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(57) ABSTRACT

A radio station (3) is configured to perform, with at least one
radio terminal (1, 2), first radio communication in accor-
dance with a first transmission time interval (TTI) and
second radio communication in accordance with a second
TTI. The first TTI is equal to a duration of one subframe
(410,510). The second TTI is shorter than the duration of the
subframe (410, 510). The radio station (3) is configured to
receive assistance information (802, 904) regarding the
second radio communication from the radio terminal (2)
capable of performing the second radio communication or
from a higher network node (4).
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RADIO STATION, RADIO TERMINAL
APPARATUS, AND METHOD FOR THESE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 15/552,545 filed Aug. 22, 2017, which is a
National Stage of International Application No. PCT/
JP2015/006428 filed Dec. 24, 2015, claiming priority based
on Japanese Patent Application No. 2015-045125 filed Mar.
6, 2015, the contents of all of which are incorporated herein
by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to radio communi-
cation and, in particular, to allocation and use of a plurality
of time-frequency resources.

BACKGROUND ART

[0003] As next-generation radio communication technol-
ogy beyond 4G (Long Term Evolution (LTE)-Advanced),
5G has been attracting attention. Various studies on 5G
including use cases and requirements for 5G have been
started. Reduction in access latency (Latency Reduction) is
drawing attention as a major requirement for 5G. Examples
of access latency includes: a time required for radio terminal
(User Equipment (UE)) to complete transmission of data to
a radio base station (eNodeB (eNB)); a time required for a
UE to complete transmission of data to an external network
(e.g., application server); a time required for a UE to
complete transmission of data to another UE; or a time
required for a UE to establish preparation for transmitting
data. In the present specification, a time period from when
a radio terminal (UE) requests a grant for transmission of
uplink (UL) data from a radio base station (eNB) until when
the UE completes the transmission of the UL data to the
radio base station (eNB) is used as an example of the access
latency. Further, radio communication in which some kind
of access latency is reduced as compared to existing radio
communication (e.g., LTE and LTE-Advanced) is collec-
tively referred to as “low latency access”.

[0004] Non Patent Literature 1 discloses a Time Division
Duplex (TDD) system (hereinafter referred to as B4G TDD)
where both uplink (UL) and downlink (DL) exist within one
subframe in order to achieve low latency access. In B4G
TDD, for example, a request for UL radio resources from an
UE (i.e., Scheduling Request (SR)), transmission of assign-
ment information of the UL radio resources from an eNB
(i.e., Scheduling Grant (SG)) in response to the request, and
transmission of UL data in accordance with the SG are
performed within one subframe. If the UL data is success-
fully received by the eNB in one transmission, access
latency (in this case, the access latency is assumed to be a
time period from when the UE transmits the SR to the eNB
until when the UE completes the transmission of the UL
data) is reduced from about 10 millisecond (ms), which has
been required before, to a subframe length (e.g., 1 ms). Non
Patent Literature 1 also discloses using a subframe length
(e.g., 0.25 ms) that is shorter than the subframe length (i.e.,
1 ms) of LTE and LTE-Advanced. This contributes to further
reduction of the access latency.
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CITATION LIST

Patent Literature

[0005] Patent Literature 1: United States Patent Applica-
tion Publication No. 2008/0049690

Non Patent Literature

[0006] Non Patent Literature 1: Lahetkangas et al., “On
the TDD Subframe Structure for Beyond 4G Radio Access
Network”, Future Network and Mobile Summit (FutureNet-
workSummit), July 2013

SUMMARY OF INVENTION

Technical Problem

[0007] There is a problem in B4G TDD disclosed in Non
Patent Literature 1 that it has no backward compatibility
with existing LTE and LTE Advanced systems. 5G systems
may be required to communicate not only with new UEs
supporting low latency access but also with legacy UEs not
supporting low latency access (e.g., UEs supporting only
existing LTE and LTE-Advanced). As the subframe structure
of B4G TDD differs from those of existing LTE and LTE-
Advanced subframes, it is difficult for B4G TDD systems to
communicate with the legacy UEs.

[0008] Note that the subframe is composed of a plurality
of time-frequency resources and has a predetermined dura-
tion. The duration of one subframe (hereinafter referred to as
“subframe duration”) means a length of time over which a
subframe continues or lasts. The subframe duration is com-
monly the same as a Transmission Time Interval (TTI)
which data transmission and data reception by a UE should
be performed in accordance with. The TTI is defined as a
length of time (time length) over which one transport block
and error detection bits added thereto are transmitted. The
transport block is a data unit (i.e., MAC Protocol Data Unit
(PDU)) passed from the Medium Access Control (MAC)
layer to the physical layer. In the physical layer of the
transmitter, the entire transport block is used to calculate
error detection bits (e.g., Cyclic Redundancy Check (CRC)
parity bits) and these calculated error detection bits are
added to the transport block. Channel coding in the physical
layer is performed on the transport block to which the error
detection bits have been added. Further, in the physical layer
processing in the transmitter, interleaving is performed on
the coded bit sequence generated from one transport block.
Accordingly, the receiver needs to receive at least one TTI
data (i.e., data corresponding to the transport block and the
error detection bits added thereto) in order for the receiver
to be able to perform deinterleaving and decoding.

[0009] The present inventor has conducted a study about
data transmission where although a new UE supporting the
low latency access (hereinafter referred to as a non-legacy
UE) and a UE not supporting the low latency access use the
same subframe, the new UE and the legacy UE perform data
transmission or reception in accordance with different TTIs.
Patent Literature 1 discloses that a first plurality of time-
frequency resources having a length (duration) of 1 ms in a
single 1 ms subframe are allocated to a first UE, and at the
same time, a second plurality of time-frequency resources
having a length (duration) of 0.5 ms in this subframe are
allocated to a second UE. Here, the duration of the first (or
second) time-frequency resources means a length of time
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(time length) over which the first (or second) time-frequency
resources continue or last. However, in Patent Literature 1,
the first and second UEs use the same TTI (1 ms).

[0010] The low latency access may cause a reduction in
utilization efficiency of radio resources. For example, if a
UE repeatedly transmits SRs and repeatedly receives UL
grants (scheduling grants) to complete uplink transmission,
this situation increases access latency.

[0011] Therefore, in order to reduce access latency, it is
preferable that data transmission be completed by a small
number of transmission. On the other hand, if a radio base
station assigns excessive UL resources to a UE for low
latency access, this situation may cause useless waste of UL
radio resources.

[0012] Moreover, it is preferable that a time interval from
the UL grant to the UL transmission for low latency access
be shorter than that of normal access. For example, in
normal Frequency Division Duplex (FDD) LTE, a UL grant
for UL transmission is issued at a subframe (i.e., subframe
#(n-4)), which is four subframes prior to the subframe (i.e.,
subframe # n) in which this UL transmission is performed.
On the other hand, in low latency access, a UL grant may be
issued one or two subframes prior to the subframe in which
the UL transmission (subframe # n) is performed. In this
case, the radio base station must transmit a UL grant for
normal access performed in the subframe #n (i.e., at the
subframe #(n-4)) before transmitting a UL grant for low
latency access performed in the subframe #n (i.e., at the
subframe #(n-1) or subframe #(n-2)). Therefore, the radio
base station needs to reserve radio resources for low latency
access when it issues a UL grant for normal access. How-
ever, if low latency access is not performed in the subframe
# n, the reserved radio resources are likely unused.

[0013] As described above, the low latency access may
cause a reduction in utilization efficiency of radio resources.
In order to prevent the reduction in the utilization efficiency
of radio resources, a radio base station may need sufficient
information to determine a grant of low latency access or to
determine resource assignment for low latency access.

[0014] One of objects to be attained by embodiments
disclosed in the present specification is to provide an appa-
ratus, a method, and a program that contribute to preventing
a reduction in the utilization efficiency of the radio resources
caused by the low latency access. Note that this object is
only one of the objects to be attained by the embodiments
disclosed herein. The other objects or problems and novel
features will be made apparent from the following descrip-
tion and the accompanying drawings.

Solution to Problem

[0015] In a first aspect, a radio station includes at least one
radio transceiver and at least one processor. The at least one
processor is configured to perform, with at least one radio
terminal, first radio communication in accordance with a
first transmission time interval (TTI) and second radio
communication in accordance with a second TTI. The first
TTI is equal to a duration of one subframe. The second TTI
is shorter than the duration of the subframe. The at least one
processor is configured to receive assistance information
regarding the second radio communication from a first radio
terminal capable of performing the second radio communi-
cation among the at least one radio terminal or from a higher
network node.
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[0016] In a second aspect, a radio terminal apparatus
includes at least one radio transceiver and at least one
processor. The at least one radio transceiver is configured to
communicate with a radio station. The at least one processor
is configured to perform both first radio communication in
accordance with a first transmission time interval (TTI) that
is equal to a duration of a subframe and second radio
communication in accordance with a second TTI that is
shorter than the first TTI or to perform the second radio
communication. The at least one processor is configured to
transmit assistance information regarding the second radio
communication to the radio station.

[0017] In a third aspect, a method performed by a radio
station is provided. The radio station is configured to per-
form, with at least one radio terminal, first radio communi-
cation in accordance with a first transmission time interval
(TTT) and second radio communication in accordance with
a second TTI. The first TTI is equal to a duration of one
subframe, and the second TTI is shorter than the duration of
the subframe. The method according to this aspect includes
receiving assistance information regarding the second radio
communication from a first radio terminal capable of per-
forming the second radio communication among the at least
one radio terminal or from a higher network node.

[0018] In a fourth aspect, a method performed by a radio
terminal apparatus is provided. The radio terminal apparatus
is configured to communicate with a radio station which is
configured to perform, with at least one radio terminal, first
radio communication in accordance with a first transmission
time interval (TTI) that is equal to a duration of a subframe
and second radio communication in accordance with a
second TTI that is shorter than the first TTI. The method
according to this aspect includes transmitting assistance
information regarding the second radio communication to
the radio station.

[0019] In a fifth aspect, a program includes instructions
(software codes) that, when loaded into a computer, causes
the computer to perform the method according to the above-
described third or fourth aspect.

Advantageous Effects of Invention

[0020] According to the above aspects, it is possible to
provide an apparatus, a method, and a program that con-
tribute to preventing a reduction in utilization of radio
resources caused by low latency access.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a diagram showing a configuration
example of a radio communication system according to
some embodiments;

[0022] FIG. 2 is a diagram showing a radio frame structure
and a subframe structure according to some embodiments;
[0023] FIG. 3A is a diagram showing a detailed structure
of downlink time-frequency resources according to some
embodiments;

[0024] FIG. 3B is a diagram showing a detailed structure
of uplink time-frequency resources according to some
embodiments;

[0025] FIG. 4 is a diagram showing an example of allo-
cation of time-frequency resources to a legacy UE according
to a first embodiment;
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[0026] FIG. 5 is a diagram showing an example of allo-
cation of time-frequency resources to a non-legacy UE
according to the first embodiment;

[0027] FIG. 6 is a diagram showing an example of allo-
cation of time-frequency resources to a legacy UE according
to the first embodiment;

[0028] FIG. 7 is a diagram showing an example of allo-
cation of time-frequency resources to a non-legacy UE
according to the first embodiment;

[0029] FIG. 8A is a diagram showing an example of
allocation of time-frequency resources to a non-legacy UE
according to the first embodiment;

[0030] FIG. 8B is a diagram showing an example of
allocation of time-frequency resources to a non-legacy UE
according to the first embodiment;

[0031] FIG. 9 is a sequence diagram showing an example
of'a communication procedure of second access according to
the first embodiment;

[0032] FIG. 10 is a sequence diagram showing an example
of'a communication procedure of second access according to
a second embodiment;

[0033] FIG. 11 is a sequence diagram showing an example
of'a communication procedure of the second access accord-
ing to a third embodiment;

[0034] FIG. 12 is a sequence diagram showing an example
of'a communication procedure of the second access accord-
ing to the third embodiment;

[0035] FIG. 13 is a sequence diagram showing an example
of'a communication procedure of the second access accord-
ing to a fourth embodiment;

[0036] FIG. 14 is a block diagram showing a configuration
example of a non-legacy UE according to some embodi-
ments;

[0037] FIG. 15 is a block diagram showing a configuration
example of a radio base station according to some embodi-
ments; and

[0038] FIG. 16 is a block diagram showing a configuration
example of an MME according to some embodiments.

DESCRIPTION OF EMBODIMENTS

[0039] Specific embodiments will be described hereinafter
in detail with reference to the drawings. The same or
corresponding elements are denoted by the same signs
throughout the drawings, and repeated explanations will be
omitted as necessary for the sake of clarity.

First Embodiment

[0040] FIG. 1 shows a configuration example of a radio
communication system according to some embodiments
including this embodiment. In the example of FIG. 1, the
radio communication system includes a legacy radio termi-
nal (UE) 1, a non-legacy radio terminal (UE) 2, and a radio
base station (Base Station (BS)) 3. The BS 3 communicates
with the legacy UE 1 and the non-legacy UE 2 in a cell 31.
The BS 3 transmits downlink (DL) signals 101 using a
downlink (DL) frequency band (DL system bandwidth) of
the cell 31. In the case of LTE/LTE-Advanced, the BS 3
corresponds to an eNB. The BS 3 may include a control node
having a radio resource management function and a radio
transmission node. The control node is, for example, a Radio
Network Controller (RNC) in Universal Mobile Telecom-
munications System (UMTS) or a Base Station Controller
(BSC) in Global System for Mobile communications (GSM
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(registered trademark)) system. The radio transmission node
is, for example, a NodeB in UMTS or a Base transceiver
station (BTS) in GSM system. The BS 3 according to this
embodiment can be referred to as a radio station.

[0041] The legacy UE 1 transmits uplink (UL) signals 103
to the BS 3 using an uplink frequency band (UL system
bandwidth) of the cell 31. Likewise, the non-legacy UE 2
also transmits uplink (UL) signals 104 to the BS 3 using this
UL system bandwidth. In a plurality of embodiments includ-
ing this embodiment, the case of Frequency Division Duplex
(FDD), in which the DL system bandwidth used for the DL,
signals 101 differs from the UL system bandwidth used for
the UL signals 103 and 104, will be mainly used for the
description. However, the embodiments including this
embodiment can be applied to TDD.

[0042] As already described above, low latency access is
radio communication in which some kind of access latency
is reduced as compared with existing radio communication
(i.e., normal access). In the embodiments including this
embodiment, first access corresponding to the normal access
and second access corresponding to the low latency access
are used. The first access is defined as data transmission and
reception performed in accordance with a first TTI (e.g., 1
ms). The second access is defined as data transmission and
reception performed in accordance with a second TTI (e.g.,
0.5 ms). The first TTI is equal to the duration of one
subframe (i.e., DL subframe and UL subframe) used for
transmitting the DL signals 101 and the UL signals 103 and
104. On the other hand, the second TTI is shorter than the
first TTI and is thus shorter than the duration of one
subframe (subframe duration). For example, the second TTI
may be equal to the duration of one time slot among a
plurality of time slots constituting the subframe or may be an
integer multiple of a symbol length (but shorter than the
subframe duration).

[0043] In some implementations, the first TTI may be the
minimum unit of a transmission time allocated by a single
scheduling grant to a UE that performs the first access.
Similarly, the second TTI may be the minimum unit of a
transmission time allocated by a single scheduling grant to
a UE that performs the second access.

[0044] The legacy UE 1 does not support the second
access and instead performs the first access. On the other
hand, the non-legacy UE 2 supports the second access. The
non-legacy UE 2 may only support the second access or may
support both the first access and the second access. If the
non-legacy UE 2 supports both the first access and the
second access, the non-legacy UE 2 may use the second
access, for example, when it performs data transmission or
reception requiring low latency.

[0045] In some implementations, the first access (i.e., UL
data transmission or DL data reception in accordance with
the first TTI) and the second access (i.e., UL data transmis-
sion or DL data reception in accordance with the second
TTI) may be performed within one subframe. In this case,
the BS 3 performs both DL data transmission (or UL data
reception) in accordance with the first TTI and DL data
transmission (or UL data reception) in accordance with the
second TTI within one subframe. In one example, the legacy
UE 1 performs the first access and the non-legacy UE 2
performs the second access. In another example, one non-
legacy UE 2 performs the first access and the same or
different non-legacy UE 2 performs the second access.
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[0046] In some implementations, the first access may be
performed in one subframe and the second access may be
performed in another subframe. In this case, in each sub-
frame, the BS 3 performs either DL data transmission (or UL
data reception) in accordance with the first TTI or DL data
transmission (or UL data reception) in accordance with the
second TTI. In a subframe where the first access is per-
formed, the legacy UE 1 or both the legacy UE 1 and the
non-legacy UE 2 perform UL data transmission or DL data
reception. In a subframe where transmission in accordance
with the second TTI is performed, the non-legacy UE 2
performs UL data transmission or DL data reception.
[0047] As has been described above, the subframe is
composed of a plurality of time-frequency resources and has
a predetermined duration. The duration of one subframe
(i.e., subframe duration) means a length of time (time
length) over which a subframe continues or lasts. Further,
the TTI is defined as a length of time (time length) over
which one transport block is transmitted. The transport block
is a data unit (i.e., MAC PDU) passed from the Medium
Access Control (MAC) layer to the physical layer. In the
physical layer of the transmitter, the entire transport block is
used to calculate error detection bits (e.g., CRC parity bits)
and the calculated error detection bits are added to the
transport block. Channel coding in the physical layer is
performed on the transport block to which the error detec-
tion bits have been added. Further, in the physical layer
processing in the transmitter, interleaving is performed on
the coded bit sequence generated from one transport block.
Accordingly, the receiver needs to receive at least one TTI
data (i.e., data corresponding to the transport block and the
error detection bits added thereto) in order for the receiver
to be able to perform deinterleaving and decoding. In this
description, the transmitter is the BS 3 in the case of DL
transmission and is the legacy UE 1 and the non-legacy UE
2 in the case of UL transmission. On the other hand, the
receiver is the legacy UE 1 and the non-legacy UE 2 in the
case of DL reception and is the BS 3 in the case of UL
reception.

[0048] Note that when Multiple Input/Multiple Output
(MIMO) spatial multiplexing is used, a UE (legacy UE 1 or
non-legacy UE 2) can transmit a plurality of transport blocks
per subframe. For example, in LTE, a UE potentially trans-
mits up to two transport blocks per subframe. That is, a UE
potentially utilizes MIMO spatial multiplexing and thus
performs transmission or reception of a plurality of layers
through a plurality of antenna ports. However, it should be
noted that even when MIMO spatial multiplexing is used,
the TTI length for the transport block in each layer is the
same as the TTI length when MIMO spatial multiplexing is
not used.

[0049] In addition, when Carrier Aggregation (CA) in
which a UE (legacy UE 1 or non-legacy UE 2) uses a
plurality of carriers (Component Carriers (CCs)) simultane-
ously is performed, the transport block is generated for each
carrier (i.e., for each cell). However, it should be noted that
even when CA is performed, the TTI length for the transport
block transmitted in each CC is the same as the TTI length
when CA is not performed.

[0050] In some implementations, the transport blocks
transmitted via the first access and the second access may be
transport blocks that are used for a Data Radio Bearer (DRB)
or a Signaling Radio Bearer (SRB) or both. In other words,
these transport blocks may be transport blocks used to
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transmit either or both of user data (e.g., user Internet
Protocol (IP) packets) and dedicated control signaling (e.g.,
Radio Resource Control (RRC) signaling). Specifically, the
transport blocks transmitted via the first access and the
second access may be Uplink Shared Channel (UL-SCH)
transport blocks or Downlink Shared Channel (DL-SCH)
transport blocks in LTE and LTE-Advanced. The UL-SCH
transport blocks are used for transmitting UL user data (i.e.,
Dedicated Traffic Channel (DTCH)) and RRC signaling
messages (i.e., Common Control Channel (CCCH) and
Dedicated Control Channel (DCCH)). The DL-SCH trans-
port blocks are used for transmitting DL user data (i.e.,
DTCH), RRC signaling messages (i.e., CCCH and DCCH),
and System Information Blocks (SIBs) (i.e., part of Broad-
cast Control Channel (BCCH)).

[0051] The subframe according to this embodiment may
be the same as that of LTE and LTE-Advanced. The time-
frequency resources (radio resources) of LTE will be
described with reference to FIGS. 2, 3A, and 3B. FIG. 2
shows a radio frame structure of LTE and LTE-Advanced. In
the 3rd Generation Partnership Project (3GPP) Release 8
and subsequent releases, two types of the radio frame
structures are specified. One is referred to as a frame
structure type 1 and is applied to frequency division duplex
(FDD). The other is referred to as a frame structure type 2
and is applied to time division duplex (TDD). As shown in
FIG. 2, in both frame structure type 1 and frame structure
type 2, the duration of one radio frame is 10 ms, and one
radio frame consists of 10 subframes. The duration of one
subframe is 1 ms. One subframe is divided into two slots of
0.5 ms each.

[0052] FIG. 3A shows a detail of downlink time-frequency
resources in LTE and LTE-Advanced. One downlink slot
(0.5 ms) includes NP . Orthogonal Frequency Division
Multiplexing (OFDM) symbols in the time domain. A radio
resource defined by one subcarrier in the time domain and
one OFDM symbol in the frequency domain is referred to as
a “resource element”. The resource element is the minimum
unit of radio resources in the downlink of LTE and LTE-
Advanced using OFDM. The unit of resources defined by
NPL s consecutive OFDM symbols in the time domain
and N*# . consecutive subcarriers in the frequency domain
is referred to as a “resource block™. In the case of normal
cyclic prefix, the value of N?X,, . is 7 and the value of
N?Z_. is 12 and, therefore, one downlink resource block
consists of 84 resource elements. The occupied bandwidth
(i.e., NPX,, resource blocks or NPX, . N*%_  subcarriers)
depends on the downlink channel bandwidth (BW ,,,....)-
For example, if the channel bandwidth is 1.4 MHz, the
maximum number of downlink resource blocks (N, ) is
six, and if the channel bandwidth is 20 MHz, the maximum
number of downlink resource blocks (N?%;) is 100. Note
that, in the downlink, a physical control channel (PDCCH)
for transmitting control information is allocated to OFDM
symbols (e.g., 1, 2, or 3) at the beginning of the subframe.
Therefore, the number of OFDM symbols normally used to
transmit user data in the downlink differs between the first
and second slots.

[0053] FIG. 3B shows the details of the uplink time-
frequency resource in LTE and LTE-Advanced. One uplink
slot (0.5 ms) includes N*%,, . Single-Carrier Frequency
Division Multiple Access (SC-FDMA) symbols in the time
domain. Like in the downlink, a radio resource defined by
one SC-FDMA symbol in the time domain and one subcar-
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rier in the frequency domain is referred to as a “resource
element”. The resource element is the minimum unit of radio
resources in the uplink of LTE and LTE-Advanced using
SC-FDMA. The unit of resources defined by N“% ., .
consecutive SC-FDMA symbols in the time domain and
NRZ_ . consecutive subcarriers in the frequency domain is
referred to as a “resource block”. Like in the downlink, in
the case of normal cyclic prefix, the value of N%,, . is 7
and the value of N®%_. is 12 and, thus, one uplink resource
block consists of 84 resource elements. The occupied band-
width (i.e., N, resource blocks or NY%, . N*Z_  subcar-
riers) depends on the uplink channel bandwidth (BW ;.-
nel). For example, if the channel bandwidth is 1.4 MHz, the
maximum number of uplink resource blocks (N%%,,,) is 6,
and if the channel bandwidth is 20 MHz, the maximum
number of uplink resource blocks (N~ ) is 100.

[0054] In order to enable the first access and the second
access, the BS 3 according to this embodiment is configured
to allocate a first plurality of time-frequency resources and
a second plurality of time-frequency resources to at least one
radio terminal (i.e., to the non-legacy UE 2 or to both the
legacy UE 1 and the non-legacy UE 2). Each time-frequency
resource included in the first plurality of time-frequency
resources and the second plurality of time-frequency
resources is the minimum resource unit. Each time-fre-
quency resource may be, for example, a radio resource
defined by one symbol in the time domain and one subcarrier
in the frequency domain (e.g., a resource element in LTE/
LTE-Advanced).

[0055] In some implementations, the BS 3 may allocate
the first plurality of time-frequency resources and the second
plurality of time-frequency resources to different UEs. For
example, the BS 3 may allocate the first plurality of time-
frequency resources to the legacy UE 1 and the second
plurality of time-frequency resources to the non-legacy UE
2. Additionally or alternatively, the BS 3 may allocate the
first plurality of time-frequency resources and the second
plurality of time-frequency resources to the same UE (the
non-legacy UE 2).

[0056] The first plurality of time-frequency resources are
used to transmit or receive a first transport block in accor-
dance with the first TTI (e.g., 1 ms). On the other hand, the
second plurality of time-frequency resources are used to
transmit or receive a second transport block in accordance
with the second TTI (e.g., 0.5 ms).

[0057] Note that the entire first transport block is used to
calculate first error detection bits (e.g., CRC parity bits) and
the first error detection bits are added to the first transport
block. Similarly, the entire second transport block is used to
calculate second error detection bits (e.g., CRC parity bits)
and the second error detection bits are added to the second
transport block. Therefore, strictly speaking, the first plu-
rality of time-frequency resources are used to transmit or
receive the first transport block and the first error detection
bits added thereto in accordance with the first TTI (e.g., 1
ms). The second plurality of time-frequency resources are
used to transmit or receive the second transport block and
the second error detection bits added thereto in accordance
with the second TTI (e.g., 1 ms).

[0058] As already mentioned, the first TTI is equal to the
duration of one subframe (i.e., subframe duration). Accord-
ingly, the duration of the first plurality of time-frequency
resources corresponds to the duration of one subframe. The
duration of the first plurality of time-frequency resources
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means the entire length of time (time length) over which
these time-frequency resources continue or last. The dura-
tion of the first plurality of time-frequency resources does
not need to exactly match the duration of one subframe (e.g.,
1 ms). This is because particular time-frequency resources in
a subframe are reserved for Synchronization Signals (SS),
Reference Signals (RS), control information channels (e.g.,
Physical Downlink Control Channel (PDCCH), Enhanced
PDCCH (EPDCCH), or Physical Uplink Control Channel
(PUCCH) in LTE and LTE-Advanced) or a broadcast infor-
mation channel (e.g., Physical Broadcast Channel (PBCH)
in LTE and LTE-Advanced). Specifically, in the case of the
downlink subframe in LTE and LTE-Advanced, the resource
elements of the first to third symbols at the beginning of the
subframe are used for PDCCH, and some resource elements
distributed in fourth to fourteenth symbols are used for SS,
RS, and PBCH. Thus, the expression that the duration of the
first plurality of time-frequency resources “corresponds™ to
the duration of one subframe means that the duration of the
first plurality of time-frequency resources is equal to the
duration of one subframe excluding a symbol time used for
other purposes such as PDCCH transmission or the like. In
other words, the duration of the first plurality of time-
frequency resources is equal to the duration of one subframe
minus the symbol time used for other purposes such as
PDCCH transmission.

[0059] In addition, the first plurality of time-frequency
resources may not be consecutive resources in the time-
frequency space. In other words, the first plurality of time-
frequency resources allows its frequency resources (e.g.,
subcarriers or resource blocks (RBs)) to be changed during
the duration of the first plurality of time-frequency resources
for frequency hopping or disturbed mapping. To be more
specific, in the case of the 1 ms subframe in LTE and
LTE-Advanced, the duration of the first plurality of time-
frequency resources includes two temporally consecutive
resource blocks (i.e., a pair of resource blocks). One of the
two resource blocks (RBs) is arranged in the first slot (0.5
ms), and the other is arranged in the second slot (0.5 ms).
Thus, the duration of these two RBs corresponds to a
subframe of 1 ms. However, these two RBs may be spaced
apart from each other in frequency.

[0060] On the other hand, as described above, the second
TTI is shorter than the duration of one subframe. Accord-
ingly, the duration of the second plurality of time-frequency
resources is shorter than the duration of one subframe. That
is, the duration of the second plurality of time-frequency
resources is shorter than the duration of the first plurality of
time-frequency resources corresponding to the duration of
one subframe. The second plurality of time-frequency
resources allows its frequency resources (e.g., subcarriers or
resource blocks (RBs)) to be changed during the duration of
the second plurality of time-frequency resources for fre-
quency hopping or disturbed mapping.

[0061] Insome implementations, like the subframe in LTE
and LTE-Advanced, the subframe according to this embodi-
ment may be composed of a plurality of time slots. Each of
the time slots includes a plurality of time-frequency
resources. In this case, the second TTI may be equal to the
duration of at least one of the time slots. Further, the duration
of the second plurality of time-frequency resources may
correspond to the second TTI. In other words, the duration
of the second plurality of time-frequency resources may
correspond to the duration of at least one time slot. The
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expression that the duration of the second plurality of
time-frequency resources “corresponds” to the duration of at
least one time slot means that the duration of the second
plurality of time-frequency resources is equal to the duration
of at least one time slot excluding a symbol time used for
other purposes such as PDCCH transmission or the like.
[0062] For example, in the case of LTE and LTE-Ad-
vanced, a 1 ms subframe includes two slots of 0.5 ms each.
In this case, the second TTI may be equal to the duration of
one slot (0.5 ms) and, accordingly, the duration of the second
plurality of time-frequency resources may correspond to the
duration of one slot (0.5 ms).

[0063] The non-legacy UE 2 is configured to perform at
least a second access operation. The non-legacy UE 2 may
be configured to selectively perform a first access operation
and the second access operation. The first access operation
includes transmitting or receiving the first transport block in
accordance with the first TTI. The second access operation
includes transmitting or receiving the second transport block
in accordance with the second TTI. As has been described in
regard to the BS 3, the first transport block is transmitted
using the first plurality of time-frequency resources in one
subframe. On the other hand, the second transport block is
transmitted using the second plurality of time-frequency
resources in one subframe.

[0064] As already mentioned, the first and second accesses
may be performed in one subframe. In other words, the first
and second transport block may be transmitted in the same
radio frame. Further in other words, the second plurality of
time-frequency resources may be allocated within the same
subframe as the first plurality of time-frequency resources.
Within one subframe, at least some of the second plurality
of time-frequency resources may overlap with at least some
of the first plurality of time-frequency resources. In this
case, the transport block for the first access and the transport
block for the second access may be multiplexed onto the
same time-frequency resources using Code Division Multi-
plexing (CDM).

[0065] Moreover, multiple second accesses may be per-
formed by one or more non-legacy UEs 2 in one subframe.
In this case, the multiple second accesses may be performed
using different time-frequency resources. Alternatively, the
transport blocks of the multiple second accesses may be
multiplexed onto the same time-frequency resources using
Code Division Multiplexing (CDM).

[0066] The configuration for the second access may be
made semi-statically or dynamically. In the case of a semi-
static configuration, the BS 3 may notify the non-legacy UE
2 of the configuration using broadcast information (e.g.,
SIB) or dedicated signaling (e.g., RRC signaling). In the
case of a dynamic configuration, the BS 3 may notify the
non-legacy UE 2 of the configuration using control infor-
mation of the MAC layer or the physical layer.

[0067] As understood from the above description, the
non-legacy UE 2 and the BS 3 according to this embodiment
are configured to perform the second access in accordance
with the second TTI, which is shorter than the first TTI, in
the subframe having the duration equivalent to the first TTI
which the first access is performed in accordance with.
Therefore, the radio communication system according to
this embodiment can perform the first access for the legacy
UE 1 and the second access for the non-legacy UE 2 by
using the same subframe. The second access allows the
receiver to performing reception processing in a short time
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by using the short second TTI and can therefore contribute
to reducing some kind of access latency.

[0068] Hereinafter, specific examples of the allocation of
time-frequency resources for the first and second accesses
will be described with reference to FIGS. 4 and 5. FIG. 4
shows an example of allocating the first plurality of time-
frequency resources to the first access. FIG. 4 shows two
consecutive subframes 410 and 420 in the time domain. The
subframes 410 and 420 are UL subframes or DL subframes.
The duration of each subframe 410 and 420 is equal to the
first TTI (e.g., 1 ms). The subframe 410 is composed of slots
411 and 412 each having duration equal to half the duration
of the subframe 410. Similarly, the subframe 420 is com-
posed of slots 421 and 422.

[0069] In the example of FIG. 4, a time-frequency
resource 430 in the subframe 410 is allocated to the first
access. The time-frequency resource 430 includes a plurality
of time-frequency resources (e.g., resource elements or
resource blocks). The duration of the time-frequency
resource 430 corresponds to the duration of the subframe
412 (i.e., the first TTI). The time-frequency resource 430 is
used by the legacy UE 1 (or the non-legacy UE 2) to transmit
or receive a CRC-parity-bits-added transport block 460. The
CRC-parity-bits-added transport block 460 includes a trans-
port block 461 and CRC parity bits 462.

[0070] As already described, the physical layer process at
the transmitter, including calculation of error detection bits,
channel coding, and interleaving, is performed on one
transport block (MAC PDU) 461. Therefore, in order to
perform deinterleaving, decoding and error detection and
then obtain the transport block 461, the receiver at the legacy
UE 1 (or the non-legacy UE 2) or the BS 3 needs to receive
the entire time-frequency resource 430 corresponding to the
transport block 461. That is, in the example of FIG. 4, the
receiver at the legacy UE 1 (or the non-legacy UE 2) or the
BS 3 can obtain the transport block 461 after receiving until
the end of the subframe 410 corresponding to the first TTI.
[0071] The subframe 420 represented in FIG. 4 shows an
example in which frequency hopping or distributed mapping
is performed. That is, a time-frequency resource 440 is
composed of a time-frequency resource 441 of 0.5 ms and
a time-frequency resource 442 of 0.5 ms. The time-fre-
quency resources 441 and 442 are spaced apart from each
other in frequency. It should be noted that in order to
perform deinterleaving, decoding, and error detection based
on the CRC parity bits 472 and then obtain the transport port
block 471, the receiver at the legacy UE 1 (or the non-legacy
UE 2) or the BS 3 needs to receive the entire time-frequency
resource 440 corresponding to the transport block 471. This
is because the first TTI is equal to the duration of the
subframe 420 and hence the CRC-parity-bits-added trans-
port block 470 is transmitted using the entire time-frequency
resource 440 after it has been subjected to the channel
coding and interleaving.

[0072] Note that some time-frequency resources in the
subframes shown in FIG. 4 may be used for other purposes
such as transmission of control channels and synchroniza-
tion signals. For example, in the case of LTE/LTE-Ad-
vanced, the first to third symbols at the beginning of the
subframe are used as the PDCCH region. Therefore, if the
subframes 410 and 420 shown in FIG. 4 are DL subframes
of LTE/LTE-Advanced, each of the time-frequency
resources 430 and 440 allocated for the first access are
time-frequency resources excluding the first to third symbols
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at the beginning of the subframe. As has been described
above, the expression that the duration of the first plurality
of time-frequency resources 430 (440) “corresponds” to the
duration of the subframe 410 (420) (i.e., the first TTI) means
that the duration of the first plurality of time-frequency
resources 430 (440) is equal to the duration of one subframe
excluding a symbol time used for other purposes such as
PDCCH transmission or the like.

[0073] FIG. 5 shows an example of allocating the second
plurality of time-frequency resources to the second access
by the non-legacy UE 2. FIG. 5 shows two consecutive
subframes 510 and 520 in the time domain. The subframes
510 and 520 are UL subframes or DL subframes. The
subframe 510 is composed of slots 511 and 512 each having
duration equal to half the duration of subframe 510. Simi-
larly, the subframe 520 is composed of slots 521 and 522. In
the example of FIG. 5, the second TTT is half the subframe
duration (e.g., 1 ms) and is equal to the duration of each of
the slots 511, 512, 521, and 522 (e.g., 0.5 ms).

[0074] In the example of FIG. 5, a time-frequency
resource 530 in the subframe 510 is allocated to the second
access by the non-legacy UE 2. The time-frequency resource
530 includes a plurality of time-frequency resources (e.g.,
resource elements or resource blocks). The duration of the
time-frequency resource 530 corresponds to the duration of
the slot 511 (i.e., the second TTI). The time-frequency
resource 530 is used by the non-legacy UE 2 to transmit or
receive a CRC-parity-bits-added transport block 560. The
CRC-parity-bits-added transport block 560 includes a trans-
port block 561 and CRC parity bits 562.

[0075] In order to perform deinterleaving, decoding, and
error detection and then obtain the transport port block 561,
the receiver at the non-legacy UE 2 or the BS 3 needs to
receive only the time-frequency resource 530 corresponding
to the transport block 561. In comparing FIG. 4 to FIG. 5,
the second TTI of FIG. 5 is half the length of the first TTI
of FIG. 4. Thus, the non-legacy UE 2 can perform reception
processing including deinterleaving, decoding, and error
detection and then obtain the transport block 561 after
receiving only the time-frequency resource 530 having a
one-slot length.

[0076] The subframe 520 represented in FIG. 5 shows an
example in which transmission for the second access is
performed in each of the first slot 521 and the second slot
522 in the subframe 520. The time-frequency resource 540
in the first slot 521 is used by the non-legacy UE 2 to
transmit or receive a CRC-parity-bits-added transport block
570. On the other hand, the time-frequency resource 550 in
the second slot 522 is used by the non-legacy UE 2 to
transmit or receive a CRC-parity-bits-added transport block
580. The time-frequency resources 540 and 550 may be
allocated to the same non-legacy UE 2 or may be allocated
to different non-legacy UEs 2.

[0077] After receiving only the time-frequency resource
540, the non-legacy UE 2 can perform reception processing
including deinterleaving, decoding, and error detection
based on CRC parity bits 572 and then obtain a transport
block 571. Likewise, after receiving only the time-frequency
resource 550, the non-legacy UE 2 can perform reception
processing including deinterleaving, decoding, and error
detection based on CRC parity bits 582 and then obtain a
transport block 581.

[0078] Note that some time-frequency resources in the
subframes shown in FIG. 5 may be used for other purposes
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such as transmission of control channels and synchroniza-
tion signals. If the subframes 510 and 520 shown in FIG. 5§
are DL subframes of LTE/LTE-Advanced, each of the time-
frequency resources 530, 540, and 550 allocated for the first
access are time-frequency resources excluding the first to
third symbols at the beginning of the subframe. As has been
described above, the expression that the duration of the
second plurality of time-frequency resources 530 (540, 550)
“corresponds” to the duration of the slot 511 (521, 522) (i.e.,
the second TTI) means that the duration of the second
plurality of time-frequency resources 530 (540, 550) is equal
to the duration of one subframe excluding a symbol time
used for other purposes such as PDCCH transmission or the
like.

[0079] Inthe example shown in FIG. 5, frequency hopping
or distributed mapping may be performed in each slot. For
example, the time-frequency resource 530 may include two
or more resource segments spaced apart from each other in
frequency.

[0080] In the example in FIG. 5, each subframe may be
composed of three or more time slots. In this case, the
duration of each of the time-frequency resources 530, 540,
and 550 may correspond to the duration of one or more time
slots.

[0081] Hereinafter, an improvement to a Scheduling
Request (SR) for UL transmission will be described. In some
implementations, the non-legacy UE 2 may transmit a
Scheduling Request (SR) to request BS 3 to allocate UL
transmission resources. The non-legacy UE 2 may transmit
an SR for the second access using a plurality of time-
frequency resources having a shorter duration than those
used for transmission of an SR for the first access.

[0082] In some implementations, in the case of the first
access, the non-legacy UE 2 may transmit Uplink Control
Information (UCI) containing an SR using a third plurality
of time-frequency resources in a subframe. The duration of
the third plurality of time-frequency resources corresponds
to the duration of one subframe. On the other hand, in the
case of the second access, the non-legacy UE 2 may transmit
Uplink Control Information (UCI) containing an SR using a
fourth plurality of time-frequency resources in a subframe.
The duration of the fourth plurality of time-frequency
resources is shorter than the duration of one subframe. For
example, the duration of the fourth plurality of time-fre-
quency resources may be the same as or shorter than the
duration of the second TTI.

[0083] By transmitting an SR for the second access in a
shorter time than that taken to transmit an SR for the first
access, the BS 3 is more likely to initiate transmitting of the
UL scheduling grant in response to the SR for the second
access at an earlier timing. This contributes to reducing
some kind of access latency.

[0084] Specific examples of allocation of uplink time-
frequency resources to transmit an SR will be described with
reference to FIGS. 6 and 7. FIG. 6 shows an example of
allocation of the third plurality of time-frequency resources
to transmit an SR for the first access. FIG. 6 shows two
consecutive UL subframes 610 and 620 in the time domain.
The UL subframe 610 is composed of slots 611 and 612 each
having duration equal to half the duration of the subframe
610. Similarly, the subframe 620 is composed of slots 621
and 622.

[0085] In the example shown in FIG. 6, like the arrange-
ment of the PUCCH regions in LTE and L'TE-Advanced,
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resources positioned near both ends of the UL system
bandwidth are used for control channels. More specifically,
an SR 660 is transmitted using time-frequency resources 631
and 632 in the subframe 610. The duration of the pair of
time-frequency resources 631 and 632 allocated to one UE
(UE 1 or UE 2) is equal to the duration of one subframe. The
pair of time-frequency resources 631 and 632 is referred to
as a control channel region (e.g., PUCCH region). A pair of
time-frequency resources 641 and 642 in the subframe 620
is also a control channel region and can be used to transmit
an SR.

[0086] FIG. 7 shows an example of allocation of the fourth
plurality of time-frequency resources to transmit an SR for
the second access. FIG. 7 shows two consecutive UL
subframes 710 and 720 in the time domain. The UL sub-
frame 710 is composed of slots 711 and 712 each having
duration equal to half the duration of the subframe 710.
Similarly, the subframe 720 is composed of slots 721 and
722.

[0087] Also in the example of FIG. 7, resources positioned
near both ends of the UL system bandwidth are used for
control channels like the arrangement in the PUCCH regions
in LTE and LTE-Advanced. More specifically, an SR 760 is
transmitted using time-frequency resources 731 and 732 in
one slot 711. The duration of the pair of time-frequency
resources 731 and 732 allocated to one non-legacy UE 2 is
equal to the duration of one slot. Thus, in the example of
FIG. 7, the transmission of an SR can be completed in a
shorter time than in the example of FIG. 6. The duration of
the time-frequency resource 731 may be the same as or differ
from that of the time-frequency resource 732. For example,
like the slots of LTE and LTE-Advanced, if the number of
resource elements in one slot is an odd number (e.g., seven
symbols), the segments (731 and 732) obtained by dividing
these resource elements by an even number may have
different durations from each other.

[0088] Further, as shown in the subframe 720 represented
in FIG. 7, an SR may be transmitted in a time shorter than
half the duration of one subframe. In this example, an SR
770 is transmitted using a time-frequency resource 741.
[0089] The time-frequency resources 731, 732, and 741
allocated to the non-legacy UE 2 for the second access may
be multiplexed using time division multiplexing (TDM) to
the time-frequency resources 631, 632, 641, and 642 allo-
cated to the legacy UE 1 for the first access on a subframe-
to-subframe basis. That is, in one subframe, particular
time-frequency resources may be allocated to the non-legacy
UE 2 for the second access, while in another subframe, these
particular time-frequency resources may be allocated to the
legacy UE 1 for the first access. Alternatively, the time-
frequency resources 731, 732, and 741 allocated to the
non-legacy UE 2 for the second access may be multiplexed
using frequency division multiplexing (FDM) to the time-
frequency resources 631, 632, 641, and 642 allocated to the
legacy UE 1 for the first access in one subframe.

[0090] Hereinafter, specific examples of allocation of
downlink time-frequency resources to transmit a UL sched-
uling grant (UL grant) will be described with reference to
FIGS. 8A and 8B. FIGS. 8A and 8B show examples of
allocation of a plurality of downlink time-frequency
resources to transmit a UL grant for the second access.
LTE-Advanced specifies two EPDCCH transmission
schemes, i.e., localized transmission (mapping) and distrib-
uted transmission (mapping). FIG. 8A relates to localized
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mapping and shows two temporally consecutive subframes
810 and 820. In the example of FIG. 8A, in order to enable
Downlink Control Information (DCI) containing a UL grant
and the like to be transmitted in a shorter time than in the
existing LTE-Advanced, TDM is performed on localized-
mapped EPDCCH in one subframe. That is, a time-fre-
quency resource 831 (841) having two-symbol duration in
an EPDCCH region is allocated to the non-legacy UE 2 and
used for transmission of a UL grant. The remaining
resources 832 (842) in the same EPDCCH region as the
resource 831 (841) may be allocated to the same non-legacy
UE 2 as the resource 831 (841) or may be allocated to
another non-legacy UE 2.

[0091] On the other hand, FIG. 8B relates to distributed
transmission (mapping). In the example of FIG. 8B, in order
to enable downlink control information (DCI) containing a
UL grant and the like to be transmitted in a shorter time than
in the existing LTE-Advanced, TDM is performed on dis-
tributed-mapped EPDCCH in one subframe. That is, a
time-frequency resource 851 (861) having two-symbol dura-
tion in an EPDCCH region is allocated to the non-legacy UE
2 and used for transmitting a UL grant. The remaining
resources 852 (862) in the same EPDCCH region as the
resource 851 (861) may be allocated to the same non-legacy
UE 2 as the resource 851 (861) or may be allocated to
another non-legacy UE 2.

[0092] Hereinafter, a specific example of a procedure for
starting the second access will be described. The non-legacy
UE 2 is configured to transmit UE assistance information
(e.g., UE assistance information for low latency access) to
the BS 3. The BS 3 is configured to receive the UE
assistance information from the non-legacy UE 2 capable of
performing the second access.

[0093] The UE assistance information may include infor-
mation, regarding when the non-legacy UE 2 transmits a UL
signal in accordance with the second TTI, including at least
one of: an expected latency time; an allowable latency time;
an expected data amount; an expected frequency of occur-
rence of communication according to the second TTI; and an
access category used by the non-legacy UE 2 when trans-
mitting a UL signal.

[0094] Additionally or alternatively, the UE assistance
information may include at least one of: capability informa-
tion indicating presence or absence of capability of perform-
ing the second access; an access purpose indicating whether
the second access is required; information indicating an
intended application or service; and a moving speed of the
non-legacy UE 2.

[0095] In some implementations, the BS 3 may take into
account the received UE assistance information when allo-
cating, to the non-legacy UE 2, UL time-frequency resources
(e.g., PUCCH resources) used for transmitting a scheduling
request (SR) for the second access. As a result of this, the BS
3 can appropriately allocate UL time-frequency resources
for transmitting a SR for the second access.

[0096] In some implementations, the BS 3 may take into
account the received UE assistance information when deter-
mining in advance the amount of time-frequency resources
allocated by one UL grant for the second access. As a result
of this, the BS 3 can appropriately allocate the UL time-
frequency resources by the UL grant.

[0097] In some implementations, the BS 3 may take into
account the UE assistance information received from the
non-legacy UE 2 when determining whether to perform the
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second access with the non-legacy UE 2. As a result of this,
for example, the BS 3 can control the non-legacy UE 2 to
perform the second access only in situations where the
second access is suitable. Accordingly, it is possible to
efficiently accommodate the non-legacy UE 2 performing
the second access and the legacy UE 1 not performing the
second access in the radio communication system.

[0098] In some implementations, in response to receiving
the UE assistance information, the BS 3 may transmit
configuration information (e.g., configuration for low
latency access) regarding the second access to the non-
legacy UE 2. The configuration information may include
assignment information of uplink radio resources (e.g.,
PUCCH resources) used for transmitting a scheduling
request (SR) for the second access.

[0099] In some implementations, the UE assistance infor-
mation may be transmitted from the non-legacy UE 2 to the
BS 3 in advance before the second access is performed. For
example, the non-legacy UE 2 may transmit the UE assis-
tance information to the BS 3 in response to establishment
of a radio connection (RRC connection) with the BS 3. As
a result of this, the BS 3 can previously determine the
configuration regarding the second access (e.g., grant for the
second access, resource allocation for an SR, amount of
time-frequency resources allocated by one UL grant).
[0100] In some implementations, the non-legacy UE 2
may transmit the UE assistance information in response to a
request from the BS 3. Alternatively, when the content (or
configuration) of the UE assistance information is updated
(or changed), the non-legacy UE 2 may transmit the updated
(or changed) UE assistance information to the BS 3.
[0101] Insome implementations, when the non-legacy UE
2 is handed over to a cell of another BS (target BS), the BS
3 (source BS) may send the UE assistance information of
this non-legacy UE 2 to the target BS. The UE assistance
information may be sent from the BS 3 (source BS) to the
target BS via a higher network node (e.g., Mobility Man-
agement Entity (MME)).

[0102] In the following, Specific examples of the above-
described UE assistance information and the configuration
information regarding the second access are described. The
UE assistance information transmitted from the non-legacy
UE 2 to the BS 3 may be, for example, any one or any
combination of the following information items (1) to (6).

(1) Information Regarding the Expected Latency

[0103] The information regarding the latency may indicate
a latency requirement (e.g., [1 ms, 2 ms, 5 ms . . . ]). The
information regarding the latency may indicate an allowed
latency time (allowed latency) (e.g., [S ms, 10 ms, 20 ms .
. . ], [normal, short, very short . . . ]). For example, the
shorter the latency time requested or allowed by the non-
legacy UE, the shorter the duration of dedicated SR radio
resources to be allocated to the non-legacy UE by the BS 3.
The BS 3 may more schedule the data transmission of the
non-legacy UE in such a way that the shorter the latency
time required or allowed by the non-legacy UE, the higher
priority the BS 3 puts on scheduling the data transmission of
the non-legacy UE.

(2) Information Regarding Access Category

[0104] The information regarding the access category may
indicate an access type (e.g., [type 1 {always low latency},
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type 2 {normal (legacy), and low latency}]) to indicate
which access type the UE 2 uses when transmitting or
receiving signals. In this case, the BS 3 may prioritize the
above type 1 over the above type 2 when allocating dedi-
cated SR resources and scheduling data transmission. Alter-
natively, the information regarding the access category may
indicate an access link (e.g., [WAN (LTE UL), Sidelink
(D2D ProSe)]). The BS 3 may transmit configuration infor-
mation regarding the second access for an access link (e.g.,
WAN or Sidelink (SL)) that the non-legacy UE 2 wishes.

(3) Information Regarding Access Purpose

[0105] The information regarding the access purpose may
indicate an application/service type which is a type of an
application or service that the non-legacy UE 2 intends (or
desires) (e.g., [emergency alert, operator use/service, user
application/service, . . . ]). The BS 3 may determine the
configuration information regarding the second access (e.g.,
dedicated SR radio resources) in consideration of the prior-
ity or urgency of the application or service that the non-
legacy UE 2 intends (or desires).

(4) Information Regarding Expected Data Amount

[0106] The information regarding the data amount may
indicate an expected data amount (e.g., [x1 byte, x2 byte, .

., variable]). The information regarding the data amount
may indicate an expected transport block (TB) size (ex-
pected TB size) (e.g., [yl byte, y2 byte, . . . , unfixed]). The
BS 3 may determine the configuration information regarding
the second access (e.g., radio parameter used in data trans-
mission) so as to satisfy the above expected data mount or
the expected transport block size.

(5) Information Regarding a Frequency of Occurrence of
Communication in Accordance with the Second TTI

[0107] This information may indicate an expected fre-
quency (e.g., [low, medium, high, very high, irregular]) of
occurrence of communication in accordance with the second
TTI (or requiring the second TTI) performed by the non-
legacy UE 2. This information may indicate an expected
interval (e.g., [5 ms, 10 ms, 20 ms, 50 ms, 100 ms, . . .,
unpredictable]) of communication performed by the non-
legacy UE 2. The BS 3 may determine the duration of
dedicated SR radio resources to be allocated to the non-
legacy UE in such a way that the higher the frequency of
occurrence (or the shorter the interval), the shorter the
duration of the dedicated SR radio resources becomes.

(6) Information Regarding a Moving Speed

[0108] This information may indicate an expected moving
speed of the non-legacy UE 2 (e.g., [xx km/h]). This
information may indicate an expected mobility level (e.g.,
[low, medium, high, very high, none (no mobility)]) of the
non-legacy UE 2. The BS 3 may determine the configuration
information regarding the second access in such a way that
the higher the mobility level (or the moving speed) of the
non-legacy UE 2, the higher the probability of succeeding
the data transmission becomes. For example, the BS 3 may
determine the duration of dedicated SR radio resources to be
allocated to the non-legacy UE in such a way that the higher
the mobility (or the moving speed) of the non-legacy UE 2,
the shorter the duration of the dedicated SR radio resources
becomes.
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[0109] On the other hand, the configuration information
regarding the second access transmitted from the BS 3 to the
non-legacy UE 2 may be any one or any combination of the
following information items (1) to (4).

(1) SR Dedicated Radio Resource Assignment Information
(D-SR Configuration for Low Latency Access)

[0110] The BS 3 may allocate dedicated SR radio
resources for the second access which are different from
dedicated SR radio resources for the first access (normal
access). As described above, the dedicated SR radio
resources for the second access may be set to a shorter length
(duration) than that for the first access.

(2) TTI Configuration Information (TTI Configuration for
Low Latency Access)

[0111] The TTI configuration information may indicate a
TTIlength (e.g., [0.25 ms, 0.5 ms, 0.75 ms, 1 ms]) which the
second access should be performed in accordance with. That
is, the value specified by the TTI configuration may corre-
spond to the duration of the plurality of time-frequency
resources used for data transmission via the second access.

(3) Radio Parameter Information for Data Transmission
(Pre-Configured Radio Parameters for Low Latency Access)

[0112] The radio parameter information may include
Modulation and Coding Scheme (MCS) index, Truncated
MCS index, or Truncated MCS set. The radio parameter may
include a set of resource blocks assigned for the second
access (set of assigned for low latency access) or assignment
information (resource block assignment) of radio resources
for data transmission via the second access. The radio
parameter(s) may be set separately for UL and DL or may be
common to UL and DL. Interpretation (recognition) of radio
parameter(s) contained in this information may be appro-
priately changed by the above TTI configuration.

(4) Layer 2 (L2) Parameter Information Regarding Data
Transmission (Pre-Configured L2 Parameters for Low
Latency Access)

[0113] The L2 parameter information may indicate hybrid
automatic repeat request (HARQ) on/off, ARQ on/off, or
U-plane security on/off. The L2 parameter(s) may be set
separately for UL and DL or may be common to UL and DL.
[0114] FIG. 9 is a sequence diagram showing an example
(process 900) of a communication procedure of the second
access according to this embodiment. In block 901, the
non-legacy UE 2 establishes a radio connection with the BS
3 (RRC Connection Establishment). In block 902, the non-
legacy UE 2 transmits the UE assistance information (UE
assistance information for low latency access) to the BS 3.
The UE assistance information may be transmitted by a
Signaling Radio Bearer (SRB), that is, in RRC signaling.
The UE assistance information may be transmitted using, for
example, an RRC Connection Setup Complete message
during a procedure for establishing the radio connection in
block 901.

[0115] In block 903, in response to the UE assistance
information, the BS 3 transmits the configuration informa-
tion regarding the second access (e.g., configuration for low
latency access) to the non-legacy UE 2. The configuration
information regarding the second access may be transmitted
using an RRC message (e.g., RRC Connection Reconfigu-
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ration message). The non-legacy UE 2 stores the received
configuration information regarding the second access and
configures itself according to the received configuration.
[0116] In block 904, the non-legacy UE 2 is triggered to
perform the second access (i.e., low latency access). For
example, the non-legacy UE 2 is triggered to perform the
second access by the presence of UL data requiring low
latency. In block 905, the non-legacy UE 2 performs the
second access (i.e., low latency access) with the BS 3.
Specifically, as shown in FIG. 9, the non-legacy UE 2
transmits an SR to the BS 3 (906), receives a UL grant from
the BS 3 (907), and transmits the UL data using the
time-frequency resources specified by the UL grant. As
described with reference to FIGS. 5 and 7, any one or all of
the SR transmission (906), the UL grant transmission (907),
and the UL data transmission (908) may be performed in
accordance with the second access.

[0117] When the configuration information regarding the
second access includes the radio parameter information for
data transmission, the amount of control information to be
transmitted by the UL grant is reduced, thereby shortening
the time taken for the UE 2 to process the UL grant.
Consequently, transmission of UL data can be started earlier
than before. For example, when the configuration informa-
tion regarding the second access includes (Truncated) MCS
index, the information regarding the MCS transmitted on the
existing (E)PDCCH may be deleted from the UL grant.
Similarly, when the configuration information regarding the
second access includes assignment information (resource
block assignment) of radio resources for data transmission
via the second access, the assignment information of the
radio resources transmitted on the existing (E)PDCCH may
be deleted. On the other hand, when the configuration
information regarding the second access includes Truncated
MCS set, the number of bits required for the information of
MCS transmitted on the existing (E)PDCCH may be
reduced. When the configuration information regarding the
second access includes a set of radio resources to be allo-
cated for the second access (e.g., set of resource blocks
assigned for low latency access), the number of bits required
for the assignment information of radio resources transmit-
ted on the existing (E)PDCCH may be reduced.

Second Embodiment

[0118] This embodiment provides a modified example of
the communication procedure of the second access
described in the first embodiment. A configuration example
of'a radio communication system according to this embodi-
ment is the same as that shown in FIG. 1. In this embodi-
ment, the BS 3 is configured to receive network (NW)
assistance information regarding the second access (e.g.,
Network (NW) assistance information for low latency
access) from a higher network node (e.g., MME, Home
Subscriber Server (HSS), Serving Gateway (S-GW), packet
data network gateway (P-GW), or application server). The
higher network node is configured to send the NW assistance
information to the BS 3.

[0119] In some implementations, the higher network node
may send the NW assistance information to the BS 3 in
response to a service request (bearer establishment request)
from the non-legacy UE 2.

Alternatively, the higher network node may send the NW
assistance information to the BS 3 when it sets an Initial
Terminal Context (Initial UE Context) to the BS 3. Addi-
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tionally or alternatively, when the content (or configuration)
of the NW assistance information is updated (or changed),
the higher network node may send the updated (or changed)
NW assistance information to the BS 3.

[0120] In some implementations, the higher network node
may send part or all of the UE assistance information
received from the non-legacy UE 2 to the BS 3 as the NW
assistance information. Alternatively, the NW assistance
information may be information held in the higher network
node or in the higher network, or may be information
generated by the higher network node.

[0121] In some implementations, the higher network node
may determine whether to allow the second access to the
non-legacy UE 2 (or whether the authorization for the
second access is given to the non-legacy UE 2), and send the
NW assistance information to the BS 3 if the second access
is allowed (or if authorization for the second access is
given).

[0122] The BS 3 uses the NW assistance information
instead of the UE assistance information described in the
first embodiment. That is, the BS 3 may take into account the
received NW assistance information when allocating, to the
non-legacy UE 2, UL time-frequency resources (e.g.,
PUCCH resources) used for transmitting a scheduling
request (SR) for the second access. Additionally or alterna-
tively, the BS 3 may take into account the received NW
assistance information when determining in advance the
amount of time-frequency resources allocated by one UL
grant for the second access. Additionally or alternatively,
when determining whether to perform the second access
with the non-legacy UE 2, the BS 3 may take into account
the NW assistance information regarding this non-legacy
UE 2.

[0123] In some implementations, in response to receiving
the NW assistance information, the BS 3 may transmit the
configuration information regarding the second access (e.g.,
configuration for low latency access) to the non-legacy UE
2. The configuration information may include assignment
configuration of uplink radio resources (e.g., PUCCH
resources) used to transmit a scheduling request (SR) for the
second access.

[0124] A specific example of the NW assistance informa-
tion according to this embodiment is the same as the UE
assistance information described in the first embodiment. A
specific example of the configuration information regarding
the second access according to this embodiment is the same
as the configuration information regarding the second access
described in the first embodiment.

[0125] FIG. 10 is a sequence diagram showing an example
(process 1000) of the communication procedure of the
second access according to this embodiment. In block 1001,
the non-legacy UE 2 establishes a radio connection with the
BS 3 (RRC Connection Establishment). In block 1002, the
BS 3 forwards to the MME 4 a Non-Access Stratum (NAS)
message (e.g., Attach Request, Service Request) received
from the UE 2. The NAS message is transmitted using an
RRC Connection Setup Complete message during the pro-
cedure for establishing a radio connection in block 1001.
The NAS message is transferred from the BS 3 to the MME
4 using an S1AP Initial UE Message. The NAS message
may include the UE assistance information described in the
first embodiment.

[0126] The MME 4 may execute an authentication proce-
dure for the UE 2 with the HSS 5 (1003). In the authenti-
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cation procedure, the MME 4 may obtain the NW assistance
information regarding the UE 2 from the HSS 5. In block
1004, the MME 4 sends the NW assistance information (NW
assistance information for low latency access) to the BS 3.
As shown in FIG. 10, the NW assistance information may be
sent using an S1AP Initial Context Setup Request message.
[0127] In block 1005, in response to the NW assistance
information, the BS 3 transmits the configuration informa-
tion (configuration for low latency access) regarding the
second access to the non-legacy UE 2. The configuration
information regarding the second access may be transmitted
using an RRC message (e.g., RRC Connection Reconfigu-
ration message). The non-legacy UE 2 stores the received
configuration information regarding the second access and
configures itself according to the received configuration. In
block 1006, the non-legacy UE 2 transmits a response (e.g.,
RRC Connection Reconfiguration Complete message) to the
RRC message of block 1005. In block 1007, the BS 3
transmits a response (e.g., Initial Context Setup Complete
message) to the SIAP message of block 1004.

[0128] The processing performed in blocks 1008 and 1009
is similar to the processing performed in blocks 904 and 905
shown in FIG. 9.

Third Embodiment

[0129] This embodiment provides a modified example of
the communication procedure of the second access
described in the first and second embodiments will be
described. A configuration example of a radio communica-
tion system according to this embodiment is the same as that
shown in FIG. 1. As already described above, the BS 3 may
take into account the UE assistance information or the NW
assistance information when it determines whether to per-
form the second access with the non-legacy UE 2. In this
embodiment, the BS 3 is configured to determine whether to
perform the second access with the non-legacy UE 2 based
on the UE assistance information or the NW assistance
information.

[0130] The condition for allowing the second access used
in the determination by the BS 3 may be, for example, any
one or any combination of the following conditions 1 to 3.

Condition 1: Data Transmission Requires the Second Access

[0131] The BS 3 may determine whether data transmission
requires the second access based on the UE assistance
information received from the non-legacy UE 2. Alterna-
tively, the BS 3 may determine whether data transmission
requires the second access based on the NW assistance
information received from the higher network node (e.g.,
MME or application server).

Condition 2: The Second Access has Been Previously
Allowed (or Authorization for the Second Access is Given)
to the Non-Legacy UE 2

[0132] The higher network node (e.g., MME or applica-
tion server) may notify the BS 3 whether the second access
has been previously allowed by using the NW assistance
information. The higher network node may recognize that
the second access has been previously allowed when it is
notified of the allowance (or authorization) of the second
access by another network node (e.g., HSS or application
server). Alternatively, to recognize that the second access
has been previously allowed, the higher network node may
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determine whether the intended application or service is
allowed (or authorized) to perform the second access in a
contract operator or a connected radio network (e.g., regis-
tered PLMN).

Condition 3: The Second Access Corresponds to a Type that
is Allowed in a Serving Cell to which the Non-Legacy UE
2 is Connected

[0133] The BS 3 may determine whether the type of the
second access requested (or desired) by the UE 2 corre-
sponds to a type allowed in the serving cell based on the UE
assistance information or the NW assistance information.

[0134] FIG. 11 is a sequence diagram showing an example
(process 1100) of the communication procedure of the
second access according to this embodiment. The processing
performed in blocks 1101 and 1102 is the same as the
processing performed in blocks 901 and 902 shown in FIG.
9. In block 1103, the BS 3 determines whether the non-
legacy UE 2 satisfies the condition for allowing the second
access based on the UE assistance information received
from the non-legacy UE 2. If the condition is satisfied, the
BS 3 transmits the configuration information regarding the
second access to the UE 2 (1104). The processing performed
in blocks 1104 to 1106 is the same as the processing
performed in blocks 903 to 905 shown in FIG. 9.

[0135] FIG. 12 is a sequence diagram showing an example
(process 1200) of the communication procedure of the
second access according to this embodiment. The processing
performed in blocks 1201 to 1204 is the same as the
processing performed in blocks 1001 to 1004 shown in FIG.
10. In block 1205, the BS 3 determines whether the non-
legacy UE 2 satisfies the condition for allowing the second
access based on the NW assistance information. When the
condition is satisfied, the BS 3 transmits the configuration
information regarding the second access to the UE 2 (1206).
The processing performed in blocks 1206 to 1208 is similar
to the processing performed in blocks 1005 to 1009 shown
in FIG. 10.

[0136] As understood from the above description, in this
embodiment, the BS 3 determines whether to allow the
second access. Thus, for example, the BS 3 can control the
non-legacy UE 2 to perform the second access only in
situations where the second access is suitable. Therefore, it
is possible to efficiently accommodate the non-legacy UE 2
performing the second access and the legacy UE 1 not
performing the second access in the radio communication
system.

[0137] The above embodiments provides the example in
which the second access (i.e., low latency access) is per-
formed by using a scheduling request (SR), a UL scheduling
grant (UL grant), and a UL data transmission. However, the
second access described in the above embodiment is not
limited to this example. For example, to achieve low latency
access, the second access may be performed in an imple-
mentation in which dedicated radio resources for UL data
transmission via the second access are assigned in advance
to the UE 2, and the UE 2 uses these radio resources as
necessary. Alternatively, the second access may be per-
formed in an implementation using contention-based access.
In the contention-based access, the UL data transmission via
the second access is performed using radio resources
assigned in advance commonly to a plurality of radio
terminals (UEs 2) in a cell. Further, the above-described
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embodiments and the above description may be applied not
only to UL data transmission but also to DL data transmis-
sion.

[0138] Further, in the above-described embodiments, it is
assumed that the first access and the second access are
performed in the same cell. However, the embodiments can
applied to cases where the first access and the second access
are performed in different cells. For example, the UE 2 and
the BS 3 may simultaneously use a first cell and a second cell
by using Carrier Aggregation (CA), and the first and second
access may be performed in the first and second cells,
respectively. In this case, the assistance information regard-
ing the second access and the configuration information
regarding the second access may be transmitted through the
first cell. The first and second cells may be configured as a
primary cell (PCell) a secondary cell (SCell) for the UE 2,
respectively. Furthermore, the first cell may be a cell using
a conventional carrier (a Legacy Carrier), and the second
cell may be a cell using a newly defined carrier (New Type
Carrier).

Fourth Embodiment

[0139] This embodiment provides a modified example of
the communication procedure of the second access
described in the above embodiments. A configuration
example of a radio communication system according to this
embodiment is the same as that shown in FIG. 1.

[0140] In LTE-Advanced (3GPP Release 12), a Device-
to-Device communication (or D2D communication, Direct
communication) function for direct communication between
UEs using an existing uplink frequency is defined. Further
defined is a function of Direct discovery (D2D Discovery,
Device discovery) in which a UE detects, as necessary, a UE
or UEs which will be correspondents of the direct commu-
nication. These functions are sometimes collectively
referred to as Proximity based Service (ProSe).

[0141] A direct interface between UEs for Direct commu-
nication and Direct discovery is referred to as a sidelink (SL)
or a PCS5 interface.

[0142] As mentioned above, the sidelink uses the uplink
frequency. Therefore, to perform ProSe, i.e., to perform the
sidelink communication (at least one of Direct discovery and
Direct communication), a UE needs to obtain information
regarding radio resources used in the sidelink that corre-
sponds to a part of the uplink radio resources in existing
LTE.

[0143] In some implementations, a UE obtains SL control
information in System information (e.g., SIB18 for Direct
communication, SIB19 for Direct discovery). The System
information includes information regarding common SL
radio resources (Resource pool) that are commonly allocated
to a plurality of UEs. A UE that has been allowed to perform
ProSe selects radio resources from the common SL radio
resources and performs the sidelink communication (i.e., at
least one of Direct discovery and Direct communication).
[0144] In some implementations, a UE obtains the SL
control information by dedicated signaling (e.g., RRC,
MAC). In the dedicated signaling, common SL radio
resources or dedicated SL. radio resources (Dedicated
resources) allocated in a dedicated manner (e.g., to each
group) are transmitted from the eNB to the UE. When the
UE receives the common SL radio resources by the dedi-
cated signaling, the UE overwrites the information of the
common SL radio resources transmitted by the System
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information. On the other hand, when the UE receives the
dedicated SL radio resources by the dedicated signaling, the
UE performs the sidelink communication using the dedi-
cated SL radio resources. The information indicating the
dedicated SL radio resources for Direct communication is
also referred to as a sidelink grant (SL grant).

[0145] The scheme using the common SL radio resources
is referred to as (UE) autonomous resource selection
scheme, and the scheme using the dedicated SL. radio
resources is referred to as Scheduled resource allocation (by
eNB) scheme.

[0146] The method and procedure for obtaining the SL
control information for Direct discovery may differ from or
be the same as the method and procedure for obtaining the
SL control information for Direct communication.

[0147] FIG. 13 is a diagram showing an example (process
1300) of a communication procedure according to this
embodiment. In block 1301, the non-legacy UE 2 receives
ProSe configuration from the BS 3 by SIB. In block 1302,
the non-legacy UE 2 transmits UE assistance information to
the BS 3. The UE assistance information indicates a request
for Direct communication on SL. In block 1303, the BS 3
transmits configuration information for the second access
(low latency access) on SL (e.g., configuration for low
latency access for SL) to the non-legacy UE 2.

[0148] In block 1304, the non-legacy UE 2 is triggered to
perform the sidelink communication requesting low latency.
In block 1305, the non-legacy UE 2 transmits an SR to the
BS 3. In block 1306, the non-legacy UE 2 receives a UL
grant from the BS 3. In block 1307, the non-legacy UE 2
transmits a ProSe BSR using the allocated UL resources
(PUSCH) to request resource allocation for Direct commu-
nication. In block 1308, the non-legacy UE 2 receives from
the BS 3 a scheduling grant indicating resource allocation
for the side-link communication (Direct communication). In
block 1309, the UE 2 performs Direct communication with
the UE 6 using the radio resources allocated from the BS 3.
[0149] At least a part of the transmission and reception in
blocks 1305 to 1308 may be performed via the second access
described in the above embodiments. For example, the UL
data transmission in block 1307 may be performed via the
second access in accordance with the second TTI. Further,
the SR in block 1305 may be transmitted in a format or at
a timing defined for the second access (i.e., low latency
access).

[0150] Lastly, configuration examples of the non-legacy
UE 2, the BS 3, and the higher network node (e.g., MME 4)
according to the above-described embodiments will be
described. FIG. 14 is block diagram showing a configuration
example of the non-legacy UE 2. A Radio Frequency (RF)
transceiver 1401 performs analog RF signal processing to
communicate with the BS 3. The RF transceiver 1401 may
also be used for the sidelink communication (i.e., Direct
discovery and Direct communication) with other UEs. The
RF transceiver 1401 may include a first transceiver used for
communication with the BS 3 and a second transceiver used
for sidelink communication with other UEs. The analog RF
signal processing performed by the RF transceiver 1401
includes frequency up-conversion, frequency down-conver-
sion, and amplification. The RF transceiver 1401 is coupled
to an antenna 1402 and a baseband processor 1403. That is,
the RF transceiver 1401 receives modulated symbol data (or
OFDM symbol data) from the baseband processor 1403,
generates a transmission RF signal, and supplies the trans-
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mission RF signal to the antenna 1402. Moreover, the RF
transceiver 1401 generates a baseband reception signal
based on a reception RF signal received by the antenna
1402, and supplies the baseband reception signal to the
baseband processor 1403.

[0151] The baseband processor 1403 performs digital
baseband signal processing (i.e., data plane processing) and
control plane processing for radio communication. The
digital baseband signal processing includes (a) data com-
pression/decompression, (b) data segmentation/concatena-
tion, (¢) composition/decomposition of a transmission for-
mat (i.e., transmission frame), (d) channel coding/decoding,
(e) modulation (i.e., symbol mapping)/demodulation, (f)
generation of OFDM symbol data (baseband OFDM signal)
by Inverse Fast Fourier Transform (IFFT). On the other
hand, the control plane processing includes communication
management of layer 1 (e.g., transmission power control),
layer 2 (e.g., radio resource management and hybrid auto-
matic repeat request (HARQ) processing), and layer 3 (e.g.,
signaling relating to attach, mobility, and call management).
[0152] For example, in the case of LTE and LTE-Ad-
vanced, the digital baseband signal processing performed by
the baseband processor 1403 may include signal processing
of the Packet Data Convergence Protocol (PDCP) layer, the
RLC layer, the MAC layer, and the PHY layer. Further, the
control plane processing performed by the baseband pro-
cessor 1403 may include processing of the NAS protocol
and the RRC protocol.

[0153] The baseband processor 1403 may include a
modem processor (e.g., Digital Signal Processor (DSP)) that
performs the digital baseband signal processing and a pro-
tocol stack processor (e.g., Central Processing Unit (CPU)
or Micro Processing Unit (MPU)) that performs the control
plane processing. In this case, the protocol stack processor,
which performs the control plane processing, may be inte-
grated with an application processor 1404 described in the
following.

[0154] The application processor 1404 is also referred to
as a CPU, an MPU, a microprocessor, Or a processor core.
The application processor 1404 may include a plurality of
processors (processor cores). The application processor
1404 loads a system software program (Operating System
(OS)) and various application programs (e.g., a call appli-
cation, a WEB browser, a mailer, a camera operation appli-
cation, a music player application) from a memory 1406 or
a memory (not shown) and executes these programs, thereby
providing various functions of the non-legacy UE 2.
[0155] In some implementations, as represented by a
dashed line (1405) in FIG. 14, the baseband processor 1403
and the application processor 1404 may be integrated on a
single chip. In other words, the baseband processor 1403 and
the application processor 1404 may be implemented in a
single System on Chip (SoC) device 1405. A SoC device
may also be referred to as a system Large Scale Integration
(LSI) or a chipset.

[0156] The memory 1406 is a volatile memory or a
non-volatile memory or a combination thereof. The memory
1406 may include a plurality of memory devices that are
physically independent from each other. The wvolatile
memory is, for example, a Static Random Access Memory
(SRAM), a Dynamic RAM (DRAM) or a combination
thereof. The non-volatile memory may be a Mask Read Only
Memory (MROM), an Electrically Erasable Programmable
ROM (EEPROM), a flash memory, a hard disk drive, or any



US 2020/0252830 Al

combination thereof. For example, the memory 1406 may
include an external memory device accessible from the
baseband processor 1403, the application processor 1404,
and the SoC 1405. The memory 1406 may include a built-in
memory device that is integrated within the baseband pro-
cessor 1403, the application processor 1404, or the SoC
1405. The memory 1406 may include a memory in a
Universal Integrated Circuit Card (UICC).

[0157] The memory 1406 may store a software module(s)
(computer program(s)) including instructions and data nec-
essary for performing the processing of the non-legacy UE
2 described in the above embodiments. In some implemen-
tations, the baseband processor 1403 or the application
processor 1404 may be configured to load this software
module(s) from the memory 1406 and execute it and thereby
perform the processing of the non-legacy UE 2 described in
the above embodiments.

[0158] FIG. 15 is a block diagram showing a configuration
example of the BS 3 according to the above embodiments.
Referring to FIG. 15, the BS 3 includes an RF transceiver
1501, a network interface 1503, a processor 1504, and a
memory 1505. The RF transceiver 1501 performs analog RF
signal processing to communicate with the legacy UE 1 and
the non-legacy UE 2. The RF transceiver 1501 may include
a plurality of transceivers. The RF transceiver 1501 is
coupled to an antenna 1502 and a processor 1504. The RF
transceiver 1501 receives modulated symbol data (or OFDM
symbol data) from the processor 1504, generates a trans-
mission RF signal, and supplies the transmission RF signal
to the antenna 1502. Further, the RF transceiver 1501
generates a baseband reception signal based on a reception
RF signal received by the antenna 1502, and supplies the
baseband reception signal to the processor 1504.

[0159] The network interface 1503 is used to communi-
cate with network nodes (e.g., MME and S/P-GW). The
network interface 1503 may include, for example, a network
interface card (NIC) conforming to the IEEE 802.3 series.
[0160] The processor 1504 performs digital baseband sig-
nal processing (i.e., data plane processing) and control plane
processing for radio communication. For example, in the
case of LTE and LTE-Advanced, the digital baseband signal
processing performed by the processor 1504 may include
signal processing of the PDCP layer, the RL.C layer, the
MAC layer, and the PHY layer. The control plane processing
performed by the processor 1504 may include processing of
the Si protocol and the RRC protocol.

[0161] The processor 1504 may include a plurality of
processors. For example, the processor 1504 may include a
modem processor (e.g., DSP) that performs the digital
baseband signal processing and a protocol stack processor
(e.g., CPU or MPU) that performs the control plane pro-
cessing.

[0162] The memory 1505 is composed of a combination of
a volatile memory and a non-volatile memory. The volatile
memory is, for example, an SRAM, a DRAM, or a combi-
nation thereof. The non-volatile memory is, for example, an
MROM, a PROM, a flash memory, a hard disk drive, or any
combination thereof. The memory 1505 may include a
storage that is disposed separately from the processor 1504.
In this case, the processor 1504 may access the memory
1505 via the network interface 1503 or an 1/O interface (not
shown).

[0163] The memory 1505 may store a software module(s)
(computer program(s)) including instructions and data nec-
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essary for performing the processing of the BS 3 described
in the above embodiments. In some implementations, the
processor 1504 may be configured to load this software
module(s) from the memory 1505 and execute it and thereby
perform the processing of the BS 3 described in the above
embodiments.

[0164] FIG. 16 is a block diagram showing a configuration
example of the MME 4 according to the above embodi-
ments. Referring to FIG. 16, the MME 4 includes a network
interface 1601, a processor 1602, and a memory 1603. The
network interface 1601 is used to communicate with net-
work nodes (e.g., BS 3, HSS 5, and S/P-GW). The network
interface 1601 may include, for example, a network inter-
face card (NIC) conforming to the IEEE 802.3 series.
[0165] The processor 1602 performs the processing of the
MME 4 described in the above embodiments by reading and
executing software from the memory 1603. The processor
1602 may be, for example, a microprocessor, an MPU, or a
CPU. The processor 1602 may include a plurality of pro-
Cessors.

[0166] The memory 1603 is composed of a combination of
a volatile memory and a non-volatile memory. The memory
1603 may include a storage disposed separately from the
processor 1602. In this case, the processor 1602 may access
the memory 1603 via or an [/O interface (not shown).
[0167] As described with reference to FIGS. 14 to 16, each
of the processors included in the non-legacy UE 2, the BS
3, and the higher network node (e.g., MME 4) according to
the above-described embodiments executes one or more
programs including instructions for causing a computer to
execute the algorithm described with reference to the draw-
ings. This program(s) can be stored and provided to a
computer using any type of non-transitory computer read-
able media. Non-transitory computer readable media include
any type of tangible storage media. Examples of non-
transitory computer readable media include magnetic stor-
age media (such as floppy disks, magnetic tapes, hard disk
drives, etc.), optical magnetic storage media (e.g. magneto-
optical disks), Compact Disc Read Only Memory (CD-
ROM), CD-R, CD-R/W, semiconductor memories (such as
Mask ROM, Programmable ROM (PROM), Erasable
PROM (EPROM), flash ROM, Random Access Memory
(RAM)). This program(s) may be provided to a computer
using any type of transitory computer readable media.
Examples of transitory computer readable media include
electric signals, optical signals, and electromagnetic waves.
Transitory computer readable media can provide the pro-
gram(s) to a computer via a wired communication line (e.g.
electric wires, and optical fibers) or a wireless communica-
tion line.

Other Embodiments

[0168] The above embodiments may be implemented indi-
vidually or in any combination.

[0169] Further, the above-described embodiments are
merely examples of applications of the technical ideas
obtained by the inventor. These technical ideas are not
limited to the above-described embodiments, and various
modifications may be made as a matter of course.

REFERENCE SIGNS LIST

1 LEGACY UE
2 NON-LEGACY UE

[0170]
[0171]
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[0172] 3 RADIO BASE STATION
[0173] 31 CELL

[0174] 1401 RF TRANSCEIVER

[0175] 1403 BASEBAND PROCESSOR
[0176] 1501 RF TRANSCEIVER

[0177] 1504 PROCESSOR

1. A radio station comprising:

at least one transmitter; and

at least one processor, wherein

the at least one processor is configured to perform, with

at least one radio terminal, radio communication in
accordance with a time unit shorter than a duration of
one subframe,

the at least one transmitter is configured to transmit, to the

at least one radio terminal, configuration information
including layer-2 parameter for the radio communica-
tion, and

the configuration information includes information

regarding on/off of hybrid automatic repeat request
(HARQ) function on the at least one radio terminal.

2. The radio station according claim 1, wherein the
information regarding on/off of hybrid automatic repeat
request (HARQ) function indicates on/off of HARQ for
uplink transmission.

3. The radio station according claim 1, wherein the
information regarding on/off of hybrid automatic repeat
request (HARQ) function indicates on/off of HARQ for
downlink transmission.

4. A radio terminal comprising:

at least one transceiver configured to communicate with a

radio station; and

at least one processor, wherein

the at least one processor is configured to perform radio

communication in accordance with a time unit shorter
than a duration of one subframe,
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the at least one transceiver is configured to receive, from
the radio station, configuration information including
layer-2 parameter for the radio communication, and

the configuration information includes information
regarding on/off of hybrid automatic repeat request
(HARQ) function on the radio terminal.
5. The radio terminal according claim 4, wherein the
information regarding on/off of hybrid automatic repeat
request (HARQ) function indicates on/off of HARQ for
uplink transmission.
6. The radio station according claim 4, wherein the
information regarding on/off of hybrid automatic repeat
request (HARQ) function indicates on/off of HARQ for
downlink transmission.
7. A method for radio station comprising:
performing, with at least one radio terminal, radio com-
munication in accordance with a time unit shorter than
a duration of one subframe; and

transmitting, to the at least one radio terminal, configu-
ration information including layer-2 parameter for the
radio communication, wherein

the configuration information includes information

regarding on/off of hybrid automatic repeat request
(HARQ) function on the at least one radio terminal.
8. A method for radio terminal comprising:
performing radio communication in accordance with a
time unit shorter than a duration of one subframe; and
receiving, from the radio station, configuration informa-
tion including layer-2 parameter for the radio commu-
nication, wherein
the configuration information includes information
regarding on/off of hybrid automatic repeat request
(HARQ) function on the radio terminal.
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