeney axis carybe dna: eased ra amgunteof conttol inferpratinm suchz s @ieekl zD gri p can
no. transmittead. Al Sﬁn{:gron{lzation d%tggtm og S SCH, ;SCH és (r:nurllti eé(eg: on %r}_ees me
subcarriers as S-SCHon the Ei%JthEiaquency aa,.is, an thus channer estiniation using -§Bﬁ as
reference cartfie fifffilegtion of S-SCH.

Specifically, P-SCH and S-SCH may be arranged at

10 either of 2 or 4 OFDM symbols within a 10 ms frame.
In this arrangement of P-SCH and S-SCH within a 10

ms frame, a time diversity effect can be obtained.
In the case of P-SCH and S-SCH being arranged at
2 or 4 OFDM symbols, supposing that the overhead of SCH

15 in W-CDMA is the transmission power rate of 10%, for
example, the SCH overhead can be limited below about 1%.
For example, if SCH of 1.25 MHz is transmitted in the
system having bandwidth greater than 5 MHz, the SCH
overhead can be reduced.

20 In addition, since SCH can be arranged in a
temporally burst manner, fast cell search can be
fulfilled at less SCH overhead than W-CDMA.

An exemplary operation of the CP addition unit 114
in the transmitter 10 according to this embodiment will

25 Dbe described in detail below.

The CP addition unit 114 inserts a CP selected by
CP selection unit 117 into a multi carrier signal at each
Fourier target time.

The CP (Cyclic Prefix) is provided for absorbing

30 influence on signal processing even if signals arrive
via delay waves at different timings. 1In fact, systems
measure multipaths and determine the CP based on the
measurements. In this case, since delay of a signal from

a single base station can be found, the CP is determined

41



For example, P--:SCH and S-SCH may be arranged at one 2 OFDM symbols and 4 OFDM symbols
within a 10 ms frame. 5 In this arrangement of P-SCH and S-iCH within a 10 ms frame, a time
diversity effect can b: obtained. in the case of ..-SCH and S-SCH being arranged at 2 or 4 OFDM
symbol, supposing that: the overhead of SCH in W-CDMA is the transmission pow r rate of 10%, for
1G example, the SCH overhead can be limited below about 1%, For example, if SCH of 1.2 MHz is
transmitted in the system having bandwidth greater than 5 MHz, the SCH overhead can be reduced.
Since .SOH ganfesarranged in @ademporally r,urst manner, fast cell search --an, be 15 achieved at
less ACM overhead than W-,"DMA. Also, illustrated in FIG.. .3F, E- SCH and S-SCH may be
multiplexed at differePPBEBMsymBblS MR coRIBRcE With TOM.Fo? bxihpRPIEH §R¢ 3'SCH may
be multiplexesliat n20] differentO RQMtsymbelshia aecasdartceavith TEDM as dltiisiratedl,in FIG. 13G. in

this configurgfign Py, POPs b3 cpnsaqpiiyelnaranaed on {6 ftquepsy. ads,¢arana,; ad do the
case of multiplexing in accordance wit 1 F ﬁl As a resuﬁt, there may arise no proES)Iem of degraded
timing 2% detéétibhdakeurbép Badsed by Riran§ing P-SCIA evéery vitbes Ssubdarr $r.X AR sirige the

number of sup rarrier s5for SrSERCan ghaincreased sthatds.4hecode jeagth on the fzegquancy azis
can be increased, a larger ,amaquni of control 30 information such a cell ID group_can he transmitted.
There are twd 245G of artangemert of PSSCH R C Fas FIGRE () ASH: AAIédin HG. SG.
P-SCH and &:8€klxre aspacethbysa predefimectruinibey of frames,Accardngttdming may
be increased compared to the case of the reception of
10 a signal from a single base station. Thus, the amount
of delay in the multicast may differ from common
communications such as unicast.
Thus, according to this embodiment, several types
of radio frames, for example, two types of radio frames
15 are provided. Specifically, several types of CPs having
different CP lengths, for example, two types of CPs are
provided. One type of CP having a relatively larger CP
length is used in multicast, and the other type of CP
having a relatively smaller CP length is used in unicast.
200 In the unicast, if a CP having a relatively larger CP
length 1is used, transmission efficiency may decline.
Thus, the longer CP is used in multicast.
As illustrated in FIG. 14, the CP selection unit
117 may associate the synchronization channel code number
25 with the CP length for storage. The CP selection unit
117 selects the CP length based on the association.
Also, as i1llustrated in FIG. 15, the CP selection
unit 117 may associate the synchronization channel code
number with the scramble code group number and the CP
30 length and store the asscociation. FIG. 15 illustrates
two types of the CP length.
Also, the CP selection unit 117 may associate the
synchronization channel number with the scramble code

group number for storage as illustrated in FIG. 16, for
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" this arrangement, ...:::;r example, if P-:CH and S-SCH are spaced by 5 ms, the resulting 5 ms units
can be configured to have the s,; me structure. (2) As illustrated in FIG. 133, P--SCH and S-SCH are
5 arranged closely to soh other on the temporal axis. According to this arrangement, ti..,
s:ynchronizat_.on detection using as ree:ference car be carried cut at detection of S-SCH. .. SCH
and S-.5,..H may be arranged at 10 either of 2 or 4 OFDM symbc:.1s w t,in a 0 ms frame. In this
arrangement of P-SCH and S-SOH within " 10 ms frame, a time diversity effect can be obtained. in
the case o' f£x§9£5|l d S-SOH b:: n arranged at 2 or 4 OFOM symbols, supposing that the
(overhead of SOH "15 in, W-CDMA is the transmission power rate of 10%, for example, the SCH
overhead can be limif€tl Belovw aSatt 296 =at exarhpie, i YSCH oP .2 NIz fsit¥dristitted in the

system having:bandwigith-greater thag SnMHz,ithe SE& @werbeadean be r euced. 20 In addition,

since SCH can be arranged inta tem oragroburst n%%in:ei, fast cell 8eParch can h% fulfilleghat less .H
overhead than W.- CDVMA Ah el\cejr%s sr‘)?- op‘é?a’tion of the C¥ addition unit 113°H thé' transmitter 10

according to thisembbdimernt wilk 25 berdeserilsedninligtails belowl The OP additicrmuirtittiEld insert;.
a CP sele cteg, by, CP selecfjon upit, 117 igto.a mylticarrier signalat.gach JFouriec tar-et time. The ;'1°

Prefi:<z) is provided for absorbing 30 influence on.S|glna processing even if signals arrive via delay
waves at: diffefeht iR S fifact: SystemPossible to absorb transmission

delay from the base stations.
The shorter CP is used in communications, such as
10 unicast, other than multicast.
The CP additicn unit 114 adds a CP selected by the
CP selection unit 117 to a multicarrier signal supplied
from IFFT.
For example, as illustrated in FIGS. 17A and 17B,
15 the CP addition unit 114 adds a CP in such a manner that
a synchronization channel can be added to the head or
end of a frame. FIG. 17A illustrates an example of a
shorter CP, that is, the case where a frame includes a
relatively large number of OFDM symbols. On the other
20 hand, FIG. 17B illustrates an example of a longer CP,
that is, the case where a frame includes a relatively
small number of OFDM symbols. 1In the case of different
CP lengths being used in the same system, if the interval
between subcarriers is kept constant, a frame could
25 include a different number of OFDM symbols, and thus the
positionof the synchronization channel relative to frame
boundary may fluctuate. Since the CP is added in such
a manner that the synchronization channel can be arranged
at the head or end of the frame according to this
30 embodiment, the position of the frame boundary relative
to the position of the synchronization channel can be
fixed independently of the CP length. As a result, the
frame boundary (frame timing) can be easily fulfilled

in the receiver 20.
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measure tnu._,.ipst:il > and detsrm .ne the CP oased on measurements. In this case, since delay of a
signal from a single :base station can be found, the CP is determined based o;n the delay. However
, in the case of mult cast where different signal's from multiple base stations are combined, t
ansr'ission delay may be caused by the transmission of 5 signals from multiple base stations
besides spreading of re: epti':*.,. timing due to a simple mu'.tipath. In other words, the difference
between transmission delays is added, and thus the spreading of reception timing may he.

increasedi comparedytq the, :lgfrtl}e teceptianof 104 signal ggq]rpgsit_ggle bgse;station. T :ups,

the amount of delay in the r 1. t..i.s aSt may direr from common commiunications suC as un.oast.
Thus, accordfit6 tHig 8mbodiment, S8vel& tyiesP6fralib Tiramés F &xhipld, 1o typed of radio
frames 15 are providexb Speeifically rseverad types afins havinghdiferai kolengtbs,Hfor example,
two types of CPs arg eprO\Qded. Oneﬂpeoeé .. CP havingng relatively larger th is_ used in

. r len
mulicast, andltliﬁ other pre o?ﬁf%%ving a rglgﬁveﬁfscrﬁ er CP Itérllglﬁﬁ |sgusge%t|r? (l%iégsr%. 20 In th:s

unicast, ff a CP-havirig-a rdlétively larger CP length is used, transmission efficiency may decline:.

Thus, the longer CP isyised in-mpifieast Assilustratedin FiG, 14 theGP selectionsunif 117 may as;
so late the> synchronization channel code number_25 with the "P length for storage. The CP

selection unit’t1y7Selectsthl CEs&fgty Based thet adsoemtion: SAlss 1R birh&fin B1G. 15, the CP
selection unit At Zmay .arsécddessthe sys.chsarb zat onchamret epde camymbenwitly thend
e.,._ :..abae %oﬁdf g{glﬁpi%ugmber and the uP
10 Specifically, the scramble code reception timing
detection circuit 200 supplies the received multicarrier
signal to a correlator 201. On the other hand, a
synchronization signal replica generator 202 generates
a predefined synchronization signal replica and supplies
15 it to the correlator 201 sequentially. The correlator
201 detects correlation between the received
multicarrier signal and the synchronization signal
replica, and the detected correlatiocn value indicative
of each peak and the associated timing are stored in a
20 memory 203. A timing detection circuit 204 selects the
maximum correlation value and the associated timing from
correlation values and the associated timings stored in
the memory 203, and stores themas scramble code reception
timing in a memory 205. The timing detection circuit 204
25 further computes FFT timing based on the scramble code
reception timing and stores it in the memory 205. The
FFT timing is supplied from the memory 205 to a CP removal
circuit, and the scramble code reception timing is
supplied to a scramble code identification circuit and
30 a demodulation circuit.
For example, if a waveform generated by code
inverting and repeating a fundamental waveform having
good autocorrelation characteristics is used as the P-SCH

signal waveform, the receiver 20 is configured as
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si length and store th.e- association. FIG. 15 castrates two types of the 0> length. Also, the P
selectio:t, unit ...17 may associate the synchronization channel number with the scramble code
..'coup number for storage as il.lustrated in FIG. 16, for 42 example. in this embc>diment, two types
of CPs having different OP lengths will be descrbed. As mentioned above, the longer CP is used in
the 5 case of multcast where similar signals are transnitted from multiple base stations. According to
this configuration, it.i possible to absorb transmission delay frc:m the base stations. The shorter c.P
15 used in commynications,such as 110 unigast, other than m.ulticast. The CP addition:, unit 114
adds a CP selected by the C;? selection unit 117 to a multi airier signal supplied from MFT. For

example, as illustratedinFI 62 AL 7R ZAF 175, 85 I0F EP bibtion Uit 198 &dtR £ EESH¥Gch a
manner that acsynehkromizatiofn chanmnel carf be added todhehead argsend ef acfsame.lGeH7A

illustrates an example of a_shorter CF, that js, the gase r rame includes a relatively large
number of oﬁBf)‘S@ﬁ%&é ﬁl:[re\e:Y gtggrr Zaé ﬁl’;\nlg, Igl%ér %%Sil%gtrﬁé?tgﬁ gﬁlqe:ggm%ﬁ%vo% g%é%g'er CP,
that is: the ;a8a Where d RAME eludés aTelativehr Smalt namberdt GHIM 3ymbéls.th ¢he case of

different CP lengthsiheingruseshin the samessystemy jf theqinferval: Lketween s:ube:agi .o is kept
constant, a frame could 2:5 include a djfferent number of OFDM symbols and thus the
an upper layer code where an output signal of the code
inverter 201-2 is supplied.

The correlator 201-1 detects correlation between

10 a multicarrier signal and the fundamental waveform. In
this embodiment, the code length is set to be L/N. The
code inverter 201-2 inverts an output of the correlator
201-1. The correlator 201-3 detects correlation between
an output of the code inverter 201-2 and an upper layer

15 code, and supplies a P-SCH correlationvalue to the memory
203. In this embodiment, the code length is set to be
N. According to these settings, a long correlation value
for the code length L can be omitted.

An exemplary operation of the correlator 201 will

20 be described with reference to FIGS. 1%A, 19B, 18C and
20.

The correlator 201 detects correlation between a
synchronization channel replica having the minimum CP
length and a received signal. 1In this manner, frame

25 timing can be detected through a single type of search
scheme.

For example, as illustrated in FIG. 19A, the
correlator 201 establishes a synchronization channel
replica including effective symbols S1, S2, S3 and S4

30 with S4 serving as CP as the synchronization channel used
in the receiver 20 for computing correlation. For
example, SCH having a smaller CP length is used. 1In other
words, the S4 portion is copied as CP. The

synchronization channel replica includes the CP having
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position of the synchronization channel relative to trams=.s boundary may fluctuate. Since th:a OP is
added in such a manner that the synchronization channel can be arranged at the head or end of the
frame according to this 30 embodiment, the position of the S.r me' boundary relative to the position
of the synchronization channel. can be filed independently of the CP length. As a result, the frame
boundary (frame timing) can be easily fulfilled in the receiver SC. 43 An exemplary receiver 20
according to this embodiment will be described with reference FIG. 18A. The receiver 20 according
to this embodiment ingludes,a sgramble gode reception timing detection 5 circuit 200. The sc emb.:
code reception timing detection circuit 200 receives: a multicarrier signal from an antenna and

detects ~ramble code'fecéption tRTiPAIdN FEF timiry. A0 Spetfically " the '$eraffhlecdd reception
timing detectienvcireyit200suppliesdhe received rowlticariet sighal tora eerrelatoe20k Lnthe other

hand, a synchronizaticn signer replica geperator 202 genetates_a predefined sync;isronization
signal replicata%% §urp%ﬂg§|911£ |[% ?O‘Pthfe%c’or?e ator 20% %%qautelnﬁgllﬁ el%}é éno?r%lg)t%r Jtlecﬁra](fgccgs
correlatién betweém theTécavedt hrrilticAFie? sighdiPand thesyhéreorizdtion sipral repli€aaand the

detected CO”?'@Q%@Y%’E&Q@%@:‘EE{% _Qf each peak gnd the E&%qc{@@ﬂztiﬂﬂ&g;@%%tq%% in:a,20
memory 203. A timing detection circuit 204 selects the maximum. correlation value and the

associated timihg i TBirefafion Vares Bha thé a8sttiatddtimings stér@dfprrelation
peak is also detected at the S4 portion (FIG. 19C).

In either the case of the signal including the

10 shorter CP being transmitted from the transmitter 10 or
the case of the signal including the longer CP being
transmitted fromthe transmitter 10, the correlation peak
is detected at the S4 portion. Since the signal length
of the synchronization channel replica is known, the end

15 of an OFDM symbol can be found, and thus detection timing
of the correlation can be also found.

Also, 1f the synchronization channel is arranged
at the end of a frame, the frame boundary can be easily
detected.

20 Alternatively, in multiple subframes resulting
from division of a single frame, the synchronization
channel may be arranged at the end of a subframe, that
is, at the last OFDM symbol of the subframe as illustrated
in FIG. 20. An OFDM symbol and a guard interval are

25 provided within a subframe. The guard interval (cyclic
prefix) having different lengths such as two different
lengths is defined. The length may be different for the
respective subframes. For example, the length of the
guard interval may be determined depending on a

30 transmission scheme such as unicast or multicast.

In this case, two types of subframes can exist in
terms of the number of symbols. For example, one is a
multicast subframe and the other is a unicast subframe.

In other words, the number of symbols within the
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the memory 203, and stores them as scramble code reception timing ins memory 205. The timing
detection circuit 204 25 further computes 'F. timing based on the scramble code reception timing and
stores it in the memory 205. The FFT timing is supplied from the memory 205 to a CP removal
circuit, and the scramble code reception timing is supplied to a scramble code identification circuit
and 00 a c emodulation ,: i rc,.<it, For example, if a waveform generated by code invertinci and
repeating a fundamental waveform having good autoourre.lation characteristics is used as the

P-SOH 35i9”§é‘é’?\é€§@£’1{ thesregeves 20 4s configured as A4 dliustratedr inF1G - 183 4n giger word.s,
the correlat;';? of the receiver 20 described with reference to F:. 18A is configured to have a
c.orrelat(or 26¥A36rlthe Fartiathehtd wabeformos b codé D81+ Whefe’anodtpht SigREIF the o c rrel
ator -1 is supplie. d., and Gartenater20-3daramuppet 1o rysricode whete ag otiaug signakof the

code lverte..'0'2is %ux | ed. Thg ;rrs >iator 01 1 detects correlabtlog between 10 abrgﬁltlca.rner

s cn:l.and thetgﬂ?ldgr%en a v%vsé}lo]?m?i%mﬁw_fs gr%goccii?n%ﬁf ﬁetl%aﬁélth T set be LIN"The code
inverter 901-2 invidrts anroumgut the eorfralatr 201 10 Thelvanekilor 201 idete casTeokrefation

between an pwtputaffbe code;inveret201,2 @nd AR 1pper layet s 504 and jesarsr3Q K
correlatorn value to the memoryt- thembodiment, the code: length rs set t.o b N. According to these

settings, a | iy correRiion vafue Hfor the ol fength £ Ban 6& Gmitced, SuPframes for

larger CP length and smaller CP length, the correlation
peak is observed at a timing preceding the end of the

10 subframe by the length of the primary synchronization
channel having the smaller CP length. In other words,
the total length of the effective data symbol length plus
the relatively small CP length is uniform for a subframe
including the shorter CP and for a subframe including

15 the longer CP, and thus, a terminal can detect carrier
frequency and synchronization timing without
consideration of the CP length. Thus, since
transmission timing (position) of the synchronization
channel is unchanged, a mobile station can compute

20 correlation values evenwithout the CP length information,
search for the synchronization channel and identify frame
timing without consideration of the CP length for use
in the subframe, that is, independently of the CP length.
Also, averaging of correlation values between frames can

25 be fulfilled without consideration of the CP length.
Also, the transmission timing (position) of the
synchronization channel remains unchanged in averaging
over multiple subframes, which may facilitate the
averaging.

30 Alternately, if the synchronization channel is not
arranged at the end of a subframe, the correlation may
be detected by envisaging timing corresponding to the
larger CP length and timing corresponding to the smaller
CP length.
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An ex:em. plary operation Of the correlator '0i will 2 be described with reference to FIGS. 19A, 193,
19C and .0. The c ;relat r 207 detects :=elation between a synchroniA: t:ion channel replica having
the minimum t:* length and a r --eived signal. In this manner, frame 25 timing can be detest d
through a single type of search ._c heme. For example, as illustrated in Fl:-. 19A, the correlator 01
....".af%.: i she:_: a synchronisation channel >li;a inc uding effective symbols 3T, 32, Sand 54 S se. v
t g as C s t:he synch::o nn.zation ohunn=el used in the receive,-' 'om-tuting ;-orrc,.ation. For

example , SOH having,a gr,nalleﬂr thllgng A%H%Er&%tlaﬁroWOWa%é% ngrtion is copied CP.

The “:ynohr. i. ;.i:z>n channel replica .includes the CP having 45 the minimum CP length, In this
embodiment 3t &iA&IInAGdiRG @ CR havingta TerbiveismaPer fénght is3fdhshtiedffom the
transmitter 10,he eerselation-peaksnawmbe deteeted Soat the $4 pertioaFKs 1983.QrFthepther
hand, if a si%pal includ'gllg CP having ao{elatively Iar%e gF Iengcth IS translmi te%frgm tlg%
transmitter 1 ,Ciﬁe Corréla |ornaI68akl|% also’ détected at the 84 Sorf‘loonn(ﬁﬁ f9%) * 11 @ thee: the case
of the signal A¢_ diag ¢t 105hORefC - beigy transrhitted fromithe rarstittemn] - bra theecase of the
signal includigg theJanger QR heing transmitter from the transmitter 10, the correlation peak is

detected at the S4 portion. Since the signal length of the synchronization channel replica is known,
the end 15 of an OFBMSYMb5Ican e foaAd: ahd BiusHetddivn fifigr T2nged at the

end of a subframe.
Also, certain subframes defined in a system, such
10 as the first subframe, are always used in unicast. 1In
other words, the first subframe is not used in multicast.

Since subframes for multicast include a scramble
code common to different cells for enabling
soft-combining, a common pilot for subframes for

15 multicast cannot be used for scramble code detection in
cell search.

For this reason, the first subframe is always used
for unicast (multiplied with a cell specific scramble
code) in order to overcome the above-mentioned problem,

20 and thus, the common pilot can be used to detect the
scramble code in the cell search.

Also, since cell specific system information is
broadcast in BCH and 1s transmitted in unicast, radio
frames can be efficiently configured by arranging to have

25 the first subframe dedicated to the unicast.

An example where two synchronization channels are
transmitted for each 10 ms radio frame will be described
with reference to FIG. 21. The first subframe is always
used for unicast, and a pilot multiplied with a cell

30 specific scramble code is used. Subsequent subframes
can be used for unicast or MBMS. A pilot multiplied with
a cell specific scramble code and a short CP are applied
in the unicast, whereas a pilot multiplied with a cell

common scramble code and a long CP are applied in the
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of the correlation ¢ n be also found. Also, if the synchronization channel is arranged at the end of a
frame, the frame boundary can be easily detected. 20 Alternatively, in multiple subframes resulting
from division of single frame, the synchronization channel may be arranged at the end of a
subframe, that is, at the last O DM symbol of the aubframe as illustrated in FIG. 20. An GFOM
symbol and a guard interval are 25 provided within a suhframe. The _ arr interval (cyclic prefix)
having different lengths such as two different lengths in defined. The length may be different for the
respective snpframees.5or example, the length of the determined depending on a ?ward interval
may be 30 transmissio_i scheme such unicaa.. or ;aulticast. In this case two types of subframe s can

existin terms of the AdmBer S &mbdIS EoAEHlIe Torfe i %E Titiked™ CWHarPdnd tHeSther in a
unicast subframee in ather srydscthequimbet obsymitolsnwithin thertespectivensebitams:s mmay be

variable. The.gfiegtve, sygibollenginyanghe shed cuaid | %rx%ag%ﬁqgwegm%emw
synchronization channei Is arranged at the end of a ,,ubframe, and correlation between a symbol 5
of the primary Syrichrc afzati6r eRarffeRB&ing & BMalier - CR fengfe BiA@ FeceiedEigial isTomputed

in a mobile statiors A this time, inany €ase of subframes for larger<ER length.and sprallerCP
length, the correlation peak is observed at a timing preceding the end of the 10 subframe by the
length of the BﬁmB syﬁgﬁlromzation channel havin:, the smaller CP length. in other words, the total
length of the effectiv@ datexsynpbiot lengtlrplascell ID is detected in a reference

signal having different CP lengths will be described.

10 In this example, a system may define the CP length
cf a certain subframe.

For example, it may be stipulated that the first
subframe in a frame always uses a long CP or a short CP.
In cell search, the reference signal for this subframe

15 1is used to detect cell IDs. Also, the reference signal
may be used to detect other information such as sector
IDs as well as the cell IDs.

In this case, the CP length for each subframe within
a frame is reported in S-SCH. For example, the CP length

20 for all subframes may be reported. 1In this configuration,
although a larger amount of information is reported in
S-SCH, references for all subframes can be used in the
cell search, resulting in faster detection of the cell
IDs.

25 In addition, the CP length for only some subframes
may be reported in S-SCH. Since so many subframes do not
have to be used in cell search, only an essential amount
of information is reported in S-SCH. A mobile station
uses only a reference signal for reported subframes.

30 Also, the CP length for each subframe for use in
a system may have an arbitrary value, and thus a mobile
station may detect the CP length blindly. 1In this case,
the mobile station detects a reference signal

corresponding to both CP lengths and uses the larger
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the relatively small OP length is uniform for a subframe including the shorter CP and for subframe
including 15 the longer ~'.P. and thus, a terminal can detect carrier frequency and synchronization
timing without consideration of the CP length. Thuv, since transmission timing (,position) of the
synchronization channel is unchanged, a mobile station can compute 20 correlation values even
without .. the .::P length information, search for the synchronization channel and identify frame
timing without consideration of tie CP length for use in the subframe, that is, independent!,, of the CP
length. Also, av i f carrelation.values between frames can 2$ be fulfilled without consideration
of the CP Ien%?%é?%%e%ﬁar?s%nﬁ%dn timing (position) of the synchronization channel remains
unchanged in averagiriy SYEFRAGIAZIE shFraResdwhichmay Frflitre thecavdrdging. 30-Alternately.
if the synchrafizagianr ehannelis not arranged at the and of a subfram-.:, the correlation may b

detected by envisaging timing correspongding to the larger OP length and timing corresponding to the
smaller length. 47 Ald ,tipf?l %%c%%pgniia%ioﬁ%ﬁgﬁﬂéﬂstﬁo? &r%n@e Jaf(t(?'nné e%arb‘fl‘é’ggﬁfgame, the
CP length mayfbel reportét zFor elxamplenthe ICR lkength mayebe speeified cfer edchrferaimelin

advance. Informstign refated.ta.the 5 CPlength 0.GPforuse in the sypchranization channel may be

stored. Similarly, a common pilot may be arranged at the "and of sub rame.
reference signal may be determined in a scheme as

presented below.
(1) The bandwidth of a reference signal is reported
10 in S-SCH. According to this configuration, although an
increased amount of information is reported in S-SCH,
the overall bandwidth of the reference signal can be used,
which may achieve fast cell search.
(2) A reference signal of the same bandwidth as the
15 BCH bandwidth reported in S-SCH is used. In the case of
the BCH bandwidth being reported in S-SCH, since the
reference signal is transmitted in a bandwidth at least
greater than or equal to the BCH bandwidth, the reference
signal of the same bandwidth as BCH is used in cell search.
20 According to this configuration, the reference signal
of a wider bandwidth can be used without increase in the
amount of information reported in S-SCH.
An exemplary configuration of the transmitter 10
in the case of a common pilot being arranged at the end
25 of a subframe will be described. As illustrated in FIG.
22, the transmitter 10 includes a pilot signal generator
130 coupled to the combination unit 109 as illustrated
in FIG. 22.
In FIG. 22, in the case of OFDM being applied, a
30 portion relating to spreading of OFCDM is removed.
Specifically, the data channel generators 100.2-100.x%,
the copying unit 106, the short period spreading code
generator 107, the multiplier 108 and the combination

unit 109 are omitted. Also, N information symbols are
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Also, certain suhframes defined in a system, such 10 as the first subframe, are always used in
unicast. In other words, the first subframe is not used in multicast. i.ce subframes for multicast:
include a scramble rode common tc di f e.rent cells rcr enablinc soft-combining, a common pilot for
subframes for 15 multicast cannot be used for scramble code detection in call search. For this
reason, the first subframe is always used for unicast (multiplied with a cell specific scramble code)
in order to overcome the above-mentioned problem, 20 and thus, the common pilot can be used to

detect the sqyamblecodssinthe cell sear §Q-1Al§9’;§g‘§§ call specific; sSystem-nformationds
broadcast in BCH and is transmitted in unicast, radio frame. can be efficiently configured by

arranging to have® 28 %tfe Yifst Sutrdme dBdicaea8 Bhe GricAst™RR exampiRRv <& thvb Snc on;
.zation channets-ases trandmitted &ar eack 100ms vadicsframeawill beldes scrited uiithireferente to FIG.

21. The first subframe is al used for unicas d a pHat multjplied wjth a cell specific scramble
code is used.%éu ﬁsegugngt)\g%%%érﬁeag I)c%[m bgé ustég or%JLE|!Lc%\s£_;?><l;irtil\/?!BgMg\./iAE |E)ilot_ multiplied with a cell
specific 8cramble codel &fd a SRGRCPafe applied fiothé uhicast vHepeasal pifof multiplied with a

cell commonscsaable cedsi; and a leng-CP.ase app,died in the 4§ Muiticast - AlspeBCHis
arranged in a certain amaqunt of time after the synchronjzation channel. Thus, immediately after a

mobile station UsES-the sylchrdriiZation Charthe qgetcgntdﬁﬁf:&ﬂdsegl%h,ltﬁg HobilE St ation Tan

receive reported. For example, the information is reported in
a control channel. Inthis case, the information related
10 to the attached CP length must be reported to the control
channel. The control channel may be recognized by the
receiver 20 by setting attachment of a longer CP in
advance.
Also, the transmitter 10 may report information
15 related to the attached CP length in the control channel
for the previous frame. Alternatively, the information
may be recognized in the receiver 20 by detecting
correlation in a lower layer.
Also, although the receiver 20 computes correlation
20 between a received signal and a synchronization timing
replica in order to compute the correlation, real number
(complex number) based computation is basically
required.
In this case, the correlator 201 approximates the
25 synchronization channel replica to some integers such
as T 1 as illustrated in FIG. 23. According to this
configuration, the receiver 20 can fulfill this
correlation operation through addition and/or
subtraction of received sample signals. Also, the
30 correlator 201 envisages the correlation operation and
renders a temporal waveform of a synchronization channel
signal approximated to some integers such as = 1. For
example, a receiver of a mobile station computes

correlation between this signal and a received signal.
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the SCH, and" t ta,-eis less time to r" :;x let; the reception of the BCH. An where a cell ID is detected
in a reference ;nal having different CD length:, will be described. 10 In this example, a system may
define the CP length of a certain subf am _. For example, it may be stipulated that the first subframe
in frame always uses a long Cr) or a short CP.. In cell se:arc:h, the r::ference signal for this subframe
15 is used to detect cell IDs. Also, the reference signal may be used to detect other information such
as sector IDs as well as the cell IDs In this case, the CP length for each subframe within a frame is

reported in-in For.gxample, the CR jength, 20 darall syhframes, may pe sepotted. ipdhis

configuration, although a Iaﬁraer amount of information is reported in CH, references for all subframes
can be used itRé SSlisseafch, feRuIEH IR faderidetetiion BAthe telf YRE 95 fii ddfition, the CP length

for only someysubframes gmay be repoertedsin g.u i Since,Sa many sulfeamesde aot havedo be
use_d in -e.l-lalglegﬁrg %r%lygg %sosentlilatl-aacrri\o%ntaoif ingl‘%rrgatiog IS re réed iguSﬁSaH.éAwrgobile
station uses only a ret% r nce S|gn5ﬁor reporct)ed sﬁlb%rames,% ,&llso, the ’.51_.|ng?h féreach
subframé for iBe Fhsystedt may daveldn arbitrary value, and thus a mobile station may detect t ;e
C? length bl ndly. In Hiis ¢.as6.. the-mobile-stationdetacts 3 feferenge signal seprrespgnding to ooh
CP lengths, and uses the larger 49 correlation value. An exemplary bandwidth of a reference signal
will frequency range will be described with reference to FIG.
24.
A receiver 30 includes a FFT unit 302 receiving
10 input signals, a demultiplexer 304 coupled to the FFT
unit 302, a channel estimation unit 306 coupled to the
demultiplexer 304, a demodulation unit 308 coupled to
the demultiplexer 304 and the channel estimation unit
306, a secondary synchronization channel correlation
15 unit 310 coupled to the demodulation unit 308, and a peak
detection unit 312 coupled to the secondary channel
correlation unit 310.
The FFT unit 302 receives FFT timing detected by
a FFT timing detection unit in a primary synchronization
20 channel.
The FFT unit 302 performs some FFT operations and
supplies the operational result tothe demultiplexer 304.
The demultiplexer 304 distributes the multiplexed
signal in a primary synchronization channel (P-SCH) and
25 a secondary synchronization channel (S-SCH).
For example, if P-SCH and S-SCH are multiplexed in
accordance with FDM, the channel estimation unit 306
conducts channel estimation by using N P-SCHs located
in both sides of a S-SCH subcarrier detected in S-SCH
30 synchronization detection as a reference (pilot). 1In
this case, a code of P-SCH is known.
The greater Nis, the greater the suppressioneffect
on noilse interference is. However, 1f N is set to have

too great a value, some influence of fregquency selective
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be desc.ri ed.: Although SCH is transmitted in a fixed bandwidth 5 of 1.;5 ME™, the bandwidth of the
reference signal is not known at the search stage. The bandwidth of the reference signal may be
determined in a scheme as resented (1) The. bandwidth of a reference signal as reported 10 in
S-SCH. According to this configuration, although an increased amount of information ~... reported in
S-SCH, the overall bandwidth of the reference signal can be used, which may achieve last cell
search. (;;) A reference signal of the same bandwidth as the 15 BCH bandwidth reported in S-SCH

its used. In thescasg Hfnthe SGH ban idth heing Weparedy i=3 H, sincgdhe referance signal is
transmitted in a bandwidth. at Ie§st greater than or equal to the BCH bandwidth, the reference

>ignal of the 388 HERdWIAH B’ ICI S UsedinfceIFSEardh. SoPAGBrdinG To tHhiS Affigirafon, the
reference sighals OHaswibershanilwidth carbe tsed, without inCreasesin ¢iret amguneof sdaimatic:n

reported in S-SCH. Anexgpalpconfigutpianal dia enwypites 10, n the case ol a gogygon pilot
being arranged at the end 25 of a subfram: will be described. As illustrated in FIG. the t."3n57:t.".t 10

includes®a pilE sijia. Pgefierat6e130 @6upfed fo'the B6risTdtion Thit 209 as IstAted #PRIG. 22. In
FIG. 22 in thg ease @ GaDM:he pg applied t 80 prtie it h"21;. SRR AINgOf (CHER'TIM is

removed. Specicrica I.;r);jf the datéx cha e!i%enerators t. he co;%yiy Lénit 10 J, tqeesgoré_gcg riod

spreading codé glérrll% or17, thé Cr’n%l?ﬁ’her 1083 thé combinatio eusn:lLtr'l‘i‘)% are

information syimbols@ate estimation to use a low amplitude code such as
a CAZAC code for P-SCH.

10 Also, for example, if P-SCH and S-SCH are
multiplexed in accofdance with TDM, the channel
estimation unit 306 may conduct the channel estimation
by using N P-SCHs located on the same subcarrier as and
in both sides of a detected S-SCH as a reference (pilot).

15 In this case, the code of P-SCH is known.

The greater Nis, the greater the suppressioneffect
on noise interference is. However, i1f N is set to have
a too great value, some influence of frequency selective
fading may arise. Thus, N may be set to be in the range

20 between 1 and 6. Also, as the distance from the detected
S-SCH subcarrier is greater, a small weight may be
multiplied.

For example, if s4 is detected as illustrated in
FIG. 24C, p4 is used for channel estimation. Also, p3

25 and p5 may be additionally used for the channel
estimation.

Also, for example, 1f P-SCH and S-SCH are
multiplexed in accordance with CDM, the channel
estimation unit 306 may conduct channel estimation by

30 wusing N P-SCHs located on the same subcarrier as and in
both sides of a detected S-SCH as a reference (pilot).
In this case, the code of P-SCH is known.

The greater N is, the greater the suppressioneffect

on noise interference is. However, 1f N is set to have
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supplied from the serial to parallel conversion unit 105. In other words, the N information symbols
supplied'from the aerial to parallel conversion unit 105 are multiplied with a scramble code in the
multiplier iii. 5 Also, when the synchronization channel is transmitted from the transmitter 10 to the
receiver 20, information r lat=:d to the attached CF length must be reported. For example, the
information is reported in a control chnnel. in this case, the information related 10 to the attached CP
length must be rs:;:ported to the control channel. The control channel may be. recognized by the

.receiver.ZO by ssttingattachment ota langes GR) 'E‘l advange, Also, g@ut@pé@ig%rl@dgqx,@port
information 15 related to the attached CP length in the control channel for the previous frame.

Alternatively, 1€ hfdinia@idn 2may Be redoyhzedInTRe rdtivet 2oty dstedthg R6rreREGFin a
lower layer. Alea; akkough dhedreceivex 2Ocomputes €otretation 20 betweenharecetvedtsignal and a

synchronizatign fiming. replica in qrder o te the co ion, re mper. (complex humber)
based compugt)atl%% %%%glﬁ/éré%lﬁréd% . %gtrﬁlgs)ldcss}é, t?ﬁeécﬁﬁ%?ie?atgre Zf‘(#lggpé%%n%aﬁeg ?r%(ec_gl25
synchrorization chanh@FrepFcEte semeifte§érs Shicki & Acastiffustratedlin ¥t 723 Adcordling to

this configuratia, theagce y3. 20candulfill this- cerrelatien operatianathroygh adglition angdfer
subtraction of received sample signals. Also, the 30 correlate;:' 201 envisagges the correlation
operation and Fénders g?é’mﬁyoﬁ‘aﬁﬁa%bfojrrﬁrb? A YnéHt6izatioh chafnet SighAfapproximate:” to

some integers sucmas: fon .

The primary synchronization channel is supplied to

10 the channel estimation unit 306, and the secondary
synchronization channel is supplied to the demodulation
unit 308.

The channel estimation unit 306 conducts the
channel estimation, and the operation result is supplied

15 to the demodulation unit 308.

The demodulation unit 308 conducts some
demodulation operations. 1In this embodiment, phase and
amplitude compensations are carried out. For example,
the demodulation unit 308 may conduct democdulation by

20 using the primary synchronization channel for
subcarriers adjacent in both sides to a subcarrier for
the demodulated secondary synchronization channel
within a range where fading may have sight influence.

The secondary synchronization channel correlation

25 unit 310 detects correlation of the secondary
synchronization channel.

The peak detection unit 312 detects control
information such as scramble codes and frame timing for
peak detection.

30 An exemplary averaging operation of the primary
synchronization channel in the frequency direction in
correlation of the secondary synchronization channel
will be described.

FIG. 25A shows exemplary relationships between SNR
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example, a receiver of a mobile station computes correlation between this signal and a received
signal. 51 In this case, the correlation computation can be implemented through addition and/cr
subtraction. According to this configuration, it is possible to reduce an amount of computation and an
amount of consumed power 5 in the receiver 20 . An exemplary receiver for some operation in a
frequency range will be described with reference to FIG. 4. A ive .30 includes a FFT unit 30:,
receiving 10 input signals, a demultiplexer 3C4 coupled to the FFT unit 302, a channel estimation

unit 30$ couplad tothe «demultiplexer 3@4 a1 demoditation unit 398 eeupled to the demuitiL lexer
304 and the channel estimation %306,}1&1 secondary ssgrcj:hronilri%tion chann:i correlation 15 unit
310 coupled to the déModdigtion“ut ’305, End'® ﬁééko Yetctioh itvﬁﬁtc]oﬁﬁlﬁd the secondary

chan ngl cor_ne_lapime gain 316,%@%@' a_jla'rt 802 receives @Fibiﬁﬂmg:_detected by ca EFE liming
detection unifina:-pumary.syoghronization, 20.channel sThe FET it 30:2 performs, som, EET

operations and supplies the operational result to the demultiplexer 304. The cemultiplltxer 304
distribut@s thé SRl SinaPi aSiRdH? synchronization channel (P--SCAj and 25 a secondary
synchronization chamne! €5-8d-])z Far, erf ampt pif =-SCH and $;,NGH @&re=multiplexed-int agcordance

with “LuM, the ghanyel esfimation unit 306 condugts chianne stimation by using N B-SGHs located
in both sides.”o aa&% sugcarrler detected in %-SC&I
2 subcarrier, and Nref = 6 indicates a both sides 3
subcarrier.

10 As observed in FIG. 25A, as a greater number of
subcarriers are used, the detection probability is
improved. However, as a greater number of subcarriers
are used, fading may have greater influence.

FIG. 25B shows an exemplary relationship between

15 SNR and detection probability in drive speed of an
automobile.

In FIG. 25B, the horizontal and vertical axes
represent SNR and detection probability, respectively.
Nref represents the number of subcarriers in the primary

20 synchronization channel.

In FIG. 25B, for fD = 5.55 Hz, Nref = 2 indicates
a both sides 1 subcarrier, Nref = 4 indicates a both sides
2 subcarrier, and Nref = 6 indicates a both sides 3
subcarrier.

25 As observed in FIG. 25B, as a greater number of
subcarriers are used, the detection probability is
improved. However, as a greater number of subcarriers
are used, fading may have greater influence.

An exemplary receiver 20 for detecting timing based

30 on autocorrelation and compensating frequency offset
will be described with reference to FIG. 26.

The receiver 20 according to this embodiment
includes a scramble code reception timing detection

circuit 200.
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30 synchr.on:i .....: ion detection as a reference (pilot) in this asp ode of P-SC's: is known. The ,.
eate?, N _.., the greater the suppression effect on noise interference is. However, if N is set to have
too great a value, some influence of frequency selective 52 fading may arise. Thus, N may be set to
be in the range between 1 and AIS:0, as the distance from the detected S-SCH slab c::rrL.er is
greater, a smaller weight may be used. For example, in :detection of as illustrated 24B, 5 p:2 and p3
may be used " or channel est mat'ion. In addition, pl and p4 may be lased t geth-_-r with , and p3 for

channel estimation. frrom thispdewpaint it isdesisable for the ehannelestimation 1o use a low aa,;
ulitude code such as, a CAZAC code for P 110 Also, f 0 exams de, is, P-SCH? and S-.SCH are
multiplexed iff addordancé With T4 $He’ SHanfel 8tintdtidh £t 308 #y Tonddct The*channel
estimation byausirgM £;SEHS |deated-ars. the samielseihcardiier as ang tin bathcsideshof & dete;.cted
S-SCH as a rgttefencc&(%oé)_ 15 In this c as-, the of P-SCH is known. The greater N the greater U he
suppression effect on noise interterenc:e is. However: if i- is set have a too great value, some
influence of frequency B&Cedt hefadivg nidyarBe IR R ridie & FREliR the-fehge 20

between 1 angb: Adso;i as theidistancee fram thedeigcied: SeSaH stbeartiest ds-greatenasmall
weight may be m utiplied. For ee:xxmple, if s4.is detected as igcljJsérate.d in_FIG. 2€.C, 04 its used for
channel estintation K185, 1 25 ahd p5& be- addifiorafly uSet for e®cHaRngR terna by

an amount of time T in a delay addition unit 206, adds
the delayed signal to the underlying multicarrier signal

10 in an adder 207, performs integration on the resulting
signal in terms of the repetition time T in an integrator
208, and supplies the resulting signal to the peak
detection unit 209. The peak detection unit 209 detects
timing based on the supplied signal. According to this

15 configuration, it is possible to compensate for frequency
offset and detect timing based on autocorrelation.

In addition, the transmitter 10 may transmit the
synchronization channel (SCH) by applying transmission
diversity.

20 For example, the synchronization channel may be
transmitted by using transmit diversity suitable for SCH
based cell search. Since a control loop between a base
station and a mobile station has not been established
unlike transmission and reception of normal data channels,

25 open-loop type transmit diversity is used in the cell
search. Also, since the receiver 20 detects correlation
in the cell search, switched type transmit diversity or
delay diversity may be suitable. For example, any of
TSTD (Time Switched Transmit Diversity), FSTD (Frequency

30 Switched Transmit Diversity) and CDD (Cyclic Delay
Diversity) is applicable as the transmit diversity.

Also, the synchronization channel may be
transmitted from a certain cne of multiple antennas in

MIMO transmission. Also, the synchronization channel
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east.imation, Also, fo example, if F-SCH and 3-SCH are multiplexed .'n accordance with "..N, the
Channel estimation unit 3'0$ may conduct channel estimation by 30 using N F' .:C Hs lo,cat:_o0 on
the same subcarrder as and ...- both sides of a detected 5- CH as a reference (pilot) in, this case,
the. code of P-SCH iH. known. The greater ,y is, the greater the suppression effect on noise
interference is, However', if N is set to have J.. too great a value, some influence of frequency
selective fading may arise. Thus, N may be set to be in the range between | and 6. Also, as the

distance from the deteqted S:3CH subcargeris greater, asmallweightymaybe used, 5 For,example,

if s4 is detected as illustrated in FIG. 240, p4 is used for channel estimation. Also, p3. and p5 may
be additionalf\5e8 For tA& ¢hdifmelt B&thidtioht THe PHMARFSMENBRiZatidh harRél i<Supplied to
10 the channebestifnatioa uniy 306 vantldhe secormary syrchtarization channrel isssupptied-to the
demodulatio% ugi]{§08fgh% cha,pnglnestsirriationS %rgt Oghconduct&]th%r@anr%eil g%tig}gtiorrll,e@d the
operation result IS s@pphe%l 1516 the demodulation ‘unit 3082 The demoduation unit 308 conducts
some démodulationoperaioas i tislerAbediment] pidse ahduamplitadseomsehgations are

carried out. For examele. fhe demodulation unit,308 may conductdemodulation by 2Q,using the
primary sy:n.chronization channel for subcarrie:::s adjacent: in both sides to a subcarrier for the

demodulated Setoriddly SyritRroh&aliGi chanpp el may be transmitted at

different transmission timings. In this configuration,
greater path diversity effect can be obtained in the
10 receiver.

Also, if multiple antennas are provided, SCH and
CPICH may be transmitted via only two antennas.
Alternatively, SCH may be transmitted via all the
antennas whereas CPICH may be transmitted via only two

15 antennas.

If CPICH is transmitted via four antennas, for
example, CPICH may be transmitted in such a manner that
it can be orthogonal on the frequency axis. In the
receiver, channel estimation is conducted based on a

20 transmitted common pilot signal, and a control channel
is demodulated. In the case of CPICH being transmitted
via four antennas, the common pilot signal for a portion
distant on the frequency axis must be used, and the
channel estimation accuracy may be degraded. Thus, it

25 1is desirable that the interval between the pilots be
smaller on the frequency axis. To do so, CPICH may be
transmitted from two antennas. According to this
configuration, since only two CPICHs have to be
orthogonally multiplexed, higher orthogonality can be

30 achieved. As a result, it is possible to improve
accuracy of the channel estimation and cthers using CPICH
and enhance reception quality of L1/L2 control channels
and others.

In this case, a mobile station may conduct some
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within a range where fading may have sight influence, Ths 5econdaicv synchronization channel
correlation 25 unit 310 detects correlation of tb:' secondary >ynchronlz:tn channel. The peak
detection unit 312 detects control information ouch as scramble codes and frame timing for peak
detection. An exemplar aver aging operation of the primary 6 110 ;yrac rani atlon channel in the
frequency direction in relation of the aet:onda y syncWren - anon channel will be described, FIG.
25A shows exemplary relationships between SNR 54 and detection probability in walling speed. In

FIG, 25A, theoB%QZQEB%%”Qr\’%ﬂ@'aaéfgﬁn{ﬁl%@é%nﬁﬁuB-@"L‘QE@%%H%%OPQQUQHEE%HVGW-
Nref represents the number of subcarrier"> in the primary 5 synchronization channel. in FIG. 25A, for
fD = 5.55 HZZ TNiBf 22 Adicates 2 b6th SRids 1 subREr e Nref= 2Sndicstes A Hbth! sffes?
subcarrier, ang Ntef 6,indicatesap b sides subcasiries 11XAS ebserveddmdtdGo25A, as a greater
number of subcarrietr;f,L are used, the detectiqn probability ésr iﬁ;pcrg\éed. However, as a greater

u

opera A
number: of sul?carrlers are use(},’ ading may ﬁave greater influence. FIG. $5B shows an exemplary

relationship betweenf I& SNR/dndsdet@ttion Probadiligia Aive speet B 5a tautemebilet fheFIG. 258,
the horizontal gnd-vertical axes: sepreseit SNR and detection Rrobability, sespectivele1 in

the case of four transmission antennas. In this
illustration, the synchronization channel is
transmitted from the four transmission antennas, and the

10 common pilot channel is transmitted from only two of the
transmission antennas.

An exemplary combination of two antennas for
transmitting SCH and CPICH in the case of four
transmission antennas will be described.

15 The two antennas for transmitting SCH and CPICH may
be fixed. For example, if transmission antennas #1-#4
are provided as illustrated in FIG. 27B, the antennas
#1 and #2 always serve to transmit SCH and CPICH. 1In FIG.
27B, the vertical and horizontal axes represent the

20 transmission antennas and time, respectively.

Also, the two antennas for transmitting SCH and
CPICH may be defined in advance in the system. In this
case, it is possible to simplify the transmission and
reception operation.

25 Also, the combination of two antennas for
transmitting SCH and CPICH may be variable over time.
In other words, a number of combinations of two antennas
for transmitting SCH and CPICH may be predefined, and
then the combinations may be switched over time.

30 For example, if the transmission antennas #1-#4 are
provided as illustrated in FIG. 27C, the antennas #1 and
#2 are used at the time point 4n (n is a natural number),
the antennas #2 and #3 are used at the time point 4n+1,

the antennas #3 and #4 are used at the time point 4n-+2,
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Nref represents the number of subcarriers in the primary 20 synchronization channel. In FIG. 256,
for fD = .:.55 Hz:,. Nref =_ 2 indicates a both sides 1 subcarr:ier, Nref = 4 indicates a both sides 2
subcarr.er, and Nref = 6 indicates a both sides 3 subcarrier. 25 As observed in FIG, 256, as a
greater number of subcarriers are used, the detection probability improved. However, as a greater
;umber of subcarriers are used, fading may have greater influence. An exemplary receiver 20 for
detecting timing based .\. On autocurrel.atior: and compensating frequency offset will be da :riibe..

with referencg tg FIG.26, The recgiver20 aceording L. ethisermbadiment ingludes a scramble code
reception timing detection circuit 200. 55 The scramble code reception timing detection circuit 200

receives a mbfticarrier Signditrofn &7 SRtenhi SantVfctéds IFImBESDaE teceplicitintig and FFT
timing. 5 Specifitaltyn ther scraniitei ¢l ade receptiart ming detection eirewnidelaystthe multicarrier
signal transmitt t a repetition period T via.an antenna by an.amount of time T in a delay addition
It 206, 2 e S e R b i S Sonal 160 i EAde 5622 Jeriorms
integratidn o thered@hirigl BigRam® tekma of the rep&titiva imethin ar teyator 208, and su[:plie>

the resulting signaktothe peak, gdetection wiit 209 The pgak detection unit 209 detects timing

based on the supplied_signal. According to thjs 15 canfiguration, A. is possible to comgensate for
frequency Also, transmlt diversity may be applied to SCH

transmitted from two antennas. According to this
application to only two antennas, it is possible to

10 simplifythe transmission and reception operationaswell
as radio interfaces and thus obtain merits of transmit
diversity. In this case, any of TSTD, FSTD and CDD 1is
applicable as the transmit diversity method for SCH. On
the other hand, either FDM or CDM is applicable as the

15 +transmit diversity method for CPICH. Furthermore, the
transmit diversity method for SCH may be combined with
the transmit diversity method for CPICH.

An exemplary operation of the transmitter 10
according to this embodiment will be described with

20 reference to FIG. 28.

The transmitter 10 uses the synchronization signal
data generator 121 to select a synchronization channel
code number based on the scramble code and the
transmission scheme, such as unicast or multicast, of

25 the synchronization channel (step S1602).

Then, the transmitter 10 multiplies the
synchronization signal symbol with the scramble code in
the scramble code group number corresponding to the
synchronization channel code (step S1604).

30 The transmitter 10 multiplies the synchronization
signal with an amplitude adjustment sequence value (step
S1606) .

Finally, the transmitter 10 adds a CP corresponding

to the synchronization channel code number to the
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.,ffset and detect timing based on a;tocorrelation. In addition, the transmitter 10 may transmit the
synchronization channel (SCH) by applying transmission diversity. 20 For example, the
synchronization channel may be transmitted by using transmit diversity suitable for SCH based cell
search. Since ? control. loop between a base station and a :lo’i.le station has not been established
unlike transmission and reception of normal data channe-_els 25 open-loop type transmit diversity is
used in the cell ea rc'h. Also, since the receiver 20 detects correlation in the cell search, switched

type transmit gliversity of [delay,divarsitymay be suitable; Fanexample, apy oL STD (Time Switched
Transmit Diversity) , FSTD (Frequency 30 Switched Transmit Diversity) and CDD (Cyclic Delay

Diversity) is appicabie A tha traR8mi dRB Ay ¥ AlSbe tRE synichrohiz&Rore £ Afinet may be
transmitted from a certagmgne=of sniptiple gnteprasan IMIMO transrhissier Addo; ghe symchronization
channel 56 may, l%% ggmsmi;:t%d iné,lTSTD. A}';%’d Eh{gegygcreqrgni@%og %réasngglirg%ydbe traq:smitted

(o] . C S mpoao. S i WO
synchronous@ in order POg obtain ej[ay (ﬁversny. or exampile, It a transmitter havmgnfcur antennas

is used, the syR&REniFRtAThARRE| STHa el farshiittediffort AR Seifddrafhn@missioh antennas at
the power level gfsLl; & Alsp in this case, the synchronization channel may be transmitted at
different transmission tjmings. In, this configuration, rater path diversity effect can be :obtained in the

10 receiver. Also, m"fi-iZ& Antehiss &8 Provided” SCHENASEPREEP may BR Handmited Via only two

antennas. classified will be described with reference to FIG. 29A.

The timing detection circuit 204 detects the symbol

10 and frame timing for the synchronization channel (step
S1702) .

The timing detection circuit 204 detects the
scramble code (or cell ID) for the common pilot (step
S1704) .

15 Then, the case where the scramble code is classified
will be described with reference to FIG. 29B.

The timing detection circuit 204 detects the symbol
and frame timing for the synchronization channel (step
S1706).

20 The timing detection circuit 204 detects the
scramble code group (or cell ID group) for the
synchronization channel (step S1708).

The timing detection circuit 204 detects the
scramble code for the common pilot (step S1710).

25 For example, the timing detection circuit 204
detects correlation between reference signals by
conducting integraticon of the phase difference between
the reference signals. Since the interval between
subcarriers of the reference signals is large, the

30 scramble code is detected by conducting integration on
the phase difference between the subcarriers.

Also, integration may be performed on the phase
difference code inverted depending on a predetermined

scramble code pattern. In this case, when the scramble
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Alternatively, may be transmitted via all the antennas whereas CPICH may be transmitted via only
two 15 antennas. if CP ill'. is transmitted via four antennas, for example, CPICH may be transmitted
in such a manner that it can be orthogonal an the frequency axis. in the receiver, cc:hanne estimat;
on is conducted based on a 20 transmitted common pilot signal, and a control channel is
demodulated. in the case of CPICH being transmitted via four antennas, the common pilot signal for
a portion distant on the frequency axis must be used, and the channel estimat.. n accuracy may lay

degraded. Thug?,dt Zmis desisablesthgt-the intervalpetween-the pilets bg ssmaller g= the frequency
axis. To do so, CPICH may he transmitted from two antennas. According to this configuration,

., ince only WAPCBIE S have to be orthogonally multiplexed, higher _:rthogonality can be "0
achieved. As a resultpit is pessiile (o rhpravel acstiracy diithe dranieet estineaticmand ers using

C ICH and eghance r .geption gyality pf conirol chanpels and gthegs,in this gase,,a,mobilg station

may conduct some 57 operation on the assumption that CPICI? may be transmitted from only two
antenna? in M&@HEMTHT Béllsarch. AS AL febit fit RTposSilt §8Simphify Wi cétionoperation as well
as radio interfases &-Rl&n 27A shows an exemplary configuration of the synchronization channel
and the common pilot channel in the case of fout transmission antennas, In this illustration, the
ynchronization char el 1 AHBRAGETo T o tatariobiaH anfEhARE HhATRE® Moy

be detected by performing integration on the phase

difference between subcarriers in the same subframe. In
10 addition, as illustrated in dotted lines, the scramble
code may be detected by performing the phase difference
between subcarriers in different subframes.
Also, in the case where a inter-sector orthogonal
pilot is applied, for example, if a 3 sector structure
15 is detected as a result of detection of the cell structure
in S-SCH, an orthogonal pattern is configured in three
adjacent subcarriers. Thus, the reference signal for a
supposed sector 1is extracted by performing coherent
addition depending on an orthogonal pilot pattern in the

20 three adjacent subcarriers as illustrated in FIG. 29D.

As a result, cl, c2, c3, " can be extracted as reference
signals.
Then, for the reference signals cl, c2, c3, =, the

scramble code is detected by performing integration on
25 the phase difference between adjacent blocks depending
on the scramble code pattern.

As illustrated in FIG. 29D, the reference signal
for a supposed sector may be extracted by performing the
coherent addition in three adjacent subcarriers in the

30 same subframe depending on an orthogonal pilot pattern.
Alternatively, as illustrated in dotted lines, the
reference signal for the supposed sector may be extracted
by performing the coherent addition in three adjacent

subcarriers in different frames depending on an
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10 common pilot channel transmitted from only two of the transmiss...osin antennas. An exemplary
combination of two antennas for transmitting S CH and "PICH in the case of four transmission
antennas will be desc:ri:=:d. 15 The two antennas for transmitting SCH and CPICM may he fixed.
For example, if transmission antennas #1-#4 are provided as illustrated in FI(. 273, the antennas #1
and #2 always serve to transmit SCH and CPICH. in FIG. 273, the vertical and horizontal axes
represent the 20 transmission antennas and time, respectively. Also, ..hs two antennas for

transmitting $eHraglo €RICH may bedetined-in advance in the system. In this case, it possible to
simplify the transmission and re%eé)tion operation. 25 A%so:., the_combination of two_antennas for

anamittin SCH and. CPICH Y bE Vridbie 55t tine. 11 bthef wordd®& himb&rof cofbinations of

two antennasi éordransmittingllCi anel & PECH may e piedefiadd, and then the combinations may
be switched over tim§n,.\tlﬁ%r e&@pplesg g@ctﬁqnsgg§s'@eqnt% @fg,g% Ss}ret Broggied as illustrated

in FIG. 27C, the antennas 01 and 02 are used at the time point 4n (n is a natural number) , the
antennal # &fth41e4e Red ACHE RimePbirt M, "the Ahtehna$ #3 afh@®#2 et iged 3t fik%time point

4n+2, 58 and thenaniennas#4 ane #d are used ahtectime paint And3.-ndbis £ase, dhe sysiem may
predefine hO\QI éo switch Yf cocr)nbtl)natlon IQattergt.8 |§ this confi 1L‘Jreatl,gn, Falthough the transmission and

reception operaﬁonas rﬁgy be sligﬁtlycc%rﬁlpﬁiga a diversi y Sftect randomizat.o:;n) can be

obtained. The reception timing can be detected even in a guard
interval. However, the timing detection accuracy of the

10 cell search in a handover target may become worse. In
addition, the carrier frequency cannot be detected in
the guard interval accurately and synchronously. A
large correlation value may be detected in misaligned
frequency. For this reason, it is desirable to detect

15 timing in the synchronization channel.

The timing detection circuit 204 detects the
carrier frequency (step S2502).

The timing detection circuit 204 detects the
reception timing (symbol level) (step S2504).

20 Here, the steps 52502 and S2504 may be carried out
at the same time. 1In this case, the primary
synchronization channel may be used. Also, since an FFT
operation has large complexity in a freguency range,
temporal operations may be desirable. Also, the amount

25 of operations can be reduced through preliminary
detection based on correlation detection by the guard
interval.

The timing detection circuit 204 detects reception
frame timing (step S52506). For example, 1f the

30 synchronization channel is arranged in a single portion
in each frame, not only the reception timing but also
a received frame is detected.

On the other hand, if the synchronization channel

is arranged in several portions in each frame, the

62



Also, transmit diversity may he applied to SCH transmitted from two antennas. Accordin:t to this a
ii.catia... to only two antennas, it possible to 10 simplify the transmission and reception operation as
well as radio ...ter~c"~.ces and thus obtain merits of transmit diversity. in case, any of TSTD, FSTD
and CDD is applicable as the transmit diversity method for SCH. on the other hand, either FDM or
CDM is applicable as the 15 transmit diversity method for CFiCH. Furthermore, the t ensmit diversity
method for SCH may be combined with the transmit diversity method for OPiCH. An exemplary

operation of the drangmaiiter 1@ raccarding todhis embodiment nilkhe descabed with 20 reference to
FIG. The t.- nsmit. e r 10 uses the s nchrogization sig}rjg?% data generator 121 select a

synchronization TRBMME? Lot RuMB based Bn THESHERABIE cOdE GAd 2 tAahsmision .,.heme such
unicast or muchieastedf 2&:thelsynclwenization chammet (stép51602% 1 Teh, theatramsmitter 10

multiplies the synchrepizatign.signal sumbol withihe sGramble code in the.s yambls ggge group

number .responding to the ?ynchroni>.aticn channel code (stem 51604). The. transmitter 10
multiplied theSyReRrBRiZatiohc §igAd Wt ahSnFRlitutfeddfustment sequence value (step S1606)

Finaal.y, the transmittes 19 adds& €PLoHespIWNG: e thepsymehronization charnel gege nrumber to

the 59 multiplied synchronisation signal, and _transmits the synchronization signal with the OP (step

51608). The L4 BRIy apsalis ofhe TEGGI 20 - Lo o6 SyncRIGhLzation
channel transmission period is a frame period, the frame

timing detection may be unnecessary. Also, the

10 secondary synchronization channel may be used in these
operations. Also, the cperations may be carried out in
a frequency range or in a time range.

Then, the scramble code is identified (step $2510).
As the procedure of the cell search, as illustrated

15 in FIG. 29F, the frequency synchronization and the symbol
timing may be detected, and then the frame timing, the
cell ID group (scramble code group), a sector, the number
of transmission antennas, the BCH transmission bandwidth
and the CP length may be detected. Subsequently, the

20 cell ID (scramble code group) and the sector may be
detected.

In these operations, the common pilot channel may
be used. Also, the operations may be carried out in a
frequency range or in a time range.

25 An exemplary mapping of the synchronization channel
between different sectors will be described with
reference to FIG. 30.

For example, if a cell to cover a single base station
consists of three sectors, the frame timing may be made

30 uniform between the sectors.

In W-CDMA, the timing is not uniform over the
sectors, and the scramble code may differ for the
different sectors. Thus, the secondary synchronization

channel may alsc not be transmitted uniformly over the
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according to this embodiment will be described in two 5 cases where the scramble code is classified
or not classifie.ci. First, the case where the scramble code is not classified will be described with
reference to FIG. 29A. The timing detection circuit 204 detects the symbol 10 and frame timing for
the synchronization channel (step S170F) . The timing detection circuit 204 detects the scramble
code (or c .1 ID) for the common pilot (step 51704). 15 Then, the case where the scramble code is
classified will be described with reference to FIG. 298. The timing detection circuit 204 detects the
symbol and framediming for the synchronization channel (step 51706). 20 The timing detection
circuit 204 detects the scramble code group (or cell ID group) for the synchronization channel (step

S17)8) The timing det®ctibR titc GBI the tSFambBletdde fof e &onhar? fitot ttep
51710). 25 kot example; dhe timintedete ctianmuoirauitn?04 Deteets coref kat en betwesoreference

signals by congycting integralign of the phase.difference hetween feteforence g icnaly, Since the
interval between _sDbcarrier:s of t e refererice s.ignals is large, the ="; :amblé code detected by
conductihg irtégrafich 6a theHrsé eiffetstRd bedweatthe Subearriest ALNE SHE§IEEDE thay be

performed onythe phase :differense gcode-inMerted-dependingonsa predetermined; seramble code
paﬁmﬂ.thsca&amfgg}miﬁﬂ%ggg g%bodiment, the secondary
synchronization channel is defined in each scramble code
group. Thus, the same scramble code is used in a single
10 base station, and the same scramble code group is also
identified in a pilot pattern. Thus, the secondary
synchronization channel also has uniform frame timing
over different sectors.
This international patent application is based on
15 Japanese Priority Applications No. 2005-174391 filed on
June 14, 2005, No. 2005-241901 filed on August 23, 2005,
No. 2006-010500 filed on January 18, 2006, and No.
2006-077821 filed on March 20, 2006, the entire contents
of which are hereby incorporated by reference.

20
Industrial Applicability

A transmitter, a receiver, a mobile communication
system and a synchronization channel transmission method
according to the present invention are applicable to

25 radio communication systems.
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rode matches, a greater correlation value can be obtained. For example, _h- e cell structure is detected
in S-SCH, and if the cell structure is a 1 sector structure, the 5 above-mentioned correlation scheme is
used for the detection. As illustrated in FIG. 29C, the scramble code may be detected by performing
integration on the phase difference between; suhearri.ers in the same subframe. In 10 addition, as
illustrated in dotted lines, the scramble -ode may be de tec:ted by performin;; the phase difference
between subc:arr.ers in different <z..ubfram.es. Also, in the (,,as where a inter-sector orthogonal pilot is
applied, for example, if 3 sector structure 15 is detédtéd ¥S a result of detection of the cell structure in
S-SCH, an orthogonal pattern is configured in three adjacent subcar_ri.ers, Thus, the saran:::. signal for

a supposed sector is extracted Qy rﬂ'_qg ohe ijon, depending ¢ n an orthogonal pilot
pattern in the 20 three adj%:e/rﬁ E:u%%?g%ﬁers as?ill.ssétgﬁgg(li% li .29D. As aresult, cl,. 3, can be

extracted as reference sigAa@MPHIL YS! the@ldteREesin A8 b, UL X tiRd KEREMIRE code is detected
by performingintegirgiibintand @54ldg pbaseditferenge detyeceraddjacefd bloalg degdndingon the

scramble pattern. ASJUSITIRA 1) FHf- 290, SIS POSG §I9RAChERTR FURRASRL Sk der., may be

extracted by performing the coherent addition in three adjacent subcarriers in the 30 same subframe
depending on an dHiSGERRG TSIt koM £5& §PAd Rl gy RdYiRa iraL kag with

a mobile station,
wherein the amplitude adjustment unit multiplies
10 a sequence value having a periodic autocorrelation
characteristic as the amplitude adjustment sequence
value.

15

2. The transmitter as claimed in claim 1, wherein
the amplitude adjustmentunitmultiplies a sequence value
having certain amplitude in a time range and in a

20 frequency range, the sequence value having a periodic
autocorrelation characteristic as the amplitude
adjustment sequence value.

25
3.The transmitter as claimed in claim 2, wherein
the amplitude adjustment unit, in multiplication as a
sequence of arbitrary complex numbers, multiplies a
sequence value having a certain amplitude In a time range
30
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reference signal for the supposed sector may be extracted by performingc the :,.oh.erant addi’i.i on in
three adjacent s'abcarriers in different frames depending on an orthogonal ,pilot pattern. An exemplary
procedure for :call search will be described with reference to FIG. 29E. in the cell search, carrier
frequency to be 5 connected, reception timing of a tell to be connected such as FFT timing and frame
timing,, and a scramble code for a cell to be connected are detected. The reception timing can be
d:s:acted even in a guard interval. However, the timing detection accuracy of the 10; cell sear ? in a
h_andover target 2§ bb@ome V@ 9e R drRAIRe cEiterFRGUenSecambif dedactdWindthe guard

interval :accurately¥and pypehr@aelisdy. #u tayge epeelatian Malohratache deieetpd iamisaligned
frequency. For thi PQuiang %%s'rg.glfn{grg@tescé gél rzég {p ti}_ﬁgynchronization channel. The timing
éte Hg 502). The

detection .ircui: 204 detects the cafrier frequency p e timing detection circuit 204 detects
the reception timing (symbol level) (step :2504). 20 Here, the steps 52502 and 52504 may be carried out
at the same tisne. in this case, the primary synchronization channel may be used. Also, since an FFT
operation has large complexity in a frequency range, temporal coerations may be desirable. Also, the
amount 25 of operations can be reduced through preliminary ietection based on rrelation detection: by
the guard interval. The timing detection circuit 204 detects reception frame timing (step 52506). For
example; if the 4. The transmitter as claimed in claim 2, wherein

the amplitude adjustmentunitmultiplies a sequence value
10 having a crosscorelation characteristic as the amplitude
adjustment sequence value.

15
5. The transmitter as claimed in claim 1, further
comprising:
a combination unit combining the synchronization
channel multiplied with the amplitude adjustment
20 sequence value with a data symbol sequence.

25 6. The transmitter as claimed in claim 5, wherein
the combination unit inserts the synchronization channel
at a frame period.

30
7. The transmitter as claimed in claim 5, wherein

the combination unit inserts the synchronization channel
several times at a frame period.
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S synchronization channel is arranged in a single portion in each frame, not only the reception timing but
also a :c:eived am is detected. On tae other hand, if the synchronization ;channel is arranged in several
portions in each frame, the 62 received frame must: he detected after detection of the re=.cepti:on timing.
The secondary synchronization channel may be used t: detect the received frame. The timing detection
circuit 204 identifies the 5 scramble code group (step S2508).. Here, the s tep:s 32506 and 52508 may
he carried out at the same time. In this case, if th synchronization channel transmission period is a frame
period., the" frame timing detection may be unnecessary. Alsso, the 10 secondary synchronization
channel ray be used ita these operations. Also; the operations may be carried out in a frequency ranee
in a time range. Then, the scramble code is identified (step S"1510) As the procedure of the cell search,
a.. 1 .ustrated 15 in FIG. 29F, the frequency synchronization and the symbol timing may > detect d, and
then the frame timing, the cell ID group (scramble code group) , a sector, the number of transmission
antennas, thesBCH transmissianebandyidth i aned theaSPdéagdtihenayi he dbtaated. Subbsegaéntly, the 20

cell ID (srambl coqg, araum ARG SRAY 1oy RSe PeeRd- 1 INERT H1Riceon Rinchainel. may he

used. Al:;, operations may be carried out in a frequency range in a time rang:. 25 An exemplar,; mapping

of the synchronizalibn¥RafN&EbdNEER ieréh Rcrelfl ReEdQibed with reference t_ FIG 20.

10

9. The transmitter as claimed in claim 6, wherein
the combination unit arranges the synchronization
channel at an end of a subframe.

15

10. The transmitter as claimed in claim 6, wherein
20 the combination unit time-multiplexes and transmits the
synchronization channel.

25
11. The transmitter as claimed in claim 6, wherein
the combination unit assigns the synchronization channel
to at least some subcarriers of an OFDM symbol.

30
12. The transmitter as claimed in claim 11, wherein

the combination unit assigns the synchronization channel
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For sample, if r'. cell to cover: a single base station consists 00,f three se:c:tors, the frame timing may be
made fir izni form "s:tween the s..ctors. In W--DMA, the -min- is not uniform over the r=le code may
differ for_ the different sectors. Thus, the secondary synchronization channel may also not be
transmitted uniformly over the 63 ctors. In this embodiment, the primary synchronization channel has
uniform frame timing over different sectors. Since the frame timing is common to the sectors, the frame 5
tinning can be effectively detected without interference of the primary synchronization channel for other
sectors. Also, in thig afhbbeifdns @e sasbRadny yRY foRifad Ddpfdhdrmenkefedin ex@scramble
code group. Thusj thee$araa scramble code in used in a single 10 base station, an' the same scramble
code group is also identified in a pilot pattern. Thus, the secondary synchronization channel also has
uniform frame timing over different sectors. This international patent application is based on 15
Japanese Priority Applications No. 2005-174391 filed on June 14, 200, No. 2005-241001 filed on August
23, 2005, Nos52006-010500 filed on January 18, 2006, and No. o,ntd~nts 2006-0~ 7782:1 filed on March
' 2006, ~ the trentire w ti_re contents of which are hereby incorporated by reference. 23 Industrial

Applicability A transmitter, a receiver, a mobile communicatign system and as nchronlzatlon channel
transmission method 13. The transmitter as claimed in claim wherein

the combination unit multiplies the synchronlzatlon
channel using a phase difference between subcarriers.
10

14. The transmitter as claimed in claim 5, wherein
15 the combination unit uses at least a portion of an
assigned frequency band to assign the synchronization
channel discretely.

20

15. The transmitter as claimed in claim 5, wherein
the combination unit assigns the synchronization channel
in such a manner that the synchronization channel 1is

25 superimposed on at least some data channels and time
division multiplexed.

16. The transmitter as claimed in claim 5, wherein

30 the combination unit assigns the synchronization channel
in such a manner that the synchronization channel 1is

superimposed on at least some data channels and frequency
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according to the prevent invention are applicable to 25 radio communication :systems. 64 CLAIMS 1. A
transmitter, comprising: an amplitude adjustment unit multiplying an 5 amplitude adjustment sequence
value for adjusting an amplitude with a synchronization channel transmitted from a base station for
establishing synchronization with a mobile station, wherein the amplitude adjustment unit multiplies 10 a
sequence value having a periodic autocorrelation characteristic as the amplitude adjustment sequence
value. 15 2. The transmitter as claimed in claim 1, wherein the amplitude adjustment unit multiplies a
sequence value Hewhgldekeieamplitude in a time range and in a 20 frequency range, the sequence
value having a periodic autocorrelation characteristic as the amplitude adjustment sequence value. 25
3.The transmitter as claimed in claim 2, wherein the amplitude adjustment unit, in multiplication as a
sequence of arbitrary complex numbers, multiplies a sequence value having a certain amplitude in a time
range 30 65 and in a frequency range, the sequence value having a fully periodic autocorrelation
characteristicas the amplitude adjustment sequence value. 5

17. The transmitter as claimed in claim 5, wherein
the combination unit assigns the synchronization channel
in such a manner that the synchronization channel 1s code
division multiplexed with at least some data channels.

10

18. The transmitter as claimed in claim 5, wherein
15 the combination unit divides the synchronization channel
into a primary synchronization channel for detecting
frame timing and a secondary synchronization channel for
detecting a group, and combines the synchronization
channel with the data symbol sequence.
20

19. The transmitter as claimed in claim 18, wherein
25 the combination unit combines the secondary
synchronization channel as a channel encoding-applied
control bit with the data symbol sequence.

30 20. The transmitter as claimed in claim 5, wherein
the combination unit divides the synchronization channel
into a primary synchronization channel for detecting
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4. The transmitter as claimed in claim 2, wherein the amplitude adjustment unit multiplies a sequence
value 10 having a crosscorelation characteristic as the amplitude adjustment sequence value. 15 5. The
transmitter as claimed in claim 1, further comprising: a combination unit combining the synchronization
channel multiplied with the amplitude adjustment 20 sequence value with a data symbol sequence. 25 6.
The transmitter as claimed in claim 5, wherein the combination unit inserts the synchronization channel
at a frame period. 30 7. The transmitter as claimed in claim 5, wherein the combination unit inserts the
synchronization cdiee IdvetalgiRes 2 & aa/medsnisd ¥eEE orHezadripmteh as relnfeiNin claim 7,

wherein the combjeatiptimignssistihe By Reiforizatiaroehannel as an&vpi inteyakator-frame period.

10 9. The transmitter imed in clai herejn t inati njt.arr ronization
channel at an endggf r:assmlﬁ)?gm% qg i%rpﬁ%év fraéﬁ%itt%?ﬁgm%egﬁn&clgﬁ gﬁv%ﬁ@r‘el’%\a%gét:ﬁe
combination unit tRHE AR SEERNERRRAFR tRY "BALhBRFAEHTERannel. 25 11. The transmitter as
claimed in clasm 6, wherein the combination unit assigns the synchronization channel

21. The transmitter as claimed in claim 18, wherein
10 the secondary synchronization channel includes at least
one of frame timing information, scramble code
information, scramble code group information, cell
configuration information, BCH transmission bandwidth
information, information indicative of the number of
15 transmission antennas, CP length and a reference signal
bandwidth.

20
22 . The transmitter as claimed in claim 18, wherein
the combination unit arranges the primary
synchronization channel and the secondary
synchronization channel by one of multiplexing with the
25 same OFDM symbol in FDM, multiplexing with the same OFDM
symbol in CDM and multiplexing with a different OFDM
symbol in TDM.

30
23. The transmitter as claimed in claim 22, wherein
1T the primary synchronization channel and the secondary
synchronization channel are multiplexed with the same
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to at least some subcarriers of an OFDM symbol. 30 12. The transmitter as claimed in claim 11, wherein
the combination unit assigns the synchronization channel 67 to at least some subcarriers of an OFDM
symbol at an even interval. 5 13. The transmitter as claimed in claim 11, wherein the combination unit
multiplies the synchronization channel using a phase difference between subcarriers. 10 14. The
transmitter as claimed in claim 5, wherein 15 the combination unit uses at least a portion of an assigned
frequency band to assign the synchronization channel discretely. 20 15. The transmitter as claimed in
claim 5, wherein eRbnifdph bt 453 ns the s@RthipdiiZkibArthdRAd]l RIYIRAGERaRAE that the

synchronization cipgrnghisy2 Sssunstinobed en@t legsh peoe datrichannelseyhigne ydivision

multiplexed. 16. TE§ﬁf@H§@Hta‘~‘£hg§ Fbaﬁmsﬂ%hﬁ'%']i“ §r\‘yE§rlﬂr}”?_>p he combination unit assigns the

synchronization channel in such a manner that the synchronization channel is superimposed on at least
some data channels and frequency 68 multiplexed. 5 17. The transmitter as claimed in claim 5, wherein
the combinatien unit assigns the synchronization channel in such a manner that the synchronization
channel is code

24 . The transmitter as claimed in claim 22, wherein

if the primary synchronization channel and the secondary

10 synchronization channel are multiplexed with a different
OFDM symbol in TDM, the combination unit arranges the
primary synchronization channel and the secondary
synchronization channel in such a manner that the primary
synchronization channel and the secondary

15 synchronization channel are spaced apart by a predefined
number of OFDM symbols.

20
25. The transmitter as claimed in claim 24, wherein
the combination unit arranges the primary
synchronization channel and the secondary
synchronization channel in such a manner that the primary
25 synchronization channel and the secondary
synchronization channel are closely located on a time
axis.

30
26. The transmitter as claimed in claim 22, wherein
the combination unit arranges the primary

synchronization channel and the secondary
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division multiplexed with at least some data channels. 10 18. The transmitter as claimed in claim 5,
wherein 15 the combination unit divides the synchronization channel into a primary synchronization
channel for detecting frame timing and a secondary synchronization channel for detecting a group, and
combines the synchronization channel with the data symbol sequence. 20 19. The transmitter as claimed
in claim 18, wherein 25 the combination unit combines the secondary synchronization channel as a
channel encoding-applied control bit with the data symbol sequence. 30 20. The transmitter as claimed in
claim 5, wherein S¥OMEMRBAARYCRRE Med sYACkKi L&t syarrel snerafpimasfBMchronization
channel for detectéign 68 Framei tining anglea Feeoneary synchronization channel for detecting control
information of a scramble code or a scramble code group, and combines the synchronization channel
with the data symbol sequence. 5 21. The transmitter as claimed in claim 18, wherein 10 the secondary
synchronization channel includes at least one of frame timing information, scramble code information,
scramble code group information, cell configuration information, BCH transmission bandwidth
information, information indicative of the number of 15 transmission antennas, CP length and a reference

signal bandwidth. 20 22. The transmitter as claimed in claim 18, wherein_ )
27. The transmitter as claimed in claim 5, wherein

the combination unit unicasts a portion of a frame.

10

28. The transmitter as claimed in claim 27, wherein
the combination unit arranges a broadcast channel in a
15 portion of a subframe dedicated to unicast.

20 29. The transmitter as claimed in claim 22, wherein
ifT bandwidth of the broadcast channel is reported in a
secondary synchronization channel, the combination unit
uses a reference signal having the same bandwidth as the
broadcast channel.

25

30. The transmitter as claimed in claim 1, further
30 comprising:
a CP addition unit adding a CP having variable CP
length depending on whether broadcast communication iIs
carried out.
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the combination unit arranges the primary synchronization channel and the secondary synchronization
channel by one of multiplexing with the 25 same OFDM symbol in FDM, multiplexing with the same
OFDM symbol in CDM and multiplexing with a different OFDM symbol in TDM. 30 23. The transmitter as
claimed in claim 22, wherein if the primary synchronization channel and the secondary synchronization
channel are multiplexed with the same 70 OFDM symbol in FDM, the combination unit arranges the
primary synchronization channel and the secondary synchronization channel irregularly. 5 24. The
transmitter as claimed in claim 22, wherein if the primary synchronization channel and the secondary 10
synchronization channel are multiplexed with a different OFDM symbol in TDM, the combination unit
arranges the primary synchronization channel and the secondary synchronization channel in such a
manner that the primary synchronization channel and the secondary 15 synchronization channel are
spaced apart by a predefiiéd hOfFdrf SHIEYnasois 12d P ATRB td ke as'tigieln claim 24,
wherein the comhihatialPuritiariariges the ptinsdy ssyokkrabizaiinonshaehnel ammhthe setordary
synchronization chanel iiysicha manAgLgat @eagrirgﬂré{e?d'i sypchronizgjiog,channglnd,ipe secondary

synchronization channel are closely located on a time axis.
a frame.

10

32. The transmitter as claimed in claim 1, further
comprising:
a pilot signal generation unit generating a pilot
15 signal,
wherein the combination unit arranges the pilot
signal at an end of a subframe.

20
33. The transmitter as claimed in claim 1, further
comprising:
multiple antennas;
25 a transmission unit conducting transmission at
different transmission timings in the multiple antennas.
30

34. The transmitter as claimed in claim 33, wherein
the transmission unit transmits a synchronization
channel by applying transmit diversity.
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30 26. The transmitter as claimed in claim 22, wherein the combination unit arranges the primary
synchronization channel and the secondary 71 synchronization channel in two OFDM symbols or four
OFDM symbols within one frame. 5 27. The transmitter as claimed in claim 5, wherein the combination
unit unicasts a portion of a frame. 10 28. The transmitter as claimed in claim 27, wherein the
combination unit arranges a broadcast channel in a 15 portion of a subframe dedicated to unicast. 20 29.
The transmitter as claimed in claim 22, wherein if bandwidth of the broadcast channel is reported in a
secondary synchronization channel, the combination unit uses a reference signal having the same
bandwidth as the broadcast channel. 25 30. The transmitter as claimed in claim 1, further 30 comprising:
a CP addition unit adding.g-CR, % Vi iabl I W i E tr%%r b g

communication is carried out. -9 %Sﬁpﬁigtagnis‘ﬁ%%eggg% C a%?n%%rbldnpcaa%g% ,ﬁw el’elélﬁﬁ1 %%?&P addition
unit adds the CP ikR@chrareRAsSthataBididEsatPaAts B BirdgkPsa paaa e hnfdiilof a frame.
10 32. The transmatter bsaaiaimeddn alatrerdnéigtrend a common pilot channel from

two antennas.

10
36. The transmitter as claimed in claim 33, wherein
the transmission unit transmits a broadcast channel at
a certain period of time after the synchronization

channel.
15
37. A base station, comprising:
20 multiple transmitters, each of the transmitters

comprising an amplitude adjustment unit multiplying an
amplitude adjustment sequence value for adjusting
amplitude with a synchronization channel transmitted
from the base station for establishing synchronization
25 with a mobile station,
wherein the transmitters have frame timing common
to different sectors.

30

38. A receiver, comprising:
a synchronization signal replica generation unit

74



comprising: a pilot signal generation unit generating a pilot 15 signal, wherein the combination unit
arranges the pilot signal at an end of a subframe. 20 33. The transmitter as claimed in claim 1, further
comprising: multiple antennas; 25 a transmission unit conducting transmission at different transmission
timings in the multiple antennas. 30 34. The transmitter as claimed in claim 33, wherein the transmission
unit transmits a synchronization channel by applying transmit diversity. 73 35. The transmitter as claimed
in claim 33, wherein the transmission unit transmits a broadcast channel from 5 at least two antennas
and a common pilBEEIMERREMavY AeBRRAS 20B60 The hiansmktef @B bkded in claim 33, wherein

the transmission Lmi)tmammté@et@roag}cm chiana) ar a eaitpin period of time after the synchronization
channel. 15 37. A base s tlgla g‘%‘f‘ﬂ% ZQmLHtlglgé rm r%,oerch Pa({*i ? ngsn comprising
0

an amplitude adjustment unit mu Ing an amplitude adjustment sequence value for adjusting
amplitude with a synERORL4EREN f&H M&%ﬁéﬁﬁt@d‘ GO tRWhE Gafiym i 'é%fhbﬁ@iﬁﬂé’”

synchronizatien channel replica and detecting a correlation value
indicative of a peak and timing associated with the peak
based on the detected correlation.

10

39. The receiver as claimed in claim 38, wherein
the correlation unit uses a waveform close to £1 as a
time waveform of a synchronization channel.
15

40. The receiver as claimed in claim 38, wherein
20 the correlation unit detects timing based on multiple
CP lengths.

25
41. The receiver as claimed 1n claim 38, wherein
the correlation unit detects a CP length based on a
detection result of a reference signal.
30

42. The receiver as claimed in claim 38, wherein
the correlation unit detects a cell 1D based on multiple
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25 with a mobile station, wherein the transmitters have frame timing common to different sectors. 30 38.
A receiver, comprising: a synchronization signal replica generation unit 74 generating a synchronization
channel replica approximated by an integer; and a correlation unit detecting correlation between a
received multicarrier signal and the synchronization 5 channel replica and detecting a correlation value
indicative of a peak and timing associated with the peak based on the detected correlation. 10 39. The
receiver as claimed in claim 38, wherein the correlation unit uses a waveform close to 1 as a time
waveform of a syrfdhrdfiAdibAThannel. 15 40. The receiver as claimed in claim 38, wherein 20 the
correlation unit detects timing based on multiple CP lengths. 25 41. The receiver as claimed in claim 38,
wherein the correlation unit detects a CP length based on a detection result of a reference signal. 30 42.
The receiver as claimed in claim 38, wherein the correlation unit detects a cell ID based on multiple 75
CP lengths. 5 43. The receiver as claimed in claim 38, wherein

5 43. The receiver as claimed in claim 38, wherein

the correlation unit detects a cell ID based on a phase
difference between reference signals.

10

44 . The receiver as claimed in claim 38, wherein
if an inter-sector orthogonal pilot is applied, the
correlation unit extracts a reference signal of a sector

15 by a coherent addition in three adjacent subcarriers
depending on an orthogonal pilot pattern.

20
45. A receiver, comprising:
a FFT timing detection unit detecting FFT timing
based on a primary synchronization channel;
a FFT unit performing a FFT operation on a received
25 signal based on the FFT timing;
a demultiplexer distributing the FFT processed
signal into the primary synchronization channel and a
secondary synchronization channel;
a channel estimation unit performing channel
30 estimation based on the primary synchronization channel;
and
a demodulation unit demodulating the secondary
synchronization channel based on the channel estimation.
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the correlation unit detects a cell ID based on a phase difference between reference signals. 10 44. The
receiver as claimed in claim 38, wherein if an inter-sector orthogonal pilot is applied, the correlation unit
extracts a reference signal of a sector 15 by a coherent addition in three adjacent subcarriers depending
on an orthogonal pilot pattern. 20 45. A receiver, comprising: a FFT timing detection unit detecting FFT
timing based on a primary synchronization channel; a FFT unit performing a FFT operation on a received
25 signal based on the FFT timing; a demultiplexer distributing the FFT processed signal into the primary
synchronization channel and a secondary synchronization channel; a channel estimation unit performing
channel 30 estimation based on the primary synchronization channel; and a demodulation unit
demodulating the secondary synchronization channel based on the channel estimation. 76 46. The
receiver as claimed in claim 45, wherein 5 the channel estimation unit performs channel estimation by
using as a reference a pré@eﬂn@ﬂ%uﬁ?&eﬁ’ bY e ﬁrﬁn&r!/aéwﬁ,‘ﬁrdﬁ?zéhgﬁ IhatiRelsIO@EED h both sides
of the secondary syrclroaizatdn ebainel ti®A7uhlia rpeaiferassclaimechmiclast #bhawlienein the

channel estimatiog UnitRefipUes Lhanpel 87HRaL 4 da L¥ HT W ARFBISTIRAC EWE B iqfdps primary
synchronization channels located in both sides of the
secondary synchronization channel.

10

47 . The receiver as claimed in claim 45, wherein
the channel estimation unit performs channel estimation
15 by using a predefined number of the primary
synchronization channels located at the same subcarrier
as and in both sides of the secondary synchronization
channel.

20

48. A mobile communication system including a
transmitter and a receiver,
the transmitter comprising an amplitude adjustment
25 unit multiplying an amplitude adjustment sequence value
for adjusting amplitude with a synchronization channel
transmitted from a base station for establishing
synchronization with a mobile station, and
the receiver comprising: a synchronization signal
30 replica generation unit generating a synchronization
channel replica approximated by an integer; and a
correlation unit detecting correlation between a
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synchronization channels located at the same subcarrier as and in both sides of the secondary
synchronization channel. 20 48. A mobile communication system including a transmitter and a receiver,
the transmitter comprising an amplitude adjustment 25 unit multiplying an amplitude adjustment
sequence value for adjusting amplitude with a synchronization channel transmitted from a base station
for establishing synchronization with a mobile station, and the receiver comprising: a synchronization
signal 30 replica generation unit generating a synchronization channel replica approximated by an
integer; and a correlation unit detecting correlation between a 77 received multicarrier signal and the
synchronization 5 channel replica and detecting a correlation value indicative of a peak and timing
associated with the peak based on the detected correlation. 10 49. A method of transmitting a
synchronization channel, comprising: multiplying an amplitude adjustment sequence value 15 for
adjusting an amplE§EENNS 2 SYHAAbRREAE thadsdalinéfeth e SUPIGinG Sid7 edrpiises
multiplying asequérmenalueriapiniga pariddid @ttacoiretian cdharedertsticrasvhd amplitude

adjustment sequeppgy oAV ¥08- JOSKNEHIPAGH§AENad L e 4d: WierelerRepeak

based on the detected correlation.

10

49. A method of transmitting a synchronization
channel, comprising:
multiplying an amplitude adjustment sequence value
15 for adjusting an amplitude with a synchronization
channel,
wherein the multiplying step comprises multiplying
a sequence value having a periodic autocorrelation
characteristic as the amplitude adjustment sequence
20 value.

25
50. The method as claimed in claim 49, wherein the
multiplying step comprises multiplying a sequence value
having a certain amplitude in a time range and a frequency
range, the sequence value having a fully periodic
30 autocorrelation characteristic as the amplitude
adjustment sequence value.
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multiplying step comprises multiplying a sequence value having a certain amplitude in a time range and a
frequency range, the sequence value having a fully periodic 30 autocorrelation characteristic as the
amplitude adjustment sequence value. 78 51. The method as claimed in claim 49, further 5 comprising a
step of combining the synchronization channel multiplied with the amplitude adjustment sequence value
with a data symbol sequence. 10 52. The method as claimed in claim 51, wherein the combining step
comprises inserting the synchronization channel at a frame period. 15 53. The method as claimed in
claim 51, wherein the 20 combining step comprises inserting the synchronization channel multiple times
at a frame period. 25 54. The method as claimed in claim 53, wherein the combining step comprises
inserting the synchronization channel at a frame period at an even interval. 30 55. The method as
claimed in claim 51, wherein the 79 combining step comprises arranging the synchronization channel at
an end of a subframe. 5 56! Thé Meth6d 28 Iadfied kpdBRd 51 nwitd@ihmhé Sconfbifik&¥ep comprises
assigning the syndunpizatcin ghannet ép abteasicsonis duizcatters 9§ ac KfdN syxmboh 10 at an even

interval. channel multiplied with the amplitude adjustment

sequence value with a data symbol sequence.

10

52. The method as claimed in claim 51, wherein the
combining step comprises inserting the synchronization
channel at a frame period.

15

53. The method as claimed in claim 51, wherein the
20 combining step comprises inserting the synchronization
channel multiple times at a frame period.

25
54_. The method as claimed in claim 53, wherein the
combining step comprises inserting the synchronization
channel at a frame period at an even interval.
30

55. The method as claimed in claim 51, wherein the
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15 57. The method as claimed in claim 51, wherein the combining step comprises dividing the
synchronization channel into a primary synchronization channel for detecting frame timing and a
secondary synchronization channel for detecting a group and combining the 20 synchronization channel
with the data symbol sequence. 25 58. The method as claimed in claim 57, wherein the combining step
comprises combining the secondary synchronization channel as a channel encoding-applied control bit
with the data symbol sequence. 30 59. The method as claimed in claim 51, wherein the combining step
comprises dividing tHePAMERD FARIBNC B0 RRAHRS iRb Ay Hmehrorialibarthasddiddr detecting

frame timing and a RaeatsiRNasyNEhrazation ehaxmeifipadetecting control information of a scramble
code or a scramble code group and combining the 5 synchronization channel with the data symbol

sequence. 10 60. The method as claimed in claim 51, wherein the secondary synchronization channel
includes at least one of information indicative of system bandwidth and information indicative of the
number of trapsmission antennas. 15 61. The method as claimed in claim 57, wherein the 20 combining
step comprises arranging the primary synchronization channel and the secondary synchronization

channel at the same symbol 25 62. The method as claimed in claim 49, further comprising:
. The method as claimed in claim 51, wherein t

combining step comprises assigning the synchronlzatlon
channel to at least some subcarriers of an OFDM symbol
10 at an even interval.

15 57. The method as claimed in claim 51, wherein the
combining step comprises dividing the synchronization
channel iInto a primary synchronization channel for
detecting frame timing and a secondary synchronization
channel for detecting a group and combining the

20 synchronization channel with the data symbol sequence.

25 58. The method as claimed in claim 57, wherein the
combining step comprises combining the secondary
synchronization channel as a channel encoding-applied
control bit with the data symbol sequence.

30

59. The method as claimed in claim 51, wherein the
combining step comprises dividing the synchronization
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adding a CP having a variable CP length depending 30 on whether broadcast communication is carried
out. 81 63. The method as claimed in claim 49, further comprising: generating a pilot signal, wherein the
combining step comprises arranging the 5 pilot signal at an end of a subframe. 82 ABSTRACT A
transmitter includes an amplitude adjustment unit multiplying an amplitude adjustment sequence value for
5 adjusting amplitude with a synchronization channel transmitted from a base station for establishing
synchronization with a mobile station, wherein the amplitude adjustment unit multiplies a sequence value
having a periodic &fi@eoedladdtehaatEfgtiias SN AApIkEad Agjusehan redudite value. Fig. 1 83

detecting frame timing and a secondary synchronization
channel for detecting control information of a scramble
code or a scramble code group and combining the

5 synchronization channel with the data symbol sequence.

10 60. The method as claimed in claim 51, wherein the
secondary synchronization channel includes at least one
of information indicative of system bandwidth and
information indicative of the number of transmission
antennas.

15

61. The method as claimed in claim 57, wherein the
20 combining step comprises arranging the primary
synchronization channel and the secondary
synchronization channel at the same symbol.

25
62. The method as claimed in claim 49, further
comprising:

adding a CP having a variable CP length depending
30 on whether broadcast communication is carried out.
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63. The method as claimed in claim 49, further
comprising:
generating a pilot signal,
wherein the combining step comprises arranging the
5 pilot signal at an end of a subframe.
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10

ABSTRACT

A transmitter includes an amplitude adjustment unit
multiplying an amplitude adjustment sequence value for
adjusting amplitude with a synchronization channel
transmitted from a base station for establishing
synchronization with a mobile station, wherein the
amplitude adjustment unit multiplies a sequence value
having a periodic autocorrelation characteristic as the
amplitude adjustment sequence value.

Fig. 1
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