DESCRIPTION BASE STATION DEVICE AND NOTICE CHANNEL
TRANSMITTING METHOD TECHNICAL FIELD The present invention
generally relates to a radio communication system. More particularly, the
present invention relates to a base stafién and a 10 broadcast channel
transmission method. BACKGROUND ART A successor communication
system to W-CDMA and HSDPA, i.e., Long Term Evolution (LTE), is
currently 15 being discussed by 3GHRR §tnddl¥dization group for W
CDMA. In LTE, orthogonal frequency division multiplexing (OFDM) is to be

used as a downlinkyggio a%j?g&g hocbl%/r;pg]s:lnglg:,&arriew%igrg%ncyCHANNEL

division multiple access (S is to sed as an up i0 access
metho8RANEEET FANExARPIOBBGPP TR 25.814 (V7.0.0), "Physical Layer
Aspects for Evolved UTRA," June 2006). In OFDM, a frequency band is

divideq% NMEDIEI'EH)OW frequency bands (subcarriers) and data are

trans riers. The subcarriers are 25 densely arranged
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30 multiple frequencg ands and the frequency bands are allocated to

diterehf RAAGASIE BPaARRMILEBASH SRR MEE0CE interference between

the terminals. Also, SC-FDMA reduces variation of the transmission power

and -2 theretorenmakgs it possible to reduce power consumption of

terminalsand to achieve wide coverage. _ )
A successor communication system to W-CDMA and

HSDPA, 1.e., Long Term Evolution (LTE), 1is currently

15 being discussed by 3GPP, a standardization group for W-
CDMA. In LTE, orthogonal frequency division multiplexing
(OFDM) 1is to be used as a downlink radio access method
and single-carrier frequency division multiple access
(SC-FDMA) 1is to be used as an uplink radio access method

20 (see, for example, 3GPP TR 25.814 (V7.0.0), “Physical
Layer Aspects for Evolved UTRA,” June 2006).

In OFDM, a frequency band 1i1s divided 1into
multiple narrow frequency bands (subcarriers) and data
are transmitted on the subcarriers. The subcarriers are

25 densely arranged along the frequency axis such that they
partly overlap each other but do not interfere with each
other. This method enables high-speed transmission and
improves frequency efficiency.

In SC-FDMA, a frequency band is divided into

30 multiple frequency bands and the frequency bands are
allocated to different terminals fTor transmission in
order to reduce interference between the terminals. Also,
SC-FDMA reduces variation of the transmission power and



In uplink and downlink of LTE, one or more physical channels are shared by
multiple user devices for communication. A channel shared by multiple

mobile stations is generally called a shared channel. In LTE, a physical

uplink shared channel (PUSCH) is usedor uplink and a physical downlink
shared channel (PDSCH) is used for downlink. 10 In a communication

system employing shared channels, it is necessary to s gnal allocation
informhbefefee shakebcHdnnepstlbder davideadiireeRNVSUbiraRsTRKEoN
in LTE)findeTmi pagentplchanngin ised Wisignadheralgsation information
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control channel. The phy wn |nk contr oI cha xamp
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Codng) Wid&ARN &P UBICAS & e RN ABREE a SEUISEDAICHS! Haffel For
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(D- BChgegth)'rlr% ﬂrﬂ% cast channel is transmitted using a fixed
transmission metho as in the case of a broadcast channel in W-CDMA. The
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broadcast channel is transmitted via a shared data channel. -3- There is a
consef8 AL AR N brifanfn LTE)- In LTE, a control channel

used to signal the allocatlon information i1s called a
15 physical downlink control channel or a downlink (DL)
L1/L2 control channel. The physical downlink control
channel, for example, includes downlink (DL) scheduling
information, acknowledgement information (ACK/NACK), an
uplink (UL) scheduling grant, an overload indicator, and
20 a transmission power control command bit (see, for
example, R1-070103, Downlink L1/L2 Control Signaling
Channel Structure: Coding).
Meanwhile, broadcast channels include a first
broadcast channel (primary broadcast channel (P-BCH))
25 and a dynamic broadcast channel (D-BCH).
The primary broadcast channel is transmitted
using a Tixed transmission method as iIn the case of a
broadcast channel in W-CDMA. The primary broadcast
channel is used to report minimum basic information. The
30 dynamic broadcast channel is used to report information
other than the 1information reported by the primary
broadcast channel. The dynamic broadcast channel 1is
transmitted via a shared data channel.



broadcast channel at a cycle of "x" ms, and it has been proposed to set "x" at
40 (see, for example, R2-072183, System information, May 2007) . Also,
there is a 5 consensus to transmit the same control information "M" times
within the cycle of "x" ms for transmittirTgQ’The primary broadcast channel, and

it has been proposed to set "M" at 2 or 4. Each transmission of the control
information is called a burst. 10 For example, if the primary broadcast

channel is to be traihRted oLt tiIFRETSRNSEGCIASf AT NS s tR&H (PRIY
primanydyaadaatt chaamed is tiansmitipell every 1kmsnas shewn it Fh@s 1béen
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information to be transmitted Is changed at the boundary between primary
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information. In this case, the mobile station

every 10 ms as shown i1n FIG.

15 DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
However, the above background art technologies

have problems as described below.
Although there iIs a consensus to transmit the
20 primary Dbroadcast channel at a cycle of “xX” ms
(hereafter called a primary broadcast channel
transmission cycle), it has not been determined how to
transmit the primary broadcast channel in the primary
broadcast channel transmission cycle. In the primary
25 broadcast channel transmission cycle, the same
information is transmitted repeatedly as the primary
broadcast channel. When 1t 1iIs necessary to transmit
different information, the information to be transmitted
is changed at the boundary between primary broadcast
30 channel transmission cycles.
In the example shown in FIG. 1, the primary
broadcast channel transmitted every 10 ms in one primary
broadcast channel transmission cycle includes the same



can detect the boundary between 10 ms intervals in a cell search, but cannot
detect the boundary between primary broadcast channel transmission cycles
of 40 ms. Methods for mapping the primary broadcast channel include an "all
bits spread over all bursts" method white all bits are spread over all bursts
and an all bits in each burst" method where all bits are transmitted in each
burst. 10 In the all bits spread over all bursts" method, as shown in FIG. 2,
channeP&dding isipdiediradd ovh thercokttdBinfersRtiortbethaqhiklgry station
b;]oacim c;h@wcttom(fji@icrbanmmrﬂemmg&od@dcmc raft@lfwm@ in a
check: is at ed. n, int Vi ess |
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burstsdp 0 ansgitgtbe mebils pitigy perfays bind deipclion WhGI s~
the prlm%oa cast channel received at each of all possible timings is

decod&@ h‘éﬂﬁﬁ?ecﬁ‘!i!niﬁg't% Y&t H2REdVFPERY dhdik vktdNHoan
examptelds shawn inFlG@aghthebmabiie stadiohodcenresrthe plihalyids are

broadqgst chaipelat Eﬁclgé)éﬁinﬁnggg_through 4 and checks its CRC _.
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Based on CRC_ check results, the mobile station selects the correct timing,
thfling 1 in this exahipletfith 11 nethbts howdRadihePMfbile?ddtioRuUEE ts
has tontehlbéouramnsidata récedtibs. tirRingstanthdiieredoren take spmrd dormed

detectjhe GHEECIIHRNGG, IAISHPYIMEYS SHEF. atetimipg (URNI BrBddGast
3) that is 10 ms away from the correct timing, the CRC -5- )
channel to” which an error detecting code (cyclic
redundancy check: CRC) is attached. Then, an
15 interleaving process 1is performed to interleave (or
reorder) bits constituting the channel-coded primary
broadcast channel, and the interleaved bits are mapped
across multiple bursts. When a primary broadcast channel
the bits of which are mapped across multiple bursts is
20 transmitted, the mobile station performs blind detection
where the primary broadcast channel received at each of
all possible timings i1s decoded and the correct timing
is selected based on CRC check results. For example, as
shown in FIG. 3, the mobile station receives the primary
25 broadcast channel at each of timings 1 through 4 and
checks its CRC. Based on CRC check results, the mobile
station selects the correct timing, timing 1 in this
example.
With this method, however, the mobile station
30 has to try all four candidate reception timings and
therefore it takes time to detect the correct timing.
Also, with this method, at a timing (timing 2 in FIG. 3)
that is 10 ms away from the correct timing, the CRC



check result may become "good" because three of the four bursts received
are correct. This may results in low detection accuracy. In the "all bits in

each burst" method, as 5 shown in FIG. 4, channel coding is performed on

the control information of the primary bryadcast channel to which an error
detecting code (cyclic redundancy check: CRC) is attached. The
channel-coded primary broadcast channel is repeated (or duplicated) to
gener&esds MEeudiprafolPERERNEINESIED PRrRIV Brddd&sst @hahRelsfour
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channel all of the b8 oftRBich ald mBdsed ihreaBRCBurfUFstsmittedned. as
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processing. 0 however, the mobile station cannot detect
the pritfGNbRIAJERECEhHEP FRMSEiST6R cf¥ChHe disdensameYprebsmk:
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enable a user device to detect a transmission cyc a broadcast channel

wWhile PEATAAG thefAvE nebasesl6qdedive @ BFYadkaepdrankelcBgnnels
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e e T eCalet  BrTnary’ 'BroadcaSt channels. Then, the
interleaved bits are mapped. When a primary broadcast

15 channel all of the bits of which are mapped iIn each
burst is transmitted, the mobile station can obtain
information by jJust receiving one primary broadcast
channel. Thus, this method makes i1t possible to reduce
the delay 1iIn reception processing. With this method,

20 however, the mobile station cannot detect the primary
broadcast channel transmission cycle.

One object of the present invention 1iIs to
solve or reduce one or more of the above problems and to
provide a base station and a broadcast channel

25 transmission method that enable a user device to detect
a transmission cycle of a broadcast channel while
reducing the time necessary to receive the broadcast
channel.

30 MEANS FOR SOLVING THE PROBLEMS
An aspect of the present invention provides a

base station that transmits a broadcast channel to a
user device a predefined number of times iIn a



predetermined cycle for communication with the user device. The base

station includes a repetition unit configured to repeat the broadcast channel,
after the broadcast channel is channel-coded, for the predefined 5 number of
times to generate multiple broadcast cﬁgﬁnels; and a signal waveform
changing unit configured to process the generated broadcast channels such
that the processed broadcast channels have different signal waveforms.
PositidHEeeRemrbagdascyrdenelBan theaunorskeak tethsiitton ihge user
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t#HahsnAE&Bh irthe PraistaARTEY cydR. R/ ARFEISESIS I8erEYE b are
THE IR¥&dETIONe Aspddis ofttihe psegertlinventioficproside s T0dase stadivest
and a prpgfiagat channel transmission method that enable a user device to
detect a transmission cycle of a broadcast channel while reducing the time _

necessary to receit8MEBFoadtSRECHannel BRIER DEEEREBION BEFHEEN
DRAWING®Sdes a method of transmitting a broadcast channel by

15 a base station to a user device for communication with
the wuser device where the broadcast channel is
transmitted a predefined number of times iIn a
predetermined cycle. The method includes a repetition
step of repeating the broadcast channel, after the

20 broadcast channel 1is channel-coded, for the predefined
number of times to generate multiple broadcast channels;
and a signal waveform changing step of processing the
generated broadcast channels such that the processed
broadcast channels have different signal waveforms that

25 are associated with positions of the broadcast channels
in the order of transmission in the predetermined cycle.

ADVANTAGEOUS EFFECT OF THE INVENTION
Aspects of the present invention provide a

30 Dbase station and a broadcast channel transmission method
that enable a user device to detect a transmission cycle
of a broadcast channel while reducing the time necessary
to receive the broadcast channel.



FIG. 1 is a drawing illustrating an exemplary method of transmitting a

primary broadcast channel; FIG. 2 is a drawing illustrating an exemplary
method of mapping a primary broadcast channel; FIG. 3 is a drawing
illustrating an exemplary method of rec‘:gl“ving a primary broadcast channel;
FIG. 4 is a drawing illustrating an exemplary 10 method of mapping a

primary broadcast channel; FIG. 5 is a drawing illustrating a configuration of

a radio communication system according to an embodiment- of the present
i_nvergr ppr BISEREPT foawor itiystrefng puEslio frame 15 structure; FIG.

7 is a drawing illustggting TTI. stryct . . 8y i Egl ck diagr f
base station accorg?r%]'toﬁqn'egm%ogﬁaenﬁ)& th§ei ﬁp'r?esgjr%% %v%ﬂt%%?@béégy
is a dra®iPAl_fatingneaddfdne atREARRBIYIOreadsasdrafiggfirating
arpexample of subsagier magpirg ardkilg syrhalt dent#2n2ekmplary

is a drawing. jllu ' X t r it rimary

broad @%%%nﬁﬁ%ﬁgﬂb |§1 g%tn;%lﬁi%{?n‘ﬁgdq r%%% %?#?engﬁe%% r% ‘ljﬁvention ;

FIG. 12 is a. flowcHalshowil§ athre&&ed B8 trhhbHsitirtd pansity esRtrelary
channekadroing o ascd@eimgodinparineiithelpreaentisveotiannell. 13 is a
partial block diagrapyef a pase %atm%q dipprtoan Sk i@ﬁnfes)(fe%lary

present invention; -8- FIG. 14 is a partial block diagram of a base
10 method of mapping a primary broadcast channel;

FIG. 5 is a drawing illustrating a
configuration of a radio communication system according
to an embodiment of the present invention;

FIG. 6 i1s a drawing i1llustrating a radio frame

15 structure;

FIG. 7 is a drawing illustrating TTI
structures;

FIG. 8 is a partial block diagram of a base
station according to an embodiment of the present

20 invention;

FIG. 9 1s a drawing illustrating a subframe
structure;

FIG. 10 is a drawing illustrating an example
of subcarrier mapping at OFDM symbols #1 and #2;

25 FIG. 11 is a drawing illustrating an exemplary
method of transmitting a primary broadcast channel
according to an embodiment of the present invention;

FIG. 12 is a flowchart showing a process of
transmitting a primary control channel according to an

30 embodiment of the present invention;

FIG. 13 is a partial block diagram of a base
station according to an embodiment of the present
invention;



station according to an embodiment of the present invention; FIG. 15 is a
partial block diagram of a base 5 station according to an embodiment of the
present invention; FIG. 16 is a drawing illustrating a method of mapping a
primary broadcast channel according to%n embodiment of the present
invention; 10 FIG. 17 is a drawing illustrating a method of mapping a primary
broadcast channel according to an embodiment of the present invention;
FIG. 18 is a drawing tfustrbdind @xeémpr¥ Iadoflales mabbied abc&rfing thase
an emgedinient ofdbeo it iTgseroinvantiornfoléd ikikista deawinghBustpaiégent
exemq%(y%ﬁgpérﬁme mapping according to an embodiment of the present
invention; FIG. 207is a drawing illustrating exemplary 20 subframe mapping
according to an embbimérnt ofthe? pReddrtadyentiomk Fr agr #Ma phrtrl base
bleck diegtamrof aabase adtatjon escoeting émddcamendimertt ofthe prpsesient
inventi NG 22 is a drawing illustrating exemplary subframe mapping
according to an embodiment of the present invention; FIG. 23 is a flowchart
showing a. schedufil§ préestSatth BEs ifdioh kR Bk method of
embodiamning 36 therdneaent invesdiooastG. Sdanree Hramdon Histi@tingp  an
exempgﬁgoégygﬁp%pa@mng p&ggﬂngﬁgm@g}t}pdiment of the present

9

invention; an
10

FIG. 17 is a drawing illustrating a method of
mapping a primary broadcast channel according to an
embodiment of the present invention;

FIG. 18 is a drawing illustrating exemplary
subframe mapping according to an embodiment of the

15 present invention;

FIG. 19 is a drawing illustrating exemplary
subframe mapping according to an embodiment of the
present invention;

FIG. 20 i1s a drawing illustrating exemplary

20 subframe mapping according to an embodiment of the
present invention;

FIG. 21 i1s a partial block diagram of a base
station according to an embodiment of the present
invention;

25 FIG. 22 1is a drawing illustrating exemplary
subframe mapping according to an embodiment of the
present invention;

FIG. 23 is a flowchart showing a scheduling
process at a base station according to an embodiment of

30 the present invention;

FIG. 24 1i1s a drawing illustrating exemplary
subframe mapping according to an embodiment of the
present invention; and



FIG. 25 is a drawing illustrating exemplary subframe mapping according to an
embodiment of the present invention. 5 EXPLANATION OF REFERENCES
50k (501, 502, 503) Cell 100" (1001, 1002, 1003, 1004, 1005) User device
200m (2001, 2002, 2003) Base station 202 BC_H control information
generating unit 10 204 Channel coding unit 206 Repetition unit 208
Interleaving unit 210 Data modulation unit 212 Scrambling unit 15 214
Multiplexing-and-mBpging £it 816 DFHAWodulkibhigtit L8R exemplary
transnysgiPRait 2205 BegH tearsorasiog meghodsontigbudiimédt  of the

Repetition- c#—p cturi nit 20 224 Scheduler 300 Access gateway 400
Core e%%sé%?rlb Ogﬁv&i{gﬁ) yo'mmunication system 25 BEST MODE FOR

CARRYING OUT THE INVENTION Embodiments of the present invention
are desgribedabralow BithREFEIRBRERS the accompanying drawings.
Throughout @iaﬁnpagying ing etr'f" same reference numbers are
used for parts fa 'nzlthe same 6func'§ons, and overlapping descriptions of
those parts &RPonifB8: A tfe-cdfiftsunit8lon 4% 10069k cIHae
mobile statiopeGnd(Rase statans a@C0s)ing Beae - Eraeindodiment of the

present inve%@ is %%?Fr&ﬁptpslp"\fnformation generating unit
10 204 Channel coding unit
206 Repetition unit

208 Interleaving unit
210 Data modulation unit
212 Scrambling unit
15 214 Multiplexing-and-mapping unit
216 OFDM modulation unit
218 RF transmission unit
220 P-BCH transmission method control unit
222 Repetition-and-puncturing unit
20 224  Scheduler
300 Access gateway
400 Core network
1000 Radio communication system

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

described below with reference to the accompanying

drawings. Throughout the accompanying drawings, the same

reference numbers are used for parts having the same

30 functions, and overlapping descriptions of those parts
are omitted.

A radio communication system 1000 including

mobile stations and base stations according to an



with reference to FIG. 5. The radio communication system 1000 is based on,
for example, Evolved UTRA and UTRAN (also called 5 Long Term Evolution
or Super 3G). The radio communication system 1000 includes base stations
(eNode B: eNB) 2008, (2001, 2002, 200 .., 200,,; mis an integer greater
than 0) and mobile stations 100" (1001, 1002, 1003, ..., 100n; n is an integer
greater than 0) that 10 communicate with the base stations 200,,. The base
stat ioR8§20D1 B8 EoRfectdls taPde SPPEr ABNERLERRS B Hessdd§adwaglow
300 ang the peqesegateway BP0 is 3connected to a core network 400. Each

of the mobile stations 100npin 88%@&:??#3?9%(5%/&%%1 "1'0?%(; lfg‘%%?ed
an integer greater than 0) and communicates with the corresponding one o
the baSB stafidhs 20@MRd&rdiRYd VEdoNERY TRAGNYTHRRRAN2EBMe s Hiled

mebile_stiagons Ty havevalieadyorestablishedsopemunigaton chianaels withio
the b | 0 j jcations, and 1
MGy e T R L e N G

statiorB-2®NBAnZ8Pe Nt AP1coriRRmicaMshs. Eactt8Pthe BadSs@fiodsteger
200,, tearesnods 26ymclopnizaionnspidls. Eachtabiie Maolgle taoons 11000,

is Ioca}% one of {f ncellsr:]S%(S% 5,Qatege510k;gﬁ‘é%@grjm‘igu%rr]gr%"’}terthat

than 0). When_the mobile station 100n is, for example, turned on or in the

ibfermiRHURERtBn MAEE dukig carimEinictiBhicie mePile-stafiff 30Pase
100, psﬁanﬁ_era;c@@ﬂmsmhdmseaebﬂ;edn_etsyrmt:_rmpmﬁonosig_naisdb_ fimsl an
cell thaldiayidesaaed sliospammpicais AUaLyoL the Tkie s1auap 10js
More specifically, the mobile station 100n detects a symbol -l timing and a

frame GG SHeCueltisttefLpRcifietiork 400 Each' of “the mobile
stations 100, is in one of cells 50« (50;, 50, .., 50«; k

15 1s an integer greater than 0) and communicates with the
corresponding one of the base stations 200, according to
Evolved UTRA and UTRAN.

Some of the mobile stations 100, have already
established communication channels with the base

20 stations 200, and are in communications; and the other
mobile stations 100, have not established communication
channels with the base stations 200, and are not 1in
communications.

Each of the base stations 200, transmits

25 synchronization signals. Each of the mobile stations
100, is located in one of the cells 50« (50;, 502, .., 50k;
k 1s an integer greater than 0). When the mobile station
100, is, for example, turned on or iIn the intermittent
reception mode during communications, the mobile station

30 100, performs a cell search based on the synchronization
signals to find a cell that provides good radio
communication quality for the mobile station 100,. More
specifically, the mobile station 100, detects a symbol



control information such as a cell ID (a scrambling code unique to a cell
generated from the cell ID) or a group of cell IDs (hereafter called a cell ID
group) based on 5 the synchronization signals. A cell search may be
performed when the mobile station 100*¥s in communications as well as

when the mobile station 100, is not in communications. For example, the
mobile station 100" performs a cell search 10 during communications to find

a cell #difignBe e feglieRtg ottbnihah candisifgtedikeresetdqsasaific
The mebile statian FoPxaalsomesiasmsas call seprchivhea Kdsaabiing code

conunypicatlons, for e pl t ile statio 0%,-Ras just.b
turnedHch ris ri]'rglsoth% S arﬁﬁ)}ﬁ/lgr%'ﬁg&#fﬁsggat%jﬁ 2 g}] go%‘ %88“'0
2003, of 2641 hkbe tKbakprS Eekfigiahlied aadFandtidis S@4P tharaereon
caled the begaciaber 2801 tie bagastation 200., or the base stations 200m
in the descriptions hel 0 otherwi i AT ohile stafi
100" (1001, 1002,%0 %N'%ﬁ%ﬁﬁﬁ&@%@%mgﬁ?ﬁ.ﬁ§3r‘1d Eﬁc&?c?r?slﬁe
and aretAEISBrelledihe MbbAEMEAEEAAOPT RS meshd s@fiondeborthe
(or userothaviee Hitindhe dE3Ofiptidas betaw untessoatheonisesdGons. For

mentQegh e oS0k 5P} 50 20Porr S9K) IUAIF SR cent search

configuration and functions and are therefore called the cell 50k or the cells

36k inIHE HaQcripRiBRYMBERI QAR sEBthdifise RentiBhdd. 5 1N ralifs same
commiinegtionsystam @00 N80 artbe§dnakiieguenadi difearen hfiplexertcy -

(OFDMhs HiSE§ RS LEAIUNINORAIQ RGGESSE FIBTARY ANEeNEISeSAERT when

frequency division multiple access ZSC-F_D A) is_used as the uplink radio
accesd hethdd MMBEDY §9Mmwinications, for example, when the
mobile station 100, has just been turned on or is in the

15 standby mode.
The base stations 200, (200,, 200,, 2003, ..,
200,) have the same configuration and functions and are
therefore called the base station 200, the base station
200,, or the base stations 200, in the descriptions below
20 unless otherwise mentioned. The mobile stations 100,
(100, 100,, 1003, -, 100,) have the same configuration
and functions and are therefore called the mobile
station 100, or the mobile stations 100, (or user device
100) in the descriptions below unless otherwise
25 mentioned. The cells 50 (50;, 50,, 503, .., 50x) have the
same configuration and functions and are therefore
called the cell 50 or the cells 50k in the descriptions
below unless otherwise mentioned.
In the radio communication system 1000,
30 orthogonal frequency division multiplexing (OFDM) 1is
used as the downlink radio access method and single-
carrier frequency division multiple access (SC-FDMA) is
used as the uplink radio access method. In OFDM, as



described above, a frequency band is divided into narrow frequency bands
(subcarriers) and data are transmitted on the subcatrriers. In SC-F DMA, a
frequency band is divided into multiple frequency bands and the frequency 5
bands are allocated to different terminals%or transmission in order to reduce
interference between the terminals. Communication channels used in
Evolved UTRA and UTRAN are described below. 10 For downlink, a
physicaea6whiaR shBeME -cHanhes ABSOH Paarelishythel fbild rEatidry row
éOOx,I wdqaemlb@ ﬁamﬁuiak Q@@gﬁ@aﬁhﬁm@,yr%aeoamdownﬁrktﬁﬁﬁslmTiIited
ownlink cqQntro i to,repQrt i atign | ati 0 -
be ma{))ltlge(_J(IHtPg)éth(g_DZ T%%%]?/é?céélls%owr! Ir[ﬂn k%ééﬁe@[&an%eﬁgﬁs%ﬁﬁorrﬁgﬁ 4 is
informe YA 48CthErdiey sital b ink searsd eMaRiaIdsndnthalibs of rREBRECY
statiorisatiodde mapeed ta Bl gbwsiaal uptiok shiaréficahannel, ¥arspod fermafor

informati I-the. jcal i r n EE‘F:!% 0 e
informgﬁgﬁ _@r‘%%%%ggal up f?]E szﬁwar?é%?&ga?nn?eh; an t(k%egf)é%/s;eéa oév&li?]%e
sharedehBAREII & used to transmit user data. Also in downlink, the base
stations 200, trans@uhsymduvanizatorcsignatslsseddyyadtha molgileo RBred UTRA

statiorgﬁﬂ%ﬂﬁegﬁgnoﬁkﬁgggeﬁﬁgwplink, a physical uplink shared

channel (PDSCH) shared by the mobile stations 100, and an LTE uplink
déhtrol channel arefifded. §P¥Ad BR& wwo BpeRYSEpRk cSRv thalfneBhared
uplink coatnoé ¢hafiizs ol pe Statmad-doyisidhenultipleked stthttherghysedl and
uplink ;shareg chapnqliand 2o Helsl ceptalANAPLORR . 1n downlink,
e A RO Tt ik Cantrol ehansdt i e 0 report
information on mobile stations to be mapped to the
15 physical downlink shared channel, transport format
information for the physical downlink shared channel,
information on mobile stations to be mapped to a
physical uplink shared channel, transport format
information for the physical uplink shared channel, and
20 acknowledgement information Tfor the physical uplink
shared channel; and the physical downlink shared channel
is used to transmit user data.
Also i1n downlink, the base stations 200,
transmit synchronization signals used by the mobile
25 stations 100, to perform cell searches.
For uplink, a physical uplink shared channel
(PUSCH) shared by the mobile stations 100, and an LTE
uplink control channel are used. There are two types of
uplink control channel: an uplink control channel to be
30 time-division-multiplexed with the physical uplink
shared channel and an uplink control channel to be
frequency-division-multiplexed with the physical uplink
shared channel.



-13- In uplink, the LTE uplink control channel is used to report downlink
channel quality indicators (CQI) used for scheduling and adaptive
modulation and coding (AMC) of the physical downlink shared channel and
to 5 report acknowledgement informatio ARQ ACK information) for the
physical downlink shared channel; and the physical uplink shared channel is
used to transmit user data. In downlink transmission, as shown in FIG. 6, 10

one radio frame is 10 msrdddtncluElRe 10TFETIIPNIEMSaycQdd Bd caheanel is
subfragresd Ate0,reperawadnid®ni, enanhé I inplizdasiyva sultamsss agdQl)

incl F CP i d .
(uppetih of o e SEITAY SRt M SR e i oing
(lower (ot FoE. Ahgvhehyid ard carurdMitaniarge sabrarrl sABdn to
inF-1G répuecalled stisol hedipseestation 2pofagensdingto a fitiARQ ACK
embodi e inyention. i ib wi n .
S S oo g R T A
inform@f8n Jeerafihy sihfedo2 VB kHahnetRaERY ukit202e h rebetitidRgthit to

206, anriniendavingemita®d,.a data modulation unit 210, a scrambling unit

212 used as a sprepging iy ghg> PMHBHE‘E}#@?P,‘?"&P@%WB{?#”W% @ 6,
OFDM modulation unit 216, an RF transmission unit 218, and a P-BCH
t+EhsnR8& oh A oBT@Hrol Bint @285 1 RiHis éﬁﬁfd{ﬂﬁ%né% i5dSunldd thdpay

the prachapy bmadad$echauief ratraasmities pnudtiplshiones BO iR ECprimaryone

broadegsf ChaRiieldensHisSIA p1g'andad thease iatonA4AHENS A udes

respective bursts of the primary broadcast channel using different methods.

For Seven OFDM symbols "'when a short CP is” used (upper half
of FIG. 7) or six OFDM symbols when a long CP is used

15 (lower half of FIG. 7). When TTls are called subframes,
the subframes shown in FIG. 7 are called slots.

The base station 200 according to a Tfirst
embodiment of the present iInvention is described below
with reference to FIG. 8.

20 The base station 200 of this embodiment
includes a BCH control information generating unit 202,
a channel coding unit 204, a repetition unit 206, an
interleaving unit 208, a data modulation unit 210, a
scrambling unit 212 used as a spreading unit, a

25 multiplexing-and-mapping unit 214, an OFDM modulation
unit 216, an RF transmission unit 218, and a P-BCH
transmission method control unit 220.

In this embodiment, it is assumed that the

primary broadcast channel is transmitted multiple times
30 in a primary broadcast channel transmission cycle, and
the base station 200 transmits respective bursts of the
primary broadcast channel using different methods. For
example, the base station 200 transmits bursts of the



example, the base station 200 transmits bursts of the 14- primary broadcast
channel with different signal waveforms. In this case, the signal waveforms

of the bursts of the primary broadcast channel are associated with positions
of the bursts in the order of 5 transmissibfi: For example, the respective

bursts of the primary broadcast channel are multiplied by different

scrambling codes such that the respective bursts have different s-ignal
wavefdiigianvhis BirfRémAskt, it haReakhed Hkhhe piitfds siobdcasignal

channghiselfbiragsmilted irdimesds thecpemaydrigrdeasiehanns! of the
”ans”ﬂﬁ?gﬁscy%l?- lienaiye rthetﬂrlgglﬁﬁégft“%ﬁan‘i@ Priary Raaliaeq

channel’is transmitted may be twd, t e, or more. The ECH control
informéfi&h gemOREREAMt 1902 §BReraisr&diftrol HlormEli@n t9pder of

transniitad sfid Sy padcastahagrelp lde sthe ofthspeattivldnioumationoif, the

for exagFE’F# ﬂ\?nbﬂﬁogﬂﬁﬁ%ad&ﬁihﬁgﬁn”aﬂ%i“?dﬂi'%%I?(f)%%i% roaﬁ'%f?trent

channel including minimum basic information (primar ast channe

informaGoANSAdNg0 88453 teft FAMERRIMLENS (IMENPSAE BSubiE&t$ have
mobilen! h_Efwndni_D MHID)wandﬂowmmimroadmstedmmmanﬂe,d ot is
transnaggmwiaaﬂormylerth.?ﬁethe PR Proagrasteiannel injrmatpn. o
Descriptions here are mainly related to the primary broadcast channel. The

BEH 2 edibARImERER geHBestirk urkiPSoP GhHRFMeT@BHiFSTt channel
informatiando bestiansnajtedevia thiEgenmmaty i badcastehanmtdor edchtimes

primaryprogigash el desaiTrsian e the cnnpeleodiag Ul 496,

performs channel coding on the control information, i.e., the primary
broad ¥ ehanhbY Gerftraf By the BCH control

The BCH control information generating unit

15 202 generates control information to be transmitted via

broadcast channels. The size of the control information

is, for example, 40 bits. The broadcast channels include

a primary broadcast channel 1i1ncluding minimum basic

information (primary broadcast channel information) such

20 as system frame numbers (SFN) and a public land mobile

network 1D (PLMNID); and a dynamic broadcast channel

used to transmit iInformation other than the primary

broadcast channel 1iInformation. Descriptions here are

mainly related to the primary broadcast channel. The BCH

25 control information generating unit 202 generates

control information to be transmitted via the primary

broadcast channel for each primary broadcast channel
transmission cycle.

The channel coding unit 204 performs channel

30 coding on the control information, i.e., the primary

broadcast channel, generated by the BCH control

information generating unit 202. For example, the

channel coding unit 204 includes a turbo encoder that



-nfor_mation generating un-t 202. For_ example, t_he channel coding unit

204 includes a turbo encoder that !5- performs error-correction encoding to
attach redundancy bits to information bits of the primary broadcast channel.
The repetition unit 206 repeats (or 5 dUi)ﬁéates) the channel-coded primary
broadcast channel for the number of times the primary broadcast channel is

to be transmitted in the primary broadcast channel transmission cycle,
therebyejehriite sShRIHE A FecllpNpeiaAdBshdEastatkrtlelsr@liiedancy
and inpteslO the pimesyaeadeastichesnetsrto theantgsieRviig unibrddBicast
The in&i{ %véqg unit 208 performs an interleaving process to interleave (or
reorder) Dits constituting each of the primary broadcast channels 15

according to a predB€rmin&@PEEI BhaNnputdMAE intetRfved peipeats  (or
breadeags Cheanets)tothe datarmedutediosdinirdh rihendaiadvadulatinannel

adaaghe y . . ;
proaddist 30 e athor LS A re AL oAUl hn sHegme s

and inBAts #fe ddEeralided prifantBfoadiattRRYnnBIL 8 8e Ecr&hiBing !
(spreatiry)amis2idnMesyolhile, thiedreBE Hdraranitson matadgd legntrelg. ,
unit 2 ig [ t TpleNelo) t riﬁsgg jve ts

prima;?k?‘r%zdgﬁ lgﬁg?]):]e %&%%@[%smﬂﬁéé{ ﬁneggpr?rg%ry r(;ggdca%ltll{c ar‘?rﬁé s

t+Ehsnfi8& oR CVRRN Y0P EQEARAS Laifiing bhathe tPRmERFBFd&dA0 unit

chann2bDiB to be transmitted four times in. a primary broadcast channel

transmission cycle,ihg P BPnl%g}ﬂ.gg(ﬁwéssioGmqthodz%wtrolﬂg}itfgms an
prepares four ) B} ,
interleaving process to interleave (or reorder) bits

constituting each of the primary broadcast channels
15 according to a predetermined rule, and 1inputs the
interleaved primary broadcast channels to the data
modulation unit 210.
The data modulation unit 210 data-modulates
the channel-coded and interleaved primary broadcast
20 channels according to a predetermined modulation scheme,
and inputs the data-modulated primary broadcast channels
to the scrambling (spreading) unit 212.
Meanwhile, the P-BCH transmission method
control unit 220 assigns different scrambling codes to
25 the respective bursts of the primary broadcast channel to
be transmitted in a primary broadcast channel
transmission cycle. For example, assuming that the
primary broadcast channel is to be transmitted four times
in a primary broadcast channel transmission cycle, the P-
30 BCH transmission method control unit 220 prepares four
different scrambling codes. In this case, the scrambling
codes are associated in advance with positions of the
primary broadcast channels (bursts) in the order of



different scrambling codes. In this case, the scrambling codes are

associated in advance with positions of the primary broadcast channels
(bursts) in the order of transmission. The scrambling unit 212 spreads the
primary broadcast channels input fromth&data modulation unit 210 by the
corresponding scrambling codes input from the 5 P--BCH transmission
method control unit 220, and inputs the spread primary broadcast channels to
the mURHISAIAGSEAA--mapping unit 214. The multiplexing-and-mapping unit
214 receives the spread peiraatyldiegdeasi ehannelsdprvdbe saianbpirg mbey

unit 2 i B’er?ei%r eﬁ?}g“ﬂeﬁﬁgrﬁt . dsx ”%%&efleé%nfs% unit

signal-. e mut |p exing-and-mapp~:-ng uni lexes he primary
broadc?ai!é? cPUnkBR, BR HERP UMM S&T@l‘!’fé‘l’éf@ré?ﬁ‘é§gﬁaplﬁ6f§% the
drawmg-lﬂoatraﬁmemmiam Tearappingofitineldaia chael andrﬁpnmbuts

channgls, The.Bpmary bregqgast,shangel js mapped IRANGS4R° CORiET e
eret nne

frequenc¥ band that w e synchronization cha is mappe The
detaild"bf ﬂ%h@b‘ﬁ%@' Bes8edcABen taer U BodAlink transmission, as shown in

FIG. 9, one 20 subframenis,Ifoi gkexiplg;-drdsmeanspinctdesiltd QEDMeceives

symb%eln gFDM g m@ 'ié/(#glréqﬁgdggst cﬁ%\%@{@nﬂ%aw tQSrIHHShng

axis |dent|%/ and numbers# 1, #2, #3, #M; M Is an
ihtegel Y at%]r%ha"ﬁ‘é) él'r%ﬂgé&%ﬁ’dt’@ﬁwe eau&aamaie zé‘ud%?ﬁﬁy channel
resouraedlack® fihepbgsisagdawnlimkeontrbt chaeréhglesodbrdmowg isnit

mapped 10 firsi thip (REY 1808k hpy Suibameash” armhidiesa VRl data

1,2, 0or 3. Inthe exam le of FIG. 9, the physical downlink control. channel 30
is maﬁﬁe%ﬂ'bethe ﬂ'%?t\iw?)nfﬁfﬂ?ﬁ]‘b%ecﬁﬂ%)' ie.,

FIG. 9 1is a drawing |Ilustrating exemplary
15 mapping of the data channel and control channels. The
primary broadcast channel is mapped in the same center
frequency band as that where the synchronization channel
is mapped. The details of mapping are described later.
In downlink transmission, as shown 1i1n FIG. 9, one
20 subframe is, for example, 1 ms and includes 14 OFDM
symbols. In FIG. 9, numbers #1, #2, #3, ., #14)
arranged along the time axis identify OFDM symbols, and
numbers (#1, #2, #3, .., #M-1, #M; M 1is an integer
greater than 0) arranged along the frequency axis

25 1dentify resource blocks.
The physical downlink control channel
described above i1s mapped to first “N” OFDM symbols in a
subframe. “N” may take a value of 1, 2, or 3. In the
example of FIG. 9, the physical downlink control channel
30 i1s mapped to the first two OFDM symbols (N=2), 1.e.,
OFDM symbols #1 and #2, in a subframe. OFDM symbols
other than those to which the physical downlink control
channel is to be mapped are used to transmit user data,



OFDM symbols #1 and #2, in a subframe. OFDM symbols other than those

to which the physical downlink control channel is to be mapped are used to
transmit user data, a synchronization channel (SCH), a broadcast channel
(BCH), and a data signal to which persTétEﬁt scheduling is applied. The

L1/L2 control channel and the data channel are time-division-multiplexed. In
the frequency direction, M resource blocks are defined. The bandwidth of
each r@asotyEE Btk Za tprexahp)abo KBeHARd @acRressiaeethliogRannel

includgscl) subgririarsddte reighernoft@sanmenblpels MsiecdT Weerthd ing

t idth.is 5 , 5 t idth js 1
00 i P e 0 ST, T Al g a2
an ex&hprRNel sabBa ki Masrtthyppite a0 OV kgxisbis #1 and #2 in a
suwpframe structure bs stievnfineflenByIndilediti dhe 16 noeslerirefe blocks
subcatrriers F S [ isan j e n
referer%[cié nl?réfg‘i%? jﬂe yg%tﬁ%;\,}}g %g%ig?}fd 'f!ogt e sh%%:%%ﬁe[:rgiﬁ IQ}CQ qs ’

ascendf d?erBl GreqliBRcykHrhe ANHb&RG sURREAEISE i9306KvhECthedes
system basdwichinrd SridHz 60 whebdire systemdeandweidihl2eis1MMiZ, 25

or 120 uhery e @%%%ﬁn?%@ﬁgﬁzﬁ g%ﬁgm%” ﬁbghﬁﬂ% Systen

downlink reference ‘downlink control channel
A& mAFH IS Luptarm&s"orBi 0RpENER. The pryskal dBaminadth 1s

controROhdlihizel is also mapped to OFDM symbol #2. In 25 this example, the

L1/L2 control changgl@and,ghgrg contigl HgRRE!S Rifistrating an example
frequency-division-multiplexed such that each of the channelsis mapped to

multipf rSYOSAES 46/ pBRaRENG raAhe M e RYIP MR AL, 30h in-a
multipkexiriy Schermtrisctlled distr_shovredifnediléncyB0 dimisiohG. 10, the

mylti_plgxpBg (FPMLRiskbited FRIV ifach OFDM symbol is L (L is an
integer greater than 0), and reference numbers #1, #2, ..,
#L are assigned to the subcarriers in ascending order of
frequency. The number of subcarriers L is 300 when the
system bandwidth is 5 MHz, 600 when the system bandwidth
20 is 10 MHz, or 1200 when the system bandwidth is 20 MHz.
As shown in FIG. 10, a downlink reference signal (DL RS)
and the physical downlink control channel are mapped to
subcarriers of OFDM symbol #1. The physical downlink
control channel is also mapped to OFDM symbol #2. In
25 this example, the L1/L2 control channel and other
control channels are frequency-division-multiplexed such
that each of the channels 1s mapped to multiple
frequency components arranged at certain intervals. Such
a multiplexing scheme 1is called distributed frequency
30 division multiplexing (FDM) . Distributed FDM is
preferable to achieve frequency diversity gain. The
frequency components allocated to the respective
channels may be arranged at the same intervals or at



preferable to achieve frequency diversity gain. The frequency components
allocated to the respective channels may be arranged at the same intervals

or at 18 different intervals. In either case, it is necessary to distribute the
LI/L2 control channel across all resourcé-Slocks (in this embodiment, the
entire system frequency band). CDM may also be used as an additional 5
multiplexing scheme to cope with the increase in the number of multiplexed
users.ddblerrikes iNtedaBibo it thatasesse frié§udscy @versgry to

gain. Qn $he ioihiee hend, haweveesdaRMbmayn@israt the estwoanilitye abdrce
reduce.the receptign ity For ple, | Sy, - #1

R 1 DIREENAD BRI RN Enil) ShPlf e el At ey
subcaR®te ith reRiendBayumBh8C6 xkRe- 1'488Hdic@es 12 ... jaq@ktional

phaysical dlewmnliok bogtrelchkarnetis neapredid tubadrsersratheatian ihosehe

to 15 whi e i I a S in . -

ackno\\%ﬁ]e(p %Ene%tir?@rﬁm E&%N%:Cm@ p@gggﬁsrﬁ#?e 2%/%ib’ t beI e to
physicht BbRRNnKI EGHPaSShathel iFTRIpFES Yo SIEIRATY3 SAd Subtridihe
#L-3. Dedaombendgf Subgaudars tabihichaiye dcknoptedgesment ihfogoatidn ty

20 ig r’gﬂgp%&ggt Hgn%gg&?dﬁaémqrwy{mber of user devices

multiplexed in one subframe in"uplink, I1.e., the” maximum number of user

d&ices that transnfiCliplf%@ERAFed dHarlERin DA Ibitaime AR BiseRS 1S
wherethnamhysicetdopalinisgentsalb2aicheansl is mapdal tolibteet®EDM. RS

symbojg, theppepiqyalapelaeMssyieR! a2 puRsiaHatinihie saling ap _

that of OFDI\/ﬁ)s_,ymbol #2. The OFDM modulation unijt 216 OFDM-modulates

a sigmal wHird B GaLeShdrmnet therefetBRc®BgREFdh fownlink control

channel 1s mapped to subcarriers other than those to
15 which the DL RS is mapped. In the example shown in FIG.
10, acknowledgement information (UL ACK/NACK) to be
transmitted via the physical downlink control channel is
mapped to subcarrier #3 and subcarrier #L-3. The number
of subcarriers to which the acknowledgement information
20 is mapped is determined by the maximum number of user
devices multiplexed in one subframe in uplink, 1.e., the
maximum number of user devices that transmit uplink
shared channels in one subframe.
In a case where the physical downlink control
25 channel is mapped to three OFDM symbols, the
configuration of OFDM symbol #3 1is substantially the
same as that of OFDM symbol #2.
The OFDM modulation unit 216 OFDM-modulates a
signal where the data channel, the reference signal, and
30 the L1/L2 control channel are multiplexed.
The RF transmission unit 218 attaches CPs to
the signal where the data channel, the reference signal,
and the L1/L2 control channel are multiplexed, performs



30 the -I/L2 control channel are multiplexed. The RF transmission unit 21.8

attaches Cps to the signal where the data channel, the reference signal, and

the L1/L2 control channel are multiplexed, performs digital-analog

conversion, frequency conversion, and'ﬁgﬁd limitation on the signal,

amplifies the signal to an appropriate power level, and then transmits the

signal. As a result, as shown in FIG. 11, multiple, 5 e.g., four, primary

broad€Hdl CrahriIadpee PPy edifkasnt Jorafitingycsy arstaRsnitisd band

g €., éfﬁ nﬂtﬁtmhroadcatheha@ngllwisslt,rar@mjpjteqfi‘@gr. tighes) Kignafimary an
roa r Si e. [ vary.si

e IR RORP S S PeR L etithoy

broadcast channel ARan8misafsH &ycléBy SHaddingthé prmahylbrodddidile.,

chgnnelsgwith difievent scrarmhlirg cotla®aduasser dshiemads desmddates by
the pri ¥eP§?ﬂdC%% y pliggldetggtion rogrﬁqult %pr?ﬁ??g}ed the

scrambling codes are tried to decode the primary st channel. Sirice

multipRVIiakYy ioadeastcranne. (olrsty anshbhbaitdeW atdmaasy in a
broad¢asincheyner tratisasssionanyaid by thasal bitson egcll burgtiumsthvd, is

the Usgpdeyispel 0Pa0AR1aIa A0 B ARK BRAFaS L AP Eh YO MR ks

receiving just one primary broadcast channel, l.e., without recelving other

Aitmarg 151338t Sston A dis arRRIHERh d thakdd il ¥ ssiRERdEatGhannel
time necassaryds receiwytie phyarghreadéagt clibangbrAlsarthistmettachst

make%iﬁgﬁngqgsiw_ﬁlﬁ Qﬁt?%%lﬁoéiépanﬁfﬁ Han@(g&‘gggadcast channel in

the order of transmission by recejving only that one primary broadcast

channel and thereb{/ 18 ddRY 1€ BEGRda) BedRMIRAERS brbBfcdir imary
channbr eenhsasitsiorcoyeiesl by  blind  detection where  all

15 predefined scrambling codes are tried to decode the
primary broadcast channel. Since multiple primary
broadcast channels (bursts) are transmitted in a primary
broadcast channel transmission cycle by the “all bits iIn
each burst” method, the user device 100 can obtain

20 primary broadcast channel information by receiving just
one primary broadcast channel, i.e., without receiving
other primary broadcast channels. This method makes it
possible to reduce the time necessary to receive the
primary broadcast channel. Also, this method makes it

25 possible to detect the position of a primary broadcast
channel in the order of transmission by receiving only
that one primary broadcast channel and thereby to detect
the boundary between primary broadcast channel
transmission cycles.

30 In related-art technologies, system frame
numbers are assigned to respective frames. In the
example shown in FIG. 11, system frame numbers #1-#8 are
assigned to frames and therefore it 1is necessary to



30 In related.-art tec’bnologies, system frame numbers are assigned. to
respective fra:m:es. In the example shown in FIG. 11, system frame

numbers #1-##8 are assigned to frames and therefore is necessary to -20-
transmit three information bits to report gg'ystem frame number. According

to this embodiment, since frames #1-#4 can be identified by a method based
on blind detection, it is necessary to transmit only one information bit. 5

Thus, HigR$AHAdifHurRendREOKTREEMIe B Fad e FRPPIBerdfstem frame

informatippdits Nesespamtp BPochIystenbdime mumianscé hetigrssleyicer4
100 has.to receive br t chann i t e. JThis . .
embo _|ﬁwheqt?é310'§ g]vgs hfg %sg dgviﬁle8 %@%%ﬁ%ﬁ Sé}?nbgrﬁkﬁ%agggécn?n ’
chann&GinfbPmAESe 853t rdCeivingdeRifrin®ay biedeicdst kperabiqre. bit.
wghout iieesiving dthesnisvadrye htoansRschbnnelss §i bther wordsedhise the
embo 'mm; elimin or, ser ' 0.ta perfarm 15
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cycle. A% HARRARes it possible to save battery energy. Meanwhile,

using different tran};hm'ssj!@e matleads éOr 1€8peative hurstSaoé ikye ptimaaycast
broad%?%rﬁ%‘éﬂ]@e' RBPrMATY Radeapl A0 Khannsy iranspigsionGyelR i ment
makes It EOSSI e to achieve diversity gain It the bursts are to be combined
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times ichapnelary bndFadcast 1 26 chbgnelfreismissicaicynig thenanspidasiany

powerevel pieaehdidshal the pUmary, pipRirasH c88R0FhBELARER OPimary

For this reason, a user device at a cell edghe may obtain primary broadcast
Channgmmﬁm Bpwls. In other “words, this embodiment

eliminates the need for the user device 100 to perform

15 reception processing throughout the primary broadcast

channel transmission cycle. This 1in turn makes it

possible to save battery energy. Meanwhile, using

different transmission methods for respective bursts of

the primary broadcast channel 1In a primary broadcast

20 channel transmission cycle makes it possible to achieve

diversity gain if the bursts are to be combined after
reception.

Since the primary broadcast channel is

transmitted multiple times 1iIn a primary broadcast

25 channel transmission cycle, the transmission power level

of each burst of the primary broadcast channel becomes

low. For this reason, a user device at a cell edge may

obtain primary broadcast channel information by soft-

combining multiple bursts of the primary broadcast

30 channel transmitted 1iIn a primary broadcast channel

transmission cycle. On the other hand, a user device

near the center of the cell can obtain primary broadcast

channel information without soft-combining multiple



combining multiple bursts of the primary broadcast 30 channel transmitted in
a primary broadcast channel transmission cycle. On the other hand, a user
device near the center of the cell can obtain primary broadcast channel
information without soft-combining mulﬁ%i'e' -21- bursts of the primary
broadcast channel transmitted in a primary broadcast channel transmission
cycle. The user device 100 may be configured to try adjacent scrambling

codesmibiitg defedifh whEna Bl bpredemsdd stanmsihgtécanssatdaibdif a

decodp thapfmary Seadaatichand Bl diexis ayoprdaasieiannel
transmission methad. of thi iment.is described wi to, FIG
12. 10 The BCH cc?nljt]r%l in c%r're;la ié{gi@é(?rlet%gtﬁgrﬁljg&t %%Z%I%ﬁf%t%%%?onﬁgl try
informBHdAEEHE tRFHRbANGa GPPRMak brBAdbdst¢PERARE CileyBEPE2)2l ]

Tire charmRi £DAEY usd2idbparigrmsahennel reodingien thecondetode the
informﬁp(?%?ir ,m%ggg}fsqé éﬁ%ﬂggcast channel, generated by the BCH

control in ation generating unit 202 (step S1204). The repetition unit 206
repeats (or duplici€ytihe hBRRELSHTI (SARREBrobERASIFRINE fBp thed
numberfof tinies theludiannitroadcakiabaimed st transfidieshiten EOMannG .
broadgast channel transmission cycle to generate multiple primary broadcast
channels™ (step 51206). Then, the primary broadcast channels to be

tt¥hsmitted in the pfitfanPhfbadQEE CRhnnti ToT HahbRTssRNQIAd g unit
procesxe?l tgdremendiéffe rerumanaionms ¢steptak 208k oF dreexaraplsn afredesd a

as degcrhqgthaPove o ReER e R CLL ¥apSHISHY .

The channel coding unit 204 performs channel

coding on the control information, 1.e., the primary
15 Dbroadcast channel, generated by the BCH control
information generating unit 202 (step S1204).

The repetition unit 206 repeats (or
duplicates) the channel-coded primary broadcast channel
for the number of times the primary broadcast channel is

20 transmitted in a primary broadcast channel transmission
cycle to generate multiple primary broadcast channels
(step S1206).
Then, the primary broadcast channels to be
transmitted in the primary broadcast channel
25 transmission cycle are processed to have different
waveforms (step S1208). For example, a process as
described above is performed by the P-BCH transmission
method control unit 220.
Next, the base station 200 according to a
30 second embodiment of the present invention is described
with reference to FIG. 13.

The base station 200 of this embodiment has a

configuration similar to that described with reference



method control unit 220. Next, the base station 200 according to a 30
second embodiment of the present. invention is described with reference to
FIG. 13. The base station 200 of this embodiment has a configuration similar
to that described with reference -22- to BfG. 8 except that a
repetition-and-puncturing unit 222 is provided instead of the repetition unit

206 and the P-BCH transmission method control unit 220 is connected to

the ref&itibhGandSpupeaily tHia22 TRerrIHE ORI SRiBICHaog unit

contropgpit §30 parsﬂg@;iediﬁer@ﬁ@mcgfi_n&@atwpémhim;ﬂramdzga and
unct edyndanc t ati t .

groad'é{aﬁsﬁr ch%ﬁ%%ﬁ t>c/) J%E(% r?éﬁsﬁpfe%:%séﬂ b uﬁr]s%rg%gﬁhe %@i#a%%roaa_@g ac%éa%nef S

to be RPHAASKAGedh ﬂ’f@pﬁﬁ’%ﬂ bEdQacastLHUHMHEF W AmSmiydidn éyce.

Far example, assumig thastihie qrimnsni Bersicast ehaaneohtsrvlbeinit 220

transm); rti i r as{ tr igsiQn,.c

the Pr%%%j(lgrﬁa%srérﬁlréiiiﬁgr"::b rﬁeﬁhgﬁ%tg{ﬁﬁﬁ%it% 2% prepa’rs\sxz?figgtﬁt')u‘(r)ilpcllﬁfe)ér%%%JI _to
punctUMHFsa S nd §HURRARE, tRd tountithife Eettelts abb@sshrEaegation
advanbé vgthoposit®nsrahaipairbudcksst channel$ (butstthie thespedsrive

of tra”BU]iéstt"hQ;‘- The fe%@ion-ﬁpﬁawtumg%gé@ "eRgANeY (T to  be

duplicates) the primary broadcast charinel for the number of times the

&%ar‘ﬁﬂﬂﬁ@& ann&is to bBetrandhittBaN¥ a prithAAGHcastchannel
channteraassmsssion cycjetegenémte nextpiel e,g., &ssup_iingarythat the
broadeasiehapnels- Qs candppRiyres edyadagey 2abisafieched four

the information bits of the respective primary broadcast channels based on
the puﬁ&f?ﬁﬁgm a primary broadcast channel transmission cycle,

the P-BCH transmission method control unit 220 prepares
15 four different puncturing patterns. In this case, the
puncturing patterns are associated in advance with
positions of primary broadcast channels (bursts) in the
order of transmission.
The repetition-and-puncturing unit 222 repeats
20 (or duplicates) the primary broadcast channel for the
number of times the primary broadcast channel is to be
transmitted in a primary broadcast channel transmission
cycle to generate multiple, e.g., TfTour, primary
broadcast channels (bursts), and punctures redundancy
25 bits attached to the information bits of the respective
primary broadcast channels based on the puncturing
patterns i1nput from the P-BCH transmission method
control unit 220.
As a result, multiple, e.g., four, primary
30 broadcast channels punctured by different puncturing
patterns are transmitted (i.e., the primary broadcast
channel is transmitted four times) in a primary broadcast
channel transmission cycle. Thus, it is possible to vary



patterns i-nput from the P-BCH tra.nsmi_ss~4on method. control unit 220.

As a result, multiple, e.g., four, primary 30 broadcast channels punctured by
different puncturing patterns are transmitted (i.e., the pri_ma.r_y broadcast
channel. is transmitted Your times) in af% mary broadcast channel
transmission cycle. Thus, it is possible to vary -23- signal waveforms of
primary broadcast channels to be transmitted in a primary broadcast channel
transnfdsioal cyeRVEY pURetuffg tRE Wihdry Broadeasthanansslith to be

differegi-anspiciesipaiterns. ghendasr devieaitae demuthiates thapsiniayion
broadc anpnel ' ecti predefi u i -
patterﬁ?ér‘?tr%% téiéqe%lg%qé%ﬁé £ﬁr%a y b;rﬁoaj{l caé?q@églrﬁ%gegsﬁgeﬂr%%rnsplgv Ith
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badcast channel agsroission ¢y olidey thecalldiisddudateduretiengiretary
the usg{ device 00 canQtain Prpary Rgagrast | JHOrMAIGPLY ani

receiving just one primary broadcast channel, i.e., without receiving other
primar a8 2 a8 harneely THY meaE L6d Asak@ESt 15 B6Ssitie to'rsadse the
the timarieecessanbimabeiestthechemaey broagicasechamnkt ipbe, thisrimary
metho it pagssi d osifign W.{r Sk, &
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coding gain. 25 Next, the base station 200 according to a " o
ohe primary broadcast channel, 1.e., without receiving
other primary broadcast channels. This method makes it

15 possible to reduce the time necessary to receive the
primary broadcast channel. Also, this method makes it
possible to detect the position of a primary broadcast
channel i1In the order of transmission by receiving only
that one primary broadcast channel and thereby to detect

20 the boundary between primary broadcast channel
transmission cycles.

Further, varying signal waveforms by using
different puncturing patterns makes 1t possible to
achieve channel coding gain.

25 Next, the base station 200 according to a
third embodiment of the present iInvention is described
with reference to FIG. 14.

The base station 200 of this embodiment has a
configuration similar to that described with reference

30 to FIG. 8 except that the P-BCH transmission control
unit 220 is connected to the interleaving unit 208.

The P-BCH transmission method control unit 220
assigns different interleaving patterns, which are used



third embodiment of the present invention is described with reference to FIG.
14. The base sta.t -on 200 of this embod~:-ment has a confi_gur_ati_on
similar to that described w~:-th reference 30 to FIG. 8 except that the P-BCH
transmission control unit 220 is connecfdt to the interleaving unit 208. The
P-BCH transmission method control unit 220 assigns different interleaving
patterns, which are used -24- by the interleaving unit 208 to interleave (or
reordefy tHEfdRtENde B 2hdUR& kedO8dditty Is1kS Kd R arefpéctirorder)
bursts@idheiproana bierdcasitehanndl. aee, tbaumeseaying pediernso the
indicale AaIRIpR Al THIRSIPL SJPHIRAVING IG bith L XApPlG, ASRUT I ere
that the “primary broadcast channel 1s to be tra Smitted four times in a
primaryistoABEastiammizd tRAERASEIBN B CakR PRI SHissitkes for

methogiraosntie avin20epaseesfourdiFferexiinitdeavisg paitegnsthtn the
this ¢ ﬁi%erwteﬂﬁgcxaﬁgg ! qitergs are. psspeiatgd inadvance Wit ROSIIoRs,

of the primary” broa annels (bursts) in the order of transmission. The

interlehdPgSurin268 PEMBRNY £ 9REcRabIf Britets thamentasdqpr cycle,
reordethbits -BCeonstimisng i respecitive pricany hodadesst chaongisepares

based.qy the é%\mg WH%MJ%&S%@?H transmission

method control unit 220, and inputs the “processed primary broadcast

Sfannels to the dath"m&8dBiidiAgRit 216120 WS HASEY RBILPRTEYY NRouare
primargsbouadcest chamnedsi vanekichititehnt@dasavingsocess ixheerfomiedry
basedign,diffeseqt IBFRIGAVINY PRHPURS S frapseileddie-o NG PYR G Y ssion.
broadcast channel Jl_shéransir?]l%tg'qlfgg\r/til%as) |ﬂr?ip{rlma%groa%ceaﬁgocprﬁsnnel an
interleaving process to 1interleave (or reorder) bits

15 constituting the respective primary broadcast channels
based on the interleaving patterns input from the P-BCH
transmission method control unit 220, and inputs the
processed primary Dbroadcast channels to the data
modulation unit 210.

20 As a result, multiple, e.g., fTour, primary
broadcast channels on which the interleaving process is
performed based on different interleaving patterns are
transmitted (i.e., the primary broadcast channel is
transmitted four times) iIn a primary broadcast channel

25 transmission cycle. Thus, it is possible to vary signal
waveforms of primary broadcast channels to be
transmitted in a primary broadcast channel transmission
cycle by interleaving bits of the respective primary
broadcast channels with different interleaving patterns.

30 The user device 100 demodulates the primary
broadcast channel by blind detection where all
predefined interleaving patterns are tried to decode the
primary broadcast channel. Since multiple primary



25 transmission cycle. Thus, it is possible to vary signal waveforms of
primary broadcast channels to be transmitted in a primary broadcast channel
transmission cycle by interleaving bits of the respective primary broadcast
channels with different interleaving pattéms. 30 The user device 100
demodulates the primary broadcast channel by blind detection where all
predefined interleaving patterns are tried to decode the primary broadcast

channer &agastulgprmehan(y Blsa cake chaanes (bliesis)iarea primary
transnijitee dic &< iroRBN ¥ PadeASIHBENRD i apgEISSIBY CYRle Mathe talldeitsin
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possible to achieve frequency diversity gain. Next, the base station 200
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the P-BCH transmission control unit 220 is connécted to the

multipE%HEAAGSRABpRYL 1 es -

Further, varying signal waveforms by using

15 different interleaving patterns makes it possible to
achieve frequency diversity gain.

Next, the base station 200 according to a
fourth embodiment of the present iInvention is described
with reference to FIG. 15.

20 The base station 200 of this embodiment has a
configuration similar to that described with reference
to FIG. 8 except that the P-BCH transmission control
unit 220 is connected to the multiplexing-and-mapping
unit 214.

25 The P-BCH transmission method control unit 220
controls the multiplexing-and-mapping unit 214 to map
respective bursts of the primary broadcast channel to
different radio resources. For example, assuming that
the primary broadcast channel is to be transmitted four

30 times iIn a primary broadcast channel transmission cycle,
the P-BCH transmission method control unit 220 prepares
four different radio resources. In this case, the radio
resources are associated iIn advance with positions of



unit 214. 25 The P-BCH transmission method control unit 220 controls the
multiplexing-and-mapping unit 214 to map respective bursts of the primary
broadcast channel to d -ffferent radio resources. For example, assuming that
the primary broadcast channel is to be téhsmitted four 30 times in a primary
broadcast channel transmission cycle, the P-BCH transmission method
control unit 220 prepares four different radio resources. In this case, the

radio EsoupEdSary abseagdeash hamee leitHposiaba of athfie pFeearyoT
broadagsiehangekoursts) in the order of transmission. The

multiplexing-and-magping unj [finlexes the prim oadc
channels input frorﬁaﬁe scr;%ﬁﬁ T%{%%ﬁgqﬁa%gmﬁnel,g%%e _a§£4
referefied Stk rRSed M rag oBIcERR niRRdGRsE fiohd e EsBERPUT
transniiesion thethed eontimi ngit e Az12 [esthe miditplechgnnioly, pifdathe
oroadgast changets i fansliedd- e aiTery LA gupadeagGaHe fan
transmitted four times) Using different radio resources in a pr:|mari i
broaddd¥lhahen t MRiRidh &ARSThES IR PBtbptk f0ARPdigralt 220.
waveforms of primasy baoadeastlahannel$ td pbetyanemitied ifeuitd ppmanary
broad Lhanoel t ISpion le | ' iffeeent radigqreso
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primaryrgm%agp@i%(bursts) are transmitted in a primary
Thus, i1t is possible to vary signal waveforms
of primary broadcast channels to be transmitted iIn a
15 primary broadcast channel transmission cycle by
allocating different radio resources to the primary
broadcast channels.
The user device 100 demodulates the primary
broadcast channel by blind detection where all
20 predefined radio resources are tried to decode the
primary broadcast channel. Since multiple primary
broadcast channels (bursts) are transmitted in a primary
broadcast channel transmission cycle by the “all bits iIn
each burst” method, the user device 100 can obtain
25 primary broadcast channel information by receiving just
one primary broadcast channel, i.e., without receiving
other primary broadcast channels. This method makes it
possible to reduce the time necessary to receive the
primary broadcast channel. Also, this method makes it
30 possible to detect the position of a primary broadcast
channel in the order of transmission by receiving only
that one primary broadcast channel and thereby to detect
the boundary between primary broadcast channel



broadcast channel transmission cycle by the "all bits in each burst" method,
the user device 100 can obtain 25 primary broadcast channel information by
receiving just one primary broadcast channel, r.e., without receiving other
primary broadcast chancels. This mctY_QJd‘ makes it possible to reduce the
time necessary to receive the primary broadcast channel. Also, this rnet'hod
makes -t 30 possible to detect the position of a primary broadcast channel in
the orddieorrdSShARIGHYBY¢Eceiving only that one primary broadcast

channel and therebyupwriect the bouastanplietyveenifideani hpadtPsferent
chann - tr iSSI ycles. Fur re le, cating di t .-
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_requency of the 20 broadcast channel is prejerabéy the center of the system
bandwidiN ARl mSkeB TS Pokebly o ShApRfihEsd In the same ‘center

frequency band as that used for transmission of the
15 synchronization channel. This configuration enables the
mobile station to receive the broadcast channel without
changing the center frequency after a cell search and
thereby to reduce time necessary to receive minimum
system information. The center frequency of the
20 broadcast channel is preferably the center of the system
bandwidth. This makes 1t possible to simplify the
reception processing at the mobile station.
The base station 200 of this embodiment has a
configuration as described above and employs precoding
25 vector switching (PVS) to achieve transmission diversity.
In PVS, each primary broadcast channel in a primary
broadcast channel transmission cycle is multiplied by
different weights for transmission from multiple
antennas, e.g., antenna #1 and antenna #2. In this case,
30 the synchronization channel and the primary broadcast
channel are transmitted using the same precoding vector.
This method enables the user device 100 to perform
channel estimation using the synchronization channel as



reception processing at the mobile station. The base station 200 of this
embodiment has a configuration as described above and employs precoding
25 vector switching (PVS) to achieve transmission diversity. In PVS, each
primary broadcast channel in a primary21§rbadcast channel transmission

cycle is multiplied by different weights for transmission from multiple
antennas, e.g., antenna #1 and antenna #2. In this case, 30 the
synchRniakRIresssnnd ki dbeIpriiadACBrobd adenedinhrtafe fansAtedry

using theosivarecoRithedctasn This madnghpeables theausertevioeriGary
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band as that where the synchronization channel is mapped, The
multipEXingSEndEo8 agiRg BHD 144y B8 bhriiifedRb YHapYedPaareast

channel and thereby to achieve diversity gain. Soft
15 combining is applied to adjacent cells.

As shown in FIG. 16, the multiplexing-and-
mapping unit 214 maps the primary broadcast channel
across the same center frequency band as that where the
synchronization channel i1s mapped. The multiplexing-and-

20 mapping unit 214 may be configured to map respective
primary broadcast channels to be transmitted 1in a
primary broadcast channel transmission cycle to
different OFDM symbols. Also, to improve the accuracy of
channel estimation based on the synchronization channel,

25 1t is preferable to map the primary broadcast channel to
OFDM  symbols adjacent to those to which the
synchronization channel i1s mapped.

Mapping the primary broadcast channel across
the same center frequency band as that where the

30 synchronization channel i1s mapped makes i1t possible to
achieve frequency diversity gain. Also, mapping the
primary broadcast channel to a part of OFDM symbols in a
subframe enables the user device 100 to receive the



primary broadcast channels to be transmitted in a primary broadcast channel
transmission cycle to different OFDM symbols. Also, to improve the accuracy
of channel estimation based on the synchronization channel, 25 it is
preferable to map the primary broadcast@hannel to OFDM symbols adjacent
to those to which the synch:ron..zation channel is mapped. Mapping the
primary broadcast channel across the same center rreguency band as ghat

whereRR&M3W Sy RERRAfERTorrERaNe i¥ MaddeRnRikeEtt pesdipr tof time.
achievenfiequiancy iversifikeaini Alsposianieg the pamansdtaaisasénergy .
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band as that used for transmission of the synchronization channel. This
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channel wusing, for example, a part of a 1.08 MHz
15 frequency band including the center frequency. Also, the
broadcast channel is preferably transmitted in the same
center frequency band as that used for transmission of
the synchronization channel. This configuration enables
the mobile station to receive the broadcast channel
20 without changing the center frequency after a cell
search and thereby to reduce time necessary to receive
minimum system information. The center frequency of the
broadcast channel is preferably the center of the system
bandwidth. This makes 1t possible to simplify the
25 reception processing at the mobile station.

The base station 200 of this embodiment has a
configuration as described above and employs space
frequency block coding (SFBC) to achieve transmission
diversity. In this case, a reference signal is used for

30 channel estimation when receiving the primary broadcast
channel.

As shown in FIG. 17, the multiplexing-and-
mapping unit 214 maps the primary broadcast channel in



20 without changing the center frequency after a cell search and thereby to
reduce time necessary to receive minimum system information. The center
frequency of the broadcast channel is preferably the center of the system
bandwidth. This makes it possible to siﬁ%&ﬁ‘y the 25 reception processing at
the mobile station. The base station 200 of this embodiment has a
configuration as described above and employs space frequency block
codind{SFBERME achRVERFanskNe B Ry dilasRy. IAshistéede, argerncEhe
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and to allocate extra transmission power obtained by the reduction to the
primary BloddiasSRRLAAel RS iIChRANGL had ndMLE HalGasholasgd on

resource blocks. This method makes i1t possible to reduce
15 the transmission power to be allocated to the shared
data channel and to allocate extra transmission power
obtained by the reduction to the primary broadcast
channel. That i1s, this method enables power boosting.
Next, the base station 200 according to a
20 seventh embodiment of the present invention is described.
As described with reference to FIG. 16, the
base station 200 of this embodiment maps the primary
broadcast channel across the same center frequency band
as that where the synchronization channel is mapped, for
25 example, across a 1.08 MHz frequency band including the
center frequency. For example, the primary broadcast
channel i1s mapped to OFDM symbols adjacent to those used
for the synchronization channel.
In the example shown in FIG. 18 where the data
30 amount of the primary broadcast channel 1is about four
symbols, resource elements (REs) corresponding to
symbols 10-14 in subframe #0 iIn the center frequency
band are left unused and available for other channels.



Next, the base station 200 according to a 20 seventh embodiment of the
present invention is described. As described with reference to FIG. 15, the
base station 200 of this embodiment maps the primary broadcast channel
across the same center frequency ban 33 that where the synchronization
channel is mapped, for 25 example, across a 1.08 MHz frequency band
including the center frequency. For example, the primary broadcast channel
is mappREFto OFDNESAHBER agibeeanto tHosH G3d8 SforaherdfhithrohRatiehce
channebipde exayfplersowRom Fb@mb& whgfﬁjth@rtbat@;m:amw ofthes,
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signal fpe Woﬁﬁéﬂﬁﬁ &hannel, and the primary broadcast channel are
available for other shaabelsl pimiiily thdherzapmpie dtaowminiHGF18,. 19,
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#5 in the center frequenc)y and are left unused and available for other
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channels. Also, in the example shown in ~IG. 20, resource elements
corresﬁeﬂﬂln&w%?mﬂ&goﬁ:fﬂelﬂ to the physical downlink control

channel, the reference signal, and the synchronization
15 channel are available for other channels.

Also, in the example shown 1in FIG. 20,
resource elements corresponding to symbols 4-14 in
subframes other than subframes #0 and #5 in the center
frequency band are left unused and available for other

20 channels. In other words, resource elements in the
center frequency band other than those allocated to the
physical downlink control channel and the reference
signal are available for other channels.

In subframes other than subframes #0 and #5

25 described above, the number of resource elements other
than those allocated to the physical downlink control
channel and the reference signal In each resource block
(hereafter called a resource block size) in the center
frequency band 1is the same as that number (or the

30 resource block size) in other frequency bands iIn the
system frequency band. Therefore, scheduling can be
performed without any problem.

Meanwhile, in subframes #0 and #5 described



subframes other than subframes #0 and #5 in the center frequency band are
left unused and available for other 20 channels. In other words, resource
elements in the center frequency band other than those allocated to the
physical downlink control channel and & feference signal are available for
other channels. In subframes other than subframes #0 and #5 25 described
above, the number of resource elements other than those allocated to the
physicaPa¥&nlinklt®ntrimkednné bin il dablka cesyifhalim e&h réssigeece
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perform schedulingTiakingentoe acdatayuesey codheck isizesaT i centerf six
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of the available resource elements” preferentially to the broadcast channel to

be available (remaining) resource élements. Also, the base
station 200 of this embodiment may be configured to

15 allocate some of the available resource elements
preferentially to the broadcast channel to be
transmitted via the physical downlink shared channel and
to allocate still remaining resource elements to a data
channel.

20 The base station 200 of this embodiment is
described below with reference to FIG. 21.

The base station 200 of this embodiment has a
configuration similar to that described with reference
to any one of FIGs. 8, 13, 14, and 15, and further

25 includes a scheduler (control unit) 224 connected to the
multiplexing-and-mapping unit 214.

As shown in FIG. 22, the scheduler 224
performs scheduling for the center frequency band based
on (or in units of) resource blocks in a manner similar

30 to the scheduling for other frequency bands 1iIn the
system frequency band. In this embodiment, as described
above, the size of resource blocks or the number of
available resource elements iIn each resource block in



transmitted via the physical downlink shared channel and to allocate still
remaining resource elements to a data channel. 20 The base station 200 of
this embodiment is described below with reference to FIG. 21. The base
station 200 of this embodiment has a Cér?i’ﬁguration similar to that described
with reference to any one of FIGS. 8, 13, 14, and 15, and further 25 includes

a scheduler (control unit) 224 connected to the multiplexing-and-mapping
unit 214eas cpotRrin. FeEgueneye emediulds 20uThererhs dermstulfigtor In

the cepgidiequRreubARY bﬁ@mﬂ@r. O1_ iBhenits pHtesoUfeR glashsyin dand.
manner, sim.l:at 30 to S i r other fr a in S
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channstiedeliionythefsize clith€éraseurgsblorks. EISo22shofamed in  a

examplg of {agPRIRAR SUBTAE 51 HOVRNSLe S5EERLNG for subframe #5 is

also performed in a similar manner based on resource blocks. 10 Here,
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mobile stations._Also in the scheduling, 15 resource blocks used for user data

u)ber%EQR%HHhVﬂma's performe based on CQIs reported via
uplink by mobile stations. Also in the scheduling,

15 resource blocks used for user data to be received by the
selected mobile stations are determined.

Thus, in this embodiment, scheduling for the
center frequency band 1is also performed based on
resource blocks iIn a manner similar to the scheduling

20 for other frequency bands in the system frequency band.
With this method, since scheduling for the center
frequency band and scheduling for other frequency bands
are performed based on the same physical layer units,
i.e., resource blocks, it is possible to unify formats

25 of control signals for resource allocation.

Next, a process performed by the scheduler 224
of the base station 200 of this embodiment is described
with reference to FIG. 23.

The scheduler 224 sets a subframe number t at

30 O (step S2302).

Next, the scheduler 224 calculates weights of
resource blocks (RBs) for respective users (step S2304).
For example, weights are calculated based on CQls



selected mobile stations are determined. Thus, in this embodiment,
scheduling for the center frequency band is also performed based on
resource blocks in a manner similar to the scheduling 20 for other frequency
bands in the system frequency band. WATH this method, since scheduling for
the center frequency band and scheduling for other frequency bands are

performed based on the same physical layer units, i.e., resource blocks, it is
possibi€R® Lk fofatsr @SRsIcohitR| 8gRalk ¥ar reBdiite dMvcarsh NexpH e
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weights of RBs are calculated for ressgectlve users based on resource block

difes. 10 The schedfifer 922edibteteLrstid MOSHERS of FREREETRILEGSSH OF
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t+1 (step 52310) and returns to step 52304 to perform
The scheduler 224 sets the subframe number t

at t+l1 (step S2310) and returns to step S2304 to perform
15 scheduling for the next subframe.

In this embodiment, scheduling is performed
based on an assumption that there are resource blocks
with different radio resource sizes. In other words,
scheduling is performed based on resource block sizes.

20 Next, the base station 200 according to an
eighth embodiment of the present invention is described.

As described with reference to FIG. 16, the
base station 200 of this embodiment maps the primary
broadcast channel across the same center frequency band

25 as that where the synchronization channel is mapped. For
example, the primary broadcast channel is mapped to OFDM
symbols adjacent to those used for the synchronization
channel.

In the example shown in FIG. 18 where the data

30 amount of the primary broadcast channel 1is about four
symbols, resource elements corresponding to symbols 10-
14 in subframe #0 in the center frequency band are left
unused and available for other channels. In other words,



15 scheduling for the next subframe. In this embodiment, scheduling is
performed based on an assumption that there are resource blocks with
different radio resource sizes. In other words, scheduling is performed based
on resource block sizes. 20 Next, the s station 200 according to an

eighth embodiment of the present invention is described. As described with
reference to FIG. 16, the base station 200 of this embodiment maps the
primarye Btk st rifrizt acrdss thesasenddtter fierfllegrgbarangs pther

that whtegntheisysehraniregaesdnanoe! theappse icerexasipieitie pEbhaliyo I
broadcgs nel is,map 0 M Is adjgcent tQ those .
the syﬁ%érrgﬂ?zg’tion%égan ﬁg %I%lrt%rg%xar%gps%§Wn % IG%@vﬁﬁg rBeﬁﬁ%é% on

data Zharistht ot Eﬂﬁnaqy’ méﬁacﬁf%%ﬁ‘éﬁsd&@émefbuﬁjesmli?‘b le
resourgeclements ehaespd®sding to symbols 10- 14 -n subframe #0 in the

center frequency b@qq].iqrgljie urhlﬁe(}ﬁgd &\@H@kilg fqgh%ﬁr cﬂgn Ié._ In; g
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avallabje, odqr gler £y .eSi‘i‘B'Pr'éfthe‘Pec??é{’rmB'Fss.hQYH” Ht)ﬁé‘r:‘- IRrds,
resource elements corresponding to symbols 4-5 and 8--14 in subframe #5
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reference signaT, and the sy‘nchronlzat:lon channel are_available for other
channgﬁan”el are available fTor other channels.

Also, i1n the example shown 1iIn FIG. 20,

15 resource elements corresponding to symbols 4-14 in

subframes other than subframes #0 and #5 in the center

frequency band are left unused and available for other

channels. In other words, resource elements 1iIn the

center frequency band other than those allocated to the

20 physical downlink control channel and the reference
signal are available for other channels.

In subframes other than subframes #0 and #5
described above, the number of resource elements other
than those allocated to the physical downlink control

25 channel and the reference signal in each resource block
(or the resource block size) in the center frequency
band 1s the same as that number (or the resource block
size) in other frequency bands iIn the system frequency
band. Therefore, scheduling can be performed without any

30 problem.

Meanwhile, iIn subframes #0 and #5 described
above, the number of resource elements other than those
allocated to the physical downlink control channel and



Also, in the example shown in F~G. 20, 15 resource elements corresponding
to symbols 4-14 in subframes other than subframes #0 and #5 in the center
frequency band are left unused and available for other channels. In other
words, resource elements in the cente‘r?fpéquency band other than those
allocated to the 20 physical downlink control channel and the reference

signal are available for other channels. In subframes other than subframes #0
and #Fhfesdiftfar 8666e, Fnahbdmof RJurcERSerEsRs dheckhakafiostne

allocateglorihephpdisakdoyitiak centrotd chantelrant tbguefRrgnasasignals
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necessary to perform sch ng taking Into account resource block sizes.
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channel, i.e., the dynamic broadCast channel, to the a:va-lable (remainin
resour%gaéfé%ntg RIS(S’f[heth§e embodiment may be configured to
allocate some of the available resource elements

15 preferentially to the broadcast channel to be
transmitted via the physical downlink shared channel and
to allocate still remaining resource elements to a data
channel.

The configuration of the base station 200 of

20 this embodiment is substantially the same as that
described with reference to FIG. 21.

As shown in FIG. 24, the scheduler 224 groups
resource elements 1In the center frequency band other
than those allocated to the physical downlink control

25 channel, the reference signal, the synchronization
channel, and the primary broadcast channel such that the
number of resource elements iIn each group becomes the
same as the number of resource elements iIn each resource
block iIn other frequency bands in the system frequency

30 band. For example, each resource block 1In the other
frequency bands iIn the system frequency band is composed
of 11 symbols and 12 subcarriers (=180 kHz) and
therefore includes 11x12=132 resource elements.



station 200 of this embodiment may be configured. to allocate some of the
available resource elements 15 preferentially to the broadcast channel to be
transmitted via the physical downlink shared channel and to allocate still
remaining resource elements to a data~thannel. The configuration of the

base station 200 of 20 this embodiment is substantially the same as that
described with reference to FIG. 21. As shown in FIG. 24, the scheduler 224
groupdaasyhickesleniéntstiR@hecRimterfredtieAc\eBaMd dRBH thafthyse Five

allocateghiiodhe physicahdaMUibkEontvlciesorane, the rpieience sigRajurce
the sypqyapIzafiey; chanpgl. and fhe Primary breadegstghangel speh ey
the number of resourcCe elements in each grou ecomes the same as the
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frequency bands other than the center frequency band. The surplus resource
elemehfSREYA% 1980, FHEEEmBRE B8FrepdRiibn 18 ifchéase’PataUSINg the

redundangd ws maebeurce elements for repetition makes it
15 possible to improve communication quality.
The scheduler 224 performs scheduling based on
(or in units of) resource blocks. In this embodiment, as
described above, the size of resource blocks or the
number of resource elements iIn each resource block 1iIn
20 the center frequency band is substantially the same as
that in other frequency bands in the system frequency
band. This makes 1t possible to use substantially the
same channel coding rate and to achieve substantially
the same communication quality for resource blocks in
25 the center frequency band and other frequency bands.
Here, scheduling indicates a process of
selecting mobile stations allowed to communicate using a
shared channel for each subframe (1 ms). For example,
scheduling 1is performed based on CQIls reported via
30 uplink by mobile stations. In a case where each mobile
station reports CQIs of respective resource blocks, a
CQl of a resource block in the center frequency band is
represented by an average of CQIls of frequency bands



reserved. :for future use as shown i_rn. FIG. 25. Using the surplus resource
elements for repetition makes it 15 possible to improve communication

quality. The scheduler 224 performs scheduling based on (or in units of)
resource blocks. In this embodiment, a3 ¥escribed above, the size of

resource blocks or the number of resource elements in each resource block

in 20 the center frequency band is substantially the same as that in other
frequefey ERFRIRNARAE sy$@m Heguei@p BHIEE Thi Afdkes itdessibléno the
use substifigllyige serae¢hasnal peckyg rateandrigrachisye subg@ntally be
the same.eQUIHHCAIAL WRIPLICSOWPRPIZES IAR NP E N rmined.
frequency ban and other fre uency bands. ?—Iere, scheduling indicates a
process 0- Se lectiddHfobilB&dtiths BIRwBHMBRbnPfurfeseWssy &lements

simred ahanietl feeeacir sebiamex(limsheocexamplefreciashiyigband the
Perfor@@rﬂ%b%%e A %%W&P%‘Fd%ég&ﬁ’r%%“%%&Q@'eiﬁalé%gﬁ- P 6872

where each mobile station reports Is of respective resource blocks, a
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receive e selected mobile stations are determined. Thus, making the
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makes it possible to simplify the scheduling process at the base station 200.

10 In (AEHIRNR eRddimentd IRRCALmEANIE] sfdBRRASSS BR ERsIbRRd
UTRAarbUdRAN t@isdbellgaresegt invention may also be applied

15 to any system employing orthogonal frequency division
multiplexing (OFDM) for downlink.

Although the present invention is described
above 1n different embodiments, the distinctions between
the embodiments are not essential for the present

20 invention, and the embodiments may be implemented
individually or in combination. Although specific values
are used iIn the above descriptions to TfTacilitate the
understanding of the present invention, the values are
just examples and different values may also be used

25 unless otherwise mentioned.

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

30 block diagrams are used to describe apparatuses in the
above embodiments, the apparatuses may be implemented by
hardware, software, or a combination of them.

The present international application claims



Term Evolution or Super 3G) is used. However, a base station and a
broadcast channel transmission method according to the present invention
may also be applied 15 to any system emé)loying orthogonal frequency

division multiplexing (OFDM) for downlink™ Although the present invention is
described above in different embodiments, the distinctions between the
embodiments are not essential for the present 20 invention, and the
embodifiitd Byayf benmpeseased RatrndudRPdd prddeBiltior Aol o4 7
Spt;cif'rﬁ MRldesrarguiRed o, tfm@bowmdesaﬂaﬁi@@t@mlﬁﬁte\mﬂ Ii cation No.
under [ esent invention a re juste S
diﬁere%?QZ%qr%%? gs'o %@ &%e_d ﬁﬁgg ’o?éigpve}vi’s?{rﬁ%én |one5 éTﬁ%rﬁentS
presefinVEAGhh A RohRHRBY tdRETBpEEkesare s ek irnARAS,

armg variations and modifications may be made without departing from the
scope of the present invention. Although functional 30 block diagrams are
used to describe apparatuses in the above embodiments, the apparatuses
may be implemented by hardware, software, or a combination of them. The
present international application claims 39 priority from Japanese Patent
Application No. 2007-161947 filed on June 19, 2007 and Japanese Patent
Application No. 2007-211599 filed on August 14, 2007, the entire contents

of which are hereby incorporated herein by reference. -40- CLAIMS 1. A base
station transmitting a broadcast channel to a user device a predefined

number of times in a predetermined cycle for communication with the user
device, the base station comprising:



a repetition unit configured to repeat the broadcast channel, after the
broadcast channel is channel-coded, for the predefined number of times to
10 generate multiple broadcast channels; and a signal waveform changing
unit configured to process the generated-broadcast channels such that the
processed broadcast channels have different signal waveforms, 15 wherein
positions of the broadcast channels in order of transmission in the
predetermined cycle are associated wigh#&!Signal waveforms of the
broadcast channels. 20 2. The base station as claimed in claim 1, further

comprising: an intetleavipng ynit confi 0i information hits qf
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broad%%g} F@@Pn%ﬁeb}ﬁ $£Earg§grlq 88%%&%@%‘“9 signal waveform

changing unit is 30 configured to control the spreading unit to multiply the

respective data-modul&eeedrbhbeast ERakneOny IgHERSht IGanfiSRRpt the

codesb#dadi:ddie basmstadibn asadiawmed thelainb ioadeasio thersignall s

wavefoy QT]QEI%%'E Is gopfioyied 1Q-BUOFHIENSRIAAEFASFNAVIES 1o
y the repetition unit using different puncturing patterns. 4. The

enerate {
aé’se H5fisT ateigindd M earthoadirier CpEdiRg: 8R%nterleaving unit

configured to interleaveignal waveform changing unit configured to
process the generated broadcast channels such that the
processed broadcast channels have different signal
waveforms,

15 wherein positions of the broadcast channels in
order of transmission iIn the predetermined cycle are
associated with the signal waveforms of the broadcast
channels.

20 2. The base station as claimed in claim 1,
further comprising:
an interleaving unit configured to interleave
information bits of the respective broadcast channels
generated by the repetition unit;
25 a data modulation unit configured to data-
modulate the interleaved broadcast channels; and
a spreading unit configured to multiply the
data-modulated broadcast channels by scrambling codes,
wherein the signal waveform changing unit is
30 configured to control the spreading unit to multiply the
respective data-modulated broadcast channels by
different scrambling codes.



information bits of the respective broadcast channels 10 generated by the
repetition uni_t_, wherein the signal waveform changing unit is configured to
control the interleaving unit to interleave the information bits of the respective
broadcast channels based on diﬁerent‘lﬁf'e'rleaving 15 patterns. 5. The base
station as claimed in claim 1, further comprising: an interleaving unit
configured to interleave 20 information bits of the respective broadcast
channels generated-by the rdprsiorstiaiti@datasmaodlddisduntincorfgdred 1.
to datamhareduiatendediighienvea israteastichagialy; arspreadingomitigured
confiaied SR eng® dilaIodupted bipadiast GUARIERY by ene
scrambling'codes; and a mapping unit configured to map the mu tlplledy
broadd@RRBRRS ind tealitdn g e biEhey HahdPin Gl yydiaeh RaGLeRES -

band, 30 wherein the signal waveform changing unit is configured to control

the mapping unit to/magfne ﬁ&"té’ﬁa@i‘gi?“%dsbr?i‘g?ﬁﬁﬁta"h?ﬁneéﬁ Bim 1,

different radio resources. -42- The base station as claimed in claim
wherefHhE@RppHP AR I§'8onfigured to map the broadcast channels
across the same cemeriiragudraywviagd Uinds thadmieyeredynahramzatdreave

channgliFJPARRY Dy TTED5F Siiien P8 SRR oo bprein e s

mapping unit Is configured to map the broadcast channels in a part of the
ddhne BERRFAFPHleQYetEPLERRSEIREP WHEN B synchronization channel

wherein the signal waveform changing unit is
configured to control the interleaving unit to
interleave the information bits of the respective
broadcast channels based on different interleaving

15 patterns.

5. The base station as claimed in claim 1,
further comprising:
an interleaving unit configured to interleave

20 information bits of the respective broadcast channels
generated by the repetition unit;

a data modulation unit configured to data-
modulate the interleaved broadcast channels;
a spreading unit configured to multiply the

25 data-modulated broadcast channels by scrambling codes;
and

a mapping unit configured to map the
multiplied broadcast channels in a center frequency band
in a system frequency band,

30 wherein the signal waveform changing unit is
configured to control the mapping unit to map the
respective multiplied broadcast channels to different
radio resources.



is mapped. 8. The base station as claimed in claim 6, further compris: -ng:
15 a scheduler configured to select, for each subframe, one or more mobile
stations allowed to communicate using a shared channel and to determine
resource blocks used for user data to bé'faceived by the selected mobile
stations, 20 wherein the mapping unit is configured to map a broadcast
channel including information on the determined resource blocks and to be
transmitted via a physical downlink shared channel to one or more resource

blocks in .the.same@entqz_héremmy b@adaﬁqth@tg/vr'@[giz]@dhgin claim 1,
synchanizatign c %%“e'n{%{ﬁgﬁ edu‘%ﬂg; Pgs?csé]ﬁﬁgtﬂse%a'@%d '%SE‘;n he

8, wherein a bandwidth o source blocks in the cénter frequency

is the SAPRAL2E b FRRNAMISf RSHORS S0DISAREINGrRERInd SavEN M rand
than thascenter fragueney bandhidnThabipse sationak dlsimagpaglaim 9,
-43- wherein a size of the resource blocks in the center frequency band is

the same as a size of the resource blocks in the frequency bands other than
the center frequenéy baitf 1R2REmetREE bPfradsmiftihgidBfoalitastlaim 1.

cha_nnwhleyaibaseth‘@ticmappﬁ nger dgiice fos cmmnﬂgmtemh Wil theagserthe
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times in a 10 predetermined cycle, the method comprising a repetition steep
I repddtiity fieCHroBabst achaHiRE e fife BroaYBsSr kiRt Ion channel

channékcodggedar the predefined number_ of times to generate multiple

8. The base station as claimed in claim 6,
further comprising:

15 a scheduler configured to select, for each
subframe, one or more mobile stations allowed to
communicate using a shared channel and to determine
resource blocks used for user data to be received by the
selected mobile stations,

20 wherein the mapping unit is configured to map
a broadcast channel 1including information on the
determined resource blocks and to be transmitted via a
physical downlink shared channel to one or more resource
blocks in the same center frequency band as that where

25 the synchronization channel is mapped.

9. The base station as claimed in claim 8,
wherein a bandwidth of the resource blocks iIn the center
frequency band is the same as a bandwidth of resource

30 blocks i1n frequency bands other than the center
frequency band.

10. The base station as claimed in claim 9,



broadcast channels; and 15 a signal waveform changing step of processing
the generated broadcast channels such that the processed broadcast
channels have different signal waveforms that are associated with positions
of the broadcast channels in order of tFARsmission in the predetermined
cycle. 20

10

15

20

wherein a size of the resource blocks in the center
frequency band is the same as a size of the resource
blocks i1n the frequency bands other than the center
frequency band.

11. A method of transmitting a broadcast
channel by a base station to a wuser device for
communication with the user device where the broadcast
channel is transmitted a predefined number of times in a
predetermined cycle, the method comprising:

a repetition step of repeating the broadcast
channel, after the broadcast channel 1is channel-coded,
for the predefined number of times to generate multiple
broadcast channels; and

a signal waveform changing step of processing
the generated broadcast channels such that the processed
broadcast channels have different signal waveforms that
are associated with positions of the broadcast channels
in order of transmission in the predetermined cycle.





