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DESCRIPTION

Technical Field

[0001] The present invention relates to a radio communication apparatus and a radio
communication method.

Background Art

[0002] In 3rd Generation Partnership Project Long-term Evolution (3GPP LTE), in the case
where a data channel (physical uplink shared channel (PUSCH)) and a control channel
(physical uplink control channel (PUCCH)) are transmitted in the same subframe, a mobile
station multiplexes the two channels by time division multiplexing (TDM), as shown in FIG.1.
That is, data is punctured by control information such as an ACK or a NACK. By TDM
multiplexing, it is possible to maintain single carrier characteristics and prevent increase of
cubic metric (CM). On the other hand, because data is punctured, there is a problem that data
reception performance deteriorates.

[0003] In an uplink channel of LTE-Advanced, which is an evolved version of 3GPP LTE, in the
case where a PUSCH and a PUCCH are transmitted in the same subframe, a mobile station is
expected to multiplex the two channels by frequency division multiplexing (FDM), as shown in
FIG.2. A mobile station transmits a PUSCH and a PUCCH at the same time by mapping the
PUSCH and the PUCCH in different frequency bands. Because data is not punctured by FDM
multiplexing, it is possible to prevent deterioration of reception performance. On the other
hand, there is a problem that single carrier characteristics are not maintained and multicarrier
transmission is performed, so that CM increases. When CM increases, the maximum
transmission power that can be transmitted by a mobile station lowers, so that power head
room (hereinafter referred to as "power head room (PHR)") of a mobile station located, for
example, at the cell edge, becomes small, and it becomes not possible to set the transmission
power required by a base station, lowering the reception performance of the base station
significantly. PHR refers to the margin of transmission power of a mobile station or
transmission power of a mobile station that can be increased.

[0004] A method of multiplexing a PUSCH and a PUCCH at a mobile station, that is, a method
in which a base station controls whether to perform multiplexing by TDM (hereinafter referred
to as "TDM transmission mode") or perform multiplexing by FDM (hereinafter referred to as
"FDM transmission mode") based on the PHR of a mobile station, is under consideration (for
example, see 3GPP R1-090611, Samsung, "Concurrent PUSCH and PUCCH Transmissions.").
Specifically, in the case where the PHR of a mobile station is large (that is, the margin of
transmission power is large), a base station applies the FDM transmission mode, which does
not subject to the influence of increase of CM, so as to prevent deterioration of PUSCH
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reception performance. Further, in the case where the PHR of a mobile station is small (that is,
the margin of transmission power is small), a base station applies the TDM transmission mode,
so as to prevent increase of CM and prevent deterioration of PUSCH reception performance.

[0005] In this document, it is disclosed that, in the case of applying the FDM transmission
mode, it is necessary to preferentially ensure transmission power of a PUCCH, for which
retransmission control processing is not performed so as to require higher quality, compared to
a PUSCH. That is, in the FDM transmission mode, when setting the ratio of transmission power
of a PUSCH to a PUCCH, transmission power of the PUCCH is ensured first, and transmission
power of a PUSCH is set within the range of the remaining transmission power. By this means,
it is possible to prevent deterioration of performance of a PUCCH, which requires higher
quality.

[0006] Here, the definitions and methods of reporting of PHRs used in LTE will be described
below. In LTE, as shown in FIG.3, only PHR that is determined based on transmission power of
a PUSCH as a reference, is defined. In LTE, a base station uses PHR to control the
transmission bandwidth and the modulation and channel coding scheme (MCS) of a PUSCH of
a mobile station. A base station can receive a PUSCH with a reception quality desired by the
base station, by controlling the transmission bandwidth and MCS of a PUSCH of a mobile
station so that transmission power of a PUSCH to be transmitted by a mobile station does not
exceed the maximum transmission power of the mobile station.

[0007] 3GPP TS36.213 V8.5.0 7.1.6.1 Resource allocation type 0, "Physical layer procedures
(Release 8)."discloses the definition of PHR and the transmission condition of PHR by equation

1.
PHR pusch=Pmax—Ppusch ... (Equation 1)

[0008] In equation 1, PHR_pusch is PHR [dB] based on a PUSCH, and Pmax is the maximum
transmission power [dBm] of a mobile station. Ppusch of equation 1 is transmission power of a

PUSCH and is defined by following equation 2.
Ppusch=10logioM+Po+a-PL+ApmcsH(A;) ... (Equation 2)

[0009] In equation 2, M is the number of frequency resource blocks to be assigned, Pg is a

value [dBm] set from a base station, PL is a path loss level [dB] measured by a mobile station,
a is a weighted coefficient to show the compensation rate of path loss, Aycs is an offset

depending on the MCS, and f(4;) is a transmission power control value for which closed loop

control is performed (for example, relative values of +3 dB or -1 dB) and is the result of
addition including the past transmission power control value.

[0010] Py, a, and Ay cs are parameters to be reported from a base station to a mobile station,
and are values that are known by a base station. On the other hand, PL and f(4;) are values

that cannot be known correctly by a base station. Although f(4;) is a parameter to be reported
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from a base station to a mobile station, there is a case where a mobile station cannot receive
that command (cannot detect a control channel (PDCCH)). Because a base station cannot
determine whether or not a mobile station can correctly receive a command, once a mobile
station fails to receive a transmission power control value from a base station, a discrepancy of
recognition between the mobile station and the base station occurs. As described above,
because a base station cannot know PHR of a mobile station correctly, PHR needs to be
reported from a mobile station.

[0011] PHR is reported from a mobile station in a cycle determined by a base station in
advance. PHR is reported as medium access control (MAC) information of transmission data
by a PUSCH using six bits.

3GPP Draft, R1-090362, Qualcomm Europe, "Support of Concurrent Transmission of PUCCH
and PUSCH in LTE-A Uplink" shows the benefits of simultaneous transmission of PUSCH and
PUCCH and allows for the possibility of concurrent transmission of PUSCH and PUCCH to LTE-
A UEs.

Summary of Invention

Technical Problem

[0012] However, a base station cannot correctly switch from the TDM transmission mode to
the FDM transmission mode, only by using the above-described PHR based on a PUSCH
(hereinafter referred to as "PHR_pusch"). This is because, in the FDM transmission mode, a
base station cannot control the transmission bandwidth and MCS of a PUSCH so that
transmission power does not exceed the maximum transmission power of a mobile station,
only by using PHR_pusch. This will be described below.

[0013] In the FDM transmission mode, as described above, it is necessary to preferentially
ensure PUCCH transmission power. That is, it is necessary to control transmission power of a
PUSCH, which is determined by controlling the transmission bandwidth and MCS of the
PUSCH, within the range of PHR that is determined based on transmission power of a PUCCH
as a reference (hereinafter referred to as "PHR_pucch"). When the transmission power of a
PUSCH that is required by a base station exceeds PHR _pucch of a mobile station,
transmission power required for concurrent transmission of a PUSCH and a PUCCH exceeds
the maximum transmission power of the mobile station, so that the mobile station cannot
transmit a PUSCH with the transmission power required by the base station. Therefore, it
becomes not possible to receive a PUSCH with the desired reception quality assumed by the
base station, lowering the reception performance of a PUSCH.

[0014] For this reason, it is desirable that PHR_pucch, in addition to PHR_pusch, is reported
from a mobile station to a base station. However, in the case where PHR_pucch is simply
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reported in addition to PHR_pusch, signaling overhead doubles as shown in the sequence
diagram of FIG.4. Because PHR of LTE is reported per dB in the range of -23 to 40 dB, the
amount of signaling required for one PHR is six bits, as shown in FIG.4.

[0015] On the other hand, in LTE, transmission powers of a PUSCH and a PUCCH are
controlled separately. Therefore, it is not possible to correctly determine PHR_pucch from
PHR_pusch. Further, in the case of calculating PHR_pucch in a base station, there is a
following problem.

[0016] PHR_pucch is defined by following equation 3. Further, Ppucch of equation 3 is

transmission power of a PUCCH, and is defined by equation 4.
PHR_pucch=Pmax-Ppucch ... (Equation 3)

Ppucch=Po pucentPL+h+A uccntg(Ay) ... (Equation 4)

[0017] In equation 4, Pg pucch is @ value [dBm] set by a base station, h and Apycch are values
determined depending on the transmission format of a PUCCH, and g(4;) is a transmission

power control value for which closed loop control is performed and is the result of addition
including the past transmission power control value. Because PL is the result measured by a
mobile station, a base station cannot know PL. Further, regarding g(4), as is the case with

f(4;) in equation 2, a base station cannot determine whether or not a mobile station could

recognize a command correctly.

[0018] Therefore, if making a mobile station report PHR pucch so that a base station can
know PHR_pucch correctly, the amount of signaling increases. On the other hand, if the
amount of signaling is suppressed, a base station cannot know PHR_pucch correctly, and in
the FDM transmission mode, it is not possible to control the transmission power of a PUSCH
within the range of PHR_pucch so that transmission power does not exceed the maximum
transmission power of a mobile station.

[0019] It is therefore an object of the present invention to provide a radio communication
apparatus and a radio communication method for making it possible to suppress increase of
signaling overhead and correctly switch transmission modes of a PUSCH and a PUCCH, at the
same time.

Solution to Problem

[0020] The invention is defined by the subject matter of independent claims 1 and 7. Preferred
embodiments are defined in the dependent claims.

[0021] Aspects or embodiments that do not fall under the scope of the claims are useful to
understand the invention.
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Advantageous Effects of Invention

[0022] According to the present invention, it is possible to suppress increase of signaling
overhead and correctly switch transmission modes of a PUSCH and a PUCCH at the same
time.

Brief Description of Drawings

[0023]

FI1G.1 shows a condition where a PUSCH and a PUCCH are TDM transmitted;

F1G.2 shows a condition where a PUSCH and a PUCCH are FDM transmitted;

FIG.3 shows PHR that is determined based on transmission power of a PUSCH as a reference;
FIG.4 shows a condition where signaling overhead is increasing;

FIG.5 is a block diagram showing a configuration of a mobile station according to Embodiment
1 of the present invention;

FIG.6 is a block diagram showing an internal configuration of the TDM signal generation
section shown in FIG.5;

FIG.7 is a block diagram showing an internal configuration of the FDM signal generation
section shown in FIG.5;

FIG.8 is a block diagram showing a configuration of a base station according to Embodiment 1
of the present invention;

FIG.9 is a block diagram showing an internal configuration of the TDM signal demultiplexing
section shown in FIG.8;

FIG.10 is a block diagram showing an internal configuration of the FDM signal demultiplexing
section shown in FIG.8;

FIG.11 is a sequence diagram showing a condition where the mobile station shown in FIG.5
transmits PHR_pusch and trigger information (PHR_pucch) to the base station shown in FIG.8;

FIG.12 is a sequence diagram showing a case where trigger information shown in FIG.11 is
flag information of one bit showing the result of comparison with a threshold value;

FIG.13 is a sequence diagram showing a condition where PHR_pusch and trigger information,
which is flag information of one bit, are reported;
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FIG.14 is a block diagram showing a configuration of a mobile station according to
Embodiment 2 of the present invention;

FIG.15 is a sequence diagram showing a condition where the mobile station shown in FIG.14
transmits PHR_pusch and trigger information (PHR_pucch) to the base station shown in FIG.8;

FIG.16 is a block diagram showing a configuration of a mobile station according to
Embodiment 3 of the present invention; and

FIG.17 is a sequence diagram showing a condition where the mobile station shown in FIG.16
transmits PHR_pusch and trigger information (PHR_pusch+pucch) to the base station shown in
FIG.8.

Description of Embodiments

[0024] Now, embodiments of the present invention will be described in detail with reference to
the accompanying drawings. In embodiments, the same parts will be assigned the same
reference numerals and overlapping explanations will be omitted.

(Embodiment 1)

[0025] FIG.5 shows a configuration of radio communication mobile station apparatus 100
(hereinafter simply referred to as "mobile station") according to Embodiment 1 of the present
invention. In this figure, RF reception section 102 performs reception processing, such as
down-conversion and A/D conversion, on a signal received via antenna 101, and outputs the
reception-processed signal to demodulation section 103.

[0026] Demodulation section 103 demodulates scheduling information and a pilot signal that
are contained in the reception signal output from RF reception section 102, and outputs the
demodulated scheduling information to PHR_data calculation section 104, PHR_control
calculation section 106, and transmission mode setting section 107. Further, demodulation
section 103 outputs the demodulated pilot signal to PHR_data calculation section 104 and
PHR_control calculation section 106.

[0027] PHR_data calculation section 104 calculates PHR_pusch (PHR based on a PUSCH) by
performing calculation of equation 1 based on, for example, a path loss level measured using
the downlink pilot signal output from demodulation section 103, the number of frequency
resource blocks of a PUSCH, the MCS, and power control information of a PUSCH that are
contained in the scheduling information output from demodulation section 103, and outputs the
calculated PHR_pusch to PHR_data report determination section 105.
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[0028] PHR data report determination section 105 determines whether or not to report the
PHR_pusch output from PHR_data calculation section 104, to a base station, based on cycle T
[ms] determined by the base station in advance. That is, in the case where more than T [ms]
has passed from the previous report of PHR_pusch, PHR_pusch will be reported, and in the
case where more than T [ms] has not passed from the previous report of PHR_pusch,
PHR_pusch will not be reported. Upon determining to report PHR_pusch, PHR_data report
determination section 105 outputs PHR_pusch to data generation section 109.

[0029] PHR_control calculation section 106 calculates PHR_pucch (PHR based on a PUCCH)
by performing calculation of equation 3, based on, for example, a path loss level measured
using the downlink pilot signal output from demodulation section 103, and power control
information of a PUCCH contained in the scheduling information output from demodulation
section 103, and outputs the calculated PHR_pucch to trigger information report determination
section 108.

[0030] Transmission mode setting section 107 detects a command of a method of multiplexing
a PUSCH and a PUCCH (TDM transmission mode or FDM transmission mode) that is
contained in the scheduling information output from demodulation section 103, and outputs the
detection result to trigger information report determination section 108 and switch section 111.

[0031] Trigger information report determination section 108 compares which one of
PHR_pucch output from PHR_control calculation section 106 and a predetermined threshold
value is smaller or greater, i.e. comparison with a threshold value. Trigger information report
determination section 108 determines whether or not to report trigger information, based on
the result of the comparison with of a threshold value. Here, the condition of comparison with a
threshold value is changed according to the transmission mode output from transmission mode
setting section 107. Here, trigger information is PHR_pucch or flag information showing
whether PHR_pucch is greater or smaller than a threshold value. As a result of the comparison
with a threshold value, upon determining to report trigger information, trigger information report
determination section 108 outputs trigger information to data generation section 109. Trigger
information report determination section 108 will be described later.

[0032] Data generation section 109 generates data to be transmitted by mobile station 100.
Further, upon receiving PHR_pusch output from PHR _data report determination section 105,
or upon receiving PHR_pusch or trigger information output from trigger information report
determination section 108, data generation section 109 generates data including that
PHR_pusch or that trigger information, and outputs the generated data to switch section 111.

[0033] Control information generation section 110 generates control information (for example,
CQl, or ACK or NACK information) to be transmitted by mobile station 100, and outputs the
generated control information to switch section 111.

[0034] Switch section 111 switches whether to TDM transmit or FDM transmit the data output
from data generation section 109 and the control information output from control information
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generation section 110, according to the command from transmission mode setting section
107. Upon receiving a command of the TDM transmission mode from transmission mode
setting section 107, switch section 111 outputs the data and the control information to TDM
signal generation section 112. On the other hand, upon receiving a command of FDM
transmission from transmission mode setting section 107, switch section 111 outputs the data
and the control information to FDM signal generation section 113.

[0035] TDM signal generation section 112 generates a TDM signal by time multiplexing the
data and control information that are output from switch section 111, and outputs the TDM
signal to CP addition section 114. TDM signal generation section 112 will be described in detail
later.

[0036] FDM signal generation section 113 generates a FDM signal by frequency multiplexing
the data and control information that are output from switch section 111, and outputs the FDM
signal to CP addition section 114. FDM signal generation section 113 will be described in detail
later.

[0037] CP addition section 114 copies part of the rear end of the signal output from TDM signal
generation section 112 or FDM signal generation section 113, as a CP, and adds the CP to the
front of that signal. The CP-added signal is output to RF transmission section 115.

[0038] RF transmission section 115 performs transmission processing, such as D/A
conversion, amplification, and up-conversion, on the signal output from CP addition section
114, and transmits the transmission-processed signal to a base station from antenna 101.

[0039] FIG.6 is a block diagram showing an internal configuration of the TDM signal
generation section 112 shown in FIG.5. In this figure, multiplexing section 121 multiplexes the
data and control information that are output from switch section 111 in the time domain, i.e.
TDM multiplexes, and outputs the TDM-multiplexed signal to discrete fourier transform (DFT)
section 122.

[0040] DFT section 122 performs DFT processing on the multiplexed signal output from
multiplexing section 121 and outputs the DFT-processed multiplexed signal to mapping section
123.

[0041] Mapping section 123 maps the signal output from DFT section 122 on the frequency
band scheduled by a base station, and outputs the mapped signal to inverse discrete fourier
transform (IDFT) section 124.

[0042] IDFT section 124 performs IDFT processing on the frequency domain signal output
from mapping section 123, converts the signal into a time domain signal, and outputs the time

domain signal to CP addition section 114.

[0043] FIG.7 is a block diagram showing an internal configuration of FDM signal generation
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section 113 shown in FIG.5. In this figure, DFT section 131 performs DFT processing on the
data output from switch section 111 and outputs the DFT-processed data to mapping section
132.

[0044] Mapping section 132 maps the data signal output from DFT section 131 and the control
information output from switch section 111 on the frequency band scheduled by the base
station, multiplexes the mapped data signal and control information in the frequency domain,
i.e. FDM multiplexes, and outputs the FDM-multiplexed signal to IDFT section 133.

[0045] IDFT section 133 performs IDFT processing on the frequency domain signal output
from mapping section 132, converts the signal into a time domain signal, and outputs the time
domain signal to CP addition section 114.

[0046] FIG.8 is a block diagram showing a configuration of radio communication base station
apparatus 200 (hereinafter simply referred to as "base station") according to Embodiment 1 of
the present invention. In this figure, RF reception section 202 receives a signal transmitted
from mobile station 100 via antenna 201, performs reception processing, such as down-
conversion and A/D conversion, on the received signal, and outputs the reception-processed
signal to CP removal section 203.

[0047] CP removal section 203 removes the CP of the signal output from RF reception section
202 and outputs the signal without a CP to switch section 204.

[0048] Switch section 204 switches whether to demultiplex the data and the control information
in the time domain or demultiplex the data and the control information in the frequency domain,
according to the transmission mode reported to mobile station 100. When having reported a
command of TDM transmission mode to mobile station 100, switch section 204 outputs the
signal without a CP to TDM signal demultiplexing section 205, and when having reported a
command of FDM transmission mode to mobile station 100, switch section 204 outputs the
signal without a CP to FDM signal demultiplexing section 206.

[0049] TDM signal demultiplexing section 205 demultiplexes the data and the control
information in the time domain, and outputs the demultiplexed control information to control
information decoding section 207 and outputs the demultiplexed data to data decoding section
208. TDM signal demultiplexing section 205 will be described in detail later.

[0050] FDM signal demultiplexing section 206 demultiplexes the data and the control
information in the frequency domain, and outputs the demultiplexed control information to
control information decoding section 207 and outputs the demultiplexed data to data decoding
section 208. FDM signal demultiplexing section 206 will be described in detail later.

[0051] Control information decoding section 207 decodes the control information output from
TDM signal demultiplexing section 205 or FDM signal demultiplexing section 206 to obtain the
control information transmitted from mobile station 100.
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[0052] Data decoding section 208 decodes the data output from TDM signal demultiplexing
section 205 or FDM signal demultiplexing section 206, and outputs the decoded data to trigger
information detection section 209.

[0053] Trigger information detection section 209 detects trigger information contained in the
data output from data decoding section 208, and outputs the detected trigger information to
transmission mode control section 210.

[0054] Transmission mode control section 210 determines to switch the method of multiplexing
the data (PUSCH) and the control information (PUCCH) that are to be transmitted from mobile
station 100, using the trigger information output from trigger information detection section 209.
Upon change from the previous transmission mode, transmission mode control section 210
outputs transmission mode order information to switch section 204 and modulation section
211. Transmission mode control section 210 will be described in detail later.

[0055] Modulation section 211 modulates the transmission mode order information output from
transmission mode control section 210, and outputs the modulated signal to RF transmission
section 212.

[0056] RF transmission section 212 performs transmission processing, such as D/A
conversion, amplification, and up-conversion, on the modulated signal output from modulation
section 211, and transmits the transmission-processed signal to mobile station from antenna
201.

[0057] FIG.9 is a block diagram showing an internal configuration of TDM signal demultiplexing
section 205 shown in FIG.8. In this figure, DFT section 221 performs DFT processing on the
reception signal without a CP that is output from switch section 204, and outputs the signal
converted from the time domain to the frequency domain, to demapping section 222.

[0058] Demapping section 222 extracts a reception signal of desired mobile station 100 from
the frequency band scheduled by base station 200, out of the frequency domain signals output
from DFT section 221, and outputs the extracted reception signal to equalization section 223.

[0059] Equalization section 223 calculates a channel estimation value from a pilot signal
contained in the reception signal output from demapping section 222. Equalization section 223
performs equalization processing for correcting changes of the amplitude and the phase in the
frequency domain that the reception signal output from demapping section 222 received in the
channel, using the channel estimation value, and outputs the reception signal after equalization
processing to IDFT section 224.

[0060] IDFT section 224 performs IDFT processing on the reception signal output from
equalization section 223, converts the IDFT-processed reception signal into a time domain
signal, and outputs the time domain signal to demultiplexing section 225.
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[0061] Demultiplexing section 225 demultiplexes the reception signal output from IDFT section
224 into control information and data in the time domain, and outputs the demultiplexed control
signal to control information decoding section 207 and outputs the demultiplexed data to data
decoding section 208.

[0062] FIG.10 is a block diagram showing an internal configuration of FDM signal
demultiplexing section 206 shown in FIG.8. In this figure, DFT section 231 performs DFT
processing on the reception signal without a CP that is output from switch section 204, and
outputs the signal converted from the time domain to the frequency domain, to demapping
section 232.

[0063] Demapping section 232 extracts data and control information of a reception signal of
desired mobile station 100 from the frequency band scheduled by base station 200, out of the
frequency domain signals output from DFT section 231, and outputs the extracted data to first
equalization section 233 and outputs the extracted control information to second equalization
section 234.

[0064] First equalization section 233 calculates a channel estimation value from a pilot signal
contained in the reception signal output from demapping section 232. First equalization section
233 performs equalization processing for correcting changes of the amplitude and the phase in
the frequency domain that the control information output from demapping section 232 received
in the channel, using the channel estimation value, and outputs the obtained control
information to control information decoding section 207.

[0065] Second equalization section 234 calculates a channel estimation value from a pilot
signal contained in the reception signal output from demapping section 232. Second
equalization section 234 performs equalization processing for correcting changes of the
amplitude and the phase in the frequency domain that the data output from demapping section
232 received in the channel, using the channel estimation value, and outputs the obtained data
to IDFT section 235.

[0066] IDFT section 235 performs IDFT processing on the data output from second
equalization section 234, converts the IDFT-processed data into a time domain signal, and
outputs the time domain signal to data decoding section 208.

[0067] Next, trigger information report determination section 108 shown in FIG.5 will be
described in detail below. Trigger information report determination section 108 performs
comparison with a threshold value with respect to PHR_pucch of mobile station 100 that is
calculated by mobile station 100, to determine whether or not to report trigger information.

[0068] Specifically, in the TDM transmission mode, trigger information is reported when
equation 5 is satisfied. X1 is transmission power required for a PUSCH having the greatest
(highest quality required) MCS, for example, in the maximum transmission bandwidth
assumed. This is set in advance at mobile station 100 by base station 200. By this means,
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when equation 5 is satisfied, even when a PUSCH and a PUCCH are FDM transmitted, it is
possible to prevent transmission power of mobile station 100 from exceeding the maximum
transmission power (P_max).

PHR pucch > X1 [dBm] ... (Equation 5)

Further, in the FDM transmission mode, trigger information is reported when equation 6 is
satisfied. Y1 is set as the same value as X1, for example. By this means, when equation 6 is
satisfied, even when a PUSCH and a PUCCH are FDM transmitted, it is possible to prevent
transmission power of mobile station 100 from exceeding maximum transmission power
(P_max).

PHR pucch < Y1 [dBm] ... (Equation 6)

[0069] Further, it is possible to set Y1 as a different value from X1. When Y1 and X1 are the
same value, reports of trigger information occur frequently at mobile station 100 having the
PHR_pucch that moves up and down around the threshold value. By making a difference
between Y1 and X1, it is possible to prevent the above-described frequent reports of trigger
information.

[0070] Further, trigger information to be reported can be PHR_pucch itself, or flag information
of one bit showing whether PHR_pucch is greater or smaller than a threshold value. In the
case where PHR pucch is set as trigger information, although the amount of signaling
increases, by reporting PHR_pucch correctly, base station 200 can switch the transmission
mode more correctly and control the transmission bandwidth and MCS of a PUSCH. On the
other hand, in the case where flag information of one bit is set as trigger information, although
switch control of the transmission mode becomes less accurate, it is possible to reduce
signaling overhead. Here, by controlling the transmission bandwidth and MCS of a PUSCH
within the range assumed upon setting X1 or Y1, it is possible to prevent transmission power of
a mobile station from exceeding the maximum transmission power, even after switch of the
transmission mode.

[0071] Next, transmission mode control section 210 shown in FIG.8 will be described in detail
below. Transmission mode control section 210 determines to switch the method of multiplexing
data (PUSCH) and control information (PUCCH) that are to be transmitted next time by mobile
station 100, using the trigger information reported from mobile station 100.

[0072] Specifically, in the case where mobile station 100 is in the TDM transmission mode,
when base station 200 obtains trigger information reported from mobile station 100 by
satisfying equation 5, transmission mode control section 210 appropriately switches the
transmission mode of mobile station 100 from the TDM transmission mode to the FDM
transmission mode. In the condition where base station 100 reports trigger information in the
TDM transmission mode, even when the transmission mode is switched to the FDM
transmission mode, it is possible to prevent transmission power of mobile station 100 from
exceeding the maximum transmission power (P_max).
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[0073] Further, in the case where mobile station 100 is in the FDM transmission mode, when
base station 200 obtains trigger information reported from mobile station 100 by satisfying
equation 6, transmission mode control section 210 appropriately switches the transmission
mode of mobile station 100 from the FDM transmission mode to the TDM transmission mode.
In the condition where mobile station 100 reports trigger information in the FDM transmission
mode, by switching the transmission mode to the TDM transmission mode, it is possible to
prevent transmission power of mobile station 100 from exceeding the maximum transmission
power (P_max).

[0074] Next, the cycle in which mobile station 100 reports PHR_pusch, will be described below.
First, because the uses of PHR_pusch and PHR_pucch are different, by reporting PHR_pusch
or PHR_pucch according to the frequency and accuracy corresponding to the use, it is possible
to suppress increase of signaling overhead and appropriately switch the transmission mode at
the same time.

[0075] As the use of PHR pusch, PHR pusch is used to control the transmission bandwidth
and MCS of a PUSCH so that transmission power does not exceed the maximum transmission
power of mobile station 100. On the other hand, as the use of PHR pucch, PHR_pucch is used
to determine to switch the transmission mode (TDM transmission mode or FDM transmission
mode). Because the transmission bandwidth and MCS of a PUCCH are fixed, it is not
necessary to control the transmission band and the MCS unlike a PUSCH.

[0076] Therefore, it is not necessary to report PHR_ pucch that is used to switch the
transmission mode as frequently and accurately as PHR _pusch. Only when mobile station 100
can switch the transmission mode or needs to switch the transmission mode, base station 200
can switch the transmission mode appropriately by reporting PHR_pucch to base station 200.

[0077] FIG.11 is a sequence diagram showing a condition where mobile station 100 shown in
FIG.5 transmits PHR_pusch and trigger information (PHR_pucch) to base station 200 shown in
FIG.8. Base station 200 can know information about PHR_pucch of mobile station 100 from
trigger information, so that, in the TDM transmission mode, transmission power of mobile
station 100 does not exceed the maximum power, making it possible to switch the transmission
mode to the FDM transmission mode appropriately. Further, in the FDM transmission mode, it
is possible to switch the transmission mode to the TDM transmission mode appropriately,
before transmission power of mobile station 100 exceeds the maximum power. Compared to
FIG.4, it is clear that increase of signaling overhead is suppressed. As described above, by
reporting trigger information only when it is possible or necessary to switch the transmission
mode, it is possible to suppress increase of signaling overhead.

[0078] Further, FIG.12 is a sequence diagram showing a case where trigger information
shown in FIG.11 is flag information of one bit showing the result of comparison with a threshold
value. As shown in this figure, by setting trigger information as flag information of one bit
showing the result of comparison with a threshold value, although switch control of the
transmission mode becomes less accurate compared to the case where trigger information is
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PHR_pucch, it is possible to further suppress increase of signaling overhead.

[0079] As described above, according to Embodiment 1, by performing comparison with a
threshold value by changing the condition of the comparison with a threshold value of
PHR_pucch of a mobile station, according to the TDM transmission mode or the FDM
transmission mode, which are methods of multiplexing a PUSCH and a PUCCH adopted by the
mobile station, and reporting trigger information that induces switch between the TDM
transmission mode and the FDM transmission mode from the mobile station to a base station
according to the result of the comparison with a threshold value, it is possible to suppress
increase of signaling overhead and correctly switch the transmission mode.

[0080] Here, in the conditional expressions of equation 5 and equation 6, it is possible to use
PHR_pusch+pucch (PHR calculated based on transmission power required when a data
channel and a control channel are FDM transmitted, as a reference) defined in following

equation 7, instead of PHR_pucch.
PHR_pusch#pucch=Pmax~{Ppusch+Ppucch) ... (Equation 7)

[0081] Because it is possible to estimate PHR_pucch from the two pieces of PHR information
of PHR_pusch+pucch and PHR_pusch, it is possible to obtain an equivalent effect to the case
of reporting PHR_pucch.

[0082] Here, in the case of using PHR pusch-pucch, it is necessary to use a different
threshold value from the threshold values of equation 5 and equation 6 that use PHR_pucch.
That is, in the TDM transmission mode, comparison with a threshold value is performed based
on following equation 8, and in the FDM transmission mode, comparison with a threshold value

is performed based on following equation 9.
PHR_pusch+pucch>X2 |dBm] -« (Equation 8)

PHR pusch+pucch<¥Y2 [dBm]) ... (Equation 9)

[0083] X2 of equation 8 needs to be set as a greater value than X1 of equation 5. For
example, X2 is set as a value that is determined by adding transmission power required for a
PUSCH having the maximum transmission bandwidth t hat can be assumed for X1. Further, Y2
of equation 9 needs to be set as a greater value than Y1 of equation 6.

[0084] Although it is possible to set the same value for X2 and Y2, by setting a difference
between X2 and Y2 to set different values, as is the case with the above-described relationship
between X1 and Y1, a mobile station having the PHR_pusch+pucch that moves up and down
around the threshold value can prevent frequent reports of trigger information.

[0085] As shown in the sequence diagram of FIG.13, regarding the condition in which trigger
information report determination section 108 reports trigger information, it is possible to set
trigger information to output as flag information of one bit showing the result of comparison
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with a threshold value, as is the case with conventional PHR_pusch. Compared to FIG.4, it is
clear that increase of signaling overhead is suppressed. Further, because the number of
signaling bits is constantly the same (constantly seven bits in the figure), it is possible to use
one signaling transmission format, making it possible to simplify processing of a mobile station
and a base station.

(Embodiment 2)

[0086] FIG.14 is a block diagram showing a configuration of mobile station 300 according to
Embodiment 2 of the present invention. FIG.14 differs from FIG.5 in that reporting cycle setting
section 301 is added, PHR_data report determination section 105 is changed to PHR_data
report determination section 302, and trigger information report determination section 108 is
changed to trigger information report determination section 303.

[0087] Reporting cycle setting section 301 sets a reporting cycle of PHR _pusch and a
reporting cycle of trigger information so that the reporting cycle of trigger information is longer
than the reporting cycle of PHR _pusch, and outputs the set reporting cycle of PHR_pusch to
PHR _data report determination section 302 and outputs the reporting cycle of trigger
information to trigger information report determination section 303.

[0088] PHR_data report determination section 302 outputs PHR_ pusch to data generation
section 109, in the cycle output from reporting cycle setting section 301.

[0089] Trigger information report determination section 303 outputs trigger information to data
generation section 109, in the cycle output from reporting cycle setting section 301.

[0090] Here, the reporting cycle setting section 301 sets the reporting cycle of trigger
information (PHR_pucch) longer than the reporting cycle of PHR_pusch, will be described
below. Trigger information (PHR_pucch) used for switch of the transmission mode does not
need to be reported as frequently and accurately as PHR_pusch used for fine-tuned control
such as link adaptation, so that the reporting cycle of trigger information is set longer than the
reporting cycle of PHR_pusch.

[0091] For example, in the case where the reporting cycle of PHR pusch is T [ms], the
reporting cycle of trigger information is set as NxT [ms] (here, N is a natural number). N is a
parameter set per cell or per mobile station, and is reported from base station 200 to mobile
station 300.

[0092] Methods of setting N include the following method. In a cell having a large cell radius,
because path loss increases, PHR of mobile station 300 located at the cell edge is small, so
that it is necessary to switch the transmission mode. On the other hand, in a cell having a small
cell radius, it is rare that mobile station 300 needs to switch the transmission mode. Therefore,
by setting N greater for a cell of a smaller cell radius so as to set the reporting cycle of
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PHR_pucch longer, it is possible to switch the transmission mode appropriately with a small
amount of signaling.

[0093] FIG.15 is a sequence diagram showing a condition where mobile station 300 shown in
FI1G.14 transmits PHR_pusch and trigger information (PHR_pucch) to base station 200 shown
in FIG.8. As is clear from FIG.15, because trigger information (PHR_pucch) is reported in a
long cycle, it is possible to suppress increase of signaling overhead.

[0094] As described above, according to Embodiment 2, by setting the reporting cycle of
trigger information (PHR_pucch) longer than the reporting cycle of PHR_pusch, trigger
information (PHR_pucch) is reported in a long cycle, making it possible to suppress increase of
signaling overhead.

(Embodiment 3)

[0095] FIG.16 is a block diagram showing a configuration of mobile station 400 according to
Embodiment 3 of the present invention. FIG.16 differs from FIG.5 in that PHR_control
calculation section 106 is changed to PHR_control calculation section 401, transmission mode
setting section 107 is changed to transmission mode setting section 402, PHR_data report
determination section 105 is changed to PHR_data report determination section 403, and
trigger information report determination section 108 is changed to trigger information report
determination section 404.

[0096] PHR_control calculation section 401 calculates PHR_pusch+pucch (PHR calculated
based on transmission power required when a data channel and a control channel are FDM
transmitted, as a reference) and PHR_pucch, based on a path loss level measured using a
downlink pilot signal output from demodulation section 103, and the number of frequency
resource blocks of a PUSCH, the MCS, power control information of a PUSCH, and power
control information of a PUCCH that are contained in the scheduling information output from
demodulation section 103, and outputs the calculated PHR_pusch+pucch and PHR_pucch to
trigger information report determination section 404.

[0097] Transmission mode setting section 402 detects a command of a method of multiplexing
a PUSCH and a PUCCH (TDM transmission mode or FDM transmission mode) that is
contained in the scheduling information output from demodulation section 103, and outputs the
result of the determination to trigger information report determination section 404, switch
section 111, and PHR_data report determination section 403.

[0098] In the case where mobile station 400 is in the FDM transmission mode, PHR_data
report determination section 403 does not report PHR_pusch. On the other hand, mobile
station 400 is in the TDM transmission mode, PHR _data report determination section 403
reports PHR_pusch output from PHR_data calculation section 104 to base station 200, based
on predetermined cycle T [ms] determined by base station 200 in advance.
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[0099] In the case where mobile station 400 is in the FDM transmission mode, trigger
information report determination section 404 determines to report PHR pusch+pucch output
from PHR_control calculation section 401, based on cycle T [ms] determined by base station
200 in advance. In the case where mobile station 400 is in the TDM transmission mode, in the
same way as in Embodiment 1, trigger information report determination section 404 performs
comparison with a threshold value by comparing the PHR_pucch output from PHR_control
calculation section 401 with a predetermined threshold value, and, based on the result of the
comparison with the threshold value, determines whether or not to report trigger information.

[0100] As described above, in the FDM transmission mode, PHR_data report determination
section 403 stops outputting the PHR _pusch, and trigger information report determination
section 404 reports PHR_pusch+pucch as trigger information.

[0101] In the FDM transmission mode, if base station 200 can know PHR_pusch+pucch, base
station 200 can know the amount of transmission power of mobile station 400 that can be
increased, so that it is possible to control the transmission bandwidth and MCS of a PUSCH.
Further, in the case where PHR_pusch+pucch becomes smaller (margin of transmission power
is reduced), by changing the transmission mode to the TDM transmission mode, it is possible
to control transmission power of mobile station 400 so as not to exceed the maximum
transmission power.

[0102] By this way, in the FDM transmission mode, when a base station can know
PHR_pusch+pucch, it is possible to control switch of the transmission mode, and control the
transmission bandwidth and MCS of a PUSCH.

[0103] FIG.17 is a sequence diagram showing a condition where mobile station 400 shown in
FIG.16 transmits PHR _pusch and trigger information (PHR_pusch+pucch) to base station 200
shown in FIG.8. As is clear from FIG.17, in the FDM transmission mode, by stopping reporting
of PHR_pusch, it is possible to suppress increase of signaling overhead.

[0104] As described above, according to Embodiment 3, in the FDM transmission mode, by
reporting PHR_pusch+pucch as trigger information, a mobile station can suppress increase of
signaling overhead.

[0105] In the case where the variable range of PHR to be reported for PHR_pusch+pucch is
narrower compared to PHR_pusch, it is possible to reduce the number of signaling bits of
PHR_pusch+pucch. For example, when the variable range of PHR is half, it is possible to
reduce the number of signaling bits from six to three. By this means, it is possible to further
suppress increase of signaling overhead.

[0106] On the other hand, when the numbers of signaling bits of PHR_pusch+pucch and
PHR_pusch are set the same, it is possible to use one signaling transmission format. By this
means, it is possible to simplify the processing of a mobile station or a base station.
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[0107] In the case of calculating PHR_pusch+pucch, it is possible to perform calculation by
adding the amount of increase of CM (=ACM) of the FDM transmission with respect to TDM
transmission, as shown in following equation 10. By this means, it is possible to calculate

PHR_pusch+pucch more accurately.
PHR pusch+pucch=Pmax—-(Ppusch+Ppucch)-ACM

... (Equation 10)

[0108] Further, instead of reporting PHR_pucch or PHR_pusch+pucch, it is possible to report a
relative value with respect to PHR_pusch that is reported conventionally. By this means, it is
possible to further reduce the amount of signaling.

[0109] Further, in the same way as PHR_pusch in LTE, in the case where PHR_pucch is
reported as MAC information of a PUSCH, it is possible to calculate PHR_pucch based on the
transmission power at the time of transmitting a PUCCH at the closest time.

[0110] Further, instead of PHR_pucch to be newly reported, it is possible to report information
that can derive PHR_pucch (for example, g(4;) of equation 4 (transmission power control value

for which closed loop control is performed) or path loss (PL)).

[0111] 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.

[0112] 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.

[0113] 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
reconfigurable processor where connections and settings of circuit cells within an LSI can be
reconfigured is also possible.

[0114] 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.

[0115] 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.

DK/EP 3247159 T3

[0116] The term, antenna port, refers to a theoretical 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.

[0117] For example, in 3GPP LTE, how many physical antennas an antenna port is configured
with is not prescribed, and an antenna port is prescribed as a minimum unit by which a base

station can transmit a different reference signal.

[0118] Further, an antenna port is also prescribed as a minimum unit with which the weight of

precoding vector is multiplied.

Industrial Applicability

[0119] A radio communication apparatus and a radio communication method are applicable to

a mobile communication system, for example.

Reference Signs List

[0120]

101, 201 Antenna

102, 202 RF reception section

103 Demodulation section

104 PHR data calculation section

105, 302, 403 PHR_data report determination section
106, 401 PHR control calculation section

107, 402 Transmission mode setting section

108, 303, 404 Trigger information report determination section
109 Data generation section

110 Control information generation section

111, 204 Switch section

112 TDM signal generation section



113 FDM signal generation section

114 CP addition section

115, 212 RF transmission section

121 Multiplexing section

122,131, 221, 231 DFT section

123, 132 Mapping section

124, 133, 224, 235 IDFT section

203 CP removal section

205 TDM signal demultiplexing section
206 FDM signal demultiplexing section
207 Control information decoding section
208 Data decoding section

209 Trigger information detection section
210 Transmission mode control section
211 Demodulation section

222, 232 Demapping section

223 Equalization section

225 Demultiplexing section

233 First equalization section

234 Second equalization section

301 Reporting cycle setting section
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4
RADIOKOMMUNIKATIONSAPPARATER OG

RADIOKOMMUNIKATIONSFREMGANGSMADE

Patentkrav

1. Radiokommunikationsapparat (400), der omfatter:

et kredslgb (104, 401) tilpasset til at beregne en farste effektmargen, PHR, baseret pa en

maksimal sendeeffekt og en sendeeffekt for en datakanal, og tilpasset til at beregne en

anden PHR baseret pa den maksimale sendeeffekt, sendeeffekten for datakanalen og en

sendeeffekt for en styrekanal; og

en sender (115) tilpasset til at sende én af den fgrste PHR og den anden PHR,

hvor i tilfeelde af en TDM-sendemodus for datakanalen og styrekanalen den fgrste PHR

sendes, og i tilfeelde af en FDM-sendemodus for datakanalen og styrekanalen den anden

PHR sendes.

2. Radiokommunikationsapparat ifglge krav 1, hvori den fgrste PHR opnas ved at

traekke sendeeffekten for datakanalen fra den maksimale sendeeffekt, og den anden PHR

opnas ved at treekke sendeeffekten for datakanalen og sendeeffekten for styrekanalen fra

den maksimale sendeeffekt.

3. Radiokommunikationsapparat ifglge et hvilket som helst af krav 1 til 2, hvori den

maksimale sendeeffekt anvendt til beregning af den anden PHR har en veerdi opnaet ved at

traekke en forskydning fra den maksimale sendeeffekt anvendt til beregning af den fagrste

PHR.

4. Radiokommunikationsapparat ifglge et hvilket som helst af krav 1 til 3, hvor, nar

styrekanalen ikke sendes, den anden PHR sendes som et MAC-element i datakanalen.

5. Radiokommunikationsapparat ifalge et hvilket som helst af krav 1 til 4, hvori et antal

bit til den farste PHR er det samme som et antal bit til den anden PHR.

0. Radiokommunikationsapparat ifglge et hvilket som helst af krav 1 til 5, hvori

datakanalen en fysisk delt up-link-kanal (physical uplink shared channel, PUSCH), og

styrekanalen er en fysisk uplink-styrekanal (physical uplink control channel, PUCCH).

7. Radiokommunikationsfremgangsmade, der omfatter:

beregning af en forste effektmargen, PHR, baseret pa en maksimal sendeeffekt og en

sendeeffekt for en datakanal, og en anden PHR baseret pa den maksimale sendeeffekt,

sendeeffekten for datakanalen og en sendeeffekt for en styrekanal; og

afsendelse af én af den ferste PHR og den anden PHR,
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hvor i tilfeelde af TDM-sendemodus for datakanalen og styrekanalen den fgrste PHR sendes,
og i tilfeelde af FDM-sendemodus for datakanalen og styrekanalen den anden PHR sendes.
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MOBILE STATION
P HR_pusch : ; /
TRIGGER INFORMATION (PHR pucch)
{6+6bit)

- PHR_pusch
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PHR pusch-
{6bit)

PHR_pusch -
(Bbit}

: PHR_pusch
" TRIGGER INFORMATION(PHR pusch)

{B+8bit)

T [ms])

: PHR__pﬁsch

(Bbit)
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