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TERMINAL AND COMMUNICATION METHOD

Technical Field

[0001] The present disclosure relates to a terminal and a communication method.

Background Art

[0002] In recent years, the development of applications that require delay time reduction
(delay critical) has been considered. Examples of such applications that require delay
time reduction include autonomous vehicle driving, augmented reality applications in
smart glasses, or inter-machine communication.

[0003] In 3GPP, in order to develop these applications, latency reduction for reducing the
packet data latency has been studied (see Non-Patent Literature (hereinafter, referred to as
"NPL") 1). In latency reduction, shortening (reducing) the length of a transmission time
interval (TTI) (TTI length), which is the time unit for transmission and reception of data, to
be a time length between 0.5 msec and one orthogonal frequency division multiplexing
(OFDM) symbol has been considered. Note that, the traditional TTI length is 1 msec,
which is equal to the unit called "subframe." One subframe is composed of two slots (one
slot 1s equal to 0.5 msec). One slot is composed of seven OFDM symbols for normal
cyclic prefix (CP) or of six OFDM symbols for extended CP. For example, when the
reduced TTI length is 0.5 msec (=1 slot), two TTIs are set per msec. When one slot is
divided into a TTI composed of four OFDM symbols and a TTI composed of three OFDM
symbols, four TTIs are set per msec. When the TTI length is two OFDM symbols, seven
TTIs are set per msec.

[0004] Shortening the TTI length makes it possible to reduce latency for CQI reporting
and thus to increase the frequency of CQI reporting, which brings an advantage in that the

difference between CQI reporting and actual channel quality is reduced.
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NPL 1

RP-150465, "New SI proposal: Study on Latency reduction techniques for LTE," Ericsson,
Huawei, March 2015

NPL 2

3GPP TR 36.211 V13.0.0, "Physical channels and modulation (Release 13)," December
2015

NPL3

R1-164923, "Simultaneous Transmission of UL Signals for Shortened TTI Operation,"

Nokia, Alcatel-Lucent Shanghai Bell, May 2016

Summary of Invention

[0006] Shortening of a TTI length, for example, can be applied not only to systems
extending Long Term Evolution (LTE), but also to systems implemented using a new frame
format called New Radio Access Technology (RAT). In New RAT, the number of
symbols per msec may be different from the number of symbols in the above-mentioned
LTE systems. In operation of short TTIs each formed by shortening the TTI length
(hereinafter, such a TTI is called an "sTTI"), supporting multiple TTI lengths
simultaneously may be considered (e.g., see NPL 3). Supporting multiple TTI lengths
enables selectively using the respective TTI lengths in accordance with requirements from
different applications. For example, a long TTI length is used for a delayable packet
while an sTTI can be used for a delay-critical packet.

[0007] However, simultaneously transmitting packets using multiple TTIs having
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different TTI lengths when the maximum transmission power usable for a certain terminal
(may be called "UE") is not sufficient causes a problem of running out of transmission
power. Thus, studies need to be carried out on the distribution of transmission power for
different TTI lengths.

[0008] An aspect of this disclosure is to provide a terminal and a communication method
capable of appropriately configuring distribution of transmission power when TTI lengths
are different.

[0009] A terminal according to an aspect of the present disclosure includes: a
transmission-power determining section that determines transmission power for an uplink
signal in a first transmission time interval (TTI) (first TTI uplink signal) and an uplink
signal in a second TTI shorter in TTI length than the first TTI (second TTI uplink signal),
when the second TTI uplink signal occurs during transmission of an uplink signal in a first
interval in which a first reference signal is referenced in the first TTI, so as to keep the
transmission power for the first reference signal and the first TTI uplink signal constant
without allocating any transmission power to the second TTI uplink signal in the first
interval, and to reduce the transmission power for the first TTI uplink signal to allocate
transmission power to the second TTI uplink signal in a second interval which is
subsequent to the first interval in the first TTI and in which a second reference signal is
referenced; and a transmission section that transmits the first TTI and the second TTI
uplink signals using the determined transmission power.

[0010] A communication method according to an aspect of the present disclosure
includes: determining transmission power for an uplink signal in a first transmission time
interval (TTI) (first TTI uplink signal) and an uplink signal in a second TTI shorter in TTI
length than the first TTI (second TTI uplink signal), when the second TTI uplink signal
occurs during a first interval in which a first reference signal is referenced in the first TTI,

so as to keep the transmission power for the first reference signal and the first TTI uplink
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signal constant without allocating any transmission power to the second TTI uplink signal
in the first interval, and to reduce the transmission power for the first TTI uplink signal to
allocate transmission power to the second TTI uplink signal in a second interval which is
subsequent to the first interval in the first TTI and in which a second reference signal is
referenced; and transmitting the first TTI and the second TTI uplink signals using the
determined transmission power.

[0011] Note that the comprehensive or specific aspects mentioned above may be
implemented by a system, apparatus, method, integrated circuit, computer program, or
recoding medium, or any combination of the system, apparatus, method, integrated circuit,
computer program, and recoding medium.

[0012] According to an aspect of this disclosure, distribution of transmission power when
TTI lengths are different can be appropriately configured.

[0013] The specification and drawings reveal more advantages and effects in an aspect of
this disclosure. Such advantages and/or effects are provided by the features disclosed in
several embodiments as well as the specification and drawings, but all of them do not have

to be necessarily provided in order to obtain one or more identical features.

Brief Description of Drawings
[0014]

FIG 1 is a diagram illustrating an example of power distribution between TTIs
having different TTI lengths;

FIG 2 is a block diagram illustrating a main configuration of a terminal according to
Embodiment 1;

FIG 3 is a block diagram illustrating a configuration of a base station according to
Embodiment 1;

FIG 4 is a block diagram illustrating a configuration of the terminal according to
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Embodiment 1;

FIG 5 is a diagram illustrating an example of transmission power control according
to Operation Example 1-1 of Embodiment 1;

FIG 6 is a diagram illustrating another example of the transmission power control
according to Operation Example 1-1 of Embodiment 1;

FIG 7 is a diagram illustrating an example of transmission power control according
to Operation Example 1-2 of Embodiment 1;

FIG 8 is a diagram illustrating other transmission power control according to
Operation Example 1-2 of Embodiment 1;

FIG 9A is a diagram illustrating a configuration example of a transient period
according to Operation Example 2-1 of Embodiment 2;

FIG 9B is a diagram illustrating the configuration example of a transient period
according to Operation Example 2-1 of Embodiment 2;

FIG 9C is a diagram illustrating the configuration example of a transient period
according to Operation Example 2-1 of Embodiment 2;

FIG 9D is a diagram illustrating the configuration example of a transient period
according to Operation Example 2-1 of Embodiment 2;

FIG 10 is a diagram illustrating another configuration example of a transient period
according to Operation Example 2-1 of Embodiment 2; and

FIG 11 is a diagram illustrating a configuration example of a transient period

according to Operation Example 2-2 of Embodiment 2.

Description of Embodiments
[0015] [Background to Aspect of the Present Disclosure]
Hereinafter, a description will be given of the background of an aspect of the present

disclosure.
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[0016] [Operation of Dual Connectivity]

In dual connectivity, a terminal is allowed to transmit uplink (UL) signals in multiple
cells simultaneously. Each cell belongs to a master cell group (MCQG) or a secondary cell
group (SCG) and is capable of determining priorities and distributing transmission power
for MCG UL transmission and SCG UL transmission. In addition, each cell group (CG)
includes one primary cell (PCell) and one or more secondary cells (SCell(s)). In dual
connectivity, a random access channel (RACH) to be transmitted to PCell of MCG is given
a top priority, and priorities are then given to the respective channels as follows:

HARQ-ACK = SR > CSI > PUSCH without UCI
[0017] Moreover, when the same channel is transmitted in MCG and SCG, MCG UL
transmission is given priority over SCG UL transmission.

[0018] [Assumption]

As the power distribution for UL transmission, minimum guaranteed power is
allocated to each CG in dual connectivity. When using transmission power equal to or
greater than the minimum guaranteed power, the terminal can use remaining transmission
power (remaining power). Meanwhile, as the power distribution to be applied when
MCG and SCG are not in synchronization, there is a method in which the transmission
power for a signal that has transmitted earlier does not change.

[0019] For the power distribution between TTIs when multiple TTI lengths are supported
simultaneously, as in dual connectivity, namely, a method in which the minimum
guaranteed power is allocated while each TTI is regarded as a cell group is also considered
(e.g., see FIG 1). For example, when transmission power equal to or greater than the
minimum guaranteed transmission power is needed in each TTIL, a method in which the
remaining power is distributed according to the priorities or a method in which the
remaining power can be used for a TTI signal which has been transmitted earlier is

considered.
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[0020] As a power distribution method used when multiple TTIs having different TTI
lengths co-exist, the following methods are available. Note that, hereinafter, the TTIs
having different TTI lengths are called a long TTI (or simply TTI) and a short TTI (sTTI),
respectively.

[0021]

Method 1: Priorities are determined first based on channel types, and then, for the
same channel, priorities are determined based on TTI lengths.

Method 2: Priorities are determined first based on TTI lengths, and then, priorities
are determined based on channel types.

Method 3: Power required for a signal that has been transmitted earlier can be used.
[0022] For the priorities in accordance with channel types in Methods 1 and 2, the
following priorities are considered: RACH > HARQ-ACK = SR > CSI > PUSCH without
UCIL RACH is given a high priority because RACH is the information required for
connecting communication or acquiring synchronization. Regarding HARQ-ACK, a
reception failure may cause unnecessary HARQ retransmission for downlink (DL) data or
causes retransmission in higher layers without HARQ retransmission although the
retransmission is required. For this reason, HARQ-ACK is given a high priority.
Scheduling Request (SR) is the information required for starting UL communication, so
that SR is given a high priority. Meanwhile, Physical Uplink Shared Channel (PUSCH)
without Uplink Control Information (UCI) is given a low priority because UL data may be
retransmitted when the reception quality of UL data becomes poor, and no large impact is
given to the system. However, when the priority of UL data is higher than that of DL data,
for example, the priority of PUSCH may be raised over HARQ-ACK.

[0023] For the priorities in accordance with the TTI lengths, an sTTI is preferably given a
priority when a packet whose delay is to be reduced is transmitted in an sTTI while a

delayable packet is transmitted in a TTI. Meanwhile, it is preferable to give a priority to a
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TTI when a decrease in channel quality causes switching to a TTI although an sTTI is in
use. The priorities in accordance with the TTI lengths may be predetermined in the
system, or a base station (may be called an "eNB") may notify a terminal of the
information indicating which TTI length is given priority.

[0024] In Method 1, priorities are determined in accordance with channel types, first, and
for the same channel, which TTI length among a TTI and sTTI is given priority may be
determined for each channel.

[0025] [Problems]

When UL signals in multiple TTIs having different TTI lengths are transmitted
simultaneously, there is a possibility that a UL signal in an sTTI (hereinafter, may be
referred to as "sTTI UL signal") is assigned and transmitted after transmission of a UL
signal in a long TTI (hereinafter, referred to as "long TTI UL signal") starts. In this case,
there arises a problem in that, since the power is already allocated to the long TTI UL
signal, although the sTTI UL signal is given a higher priority than the long TTI UL signal,
the power to be allocated to the sTTI UL signal becomes short when there is not much
remaining power.

[0026] Meanwhile, as in SR, when a terminal voluntarily transmits a signal in an sTTI
rather than assignment from a base station, there arises a problem in that the power to be
allocated to an sTTI UL signal becomes short when power is already allocated to a long
TTI UL signal. In particular, there arises a problem in that a delay in SR has an impact on
a delay in TCP ACK transmission and causes a decrease in user throughput. In order to
give priority to an sTTIL, an increase in the guaranteed power for sTTIs is possible, but the
problem is that the power to be allocated to TTIs becomes always small.

[0027] In the method in which the UL signal that has transmitted earlier uses the
remaining power without determination of priorities in accordance with TTI lengths, there

arises an imbalance in which long TTIs use the remaining power more often than sTTIs.
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[0028] In this respect, an object of an aspect of this disclosure is to appropriately perform
power distribution when UL signals in different TTI lengths are transmitted.
[0029] Hereinafter, a detailed description will be given of embodiments of the present
disclosure with reference to the drawings.
[0030] [Summary of Communication System]

A communication system according to each embodiment of the present disclosure
includes base station 100 and terminal 200.
[0031] FIG 2 is a block diagram illustrating a main configuration of terminal 200
according to an embodiment of the present disclosure. In terminal 200 illustrated in FIG
2, transmission-power determining section 211 is configured to determine transmission
power for an uplink signal in a first transmission time interval (TTI) and an uplink signal in
a second TTI in such a manner that, when an uplink signal in the second TTI shorter in TTI
length than the first TTI occurs during transmission of the uplink signal in a first interval in
which a first reference signal is referenced in the first TTI, the transmission power for the
uplink signals in the first TTI and the second TTI in such a way that the transmission
power for the first reference signal and the uplink signal in the first TTI is kept constant
while no transmission power is allocated to the uplink signal in the first interval, and in a
second interval which is subsequent to the first interval and in which a second reference
signal is referenced, the transmission power for the uplink signal in the first TTI is reduced
for allocation of the transmission power to the uplink signal in the second TTL
Transmission section 212 transmits the uplink signals in the first TTI and the second TTI
with the determined transmission power.
[0032] (Embodiment 1)
[Configuration of Base Station]

FIG 3 is a block diagram illustrating a configuration of base station 100 according to

Embodiment 1. In FIG 3, base station 100 includes DCI generating section 101, error
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correction coding section 102, modulation section 103, signal assignment section 104,
transmission section 105, reception section 106, signal demultiplexing section 107,
ACK/NACK receiving section 108, demodulation section 109, and error correction
decoding section 110.

[0033] DCI generating section 101 determines whether to transmit a transmission data
signal (DL data signal) in an sTTI or a TTI or both. In addition, DCI generating section
101 determines based on power information of terminal 200 received from error correction
decoding section 110 whether to receive a UL data signal using an sTTI or a TTI or both.
DCI generating section 101 determines based on the content (ACK or NACK) of an
ACK/NACK signal received from ACK/NACK receiving section 108, (i.e., ACK/NACK
signal for a DL data signal (PDSCH)) whether retransmission of the DL data signal is
necessary, and then generates, in accordance with the result of determination, a DCI for
sTTI or a DCI for TTL. DCI generating section 101 outputs a DL related control signal
(such as resource allocation information) to signal assignment section 104 and outputs a
UL related control signal (such as resource allocation information) to signal demultiplexing
section 107. Moreover, DCI generating section 101 outputs the generated DCI to signal
assignment section 104 for transmission of the DCI to terminal 200.

[0034] Error correction coding section 102 performs error correction coding on the
transmission data signal (DL data signal) and the higher layer signaling (not illustrated) and
outputs the coded signal to modulation section 103.

[0035] Modulation section 103 applies modulation processing on the signal received
from error correction coding section 102 and outputs the modulated signal to signal
assignment section 104,

[0036] Signal assignment section 104 assigns, to a predetermined downlink resource, on
the basis of the DL control signal input from DCI generating section, the signal received

from modulation section 103 and the DCI received from DCI generating section 101. A
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transmission signal is formed in this manner. The transmission signal thus formed is
output to transmission section 105.

[0037] Transmission section 105 performs radio transmission processing such as
up-conversion on the transmission signal input from signal assignment section 104 and
transmits the processed signal to terminal 200 via an antenna.

[0038] Reception section 106 receives via an antenna the signal transmitted from
terminal 200 and performs radio reception processing such as down-conversion on the
received signal, and outputs the processed signal to signal demultiplexing section 107.
[0039] Signal demultiplexing section 107 identifies the reception frequency and temporal
timing for the UL data signal and ACK/NACK signal on the basis of the UL control signal
input from DCI generating section 101. Signal demultiplexing section 107 demultiplexes
the UL data signal from the received signal and outputs the acquired signal to
demodulation section 109 while demultiplexling the ACK/NACK signal from the received
signal and outputs the acquired signal to ACK/NACK receiving section 108.

[0040] ACK/NACK receiving section 108 outputs the content (ACK or NACK) of the
ACK/NACK signal for the DL data signal, which is input from signal demultiplexing
section 107, to DCI generating section 101.

[0041] Demodulation section 109 performs demodulation processing on the signal input
from signal demultiplexing section 107 and outputs the signal thus acquired to error
correction decoding section 110.

[0042] Error correction decoding section 110 decodes the signal input from demodulation
section 109 to acquire the received data signal (UL data signal) from terminal 200. Error
correction decoding section 110 outputs power information of terminal 200 indicated by an
higher layer, in the received data signal to DCI generating section 101.

[0043] [Configuration of Terminal]

FIG 4 is a block diagram illustrating a configuration of terminal 200 according to
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Embodiment 1. In FIG 4, terminal 200 includes reception section 201, signal
demultiplexing section 202, demodulation section 203, error correction decoding section
204, error determination section 205, ACK/NACK generating section 206, DCI receiving
section 207, error correction coding section 208, modulation section 209, signal assignment
section 210, transmission-power determining section 211, and transmission section 212.
[0044] Reception section 201 receives a received signal via an antenna and performs
reception processing such as down-conversion on the received signal and outputs the
processed signal to signal demultiplexing section 202.

[0045] Signal demultiplexing section 202 demultiplexes a signal mapped to a resource to
which a DCI is possibly assigned, and outputs the acquired signal to DCI receiving section
207. In addition, signal demultiplexing section 202 demultiplexes a DL data signal from
the received signal on the basis of the DL related control signal (resource allocation
information) input from DCI receiving section 207 and outputs the acquired signal to
demodulation section 203.

[0046] Demodulation section 203 demodulates the signal received from signal
demultiplexing section 202 and outputs the demodulated signal to error correction
decoding section 204,

[0047] Error correction decoding section 204 decodes the demodulation signal received
from demodulation section 203 and outputs the acquired received data signal. Moreover,
error correction decoding section 204 outputs the received data signal to error
determination section 205.

[0048] Error determination section 205 detects whether the received data signal has an
error using cyclic redundancy check (CRC) and outputs the detection result to ACK/NACK
generating section 206.

[0049] ACK/NACK generating section 206 generates, on the basis of the detection result

of the received data signal, which is input from error determination section 205, an ACK
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when there is no error, or a NACK when there is an error, and outputs the generated
ACK/NACK signal to signal assignment section 210.

[0050] DCI receiving section 207 outputs a DL related control signal (such as resource
allocation information) indicated by the DCI (DCI for TTI or DCI for sTTI) received from
signal demultiplexing section 202 and then outputs a UL related control signal (such as
resource allocation information) to signal assignment section 210.

[0051] Error correction coding section 208 performs error correction coding on the
transmission data signal (UL data signal) and outputs the coded data signal to modulation
section 209.

[0052] Modulation section 209 modulates the data signal received from error correction
coding section 208 and outputs the modulated data signal to signal assignment section 210.
[0053] Signal assignment section 210 assigns the data signal input from modulation
section 209 to a resource on the basis of the UL related control signal (resource allocation
information) received from DCI receiving section 207 and outputs the resultant signal to
transmission section 212. In addition, signal assignment section 210 assigns the
ACK/NACK signal input from ACK/NACK generating section 206 to an ACK/NACK
resource or multiplexes the ACK/NACK signal to the UL data signal and outputs the
resultant signal to transmission section 212.

[0054] Transmission-power determining section 211 determines the transmission power
in accordance with the priority for the transmission signal and ACK/NACK signal input
from signal assignment section 210. For example, when an sTTI UL signal given a high
priority occurs after allocation of transmission power to a long TTI UL signal,
transmission-power determining section 211 changes the transmission power for the UL
signal in a long TTI during the transmission. Transmission-power determining section
211 outputs power information indicating the determined transmission power to

transmission section 212. Note that, transmission-power determining section 211 may
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indicate power O when no power to be allocated for the UL signal.
[0055] Note that, the amount of resource to be allocated in signal assignment section 210
is reduced for the signal for which transmission-power determining section 211 has
indicated reducing the transmission power.
[0056]  Transmission section 212 configures transmission power based on the
transmission power information input from transmission-power determining section 211,
performs transmission processing such as up-conversion on the signal input form signal
assignment section 210 and the power information input from transmission-power
determining section 211, and transmits the processed signal and information via an antenna.
Accordingly, the long TTI and sTTI UL signals are transmitted with the transmission
power determined by transmission-power determining section 211.
[0057] [Operations of Base Station 100 and Terminal 200]

The operations of base station 100 and terminal 200 each configured in the manner
described above will be described in detail.
[0058] Hereinafter, a description will be given of Operation Examples 1-1 and 1-2
according to Embodiment 1.
[0059] <Operation Example 1-1>

Operation Example 1-1 assumes a normal LTE operation with an LTE system as the
basis in a long TTI while the long TTI is set to 1 msec, which is the subframe length in
LTE.
[0060] In addition, in Operation Example 1-1, regardless of TTI lengths, the priorities for
UL channels are set as follows: HARQ-ACK=SR > CSI > PUSCH without UCL.
[0061] Moreover, a description will be herein given of an example in which, during
transmission of a long TTI UL signal (e.g., PUSCH/PUCCH), an sTTI UL signal given a
higher priority than the long TTI UL signal (e.g., SR) occurs.

[0062] When an sTTI SR occurs during transmission of a long TTI UL signal, terminal
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200 checks transmission power (remaining power) allocatable to the SR.  When
determining that the transmission power required for SR transmission is allocatable,
terminal 200 transmits the SR at an optional timing.

[0063] Meanwhile, when the transmission power required for SR transmission is not
allocatable, terminal 200 waits until a timing at which the transmission power for the long
TTI UL signal is changeable and transmits the SR at or after the timing.

[0064] First, a description will be given of a case where terminal 200 transmits PUCCH
using a long TTL

[0065] For PUCCH, a physical resource block (PRB) for transmission changes per slot
and orthogonal coding is also applied in units of slots, so that the transmission power for
PUCCH is changed in units of slots. Accordingly, even when the transmission power is
changed in units of slots, the orthogonality of the signal can be kept the same. Stated
differently, the timing at which transmission power for a long TTI PUCCH can be changed
is a timing of a boundary between slots.

[0066] In this respect, when sufficient transmission power cannot be allocated to an sTTI
SR, terminal 200 waits until the next slot in which transmission power for the long TTI can
be changed, and transmits the SR in the sTTI placed in the next slot.

[0067] FIG S5 illustrates an example of transmission power control for a long TTI and
sTTIs (power distribution) according to Operation Example 1-1. In FIG 5, four sTTIs
(sTTI #0 to #3) per subframe (1 msec) are placed. In addition, an SR sTTI occurs in the
interval of sTTI #0 in FIG 5.

[0068] Moreover, FIG 5 illustrates the state in which the transmission power required for
SR transmission cannot be allocated even by combining the minimum guaranteed power
for sTTI and the remaining power not used in a long TTI PUCCH together in sTTI #0 (in
the interval of slot #0).

[0069] In this case, terminal 200 waits until the boundary of the slot in which the
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transmission power for the long TTI PUCCH can be changed, and then transmits the SR in
slot #1, which is the next slot. More specifically, as illustrated in FIG 5, terminal 200
waits in the interval of slot #0 (i.e., sTTI #0 and sTTI #1) without transmitting the sTTI SR
that has occurred in the interval of slot #0 (sTTI #0) in the long TTI. Terminal 200 then
transmits the SR in sTTI #2 within the interval of slot #1.

[0070] In this case, terminal 200 keeps the transmission power for the long TTI PUCCH
constant without any change within slot #0 in which the sTTI SR has occurred.

[0071] Terminal 200 reduces the transmission power for the long TTI PUCCH in order to
secure the transmission power required for transmission of the sTTI SR in slot #1. In
other words, terminal 200 determines the transmission power for the long TTI and sTTI UL
signals so as to reduce the transmission power for the long TTI PUCCH to allocate the
transmission power to the sTTI SR.

[0072] Note that, terminal 200 keeps the transmission power for the long TTI PUCCH
the same transmission power as that for sTTI #2 even in the interval of sTTI #3 after the
SR transmission in sTTI #2 ends. In other words, PUCCH is transmitted with the
constant transmission power in slot #1.

[0073] Accordingly, the transmission power for PUCCH is changed in units of slots due
to allocation of power to the sTTI SR. Thus, terminal 200 can allocate sufficient
transmission power to the sTTI SR given a high priority, while securing the reception
quality characteristics for the long TTI PUCCH. More specifically, terminal 200 can
simultaneously transmit the long TTI PUCCH and the sTTI SR with appropriate
transmission power in sTTI #2 (slot #1). Stated differently, terminal 200 can transmit an
sTTI SR even during transmission of a long TTI PUCCH. Thus, terminal 200 can
suppress delay in transmission of sTTI SR.

[0074] Next, a description will be given of a case where terminal 200 transmits PUSCH

using a long TTL



10

15

20

25

WO 2018/027540 PCT/CN2016/094142
17

[0075] In a case where the modulation scheme of a PUSCH is one that does not use
amplitude (such as BPSK/QPSK), changing the transmission power for PUSCH even
during transmission has no impact on demodulation of the PUSCH in base station 100.
[0076] In this respect, when an sTTI SR occurs during transmission of PUSCH using a
long TTI, terminal 200 transmits the SR with the transmission power required for SR
transmission without waiting. During this transmission, terminal 200 reduces the
transmission power for the long TTI PUSCH during the SR transmission interval in order
to secure the transmission power required for the SR transmission. Thus, terminal 200
can transmit the sTTI SR with appropriate transmission power without delay and without
any impact on the reception quality characteristics of the long TTI PUSCH.

[0077] Meanwhile, when the modulation scheme for PUSCH is a multilevel modulation
scheme using amplitude (such as 16QAM, 64QAM, and 256QAM), changing the
transmission power for PUSCH during transmission causes a problem in that a power
difference between the reference signal (demodulation reference signal (DMRS)) and the
received data occurs in base station 100, so that the received data cannot be modulated
accurately.

[0078] In this respect, the following two methods are considered for the transmission
power control (power distribution) method used when the modulation scheme for the long
PUSCH is a multilevel modulation scheme using amplitude (such as 16QAM, 64QAM,
and 256QAM).

[0079] The first method is a method in which, when there is a possibility that an sTTI UL
signal and a long TTI UL signal are simultaneously transmitted, for the long TTI,
modulation processing is performed with each slot closed (independently) without sharing
a reference signal between slots in base station 100.

[0080] Accordingly, it is made possible to change the transmission power for the long

TTI UL signal between slots. More specifically, as in the case of PUCCH described
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above, when the transmission power required for SR transmission cannot be allocated in a
certain slot (e.g., slot #0 in FIG 5), terminal 200 waits until the next slot (slot #1 in FIG 5)
and then transmits the sTTI SR in the next slot.

[0081] More specifically, in FIG 5, when an sTTI UL signal occurs during transmission
of a UL signal in slot #0 which is an interval in which a certain reference signal is
referenced in the long TTIL terminal 200 (transmission-power determining section 211)
keeps constant the transmission power for the reference signal to be referenced in slot #0
and the long TTI UL signal while allocating no transmission power to the sTTI UL signal
in slot #0. Terminal 200 then determines the transmission power values for the long TTI
and sTTI UL signals so as to reduce the transmission power for the long TTI UL signal to
allocate the transmission power to the sTTI UL signal in an interval which is subsequent to
slot #0 and in which a different reference signal is referenced in the long TTL

[0082] Note that, terminal 200 keeps the transmission power for the long TTI PUSCH
constant even in an interval after the end of sTTI SR transmission in the slot in which the
transmission power for the long TTI PUSCH is reduced to transmit the sTTI SR (slot #1 in
FIG 5). More specifically, PUSCH is transmitted with the reduced constant transmission
power in slot #1. In this manner, it is made possible to avoid occurrence of a power
difference between the reference signal to be referenced in slot #1 and the received data,
thus allowing base station 100 to accurately demodulate the received data.

[0083] As described above, terminal 200 can switch transmission power for a long TTI
UL signal in units of slots by not sharing a reference signal between slots for the long TTI
and thus can slot in an sTTI UL signal. Moreover, the mapping of reference signals in
order for base station 100 to perform demodulation processing independently for the
respective slots makes it possible to reduce the impact on demodulation processing in the
long TTI even when the sTTI is slotted in.

[0084] However, when there is no possibility of an sTTI UL signal and a long TTI UL
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signal being transmitted simultaneously, the transmission power for the long TTI is kept
constant between slots while a reference signal is shared between the slots. With this
configuration, the reference signals in both slots can be used in the demodulation
processing in base station 100 when there is no possibility of an sTTI UL signal and a long
TTI UL signal being transmitted simultaneously.

[0085] The second method is a method in which a data portion of PUSCH is partially
punctured. Partially puncturing PUSCH means not to transmit PUSCH in some resource
elements (REs) allocated to the PUSCH.

[0086] For example, terminal 200 determines the number of REs to be used for PUSCH
transmission per symbol in accordance with the power amount for PUSCH which needs to
be reduced for sTTI SR transmission. However, when PUSCH is transmitted using a
single carrier, partially reducing a signal in the frequency domain causes an increase in
peak to average power ratio (PAPR), which is considered a problem. Accordingly,
terminal 200 needs to determine the number of REs to be used for PUSCH transmission
taking into account the amount of increase in PAPR due to the signal reduction.

[0087] As a puncturing method, terminal 200 may achieve puncturing by puncturing the
signal in the time domain before discrete Fourier transform (DFT) during generation of a
signal to reduce the frequency resource for mapping of a signal after DFT.

[0088] Meanwhile, when the waveform of PUSCH is generated by single carrier
transmission, and PUSCH is transmitted in a divided manner, terminal 200 may determine
a puncturing target RE from one end of a division signal. In this way, the number of
division parts of PUSCH does not change, so that an increase in PAPR can be suppressed.
[0089] Note that, as illustrated in FIG 6, terminal 200 may map an sTTI SR to a symbol
where the sTTI SR does not overlap with a long TTI DMRS. In FIG 6, terminal 200
maps the sTTI SR to three symbols (the first to the third symbols) but does not map the SR

to the fourth symbol where DMRS for the long TTI PUSCH is mapped in sTTI #2
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composed of four symbols. With this configuration, terminal 200 can transmit DMRS
after the end of sTTI transmission without puncturing the DMRS. Accordingly, base
station 100 can accurately demodulate the PUSCH mapped in the rear of the slot (e.g.,
interval corresponding to sTTI #3 of FIG 6), using the DMRS mapped to the center portion
of the slot.

[0090] Note that, the power control methods appropriate to the respective channels are
illustrated in Operation Example 1-1. However, switching between the multiple methods
for the respective channels as a system makes the processing complex, which is considered
a problem. In this respect, the methods may be integrated into a single method for the
channels, and power control for the multiple channels may be performed using the single
method. For example, as the power control method to be used in common among the
multiple channels, terminal 200 may use a method in which the transmission power for a
long TTI is changed in units of slots as described above.

[0091] In addition, for an sTTI SR, a transmittable sTTI may be limited. This is
because securing the SR region using all the sTTIs increases resources unavailable to
another UL channel, and these secured resources are not used when there is no actual SR
transmission, thus degrading the resource utilization efficiency. In this respect, when SR
transmittable sTTIs are defined, terminal 200 can secure the transmission power required
for SR transmission after an SR occurs, and may wait until an SR transmittable sTTI and
then transmit the SR in the sTTI. For example, in FIG 5, when sTTI #2 is a non-SR
transmittable sTTI, but sTTI #3 is an SR transmittable sTTI, terminal 200 reduces the
transmission power for the long TTI UL signal in the interval from sTTI #2 and sTTI #3
corresponding to slot #1 in which the transmission power for the long TTI UL signal
becomes changeable, without transmitting the SR in sTTI #2, and transmits the SR
simultaneously with the long TTI UL signal in sTTI #3.

[0092] In addition, terminal 200 may transmit information on the remaining transmission
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power (Power Head Room (PHR)) to base station 100. In this case, terminal 200 may
generate separate PHRs for a long TTI and an sTTL. In this case, the following methods
are considered: a method in which a long TTI PHR is transmitted in a long TTI and an
sTTI PHR is transmitted in an sTTI; and a method in which both long TTI and sTTI PHRs
are collectively reported using either a long TTI or sTTI. When terminal 200 is to
generate a PHR, terminal 200 needs to reference to the amount of resource allocated to UL
data. For sTTIs, UL data is not necessarily transmitted in all sTTIs, and the amount of
resource may vary for each sSTTL. Accordingly, terminal 200 may previously determine
which sTTI number is to be referenced when generating a PHR. Moreover, terminal 200
may reference to, when generating a PHR, the sTTI to which the largest amount of
resource is allocated within the subframe.
[0093] Moreover, in the traditional systems such as LTE and LTE-Advanced, DCI format
3/3A or a bit in UL grant is used to perform closed-loop transmission power control.
Terminal 200 can apply transmission power control similar to that of the traditional
systems for TTI UL signals. Meanwhile, for sTTI UL signals, the power control
information may be included only in some UL grants rather than being included in all UL
grants. Furthermore, transmitting DCI format 3/3A separately for an sTTI, making DCI
format 3/3A common between TTIs and sTTIs, or not applying power control using DCI
format 3/3A to an sTTT are also possible.
[0094] <Operation Example 1-2>

Operation Example 1-2 assumes a normal LTE operation with an LTE system as the
basis in a long TTI while each long TTT is set to 1 msec, which is the subframe length of
LTE. In addition, in Operation Example 1-2, the sTTI length is set to two symbols and
seven sTTIs are placed per subframe.
[0095] In Operation Example 1-2, an example will be described in which, during

transmission of a long TTI UL signal (e.g., PUSCH/PUCCH) by terminal 200, an sTTI UL
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signal given a higher priority than this long TTI UL signal (e.g., SR) occurs as in Operation
Example 1-1.

[0096] When an sTTI SR occurs during transmission of a long TTI UL signal, terminal
200 checks transmission power allocatable to the SR (remaining power). When
determining that the transmission power required for SR transmission in a single sTTI is
allocatable, terminal 200 transmits the SR at an optional timing.

[0097] Meanwhile, when the transmission power required for SR transmission in a single
sTTI is not allocatable, terminal 200 transmits the SR in multiple sTTIs multiple times
using the minimum guaranteed power and remaining power for sTTIs. The number of
transmission times (number of sTTIs) of SR is set to the number of times that makes the
total value of the transmission power for SR satisfy desired transmission power for SR.
In other words, terminal 200 performs repetition transmission of SR using multiple sTTIs.
[0098] FIG 7 illustrates a power distribution example of a long TTI and an sTTI
according to Operation Example 1-2. In FIG 7, an sTTI SR occurs in the interval of sTTI
#1.

[0099] In this case, terminal 200 starts transmission of the sTTI SR from sTTI #2
subsequent to sTTI #1 in which the SR has occurred. In this case, for the sTTI SR
transmission, terminal 200 uses the guaranteed power for short TTI allocated to sTTIs and
the remaining power not used for long TTI transmission. In the example of FIG 7,
terminal 200 determines that three times of transmission (three sTTIs) satisfies the desired
transmission power for SR and transmits the SR three times using sTTI #2, sTTI #3, and
sTTI #4.

[0100] Base station 100 is aware that an sTTI SR may be transmitted over multiple sTTTIs,
and performs reception processing using a pattern in which multiple sTTI UL signals are
combined.

[0101] As described above, in Operation Example 1-2, even when an sTTI UL signal
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occurs during transmission of a long TTI UL signal, the transmission power for the long
TTI is changed only in units of subframes, so that the impact of sTTI transmission on the
long TTI transmission is advantageously small. Moreover, in Operation Example 1-2,
when an SR occurs, terminal 200 transmits the SR without waiting, so that it is possible to
suppress delay in sTTI SR transmission can be suppressed. Furthermore, in Operation
Example 1-2, the power of multiple sTTIs can be added together, which is particularly
effective when the number of symbols for sTTIs is small.

[0102] Operation Examples 1-1 and 1-2 illustrating a case where UL signals are
simultaneously transmitted in a long TTI and an sTTI have been described thus far.

[0103] As described above, in Embodiment 1, even when an sTTI signal occurs during
transmission of a long TTI UL signal, terminal 200 transmits the sTTI UL signal even
during the long TTI transmission while securing the reception quality of the long TTI UL
signal. More specifically, according to Embodiment 1, power distribution can be
appropriately performed when UL signals in different TTI lengths are transmitted.
Accordingly, even when no allocation is given from base station 100 (i.e., base station 100
cannot make a prediction), and terminal 200 is to voluntarily transmit an sTTI UL signal as
with SRs, it is possible to suppress delay in transmission of the UL signal. The
suppressing of delay in SR transmission makes it possible to suppress a reduction in user
throughput.

[0104] Note that, in Embodiment 1, a description has been given of the case where the
minimum guaranteed power is allocated to sTTIs and TTIs, but the transmission power
control according to Embodiment 1 can be applied even in a case where no minimum
guaranteed power is allocatable. The case where no minimum guaranteed power is
allocatable is a case where base station 100 indicates 0% as the minimum guaranteed
power or no minimum guaranteed power is configured as a system. When no minimum

guaranteed power is present, it is possible to use the power in such a way that all the power
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is used for sTTIs or TTIs. Accordingly, the range of increase and decrease of power when
no minimum guaranteed power is present is large compared with the case where the
minimum guaranteed power is present. Even when no minimum guaranteed power is
present, as illustrated in FIG. 8, terminal 200 can secure the transmission power for an sTTI
UL signal by reducing the transmission power for a long TTI UL signal during the
transmission of the signal (in units of slots) as in Embodiment 1.
[0105] Moreover, in Embodiment 1, a description has been given of the example in
which a DMRS is multiplexed in the time domain, but the present disclosure is not limited
to this case. For example, even when a DMRS is multiplexed in the frequency domain,
the transmission power for a UL signal in an interval in which the same DMRS is
referenced is required to be constant. Accordingly, when reducing the power for the UL
signal, terminal 200 may allocate, while securing the transmission power for the DMRS,
within a symbol, the remaining power to the UL signal (e.g., sTTI SR) that is slotted in
during transmission of the UL signal.
[0106] Embodiment 1 can be used when connection is actually established as dual
connectivity. For example, a case is assumed where an MCG uses a TTI while an SCG
uses an sTTIL, or the like. In particular, when the MCG and SCG provide services using
different bearers, respectively, the priority varies for each bearer, so that it is appropriate to
apply Embodiment 1. Moreover, when the MCG supports both a TTI and an sTTI, and
the SCG also supports both a TTI and an sTTI, dividing the minimum guaranteed power
into four parts may be considered.
[0107] (Embodiment 2)

The basic configurations of a base station and a terminal according to Embodiment 2
are common to those of base station 100 and terminal 200 according to Embodiment 1, so
that the base station and terminal according to Embodiment 2 will be described with

reference to FIGS. 3 and 4.
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[0108] In UL, when terminal 200 transmits UL signals using a TTI and an sTTI
simultaneously, the total transmission power per symbol during transmission of the TTI UL
signal increases or decreases depending on the presence or absence of transmission of an
sTTI UL signal. When the transmission power increases or decreases, and the frequency
resource is changed due to frequency hopping, a period in which distortion of a
transmission waveform is permitted (referred to as "transient period") needs to be
configured.
[0109] For example, in LTE and LTE-Advanced, a transient period of 20 us is configured
at the start and end of the transmission interval in which transmission power changes.
Moreover, a transient period of a total of 40 s is configured when the power changes in
the middle of transmission although the transmission continues. In addition, in a
subframe in which a sounding reference signal (SRS) is transmitted, a transient period is
configured outside the SRS transmission period (i.e., not to overlap with the SRS interval)
in order to protect the SRS.
[0110] However, the configuration of a transient period when sTTI transmission occurs
in the middle of a subframe and the transmission power thus changes is not taken into
consideration in LTE and LTE-Advanced. Accordingly, in Embodiment 2, a description
will be given of the configuration of a transient period when sTTI transmission occurs in
the middle of a subframe and the transmission power thus changes.
[0111] Hereinafter, a description will be given of Operation Examples 2-1 and 2-2 of
base station 100 and terminal 200 according to Embodiment 2.
[0112] <Operation Example 2-1>

In Operation Example 2-1, a description will be given of at which position a
transient period is configured when terminal 200 transmits long TTI and sTTI UL signals,
simultaneously.

[0113] More specifically, in order to protect a high priority signal, overlapping between a
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high priority channel and a transient period is avoided. For example, when high priority
channels are supposedly a DMRS and SRS each serving as an UL reference signal,
terminal 200 configures a transient period that occurs due to sTTI transmission while
avoiding a symbol to which a long TTI DMRS or SRS is mapped.

[0114] FIGS. 9A to 9D illustrate a configuration example of a transient period according
to Operation Example 2-1. FIGS. 9A to 9D illustrate an example in which sTTIs obtained
by dividing a TTI length into four parts are configured in case of 14 symbols per subframe
with normal CP. The four sTTIs (sTTI #0 to sTTI #3) in a single subframe are composed
of four symbols, three symbols, four symbols, and three symbols, respectively.

[0115] In addition, an assumption is made that a UL signal to be transmitted in a long
TTI is PUSCH and a DMRS is mapped to the fourth OFDM symbol of each slot.

[0116] At this time, as illustrated in FIG 9A, when a UL signal is transmitted in sTTI #1,
a long TTI DMRS is mapped right before the transmission start symbol of sTTI #1.
Accordingly, terminal 200 configures a transient period (40 us) after transmission of a long
TTI DMRS (within transmission interval of the sTTI UL signal). For this reason,
distortion of a waveform needs to be permitted for both the sTTI and long TTI in the
interval of the transient period on the symbols after DMRS (the interval of sTTI #1 in slot
#0). Meanwhile, as illustrated in FIG 9A, the symbol at which the transmission of sTTI
#1 ends (the end symbol of sTTI #1) is not adjacent to the long TTI DMRS. Accordingly,
terminal 200 configures a transient period (40 ps) after the sTTI transmission.

[0117] Next, as illustrated in FIG 9B, when a UL signal is transmitted in sTTI #2, a long
TTI DMRS is not mapped to the symbol right before the transmission start symbol of sTTI
#2.  Accordingly, terminal 200 configures a transient period (40 us) before the
transmission of sTTI #2 starts. Meanwhile, as illustrated in FIG 9B, the end symbol of
sTTI #2 overlaps with a long TTI DMRS. In this case, terminal 200 configures a transient

period (40 ps) after the DMRS transmission (after sTTI transmission) in order to protect
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the DMRS.

[0118] Next, as illustrated in FIG 9C, when a UL signal is transmitted in sTTI #3, a TTI
DMRS is mapped to the symbol right before the transmission start symbol of sTTI #3, so
that, as in FIG 9A, terminal 200 configures a transient period (40 ps) after the transmission
of the long TTI DMRS (within the transmission interval of the sTTI UL signal). In
addition, the rear end of sTTI #3 is positioned at the boundary between the subframes. In
this case, terminal 200 configures transient periods (20 us) before and after the boundary
between the subframes when transmitting a UL signal with different transmission power in
the next subframe.

[0119] Asillustrated in FIG 9D, when a UL signal is transmitted in sTTI #3 positioned at
the boundary between the subframes, and no UL signal is transmitted in the next subframe,
terminal 200 configures a transient period (20 us) after the boundary between the
subframes (i.e., after completion of the transmission of sTTI #3).

[0120] As described above, when UL signals are simultaneously transmitted using a long
TTI and sTTI in terminal 200, a transient period is configured in an interval other than a
symbol where a high priority UL signal (SRS or DMRS) is mapped in a long TTL
Accordingly, high priority UL signals can be protected. In addition, it is also preferable to
configure a transient period in an interval other than an sTTI interval where a UL signal is
transmitted, in addition to the interval other than a symbol where a high priority UL signal
is mapped. For example, when a transient period is configured in the sTTI interval where
a UL signal is transmitted, the impact of distortion of a signal waveform due to the
transient period is given to both of the sTTI and long TTI UL signals. Meanwhile, when a
transient period is configured in an interval other than the sTTI interval where a UL signal
is transmitted, distortion of a signal waveform due to the transient period has an impact
only on a long TTI UL signal.

[0121] Note that, when TTI transmission is PUCCH format 1a/1b as illustrated in FIG: 10,
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a DMRS is mapped to the third, the fourth and the fifth symbols of each slot. At this time,
when sTTIs are placed by dividing a subframe into four parts, the boundary between sTTIs
(symbols before and after the boundary) may overlap with a long TTI DMRS (boundary
between sTTI #0 and sTTI #1 and boundary between sTTI #2 and sTTI #3 in FIG 10). In
this respect, as illustrated in FIG 10, when the boundary between sTTIs overlaps with the
boundary between two long TTI DMRSs, transient periods (20 us) may be configured
before and after the boundary of the sTTIs in order to average the impact on the DMRSs
due to the transient periods.
[0122] <Operation Example 2-2>

In Operation Example 2-1, a description has been given of the case where a long TTI
DMRS is protected without taking into consideration the position of an sTTI DMRS (may
be expressed as "sDMRS," hereinafter). Meanwhile, in Operation Example 2-2, the
position of an sTTI DMRS is taken into consideration.
[0123] When a DMRS mapping position is an inner side of consecutive symbols within
an sTTI (i.e., the mapping position is neither the start nor end symbol of the sTTI), the
transmission power does not change before and after the symbol on which a DMRS is
transmitted, for example, when the sTTI is composed of four symbols and the DMRS is
mapped to the second or the third symbol while no an frequency hopping is assumed. In
this case, no sSTTI DMRS overlaps with the transient period.
[0124] Meanwhile, when a DMRS is mapped to the start or end symbol of an sTTI, the
sTTI DMRS may overlap with the transient period. For example, when the DMRS is
shared between sTTIs and the sTTI DMRS is aligned with the position of a long TTI
DMRS, a DMRS is mapped at the boundary between sTTIs. More specifically, this case
is where sTTI #0 is composed of the first to the fourth symbols while sTTI #1 1s composed
of the fourth to the seventh symbols, and a DMRS is mapped to the fourth symbol. At

this time, the DMRS to be protected becomes common between the long TTI and sTTI, so
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that terminal 200 may configure a transient period so as to avoid overlapping with the
DMRS mapping position as in Operation Example 2-1.

[0125] Meanwhile, when a DMRS is mapped always to the start of an sTTT as illustrated
in FIG 11, the position of an sSTTI DMRS and the position of a TTI DMRS may be on
consecutive different symbols. In this respect, as illustrated in FIG 11, when the DMRS
to be transmitted in sTTI #1 and the DMRS to be transmitted in a long TTI are consecutive,
terminal 200 configures transient periods before and after the boundary between sTTIs in
order to average the impact on the DMRSs due to the transient periods.

[0126] Moreover, when it is predetermined that a long TTT or short TTI is given priority,
terminal 200 may configure a transient period while avoiding the interval of a DMRS in
the TTI that is given priority. More specifically, terminal 200 may configure a transient
period in the interval of an sTTI DMRS when a long TTI is given priority, and may
configure a transient period in the interval of a long TTI DMRS when an sTTI is given
priority.

[0127] Operation Examples 2-1 and 2-2 of base station 100 and terminal 200 according
to Embodiment 2 have been described thus far.

[0128] Note that, a description has been given of the case where, as the value of a
transient period, 20 us is configured at the start and end of transmission of transmission
power change, and a total of 40 us is configured when the power changes in the middle of
transmission although the transmission continues. However, the value of a transient
period is not limited to these values.

[0129] Moreover, when frequency hopping is performed in an sTTI, a transient period
needs to be configured before and after the frequency hopping. In this case, terminal 200
may configure a transient period so as to protect a high priority signal as in Operation
Example 2-1 or 2-2.

[0130] Moreover, when only sTTI transmission is to be performed, different channels
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may be transmitted on different frequency resources between consecutive sTTIs. In this
case, the priorities for the respective channels are predetermined such that DMRS = SRS >
SR > ACK/NACK > CSI > PUSCH without UCI, and terminal 200 may configure a
transient period such that the transient period does not overlap with transmission of a
channel that is given priority.

[0131] Each embodiment of the present disclosure has been described thus far.

[0132] In the embodiments, a description has been given of the case where an assumption
is made that a long TTI is set equal to the LTE subframe while a short TTI is the sTTI that
has been under study in LTE-Advanced. However, multiple TTIs having different TTI
lengths are not limited to the examples mentioned above, and a long TTI and sTTI may be
TTIs used in different RATS, respectively. As the RATs, a large capacity communication,
enhanced mobile broadband (eMBB), ultra-reliable and low latency communications
(URLL), and multiple inter-machine communications, massive machine-type
communications (mMTC), for example, may be considered. Meanwhile, LTE and
LTE-Advanced are each considered as one of the RATs. Since TTI lengths appropriate to
the respective RATs are different, TTI lengths may be different in accordance with RATs.
Furthermore, TTI lengths may be respectively different for multiple systems within an RAT.
In addition, an interval of 1 msec is called a subframe in the embodiments described above,
but the interval is not limited to this. In a different RAT, an interval of 1 msec serving as
the basis may be referred to as another name.

[0133] In the embodiments described above, a long TTI and sTTI may be physically
allocated to the same component carrier or different component carriers. Accordingly, a
long TTI PUCCH/PUSCH and an sTTI PUCCH/PUSCH may be physically transmitted
simultaneously on the same component carrier. However, in view of transmission power
control and data assignment, transmission power control is performed by handling a long

TTI and an sTTI as different cells, and mapping of a UL control channel can be determined
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without any impact from another TTI channel with respect to each of the TTIs.

[0134] A system using a long TTI may be a system having a narrow subcarrier interval
but a wide symbol interval, while a system using a short TTI (sTTI) may be a system
having a wide subcarrier interval but a narrow symbol interval. In LTE and
LTE-Advanced, when the subcarrier interval is 15 kHz in normal CP, 1 msec is divided into
14 symbols. For example, when the subcarrier interval is 60 kHz, a shorter symbol length
can be configured, and the number of symbols to be fitted in 1 msec becomes large. In
this case, it is made easier to configure a short TTI length. Accordingly, a long TTI is
used when the subcarrier interval is narrow and a short TTI is used when the subcarrier
interval is wide, and the embodiments can be applied to a terminal simultaneously using
these TTIs for transmission.

[0135] Moreover, a description has been given of the case where the TTI (long TTI) is 1
msec in the embodiments described above, but the TTI length is not limited to this length,
and the embodiments described above may be applied to a case where UL signals are
simultaneously transmitted using TTIs having different TTI lengths.

[0136] The above embodiments have been described with an example in which an aspect
of the present disclosure is implemented using a hardware configuration, but the present
disclosure may also be implemented by software in cooperation with hardware.

[0137] In addition, the functional blocks used in the descriptions of the embodiments are
typically implemented as LSI devices, which are integrated circuits having an input and
output. The integrated circuits may control the functional blocks used in the descriptions
of the embodiments and may include an input and output. The functional blocks may be
formed as individual chips, or a part or all of the functional blocks may be integrated into a
single chip. The term “LSI” is used herein, but the terms “IC,” “system LSL” “super
LST” or “ultra LSI” may be used as well depending on the level of integration.

[0138] In addition, the circuit integration is not limited to LSI and may be achieved by
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dedicated circuitry or a general-purpose processor. After fabrication of LSI, a field
programmable gate array (FPGA), which is programmable, or a reconfigurable processor
which allows reconfiguration of connections and settings of circuit cells in LSI may be
used.

[0139] Should a circuit integration technology replacing LSI appear as a result of
advancements in semiconductor technology or other technologies derived from the
technology, the functional blocks could be integrated using such a technology. Another
possibility is the application of biotechnology and/or the like.

[0140] A terminal according to the present disclosure includes: a transmission-power
determining section that determines transmission power for an uplink signal in a first
transmission time interval (TTI) (first TTI uplink signal) and an uplink signal in a second
TTTI shorter in TTI length than the first TTI (second TTI uplink signal), when the second
TTI uplink signal occurs during transmission of an uplink signal in a first interval in which
a first reference signal is referenced in the first TTI, so as to keep the transmission power
for the first reference signal and the first TTI uplink signal constant without allocating any
transmission power to the second TTI uplink signal in the first interval, and to reduce the
transmission power for the first TTI uplink signal to allocate transmission power to the
second TTI uplink signal in a second interval which is subsequent to the first interval in the
first TTI and in which a second reference signal is referenced; and a transmission section
that transmits the first TTI and the second TTI uplink signals using the determined
transmission power.

[0141] In the terminal according to the present disclosure, the second TTI uplink signal is
given a higher priority than the first TTI uplink signal.

[0142] In the terminal according to the present disclosure, the second TTI uplink signal is
a scheduling request (SR).

[0143] In the terminal according to the present disclosure, when a modulation scheme
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used in the first TTI is a multilevel modulation scheme using amplitude, no reference
signal is shared between the first interval and the second interval while the first TTI uplink
signal i1s demodulated within each of the first interval and the second interval
independently in a base station.

[0144] In the terminal according to the present disclosure, when the uplink signals are
transmitted simultaneously using the first TTI and the second TTI in the terminal, a
transient period is configured in an interval other than a symbol to which an uplink signal
given a high priority is mapped in the first TTL

[0145] In the terminal according to the present disclosure, the transient period is
configured in an interval other than the second TTI in which the uplink signal is
transmitted.

[0146] In the terminal according to the present disclosure, the uplink signal given a high
priority is a sounding reference signal (SRS) or a demodulation reference signal (DMRS).
[0147] A communication method according to the present disclosure includes:
determining transmission power for an uplink signal in a first transmission time interval
(TTI) (first TTI uplink signal) and an uplink signal in a second TTI shorter in TTI length
than the first TTI (second TTI uplink signal), when the second TTI uplink signal occurs
during a first interval in which a first reference signal is referenced in the first TTL, so as to
keep the transmission power for the first reference signal and the first TTI uplink signal
constant without allocating any transmission power to the second TTI uplink signal in the
first interval, and to reduce the transmission power for the first TTI uplink signal to
allocate transmission power to the second TTI uplink signal in a second interval which is
subsequent to the first interval in the first TTI and in which a second reference signal is
referenced; and transmitting the first TTI and the second TTI uplink signals using the

determined transmission power.



10

15

20

WO 2018/027540
34

Industrial Applicability

[0148] An aspect of this disclosure is useful in mobile communication systems.

Reference Signs List

[0149]

100 Base station

101 DCI generating section

102, 208 Error correction coding section
103, 209 Modulation section

104, 210 Signal assignment section

105, 212 Transmission section

106, 201 Reception section

107, 202 Signal demultiplexing section
108 ACK/NACK receiving section

109, 203 Demodulation section

110, 204 Error correction decoding section
200 Terminal

205 Error determination section

206 ACK/NACK generating section
207 DCI receiving section

211 Transmission-power determining section

PCT/CN2016/094142
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CLAIMS
Claim 1 A terminal comprising;

a transmission-power determining section that determines transmission power for an
uplink signal in a first transmission time interval (TTI) (first TTI uplink signal) and an
uplink signal in a second TTI shorter in TTI length than the first TTI (second TTI uplink
signal), when the second TTI uplink signal occurs during transmission of an uplink signal
in a first interval in which a first reference signal is referenced in the first TTI, so as to
keep the transmission power for the first reference signal and the first TTI uplink signal
constant without allocating any transmission power to the second TTI uplink signal in the
first interval, and to reduce the transmission power for the first TTI uplink signal to
allocate transmission power to the second TTI uplink signal in a second interval which is
subsequent to the first interval in the first TTI and in which a second reference signal is
referenced; and

a transmission section that transmits the first TTI and the second TTI uplink signals

using the determined transmission power.

Claim 2 The terminal according to claim 1, wherein the second TTI uplink signal is

given a higher priority than the first TTI uplink signal.

Claim 3 The terminal according to claim 1, wherein the second TTI uplink signal is a

scheduling request (SR).

Claim 4 The terminal according to claim 1, wherein, when a modulation scheme used
in the first TTI is a multilevel modulation scheme using amplitude, no reference signal is
shared between the first interval and the second interval while the first TTI uplink signal is

demodulated within each of the first interval and the second interval independently in a
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base station.

Claim 5 The terminal according to claim 1, wherein, when the uplink signals are
transmitted simultaneously using the first TTI and the second TTI in the terminal, a
transient period is configured in an interval other than a symbol to which an uplink signal

given a high priority is mapped in the first TTL

Claim 6 The terminal according to claim 5, wherein the transient period is configured

in an interval other than the second TTI in which the uplink signal is transmitted.

Claim 7 The terminal according to claim 5, wherein the uplink signal given a high

priority is a sounding reference signal (SRS) or a demodulation reference signal (DMRS).

Claim 8 A communication method comprising:

determining transmission power for an uplink signal in a first transmission time
interval (TTI) (first TTT uplink signal) and an uplink signal in a second TTI shorter in TTI
length than the first TTI (second TTI uplink signal), when the second TTI uplink signal
occurs during a first interval in which a first reference signal is referenced in the first TTI,
so as to keep the transmission power for the first reference signal and the first TTI uplink
signal constant without allocating any transmission power to the second TTI uplink signal
in the first interval, and to reduce the transmission power for the first TTI uplink signal to
allocate transmission power to the second TTI uplink signal in a second interval which is
subsequent to the first interval in the first TTI and in which a second reference signal is
referenced; and

transmitting the first TTI and the second TTI uplink signals using the determined

transmission power.
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