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DESCRIPTION 
 

MOBILE STATION AND BASE STATION APPARATUS 
 
 
 

Technical Field 
 

5 [0001] 
 

The present invention relates to a mobile station 

configured to transmit an uplink shared signal at a first time 

interval instructed by a base station apparatus and to retransmit 

the uplink shared signal at a second time interval allocated 

10 fixedly, and a base station apparatus configured to receive an 

uplink shared signal from a mobile station. 

[0002] 
 

More specifically, the present invention relates to a 

mobile station and a base station apparatus employing the LTE 

15 (Long Term Evolution) scheme. 
 
 
 

Background Art 
 

[0003] 
 

A communication scheme succeeding the WCDMA scheme and 
 

20 the HSDPA scheme, namely, the LTE scheme is discussed by a 

standardization group 3GPP for the WCDMA scheme. 

[0004] 
 

As radio access schemes for the LTE scheme, the OFDMA 

(Orthogonal Frequency Division Multiplexing Access) and the 

25 SC-FDMA (Single-Carrier Frequency Division Multiple Access) are 

used for downlink and uplink, respectively. 

[0005] 
 

The OFDMA is a scheme where a certain frequency band 
 

is divided into narrower frequency bands (subcarriers) and these 
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frequency bands carry data for transmission. According to the 

OFDMA, it is possible to achieve faster transmission and improve 

frequency utilization efficiency by arranging the subcarriers 

in the frequency band so densely that the subcarriers can 

5 partially overlap one another, without having mutual 

interference of the subcarriers. 

[0006] 
 

Meanwhile, the SC-FDMA is a transmission scheme where 

a certain frequency band is divided and thus different frequency 

10 bands are used for transmission among a plurality of mobile 

stations, so that interference among the plurality of mobile 

stations can be reduced. According to the SC-FDMA, it is 

possible to achieve low power consumption and wide coverage for 

the mobile stations, since the SC-FDMA is characterized in that 

15 transmission power varies to a lesser extent. 
 

[0007] 
 

The LTE scheme is a mobile communication system 

configured to perform communication while sharing one or more 

physical channels among the plurality of mobile stations for 

20 both of the uplink and the downlink. The channels shared by 

the plurality of mobile stations are generally referred to as 

shared channels. 

[0008] 
 

In the LTE scheme, a shared channel (a physical channel) 
 

25 of the uplink is referred to as a “physical uplink shared channel 

(PUSCH)”, and a shared channel (a physical channel) of the 

downlink is referred to as a “physical downlink shared channel 

(PDSCH)”. 

[0009] 
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Meanwhile, a shared channel (a transport channel) of 

the uplink is referred to as an “uplink shared channel (UL-SCH)”, 

and a shared channel (a transport channel) of the downlink is 

referred to as a “downlink shared channel (DL-SCH)”. 

5 [0010] 
 

Moreover, in the mobile communication system utilizing 

the above-described shared channels, it is necessary to perform 

signaling for each sub-frame (1 ms in the LTE scheme) to determine 

to which mobile station the above-described shared channels 

10 should be allocated. 
 

[0011] 
 

In general, the above-mentioned sub-frame may also be 

referred to as a “TTI (transmission time interval)”. 

[0012] 
 

15  In the LTE scheme, a control channel used for such 

signaling is referred to as a “physical downlink control channel 

(PDCCH)”. 

[0013] 
 

Note that the above-mentioned PDCCH may also be referred 
 

20 to as a “downlink L1/L2 control channel (DL-L1/L2 control 

channel)” or as “downlink control information (DCI)”. 

[0014] 
 

For example, information transmitted on the physical 

downlink control channel includes “downlink scheduling 

25 information”, an “uplink scheduling grant”, a “transmission 

power control command bit”, and the like. 

[0015] 
 

Meanwhile, a HARQ indicator (ACK (acknowledgement)/NACK 
 

(negative acknowledgement)) concerning an uplink shared signal 
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is transmitted on the downlink via a HARQ indicator channel. 
 

[0016] 
 

As a physical channel, such a HARQ indicator channel 

is a “physical hybrid ARQ indicator channel (PHICH)”. 

5 [0017] 
 

The downlink scheduling information and the uplink 

scheduling grant described above correspond to the information 

for signaling to determine to which mobile station the 

above-described shared channels should be allocated. 

10 [0018] 
 

For example, the above-described downlink scheduling 

information includes “allocation information of a downlink 

resource block”, an “ID of a mobile station UE”, the “number 

of streams”, “information on a precoding vector”, a “data size”, 

15 a “modulation scheme”, “information on HARQ (hybrid automatic 
 

repeat request)”, and the like concerning the downlink shared 

channel. 

[0019] 
 

Note that the above-mentioned downlink scheduling 
 

20 information may also be referred to as “downlink scheduling 

grant” or as “downlink assignment information”. 

[0020] 
 

For example, the above-mentioned uplink scheduling 

grant includes “allocation information of an uplink resource”, 

25 an “ID of a mobile station UE”, a “data size”, a “modulation 
 

scheme”, “uplink transmission power information”, “information 

on a demodulation reference signal of uplink MIMO”, and the like 

concerning the uplink shared channel. 

[0021] 
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Incidentally, the uplink of the LTE scheme applies 

synchronous hybrid automatic repeat request (synchronous HARQ) 

as a scheme of HARQ. 

[0022] 
 

5  That is to say, as shown in Fig. 1, the uplink shared 

signal is retransmitted at a predetermined timing starting from 

a timing of initial transmission, or more specifically, on a 

predetermined cycle through the uplink shared channel. 

[0023] 

10  In Fig. 1, the uplink shared signal is retransmitted 

on a cycle of every eight sub-frames. Here, the uplink shared 

signal may be retransmitted on a cycle other than every eight 

sub-frames. 

[0024] 
 

15  Meanwhile, retransmission of the uplink shared signal 

is instructed from a base station apparatus to the mobile station 

by using the HARQ indicator or the uplink scheduling grant. 

[0025] 
 

When retransmission of the uplink shared signal is 
 

20 instructed by way of the HARQ indicator, the mobile station 

retransmits the uplink shared signal by using the resource block 

and the modulation scheme which are the same as those used in 

a previous transmission. 

[0026] 
 

25  On the other hand, when retransmission of the uplink 

shared signal is instructed by way of the uplink scheduling grant, 

the mobile station retransmits the uplink shared signal by using 

the resource block and the modulation scheme which are specified 

by the uplink scheduling grant. 
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[0027]  
 
The HARQ control on the uplink in the LTE scheme will 

 

be described in more detail by use of Fig. 2. Fig. 2 shows an 

example of HARQ processing on the uplink. 

5 [0028] 
 

As shown in Fig. 2, at reference numeral 202 (a sub-frame 
 

#i) (where i is an integer satisfying i>0), the base station 

apparatus uses the uplink scheduling grant on the physical 

downlink control channel and instructs the mobile station to 

10 perform communication using the uplink shared channel at a 

sub-frame #i+4. 

[0029] 
 

At reference numeral 204 (the sub-frame #i+4), the mobile 

station transmits the uplink shared signal to the base station 

15 apparatus, and the base station apparatus receives the uplink 

shared signal and attempts decoding thereof. 

[0030] 
 

At reference numeral 206 (a sub-frame #i+8), the base 

station apparatus transmits either the HARQ indicator or the 

20 uplink scheduling grant based on a decoding result. 
 

[0031] 
 

To be more precise, the base station apparatus transmits 

a HARQ indicator (ACK), when the decoding result of the uplink 

shared signal is OK. 

25 [0032] 
 

Alternatively, the base station apparatus may newly 

transmit the uplink scheduling grant instructing transmission 

of the uplink shared signal, when data that are supposed to be 

newly transmitted exist in a transmission buffer of the mobile 
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station. 
 

[0033] 
 

On the other hand, when the decoding result of the uplink 

shared signal is NG, the base station apparatus either transmits 

5 a HARQ indicator (NACK) or transmits uplink scheduling grant 

instructing retransmission of the uplink shared signal. 

[0034] 
 

At reference numeral 206 (the sub-frame #i+8), when NACK 
 

is transmitted via the HARQ indicator channel or the uplink 
 

10 scheduling grant instructing retransmission of the uplink 

shared signal is transmitted, the mobile station retransmits 

the uplink shared signal at a sub-frame #i+12 (reference numeral 

208). 
 

[0035] 
 

15  Here, at reference numeral 206 (the sub-frame #i+8), 

when ACK is transmitted via the HARQ indicator channel or when 

the uplink scheduling grant instructing transmission of a new 

uplink shared signal is transmitted, the uplink shared signal 

transmitted at reference numeral 204 is not retransmitted at 

20 the sub-frame #i+12. 
 

[0036] 
 

Meanwhile, generally in the mobile communication system, 

a handover (HO) for changing the base station apparatuses to 

communicate with is executed, when the mobile station moves from 

25 a cell currently performing communication to an adjacent cell. 
 

[0037] 
 

Moreover, prior to the handover, the mobile station 

measures communication quality in the adjacent cell being a 

candidate for a handover destination and reports a measurement 
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result to the base station. 
 

[0038] 
 

For example, such communication quality is assumed to 

include a reception level of a reference signal, a received SINR, 

5 and the like. 
 

[0039] 
 

The report of the measurement to the base station 

apparatus is made in the form of a “measurement report”. 

[0040] 

10  Based on the measurement report, the base station 

apparatus determines that the mobile station should perform the 

handover, and a message instructing the handover is sent to the 

mobile station as a “handover command”. 

[0041] 
 

15  Here, the cell of the handover destination may be not 

only a cell at the same frequency in the same system, but also 

any of a cell at a different frequency in the same system and 

a cell using a different radio access technology (RAT). 

[0042] 

20  The frequency of the cell using the different radio 

access technology is generally a different frequency from that 

of a handover source. Accordingly, the frequency of the cell 

at the handover destination is inevitably different from the 

frequency of the cell of the handover source. 

25 [0043] 
 

Fig. 3 schematically shows how the handover is performed 

between the cells of the different frequencies. Fig. 3 shows 

a mobile communication system employing the LTE scheme including 

a mobile communication system using a first frequency f1 and 
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a mobile communication system using a second frequency f2, and 

a mobile communication system employing the WCDMA scheme using 

a third frequency f3 which is different from the frequencies 

f1 and f2. 

5 [0044] 
 

Incidentally, the mobile station generally includes 

only one radio signal processor unit and is therefore unable 

to perform transmission and reception of signals having 

different frequencies at the same time. For this reason, it 

10 is necessary to tune a reception frequency again when performing 

measurement in a cell using a different frequency (a different 

frequency cell) from a frequency of an active cell (a serving 

cell). 

[0045] 
 

15  Accordingly, the base station apparatus notifies the 

mobile station of a gap period for the measurement, and thus 

the mobile station performs the measurement in the different 

frequency cell within the gap period. 

[0046] 
 

20  To be more precise, the base station apparatus notifies 

the mobile station of a “length of the gap period”, a “cycle 

of coming of the gap period”, the “frequency of the different 

frequency cell”, and the like, in accordance with RRC measurement 

control, and the mobile station performs the measurement in the 

25 different frequency cell (including processing to change the 
 

frequency, to catch the synchronization channel, to measure 

quality and so forth) within the specified gap period, for 

example. 

[0047] 
 

 
 

9 



JNTTD-504-PCT 
 
 
 
 
 

The above-mentioned gap period may also be referred to 

as a gap term, for example. Fig. 4 shows an image diagram of 

such a gap term. In Fig. 4, a gap term having a length of “6 

ms” is set up on a 40-ms cycle. 

5 [0048] 
 

It should be noted that “different frequency 

measurement” in this specification is a concept which includes 

not only actions to search a cell of a different frequency and 

to measure communication quality in the cell but also actions 

10 to search a cell of a different RAT and to measure communication 

quality in the cell. 

[0049] 
 

As described previously, the mobile station performs 

the different frequency measurement in the gap period. As a 

15 consequence, the mobile station cannot perform communication 
 

with the base station apparatus in the active cell (the serving 

cell) within the above-described gap period. 

[0050] 
 

In the following, the HARQ control on the uplink in the 
 

20 case of presence of the above-described gap period will be 

described by using Fig. 5. 

[0051] 
 

In Fig. 5, the gap period is defined from a sub-frame 
 

#i+1 to a sub-frame #i+6. That is, a sub-frame (#i+4) for 
 

25 transmitting the uplink shared signal is included in the gap 

period. 

[0052] 
 

In this case, even when the base station apparatus 
 

instructs the mobile station at reference numeral 502 (a 
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sub-frame #i) by way of the uplink scheduling grant on the 

physical downlink control channel to perform communication by 

using the uplink shared channel at the sub-frame #i+4, the mobile 

station cannot perform transmission of the uplink shared signal 

5 at reference numeral 504. 
 

[0053] 
 

That is, the mobile station skips transmission of the 

uplink shared signal at reference numeral 504. In this case, 

the mobile station is suggested to perform retransmission of 

10 the uplink shared signal at reference numeral 508. 
 

[0054] 
 

Here, transmission of the uplink shared signal at 

reference numeral 508 is virtually a first transmission but is 

also a second transmission, in terms of the number of times of 

15 HARQ transmission. 
 

[0055] 
 

However, the HARQ control method on the uplink when the 

above-described gap period is present involves the following 

problems. 

20 [0056] 
 

First, as shown in Fig. 6, the control method when the 

above-described gap period includes a sub-frame (reference 

numeral 606) for transmitting either the HARQ indicator 

concerning the uplink shared signal or the uplink scheduling 

25 grant for instructing retransmission although the gap period 
 

does not include a sub-frame (reference numeral 604) for 

transmitting the uplink shared signal is yet to be clarified. 

[0057] 
 

Second, as shown in Fig. 7, the control method when the 
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above-described gap period includes both of the sub-frame 

(reference numeral 604) for transmitting the uplink shared 

signal and the sub-frame (reference numeral 606) for 

transmitting either the HARQ indicator concerning the uplink 

5 shared signal or the uplink scheduling grant for instructing 
 

retransmission is yet to be clarified. 
 
 
 

Disclosure of the Invention 
 

[0058] 
 

10  The present invention is therefore made in view of the 

foregoing problems and an object thereof is to provide a mobile 

station and a base station apparatus which are capable of 

realizing efficient and robust HARQ control concerning a HARQ 

control method on an uplink in the case where a gap period is 

15 present. 
 

[0059] 
 

A first aspect of the present invention is summarized 

as a mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

20 apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, including: a first receiver 

unit configured to receive a first downlink control signal 

instructing the first time interval; a transmitter unit 

configured to transmit the uplink shared signal at the first 

25 time interval based on the first downlink control signal; a 
 

second receiver unit configured to receive a second downlink 

control signal at a third time interval allocated fixedly; and 

a retransmitter unit configured to retransmit the uplink shared 

signal at the second time interval based on the second downlink 
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control signal; wherein when the third time interval overlaps 

a time interval for measurement by the mobile station, the 

transmitter unit is configured to transmit the uplink shared 

signal at the first time interval and the retransmitter unit 

5 is configured not to retransmit the uplink shared signal at the 

second time interval. 

[0060] 
 

A second aspect of the present invention is summarized 

as a mobile station configured to transmit an uplink shared 

10 signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, including: a first receiver 

unit configured to receive a first downlink control signal 

instructing the first time interval; a transmitter unit 

15 configured to transmit the uplink shared signal at the first 
 

time interval based on the first downlink control signal; a 

second receiver unit configured to receive a second downlink 

control signal at a third time interval allocated fixedly; and 

a retransmitter unit configured to retransmit the uplink shared 

20 signal at the second time interval based on the second downlink 

control signal; wherein when the third time interval overlaps 

a time interval for measurement by the mobile station, the 

transmitter unit is configured not to transmit the uplink shared 

signal at the first time interval and the retransmitter unit 

25 is configured to retransmit the uplink shared signal at the 
 

second time interval irrespective of whether or not the second 

downlink control signal is received. 

[0061] 
 

A third aspect of the present invention is summarized 
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as a mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, including: a first receiver 

5 unit configured to receive a first downlink control signal 
 

instructing the first time interval; a transmitter unit 

configured to transmit the uplink shared signal at the first 

time interval based on the first downlink control signal; a 

second receiver unit configured to receive a second downlink 

10 control signal at a third time interval allocated fixedly; and 

a retransmitter unit configured to retransmit the uplink shared 

signal at the second time interval based on the second downlink 

control signal; wherein when the third time interval overlaps 

a time interval for measurement by the mobile station, the 

15 transmitter unit is configured not to transmit the uplink shared 
 

signal at the first time interval and the retransmitter unit 

is configured not to retransmit the uplink shared signal at the 

second time interval. 

[0062] 
 

20  A fourth aspect of the present invention is summarized 

as a mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, including: a first receiver 

25 unit configured to receive a first downlink control signal 
 

instructing the first time interval; a transmitter unit 

configured to transmit the uplink shared signal at the first 

time interval based on the first downlink control signal; a 

second receiver unit configured to receive a second downlink 
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control signal at a third time interval allocated fixedly; and 

a retransmitter unit configured to retransmit the uplink shared 

signal at the second time interval based on the second downlink 

control signal; wherein when the first time interval overlaps 

5 a time interval for measurement by the mobile station, the 
 

retransmitter unit is configured not to transmit the uplink 

shared signal at the second time interval. 

[0063] 
 

In the first, third and fourth aspects of the present 
 

10 invention, the retransmitter unit can be configured to 

retransmit the uplink shared signal at a time interval instructed 

by a third downlink control signal, when receiving the third 

downlink control signal. 

[0064] 
 

15  Here, the third downlink control signal can be uplink 

scheduling grant instructing retransmission. 

[0065] 
 

In the first to fourth aspects of the present invention, 

the first downlink control signal can be uplink scheduling grant; 

20 and the second downlink control signal can be any of uplink 

scheduling grant instructing retransmission and a HARQ 

indicator. 

[0066] 
 

In the first to fourth aspects of the present invention, 
 

25 the time interval for measurement can be a time interval for 

measuring received quality at any of an adjacent cell of an 

identical frequency, an adjacent cell of a different frequency, 

and an adjacent cell in a different system. 

[0067] 
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A fifth aspect of the present invention is summarized 

as a base station apparatus configured to receive an uplink 

shared signal from a mobile station, including: a first 

transmitter unit configured to transmit a first downlink control 

5 signal to the mobile station, the first downlink control signal 
 

instructing a first time interval for transmitting an uplink 

shared signal; a first receiver unit configured to receive the 

uplink shared signal transmitted by the mobile station at the 

first time interval based on the first downlink control signal; 

10 a second transmitter unit configured to transmit a second 

downlink control signal at a third time interval allocated 

fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink shared 

signal at the second time interval, the uplink shared signal 

15 being retransmitted by the mobile station based on the second 
 

downlink control signal; wherein when the third time interval 

overlaps a time interval for measurement by the mobile station, 

the first receiver unit is configured to receive the uplink 

shared signal at the first time interval, the second transmitter 

20 unit is configured not to transmit the second downlink control 

signal at the third time interval, and the second receiver unit 

is configured not to receive the uplink shared signal at the 

second time interval. 

[0068] 
 

25  In the fifth aspect of the present invention, when the 

first receiver unit fails to receive the uplink shared signal 

at the first time interval, the second transmitter unit can be 

configured to transmit a third downlink control signal at a time 

interval not overlapping the time interval for measurement by 
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the mobile station, and the second receiver unit can be 

configured to receive the uplink shared signal retransmitted 

by the mobile station based on the third downlink control signal 

at the time interval instructed by the third downlink control 

5 signal. 
 

[0069] 
 

A sixth aspect of the present invention is summarized 

as a base station apparatus configured to receive an uplink 

shared signal from a mobile station, including: a first 

10 transmitter unit configured to transmit a first downlink control 

signal to the mobile station, the first downlink control signal 

instructing a first time interval for transmitting an uplink 

shared signal; a first receiver unit configured to receive the 

uplink shared signal transmitted by the mobile station at the 

15 first time interval based on the first downlink control signal; 
 

a second transmitter unit configured to transmit a second 

downlink control signal at a third time interval allocated 

fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink shared 

20 signal at the second time interval, the uplink shared signal 

being retransmitted by the mobile station based on the second 

downlink control signal; wherein when the first time interval 

overlaps a time interval for measurement by the mobile station, 

the first receiver unit is configured not to receive the uplink 

25 shared signal at the first time interval, the second transmitter 
 

unit is configured not to transmit the second downlink control 

signal at the third time interval, and the second receiver unit 

is configured not to receive the uplink shared signal at the 

second time interval. 
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[0070]  
 
A seventh aspect of the present invention is summarized 

 

as a mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

5 apparatus and to retransmit the uplink shared signal at a second 
 

time interval allocated fixedly, including: a first receiver 

unit configured to receive a first downlink control signal 

instructing the first time interval; a transmitter unit 

configured to transmit the uplink shared signal at the first 

10 time interval based on the first downlink control signal; a 

second receiver unit configured to receive a second downlink 

control signal at a third time interval allocated fixedly; and 

a retransmitter unit configured to retransmit the uplink shared 

signal at the second time interval based on the second downlink 

15 control signal, wherein when the third time interval overlaps 
 

a time interval for measurement by the mobile station, the second 

receiver unit is configured to presume that an acknowledgement 

response is received as information on the second downlink 

control signal. 

20 [0071] 
 

A eighth aspect of the present invention is summarized 

as a base station apparatus configured to receive an uplink 

shared signal from a mobile station, including: a first 

transmitter unit configured to transmit a first downlink control 

25 signal to the mobile station, the first downlink control signal 
 

instructing a first time interval for transmitting an uplink 

shared signal; a first receiver unit configured to receive the 

uplink shared signal transmitted by the mobile station based 

on the first downlink control signal at the first time interval; 
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a second transmitter unit configured to transmit a second 

downlink control signal at a third time interval allocated 

fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink shared 

5 signal at the second time interval, the uplink shared signal 
 

being retransmitted by the mobile station based on the second 

downlink control signal; wherein when the third time interval 

overlaps a time interval for measurement by the mobile station, 

the second transmitter unit is configured to presume that an 

10 acknowledgement response is transmitted as information on the 

second downlink control signal. 
 

 
 
 
 

Brief Description of the Drawings 
 

15 [0072] 
 

[Fig. 1] Fig. 1 is a view showing how an uplink shared 

channel signal is retransmitted in a mobile communication system 

employing a LTE scheme. 

[Fig. 2] Fig. 2 is a view for explaining HARQ 
 

20 retransmission control in the mobile communication system 

employing the LTE scheme. 

[Fig. 3] Fig. 3 is a view for explaining handover control 

between different frequency cells. 

[Fig. 4] Fig. 4 is a view for explaining a gap period in 
 

25 the handover control between different frequency cells. 

[Fig. 5] Fig. 5 is a view for explaining HARQ 

retransmission control in a mobile communication system in which 

the gap period is present. 

[Fig. 6] Fig. 6 is a view for explaining a problem of the 
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HARQ retransmission control in the mobile communication system 

in which the gap period is present. 

[Fig. 7] Fig. 7 is a view for explaining another problem 
 

of the HARQ retransmission control in the mobile communication 
 

5 system in which the gap period is present. 
 

[Fig. 8] Fig. 8 is an overall configuration diagram of 

a mobile communication system according to a first embodiment 

of the present invention. 

[Fig. 9] Fig. 9 is a functional block diagram of a mobile 
 

10 station according to the first embodiment of the present 

invention. 

[Fig. 10] Fig. 10 is a functional block diagram of a base 

station apparatus according to the first embodiment of the 

present invention. 

15 [Fig. 11] Fig. 11 is a view for explaining an operation 
 

(Pattern 1) of the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 12] Fig. 12 is another view for explaining the 

operation (Pattern 1) of the mobile communication system 

20 according to the first embodiment of the present invention. 

[Fig. 13] Fig. 13 is a view for explaining an operation 

(Pattern 2) of the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 14] Fig. 14 is another view for explaining the 
 

25 operation (Pattern 2) of the mobile communication system 

according to the first embodiment of the present invention. 

[Fig. 15] Fig. 15 is a view for explaining an operation 

(Pattern 3) of the mobile communication system according to the 

first embodiment of the present invention. 
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[Fig. 16] Fig. 16 is another view for explaining the 

operation (Pattern 3) of the mobile communication system 

according to the first embodiment of the present invention. 

[Fig. 17] Fig. 17 is a view for explaining an operation 

5 (Pattern 4) of the mobile communication system according to the 
 

first embodiment of the present invention. 
 

[Fig. 18] Fig. 18 is a view for explaining an operation 

(Pattern 5) of the mobile communication system according to the 

first embodiment of the present invention. 

10 [Fig. 19] Fig. 19 is a view for explaining an operation 

(Pattern 6) of the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 20] Fig. 20 is a view for explaining an operation 
 

(Pattern 7) of the mobile communication system according to the 
 

15 first embodiment of the present invention. 
 

[Fig. 21] Fig. 21 is a view for explaining an operation 

(Pattern 8) of the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 22] Fig. 22 is a view for explaining an operation 
 

20 (Pattern 9) of the mobile communication system according to the 

first embodiment of the present invention. 

[Fig. 23] Fig. 23 is a view for explaining an operation 

(Pattern 10) of the mobile communication system according to 

the first embodiment of the present invention. 

25 [Fig. 24] Fig. 24 is a view for explaining an operation 

(Pattern 11) of the mobile communication system according to 

the first embodiment of the present invention. 
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Best Modes for Carrying Out the Invention 
 

[0073] 
 

(Configuration of Mobile Communication System according to 
 

First Embodiment of Present Invention) 
 

5  A configuration of a mobile communication system 

according to a first embodiment of the present invention will 

be described with reference to Fig. 8. A mobile communication 

system  1000 according  to  this embodiment is a mobile 

communication system employing the LTE scheme, for example, 

10 which includes a plurality of mobile stations 1001 to 100n, a 

base station apparatus 200 configured to perform communication 

with the plurality of mobile stations 1001 to 100n by using a 

shared channel, and an access gateway apparatus (an upper 

station) 300 connected to the base station apparatus 200 and 

15 to a core network 400. The access gateway apparatus may also 
 

be referred to as a MME/SGW (mobility management entity / serving 

gateway). 

[0074] 
 

Note that the above-mentioned LTE scheme may also be 
 

20 referred to as the “evolved UTRA and UTRAN”, or “super 3G” scheme. 
 

Here, the plurality of mobile stations 1001 to 100n are 

configured to perform communication in a cell 50, with the base 

station apparatus 200, in accordance with the LTE scheme. In 

the following, the mobile stations 1001, 1002, 1003, …, and 100n 

25 have the same configuration, the same function, and the same 
 

condition and will therefore be described as the mobile station 

100 unless otherwise specified. 

[0075] 
 

The mobile communication system 1000 is configured to 
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use, as a radio access scheme, the OFDM (orthogonal frequency 

division multiplexing) for a downlink and the SC-FDMA 

(single-carrier frequency division multiple access) for an 

uplink. 

5 [0076] 
 

Here, communication channels in the LTE scheme will be 

described. 

[0077] 
 

The downlink employs a “physical downlink shared channel 
 

10 (PDSCH)” to be shared and used by the mobile stations 100 and 

a “physical downlink control channel (PDCCH)”. 

[0078] 
 

On the downlink, information on a user or information 

on a transport format to be mapped on the physical downlink shared 

15 channel is notified by downlink scheduling information to be 
 

mapped in the above-described PDCCH, and information on the user 

or information on the transport format to be mapped on an physical 

uplink shared channel is notified by uplink scheduling grant 

to be mapped in the PDCCH. 

20 [0079] 
 

Meanwhile, user data are transmitted by the physical 

downlink shared channel. Note that DL-SCH is transmitted as 

a transport channel by the physical downlink shared channel. 

[0080] 

25 Moreover, a HARQ indicator concerning an uplink shared 
 

signal is transmitted on the downlink via a HARQ indicator 

channel. The HARQ indicator channel is a “physical hybrid ARQ 

indicator channel (PHICH)” as a physical channel. 

[0081] 
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Information to be notified by using the HARQ indicator 

may be “ACK: acknowledgement” which is an affirmative 

response, or may be “NACK: negative acknowledgement” which 

is a negative response. 

5 [0082] 
 

The uplink employs a “physical uplink shared channel 

(PUSCH)” to be shared and used by the mobile stations 100 and 

an uplink control channel for the LTE scheme. 

[0083] 
 

10  Note that the uplink control channel has two types, 

namely, a channel to be time-multiplexed with the physical uplink 

shared channel and a channel to be frequency-multiplexed with 

the physical uplink shared channel. 

[0084] 
 

15  On the uplink, downlink quality information (CQI: 

channel quality information) to be used for scheduling of the 

physical uplink shared channel on the downlink or to be used 

for an adaptive modulation and coding scheme (AMCS), and 

transmission acknowledgment information (HARQ ACK information) 

20 of the physical downlink shared channel are transmitted by the 

uplink control channel for the LTE mode. 

[0085] 
 

Meanwhile, the user data are transmitted by the physical 

uplink shared channel. Note that UL-SCH is transmitted as a 

25 transport channel by the physical uplink shared channel. 
 

[0086] 
 

As shown in Fig. 9, the mobile station 100 according 

to this embodiment includes a transmission reception antenna 

101, an amplifier/receiver unit 102, a L1 receiver unit 103, 
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a MAC processor unit (DL) 104, a RLC/PDCP processor unit (DL) 
 

105, an application 106, a call processor/measurement unit 107, 

an amplifier/transmitter unit 108, a L1 transmitter unit 109, 

a MAC processor unit (UL)/UL-HARQ controller unit 110, and a 

5 RLC/PDCP processor unit (UL) 111. 
 

[0087] 
 

Specifically, the MAC processor unit (DL) 104 is 

configured to receive a first downlink control signal (uplink 

scheduling grant instructing initial transmission) instructing 

10 a first time interval (a first period) from the base station 

apparatus. 

[0088] 
 

Moreover, the MAC processor unit (DL) 104 is configured 

to receive a second downlink control signal (uplink scheduling 

15 grant instructing retransmission or a HARQ indicator) from the 
 

base station apparatus at a third time interval which is 

allocated fixedly. 

[0089] 
 

Further, the MAC processor unit (DL) 104 is configured 
 

20 to receive a third downlink control signal (uplink scheduling 

grant instructing retransmission) from the base station 

apparatus. 

[0090] 
 

Here, the MAC processor unit (UL)/UL-HARQ controller 
 

25 unit 110 is configured to transmit an uplink shared signal at 

the first time interval instructed by the base station apparatus 

200 and to retransmit the uplink shared signal at a second time 

interval which is allocated fixedly. 

[0091] 
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Specifically, the MAC processor unit (UL)/UL-HARQ 

controller unit 110 is configured to transmit the uplink shared 

signal at the first time interval based on the first downlink 

control signal which is received by the MAC processor unit (DL) 

5 104. 
 

[0092] 
 

Moreover, the MAC processor unit (UL)/UL-HARQ 

controller unit 110 is configured to retransmit the uplink shared 

signal at the second time interval based on the second downlink 

10 control signal which is received by the MAC processor unit (DL) 

104. 

[0093] 
 

Further, the MAC processor unit (UL)/UL-HARQ controller 

unit 110 is configured to retransmit the uplink shared signal 

15 at a time interval instructed by the third downlink control 

signal which is received by the MAC processor unit (DL) 104. 

[0094] 
 

As shown in Fig. 10, the base station apparatus 200 

according to this embodiment includes a transmission reception 

20 antenna 201A, an amplifier/receiver unit 201, a L1 receiver unit 
 

202, a MAC processor unit (UL)/UL-HARQ controller unit 203, a 

RLC/PDCP processor unit (UL) 204, a transmission channel 

interface 205, a call processor unit/measurement unit 206, 

a RLC/PDCP processor unit (DL) 207, a MAC processor 

25 unit (DL) 208, a L1 transmitter unit 209, and an amplifier 

unit/transmitter unit 210. 

[0095] 
 

Here, the MAC processor unit (UL)/UL-HARQ controller 
 

unit 203 is configured to receive the uplink shared signal from 
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the mobile station 100. 
 

[0096] 
 

Specifically, the MAC processor unit (UL)/UL-HARQ 
 

controller unit 203 is configured to receive the uplink shared 
 

5 signal at the first time interval, which is transmitted by the 

mobile station 100 based on the first downlink control signal. 

[0097] 
 

Moreover, the MAC processor unit (UL)/UL-HARQ 
 

controller unit 203 is configured to receive the uplink shared 
 

10 signal at the second time interval, which is retransmitted by 

the mobile station 100 based on the second downlink control 

signal. 

[0098] 
 

The MAC processor unit (DL) 208 is configured to transmit 
 

15 the first downlink control signal, which instructs the first 

time interval for transmitting the uplink shared signal, to the 

mobile station 100. 

[0099] 
 

Moreover, the MAC processor unit (DL) 208 is configured 
 

20 to transmit the second downlink control signal at the third time 

interval, which is allocated fixedly, based on a result of 

reception by the MAC processor unit (UL)/UL-HARQ controller unit 

203. 
 

[0100] 
 

25 (Operations of Mobile Communication System according to First 
 

Embodiment of Present Invention) 
 

Hereinbelow, with reference to Fig. 11 to Fig. 22, 

description will be given of concrete operations of HARQ control 

on the uplink to be executed by the mobile communication system 
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according to the first embodiment of the present invention. 

[0101] 

<Pattern 1> 
 

Pattern 1 of the HARQ control will be described with 
 

5 reference to Fig. 11. Pattern 1 of the HARQ control is the HARQ 

control applicable to the case where the first time interval 

does not overlap a gap period (a time interval (a measurement 

gap) for measurement by the mobile station 100) but the third 

time interval overlaps the gap period. 

10 [0102] 
 

Here, the gap period (a measurement gap period) is the 

time interval for measuring reception quality of an adjacent 

cell of the same frequency, an adjacent cell of a different 

frequency or an adjacent cell in a different system. 

15 [0103] 
 

In this case, the mobile station 100 is configured to 

transmit the uplink shared signal at the first time interval 

(reference numeral 904A in Fig. 11, a sub-frame #i+4) and not 

to retransmit the uplink shared signal at the second time 

20 interval (reference numeral 908A in Fig. 11, a sub-frame #i+12). 
 

[0104] 
 

Moreover, when the third downlink control signal is 

received (reference numeral 910A in Fig. 11, a sub-frame #i+16), 

the mobile station 100 is configured to retransmit the uplink 

25 shared signal at a time interval (reference numeral 912A, a 
 

sub-frame #i+20) instructed by the third downlink control 

signal. 

[0105] 
 

Meanwhile, the base station apparatus 200 is configured 
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to receive the uplink shared signal at the first time interval 

(reference numeral 904A in Fig. 11, the sub-frame #i+4), not 

to transmit the second downlink control signal at the third time 

interval (reference numeral 906A in Fig. 11, a sub-frame #i+8), 

5 and not to receive the uplink shared signal at the second time 
 

interval (reference numeral 908A in Fig. 11, the sub-frame 

#i+12). 

[0106] 
 

Hereinbelow, with reference to Fig. 11, description will 
 

10 be given of concrete operations of the base station apparatus 
 

200 and the mobile station 100 in the case where the gap period 

does not include the sub-frame for transmitting the uplink shared 

signal but includes the sub-frame for transmitting the HARQ 

indicator concerning the uplink shared signal or the uplink 

15 scheduling grant instructing retransmission, and where a 
 

decoding result of the uplink shared signal (a decoding result 

at reference numeral 904A) is NG. 

[0107] 
 

At reference numeral 902A (a sub-frame #i) (where i is 
 

20 an integer satisfying i>0), the base station apparatus 200 uses 

the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 

communication using the uplink shared channel at the sub-frame 

#i+4. 
 

25 [0108] 
 

At reference numeral 904A (the sub-frame #i+4), the 

mobile station 100 transmits the uplink shared signal to the 

base station apparatus 200 via the uplink shared channel, and 

the base station apparatus 200 receives the uplink shared signal 
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and decodes the uplink shared signal. In the example in Fig. 

11, the decoding result is assumed to be NG. 

[0109] 
 

At reference numeral 906A (the sub-frame #i+8), the base 
 

5 station apparatus 200 transmits neither the HARQ indicator nor 

the uplink scheduling grant to the mobile station 100. 

[0110] 
 

This is because the sub-frame #i+8 is included in the 

gap period of the mobile station 100 and the mobile station 100 

10 cannot receive the HARQ indicator or the uplink scheduling grant 

even if the HARQ indicator or the uplink scheduling grant is 

transmitted. 

[0111] 
 

At reference numeral 908A (the sub-frame #i+12), the 
 

15 mobile station 100 does not retransmit the uplink shared signal 

which was transmitted at reference numeral 904A. 

[0112] 
 

In this case, the mobile station 100 may be deemed to 

be notified of ACK via the HARQ indicator channel at reference 

20 numeral 906A. Specifically, at reference numeral 906A, the 

mobile station 100 performs an operation which is similar to 

the case of being notified of ACK via the HARQ indicator channel. 

[0113] 
 

Meanwhile, at reference numeral 908A, the base station 
 

25 apparatus 200 also assumes that the uplink shared signal is not 

retransmitted and hence does not perform decoding processing 

of the uplink shared signal. 

[0114] 
 

At a sub-frame (a time interval) not overlapping the 
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gap period, for example, at reference numeral 910A (the sub-frame 
 

#i+16), the base station apparatus 200 instructs the mobile 

station 100 to perform retransmission of the uplink shared signal, 

which was transmitted at reference numeral 904A, by using the 

5 uplink scheduling grant on the physical downlink control channel 

at the sub-frame #i+20. 

[0115] 
 

At reference numeral 912A (the sub-frame #i+20), the 

mobile station 100 retransmits the uplink shared signal, which 

10 was transmitted at reference numeral 904A, to the base station 

apparatus 200, and the base station apparatus 200 receives the 

retransmitted uplink shared signal and performs decoding. 

[0116] 
 

Although the base station apparatus 200 transmits the 
 

15 uplink scheduling grant to the mobile station 100 at reference 

numeral 910A in the above-described example, the base station 

apparatus 200 does not have to transmit the uplink scheduling 

grant to the mobile station 100 at reference numeral 910A. 

[0117] 

20  For example, when there are no radio resources for 

transmitting the uplink scheduling grant or when there are no 

radio resources for retransmitting the uplink shared signal, 

the base station apparatus 200 does not have to transmit the 

uplink scheduling grant to the mobile station 100. 

25 [0118] 
 

In this case, the mobile station 100 does not perform 

retransmission of the uplink shared signal at reference numeral 

912A which was transmitted at reference numeral 904A. This is 
 

the same operation as the case where ACK was transmitted via 
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the HARQ indicator channel at reference numeral 906A (which is 

the same operation as reference numerals 910B and 912B). 

[0119] 
 

In this case as well, if the uplink scheduling grant 
 

5 instructing retransmission of the uplink shared signal, which 

was transmitted at reference numeral 904A, is further 

transmitted at a subsequent retransmission timing, for example, 

at a sub-frame #i+24, then the mobile station 100 may perform 

retransmission of the uplink shared signal at a sub-frame #i+28, 

10 which was transmitted at reference numeral 904A. 
 

[0120] 
 

Here, the above-described processing may also be applied 

to the case where both of the third time interval and the second 

time interval overlap the gap period as shown in Fig. 12. In 

15 this processing, a major problem does not occur as the uplink 
 

shared signal is not transmitted or received at the second time 

interval (reference numeral 908A in Fig. 12, a sub-frame #i+12). 

Moreover, it is possible to obtain a similar effect to the case 

in Fig. 11. 

20 [0121] 
 

<Pattern 2> 
 

Pattern 2 of the HARQ control will be described with 

reference to Fig. 13. Pattern 2 of the HARQ control is the HARQ 

control applicable to the case where the first time interval 

25 does not overlap the gap period (the time interval for 
 

measurement by the mobile station 100) but the third time 

interval overlaps the gap period. 

[0122] 
 

Hereinbelow, with reference to Fig. 13, description will 
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be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting the uplink shared 

signal but includes the sub-frame for transmitting the HARQ 

5 indicator concerning the uplink shared signal or the uplink 
 

scheduling grant instructing retransmission, and where a 

decoding result of the uplink shared signal (a decoding result 

at reference numeral 904B) is OK. 

[0123] 
 

10  At reference numeral 902B (a sub-frame #i) (where i is 

an integer satisfying i>0), the base station apparatus 200 uses 

the uplink scheduling grant on the physical downlink control 

channel  and instructs the mobile station 100 to perform 

communication using the uplink shared channel at the sub-frame 

15 #i+4. 
 

[0124] 
 

At reference numeral 904B (a sub-frame number #i+4), 

the mobile station 100 transmits the uplink shared signal to 

the base station apparatus 200, and the base station apparatus 

20 200 receives the uplink shared signal and decodes the uplink 

shared signal. In Fig. 13, the decoding result is assumed to 

be OK. 

[0125] 
 

At reference numeral 906B (a sub-frame #i+8), the base 
 

25 station apparatus 200 transmits neither the HARQ indicator nor 

the uplink scheduling grant to the mobile station 100. 

[0126] 
 

This is because the sub-frame #i+8 is included in the 
 

gap period of the mobile station 100 and the mobile station 100 
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cannot receive the HARQ indicator or the uplink scheduling grant 

even if the HARQ indicator or the uplink scheduling grant is 

transmitted. 

[0127] 
 

5  At reference numeral 908B (a sub-frame #i+12), the mobile 

station 100 does not retransmit the uplink shared signal which 

was transmitted at reference numeral 904B. 

[0128] 
 

In this case, the mobile station 100 may be deemed to 
 

10 be notified of ACK by the HARQ indicator at reference numeral 
 

906B. Specifically, at reference numeral 906B, the mobile 

station 100 performs an operation which is similar to the case 

of being notified of ACK via the HARQ indicator channel. 

[0129] 

15 Meanwhile, at reference numeral 908B, the base station 
 

apparatus 200 also assumes that the uplink shared signal is not 

retransmitted and hence does not perform decoding processing 

of the uplink shared signal. 

[0130] 
 

20  At reference numeral 910B (a sub-frame #i+16), the base 

station apparatus 200 does not transmit the uplink scheduling 

grant instructing  the  mobile  station 100 to perform 

retransmission of the uplink shared signal,  which was 

transmitted at reference numeral 904B. 

25 [0131] 
 

This is because the uplink shared signal transmitted 

at reference numeral 904B has already been correctly decoded. 

Therefore, the mobile station 100 transmits nothing to the base 

station apparatus 200 at reference numeral 912B (a sub-frame 
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#i+20). 

[0132] 

 
 
 
 
 
Here, at reference numeral 910B, the base station 

 

apparatus 200 may transmit the uplink scheduling grant 
 

5 instructing the mobile station 100 to transmit a new uplink 

shared signal. In this case, at reference numeral 912B, the 

mobile station 100 transmits the new uplink shared signal to 

the base station apparatus 200 based on the uplink scheduling 

grant. 

10 [0133] 
 

Here, the above-described processing may also be applied 

to the case where both of the third time interval and the second 

time interval overlap the gap period as shown in Fig. 14. In 

this processing, a major problem does not occur as the uplink 

15 shared signal is not transmitted or received at the second time 
 

interval (reference numeral 908B in Fig. 14, a sub-frame #i+12). 

Moreover, it is possible to obtain a similar effect to the case 

in Fig. 13. 

[0134] 
 

20 To sum up the processing of the base station apparatus 
 

200 and the mobile station 100 in Fig. 11 and Fig. 13, when a 

time frame (a sub-frame) for transmitting the HARQ indicator 

concerning the uplink shared signal or the uplink scheduling 

grant relative to the uplink shared signal is included in the 

25 gap period, the mobile station 100 presumes that the uplink 
 

shared signal is correctly decoded and therefore does not perform 

retransmission of the uplink shared signal. 

[0135] 
 

Specifically, the mobile station 100 presumes that the 
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HARQ indicator channel included in the gap period has indicated 

ACK. In this case, the uplink shared signal will not be 

retransmitted until retransmission is instructed by the uplink 

scheduling grant. 

5 [0136] 
 

Meanwhile, if the above-described uplink shared signal 

is not correctly decoded (reference numeral 904A), the base 

station apparatus 200 instructs retransmission of the uplink 

shared signal (reference numeral 910A) at a later timing (a 

10 sub-frame) by use of the uplink scheduling grant. 
 

[0137] 
 

Effects of the mobile communication system (Pattern 1/2) 

according to the first embodiment of the present invention are 

as follows. 

15 [0138] 
 

On the uplink in the LTE scheme, AMC (adaptive modulation 

and coding) is generally performed so as to achieve an error 

rate of the uplink shared signal in a range from 10% to 30%. 

Accordingly, at reference numeral 904A or 904B, a probability 

20 that the uplink shared signal is correctly decoded is higher 

than a probability that the uplink shared signal is not correctly 

decoded. 

[0139] 
 

Therefore, by presuming that the HARQ indicator supposed 
 

25 to be transmitted at reference numeral 906A is ACK and not 

performing retransmission of the uplink shared signal at 

reference numeral 908A or 908B which was transmitted at reference 

numeral 904A or 904B, it is possible to allocate radio resources 

at reference numeral 908A or 908B to another mobile station or 
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to new data transmission by the mobile station 100, and to realize 

efficient communication as a consequence. 

[0140] 
 

Here, even if the uplink shared signal is not correctly 
 

5 decoded at reference numeral 904A, it is possible to instruct 

retransmission of the uplink shared signal, which was 

transmitted at reference numeral 904A, at a later timing (a 

sub-frame) by using the uplink scheduling grant as shown at 

reference numerals 910A and 912A. Since an opportunity of 

10 retransmission is not lost, a problem does not occur at reference 

numeral 904A, even when the HARQ indicator supposed to be 

transmitted at reference numeral 906A is regarded as ACK. 

[0141] 
 

Specifically, the expression “the HARQ indicator is ACK 
 

15 or regarded as ACK” in this embodiment may be interpreted to 

mean that “retransmission of the uplink shared signal may be 

withheld at an immediately subsequent retransmission timing” 

instead of meaning that “the uplink shared signal is correctly 

received”. 

20 [0142] 
 

Then, retransmission is executed on the condition that 

the uplink scheduling grant instructing retransmission is 

received. 

[0143] 
 

25  Therefore, even if the mobile station 100 receives ACK 

or is deemed to receive the ACK according to this definition, 

the data in the transmitted uplink shared signal must not be 

discarded but need to be retained in a retransmission buffer. 

[0144] 
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The mobile station 100 will discard the data in the 

above-described transmitted uplink shared signal, when the 

mobile station 100 is instructed to perform new transmission 

using a HARQ process by which ACK is received or is deemed to 

5 be received from the base station apparatus 200, or when the 
 

number of HARQ retransmission exceeds a maximum retransmission 

number. 

[0145] 
 

While Fig. 11 and Fig. 13 show the case where either 
 

10 the HARQ indicator concerning the initially transmitted uplink 

shared signal or the uplink scheduling grant instructing 

retransmission is included in the gap period, similar processing 

is also applied to the case where either the HARQ indicator 

concerning the uplink shared signal or the uplink scheduling 

15 grant instructing retransmission, transmitted in a second 

transmission or thereafter, is included in the gap period. 

[0146] 
 

In this case, the uplink scheduling grant at reference 

numerals 902A and 902B may be the HARQ indicator instructing 

20 retransmission or the uplink scheduling grant instructing 

retransmission. 

[0147] 
 

<Pattern 3> 
 

Pattern 3 of the HARQ control will be described with 
 

25 reference to Fig. 15. Pattern 3 of the HARQ control is the HARQ 

control applicable to the case where the first time interval 

does not overlap the gap period (the time interval for 

measurement by the mobile station 100) but the third time 

interval overlaps the gap period. 
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[0148]  
 
In this case, the mobile station 100 is configured not 

 

to transmit the uplink shared signal at the first time interval 
 

(reference numeral 1004 in Fig. 15, a sub-frame #i+4) and not 
 

5 to retransmit the uplink shared signal at the second time 

interval (reference numeral 1008 in Fig. 15, a sub-frame #i+12). 

[0149] 
 

Hereinbelow, with reference to Fig. 15, description will 

be given of operations of the base station apparatus 200 and 

10 the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting the uplink shared 

signal but includes the sub-frame for transmitting the HARQ 

indicator concerning the uplink shared signal or the uplink 

scheduling grant instructing retransmission. 

15 [0150] 
 

As shown in Fig. 15, at reference numeral 1002 (a 

sub-frame #i) (where i is an integer satisfying i>0), the base 

station apparatus 200 uses the uplink scheduling grant on the 

physical downlink control channel and instructs the mobile 

20 station 100 to perform communication using the uplink shared 

channel at the sub-frame #i+4. 

[0151] 
 

However, at reference numeral 1004 (the sub-frame number 
 

#i+4), the mobile station 100 does not transmit the uplink shared 
 

25 signal to the base station apparatus 200 while the base station 

apparatus 200 does not perform reception of the uplink shared 

signal. 

[0152] 
 

This is because a sub-frame i+8 being the sub-frame for 
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transmitting either the HARQ indicator concerning the uplink 

shared signal or the uplink scheduling grant instructing 

retransmission is included in the gap period of the mobile 

station 100. 

5 [0153] 
 

Specifically, even if the mobile station 100 transmits 

the uplink shared signal, the HARQ indicator concerning the 

uplink shared signal or the uplink scheduling grant instructing 

retransmission cannot be received due to the gap period. 

10 Accordingly, transmission of the uplink shared signal itself 

is cancelled. 

[0154] 
 

At reference numeral 1006 (a sub-frame #i+8), the base 

station apparatus 200 transmits neither the HARQ indicator nor 

15 the uplink scheduling grant to the mobile station 100. 
 

[0155] 
 

This is because the sub-frame #i+8 is included in the 

gap period of the mobile station 100, and the mobile station 

100 cannot receive the HARQ indicator or the uplink scheduling 
 

20 grant, even if the HARQ indicator or the uplink scheduling grant 

is transmitted. 

[0156] 
 

At reference numeral 1008 (the sub-frame #i+12), the 

mobile station 100 does not perform retransmission of the uplink 

25 shared signal which was supposed to be transmitted at reference 

numeral 1004. 

[0157] 
 

In this case, the mobile station 100 may be deemed to 
 

be notified of ACK via the HARQ indicator channel at reference 
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numeral 1006. Specifically, at reference numeral 1006, the 

mobile station 100 performs an operation which is similar to 

the case of being notified of ACK via the HARQ indicator channel. 

[0158] 

5 Meanwhile, at reference numeral 1008, the base station 
 

apparatus 200 also assumes that the uplink shared signal is not 

retransmitted and hence does not perform decoding processing 

of the uplink shared signal. 

[0159] 
 

10  At reference numeral 1010 (a sub-frame #i+16), the base 

station apparatus 200 instructs the mobile station 100 to perform 

retransmission of the uplink shared signal, which was supposed 

to be transmitted at reference numeral 1004, by using the uplink 

scheduling grant on the physical downlink control channel at 

15 a sub-frame #i+20. 
 

[0160] 
 

At reference numeral 1012 (the sub-frame #i+20), the 

mobile station 100 retransmits the uplink shared signal, which 

was supposed to be transmitted at reference numeral 1004, to 

20 the base station apparatus 200, and the base station apparatus 
 

200 receives and decodes the retransmitted uplink shared signal. 

Here, the HARQ control after reference numeral 1012 becomes the 

same as the normal HARQ control. 

[0161] 
 

25  Although the base station apparatus 200 transmits the 

uplink scheduling grant to the mobile station 100 at reference 

numeral 1010 in the above-described example, the base station 

apparatus 200 does not have to transmit the uplink scheduling 

grant to the mobile station 100 at reference numeral 1010. 
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[0162]  
 
For example, when there are no radio resources for 

 

transmitting the uplink scheduling grant or when there are no 

radio resources for retransmitting the uplink shared signal, 

5 the base station apparatus 200 does not have to transmit the 

uplink scheduling grant to the mobile station 100. 

[0163] 
 

In this case, the mobile station 100 does not perform 

retransmission of the uplink shared signal at reference numeral 

10 1012 which was supposed to be transmitted at reference numeral 
 

1004. This is the same operation as the case where ACK was 

transmitted via the HARQ indicator channel at reference numeral 

1006. 
 

[0164] 
 

15  In this case as well, if the uplink scheduling grant 

instructing retransmission of the uplink shared signal, which 

was supposed to be transmitted at reference numeral 1004, is 

further transmitted at a subsequent retransmission timing, for 

example, at a sub-frame #i+24, then the mobile station 100 may 

20 perform retransmission of the uplink shared signal at a sub-frame 
 

#i+28, which was supposed to be transmitted at reference numeral 

1004. 

[0165] 
 

Here, the above-described processing may also be applied 
 

25 to the case where both of the third time interval and the second 

time interval overlap the gap period as shown in Fig. 16. In 

this processing, a major problem does not occur as the uplink 

shared signal is not transmitted or received at the second time 

interval (reference numeral 1008 in Fig. 16, a sub-frame #i+12). 
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Moreover, it is possible to obtain a similar effect to the case 

in Fig. 15. 

[0166] 
 

To sum up the processing of the base station apparatus 
 

5 200 and the mobile station 100 in Fig. 15, when the time frame 

(the sub-frame) for transmitting the HARQ indicator concerning 

the uplink shared signal or the uplink scheduling grant relative 

to the uplink shared signal is included in the gap period, the 

mobile station 100 stops transmission of the uplink shared signal 

10 in itself. 
 

[0167] 
 

Moreover, the mobile station 100 presumes that the HARQ 

indicator channel included in the gap period has indicated ACK 

and performs subsequent processing. Specifically, the mobile 

15 station 100 will not perform retransmission of the uplink shared 
 

signal until retransmission is instructed by the uplink 

scheduling grant. 

[0168] 
 

Meanwhile, the base station apparatus 200 instructs 
 

20 retransmission of the uplink shared signal at a later timing 

by use of the uplink scheduling grant (reference numeral 1010). 

[0169] 
 

Here, the expression “the HARQ indicator is ACK or 

regarded as ACK” in this embodiment may be interpreted to mean 

25 that “retransmission of the uplink shared signal may be withheld 
 

at an immediately subsequent retransmission timing” instead of 

meaning that “the uplink shared signal is correctly received”. 

[0170] 
 

Then, retransmission is executed on the condition that 
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the uplink scheduling grant instructing retransmission is 

received. 

[0171] 
 

Therefore, even if the mobile station 100 receives ACK 
 

5 or is deemed to receive the ACK according to this definition, 

the data in the transmitted uplink shared signal must not be 

discarded but need to be retained in the retransmission buffer. 

[0172] 
 

The mobile station 100 will discard the data in the 
 

10 above-described transmitted uplink shared signal, when the 

mobile station 100 is instructed to perform new transmission 

using the HARQ process by which ACK is received or is deemed 

to be received from the base station apparatus 200, or when the 

number of HARQ retransmission exceeds the maximum 

15 retransmission number. 
 

[0173] 
 

Effects of the mobile communication system (Pattern 3) 

according to the first embodiment of the present invention are 

as follows. 

20 [0174] 
 

In general, the HARQ control is essentially composed 

of transmission acknowledgment information (the HARQ indicator 

or the uplink scheduling grant in this case). 

[0175] 
 

25   Accordingly, when it is apparent from the beginning that 

the transmission acknowledgment information will not be 

correctly received by the mobile station 100, the safest control 

method is to stop transmission of the original data signal itself 

(the uplink shared signal in this case). 
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[0176]  
 
Meanwhile, by applying the operation not to allow the 

 

mobile station 100 to perform retransmission of the uplink shared 

signal until the uplink scheduling grant instructs 

5 retransmission, it is possible to allocate resources flexibly 
 

at reference numeral 1008 in Fig. 15, for example. Specifically, 

it is possible to apply the safe and efficient uplink HARQ control 

by performing the processing shown in Fig. 15. 

[0177] 
 

10  The above-described flexible allocation of resources 

will be supplemented as follows. If a PRACH (physical random 

access channel) signal is transmitted via a retransmitted 

sub-frame on the uplink, there arises a problem that the 

above-mentioned PRACH signal conflicts with the retransmitted 

15 uplink shared signal. 
 

[0178] 
 

In this case, processing is generally carried out in 

which the uplink scheduling grant is transmitted for 

transmission of the above-described retransmitted uplink shared 

20 signal, and a frequency resource of the retransmitted uplink 

shared signal is changed so that the retransmitted uplink shared 

signal does not conflict with the above-described PRACH signal. 

[0179] 
 

However, in the case shown in Fig. 15, it is not possible 
 

25 to carry out the above-described processing, because the 

sub-frame (reference numeral 1006) where the uplink scheduling 

grant is transmitted is included in the gap period. That is 

to say, there may arise the problem that the PRACH signal 

conflicts with the above-described retransmitted uplink shared 
 

 
 

45 



JNTTD-504-PCT 
 
 
 
 
 

signal at reference numeral 1008. 
 

[0180] 
 

As described previously, it is possible to perform 

flexible allocation of resources at reference numeral 1008 in 

5 Fig. 15, for example, by causing the mobile station 100 not to 
 

perform retransmission of the uplink shared signal until 

retransmission is instructed by the uplink scheduling grant. 

Here, flexible allocation of resources includes avoidance of 

the conflict between the PRACH signal and the retransmitted 

10 uplink shared signal, for example. 
 

[0181] 
 

While Fig. 15 shows the case where either the HARQ 

indicator concerning the initially transmitted uplink shared 

signal or the uplink scheduling grant instructing 

15 retransmission is included in the gap period, similar processing 
 

is also applied to the case where either the HARQ indicator 

concerning the uplink shared signal or the uplink scheduling 

grant instructing retransmission, transmitted in a second 

transmission or thereafter, is included in the gap period. 

20 [0182] 
 

In this case, the uplink scheduling grant at reference 

numeral 1002 in Fig. 15 may be the HARQ indicator instructing 

retransmission or the uplink scheduling grant instructing 

retransmission. 

25 [0183] 
 

<Pattern 4> 
 

Pattern 4 of the HARQ control will be described with 

reference to Fig. 17. In the following, Pattern 4 of the HARQ 

control will be described while focusing on differences from 
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Patterns 1 to 3 of the HARQ control described above. 
 

[0184] 
 

Pattern 4 of the HARQ control is the HARQ control 

applicable to the case where the first time interval does not 

5 overlap the gap period (the time interval for measurement by 
 

the mobile station 100) but the third time interval overlaps 

the gap period. 

[0185] 
 

In Pattern 4 of the HARQ control, the mobile station 
 

10 100 is configured not to transmit the uplink shared signal at 

the first time interval (reference numeral 1104 in Fig. 17, a 

sub-frame #i+4) and to retransmit the uplink shared signal 

at the second time interval (reference numeral 1108 in Fig. 

17, a sub-frame #i+12) irrespective of whether or not the 

second 

15 downlink control signal is received. 
 

[0186] 
 

Meanwhile, the base station apparatus 200 is configured 

not to receive the uplink shared signal at the first time interval 

(reference numeral 1104 in Fig. 17, the sub-frame #i+4), not 

20 to transmit the second downlink control signal at the third time 

interval (reference numeral 1106 in Fig. 17, a sub-frame #i+8), 

to receive the uplink shared signal at the second time interval 

(reference numeral 1108 in Fig. 17, the sub-frame #i+12), and 

to transmit the second downlink control signal at reference 

25 numeral 1110 (a sub-frame #i+16). 
 

[0187] 
 

Effects of the mobile communication system (Pattern 4) 

according to the first embodiment of the present invention are 

as follows. 
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[0188]  
 
In Pattern 3, in order to realize flexible allocation 

 

of resources at reference numeral 1008 in Fig. 15, the HARQ 
 

indicator at reference numeral 1006 is regarded as ACK and the 
 

5 mobile station 100 employs the operation not to perform 

retransmission of the uplink shared signal until retransmission 

is instructed by the uplink scheduling grant. 

[0189] 
 

The above-described operation can realize flexible 
 

10 allocation of resources but the timing when the uplink shared 

signal is actually retransmitted is at reference numeral 1012, 

which means a significant delay. In other words, there arises 

a problem that retransmission of the uplink shared signal is 

delayed. 

15 [0190] 
 

On the other hand, in Pattern 4, it is possible to reduce 

the above-described delay as the uplink shared signal is 

retransmitted at reference numeral 1108. 

[0191] 
 

20  Here, Pattern 4 employs the method of stopping 

transmission of the original data signal itself (the uplink 

shared signal in this case) when it is apparent from the beginning 

that the transmission acknowledgment information will not be 

correctly received as similar to Pattern 3. Accordingly, there 

25 is also an effect that the safe HARQ control is applied as similar 
 

to the case in Pattern 3. 

[0192] 

<Pattern 5> 
 

Pattern 5 of the HARQ control will be described with 
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reference to Fig. 18. In the following, Pattern 5 of the HARQ 

control will be described while focusing on differences from 

Patterns 1 to 3 of the HARQ control described above. 

[0193] 
 

5 In Pattern 5 of the HARQ control, the mobile station 
 

100 is configured to transmit the uplink shared signal at the 

first time interval (reference numeral 1204 in Fig. 18, a 

sub-frame #i+4) and to retransmit the uplink shared signal 

at the second time interval (reference numeral 1208 in Fig. 

18, 

10 a sub-frame #i+12) irrespective of whether or not the 

second downlink control signal is received. 

[0194] 
 

Meanwhile, the base station apparatus 200 is configured 

to receive the uplink shared signal at the first time interval 

15 (reference numeral 1204 in Fig. 18, the sub-frame #i+4), not 
 

to transmit the second downlink control signal at the third time 

interval (reference numeral 1206 in Fig. 18, a sub-frame #i+8), 

to receive the uplink shared signal at the second time interval 

(reference numeral 1208 in Fig. 18, the sub-frame #i+12), and 

20 to transmit the second downlink control signal at reference 

numeral 1210 (a sub-frame #i+16). 

[0195] 
 

An effect of the mobile communication system (Pattern 
 

5) according to the first embodiment of the present invention 

25 is as follows. 

[0196] 
 

In Pattern 4, in order to reduce the problem of the delay 

in retransmission of the uplink shared signal, retransmission 

of the uplink shared signal is performed at reference numeral 
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1108 while sacrificing flexible allocation of resources. 
 

[0197] 
 

However, transmission of the uplink shared signal is 

stopped at reference numeral 1104 in order to realize the safe 

5 HARQ control. 
 

[0198] 
 

On the other hand, in Pattern 5, transmission of the 

uplink shared signal is performed at reference numeral 1204. 

Hence it is possible to resolve the above-described problem of 

10 the delay more properly. 

[0199] 

<Pattern 6> 
 

Pattern 6 of the HARQ control will be described with 

reference to Fig. 19. In the following, Pattern 6 of the HARQ 

15 control will be described while focusing on differences from 

Patterns 1 to 3 of the HARQ control described above. 

[0200] 
 

Pattern 6 of the HARQ control is the HARQ control 

applicable to the case where the first time interval overlaps 

20 the gap period (the time interval for measurement by the mobile 

station 100) and the third time interval also overlaps the gap 

period. 

[0201] 
 

Hereinbelow, with reference to Fig. 19, description will 
 

25 be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period includes 

the sub-frame for transmitting the uplink shared signal and also 

includes the sub-frame for transmitting either the HARQ 

indicator concerning the uplink shared signal or the uplink 
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scheduling grant instructing retransmission. 
 

[0202] 
 

At reference numeral 1302 (a sub-frame #i) (where i is 

an integer satisfying i>0), the base station apparatus 200 uses 

5 the uplink scheduling grant on the physical downlink control 
 

channel and instructs the mobile station 100 to perform 

communication using the uplink shared channel at a sub-frame 

#i+4. 

[0203] 

10  Since reference numeral 1304 (the sub-frame number #i+4) 

is included in the gap period of the mobile station 100, the 

mobile station 100 cannot transmit the uplink shared signal to 

the base station apparatus 200 at reference numeral 1304 (the 

sub-frame number #i+4). 

15 [0204] 
 

At reference numeral 1306 (a sub-frame #i+8), the base 

station apparatus 200 transmits neither the HARQ indicator nor 

the uplink scheduling grant to the mobile station 100. 

[0205] 

20  This is because the sub-frame #i+8 is included in the 

gap period of the mobile station 100, and the mobile station 

100 cannot receive the HARQ indicator or the uplink scheduling 

grant, even if the HARQ indicator or the uplink scheduling grant 

is transmitted. 

25 [0206] 
 

At reference numeral 1308 (a sub-frame #i+12), the mobile 

station 100 does not retransmit the uplink shared signal which 

was supposed to be transmitted at reference numeral 1304. 

[0207] 
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In this case, the mobile station 100 may be deemed to 

be notified of ACK by the HARQ indicator at reference numeral 

1306. Specifically, at reference numeral 1306, the mobile 
 

station 100 performs an operation which is similar to the case 

5 of being notified of ACK via the HARQ indicator channel. 

[0208] 
 

Meanwhile, at reference numeral 1308, the base station 

apparatus 200 also assumes that the uplink shared signal is not 

retransmitted and hence does not perform decoding processing 

10 of the uplink shared signal. 
 

[0209] 
 

At reference numeral 1310 (a sub-frame #i+16), the base 

station apparatus 200 transmits the uplink scheduling grant 

instructing the mobile station 100 to perform retransmission 

15 of the uplink shared signal, which was supposed to be transmitted 

at reference numeral 1304. 

[0210] 
 

At reference numeral 1312, the mobile station 100 

retransmits the uplink shared signal, which was supposed to be 

20 transmitted at reference numeral 1304, based on the uplink 

scheduling grant received at reference numeral 1310 (the 

sub-frame #i+16). 

[0211] 
 

An effect of the mobile communication system (Pattern 
 

25 6) according to the first embodiment of the present invention 

is as follows. 

[0212] 
 

If the PRACH signal is transmitted via the retransmitted 
 

sub-frame on the uplink, there arises the problem that the 
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above-mentioned PRACH signal conflicts with the retransmitted 

uplink shared signal. 

[0213] 
 

In this case, the processing is generally carried out 
 

5 in which the uplink scheduling grant is transmitted for 

transmission of the above-described retransmitted uplink shared 

signal, and the frequency resource of the retransmitted uplink 

shared signal is changed so that the retransmitted uplink shared 

signal does not conflict with the above-described PRACH signal. 

10 [0214] 
 

However, in the case shown in Fig. 19, it is not possible 

to carry out the above-described processing because the 

sub-frame (reference numeral 1306) where the uplink scheduling 

grant is transmitted is included in the gap period. That is 

15 to say, there may arise the problem that the PRACH signal 
 

conflicts with the above-described retransmitted uplink shared 

signal. 

[0215] 
 

As described previously, it is possible to perform 
 

20 flexible allocation of resources at reference numeral 1308 in 

Fig. 19, for example, by causing the mobile station 100 not to 

perform retransmission of the uplink shared signal until 

retransmission is instructed by the uplink scheduling grant. 

Here, flexible allocation of resources includes avoidance of 

25 the conflict between the PRACH signal and the retransmitted 
 

uplink shared signal, for example. 

[0216] 

<Pattern 7> 
 

Pattern 7 of the HARQ control will be described with 
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reference to Fig. 20. In the following, Pattern 7 of the HARQ 

control will be described while focusing on differences from 

Pattern 6 of the HARQ control described above. 

[0217] 
 

5  Pattern 7 of the HARQ control is the HARQ control 

applicable to the case where the first time interval overlaps 

the gap period (the time interval for measurement by the mobile 

station 100) and the third time interval also overlaps the gap 

period. 

10 [0218] 
 

Hereinbelow, with reference to Fig. 20, description will 

be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period includes 

the sub-frame for transmitting the uplink shared signal and also 

15 includes the sub-frame for transmitting either the HARQ 
 

indicator concerning the uplink shared signal or the uplink 

scheduling grant instructing retransmission. 

[0219] 
 

At reference numeral 1302A (a sub-frame #i) (where i 
 

20 is an integer satisfying i>0), the base station apparatus 200 

uses the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 

communication using the uplink shared channel at a sub-frame 

#i+4. 
 

25 [0220] 
 

Since reference numeral 1304A (the sub-frame number 
 

#i+4) is included in the gap period of the mobile station 100, 

the mobile station 100 cannot transmit the uplink shared signal 

to the base station apparatus 200 at reference numeral 1304A 
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(the sub-frame number #i+4). 
 

[0221] 
 

At reference numeral 1306A (a sub-frame #i+8), the base 

station apparatus 200 transmits neither the HARQ indicator nor 

5 the uplink scheduling grant to the mobile station 100. 
 

[0222] 
 

This is because the sub-frame #i+8 is included in the 

gap period of the mobile station 100, and the mobile station 

100 cannot receive the HARQ indicator or the uplink scheduling 
 

10 grant, even if the HARQ indicator or the uplink scheduling grant 

is transmitted. 

[0223] 
 

At reference numeral 1308A (a sub-frame #i+12), the 

mobile station 100 retransmits the uplink shared signal which 

15 was supposed to be transmitted at reference numeral 1304, and 
 

the base station apparatus 200 receives and decodes the uplink 

shared signal. 

[0224] 
 

At reference numeral 1310A (a sub-frame #i+16), the base 
 

20 station apparatus 200 transmits either the HARQ indicator 

showing a result of the above-described decoding or the uplink 

scheduling grant instructing transmission of either a new uplink 

shared signal or the retransmitted uplink shared signal to the 

mobile station 100. 

25 [0225] 
 

When the above-described HARQ indicator indicates NACK 

or when the above-described scheduling grant is the uplink 

scheduling grant instructing transmission of the retransmitted 

uplink shared signal, the mobile station 100 performs 
 

 
 

55 



JNTTD-504-PCT 
 
 
 
 
 

transmission of the retransmitted uplink shared signal at 

reference numeral 1312A (a sub-frame #i+16). 

[0226] 
 

When the above-described scheduling grant is the uplink 
 

5 scheduling grant instructing transmission of the new uplink 

shared signal, the mobile station 100 performs transmission of 

the newly transmitted uplink shared signal at reference numeral 

1312A (the sub-frame #i+16). 

[0227] 

10  When the above-described HARQ indicator indicates ACK, 

the mobile station 100 does not perform transmission of the 

retransmitted uplink shared signal at reference numeral 1312A 

(the sub-frame #i+16). 

[0228] 
 

15 An effect of the mobile communication system (Pattern 
 

7) according to the first embodiment of the present invention 

is as follows. 

[0229] 
 

In Pattern 6, in order to realize flexible allocation 
 

20 of resources at reference numeral 1308 in Fig. 19, the HARQ 

indicator at reference numeral 1306 is regarded as ACK and the 

mobile station 100 employs the operation not to perform 

retransmission of the uplink shared signal until retransmission 

is instructed by the uplink scheduling grant. 

25 [0230] 
 

The above-described operation can realize flexible 

allocation of resources but the timing when the uplink shared 

signal is actually retransmitted at reference numeral 1312, 

which means a significant delay. In other words, there arises 
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a problem that retransmission of the uplink shared signal is 

delayed. 

[0231] 
 

On the other hand, in Pattern 7, it is possible to reduce 
 

5 the delay as the uplink shared signal is retransmitted at 

reference numeral 1308A. 

[0232] 
 

<Pattern 8> 
 

Pattern 8 of the HARQ control will be described with 
 

10 reference to Fig. 21. In the following, Pattern 8 of the HARQ 

control will be described while focusing on differences from 

Patterns 1 to 7 of the HARQ control described above. 

[0233] 
 

Pattern 8 of the HARQ control is the HARQ control 
 

15 applicable to the case where the third time interval does not 

overlap the gap period (the time interval for measurement by 

the mobile station 100) but the first time interval overlaps 

the gap period. 

[0234] 
 

20  Hereinbelow, with reference to Fig. 21, description will 

be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting either the HARQ 

indicator concerning the uplink shared signal or the uplink 

25 scheduling grant instructing retransmission but includes the 

sub-frame for transmitting the uplink shared signal. 

[0235] 
 

In this pattern, concerning the HARQ indicator relative 
 

to the uplink shared signal and the uplink scheduling grant 
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instructing retransmission which are not transmitted due to the 

gap period, the HARQ indicator is not transmitted whereas the 

uplink scheduling grant may be transmitted or not. 

[0236] 
 

5  In this case, the base station apparatus 200 does not 

transmit the HARQ indicator relative to the above-described 

uplink shared signal which is not transmitted, and the mobile 

station 100 does not receive the HARQ indicator relative to the 

above-described uplink shared signal which is not transmitted 

10 (reference numeral 1406A in Fig. 21, reference numeral 1406B 

in Fig. 22). 

[0237] 
 

Meanwhile, the base station apparatus 200 transmits the 

uplink scheduling grant (reference numeral 1406B in Fig. 22) 

15 to the mobile station 100 when the base station apparatus 200 
 

instructs the mobile station 100 to retransmit the 

above-described uplink shared signal which is not transmitted, 

or the base station apparatus 200 does not transmit the uplink 

scheduling grant (reference numeral 1406A in Fig. 21) to the 

20 mobile station 100 when the base station apparatus 200 does not 

instruct the mobile station 100 to retransmit the 

above-described uplink shared signal which is not transmitted. 

[0238] 
 

Then, the mobile station 100 performs retransmission 
 

25 of the above-described uplink shared signal when receiving the 

uplink scheduling grant instructing retransmission of the 

above-described uplink shared signal which is not transmitted 

(reference numeral 1406B in Fig. 22), or the mobile station 100 

presumes that ACK is received as the HARQ indicator when not 
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receiving the uplink scheduling grant instructing 

retransmission of the above-described uplink shared signal 

which is not transmitted (reference numeral 1406A in Fig. 21). 

[0239] 

5 In the following, the case of not transmitting the uplink 
 

scheduling grant instructing retransmission will be described 

in Pattern 8 while the case of transmitting the uplink scheduling 

grant instructing retransmission will be described in Pattern 

9. 
 

10 [0240] 
 

At reference numeral 1402A (a sub-frame #i) (where i 

is an integer satisfying i>0), the base station apparatus 200 

uses the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 

15 communication using the uplink shared channel at a sub-frame 

#i+4. 

[0241] 
 

Since reference numeral 1404A (the sub-frame number 
 

#i+4) is included in the gap period of the mobile station 100, 
 

20 the mobile station 100 cannot transmit the uplink shared signal 

to the base station apparatus 200 at reference numeral 1404A 

(the sub-frame number #i+4). 

[0242] 
 

At reference numeral 1406A (a sub-frame #i+8), the base 
 

25 station apparatus 200 transmits neither the HARQ indicator nor 

the uplink scheduling grant to the mobile station 100. 

[0243] 
 

A conceivable reason why the base station apparatus 200 
 

does not transmit the uplink scheduling grant to the mobile 
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station 100 at reference numeral 1406A is that the PRACH signal 

is transmitted at reference numeral 1408A and there are no radio 

resources for retransmission of the uplink shared signal, for 

example. 

5 [0244] 
 

At reference numeral 1408A (a sub-frame #i+12), the 

mobile station 100 does not retransmit the uplink shared signal 

which was supposed to be transmitted at reference numeral 1404A. 

This is because the mobile station 100 presumes that ACK is 

10 received as the HARQ indicator at reference numeral 1406A based 

on the fact that uplink scheduling grant is not received at 

reference numeral 1406A. 

[0245] 
 

At reference numeral 1410A (a sub-frame #i+16), the base 
 

15 station apparatus 200 transmits the uplink scheduling grant 

instructing retransmission of the uplink shared signal to the 

mobile station 100. 

[0246] 
 

At reference numeral 1412A, the mobile station 100 
 

20 retransmits the uplink shared signal, which was supposed to be 

transmitted at reference numeral 1404A, based on the uplink 

scheduling grant received at reference numeral 1410A (the 

sub-frame #i+16). 

[0247] 
 

25 <Pattern 9> 
 

Pattern 9 of the HARQ control will be described with 

reference to Fig. 22. In the following, Pattern 9 of the HARQ 

control will be described while focusing on differences from 

Pattern 8 of the HARQ control described above. 
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[0248]  
 
Pattern 9 of the HARQ control is the HARQ control 

 

applicable to the case where the third time interval does not 

overlap the gap period (the time interval for measurement by 

5 the mobile station 100) but the first time interval overlaps 

the gap period. 

[0249] 
 

Hereinbelow, with reference to Fig. 22, description will 

be given of operations of the base station apparatus 200 and 

10 the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting either the HARQ 

indicator concerning the uplink shared signal or the uplink 

scheduling grant instructing retransmission, but includes the 

sub-frame for transmitting the uplink shared signal. 

15 [0250] 
 

At reference numeral 1402B (a sub-frame #i) (where i 

is an integer satisfying i>0), the base station apparatus 200 

uses the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 

20 communication using the uplink shared channel at a sub-frame 

#i+4. 

[0251] 
 

Since reference numeral 1404B (the sub-frame number 
 

#i+4) is included in the gap period of the mobile station 100, 
 

25 the mobile station 100 cannot transmit the uplink shared signal 

to the base station apparatus 200 at reference numeral 1404B 

(the sub-frame number #i+4). 

[0252] 
 

At reference numeral 1406B (a sub-frame #i+8), the base 
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station apparatus 200 transmits the uplink scheduling grant 

instructing retransmission of the above-described uplink shared 

signal to the mobile station 100. 

[0253] 
 

5  At reference numeral 1408B (a sub-frame #i+12), the 

mobile station 100 retransmits the uplink shared signal, which 

was supposed to be transmitted at reference numeral 1404B, based 

on the uplink scheduling grant received at reference numeral 

1406B (the sub-frame #i+8). 
 

10 [0254] 
 

As shown in Patterns 8 and 9 described above, the mobile 

station 100 presumes that ACK is received as the HARQ indicator 

when the base station apparatus 200 does not transmit the uplink 

scheduling grant for retransmission, i.e., when the mobile 

15 station 100 does not receive the uplink scheduling grant for 
 

retransmission. Accordingly, it is possible to achieve 

flexible allocation of radio  resources at a  subsequent 

transmission timing (reference numeral 1408A in Fig. 21, 

reference numeral 1408B in Fig. 22) of the uplink shared signal. 

20 [0255] 
 

Here, flexible allocation of radio resources means 

processing to stop retransmission of the above-described uplink 

shared signal when radio resources for retransmitting the uplink 

shared signal conflict with radio resources for the PRACH, for 

25 example. 
 

[0256] 
 

<Pattern 10> 

Pattern 10 of the HARQ control will be described with 

reference to Fig. 23. In the following, Pattern 10 of the HARQ 
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control will be described while focusing on differences from 

Patterns 1 to 9 of the HARQ control described above. 

[0257] 
 

Pattern 10 of the HARQ control is the HARQ control 
 

5 applicable to the case where the third time interval does not 

overlap the gap period (the time interval for measurement by 

the mobile station 100) but the first time interval overlaps 

the gap period. 

[0258] 
 

10  Hereinbelow, with reference to Fig. 23, description will 

be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting either the HARQ 

indicator concerning the uplink shared signal or the uplink 

15 scheduling grant instructing retransmission, but includes the 

sub-frame for transmitting the uplink shared signal. 

[0259] 
 

In this pattern, concerning the HARQ indicator and the 

uplink scheduling grant instructing retransmission relative to 

20 the uplink shared signal which are not transmitted due to the 

gap period, the HARQ indicator is transmitted whereas the uplink 

scheduling grant may be transmitted or not. 

[0260] 
 

In this case, the base station apparatus 200 transmits 
 

25 the uplink scheduling grant or the HARQ indicator to the mobile 

station 100 (reference numeral 1406D in Fig. 24) when instructing 

the mobile station 100 to retransmit the above-described uplink 

shared signal which is not transmitted to the mobile station 

100, and the base station apparatus 200 transmits the HARQ 
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indicator to notify ACK but does not transmit the uplink 

scheduling grant to the mobile station 100 (reference numeral 

1406C in Fig. 23) when not instructing the mobile station 100 
 

to retransmit the above-described uplink shared signal which 

5 is not transmitted to the mobile station 100. 

[0261] 
 

Then, the mobile station 100 performs retransmission 

of the above-described uplink shared signal when receiving the 

uplink scheduling grant or the HARQ indicator instructing 

10 retransmission of the above-described uplink shared signal 

which is not transmitted (reference numeral 1406D in Fig. 24), 

or the mobile station 100 presumes that the HARQ indicator 

indicating ACK is received when not receiving the uplink 

scheduling grant instructing retransmission of the 

15 above-described uplink shared signal which is not transmitted 
 

but receiving the HARQ indicator indicating ACK (reference 

numeral 1406C in Fig. 23). 

[0262] 
 

In the following, the case of not transmitting the uplink 
 

20 scheduling grant instructing retransmission and transmitting 

the HARQ indicator indicating ACK will be described in Pattern 

10, while the case of transmitting the uplink scheduling grant 

or the HARQ indicator instructing retransmission will be 

described in Pattern 11. 

25 [0263] 
 

At reference numeral 1402C (a sub-frame #i) (where i 

is an integer satisfying i>0), the base station apparatus 200 

uses the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 
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communication using the uplink shared channel at a sub-frame 

#i+4. 

[0264] 
 

Since reference numeral 1404C (the sub-frame number 
 

5 #i+4) is included in the gap period of the mobile station 100, 

the mobile station 100 cannot transmit the uplink shared signal 

to the base station apparatus 200 at reference numeral 1404C 

(the sub-frame number #i+4). 

[0265] 
 

10  At reference numeral 1406C (a sub-frame #i+8), the base 

station apparatus 200 transmits the HARQ indicator indicating 

ACK but does not transmit the uplink scheduling grant to the 

mobile station 100. 

[0266] 
 

15  A conceivable reason why the base station apparatus 200 

transmits ACK to the mobile station 100 but does not transmit 

the uplink scheduling grant at reference numeral 1406C is that 

the PRACH signal is transmitted at reference numeral 1408C and 

there are no radio resources for retransmission of the uplink 

20 shared signal, for example. 
 

[0267] 
 

At reference numeral 1408C (a sub-frame #i+12), the 

mobile station 100 does not retransmit the uplink shared signal 

which was supposed to be transmitted at reference numeral 1404C. 

25 This is based on the fact that the HARQ indicator indicating 
 

ACK is received but the uplink scheduling grant is not received 

at reference numeral 1406C. 

[0268] 
 

At reference numeral 1410C (a sub-frame #i+16), the base 
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station apparatus 200 transmits the uplink scheduling grant 

instructing retransmission of the uplink shared signal to the 

mobile station 100. 

[0269] 
 

5  At reference numeral 1412C, the mobile station 100 

retransmits the uplink shared signal, which was supposed to be 

transmitted at reference numeral 1404C, based on the uplink 

scheduling grant received at reference numeral 1410C (the 

sub-frame #i+16). 

10 [0270] 
 

In the above-described example, the base station 

apparatus 200 is configured to perform the operations to transmit 

the HARQ indicator indicating ACK to the mobile station 100 but 

not to transmit the uplink scheduling grant at reference numeral 

15 1406C. Instead, the base station apparatus 200 may be configured 
 

to perform operations to transmit the HARQ indicator indicating 

ACK to the mobile station 100 and to transmit the uplink 

scheduling grant instructing new transmission. In this case, 

the uplink shared signal which was supposed to be transmitted 

20 at reference numeral 1404C is not transmitted but discarded by 

the mobile station 100. 

[0271] 
 

<Pattern 11> 
 

Pattern 11 of the HARQ control will be described with 
 

25 reference to Fig. 24. In the following, Pattern 11 of the HARQ 

control will be described while focusing on differences from 

Pattern 10 of the HARQ control described above. 

[0272] 
 

Pattern 11 of the HARQ control is the HARQ control 
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applicable to the case where the third time interval does not 

overlap the gap period (the time interval for measurement by 

the mobile station 100) but the first time interval overlaps 

the gap period. 

5 [0273] 
 

Hereinbelow, with reference to Fig. 24, description will 

be given of operations of the base station apparatus 200 and 

the mobile station 100 in the case where the gap period does 

not include the sub-frame for transmitting either the HARQ 

10 indicator concerning the uplink shared signal or the uplink 

scheduling grant instructing retransmission, but includes the 

sub-frame for transmitting the uplink shared signal. 

[0274] 
 

At reference numeral 1402D (a sub-frame #i) (where i 
 

15 is an integer satisfying i>0), the base station apparatus 200 

uses the uplink scheduling grant on the physical downlink control 

channel and instructs the mobile station 100 to perform 

communication using the uplink shared channel at a sub-frame 

#i+4. 
 

20 [0275] 
 

Since reference numeral 1404D (the sub-frame number 
 

#i+4) is included in the gap period of the mobile station 100, 

the mobile station 100 cannot transmit the uplink shared signal 

to the base station apparatus 200 at reference numeral 1404D 

25 (the sub-frame number #i+4). 
 

[0276] 
 

At reference numeral 1406D (a sub-frame #i+8), the base 

station apparatus 200 transmits the uplink scheduling grant or 

the HARQ indicator instructing retransmission of the 
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above-described uplink shared signal to the mobile station 100. 

Here, the HARQ indicator may represent any of ACK and NACK. 

[0277] 
 

To be more precise, the base station apparatus 200 may 
 

5 transmit the uplink scheduling grant instructing retransmission 

of the above-described uplink shared signal and the HARQ 

indicator indicating ACK to the mobile station 100. 

[0278] 
 

Alternatively, the base station apparatus 200 may 
 

10 transmit the HARQ indicator indicating NACK to the mobile station 

without transmitting the uplink scheduling grant instructing 

retransmission of the above-described uplink shared signal. 

[0279] 
 

At reference numeral 1408D (a sub-frame #i+12), the 
 

15 mobile station 100 retransmits the uplink shared signal, which 

was supposed to be transmitted at reference numeral 1404D, based 

on the uplink scheduling grant or the HARQ indicator received 

at reference numeral 1406D (the sub-frame #i+8). 

[0280] 
 

20  Here, the HARQ control shown in Patterns 10 and 11 

described above becomes the same as the control when the 

sub-frame #i+4 is not included in the gap period of the mobile 

station 100, namely, the normal HARQ control. 

[0281] 
 

25  In other words, the HARQ control shown in Patterns 10 

and 11 described above may be applicable irrespective of whether 

or not the sub-frame #i+4 is included in the gap period of the 

mobile station 100. 

[0282] 
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As shown in Patterns 10 and 11 described above, by 

transmitting the HARQ indicator and the uplink scheduling grant 

relative to the uplink shared signal which was not transmitted 

due to the gap period, it is possible to achieve flexible 

5 allocation of radio resources at a subsequent transmission 
 

timing (reference numeral 1408C in Fig. 23, reference numeral 

1408D in Fig. 24) of the uplink shared signal. 

[0283] 
 

Here, flexible allocation of radio resources means the 
 

10 processing to stop retransmission of the above-described uplink 

shared signal when the radio resources for retransmitting the 

uplink shared signal conflict with the radio resources for the 

PRACH, for example. 

[0284] 
 

15  To sum up Patterns 1, 2, and 6 of the HARQ control among 

the above-described patterns, when the third time interval, i.e., 

the time frame (the sub-frame) for transmitting either the HARQ 

indicator relative to the uplink shared signal or the uplink 

scheduling grant relative to the uplink shared signal is included 

20 in the gap period (the time interval for measurement by the mobile 

station 100), the mobile station 100 presumes that the uplink 

shared signal is correctly decoded and therefore does not perform 

retransmission of the uplink shared signal. 

[0285] 
 

25   Specifically, the mobile station 100 presumes that the 

HARQ indicator channel included in the gap period has indicated 

ACK. In this case, the uplink shared signal will not be 

retransmitted until retransmission is instructed by the uplink 

scheduling grant. 
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[0286]  
 
Meanwhile, to sum up the above-described HARQ control 

 

shown in Fig. 12, Fig. 14, Fig. 16, Fig. 19, Fig. 21, and Fig. 
 

22, when the time frame (the sub-frame) for transmitting the 
 

5 uplink shared signal is included in the gap period (the time 

interval for measurement by the mobile station 100), the mobile 

station 100 presumes that the uplink shared signal is correctly 

decoded and therefore does not perform retransmission of the 

uplink shared signal. 

10 [0287] 
 

Specifically, the mobile station 100 presumes that the 

HARQ indicator channel relative to the uplink shared signal has 

indicated ACK. In this case, the uplink shared signal will not 

be retransmitted until retransmission is instructed by the 

15 uplink scheduling grant. 
 

[0288] 
 

Meanwhile, to further sum up the above-described 

operations, the mobile station 100 may perform operations: to 

presume that the uplink shared signal is correctly decoded and 

20 not to perform retransmission of the uplink shared signal when 

the time frame (the sub-frame) for transmitting either the HARQ 

indicator relative to the uplink shared signal or the uplink 

scheduling grant relative to the uplink shared signal is included 

in the gap period (the time interval for measurement by the mobile 

25 station 100); and to presume that the uplink shared signal is 
 

correctly decoded and not to perform retransmission of the uplink 

shared signal when the time frame (the sub-frame) for 

transmitting the uplink shared signal is included in the gap 

period (the time interval for measurement by the mobile station 
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100). 

[0289] 

 
 
 
 
 
Specifically, the mobile station 100 presumes that the 

 

HARQ indicator relative to the uplink shared signal has indicated 
 

5 ACK. In this case, the uplink shared signal will not be 

retransmitted until retransmission is instructed by the uplink 

scheduling grant. 

[0290] 
 

Alternatively, to sum up Patterns 1, 2, and 6 of the 
 

10 HARQ control and the HARQ control shown in Fig. 23 and Fig. 24, 

the mobile station 100 may perform operations: to presume that 

the uplink shared signal is correctly decoded and not to perform 

retransmission of the uplink shared signal when the time frame 

(the sub-frame) for transmitting either the HARQ indicator 

15 relative to the uplink shared signal or the uplink scheduling 
 

grant relative to the uplink shared signal is included in the 

gap period (the time interval for measurement by the mobile 

station 100); and to execute the HARQ control as per normal 

irrespective of whether or not the time frame (the sub-frame) 

20 for transmitting the uplink shared signal is included in the 

gap period (the time interval for measurement by the mobile 

station 100) if the time frame (the sub-frame) for transmitting 

either the HARQ indicator relative to the uplink shared signal 

or the uplink scheduling grant relative to the uplink shared 

25 signal is not included in the gap period (the time interval for 

measurement by the mobile station 100). 

[0291] 
 

Note that operation of the above described mobile station 
 

100 and of the radio base station 200 may be implemented by means 
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of hardware, a software module executed by a processor, or a 

combination of both. 

[0292] 
 

The software module may be provided in any type of storage 
 

5 medium such as an RAM (Random Access Memory), a flash memory, 

a ROM (Read Only Memory), an EPROM (Erasable Programmable ROM), 

an EEPROM (Electronically Erasable and Programmable ROM), a 

register, a hard disk, a removable disk, or a CD-ROM. 

[0293] 
 

10  The storage medium is connected to the processor so that 

the processor can read and write information from and to the 

storage medium. Also, the storage medium may be integrated into 

the processor. Also, the storage medium and the processor may 

be provided in an ASIC. The ASIC may be provided in the mobile 

15 station 100 and the radio base station 200. Also, the storage 
 

medium and the processor may be provided in the mobile station 

100 and the radio base station 200 as a discrete component. 

[0294] 
 

Hereinabove, the present invention has been described 
 

20 in detail using the above embodiment; however, it is apparent 

to those skilled in the art that the present invention is not 

limited to the embodiment described herein. Modifications and 

variations of the present invention can be made without departing 

from the spirit and scope of the present invention defined by 

25 the description of the scope of claims. Thus, what is described 
 

herein is for illustrative purpose, and has no intention 

whatsoever to limit the present invention. 

[0295] 
 

It is to be noted that the entire contents of Japanese 
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Patent Application No. 2008-074742 (filed on March 21, 2008) 
 

is incorporated into the description of the present application. 
 
 
 

Industrial Applicability 
 

5 [0296] 
 

As described above, according to the present invention, 

it is possible to provide a mobile station and a base station 

apparatus which are capable of realizing efficient and robust 

HARQ control concerning a HARQ control method on an uplink in 

10 the case where a gap period is present. 
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CLAIMS 
 
 
 

1. A mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

5 apparatus and to retransmit the uplink shared signal at a second 
 

time interval allocated fixedly, comprising: 
 

a first receiver unit configured to receive a first 

downlink control signal instructing the first time interval; 

a transmitter unit configured to transmit the uplink 

10 shared signal at the first time interval based on the first 

downlink control signal; 

a second receiver unit configured to receive a second 

downlink control signal at a third time interval allocated 

fixedly; and 

15 a retransmitter unit configured to retransmit the uplink 
 

shared signal at the second time interval based on the second 

downlink control signal; wherein 

when the third time interval overlaps a time interval 

for measurement by the mobile station, the transmitter unit is 

20 configured to transmit the uplink shared signal at the first 

time interval and the retransmitter unit is configured not to 

retransmit the uplink shared signal at the second time interval. 

 
 

2. A mobile station configured to transmit an uplink shared 
 

25 signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, comprising: 

a first receiver unit configured to receive a first 
 

downlink control signal instructing the first time interval; 
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a transmitter unit configured to transmit the uplink 

shared signal at the first time interval based on the first 

downlink control signal; 

a second receiver unit configured to receive a second 
 

5 downlink control signal at a third time interval allocated 

fixedly; and 

a retransmitter unit configured to retransmit the uplink 
 

shared signal at the second time interval based on the second 

downlink control signal; wherein 

10  when the third time interval overlaps a time interval 

for measurement by the mobile station, the transmitter unit is 

configured not to transmit the uplink shared signal at the first 

time interval and the retransmitter unit is configured to 

retransmit the uplink shared signal at the second time interval 

15 irrespective of whether or not the second downlink control signal 
 

is received. 
 
 
 

3. A mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

20 apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, comprising: 

a first receiver unit configured to receive a first 

downlink control signal instructing the first time interval; 

a transmitter unit configured to transmit the uplink 

25 shared signal at the first time interval based on the first 
 

downlink control signal; 
 

a second receiver unit configured to receive a second 

downlink control signal at a third time interval allocated 

fixedly; and 
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a retransmitter unit configured to retransmit the uplink 

shared signal at the second time interval based on the second 

downlink control signal; wherein 

when the third time interval overlaps a time interval 
 

5 for measurement by the mobile station, the transmitter unit is 

configured not to transmit the uplink shared signal at the first 

time interval and the retransmitter unit is configured not to 

retransmit the uplink shared signal at the second time interval. 

 
 

10 4. A mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, comprising: 

a first receiver unit configured to receive a first 
 

15 downlink control signal instructing the first time interval; 
 

a transmitter unit configured to transmit the uplink 

shared signal at the first time interval based on the first 

downlink control signal; 

a second receiver unit configured to receive a second 
 

20 downlink control signal at a third time interval allocated 

fixedly; and 

a retransmitter unit configured to retransmit the uplink 

shared signal at the second time interval based on the second 

downlink control signal; wherein 

25 when the first time interval overlaps a time interval 
 

for measurement by the mobile station, the retransmitter unit 

is configured not to transmit the uplink shared signal at the 

second time interval. 
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5. A mobile station configured to transmit an uplink shared 

signal at a first time interval instructed by a base station 

apparatus and to retransmit the uplink shared signal at a second 

time interval allocated fixedly, comprising: 

5 a first receiver unit configured to receive a first 
 

downlink control signal instructing the first time interval; 
 

a transmitter unit configured to transmit the uplink 

shared signal at the first time interval based on the first 

downlink control signal; 

10  a second receiver unit configured to receive a second 

downlink control signal at a third time interval allocated 

fixedly; and 

a retransmitter unit configured to retransmit the uplink 
 

shared signal at the second time interval based on the second 
 

15 downlink control signal, wherein 
 

when the third time interval overlaps a time interval 

for measurement by the mobile station, the second receiver unit 

is configured to presume that an acknowledgement response is 

received as information on the second downlink control signal. 
 

20 
 

6. The mobile station according to any one of claims 1, 
 

3, 4, and 5, wherein 
 

the retransmitter unit is configured to retransmit the 

uplink shared signal at a time interval instructed by a third 

25 downlink control signal, when receiving the third downlink 
 

control signal. 
 
 
 

7. The mobile station according to any one of claims 1 to 
 

5, wherein 
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the first downlink control signal is any of uplink 

scheduling grant and a HARQ indicator instructing 

retransmission; and 

the second downlink control signal is any of uplink 
 

5 scheduling grant instructing retransmission and a HARQ 
 

indicator. 
 
 
 

8. The mobile station according to claim 6, wherein 
 

the third downlink control signal is uplink scheduling 
 

10 grant instructing retransmission. 
 
 
 

9. The mobile station according to any one of claims 1 to 
 

5, wherein 
 

the time interval for measurement is a time interval 
 

15 for measuring received quality at any of an adjacent cell of 

an identical frequency, an adjacent cell of a different frequency, 

and an adjacent cell in a different system. 

 
 

10. A base station apparatus configured to receive an uplink 
 

20 shared signal from a mobile station, comprising: 
 

a first transmitter unit configured to transmit a first 

downlink control signal to the mobile station, the first downlink 

control signal instructing a first time interval for 

transmitting an uplink shared signal; 

25 a first receiver unit configured to receive the uplink 
 

shared signal transmitted by the mobile station at the first 

time interval based on the first downlink control signal; 

a second transmitter unit configured to transmit a second 
 

downlink control signal at a third time interval allocated 
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fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink 

shared signal at the second time interval, the uplink shared 
 

signal being retransmitted by the mobile station based on the 
 

5 second downlink control signal; wherein 
 

when the third time interval overlaps a time interval 

for measurement by the mobile station, the first receiver unit 

is configured to receive the uplink shared signal at the first 

time interval, the second transmitter unit is configured not 

10 to transmit the second downlink control signal at the third time 

interval, and the second receiver unit is configured not to 

receive the uplink shared signal at the second time interval. 

 
 

11. The base station apparatus according to claim 10, wherein 
 

15  when the first receiver unit fails to receive the uplink 

shared signal at the first time interval, the second transmitter 

unit is configured to transmit a third downlink control signal 

at a time interval not overlapping the time interval for 

measurement by the mobile station, and the second receiver unit 

20 is configured to receive the uplink shared signal retransmitted 

by the mobile station based on the third downlink control signal 

at the time interval instructed by the third downlink control 

signal. 

 
 

25 12. A base station apparatus configured to receive an uplink 

shared signal from a mobile station, comprising: 

a first transmitter unit configured to transmit a first 

downlink control signal to the mobile station, the first downlink 

control signal instructing a first time interval for 
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transmitting an uplink shared signal; 
 

a first receiver unit configured to receive the uplink 

shared signal transmitted by the mobile station at the first 

time interval based on the first downlink control signal; 

5 a second transmitter unit configured to transmit a second 
 

downlink control signal at a third time interval allocated 

fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink 

shared signal at the second time interval, the uplink shared 
 

10 signal being retransmitted by the mobile station based on the 

second downlink control signal; wherein 

when the first time interval overlaps a time interval 

for measurement by the mobile station, the first receiver unit 

is configured not to receive the uplink shared signal at the 

15 first time interval, the second transmitter unit is configured 
 

not to transmit the second downlink control signal at the third 

time interval, and the second receiver unit is configured not 

to receive the uplink shared signal at the second time interval. 

 
 

20 13. A base station apparatus configured to receive an uplink 

shared signal from a mobile station, comprising: 

a first transmitter unit configured to transmit a first 

downlink control signal to the mobile station, the first downlink 

control signal instructing a first time interval for 

25 transmitting an uplink shared signal; 
 

a first receiver unit configured to receive the uplink 

shared signal transmitted by the mobile station based on the 

first downlink control signal at the first time interval; 

a second transmitter unit configured to transmit a second 
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downlink control signal at a third time interval allocated 

fixedly based on a reception result at the first receiver; and 

a second receiver unit configured to receive the uplink 

shared signal at the second time interval, the uplink shared 
 

5 signal being retransmitted by the mobile station based on the 

second downlink control signal; wherein 

when the third time interval overlaps a time interval 
 

for measurement by the mobile station, the second transmitter 

unit is configured to presume that an acknowledgement response 

10 is transmitted as information on the second downlink control 
 

signal. 
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