
DESCRIPTION 

Title of Invention 

BASE STATION APPARATUS AND TRANSMISSION METHOD 

5 Technical Field 

[0001] The present invention relates to a base station apparatus and a transmission 

method for transmitting a control signal to a relay station apparatus in time-division relay. 

Background Art 

10 [0002] In recent years, most of cellular mobile communication systems such as cellular 

phones allow not only transmission of voice data but also large-volume data transmission 

such as still picture images and motion picture images, along with development of 

information into multimedia. In order to achieve large-volume data transmission, 

techniques are actively researched to achieve high transmission rates using high frequency 

15 radio band. 

[0003] When a high-frequency radio band is used, a high transmission rate can be 

expected in a short distance, but attenuation increases in a long distance as the distance 

increases. Thus, when a mobile communication system using a high frequency radio 

band is actually operated, the coverage area of a radio communication base station 

20 apparatus (hereinafter abbreviated as base station) is reduced, and therefore, it is necessary 

to install more base stations. However, installation of a base station requires a 

correspondingly high cost. Therefore, there is a strong demand for a technique achieving 

communication service using a high frequency radio band that can increase the coverage 

area while suppressing inC-"!'ease in the number of base stations. 

25 [0004] In order to satisfy such demand, a relaying technique is researched. In this 

relaying technique, a radio communication relay station apparatus (hereinafter abbreviated 

as relay station) is installed (see F!G.1) between a base station and a radio communication 
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mobile station apparatus (hereinafter abbreviated as mobile station), and the base station 

and the mobile station communicate with each other via the relay station. When the 

relaying technique is used, the mobile station can communicate with the base station via 

the relay station even if the mobile station is localed away from the base station and is 

5 difficult to directly communicate with the base station. 

[0005] As the relaying technique, there are methods using frequency-division relay (FD 

relay, FDD relay) or time-division relay (TD relay, TDD relay). Frequency-division relay 

will be explained using a downlink, for example. In this case, a frequency band used by a 

downlink from the base station to the relay station is different from a frequency band used 

10 by a downlink from tbe relay station to the mobile station covered by the relay station, so 

that a frequency resource is divided. In frequency-division relay, different frequency 

bands (hereinafter referred to as "service bands") are used for respective downlinks, and 

this presents an advantage in that each of the base station and the relay station is required to 

perform resource scheduling of on! y the service band of its own station. 

15 [0006] On the other hand, in time-division relay will be explained using a downlink, for 

example. In this case, a time resource is divided into a time resource used by a downlink 

from the base station to the relay station and a time resource used by a downlink from the 

relay station to the mobile station covered by the relay station. In time-division relay, 

there is an advantage in that it is not necessary to map a new frequency resource for 

20 repeating, but there is a time resource in which the relay station cannot transmit while the 

relay station receives a signal from the base station, and there is a problem in that the 

mobile station cannot continuously receive the signal from the base station. When the 

mobile station uses a signal strength as a reference of handover, there is a problem in that 

when the mobile station cannot determine the time resource in which the relay station does 

25 not transmit any signal, the mobile station uses, as a reference for handover, the signal 

strength in the time resource in which the relay station does not transmit any signal. 

[0007] In LTE (Long Term Evolution) -Advanced, a mobile station of Release 8 of the 

2 



LTE is considered to be accommodated in a relay station. When the relay station 

accommodates the mobile station of the LTE, a reference signal (RS) used for measuring 

the signal strength is required to be transmitted in all sub-frames (in units of time 

resources). 

5 [0008] In order to solve such problems, Non-Patent Literature 1 suggests a method for 

causing the relay station to allocate a MBSFN (Multicast/Broadcast over Single Frequency 

Network) sub-frame to the mobile station in the time resource in which the base station 

transmits the signal to the relay station. 

[0009] In Non-Patent literature 1, the relay station sets a sub-frame received from the 

10 base station as the MBSFN sub-frame for the mobile station connected to the relay station. 

The MBSFN sub-frame is a sub-frame for MBMS service. The MBMS service is not 

supported in the Release 8 version of the LTE. However, the Release 8 version of the 

LTE has the MBSFN sub-frame in order to maintain compatibility with a future update to a 

newer version which supports the MBMS service. The MBSFN sub-frame is configured 

15 to transmit a control signal and an RS in the head portion of the sub-frame and transmit the 

MBMS service in the remaining portion. Accordingly, the mobile station of the Release 8 

of the LTE is characterized in receiving only the control signal and the RS in the head 

portion and disregarding an OFDM symbol in the remaining portion when receiving an 

MBSFN sub-frame. 

20 [0010] A fake MBSFN is a technique of transmission from a relay station to a mobile 

station using an MBSFN sub-frame by making use of this feature. As shown in sub-frame 

#1 of FIG.2, the relay station sets an MBSFN sub-frame for the mobile station. However, 

the relay station actual! y transmits only a control signal and an RS in the bead portion of 

the sub-frame to the mobile station but in the remaining portion, the relay station does not 

25 transmit the MEMS service and instead receives a signal from a base station. ln this 

manner, the fake MBSFN is advantageous in that the TD relay can be achieved while the 

mobile station of the Release 8 of the LTE is accommodated in the relay station. 
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(0011] In the fake MBSFN, two patterns of systems are considered in accordance with 

transmission timing (which may also be hereinafter referred to as "frame timing") of 

frames transmitted from the cell of the base station and the cell of the mobile station. ln 

tbe first case, as shown in Non-Patent literature 2, the frame timing is synchronized 

5 between the base station and the mobile station (the frames are synchronized) as shown in 

FIG.2. In this case, in the fake MBSFN, while the base station transmits a control signal, 

the relay station also transmits a control signal. Therefore, the relay station cannot 

receive the control signal transmitted from the base station. Therefore, it is necessary for 

the base station to separately transmit the relay station control signal. 

10 (0012] In the second case, the frame timing is different between the base station and the 

relay station (the frames are not synchronized). In this case, when the transmission timing 

is configured such that the relay station receives the mobile station control signal from the 

base station during reception period of the relay station, the relay station can receive an 

OFDM symbol having the mobile station control signal mapped therein. The base station 

15 make the OFDM symbol having the mobile station control signal mapped therein such that 

the OFDM symbol includes the relay station control signal, and transmits the mobile 

station control signal and the relay station control signal in the same OFDM symbol. As 

described above, when the mobile station control signal and the relay station control signal 

can be mapped in the same OFDM symbol, it is not necessary to define a new transmission 

20 format for the relay station control signal. 

Citation List 

Non-Patent Literature 

[0013] 

25 NPL l 

3GPP RANl #55, Rl-084357, "Efficient support of relaying through MBSFN subframes" 

NPL2 
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3GPP RANl #55, Rl-090222, "Consideration on Resource Allocation for Relay Backhaul 

Link" 

Summary of Invention 

5 Technical Problem 

(0014] However, the above consideration about the frame timing between the base 

station and the relay station is based on the assumption that the frames are synchronized 

between the relay stations, and difference of frame timing between the relay stations is not 

taken into consideration. However, in the TD relay, transmission timing of frames 

10 transmitted from the relay station to the mobile station may be different for each relay 

station. Therefore, a range of OFDM symbols in which the relay station can receive 

OFDM symbols from the base station (which may also be hereinafter referred to as 

"reception range") may be different for each relay station. Further, the reception range is 

different for each relay station due to difference in a propagation delay time caused by 

15 difference of distance between the base station and the relay station. The difference of the 

reception range of the relay station will be hereinafter explained with reference to FIG.3. 

[0015] FIG.3 is a figure illustrating an example of relationship between frame timing of a 

base station and frame timing of a relay station. In FIG.3, #0 to #13 denote OFDM 

symbol numbers, and a sub-frame is constituted by OFDM symbols #0 to #13. 

20 [0016] [Pattern lA] 

Patterns lA and lB of FIG.3 are examples where the frame timing of the base 

station and the frame timing of the relay station are synchronized. The difference 

between pattern lA and pattern lB is difference of a propagation delay time between the 

base station and the relay station. The difference of the propagation delay time will be 

25 explained later. 

[0017] Now, attention is given to pattern lA. After the relay station transmits OFDM 

symbols #0 and #1 to the mobile station, the relay station switches from transmission mode 

5 



to reception mode to receive OFDM symbols #3 to #12. Therefore, while the relay 

station of pattern lA transmits OFDM symbols #0 and #1, the relay station cannot receive 

OFDM symbols #0 and #1 having a control signal mapped therein transmitted from the 

base station. 

5 [0018] In addition, while the relay station switches from the transmission mode to the 

reception mode, the relay station of pattern lA cannot receive OFDM symbol #2 either. 

In addition, while the relay station switches from the reception mode to the transmission 

mode, the relay station cannot receive OFDM symbol #13 due to the propagation delay 

between the base station and the relay station. This is because, in order for the relay 

10 station to transmit OFDM symbol #0 in a subsequent sub-frame while keeping frame 

synchronization with the base station, the relay station needs to switch from the reception 

mode to the transmission mode before the start of the sub-frame, but the relay station does 

not receive OFDM symbol #13 before switching from the reception mode to the 

transmission mode due to the propagation delay. 

15 [0019] [Pattern 2] 

Pattern 2 is an example where the frame timing of the relay station is later than the 

frame timing of the base station. The relay station of pattern 2 transmits OFDM symbols 

#0 and #1. Thereafter, the relay station switches from the transmission mode to the 

reception mode, and receives OFDM symbols #6 to #13. 

20 [0020] [Pattern 3] 

Pattern 3 is an example where the frame timing of the relay station is earlier than 

the frame timing of the base station. The relay station of pattern 3 transmits OFDM 

symbols #0 and #1. Thereafter, the relay station switches from the transmission mode to 

the reception mode, and receives OFDM symbols #0 to #9. 

25 [0021] As described above, the difference of frame timing between the base station and 

the relay station causes difference in the range of OFDM symbols that can be received by 

tbe relay station. 
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[0022] Subsequently, the difference of the reception range of the relay station due to 

difference of a propagation delay time between the base station and the relay station will be 

hereinafter explained. Both of pattern lA and pattern lB show examples where the frame 

timing of the base station is synchronized with the frame timing of the relay station, but 

5 pattern lB shows an example in which the propagation delay from the base station is 

longer than pattern lA. Pattern lB has a longer propagation delay than pattern lA, and 

therefore, in pattern lB, OFDM symbol #2 that cannot be received in pattern lA can be 

received. On the other hand, OFDM symbol #12 that can be received in pattern lA 

cannot be received in pattern lB since OFDM symbol #12 arrives during the switching 

10 from the reception mode to tl1e transmission mode. 

[0023] As described above, not only the difference of frame timing but also the 

difference of the propagation delay time between the base station and the relay station 

causes difference in the OFDM symbol range that can be received by the relay station. 

When there is difference in the receivable range of the OFDM symbol, the base station 

15 needs to define a transmission format for each relay station. 

20 

[0024] The present invention is made in view of the above problems, and it is an object 

of the present invention to provide a transmission method and a base station capable of 

transmitting a control signal for each relay station using a common transmission format in 

a time-division relay. 

Solution to Problem 

[0025] A base station apparatus according to the present invention is a base station 

apparatus applied to a radio communication system in which a time resource used for 

downlink from the base station apparatus to a relay station apparatus and a time resource 

25 used for downlink from the relay station apparatus to a mobile station apparatus covered by 

the relay station apparatus are time-divided within a predetermined period. The base 

station apparatus includes a mapping section, wherein where D denotes a maximum 
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number of symbols in which a control signal for the mobile station apparatus, transmitted 

from the base station apparatus to the mobile station apparatus covered by the base station 

apparatus, is mapped, the mapping section maps a control signal for the relay station 

apparatus in a (D+ 1)-th symbol within the predetermined period, and the base station 

5 apparatus also includes a transmission section for transmitting the mapped control signal to 

the relay station apparatus. 

[0026] A transmission method according to the present invention is a transmission 

method for transmitting a control signal from a base station apparatus to a relay station 

apparatus in a radio communication system in which a time resource used for downlink 

10 from the base station apparatus to the relay station apparatus and a time resource used for 

downlink from the relay station apparatus to a mobile station apparatus covered by the 

relay station apparatus are time-divided within a predetermined period. The transmission 

method includes the steps of, where D denotes a maximum number of symbols in which a 

control signal for the mobile station apparatus, transmitted from the base station apparatus 

15 to the mobile station apparatus covered by the base station apparatus, is mapped, arranging 

a control signal for the relay station apparatus in a (D+ l )-th symbol within the 

predetermined period, and transmitting the mapped control signal to the relay station 

apparatus. 

20 Advantageous Effects of Invention 

[0027] According to the present invention, a control signal for each relay station can be 

transmitted using a common transmission format in a time-division relay. 

Brief Description of Drawings 

25 [0028] 

FIG.1 is a schematic diagram illustrating a radio communication system including 

a relay station; 
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FIG.2 is a figure for illustrating a fake MBSFN; 

FIG.3 is a figure illustrating an example of relationship between frame timing of a 

base station and frame timing of a relay station; 

FlG.4 is a block diagram illustrating a configuration of a base station according to 

5 Embodiment 1 of the present invention; 

10 

FIG.5 is a block diagram illustrating a configuration of a relay station according to 

Embodiment 1; 

FIG.6 is a figure illustrating mapping example #1 in Embodiment 1; 

FIG.7 is a figure illustrating mapping example #2 in Embodiment 1; 

FIG.8 is a figure illustrating mapping example #3 in Embodiment 2 of the present 

embodiment; 

FIG.9 is a block diagram illustrating a configuration of a base station according to 

Embodiment 2; 

FIG. IO is a block diagram illustrating a configuration of a relay station according 

15 to Embodiment 2; 

20 

FIG.11 is a figure illustrating mapping example #4 in Embodiment 2; 

FlG.12 is a figure illustrating mapping example #5 in Embodiment 3 of the 

present invention; 

FIG.13 is a figure illustrating another mapping example in Embodiment 3; 

FIG.14 is a figure illustrating still another mapping example in Embodiment 3; 

FIG .15 is a figure illustrating still another mapping example in Embodiment 3; 

and 

FIG.16 is a figure illustrating still another mapping example in Embodiment 3. 

25 Description of Embodiments 

[0029) Embodiments of the present invention will be hereinafter explained in detail with 

reference to drawings. 
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[0030] As shown in FIG.l, a radio commnnication system in each Embodiment includes 

a base station, a mobile station, and a relay station for repeating a transmission signal from 

the base station to the mobile station. The relay station time-divisionally repeats the 

transmission signal from the base station to the mobile station. In the explanation below, 

5 two-hop repeating will be explained, in which a signal transmitted from the base station to 

the relay station is transmitted by the relay station to the mobile station. It is assumed that 

the radio communication system includes not only a mobile station of the LTE covered by 

the base station but also a mobile station of the LTE-Advanced covered by the relay 

station. 

10 [0031] In the explanation below, control signals mean a PDCCH (Physical Downlink 

Control Channel), a PHICH (Physical Hybrid ARQ Indicator Channel), and a PCFICH 

(Physical Control Format Indicator Channel). These control signals are diffused in a 

frequency axis and transmitted. The mobile station detects control signals addressed to 

the mobile station by performing blind decision on the diffused control signals, and 

15 performs reception processing. 

[0032] The PDCCH is used to notify resource information about downlink, resource 

information about uplink, a transmission power control command of a PUSCH (Physical 

Downlink Shared Channel) or a PUCCH (Physical Uplink Shared Channel). 

[0033] The PDCCH is mapped to 1 to 3 OFDM symbols at the head of a sub-frame in 

20 units of REGs (Resource Element Groups ( =4 REs (Resource Elements) ). It should be 

noted that information about the number of OFDM symbols to which the PDCCH is 

mapped is notified by the PCFICH. The number of OFDM symbols of the control signals 

is determined by the number of OFDM symbols of the PDCCH. Therefore, the number 

of OFDM symbols of the PDCCH notified by the PCFICH is the number of OFDM 

25 symbols of the control signals. However, when the width of the service band is equal to 

or less than 10 RBs, the number of OFDM symbols of the PDCCH is 2 to 4. 

[0034] In the explanation below, the relay station allocates an MBSFN sub-frame for the 
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mobile station covered by the relay station. Since the number of OFDM symbols in 

which the PDCCH for the MBSFN sub-frame is mapped is 1 or 2, the relay station 

transmits 1 or two OFDM symbols to the mobile station as the control signals. In the 

explanation below, for example, the relay station mainly transmits control signals 

5 constituted by two OFDM symbols to the mobile station. 

[0035] (Embodiment 1) 

In the explanation about the present embodiment, a relay station maintaining 

frame synchronization between the base station and the relay station and a relay station not 

maintaining frame synchronization exist in a mixed manner. In the present embodiment, 

10 the base station maps the relay station control signal in a symbol mapped and transmitted 

in proximity to the center of a sub-frame. Therefore, in the TD relay, all the relay stations 

can receive the control signals even when the range of OFDM symbols in which each relay 

station can receive is different. 

[0036] [Configuration of base station] 

i 5 FIG.4 is a block diagram illustrating a configuration of a base station according to 

the present embodiment. 

[0037] Radio reception section 101 receives a signal transmitted from the mobile station 

via an antenna, obtains a modulated signal by performing radio processing such as 

down-conversion, and outputs the resulting modulated signal to signal separation section 

20 102. 

[0038] Signal separation section 102 separates the modulated signal into a data signal and 

a signal representing a reception range of the relay station transmitted from the relay 

station. The reception range of the relay station is a range of the OFDM symbols that the 

relay station can receive within the sub-frame. Then, signal separation section 102 

25 outputs the data signal to demodulating section 103, and outputs a signal representing the 

reception range of the relay station to encoding section 105 and channel mapping section 

108. 
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(0039] Demodulating section 103 demodulates the data signal, obtains a demodulated 

data signal, and outputs the obtained, demodulated data signal to decoding section 104. 

(0040] Decoding section 104 obtains decoded data by decoding the demodulated data 

signal, and outputs the obtained, decoded data to an error determination section, not shown. 

5 [0041 J Encoding section 105 receives the signal representing the reception range of the 

relay station from signal separation section 102, adjusts the number of symbols of a 

transmission signal to be encoded in accordance with the reception range of the relay 

station, encodes the transmission signal to generate an encoded signal, and outputs the 

generated, encoded signal to modulating section 106. 

10 [0042] Modulating section 106 modulates the encoded signal to generate a modulated 

signal, and outputs the generated modulated signal to channel mapping section 108. 

[0043] Control signal generation section 107 generates the mobile station control signal 

and the relay station control signal, and outputs the mobile station control signal and the 

relay station control signal to channel mapping section 108. 

15 [0044 J Channel mapping section 108 maps the mobile station control signal, the relay 

station control signal, the data signal for the mobile station, and the data signal for the relay 

station in a sub-frame, and outputs the mapped, modulated signal to radio transmission 

section 109. It should be noted that channel mapping section 108 maps the data signal for 

the relay station in accordance with the reception range of the relay station. Mapping 

20 examples of channel mapping section 108 will be explained later. 

[0045] Radio transmission section 109 generates a transmission signal by performing 

radio processing such as up-conversion on the modulated signal, and transmits the 

transmission signal from an antenna to the mobile station covered by the base station or to 

the relay station. 

25 [0046] [Configuration of relay station] 

FIG.5 is a block diagram illustrating a configuration of a relay station according to 

the present embodiment. 
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[0047] Radio reception section 201 receives a signal transmitted from the base station via 

an antenna, obtains a modulated signal by performing radio processing such as 

down-conversion, and outputs the resulting modulated signal to signal separation section 

202. 

5 [0048] Signal separation section 202 separates the modulated signal into a data signal and 

a synchronization signal, outputs the data signal to demodulating section 203, and the 

synchronization signal to reception timing detection section 207. 

[0049] Demodulating section 203 demodulates the data signal, obtains a demodulated 

data signal, and outputs the obtained, demodulated data signal to decoding section 204. 

10 [0050] Decoding section 204 obtains decoded data by decoding the demodulated data 

signal, and outputs the obtained, decoded data to an error determination section, not shown, 

and encoding section 205. 

[0051] Encoding section 205 encodes the decoded data output from decoding section 204 

so as to generate an encoded signal, and outputs the encoded signal to modulating section 

15 206. 

[0052] Modulating section 206 modulates the encoded signal to generate a modulated 

signal, and outputs the modulated signal to channel mapping section 211. 

[0053] Reception timing detection section 207 detects reception timing usmg the 

synchronization signal, and outputs the detected reception timing to reception range 

20 calculation section 209. 

[0054 J Transmission timing detection section 208 detects transmission timing of frames 

that are transmitted by the relay station to the mobile station, and outputs the detected 

transmission timing to reception range calculation section 209. 

[0055] Reception range calculation section 209 calculates the range of OFDM symbols 

25 that can be received by the relay station (the reception range of the relay station) from 

difference between the reception timing of the frame transmitted from the base station and 

the transmission timing of the frame of its own station, and outputs information about the 
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reception range of the relay station to demodulating section 203 and control signal 

generation section 210. 

[0056] Control signal generation section 210 generates a base station control signal 

including the information about the reception rauge of the relay station, and outputs the 

5 generated control signal to channel mapping section 211. 

[0057] Channel mapping section 211 maps the mobile station control signal covered by 

the relay station in a sub-frame, and outputs the mapped, modulated signal to radio 

transmission section 212. Further, channel mapping section 211 maps the base station 

control signal in the sub-frame, and outputs the mapped, modulated signal to radio 

1 0 transmission section 212. 

[0058] Radio transmission section 212 generates a transmission signal by performing 

radio processing such as up-conversion on the modulated signal, and transmits the 

transmission signal from an antenna to the mobile station covered by the relay station or to 

the base station. Further, radio transmission section 212 outputs the transmission signal 

15 to transmission timing detection section 208. 

[0059] Subsequently, mapping examples of the relay station control signal and the data 

signal according to the present embodiment will be explained. 

[0060] [Mapping example #1] 

FIG.6 illustrates mapping example #1. In FIG.6, #0 to #13 denote OFDM 

20 symbol numbers within a sub-frame. It should be noted that the suh-frame is divided into 

two slots. The first slot is constituted by OFDM symbols #0 to #6. The second slot is 

constituted by OFDM symbols #7 to #13. 

[0061] On the other hand, RB (Resource Block) #0, RB #1, RB #2 are resource blocks 

allocated to the respective relay stations. In this case, the resource block is a unit of 

25 resource. One resource block is constituted by twelve sub-carriers (frequency direction) x 

1 slot (time direction). F!G.6 shows an example where the base station respectively 

allocates RB #0, RB #1 and RB #2 to the relay stations of pattern lA, pattern 2 and pattern 
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3 as shown in FIG.3. 

(0062] In each of pattern 1, pattern 2 and pattern 3, the range of OFDM symbols in which 

each relay station can receive is different. For example, in pattern lA, the reception range 

of the relay station includes OFDM symbols #3 to #12. In pattern 2, the reception range 

5 of the relay station includes OFDM symbols #6 to #13. In pattern 3, the reception range 

of the relay station includes OFDM symbols #3 to #9. 

(0063] In FIG.6, the control signal (CCH: Control CHannel) mapped in OFDM symbols 

#0 and #1 and #2 is transmitted to the mobile station covered by the base station. As 

described above, in the MBSFN service, while the base station transmits OFDM symbols 

10 #0 and #1, the relay station transmits a signal to the mobile station covered by the relay 

station. Therefore, the relay station cannot receive the control signal mapped in OFDM 

symbols #0 and #1 and #2. 

(0064] For this issue, the present embodiment is configured such that the base station 

maps the relay station control signal in the range of OFDM symbols that can be commonly 

15 received by all the relay stations, and transmits the control signal. For example, in the 

example of FIG.6, the range of OFDM symbols that can be commonly received by all the 

relay stations is OFDM symbols #6 to #9 (black frame in FIG.6), and therefore, the relay 

station control signal is mapped in any one of OFDM symbols #6 to #9. At this occasion, 

an OFDM symbol in proximity to the center of the sub-frame is expected to be included in 

20 the range of OFDM symbols that can be commonly received by all the relay stations. 

FIG.6 is an example where the relay station control signal is mapped in OFDM symbol #7 

in proximity to the center of the sub-frame. 

[0065] As described above, iu mapping example #1, the base station maps the relay 

station control signal iu the OFDM symbol in proximity to the center of the sub-frame. 

25 Therefore, the relay station control signal can be received by all the relay stations with 

different frame timing. At this occasion, the base station makes the relay station control 

signal such that the control signal includes the resource information about the downlink, 
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the resource information about the uplink of the relay station, and the like, and when the 

relay station receives the relay station control signal, the relay station can obtain 

information of the RB allocated to its own station from the received control signal. 

(0066] Further, not only the OFDM symbol having the relay station control signal 

5 mapped therein but also a data signal are mapped by the base station in the range of OFDM 

symbols that can be commonly received by all the relay stations. More specifically, in 

FIG.6, the base station maps the data signal in the OFDM symbols other than OFDM 

symbol #7 having the relay station control signal mapped therein from among the OFDM 

symbols #6 to #9 (black frame in FIG.6). 

10 (0067] In this manner, the relay station control signal and the data signal for the relay 

station are mapped and transmitted in the OFDM symbols that can be commonly received 

by all the relay stations, and there is an advantage in that, whichever relay station the base 

station transmits the signal to, the base station can use the common transmission format 

which does not make the control complicated. 

15 (0068] When the second slot of the snb-frame is constituted by OFDM symbols #7 to #13, 

OFDM symbol #7 having the relay station control signal mapped therein is the head of the 

OFDM symbols of the second slot. The OFDM symbol in proximity to the center of the 

sub-frame is expected to be included in the range of OFDM symbols that can be commonly 

received by all the relay stations, and therefore, when the relay station control signal is 

20 mapped and transmitted in the OFDM symbol at the head of the second slot of the 

sub-frame, all the relay stations can receive the relay station control signal. 

[0069] Scheduling information such as MSC (Modulation Coding Schemes) or RB is 

determined based on a reception result of the reference signal (RS). The LTE maps the 

reference signal (RS) in OFDM symbol #7. Therefore, when the relay station control 

25 signal is mapped and transmitted in the OFDM symbol in which the reference signal (RS) 

is transmitted, the relay station control signal is scheduled in a preferable manner, which 

can improve the reception quality of the relay station control signal. 
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[0070] As described above, in mapping example #1, the base station maps the relay 

station control signal in the OFDM symbol in proximity to the center of the sub-frame. 

Therefore, in the TD relay, all the relay stations can receive the control signals even when 

the range of OFDM symbols in which each relay station can receive is different. The data 

5 signal is mapped in any one of the OFDM symbols in the range of OFDM symbols that can 

be commonly received by all the relay stations. With the above mapping, it is not 

necessary for the base station to change the transmission format for each relay station, and 

the common transmission format can be used. Further, the relay station control signal is 

mapped and transmitted in the OFDM symbol having the reference signal (RS) mapped 

10 therein, so that the reception quality of the relay station control signal can be improved. 

[0071] [Mapping example #2] 

FIG.7 is a figure illustrating mapping example #2. Like mapping example #1, 

mapping example #2 shows an example where the base station respectively allocates RB 

#0, RB #1 and RB #2 to the relay stations of pattern lA, pattern 2 and pattern 3 as shown 

15 in FIG.3. 

[0072] Like mapping example #1, the base station maps and transmits the relay station 

control signal in OFDM symbol #7 to all the relay stations in mapping example #2 as 

shown in FIG.7. In mapping example #1, the data signal for the relay station is mapped in 

the range of OFDM symbols that can be commonly received by all the relay stations. In 

20 mapping example #2, however, the range in which the data signal for the relay station is 

mapped is changed for each relay station. 

[0073] More specifically, the reception range of the relay station of pattern lA is OFDM 

symbols #3 to #12. Accordingly, the base station maps and transmits the data signal for 

the relay station in OFDM symbols #3 to #12. 

25 [0074] The reception range of the relay station of pattern 2 is OFDM symbols #6 to #13. 

According! y, the base station maps and transmits the data signal for the relay station in 

OFDM symbols #6 to #13. 
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[0075] The reception range of the relay station of pattern 3 is OFDM symbols #0 to #9. 

However, a PDCCH for the mobile station is allocated to OFDM symbols #0 to #2, and 

accordingly, the base station maps and transmits the data signal for the relay station in 

OFDM symbols #3 to #9. 

5 [0076] In this configuration, in mapping example #2, the number of OFDM symbols in 

which the data signal for the relay station can be mapped is more than that of mapping 

example #1. More specifically, in mapping example #1, the number of OFDM symbols 

that can be mapped in the data signal for the relay station is three in each of RB #0, RB #1 

and RB #2. In contrast, in mapping example #2, the number of OFDM symbols that can 

10 be mapped in the data signal for the relay station is 9 in RB #0, 7 in RB #1, and 6 in RB #2, 

which improves the efficiency of use of the resources. 

[0077] As described above, in mapping example #2, the base station maps the relay 

station control signal in the OFDM symbol in proximity to the center of the sub-frame, and 

maps the data signal for the relay station in any one of the OFDM symbols in the range of 

15 OFDM symbols that can be received by the relay station. Therefore, the efficiency of use 

of the resources can be improved as compared with mapping example #1. 

[0078] In the explanation above, reception range calculation section 209 of the relay 

station calculates the range of OFDM symbols (the reception range of the relay station) that 

can be received by the relay station, from the difference between the reception timing and 

20 the transmission timing. Alternatively, the reception range of the relay station may be 

calculated using the method below. 

[0079] (1) A case where transmission timing of frames between the base station and the 

relay station is synchronized (synchronization is maintained) The relay station uses a TA 

(Time alignment) signal to calculate the range of OFDM symbols that can be received by 

25 its own station. The TA signal is a signal that is used by the base station so as to notify 

the relay stations of the amount of adjustment of transmission timing of the uplink in 

accordance with propagation delay time between the base station and the relay stations so 
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that the frames transmitted from the relay stations synchronously reach the base station. 

Therefore, the relay station can find the propagation delay time between the base station 

and the relay station from the TA signal, and therefore, can calculate the reception range of 

its own station from the propagation delay time. Likewise, the base station can find the 

5 propagation delay time between the base station and the relay station from the TA signal 

for the relay station, and therefore, can calculate the reception range of the relay station 

from the propagation delay time. 

[0080] (2) A case where transmission timing of frames between the base station and the 

relay station is not synchronized (synchronization is not maintained) The relay station 

1 0 may notify the base station of the difference between the reception timing of the frames 

transmitted from the base station and the transmission timing of the frames of its own 

station, and the base station may calculate the reception range of the relay station from the 

difference between the reception timing and the transmission timing. 

[0081] According to the above methods, the relay station can share, with the base station, 

15 the difference of transmission timing of the frames of the relay station (frame timing) or 

information about the propagation delay time between the base station and the relay station, 

and the base station can calculate the reception range of the relay station for each relay 

station. 

[0082] The base station maps and transmits the relay station control signal and the data 

20 signal in the reception range of the relay station thus calculated. The relay station 

calculates the reception range of its own station according to the above methods and the 

like, and receives the data signal of the RB notified by the relay station control signal. 

[0083] The relay station does not know which RB is allocated to its own station until the 

relay station receives the relay station control signal. Accordingly, the reception signal is 

25 saved in a buffer, and the reception processing is retroactively performed on the reception 

signal after the reception processing is performed on the relay station control signal. 

[0084] (Embodiment 2) 
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In the explanation about the present embodiment, frame synchronization between 

a base station and a relay station is substantially maintained. In the explanation about the 

present embodiment, for example, the mobile station control signal transmitted from the 

base station is mapped in two OFDM symbols. 

5 [0085] [Mapping example #3] 

FIG.8 illustrates mapping example #3. In FIG.8, the relay station of pattern lA 

of FIG.3 is allocated in RB #0, and the relay station of pattern lB of FIG.3 is allocated in 

RB #l. In this example, the relay station of pattern lA and the relay station of pattern lB 

substantial! y maintain frame synchronization with the base station. 

10 [0086] The reception range of the relay station of pattern lA is OFDM symbols #3 to #12. 

The reception range of the relay station of pattern lB is OFDM symbol #2 to #11. At this 

occasion, the range of OFDM symbols that can be commonly received by all the relay 

stations is #3 to #l l. 

[0087] In the present embodiment, the base station maps the relay station control signal 

15 in an OFDM symbol whose OFDM symbol number is the smallest from among the OFDM 

symbols that can be commonly received by all the relay stations. More specifically, in the 

example of FIG.8, the base station maps and transmits the relay station control signal in 

OFDM symbol #3. In this manner the relay station control signal is mapped in OFDM 

symbol #3 of the sub-frame, and therefore, as compared with Embodiment 1, the reception 

20 processing can be started earlier, whereby the delay of reception processing in the relay 

station can be reduced. 

[0088] More specifically, m mappmg example #1 or mappmg example #2 in 

Embodiment 1, the relay station control signal can be mapped in OFDM symbol #7 in 

proximity to the center of the sub-frame, and therefore, the relay station cannot start the 

25 reception processing of the data signal until the relay station receives OFDM symbol #7, 

and it takes a longer delay in processing until the reception processing of the data signal is 

started. 
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[0089] In contrast, when the relay station control signal is mapped in an OFDM symbol 

whose OFDM symbol number is the smallest from among the OFDM symbols that can be 

commonly received by all the relay stations, it takes a shorter delay in processing until the 

reception processing of the data signal is started in the relay station. For example, the 

5 relay station of pattern lA can receive from OFDM symbol #3, and the relay station of 

pattern lB can receive from OFDM symbol #2. Accordingly, when the relay station 

control signal is mapped in OFDM symbol #3 whose OFDM symbol number is the 

smallest from among the OFDM symbols that can be commonly received by the relay 

stations of pattern lA and pattern lB, the relay stations can start the reception processing 

10 of the data signal after OFDM symbol #3 is received. 

[0090] It should be noted that when all the relay stations can receive OFDM symbol #2, 

the control signal can be mapped and transmitted in OFDM symbol #2. However, there is 

a possibility that the mobile station control signal may be mapped and transmitted in 

OFDM symbol #2. Then, it is impossible to determine whether the mobile station control 

15 signal is mapped in OFDM symbol #2 or not until a PCFICH included in OFDM symbol 

#1 is received. Therefore, it is preferable to map the relay station control signal in OFDM 

symbol #3, avoiding OFDM symbol #2. 

[0091] Mapping example #3 as shown in FIG.8 is an example where the mobile station 

control signal transmitted from the base station is in two OFDM symbols, and in this case, 

20 the base station maps the data signal in OFDM symbol #2 for the relay station of pattern 

lB. As described above, the data signal for the relay station is mapped in the OFDM 

symbol in which the mobile station control signal is not mapped in OFDM symbols #0 to 

#2, which improves the efficiency of use of the resources. 

[0092] In order for the relay station to receive the data signal thus mapped, the relay 

25 station needs to know the number of OFDM symbols in which the mobile station control 

signal is mapped. In the LTE, the number of OFDM symbols in which the mobile station 

control signal is mapped is notified by the PCFICH inclnded in OFDM symbol #0. 
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However, while the base station transmits OFDM symbol #0, the relay station transmits a 

signal to the mobile station covered by the relay station, during which time it is difficult to 

receive the PCFICH. Accordingly, the base station makes the relay station control signal 

transmitted in OFDM symbol #3 such that the relay station control signal includes 

5 information representing the number of OFDM symbols in which the mobile station 

control signal is mapped. 

[0093] In this manner, the information representing the number of OFDM symbols in 

which the mobile station control signal is mapped is included and transmitted in the relay 

station control signal mapped and transmitted in OFDM symbol #3, so that the data signal 

10 can be mapped and transmitted in OFDM symbol #2 to the relay station capable of 

receiving OFDM symbol #2, which improves the efficiency of use of the resources. 

(0094] (Configuration of base station] 

FIG.9 is a block diagram illustrating a configuration of a base station according to 

the present embodiment. FIG.9 is an example of configuration of a base station where 

15 frame synchronization between the base station and the relay station is maintained. In 

base station lOOA of FIG.9, constituent portions common to those of base station 100 of 

FIG.4 are denoted with the same reference numerals as those of FIG.4, and description 

thereabout is omitted. 

[0095] Relay station reception range calculation section 110 receives a TA signal, and 

20 uses the TA signal to calculate the range of OFDM symbols in which the relay station can 

receive (reception range). The TA signal is a signal that is used by the base station to 

notify the relay stations of the amount of adjustment of transmission timing of the uplink in 

accordance with propagation delay time between the base station and the relay stations so 

that the frames transmitted from the relay stations synchronously reach the base station. 

25 Therefore, the base station can find the propagation delay time between the base station 

and the relay station from the TA signal for the relay station, and therefore, can calculate 

the reception range of the relay station from the propagation delay time. Relay station 
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reception range calculation section 110 outputs the calculated reception range of the relay 

station to encoding section 105 and channel mapping section 108. 

[0096] [Configuration of relay station] 

FIG.10 is a block diagram illustrating a configuration of a relay station according 

5 to the present embodiment. FIG.10 is an example of configuration of a relay station 

where frame synchronization between the base station and the relay station is maintained. 

In base station 200A of FIG.10, constituent portions common to those of relay station 200 

of FIG.5 are denoted with the same reference numerals as those of FIG.5, and description 

thereabout is omitted. 

10 [0097] Signal separation section 202A separates the modulated signal into a TA signal 

and a data signal, outputs the data signal to demodulating section 203, and the TA signal to 

reception range calculation section 209A. 

[0098] Reception range calculation section 209A receives a TA signal, and uses the TA 

signal to calculate the range of OFDM symbols in which the relay station can receive 

15 (reception range). More specifically, first, reception range calculation section 209A 

calculates the propagation delay time between the base station and the relay station from 

the TA signal, and compares the propagation delay time and a switching time between the 

transmission mode and the reception mode. When the switching time is longer than the 

propagation delay time, the relay station cannot receive OFDM symbol #2, and accordingly, 

20 reception range calculation section 209A chooses OFDM symbol #3 as the head of the 

range of OFDM symbols that can be received by the relay station. On the other hand, 

when the switching time is shorter than the propagation delay time, the relay station can 

receive OFDM symbol #2, and accordingly, reception range calculation section 209A 

chooses OFDM symbol #2 as the head of the range of OFDM symbols that can be received 

25 by the relay station. Further, reception range calculation section 209A calculates the 

number of OFDM symbols included in the propagation delay time, calcnlates a number by 

subtracting the number of OFDM symbols included in the propagation delay time from the 
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OFDM symbol number at the last of the sub-frame (#13), and sets the calculated number as 

the OFDM symbol number at the last of the range of OFDM symbols that can be received 

by the relay station. In this manner, reception range calculation section 209A calculates 

the reception range of the relay station. 

5 [0099] [Mapping example #4] 

FIG.11 illustrates mapping example #4. Mapping example #4 is a modification 

of mapping example #3. Like mapping example #3, mapping example #4 is an example 

where the number of OFDM symbols in which the mobile station control signal is mapped 

is two, and the relay station control signal is mapped in OFDM symbol #3. 

10 [0100] In mapping example #4 of FIG.11, the data signal is mapped in all the OFDM 

symbols of the snb-frame in which the mobile station c.ontrol signal or the relay station 

control signal is not mapped. More specifically, when the mobile station control signal is 

mapped in OFDM symbols #0 and #1, and the relay station control signal is mapped in 

OFDM symbol #3, the data signal is mapped in OFDM symbols #2 and #4 to #13 in 

15 mapping example #4. 

symbol #12 is mapped. 

is mapped. 

However, in OFDM symbol #2, the same data signal as OFDM 

In OFDM symbol #4, the same data signal as OFDM symbol #13 

[0101] That is, the data signal for the relay station is mapped from the head in a forward 

direction from the OFDM symbol immediately after the OFDM symbol in which the 

20 control signal is mapped, and the data signal for the relay station is mapped from the end in 

a backward direction from the OFDM symbol immediately before the OFDM symbol in 

which the control signal is mapped. Therefore, the data signal mapped in the OFDM 

symbols at the rear of the sub-frame is repeatedly mapped in the OFDM symbols in the 

front of the sub-frame. 

25 [0102] When the data signal is thus mapped, not only the relay station of pattern lA 

whose reception range is OFDM symbols #3 to #12 but also the relay station of pattern lB 

whose reception range is OFDM symbols #2 to #11 receive the same data signal regardless 
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of the reception range. Further, the base station can map the data signal in the relay 

station without considering the propagation delay time of each relay station. At this 

occasion, as the number of repetitions within the sub-frame increases, a longer propagation 

delay time can also be supported. 

5 [0103] It should be noted that, in mapping example #4, the head of the data signal (AO, 

BO) is mapped in OFDM symbol #4. In a system in which the reception processing is 

applied to the data signal in order from the head of the data, the reception processing is 

started earlier as the head of the data is received earlier, and this can reduce the amount of 

data stored in a buffer. Therefore, when the data signal is mapped in order from the 

10 OFDM symbol whose number is the smallest among the OFDM symbols that can be 

received by the relay station of pattern lA and the relay station of pattern lB, not only the 

relay station of pattern lA but also the relay station of pattern lB can perform the reception 

processing in shorter times. It shonld be noted that the relay station of pattern lB stores, 

to a buffer, data signal B8 mapped and transmitted in OFDM symbol #2, and starts the 

15 reception processing from data signal BO. 

[ 0104] It should be noted that, when the width of the supported band of the base station is 

equal to or less than 10 RBs, the number of OFDM symbols of the mobile station control 

signal may be four. Therefore, when the band width is equal to or less than 10 RBs, the 

relay station control signal is not mapped in OFDM symbol #3 but mapped in OFDM 

20 symbol #4, so as to ensure that the base station control signal does not overlap the relay 

station control signal regardless of the width of the supported band of the base station. 

[0105] As described above, in the present embodiment, where D represents the maximum 

number of OFDM symbols including the mobile station control signal transmitted from the 

base station to the mobile station covered by the base station, the base station maps the 

25 relay station control signal at the (D+l)-th OFDM symbol within the sub-frame. 

Therefore, all the relay stations can receive the relay station control signal, and can perform 

the reception processing in a shorter time. 
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[0106] When the information representing the number of OFDM symbols in which the 

mobile station control signal is mapped is included and transmitted in the relay station 

control signal, the data signal can be mapped in the OFDM symbol in which the relay 

station control signal is not mapped among the maximum number of OFDM symbols D, 

5 which improves the efficiency of use of the resources. 

[0107] (Embodiment 3) 

In the present embodiment, the range of OFDM symbols within the sub-frame that 

can be received by the relay station is divided into the first half and the latter half, and the 

base station maps the data signal in the first half and the latter half on the basis of the range 

10 of OFDM symbols that can be received by the relay station. 

(0108] [Mapping example #5] 

FIG.12 illustrates mapping example #5. Mapping example #5 as shown in 

FIG.12 is an example where the number of OFDM symbols in which the mobile station 

control signal is mapped is three. In other words, the mobile station control signal is 

15 mapped and transmitted in OFDM symbols #0 to #2. 

[0109] In mapping example #5, OFDM symbols #3 to #13 are divided into the first half 

portion constituted by OFDM symbols #3 to #7 and the latter half portion constituted by 

OFDM symbol #9 to #13, and the base station maps the data signal for the relay station 

either in the first half portion or the latter half portion on the basis of the range of OFDM 

20 symbols that can be received by the relay station. It should be noted that the base station 

maps and transmits the relay station control signal in OFDM symbol #8. Since OFDM 

symbol #8 is located in the center between OFDM symbols #3 to #13, the relay station 

control signal is mapped in OFDM symbol #8. The first half portion is constituted by 

OFDM symbols whose numbers are less than OFDM symbol #8, and the latter half portion 

25 is constituted by OFDM symbols whose numbers are more than OFDM symbol #8, so that 

the relay station can receive the data signal continuously in time. 

[0110] For example, when, as shown in pattern 1 or pattern 3 of FIG.3, the relay station 
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has a relatively short propagation delay time between the base station and the relay station, 

and has the reception range of OFDM symbols #3 to #7, the data signal is mapped in the 

OFDM symbols in the first half portion of RB #0 to RB #2. On the other hand, when, as 

shown in pattern 2, the relay station has a long propagation delay time between the base 

5 station and the relay station, and has the reception range of OFDM symbols #9 to #13, the 

data signal is mapped in the OFDM symbols in the latter half portion of RB #0 to RB #2. 

In this manner, whether the OFDM symbols in the first half of the sub-frame or the OFDM 

symbols in the latter half of the sub-frame are used is determined on the basis of the 

propagation delay time between the base station and the relay station, and therefore, the 

10 resources can be efficiently used. 

(0111] The range of OFDM symbols that can be received by the relay station is 

determined on the basis of the propagation delay time and the transmission timing of the 

frames between the base station and the relay station, and therefore, whether the resource 

in the first half of the sub-frame or the resource in the latter half of the sub-frame are used 

15 is determined on the basis of the propagation delay time and the transmission timing of the 

frames between the base station and the relay station. In other words, when the base 

station and the relay station share the information about the propagation delay time and the 

transmission timing of the frames, the base station and the relay station can share 

information about the resource in which the data signal is mapped. After the information 

20 about the resource in which the data signal is mapped is shared, the relay station can 

receive, continuously in time, the data signal mapped in one of the resource in the first half 

or the resource in the latter half even though the relay station control signal does not 

include any instruction as to whether the resource in the first half is used or the resource in 

the latter half is used. 

25 [0112] When there is a pair of relay stations having different propagation delay times, a 

data signal of one of the relay stations can be mapped in the first half portion of the 

sub-frame, and a data signal of the other of the relay stations can be mapped in the latter 
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half portion of the sub-frame, which improves the efficient use of the resources. 

[0113] As described above, in the present embodiment, the OFDM symbols of the 

sub-frame other than the OFDM symbol in which the mobile station control signal is 

mapped is divided into the first half and the latter half, and the data signal for the relay 

5 station is mapped in either the first half or the latter half on the basis of the reception range 

of the relay station. Therefore, the resources can be efficiently used. Further, the relay 

station can receive the data signal continuously in time, and therefore, the reception 

processing can be completed in a shorter time. 

[0114] It should be noted that dividing process into the first half and the latter half may 

10 be dividing process into the first slot and the second slot constituting the sub-frame. It 

should be noted that the ratio of division between the first half and the latter half may not 

be 1:1. When dividing into the first half and the latter half, the relay station control signal 

may be mapped in the OFDM symbol (for example, OFDM symbol #7) in proximity to the 

center of the sub-frame, like mapping example #1. 

15 [0115] The data signal for the mobile station cannot be mapped in the RB in which the 

relay station control signal is mapped, and therefore, the RB in which the data signal for 

the mobile station can be mapped may be ensured by limiting the RB in which the relay 

station control signal is mapped. For example, FIG.13 is an example where the relay 

station control signal is gathered and mapped in successive RBs (RB #0 to RB #2). 

20 FIG.13 is an example where the relay station control signal is mapped in OFDM symbol #7 

of RB #0 to RB #2. In this configuration, it is easy to continuously allocate the RBs (RB 

#3 to RB #5) to the data signal for the mobile station. FIG.14 is an example where the 

relay station control signal is distributed. FIG.14 is an example where the relay station 

control signal is mapped in OFDM symbol #7 of RB #0, RB #2 and RB #4. This 

25 improves the frequency diversity effect of the relay station control signal. 

[0116] The relay station control signal and the data signal for the relay station may not be 

necessarily mapped in the same RB. For example, even when the relay station control 
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signal is not mapped in an RB, the resource information for the relay station can be 

obtained from the relay station control signal mapped in another RB. In such case, the 

relay station can receive the data signal mapped in the RB in which the relay station control 

signal is not mapped. 

5 [0117] In the above explanation, for example, the number of OFDM symbols of the 

control signals transmitted from the relay station to the mobile station in the fake MBSFN 

sub-frame is two. However, the number of OFDM symbols may be 1. When the 

number of OFDM symbols of the control signal transmitted by the relay station is 1, and 

the number of OFDM symbols of the control signal transmitted by the base station is also 1, 

10 the relay station can increase the number of receivable OFDM symbols by one as shown in 

FIG.15. 

[0118] When the number of OFDM symbols of the control signal transmitted by the relay 

station is 1, and the number of OFDM symbols of the control signal transmitted by the base 

station is also 1, data signal A8 or data signal BS can be mapped in OFDM symbol #1 and 

15 data signal A9 or data signal B9 can be mapped in OFDM symbol #2 by arranging the data 

signal as shown in FIG.15 in accordance with mapping example #4. Not only the relay 

station of pattern lA but also the relay station of pattern lB can increase the number of 

OFDM symbols that can be received from the base station, by 1 OFDM symbol. 

[0119] It should be noted that the present invention can be applied to not only a system 

20 for switching transmission/reception within a sub-frame like the TD relay using the fake 

MBSFN but also a system for performing TD relay by switching the relay station between 

transmission mode and reception mode in units of sub-frames or in units of other 

processing times. In other words, even when reception timing of frames from the base 

station and transmission timing of frames from the relay station are different, the relay 

25 station control signal can be mapped at a position at which all the relay stations can 

commonly receive, and the data signal for the relay station can be mapped at a position at 

which the respective relay stations can receive. In this case, when the relay station can 
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receive the control signal mapped in OFDM symbols #0 to #2 transmitted from the base 

station, the base station may not separately transmit the relay station control signal. 

[0120] The relay station according to each of the above Embodiments may be also 

represented as a relay station, a repeater, a simplicity base station, and a cluster head. 

5 [0121] In the above explanation about the above Embodiments, the antenna is used. 

However, the present invention can also be applied even when the antenna is an antenna 

port. 

[0122] The antenna port includes one or a plurality of physical antennas, and means a 

theoretical antenna. In other words, the antenna port does not necessarily mean one 

10 physical antenna, and may sometimes mean an array antenna and the like including a 

plurality of antennas. 

[0123] For example, 3GPP LTE does not define how many physical antennas constitute 

the antenna port, and defines the antenna port as the minimum unit that the base station can 

transmit different reference signals (RSs). 

15 [0124] Alternatively, the antenna port may be defined as the minimum unit for 

multiplication for weighting of precoding vectors. 

[0125] Also, although cases have been described with the above embodiment as 

examples where the present invention is configured by hardware, the present invention 

can also be realized by software. 

20 [0126] Each function block employed in the description of each of the aforementioned 

embodiments may typically be implemented as an LSI constituted by an integrated circuit. 

"LSI" is adopted here but this may also be referred to as "IC," "system LSI," "super LSJ," 

or "ultra LSI" depending on differing extents of integration. 

[0127] Further, the method of circuit integration is not limited to LSI's, and 

25 implementation using dedicated circuitry or general purpose processors is also possible. 

After LSI manufacture, utilization of a programmable FPGA (Field Programmable Gate 

Array) or a reconfigurable processor where connections and settings of circuit cells within 
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an LSI can be reconfigured is also possible. 

[0128] Further, if integrated circuit technology comes out to replace LSI's as a result of 

the advancement of semiconductor technology or a derivative other technology, it is 

naturally also possible to carry out function block integration using this technology. 

5 Application of biotechnology is also possible. 

[0129] The disclosure of Japanese Patent Application No.2009-017893, filed on January 

29, 2009, including the specification, drawings and abstract, is incorporated herein by 

reference in its entirety. 

10 Industrial Applicability 

15 

(0130] The present invention allows transmission of control signals for respective relay 

station apparatuses using a common transmission format in a time-division relay, and is 

effective as a base station apparatus, a transmission method, and the like for time-division 

relay. 

Reference Signs List 

[0131] 

100, lOOA Base station 

200, 200A Relay station 

20 101, 201 Radio reception section 

102, 202, 202A Signal separation section 

103, 203 Demodulating section 

104, 204 Decoding section 

105, 205 Encoding section 

25 106, 206 Modulating section 

107, 210 Control signal generation section 

108, 211 Channel mapping section 
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109, 212 Radio transmission section 

110 Relay station reception range calculation section 

207 Reception timing detection section 

208 Transmission timing detection section 

5 209, 209A Reception range calculation section 
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Claims 

1. A lJase station apparatus comprising: 

a mapping section configured to map control information for a relay station from 

a base station, to a (D+ 1 )-th symbol in a subframe, wherein D is a maximum number of 

symbols used for transmission of control infonnation for a mobile station from the base 

station; and 

a transmission section configured to transmit, to the relay station, the mapped 

control information. 

2. The base station apparatus according to claim 1, wherein the maximum number 

of symbols is three, and said mapping section maps control information for the relay 

station to a forth symbol in a subframe. 

3. The base station apparatus according to claim 1 or 2, wherein: a bandwidth is 

larger than 10 resource blocks; the maximum number of symbols is three; and said 

mapping section maps control information for the relay station to a forth symbol in a 

subframe. 

4. The base station apparatus according to any of claims 1-3, wherein a subframe is 

comprised of a first slot and a second slot, and said mapping section maps control 

information for the relay station to a forth symbol in the first slot. 

5. The base station apparatus according to any of claims 1-4, wherein said mapping 

section maps data for the relay station to a symbol other than a symbol, to which control 

infonnation for the relay station is mapped. 

6. The base station apparatus according to any of claims 1-5, wherein a subframe is 

comprised of a first slot and a second slot, and said mapping section maps data for the 

relay station to only one of the first slot and the second slot. 
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7. The base station apparatus according to any of claims 1-6, wherein said mapping 

section maps no data for the mobile station in a resource block, which is used for 

transmission of control infonnation for the relay station. 

8. The base station apparatus according to any of claims 1-7, wherein said mapping 

section maps control information for the relay station in a plurality of resource blocks. 

9. The base station apparatus according to claim 8, wherein said mapping section 

maps control infom1ation for the relay station in the plurality of resource blocks, which 

are consecutive in a frequency domain. 

10. The base station apparatus according to claim 8, wherein said mapping section 

maps control information for the relay station in the plurality of resource blocks, which 

are distributed in a frequency domain. 

11. The base station apparatus according to any of claims 1-10, wherein control 

information for the relay station includes resource assignment information in an uplink or 

a downlink. 

12. The base station apparatus according to any of claims 1-11, wherein the subframe 

is configured as a MBSFN subframe by the relay station. 

13. The base station apparatus according to any of claims 1-12, wherein the subframe 

is a timing for transmission from the relay station to a mobile station. 

14. The base station apparatus according to any of claims 1-13, wherein a 

transmission between the base station apparatus and the relay station, and a transmission 

between the relay station and a mobile station are time multiplexed. 
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15. A transmission method comprising: 

mapping control information for a relay station from a base station, to a (D+ 1 )-th 

symbol in a subframe, wherein D is a maximum number of symbols used for 

transmission of control infonnation for a mobile station from the base station; and 

transmitting, to the relay station, tbe mapped control infmmation. 

16. A relay station apparatus comprising: 

a receiving section configured to receive control information, which is mapped to 

a (D+ l )-th symbol in a subframe, wherein D is a maximum number of symbols used for 

transmission of control information for a mobile station from a base station, and 

configured to receive data based on the received control information. 

1 7. 111e relay station apparatus according to claim 16, further comprising a 

transmitting section configured to transmit the received data to a mobile station. 
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