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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 

broadcast channel transmission method. 10 

 

BACKGROUND ART 

A successor communication system to W-CDMA and 

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

being discussed by 3GPP, a standardization group for W-15 

CDMA. In LTE, orthogonal frequency division multiplexing 

(OFDM) is to be used as a downlink radio access method 

and single-carrier frequency division multiple access 

(SC-FDMA) is to be used as an uplink radio access method 

(see, for example, 3GPP TR 25.814 (V7.0.0), “Physical 20 

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 

densely arranged along the frequency axis such that they 25 

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 

multiple frequency bands and the frequency bands are 30 

allocated to different terminals for transmission in 

order to reduce interference between the terminals. Also, 

SC-FDMA reduces variation of the transmission power and 

DESCRIPTION  BASE STATION DEVICE AND NOTICE CHANNEL
TRANSMITTING METHOD TECHNICAL FIELD The present invention
generally relates to a  radio communication system. More particularly, the
present invention relates to a base 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 W
CDMA. In LTE, orthogonal frequency division multiplexing  (OFDM) is to be
used as a downlink radio access method  and single-carrier frequency
division multiple access  (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). 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 bands 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 -2- therefore makes it possible to reduce power consumption  of
terminals and to achieve wide coverage. 
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therefore makes it possible to reduce power consumption 

of terminals and to achieve wide coverage. 

In uplink and downlink of LTE, one or more 

physical channels are shared by multiple user devices 

for communication. A channel shared by multiple mobile 5 

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. 

In a communication system employing shared 10 

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 

physical downlink control channel or a downlink (DL) 15 

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 

a transmission power control command bit (see, for 20 

example, R1-070103, Downlink L1/L2 Control Signaling 

Channel Structure: Coding). 

Meanwhile, broadcast channels include a first 

broadcast channel (primary broadcast channel (P-BCH)) 

and a dynamic broadcast channel (D-BCH). 25 

The primary broadcast channel is transmitted 

using a fixed transmission method as in the case of a 

broadcast channel in W-CDMA. The primary broadcast 

channel is used to report minimum basic information. The 

dynamic broadcast channel is used to report information 30 

other than the information reported by the primary 

broadcast channel. The dynamic broadcast channel is 

transmitted via a shared data channel. 

In uplink and downlink of LTE, one or more  physical channels are shared by
multiple user devices  for communication. A channel shared by multiple
mobile  stations is generally called a shared channel. In LTE, a  physical
uplink shared channel (PUSCH) is used for  uplink and a physical downlink
shared channel (PDSCH) is  used for downlink. 10 In a communication
system employing shared  channels, it is necessary to s gnal allocation
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 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, Rl-070103, Downlink Ll/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 broadcast  channel ]s used to report minimum basic information. The
30 dynamic broadcast channel is used to report information  other than the
information reported by the primary  broadcast channel. The dynamic
broadcast channel is  transmitted via a shared data channel. -3- There is a
consensus to transmit the primary 
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There is a consensus to transmit the primary 

broadcast channel at a cycle of “x” ms, and it has been 

proposed to set “x” at 40 (see, for example, R2-072183, 

System Information, May 2007). Also, there is a 

consensus to transmit the same control information “M” 5 

times within the cycle of “x” ms for transmitting the 

primary broadcast channel, and it has been proposed to 

set “M” at 2 or 4. Each transmission of the control 

information is called a burst. 

For example, if the primary broadcast channel 10 

is to 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. 

 

DISCLOSURE OF INVENTION 15 

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 

primary broadcast channel at a cycle of “x” ms 20 

(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 

broadcast channel transmission cycle, the same 25 

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 

channel transmission cycles. 30 

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 

broadcast channel at a cycle of "x" ms, and it has been  proposed to set "x" at
40 (see, for example, R2-072183,  System information, May 2007) . Also,
there is a 5 consensus to transmit the same control information "M"  times
within the cycle of "x" ms for transmitting the  primary broadcast channel, and
it has been proposed to  set "M" at 2 or 4. Each transmission of the control
information is called a burst. 10 For example, if the primary broadcast
channel  is to be 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
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 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  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 -4- control
information. In this case, the mobile station  
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control information. In this case, the mobile station 

can detect the boundary between 10 ms intervals in a 

cell search, but cannot detect the boundary between 

primary broadcast channel transmission cycles of 40 ms. 

Methods for mapping the primary broadcast 5 

channel include an “all bits spread over all bursts” 

method where all bits are spread over all bursts and an 

“all bits in each burst” method where all bits are 

transmitted in each burst. 

In the “all bits spread over all bursts” 10 

method, as shown in FIG. 2, 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. Then, an 

interleaving process is performed to interleave (or 15 

reorder) bits constituting the channel-coded primary 

broadcast channel, and the interleaved bits are mapped 

across multiple bursts. When a primary broadcast channel 

the bits of which are mapped across multiple bursts is 

transmitted, the mobile station performs blind detection 20 

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 

broadcast channel at each of timings 1 through 4 and 25 

checks its CRC. Based on CRC check results, the mobile 

station selects the correct timing, timing 1 in this 

example. 

With this method, however, the mobile station 

has to try all four candidate reception timings and 30 

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 

can detect the boundary between 10 ms intervals in a  cell search, but cannot
detect the boundary between  primary broadcast channel transmission cycles
of 40 ms. Methods for mapping the primary broadcast  channel include an "all
bits spread over all bursts"  method where all bits are spread over all bursts
and an all bits in each burst" method where all bits are  transmitted in each
burst. 10 In the all bits spread over all bursts"  method, as shown in FIG. 2,
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. Then, an 15 interleaving process is performed to
interleave (or  reorder) bits constituting the channel-coded primary  broadcast
channel, and the interleaved bits are mapped  across multiple bursts. When a
primary broadcast channel  the bits of which are mapped across multiple
bursts is 20 transmitted, the mobile station performs blind detection  where
the primary broadcast channel received at each of  all possible timings 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 in this  example. With this method, however, the mobile station  30
has to try all four candidate reception timings and  therefore it takes time to
detect the correct timing.  Also, with this method, at a timing (timing 2 in FIG.
3)  that is 10 ms away from the correct timing, the CRC -5- 
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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 

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

control information of the primary broadcast channel to 

which an error detecting code (cyclic redundancy check: 

CRC) is attached. The channel-coded primary broadcast 

channel is repeated (or duplicated) to generate, for 

example, four channel-coded primary broadcast channels 10 

(bursts), and an interleaving process is performed to 

interleave (or reorder) bits constituting each of the 

channel-coded primary broadcast channels. Then, the 

interleaved bits are mapped. When a primary broadcast 

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

burst is 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, 

however, the mobile station cannot detect the primary 20 

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 

transmission method that enable a user device to detect 25 

a transmission cycle of a broadcast channel while 

reducing the time necessary to receive the broadcast 

channel. 

 

MEANS FOR SOLVING THE PROBLEMS 30 

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 

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
channel-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 channels.
Then, the  interleaved bits are mapped. When a primary broadcast 15
channel all of the bits of which are mapped in each  burst transmitted, the
mobile station can obtain  information by just receiving one primary broadcast
channel. Thus, this method makes 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 broadcast channel
while  reducing the time necessary to receive the broadcast  channel. 30
MEANS FOR. SOLVING THE PROBLEMS An aspect of the present
invention provides a  base station that transmits a broadcast channel to a
user device a predefined number of times in a o_  
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predetermined cycle for communication with the user 

device. The base station includes a repetition unit 

configured to repeat the broadcast channel, after the 

broadcast channel is channel-coded, for the predefined 

number of times to generate multiple broadcast channels; 5 

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 broadcast channels in the 

order of transmission in the predetermined cycle are 10 

associated with the signal waveforms of the broadcast 

channels. 

Another aspect of the present invention 

provides a method of transmitting a broadcast channel by 

a base station to a user device for communication with 15 

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 

broadcast channel is channel-coded, for the predefined 20 

number of times to generate multiple broadcast channels; 

and a signal waveform changing step of processing the 

generated broadcast channels such that the processed 

broadcast channels have different signal waveforms that 

are associated with positions of the broadcast channels 25 

in the order of transmission in the predetermined cycle. 

 

ADVANTAGEOUS EFFECT OF THE INVENTION 

Aspects of the present invention provide a 

base station and a broadcast channel transmission method 30 

that enable a user device to detect a transmission cycle 

of a broadcast channel while reducing the time necessary 

to receive the broadcast channel. 

predetermined cycle for communication with the user  device. The base
station includes a repetition unit  configured to repeat the broadcast channel,
after the  broadcast channel is channel-coded, for the predefined 5 number of
times to generate multiple broadcast 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 broadcast 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 corruounication 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 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. BRIEF DESCRIPTION OF THE
DRAWINGS 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing illustrating an exemplary 

method of transmitting a primary broadcast channel; 

FIG. 2 is a drawing illustrating an exemplary 5 

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 

method of mapping a primary broadcast channel; 10 

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 

structure; 15 

FIG. 7 is a drawing illustrating TTI 

structures; 

FIG. 8 is a partial block diagram of a base 

station according to an embodiment of the present 

invention; 20 

FIG. 9 is a drawing illustrating a subframe 

structure; 

FIG. 10 is a drawing illustrating an example 

of subcarrier mapping at OFDM symbols #1 and #2; 

FIG. 11 is a drawing illustrating an exemplary 25 

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 

embodiment of the present invention; 30 

FIG. 13 is a partial block diagram of a base 

station according to an embodiment of the present 

invention; 

FIG. 1 is a drawing illustrating an exemplary  method of transmitting a
primary broadcast channel; FIG. 2 is a drawing illustrating an exemplary
method of mapping a primary broadcast channel; FIG. 3 is a drawing
illustrating an exemplary  method of receiving a primary broadcast channel;
FIG. 4 is a drawing illustrating an exemplary  10 method of mapping a
primary broadcast channel; FIG. 5 is a drawing illustrating a  configuration of
a radio communication system according  to an embodiment- of the present
i_nventi_on.; FIG. 6 is a drawing illustrating a radio frame  15 structure; FIG.
7 is a drawing illustrating TTI  structures; FIG. 8 is a partial block diagram of a
base  station according to an embodiment of the present  20 invention; FIG. 9
is 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 cording 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; -8- FIG. 14 is a partial block diagram of a base 
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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 

station according to an embodiment of the present 5 

invention; 

FIG. 16 is a drawing illustrating a method of 

mapping a primary broadcast channel according to an 

embodiment of the present invention; 

FIG. 17 is a drawing illustrating a method of 10 

mapping a primary broadcast channel according to an 

embodiment of the present invention; 

FIG. 18 is a drawing illustrating exemplary 

subframe mapping according to an embodiment of the 

present invention; 15 

FIG. 19 is a drawing illustrating exemplary 

subframe mapping according to an embodiment of the 

present invention; 

FIG. 20 is a drawing illustrating exemplary 

subframe mapping according to an embodiment of the 20 

present invention; 

FIG. 21 is a partial block diagram of a base 

station according to an embodiment of the present 

invention; 

FIG. 22 is a drawing illustrating exemplary 25 

subframe mapping according to an embodiment of the 

present invention; 

FIG. 23 is a flowchart showing a scheduling 

process at a base station according to an embodiment of 

the present invention; 30 

FIG. 24 is a drawing illustrating exemplary 

subframe mapping according to an embodiment of the 

present invention; and 

station according to an embodiment of the present  invention; FIG. 15 is a
partial block diagram of a base  5 station according to an embodiment of the
present  invention; FIG. 16 is a drawing illustrating a method of  mapping a
primary broadcast channel according to an  embodiment of the present
invention; 10 FIG. 17 is a drawing illustrating a method of  mapping a primary
broadcast channel according to an  embodiment of the present invention;
FIG. 18 is a drawing illustrating exemplary  subframe mapping according to
an embodiment of the  15 present invention; FIG. 19 is a drawing illustrating
exemplary  subframe mapping according to an embodiment of the  present
invention; FIG. 20 is a drawing illustrating exemplary  20 subframe mapping
according to an embodiment of the  present invention; FIG. 21 is a partial
block diagram of a base  station according to an embodiment of the present
invention; 25 FIG. 22 is a drawing illustrating exemplary  subframe mapping
according to an embodiment of the  present invention; FIG. 23 is a flowchart
showing a. scheduling  process at a base station according to an
embodiment of  30 the present invention; FIG. 24 is a. drawing illustrating
exemplary  subframe mapping according to an embodiment of the  present
invention; and 9- 
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FIG. 25 is a drawing illustrating exemplary 

subframe mapping according to an embodiment of the 

present invention. 

 

EXPLANATION OF REFERENCES 5 

50k (501, 502, 503)   Cell 

100n (1001, 1002, 1003, 1004, 1005)   User device 

200m (2001, 2002, 2003)   Base station 

202   BCH control information generating unit 

204   Channel coding unit 10 

206   Repetition unit 

208   Interleaving unit 

210   Data modulation unit 

212   Scrambling unit 

214   Multiplexing-and-mapping unit 15 

216   OFDM modulation unit 

218   RF transmission unit 

220   P-BCH transmission method control unit 

222   Repetition-and-puncturing unit 

224   Scheduler 20 

300   Access gateway 

400   Core network 

1000   Radio communication system 

 

BEST MODE FOR CARRYING OUT THE INVENTION 25 

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 30 

are omitted. 

A radio communication system 1000 including 

mobile stations and base stations according to an 

FIG. 25 is a drawing illustrating exemplary subframe mapping according to an
embodiment of the  present invention. 5 EXPLANATION OF REFERENCES
50k (501, 502, 503) Cell 100" (1001, 1002, 1003, 1004, 1005) User device
200m (2001, 2002, 2003) Base station 202 BC_H control information
generating unit  10 204 Channel coding unit 206 Repetition unit  208
Interleaving unit  210 Data modulation unit  212 Scrambling unit 15 214
Multiplexing-and-mapping unit  216 OFDM modulation unit 218 RF
transmission unit 220 P-BCH transmission method control unit  222
Repetition-and-puncturing unit 20 224 Scheduler  300 Access gateway  400
Core network 1000 Radio communication system  25 BEST MODE FOR
CARRYING OUT THE INVENTION Embodiments of the present invention
are  described below with reference to the accompanying  drawings.
Throughout the accompanying drawings, the same  reference numbers are
used for parts having the same 30 functions, and overlapping descriptions of
those parts  are omitted. A radio communication system 1000 including
mobile stations and base stations according to an -10- embodiment of the
present invention is described below  



 
                                                                          -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 

Long Term Evolution or Super 3G). The radio 5 

communication system 1000 includes base stations (eNode 

B: eNB) 200m (2001, 2002, 2003, …, 200m; m is an integer 

greater than 0) and mobile stations 100n (1001, 1002, 

1003, …, 100n; n is an integer greater than 0) that 

communicate with the base stations 200m. The base 10 

stations 200m 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 100n is in one of cells 50k (501, 502, …, 50k; k 

is an integer greater than 0) and communicates with the 15 

corresponding one of the base stations 200m according to 

Evolved UTRA and UTRAN. 

Some of the mobile stations 100n have already 

established communication channels with the base 

stations 200m and are in communications; and the other 20 

mobile stations 100n have not established communication 

channels with the base stations 200m and are not in 

communications. 

Each of the base stations 200m transmits 

synchronization signals. Each of the mobile stations 25 

100n is located in one of the cells 50k (501, 502, …, 50k; 

k is an integer greater than 0). When the mobile station 

100n is, for example, turned on or in the intermittent 

reception mode during communications, the mobile station 

100n performs a cell search based on the synchronization 30 

signals to find a cell that provides good radio 

communication quality for the mobile station 100n. More 

specifically, the mobile station 100n detects a symbol 

with reference to FIG. 5. The radio communication system 1000 is based  on,
for example, Evolved UTRA and UTRAN (also called  5 Long Term Evolution
or Super 3G). The radio communication system 1000 includes base stations
(eNode  B: eNB) 2008, (2001, 2002, 200" ..., 200,,; m is an integer  greater
than 0) and mobile stations 100" (1001, 1002,  1003, ..., 100n; n is an integer
greater than 0) that 10 communicate with the base stations 200,,. The base
stat ions 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 100n is in one of cells 50k (501, 502, ..., 50k; k 15 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  20 stations 200,, and are in communications; and the other mobile
stations 100n have not established communication  channels with the base
stations 200,, and are not in  communications. Each of the base stations
200,, 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 station  100n is, for example, turned on or in the
intermittent  reception mode during communications, the mobile station 30
100, performs a ce-!-1 search based on the synct:ror. nation  signals to find a
cell that provides good radio  communication quality for the mobile station 10
More  specifically, the mobile station 100n detects a symbol -l timing and a
frame timing and detects cell-specific 



 
                                                                          -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 

the synchronization signals. 5 

A cell search may be performed when the mobile 

station 100n is in communications as well as when the 

mobile station 100n is not in communications. For 

example, the mobile station 100n performs a cell search 

during communications to find a cell using the same 10 

frequency or to find a cell using a different frequency. 

The mobile station 100n also performs a cell search when 

it is not in communications, for example, when the 

mobile station 100n has just been turned on or is in the 

standby mode. 15 

The base stations 200m (2001, 2002, 2003, …, 

200m) have the same configuration and functions and are 

therefore called the base station 200, the base station 

200m, or the base stations 200m in the descriptions below 

unless otherwise mentioned. The mobile stations 100n 20 

(1001, 1002, 1003, …, 100n) have the same configuration 

and functions and are therefore called the mobile 

station 100n or the mobile stations 100n (or user device 

100) in the descriptions below unless otherwise 

mentioned. The cells 50k (501, 502, 503, …, 50k) have the 25 

same configuration and functions and are therefore 

called the cell 50k or the cells 50k in the descriptions 

below unless otherwise mentioned. 

In the radio communication system 1000, 

orthogonal frequency division multiplexing (OFDM) is 30 

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 

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" is in communications as well as
when the  mobile station 100, is not in communications. For  example, the
mobile station 100" performs a cell search 10 during communications to find
a cell using the same  frequency or to ind a cell using a different frequency.
The mobile station 100x, also performs a cell search when  it is not in
conununicat1ons, for example, when the  mobile station 100x, has just been
turned on or is in the  15 standby mode. The base stations 200m (2001, 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 200m
in the descriptions below 20 unless otherwise mentioned. The mobile stations
100"  (1001, 1002, 1003, , 100") have the same configuration  and functions
and are therefore called the mobile  station 100" or the mobile stations 100n
(or user device  100) in the descriptions below unless otherwise 25
mentioned. The cells 50k (50i, 502, 503, ..., 50k) have the  same
configuration and functions and are therefore  called the cell 50k or the cells
50k in the descriptions  below unless otherwise mentioned. In the radio
communication system 1000,  30 orthogonal frequency division multiplexing
(OFDM) is  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 -!.2- 
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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 

bands are allocated to different terminals for 5 

transmission in order to reduce interference between the 

terminals. 

Communication channels used in Evolved UTRA 

and UTRAN are described below. 

For downlink, a physical downlink shared 10 

channel (PDSCH) shared by the mobile stations 100n and 

an LTE downlink control channel are used. In downlink, 

the LTE downlink control channel is used to report 

information on mobile stations to be mapped to the 

physical downlink shared channel, transport format 15 

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 

acknowledgement information for the physical uplink 20 

shared channel; and the physical downlink shared channel 

is used to transmit user data. 

Also in downlink, the base stations 200m 

transmit synchronization signals used by the mobile 

stations 100n to perform cell searches. 25 

For uplink, a physical uplink shared channel 

(PUSCH) shared by the mobile stations 100n and an LTE 

uplink control channel are used. There are two types of 

uplink control channel: an uplink control channel to be 

time-division-multiplexed with the physical uplink 30 

shared channel and an uplink control channel to be 

frequency-division-multiplexed with the physical uplink 

shared channel. 

described above, a frequency band is divided into narrow  frequency bands
(subcarriers) and data are transmitted  on the subcarriers. In SC-F DMA, 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 used in
Evolved UTRA  and UTRAN are described below. 10 For downlink, a
physical downlink shared  channel (PDSCH) shared by the mobile stations
100x, and  an LIE downlink control channel are used. In downlink,  the LTE
downlink control channel is used 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 uplink  shared channel; and the physical downlink
shared channel  is used to transmit user data. Also in downlink, the base
stations 200,  transmit synchronization signals used by the mobile  25
stations 100n to perform cell searches. For uplink, a physical uplink shared
channel  (PDSCH) shared by the mobile stations 100, and an LTE  uplink
control channel are used. There are two types of  uplink control channel: an
uplink control channel to be 30 time-division-multiplexed with the physical
uplink  shared channel and an uplink control channel to be
frequency-division-multiplexed with the physical uplink  shared channel. 
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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 

report acknowledgement information (HARQ ACK 5 

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, 

one radio frame is 10 ms and includes 10 TTIs. TTIs may 10 

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 

(lower half of FIG. 7). When TTIs are called subframes, 15 

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. 

The base station 200 of this embodiment 20 

includes a BCH control information generating unit 202, 

a channel coding unit 204, a repetition unit 206, an 

interleaving unit 208, a data modulation unit 210, a 

scrambling unit 212 used as a spreading unit, a 

multiplexing-and-mapping unit 214, an OFDM modulation 25 

unit 216, an RF transmission unit 218, and a P-BCH 

transmission method control unit 220. 

In this embodiment, it is assumed that the 

primary broadcast channel is transmitted multiple times 

in a primary broadcast channel transmission cycle, and 30 

the base station 200 transmits respective bursts of the 

primary broadcast channel using different methods. For 

example, the base station 200 transmits bursts of the 

-13- In uplink, the LTE uplink control channel is used to report downlink
channel quality indicators (CQI)  used for scheduling and adaptive
modulation and coding  (AMC) of the physical downlink shared channel and
to 5 report acknowledgement 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 TTIs. Ills 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 s x OF DM symbols when a long CP is used. 15
(lower half of FIG. 7). When ills 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 HCH control
information generating unit 202,  a channel coding unit 204, a repetition unit
206, an  interleaving unit 208, a data modulation unit 210, a  scrambling unit
212 used as a spreading unit, a 25 multiplexing--and--mapping unit 214, an
OFDM modulation  unit 216, an RF transmission unit 218, and a P-BCH
transmission method control unit 220. In this embodiment, it is assumed that
the  primary broadcast channel is transmitted multiple times  30 in a primary
broadcast channel transmission cycle, and the base station 200 transmits
respective bursts of the  primary broadcast channel using different methods.
For  



 
                                                                          -14- 
 

primary broadcast channel with different signal 

waveforms. In this case, the signal waveforms of the 

bursts of the primary broadcast channel are associated 

with positions of the bursts in the order of 

transmission. For example, the respective bursts of the 5 

primary broadcast channel are multiplied by different 

scrambling codes such that the respective bursts have 

different signal waveforms. In this embodiment, it is 

assumed that the primary broadcast channel is 

transmitted four times in the primary broadcast channel 10 

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 

202 generates control information to be transmitted via 15 

broadcast channels. The size of the control information 

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

a primary broadcast channel including minimum basic 

information (primary broadcast channel information) such 

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

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 

control information generating unit 202 generates 25 

control information to be transmitted via the primary 

broadcast channel for each primary broadcast channel 

transmission cycle. 

The channel coding unit 204 performs channel 

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

broadcast channel, generated by the BCH control 

information generating unit 202. For example, the 

channel coding unit 204 includes a turbo encoder that 

example, the base station 200 transmits bursts of the 14- primary broadcast
channel with different signal  waveforms. In this case, the signal waveforms
of the  bursts of the primary broadcast channel are associated  with positions
of the bursts in the order of 5 transmission. For example, the respective
bursts of the  primary broadcast channel are multiplied by different
scrambling codes such that the respective bursts have  different s-ignal
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 two,  three, five, or more. The ECH control
information generating unit  15 202 generates control information to be
transmitted via  broadcast channels. The size of the control information  is,
for example, 40 bits. The broadcast channels include  a primary broadcast
channel 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  transrr).-ssion 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  
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performs error-correction encoding to attach redundancy 

bits to information bits of the primary broadcast 

channel. 

The repetition unit 206 repeats (or 

duplicates) the channel-coded primary broadcast channel 5 

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 (bursts), and inputs 

the primary broadcast channels to the interleaving unit 10 

208. 

The interleaving unit 208 performs an 

interleaving process to interleave (or reorder) bits 

constituting each of the primary broadcast channels 

according to a predetermined rule, and inputs the 15 

interleaved primary broadcast channels to the data 

modulation unit 210. 

The data modulation unit 210 data-modulates 

the channel-coded and interleaved primary broadcast 

channels according to a predetermined modulation scheme, 20 

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 

the respective bursts of the primary broadcast channel to 25 

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-

BCH transmission method control unit 220 prepares four 30 

different scrambling codes. In this case, the scrambling 

codes are associated in advance with positions of the 

primary broadcast channels (bursts) in the order of 

-nfor_mation generating un-t 202. For_ example, t_he  channel coding unit
204 includes a turbo encoder that !5- performs error-correction encoding to
attach redundancy  bits to information bits of the primary broadcast  channel.
The repetition unit 206 repeats (or  5 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 (bursts),
and inputs 10 the primary broadcast channels to the interleaving unit  208.
The interleaving unit 208 performs an  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-modulates  the channel-coded and interleaved primary
broadcast  20 channels according to a predetermined modulation scheme,
and inputs the data-modulated primary broadcast channels  to the scrambling
(spreading) unit 212. Meanwhile, the P--BCH transmission method  control
unit 220 assigns different scrambling codes to  25 the respective bursts of the
primary broadcast channel to be transmitted in a primary broadcast channel
transmission cycle. For example, assuming that the  primary broadcast
channel is to be transmitted four times  in. a primary broadcast channel
transmission cycle, the P 30 BCH transmission method control unit 220
prepares four  
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transmission. 

The scrambling unit 212 spreads the primary 

broadcast channels input from the data modulation unit 

210 by the corresponding scrambling codes input from the 

P-BCH transmission method control unit 220, and inputs 5 

the spread primary broadcast channels to the 

multiplexing-and-mapping unit 214. 

The multiplexing-and-mapping unit 214 receives 

the spread primary broadcast channels from the scrambling 

unit 212 and also receives, for example, a data channel 10 

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 exemplary 

mapping of the data channel and control channels. The 15 

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 

subframe is, for example, 1 ms and includes 14 OFDM 20 

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 is an integer 

greater than 0) arranged along the frequency axis 

identify resource blocks. 25 

The physical downlink control channel 

described above is mapped to first “N” OFDM symbols in a 

subframe. “N” may take a value of 1, 2, or 3. In the 

example of FIG. 9, the physical downlink control channel 

is mapped to the first two OFDM symbols (N=2), i.e., 30 

OFDM symbols #1 and #2, in a subframe. OFDM symbols 

other than those to which the physical downlink control 

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

different scrambling codes. In this case, the scrambling  codes are
associated in advance with positions of the  primary broadcast channels
(bursts) in the order of transmission.  The scrambling unit 212 spreads the
primary broadcast channels input from the data modulation unit  210 by the
corresponding scrambling codes input from the  5 P--BCH transmission
method control unit 220, and inputs the spread primary broadcast channels to
the  multiplexing--and--mapping unit 214. 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 mult_iplexing-and-mapp~:-ng unit  214 multiplexes the primary
broadcast channels, the data  channel, and the reference signal. FIG. 9 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 is 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 symbol-s in a  subframe. "N" may take a value of
1, 2, or 3. In the  example of FIG. 9, the physical downlink control. channel 30
is mapped to the first two OFDM symbols (N=2), i.e.,  
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a synchronization channel (SCH), a broadcast channel 

(BCH), and a data signal to which persistent scheduling 

is applied. The L1/L2 control channel and the data 

channel are time-division-multiplexed. 

In the frequency direction, M resource blocks 5 

are defined. The bandwidth of each resource block is, 

for example, 180 kHz, and each resource block includes 

12 subcarriers. The number of resource blocks M is 25 

when the system bandwidth is 5 MHz, 50 when the system 

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

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 

number of subcarriers for each OFDM symbol is L (L is an 15 

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 

is 10 MHz, or 1200 when the system bandwidth is 20 MHz. 20 

As shown in FIG. 10, a downlink reference signal (DL RS) 

and the physical downlink control channel are mapped to 

subcarriers of OFDM symbol #1. The physical downlink 

control channel is also mapped to OFDM symbol #2. In 

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

control channels are frequency-division-multiplexed such 

that each of the channels is mapped to multiple 

frequency components arranged at certain intervals. Such 

a multiplexing scheme is called distributed frequency 

division multiplexing (FDM). Distributed FDM is 30 

preferable to achieve frequency diversity gain. The 

frequency components allocated to the respective 

channels may be arranged at the same intervals or at 

OFDM symbols #1 and #2, in a subframe. OFDM symbols  other than those
to which the physical downlink control  channel is to be mapped are used to
transmit user data, a synchronization channel (SCH), a broadcast channel
(BCH), and a data signal to which persistent scheduling  is applied. The
L1/L2 control channel and the data  channel are time-division-multiplexed. In
the frequency direction, M resource blocks  are defined. The bandwidth of
each resource block _s,  for example, 180 kHz, and each resource block
includes  12 subcarriers. The number of resource blocks M is 25  when the
system bandwidth is 5 MHz, 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 subca.r_r_er 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 Jr
ascending order of  frequency. The number of subcarriers I is 300 when the
system bandwidth is 5 MHz, 600 when the system bandwidth 20 is 10 MHz,
or 1200 when the system bandwidth is 20 MHz.  As shown in FIG. 10, a
downlink reference signal (DL RS)  and the physical downlink control channel
are mapped to  subcarriers of OFDM symbol #1. The physical downlink
control channel is also mapped to OFDM symbol #2. In 25 this example, the
L1/L2 control channel and other  control channels are
frequency-division-multiplexed such  that each of the channels is mapped to
multiple  frequency components arranged. at certain. intervals. Such  a
multiplexing Scheme is called distr__but_ed frequency 30 division
multi_plex_ng (FDM). Distributed FDM is  
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different intervals. In either case, it is necessary to 

distribute the L1/L2 control channel across all resource 

blocks (in this embodiment, the entire system frequency 

band). CDM may also be used as an additional 

multiplexing scheme to cope with the increase in the 5 

number of multiplexed users. CDM makes it possible to 

further increase the frequency diversity gain. On the 

other hand, however, CDM may disrupt the orthogonality 

and reduce the reception quality. 

For example, in OFDM symbol #1, one DL RS is 10 

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 is mapped to subcarriers other than those to 

which the DL RS is mapped. In the example shown in FIG. 15 

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 

is mapped is determined by the maximum number of user 20 

devices multiplexed in one subframe in uplink, i.e., the 

maximum number of user devices that transmit uplink 

shared channels in one subframe. 

In a case where the physical downlink control 

channel is mapped to three OFDM symbols, the 25 

configuration of OFDM symbol #3 is 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 

the L1/L2 control channel are multiplexed. 30 

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 

preferable to achieve frequency diversity gain. The  frequency components
allocated to the respective  channels may be arranged at the same intervals
or at 18  different intervals. In either case, it is necessary to  distribute the
Ll/L2 control channel across all resource  blocks (in this embodiment, the
entire system frequency  band). CDM may also be used as an additional 5
multiplexing scheme to cope with the increase in the  number of multiplexed
users. CDM makes it possible to  further increase the frequency diversity
gain. On the  other hand, however, CDM may disrupt the orthogonality  and
reduce the reception quality. 10 For example, in OFDM Symbol- #1, one DLI
RS is  transmtted per six Subcarriers. In FIG. 10, the AIL RS  is mapped to
subcarriers with reference numbers "6 x d - 1" (d indicates 1, 2, ...). The
physical downlink control  channel is mapped to subcarriers other than those
to 15 which the DL RS is mapped. In the example shown in FIG.  10,
acknowledgement information (UL ACK/NACK) to be  transmitted via the
physical downlink control channel is  mapped to subcarrier #3 and subcarrier
#L-3. The number  of subcarriers to which the acknowledgement information
20 is mapped is determined by the maximum number of user  devices
multiplexed in one subframe in uplink, i.e., the  maximum number of user
devices that transmit uplink  shared channels in one subframe. In a case
where the physical downlink control  25 channel is mapped to three OFDM
symbols, the  configuration of OFDM symbol #3 is substantially the  saline as
that of OFDM symbol #2. The OFDM modulation unit 216 OFDM-modulates
a  signal where the data channel, the reference signal, and  
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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, 

e.g., four, primary broadcast channels spread by 5 

different scrambling codes are transmitted (i.e., the 

primary broadcast channel is transmitted four times) in a 

primary broadcast channel transmission cycle. Thus, it is 

possible to vary signal waveforms of primary broadcast 

channels to be transmitted in a primary broadcast channel 10 

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 

predefined scrambling codes are tried to decode the 15 

primary broadcast 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 

primary broadcast channel information by receiving just 20 

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 25 

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. 

In related-art technologies, system frame 30 

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 is necessary to 

30 the -l/L2 control channel are multiplexed. The RF transmission unit 21.8
attaches Cps to  the signal where the data channel, the reference signal,  and
the L1/L2 control channel are multiplexed, performs digital-analog
conversion, frequency conversion, and 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 four times) 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 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 broadcast 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 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. 
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transmit three information bits to report a system frame 

number. According to this embodiment, since frames #1-#4 

can be identified by a method based on blind detection, 

it is necessary to transmit only one information bit. 

Thus, this embodiment makes it possible to reduce the 5 

number of information bits necessary to report system 

frame numbers. 

The user device 100 has to receive broadcast 

channels even in the standby mode. This embodiment 

allows the user device 100 to obtain primary broadcast 10 

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 

reception processing throughout the primary broadcast 15 

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 

channel transmission cycle makes it possible to achieve 20 

diversity gain if the bursts are to be combined after 

reception. 

Since the primary broadcast channel is 

transmitted multiple times in a primary broadcast 

channel transmission cycle, the transmission power level 25 

of each burst of the primary broadcast channel becomes 

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

obtain primary broadcast channel information by soft-

combining multiple bursts of the primary broadcast 

channel transmitted in a primary broadcast channel 30 

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 

30 In related.-art tec'bnologies, system frame  numbers are assigned. to
respective fra:m:es. In the  example shown in FIG. 11, system frame
numbers #1-##8 are  assigned to frames and therefore is necessary to -20-
transmit three information bits to report a system frame  number. According
to this embodiment, since frames #1-#4  can be identified by a method based
on blind detection,  it is necessary to transmit only one information bit. 5
Thus, this embodiment makes it possible to reduce the  number of
information bits necessary to report system  frame numbers. The user device
100 has to receive broadcast  channels even in the standby mode. This
embodiment  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. 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 if 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- 
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bursts of the primary broadcast channel transmitted in a 

primary broadcast channel transmission cycle. 

The user device 100 may be configured to try 

adjacent scrambling codes in blind detection where all 

predefined scrambling codes are tried to decode the 5 

primary broadcast channel. 

Next, a broadcast channel transmission method 

of this embodiment is described with reference to FIG. 

12. 

The BCH control information generating unit 10 

202 generates control 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 

broadcast channel, generated by the BCH control 15 

information generating unit 202 (step S1204). 

The repetition unit 206 repeats (or 

duplicates) the channel-coded primary broadcast channel 

for the number of times the primary broadcast channel is 

transmitted in a primary broadcast channel transmission 20 

cycle to generate multiple primary broadcast channels 

(step S1206). 

Then, the primary broadcast channels to be 

transmitted in the primary broadcast channel 

transmission cycle are processed to have different 25 

waveforms (step S1208). For example, a process as 

described above is performed by the P-BCH transmission 

method control unit 220. 

Next, the base station 200 according to a 

second embodiment of the present invention is described 30 

with reference to FIG. 13. 

The base station 200 of this embodiment has a 

configuration similar to that described with reference 

combining multiple bursts of the primary broadcast 30 channel transmitted in
a primary broadcast channel  transmission cycle. On the other hand, a user
device  near the center of the cell can obtain primary broadcast  channel
information without soft-combining multiple -21- bursts of the primary
broadcast channel transmitted in a  primary broadcast channel transmission
cycle. The user device 100 may be configured to try  adjacent scrambling
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. 10 The BCH control information generating unit  202 generates control
information to be transmitted via  a primary broadcast channel (step 51202).
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 (step S1204). The repetition unit 206
repeats (or  duplicates) the channel-coded primary broadcast channel  for the
number of times the primary broadcast channel is 20 transmitted in a primary
broadcast channel transmission  cycle to generate multiple primary broadcast
channels  (step 51206). Then, the primary broadcast channels to be
transmitted in the primary broadcast channel  25 transmission cycle are
processed to have different waveforms (step 51208). For example, a process
as  described above is performed by P-BCH transmission  
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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. 

The P-BCH transmission method control unit 220 5 

assigns different puncturing patterns, which are used to 

puncture redundancy bits attached to the information 

bits of the primary broadcast channel, to the respective 

bursts of the primary broadcast channel to be 

transmitted in the primary broadcast channel 10 

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-BCH transmission method control unit 220 prepares 

four different puncturing patterns. In this case, the 15 

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 

(or duplicates) the primary broadcast channel for the 20 

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 

bits attached to the information bits of the respective 25 

primary broadcast channels based on the puncturing 

patterns input from the P-BCH transmission method 

control unit 220. 

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

broadcast channels punctured by different puncturing 30 

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

channel is transmitted four times) in a primary broadcast 

channel transmission cycle. Thus, it is possible to vary 

method control unit 220. Next, the base station 200 according to a  30
second embodiment of the present. invention is described  with reference to
FIG. 13. The base station 200 of this embodiment has a  configuration similar
to that described with reference -22- to 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. The P-BCH transmission method
control unit 220  assigns different puncturing patterns, which are used to
puncture redundancy hits attached to the information  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. i_s 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 broadcast channels based on
the puncturing  
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signal waveforms of primary broadcast channels to be 

transmitted in a primary broadcast channel transmission 

cycle by puncturing the primary broadcast channels with 

different puncturing patterns. 

The user device 100 demodulates the primary 5 

broadcast channel 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 

broadcast channel transmission cycle by the “all bits in 10 

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 

possible to reduce the time necessary to receive the 15 

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 

the boundary between primary broadcast channel 20 

transmission cycles. 

Further, varying signal waveforms by using 

different puncturing patterns makes it possible to 

achieve channel coding gain. 

Next, the base station 200 according to a 25 

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 

to FIG. 8 except that the P-BCH transmission control 30 

unit 220 is connected to the interleaving unit 208. 

The P-BCH transmission method control unit 220 

assigns different interleaving patterns, which are used 

patterns i-nput from the P-BCH tra.nsmi_ss~4on method.  control unit 220.
As a result, multiple, e.g., four, primary  30 broadcast channels punctured by
different puncturing  patterns are transmitted (i.e., the pri_ma.r_y broadcast
channel. is transmitted Your times) in a primary broadcast  channel
transmission cycle. Thus, it is possible to vary -23- signal waveforms of
primary broadcast channels to be  transmitted in a primary broadcast channel
transmission  cycle by puncturing the primary broadcast channels with
different puncturing patterns. The user device 100 demodulates the primary
broadcast channel 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 information by
receiving just  one primary broadcast channel, i.e., without receiving  other
primary broadcast chancels. This metY_od 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 base station 200 according to a  
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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 

interleaving the bits. For example, assuming that the 5 

primary broadcast channel is to be transmitted four 

times in a primary broadcast channel transmission cycle, 

the P-BCH transmission method control unit 220 prepares 

four different interleaving patterns. 

In this case, the interleaving patterns are 10 

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 

constituting the respective primary broadcast channels 15 

based on the interleaving patterns input from the P-BCH 

transmission method control unit 220, and inputs the 

processed primary broadcast channels to the data 

modulation unit 210. 

As a result, multiple, e.g., four, primary 20 

broadcast channels on which the interleaving process is 

performed based on different interleaving patterns are 

transmitted (i.e., the primary broadcast channel is 

transmitted four times) in a primary broadcast channel 

transmission cycle. Thus, it is possible to vary signal 25 

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. 

The user device 100 demodulates the primary 30 

broadcast channel by blind detection where all 

predefined interleaving patterns are tried to decode the 

primary broadcast channel. Since multiple primary 

third embodiment of the present invention is described  with reference to FIG.
14. The base sta.t -on 200 of this embod~:-ment has a  confi_gur_ati_on
similar to that described w~:-th reference  30 to FIG. 8 except that the P-BCH
transmission control  unit 220 is connected to the interleaving unit 208. The
P-BCH transmission method control unit 220  assigns different interleaving
patterns, which are used -24- by the interleaving unit 208 to interleave (or
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 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 unit 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 is  performed
based on different interleaving patterns are  transmitted (i.e., the primary
broadcast channel is  transmitted four times) in a primary broadcast channel 
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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 

primary broadcast channel information by receiving just 

one primary broadcast channel, i.e., without receiving 5 

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 

channel in the order of transmission by receiving only 10 

that one primary broadcast channel and thereby to detect 

the boundary between primary broadcast channel 

transmission cycles. 

Further, varying signal waveforms by using 

different interleaving patterns makes it possible to 15 

achieve frequency diversity gain. 

Next, the base station 200 according to a 

fourth embodiment of the present invention is described 

with reference to FIG. 15. 

The base station 200 of this embodiment has a 20 

configuration similar to that described with reference 

to FIG. 8 except that the P-BCH transmission control 

unit 220 is connected to the multiplexing-and-mapping 

unit 214. 

The P-BCH transmission method control unit 220 25 

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 

times in a primary broadcast channel transmission cycle, 30 

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 

25 transmission cycle. Thus, it is possible to vary signal  waveforms of
primary broadcast channels to be  transmitted in a primary broadcast channel
transmission  cycle by interleaving bits of the respective primary  broadcast
channels with different interleaving patterns. 30 The user device 100
demodulates the primary  broadcast channel by blind detection where all
predefined interleaving patterns are tried to decode the  primary broadcast
channel. Since multiple primary -25 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  primary broadcast
channel information by receiving just 5 one primary broadcast channel, r.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 broadcast channel and thereby to detect  the boundary
between primary broadcast channel  transrrI. -ssion cycles. Further, va.r_y
-ng s ignal waveforms by using  15 different interleaving patterns makes
possible to  achieve frequency diversity gain. Next, the base 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 is connected to the
multiplexing-and-mapping  
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the primary broadcast channels (bursts) in the order of 

transmission. 

The multiplexing-and-mapping unit 214 

multiplexes the spread primary broadcast channels input 

from the scrambling unit 212, the data channel, and the 5 

reference signal based on radio resource information 

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 

broadcast channel is transmitted four times) using 10 

different radio resources in a primary broadcast channel 

transmission cycle. 

Thus, it is possible to vary signal waveforms 

of primary broadcast channels to be transmitted in a 

primary broadcast channel transmission cycle by 15 

allocating different radio resources to the primary 

broadcast channels. 

The user device 100 demodulates the primary 

broadcast channel by blind detection where all 

predefined radio resources are tried to decode the 20 

primary broadcast 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 

primary broadcast channel information by receiving just 25 

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 30 

channel in the order of transmission by receiving only 

that one primary broadcast channel and thereby to detect 

the boundary between primary broadcast channel 

unit 214. 25 The P-BCH transmission method control unit 220  controls the
multiplexing-and-mapping unit 214 to map  respective bursts of the primary
broadcast channel to  d -ffferent radio resources. For example, assuming that
the primary broadcast channel is to be 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 -26- the primary
broadcast channels (bursts) in the order of  transmission. The
multiplexing-and-mapping unit 214  multiplexes the spread primary broadcast
channels input  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. As a result, multiple, e.g., four, primary
broadcast channels are transmitted (i.e., the primary  10 broadcast channel is
transmitted four times) using different radio resources in a pr=imary
broadcast channel  transmission cycle. Thus, it is possible to vary signal
waveforms  of primary broadcast 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 broadcast channel. Since multiple
primary  broadcast channels (bursts) are transmitted in a primary  
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transmission cycles. 

Further, for example, allocating different 

frequency bands or resource blocks to the respective 

bursts of the primary broadcast channel makes it 

possible to achieve frequency diversity gain. 5 

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 

embodiment, the base station 200 transmits the broadcast 10 

channel using, for example, a 1.08 MHz 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 15 

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 

broadcast channel is preferably the center of the system 20 

bandwidth. This makes it 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 

vector switching (PVS) to achieve transmission diversity. 25 

In PVS, each primary broadcast channel in a primary 

broadcast channel transmission cycle is multiplied by 

different weights for transmission from multiple 

antennas, e.g., antenna #1 and antenna #2. In this case, 

the synchronization channel and the primary broadcast 30 

channel are transmitted using the same precoding vector. 

This method enables the user device 100 to perform 

channel estimation using the synchronization channel as 

broadcast channel transmission cycle by the "all bits in  each burst" method,
the user device 100 can obtain 25 primary broadcast channel information by
receiving just  one primary broadcast channel, r.e., without receiving  other
primary broadcast chancels. This mctY_od makes it  possible to reduce the
time necessary to receive the  primary broadcast channel. Also, this rnet'hod
makes -t 30 possible to detect the position of a primary broadcast  channel in
the order of transmission by receiving only  that one primary broadcast
channel and thereby to detect  the boundary between primary broadcast
channel 2 - transmission cycles. Further, for example, allocating different
frequency bands or resource blocks to the respective  bursts of the primary
broadcast channel makes it  5 possible to achieve frequency diversity gain.
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 _.08
MHz frequency band  including the center frequency. Also, the broadcast
channel is preferably transmitted. in the same cent_er_  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
_requency of the 20 broadcast channel is preferably the center of the system
bandwidth. This makes iu possible to simplify the  
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a reference. The user device 100 demodulates the primary 

broadcast channel on an assumption that the primary 

broadcast channel is transmitted using the same 

precoding vector as that used for the synchronization 

channel. Therefore, it is not necessary to report to the 5 

user device 100 whether transmission diversity is 

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 

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

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 

combining is applied to adjacent cells. 15 

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-

mapping unit 214 may be configured to map respective 20 

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, 

it is preferable to map the primary broadcast channel to 25 

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 

synchronization channel is mapped makes it possible to 30 

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 

reception processing at the mobile station. The base station 200 of this
embodiment has a  configuration as described above and employs precoding
25 vector switching (PVS) to achieve transmission diversity. In PVS, each
primary broadcast channel in a primary  broadcast channel transmission
cycle is multiplied by  different weights for transmission from multiple
antennas, e.g., antenna #1 and antenna #2. In this case, 30 the
synchronization channel and the primary broadcast  channel are transmitted
using the same precoding vector.  This method enables the user device 100
to perform  channel estimation using the synchronization channel as -28- a
reference. The user device 100 demodulates the primary  broadcast channel
on an assumption that the primary  broadcast channel is transmitted using
the same  precoding vector as that used for the synchronization 5 channel.
Therefore, it is not necessary to report to the  user device 100 whether
transmission diversity is  employed. For example, it -s 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 SIG. 15, 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  
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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 

broadcast channel within a short period of time is 

particularly preferable when the user device 100 is in 5 

the intermittent reception (DRX) mode. Also, since only 

a part of OFDM symbols are used, it is easy to switch 

the short CP to the long CP and vice versa. 

Next, the base station 200 according to a 

sixth embodiment of the present invention is described. 10 

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 using, for example, a part of a 1.08 MHz 

frequency band including the center frequency. Also, the 15 

broadcast channel is preferably transmitted in the same 

center frequency band as that used for transmission of 

the synchronization channel. This configuration enables 

the mobile station to receive the broadcast channel 

without changing the center frequency after a cell 20 

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 

reception processing at the mobile station. 25 

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 

channel estimation when receiving the primary broadcast 30 

channel. 

As shown in FIG. 17, the multiplexing-and-

mapping unit 214 maps the primary broadcast channel in 

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  synch:ron..zation channel is mapped. Mapping the
primary broadcast channel across  the same center rreguency band as ghat
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 -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  broadcast channel within a short period of
time is 5 particularly preferable when the user device 100 is in  the
intermittent reception (DRX) mode. Also, since only  a part of OFDM symbols
are used, it is easy to switch  the short CP to the long CP and vice versa.
Next, the base station 200 according to a  10 sixth embodiment of the
present invention is described.  In 3GPP Evolved UTRA and UTRAN, a
system bandwidth S between 1.25 MHz and 20 MHz. In this  embodment, the
base station 200 transmits the broadcast  channel using, for example, a part
of a 1.08 MHz 15 frequency band including the center frequency. Also, the
broadcast channel is preferably transmitted in the same  center frequency
band as that used for transmission of  the synchronization channel. This
configuration enables  the mobile station to receive the broadcast channel 
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the same center frequency band as that where the 

synchronization channel is mapped. The primary broadcast 

channel and the shared data channel are frequency-

division-multiplexed such that each of the channels is 

mapped to multiple frequency components arranged at 5 

certain intervals. Such a multiplexing scheme is called 

distributed frequency division multiplexing (FDM). 

Distributed FDM is preferable to achieve frequency 

diversity gain. In the example shown in FIG. 17, a 

frequency band that is an integral multiple of a 10 

resource block is allocated to the primary broadcast 

channel. In other words, the primary broadcast channel 

and the shared data channel are multiplexed based on 

resource blocks. This method makes it possible to reduce 

the transmission power to be allocated to the shared 15 

data channel and to allocate extra transmission power 

obtained by the reduction to the primary broadcast 

channel. That is, this method enables power boosting. 

Next, the base station 200 according to a 

seventh embodiment of the present invention is described. 20 

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 

example, across a 1.08 MHz frequency band including the 25 

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 

amount of the primary broadcast channel is about four 30 

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. 

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 transrrI._Ss ion  diversity. In this case, a reference;
s_gnal. 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 30- the same center frequency
band as that where the  synchronization channel is mapped. The primary
broadcast  channel and the shared data channel are frequency-
division-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 frequency division multiplexing (FDM)
Distributed FDM is preferable to achieve frequency  diversity gain. In the
example shown in FIG. 17, a 10 frequency band that _s an integral multiple
of a  resource block is allocated to the primary broadcast  channel. In other
words, the primary broadcast channel  and the shared data. channel a.r_e
mU'_ivplexed based on  resource clocks. This method makes it possible to
reduce 15 the transmission power to be allocated to the shared  data channel
and to allocate extra transmission power  obtained by the reduction to the
primary broadcast  channel. That is, this method enables power boosting. 
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Here, a resource element indicates a radio resource 

composed of one OFDM symbol and one subcarrier. Thus, 

resource elements in the center frequency band other 

than those allocated to the physical downlink control 

channel, the reference signal, the synchronization 5 

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 

in subframe #5 in the center frequency band are left 10 

unused and available for other channels. In other words, 

resource elements in the center frequency band other 

than those allocated to the physical downlink control 

channel, the reference signal, and the synchronization 

channel are available for other channels. 15 

Also, in the example shown in 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 

channels. In other words, resource elements in the 20 

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 

described above, the number of resource elements other 25 

than those allocated to the physical downlink control 

channel and the reference signal in each resource block 

(hereafter called a resource block size) in the center 

frequency band is the same as that number (or the 

resource block size) in other frequency bands in the 30 

system frequency band. Therefore, scheduling can be 

performed without any problem. 

Meanwhile, in subframes #0 and #5 described 

Next, the base station 200 according to a  20 seventh embodiment of the
present invention is described.  As described with reference to FIG. 15, the
base station 200 of this embodiment maps the primary  broadcast channel
across the same center frequency 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 subfrante #0 in the center frequency
band are left unused and available for other channels. 31_ Here, a resource
element indicates a radio resource  composed of one OFDM symbol and one
subcarrier. Thus,  resource elements in the center frequency band other  than
those allocated to the physical downlink control 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,  resource 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 ~IG. 20,  resource elements
corresponding to symbols 4-14 in  
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above, the number of available symbols or resource 

elements in each resource block (or the resource block 

size) in the center frequency band is different from 

that number (or the resource block size) in other 

frequency bands in the system frequency band. Therefore, 5 

it is necessary to perform scheduling taking into 

account resource block sizes. 

The center frequency band has a size of six 

resource blocks in the frequency direction. The base 

station 200 of this embodiment maps a broadcast channel 10 

to be transmitted via the physical downlink shared 

channel, i.e., the dynamic broadcast 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 base station 200 of this embodiment is 20 

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 

includes a scheduler (control unit) 224 connected to the 25 

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 

to the scheduling for other frequency bands in the 30 

system frequency band. In this embodiment, as described 

above, the size of resource blocks or the number of 

available resource elements in each resource block 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 s=ize) in the center  frequency band
is the same as that number (or the 30 resource clock size) in other frequency
bands in the  system frequency band. Therefore, scheduling can be
performed without any problem. Meanwhile, in subframes #0 and #5
described -32 above, the number of available symbols or resource  elements
in each resource block (or the resource block  size) in the center frequency
band is different from  that number (or the resource block size) in other 5
frequency bands in the system frequency band. Therefore,  it is necessary to
perform scheduling taking into  account resource block sizes. The center
frequency band has a size of six  resource blocks in the frequency direction.
The base  10 station 200 of this embodiment maps a broadcast channel to be
transmitted via the physical downlink shared  channel, i.e., the dynamic
broadcast channel, to the  available (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  
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the center frequency band is different from that in 

other frequency bands in the system frequency band. 

Therefore, the scheduler 224 allocates resource blocks 

in the center frequency band to the broadcast channel to 

be transmitted via the physical downlink shared channel 5 

based on the size of the resource blocks. FIG. 22 shows 

an example of mapping in subframe #0. However, 

scheduling for subframe #5 is also performed in a 

similar manner based on resource blocks. 

Here, scheduling indicates a process of 10 

selecting mobile stations allowed to communicate using a 

shared channel for each subframe (1 ms). For example, 

scheduling is performed based on CQIs reported via 

uplink by mobile stations. Also in the scheduling, 

resource blocks used for user data to be received by the 15 

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 

for other frequency bands in the system frequency band. 20 

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 

of control signals for resource allocation. 25 

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 

0 (step S2302). 30 

Next, the scheduler 224 calculates weights of 

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

For example, weights are calculated based on CQIs 

transmitted via the physical downlink shared channel and  to allocate still
remaining resource elements to a data  channel. 20 The base station 200 of
this embodiment is  described below with reference to FIG. 21. The base
station 200 of this embodiment has a  configuration similar to that described
with reference  to any one of FIGS. 8, 13, 14, and 15, and further 25 includes
a scheduler (control unit) 224 connected to the  multiplexing-and-mapping
unit 214. As shown in. FIG. 22, the scheduler_ 224  performs scheduling for
the center frequency hand based  or. (or_ in units of) resource .,locks in a
manner sim.l-at 30 to the scheduling for other frequency bands in the  system
frequency band. In this embodiment, as described  above, the size of
resource blocks or the number of  available resource elements in each
resource block in -33- the center frequency band is different from that in
other frequency bands in the system frequency band.  Therefore, the
scheduler 224 allocates resource blocks  in the center frequency band to the
broadcast channel to 5 be transmitted via the physical downlink shared
channel  based on the size of the resource blocks. FIG. 22 shows  an
example of mapping in subframe #0. However,  scheduling for subframe #5 is
also performed in a  similar manner based on resource blocks. 10 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 based on CQIs reported via  uplink by
mobile stations. Also in the scheduling, 15 resource blocks used for user data
to be received by the  
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reported for respective RBs via uplink by each mobile 

station. Also, the traffic wait time, data sizes, and 

traffic types of users and radio resource sizes of RBs 

may also be taken into account in calculating weights of 

RBs for the users. The traffic wait time includes delay 5 

time and the traffic type includes acceptable delay and 

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. 

The scheduler 224 allocates radio resources of 10 

the RBs based on the calculated weights (step 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 

scheduling for the next subframe. 15 

In this embodiment, scheduling is performed 

based on an assumption that there are resource blocks 

with different radio resource sizes. In other words, 

scheduling is performed based on resource block sizes. 

Next, the base station 200 according to an 20 

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 

as that where the synchronization channel is mapped. For 25 

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 

amount of the primary broadcast channel is about four 30 

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, 

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 described  with. reference to FIG. 23. The scheduler 224 sets a
subframe number t at  30 0 (step 52302). Next, the scheduler 224 calculates
weights of  resource blocks (RPs) for respective users (step 52304).  For
example, weights are calculated based on CQIs 34- reported for respective
RBs via uplink by each mobile  station. Also, the traffic wait time, data sizes,
and  traffic types of users and radio resource sizes of RBs  may also be taken
into account in calculating weights of 5 RBs for the users. The traffic wait time
includes delay  time and the traffic type includes acceptable delay and  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 based on
the calculated weights (step 52306)  Then, transmission processing i_s
performed (step 52308). The scheduler 224 sets the subframe number t  at
t+1 (step 52310) and returns to step 52304 to perform  
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resource elements in the center frequency band other 

than those allocated to the physical downlink control 

channel, the reference signal, the synchronization 

channel, and the primary broadcast channel are available 

for other channels. 5 

Similarly, in the example shown in FIG. 19, 

resource elements corresponding to symbols 4-5 and 8-14 

in subframe #5 in the center frequency band are left 

unused and available for other channels. In other words, 

resource elements in the center frequency band other 10 

than those allocated to the physical downlink control 

channel, the reference signal, and the synchronization 

channel are available for other channels. 

Also, in the example shown in FIG. 20, 

resource elements corresponding to symbols 4-14 in 15 

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

frequency band are left unused and available for other 

channels. In other words, resource elements in the 

center frequency band other than those allocated to the 

physical downlink control channel and the reference 20 

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 

channel and the reference signal in each resource block 25 

(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 the system frequency 

band. Therefore, scheduling can be performed without any 

problem. 30 

Meanwhile, in subframes #0 and #5 described 

above, the number of resource elements other than those 

allocated to the physical downlink control channel and 

15 scheduling for the next subframe. In this embodiment, scheduling is
performed  based on an assumption that there are resource blocks  with
different radio resource sizes. In other words,  scheduling is performed based
on resource block sizes. 20 Next, the base station 200 according to an
eighth embodiment of the present invention is described.  As described with
reference to FIG. 16, the base station 200 of this embodiment maps the
primary  broadcast channel across the same center frequency band  25 as
that where the synchronization channel is mapped. For example, the primary
broadcast channel is mapped to OFDM  symbols adjacent to those used for
the synchronization  channel. In the example shown in FIG. 18 where the
data  30 amount of the primary broadcast channel is about four_  symbols,
resource elements corresponding to symbols 10- 14 -n subframe #0 in the
center frequency band. are left  unused and available for other channels. In
other words, 35-- resource elements in the center frequency band other  than
those allocated to the physical downlink control  channel, the reference
signal, the synchronization  channel, and the primary broadcast channel are
available  5 for other channels. Similarly, in the example shown in FIG. 19,
resource elements corresponding to symbols 4-5 and 8--14  in subframe #5
in the center frequency band are left  unused and available for other
channels. In other words, 10 resource elements in the center frequency band
other  than those allocated to the physical downlink control  channel, the
reference signal, and the synchronizat=ion  channel are available for other
channels. 
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the reference signal in each resource block (or the 

resource block size) in the center frequency band is 

different from that number (or the resource block size) 

in other frequency bands in the system frequency band. 

Therefore, it is necessary to perform scheduling taking 5 

into account resource block sizes. 

The center frequency band has a size of six 

resource blocks in the frequency direction. The base 

station 200 of this embodiment maps a broadcast channel 

to be transmitted via the physical downlink shared 10 

channel, i.e., the dynamic broadcast 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 

preferentially to the broadcast channel to be 15 

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 

this embodiment is substantially the same as that 20 

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 

channel, the reference signal, the synchronization 25 

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 

band. For example, each resource block in the other 30 

frequency bands in the system frequency band is composed 

of 11 symbols and 12 subcarriers (=180 kHz) and 

therefore includes 11x12=132 resource elements. 

Also, in the example shown in F~G. 20,  15 resource elements corresponding
to symbols 4-14 in  subframes other than subframes #0 and #5 in the center
frequency band are left unused and available for other  channels. In other
words, resource elements in the  center frequency band other than those
allocated to the 20 physical downlink control channel and the reference
signal are available for other channels. In subframes other than subframes #0
and #5  described above, the number of resource elements other  than those
allocated to the physical downlink control 25 channel and the reference signal
in each resource block  (or the resource block size) in the center frequency
band is the same as that number (or the resource block  s -ze) in other
frecxuency bands in the system frecxuency  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 3F the reference
signal in each resource block (or the  resource block size) in the center
frequency band is  different from that number (or the resource block size)  in
other frequency bands in the system frequency band. 5 Therefore, it is
necessary to perform scheduling taking  into account resource block sizes.
The center frequency band has a size of six  resource blocks in the
frecyrency direction. The base  station 200 of this embodiment maps a
broadcast channel 10 to be transmitted via the physical downlink shared
channel, i.e., the dynamic broadcast channel, to the  a:va-lable (remaining)
resource elements. Also, the base  
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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. 

In this example, the center frequency band is divided 5 

into two to form two resource blocks. In actual cases, 

the number of resource elements in each resource block 

in the center frequency band becomes greater than the 

number of resource elements in each resource block in 

frequency bands other than the center frequency band. 10 

The surplus resource elements may be used, for example, 

for repetition to increase data redundancy, or may be 

reserved for future use as shown in FIG. 25. Using the 

surplus resource elements for repetition makes it 

possible to improve communication quality. 15 

The scheduler 224 performs scheduling based on 

(or in units of) resource blocks. In this embodiment, as 

described above, the size of resource blocks or the 

number of resource elements in each resource block in 

the center frequency band is substantially the same as 20 

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 

the center frequency band and other frequency bands. 25 

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 based on CQIs reported via 

uplink by mobile stations. In a case where each mobile 30 

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 

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 is 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 EDI 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. 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 sub-carriers 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 resource 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
redundancy, or may be  
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corresponding to the resource block. Also in the 

scheduling, resource blocks used for user data to be 

received by the selected mobile stations are determined. 

Thus, making the number of resource elements 

in each resource block in the center frequency band the 5 

same as the number of resource elements in each resource 

block in other frequency bands in the system frequency 

band makes it possible to simplify the scheduling 

process at the base station 200. 

In the above embodiments, it is assumed that a 10 

system based on Evolved UTRA and UTRAN (also called Long 

Term Evolution or Super 3G) is used. However, a base 

station and a broadcast channel transmission method 

according to the present invention may also be applied 

to any system employing orthogonal frequency division 15 

multiplexing (OFDM) for downlink. 

Although the present invention is described 

above in different embodiments, the distinctions between 

the embodiments are not essential for the present 

invention, and the embodiments may be implemented 20 

individually or in combination. Although specific values 

are used in the above descriptions to facilitate the 

understanding of the present invention, the values are 

just examples and different values may also be used 

unless otherwise mentioned. 25 

The present invention is not limited to the 

specifically disclosed embodiments, and variations and 

modifications may be made without departing from the 

scope of the present invention. Although functional 

block diagrams are used to describe apparatuses in the 30 

above embodiments, the apparatuses may be implemented by 

hardware, software, or a combination of them. 

The present international application claims 

reserved. :for future use as shown i_rn. FIG. 25. Using the  surplus resource
elements for repetition makes it  15 possible to improve communication
quality. The scheduler 224 performs scheduling based on  (or in units of)
resource blocks. In this embodiment, as  described above, the size of
resource blocks or the  number of resource elements in each resource block
in 20 the center frequency band is substantially the same as  that in other
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 0- Se lecting mobile stations allowed to communicate using a
shared channel for each subframe (1 ms) . For example,  scheduling is
performed based 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 38-- corresponding to tine resource
block. Also in the  scheduling, resource blocks used for user data to be
received by the selected mobile stations are determined. Thus, making the
number of resource elements  5 in each resource block in the center
frequency band the  same as the number of resource elements in each
resource  block in other frequency bands in the system frequency  band
makes it possible to simplify the scheduling  process at the base station 200.
10 In the above embodiments, it is assumed that a  system based on Evolved
UTRA and UTRAN (also called Long  
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priority from Japanese Patent Application No. 2007-161947 

filed on June 19, 2007 and Japanese Patent Application No. 

2007-211599 filed on August 14, 2007, the entire contents 

of which are hereby incorporated herein by reference. 

5 

Term Evolution or Super 3G) is used. However, a base  station and a
broadcast channel transmission method  according to the present invention
may also be applied 15 to any system employing orthogonal frequency
division  multiplexing (OFDM) for downlink. Although the present invention is
described  above in different embodiments, the distinctions between  the
embodiments are not essential for the present 20 invention, and the
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  just examples and
different values may also be used  25 unless otherwise mentioned. The
present invention is not limited to the  specifically disclosed embodiments,
and variations and  modifications may be made without departing from the
scope of the present invention. Although functional 30 block diagrams are
used to describe apparatuses in the  above embodiments, the apparatuses
may be implemented by  hardware, software, or a combination of them. The
present international application claims 39 priority from Japanese Patent
Application No. 2007-161947  filed on June 19, 2007 and Japanese Patent
Application No.  2007-211599 filed on August 14, 2007, the entire contents
of which are hereby incorporated herein by reference. -40- CLAIMS 1. A base
station transmitting a broadcast  channel to a user device a predefined
number of times in  a predetermined cycle for communication with the user
device, the base station comprising: 
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CLAIMS 

 

1. A base station transmitting a broadcast 

channel to a user device a predefined number of times in 

a predetermined cycle for communication with the user 5 

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 

generate multiple broadcast channels; and 10 

a signal waveform changing unit configured to 

process the generated broadcast channels such that the 

processed broadcast channels have different signal 

waveforms, 

wherein positions of the broadcast channels in 15 

order of transmission in the predetermined cycle are 

associated with the signal waveforms of the broadcast 

channels. 

 

2. The base station as claimed in claim 1, 20 

further comprising: 

an interleaving unit configured to interleave 

information bits of the respective broadcast channels 

generated by the repetition unit; 

a data modulation unit configured to data-25 

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 

configured to control the spreading unit to multiply the 30 

respective data-modulated broadcast channels by 

different scrambling codes. 

 

a repetition unit configured to repeat the  broadcast channel, after the
broadcast channel is  channel-coded, for the predefined number of times to
10 generate multiple broadcast channels; and a signal waveform changing
unit configured to  process the generated broadcast channels such that the
processed broadcast channels have different signal  waveforms, 15 wherein
positions of the broadcast channels in  order of transmission in the
predetermined cycle are  associated 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. -41- 3. The base station as claimed in claim 1, wherein the signal
waveform changing unit is configured  to puncture the broadcast channels
generated by the  repetition unit using different puncturing patterns. 4. The
base station as claimed in claim 1,  further comprising: an interleaving unit
configured to interleave  
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3. The base station as claimed in claim 1, 

wherein the signal waveform changing unit is configured 

to puncture the broadcast channels generated by the 

repetition unit using different puncturing patterns. 

 5 

4. 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, 10 

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 

patterns. 15 

 

5. The base station as claimed in claim 1, 

further comprising: 

an interleaving unit configured to interleave 

information bits of the respective broadcast channels 20 

generated by the repetition unit; 

a data modulation unit configured to data-

modulate the interleaved broadcast channels; 

a spreading unit configured to multiply the 

data-modulated broadcast channels by scrambling codes; 25 

and 

a mapping unit configured to map the 

multiplied broadcast channels in a center frequency band 

in a system frequency band, 

wherein the signal waveform changing unit is 30 

configured to control the mapping unit to map the 

respective multiplied broadcast channels to different 

radio resources. 

information bits of the respective broadcast channels  10 generated by the
repetition uni_t_, wherein the signal waveform changing unit is  configured to
control the interleaving unit to  interleave the information bits of the respective
broadcast channels based on different interleaving  15 patterns. 5. The base
station as claimed in claim 1,  further comprising: an interleaving unit
configured to interleave  20 information bits of the respective broadcast
channels  generated by the repetition unit; a data modulation unit configured
to data-- modulate the interleaved broadcast channels; a spreading unit
configured to multiply the  25 data-modulated broadcast channels by
scrambling codes;  and a mapping unit configured to map the  multiplied
broadcast channels in a. center frequency band  in. a system frequency
band, 30 wherein the signal waveform changing unit is  configured to control
the mapping unit to map the  respective multiplied broadcast channels to
different  radio resources. -42- The base station as claimed in claim 1,
wherein the mapping unit is configured to map the  broadcast channels
across the same center frequency band  5 as that where a synchronization
channel is mapped. 7. The base station as claimed in claim 1,  wherein the
mapping unit is configured to map the  broadcast channels in a part of the
same center 10 frequency band as that where a synchronization channel  
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6. The base station as claimed in claim 1, 

wherein the mapping unit is configured to map the 

broadcast channels across the same center frequency band 

as that where a synchronization channel is mapped. 5 

 

7. The base station as claimed in claim 1, 

wherein the mapping unit is configured to map the 

broadcast channels in a part of the same center 

frequency band as that where a synchronization channel 10 

is mapped. 

 

8. The base station as claimed in claim 6, 

further comprising: 

a scheduler configured to select, for each 15 

subframe, one or more mobile stations allowed to 

communicate using a shared channel and to determine 

resource blocks used for user data to be received by the 

selected mobile stations, 

wherein the mapping unit is configured to map 20 

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 

the synchronization channel is mapped. 25 

 

9. The base 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 

blocks in frequency bands other than the center 30 

frequency band. 

 

10. The base station as claimed in claim 9, 

is mapped. 8. The base station as claimed in claim 6,  further compris: -ng:
15 a scheduler configured to select, for each  subframe, one or more mobile
stations allowed to  communicate using a shared channel and to determine
resource blocks used for user data to 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 base 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,
-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. 11. A method of transmitting a broadcast
channel by 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  10 predetermined cycle, the method comprising a repetition steep
of repeating the broadcast  channel, after the broadcast channel is
channel-coded,  for the predefined number_ of times to generate multiple  
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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 a broadcast 

channel by 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 comprising: 10 

a repetition step of repeating the broadcast 

channel, after the broadcast channel is channel-coded, 

for the predefined number of times to generate multiple 

broadcast channels; and 

a signal waveform changing step of processing 15 

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 

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 




