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Description

Technical Field

[0001] The present invention relates to a radio communication base station
apparatus and an association setting method.

Background Art

[0002] The 3GPP RAN LTE (Long Term Evolution) is currently studying
transmission of SRSs (Sounding Reference Signals) for channel quality
estimation (CQI (Channel Quality Indicator) estimation) for frequency scheduling,
reception timing detection and transmission power control on uplink from a radio
communication mobile station apparatus (hereinafter abbreviated as a "mobile
station") to a radio communication base station apparatus (hereinafter
abbreviated as a "base station") (e.g. see Non-Patent Document 1).

[0003] According to the 3GPP RAN LTE, for example, an SRS is formed with
one LB (Long Block) and the time length of the SRS is 71.4 us including the CP
(Cyclic Prefix) and the reference signal. Furthermore, the mobile station
transmits SRSs periodically (e.g. at 1-subframe intervals = at 1 ms intervals),
according to command from the base station. Furthermore, a plurality of
bandwidths, such as 1.25 MHz, 5 MHz and 10 MHz, are provided for the SRS
transmission bandwidth, and a bandwidth corresponding to the propagation
condition of the mobile station is set. For example, a mobile station located at a
cell edge where the propagation condition is poor and transmission power is
limited does not have power necessary to transmit a wideband SRS, and so the
mobile station transmits a narrowband (e.g. 1.25 MHz) SRS. When such a
narrowband SRS is used, wideband CQI estimation is performed over a plurality
of transmission time fields by performing frequency hopping.

[0004] Furthermore, the 3GPP RAN LTE is studying the use of random access
preamble (hereinafter abbreviated as a "preamble”) for initial access of a mobile
station, updating of transmission timing and CQI estimation on uplink from a
mobile station to a base station (e.g. see Non-Patent Document 2). A preamble
is a signal including identification information about a mobile station, and each
mobile station randomly selects one of a plurality of code sequences set up in
advance by a base station or selects one code sequence according to command
from the base station. Each mobile station then transmits a preamble generated
based on the selected code sequence to the base station. According to the
3GPP RAN LTE, the preamble is formed with one subframe, for example, and
the time length of the preamble is 1 ms (= 14 LBs) including the CP, the
preamble and the guard time, which is a non-transmission period. Furthermore,
the mobile station transmits preambles periodically (e.g. at 10-subframe intervals
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= 10 ms intervals), according to command from the base station as in the case of
SRS. Furthermore, for the preamble transmission bandwidth, for example, 1.08
MHz is set (= 6 RBs (Resource Blocks)). Furthermore, when the preamble is
transmitted, frequency hopping is performed to provide frequency diversity gain
and improve the preamble detection performance as in the case of the SRS.

[0005] Furthermore, a preamble transmitted from a mobile station which has not
established synchronization with a base station on uplink entails a delay
matching the round trip propagation delay time (RTD) at reception timing at the
time of reception in the base station. Therefore, a guard time is set in the
preamble as described above to prevent the preamble from delaying and
causing interference with the signal of the next subframe.

[0006] When transmitting an SRS, resources of the time domain and frequency
domain may be assigned thereto exclusive of other signals (e.g. see Non-Patent
Document 3). Here, an SRS is assigned to the first 1 LB in one subframe (= 1
ms) of PUSCH (Physical Uplink Shared Channel), which is formed with 14 LBs
and assigned transmission data of the mobile station, and transmitted to the
base station.

Non-Patent Document 1: NTT DoCoMo, Fuijitsu, Mitsubishi Electric, NEC,
Panasonic, Sharp, Toshiba Corporation, R1-072938, "Necessity of
Multiple Bandwidths for Sounding Reference Signals", 3GPP TSG RAN
WG1 Meeting #49bis, Orlando, USA, June 25 - 29, 2007

Non-Patent Document 2: Texas Instruments, R1-063213, "Improved Non-
Synchronized Random Access structure for E-UTRA", 3GPP TSG RAN
WG1Meeting #47bis, Riga, Latvia, November 6 - 10, 2006

Non-Patent Document 3: NEC Group, NTT DoCoMo, R1-072824,
"Discussion on Uplink Reference Signal", 3GPP TSG RAN WG1 Meeting
#49bis, Orlando, USA, 25-29 June, 2007

Non-Patent Document 4: Nokia, Nokia Siemens Networks, R1-072989,
"UL Sounding Reference Signal for EUTRA TDD", 3GPP TSG RAN WG1
Meeting #49bis, Orlando USA, June 25 - 29, 2007

[0007] Non-patent document 4 discloses that the base station obtains the
sounded channel quality with short delay by sending the S-RS at the end of the
sub-frame in a TDD system. The system disclosed in non-patent document 4,
however, needs to secure SRS resources in order to send each S-RS; and
therefore requires a number of SRS resources.
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Disclosure of Invention

Problems to be Solved by the Invention

[0008] However, with the above-described conventional technique of performing
transmission by assigning the SRS to the first LB in a subframe, the first LB in a
subframe is more frequently used to transmit the SRS as the number of mobile
stations in a cell increases. That is, the proportion of communication resources
used to transmit SRSs increases as the number of mobile stations in the cell
increases. Therefore, according to the above-described conventional technique,
when the number of mobile stations within the cell increases, communication
resources available for data transmission decrease, and, as a result, the data
transmission efficiency is reduced.

[0009] It is therefore an object of the present invention to provide a radio
communication base station apparatus and an association setting method
capable of suppressing the amount of communication resources used for SRSs.

Means for Solving the Problem

[0010] The radio communication base station apparatus of the present invention
adopts a configuration including a receiving section that receives a first signal
which is provide with a guard time and which is transmitted periodically, and a
second signal which is transmitted periodically, a setting section that sets an
association between the first signal and the second signal such that a first
transmission field for the first signal matches a second transmission field for the
second signal, and a determining section transmission field and the association.

Advantageous Effects of Invention

[0011] According to the present invention, the amount of communication
resources used for SRSs can be reduced. Any occurrence of the term
"embodiment"” in the description has to be considered as an "aspect of the
invention”, the invention being defined in the appended independent claims.
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Brief Description of Drawings

[0012]

FIG.1 is a block diagram illustrating a configuration of a base station
according to Embodiment 1 of the present invention;

FIG.2 is a block diagram illustrating a configuration of a mobile station that
transmits a preamble according to Embodiment 1 of the present invention;

FIG.3 is a block diagram illustrating a configuration of a mobile station that
transmits an SRS according to Embodiment 1 of the present invention;

FIG.4 is a diagram illustrating an association of a transmission time field
according to Embodiment 1 of the present invention;

FIG.5 is a diagram illustrating a preamble transmission time field
according to Embodiment 1 of the present invention;

FIG.6 is an operation sequence of a mobile communication system
according to Embodiment 1 of the present invention;

FIG.7 is a diagram illustrating a preamble transmission time field
according to Embodiment 2 of the present invention;

FIG.8 is a block diagram illustrating a configuration of a base station
according to Embodiment 3 of the present invention;

FIG.9 is a diagram illustrating an association of a transmission time field
according to Embodiment 3 of the present invention;

FIG.10 is a diagram illustrating another association of a transmission time
field of the present invention (first example of association); and

FIG.11 is a diagram illustrating a further association of a transmission time
field of the present invention (second example of association).

Best Mode for Carrying Out the Invention

[0013] Hereinafter, embodiments of the present invention will be explained in
detail with reference to the accompanying drawings.
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(Embodiment 1)

[0014] FIG.1 shows a configuration of base station 100 according to the present
embodiment. Base station 100 receives a preamble from mobile station 200
(FIG.2) which will be described later and receives an SRS from mobile station
300 (FIG.3) which will be described later.

[0015] Preamble transmission field determining section 101 determines the time
interval of the transmission time field (subframe) in which the mobile station can
transmit a preamble. Preamble transmission field determining section 101 then
outputs the determined preamble transmission time interval to SRS transmission
field determining section 103, control signal generation section 104 and time field
identifying section 109.

[0016] Association rule setting section 102 sets rules for associating the
transmission time intervals for the preamble and SRS. Association rule setting
section 102 then outputs the association rules set, to SRS transmission field
determining section 103. Details of the setting of the association rules in
association rule setting section 102 will be described later.

[0017] SRS transmission field determining section 103 determines the time
interval of the transmission time field (subframe) in which the SRS can be
transmitted, based on the preamble transmission time interval inputted from
preamble transmission field determining section 101 and the association rules
inputted from association rule setting section 102. SRS transmission field
determining section 103 then outputs the determined SRS transmission time
interval to control signal generation section 104 and time field identifying section
109. Details of the processing of determining the SRS transmission time field in
SRS transmission field determining section 103 will be described later.

[0018] Control signal generation section 104 generates a control signal
including the preamble transmission time interval inputted from preamble
transmission field determining section 101 and the SRS transmission time
interval inputted from SRS transmission field determining section 103. Control
signal generation section 104 then outputs the control signal generated to
modulation section 105.

[0019] Modulation section 105 modulates the control signal inputted from control
signal generation section 104 and outputs the modulated control signal to radio
transmitting section 106.

[0020] Radio transmitting section 106 performs radio processing such as D/A
conversion, up-conversion on the control signal and transmits the control signal
to mobile station 200 and mobile station 300 via antenna 107.

[0021] On the other hand, radio receiving section 108 receives a signal
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transmitted from mobile station 200 and mobile station 300 via antenna 107,
performs radio processing such as down-conversion, A/D conversion on the
received signal and outputs the received signal to time field identifying section
109.

[0022] Time field identifying section 109 identifies the preamble transmission
time field (subframe) and the SRS transmission time field (subframe) based on
the preamble transmission time interval inputted from preamble transmission
field determining section 101 and the SRS transmission time interval inputted
from SRS transmission field determining section 103, outputs the received
preamble to demodulation section 110 and the received SRS to demodulation
section 112.

[0023] Demodulation section 110 demodulates the preamble inputted from time
field identifying section 109 and outputs the demodulated preamble to preamble
detection section 111.

[0024] Preamble detection section 111 determines the correlation between the
known preamble code sequence set up in advance in the system and the
preamble inputted from demodulation section 110, and detects the preamble.
Preamble detection section 111 then outputs a preamble detection result
indicating the detected preamble.

[0025] Demodulation section 112 demodulates the SRS inputted from time field
identifying section 109 and outputs the demodulated SRS to CQI estimation
section 113.

[0026] CQI estimation section 113 performs CQI estimation based on the SRS
inputted from demodulation section 112. CQI estimation section 113 then outputs
the estimated CQI estimate value.

[0027] Next, FIG.2 shows a configuration of mobile station 200 according to the
present embodiment. Mobile station 200 transmits a preamble to base station
100 (FIG.1).

[0028] Radio receiving section 202 receives a control signal transmitted from
base station 100 via antenna 201, performs radio processing such as down-
conversion, A/D conversion on the control signal and outputs the control signal to
demodulation section 203.

[0029] Demodulation section 203 demodulates the control signal and outputs
the demodulated control signal to transmission time interval detection section
204.

[0030] Transmission time interval detection section 204 detects the preamble
transmission time interval included in the control signal inputted from
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demodulation section 203 and outputs the detected preamble transmission time
interval to preamble generation section 205.

[0031] Preamble generation section 205 randomly selects one preamble code
sequence from known preamble code sequences set up in advance in the
system in the preamble transmission time field (subframe) obtained based on the
preamble transmission time interval inputted from transmission time interval
detection section 204. Preamble generation section 205 then generates a
preamble based on the selected code sequence. Preamble generation section
205 then outputs the preamble generated to guard time adding section 206.

[0032] Guard time adding section 206 adds a guard time of a predetermined
time length to the preamble inputted from preamble generation section 205.
Guard time adding section 206 then outputs the preamble with a guard time to
modulation section 207.

[0033] Modulation section 207 modulates the preamble and outputs the
modulated preamble to radio transmitting section 208.

[0034] Radio transmitting section 208 performs radio processing such as D/A
conversion, up-conversion on the preamble inputted from modulation section 207
and transmits the preamble to base station 100 via antenna 201.

[0035] Next, FIG.3 shows a configuration of mobile station 300 according to the
present embodiment. Mobile station 300 transmits the SRS to base station 100
(FIG.1).

[0036] Radio receiving section 302 receives a control signal transmitted from
base station 100 via antenna 301, performs radio processing such as down-
conversion and A/D conversion on the control signal, and outputs the control
signal to demodulation section 303.

[0037] Demodulation section 303 demodulates the control signal and outputs
the demodulated control signal to transmission time interval detection section
304.

[0038] Transmission time interval detection section 304 detects the SRS
transmission time interval included in the control signal inputted from
demodulation section 303, and outputs the detected SRS transmission time
interval to SRS generation section 305.

[0039] SRS generation section 305 generates a known SRS code sequence
commanded from base station 100 in advance, in the SRS transmission time
field (subframe) obtained based on the SRS transmission time interval inputted
from transmission time interval detection section 304. SRS generation section
305 then outputs the generated SRS to arrangement section 307.
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[0040] Preamble transmission field information setting section 306 sets the
positions and time lengths of the CP, preamble and guard time in the preamble
transmission time field. Preamble transmission field information setting section
306 then outputs preamble transmission field information indicating the positions
and time lengths of the CP, preamble and guard time in the preamble
transmission time field, to arrangement section 307.

[0041] Arrangement section 307 arranges the SRS in the preamble
transmission time field (subframe) based on the preamble transmission field
information inputted from preamble transmission field information setting section
306. To be more specific, arrangement section 307 arranges the SRS in the
guard time position in the preamble. For example, arrangement section 307
arranges the SRS in the guard time position in the preamble such that the time
interval between the preamble and the SRS becomes maximum. Arrangement
section 307 outputs the arranged SRS to modulation section 308. Details of the
SRS arrangement processing in arrangement section 307 will be described later.

[0042] Modulation section 308 modulates the SRS and outputs the modulated
SRS to radio transmitting section 309.

[0043] Radio transmitting section 309 performs radio processing such as D/A
conversion, up-conversion on the SRS inputted from modulation section 308 and
transmits the SRS to base station 100 via antenna 301.

[0044] Next, details of the setting of the association rules by association rule
setting section 102 of base station 100 (FIG.1), the processing of determining the
SRS transmission time interval in SRS transmission field determining section 103
and the processing of SRS arrangement in arrangement section 307 of mobile
station 300 (FIG.3) will be explained.

[0045] To be more specific, association rule setting section 102 sets rules
according to following equation 1.
m x (preamble transmission time interval) = n x (SRS

transmission time interval) ..{Equation 1)

where m and n are positive integers. That is, association rule setting section 102
sets m and n. By this means, the preamble transmission time field and the SRS
transmission time field match in a transmission time field that satisfies equation
1. That is, the preamble and the SRS use the same transmission time field.

[0046] Next, SRS transmission field determining section 103 determines the
interval of the SRS transmission time field according to the preamble
transmission time interval inputted from preamble transmission field determining
section 101 and the rules (m and n) set in association rule setting section 102.
That is, SRS transmission field determining section 103 determines the SRS
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transmission time interval from (m/n) x (preamble transmission time interval)
based on equation 1.

[0047] This will be explained more specifically below. Here, assuming that the
preamble transmission time interval determined in preamble transmission field
determining section 101 is 10 subframes, association rule setting section 102
sets m =1 and n = 2. Furthermore, suppose the system bandwidth is 24 RBs,
the bandwidth for arranging the preamble is 6 RBs and the bandwidth for
arranging the SRS is 24 RBs. Furthermore, suppose the time length of the
preamble is 1 subframe, and 1 subframe is 14 LBs. Furthermore, suppose the
time length of the SRS is 1 LB.

[0048] By this means, SRS transmission field determining section 103
determines the SRS transmission time interval to be 5 subframes from (1/2) x
(10 subframes).

[0049] Thus, as shown in FIG.4, while the time interval of the preamble
transmission time field is 10 subframes, the time interval of the SRS transmission
time field is 5 subframes. Furthermore, the transmission time field of the
preamble, which requires a longer transmission time interval than the SRS,
constantly matches the SRS transmission time field. That is, since part of the
SRS transmission time field (half of the whole in FIG.4) is transmitted using the
same transmission time field as the preamble transmission time field,
communication resources used for the SRS can be reduced.

[0050] When one of m and nis 1 in the above equation, the preamble
transmission time field constantly matches the SRS transmission time field in the
transmission time field for one of the preamble and the SRS having the longer
time interval of the transmission time field. On the other hand, when m=n =1,
the preamble transmission time field constantly matches the SRS transmission
time field, and, consequently, the preamble transmission time field is the only
communication resource used for the SRS.

[0051] On the other hand, arrangement section 307 of mobile station 300
(FIG.3) arranges the generated SRS in the position of the guard time in the
preamble transmission time field such that the time interval between the
preamble and the SRS becomes maximum.

[0052] To be more specific, arrangement section 307 arranges the SRS in the
guard time of one subframe including the CP, the preamble and the guard time,
as shown in FIG. 5. Here, arrangement section 307 arranges the SRS at the tail
end of the subframe such that the time interval between the preamble and the
SRS becomes maximum as shown in FIG. 5.

[0053] Here, the preamble and the SRS shown in FIG.5 are transmitted from
different mobile stations, mobile station 200 (FIG.2) and mobile station 300
(FIG.3). Furthermore, uplink synchronization is established between mobile
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station 300 that transmits the SRS and base station 100, whereas uplink
synchronization is not established between mobile station 200 that transmits the
preamble and base station 100. That is, since mobile station 300 transmits the
SRS taking into account the RTD between mobile station 300 and base station
100, the SRS reception timing in base station 100 is not delayed. On the other
hand, since mobile station 200 transmits the preamble without taking into
account the RTD, the preamble reception timing in base station 100 is delayed
by the RTD.

[0054] However, since arrangement section 307 of mobile station 300 arranges
the SRS at the tail end of the subframe such that the time interval between the
preamble and the SRS becomes maximum, even if the preamble reception
timing shown in FIG.5 delays into the guard time, base station 100 can minimize
interference between the preamble and the SRS. Especially when the RTD
satisfies following equation 2, no interference occurs between the preamble and
the SRS.

RTD < GT - (CP + SRS) ...{Equation 2)

where GT is the time length of the guard time of the preamble transmission time
field (subframe), CP is the CP time length of the SRS (value corresponding to
delay spread) and SRS is the time length of the SRS.

[0055] When, for example, the values determined in the 3GPP RAN LTE are
applied to equation 2, RTD < 26 us. Here, suppose GT =97.4 us, CP =4.8 us
and SRS = 66.6 ps. Furthermore, the RTD increases by 6.67 ps every time the
distance between base station 100 and mobile station 200 increases by 1 km.
That is, when the distance between base station 100 and mobile station 200 is
equal to or less than approximately 3.9 (= 26/6.67) km, no interference occurs
between the preamble and the SRS shown in FIG.5.

[0056] Next, operation of a mobile communication system formed with base
station 100, mobile station 200 and mobile station 300 will be explained. FIG.6
shows an operation sequence of the mobile communication system according to
the present embodiment.

[0057] In ST 101 (step), preamble transmission field determining section 101 of
base station 100 determines the preamble transmission time interval (e.g. 10
subframes shown in FIG.4) first and SRS transmission field determining section
103 determines the SRS transmission time interval (e.g. 5 subframes shown in
FIG.4). Base station 100 then transmits the preamble transmission time interval
and the SRS transmission time interval to mobile station 200 and mobile station
300 respectively.

[0058] In ST 102, in mobile station 200 having received the preamble
transmission time interval and SRS transmission time interval, transmission time
interval detection section 204 detects the preamble transmission time interval,
and preamble generation section 205 calculates the preamble transmission time
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field and generates a preamble. Mobile station 200 then transmits the preamble
to base station 100.

[0059] Similarly in ST 103, in mobile station 300 having received the preamble
transmission time interval and the SRS transmission time interval, transmission
time interval detection section 304 detects the SRS transmission time interval,
and SRS generation section 305 calculates the SRS transmission time field and
generates an SRS. Furthermore, arrangement section 307 arranges the SRS in
the position of the guard time in the preamble transmission time field. Mobile
station 300 then transmits the SRS to base station 100.

[0060] Next, in ST 104, base station 100 receives the preamble from mobile
station 200 and the SRS from mobile station 300 according to the preamble
transmission time interval and the SRS transmission time interval reported to
mobile station 200 and mobile station 300.

[0061] Here, assuming that the SRS transmission time interval (transmission
time interval T shown in FIG.6) is 5 subframes and the preamble transmission
time interval (transmission time interval 2T shown in FIG.6) is 10 subframes, the
relational equation of equation 1 above satisfies (preamble transmission time
interval) = 2 x (SRS transmission time interval). That is, while the base station
receives a preamble from mobile station 200 one time, the base station receives
an SRS from mobile station 300 twice. Furthermore, the preamble transmission
time field from mobile station 200 constantly matches the SRS transmission time
field from mobile station 300. To be more specific, in transmission time interval T
(5 subframes) after base station 100 receives the preamble from mobile station
200 and the SRS from mobile station 300 in ST 104, base station 100 receives
only the SRS from mobile station 300 in ST 105. Furthermore, in further
transmission time interval T (5 subframes) after ST 105, that is, in transmission
time interval 2T (10 subframes) after ST 104, base station 100 receives the
preamble from mobile station 200 and SRS from mobile station 300 in ST 106.

[0062] Thus, in the preamble transmission time field, not only the preamble but
also the SRS is received constantly, and therefore it is possible to reduce the
communication resources to be secured for the SRS transmission time field.

[0063] Thus, according to the present embodiment, the SRS transmission time
interval is associated with the preamble transmission time interval. This allows
the SRS transmission time field to match the preamble transmission time field,
and therefore it is possible to suppress the amount of communication resources
used to transmit the SRS. Furthermore, when the SRS is arranged in the
preamble transmission time field, the SRS is arranged in the guard time such
that the time interval between the preamble and the SRS becomes maximum,
and, therefore, even when the preamble reception timing is delayed, it is possible
to minimize interference between the preamble and the SRS.

[0064] A case has been described with the present embodiment where the
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preamble transmission bandwidth (24 RBs) is different from the SRS
transmission bandwidth (6 RBs) as shown in FIG.4, but the preamble
transmission bandwidth may be equal to the SRS transmission bandwidth.

[0065] Furthermore, a case has been described with the present embodiment
where the base station transmits a control signal including an SRS transmission
time interval to each mobile station, but it is not necessarily to report the SRS
transmission time interval in a control signal to each mobile station. For example,
instead of reporting the SRS transmission time interval in a control signal to each
mobile station, the base station may report the association rules to each mobile
station. By this means, each mobile station can calculate the SRS transmission
time interval based on the preamble transmission time interval and the
association rules. Furthermore, according to the present embodiment, the entire
system may set in advance the association rules. Thus, the base station needs
to report only the preamble transmission time interval to each mobile station, and
therefore can reduce the amount of information for reporting the SRS
transmission time interval and the association rules.

[0066] Furthermore, a case has been described with the present embodiment
where preamble generation section 205 of mobile station 200 (FIG.2) generates
a preamble based on a preamble code sequence selected randomly from
preamble code sequences set up in advance by the system. However, preamble
generation section 205 may also generate a preamble based on a preamble
code sequence given from base station 100 (FIG.1). Thus, base station 100
indicates the preamble code sequence to mobile station 200, so that the
preamble of mobile station 200 does not collide with the preambles of other
mobile stations, and therefore it is possible to prevent collision between the
preambles based on the same preamble code sequence.

[0067] Furthermore, modulation section 105 (FIG.1) of base station 100 of the
present embodiment, modulation section 207 (FIG.2) of mobile station 200 and
modulation section 308 (FIG.3) of mobile station 300 may perform DFT (Discrete
Fourier Transform) processing, transmission band mapping processing and IFFT
(Inverse Fast Fourier Transform) processing. Here, the DFT processing
transforms the signal from a time domain signal to a frequency domain signal.
Furthermore, the transmission band mapping processing arranges the signal
transformed to a frequency domain signal through the DFT processing in a
predetermined transmission band. Furthermore, the IFFT processing applies
IFFT to the signal subjected to the transmission band mapping processing to
transform the signal from a frequency domain signal to a time domain signal.

[0068] Likewise, demodulation section 110 and demodulation section 112 of
base station 100, demodulation section 203 of mobile station 200 and
demodulation section 303 of mobile station 300 may perform FFT (Fast Fourier
Transform) processing, transmission band demapping processing and IDFT
(Inverse Discrete Fourier Transform) processing. Here, the FFT processing
applies FFT to the received signal to transform the signal from a time domain
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signal to a frequency domain signal. Furthermore, the transmission band
demapping processing extracts a predetermined transmission band including the
transmitted signal from the signal transformed to the frequency domain.
Furthermore, the IDFT processing applies IDFT processing to the signal
subjected to the transmission band demapping processing to transform the
signal from a frequency domain signal to a time domain signal.

(Embodiment 2)

[0069] In the present embodiment, an SRS is arranged at the beginning of a
preamble transmission time field.

[0070] Guard time adding section 206 (FIG.2) of mobile station 200 according to
the present embodiment adds a guard time of the same time length as the SRS
length before the preamble inputted from preamble generation section 205 and
also adds a guard time of a time length corresponding to (1 subframe length -
preamble length - SRS length) after the preamble.

[0071] On the other hand, when arranging an SRS in a preamble transmission
time field (subframe), arrangement section 307 (FIG.3) of mobile station 300
according to the present embodiment arranges the SRS at the beginning of the
preamble transmission time field (subframe).

[0072] This will be explained more specifically below. Here, suppose the
preamble transmission time field is formed with 14 LBs and the time length of the
SRS is 1 LB as with Embodiment 1.

[0073] Therefore, as shown in FIG.7, arrangement section 307 arranges the
generated SRS at the beginning of the preamble transmission time field
(subframe). On the other hand, mobile station 200 arranges the CP and the
preamble directly after the position where the SRS is arranged. That is, as
shown in FIG.7, in mobile station 200, the CP and preamble are arranged in that
order from the position 1 LB (i.e. the SRS length) from the beginning of the
preamble transmission time field (subframe). Furthermore, as shown in FIG.7, in
1 subframe, the rest of the transmission time field other than the transmission
time field where the SRS and preamble (including the CP) are arranged,
constitutes the guard time.

[0074] As described above, by this means, the SRS from mobile station 300
does not delay in base station 100. Therefore, even when base station 100
receives a signal with no interval between the SRS and the preamble as shown
in FIG.7, the SRS never slips into the rear part where the preamble is arranged,
and therefore the SRS and the preamble do not interfere with each other in the
same transmission time field. On the other hand, in base station 100, the
preamble is delayed by the RTD. However, as shown in FIG.7, the present
embodiment eliminates the interval between the SRS and the preamble and
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secures a maximal guard time after the preamble. Therefore, when the RTD
satisfies equation 1, base station 100 can prevent interference between the
preamble and the signal of the next transmission time field (subframe) as in the
case of Embodiment 1.

[0075] Thus, according to the present embodiment, the SRS is arranged at the
beginning of the preamble transmission time field. This makes it possible to
provide similar effects to Embodiment 1 and prevent interference between the
SRS and the preamble completely.

(Embodiment 3)

[0076] A case has been described with Embodiment 1 where the preamble and
SRS transmission time fields are made to match each other, but a case will be
explained now with the present embodiment where the preamble and SRS
transmission time fields and the transmission band are made to match each
other.

[0077] This will be explained more specifically below. In the following
explanations, suppose that preambles and SRSs are transmitted using
frequency hopping.

[0078] FIG.8 shows a configuration of base station 400 according to the present
embodiment. In FIG.8, the same components as those in Embodiment 1 (FIG.1)
will be assigned the same reference numerals, and explanations thereof will be
omitted.

[0079] Preamble transmission field determining section 401 of base station 400
according to the present embodiment determines a time interval (subframe) in
which each mobile station can transmit the preamble and a transmission band in
which the preamble can be transmitted.

[0080] Association rule setting section 402 sets a rule for associating the
preamble and SRS transmission time intervals with their transmission bands.
Details of the setting of association rules in association rule setting section 402
will be described later.

[0081] SRS transmission field determining section 403 determines a time
interval (subframe) in which the SRS can be transmitted and a transmission
band in which the SRS can be transmitted, based on the preamble transmission
time interval and the preamble transmission band inputted from preamble
transmission field determining section 401 and the association rules inputted
from association rule setting section 402.

[0082] Control signal generation section 404 generates a control signal
including the preamble transmission time interval and the preamble transmission
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band inputted from preamble transmission field determining section 401 and the
SRS transmission time interval and the SRS transmission band inputted from
SRS transmission field determining section 403.

[0083] On the other hand, time domain/frequency domain identifying section
405 identifies the transmission time field and the transmission band of the
preamble and the SRS based on the preamble transmission time interval and the
preamble transmission band inputted from preamble transmission field
determining section 401 and the SRS transmission time interval and the SRS
transmission band inputted from SRS transmission field determining section 403,
outputs the received preamble to demodulation section 110 and the received
SRS to demodulation section 112.

[0084] Next, the details of the association rule setting in association rule setting
section 402 of base station 400 (FIG.8) and the processing of determining the
SRS transmission field in SRS transmission field determining section 403, will be
explained.

[0085] Here, the preamble transmission time interval determined in preamble
transmission field determining section 401 is assumed to be 5 subframes and
association rule setting section 402 sets m = 1 and n = 5. Moreover, suppose the
system bandwidth is 24 RBs, the preamble transmission bandwidth is 6 RBs and
the SRS transmission bandwidth is 6 RBs. Furthermore, different mobile stations
transmit SRS 1 and SRS 2 respectively. Furthermore, both the preamble and the
SRS are subjected to frequency hopping whereby the transmission band is
changed per transmission time field.

[0086] As shown in FIG.9, association rule setting section 402 sets association
rules such that the preamble transmission band matches the SRS transmission
band in a transmission time field that satisfies 1 x (preamble transmission time

interval) = 5 x (SRS transmission time interval).

[0087] Since the preamble transmission time interval inputted from preamble
transmission field determining section 401 is 5 subframes, SRS transmission
field determining section 403 determines the SRS transmission time interval to
be 1 subframe from (m/n) x (preamble transmission time interval), based on
equation 1. Furthermore, SRS transmission field determining section 403
determines the transmission band in which the SRS transmission band and the
preamble transmission band match, in a transmission time field that satisfies
equation 1.

[0088] That is, as shown in FIG.9, the SRS is included in part of the preamble in
the preamble transmission time field. By this means, the preamble transmission
band can include the preamble and SRS in the preamble transmission time field,
and therefore it is possible to assign the remaining transmission band, for
example, to PUSCH, for data transmission.
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[0089] Thus, according to the present embodiment, when a preamble and SRS
are subjected to frequency hopping, the preamble transmission band and the
SRS transmission band are made to match each other. This makes it possible to
maintain a frequency diversity effect through frequency hopping and transmit an
SRS in the same transmission time field and the same transmission band as
those for a preamble. Therefore, the present embodiment can reduce the
communication resources used for SRSs.

[0090] A case has been described with the present embodiment where the SRS
transmission band is determined such that the SRS frequency hopping pattern
matches the preamble frequency hopping pattern in a transmission time field in
which the preamble and the SRS match each other. However, according to the
present invention, the preamble transmission band may be determined so that
the preamble frequency hopping pattern matches the SRS frequency hopping
pattern.

[0091] Furthermore, a case has been described with the present embodiment
where there is one SRS in the transmission time field in which the preamble and
the SRS match each other, but the present invention is also applicable to a case
where there are a plurality of SRSs in the transmission time field in which the
preamble and the SRS match each other. For example, as shown in FIG.10,
when SRS 1 and SRS 2 are arranged in different transmission bands in the
same transmission time field, a transmission band that matches that of the
preamble may be given to SRS 1 and SRS 2 evenly. To be more specific, as
shown in FIG.10, in the preamble transmission time field, both transmission
bands of SRS 1 and SRS 2 are made to match two different preamble
transmission bands respectively. This allows the effect of the present invention
resulting from the match between the preamble and the SRS transmission fields
to be given to a plurality of SRSs evenly. Moreover, the influence of interference
resulting from the match between the preamble and the SRS transmission fields
can also be distributed evenly over a plurality of SRSs.

[0092] Furthermore, when there are a plurality of SRSs in the transmission time
field in which the preamble and the SRS match each other, a transmission field
that matches that of the preamble may be preferentially assigned to only a
specific SRS. For example, as shown in FIG. 11, the SRS having the smallest
transmission bandwidth (SRS 1 shown in FIG.11) of a plurality of SRSs (SRS 1
and SRS 2 shown in FIG. 11) may be designated as a specific SRS. Thus, for an
SRS having a small transmission bandwidth (SRS of a narrowband), it is
possible to improve the accuracy of CQI estimation using a preamble as an SRS.
For example, SRS 1 may be assigned to a mobile station located at a cell edge,
which has a small system bandwidth and which requires improvement of the
accuracy of CQI estimation. Here, when a preamble is used as an SRS, the base
station indicates the code sequence to use as the preamble to the mobile station
in advance. This eliminates collision between preambles from different mobile
stations at the base station and allows the base station to use preambles in the
same way as SRSs to be subjected to CQI estimation.
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[0093] Embodiments of the present invention have been explained so far.

[0094] In the embodiments above, a preamble is associated with an SRS using
equation 1. However, with the present invention, it is equally possible to
associate a preamble with an SRS by making m and n in following equation 1
unequal. For example, the relationship m < n may be assumed between m and n
in equation 1. That is, a preamble and SRS may be associated to constantly
satisfy the relationship: preamble transmission time interval 2 SRS transmission
time interval.

[0095] Furthermore, the association rules in the embodiments above may be
changed according to the system bandwidth. For example, the 3GPP RAN LTE
is studying 1.25/2.5/5/10/15/20 MHz for the system bandwidth. Thus, the
preamble and SRS association rules may be changed for each of the above-
described system bandwidths. This allows the rate at which the preamble and
SRS transmission fields match each other to be set to an optimum rate for each
system bandwidth. Here, the smaller the system bandwidth, the smaller the
amount of communication resources available. Therefore, by increasing the rate
at which the preamble and SRS transmission time fields match each other as the
system bandwidth decreases, it is possible to provide greater effect of reducing
SRS communication resources.

[0096] Furthermore, the embodiments above may adopt a configuration for
determining whether or not to transmit the SRS in the preamble transmission
field according to the cell radius and how often the SRS is transmitted.
Especially, applying the present invention to only a case where the cell radius is
small allows transmission and reception without interference between preambles
and SRSs. Here, the "cell of a small cell radius” refers to a cell that satisfies
following equation 3.

Max. RTD < GT - (CP + SRS) (Equation 3)

where Max.RTD denotes the maximum RTD of the cell.

[0097] Furthermore, the embodiments above may also adopt a configuration in
which the mobile station determines whether or not to transmit an SRS in the
preamble transmission time field according to the distance between the base
station and the mobile station estimated from a path loss level of a received
signal. For example, when the distance between the base station and the mobile
station is small, the mobile station transmits an SRS in the preamble
transmission time field. This allows the base station to prevent interference
between the preamble and the SRS. On the other hand, when the distance
between the base station and the mobile station is large, the mobile station does
not transmit any SRS in the preamble transmission time field. This allows the
preamble to be transmitted without interference in the preamble transmission
time field. In this case, even if the mobile station does not transmit any SRS, the
base station may judge that the channel quality (CQI) is very low because the
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distance between the base station and the mobile station is large. This makes
CQI estimation unnecessary, preventing frequency scheduling using CQI
estimate values from being affected.

[0098] Furthermore, a case has been described above in the embodiments
above where a preamble and an SRS are transmitted from different mobile
stations, but when the preamble and the SRS have the same transmission time
field from one mobile station, the preamble and the SRS may be transmitted
simultaneously. For example, the mobile station may arrange an SRS in a guard
time of a preamble to be transmitted in the preamble transmission field that
matches the SRS transmission field and simultaneously transmit the preamble
and the SRS arranged in the guard time of the preamble.

[0099] Furthermore, in the embodiments above, code sequences may be used
which have a small cross-correlation between a code sequence used as a
preamble and a code sequence used as an SRS. This allows the base station to
reduce interference between the preamble and the SRS caused by a delay of the
preamble reception timing.

[0100] Furthermore, a case has been described with the present embodiment
where a preamble is transmitted, but similar effects can also be obtained by
applying the present invention to a signal with a guard time set in the
transmission time field and transmitted periodically by the mobile station to the
base station.

[0101] Furthermore, a case has been described with the present embodiment
where an SRS is transmitted, but similar effects can also be obtained by applying
the present invention to signals transmitted periodically from the mobile station to
the base station.

[0102] Moreover, although cases have been described with the embodiments
above where the present invention is configured by hardware, the present
invention may be implemented by software.

[0103] Each function block employed in the description of the aforementioned
embodiments may typically be implemented as an LSI constituted by an
integrated circuit. These may be individual chips or partially or totally contained
on a single chip. "LSI" is adopted here but this may also be referred to as "IC,"
"system LSI," "super LSI" or "ultra LSI" depending on differing extents of
integration.

[0104] Further, the method of circuit integration is not limited to LSI's, and
implementation using dedicated circuitry or general purpose processors is also
possible. After LSI manufacture, utilization of an FPGA (Field Programmable
Gate Array) or a reconfigurable processor where connections and settings of
circuit cells within an LS| can be reconfigured is also possible.
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[0105] Further, if integrated circuit technology comes out to replace LSI's as a
result of the advancement of semiconductor technology or a derivative other
technology, it is naturally also possible to carry out function block integration
using this technology. Application of biotechnology is also possible.

Industrial Applicability

[0106] The present invention is applicable to a mobile communication system or
the like.
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PATENTKRAYV

1. Kommunikationsapparat, der omfatter:

en sender konfigureret til at

sende konfigurationsinformation, der indikerer underrammer, hvori random

access preambler kan sendes til kommunikationsapparatet; og

sende konfigurationsinformation, der indikerer underrammer, hvori sounding-

referencesignaler (SRS’er) kan sendes til kommunikationsapparatet; og

en modtager konfigureret til at

modtage et SRS mappet til en sidste del af en underramme; og

modtage en random access preamble, der omfatter et cyclisk prefiks, og som
folges af en beskyttelsestid, i hvilkken SRS’et midlertidigt justeres inden for den
bagerste ende af beskyttelsestiden, nar random access preamblen modtages i

underrammen.

2. Kommunikationsapparat ifolge krav 1 eller 2, hvor SRS’et modtages fra en
farste mobilstation, og random access preamblen modtages fra en anden

mobilstation.

3.  Kommunikationsapparat ifglge krav 2, hvor intet sendes af den anden

mobilstation i underrammens beskyttelsestid.

4. Kommunikationsapparat ifelge et af kravene 1 til 3, hvor det cykliske preefiks
tilfgjes i begyndelsen af random access preamblen.
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5. Kommunikationsapparat ifglge et af kravene 1 til 4, hvor random access
preamblen er en preambelsekvens valgt blandt et saet preambelsekvenser, og

beskyttelsestiden er af en given varighed.

6. Kommunikationsapparat ifglge et af kravene 1 til 5, hvor SRS’et mappes i
underrammen, nar random access preamblen modtages i underrammen,
séledes at et tidsmellemrum imellem SRS’et og random access preamblen

maksimeres.

7. Kommunikationsapparat ifelge et af kravene 1 til 6, hvor SRS’et mappes i
underrammen med et mellemrum tilvejebragt imellem random access preamblen

og SRS’et, nar random access preamblen modtages i underrammen.

8. Kommunikationsapparat ifglge et af kravene 1 til 7, hvor modtageren
modtager random access preamblen fra en mobilstation, der er ikke-

synkroniseret i et uplink.

9. Kommunikationsapparat ifglge et af kravene 1 til 8, hvor den sendte
konfigurationsinformation, der indikerer underrammerne, hvori SRS’er kan
sendes, identificerer en periodicitet af underrammer, hvori SRS’er kan sendes,
og den sendte konfigurationsinformation, der indikerer underrammerne, hvori
random access preambler kan sendes, identificerer en periodicitet af

underrammer, hvori random access preambler kan sendes.

10. Kommunikationsapparat ifelge krav 9, hvor periodiciteten af underrammer,
hvori SRS’er kan sendes, er m/n gange periodiciteten af underrammer, hvori

random access preambler kan sendes, hvor m og n er positive heltal.

11. Kommunikationsapparat ifglge et af kravene 1 til 10, hvor mindst en af
underrammerne, hvori SRS’er kan sendes, midlertidigt justeres med mindst en af

underrammerne, hvori random access preambler kan sendes.
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12. Fremgangsmade, der omfatter

at sende, med et kommunikationsapparat, konfigurationsinformation, der
indikerer underrammer, hvori random access preambler kan sendes il

kommunikationsapparatet;

at sende, med kommunikationsapparatet, konfigurationsinformation, der
indikerer underrammer, hvori sounding-referencesignaler (SRS) kan sendes til

kommunikationsapparatet;

at modtage, af kommunikationsapparatet, et SRS mappet til en sidste del af en

underramme; og

at modtage, af kommunikationssystemet, en random access preamble, der
omfatter et cyclisk prefiks, og som fglges af en beskyttelsestid, i hviken SRS’et
midlertidigt justeres inden for den bagerste ende af beskyttelsestiden, nér

random access preamblen modtages i underrammen.

13. System indrettet til at sende konfigurationsinformation, der identificerer
underrammer, hvori random access preambler kan sendes il
kommunikationsapparatet, og at sende konfigurationsinformation, der
identificerer underrammer, hvori sounding-referencesignaler (SRS’er) kan
sendes til kommunikationsapparatet, og at modtage et SRS mappet til en sidste
del af en underramme og til at modtage en random access preamble, idet
random access preamblen omfatter et cyclisk prefiks og folges af en
beskyttelsestid, i hvilkken SRS’et midlertidigt justeres inden for den bagerste ende

af beskyttelsestiden, nar random access preamblen modtages i underrammen.

14. System ifolge krav 13, der er indrettet til at sende random access preambler
og SRS’er.
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15. System ifolge krav 13 eller 14, der endvidere omfatter en forste mobilstation
0og en anden mobilstation, hvor SRS’et sendes af den farste mobilstation, og

random access preamblen sendes af den anden mobilstation.
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