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(54) Radio communication base station device and radio communication method

(57) A base station capable of performing cell search
of all mobile stations having different communicable fre-
quency band widths in a scalable band width communi-
cation system to which a multi-carrier communication
method such as the OFDM method is applied. The base
station includes: a modulation unit for modulating SCH
data after being encoded; a sub carrier setting unit for
setting one of the sub carriers to a sub carrier (SCH sub

carrier) constituting the OFDM symbol for SCH data
transmission; and an IFFT unit for mapping the SCH data
to the sub carrier set by the sub carrier setting unit among
the sub carriers and performing IFFT to generate an
OFDM symbol. The sub carrier setting unit sets one of
the sub carriers which has a frequency of a common mul-
tiple between the sub carrier interval and the cell search
interval as an SCH sub carrier.
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Description

Technical Field

[0001] The present invention relates to a radio com-
munication base station apparatus and a radio commu-
nication method.

Background Art

[0002] In the mobile communication system, a radio
communication mobile station apparatus (hereinafter
"mobile station") performs a cell search upon power ac-
tivation or upon handover. This cell search is performed
using an SCH (synchronization channel). The SCH is a
shared channel in the downlink direction and is com-
prised of a P-SCH (primary synchronization channel) and
an S-SCH (secondary synchronization channel). P-SCH
data contains a sequence which is common in all cells
and which is used for the timing synchronization upon
the cell search. Further, S-SCH data contains cell-spe-
cific transmission parameters such as scrambling code
information. In a cell search upon power activation or
upon handover, each mobile station finds the timing syn-
chronization by receiving P-SCH data and acquires
transmission parameters that differ between cells by re-
ceiving S-SCH data. By this means, each mobile station
can start communicating with radio communication base
station apparatuses (hereinafter "base stations"). There-
fore, each mobile station needs to detect SCH data upon
power activation or upon handover.
[0003] Further, according to the FFD scheme standard
proposed by 3GPP, frequencies for setting carriers are
arranged at 200 kHz intervals in a 60 MHz frequency
bandwidth (see Patent Document 1). Therefore, accord-
ing to this standard, the frequency interval the mobile
station performs a cell search is 200 kHz. That is, the
mobile station performs a cell search every 200 kHz.
[0004] Further, to simplify the design of the communi-
cation system, the SCH is generally set in the center fre-
quency of the frequency bandwidth in which a mobile
station can perform communication.
[0005] By the way, in recent years, in mobile commu-
nication, various kinds of information such as images and
data as well as speech are subjected to transmission.
With this trend, it is expected that demands further in-
crease for high reliability and high speed transmission.
However, when high speed transmission is performed in
mobile communication, the influence of delayed waves
by multipath is not negligible, and transmission perform-
ance degrades due to frequency selective fading.
[0006] Multicarrier communication such as OFDM (Or-
thogonal Frequency Division Multiplexing) has attracted
attention as one of counter techniques for frequency se-
lective fading. Multicarrier communication refers to a
technique of performing high speed transmission by
transmitting data using a plurality of subcarriers of trans-
mission rates suppressed to such an extent that frequen-

cy selective fading does not occur. Particularly, with the
OFDM scheme, frequencies of a plurality of subcarriers
where data is arranged are orthogonal to each other,
thereby enabling the maximum frequency efficiency in
multicarrier communication and implementation with rel-
atively simple hardware configuration. By this means, the
OFDM scheme has attracted attention as a communica-
tion method applied to cellular scheme mobile commu-
nication and is variously studied. In the communication
system employing the OFDM scheme, the interval be-
tween adjacent subcarriers (subcarrier intervals) in a plu-
rality of subcarriers, is set according to the coherence
bandwidth (the frequency bandwidth in which channel
fluctuation is the same) of this communication system.
[0007] Further, at present, according to the LTE stand-
ardization of 3GPP, in the mobile communication system
with the OFDM scheme, allowing a plurality of mobile
stations communicating in respective bandwidths, to per-
form communication in the system, is studied. This mo-
bile communication system can be referred to as a "scal-
able bandwidth communication system."
[0008] For example, assuming the scalable bandwidth
communication system having a 20 MHz operating fre-
quency bandwidth, if the 20 MHz operating frequency
bandwidth is equally divided per 5 MHz frequency band-
width into four frequency bands FB1 FB2, FB3 and FB4,
it is possible to use mobile stations having 5 MHz, 10
MHz or 20 MHz communication capacities at the same
time. In the following explanation, out of a plurality of
mobile stations that are available, the mobile station hav-
ing the minimum communication capacity is referred to
as the "minimum capacity mobile station," and the mobile
station having the maximum communication capacity is
referred to as the "maximum capacity mobile station."
Therefore, in this case, the mobile station having the 5
MHz communication capacity is the minimum capacity
mobile station and the mobile station having the 20 MHz
communication capacity is the maximum capacity mobile
station.
[0009] Further, for example, assuming the scalable
bandwidth communication system with a 4.2 MHz oper-
ating frequency bandwidth, if the 4.2 MHz operating
bandwidth is divided per 2.1 MHz frequency bandwidth
into two bandwidths FB1 and FB2, it is possible to use a
mobile station having a 2.1 MHz communication capacity
and a mobile station having a 4.2 MHz communication
capacity at the same time. Therefore, in the above, the
mobile station having a 2.1 MHz communication capacity
is the minimum capacity mobile station and the mobile
station having a 4.2 MHz communication capacity is the
maximum capacity mobile station. A mobile station hav-
ing a 2.1 MHz communication capacity is referred to as
a "2.1 MHz mobile station," and a mobile station having
a 4.2 MHz communication capacity is referred to as a
"4.2 MHz mobile station." In this scalable bandwidth com-
munication system, the 2.1 MHz mobile station is as-
signed a 2.1 MHz frequency bandwidth out of the 4.2
MHz frequency bandwidth and performs communication.
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That is, the 2.1 MHz mobile station is assigned one of
FB1 and FB2 and performs communication. Further, the
4.2 MHz mobile station can perform high speed commu-
nication using the entire 4.2 MHz operating frequency
bandwidth. Here, as described above, the frequency
bandwidth, in which the maximum capacity mobile station
can perform communication, generally matches the fre-
quency bandwidth where a scalable bandwidth commu-
nication system is operated (in this case, 4.2 MHz).

Patent Document 1: Japanese Patent Application
Laid-Open No.2003-60551

Disclosure of Invention

[0010] Problems to be Solved by the Invention
[0011] Here, assuming that the OFDM scheme is ap-
plied to a scalable bandwidth communication system as
shown in FIG.1, if the SCH is set in the center frequency
of the frequency bandwidth in which a mobile station can
perform communication, the mobile station that performs
a cell search at predetermined cell search intervals as
above may not be able to perform a cell search. For ex-
ample, assume that the SCH for the 4.2 MHz mobile sta-
tion is set in the center frequency fcl of a 4.2 MHz fre-
quency bandwidth, and the SCH for the 2.1 MHz mobile
station is set in the center frequency fc2 of a 2.1 MHz
frequency bandwidth. Further, assume that the subcar-
rier interval is set 150 kHz according to the coherence
bandwidth in the communication system. Further, as-
sume that the cell search interval is 200 kHz as above.
Here, if the center frequency fcl is set a frequency that is
an integral multiple of the 200 kHz cell search interval,
although the 4.2 MHz mobile station can detect the SCH,
the 150 kHz subcarrier interval makes the 2.1 MHz mobile
station unable to detect the SCH and perform a cell
search. By contrast, if the center frequency fc2 is set the
frequency that is an integral multiple of the 200 kHz cell
search interval, although the 2.1 MHz mobile station can
detect the SCH, the 150 kHz subcarrier interval makes
the 4.2 MHz mobile station unable to detect the SCH and
perform a cell search. Thus, if the OFDM scheme is ap-
plied to a scalable bandwidth communication system
where there are a plurality of mobile stations communi-
cating in respective bandwidths, there are mobile stations
that cannot perform a cell search depending on the re-
lationship between the subcarrier interval and the cell
search interval.
[0012] One possible solution to this problem is to de-
cide the subcarrier interval according to the cell search
interval. To be more specific, making the cell subcarrier
a divisor of the search interval interval, is possible. How-
ever, with this solution, it is not always possible to set an
optimal subcarrier interval according to the coherence
bandwidth, and, consequently, throughput degradation
and error rate performance degradation may be caused.
[0013] It is therefore an object of the present invention
to provide, in the scalable bandwidth communication sys-

tem adopting the OFDM scheme, a base station and radio
communication scheme for enabling all of a plurality of
mobile stations communicating in respective frequency
bandwidths, to perform a cell search.

Means for Solving the Problem

[0014] The radio communication base station of the
present invention that transmits a multicarrier signal com-
prised of a plurality of subcarriers, employs a configura-
tion having: a setting section that sets one of the plurality
of subcarriers as a first subcarrier for transmitting a syn-
chronization channel signal; a generating section that
generates the multicarrier signal by mapping the syn-
chronization channel signal on the first subcarrier; and a
transmitting section that transmits the multicarrier signal,
and the configuration in which, among the plurality of
subcarriers, the setting section sets, as the first subcar-
rier, one of subcarriers having frequencies of common
multiples of the subcarrier interval between the plurality
of subcarriers and a frequency interval in which a radio
communication mobile station performs a cell search.

Advantageous Effect of the Invention

[0015] According to the present invention, all of a plu-
rality of mobile stations communicating in respective fre-
quency bandwidths can perform a cell search in the scal-
able bandwidth communication system adopting, for ex-
ample, the OFDM scheme.

Brief Description of Drawings

[0016]

FIG.1 illustrates a scalable bandwidth communica-
tion system adopting an OFDM scheme;
FIG.2 is a block diagram showing a configuration of
a base station according to an embodiment of the
present invention;
FIG.3 illustrates an SCH setting example according
to an embodiment of the present invention (setting
example 1);
FIG.4 illustrates an SCH setting example according
to an embodiment of the present invention (setting
example 2); and
FIG.5 illustrates an SCH setting example according
to an embodiment of the present invention (setting
example 3).

Best Mode for Carrying out the Invention

[0017] An embodiment of the present invention will be
explained below in detail with reference to the accompa-
nying drawings. Here, in the following explanation, al-
though the OFDM scheme is explained as an example
of a multicarrier communication scheme, the present in-
vention is not limited to the OFDM scheme.

3 4 
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[0018] FIG.2 illustrates the configuration of base sta-
tion 100.
[0019] Encoding section 101 encodes SCH data.
[0020] Modulating section 102 modulates the encoded
SCH data.
[0021] Encoding section 103 encodes user data.
[0022] Modulating section 104 modulates the encoded
user data.
[0023] Subcarrier setting section 105 sets one of a plu-
rality of subcarriers forming an OFDM symbol, which is
a multicarrier signal, as the subcarrier for transmitting
SCH data (SCH subcarrier). This subcarrier setting will
be described later in detail.
[0024] According to the setting in subcarrier setting
section 105, IFFT section 106 maps SCH data and user
data on the multiple subcarriers above and performs an
IFFT (Inverse Fast Fourier Transform), thereby generat-
ing an OFDM symbol. In this case, out of the multiple
subcarriers above, IFFT section 106 maps SCH data on
the subcarrier set in subcarrier setting section 105.
[0025] The OFDM symbol generated as above is at-
tached a cyclic prefix (CP) in CP attaching section 107,
subjected to predetermined radio processing such as up-
conversion in radio transmitting section 108, and trans-
mitted by radio from antenna 109 to mobile stations.
[0026] Here, in the OFDM scheme, to prevent inter-
symbol interference ("ISI"), the tail end of each ODFM
symbol is attached to the head of that OFDM symbol as
a CP. By this means, a mobile station which is the re-
ceiving side can prevent ISI as long as the delay time of
delay weaves stays within the range of the CP time pe-
riod.
[0027] Next, subcarrier setting in subcarrier setting
section 105 will be explained in detail. Setting examples
1 to 3 (FIG’s.3 to 5) will be explained below. Here, as
above, the scalable bandwidth communication system is
assumed where the operating frequency bandwidth is
4.2 MHz and there are a 2.1 MHz mobile station and a
4.2 MHz mobile station. Further, assume that the sub-
carrier interval is set 150 kHz as above. Further, assume
that the cell search interval is set 200 kHz as above.

(Setting example 1 (FIG.3))

[0028] Subcarrier setting section 105 sets, as the SCH
subcarrier, one of subcarriers having frequencies of com-
mon multiples of the subcarrier interval and the cell
search interval, among the above multiple subcarriers.
That is, subcarrier setting section 105 sets, as the SCH
subcarrier, one of subcarriers having frequencies of com-
mon multiples of the 150 kHz subcarrier interval and the
200 kHz cell search interval (600 kHz x n, where n is a
natural number). To be more specific, for example, as
shown in FIG.3, subcarrier setting section 105 sets, as
the SCH subcarrier, subcarrier f12 having a frequency
1.8 MHz greater than the center frequency fcl of 4.2 MHz.
Therefore, for example, if the center frequency fcl is set
2GHz, the frequency of subcarrier f12 is 2001.8 MHz,

which is an integral multiple of the 200 kHz cell search
interval.
[0029] Thus, according to the present setting example,
the SCH can be set in a subcarrier having an integral
multiple frequency of the cell search interval among a
plurality of subcarriers having predetermined subcarrier
intervals, so that both the 2.1 MHz mobile station and the
4.2 MHz mobile station having the same cell search in-
terval can detect the SCH and perform a cell search.
[0030] As shown in FIG.3, the 2.1 MHz mobile station
needs not change the communication frequency band
between the time during cell search and other times such
as during normal reception, and, consequently, is able
to receive all user data that can be received during normal
reception during cell search, so that it is possible to pre-
vent throughput degradation according to the change of
the communication frequency band. Further, the 2.1 MHz
mobile station needs not change the communication fre-
quency band between the time during cell search and
the time during normal reception, that is, the 2.1 MHz
mobile station needs not switch the center frequency in
radio reception between the time during cell search and
the time during normal reception, so that it is possible to
ease control upon a cell search and reduce power con-
sumption of mobile stations.

(setting example 2 (FIG.4))

[0031] In the above multiple subcarriers, subcarrier
setting section 105 sets, as the SCH subcarrier, the sub-
carrier that is closest to the center frequency of the fre-
quency bandwidth in which a mobile station can perform
communication, out of subcarriers having frequencies of
common multiples of the subcarrier interval and the cell
search interval.
[0032] To be more specific, for example, as shown in
FIG.4, subcarrier setting section 105 sets, as the SCH
subcarrier, subcarrier f8 that is closest to the center fre-
quency fc2 of 2.1 MHz, out of subcarriers having 600 x n
frequencies (n is a natural number). That is, with the
present setting example, among the subcarriers having
600 kHz x n frequencies (n is a natural number), the SCH
subcarrier is set in the subcarrier that is closest to the
center frequency of a frequency bandwidth which is nar-
rower than the operating frequency bandwidth of the scal-
able bandwidth communication system and in which mo-
bile stations other than the maximum capacity mobile
stations can perform communication. Specifically, with
the present setting example, all of a plurality of mobile
stations communicating in respective frequency band-
widths need not switch the center frequency in radio com-
munication between the time during cell search and the
time during normal reception, so that it is desirable to set,
as the SCH subcarrier, the subcarrier that is closest to
the center frequency of the frequency bandwidth in which
the maximum capacity mobile station can perform com-
munication.
[0033] Therefore, according to the present setting ex-
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ample, as in setting example 1, the SCH can be set in a
subcarrier having an integral multiple frequency of the
cell search interval among a plurality of subcarriers hav-
ing predetermined subcarrier intervals, so that the 2.1
MHz mobile station and the 4.2 MHz mobile station hav-
ing the same cell search interval can detect the SCH and
perform a cell search.
[0034] Further, according to the present setting exam-
ple, as in setting example 1, the 2.1 MHz mobile station
needs not change the communication frequency band
between the time during cell search and the other times
such as during normal reception, and, consequently, is
able to receive all user data that can be received during
normal reception during cell search, so that it is possible
to prevent throughput degradation according to the
change of the communication frequency band. Further,
the 2.1 MHz mobile station needs not change the com-
munication frequency band between the time during cell
search and the time during normal reception, that is, the
2.1 MHz mobile station needs not switch the center fre-
quency in radio reception between the time during cell
search and the time during normal reception, so that it is
possible to ease control during cell search and reduce
power consumption of mobile stations.
[0035] Further, according to the present setting exam-
ple, as shown in FIG.4, the communication frequency
bandwidth during cell search can be set narrower than
the communication frequency bandwidth during normal
reception, so that it is possible to make the sampling rate
for A/D conversion during cell search smaller than the
sampling rate for A/D conversion during normal recep-
tion, and, as a result, further reduce power consumption
of mobile stations.

(Setting example 3 (FIG.5))

[0036] In the above multiple subcarriers, subcarrier
setting section 105 sets, as the SCH subcarrier, the sub-
carrier that is closest to the center frequency of the op-
erating frequency bandwidth of the communication sys-
tem, among the subcarriers having frequencies of com-
mon multiples of the subcarrier interval and the cell
search interval.
[0037] To be more specific, for example, as shown in
FIG.5, subcarrier setting section 105 sets, as the SCH
subcarrier, subcarrier f4 that is closest to the center fre-
quency fcl of 4.2 MHz, among the subcarriers having 600
kHz x n frequencies (n is a natural number). That is, with
the present setting example, the SCH subcarrier is set
the subcarrier that is closest to the center frequency of
the operating frequency bandwidth of the scalable band-
width communication system, among the subcarriers
having 600 kHz x n frequencies (n is a natural number).
In other words, with the present setting example, the SCH
subcarrier is set the subcarrier that is closest to the center
frequency of the frequency bandwidth in which the max-
imum capacity mobile station can perform communica-
tion, among the subcarriers having 600 kHz X n frequen-

cies (n is a natural number).
[0038] Therefore, according to the present setting ex-
ample, as in setting example 1, the SCH can be set in a
subcarrier having an integral multiple frequency of the
cell search interval among a plurality of subcarriers hav-
ing predetermined subcarrier intervals, so that both the
2.1 MHz mobile station and the 4.2 MHz mobile station
having the same the cell search interval can detect the
SCH and perform a cell search.
[0039] Further, according to the present setting exam-
ple, as shown in FIG.5, the communication frequency
bandwidth during cell search can be set narrower than
the communication frequency bandwidth during normal
reception, so that it is possible to make the sampling rate
for A/D conversion during cell search smaller than the
sampling rate for A/D conversion during normal recep-
tion, and, as a result, further reduce power consumption
of mobile stations.
[0040] Here, compared to the present setting example
to setting example 2, while the SCH subcarrier is set the
subcarrier having the frequency that is closest to the cent-
er frequency fc2 in setting example 2, the SCH subcarrier
is set the subcarrier having the frequency that is closest
to the center frequency fcl in the present setting example.
By this means, the present setting example is particularly
useful when there are more maximum capacity mobile
stations than the other mobile stations, and setting ex-
ample 2 is useful in the opposite case.
[0041] Thus, according to the present embodiment, in
the scalable bandwidth communication system adopting
a multicarrier communication scheme such as the OFDM
scheme, all of a plurality of mobile stations communicat-
ing in respective frequency bandwidths are able to per-
form a cell search.
[0042] One embodiment of the present invention has
been described above.
[0043] Here, the present invention is applicable to oth-
er shared channels than the SCH channel. As a shared
channel other than the SCH, for example, there are BCH
(broadcast channel) and SCCH (shared control channel).
[0044] Further, a base station may be referred to as
"Node B," a mobile station as "UE," a subcarrier as a
"tone," a cyclic prefix as a "guard interval."
[0045] Although a case has been described with the
above embodiments as an example where the present
invention is implemented with hardware, the present in-
vention can be implemented with software.
[0046] Furthermore, each function block employed in
the description of each of the aforementioned embodi-
ments may typically be implemented as an LSI constitut-
ed by an integrated circuit. These may be individual chips
or partially or totally contained on a single chip.
[0047] "LSI" is adopted here but this may also be re-
ferred to as "IC," "system LSI," "super LSI," or "ultra LSI"
depending on differing extents of integration.
[0048] Further, the method of circuit integration is not
limited to LSI’s, and implementation using dedicated cir-
cuitry or general purpose processors is also possible.
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After LSI manufacture, utilization of an FPGA (Field Pro-
grammable Gate Array) or a reconfigurable processor
where connections and settings of circuit cells in an LSI
can be reconfigured is also possible.
[0049] Further, if integrated circuit technology comes
out to replace LSI’s as a result of the advancement of
semiconductor technology or a derivative other technol-
ogy, it is naturally also possible to carry out function block
integration using this technology. Application of biotech-
nology is also possible.
[0050] The disclosure of Japanese Patent Application
No.2006-012436, filed on January 20, 2006, including
the specification, drawings and abstract, is incorporated
herein by reference in its entirety.

Industrial Applicability

[0051] The present invention is suitable to, for exam-
ple, OFDM mobile communication systems.
According to an illustrative embodiment of a radio com-
munication base station apparatus transmitting a multi-
carrier signal comprised of a plurality of subcarriers, the
radio communication base station apparatus comprises:
a setting section that sets one of the plurality of subcar-
riers as a first subcarrier for transmitting a synchroniza-
tion channel signal; a generating section that generates
the multicarrier signal by mapping the synchronization
channel signal on the first subcarrier; and a transmitting
section that transmits the multicarrier signal, wherein,
among the plurality of subcarriers, the setting section
sets, as the first subcarrier, one of subcarriers having
frequencies of common multiples of the subcarrier inter-
val between the plurality of subcarriers and a frequency
interval in which a radio communication mobile station
performs a cell search.
According to the further embodiment of the radio com-
munication base station apparatus, the setting section
sets, as the first subcarrier, a subcarrier that is closest
to a center frequency of a frequency bandwidth in which
the radio communication mobile station can perform
communication, out of the subcarriers having frequen-
cies of common multiples.
According to the further embodiment of the radio com-
munication base station apparatus, the setting section
sets, as the first subcarrier, a subcarrier that is closest
to a center subcarrier of an operating frequency band-
width of a communication system, out of subcarriers hav-
ing frequencies of common multiples.
According to an illustrative embodiment of a radio com-
munication method that sets one of a plurality of subcar-
riers forming a multicarrier signal, as a first subcarrier for
transmitting a synchronization channel signal, the radio
communication method comprises setting, as the first
subcarrier, one of subcarriers having frequencies of com-
mon multiples of the subcarrier interval of the plurality of
subcarriers and a frequency interval in which a radio com-
munication mobile station performs a cell search.

Claims

1. A base station apparatus comprising:

a generating section that generates a synchro-
nization signal mapped on a subcarrier; and
a transmission section that transmits the gener-
ated synchronization signal,
wherein the subcarrier on which the synchroni-
zation signal is mapped is included in one of a
plurality of frequency resource candidates and
an interval between the plurality of frequency
resource candidates is common multiples of a
subcarrier interval between contiguous subcar-
riers and a frequency interval for performing a
cell search.

2. The base station apparatus according to the claim
1, wherein the subcarrier is around a center frequen-
cy in said one of the plurality of frequency resource
candidates.

3. A mobile station apparatus comprising:

a detection section that detects a synchroniza-
tion signal mapped on a subcarrier; and
a cell search section that perform a cell search
using the detected synchronization signal,
wherein the subcarrier on which the synchroni-
zation signal is mapped is included in one of a
plurality of frequency resource candidates and
an interval between the plurality of frequency
resource candidates is common multiples of a
subcarrier interval between contiguous subcar-
riers and a frequency interval for performing the
cell search.

4. The mobile station apparatus according to the claim
3, wherein the subcarrier is around a center frequen-
cy in said one of the plurality of frequency resource
candidates.

5. A transmission method comprising:

generating a synchronization signal mapped on
a subcarrier; and
transmitting the generated synchronization sig-
nal,
wherein the subcarrier on which the synchroni-
zation signal is mapped is included in one of a
plurality of frequency resource candidates and
an interval between the plurality of frequency
resource candidates is common multiples of a
subcarrier interval between contiguous subcar-
riers and a frequency interval for performing a
cell search.

6. A reception method comprising:

9 10 
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detecting a synchronization signal mapped on
a subcarrier; and
performing a cell search using the detected syn-
chronization signal,
wherein the subcarrier on which the synchroni-
zation signal is mapped is included in one of a
plurality of frequency resource candidates and
an interval between the plurality of frequency
resource candidates is common multiples of a
subcarrier interval between contiguous subcar-
riers and a frequency interval for performing the
cell search.
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