DESCRIPTION BASE STATION DEVICE AND NOTICE CHANNEL TRANSMITTING METHOD 5
TECHNICAL FIELD The present invention generally relates to a radio communication system.
More particularly, the present invention relates to a base station 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 3GPP, a standardization group for
WCDMA. In LTE, orthogonal frequency division multiplexing (OFDM) is to be used as a downlink radio
access method and single-carrier frequency divisiBh Th&ltiplelafcess (SC-FDMA) is 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). ASLn Q%%M%equiﬁl\% é)éand 's[q%ivid%%@ggnultj%@ﬁmaow frequency
bands (subcarriers) and data are Hransmitted on the subcartiers. The subCarriers are ensely arranged
along the frequency BxfNSUEH thif $h&: partk/ overlap each other but do not interfere with each other. This
method enablesshigh-speed transmission and improves frequency efficiency. In SC-FDMA, a frequency
band is divided into 30 %geﬁfrg}lﬁ%cy bands and the frequency bands are allocated to different
terminals for transmissiori uce interference between the terminals. Also, SC-FDMA reduces
variation of the transmission poweér&ndPtRéfETore MERES it PosSiBTE o redlicé PowercohSurfiption of
terminals and to achiexeiwidecoueiageation system. More particularly, the

present invention relates to a Dbase station and a

10 broadcast channel transmission method.

BACKGROUND ART

A successor communication system to W-CDMA and

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

15 Dbeing 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 is divided into
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 Dbands are
allocated to different terminals for 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 5 for
communication. A channel shared by multiple mobile stations is generally called a shared channel. In
LTE, a physical uplink shared channel (PUSCH) is used for uplink and a physical downlink shared
channel (PDSCH) is used for downlink. 10In a communication system employing shared channels, it is
necessary to signal allocation information of the shared channels to user devices for each subframe (1 ms
in LTE). In LTE, a control channel used to signal the allocation information is called a 15 physical
downlink control chaiher 6f adowriik(DLY LeASEebnitroltchanfél Thedshvssicat dowlipkicontrol

channel, for example, ineludes dovnlinks(Dly scheduing.intapsmationr agknowledgement information
(ACK/NACK), an uplink (UL) scheduling grant, an gverload.indicato 0 a transmission power control
command bit (see, for example, -0 I%éi}boevrh%nlgﬂlrf_]zl&%nt?o gﬂyggélingoﬁﬁaﬁr{el g?rﬁgture:
Coding). Meanwhilel breadeastchanhels fhcltigée a fivst Brdaddalst chiastel gstimassbroadcast

channel (P-BCH)) 25 and adiynamiedroadcast channel(D-BEi)ed by hetprimarynaeadeast channel
is transmitted using ggiggd transmission meillod ggﬂé@e cas QES‘C{”Q dcasthhqwnn%lﬁ W-CDMA. The

primary broadcast channel is used t ergre)éﬁ mihimum basic w??cl)rmatlon. The 30 dynamic broadcast

channel is used to répbfeirtermation dftfer thanhe inforriatioh refdtediby thé prind&y broaicast
channel. The dynamigbroadcast chapnglds dremnsmitied Mva asshared datachannebpscH) iEhereis a
consensus to transmit_the primary broadgast 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 sahfe control information "M fiffEEWithih thecyct oF e nfEot trahRmittie e primary
broadcast channel, and:thasdheen proposed torseteME=aty2 or 4o Each ransmissiohcafdhecontrol

information is called g urst,_1QFor example, i_fstlpgr;%rgn%r}yaplrlqgggagochggggl iaéq, be transmitted four

times in a cycle of 40 ms, it means that the primary broadcast channel is transmitted every 10 ms as
shown in FIG. 1. 15 BISELOSURESF INVENTION'PROBLEMS FO BE SOIVED BY THE INVENTION
However, the above baskground asrtethndlegies havetproblemstas desdribedibelowlled 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 fixed transmission method as in the case of a
broadcast channel in W-CDMA. The primary Dbroadcast
channel is used to report minimum basic information. The

30 dynamic broadcast channel is used to report information
other than the information reported Dby the primary
broadcast channel. The dynamic broadcast channel 1is

transmitted via a shared data channel.



Although there is a consensus to transmit the 20 primary broadcast channel at a cycle of "x" 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 it is necessary to transmit different information, the information to be
transmitted is changed at the boundary between primary broadcast 30channel transmission cycles.

In the example shown in FIG. 1, thegtimalry broatieasechannel orahsmittat everyel Oansivone primary
broadcast channel trgasmissign cysleninstudgs the same:centrolinfornatigndinithis,case, dhe mobile
station can detect the boundary between 1,0 ms interyals in a cell search, but cannot the boundary
between primary brdadeast gﬁlar?noel %ree%smﬁssigr% cf/lgfles? or 20 %g.r 5Me oydes’ fo%rbﬁé.gf)}lgg he primary
broadcast channel incisdean "2 birsBpiead over@lY bursts® thethodWitere diltsiteare ispread over all
bursts and an "all bitsdn eackursts methed where all bitsake trapsmittediineach:burst. 10in the "all bits
spread over all bursts” method,.as. shown in FIG. 2, channel coding is performed on the control
information of the pri%én@sbrgé %lalsr% c?thvéﬁne Engl W%ic??an érrorméet%cotfngeccroadnes&ﬁlgﬁé ?gdu%%%ncy check:
CRC) is attached. TH&1 T 15 fitereavinf processis perfitimet td iritefheare (of P861tRY) Bifs constituting
the channel-coded psisary faroadeast channel, amchthe intesleaved bitsrare mapped acrossdnultiple
bursts. When a primary:broadcast channel,the bits %fu\gglcch 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 is decotfed il theecortdet fiRfind s 8eteétefirisEtion CREhRLK results.
For example, as shown ind-Ite 3; the sadhilestation receives thenpamayy 25 byoadcastchannel at each of

timings 1 through 4 gpd ghecks, ifs %Cﬁ?%?ﬂ?” GRG eheck results, he mohjle station selects the

correct timing, timing 1 in this example. h this method, however, the mobile station 30 has to try all four
candidate reception fifffinds afdtRefetore R take< tifme 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

15 DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

However, the above background art technologies
have problems as described below.
Although there is a consensus to transmit the
20 primary Dbroadcast channel at a cycle of “x” 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 1s 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



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 broadcast channel to which an error detecting code
(cyclic redundancy check: CRC) is attached. The chanfiel-coded primary broadcast channel is repeated
(or duplicated) to generate, for 10 example, four channel-coded primary broadcast channels (bursts), and
an interleaving process is performed to interleave (or reorder) bits constituting each of the channel-coded
primary broadcast clvamiels 1 Thent tiaaitedeavebnbitstare ntapied. Witeneeprfarysroateast 15
channel all of the bits of whicheare mappeddn.eachburstds dansmiited sthe mpebile, statior can obtain
information by just recejving one primar %r\;)adcast hannel. Thus, this methad makes jt possible to
reduce the delay in r((:aée(i:\é)tioﬁepar]c:xgcfa’]ésin%l.J itﬁ?ﬁ%orgetﬁg ,ezc(f hs\d/\;leeverg]ﬁ?é] Er:){naort}fle %t%#i%)%ecnannot detect
the primary broadcastéiiiel wegihrissiondieel tramord vbjett of the preséntdAvastion is to solve

or reduce one opmore of the abowve preblemsrand tenprevide a base stationand abreadeastchannel 25

transmission methodckhé% r@gfblclanac ser, deé\ilrilce 1o gfteagtl a S;ragsr]pésso'\ono(%}ycle oaflal br adc%sst,,channel

while reducing the time necessary to receive the broadcast channel. 30 MEANS FOR SOLVING THE
PROBLEMS R AP BF the?presBatinvanfior’ PF6\Vifle® Aase station #iadt tPalsniits a
broadcast channel to'alusende\dce i predefined nusiber aktimes invacpredetetmingd eycle-tor
communication with the user. device. The bas %@ggn 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 multiplé broadcast chanhls; i a 'idrtal WaveforParaing (it crifiguredd process the
generated broadcastnefianmngls suchthatthe processerd, broadeastichannelsshave diffefentsignal

waveforms. Positions of the broadgast.channels,in the 19 order ot ransmigsion inthe predetermined

cycle are associated with the signal waveforms of the broadcast channels. Another aspect of the present
invention provides a Théthod of trahsniitting’a bidadcast Bhaniél iy ting  code  (cyclic

redundancy check: CRC) is attached. Then, an

15 interleaving process 1s performed to interleave (or

reorder) Dbits 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 is 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 1in 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



15 a base station to a user device for communication with the user device where the broadcast channel is
transmitted a predefined number of times in a predetermined cycle. The method includes a repetition step
of repeating the broadcast channel, after the 20 broadcast channel is 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 prédeteriired cyeley ADVANTAGEOUS BEFFEGCTE ORTHE INVENTION "Aspects of

the present invention,pravide a30hase;station angk-a breadcast ghannel transmission methad that enable
a user device to detect a t(g%nismission c%cle of a broadcast channel while reducing the time necessary to

receive the broadcast channiel’ BRIEFBESCRIPTION OF THE DRAWINGS

In the *all bits 1in each burst” method, as

5 shown in FIG. 4, channel coding 1is performed on the

control information of the primary broadcast channel to

which an error detecting code (cyclic redundancy check:

CRC) 1is attached. The channel-coded primary Dbroadcast

channel 1is repeated (or duplicated) to generate, for

10 example, four channel-coded primary broadcast channels

(bursts), and an interleaving process 1is performed to

interleave (or reorder) Dbits constituting each of the

channel-coded primary Dbroadcast channels. Then, the

interleaved bits are mapped. When a primary broadcast

15 channel all of the bits of which are mapped in each

burst 1is transmitted, the mobile station can obtain

information by just receiving one primary broadcast

channel. Thus, this method makes it possible to reduce

the delay in reception processing. With this method,

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

One object of the present invention is 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 Dbroadcast 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 in a



FIG. 1 is a drawing illustrating an exemplary method of transmitting a primary broadcast channel; 5FIG. 2
is a drawing illustrating an exemplary method of mapping a primary broadcast channel; FIG. 3 is a
drawing illustrating an exemplary method of receiving a primary broadcast channel; FIG. 4 is a drawing
illustrating an exemplary 10 method of mapping a primary broadcast channel; FIG.5isadrawingillustratinga
configuration of a radio communication system according to an embodiment of the present invention; FIG.
6 is a drawing illustrating a radio frame 15structure; FIG.7isadrawingillustratingTTI structures;

FIG. 8 is a partial blackediagram iofefbase statiorf according to ansgrhbodimentof theepresent 20invention;
FIG. 9 is a drawing ilustrating aigubfraynestruettf@on 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 channels;

and a signal waveform changing unit configured to

process the generated broadcast channels such that the

processed broadcast channels have different signal

waveforms. Positions of the Dbroadcast channels in the

10 order of transmission in the predetermined cycle are

associated with the signal waveforms of the broadcast
channels.

Another aspect of the ©present invention

provides a method of transmitting a broadcast channel by

15 a base station to a user device for communication with

the user device where the broadcast channel is

transmitted a predefined number of times in a

predetermined cycle. The method includes a repetition

step of repeating the Dbroadcast channel, after the

20 broadcast channel is 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 base 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. 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 embodimé&nt of the present invention; FIG. 13isa
partial block diagram of a base station according to an embodiment of the present invention; FIG.
14 is a partial block diagram of a base 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; Fl&x 1Hrispa drawingrifisisatingia methodietmapping a primary broadcast channel
according to an embodiment of t Igres?ntiinveanticgpé V}PEIG" }Mss Q.rdr \l/vri]n glgstergitein ?arpethod of
mapping a primary broadcast channel accoraing t6 an'embodiment of the frfesent invention;

FIG. 18 is a drawing"ifistrstirgffexemprary Subfranie Prapping decordifig1d e émboddiment of the 15
present invention; FIG. 19 isa drawingdllusteatingsexemplary subftgmemmappingiaceprding to an
embodiment of the prgl%%%%t&n\é%ntr%%n' ing a rIi:ImC?j.rZO liosrg‘ag g\évii;ncg gl}ljjsggggg exemplary 20 subframe
mapping according to an embodime‘ﬁ?o{‘l%e prpesent invention; IG. 21’ is a partial block diagram
of a base station according to an &ftbodiméfit 6f tAe Présentinverstiorn 2ERIGa 22 $ahaddng illustrating
exemplary subframeraapping-aceesding tthan £mhadimentiof dha presentHavention;

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 invention;

FIG. 6 is a drawing illustrating a radio frame

15 structure;

FIG. 7 is a drawing illustrating TTI
structures;

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

20 invention;

FIG. 9 1is 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;



FIG. 23 is a flowchart showing a scheduling process at a base station according to an embodiment of 30
the present invention;

an embodiment of the present invention; and

FIG. 24 is a drawing illustrating exemplary subframe mapping according to
FIG. 25 is a drawing illustrating exemplary subframe

mapping according to an embodiment of the present iffention. 5 EXPLANATION OF REFERENCES
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FIG. 14 is a partial block diagram of a base

according to an embodiment of the present
ny

FIG. 15 is a partial block diagram of a base
according to an embodiment of the present
n;

FIG. 16 is a drawing illustrating a method of
a primary Dbroadcast channel according to an
nt of the present invention;

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

FIG. 18 1is a drawing illustrating exemplary

mapping according to an embodiment of the
invention;

FIG. 19 1is a drawing 1illustrating exemplary

mapping according to an embodiment of the
invention;

FIG. 20 1s a drawing 1illustrating exemplary

mapping according to an embodiment of the
invention;

FIG. 21 is a partial block diagram of a base

according to an embodiment of the present
ny

FIG. 22 1s a drawing 1illustrating exemplary

mapping according to an embodiment of the
invention;

FIG. 23 1is a flowchart showing a scheduling
at a base station according to an embodiment of
ent invention;

FIG. 24 1is a drawing 1illustrating exemplary

mapping according to an embodiment of the

invention; and
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FIG. 25 1s a drawing illustrating exemplary
subframe mapping according to an embodiment of the

present invention.

EXPLANATION OF REFERENCES

50x (501, 50,, 503) Cell

100, (1004, 100,, 1003, 1004, 100s) User device
200m (200,, 200,, 2003) Base station

202 BCH control information generating unit

204 Channel coding unit

206 Repetition unit

208 Interleaving unit

210 Data modulation unit

212 Scrambling unit

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

224 Scheduler
300 Access gateway
400 Core network

1000 Radio communication system

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
functions, and overlapping descriptions of those parts
are omitted.

A radio communication system 1000 including

mobile stations and base stations according to an

202 BCH control information generating unit 10 204 Channel



206 Repetition unit

10

15

20

25

30

208 Interleaving unit 210 Data modulation unit 212 Scrambling unit
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embodiment of the present invention is described below
with reference to FIG. 5.

The radio communication system 1000 is based
on, for example, Evolved UTRA and UTRAN (also called
Long Term Evolution or Super 3G) . The radio
communication system 1000 includes base stations (eNode
B: eNB) 200, (200, 200,, 2003, .., 200,; m is an integer
greater than 0) and mobile stations 100, (100., 100y,
1005, .., 100,; n is an 1integer greater than 0) that
communicate with the Dbase stations 200,. The Dbase
stations 200, are connected to an upper node such as an
access gateway 300 and the access gateway 300 is
connected to a core network 400. Each of the mobile
stations 100, is in one of cells 50x (50, 50,, .., 50x; k
is 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
stations 200, and are 1in communications; and the other
mobile stations 100, have not established communication
channels with the Dbase stations 200, and are not in
communications.

Fach of the Dbase stations 200, transmits
synchronization signals. Each of the mobile stations
100, is located in one of the cells 50x (50:, 503, .., 50y;
k is an integer greater than 0). When the mobile station
100, is, for example, turned on or in the intermittent
reception mode during communications, the mobile station
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



15 214 Multiplexing-and-mapping unit 216 OFDM modulation unit 218 RF transmission unit

~-11-

timing and a frame timing and detects cell-specific

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, 1s in communications as well as when the
mobile station 100, 1s not 1in communications. For
example, the mobile station 100, performs a cell search

10 during communications to find a cell wusing the same
frequency or to find a cell using a different frequency.
The mobile station 100, also performs a cell search when
it is not in communications, 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 50x (50,, 50, 50s5, .., 50x) have the
same configuration and functions and are therefore
called the cell 50x or the cells 50y 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
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described above, a frequency band is divided into narrow
frequency bands (subcarriers) and data are transmitted
on the subcarriers. In SC-FDMA, a frequency band is
divided into multiple frequency bands and the frequency
5 bands are allocated to different terminals for
transmission in order to reduce interference between the
terminals.
Communication channels wused in Evolved UTRA
and UTRAN are described below.

10 For downlink, a physical downlink shared
channel (PDSCH) shared by the mobile stations 100, and
an LTE downlink control channel are used. In downlink,
the LTE downlink control channel is wused to 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 for the physical wuplink
shared channel; and the physical downlink shared channel
is used to transmit user data.

Also in downlink, the base stations 2004
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 wuplink control channel to be
frequency-division-multiplexed with the physical uplink

shared channel.
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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 information (HARQ ACK
information) for the physical downlink shared channel;
and the physical wuplink shared channel 1is wused to
transmit user data.

In downlink transmission, as shown in FIG. 6,

10 one radio frame is 10 ms and includes 10 TTIs. TTIs may
also be called subframes. Also, as shown in FIG. 7, one
TTI includes two subframes, and one subframe includes
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 TTIs are called subframes,
the subframes shown in FIG. 7 are called slots.

The base station 200 according to a first
embodiment of the present invention 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 wused as a spreading unit, a

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

In this embodiment, it 1s 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 Dbroadcast channel using different methods. For

example, the base station 200 transmits bursts of the



Embodimentsofthepresentinvention 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 ahd base stations according to an -10-
embodiment of the present invention is described below 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 S@per3Gy. Théradidceorhmuridatior® system 1000 iAclubrstrdse stations(eNode B:
eNB) 200m (2001, 20022003, 200Mi AL is abdpteger geeater dhan 0).ard moebile stations 400, (101,
1002, 1003, ,1,;n i‘guarnS anSte%e g ?%ter Ehfwao th t %g (%é)gnsrpuréiﬁg%en\évith tr}ee b%se stcaltiogs O@OOm. The
base stations 200m are connected to ant upper node such as an access ga?eway 306 and the access
gateway 300 is conneéttéd torPedielnétivorke400. Haeh oPties Afobilé Btatiéhs 10048 #F oneldf cells 50k

(51,502, , 50k; k transmission. For example, the respective bursts of the
primary broadcast channel are multiplied by different
scrambling codes such that the respective bursts have
different signal waveforms. In this embodiment, it 1is
assumed that the primary broadcast channel is

10 transmitted four times in the primary broadcast channel
transmission cycle. Alternatively, the number of times
the primary broadcast channel is transmitted may be two,
three, five, or more.

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 Dbroadcast channel including minimum basic
information (primary broadcast channel information) such

20 as system frame numbers (SFN) and a public land mobile
network ID (PLMNID); and a dynamic broadcast channel
used to transmit information other than the primary
broadcast channel information. 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



15 is an integer greater than 0) and communicates with the corresponding one of the base stations 200m
according to Evolved UTRA and UTRAN. Some of the mobile stations 100, have already established
communication channels with the base 20 stations 200m and are in communications; and the other
mobile stations 100, have not established communicatioh channels with the base stations 200m and are
not in communications. Each of the base stations 200m transmits 25 synchronization signals. Each of the
mobile stations 100, is located in one of the cells 50k (501. 502. 50k; k is an integer greater than 0).
When the mobile stafiontl00) s, foir example; 2amed of of (7 Hintermittértre ceptibm Avotderduring
communications, the;mebile statian 30-400; performsta celh search-baged ga:the synshroenization signals

to find a cell that pro%gaes %ciod radio communication quality for the mobile station 100,. More specifically,
the mobile station 100, detects a symbol timing and a frame timing and detects cell-specific control
information such as a cell ID (a sérfatblingdttieltinigiie to @édll gendtated fremshescell IDPBr a group of

cell IDs (hereafter callegha eelt 49 )greup) hasethen Sdhesynehronizatioprsignalsst charA€ell search

may be performed ngp Uﬂﬁem%'rln station 100, is :)%ﬁgmngtﬁpnlggltlo%srgs&%%llsgsC hen trhe rinsoblle station

100, is not in communications. For example, the mobile station 160, performs a ce fsearch10 during
communications to findl a'eell UsTig #fe- SaRte freGueh&y or &6 fRa ™ celPtsiitfa tifferemt fetiency. The
mobile station 100, als@ perfosmsan cellseasch wher d4$ nefdncommsinieations, fer, example, when the

mobile station 100, %shjyst %?ﬂn%‘%@edb‘%% g&'&sai&th%&gn%gﬁgby (rﬂgggt s) ad (gle prqlggtséations 200m

(2001, 2002, 2003, ..., 200m) have the same configuration and functions and are therefore called the
base station 200, thé-Bas&statin' 200126 thid-b&SE 8taftibhs 200 M the 'ddsktiptioRs belowy 20 unless
otherwise mentioned 0the mobile stations 100, (1001, 1002, 1003, -., 100n) have the same configuration

and functions and are therefore cajled thgmg@iﬁeeg@{ilqg 10Q,,ar.the mgbile %@%I’J{QO, (aruser device
100) in the descriptions below unless otherwise 25 mentioned. The cells 50k (501, 502, 503, ..., 50k) have

the same configuratibh Erd-fthttidfs & are therefore Bafiéd BRe Bell S0k of five d&iid 50k ihthe
descriptions below untesstotherwise memtionedf In theradioicommunicaticitsystent 160036 orthogonal

ﬁequencydhﬂﬁgnrngggggggg4CH%gM)g; predetermined rule, and inputs the
interleaved ©primary Dbroadcast channels to the data
modulation unit 210.

The data modulation wunit 210 data-modulates
the channel-coded and interleaved ©primary Dbroadcast
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 assoclated in advance with positions of the

primary broadcast channels (bursts) in the order of



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 -12- described above, a frequency
band is divided into narrow frequency bands (subcarriers) and data are transmitted on the subcarriers. In
SC-FDMA, a frequency band is divided into multiple ffé(?l]ency bands and the frequency 5 bands are
allocated to different terminals for transmission in order to reduce interference between the terminals.
Communication channels used in Evolved UTRA and UTRAN are described below. 10For downlink, a
physical downlink shared ehappeP{PDSCH) shared by the mobile stations 100, and an LTE downlink
control channel are used. In downlink, thedaFE downlink centrol channel isiysedito reparhinformation on
mobile stations to b rpag&ed%) trg: 1I§npl'1yssicarll d8¥an£ir]1fk sh%rﬁd CQQ Qelmtorgmg%rt f(r)lrmuat iir%formation for
the physical downlink shared channel, in ormation on mobile Stations 6 be mapped(t)o a pﬂysical uplink
shared channel, transportfgrraeinformmatiar? folithe pHysice? Liplitk sp@deed ERankelf Bed 20
acknowledgement informaationfon the physicaheplindashased ebanngl; and the physical dpwndink shared
channel is used to tra %mit userreda a. i rAlso @r%%\ggg%l% thect@ase setiagions 200, trgggmit
synchronization signals usedg%y the mobile 25stations 100, to perform cell searches. For uplink, a
physical uplink sharétf éhaRAEFPUSEM) SHBHTBY thelinoblié stations 100, and an LTE uplink control
channel are used. There are two typesnaf uplinkecontepl ahannetamaplink eormtrol chasaeltasbe 30
time-division-multiplexed with the physical pplink shared channel andzan yplink conirgl,ghanpel to be
frequency-division-multiplexed with thefhysmal uplink shared channel. -13
10 unit 212 and also receives, for example, a data channel

and a reference signal. The multiplexing-and-mapping unit
214 multiplexes the primary broadcast channels, the data
channel, and the reference signal.
FIG. 9 1s a drawing illustrating 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 in 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 1s an integer
greater than 0) arranged along the frequency axis
25 identify resource blocks.
The physical downlink control channel
described above is mapped to first “N” OFDM symbols in a
subframe. “N” may take a wvalue of 1, 2, or 3. In the
example of FIG. 9, the physical downlink control channel
30 is mapped to the first two OFDM symbols (N=2), i.e.,
OFDM symbols #1 and #2, 1in a subframe. OFDM symbols
other than those to which the physical downlink control

channel is to be mapped are used to transmit user data,



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 information (HARQ 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 ms and includes 10 TTls. TTIs may also be called
subframes. Also, as shown in FIG. 7, one TTI includes two subframes, and one subframe includes seven
OFDM symbols whea a shofthOPris asetdupperadiaifdf FIGCT) or six ORDRPSyAbols viiencd long OP is

used 15(lower half of Et@, 7). When Tdls aresgajled subframesthg subfraraes shewadn FH&g 7 are called
slots. The ba_'%‘g station l20 acq,g]rgin%{g Jlezfirst errlnb%dlimeC taof &Q‘f prgrslgnt jcr}yeenti ntig described
below with reference to Fia(g.pé. 50The base station 200 OJ%JEhIS embadiment mcludes a BCH Control
information generatiifd #nit202 eclafifel Eoding anit2o4; EPrepetition unit 206, an interleaving unit 208,
a data modulatign unit 210, a scrambling umit 232-ised as aspreadinguntea@dce blocks
muItipIexing-and-magggngém't.%1e4a, an,QFDM m du(lj%thono itezél& an RF transmj ioq(unlit5218, and a

P-BCH transmission method control unit 220. In this embo iment, it is assumed that the primary

broadcast channel isfanshiiteetmultipfPtiies 303 @ pritrary Brdadeast channel tasdmisafon cycle, and
the base station 2001transuntsarespective hukstsnehiberprictary bsoadeast chananrel usingdifferent

methods. For examRAlr%’etpe%85535%%%%2%%%@5@@%5 ql'gs@ %ﬁ'}? 50 when the system

10 bandwidth is 10 MHz, or 100 when the system bandwidth is
20 MHz.

FIG. 10 is a drawing illustrating an example

of subcarrier mapping at OFDM symbols #1 and #2 in a

subframe structure as shown in FIG. 9. In FIG. 10, the

15 number of subcarriers for each 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. 1In

25 this example, the L1/L2 control channel and other

control channels are frequency-division-multiplexed such

that each of the channels 1is 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



-14- primarybroadcastchannelwithdifferentsignal 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
transmission. For example, the respective bursts of th(ﬁsgrimary broadcast channel are multiplied by
different scrambling codes such that the respective buarsts have different signal waveforms. In this
embodiment, it is assumed that the primary broadcast channel is 10 transmitted four times in the primary
broadcast channel transmission cycle. Alternatively, the number of times the primary broadcast channel is
transmitted may be o’ thie five noeiioré SThe BCGH cbatrokinfermationigenceating anit 150202

generates control infermatione bectransmitied vWarhreadcast-channels. the sizeiofthe contiol information
is, for example, 40 bﬁ. Tﬂe broadc%?t gh%rrlnneol i'pn%lylge at%rém%%broadcastcchanpel including minimum
h

basic information (prlmggy Broéﬁ%ast 5hanne}f|n ormatién) suc Jégesygt\ésm frame ndmberg (SFN) and a

public land mobile n&®stk 1D (SEMNIDR and aldyhamie broadedst channet used 85 transmitlinformation
other than the pemany:broasicast shannehinfermation.cRescriptiansdhere are maiply relatedite the primary
broadcast channel. m% gng 23 c%nt[%I iig%)ergpea&iopl Sqeernserati&g;wj.lnita%{()GZSgelnceratgg Sclokgfreol ipgormation to
be transmitted via the prlmary%roadlcast channel for each prlmarynbroadcast channel transmission cycle.
The channel coding it 2GR petfdticfanhB E30EE6HAG BT the EoREDE inforfation, %, therimary
broadcast channel, generateddnitherBwEveantrot informationigenegratinghenib 208 cGonexamyple, the

channel codin_g unit. 204 ir%celgg%% aturba ggggg%[,pq&u-alﬁ-tpﬁrforms error-corr.e.ction .encoding to attach
redundancy bits to information bits of the primary broadcast channel. Therepetitionunit206repeats(or
10 For example, in OFDM symbol #1, one DL RS 1is

transmitted per six subcarriers. In FIG. 10, the DL RS
is mapped to subcarriers with reference numbers “6 x d -
1” (d indicates 1, 2, ..). The physical downlink control
channel 1is 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 1s determined by the maximum number of user
devices multiplexed in one subframe in uplink, i.e., the
maximum number of user devices that transmit wuplink
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



5 duplicates) 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, thereby generates
multiple, e.g., four, primary broadcast channels (burstsi%and inputs 10 the primary broadcast channels to
the interleaving unit 208. Theinterleavingunit208performsan interleaving process to interleave (or reorder)
bits constituting each of the primary broadcast channels 15 according to a predetermined rule, and inputs
the interleaved primary broadcast channels to the data modulation unit 210. The data modulation
unit 210 data-modulatesithe lcharmetcodedvand irterleaved prinvarydsroagcasP20 chagineddccording to

a predetermined modulation:schemess and inputsdhedatasmoditates primarysbepadcastchannels to the
scrambling (spreadin urrg)it %12,CMea£1V\J/\g]1_jl ,tGhVe Fl’Bng;I trﬁg%rrrlliscsri%pl rpnelt@odt%oentgoll unni 220 assigns
different scrambling € des’o 25 t%eprespec ive bufsts gft e primary Broadcast channel to be transmitted
in a primary broadcast channel trafsndissics ey€le. E6r eXapiple, idssbirffing that therimhadtbroadcast
channel is to bedransmitted fous tires ipai pamary brosggast ehannel transmission eyele, the P- 30 BCH

wransmission method controlynt 220-prepares four diferent scrambling, cades. Inthis casgythe
scrambling codes are associated in advance With positions of the primary broadcast channels (bursts) in

the order of -16- traRSiHissign Proadcapiie SkrEMBling BNtBIBBpIdRSS thelprifary Broadcast channels
input from the data mpeduwaiioninit21Q oy thecoreaspanding serambling €odestnpyt fram the 5 P-BCH

ransmission method contyglunit. 220, and inputs the spread primary;broadeast shapnels to the
multlplexmg-and-mapgmg unit 214. _ . .
10 channels to be transmitted in a primary broadcast channel

transmission cycle by spreading the primary broadcast
channels with different scrambling codes.
The user device 100 demodulates the primary
broadcast channel by blind detection where all
15 ©predefined scrambling codes are tried to decode the
primary Dbroadcast channel. Since multiple primary
broadcast channels (bursts) are transmitted in a primary
broadcast channel transmission cycle by the “all bits in
each burst” method, the wuser 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



The multiplexing-and-mapping unit 214 receives the spread primary broadcast channels from the
scrambling 10 unit 212 and also receives, for example, a data channel and a reference signal. The
multiplexing-and-mapping unit 214 multiplexes the primary broadcast channels, the data channel, and the
reference signal. FIG. 9 is a drawing illustrating exemf ery 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 showrrinsPIG. 9 haree 20 sUbframe (8! for égarmple; Pmstarid ichides £4OFDM symbols.

In FIG. 9, numbers (#&n#2:#3 ndthAmkanged along thedimeaxis identify: OFBMrsymlalsyand numbers
(#1, #2, #3, , #M-1, #M; M is an int .greater than 0) arranged along the frequency axis 25identify
resource blocks. Th&p%hyh;%%%l&gﬁﬁﬁ%ln%é%%lﬁo{oeﬁa%ngie egé)g;ibge?jsaeﬁlov%%is%%éageéi ?gty firs q‘le’OFDM
symbols in a subframé. "N® nizake s Valle oft 2256113, 1I9THe exxdifiplé of FIG2 91 e physical downlink

control channel 80 isrmapped ta thedirst twen DM sysabois: (N5 siie1 OFDM syarbels #hand #2, in a

subframe. OFDM synmubqtljsegthg%tharqfthos%%ol(\)/\Illhi%.tpg prpgsical downljcnk control ghaspnel is to be

. . t
mapped are used to fransmit user éatao,rf(:lw- a sync ronization channel fSCrR%?%rbroa&]csas?r&hannel

(BCH), and a data sifhalo WhiktFpérsistent scheduling is applied. The L1/L2 control channel and the
data channel are time-division-multiplexe@.5ladhe frequencyrdisection, M desodrcehiecks:are defined.

The bandwidth of eagh esgyrce blogk is,for expmple, 180kHz, and each fesourge blogk indludes 12

subcarriers. The number of resource blocks M is 25 when the system bandwidth is 5 MHz, 50 when the
system 10 bandWidth {s- 20 M2 Cor AVFWHEN HYE sy<t8msandfifidthris 2biMpfzy proadcast

channel information by Jjust receiving one primary

broadcast channel, i.e., without receiving other primary

broadcast channels. 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 in turn makes it

possible to save battery energy. Meanwhile, using

different transmission methods for respective bursts of

the primary broadcast channel in a primary broadcast

20 channel transmission cycle makes it possible to achieve

diversity gain 1f the bursts are to be combined after
reception.

Since the primary broadcast channel is

transmitted multiple times in 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 Dbroadcast

30 channel transmitted 1in 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



FIG. 10 is a drawing illustrating an example of subcarrier mapping at OFDM symbols #1 and #2 in a
subframe structure as shown in FIG. 9. In FIG. 10, the 15 number of subcarriers for each 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 subcafrters 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 subcarrigps of GFDM $yrabsi#naThe physidakrdowalink eontrolrelanridl isalsomapped to
OFDM symbol #2. 125 this-exswaplec the: LI 2 eentrelchannel ang-other centrol channels are
frequency-division-multiplexed s that each of the chappels is mapped to multiple frequency
components arranged at certain in eervéig%u&eglrﬁﬁlti;@?(inraa crr%?%eﬁg %%ﬁga rd%%rit%ﬁtea ]fr\équency 30
division multiplexing {RDMVE DistABURTEPEDW is préferabie tdachreve ietiehey dietsity gdih. The
frequency compenempisaallocatedito the respective chanrnelsanay he-aganges atthessamecintervals or at
-18- different intervals.rlrrln githegg%%%,cig |S negessary to distribute the L1/L2 control channel across all
resource blocks (in this emﬁ%dlment, the entire system frequency band). CDM may also be used as an
additional 5 multiplexing scheme Y6 ¢bpe withtRédrcreaseiirthehurhber sRitAtplexatttsers. CDM
makes it possible to furthet iacrease denfreguercycdiversityegain i@n the ethertands howeger, CDM may
disrupt the orthogonality and reduce the reception quality. 10For example, in OFDM symbol #1, one DL
RS is transmitted per six subcarriers. In FIG. 10, the DL RS is mapped to subcarriers with reference
numbers "6 x d-91" (d indicates 172¢ THE PhysicaF 86wnlink Ut chan it 'S rfdpped to'8hibcarriers
other than those to 1BwhighrtbeDe RS isrmapped nifvtheaexampleshownting & it0; acknawledgement
information (UL ACKéNﬁglﬁ)a@yb%ygggggg@d é/]jjaamjeeghy%igg d%\y%% control channel is mapped to

subcarrier #3 and subcarrier #L-3. The number of subcarriers to which the acknowled%ement information
20 is mapped is determined by thERaxifitith fiumbe? o dserdévice s mBGpiexedsin onastbframe in
uplink, i.e., the maximudi number of useradevicesl thattfamsmit uplink shared charnets-inmeme subframe.

In a case wheredhe physigal dewnlink control 25 chappelismapped tq fhree QDM symbols, the
configuration of OFDM symbol #3 is substantially the same as that of OFDM symbol #2. The

OFDM modulation uhft 18" GEHM-iGdGites BSighdl whére the Gata™cHahnel, the reference signal, and
30 the L1/L2 control channel are fidtiplexegeet itioThe REitansmidsion unird8 attachestCPs to the

signal where the datg.ghanngl.dbe referencesignal. angkthe L.1{L2 controlchannel are, pultinlexed,

performs _ , ,
for the number of times the primary broadcast channel 1is

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 Dbase 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



-19- digital-analog conversion, frequency conversion, and band 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 broadcast channels spread by different scrambling codes are transmitted
(i.e., the primary broadcast channel is transmitted fou?%i%ﬁes) in a primary broadcast channel transmission
cycle. Thus, it is possible to vary signal waveforms of primary broadcast 10 channels to be transmitted in
a primary broadcast channel transmission cycle by spreading the primary broadcast channels with
different scrambling €6désSIG. 8 cHuepSertdevice2l 0dembditates tHe printarybroadcastehannel by

blind detection where a8l 15spredefined scramblingicedesware triegte decode the primasy broadcast
channel. Since muItiQE:eprirp_ Hro%dcgsg %Qggngls (bursctfsl%ﬁre tcrarq,grg](i)t}ed lilnn?. @rinégr(y brogdcast
channel transmission cycle by the "a [6its I éach burst™ method, the user device 100 can abtain 20
primary broadcast claiiel Giftmationltsy roeiing jast o pArTey bréadcastichanfel, i.e., without

receiving other primary broadcastrekanneals T hisanethogsmakes dipessiblertoreduce the time necessary
to receive the primarg broadca%t.(g}annel. Also, this methodarpgkes it 25 Fos%ib!_jertg %%tggt tchoe position of

] SIgns, erent punctiyrin erns, whl
a primary broadcast channel in the order of transmissio receiving only that one primary broadcast

channel and therebyFiérdéteefthe BOUREAR Betwaér prithan brsaddedt cHamnel tiismission cycles.
30In related-art techpalogies;systenplrame-pumbetsi ake assigaeddo respective framescbithe -20-

transmit three informgtion. hits tq fepoghaesys&rgrxg%rge nym g&.c,g\_gctor.di.@g 1q 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. 8§ Thi<, AhiEembadiment’makesit possidléte réducetheinnber of iffttRTtibn bits
necessary to report sysiesnframeonumbegrs.e .  Fod hesusermdeyvice 400 hasity receite broaecast

channels even in thepj?tﬁggpy mBQQaJQ?g%mb&PAWﬁQE is to be transmitted four

times in 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., four, primary

broadcast channels (bursts), and punctures redundancy

25 bits attached to the information bits of the respective

primary Dbroadcast channels Dbased on the puncturing

patterns input 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 Dbroadcast

channel is transmitted four times) in a primary broadcast

channel transmission cycle. Thus, it is possible to vary



10 allows the user device 100 to obtain primary broadcast channel information by just receiving one
primary broadcast channel, i.e., without receiving other primary broadcast channels. 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. Thig# turn makes it possible to save battery energy.
Meanwhile, using different transmission methods for respective bursts of the primary broadcast channel in
a primary broadcast 20 channel transmission cycle makes it possible to achieve diversity gain if the bursts
are to be combined afternrekeptivre Sinee the fpritmary dbroadeastelvaiel ishtransmitted mulkiple times in a
primary broadcast 25 chapnet rapsmissiongycles the rapsaussien pawerdevel of eagh duirstof the

primary broadcast c_:harg:rleel _bgcomgrsl I(t)\m';vf for t_h;i% feason aruseiorrdoev'%% ata ggllnendeqlesmvay btain primary
broadcast channel m%rmatlor}]b)?soﬁ- comb ning mLﬁﬁpfgabLYI’StS of the prlmaryabroadcast § channel
transmitted in a prima#y bfégddast Eharnnel iankalissibAtycle. On the other hand, a user device near the
center of the celt can obtain primanydreadcastehannel infarmatien avithotk softeembining multiple -21-
bursts of the primaryblgrgaa gggttchagﬂglntrg%rismi%%d in&gg@aryabergggg%%tnchagv%eel rtr@ansrgﬁion cycle.
predefined puncturing patterns are tried to decode the
primary Dbroadcast channel. Since multiple primary
broadcast channels (bursts) are transmitted in a primary
10 broadcast channel transmission cycle by the “all bits in
each burst” method, the user device 100 can obtain
primary broadcast channel information by receiving just
one primary broadcast channel, i.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 in 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 it possible to
achieve channel coding gain.
25 Next, the Dbase station 200 according to a
third embodiment of the present invention 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



The user device 100 may be configured to try adjacent scrambling codes in blind detection where all 5
predefined scrambling codes are tried to decode the primary broadcast channel. Next, a
broadcast channel transmission method of this embodiment is described with reference to FIG. 12. 10The
BCH control information generating unit 202 generate‘széﬁntrol information to be transmitted via a primary
broadcast channel (step S1202). The channel coding unit 204 performs channel coding on the
control information, i.e., the primary 15 broadcast channel,generated by the BCH control information
generating unit 202 (ategd-81204Y. STthistepetitonunit208kepeats (on daplicates) ther charmelsoded primary
broadcast channel farthe numberof timmesthe primay kroadcast ehannelis 20drmnsmitteddn a primary
broadcast channel transmission cygle to, erg)%ra&énult}ple rimar br adcgstcgharr]lnells (gtep S1206).

Then, the primary broadcast channels to be transmittedinthe rlma?fbr%%acastcﬁrénﬁel'z fransmission

cycle are processed 6 havetdiffe Rt Wevefoihs (StepiST208)t Fop @Xafiple, & précesssad déscribed
above is perfornsed by the P-BCHhtransiissien snetheg centralpinit, 220ssuming  Next, thenbase station
200 according to a 30 second e boﬁg'menlC of Ct:l%% l[;1)reﬁentiigvetg(t)ionbig deﬁsrcgibgrgi\égctg efeﬁr}ence to FIG. 13.

The base station 200 of this embodiment has a con %uratlon similar to that described with reference

times in a primary broadcast channel transmission cycle,
the P-BCH transmission method control unit 220 prepares
four different interleaving patterns.

10 In this case, the interleaving patterns are
associated in advance with positions of the primary
broadcast channels (bursts) in the order of transmission.

The interleaving unit 208 performs an
interleaving process to interleave (or reorder) bits

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

20 As a result, multiple, e.g., four, primary
broadcast channels on which the interleaving process 1is
performed based on different interleaving patterns are
transmitted (i.e., the primary Dbroadcast channel 1is
transmitted four times) in a primary broadcast channel

25 transmission cycle. Thus, it 1is 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



-22- to FIG. 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 repetition-and-puncturing unit
222.5 The P-BCH transmission method control unit 220 assigns different puncturing patterns, which are
used to puncture redundancy bits attached to the inforAmition bits of the primary broadcast channel, to the
respective bursts of the primary broadcast channel to be 10 transmitted in the primary broadcast channel
transmission cycle. For example, assuming that the primary broadcast channel is to be transmitted four
times in a primary broadedstctarmiel wrehsiisSionsdykle, ahe P-BTH ransmissionamethioebeantrol unit 220
p:jepares 15 hfour diﬁgm%@g@{ur&gglﬁgg@r&sﬁa glﬂigigas@m(b trl)g,@mﬁcwigg@attem@ %@@(g;sggki]ated in
advance with positions of primary hroadcast channels (bursts) in the order of transmissign. . The
repetition-and-punctﬁﬁ% uniftuifyf repggg%%f§ ’(or%heplic%?eesr) th%eﬁfr}r%%ry é)éadggé]t cr(?é)?lcr?e]]r}or the
number of times the PFiffay broadéastchanfeRiste beltansmitcdih Pprifapy bréadcastehannel
transmission cycle tagenerate.puiltiple,e.@cdour, primary broadeast channels {bursts); ane gunctures

redundancy 25 bits aot%cehred to the infoqorrrlati%n bg§ ofC wa?nrnee gpti\ﬁ‘ogrsimggc [)ooﬁldr%aﬁte chaln@els based

on the puncturing patterns in ut from the P-BCH transmission met control unit 2_30. As a result,
multiple, e.g., four, prffEryBEbréadcasteRannels puneifred byifférent punctiiiiipattefhs are
transmitted (i.e., the primranysbreadcast ehannelds ransmittesbiourtimes)ns ehpimagkkroadeast channel

transmission cycle. -H&Léss itis o§§ib!§etge\g[%ry t'}?e3,' glcggﬂ yaveforms o pl[imﬁry b}gg%%%%sg Shannels to be

transmitted in a &rimary broadcast channel transmission cycle by puncturing the primary broadcast
channels with differefit pongturing patterriss $The Usef B8VICBIET0 88BmBAulateSthe piman! Y

that one primary broadcast channel and thereby to detect
the boundary between primary broadcast channel
transmission cycles.

Further, varying signal waveforms by using

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

Next, the Dbase station 200 according to a
fourth embodiment of the present invention 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 1is 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 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

resources are associated in advance with positions of



broadcastchannel by blind detection where all predefined puncturing patterns are tried to decode the
primary broadcast channel. Since multiple primary broadcast channels (bursts) are transmitted in a
primary 10 broadcast channel transmission cycle by the "all bits in each burst" method, the user device
100 can obtain primary broadcast channel informatioﬁ%@‘receiving just one primary broadcast channel,
i.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 printdry broadeast chapaerimsthedrder ot raddmission by redeiving shiy thvat one primary
broadcast channel andtherehysto-detect 20 theboundarybetweenprimarybroadcastchannel transmission

cycles. Further, varying signal waveforms by using different puncturing patterns makes it possible
to achieve channel coding gain. Z%Q\Text, th%%élslep%t%%bﬁ% §C@3F§fﬁ§ foa thi{?)cri1 legrnbo_olir%lfe%t of the
present invention is 8&s¢ritfed with réfererite RPRIGTE4arY  Prypgdsgde stafon20® ofthistembodiment

has a configuration similar ththat desepbed yithnreferenge 30re R&: 8 exceptdhat theP-BEH

transmission control unﬁ'l 220 is connecteij tqbthe interleaving unit 208, The P-BClt—I.transmission
refe Sed ~onh r&J10 K resource  1nformation

method control unit 220 aggllé%?s different mter?eavmg patterns, which are used -24-

input from the P-BCH transmission method control unit 220.

As a result, multiple, e.g., four, primary

broadcast channels are transmitted (i.e., the primary

10 broadcast channel 1is transmitted four times) using

different radio resources in a primary broadcast channel
transmission cycle.

Thus, it 1is possible to vary signal waveforms

of primary Dbroadcast channels to be transmitted in 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 Dbroadcast channel. Since multiple primary

broadcast channels (bursts) are transmitted in a primary

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, 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



by the interleaving unit 208 to interleave (or reorder) the information bits and the redundancy bits, to the
respective bursts of the primary broadcast channel. Here, the interleaving patterns indicate patterns or
rules for 5 interleaving the bits. For example, assuming that the primary broadcast channel is to be
transmitted four times in a primary broadcast channel dnsmission cycle, the P-BCH transmission
method control unit 220 prepares four different interleaving patterns. 10In this case, the interleaving
patterns are associated in advance with positions of the primary broadcast channels (bursts) in the order
of transmission. tr rivsintesleanirgumitd8performsan interleaving process to interleave (or reorder)
bits 15 constituting the respectiverprimagy- broadeast ehanpels basgdion the interleaving patterns input
from the P-BCH tran§]rfneis%ioplcmetrk1)od %ontrol ur]1:|te %%9 %re1d iﬁeut&tshe Qroc%%seed perisrn%ré/tb@gdcast
channels to the data modufatioh unit 210. 20Asa resuﬁft, mu ip?e, e.g., four, primary broadcast channels
on which the interlea¥¥if pFoce3s is pefforrmedTrised drrdifféfertintepleanitiy patferhs are Hansmitted
(i.e., the primarysbropdeastchannel is trapsanitted fplines) ea primarydareadcast channel 25
transmission cycle. Thus, it is po%]siblg to \%%rg signal Wavggc%rmsnof EBiTarX broa cast channgls to be

e

) : : , ) : i t :
transmitted in a primary broadcast chahn transrr%gglonscyc el:%y inter eaw?\(éokﬁts of the Pespectwe

primary broadcast chdririels Shtrditarent inferidevimy patieknsl B0THe! GSer deVieé A0DPGEModulates the
primary broadcastchannel by blindrdetecten whesewalbpredetinedsinterleanang patterns ase &ited to decode

the primary broadcagt %%mghSiqc&e n_})tgggv]g fimary, 5—25M[p£o.ag%st chanpels (bursts) are transmitted in

a primary broadcast cﬁannel transmission cycle by the "all bits in each burst" method, the user device 100
can obtain printdry bfdRECHSt Thannel mféidratio By teceivihg jhspnsmits the broadcast

channel using, for example, a 1.08 MHz frequency band
including the center frequency. Also, the Dbroadcast
channel is preferably transmitted 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 1in 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 wuser device 100 to perform

channel estimation using the synchronization channel as



5 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 possible to detect the position of a primary broadcast 10 channel in the order of
transmission by receiving only that one primary broadcdst channel and thereby to detect the boundary
between primary broadcast channel transmission cycles. Further, varying signal waveforms by
using 15 different interleaving patterns makes it possible to achieve frequency diversity gain. Next,
the base station 200accofdingto< folirth embodilaentef thelprésentinventiontis deseribed with

reference to FIG. 15,201 he hase statign200 of thisrembegdiment Bas a-earfigurationsimilarfo that
described with refer%r}cgat(g)clglg. 8 eﬁge%t%élljﬁt the P-BtC%Ha rtlrsanplstrr%igglion C(S)Qtrol un{ 2620 is cognected to
the multiplexing-and-mapping unit 214, e P-BCH transmission method control Unit 220 Controls the
multiplexing-and-mappRiPaait 214 &5 hfdp réspeehive bursts offthe phiffarys Brodticest eRaARE! to different

radio resourcessFor @xample, asswniigpthat the prisnaryroadeast-channel istobe tramsoited four 30
times in a primary brggggasto%h\gfgeel tr:il%misv%oenc%gle, t,pe P-BCH transmigsion me,tchod cantrol unit 220

. . . dransm1551on l1versl (¥ lg .
prepares four different radio resources. In this case, the radio resources are associated in advance with

pOSWOﬂSOf-ZG- employed. For example, it is not necessary to report a
transmission diversity mode such as the number of
antennas via the secondary synchronization channel. This

10 also applies to a case where only one antenna is used
for transmission.

Thus, this method enables the user device 100
to use soft combining to receive the primary broadcast
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 is mapped. The multiplexing-and-

20 mapping unit 214 may be configured to map respective
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 channel to
OFDM symbols adjacent to those to which the
synchronization channel is mapped.

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

30 synchronization channel is mapped makes it 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



the primary broadcast channels (bursts) in the order of transmission.
Themultiplexing-and-mappingunit214 multiplexes the spread primary broadcast channels input 5 from the
scrambling unit 212, the data channel, and the reference signal based on radio resource information input
from the P-BCH transmission method control unit 220.2°~  As a result, multiple, e.qg., four, primary
broadcast channels are transmitted (i.e., the primary 10 broadcast channel is transmitted four times)
using different radio resources in a primary broadcast channel transmission cycle. Thus, itis
possible to vary signal wasveforhreefigimiary broadcast thahnels toHse transmiteed ifa 18ngrimary

broadcast channel transmission-gycle hyiallocating-diferentsadio resodrces te dhe pamaryproadcast
channels. The user devi%% 100 demodulates the primar broadcas%chan}rllel b%jblind detection
a e t£o e tion the

: : t . : :
where all 20 predeﬁneedl radio resources are'tried to decods primary broadcast channet. Since multiple

primary broadcast charvels {Biirstsjrar gansmittéd in a2prififzry broagEastchaineltiarsmission cycle by
the "all bits in each iyst methoeh iheouserdevice 100canhtain 25-primarybroadoast channel
information by receiviﬂ%julsrg one r{rpgrr%broadca,?t chan Xi).e.m\év(iitggu%rlescgivi%q other Cpﬂnary

broadcast channels.tT is method makes it rp%ggﬁ)) é?gre( uce the time necessary fo receive the primary

broadcast channel. Als&hfs riéthoiakedfe 3bspossible fetetett théosition dfa primas broadcast
channel in the order of &ragisatission yoreceiving only thatroneqprimary bseadcast channel and thereby to

detect the boundary between prirﬂgr)ytproacqjcgstkggggneét-élgi- rrgn%?]@si%r&gggg%h g to Further, for

example, allocating different frequency bands or resource blocks to the respective bursts of the primary
broadcast chartifel nfakesit SBuEsIBIE6 achiderBgGERty diversity gaih, 15 described.

In 3GPP Evolved UTRA and UTRAN, a system
bandwidth is between 1.25 MHz and 20 MHz. In this
embodiment, the base station 200 transmits the broadcast
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 Dbroadcast 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 it ©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



Next, the base station 200 according to a fifth embodiment of the present invention is described.

In 3GPP Evolved UTRA and UTRAN, a system bandwidth is between 1.25 MHz and 20 MHz. In this 10
embodiment, the base station 200 transmits the broadcast channel using, for example, a 1.08 MHz
frequency band including the center frequency. Also, td broadcast channel is preferably transmitted 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 celtsearctrand tisreby o rédace inty nedessary 36 recéive minfrum system
information. The centerfreguency efi the 20 breadcast chappekis pretergblythecemnternatthersystem
bandwidth. This makes it possible to simplify the reception processing at the mohile station. The
base station 200 of tﬁeps,aélrgl ﬁodir?lré?ﬁ hgfs]l% cgrgﬁéﬁr%tioé\agsgdeggr%lé% gbo%ean ér%%lfgfscgrecoding 25

vector switching (PVS) {6 achievetransmissioh dversityRrEP\?Sceach prirharyBreadeast channel in a
primary broadcast chamel dransimissioneyale is mudtipkied by difereitaveights:for dransmission from

multiple antennas, et%r%mf’r?n"{‘n#tle?(}g ntergquaC 2.In H’grdlftcla$é 30 theSsgkqgr%onizsatlonlclhe%pnel and the

primary broadcast channeﬁ are fransmitted using the same pr cocﬁﬁa%eptor. This method enables the
user device 100 to perdFhchHrtiel estirfatieh B8ing tHe' syAcRroniZatdr BhanAeRas 281 reference.
The user device 100desnedulates therprimary breadeast ohaanet en ancassunaptian dpatdheprimary

broadcast channel isdq.@@@'it@j uggrkg]t_he §§m%}%ecggi§gp\ieec.toglqgvmat H§edelo(5 :[helsynché(onization 5

channel. Therefore, it is not necessary to re%ztrt to the user device 100 whether transmission diversity is
employed. For Ekampfé& It 1ot nétdiSary- tifepotfa tidhsniissivardiversity thodé Suchfas the number of
antennas via the secondany synchienization channela This 10calsonapphes i@ aycase whete only one

antenna is used for LaNSIRISEIons , o nelUs, His methad gpaples the User device 100 to yse soft

combining to receive the primary broadcast channel and thereby to achieve diversity gain. Soft 15
combining is applied®dadjdtentdeticsd  datans Shawifih FIES 167the Thdfipfking2aTdmapping unit 214
maps the primary broadcastchanhet asrossithe samé centerkfeequenqydsandas that wherecthe

synchronization chanpel is.mappgd. The myltiplexing-and;. 20 mapping.unit.214,may be copfigured to
map respective primary broadcast channels to be transmitted in a primary broadcast channel

transmission cycle t§'aifferémt BEOM ifbolS Afso: 36 Fhprové the abEdraty) ot thannél Bstimation based

on the synchronizatiobthanael, by the reduction to the primary broadcast

channel. That is, this method enables power boosting.
Next, the Dbase 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 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 is about four
symbols, resource elements (REs) corresponding to
symbols 10-14 in subframe #0 in the center frequency

band are left unused and available for other channels.



25 it is preferable to map the primary broadcast channel to OFDM symbols adjacent to those to which the
synchronization channel is mapped. Mapping the primary broadcast channel across the same center
frequency band as that where the 30 synchronization channel is mapped makes it possible to achieve
frequency diversity gain. Also, mapping the primary brdadcast channel to a part of OFDM symbols in a
subframe enables the user device 100 to receive the -29- primary broadcast channel within a short
period of time. This in turn makes it possible to save battery energy. Being able to complete reception of
the primary broadcagteetfannel withitra short geioe of time i515 Partcukarlygréterable swhverr the user

device 100 is in the interpatient reeceplion (BRX) mede Alsa,rsincerenlysamartof @F DM sympols are
used, it is easy to switecgothlgcshoretheP to %ge I(l)plg Qﬁ’eandevrilgee versa. NSXtri (’ghe %asne statign %00
according to a 10 sixth embodiment of the present invention is described. ~ aindQ,GiEJ Evolved UTRA
and UTRAN, a systef bandwieitls is betreeher 25 MHzZnd 2o/ M2 Un g ehitodirment; Tk base station

200 transmits the breadeast channekusingfor example; ayparnt of atlhe8 Mtz dbfrequencywband

including the center fcrggH%gdciy. algg, ttqg?ebroadcast Cl%ar%n%ci% refetrlablx etﬁansmitted in fg%fgme center
frequency band as that use

prima L. cha are. ava
for transmission of thé synchronization channel: This configuration enables
the mobile station to'ré€eivethé Brbaae&stSchannel 20 without changing the center frequency after a cell
search and thereby to reduce time necessary, to raceive minaupl systervinfoimation: The e¢enter
frequency of the broadeast channel s preferably the center of the system pangwadth, This makes it

possible to simflify the 25 reception processing at the mobile station.
0" 1in subframe #5 in the center frequency band are left

unused and available for other channels. In other words,

resource elements 1in the center frequency band other

than those allocated 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) 1in the center
frequency band 1s the same as that number (or the

30 resource Dblock size) in other frequency Dbands in the
system frequency Dband. Therefore, scheduling can be
performed without any problem.

Meanwhile, 1n subframes #0 and #5 described



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. -30- the same center frequency
band as that where the synchronization channel is maﬁﬁéd. The primary broadcast channel and the
shared data channel are frequencydivision-multiplexed such that each of the channels is 5 mapped to
multiple frequency components arranged at certain Intervals. Such a multiplexing scheme is called
distributed frequencylivision rbktiplexing¢FDM). Distributed FDMsgprefetablerto aetsieve frequency

diversity gain. In the example shownda FIG - L2 ca A04reguency band that is agdnategralymghiple of a
resource block is aIIocatesj to.the E)][limag/ plg:oadcz%st chuannel. I%g%er \{vsg)rd Oic%% grimcaryfbroadcast

channel and the shared data channel areemu?ﬁplex%%lqbaegecg on resource b his method makes it
possible to reduce 15hRé trarsmission(pewet i& beralReated to fHe> Shared d&ta channéltayad to allocate
extra transmissien pewet ebtainedydheireduston {@ thenpHimasy dregdeast channetk difatds, this method
enables power boostlir%g. Next, rtlfée Qggerstatic%n 200 earcgglrfgrgng to,a %% &ar\{entht%tipprgdim%tcof the present
invention is described. As described with reference to FIG. 1 , the Base station 200 of this
embodiment maps ti€ priRTEry 16 atE4st chiifitel aEFSss the same center frequency band as that where
the synchronization channel is mapped; {125 ex@arples aeyossand.08 MHz frequency basd tncluding the

center frequency. For example, the (péilggaryigrogglgastf%g%g%l C|§ mapped,to OQIFDI\ghs?y]mgglsseadjacent to
izati I I in FI t

those used for the synchronization channel. In the example shown in FIG. 18 where the data 30 amount
of the primary bfbadé&stcitdhne? is abouttobr SFRBOTFESoUFER ©leerits ITRES) coffedpbRding to
symbols 10-14 in subtsame=#01tm she eenterdrequency-hand@te deft anusedvand availabie ferother

channels. -31- Here,aresoyrce element pdicates a radioresource composed.of one OFHM symbol and
one subcarrier. Thus, resource elements in the center frequency band other than those allocated to the
phyycaldomankcdﬁﬂ%ﬂlable (remaining) resource elements. 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 1is
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 Dbands in the
system frequency band. In this embodiment, as described
above, the size of resource blocks or the number of

available resource elements 1in each resource block in



5 channel, the reference signal, the synchronization channel, and the primary broadcast channel are
available for other channels. Similarly, in the example shown in FIG. 19, resource elements
corresponding to symbols 4-5 and 8-14 10 in subframe #5 in the center frequency band are left unused
and available for other channels. In other words, resoutce elements in the center frequency band other
than those allocated to the physical downlink control channel, the reference signal, and the
synchronization 15 channel are available for other channels. Also, in the example shown in FIG.
20, resource element$ eoresporiding 16 $yaibols 444dn subfraneiscather than Subfraraes #0 and #5 in

the center frequencychanrd are lefiuaused angd available forothey 206hammelsukbnetheryverds, resource
elements in the cent%fregggggy b%r}]ld othg‘%g&a é@osgzazllo%qtgd totthe phggical downlﬁnokci%ntrol channel

r - S u cates urce
and the reference S|gnael are avdilable Tor other channéls.’In Subframes other than subk?rames #0 and #5

25 described above,ithe Htinlsénérresbufce etieMathéPtHaIrthosedlvtated i tHeephysical downlink

control channel and the referencetsignakin £achdesourceddockihereafter callecka reseuree block size) in
the center frequency, band. is thet%ame as thatfnucrﬂber gosr(;[@geo rbefgg%%e bl%fg sizzeg ig%@%r frequency
w

d . .
bands in the system}?ﬁesqeuen% band. ‘T’ﬁé?efgre, scﬁeéullng can be performed without any problem.

Meanwhile, in subfrathes #5aRE 45 destrib&f PR @bove! theSHimbeRdf availablefsyrfE6 or resource
elements in each resotireablacky(orthe resauraeblockisize)iin theicentepfrequeney band isdifferent from

that number (or the r ceb size) in_other 5 fre bands.in_the system frequency band.
£5puIce block siz: )degeQ LR frequency bands int

Therefore, it is necessary to perform scheduling taking into account resource block sizes. The
center frequency band has a size 67 <Six resduhGEBlocke in thetfteghicy directid? ST basel10 station
200 of this embodimeat mapisng breadcast ebannehto be transmitted vianthenphysieakdawnlirk shared

channel, i.e., the dynamic broadcast channel, to the ayailable (remaining) respyrce glements. Also, the

base station 200 of this embodiment may be configured to 15 allocate some of the available resource
elements preferentiafl§t6 tHe brGadcdst HaNEITE De trarsmittetl vid thephySEA dGAnlink éhared
channel and to allocatelstilkrerhaining reéseurcetelements to Aldata channgle 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 is also performed based on
resource blocks in 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 0 (step S2302).

Next, the scheduler 224 calculates weights of

resource blocks (RBs) for respective users (step S2304).

For example, weights are calculated Dbased on CQIs



20The 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 in the system frequency band. In this embodiment, as described above, the
size of resource blocksrmrithechuftber bf avaitablevedotice’ éemeants irkedeh resetircadidckein -33- the

center frequency band is different from thatdn ether freguency bandsein the systenyikequency band.

Therefore, the scheduler %24(5 aLItocates resource block inrth .center frggggncsy. b%nd E)ofth%gﬁt])sroadcast
i e resource

channel to 5 be transr]f\?tFe via ﬁg%ﬁygical qsoevgﬁlin?(ns aré %:ﬁaﬁfr?éqbased onlﬁ1es_size 0
blocks. FIG. 22 shoWws@#n&xatple of3i&ppingtin subfawie #0 Hewevek 2schsdulingXoF Subframe #5 is

also performed in a sipilar srannes basedon resource blocks wEoHereisehedulingdadicatessa process of
selecting mobile statjcolr}ns aIIov&edC OeCOJTr‘Q}UPii%at% usingia sﬂ?red channel fo]g2 ac eSﬂg)frame (1 ms). For

) ime gn e 9n des gCcept e nd\,
example, scheduling is perﬁ)rmed ased on CQIs%Eporte& via upllnak byPr)ngbl e stations. Also in the
scheduhng an acceptable packet error rate. More particularly, in

subframes #0 and #5, weights of RBs are calculated for
respective users based on resource block sizes.

10 The scheduler 224 allocates radio resources of
the RBs Dbased on the calculated weights (step S$S2306).
Then, transmission processing is performed (step S2308).

The scheduler 224 sets the subframe number t
at t+1 (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 Dblocks
with different radio resource sizes. In other words,
scheduling is performed based on resource block sizes.

20 Next, the Dbase 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 is 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 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 is also performed based on resource
blocks in a manner similar to the scheduling 20 for other frequency bands in the system frequency band.
With this method, since scheduling for the center freqU%?fcy 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 stativa 200 6fthis ernboditentis describedtwith réfergnee o FI2B, other  The

scheduler 224 sets a subframe swimber &8k 808 (step SR303ny s i ca1Nexwihe sthedular224 calculates
weights of resource bpacks éng) E%reresr%e ive users (ste %%304)tﬁgr exam Weigg s. are calculated

e
based on CQIs -34-Crep8Pte "for respectl\/egft RBs Via upﬁﬁé)%y éach mobilesgf]a%%ﬁémso, feé traffic wait

time, data sizes, and-ttaffictypes of usSERs &idTadio researtensizes vt RBS nFalsd bl tikén into
account in calcufatinganveights-of 21RBs &arsthe users. The traffic wait time includes delay time and the
traffic type includes acceptable d$l§¥i31nad n accierptatme packet error rate. More pekriiglglaq)é, in subframes
#0 and #5, weights of RBs are ca i cK sizes. 10The

culated fo 'respectlveeusgﬁisaggseed on resource blo
scheduler 224 allocatés PadieTeSeGeesof the RBSBased on the calitated weightz&tep$2306). Then,
transmission processing isuperfamaediEtepnS2308). cent er The sgheduler 224 getsitbe susframe number

tatt+l (step S2310) and é%ﬁ“é@l%toa%@&g%%%“ fo perorm, 13 gefiedyling for the fiext subirame. n

this embodiment, scheduling is performed based on an assumption that there are resource blocks with
different radio ré5ource°8i2E5 EIn BHEISAGIYS, 'SthédflinG 7 pErforiethadéd orPresouretBiaek sizes.
20Next, the base stationr200raccording teaned to the physical downlink control

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

Also, in the example shown 1in 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 1in 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) 1in the center frequency
band is the same as that number (or the resource block
size) in other frequency bands in the system frequency
band. Therefore, scheduling can be performed without any

30 problem.

Meanwhile, 1in subframes #0 and #5 described
above, the number of resource elements other than those

allocated to the physical downlink control channel and



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 adjaé%ﬁf to those used for the synchronization channel.
In the example shown in FIG. 18 where the data 30 amount of the primary broadcast channel is about
four symbols, resource elements corresponding to symbols 10- 14 in subframe #0 in the center frequency
band are left unusedtared avaflabfefor otheschannels. Reetherwerds; c35-resekircd @lenents in the

center frequency bard otherdbanthose allocated 1o thephysisakdewntink sontto) channel, the reference
signal, the synchroniﬁl '9nrceklr§{1n§l and tgngtprm%@ek%ro?g%as&ggapgg!)%recgv%?gclﬁffoir other channels.
Similarly, in the example shown in I‘}:?(El. i , resource elements correspond:mg to sym ois 45 and 8-14 in
subframe #5 in the céhte? fhjuehey Dandcare et dhuséd &h¢ avaifdie forsteeeraniElsdn other
words, 10 resousce algaients e theieenter freguencyband other than these-allacated te thie ghysical
downlink control chaﬂqgl the refer n%eegi nal, a%q t@g( sgrilgéré)nization channel are available for other

5

. d . .
channels. Also, in the exarﬁﬁlgos 10Wn in écfo 15 resource elements corresponding to symbols 4-14 in

subframes other than subframes #0%n8%5- fithé Eeftsrequents bard are I16ft thused drdavailable for
other channels. In otheswoards, reselyee elementsin the:eentes frequencythand othre thaa dhose

allocated to the 20 physical dowplink,coniral ehappsland the refetence signal are availaple.for other
channels. 10 to Dbe transmitted via the physical downlink shared

channel, i.e., the dynamic Dbroadcast channel, to the
available (remaining) resource elements. Also, the base
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
channel.

The configuration of the base station 200 of

20 this embodiment 1is substantially the same as that
described with reference to FIG. 21.

As shown in FIG. 24, the scheduler 224 groups
resource elements in 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 in each group becomes the
same as the number of resource elements in each resource
block in other frequency bands in the system frequency

30 band. For example, each resource block in the other
frequency bands in the system frequency band is composed
of 11 symbols and 12 subcarriers (=180 kHz) and

therefore includes 11x12=132 resource elements.



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 is the same as that number (or
the resource block size) in other frequency bands in thé7s‘ystem frequency band. Therefore, scheduling
can be performed without any 30 problem. Meanwhile, in subframes #0 and #5 described above,
the number of resource elements other than those allocated to the physical downlink control channel and
-36- the reference sijaahinredch resourcélibtocle tortthie reSoareeeblock dizefin therdentef frequency band

is different from that gyanars(orthe respurce black size) e pther fregyencydands indbesystem
frequency band. 5 Ttg %eggre,kiltgginrlecesgﬁ:é/ tosg%gorm lsggedléléng q}k{!lng iqg acgr]glemt resource block
sizes. The center frequency Band has & Size of Six resurce blocks in the requency direction. The
base station 200 of thiscembodimentifaps d bfdadcdst ThanelaLo tebé transmiftedsAig e physical
downlink sharedschannelk hes thecdypamjc hipadcast ebanneletoithe-gvalable (remainngysesource
elements. Also, the b%sceostgyron 200 9(1; y&{s gm}bogémgﬂgf meaybbleogjggfiguf%d to, gﬂ%(iat% some of the
available resource elements 15 preferentially to the broadcast channél to be transmitted via fhe physical
downlink shared chahitel %885 llctate SEIPFérRainfig feSbutce! Blefietits 1078 ata eharmelk

The configuration of the hase siatior 200 6f 204his,embadimest tsnsubstartiallyrthe sameassthat

described with refer%ql%g)rFlgf 21 courc eASeﬁ@%%%{% FIG, 24 que sfc@se(gly]!f%reﬂélg)r. ps fesource

elements in the center frequency band other than those allocated to the physical downlink control 25
channel, the ref@renéé S the S§RERTORIZAREN ERarnek Hhd $RE diimaty Brosdcast Rahel such that
the number of resoume=elemsnts in each growp becomessthe same-as thel pumber ok segource elements

in each resource blogk in gtggé{rggyggc% gagdnc,cipetggesyatgpg frggta%@]%yaggﬁp,angfq{ae&;(ag@le, each

resource block in the other frequency bands in the system frequency band is comgosed of 11 symbols
and123ubuﬂﬂem(Efgﬁ?ﬁﬁﬁaﬁﬂpSQN””e use "as shown in” 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, as
described above, the size of resource Dblocks or the
number of resource elements in each resource block in
20 the center frequency band is substantially the same as
that in other frequency bands in the system frequency
band. This makes it 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 is performed Dbased on CQIs reported via
30 uplink by mobile stations. In a case where each mobile
station reports CQIs of respective resource blocks, a
CQI of a resource block in the center frequency band is

represented by an average of CQIs of frequency bands



Meanwhile, in the center frequency band, only five symbols are available. Therefore, to form a resource
block having the same size as that in the other frequency bands, 132/5=26.5 subcarriers are necessary. 5
In this example, the center frequency band is divided into two to form two resource blocks. In actual
cases, the number of resource elements in each resoutée block in the center frequency band becomes
greater than the number of resource elements in each resource block in 10 frequency bands other than
the center frequency band. The surplus resource elements may be used, for example, for repetition to
increase data redundaie\e ramnay be reservetfer futareruse as shbwrkin FISL 25, Using tHeesurplus

resource elements feyJiepetitiondnakesdbls possibletodmprave copymunicationgualityo pe The
scheduler 224 performs schedulin sed on (or in units of) resource blocks. In.this embodiment, as
described above, the g&%l&er%s%ﬁc%ﬁﬁlo%ﬁg eq%%ﬁlé nntlf?ngt%oefreofs ?%as%ﬁ?gesefierrﬁer?t%rﬁﬁre%lcﬂer%'source block
in 20 the center frequency band i$ substantidiy the iSameag figat irPbther fregtencyEBaREs ifthe system
frequency bandsThis makestt pessibledte use-substantially the:same ehapnelecoding ratewnd to achieve

substantially the same communi}gation uality for resource bIogks in 25 the center fre uency band and
ame as S nurg'ﬁ O red?ource elemen acC r qﬁour e

other frequency bands. ~ Here, sc géullng indicates a process of sle?ecetlng mobile stations allowed
to communicate usirigt-& Sharee ctariel for TaePrsiUbifafRe 1 /1), Hor exafiiie, scheddfingys performed
based on CQIs reporedyia dxpinkiny mebieistatons. dn ascage where €ach reehieistation reports

CQIs of respective resouree sblggksd%clg%! Sog asrce??@%%e gbqf:k in the center frequency band is
ff

represented by an average of CQIs of frequency bands -38- corresponding to the resource block. Also in
the scheduling} Fesource blocks used¥oF usBrustabE t8EEIvEd by thé SefectedFfobilestations are
determined. Thus, makingtheoaurbesof Fesduree elements 8 ineash resodrcechlockdn thengenter

frequency band the saipg ag fhe pumber of resurce elements in,eagh resource plock inatber frequency
bands in the system fre%uency band makes it possible to simglj%% the scheduling process at the base

station 200. 10In the® Bmbttiiments At REESsstthed that 2 Sy stérh BaEet* s Bvolvisd UIRA and
UTRAN (also called &ongrFemy Evolutior opSapenB8G) isrased.odoweveraadiasesstationlard a broadcast

channe_l transmigsion (gneg;gd 35%99{@199 gqngwfo ﬁ_;?gntgg\g%%% may %Qg@@yli%@,@gg Aany system
employing orthogon%! Jrﬁc%elnecgic%|5|(%r% ]IE)anlJ)HI[% g;(ln O(V\I(%EE_)IM}{ _for downlink.

Although the present invention 1is described
above in 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 1in the above descriptions to facilitate the
understanding of the present invention, the wvalues are
just examples and different values may also be used

25 unless otherwise mentioned.

The present invention 1is not 1limited to the
specifically disclosed embodiments, and 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



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 embodiments may be implemented
individually or in combination. Although specific values are used in the above descriptions to facilitate the
understanding of the present invention, the values are‘f’@s‘t 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. AliHoudhr funcliopah 80bl6elk didgrantslareused td desériBeé agpatdtlses in the
above embodimentstthe-apparatuses may bedmplemented by hardwaka - sefbwane; Qria gombination of

them. The present mi; mtl%%%gog%ltl tlo clan:&]s - 9C qr%orlté((i%o./rn\l anees%g%teiné&p%)hcatlon No.
0 1

2007-161947 filed on une apanes%ulﬁaten Appli caﬁon 5on August
14, 2007, the entire €8ntehis bf WW@?@HErWWE@F&ﬁ%Wéﬂfﬁb@Yef@?éﬁé@.m@O CLAIMS
1. A base station transmitting a broadcast channel to a user device a predefined number of times in 5 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,



15wherein positions of the broadcast channels in order of transmission in the predetermined cycle are
associated with the signal waveforms of the broadcast channels. 202. 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 repetif‘i%ﬁ unit; 25a 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 multiplyth&#éspective data-modulated broadcast channels
by different scrambling codes. -41- 3. The base station as claimed in claim 1, wherein the signal
Wa}veform changing un_it is configtir.ed fo puncture I;paett}rggdcgrsggg%g gllsrl en%ratggob thae rtepetition unit
using different puncturing patterns.’5 . The base station as claimed in claim ,dT%rtTﬁer
comprising: chaThteteaviny Ukt EoAfigietl o iRtsiavennformatioRrbies of tHecrespective

broadcast channmels 10 geseratedbyribe repetition emit, commuwhereinthesigmal wayefesmr-changing
unit is configured to Eontrol the, i ter!oeavin% gnié( to interleave the information bits of the respective
e base ation g:

evice comprisin
broadcast channels based oh (jji erent interleaving
a repetition wunit configured to repeat the

broadcast channel, after the Dbroadcast 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 Dbroadcast channels have different signal
waveforms,
15 wherein positions of the broadcast channels in
order of transmission in 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.



15patterns. 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 muﬁ‘?ﬁy 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, 30wherein the signal waveform changing unit is
configured to control the mappingiunitibemdprtte respective nadtiptied reddchast chiamielsto different
radi]? resc:jurces. -4r2]m§rean @h@ﬁ%b@%&sﬁtaﬁgﬂ@fﬁhﬁi%%@%ﬂ&?n@i/\thefﬁinctbﬁﬂﬂ@@@@@ Enit is
configured to map the broadcast chanpels across the same, center frequency band 5.as that where a
cynchronization charifel B oged LT P babe SIAON B CiaRa A S £ whetEi the
mapping unit is configRiPeéd 1 Avdp et brodicast éhARRERAR PPafoithe $anié eentet 10 frequency band
as that where a synchronization channel is mapped. 8. The base station as claimed in claim 6,
further comprising: 15a scheduler qon&i(ggre tQ selg t, for each subframe, one or more mo?ile stations

; ) as Ation as claime in, C ’
allowed to communicate using a s are _channe? and to (Jietermlne resource blocks useénfor user data to
be received by the séleetémobiPStations,:

an interleaving unit configured to interleave
information bits of the respective broadcast channels

10 generated by the repetition unit,
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 wunit 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.



20wherein 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 center frequency band as that where 25 the synchronization channel is
mapped. 9. The base station as claimed in claffi 8, wherein a bandwidth of the resource blocks in
the center frequency band is the same as a bandwidth of resource 30 blocks in frequency bands other
than the center frequency band. -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 frequency band.

5 11. A method of transmitting@nbroadeast shannelby asbasestation tora uses devise for

communication with the user de ikc]:e where the broadcast channel i§.tran itted a predefin%d number of
whe € nit. 1s confi £o the

S
times in a 10 predetermlﬁgancyc €, themrﬁg%lo%gcor%prising: a r%%%?i ion stepr%a}prepeatlng the
broadcast channel, affesrafe Brbadeastchan et P ERariel-cotlesl, fertherpredefinéd Huntsédof times to

generate multiple breadeast chanaels; ane,1oa sighal aamefornn changing stepsefqrocessing 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. 20 ABSTRACTThe Dbase station as claimed in claim 5,

wherein the mapping wunit is configured to map the
broadcast channels 1in a part of the same center
10 frequency band as that where a synchronization channel

is mapped.

8. The Dbase station as claimed 1in claim o,
further comprising:

15 a scheduler configured to select, for each
subframe, one or more mobile stations allowed to
communicate wusing 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 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 center frequency band as that where

25 the synchronization channel is mapped.

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

30 blocks in frequency bands other than the center

frequency band.

10. The base station as claimed in claim 9,



BASE STATION DEVICE AND NOTICE CHANNEL TRANSMITTING METHOD A disclosed base
station transmits 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 includes a repetition unit configured to
repeat the broadcast channel, after the broadcast charfiiel is channel-coded, for the predefined number of
times to 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. Positions of the bigadcast chipnetsiriecsrdérloftkansimissiorrin e pradetermined

cycle are associatedswith the signakwavefarms,ef the hoageast channels.sFIGn8 resource
blocks in the frequency bands other than the center

frequency band.

11. A method of transmitting a Dbroadcast
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

10 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

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 transmission in the predetermined cycle.

20



