
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

34
0 

72
4

A
1

TEPZZ¥¥4Z7 4A_T
(11) EP 3 340 724 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
27.06.2018 Bulletin 2018/26

(21) Application number: 16839184.5

(22) Date of filing: 19.08.2016

(51) Int Cl.:
H04W 74/08 (2009.01) H04W 72/04 (2009.01)

H04W 76/02 (2009.01)

(86) International application number: 
PCT/JP2016/074164

(87) International publication number: 
WO 2017/033837 (02.03.2017 Gazette 2017/09)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 21.08.2015 JP 2015164189

(71) Applicant: NTT DOCOMO, INC.
Chiyoda-ku
Tokyo 100-6150 (JP)

(72) Inventors:  
• TAKEDA, Kazuki

Tokyo 100-6150 (JP)
• TAKEDA, Kazuaki

Tokyo 100-6150 (JP)
• HARADA, Hiroki

Tokyo 100-6150 (JP)
• NAGATA, Satoshi

Tokyo 100-6150 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(54) USER TERMINAL, WIRELESS BASE STATION, AND WIRELESS COMMUNICATION METHOD

(57) This invention aims to appropriately perform
random access even when a shortened TTI is used. A
user terminal includes a control section which controls
communication using cells including at least two cells
having different TTIs (Transmission Time Intervals), a
transmission section which transmits a random access

preamble, and a reception section which receives a re-
sponse signal to the random access preamble, wherein
the control section performs control to receive in a second
cell, the response signal to the random access preamble
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Description

Technical Field

[0001] The present invention relates to a user terminal, a radio base station, and a wireless communication method
for next-generation mobile communication systems.

Background Art

[0002] In UMTS (Universal Mobile Telecommunications System) networks, LTE (Long Term Evolution) has been
specified to achieve, e.g., higher data rates and lower delays (non-patent literature 1). To achieve broader bands and
higher speeds than LTE (to be also referred to as LTE Rel. 8), LTE-Advanced (to be also referred to as LTE Rel. 10,
11, or 12) has been specified, and a successor system of LTE (to be also referred to as, e.g., LTE Rel. 13) is now under
study.
[0003] In LTE Rel. 10/11, CA (Carrier Aggregation) which integrates CCs (Component Carriers) has been deployed
to achieve broader bands. Each CC is configured with the system bandwidth of LTE Rel. 8 as a unit. Further, in CA,
CCs for the same radio base station (eNB: eNodeB) are set in UE (User Equipment, User terminal).
[0004] In LTE Rel. 12, DC (Dual Connectivity) has also been deployed in which CGs (Cell Groups) for different radio
base stations are set in a user terminal. Each cell group is formed by at least one cell (CC). DC integrates CCs for
different radio base stations and is also called Inter-eNB CA or the like.
[0005] In LTE systems (Rel. 8 - 12), a random access procedure is supported to allow a user terminal to perform, e.g.,
initial connection, synchronization establishment, and communication restart. In the random access procedure, the user
terminal is defined the operations and the like for transmitting a PRACH (Physical Random Access Channel) and receiving
a random access response to the random access channel.
[0006] In LTE Rel. 8 - 12 as described above, the TTI (Transmission Time Interval) applied to DL transmission and
UL transmission between a radio base station and a user terminal is set to 1 ms and controlled. The TTI is also called
a transport time interval, and it is even called a subframe length in the LTE systems (Rel. 8 - 12).

Citations List

Non-patent Literature

[0007] Non-patent literature 1: 3GPP TS 36.300 "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2"

Summary of Invention

Technical Problem

[0008] Future wireless communication systems such as LTE Rel. 13 or later and 5G are expected to perform com-
munication in high frequency bands such as several tens of gigahertz and relatively low-volume data communication
such as IoT (Internet of Things), MTC (Machine Type Communication), or M2M (Machine To Machine). In such future
wireless communication systems, when communication methods (e.g., a TTI (Transmission Time Interval) of 1 ms) in
LTE Rel. 8 - 12 is used, it is probable that sufficient communication service may not be provided.
[0009] In view of this, future wireless communication systems may perform communication using a shortened TTI in
which a TTI is shortened to be less than 1 ms. Further, in this case, a user terminal is expected to be connected to cells
which use different TTIs and perform communication (e.g., CA or DC). On the other hand, when a shortened TTI is used,
a challenge is how to control the random access procedure. When, for example, a user terminal is connected to cells
which use different TTIs and performs communication, a challenge is encountered in how to control the random access
procedure.
[0010] The present invention has been made in consideration of the above-described issue, and has as one object to
provide a user terminal, a radio base station, and a wireless communication method which can appropriately perform
random access even when a shortened TTI is used.

Solution to Problem

[0011] An aspect of a user terminal according to the present invention includes a control section which controls
communication using cells including at least two cells having different TTIs (Transmission Time Intervals), a transmission
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section which transmits a random access preamble, and a reception section which receives a response signal to the
random access preamble, wherein the control section performs control to receive in a second cell, the response signal
to the random access preamble transmitted in a first cell.

Advantageous Effects of Invention

[0012] According to the present invention, random access can be appropriately performed even when a shortened
TTI is used.

Brief Description of Drawings

[0013]

FIG. 1 is a diagram illustrating an exemplary random access procedure.
FIG. 2 is a diagram illustrating an exemplary TTI (Transmission Time Interval) in existing LTE systems (Rel. 8 - 12).
FIG. 3A is a diagram illustrating a first configuration example of a shortened TTI; and FIG. 3B is a diagram illustrating
a second configuration example of a shortened TTI.
FIG. 4A is a diagram illustrating a first setting example of a shortened TTI; FIG. 4B is a diagram illustrating a second
setting example of a shortened TTI; and FIG. 4C is a diagram illustrating a third setting example of a shortened TTI.
FIG. 5 is a diagram for explaining control of the random access procedure in a first embodiment.
FIG. 6 is a diagram for explaining control of the random access procedure in a second embodiment.
FIG. 7 is a diagram for explaining control of the random access procedure in the second embodiment.
FIG. 8 is a diagram for explaining control of the random access procedure in a third embodiment.
FIG. 9 is a diagram for explaining control of the random access procedure in the third embodiment.
FIG. 10 is a schematic configuration diagram illustrating an exemplary schematic configuration of a wireless com-
munication system according to the present embodiment.
FIG. 11 is a diagram illustrating an exemplary configuration of an entire radio base station according to the present
embodiment.
FIG. 12 is a diagram illustrating an exemplary functional configuration of the radio base station according to the
present embodiment.
FIG. 13 is a diagram illustrating an exemplary configuration of an entire user terminal according to the present
embodiment.
FIG. 14 is a diagram illustrating an exemplary functional configuration of the user terminal according to the present
embodiment.

Description of Embodiments

[0014] Existing LTE systems (Rel. 12 or earlier) perform random access by transmitting a PRACH (Physical Random
Access Channel) by an uplink in, e.g., initial connection, synchronization establishment, and communication restart.
Random access can be classified into two types: CBRA (Contention-Based Random Access) and Non-CBRA (Non-
Contention-Based Random Access). Non-contention-based RA may also be called CFRA (Contention-Free Random
Access).
[0015] In contention-based random access, a user terminal transmits by a PRACH, a preamble randomly selected
from random access preambles (contention preambles) provided in a cell. In this case, contention may occur upon the
use of the same random access preamble in several user terminals.
[0016] In non-contention-based random access, a user terminal transmits by a PRACH, a UE-specific random access
preamble (dedicated preamble) allocated from a network in advance. In this case, no contention may occur because
different random access preambles are allocated to individual user terminals.
[0017] Contention-based random access is done in, e.g., initial connection, or uplink communication start or restart.
Non-contention-based random access is done in, e.g., a handover, or downlink communication start or restart.
[0018] FIG. 1 illustrates an overview of random access. Contention-based random access is implemented by steps 1
to 4 and non-contention-based random access is implemented by steps 0 to 2.
[0019] In contention-based random access, first, a user terminal UE transmits a random access preamble (PRACH)
(Msg (Message) 1) by a PRACH resource set in the cell. Upon detecting the random access preamble, a radio base
station eNB transmits an RAR (Random Access Response) (Message 2) to the PRACH as a response thereto. The user
terminal UE attempts to receive Message 2 in a predetermined interval after transmitting a random access preamble.
When the user terminal UE fails to receive Message 2, it increases the PRACH transmission power and transmits
(retransmits) Message 1 again. Increasing the transmission power in signal retransmission is also called power ramping.
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[0020] Upon receiving the random access response, the user terminal UE transmits a data signal (Message 3) by a
PUSCH (Physical Uplink Shared Channel) specified in an uplink grant included in the random access response. Upon
receiving Message 3, the radio base station eNB transmits a contention resolution message (Message 4) to the user
terminal UE. When the user terminal UE ensures synchronization by Messages 1 to 4 and identifies the radio base
station eNB, it completes the contention-based random access processing and establishes connection.
[0021] In non-contention-based random access, first, a radio base station eNB transmits a PDCCH (Physical Downlink
Control Channel) (Message 0) for issuing an instruction to a user terminal UE to transmit a PRACH. The user terminal
UE transmits a random access preamble (PRACH) (Message 1) at a timing specified in the PDCCH. Upon detecting
the random access preamble, the radio base station eNB transmits an RAR (Random Access Response) (Message 2)
as response information to the PRACH. The user terminal completes the non-contention-based random access process-
ing upon receiving Message 2. When the user terminal fails to receive Message 2, it increases the PRACH transmission
power and transmits Message 1 again, as in contention-based random access.
[0022] PRACH random access preamble (Message 1) transmission will also be referred to as PRACH transmission,
and PRACH random access response (Message 2) reception will also be referred to as PRACH reception.
[0023] The LTE systems perform timing control for each TAG (Timing Advance Group) in UL-CA (Uplink Carrier
Aggregation) by multiple timing advance. Since, for each TAG, a primary cell is not always included, non-contention-
based random access in a SCell (Secondary Cell) is deployed. However, part of random access control (e.g., RAR
reception) is performed using a CSS (Common Search Space). Therefore, even when a PRACH is transmitted in a
secondary cell, a reception operation may be preferably performed in a cell (e.g., a PCell (Primary Cell)) in which a
common search space is set.
[0024] More specifically, when the user terminal receives a PRACH transmission instruction (PDCCH order), it transmits
a random access preamble in a secondary cell which performs timing control. The user terminal then attempts to receive
a response signal (e.g., a PDCCH) masked by an RA-RNTI (Random Access Radio Network Temporary Identifier) within
a predetermined interval (reception window) in the common search space of a primary cell.
[0025] An RA-RNTI can be determined on the basis of the subframe number tid (e.g., 0 to 9) in which a random access
preamble is transmitted, and the frequency resource number fid (e.g., 0 to 5). The predetermined interval (reception
window) in which a response signal is transmitted is set to a predetermined range defined from a predetermined subframe
or later after random access preamble transmission. An RA-RNTI and an RAR reception window can be respectively
determined as, e.g.:

[0026] The random access response window size (ra-ResponseWindowSize) is notified from the radio base station
to the user terminal using, e.g., upper layer signaling.
[0027] In this manner, when the cell (e.g., the secondary cell) that transmits a PRACH is different from the cell (e.g.,
the primary cell) that receives a response signal to the PRACH, the user terminal controls reception (e.g., the reception
timing and decoding processing) of a response signal in accordance with, e.g., the subframe information (e.g., the
subframe number) of the secondary cell that transmits the PRACH.
[0028] As described above, future wireless communication systems are expected to perform communication using a
shortened TTI in which a TTI is shortened to be less than 1 ms. The TTI of the existing systems and the shortened TTI
will be described below.
[0029] FIG. 2 is a diagram for explaining an exemplary TTI (Transmission Time Interval) in LTE Rel. 8 - 12. The TTI
in LTE Rel. 8 - 12 (to be referred to as the "normal TTI" hereinafter) has a time length of 1 ms, as depicted in FIG. 2.
The normal TTI is also called a subframe, which contains two time slots. The normal TTI is the unit of transmission time
of one channel-encoded data packet (transport block) and represents the units of processing such as scheduling and
link adaptation.
[0030] As illustrated in FIG. 2, in the normal CP (Cyclic Prefix) on a DL (Downlink), the normal TTI includes 14 OFDM
(Orthogonal Frequency Division Multiplexing) symbols (seven OFDM symbols per slot). Each OFDM symbol has a time
length (symbol length) of 66.7 ms and is added with the normal CP of 4.76 ms. Since the symbol length is the reciprocal
of the subcarrier spacing, the subcarrier spacing is 15 kHz when the symbol length is 66.7 ms.
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[0031] In the normal CP (Cyclic Prefix) on a UL (Uplink), the normal TTI includes 14 SC-FDMA (Single-Carrier Fre-
quency Division Multiple Access) symbols (seven SC-FDMA symbols per slot). Each SC-FDMA symbol has a time length
(symbol length) of 66.7 ms and is added with the normal CP of 4.76 ms. Since the symbol length is the reciprocal of the
subcarrier spacing, the subcarrier spacing is 15 kHz when the symbol length is 66.7 ms.
[0032] In an extended CP, the normal TTI may include 12 OFDM symbols (or 12 SC-FDMA symbols). In this case,
each OFDM symbol (or each SC-FDMA symbol) has a time length of 66.7 ms and is added with an extended CP of 16.67 ms.
[0033] Future wireless communication systems such as LTE Rel. 13 or later and 5G are desirably equipped with radio
interfaces suitable for high frequency bands such as several tens of gigahertz, or radio interfaces which have a minimum
delay with a small packet size to be suitable for relatively low-volume data communication such as IoT (Internet of
Things), MTC (Machine Type Communication), or M2M (Machine To Machine).
[0034] Future communication systems may therefore perform communication using a shortened TTI in which a TTI is
shortened to be less than 1 ms. When a TTI (to be referred to as a "shortened TTI" hereinafter) having a time length
shorter than that of the normal TTI is used, the time margin for processing (e.g., encoding and decoding) in the user
terminal and the radio base station increases, thus reducing the processing delay. When a shortened TTI is used, the
number of user terminals which may be accommodated per unit time can also increase (e.g., 1 ms).

(Configuration Examples of Shortened TTIs)

[0035] Configuration examples of shortened TTIs will be described below with reference to FIG. 3. The shortened TTI
has a time length (TTI length) smaller than 1 ms, as depicted in FIGs. 3A and 3B. The shortened TTI may be a TTI
length of, e.g., 0.5 ms, 0.25 ms, 0.2 ms, or 0.1 ms whose multiple is 1ms. Thus, a shortened TTI can be deployed while
maintaining compatibility with the normal TTI of 1 ms.
[0036] Although FIGs. 3A and 3B exemplify the normal CP, the present invention is not limited to this. It suffices to
set the shortened TTI to a time length shorter than the normal TTI, and any configuration may be applied to, e.g., the
number of symbols, the symbol length, or the CP length in the shortened TTI. Although the use of OFDM symbols for
a DL, and SC-FDMA symbols for a UL will be taken as an example below, the present invention is not limited to these
examples.
[0037] FIG. 3A is a diagram illustrating a first configuration example of a shortened TTI. In the first configuration
example, the shortened TTI includes 14 OFDM symbols (or SC-FDMA symbols) equal in number to those of the normal
TTI, and each OFDM symbol (each SC-FDMA symbol) has a symbol length shorter than that (= 66.7 ms) of the normal
TTI, as illustrated in FIG. 3A.
[0038] As illustrated in FIG. 3A, when the symbol length is shortened while maintaining the number of symbols of the
normal TTI, the physical layer signal structure of the normal TTI can be diverted. When the number of symbols of the
normal TTI is maintained, the same amount of information (number of bits) as the normal TTI can be included even in
the shortened TTI.
[0039] FIG. 3B is a diagram illustrating a second configuration example of a shortened TTI. In the second configuration
example, the shortened TTI includes OFDM symbols (or SC-FDMA symbols) fewer than those of the normal TTI, and
each OFDM symbol (each SC-FDMA symbol) has a symbol length (= 66.7 ms) equal to that of the normal TTI, as
illustrated in FIG. 3B. For example, referring to FIG. 3B, the shortened TTI includes seven OFDM symbols (SC-FDMA
symbols) half the number of them in the normal TTI.
[0040] As illustrated in FIG. 3B, when the number of symbols is reduced while maintaining the symbol length, the
amount of information (number of bits) included in the shortened TTI can be made smaller than that in the normal TTI.
This allows the user terminal to perform reception processing (e.g., demodulation and decoding) for information included
in the shortened TTI in a period of time shorter than that in the normal TTI, thus shortening the processing delay. In
addition, a signal in the shortened TTI illustrated in FIG. 3B and a signal in the normal TTI can be multiplexed (e.g.,
OFDM-multiplexed) with the same CC, thus maintaining compatibility with the normal TTI.

(Setting Examples of Shortened TTIs)

[0041] Setting examples of shortened TTIs will be described below. When a shortened TTI is used, both the normal
TTI and a shortened TTI may even be set in the user terminal to have compatibility with LTE Rel. 8 - 12. FIG. 4 illustrates
diagrams of setting examples of the normal TTI and a shortened TTI. FIG. 4 merely illustrates examples, and the present
invention is not limited to these examples.
[0042] FIG. 4A is a diagram illustrating a first setting example of a shortened TTI. The normal TTI and a shortened
TTI may temporally coexist in the same CC (Component Carrier) (frequency domain), as illustrated in FIG. 4A. More
specifically, a shortened TTI may be set in a specific subframe (or a specific radio frame) in the same CC. For example,
referring to FIG. 4A, a shortened TTI is set in five consecutive subframes in the same CC and the normal TTI is set in
other subframes. The number and positions of subframes in which a shortened TTI is set are not limited to those illustrated
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in FIG. 4A.
[0043] FIG. 4B is a diagram illustrating a second setting example of a shortened TTI. CA (Carrier Aggregation) or DC
(Dual Connectivity) may be performed by integrating a CC for the normal TTI and a CC for a shortened TTI, as illustrated
in FIG. 4B. More specifically, a shortened TTI may be set in a specific CC (more particularly, on a DL and/or a UL of a
specific CC). For example, referring to FIG. 4B, a shortened TTI is set on a DL of a specific CC and the normal TTI is
set on DLs and ULs of other CCs. The number and positions of CCs in which a shortened TTI is set are not limited to
those illustrated in FIG. 4B.
[0044] In CA, a shortened TTI may be set in a specific CC (the P (Primary) cell or/and the S (Secondary) cell) of the
same radio base station. In DC, a shortened TTI may be set in a specific CC (the P cell or/and the S cell) in an MCG
(Master Cell Group) formed by a first radio base station, or set in a specific CC (the PS (Primary-Secondary) cell or/and
the S cell) in an SCG (Secondary Cell Group) formed by a second radio base station.
[0045] FIG. 4C is a diagram illustrating a third setting example of a shortened TTI. A shortened TTI may be set in
either a DL or a UL, as illustrated in FIG. 4C. For example, FIG. 4C illustrates a case where the normal TTI is set on a
UL and a shortened TTI is set on a DL in the TDD system.
[0046] A specific channel or signal on a DL or a UL may be allocated (set) to the shortened TTI. For example, a PUCCH
(Physical Uplink Control Channel) may be allocated to the normal TTI and a PUSCH (Physical Uplink Shared Channel)
may be allocated to the shortened TTI.
[0047] In such setting examples of shortened TTIs, the user terminal can set (or/and detect) a shortened TTI on the
basis of implicit or explicit notification (e.g., broadcast information, RRC (Radio Resource Control) signaling, MAC
(Medium Access Control) signaling, and PHY (Physical) signaling) from the radio base station.
[0048] As described above, future wireless communication is expected to be performed by applying a transmission
time interval shorter than the normal TTI, i.e., a shortened TTI to UL transmission and/or DL transmission. Further, in
future wireless communication, the user terminal may perform communication (e.g., CA or DC) using cells having different
TTIs, as illustrated in FIG. 4B. However, how to control the random access procedure in such a case has not yet been
established.
[0049] In view of this, the inventors of the present invention hit on the idea of using different cells to control PRACH
transmission and reception of a response signal to the PRACH even when the user terminal performs communication
using cells (or CCs, i.e., carriers) which use different TTIs (TTI lengths). These inventors hit on the idea of, e.g., a
configuration which receives a response signal to PRACH transmission in a first cell (e.g., the secondary cell), using a
second cell (e.g., the primary cell) in which a common search space is set.
[0050] The inventors of the present invention further hit on the idea of, when the user terminal connects to cells including
at least two CCs having different TTIs, forming a CG (Cell Group) for each cell having the same TTI length to execute
a random access procedure (e.g., non-contention-based random access) for each cell group. The inventors of the present
invention hit on the idea of, when the user terminal uses a first cell and a second cell having different TTIs for PRACH
transmission and reception of a response signal to the PRACH, allowing the user terminal to control reception of the
response signal on the basis of the TTI of the first cell or the TTI of the second cell.
[0051] The present embodiment will be described in detail below. Although the case where the TTI of the existing LTE
systems is 1 ms (1 subframe) and the shortened TTI is 0.5 ms (0.5 subframes) will be taken as an example hereinafter,
the value of the shortened TTI is not limited to this. Since it suffices to set the shortened TTI shorter than the normal TTI
of the existing LTE systems, the shortened TTI may be set not only to 0.5 ms but also to, e.g., 0.1 ms, 0.2 ms, 0.25 ms,
0.4 ms, 0.6 ms, 0.75 ms, or 0.8 ms.
[0052] Although the case where an RA-RNTI and a predetermined interval in which a response signal is received are
calculated using equations (1) and (2) in processing for receiving a response signal to a PRACH will be taken as an
example hereinafter, the present embodiment is not limited to this. Any equations different from equations (1) and (2)
may be utilized as long as the above-described RA-RNTI and predetermined interval are determined using the TTI
(subframe) number of a cell which transmits a PRACH and/or the TTI (subframe) number of a cell which receives a
response signal.
[0053] The unit of transmission of a time length shorter than the normal TTI (1 ms) will be referred to as a shortened
TTI hereinafter, but the term "shortened TTI" is not limited to such definition. Although the LTE systems will be taken as
an example below, the present embodiment is not limited to this. The present embodiment is applicable to any commu-
nication system which uses a shortened TTI having a transmission time interval shorter than 1 ms and executes a random
access procedure.

(First Embodiment)

[0054] In a first embodiment, when a user terminal communicates with cells including at least two cells (two CCs)
having different TTIs, it controls the random access procedure (e.g., Non-CBRA) for each cell having the same TTI. The
cells (or CCs, i.e., carriers) having different TTIs mean cells which use different TTI lengths in UL transmission and/or
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DL transmission.
[0055] FIG. 5 illustrates exemplary cells (CC#1 - CC#4) connected to the user terminal. FIG. 5 illustrates a case where
CC#1 and CC#2 have the same TTI (e.g., the normal TTI), CC#3 has a TTI (e.g., 0.5 ms) shorter than that of CC#1 and
CC#2, and CC#4 has a TTI (e.g., 0.25 ms) shorter than that of CC#3. Neither the number of cells connected to the user
terminal by CA or DC nor the TTI of each cell is not limited to this, as a matter of course.
[0056] The user terminal can control the random access procedure (e.g., non-contention-based) for each CG (Cell
Group) formed by cells having the same TTI. In other words, the user terminal controls random access for each cell
group, assuming that cells having different TTIs belong to different cell groups. In the case illustrated in FIG. 5, CC#1
and CC#2 having the same TTI can constitute a first cell group (CG#1), CC#3 can constitute a second cell group (CG#2),
and CC#4 can constitute a third cell group (CG#3).
[0057] In this case, the user terminal monitors a common search space in a specific cell (e.g., the PCell or the PSCell)
for each cell group to detect a response signal (a PDCCH for scheduling a response signal). When, for example, the
user terminal transmits a PRACH in CC#2 serving as the secondary cell, a response signal (RAR) to the PRACH can
be detected in CC#1 in which a common search space is set.
[0058] The user terminal further controls the timing of a random access operation on the basis of a uniform (common)
TTI length in the cell group. For example, the user terminal can control the timing of a random access operation on the
basis of the TTI (the normal TTI in this case) of CC#1 and CC#2 in the random access procedure of the first cell group
(CG#1).
[0059] When the user terminal receives in CC#1, a response signal to a PRACH transmitted in CC#2, an RA-RNTI
can be determined on the basis of the number of a TTI (or a subframe corresponding to the TTI) in PRACH transmission
of CC#2. For example, the number of a TTI (or a subframe corresponding to the TTI) of CG#1 in PRACH transmission
can be set as "tid" in equation (1).
[0060] The predetermined interval (reception window) in which a response signal is detected can be determined as
a predetermined interval calculated from the TTI length of CG#1 after PRACH transmission. For example, the user
terminal may determine "3 Subframes" in equation (2) on the basis of the unit of a TTI (or a subframe corresponding to
the TTI) of CG#1.
[0061] When the user terminal executes a random access procedure (e.g., reception of a response signal) in the
second cell group or the third cell group, it controls the response signal reception timing and decoding processing on
the basis of a shortened TTI used in the second cell group or the third cell group.
[0062] In this manner, controlling the random access procedure for each cell group formed by cells having the same
TTI allows the user terminal to determine an RA-RNTI and a predetermined interval in which a response signal is detected
and control random access, for each cell group. The user terminal can thus determine an RA-RNTI and a predetermined
interval in which a response signal is detected, on the basis of one TTI, in random access within the same cell group.

(Second Embodiment)

[0063] In a second embodiment, when a user terminal communicates with cells including at least two cells having
different TTIs, a cell which uses a first TTI transmits a PRACH, and a cell which uses a second TTI longer than the first
TTI receives a response signal to the PRACH. As an example, a cell which uses a first TTI may be defined as a cell
(e.g., a secondary cell) in which no common search space is set, and a cell which uses a second TTI may be defined
as a cell (e.g., a primary cell) in which a common search space is set.
[0064] The user terminal can control a response signal reception operation (e.g., the reception timing and decoding
processing) on the basis of the TTI (or a subframe corresponding to this TTI) of a cell which transmits a PRACH or the
TTI (or a subframe corresponding to this TTI) of a cell which receives a response signal to the PRACH.

<Use of TTI of PRACH Transmission Cell>

[0065] FIG. 6 illustrates exemplary cells (CC#1 - CC#4) connected to the user terminal. FIG. 6 illustrates a case where
a cell (CC#4) which uses a first TTI transmits a PRACH and a cell (CC#1) which uses a second TTI longer than the first
TTI receives a response signal to the PRACH. Neither the number of cells connected to the user terminal nor the TTI
of each cell is not limited to this, as a matter of course.
[0066] In this case, the user terminal can receive in CC#1, a response signal to a PRACH transmitted in CC#4. Upon
receiving the PRACH transmitted from the user terminal, a radio base station transmits to within a predetermined interval
(reception window) a signal (e.g., a PDCCH in which a CRC is masked by an RA-RNTI) masked by a predetermined
RA-RNTI from CC#1. The user terminal controls response signal reception processing on the basis of the TTI (or a
subframe corresponding to this TTI) of the cell (CC#4) that transmits the PRACH.
[0067] More specifically, the user terminal can calculate an RA-RNTI on the basis of the number of the TTI (or a
subframe corresponding to this TTI) of CC#4 in PRACH transmission. For example, the user terminal can use the
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subframe number (subframe #0 in this case) of CC#4 that transmits a PRACH as tid in equation (1).
[0068] A predetermined interval (reception window) in which a response signal is detected can be calculated on the
basis of the TTI of CC#4 that transmits a PRACH. For example, subframes counted in the TTI of CC#4 can be set as
"3 Subframes" in equation (2). Referring to FIG. 6, the user terminal detects a response signal within a predetermined
interval set to three subframes (subframes #1 to #3) or later with the TTI of CC#4 as a unit after a subframe (subframe
#0) in which a PRACH is transmitted.
[0069] In this manner, referring to FIG. 6, in receiving a response signal in a cell (CC#1) which uses a TTI longer than
that of a cell (CC#4) which transmits a PRACH, response signal reception processing (e.g., determination of an RA-
RNTI and/or a predetermined interval) is performed on the basis of the TTI of the cell that transmits the PRACH. This
can reduce the delay of a response signal in accordance with the TTI of a CC which actually transmits a PRACH.
[0070] The user terminal may limit the subframes in which a PRACH is transmitted in a cell having a short TTI, in
accordance with the TTI length of a CC which receives a response signal. In the case illustrated in, e.g., FIG. 6, a four-
TTI (four-subframe) period can be set as the period of PRACH transmission with the TTI of CC#4 as a unit. This can
avoid the situation in which a response signal is received immediately after PRACH transmission.

<Use of TTI of RAR Reception Cell>

[0071] FIG. 7 illustrates exemplary cells (CC#1 - CC#4) connected to the user terminal. FIG. 7 illustrates a case where
a cell (CC#4) which uses a first TTI transmits a PRACH and a cell (CC#1) which uses a second TTI longer than the first
TTI receives a response signal to the PRACH.
[0072] In this case, the user terminal can receive in CC#1, a response signal to a PRACH transmitted in CC#4. Upon
receiving the PRACH transmitted from the user terminal, a radio base station transmits to within a predetermined interval
(reception window) a signal masked by a predetermined RA-RNTI from CC#1. The user terminal controls response
signal reception processing on the basis of the TTI (or a subframe corresponding to this TTI) of the cell (CC#1) that
receives the response signal.
[0073] More specifically, the user terminal can calculate an RA-RNTI on the basis of the number of the TTI (or a
subframe corresponding to this TTI) of CC#1 in PRACH transmission. In other words, the user terminal determines an
RA-RNTI on the basis of the TTI (subframe) number of not a cell which transmits a PRACH but a cell (CC#1) which
receives a response signal. For example, the user terminal can use the subframe number of CC#1 in PRACH transmission
of CC#4 as tid in equation (1).
[0074] A predetermined interval (reception window) in which a response signal is detected can be calculated on the
basis of the TTI of CC#1 which receives a response signal to a PRACH. For example, subframes counted in the TTI of
CC#1 can be set as "3 Subframes" in equation (2). Referring to FIG. 7, the user terminal detects a response signal in a
reception window interval set to three subframes or later with the TTI of CC#1 as a unit after a subframe in which a
PRACH is transmitted.
[0075] In this manner, referring to FIG. 7, in receiving a response signal in a cell (CC#1) which uses a TTI longer than
that of a cell (CC#4) which transmits a PRACH, response signal reception processing is controlled on the basis of the
TTI of the cell that receives the response signal. This can relax the conditions of a processing delay request involved in
the random access procedure of the user terminal to simplify implementation circuits.
[0076] The user terminal may limit the subframes in which a PRACH is transmitted in a cell having a short TTI. In the
case as illustrated in, e.g., FIG. 7, four consecutive TTIs of CC#4 correspond to one TTI of CC1. Even when the user
terminal respectively transmits PRACHs in four TTIs of CC#4 corresponding to one TTI of CC#1, it calculates the same
RA-RNTI and reception window. The user terminal can be configured to transmit a PRACH exclusively to the head TTI
(subframe) of four TTIs of CC#4 corresponding to one TTI of CC#1. This can inhibit transmission of a PRACH in short
TTIs (e.g., four TTIs of CC#4) corresponding to a long TTI (e.g., one TTI of CC#1) to avoid hindering PRACH separation
(generating the same RA-RNTI and reception window).

(Third Embodiment)

[0077] In a third embodiment, when a user terminal communicates with cells including at least two cells having different
TTIs, a cell which uses a first TTI transmits a PRACH and a cell which uses a second TTI shorter than the first TTI
receives a response signal to the PRACH. As an example, a cell which uses a first TTI may be defined as a cell (e.g.,
a secondary cell) in which no common search space is set, and a cell which uses a second TTI may be defined as a
cell (e.g., a primary cell) in which a common search space is set.
[0078] The user terminal can control a response signal reception operation (e.g., the reception timing and decoding
processing) on the basis of the TTI (or a subframe corresponding to this TTI) of a cell which transmits a PRACH or the
TTI (or a subframe corresponding to this TTI) of a cell which receives a response signal to the PRACH.
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<Use of TTI of RAR Reception Cell>

[0079] FIG. 8 illustrates exemplary cells (CC#1 - CC#4) connected to the user terminal. FIG. 8 illustrates a case where
a cell (CC#1) which uses a first TTI transmits a PRACH and a cell (CC#4) which uses a second TTI shorter than the
first TTI receives a response signal to the PRACH. Neither the number of cells connected to the user terminal by CA or
DC nor the TTI of each cell is not limited to this, as a matter of course.
[0080] In this case, the user terminal can receive in CC#4, a response signal to a PRACH transmitted in CC#1. Upon
receiving the PRACH transmitted from the user terminal, a radio base station transmits to within a predetermined interval
(reception window) a signal masked by a predetermined RA-RNTI from CC#4. The user terminal controls response
signal reception processing on the basis of the TTI (or a subframe corresponding to this TTI) of the cell (CC#4) that
receives the response signal.
[0081] More specifically, the user terminal can calculate an RA-RNTI on the basis of the number of the TTI (or a
subframe corresponding to this TTI) of CC#4 in PRACH transmission. In other words, the user terminal determines an
RA-RNTI on the basis of the TTI (subframe) number of not a cell which transmits a response signal but a cell (CC#4)
which receives a response signal. For example, the user terminal can use the subframe number of CC#1 in PRACH
transmission of CC#4 as tid in equation (1).
[0082] A predetermined interval (reception window) in which a response signal is detected can be calculated on the
basis of the TTI of CC#4 which receives a response signal to a PRACH. For example, subframes counted in the TTI of
CC#4 can be set as "3 Subframes" in equation (2). Referring to FIG. 8, the user terminal detects a response signal in a
predetermined interval set to three subframes (#0 - #2) or later with the TTI of CC#4 as a unit after a subframe in which
a PRACH is transmitted.
[0083] In this manner, referring to FIG. 8, in receiving a response signal in a cell (CC#4) which uses a TTI shorter than
that of a cell (CC#1) which transmits a PRACH, response signal reception processing is controlled on the basis of the
TTI of the cell that receives the response signal. Since a response signal can be received in accordance with the TTI
length of a cell (CC) which receives the response signal, the delay of random access can be reduced.

<Use of TTI of PRACH Transmission Cell>

[0084] FIG. 9 illustrates exemplary cells (CC#1 - CC#4) connected to the user terminal. FIG. 9 illustrates a case where
a cell (CC#1) which uses a first TTI transmits a PRACH and a cell (CC#4) which uses a second TTI longer than the first
TTI receives a response signal to the PRACH.
[0085] In this case, the user terminal can receive in CC#4, a response signal to a PRACH transmitted in CC#1. Upon
receiving the PRACH transmitted from the user terminal, a radio base station transmits to within a predetermined interval
(reception window) a signal (e.g., a PDCCH in which a CRC is masked by an RA-RNTI) masked by a predetermined
RA-RNTI from CC#4. The user terminal controls response signal reception processing on the basis of the TTI (or a
subframe corresponding to this TTI) of the cell (CC#1) that transmits the PRACH.
[0086] More specifically, the user terminal can calculate an RA-RNTI on the basis of the number of the TTI (or a
subframe corresponding to this TTI) of CC#1 in PRACH transmission. For example, the user terminal can use the
subframe number (subframe #0 in this case) of CC#1 that transmits a PRACH as tid in equation (1).
[0087] A predetermined interval (reception window) in which a response signal is detected can be calculated on the
basis of the TTI of CC#1 that transmits a PRACH. For example, subframes counted in the TTI of CC#1 can be set as
"3 Subframes" in equation (2). Referring to FIG. 8, the user terminal detects a response signal in a reception window
interval set to three subframes (subframes #1 to #3) or later with the TTI of CC#1 as a unit after a subframe (subframe
#0) in which a PRACH is transmitted.
[0088] In this manner, referring to FIG. 9, in receiving a response signal in a cell (CC#4) which uses a TTI shorter than
that of a cell (CC#1) which transmits a PRACH, response signal reception processing is controlled on the basis of the
TTI of the cell that transmits the PRACH. This can relax the conditions of a processing delay request involved in the
random access procedure of the user terminal to simplify implementation circuits.

(Wireless Communication System)

[0089] The configuration of a wireless communication system according to an embodiment of the present invention
will be described below. The wireless communication method according to each of the above-mentioned aspects is
applied to the wireless communication system. The wireless communication methods according to the above-mentioned
respective aspects may be applied independently or in combination.
[0090] FIG. 10 is a diagram illustrating an exemplary schematic configuration of a wireless communication system
according to an embodiment of the present invention. In a wireless communication system 1, CA (Carrier Aggregation)
and/or DC (Dual Connectivity) which integrates fundamental frequency blocks (component carriers) with the system
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bandwidth (e.g., 20 MHz) of the LTE systems as a unit is applicable. The wireless communication system 1 may be
called, e.g., SUPER 3G, LTE-A (LTE-Advanced), IMT-Advanced, 4G, 5G, or FRA (Future Radio Access).
[0091] The wireless communication system 1 depicted in FIG. 10 includes a radio base station 11 forming a macrocell
C1, and radio base stations 12a to 12c forming small cells C2 which are located in the macrocell C1 and more local than
the macrocell C1. A user terminal 20 resides in the macrocell C1 and each small cell C2.
[0092] The user terminal 20 is connectable to both the radio base station 11 and the radio base stations 12. The user
terminal 20 is expected to simultaneously use the macrocell C1 and the small cell C2 that use different frequencies by
CA or DC. The user terminal 20 may employ CA or DC using cells (CCs) (e.g., six or more CCs). A shortened TTI is
applicable to UL transmission and/or DL transmission between the user terminal 20 and the radio base station 11/radio
base stations 12.
[0093] The user terminal 20 and the radio base station 11 can communicate with each other using a carrier (the existing
carrier called, e.g., Legacy carrier) having a narrow bandwidth in a relatively low frequency band (e.g., 2 GHz). The user
terminal 20 and the radio base stations 12 may communicate with each other using a carrier having a wide bandwidth
in a relatively high frequency band (e.g., 3.5 or 5 GHz) or using the same carrier as in communication with the radio
base station 11. The configuration of the frequency band used by each radio base station is not limited to this.
[0094] Wired connection (e.g., an X2 interface or an optical fiber conforming to the CPRI (Common Public Radio
Interface)) or wireless connection may be established between the radio base station 11 and the radio base stations 12
(or between the two radio base stations 12).
[0095] The radio base station 11 and each radio base station 12 are respectively connected to a host station device
30 and further connected to a core network 40 via the host station device 30. Although the host station device 30 includes,
e.g., an access gateway device, an RNC (Radio Network Controller), and an MME (Mobility Management Entity), the
present invention is not limited to this. Each radio base station 12 may be connected to the host station device 30 via
the radio base station 11.
[0096] The radio base station 11 has a relatively wide coverage and may be called, e.g., a macro base station, an
aggregation node, an eNB (eNodeB), or a transmitting/receiving point. The radio base station 12 has a local coverage
and may be called e.g., a small base station, a micro base station, a pico base station, a femto base station, an HeNB
(Home eNodeB), an RRH (Remote Radio Head), or a transmitting/receiving point. The radio base stations 11 and 12
will be collectively referred to as radio base stations 10 hereinafter when no distinction is made between them.
[0097] Each user terminal 20 is a terminal that is compatible with various communication schemes such as LTE and
LTE-A and may include not only mobile communication terminal but also fixed communication terminal.
[0098] The wireless communication system 1 uses as a radio access scheme, OFDMA (Orthogonal Frequency Division
Multiple Access) for downlinks and SC-FDMA (Single-Carrier Frequency Division Multiple Access) for uplinks. OFDMA
is a multicarrier transmission scheme for communication by dividing a frequency band into narrow frequency bands
(subcarriers) and mapping data to each subcarrier. SC-FDMA is a single-carrier transmission scheme for dividing the
system bandwidth into bands including one or continuous resource block for each terminal, and allowing these terminals
to use different bands, thus alleviating inter-terminal interference. The uplink and downlink radio access schemes are
not limited to these combinations and OFDMA may be used for uplinks.
[0099] The wireless communication system 1 uses, e.g., a PDSCH (Physical Downlink Shared Channel) shared by
each user terminal 20, a PBCH (Physical Broadcast Channel), and a downlink L1/L2 control channel as downlink channels.
The PDSCH is used to transmit, e.g., user data, upper layer control information, and an SIB (System Information Block).
The PBCH is used to transmit an MIB (Master Information Block).
[0100] The downlink L1/L2 control channel includes, e.g., downlink control channels (a PDCCH (Physical Downlink
Control Channel) and an EPDCCH (Enhanced Physical Downlink Control Channel)), a PCFICH (Physical Control Format
Indicator Channel), and a PHICH (Physical Hybrid-ARQ Indicator Channel). The PDCCH is used to transmit, e.g. DCI
(Downlink Control Information) including scheduling information of PDSCHs and PUSCHs. The PCFICH is used to
transmit the number of OFDM symbols used in the PDCCH. The PHICH is used to transmit HARQ delivery acknowl-
edgement information (ACK/NACK) for the PUSCH. The EPDCCH is frequency-division-multiplexed with the PDSCH
(Physical Downlink Shared Channel) and used to transmit, e.g., DCI, like the PDCCH.
[0101] The wireless communication system 1 uses, e.g., a PUSCH (Physical Uplink Shared Channel) shared by each
user terminal 20, a PUCCH (Physical Uplink Control Channel), and a PRACH (Physical Random Access Channel) as
uplink channels. The PUSCH is used to transmit user data and upper layer control information. The PUSCH or the
PUCCH is used to transmit UCI (Uplink Control Information) including at least one of, e.g., delivery acknowledgement
information (ACK/NACK) and wireless quality information (CQI). The PRACH is used to transmit a random access
preamble for establishing connection with a cell.

<Radio Base Station>

[0102] FIG. 11 is a diagram illustrating an exemplary configuration of an entire radio base station according to an
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embodiment of the present invention. The radio base station 10 includes transmitting/receiving antennas 101, amplifi-
cation sections 102, transmitting/receiving sections 103, a baseband signal processing section 104, a call processing
section 105, and a transmission line interface 106. The transmitting/receiving section 103 includes a transmission unit
and a reception unit.
[0103] User data transmitted from the radio base station 10 to the user terminal 20 by a downlink is input from the
host station device 30 to the baseband signal processing section 104 via the transmission line interface 106.
[0104] The baseband signal processing section 104 performs transmission processing for the user data, such as
PDCP (Packet Data Convergence Protocol) layer processing, user data division and coupling, RLC (Radio Link Control)
layer transmission processing such as RLC retransmission control, MAC (Medium Access Control) retransmission control
(e.g., HARQ (Hybrid Automatic Repeat reQuest) transmission processing), scheduling, transport format selection, chan-
nel encoding, IFFT (Inverse Fast Fourier Transform) processing, and precoding processing, and transfers the user data
to the transmitting/receiving sections 103. Transmission processing such as channel encoding and IFFT is also performed
for downlink control signals, which are then transferred to the transmitting/receiving sections 103.
[0105] The transmitting/receiving section 103 converts a baseband signal precoded and output from the baseband
signal processing section 104 for each antenna into a radio frequency band and transmits it. The radio frequency signal
after frequency conversion by the transmitting/receiving section 103 is amplified by the amplification section 102 and
transmitted from the transmitting/receiving antenna 101.
[0106] When the non-contention-based random access procedure is performed, the transmitting/receiving section
(transmission section) 103 can transmit a PDCCH (Physical Downlink Control Channel) (Message 0) for issuing an
instruction to transmit a PRACH. The transmitting/receiving section (reception section) 103 receives a random access
preamble (PRACH) transmitted from the user terminal. The transmitting/receiving section (transmission section) 103
can further transmit a response signal (RAR) to a random access preamble transmitted from the user terminal. In doing
this, the transmitting/receiving section 103 can perform control to transmit in a second cell, a response signal to a random
access preamble received in a first cell. The transmitting/receiving section 103 may be implemented as a transmitter/re-
ceiver, a transmitting/receiving circuit, or a transmitting/receiving device described on the basis of a common under-
standing in the technical field according to the present invention. The transmitting/receiving section 103 may serve as
an integrated transmitting/receiving section or include a transmission section and reception section.
[0107] As for uplink signals, a radio frequency signal received by the transmitting/receiving antenna 101 is amplified
by the amplification section 102. The transmitting/receiving section 103 receives the uplink signal amplified by the
amplification section 102. The transmitting/receiving section 103 performs frequency conversion of the received signal
into a baseband signal and outputs it to the baseband signal processing section 104.
[0108] The baseband signal processing section 104 performs FFT (Fast Fourier Transform) processing, IDFT (Inverse
Discrete Fourier Transform) processing, error correction decoding, MAC retransmission control reception processing,
and RLC layer and PDCP layer reception processing, for user data contained in input uplink signals, and transfers the
user data to the host station device 30 via the transmission line interface 106. The call processing section 105 performs
call processing such as communication channel setup and release, state management of the radio base station 10, and
radio resource management.
[0109] The transmission line interface 106 exchanges signals with the host station device 30 via a predetermined
interface. The transmission line interface 106 may exchange signals with a neighboring radio base station 10 (backhaul
signaling) via an interface between base stations (e.g., an X2 interface or an optical fiber conforming to the CPRI
(Common Public Radio Interface)).
[0110] FIG. 12 is a diagram illustrating an exemplary functional configuration of the radio base station according to
the present embodiment. FIG. 12 mainly illustrates functional blocks of feature portions in the present embodiment and
the radio base station 10 also includes other functional blocks involved in wireless communication. The baseband signal
processing section 104 includes a control section (scheduler) 301, a transmission signal generation section (generation
unit) 302, a mapping section 303, and a received signal processing section 304, as illustrated in FIG. 12.
[0111] The control section (scheduler) 301 controls scheduling (e.g., resource assignment) of downlink data signals
transmitted by PDSCHs and downlink control signals transmitted by PDCCHs and/or EPDCCHs. The control section
301 further controls scheduling of, e.g., system information, sync signals, paging information, CRSs (Cell-specific Ref-
erence Signals), and CSI-RSs (Channel State Information Reference Signals). The control section 301 even controls
scheduling of, e.g., uplink reference signals, uplink data signals transmitted by PUSCHs, and uplink control signals
transmitted by PUCCHs and/or PUSCHs.
[0112] The control section 301 controls response signal transmission (e.g., the transmission timing) on the basis of a
random access preamble transmitted from the user terminal. The control section 301 further controls the TTI (Trans-
mission Time Interval) used in DL signal reception and/or UL signal transmission. The control section 301 can even
control a predetermined interval (reception window) used in response signal transmission, on the basis of the TTI of a
cell in which the user terminal transmits a random access preamble or the TTI of a cell in which the user terminal receives
a response signal. The control section 301 may be implemented as a controller, a control circuit, or a control device
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described on the basis of a common understanding in the technical field according to the present invention.
[0113] The transmission signal generation section 302 generates a DL signal (including a downlink data signal and a
downlink control signal) on the basis of an instruction from the control section 301 and outputs it to the mapping section
303. More specifically, the transmission signal generation section 302 generates a downlink data signal (PDSCH) in-
cluding user data and outputs it to the mapping section 303. The transmission signal generation section 302 further
generates a downlink control signal (PDCCH/EPDCCH) including DCI (UL grant) and outputs it to the mapping section
303. The transmission signal generation section 302 further generates downlink reference signals such as a CRS and
a CSI-RS and outputs them to the mapping section 303.
[0114] The transmission signal generation section 302 can even generate an RA-RNTI used for a response signal
(e.g., a PDCCH) on the basis of the TTI of a cell in which the user terminal transmits a random access preamble or the
TTI of a cell in which the user terminal receives a response signal. The transmission signal generation section 302 may
be implemented as a signal generator, a signal generation circuit, or a signal generation device described on the basis
of a common understanding in the technical field according to the present invention.
[0115] The mapping section 303 maps the DL signal generated by the transmission signal generation section 302 to
a predetermined radio resource on the basis of an instruction from the control section 301 and outputs it to the trans-
mitting/receiving section 103. The mapping section 303 may be implemented as a mapper, a mapping circuit, or a
mapping device described on the basis of a common understanding in the technical field according to the present
invention.
[0116] The received signal processing section 304 performs reception processing (e.g., demapping, demodulation,
and decoding) for a UL signal (e.g., HARQ-ACK or a PUSCH) transmitted from the user terminal 20. The processing
result is output to the control section 301.
[0117] The received signal processing section 304 may be implemented as a set of a signal processor, a signal
processing circuit, or a signal processing device and a gauge, a measurement circuit, or a measurement device described
on the basis of a common understanding in the technical field according to the present invention.

<User terminal>

[0118] FIG. 13 is a diagram illustrating an exemplary configuration of an entire user terminal according to an embodiment
of the present invention. The user terminal 20 includes transmitting/receiving antennas 201 for MIMO transmission,
amplification sections 202, transmitting/receiving sections 203, a baseband signal processing section 204, and an ap-
plication section 205. The transmitting/receiving section 203 may include a transmission unit and a reception unit.
[0119] Radio frequency signals received by the transmitting/receiving antennas 201 are respectively amplified by the
amplification sections 202. Each transmitting/receiving section 203 receives downlink signals amplified by the amplifi-
cation sections 202. The transmitting/receiving sections 203 perform frequency conversion of the received signals into
baseband signals and output them to the baseband signal processing section 204.
[0120] The transmitting/receiving section (reception section) 203 receives DL data signals (e.g., a PDSCH), DL control
signals (e.g., HARQ-ACK and a UL grant), and information (HARQ RTT) concerning the HARQ-ACK feedback timing
when a shortened TTI is used. When the non-contention-based random access procedure is performed, the transmit-
ting/receiving section (reception section) 203 can further receive a PDCCH (Physical Downlink Control Channel) (Mes-
sage 0) for issuing an instruction to transmit a PRACH. The transmitting/receiving section (transmission section) 203
transmits a random access preamble (PRACH). The transmitting/receiving section (reception section) 203 can further
receive a response signal (RAR) to the random access preamble. The transmitting/receiving section 203 may be imple-
mented as a transmitter/receiver, a transmitting/receiving circuit, or a transmitting/receiving device described on the
basis of a common understanding in the technical field according to the present invention.
[0121] The baseband signal processing section 204 performs, e.g., FFT processing, error correction decoding, and
retransmission control reception processing for an input baseband signal. User data on a downlink is transferred to the
application section 205. The application section 205 performs, e.g., processing associated with layers above a physical
layer and a MAC layer. Broadcast information of the data on a downlink is also transferred to the application section 205.
[0122] User data on an uplink is input from the application section 205 to the baseband signal processing section 204.
The baseband signal processing section 204 performs, e.g., retransmission control transmission processing (e.g., HARQ
transmission processing), channel encoding, precoding, DFT (Discrete Fourier Transform) processing, and IFFT process-
ing and transfers baseband signals to each transmitting/receiving section 203. The transmitting/receiving sections 203
convert the baseband signals output from the baseband signal processing section 204 into radio frequency bands and
transmit them. The radio frequency signals after frequency conversion by the transmitting/receiving sections 203 are
amplified by the amplification sections 202 and transmitted from the transmitting/receiving antennas 201.
[0123] FIG. 14 is a diagram illustrating an exemplary functional configuration of the user terminal according to the
present embodiment. FIG. 14 mainly illustrates functional blocks of feature portions in the present embodiment and the
user terminal 20 also includes other functional blocks involved in wireless communication. The baseband signal process-
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ing section 204 of the user terminal 20 includes a control section 401, a transmission signal generation section 402, a
mapping section 403, and a received signal processing section 404, as illustrated in FIG. 14.
[0124] The control section 401 controls communication (e.g., transmission and/or reception) using cells including at
least two cells having different TTIs. More specifically, the control section 401 obtains from the received signal processing
section 404, a downlink control signal (a signal transmitted by a PDCCH/EPDCCH) and a downlink data signal (a signal
transmitted by a PDSCH) transmitted from the radio base station 10. The control section 401 controls generation of an
uplink control signal (e.g., a delivery acknowledgement signal (HARQ-ACK)) and an uplink data signal on the basis of,
e.g., the result of a decision as to whether retransmission control may be performed for the downlink control signal and
the downlink data signal. More specifically, the control section 401 can control the transmission signal generation section
402, the mapping section 403, and the received signal processing section 404.
[0125] The control section 401 can control random access preamble transmission and response signal reception so
that a second cell receives a response signal to a random access preamble transmitted in a first cell. The control section
401 can perform control to, e.g., receive a response signal in a second cell which uses a TTI equal to that of a first cell.
In this case, the control section 401 can perform control not only to transmit a non-contention-based random access
preamble for each group formed by cells which use the same TTI, but also to receive a response signal to the non-
contention-based random access preamble in a specific cell.
[0126] When the TTI of a first cell which transmits a random access preamble is shorter than that of a second cell
which receives a response signal, the control section 401 can control response signal reception on the basis of a first
TTI or a subframe number corresponding to the first TTI (see FIG. 6). Alternatively, when the TTI of a first cell which
transmits a random access preamble is shorter than that of a second cell which receives a response signal, the control
section 401 can control response signal reception on the basis of a second TTI or a subframe number corresponding
to the second TTI (see FIG. 7).
[0127] Or again, when the TTI of a first cell which transmits a random access preamble is longer than that of a second
cell which receives a response signal, the control section 401 can control response signal reception on the basis of a
first TTI or a subframe number corresponding to the first TTI (see FIG. 8). Alternatively, when the TTI of a first cell which
transmits a random access preamble is longer than that of a second cell which receives a response signal, the control
section 401 can control response signal reception on the basis of a second TTI or a subframe number corresponding
to the second TTI (see FIG. 9).
[0128] The control section 401 can determine an RA-RNTI and/or a predetermined reception interval used in response
signal reception, on the basis of the TTI of a first cell which transmits a random access preamble or a second TTI in
which a response signal is received. The control section 401 may be implemented as a controller, a control circuit, or a
control device described on the basis of a common understanding in the technical field according to the present invention.
[0129] The transmission signal generation section 402 generates a UL signal on the basis of an instruction from the
control section 401 and outputs it to the mapping section 403. The transmission signal generation section 402 generates,
e.g., a delivery acknowledgement signal (HARQ-ACK) and an uplink control signal such as channel state information
(CSI) on the basis of instructions from the control section 401.
[0130] The transmission signal generation section 402 generates an uplink data signal on the basis of an instruction
from the control section 401. When, for example, a UL grant is included in the downlink control signal notified from the
radio base station 10, the transmission signal generation section 402 is instructed to generate an uplink data signal by
the control section 401. The transmission signal generation section 402 may be implemented as a signal generator, a
signal generation circuit, or a signal generation device described on the basis of a common understanding in the technical
field according to the present invention.
[0131] The mapping section 403 maps the uplink signal (an uplink control signal and/or uplink data) generated by the
transmission signal generation section 402 to a radio resource on the basis of an instruction from the control section
401 and outputs it to the transmitting/receiving section 203. The mapping section 403 may be implemented as a mapper,
a mapping circuit, or a mapping device described on the basis of a common understanding in the technical field according
to the present invention.
[0132] The received signal processing section 404 performs reception processing (e.g., demapping, demodulation,
and decoding) for DL signals (e.g., a downlink control signal transmitted from the radio base station and a downlink data
signal transmitted by a PDSCH). The received signal processing section 404 outputs information received from the radio
base station 10 to the control section 401. The received signal processing section 404 outputs, e.g., broadcast information,
system information, RRC signaling, and DCI to the control section 401.
[0133] The received signal processing section 404 may be implemented as a set of a signal processor, a signal
processing circuit, or a signal processing device and a gauge, a measurement circuit, or a measurement device described
on the basis of a common understanding in the technical field according to the present invention. The received signal
processing section 404 may implement a reception unit according to the present invention.
[0134] The block diagrams used to describe the above-described embodiment represent blocks of functional sections.
These functional blocks (constituent sections) are implemented in any combination of hardware and software. The means
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for implementing each functional block is not particularly limited. In other words, each functional block may be implemented
as one physically coupled device or implemented by at least two physically separate devices connected in a wired or
wireless manner.
[0135] Some or all of respective functions of the radio base station 10 and the user terminal 20, for example, may be
implemented using hardware such as an ASIC (Application Specific Integrated Circuit), a PLD (Programmable Logic
Device), or an FPGA (Field Programmable Gate Array). The radio base station 10 and the user terminal 20 may be
implemented as a computer apparatus including a processor (CPU: Central Processing Unit), a communication interface
for network connection, a memory, and a computer-readable storage medium holding a program. In other words, a radio
base station, a user terminal, and the like according to an embodiment of the present invention may serve as computers
which perform the processes of a wireless communication method according to the present invention.
[0136] The processor, the memory, and the like are connected to each other via buses for information communication.
Examples of the computer-readable recording medium include storage media such as a flexible disk, a magnetooptical
disk, a ROM (Read Only Memory), an EPROM (Erasable Programmable ROM), a CD-ROM (Compact Disc-ROM), a
RAM (Random Access Memory), and a hard disk. The program may be transmitted from a network via an electrical
communication line. The radio base station 10 and the user terminal 20 may include input devices such as input keys
and output devices such as displays.
[0137] The functional configuration of the radio base station 10 and the user terminal 20 may be implemented as the
above-mentioned hardware, as a software module executed by the processor, or as a combination thereof. The processor
controls the overall user terminal by running the operating system. The processor reads out a program, a software
module, and data from the storage medium to the memory and performs various processes in accordance with them.
[0138] The program may be any program which causes the computer to execute the respective operations described
in the above-described respective embodiments. The control section 401 of the user terminal 20, for example, may be
implemented as a control program stored in the memory and running on the processor, and the remaining functional
blocks may be implemented similarly.
[0139] Software, instructions, and the like may be transmitted and received via transmission media. When, for example,
software is transmitted from websites, servers, or other remote sources using wired technologies such as a coaxial
cable, an optical fiber cable, a twisted pair, and a DSL (Digital Subscriber Line) and/or wireless technologies such as
infrared, radio, and microwave technologies, these wired technologies and/or wireless technologies fall within the defi-
nition of the transmission media.
[0140] The terms described in this specification and/or the terms involved in understanding this specification may be
replaced with terms having the same or similar meanings. The channels and/or symbols, for example, may be replaced
with signals (signaling). The signals may be implemented as messages. The CCs (Component Carriers) may be referred
to as carrier frequencies, cells, or the like.
[0141] The information, parameters, and the like described in this specification may be represented by absolute values,
values relative to certain values, or other types of equivalent information. The radio resources, for example, may be
indicated by indices.
[0142] The information, signals, and the like described in this specification may be represented using any of diverse
techniques. Data, instructions, commands, information, signals, bits, symbols, chips, and the like that may be referred
to throughout the above description, for example, may be represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or photons, or any combination thereof.
[0143] The respective aspects/embodiments described in this specification may be used solely, used in combination,
or switchably used upon execution. The notification of predetermined information (e.g., the notification of "X") is not
limited to explicit notification, and may be done implicitly (e.g., without notification of the predetermined information).
[0144] The information notification is not limited to the aspects/embodiments described in this specification and may
be done using other methods. The information notification may be done by, e.g., physical layer signaling (e.g., DCI
(Downlink Control Information) and UCI (Uplink Control Information)), upper layer signaling (e.g., RRC (Radio Resource
Control) signaling, MAC (Medium Access Control) signaling, and broadcast information (an MIB (Master Information
Block) and an SIB (System Information Block))), other signals, or any combination thereof. The RRC signaling may also
be referred to as RRC messages, which may include, e.g., RRC connection setup (RRCConnectionSetup) messages
and RRC connection reconfiguration (RRCConnectionReconfiguration) messages.
[0145] The aspects/embodiments described in this specification may be applied to systems which utilize LTE (Long
Term Evolution), LTE-A (LTE-Advanced), SUPER 3G, IMT-Advanced, 4G, 5G, FRA (Future Radio Access), CDMA2000,
UMB (Ultra Mobile Broadband), IEEE 802.11 (Wi-Fi), IEEE 802.16 (Wi-MAX), IEEE 802.20, UWB (Ultra-WideBand),
Bluetooth®, and systems using other types of appropriate systems, and/or next-generation systems extended on the
basis of these systems.
[0146] The processing procedures, sequences, flowcharts, and the like of the aspects/embodiments described in this
specification may be executed in different orders as long as consistency can be ensured. The method described in this
specification, for example, presents elements of various steps in an exemplary order, and is not limited to the presented
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specific order.
[0147] Although the present invention has been described in detail above, it will be apparent for those skilled in the
art that the present invention is not limited to the embodiments described in this specification. The present invention can
be carried out as modifications and changed aspects without departing from the spirit and scope of the present invention
defined by the description of the scope of claims. The description of the present invention is for illustrative purpose and
is not intended to limit the present invention in any way.
[0148] This application is based on Japanese Patent Application No. 2015-164189 filed on August 21, 2015, the
contents of which are incorporated herein in their entirety.

Claims

1. A user terminal comprising:

a control section which controls communication using cells comprising at least two cells having different trans-
mission time intervals;
a transmission section which transmits a random access preamble; and
a reception section which receives a response signal to the random access preamble,
wherein the control section performs control to receive in a second cell, the response signal to the random
access preamble transmitted in a first cell.

2. The user terminal according to claim 1, wherein the control section performs control to receive the response signal
in the second cell that uses a transmission time interval equal to a transmission time interval of the first cell.

3. The user terminal according to claim 2, wherein the control section controls transmission of a non-contention-based
random access preamble for each group formed by a cell which uses an equal transmission time interval, and
performs control to receive a response signal to the non-contention-based random access preamble in a specific
cell of the each group.

4. The user terminal according to claim 1, wherein when a transmission time interval of the first cell that transmits the
random access preamble is shorter than a transmission time interval of the second cell that receives the response
signal, the control section controls reception of the response signal on the basis of one of the first transmission time
interval and a subframe number corresponding to the first transmission time interval.

5. The user terminal according to claim 1, wherein when a transmission time interval of the first cell that transmits the
random access preamble is shorter than a transmission time interval of the second cell that receives the response
signal, the control section controls reception of the response signal on the basis of one of the second transmission
time interval and a subframe number corresponding to the second transmission time interval.

6. The user terminal according to claim 1, wherein when a transmission time interval of the first cell that transmits the
random access preamble is longer than a transmission time interval of the second cell that receives the response
signal, the control section controls reception of the response signal on the basis of one of the first transmission time
interval and a subframe number corresponding to the first transmission time interval.

7. The user terminal according to claim 1, wherein when a transmission time interval of the first cell that transmits the
random access preamble is longer than a transmission time interval of the second cell that receives the response
signal, the control section controls reception of the response signal on the basis of one of the second transmission
time interval and a subframe number corresponding to the second transmission time interval.

8. The user terminal according to any one of claims 1 to 7, wherein the control section determines an RA-RNTI and/or
a predetermined reception interval used in receiving the response signal, on the basis of one of the transmission
time interval of the first cell that transmits the random access preamble and the transmission time interval of the
second cell that receives the response signal.

9. A radio base station connected to a user terminal which performs communication using cells comprising at least
cells having different transmission time intervals, the radio base station comprising:

a reception section which receives a random access preamble transmitted from the user terminal; and



EP 3 340 724 A1

16

5

10

15

20

25

30

35

40

45

50

55

a control section which controls transmission of a response signal to the random access preamble,
wherein the control section performs control to transmit in a second cell, the response signal to the random
access preamble received in a first cell.

10. A wireless communication method for a user terminal which performs communication using cells comprising at least
cells having different transmission time intervals, the method comprising the steps of:

transmitting a random access preamble; and
receiving a response signal to the random access preamble,
wherein the response signal to the random access preamble transmitted in a first cell is received in a second cell.
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