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DESCRIPTION

Technical Field

[0001] The present invention relates to a radio communication apparatus and a method of
controlling transmission power.

Background Art

[0002] In an uplink for 3GPP LTE (3rd Generation Partnership Project Long Term Evolution,
hereinafter referred to as LTE), estimation of the channel quality between a terminal (user
equipment, UE) and a base station (BS or eNB) using a sounding reference signal (SRS) is
supported. The SRS is used mainly for scheduling of an uplink data channel (physical uplink
shared channel, PUSCH) (e.g. frequency resource assignment and selection of a modulation
and coding scheme (MCS)). "Sounding" refers to estimation of the channel quality between a
terminal and a base station.

[0003] In LTE, similar transmission power control (TPC) is performed for a PUSCH and an
SRS. Specifically, transmission power of SRS (SRS transmission power) is determined by
adding an offset to transmission power of a PUSCH (PUSCH transmission power). For
example, in LTE, SRS transmission power Pgrs(i) in subframe #i is determined by the following

Equation 1.
(1]

Fops () = min{Fongaxs Fors_orrser +1010810(Mgps)+ Fo puscn +@-PL+ ()} (Equation

1)

[0004] In Equation 1, Pcpyax [dBm] denotes maximum transmission power of an SRS that can
be transmitted from a terminal; Psrs orrset [dBm] denotes an offset value for transmission
power of a PUSCH to be transmitted from the terminal (parameter set by a base station); Mgrs
denotes the number of frequency resource blocks to be assigned to the SRS; Po pyscH [dBm]
denotes the initial value of the PUSCH transmission power (parameter set by the base station);
PL denotes a path loss level [dB] measured by the terminal; a denotes a weight coefficient
indicating the compensation ratio of the path loss (PL) (parameter set by the base station); and
f(i) denotes an accumulated value in subframe #i containing past TPC command (control
values such as +3 dB, +1 dB, 0 dB, and -1 dB) in closed loop control.

[0005] Meanwhile, standardization of LTE-Advanced, which is a developed version of LTE, is
started. In LTE-Advanced, support for uplink transmission in which a terminal uses a plurality of
antennas (single user-multiple input multiple output, SU-MIMO) is being studied. The SU-
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MIMO is a technique in which a single terminal transmits data signals in a certain frequency at
a certain time from a plurality of antennas to spatial-multiplex the data signals through a virtual
communication path (stream) in a space.

[0006] In order to perform communication by SU-MIMO in LTE-Advanced, a base station must
know the status of a propagation path between each antenna of a terminal and each antenna
of the base station. Hence, the terminal must transmit an SRS to the base station from each
antenna.

[0007] Regarding the uplink for LTE-Advanced, a technique is being studied in which common
transmission power control is employed among a plurality of antennas of a terminal in order to
control transmission power of a PUSCH and an SRS (for example, see NPL 1). Specifically, at
the terminal, a single value is used as each parameter in the equation for determining SRS
transmission power, which is shown as Equation 1, uniformly for all antennas. This can prevent
an increase in signaling load required for transmission power control at a terminal having a
plurality of antennas.

[0008] Discussion document 3GPP TSG RAN WG1 Meeting #50 bis, R1-074388 relates to an
uplink power control procedures in E-UTRA. Specifically, the UE transmit power P_SRS for the
SRS is set equal to the PUSCH power level. When there is no recent closed loop correction
command for the PUSCH (for example, due to no recent scheduled UL data transmission, i.e.,
UL DTX), there may be several options for the UE to set its SRS Tx power as follows: Option-1)
Relying on the open loop component; Option-2) Based on the pathloss variation between the
time before the DTX and the time before resuming the UL transmission; or Option-3) Applying
a power offset relative to the most recent PSD for PUCCH, if available.

[0009] EP 2 523 510 A1 relates to optimal transmit power control on each of a periodic SRS
and an aperiodic SRS. In a radio communication system, the base station apparatus notifies
the mobile station apparatus of a first parameter used for setting of a transmit power for
transmission of the first reference signal (i.e. periodic SRS), and a second parameter used for
setting of a transmit power for transmission of the second reference signal (i.e. aperiodic-SRS),
and the mobile station apparatus sets the transmit power for transmission of the first reference
signal using the first parameter, while setting the transmit power for transmission of the second
reference signal using the second parameter.

Citation List

Non-Patent Literature

[0010] NPL 1
R1-101949, Huawei, "Uplink Multi-Antenna Power Control"
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Summary of Invention

Technical Problem

[0011] Meanwhile, when the reception SINK (signal to interference and noise ratio) of an SRS
transmitted from a terminal to a base station (reception level of SRS at a base station)
decreases to a certain level, the measurement accuracy of the channel quality (e.g. SINR
measurement value) using SRSs between the base station and the terminal (SINR
measurement accuracy) is significantly deteriorated due to an influence of interference and
noise.

[0012] For example, FIG.1 shows a simulation result indicating characteristics of the SINR
measurement value of SRS (vertical axis) at a base station in relation to the reception SINR of
SRS at the base station (input SINR [dB], horizontal axis). As shown in FIG.1, when the input
SINR of SRS is greater than 0 dB, the input SINR and the SINR measurement value are
substantially the same values (indicated by the dashed line in FIG.1), showing good SINR
measurement accuracy at the base station. By contrast, as shown in FIG.1, when the input
SINR of SRS is 0 dB or less, an error (or variance) between the input SINR and the SINR
measurement value is large, showing bad SINR measurement accuracy.

[0013] If the SINR measurement accuracy of SRS is deteriorated, the base station cannot
perform precise scheduling of a PUSCH (such as frequency resource assignment and MCS
selection), impairing the system performance.

[0014] Furthermore, when transmission power is controlled at a terminal, the SRS
transmission power actually transmitted by the terminal may deviate from the target SRS
transmission power set to the terminal. That is, at the terminal, an error occurs between the
target SRS transmission power set to the terminal and the SRS transmission power actually
transmitted by the terminal (hereinafter referred to as "TPC error"). Hence, if the SRS
transmission power actually transmitted by the terminal is smaller than the target transmission
power due to the TPC error, the reception SINR of SRS at the base station may decrease to a
certain level (0 dB or less in FIG.1), impairing the SINR measurement accuracy, as described
above.

[0015] To prevent deterioration of the SINR measurement accuracy of SRS caused by the TPC
error, a method may be employed in which the SRS transmission power is controlled by taking
into consideration the variation of the TPC error. That is, the terminal sets the SRS
transmission power such that the SRS transmission power is greater than the target
transmission power by an assumed maximum TPC error. For example, the terminal increases
offset value Psrs orrseT for PUSCH transmission power shown in Equation 1 by adding the

assumed maximum TPC error to the offset value. This prevents the reception SINR of SRS at
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the base station from decreasing to a certain level (not 0 dB or less in FIG.1) even when the
terminal receives the influence of the TPC error in controlling the SRS transmission power.
Thus, deterioration of the SINR measurement accuracy can be prevented.

[0016] In this method of controlling SRS transmission power, however, greater SRS
transmission power must be assigned to the terminal as the assumed maximum TPC error is
greater, regardless of the actual TPC error. This increases power consumption of the terminal.
In addition, another problem will arise in which an increase in SRS transmission power leads to
an increase in inter-cell interference. Furthermore, if the common transmission power control is
performed for a plurality of antennas when the terminal has the plurality of antennas as
described above, SRS transmission power transmitted from all antennas increases as the
assumed maximum TPC error increases. Thus, a problem of increased SRS transmission
power and increased inter-cell interference becomes more noticeable.

[0017] It is an object of the present invention to provide a radio communication apparatus and
a method of controlling transmission power that can reduce an increase in power consumption
of a terminal while preventing deterioration of the SINR measurement accuracy caused by the
TPC error at a base station.

Solution to Problem

[0018] The object is solved by the subject-matter of the independent claims. Advantageous
embodiments are covered by the dependent claims.

[0019] A radio communication apparatus according to a first aspect adds an offset value to
transmission power of a first signal to control transmission power of a second signal, the radio
communication apparatus including: a setting section that determines a correction value for the
offset value according to the transmission period or the difference of transmission power
between a third signal transmitted and the succeeding second signal to be transmitted; and a
control section that uses the correction value to control the transmission power of the second
signal.

[0020] A method of controlling transmission power in a radio communication apparatus that
adds an offset value to transmission power of a first signal to control transmission power of a
second signal according to a second aspect, the method including: determining a correction
value for the offset value according to the transmission period or the difference of transmission
power between a third signal transmitted and the succeeding second signal to be transmitted;
and using the correction value to control the transmission power of the second signal.

Advantageous Effects of Invention
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[0021] According to the present invention, an increase in power consumption of a terminal can
be reduced while deterioration of the SINR measurement accuracy caused by the TPC error is
prevented at a base station.

Brief Description of Drawings

[0022]

FIG.1 is a graph showing characteristics of a SINR measurement value of SRS in relation to
input SINR of SRS at a base station;

FIG.2 is a block diagram of a configuration of a terminal according to Embodiment 1 of the
present invention;

FIG.3 is a block diagram of a configuration of a base station according to Embodiment 1 of the
present invention;

FIG.4 shows a correspondence between elapsed time T and a correction value for an offset
value according to Embodiment 1 of the present invention;

FIG.5 shows a correspondence between an SRS transmission period and a correction value
for an offset value according to Embodiment 1 of the present invention;

FIG.6 is a block diagram of a configuration of a terminal according to Embodiment 2 of the
present invention;

FIG.7 shows a correspondence between power difference AP and a correction value for an
offset value according to Embodiment 2 of the present invention;

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

FIG.9 shows a correspondence between the type of SRS and an offset value according to
Embodiment 3 of the present invention;

FIG.10 shows a correspondence between the type of SRS and an offset value according to
Embodiment 3 of the present invention;

FIG.11 shows a correspondence between the type of SRS and an offset value according to
Embodiment 3 of the present invention;

FIG.12 is a block diagram of another internal configuration of an offset setting section
according to the present invention;

FIG.13 shows another correspondence among elapsed time T, power difference AP, and a
correction value for an offset value according to the present invention;
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FI1G.14A shows the allowable range of the TPC error in LTE (in the case of T>20 ms);
F1G.14B shows the allowable range of the TPC error in LTE (in the case of T<20 ms);

FIG.15 shows another correspondence among elapsed time T, power difference AP, and a
correction value for an offset value according to the present invention;

FIG.16 is a block diagram of another configuration of a terminal according to the present
invention (in the case where the terminal has a plurality of antennas);

FI1G.17 shows another correspondence between elapsed time T and a correction value for an
offset value according to the present invention; and

FI1G.18 shows another correspondence between power difference AP and a correction value
for an offset value according to the present invention.

Description of Embodiments

[0023] Embodiments of the present invention will now be described in detail with reference to
the accompanying drawings. A terminal (radio communication apparatus) according to the
embodiments of the present invention controls SRS transmission power by adding an offset
value to PUSCH transmission power as shown in Equation 1.

(Embodiment 1)

[0024] FIG.2 shows a configuration of terminal 100 according to the present embodiment. At
terminal 100 in FIG.2, RS generation section 101 generates an RS sequence (SRS. For
example, Zadoff-Chu (ZC) sequence) and outputs the generated RS sequence to phase
rotation section 102.

[0025] Phase rotation section 102 performs phase rotation on the RS sequence received from
RS generation section 101 and outputs the RS sequence after the phase rotation to mapping
section 103, the phase rotation corresponding to a time domain cyclic shift amount (amount of
cyclic shift (CS), not shown) instructed from the base station. Because samples of the RS
sequence are assigned to subcarriers, the RS sequence is a frequency domain signal. Hence,
the phase rotation process in the frequency domain in phase rotation section 102 is equivalent
to a cyclic shift process in the time domain.

[0026] Mapping section 103 maps the RS sequence after the phase rotation received from
phase rotation section 102 on a plurality of subcarriers, which are frequency resources, based
on frequency resource assignment information (not shown) instructed from the base station,
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and outputs the mapped RS sequence to inverse fast Fourier transform (IFFT) section 104.

[0027] IFFT section 104 performs an IFFT process on the plurality of subcarriers in which the
RS sequence is mapped and outputs the signal after the IFFT process to cyclic prefix (CP)
addition section 105.

[0028] CP addition section 105 adds a signal identical to the tail of the signal after the IFFT
process from IFFT section 104 to the head of the signal as a CP and outputs the resulting
signal with the CP (SRS) to transmission section 109 (D/A section 110).

[0029] Offset setting section 106 includes elapsed-time calculation section 107 and offset
value determination section 108. Offset setting section 106 determines an offset value for the
PUSCH transmission power (hereinafter referred to as "transmission power offset value," i.e. a
value corresponding to Psrs orrseT shown in Equation 1). The offset value is used to

determine transmission power of the RS sequence (SRS).

[0030] Specifically, elapsed-time calculation section 107 calculates an elapsed time between
the transmission time of the uplink channel (e.g. uplink signal such as a PUSCH, a PUCCH and
an SRS) transmitted from terminal 100 and the transmission time of the succeeding SRS to be
transmitted from the terminal. Then, elapsed-time calculation section 107 outputs the
calculated elapsed time to offset value determination section 108.

[0031] Offset value determination section 108 first determines an correction value for the offset
value (i.e. Psrs orrseT in Equation 1) according to the elapsed time received from elapsed-
time calculation section 107, the offset value being instructed from the base station. Then,
offset value determination section 108 corrects the offset value instructed from the base station
using the determined correction value, thereby determining the transmission power offset
value. Then, offset value determination section 108 outputs the transmission power offset
value to transmission section 109 (transmission power control section 111). The process of
setting the transmission power offset value in offset setting section 106 will be explained in
detail later.

[0032] Transmission section 109 includes D/A section 110, transmission power control section
111, and up-conversion section 112. Transmission section 109 performs a transmission
process such as D/A conversion, amplification, and up-conversion on the signal (SRS) from CP
addition section 105.

[0033] Specifically, D/A section 110 of transmission section 109 performs D/A conversion on
the signal (SRS) from CP addition section 105 and outputs the signal (SRS) after D/A
conversion to transmission power control section 111.

[0034] Transmission power control section 111 uses the transmission power offset value from
offset value determination section 108 to control transmission power of the signal with CP from
D/A section 110, and outputs the signal (SRS) after the transmission power control to up-
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conversion section 112. That is, transmission power control section 111 uses the correction
value for the offset value determined in offset value determination section 108 to control the
SRS transmission power.

[0035] Up-conversion section 112 frequency-converts the signal after the transmission power
control from transmission power control section 111 into the carrier wave frequency. Then, up-
conversion section 112 transmits the frequency-converted signal after the transmission
process from antenna 113. Through this process, the SRS is transmitted with the transmission
power controlled in transmission power control section 111.

[0036] For example, according to the present embodiment, SRS transmission power Pgrs(i) in

subframe #i is determined by the following Equation 2.
(2]
Fypg (1) = min{Fopiax (PSRS_UFFSET + Ao/fsez)‘”moilm(MSRs)*“ Po puscu () ol f)-LLA+ f(1)}

(Equation 2)

[0037] In Equation 2, Pcpyax [dBm] denotes maximum transmission power of an SRS that can
be transmitted from terminal 100; Psrs orrset [dBm] denotes the offset value for

transmission power of a PUSCH to be transmitted from terminal 100 (parameter set by a base
station); Mgrs denotes the number of frequency resource blocks to be assigned to the SRS;

Po_puscH [dBm] denotes the initial value of the PUSCH transmission power (parameter set by

the base station); PL denotes a path loss level [dB] measured by terminal 100; a denotes a
weight coefficient indicating the compensation ratio of path loss (PL) (parameter set by the
base station); f(i) denotes an accumulated value in subframe #i containing past TPC command
(control values such as +3 dB, +1 dB, 0 dB, and -1 dB) in closed loop control. Furthermore, in
Equation 2, Asset denotes a correction value for offset value Psrs orrseT that is associated

with the elapsed time calculated in elapsed-time calculation section 107.

[0038] That is, offset value determination section 108 determines correction value Agfset for
correcting offset value Psrs orrser instructed from the base station based on the elapsed

time calculated in elapsed-time calculation section 107, as shown in Equation 2. Then, offset
value determination section 108 adds correction value Aqgset to offset value Psrs offrseT to

determine transmission power offset value (Psrs orFrSeT + Doffset)) @S shown in Equation 2.
Transmission power control section 111 controls SRS transmission power Pgrs(i) in
accordance with Equation 2, using transmission power offset value (Psrs orFrSeT *+ Aoffset)

received from offset value determination section 108.

[0039] FIG.3 shows a configuration of base station 200 according to the present embodiment.
In base station 200 in FIG.3, reception section 202 receives a signal transmitted from terminal
100 (FI1G.2) via antenna 201 and performs a reception process such as down-conversion and
A/D conversion on the received signal. The signal transmitted from terminal 100 contains an
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SRS. Then, reception section 202 outputs the signal after the reception process to CP removal
section 203.

[0040] CP removal section 203 removes the CP added to the head of the signal after the
reception process from reception section 202 and outputs the signal without CP to fast Fourier
transform (FFT) section 204.

[0041] FFT section 204 performs an FFT process on the signal without CP from CP removal
section 203 to convert the signal into the frequency domain signal and outputs the frequency
domain signal to demapping section 205.

[0042] Demapping section 205 extracts a signal (i.e. SRS) corresponding to the transmission
band (frequency resources) of a desired terminal (desired terminal subject to communication)
from the frequency domain signal received from FFT section 204, based on the frequency
resource assignment information for the desired terminal instructed from base station 200 to
terminal 100. Then, demapping section 205 outputs the extracted signal (SRS) to section 207
for measuring SINR for SRS (SRS SINR measurement section 207).

[0043] Cyclic shift amount setting section 206 outputs a cyclic shift amount of terminal 100
(desired terminal), which is instructed from base station 200 to terminal 100, to SRS SINR
measurement section 207.

[0044] SRS SINR measurement section 207 performs complex division on the SRS from
demapping section 205 and the RS sequence known by the transmitting and receiving sides to
determine a correlation signal in the frequency domain. Then, SRS SINR measurement section
207 performs the inverse discrete Fourier transform (IDFT) process on the correlation signal in
the frequency domain to calculate the correlation signal in the time domain (i.e. delay profile).
This delay profile contains SRSs of a plurality of terminals. Thus, SRS SINR measurement
section 207 uses the amount of cyclic shift of the desired terminal received from cyclic shift
amount setting section 206 to mask part of the delay profile other than the part corresponding
to the amount of cyclic shift of the desired terminal, thereby calculating the SINR measurement
value of the SRS (SINR measurement value for SRS) of the desired terminal. Then, SRS SINR
measurement section 207 outputs the calculated SINR measurement value for SRS to section
209 for deriving SINR for data (data SINR deriving section 209).

[0045] Offset setting section 208 performs the same process as offset setting section 106 of
terminal 100. That is, offset setting section 208 determines an offset value of transmission
power for PUSCH (transmission power offset value, i.e. (Psrs OFFSET *+ Dofiset) Shown in
Equation 2). The offset is used to determine the transmission power of SRS to be transmitted
from terminal 100 (desired terminal). That is, offset setting section 208 determines correction
value Agfset for offset value Psrs orrset according to the elapsed time between the
transmission time of the uplink channel transmitted from the desired terminal and the
transmission time of the succeeding SRS to be transmitted from the terminal, and determines
transmission power offset value (Psrs orrseT * Qofiset): Then, offset setting section 208
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outputs the determined transmission power offset value (Psrs OFrFSET + Aoffset) to data SINR

deriving section 209.

[0046] Data SINR deriving section 209 uses the SINR measurement value for SRS from SRS
SINR measurement section 207 and the transmission power offset value from offset setting
section 208 to derive SINR of uplink data (i.e. PUSCH) (SINR measurement value for data).
Specifically, data SINR deriving section 209 uses transmission power offset value
(Psrs_OFFSET * Doffset) to derive the SINR measurement value for data in accordance with the

following equation 3.
SINR measurement value for data = SINR measurement value

for SRS ~ (Pgrs_orrseTt Aotreer)  (Equation 3)

[0047] Then, base station 200 performs scheduling of terminal 100 (e.g. frequency resource
assignment and MCS selection) using, for example, the SINR measurement value for data
derived in data SINR deriving section 209.

[0048] In base station 200, channel quality deriving section 210 including cyclic shift amount
setting section 206, SRS SINR measurement section 207, offset setting section 208, and data
SINR deriving section 209 may be configured.

[0049] Next, the process of setting the transmission power offset value in offset setting section
106 of terminal 100 (FI1G.2) will now be explained in detail.

[0050] The temperature of a power amplifier (PA) of terminal 100 varies as time elapses. Thus,
the amplification characteristics of the PA varies as time elapses. For this reason, the longer a
transmission time interval between uplink channels (uplink signal including a PUSCH, a
PUCCH, and an SRS) is, the more significantly the amplification characteristics of the PA of
terminal 100 varies. That is, it is assumed that an increase of the transmission time interval
between uplink channels leads to an increase in the TPC error.

[0051] That is, in terminal 100, the TPC error varies depending on the elapsed time
(transmission time interval) between the transmission time of the uplink channel and the
transmission time of the succeeding uplink channel. Specifically, the TPC error decreases as
the elapsed time between the transmission time of the uplink channel and the transmission
time of the succeeding uplink channel (transmission time interval) decreases.

[0052] Hence, offset setting section 106 determines an transmission power offset value
((Psrs_OFFSET + Aoffset) Shown in Equation 2), which is used to determine the SRS

transmission power, according to the elapsed time (transmission time interval) between the
transmission time of the uplink channel and the transmission time of the succeeding SRS.

[0053] In the following explanation, terminal 100 uses the equation of transmission power
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shown in Equation 2 to calculate SRS transmission power Psrs(i). Psrs orFrseT shown in

Equation 2 is determined with reference to an assumed maximum TPC error. That is,
Psrs oFrseT shown in Equation 2 is a parameter determined to reduce or prevent the

deterioration of the SINR measurement accuracy of SRS at base station 200 even when the
assumed maximum TPC error occurs. Furthermore, Psrs oFrseT shown in Equation 2 is

reported (instructed) from base station 200 to terminal 100. In the following explanation, the
TPC error is defined as "small" if elapsed time (transmission time interval) T between the
transmission time of the uplink channel and the transmission time of the succeeding SRS is 20
ms or less, and the TPC error is defined as "large" if elapsed time T is longer than 20 ms.

[0054] Elapsed-time calculation section 107 calculates elapsed time T between the
transmission time of the uplink channel and the transmission time of the succeeding SRS.

[0055] Next, offset value determination section 108 determines correction value Aggset foOr
offset value Psrs orrset instructed from base station 200 according to elapsed time T

calculated in elapsed-time calculation section 107.

[0056] For example, as shown in FIG.4, offset value determination section 108 sets correction
value Agfset to -6 dB in the case of elapsed time T of 20 msec or less (the TPC error is small),

and sets correction value A5t t0 0 dB in the case of elapsed time T longer than 20 msec (the
TPC error is large). Then, offset value determination section 108 adds correction value Aggset

to offset value Psrs orrseT instructed from base station 200 to determine transmission power

offset value (Psrs_oFFSET * Loffset)-

[0057] That is, in the case where offset value Psrs orrseT instructed from base station 200 is

determined with reference to an assumed maximum TPC error, offset value determination
section 108 sets correction value Aggset to 0 dB in the case of longer elapsed time T (T>20 ms

in FIG.4) and uses offset value Psrs orrset instructed from base station 200 as the

transmission power offset value without change. On the other hand, offset value determination
section 108 determines correction value Aggset 0 -6 dB in the case of shorter elapsed time T

(T<20 ms in FIG.4) and corrects offset value Psrs orrseT instructed from base station 200
into a smaller value, and thus sets the smaller value than offset value Psrs orrseT as the

transmission power offset value.

[0058] As described above, terminal 100 sets a different correction value for the offset value
instructed from base station 200 according to the transmission time interval (elapsed time T)
between the uplink channel transmitted and the succeeding SRS to be transmitted. Specifically,
terminal 100 determines correction value Agfset SUCh that SRS transmission power Pgrs(i) in

the case of shorter elapsed time T (T<20 ms in FIG.4, i.e. the TPC error is small) is smaller
than SRS transmission power Pgrs(i) in the case of longer elapsed time T (T>20 ms in FIG.4,

i.e. the TPC error is large). That is, terminal 100 sets smaller SRS transmission power Psrs(i)
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for shorter elapsed time T.

[0059] As described above, the TPC error decreases as elapsed time T decreases. For this
reason, when terminal 100 sets smaller SRS transmission power for shorter elapsed time T
(T<20 ms in FIG.4), there is a low probability that the reception SINR decreases to a certain
level (0 dB or less in FIG.1) due to the influence of the TPC error. Thus, the SINR
measurement accuracy at base station 200 is less likely to be deteriorated.

[0060] That is, terminal 100 can set the SRS transmission power down to a necessary
minimum value with which a desired reception SINR can be acquired at base station 200 by
correcting the offset value instructed from base station 200 according to elapsed time T. Here,
the desired reception SINR refers to reception SINR with which the SINR measurement
accuracy is not deteriorated. With this configuration, the SINR measurement accuracy of SRS
(measurement accuracy of channel quality) at base station 200 can be ensured while power
consumption at terminal 100 is reduced to a necessary minimum. In other words,
determination of appropriate SRS transmission power according to the assumed TPC error at
terminal 100 can reduce waste power consumption.

[0061] In this way, according to the present embodiment, the terminal determines the
transmission power offset value according to the transmission condition (in the present
embodiment, transmission time interval) about the relationship between the uplink channel
(uplink signal) transmitted and the succeeding SRS to be transmitted. With this configuration,
the terminal can reduce SRS transmission power as the above transmission time interval is
shorter, i.e. the influence of the TPC error is smaller. This can prevent deterioration of the
SINR measurement accuracy caused by the TPC error at the base station while suppressing
an increase in power consumption of the terminal. Furthermore, according to the present
embodiment, the terminal can reduce the inter-cell interference by reducing the SRS
transmission power to a necessary minimum.

[0062] Furthermore, in the present embodiment, in the case where, for example, the system
defines in advance the correspondence between elapsed time T and correction value Aggset

shown in FIG.4, signaling does not need to be performed for every SRS transmission for SRS
transmission power control. Alternatively, in the case where the correspondence between
elapsed time T and correction value Aggset Shown in FIG.4 is reported in advance from the

base station to a terminal as a parameter, the parameter needs to be reported in a relatively
long period or just once to the terminal and signaling does not need to be performed for every
SRS transmission for SRS transmission power control. Thus, in such cases, an increase in
signaling overhead for the SRS transmission power control can be suppressed.

[0063] Furthermore, according to the present embodiment, because the base station can
know the difference between the SRS transmission power and the PUSCH transmission power
(i.e. transmission power offset value for SRS), the base station can derive the SINR
measurement value for PUSCH (SINR measurement value for data) from the SINR
measurement value of SRS (SINR measurement value for SRS). Thus, prevention of
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deterioration of the SINR measurement accuracy of SRS at the base station as described
above can lead to prevention of deterioration of the SINR measurement accuracy of PUSCH.
This enables the base station to perform precise scheduling of PUSCH (frequency resource
assignment and MCS selection).

[0064] In the present embodiment, the case has been described in which the terminal uses
elapsed time T between the transmission time of the uplink channel and the transmission time
of the succeeding SRS (FIG.4). In the present invention, however, the terminal may determine
correction value Aqfset for offset value Psrs orrseT, which is instructed from the base station,

according to an elapsed time between the transmission time of the SRS transmitted from the
terminal and the transmission time of the succeeding SRS to be transmitted (i.e. the
transmission period of SRS). Specifically, as shown in FIG.5, the terminal may set correction
value Agfset to -6 dB in the case of SRS transmission period Tgrg of 20 ms or less (the TPC
error is small), and may set correction value Aggset 10 0 dB in the case of SRS transmission
period Tgrs longer than 20 ms (the TPC error is large). That is, the terminal determines offset
value Psrs orrseT such that the SRS transmission power in the case of a shorter SRS

transmission period is smaller than the SRS transmission power in the case of a longer SRS
transmission period. In FIG.5, Psrs orrseT shown in Equation 2 is determined with reference

to an assumed maximum TPC error, as with FIG.4. That is, the terminal sets smaller correction
value Agfset for shorter SRS transmission period Tgrg to reduce the SRS transmission power.

In other words, the terminal determines correction value Aggset SUCh that the SRS transmission
power in the case of shorter SRS transmission period Tgrs (T srs<20 ms in FIG.5, i.e. the

TPC error is small) is smaller than the SRS transmission power in the case of longer SRS
transmission period Tsrs(Tsrs>20 ms in FIG.5, i.e. the TPC error is large). Here, SRS

transmission period Tgrs is a parameter reported in advance from the base station to a

terminal. Hence, the base station can determine the offset value according to the SRS
transmission period and thus does not need to always grasp the transmission times of uplink
channels in all terminals (elapsed times T in FIG.4) unlike the present embodiment. That is,
compared to a case described in the present embodiment (when elapsed time T in FIG.4 is
used), in the case where SRS transmission period Tgrg is used for SRS transmission power

control, it is easy to share information for the SRS transmission power control (process of
setting the transmission power offset value) between the terminal (offset setting section 106 in
F1G.2) and the base station (offset setting section 208 in FIG.3).

[0065] Furthermore, periodically-transmitted SRSs are explained in FIG.5. The present
invention, however, may be applied to the SRS to which no transmission period is set (SRS
without a transmission period), such as a one-shot SRS. For example, a terminal may treat an
SRS without a transmission period as the SRS with a maximum transmission period among the
transmission periods of the SRSs to which a transmission period is set (e.g. 320 ms in LTE).
Alternatively, the terminal may determine the transmission power offset value for the SRS
without a transmission period according to elapsed time T between the transmission time of
the uplink channel (PUSCH, PUCCH, or SRS) transmitted and the transmission time of the
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succeeding SRS (such as one-shot SRS), as with the case in FIG.4.

[0066] Furthermore, in the present embodiment, a case has been explained in which the
terminal selects either of two values as correction value Aqfset for offset value Psrs orrseT,

which is instructed from the base station, according to elapsed time T in FIG.4 or SRS
transmission period Tgrs in FIG.5 (i.e. the case in which transmission power offset value

(Psrs_OFFseT+offset) Shown in Equation 2 may take two values.) Alternatively, the terminal
may select one of three or more values as correction value Aggset for offset value
Psrs_orrseT, Which is instructed from the base station, according to elapsed time T or SRS
transmission period TgRrs(i.e. transmission power offset value (Psrs oFFseToffset) Shown in
Equation 2 may take three or more values).

[0067] Furthermore, in the present embodiment, a case has been explained in which the
terminal changes correction value Aqfset for offset value Psrs orrseT instructed from the base

station according to elapsed time T or SRS transmission period Tgrs as shown in FIG.4 or 5.

Alternatively, the terminal may change the equations for determining the SRS transmission
power according to elapsed time T or SRS transmission period Tgrs. For example, the

terminal calculates SRS transmission power Pgrs(i) in accordance with the following Equation
4 if elapsed time T is 20 ms or less, and calculates SRS transmission power Pgrs(i) in

accordance with the following Equation 5§ if elapsed time T is longer than 20 ms.
(3]

Pyrs ) = min{Fepax » (PSRSﬁOFFSET Ay )*‘1019810(1"{51(5)‘* Po_vuscn (D +a(j)-PL+ f(D}

(Equation 4)

(4]

Pygs (1) = min {lopax s Fers orrser +1010816(M sps )+ Fo puscu () +al ) PL+ )}

(FEquation §)

[0068] In Equations 4 and 5, Psrs orrseT is set as a value that can prevent deterioration of

the SINR measurement accuracy even if a maximum TPC error occurs which is expected in
the case of longer elapsed time T than 20 ms. That is, if elapsed time T is longer than 20 ms
(the TPC error is large), the terminal calculates SRS transmission power Psrs(i) without

correcting offset value Psrs orrset as shown in Equation 5. On the other hand, if elapsed
time T is 20 ms or less (the TPC error is small), the terminal uses correction value Aqfset t0
correct offset value Psrs orrseT, and calculates SRS transmission power Pgrs(i), as shown in

Equation 4. With this configuration, as with the present embodiment, power consumption of the
terminal can be reduced while deterioration of the SINR measurement accuracy of SRS is
prevented.

(Embodiment 2)
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[0069] In Embodiment 1, a case has been described in which a terminal determines a
correction value for an offset value instructed from a base station according to the transmission
time interval (elapsed time) between the uplink channel transmitted and the succeeding SRS to
be transmitted. In the present embodiment, a case will be described in which the terminal
determines the correction value for the offset value instructed from the base station according
to the difference in transmission power between the uplink channel transmitted and the
succeeding SRS to be transmitted.

[0070] The present embodiment will now be described in detail. FIG.6 shows a configuration of
terminal 300 according to the present embodiment. Components in FIG.6 that are the same as
components in Embodiment 1 (FIG.2) will be assigned the same reference numerals as in
FI1G.2 and overlapping explanations will be omitted.

[0071] In terminal 300 in FIG.6, offset setting section 301 includes power difference calculation
section 302 and offset value determination section 303. Offset setting section 301 determines
an offset value for pyscH transmission power (transmission power offset value. (Psrs OFFSET
+ Aqfiset) Shown in Equation 2) which is used to determine transmission power of the RS

sequence (SRS).

[0072] Specifically, power difference calculation section 302 calculates power difference AP
(scale of relative power tolerance), which is the difference between the transmission power of
the uplink channel transmitted from terminal 300 (e.g. an uplink signal including a PUSCH, a
PUCCH and an SRS) and the transmission power of the succeeding SRS to be transmitted
from terminal 300. Power difference calculation section 302 uses transmission power
calculated by using uncorrected offset value Psrs orrseT instructed from base station 200

(FIG.3), as the transmission power of the succeeding SRS to be transmitted. Then, power
difference calculation section 302 outputs the calculated power difference AP to offset value
determination section 303.

[0073] Offset value determination section 303 determines correction value Agfset for offset
value Psrs ofFrseT instructed from base station 200 according to power difference AP from

power difference calculation section 302. Then, offset value determination section 303 uses
the determined correction value Aqfset to correct offset value Psrs orrset instructed from

base station 200, thereby determining transmission power offset value ((Psrs ofFrSET * Loffset)

shown in Equation 2). Then, offset value determination section 303 outputs the determined
offset value (Psrs OFFSET * Aoffset) for the PUSCH transmission power to transmission power

control section 111.

[0074] Furthermore, offset setting section 208 (FIG.3) of base station 200 according to the
present embodiment performs the same process as offset setting section 301 of terminal 300.
That is, offset setting section 208 determines the offset value for the pyscH transmission power
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(transmission power offset value. i.e. (Psrs oFfFseT * Aoffset) Shown in Equation 2), which is

used to determine the transmission power of an SRS to be transmitted from terminal 300
(desired terminal). That is, offset setting section 208 determines correction value Aggset foOr

offset value Psrs orrseT according to power difference AP, which is the difference between

the transmission power of the uplink channel transmitted from a desired terminal and the
transmission power of the succeeding SRS to be transmitted from the desired terminal
(transmission power calculated by using uncorrected offset value Psrs orrset), and

determines transmission power offset value (Psrs OFFSET * Loffset)-

[0075] Next, the process of setting the transmission power offset value in offset setting section
301 of terminal 300 (FIG.6) will be explained in detail.

[0076] Here, in the case where an amplifier circuit having a plurality of power amplifiers (PAs)
is employed in terminal 300, the number of PAs used for amplification varies more significantly
as the power difference, which is the difference between the transmission power of the uplink
channel transmitted (a PUSCH, a PUCCH, or an SRS) and the transmission power of the
succeeding uplink to be transmitted, increases. That is, since the number of PAs used for
amplification varies more significantly as the power difference between uplink channels
increases, errors in the PAs are added up after the power difference is caused, increasing the
TPC error.

[0077] Furthermore, transmission power is proportional to the frequency bandwidth of a
transmission signal. For this reason, the frequency position and bandwidth of a transmission
signal varies more significantly as the power difference increases (as the transmission power
increases or decreases more significantly). Furthermore, because the amplification
characteristics of the PA also depends on the frequency (frequency position and bandwidth),
the TPC error increases as the power difference increases (as the frequency position and
bandwidth varies more significantly).

[0078] That is, at terminal 300, the TPC error varies depending on the power difference
between the transmission power of the uplink channel transmitted and the transmission power
of the succeeding uplink channel to be transmitted. Specifically, the TPC error is assumed to
decrease as the power difference decreases (as the number of PAs varies less significantly, i.e.
the frequency position and bandwidth of the transmission signal varies less significantly).

[0079] In view of the above, offset setting section 301 determines the transmission power
offset value ((Psrs OFFSeT + Aoffset) Shown in Equation 2) according to power difference AP,

which is the difference between the transmission power of the uplink channel transmitted and
the transmission power of the SRS that is calculated using offset value Psrs orrset (the

transmission power of the succeeding SRS to be transmitted). The transmission power offset
value is used to determine the SRS transmission power.

[0080] In the following explanation, as with Embodiment 1, terminal 300 uses the equation of
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transmission power shown in Equation 2 to calculate SRS transmission power Pgrs(i).
Psrs_orrseT shown in Equation 2 is determined with reference to an assumed maximum TPC
error as with Embodiment 1. Furthermore, Psrs orrseT shown in Equation 2 is reported from

base station 200 to terminal 300, as with Embodiment 1.

[0081] Power difference calculation section 302 in offset setting section 301 calculates power
difference AP, which is the difference between the transmission power of the uplink channel
transmitted and the transmission power calculated using offset value Psrs orrset (the
transmission power of the succeeding SRS to be transmitted that is calculated using
uncorrected offset value).

[0082] Then, offset value determination section 303 in offset setting section 301 determines
correction value Agset for offset value Psrs orrset instructed from base station 200

according to power difference AP calculated in power difference calculation section 302.

[0083] For example, as shown in FIG.7, offset value determination section 303 determines
correction value Aggset as follows: 0 dB is associated with power difference AP of 15 dB or
greater, -1 dB is associated with power difference AP of 10 dB or greater and less than 15 dB,
-3 dB is associated with power difference AP of 4 dB or greater and less than 10 dB, -4 dB is
associated with power difference AP of 3 dB or greater and less than 4 dB, -5 dB is associated
with power difference AP of 2 dB or greater and less than 3 dB, and -6 dB is associated with
power difference AP of less than 2 dB. Then, offset value determination section 303 adds
above-determined correction value Aqfset to Offset value Psrs ofrseT instructed from base

station 200 to determine transmission power offset value (Psrs orFrSET + Lofiset)-

[0084] That is, in the case where offset value Psrs orrseT instructed from base station 200 is
determined with reference to an assumed maximum TPC error, offset value determination
section 303 sets smaller correction value Aqgset for smaller power difference AP (smaller TPC
error). That is, offset value determination section 303 corrects offset value Psrs oFrseT into a

smaller value for smaller power difference AP, and sets the smaller value than offset value
Psrs_orrseT as the transmission power offset value.

[0085] As described above, terminal 300 sets a different correction value for the offset value
instructed from base station 200 according to the difference in the transmission power (power
difference AP) between the uplink channel transmitted from terminal 300 and the succeeding
SRS to be transmitted from the terminal 300. Specifically, terminal 300 determines correction
value Agfset SUCh that SRS transmission power Pgrs(i) in the case of smaller power difference
AP (i.e. the TPC error is small) is smaller than SRS transmission power Pgrs(i) in the case of

greater power difference AP (i.e. the TPC error is large). That is, terminal 300 sets smaller
SRS transmission power for smaller power difference AP.

[0086] As described above, the TPC error decreases as power difference AP decreases. For
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this reason, when terminal 300 sets smaller SRS transmission power for smaller power
difference AP, there is a low probability that the reception SINR decreases to a certain level (0
dB or less in FIG. 1) due to the influence of the TPC error. Thus, the SINR measurement
accuracy at base station 200 is less likely to be deteriorated.

[0087] That is, terminal 300 can set the SRS transmission power down to a necessary
minimum value with which a desired reception SINR can be acquired at base station 200 by
correcting the offset value instructed from base station 200 according to power difference AP.
Here, the desired reception SINR refers to reception SINR with which the SINR measurement
accuracy is not deteriorated. With this configuration, the SINR measurement accuracy of SRS
(measurement accuracy of channel quality) at base station 200 can be ensured while power
consumption at terminal 300 is reduced to a necessary minimum. In other words,
determination of appropriate SRS transmission power according to the assumed TPC error at
terminal 300 can reduce waste power consumption.

[0088] In this way, according to the present embodiment, the terminal determines the
transmission power offset value according to the transmission condition (in the present
embodiment, difference of transmission power) about the relationship between the uplink
channel (uplink signal) transmitted and the succeeding SRS to be transmitted. With this
configuration, the terminal can reduce SRS transmission power as the above difference of
transmission power is smaller, i.e. as the influence of the TPC error is smaller. This can
prevent deterioration of the SINR measurement accuracy caused by the TPC error at the base
station while suppressing an increase in power consumption of the terminal. Furthermore,
according to the present embodiment, the terminal can reduce the inter-cell interference by
reducing the SRS transmission power to a necessary minimum.

[0089] Furthermore, in the present embodiment, in the case where, for example, the system
defines in advance the correspondence between power difference AP and correction value
Aqsiset Shown in FIG.7, signaling does not need to be performed for every SRS transmission for

SRS transmission power control. Alternatively, in the case where the correspondence between
power difference AP and correction value Aqset Shown in FIG.7 is reported in advance from

the base station to the terminal as a parameter, the parameter needs to be reported in a
relatively long period or just once to the terminal and signaling does not need to be performed
for every SRS transmission for SRS transmission power control. Thus, in such cases, an
increase in signaling overhead for the SRS transmission power control can be suppressed as
with Embodiment 1.

[0090] Furthermore, according to the present embodiment, because the base station can
know the difference between the SRS transmission power and the PUSCH transmission power
(i.e. transmission power offset value for SRS), the base station can derive the SINR
measurement value for PUSCH (SINR measurement value for data) from the SINR
measurement value of SRS (SINR measurement value for SRS). Thus, prevention of
deterioration of the SINR measurement accuracy of SRS at the base station as described
above leads to prevention of deterioration of the SINR measurement accuracy of PUSCH. This
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enables the base station to perform precise scheduling of PUSCH (frequency resource
assignment and MCS selection) as with Embodiment 1.

(Embodiment 3)

[0091] In Embodiment 1, a case has been described in which a terminal determines a
correction value for an offset value instructed from a base station according to the SRS
transmission period. In the present embodiment, a case will be described in which the terminal
sets the offset value instructed from the base station to an SRS to which no transmission
period is set.

[0092] The present embodiment will now be described in detail. FIG.8 shows a configuration of
terminal 500 according to the present embodiment. Components in FIG.8 that are the same as
components in Embodiment 1 (FIG.2) will be assigned the same reference numerals as in
FI1G.2 and overlapping explanations will be omitted.

[0093] In terminal 500 in FIG.8, offset setting section 501 includes SRS-type determination
section 502 and offset value determination section 503. Offset setting section 501 determines
an offset value for PUSCH transmission power (transmission power offset value. Psrs oFfFSET

shown in Equation 1) which is used to determine transmission power of an RS sequence
(SRS).

[0094] Specifically, SRS-type determination section 502 determines the type of the succeeding
SRS to be transmitted in an uplink from terminal 500. The types of SRS include an SRS to
which a transmission period is set (hereinafter referred to as "periodic-SRS") and an SRS to
which no transmission period is set (hereinafter referred to as "aperiodic-SRS"). The aperiodic-
SRS refers to an SRS transmitted from a terminal once or predetermined times after the
terminal receives a trigger signal from base station 200. SRS-type determination section 502
outputs information indicating which type the succeeding SRS to be transmitted belongs to
(type of the succeeding SRS to be transmitted) to offset value determination section 503.

[0095] Offset value determination section 503 selects offset value Psrs orrseT (PSrRS_OFFSET
shown in Equation 1), which is associated with the type of SRS, according to the type of SRS
received from SRS-type determination section 502, the offset value Psrs orrset being
instructed in advance from base station 200. Then, offset value determination section 503
outputs the selected offset value (Psrs orrser) for PUSCH transmission power to

transmission power control section 111.

[0096] Furthermore, offset setting section 208 (FIG.3) of base station 200 according to the
present embodiment performs the same process as offset setting section 501 of terminal 500.
That is, offset setting section 208 determines the offset value for the PUSCH transmission
power (transmission power offset value. i.e. Psrs orrseT shown in Equation 1), which is used
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to determine the transmission power of an SRS to be transmitted from terminal 500 (desired
terminal). That is, offset setting section 208 selects offset value Psrs orrseT associated with

the type of SRS according to the type of the succeeding SRS to be transmitted from the
desired terminal.

[0097] Next, the process of setting the transmission power offset value in offset setting section
501 of terminal 500 (FI1G.8) will now be explained in detail.

[0098] The aperiodic-SRS and periodic-SRS need different transmission power. Specifically,
the aperiodic-SRS tends to need greater transmission power than the periodic-SRS for the
following three reasons:

[0099] First, with the aperiodic-SRS, an elapsed time between transmissions is likely to be
longer than that for the periodic-SRS to be transmitted periodically, and thus the TPC error is
likely to increase. Setting a shorter transmission period (e.g. 20 ms or less) to the periodic-SRS
reduces the TPC error. On the other hand, in the case where the terminal does not transmit an
uplink channel (e.g. PUSCH) for some time before transmission of the aperiodic-SRS, the
elapsed time of the transmissions is long, increasing the TPC error. In order to prevent
deterioration of the measurement accuracy of channel quality caused by the TPC error,
greater transmission power must be assigned to the aperiodic-SRS.

[0100] Second, because the number of aperiodic-SRSs to be transmitted is limited compared
to that of periodic-SRSs, the measurement accuracy cannot be improved by averaging a
plurality of aperiodic-SRSs unlike the case with the periodic-SRS. Hence, greater transmission
power must be assigned to the aperiodic-SRS to acquire the measurement accuracy
equivalent to that of the periodic-SRS.

[0101] Lastly, the aperiodic-SRS may be used to instantaneously measure the uplink quality to
precisely select MCS for the PUSCH. That is, the precise measurement accuracy is required
for the aperiodic-SRS, and thus greater transmission power must be assigned to the aperiodic-
SRS than the periodic-SRS.

[0102] For these reasons, necessary transmission power may vary depending on the type of
SRS (aperiodic-SRS or periodic-SRS). If offset value Psrs orrseT used to determine the SRS
transmission power is constant regardless of the type of SRS, the terminal must set the
transmission power (offset value) of the type of SRS requiring greater transmission power
(here, mainly, aperiodic-SRS) to the transmission power of all types of SRS including other
types of SRS (here, mainly, periodic-SRS). In this case, greater transmission power than
necessary is assigned to the periodic-SRS, increasing power consumption of the terminal.
Furthermore, if offset value Psrs orrseT is updated at every transmission of the aperiodic-
SRS, the frequency of reporting of control information increases, increasing the system
overhead.

[0103] In the present embodiment, to overcome the above problem, offset setting section 501
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of terminal 500 determines offset value Psrs orrseT (Psrs oFrseT shown in Equation 1),

which is used to determine the SRS transmission power, according to the type of succeeding
SRS to be transmitted (specifically, aperiodic-SRS and periodic-SRS).

[0104] In the following explanation, terminal 500 uses the equation of transmission power
shown in Equation 1 to calculate SRS transmission power Pgrs(i). Furthermore, Psrs ofrseT

shown in Equation 1 is determined with reference to, for example, a maximum TPC error of
each type of SRS. That is, offset value Psrs orrseT is set to a necessary value for meeting

the requirements for measurement quality. Offset value Psrs orrseT is reported in advance
from base station 200 to terminal 400 (the method of reporting Psrs orrseT of each type of
SRS will be explained in detail later).

[0105] SRS-type determination section 502 outputs the determined type of succeeding SRS to
be transmitted (aperiodic-SRS or periodic-SRS) to offset value determination section 503.

[0106] Then, offset value determination section 503 selects offset value Psrs orrseT
associated with the type of SRS determined in SRS-type determination section 502.

[0107] For example, as shown in FIG.9, offset value determination section 503 sets offset
value Psrs orrseT to 3 dB when the terminal transmits the aperiodic-SRS, and sets offset

value Psrs orrseT to 0 dB when the terminal transmits the periodic-SRS. That is, offset value

determination section 503 sets a greater offset value for the transmission power of the
aperiodic-SRS, which requires greater transmission power, than the offset value for the
transmission power of the periodic-SRS, as described above.

[0108] That is, offset value determination section 503 determines the offset value according to
whether the transmission period is set to the SRS. Specifically, offset value determination
section 503 sets the offset value such that the transmission power of the periodic-SRS is lower
than the transmission power of the aperiodic-SRS.

[0109] Here, the correspondence between the type of SRS and offset value Psrs orrseT

shown in FIG.9 is reported in advance from base station 200 to terminal 500. An optimum
offset value Psrs orrset of each type of SRS is determined according to the condition for

determining an SRS at base station 200 (e.g. the transmission period of periodic-SRS or the
transmission timing of aperiodic-SRS). Hence, the above correspondence does not need to be
reported frequently (in a short period).

[0110] Here, the specific methods of reporting the correspondence between the type of SRS
and the offset value shown in FIG.9 from base station 200 to terminal 500 will now be
explained. In LTE, offset value Psrs orrseT of the periodic-SRS is reported as information

about power control (e.g. "UplinkPowerControl" prescribed in [3GPP TS36.331 V8.9.0(2010-
03), "3GPP TSGRAN E-UTRA RRC Protocol specification (Release 8)"]. Information containing
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Ps_pusch or a, which are parameters in Equation 1).

[0111] On the other hand, for reporting offset value Psrs orrset of the aperiodic-SRS in
addition to offset value Psrs orrset of the periodic-SRS, as performed in the present

embodiment, the following four methods may be employed. As explained below, some
reporting methods can reduce signaling for reporting offset value Psrs orrset of the

aperiodic-SRS.

[0112] The first reporting method is a method of reporting offset value Psrs orrset of the

aperiodic-SRS by containing the offset value in information about power control, as with the
method of reporting offset value Psrs orrseT Of the periodic-SRS. In this reporting method, in

order to allow terminal 500 to transmit an aperiodic-SRS, base station 200 must also report
SRS resource information for aperiodic-SRS in addition to the information about power control.
Examples of the SRS resource information includes information indicating SRS transmission
resource, such as "SoundingRS-UL-Config" prescribed in [3GPP TS36.331 V8.9.0(2010-03),
"3GPP TSGRAN E-UTRA RRC Protocol specification (Release 8)"] (information containing, for
example, the bandwidth or frequency hopping pattern for SRS transmission). Thus, in this
reporting method, the base station must report two kinds of parameters to allow the terminal to
transmit the aperiodic-SRS, increasing the signaling load.

[0113] The second reporting method is a method of reporting offset value Psrs orrseT of the

aperiodic-SRS separately by containing the offset value in the SRS resource information for the
aperiodic-SRS. In this reporting method, in order to allow terminal 500 to transmit the
aperiodic-SRS, base station 200 needs to report only the SRS resource information for the
aperiodic-SRS. Thus, this reporting method requires less signaling load for reporting offset
value Psrs orrseT of the aperiodic-SRS than the first reporting method.

[0114] The third reporting method is a method of reporting correction value (Agfset) for offset
value Psrs orrseT Of the periodic-SRS as with Embodiments 1 and 2. The transmission

powers of the periodic-SRS and aperiodic-SRS are calculated using Equations 1 and 2,
respectively. Here, because the range of Aqgset t0 be reported does not need to be set greater

than the range of Psrs orrseT to be reported, the smaller number of reporting bits can be
used for Afiset than Psrs orrseT, Which requires four bits in LTE. Hence, this reporting
method requires less signaling load for reporting offset value Psrs orrseT of the aperiodic-
SRS (i.e. "Psrs OFFSET* Doffset” Shown in Equation 2). Correction value Aqffset may be defined

as a fixed value for the whole system. In this case, signaling from base station 200 to terminal
500 does not need to be performed.

[0115] The fourth reporting method is a method of reporting offset value Psrs oFrseT in a

different range for the aperiodic-SRS from that for the periodic-SRS. For example, base station
200 uses a different range of offset value Psrs orrseT for the aperiodic-SRS from that for the

periodic-SRS, even when the same number of reporting bits is used for the both two types of
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SRS:

Range of offset value Psrs orrseT of aperiodic-SRS to be reported: -7.5 to 15 dB

Range of offset value Psrs orrseT of periodic-SRS to be reported: -10.5 to 12 dB

[0116] That is, the range of offset value Psrs orrseT of the periodic-SRS to be reported is

shifted to the positive direction by a certain amount (by 3 dB in the above example) to
determine the range of offset value Psrs orrseT of the aperiodic-SRS to be reported. Thus, in

this reporting method, necessary transmission power can be determined according to the type
of SRS without increasing the number of signaling bits.

[0117] In this way, in the present embodiment, terminal 500 determines the transmission
power offset value for SRS according to the type of succeeding SRS to be transmitted from
terminal 500. This enables terminal 500 to assign individual necessary transmission power to
the aperiodic-SRS and the periodic-SRS. Furthermore, according to the present embodiment,
at terminal 500, the transmission power identical to that of the aperiodic-SRS does not need to
be assigned to the periodic-SRS, and thus the transmission power of the periodic-SRS does
not increase. For this reason, the periodic-SRS can be transmitted with a necessary minimum
power. Thus, it is possible to prevent the greater transmission power than necessary from
being assigned to the periodic-SRS, reducing the power consumption of the terminal. Thus,
according to the present embodiment, deterioration of the SINR measurement accuracy
caused by the TPC error can be prevented at base station 200 while an increase in power
consumption of terminal 500 is reduced. Furthermore, according to the present embodiment,
offset value Psrs orrseT does not need to be updated at every transmission of the aperiodic-

SRS, preventing an increase in the system overhead.

[0118] Furthermore, in the present embodiment, a case has been described where the two
types of SRS, the aperiodic-SRS and periodic-SRS, are used. SRSs, however, may be
categorized into a greater number of types. For example, in LTE-Advanced, the use of "one-
shot SRS" and "multi-shot SRS" as the aperiodic-SRS is being studied. The one-shot SRS is
transmitted only once after reception of a trigger signal from a base station and the multi-shot
SRS is transmitted predetermined multiple times only after reception of the trigger signal from
the base station. Examples of the trigger signal from the base station include a signal
containing information constituting at least one bit, which is transmitted through a downlink
control channel called a physical downlink control channel (PDCCH). The base station uses
this information to instruct a terminal to transmit the aperiodic-SRS. In response to the trigger
signal from the base station, the terminal transmits an SRS once or predetermined multiple
times during a predetermined SRS transmission time. Furthermore, the multi-shot SRSs can
be categorized into an SRS transmitted in a single frequency band for the purpose of
improving the measurement accuracy of the channel quality and an SRS transmitted in
different frequency bands for the purpose of measuring the channel quality in a wide band.
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The terminal may define these aperiodic-SRSs as different types of SRS to determine offset
value Psrs orrseT according to the type of SRS.

[0119] For example, as shown in FIG.10, a terminal (offset value determination section 503)
sets offset value Psrs orrseT of 3 dB to an one-shot SRS, sets offset value Psrs orrseT of

1.5 dB to a multi-shot SRS transmitted in a single frequency band, and sets offset value
Psrs_orrseT of 3 dB to the multi-shot SRS transmitted in different frequency bands. That is,
as shown in FIG.10, the terminal associates greater offset value Psrs_ofFrseT With the one-
shot SRS than with the multi-shot SRS transmitted in a single frequency band for the following
reason: in the case of the multi-shot SRS transmitted in a single band, averaging a plurality of
SRSs at the base station can improve the measurement quality of the channel. On the other
hand, in the case of the one-shot SRS, the improvement of the measurement quality by virtue
of averaging of SRSs cannot be expected at the base station, and thus the one-shot SRS
requires greater transmission power. Furthermore, the terminal sets the same offset value
Psrs_ofFfFseT to the multi-shot SRS transmitted in different frequency bands and the one-shot

SRS for the following reason: in the case of the multi-shot SRS transmitted in different
frequency bands, the improvement of the measurement quality by virtue of averaging of SRSs
cannot be expected at the base station, as with the case of the one-shot SRS. Thus, the multi-
shot SRS requires the same necessary transmission power as the one-shot SRS.

[0120] Alternatively, the terminal may categorize the aperiodic-SRSs into different types of SRS
depending on the interval of subcarriers in which the aperiodic-SRS is arranged, and may
determine offset value Psrs orrseT according to the type of SRS.

[0121] For example, as shown in FIG.11, the terminal (offset value determination section 503)
sets offset value Psrs orrseT Of 1.5 dB to an aperiodic-SRS arranged at a subcarrier interval

of 15 kHz, and sets offset value Psrs orrsget of 3.0 dB to an aperiodic-SRS arranged at a
subcarrier interval of 30 kHz. That is, the terminal associates greater offset value Psrs offrseT

with an aperiodic-SRS arranged at a longer subcarrier interval. This is because extension of
the subcarrier interval leads to a decrease in the average number of subcarriers used for the
measurement of channel quality per unit frequency band, thus impairing the measurement
accuracy of the channel quality (making variation greater) at the base station. Thus, the
aperiodic-SRS arranged at a longer subcarrier interval requires greater transmission power.

[0122] Embodiments of the present invention have been described.

[0123] In the present invention, configurations of Embodiments 1 and 2 may be combined.
Specifically, the offset setting section of the terminal includes the elapsed-time calculation
section, the power difference calculation section, and the offset value determination section, as
shown in FIG.12. That is, the offset value determination section shown in FIG.12 determines
correction value Aqfiset for offset value Psrs orrseT shown in Equation 2 according to both of
elapsed time T explained in Embodiment 1 and power difference AP explained in Embodiment
2. Specifically, as shown in FIG.13, correction value Aggset iS associated with elapsed time T
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and power difference AP. Correction value Agfset in FIG.13 is associated with elapsed time T

and power difference AP according to the allowable ranges of the TPC error prescribed in LTE
(for example, see 3GPP TS36.101 v8.9.0 (Table 6.3.5.2.1-1)), which are shown in FIGs.14A
and 14B. Here, FIG.14A shows the provision of the allowable range of the TPC error (9.0 dB)
in the case of elapsed time T longer than 20 ms (T>20 ms). FIG.14B shows the provision of
the allowable range of the TPC error in the case of elapsed time T of 20 ms or less (T<20 ms).
In FIG.14B, grater power difference AP is associated with the greater allowable range of the
TPC error.

[0124] In FIG.13, constant correction value Aqfset (0 dB) is associated both with the case of
elapsed time of T>20 ms and with the case of elapsed time of T<20 ms and AP of 15 dB or
greater, based on FIGs.14A and 14B. That is, constant correction value Aqgset is associated
with different elapsed times T. Alternatively, according to the present invention, greater
correction value Aggset May be associated with longer elapsed time T as shown in FIG.15

instead of FIG.13. That is, in FIG.15, different correction value Aggset i associated with

different elapsed times T and with different power differences AP. Furthermore, in FIG.13,
constant correction value Aqfiset is associated with longer elapsed time T (T>20 ms) regardless

of the value of power difference AP. Alternatively, as shown in FIG.15, different correction value
Aqfiset may be associated with longer elapsed time T (T>20 ms) according to power difference

AP.

[0125] By using the correspondences in FIGs.13 and 15, the terminal can control the SRS
transmission power by taking into consideration both elapsed time T and power difference AP.
That is, the terminal can control SRS transmission power more precisely and can further
reduce the waste power consumption compared to the above embodiments while preventing
deterioration of the SINR measurement accuracy caused by the TPC error at the base station.

[0126] Although a case has been described where a terminal has a single antenna in the
above embodiments, the present invention can be applied to a case where a terminal has a
plurality of antennas. For example, as shown in FIG.16, terminal 400 having N antennas 113-1
to 113-N includes transmission processing sections 401-1 to 401-N corresponding to the
respective antennas. Here, each transmission processing section 401 includes, for example,
components from RS generation section 101 to CP addition section 105 shown in FIG.2.
Furthermore, offset setting sections 402-1 to 402-N shown in FIG.16 may employ the same
configuration as offset setting section 106 (FIG.2), offset setting section 301 (FIG.6), offset
setting section 501 (FIG.8), or offset setting section (FIG.12). Offset setting sections 402 of
respective transmission processing sections 401 of terminal 400 shown in FIG.16 determine
correction values Aofset for offset values Psrs orrser (or offset values Psrs orrseT) of

respective SRSs transmitted from the respective antennas according to the respective
transmission time intervals (above-described elapsed times T or SRS transmission periods
TsRrs) or respective differences of transmission power (above-described power differences AP)

in the antennas. Then, transmission power control sections 111 in transmission sections 109 of
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terminal 400 control respective transmission power of the SRSs transmitted from the antennas
by adding respective correction values Aqfset assigned to SRSs transmitted from antennas to
respective offset values Psrs orrseT (or by using determined offset values Psrs orrseT)- In
this way, terminal 400 separately determines correction values Agfset (Or offset values
Psrs_orrseT, for example) which are used to control transmission power of the SRSs
transmitted from antennas. That is, terminal 400 determines offset values for the respective
SRSs transmitted from the respective antennas according to the respective transmission time
intervals between SRSs (e.g. SRS transmission periods) in the antennas, and uses the offset
values assigned to respective SRSs to control transmission power of SRSs transmitted from
the antennas. This enables terminal 400 to set different transmission power to each antenna
using, for example, a common parameter (e.g. offset value Psrs orrseT) reported from the
base station to the antennas. With this configuration, terminal 400 can appropriately control the
SRS transmission power for each antenna, and thus can further reduce the SRS transmission
power compared to a conventional technique in which the SRS transmission power is
controlled uniformly for all antennas.

[0127] Furthermore, in the present invention, when a terminal has a plurality of antennas as
explained in FIG.16, the terminal may control transmission power of the SRSs by using the
ratio of each correction value Aqgset for offset value Psrs orrseT (or ratio of each offset value

Psrs_orrseT) assigned to each SRS, as the ratio of the transmission power assigned to each

SRS to the total transmission power assigned to all SRSs transmitted from the antennas.
Specifically, although the above embodiments describes a case in which transmission power of
an SRS transmitted from each antenna is defined as Psrs(i) shown in Equation 1 or 2, this

embodiment describes a case in which the terminal defines the total transmission power of a
plurality of SRSs transmitted simultaneously from the plurality of antennas as Psrs(i) shown in

Equation 1 or 2. That is, total transmission power Pgrs(i) of the plurality of SRSs is calculated
by adding offset value Psrs orrseT to the PUSCH transmission power. Then, as with the
above embodiments, the terminal determines correction values Agfset fOr respective offset
values Psrs orrseT according to the respective transmission time intervals (elapsed times T
(e.g. FIG.4)) or power differences AP (e.g. FIG.7)), or differences of transmission power
(power differences AP (e.g. FIG.7)) in the respective antennas (or offset values Psrs offrseT
is determined according to the respective SRS transmission periods (types of SRS (e.g.
FIGs.9-11) in the antennas). Then, the terminal controls transmission power of the SRSs by
using the ratio of correction value Aqgset (Or the ratio of offset value Psrs orrseT) assigned to
each of the SRSs transmitted from the respective antennas as the ratio of transmission power
assigned to each of the SRS transmitted from the respective antennas to the total transmission
power Pgrg(i). Thatis, in an antenna from which an SRS having smaller correction value Agfset
(or offset value Psrs ofrseT) is transmitted, the ratio of transmission power of the SRS to total
transmission power Pgrs(i) is smaller and smaller transmission power is assigned to the
antenna. In other word, in the antenna from which an SRS having smaller correction value
Aofiset is transmitted (the TPC error is smaller), deterioration of the SINR measurement
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accuracy at the base station can be further prevented and the SRS transmission power at the
terminal can be further reduced. In this way, similar effects to the above embodiments can be
obtained even in the case where the terminal uses correction value Agfset determined
according to elapsed time T or power difference AP (or the SRS transmission period (offset
value Psrs orrseT determined according to the type of SRS)), as the ratio of transmission

power of each SRS transmitted from each antenna.

[0128] Furthermore, in the above embodiments, a case has been described where
Psrs_oFrFseT shown in Equation 2 is determined with reference to an assumed maximum TPC

error (e.g. FIGs.4 and 7). Alternatively, according to the present invention, Psrs orFrseT shown

in Equation 2 may be determined with reference to an assumed minimum TPC error. In this
case, correction value Aqfset may be determined such that greater correction value Agfset iS

associated with longer elapsed time T (T>20 ms) as shown in FIG.17, and such that greater
correction value Agfset is associated with greater power difference AP as shown in FIG.18.

[0129] Although a case has been described with the above embodiment where the present
invention is configured as an antenna, the present invention is also applicable to an antenna
port.

[0130] The term, antenna port, refers to a logical antenna configured with one or a plurality of
physical antennas. That is, an antenna port does not always refer to one physical antenna, and
can also refer to, for example, an array antenna configured with a plurality of antennas.

[0131] For example, in LTE, how many physical antennas constitute the antenna port is not
prescribed, and an antenna port is prescribed as a minimum unit by which a base station can
transmit a different reference signal.

[0132] Further, an antenna port is also prescribed as a minimum unit with which the weight of
precoding vector is multiplied.

[0133] Also, although cases have been described with the above embodiment as examples
where the present invention is configured by hardware, the present invention can also be
realized by software.

[0134] Each function block employed in the description of each of the aforementioned
embodiments may typically be implemented as an LSI constituted by an integrated circuit.
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.

[0135] 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 a programmable FPGA (Field Programmable Gate Array) or a
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reconfigurable processor where connections and settings of circuit cells within an LSI can be

reconfigured is also possible.

[0136] Further, if integrated circuit technology comes out to replace LSlI'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

[0137] The present invention is applicable to a mobile communication system, for example.

Reference Signs List

[0138]

100, 300, 400, 500 terminal

200 base station

101 RS generation section

102 phase rotation section

103 mapping section

104 IFFT section

105 CP addition section

106, 208, 301, 402, 501 offset setting section
107 elapsed-time calculation section

108, 303, 503 offset value determination section
109 transmission section

110 D/A section

111 transmission power control section

112 up-conversion section

113, 201 antenna

202 reception section
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203 CP removal section

204 FFT section

205 demapping section

206 cyclic shift amount setting section
207 SRS SINR measurement section
209 data SINR deriving section

210 channel quality deriving section
302 power difference calculation section
401 transmission processing section

502 SRS-type determination section
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TRADL@S KOMMUNIKATIONSINDRETNING OG FREMGANGSMADE TIL STYRING
AF OVERFORSELSEFFEKT

Patentkrav

1. Terminalapparat, der omfatter:
et referencesignalgenererende afsnit (101), der er konfigureret til at generere et
periodisk pejlingsreferencesignal, SRS, for hvilket der er konfigureret et
overfgrselstidsinterval, og et aperiodisk SRS, for hvilket, der ikke er konfigureret
et overfgrselstidsinterval, idet bade det periodiske SRS og det aperiodiske SRS er
et referencesignal til vurdering af en kanalkvalitet;
et forskydningsindstillingsafsnit (501), der er konfigureret til at indstille en farste
forskydningsveerdi til styring af overferselseffekten af det periodiske SRS og til at
indstille en anden forskydningsveerdi til styring af overfgrselseffekten af det
aperiodiske SRS, hvor forskydningsveerdierne er forskydningsveerdier for
overfgrselseffekten for en fysisk uplink-feelleskanal; og
et overfarselsafsnit (109), der er konfigureret til at overfgre det periodiske SRS
med en overfarselseffekt, som styres baseret pa den farste forskydningsveerdi, og
til at overfgre det aperiodiske SRS med en overferselseffekt, som styres baseret
pa den anden forskydningsveerdi,
kendetegnet ved, at
den anden forskydningsveerdi er stgrre end den fgrste forskydningsveerdi.

2. Terminalapparat ifelge ét af krav 1, hvor

forskydningsindstillingsafsnittet indstiller forskydningsveerdien ved at addere en

korrektionsveerdi til en overfgrselseffektforskydningsveerdi, som angivet af et

basisstationsapparat.

3. Fremgangsmade til styring af overfgrselseffekt for et referencesignal, hvilken

fremgangsmade omfatter:
generering af et periodisk pejlingsreferencesignal, SRS, for hvilket der er
konfigureret et overfarselstidsinterval, og et aperiodisk SRS, for hvilket, der ikke er
konfigureret et overferselstidsinterval, idet bade det periodiske SRS og det

aperiodiske SRS er et referencesignal til vurdering af en kanalkvalitet;
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indstilling af en faerste forskydningsveerdi til styring af overferselseffekten af det
periodiske SRS og til at indstile en anden forskydningsveerdi til styring af
overfogrselseffekten af det aperiodiske SRS, hvor forskydningsveerdierne er
forskydningsveerdier for overfgrselseffekten for en fysisk uplink-feelleskanal; og
5 overfgrsel af det periodiske SRS med en overfarselseffekt, som styres baseret pa
den farste forskydningsveerdi, og overfgrsel af det aperiodiske SRS med en
overfarselseffekt, som styres baseret pa den anden forskydningsveerdi,
kendetegnet ved, at
den anden forskydningsveerdi er stgrre end den fgrste forskydningsveerdi.
10 4. Forskydningsindstillingsafsnit ifelge ét af krav 3, hvor
forskydningsindstillingsafsnittet indstiller forskydningsveerdien ved at addere en
korrektionsveerdi til en overfgrselseffektforskydningsveerdi, som angivet af et

basisstationsapparat.
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TYPE OF SRS

Paps oseser

APERIODIC SRS

3dB

PERIODIC: SRS

0dB

FIG.S
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TYPE OF SRS

Psws ortser

1 SHOT SRS

3dB

APERIODIC- SRS MULTE SHOT SRS

(TRANSMISSION IN SINGLE BAND)

15dB

MULT1 SHOT SRS

(TRANSMISSION IN DIFFERENT BANDS)

3dB

FIG.10

TYPE OF SRS

Psps oreser

APERIODIC SRS
SUBCARRIER INTERVAL=15kHz
(SRS TRANSMITTED USING DMRS SYMBOL)

1:5dB

APERIODIC SRS
SUBCARRIER INTERVAL=30kHz
(SRS TRANSMITTED USING SYMBOL AT TAIL END OF SUBFRAME)

3dB

FIG.11
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CONDITIONS

TOLERANCE

NORMAL

+9.0

FIG.14A

POWER STEP AP (UP ORDOWN) | ALL COMBINATIONS OF PUSCH/PUCCH AND
[dB] SRS TRANSITIONS BETWEEN SUB-FRAMES[dB]
AP<2 +30
2= AP<LS +4.0
3= AP<4 +50
4= AP0 +6.0
102 APLI15 +8.0
155 AP +9.0

FI1G.14B
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ELAPSED TIME T A orser
T=20ms 0dB
T>20ms +6dB

FIG.17
AP A oFrseT
APL?2 0dB
2= APK3 +1dB
15 AP +6dB
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