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(54) RADIO STATION SYSTEM, RADIO TERMINAL, AND METHODS THEREIN

(57) A radio station (2) transmits configuration infor-
mation (501) to a radio terminal (1). The configuration
information (501) indicates, on a cell-by-cell basis, at
least one specific cell on which the radio terminal (1) is
allowed to perform at least one of data transmission and
data reception on a radio bearer used for uplink trans-
mission or downlink transmission or both via a common
Packet Data Convergence Protocol (PDCP) layer (402).
As a result, in a radio architecture that provides tight in-
terworking of two different Radio Access Technologies
(RATs), it is for example possible to allow an eNB to
indicate, to a radio terminal (UE), a specific cell on which
the UE should perform uplink transmission.
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Description

Technical Field

[0001] The present disclosure relates to communica-
tion between a radio station and a radio terminal using a
plurality of Radio Access Technologies (RATs).

Background Art

[0002] The 3rd Generation Partnership Project (3GPP)
is starting to work on the standardization for 5G, i.e.,
3GPP Release 14, in 2016 to make 5G a commercial
reality in 2020. 5G is expected to be realized by contin-
uous enhancement/evolution of LTE and LTE-Advanced
and an innovative development by an introduction of a
new 5G air-interface (i.e., a new Radio Access Technol-
ogy (RAT)). The new RAT (i.e., New 5G RAT) supports,
for example, frequency bands higher than the frequency
bands (e.g., 6 GHz or lower) supported by the LTE/LTE-
Advanced and its enhancement/evolution. For example,
the new RAT supports centimeter-wave bands (10 GHz
or higher) and millimeter-wave bands (30 GHz or higher).
[0003] Higher frequency can provide higher-rate com-
munication. However, because of its frequency proper-
ties, coverage of the higher frequency is more local.
Therefore, high frequencies are used to boost capacity
and data rates in specific areas, while wide-area cover-
age is provided by lower current frequencies. That is, in
order to ensure the stability of New 5G RAT communi-
cation in high frequency bands, tight integration or inter-
working between low and high frequencies (i.e., tight in-
tegration or interworking between LTE/LTE-Advanced
and New 5G RAT) is required. A 5G supporting radio
terminal (i.e., 5G User Equipment (UE)) is connected to
both of a low frequency band cell and a high frequency
band cell (i.e., a LTE/LTE-Advanced cell and a new 5G
cell) by using Carrier Aggregation (CA) or Dual Connec-
tivity (DC), or a modified technique thereof.
[0004] Non-Patent Literature 1 discloses user-plane
and control-plane architectures to use both the LTE air
interface (i.e., LTE RAT) and the new 5G air interface
(i.e., New 5G RAT). In some implementations, a common
Radio Resource Control (RRC) layer and a common
Packet Data Convergence Protocol (PDCP) layer (or
sublayer) are used. The common PDCP layer is connect-
ed to LTE lower layers and New 5G lower layers, and
provides an upper layer with a transfer service of user
plane data and control plane data through the LTE lower
layers and the New 5G lower layers. The LTE lower layers
include a Radio Link Control (RLC) layer, a Medium Ac-
cess Control (MAC) layer, and a physical layer for the
LTE-RAT. In a similar way, the New 5G lower layers in-
clude an RLC layer, a MAC layer, and a physical layer
for the New 5G RAT.
[0005] The term "LTE" used in this specification in-
cludes enhancements of LTE and LTE-Advanced for 5G
to provide tight interworking with the New 5G RAT, unless

otherwise indicated. Such enhancements of LTE and
LTE-Advanced are also referred to as LTE-Advanced
Pro, LTE +, or enhanced LTE (eLTE). Further, the term
"5G" or "New 5G" in this specification is used, for the
sake of convenience, to indicate an air-interface (RAT)
that is newly introduced for the fifth generation (5G) mo-
bile communication systems, and nodes, cells, protocol
layers, etc. related to this air-interface. The names of the
newly introduced air interface (RAT), and nodes, cells,
and protocol layers related thereto will be determined in
the future as the standardization work progresses. For
example, the LTE RAT may be referred to as Primary
RAT (P-RAT or pRAT) or Master RAT. Meanwhile, the
New 5G RAT may be referred to as Secondary RAT (S-
RAT or sRAT).

Citation List

Non Patent Literature

[0006] [Non-Patent Literature 1] Da Silva, I.; Mildh, G.;
Rune, J.; Wallentin, P.; Vikberg, J.; Schliwa-Bertling, P.;
Rui Fan, "Tight Integration of New 5G Air Interface and
LTE to Fulfill 5G Requirements," in Vehicular Technology
Conference (VTC Spring), 2015 IEEE 81st, pp.1-5, 11-14
May 2015

Summary of Invention

Technical Problem

[0007] The inventors have studied the 5G radio archi-
tecture that provides tight interworking of the LTE RAT
and the New 5G RAT and found some problems. For
example, there is a problem in the architecture using the
common PDCP layer disclosed in Non-Patent Literature
1 that it is difficult for the eNB to indicate, to the UE, a
specific cell on which the UE should perform uplink (UL)
transmission.
[0008] In the existing Dual Connectivity, a Master eNB
(MeNB) configures a UE with a link on which UL PDCP
Protocol Data Units (PDUs) is to be transmitted. Howev-
er, the MeNB in DC can only configure the UE with a cell
group on which UL PDCP PDUs is to be transmitted. That
is, the MeNB in DC can only indicate, to the UE, which
one of the Master Cell Group (MCG) and the Secondary
Cell Group (SCG) the UE should transmit UL PDCP
PDUs on. The MCG is composed of one or more cells
provided by the MeNB. The SCG is composed of one or
more cells provided by the Secondary (SeNB). In other
words, the MeNB in DC cannot indicate, to the UE, which
specific cell in the MCG or the SCG the UE should trans-
mit UL PDCP PDUs on.
[0009] Accordingly, one of the objects to be attained
by embodiments disclosed herein is to provide an appa-
ratus, a method, and a program that allow an eNB to
indicate, to a radio terminal (UE), a specific cell on which
the UE should perform uplink transmission in a radio ar-
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chitecture that provides tight interworking of two different
RATs. It should be noted that this object is merely one
of the objects to be attained by the embodiments dis-
closed herein. Other objects or problems and novel fea-
tures will be made apparent from the following description
and the accompanying drawings.

Solution to Problem

[0010] In a first aspect, a radio station system includes
one or more radio stations. The one or more radio stations
are configured to provide a first radio protocol stack to
communicate with a radio terminal on one or more first
cells in accordance with a first radio access technology,
a second radio protocol stack to communicate with the
radio terminal on one or more second cells in accordance
with a second radio access technology, and a common
Packet Data Convergence Protocol (PDCP) layer asso-
ciated with both the first and second radio protocol stacks.
The one or more radio stations are configured to select
from the one or more first cells and the one or more sec-
ond cells, on a cell-by-cell basis, at least one specific cell
on which the radio terminal is allowed to perform at least
one of data transmission and data reception on a radio
bearer used for uplink transmission or downlink trans-
mission or both via the common PDCP layer. Further-
more, the at least one processor is configured to transmit
configuration information indicating the at least one spe-
cific cell to the radio terminal.
[0011] In a second aspect, a method in a radio station
system, including one or more radio stations, includes:

(a) providing a first radio protocol stack to commu-
nicate with a radio terminal on one or more first cells
in accordance with a first radio access technology,
a second radio protocol stack to communicate with
the radio terminal on one or more second cells in
accordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks;
(b) selecting from the one or more first cells and the
one or more second cells, on a cell-by-cell basis, at
least one specific cell on which the radio terminal is
allowed to perform at least one of data transmission
and data reception on a radio bearer used for uplink
transmission or downlink transmission or both via
the common PDCP layer; and
(c) transmitting configuration information indicating
the at least one specific cell to the radio terminal.

[0012] In a third aspect, a radio terminal includes a
memory and at least one processor coupled to the mem-
ory. The at least one processor is configured to provide
a first radio protocol stack to communicate with a radio
station on one or more first cells in accordance with a
first radio access technology, a second radio protocol
stack to communicate with the radio station on one or

more second cells in accordance with a second radio
access technology, and a common Packet Data Conver-
gence Protocol (PDCP) layer associated with both the
first and second radio protocol stacks. Further, the at
least one processor is configured to receive, from the
radio station, configuration information indicating, on a
cell-by-cell basis, at least one specific cell on which the
radio terminal is allowed to perform at least one of data
transmission and data reception on a radio bearer used
for uplink transmission or downlink transmission or both
via the common PDCP layer. Furthermore, the at least
one processor is configured to perform at least one of
the data transmission and the data reception on the radio
bearer via the at least one specific cell in accordance
with the configuration information.
[0013] In a fourth aspect, a method in a radio terminal
includes:

(a) providing a first radio protocol stack to commu-
nicate with a radio station on one or more first cells
in accordance with a first radio access technology,
a second radio protocol stack to communicate with
the radio station on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks;
(b) receiving, from the radio station, configuration
information that indicates, on a cell-by-cell basis, at
least one specific cell on which the radio terminal is
allowed to perform at least one of data transmission
and data reception on a radio bearer used for uplink
transmission or downlink transmission or both via
the common PDCP layer; and
(c) performing at least one of the data transmission
and the data reception on the radio bearer via the at
least one specific cell in accordance with the config-
uration information.

[0014] In a fifth aspect, a program includes instructions
(software codes) that, when loaded into a computer,
cause the computer to perform the method according to
the above-described second or fourth aspect.

Advantageous Effects of Invention

[0015] According to the above-described aspects, it is
possible to provide an apparatus, a method, and a pro-
gram that allow an eNB to indicate, to radio terminal (UE),
a specific cell on which the UE should perform uplink
transmission in a radio architecture that provides tight
interworking of two different RATs.

Brief Description of Drawings

[0016]

Fig. 1 is a diagram showing a configuration example
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of a radio communication network according to sev-
eral embodiments;
Fig. 2 is a diagram showing a configuration example
of the radio communication network according to the
several embodiments;
Fig. 3 is a diagram showing another configuration
example of the radio communication network ac-
cording to the several embodiments;
Fig. 4 is a diagram showing an example of a radio
protocol stack according to the several embodi-
ments;
Fig. 5 is a diagram showing an example of the radio
protocol stack according to the several embodi-
ments;
Fig. 6 is a diagram showing an example of a layer-
2 structure for uplink according to the several em-
bodiments;
Fig. 7 is a sequence diagram showing one example
of operations of a radio terminal and a base station
according to a first embodiment;
Fig. 8 is a sequence diagram showing one example
of operations of the radio terminal and the base sta-
tion according to the first embodiment;
Fig. 9 is a diagram showing one example of informa-
tion elements used by a base station to indicate to
a radio terminal a specific cell used for uplink trans-
mission;
Fig. 10 is a diagram showing one example of infor-
mation elements used by a base station to indicate
to a radio terminal a specific cell used for uplink trans-
mission;
Fig. 11 is a table showing an example of a key used
for generation of a temporary key for ciphering/de-
ciphering of each radio bearer according to a second
embodiment;
Fig. 12 is a table showing an example of a key used
for generation of a temporary key for ciphering/de-
ciphering of each radio bearer according to the sec-
ond embodiment;
Fig. 13 is a flowchart showing one example of oper-
ations of a radio terminal according to a third em-
bodiment;
Fig. 14 is a block diagram showing a configuration
example of a radio terminal according to the several
embodiments; and
Fig. 15 is a block diagram showing a configuration
example of a base station according to the several
embodiments.

Description of Embodiments

[0017] Specific embodiments are described hereinaf-
ter in detail with reference to the drawings. The same or
corresponding elements are denoted by the same refer-
ence symbols throughout the drawings, and repetitive
descriptions are avoided for clarity.
[0018] Each of embodiments described below may be
used individually, or two or more of the embodiments

may be appropriately combined with one another. These
embodiments include novel features different from one
another. Accordingly, these embodiments contribute to
achieving objects or solving problems different from one
another and contribute to obtaining advantages different
from one another.
[0019] The following descriptions on the embodiments
mainly focus on specific examples with regard to the 5G
radio architecture that provides tight interworking of the
LTE RAT and the New 5G RAT. However, these embod-
iments are not limited to being applied to the 5G radio
architecture and may also be applied to other radio ar-
chitectures that provide tight interworking of two different
RATs.

First Embodiment

[0020] Fig. 1 shows a configuration example of a radio
communication network according to several embodi-
ments including this embodiment. In the example shown
in Fig. 1, the radio communication network includes a
radio terminal (UE) 1 and an integrated base station (i.e.,
integrated eNB) 2. The UE 1 is a 5G UE and connects
to both one or more LTE cells (e.g., cells 21 and 22) and
one or more New 5G cells (e.g., cells 23 and 24) using
CA, DC, or an enhancement thereof. In the following de-
scription, one or more LTE cells are referred to as an
LTE cell group (CG) and one or more New 5G cells used
by the 5G UE 1 are referred to as a New 5G CG. Each
of the cells in the LTE CG and New 5G CG has been
configured for the 5G UE 1 by the integrated eNB 2 and
has been activated by the integrated eNB 2. In some
implementations, frequency bands (e.g., F1 and F2) of
the LTE CG (e.g., the cells 21 and 22) are lower frequency
bands (e.g., lower than 6 GHz) and frequency bands
(e.g., F3 and F4) of the New 5G CG (e.g., the cells 23
and 24) are higher frequency bands (e.g., higher than 6
GHz).
[0021] The integrated eNB 2 supports 5G and provides
a plurality of cells that use a plurality of component car-
riers (CCs) having different frequencies and using differ-
ent RATs. In the example shown in Fig. 1, the integrated
eNB 2 provides LTE cells 21 and 22 and New 5G cells
23 and 24. The integrated eNB 2 communicates with the
5G UE 1 via both the LTE CG (e.g., the cells 21 and 22)
and the New 5G CG (e.g., the cells 23 and 24) using CA,
DC, or an enhancement thereof. Further, the integrated
eNB 2 is connected to a core network, that is, an inte-
grated Evolved Packet Core (i.e., integrated EPC) 41.
The integrated EPC 41 provides LTE core network func-
tions and 5G new core network functions. In some im-
plementations, the integrated eNB 2 may be connected
to a 5G specific core network (i.e., 5G specific EPC 42).
[0022] As shown in Fig. 2, a remote radio unit 3 may
be used to provide at least one of the cells of the inte-
grated eNB 2 (e.g., New 5G cells 23 and 24). In the con-
figuration shown in Fig. 2, the integrated eNB 2 performs
digital signal processing regarding uplink and downlink
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signals, and meanwhile the radio unit 3 performs analog
signal processing of the physical layer. For example, the
integrated eNB 2 and the radio unit 3 are connected to
each other by an optical fiber, and a digital baseband
signal is transferred through this optical fiber in accord-
ance with the Common Public Radio Interface (CPRI)
standard. The configuration shown in Fig. 2 is referred
to as a Cloud Radio Access Network (C-RAN). The radio
unit 3 is referred to as a Remote Radio Head (RRH) or
a Remote Radio Equipment (RRE). The integrated eNB
2 that performs baseband digital signal processing is re-
ferred to as a Baseband Unit (BBU). Further, information
about any one of the layers 1, 2, and 3 (or a signal con-
taining this information) may be transferred using a
fronthaul (interface) that is to be standardized by, for ex-
ample, 3GPP or Small Cell Forum. For example, a form
in which the fronthaul connects between the L1 and the
L2 or between Sub-layers in the L2 is also referred to as
L2 C-RAN. In this case, the integrated eNB 2 and the
RRH 3 shown in Fig. 2 are also referred to as a Digital
Unit (DU) and a Radio Unit (RU), respectively.
[0023] In the configuration examples shown in Figs. 1
and 2, the LTE radio protocol and the New 5G radio pro-
tocol are implemented in one node (i.e., the integrated
eNB 2). Accordingly, the configuration examples shown
in Figs. 1 and 2 are referred to as co-located deployments
or co-located RAN. In the case of the L2 C-RAN config-
uration, a part of the New 5G radio protocol may be de-
ployed in the RU. However, in another configuration ex-
ample, non co-located deployments or non co-located
RAN may be employed. In the Non co-located deploy-
ments, the LTE radio protocol and the New 5G radio pro-
tocol are provided by two nodes (eNBs) different from
each other. These two nodes are installed, for example,
at two different sites geographically spaced apart from
each other.
[0024] Fig. 3 shows an example of the non co-located
deployments of the radio communication network ac-
cording to several embodiments including this embodi-
ment. In the example shown in Fig. 3, the radio commu-
nication network includes a 5G UE 1, an LTE+ eNB 5,
and a 5G specific eNB 6. The LTE+ eNB 5 provides an
LTE CG (e.g., the cells 21 and 22) and the 5G specific
eNB 6 provides a New 5G CG (e.g., the cells 23 and 24).
The LTE+ eNB 5 is connected to the 5G specific eNB 6
by a communication line, such as an optical fiber link or
a point-to-point radio link, and communicates with the 5G
specific eNB 6 on an inter-base-station interface 301
(e.g., enhanced X2 interface). The LTE+ eNB 5 and the
5G specific eNB 6 interwork with each other to enable
the 5G UE 1 to connect to both the LTE CG and the 5G
CG using CA, DC, or an enhancement thereof.
[0025] Fig. 4 shows one example of the radio protocol
stack supported by the 5G UE 1 and the integrated eNB
2. A radio protocol stack 400 shown in Fig. 4 includes a
unified (or integrated) RRC layer 401 and a unified (or
integrated) PDCP layer (or sublayer) 402. The integrated
RRC layer 401 and the integrated PDCP layer 402 may

also be referred to as a common RRC layer and a com-
mon PDCP layer, respectively. The radio protocol stack
400 further includes LTE lower layers and New 5G lower
layers. The LTE lower layers include an LTE RLC layer
403, an LTE MAC layer 404, and an LTE PHY layer 405.
The New 5G lower layers include a New RLC layer 406,
a New MAC layer 407, and a New PHY layer 408. In the
case of using the integrated eNB 2, some of the functions
of the LTE PHY layer 405 (e.g., analog signal processing)
may be provided by an RRH for LTE. In a similar way,
some of the functions of the New PHY layer 408 (e.g.,
analog signal processing) may be provided by an RRH
for New 5G. Further, in the case of using the above-de-
scribed L2 C-RAN configuration, some of the functions
of the New PHY layer, the New MAC layer, or the New
RLC layer (and the functions of layers lower than it) may
be provided by an RU for New 5G.
[0026] The integrated RRC layer 401 provides control-
plane functions in the LTE RAT and the New 5G RAT.
The main services and functions provided by the inte-
grated RRC layer 401 include the following:

- Transmission of system information for non-access
stratum (NAS) and access stratum (AS);

- Paging;
- Establishment, maintenance, and release of RRC

connections;
- Security functions including key management;
- Configuration, maintenance, and release of radio

bearers;
- Configuration of lower layer protocols (i.e., PDCP,

RLC, MAC, and PHY);
- QoS management;
- UE measurement report and configuration thereof;

and
- Transfer of NAS messages between a UE and a core

network.

[0027] The integrated RRC layer 401 communicates
with the integrated PDCP layer 402 to perform manage-
ment of radio bearers, control of ciphering/deciphering
of data of the user plane (i.e., data radio bearers), control
of ciphering/deciphering of data (i.e., RRC PDUs) of the
control plane (i.e., signalling radio bearers), and control
of integrity protection of data (i.e., RRC PDUs) of the
control plane (i.e., signalling radio bearers). Further, the
integrated RRC layer 401 controls the LTE RLC layer
403, the LTE MAC layer 404, and the LTE PHY layer
405, and also controls the New RLC layer 406, the New
MAC layer 407, and the New PHY layer 408.
[0028] The integrated PDCP layer 402 provides an up-
per layer with transfer services of data of data radio bear-
ers and signalling radio bearers. The integrated PDCP
layer 402 receives services from the LTE RLC layer 403
and the New RLC layer 406. That is, the integrated PDCP
layer 402 is provided with a transfer service of PDCP
PDUs through the LTE RAT by the LTE RLC layer 403
and is provided with a transfer service of PDCP PDUs

7 8 
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through the New 5G RAT by the New RLC layer 406.
[0029] It should be noted that the radio protocol stack
400, which uses the integrated PDCP layer 402, shown
in Fig. 4 can be applied not only to the co-located deploy-
ments (e.g., Figs. 1 and 2) but also to the non co-located
deployments (e.g., Fig. 3). That is, as shown in Fig. 5, in
the non co-located deployments, the LTE+ eNB 5 is ar-
ranged in a site 501 and provides the integrated RRC
layer 401, the integrated PDCP layer 402, the LTE RLC
layer 403, the LTE MAC layer 404, and the LTE PHY
layer 405. In contrast, the 5G specific eNB 6 is arranged
in another site 502 and provides the New RLC layer 406,
the New MAC layer 407, and the New PHY layer 408.
[0030] In some implementations, the 5G specific eNB
6 used in the non co-located deployments may include
a New RRC layer 511 and a New PDCP layer 512. Fur-
ther, the 5G specific eNB 6 may include a control interface
or connection (e.g., an S1-MME interface or an S1-U
interface) with a core network (e.g., the integrated EPC
41 or the 5G specific EPC 42) for the 5G UE 1. In some
implementations, the New RRC layer 511 may configure
the lower layers 406-408 of the New 5G CG (e.g., New
5G cells 23 and 24) and transmit system information (i.e.,
Master Information Block (MIB), or System Information
Blocks (SIBs), or both) via the New 5G CG. The New
RRC layer 511 may configure a signalling radio bearer
with the 5G UE 1, also configure the lower layers 406-408
of the New 5G CG (e.g., the New 5G cells 23 and 24)
and the New PDCP layer 512, and then transmit or re-
ceive RRC messages to or from the 5G UE 1 through
the New 5G CG. The New RRC layer 511 may transfer
NAS messages between the core network (e.g., the in-
tegrated EPC 41 or the 5G specific EPC 42) and the 5G
UE 1. The New PDCP layer 512 provides the New RRC
layer 511 with a transfer service of RRC messages via
the New 5G lower layers 406-408.
[0031] The New RRC layer 511 may depend on the
integrated RRC layer 401 (i.e., have a dependency rela-
tionship) or may perform control similar to that performed
by the integrated RRC layer 401 (i.e., have a similar func-
tion). In the former case (i.e., dependency relationship),
the 5G specific eNB 6 (or the New RRC layer 511 thereof)
may generate RRC configuration information with re-
spect to a New 5G cell(s) (i.e., New 5G CG) in response
to an instruction or a request from the LTE+ eNB 5 (or
the integrated RRC layer 401 thereof). The 5G specific
eNB 6 (or the New RRC layer 511 thereof) may transmit
this RRC configuration information to the LTE+ eNB 5
(or the integrated RRC layer 401 thereof) and the LTE+
eNB 5 may transmit an RRC message containing this
RRC configuration information (e.g., an RRC Connection
Reconfiguration message) to the 5G UE 1 on an LTE cell
(i.e., LTE CG). Alternatively, the 5G specific eNB 6 (or
the New RRC layer 511 thereof) may transmit an RRC
message containing this RRC configuration information
to the 5G UE 1 on a New 5G cell.
[0032] The 5G UE 1 may support the protocol stack
shown in Fig. 4 or support another protocol stack to com-

municate with the radio network shown in Fig. 5. For ex-
ample, the 5G UE 1 may have an RRC layer (i.e., a master
RRC layer or a primary RRC layer) corresponding to the
integrated RRC layer 401 of the LTE+ eNB 5 and an
auxiliary RRC layer (i.e., a sub RRC layer or a secondary
RRC layer) corresponding to the New RRC layer 511 of
the 5G specific eNB 6. For example, the sub RRC layer
may perform one or both of transmission and reception
(or one or both of generation and restoration) of a part
of the RRC configuration information controlled by the
master RRC layer. The 5G UE 1 may receive both the
RRC configuration information regarding a LTE cell(s)
(i.e., LTE CG) and the RRC configuration information re-
garding a New 5G cell(s) (i.e., New 5G CG) through an
LTE cell or through a New 5G cell. Alternatively, the 5G
UE 1 may receive the RRC configuration information re-
garding a LTE cell(s) (i.e., LTE CG) through an LTE cell
and meanwhile receive the RRC configuration informa-
tion regarding a New 5G cell(s) (i.e., New 5G CG) through
a New 5G cell.
[0033] The radio protocol stack shown in Fig. 4 is mere-
ly one example and, alternatively, the 5G UE 1 and the
integrated eNB 2 may support another protocol stack.
For example, in Fig. 4, the integrated PDCP layer 402
integrates (or allows interworking of) the LTE lower layers
and the New 5G lower layers. Alternatively, an integrated
MAC layer may be used to integrate (or allow interworking
of) the LTE PHY layer 405 and the New PHY layer 408.
[0034] Fig. 6 shows one example of the layer-2 struc-
ture for uplink according to the several embodiments. An
integrated PDCP layer 602, an LTE RLC layer 603, an
LTE MAC layer 604, a New RLC layer 606, and a New
MAC layer 607 shown in Fig. 6 respectively correspond
to the integrated PDCP layer 402, the LTE RLC layer
403, the LTE MAC layer 404, the New RLC layer 406,
and the New MAC layer 407 shown in Figs. 4 and 5.
[0035] The integrated PDCP layer 602 includes one or
more PDCP entities. Each PDCP entity transports data
of one radio bearer. Each PDCP entity is associated with
either the user plane or the control plane depending on
which radio bearer (i.e., a data radio bearer (DRB) or a
signalling radio bearer (SRB)) it transports data from. In
the example shown in Fig. 6, the integrated PDCP layer
602 includes three PDCP entities 6021, 6022, and 6023
that correspond to three data radio bearers DRB #1, DRB
#2, and DRB #3, respectively.
[0036] The data of the DRB #1 is transmitted from the
5G UE 1 to the integrated eNB 2 (or the LTE+ eNB 5) via
the LTE RAT on the LTE CG (e.g., the LTE cells 21 and
22). Accordingly, the DRB #1 may be hereinafter referred
to as an LTE bearer. The DRB #1 is similar to an MCG
bearer in LTE Release 12 DC.
[0037] The data of the DRB #2 is transmitted from the
5G UE 1 to the integrated eNB 2 (or the 5G specific eNB
6) via the New 5G RAT on the New 5G CG (e.g., the New
5G cells 23 and 24). Accordingly, the DRB #2 may be
hereinafter referred to as a New 5G bearer. When the
data is transmitted on the New 5G CG managed by the
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5G specific eNB 6, the DRB #2 is similar to an SCG bearer
in LTE Release 12 DC. Alternatively, when the data is
transmitted on the New 5G CG managed by the integrat-
ed eNB 2, the DRB #2 may be similar to a bearer on the
SCG side of a split bearer in LTE Release 12 DC.
[0038] The DRB #3 is similar to a split bearer in LTE
Release 12 DC. That is, the DRB #3 is associated with
both of one logical channel of the LTE RAT and one log-
ical channel of the New 5G RAT to use both the resources
of the LTE CG and the resources of the New 5G CG. In
the case of the user data, the logical channel of the LTE
RAT is a Dedicated Traffic Channel (DTCH). The logical
channel of the New 5G RAT is a 5G logical channel for
the user data that corresponds to the DTCH. The DRB
#3 may be hereinafter referred to as a split bearer or a
unified bearer (an integrated bearer).
[0039] In the case of uplink transmission by the 5G UE
1, the PDCP entity 6021 generates PDCP PDUs from
data of the DRB #1 (i.e., LTE bearer) and sends these
PDCP PDUs to an LTE RLC entity 6031. In the case of
uplink reception by the integrated eNB 2 (or the LTE+
eNB 5), the PDCP entity 6021 receives RLC SDUs (i.e.,
PDCP PDUs) from the LTE RLC entity 6031 and sends
data of the DRB #1 to the upper layer.
[0040] In the case of uplink transmission by the 5G UE
1, the PDCP entity 6022 generates PDCP PDUs from
data of the DRB #2 (i.e., New 5G bearer) and sends these
PDCP PDUs to a New RLC entity 6061. In the case of
uplink reception by the integrated eNB 2 (or the 5G spe-
cific eNB 6), the PDCP entity 6022 receives RLC SDUs
(i.e., PDCP PDUs) from the New RLC entity 6061 and
sends data of the DRB #2 to the upper layer.
[0041] In the case of uplink transmission by the 5G UE
1, the PDCP entity 6023 generates PDCP PDUs from
data of the DRB #3 (i.e., integrated bearer) and routes
these PDCP PDUs to an LTE RLC entity 6032 or a New
RLC entity 6062. In the case of uplink reception by the
integrated eNB 2 (or the LTE+ eNB 5 and the 5G specific
eNB 6), the PDCP entity 6023 reorders PDCP PDUs (i.e.,
RLC SDUs) received from the LTE RLC entity 6032 and
from the New RLC entity 6062, and then sends data of
the DRB #3 to the upper layer.
[0042] Each RLC entity in the LTE RLC layer 603 and
the New RLC layer 606 is configured, by the integrated
RRC entity (i.e., the RRC entity 401 shown in Fig. 4), with
RLC Acknowledged Mode (RLC AM) data transfer or
RLC Unacknowledged Mode (RLC UM) data transfer,
and then provides a transfer service of PDCP PDUs. In
the case of uplink transmission by the 5G UE 1, each
RLC entity in the LTE RLC layer 603 generates RLC
PDUs (i.e., data of one logical channel) from PDCP PDUs
(i.e., RLC SDUs) and sends these RLC PDUs to a MAC
entity 6041 in the LTE MAC layer 604. In a similar way,
each RLC entity in the New RLC layer 606 generates
RLC PDUs (i.e., data of one logical channel) from PDCP
PDUs (i.e., RLC SDUs) and sends them to a MAC entity
6071 in the New MAC layer 607.
[0043] In the example shown in Fig. 6, one MAC entity

6041 is used for two LTE cells (i.e., LTE CG) configured
for one 5G UE 1. In the case of uplink transmission by
the 5G UE 1, the MAC entity 6041 multiplexes RLC PDUs
(i.e., MAC SDUs), which belong to the two logical chan-
nels from the two RLC entities 6031 and 6032, into two
transport blocks per Transmission Time Interval (TTI).
The two transport blocks per TTI are sent to the LTE
physical layer 405 through two UL transport channels
(i.e., UL-SCHs) corresponding to the two LTE cells 21
and 22.
[0044] In a similar way, one MAC entity 6071 is used
for two New 5G cells (i.e., New 5G CG) configured for
one 5G UE 1. In the case of uplink transmission by the
5G UE 1, the MAC entity 6071 multiplexes RLC PDUs
(i.e., MAC SDUs), which belong to two logical channels
from two RLC entities 6071 and 6072, into two transport
blocks per Transmission Time Interval (TTI). The two
transport blocks per TTI are sent to the physical layer
408 for New 5G through two UL transport channels (i.e.,
UL TrCHs) corresponding to the two New 5G cells 23
and 24.
[0045] Further, in this embodiment, the integrated eNB
2 is configured to indicate, to the 5G UE 1, a specific cell
on which the 5G UE 1 is allowed to perform at least one
of data transmission and data reception on a radio bearer
used for uplink transmission or downlink transmission or
both via the common PDCP layer. For example, the in-
tegrated eNB 2 may be configured to indicate, to the 5G
UE 1, a specific cell on which the 5G UE 1 should perform
uplink (UL) transmission.
[0046] In some implementations, the integrated eNB 2
selects, on a cell-by-cell basis, from one or more LTE
cells (e.g., the LTE cells 21 and 22) and one or more New
5G cells (e.g., the New 5G cells 23 and 24) that have
been configured for the 5G UE 1 (and have been acti-
vated), at least one specific cell on which the 5G UE 1 is
allowed to transmit data of an UL radio bearer, which is
a radio bearer at least used for uplink transmission. Then
the integrated eNB 2 transmits configuration information
indicating the selected specific cell to the 5G UE 1. In
other words, the configuration information indicates at
least one specific cell on which the 5G UE 1 is allowed
to transmit UL PDCP PDUs (which is generated from
data of the UL radio bearer by the integrated PDCP layer
402 or 602). The operation to configure (e.g., Addi-
tion/Modification) the 5G UE 1 with the specific cell on
which data of the UL radio bearer (UL PDCP SDUs or
PDUs) is to be transmitted is herein referred to as "Cell-
specific bearer mapping". When the non co-located de-
ployments are used, the LTE+ eNB 5 or the 5G specific
eNB 6 performs operations for "Cell-specific bearer map-
ping" in place of the integrated eNB 2.
[0047] In some implementations, the configuration in-
formation, which notifies the 5G UE 1 of the specific cell
for the UL transmission, may be included in an RRC mes-
sage. Fig. 7 shows one example (Process 700) of an
operation of transmitting the configuration information.
In Step 701, the integrated eNB 2 transmits to the 5G UE
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1 an RRC Connection Reconfiguration message contain-
ing the configuration information for the cell-specific bear-
er mapping. Fig. 7 is merely one example. For example,
the configuration information may be included in another
RRC message (e.g., an RRC Connection Setup mes-
sage). When the non co-located deployments are used,
the LTE+ eNB 5 that provides the integrated RRC layer
401 may perform the transmission in Step 701.
[0048] In other implementations, the 5G specific eNB
6 may send to the LTE+ eNB 5, using an inter-node mes-
sage (e.g., SCG-Config), configuration information for
the cell-specific bearer mapping about the New 5G cell,
and the LTE+ eNB 5 then may transmit this configuration
information to the 5G UE 1. Alternatively, the 5G specific
eNB 6 may transmit, to the 5G UE 1, an RRC Connection
Reconfiguration message containing the configuration
information for the cell-specific bearer mapping about the
New 5G cell. In these cases, the 5G specific eNB 6 may
have an RRC layer to manage the New 5G cell (that is,
to perform RRC configuration).
[0049] Fig. 8 shows one example of an operation of
transmitting the configuration information for the cell-spe-
cific bearer mapping about the New 5G cell. The example
shown in Fig. 8 reuses an X2AP message and an RRC
IE used for information exchange between eNBs in Dual
Connectivity (DC). In Option 1 shown in Fig. 8, in Step
801, the LTE+ eNB 5 sends to the 5G specific eNB 6,
using an SENB ADDITION REQUEST message, DC
configuration information (e.g., SCG-ConfigInfo) re-
quired for DC. In Step 802, the 5G specific eNB 5 sends
to the LTE+ eNB 5 an SENB ADDITION REQUEST AC-
KNOWLEDGE message containing the configuration in-
formation for the cell-specific bearer mapping about the
5G cell (e.g., Cell-specific bearer mapping for 5G cell).
In Step 803, the LTE+ eNB 5 transmits an RRC Connec-
tion Reconfiguration message containing this configura-
tion information to the 5G UE 1.
[0050] In contrast, in Option 2 shown in Fig. 8, in Step
811, the LTE+ eNB 5 sends to the 5G specific eNB 6,
using an SENB MODIFICATION REQUEST message,
DC configuration information (e.g., SCG-ConfigInfo) re-
quired for DC. In Step 812, the 5G specific eNB 6 sends
an SENB MODIFICATION REQUEST ACKNOWLEDGE
message to the LTE+ eNB 5. In Step 813, the 5G specific
eNB 6 transmits to the 5G UE 1 an RRC Connection
Reconfiguration message containing the configuration
information for the cell-specific bearer mapping about the
5G cell (e.g., Cell-specific bearer mapping for the 5G
cell). Note that, in Step 812, the 5G specific eNB 6 may
send the configuration information for the cell-specific
bearer mapping about the 5G cell (e.g., Cell-specific
bearer mapping for 5G cell) to the LTE+ eNB 4. Although
the Options 1 and 2 shown in the example of Fig. 8 uses
the SENB ADDITION REQUEST procedure and the
SENB MODIFICATION procedure, respectively, each of
the Options 1 and 2 may use any one of these two pro-
cedures and may use another procedure (e.g., SeNB
Change or Inter-MeNB handover) and another message

(e.g., SENB MODIFICATION REQUIRED). For example,
when the SeNB Change is alternatively used, the 5G UE
1 may perform a Random Access Procedure with a Tar-
get 5G specific eNB (not shown) on the specific cell in-
dicated by the configuration information for the cell-spe-
cific bearer mapping about the 5G cell (e.g., Cell-specific
bearer mapping for 5G cell).
[0051] In one example, the configuration information
may include a bearer configuration regarding an UL radio
bearer(s). In this case, the bearer configuration includes
an indication of the specific cell on which the 5G UE 1 is
allowed to transmit data of the UL radio bearer(s). The
bearer configuration may indicate that only uplink, only
downlink, or both uplink and downlink is/are targeted.
[0052] The following description provides a specific ex-
ample of the method of configuring the 5G UE 1 with a
relationship (or mapping) between a UL radio bearer and
a cell(s) on which data of the UL radio bearer is to be
transmitted. Fig. 9 shows one example of information el-
ements (IEs) used by the integrated eNB 2, the LTE+
eNB 5, or the 5G specific eNB 6 to indicate to the 5G UE
1 the specific cell to be used for UL transmission. Spe-
cifically, Fig. 9 shows a modification of the drb-toAd-
dModList IE contained in the RRC Connection Reconfig-
uration message. The drb-toAddModList IE includes a
list of the data radio bearers to be added (or modified) to
the 5G UE 1. The "applicable-ServCellList" (901) shown
in Fig. 9 indicates a list of serving cells on which the 5G
UE is allowed to transmit DRB data, with regard to each
DRB to be added or modified. The "applicable-ServCel-
lList" (901) includes one or more serving cell identifiers
(ServCellIndex (903)), as shown in the "applicable-Serv-
CellList" IE (902). Further, the "applicable-ServCellList"
IE (902) may include an information element (e.g., drb-
direction (904)) indicating the target bearer direction (i.e.,
only uplink, only downlink, or both uplink and downlink).
[0053] In another example, the configuration informa-
tion may include cell configuration regarding at least one
serving cell. In this case, the cell configuration indicates
whether the 5G UE 1 is allowed to transmit data of each
UL radio bearer in each serving cell. This cell configura-
tion may indicate that only uplink, only downlink, or both
uplink and downlink is/are targeted. Further, a cell(s) on
which the 5G UE 1 is allowed to receive data of a DL
radio bearer(s), which is a radio bearer to be used for at
least downlink transmission, may be the same as or dif-
ferent from the cell(s) on which the data transmission
about the UL radio bearer(s) is allowed.
[0054] Fig. 10 shows an example of information ele-
ments (IEs) used by the integrated eNB 2, the LTE+ eNB
5, or the 5G specific eNB 6 to indicate to the 5G UE 1
the specific cell to be used for UL transmission. Specifi-
cally, Fig. 10 shows a modification of the SCellToAd-
dModList IE contained in the RRC Connection Reconfig-
uration message. The SCellToAddModList IE includes a
list of the secondary cells (SCell(s)) to be added (or mod-
ified) to the 5G UE 1. The "available-drbList" (1001)
shown in Fig. 10 indicates a list of DRBs which the 5G
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UE is allowed to transmit on the secondary cell, with re-
gard to each of the secondary cells to be added or mod-
ified. The "available-drbList" (1001) includes one or more
DRB identifiers (e.g., DRB-Identity (1004)), as shown in
the "available-drbList" IE (1002). Further, the "available-
drbList" IE (1001) may include an information element
(e.g., drb-direction (1005)) indicating the target bearer
direction (i.e., only uplink, only downlink, or both uplink
and downlink). The information element indicating the
bearer direction may be configured only when the RLC
AM mode is applied to the bearer. Further, the "available-
drbList" IE (1001) may include an Evolved Packet System
(EPS) bearer identifier (e.g., eps-BearerIdentity (1003)).
[0055] The 5GCellToAddModList IE may be defined
separately from the CellToAddModList IE. The
5GCellToAddModList IE indicates a list of 5G Cell(s) to
be added (or modified) to the 5G UE 1. In this case, the
"available-drbList" (1001) may be included in the
5GCellToAddModList IE, in place of the SCellToAd-
dModList IE. The 5GCellToAddModList IE may be trans-
mitted on an RRC message (e.g., an RRC Connection
Reconfiguration message or an RRC Connection Setup
message) together with the SCellToAddModList IE, or in
place of the SCellToAddModList IE.
[0056] As in the above-described examples described
with reference to Figs. 9 and 10, to use the RRC config-
uration to configure the UE 1 with the relationship (or
mapping) between each UL radio bearer and a cell(s) on
which data of the UL radio bearer is to be transmitted
provides the following advantages, for example. Even
when UL radio bearers are mapped to different combi-
nations of specific cells, the RRC configuration is able to
easily specify the mapping, as shown in the examples in
Figs. 9 and 10. For example, when a UL radio bearer #A
is mapped to cells #a and #b and, meanwhile, a UL radio
bearer #B is mapped to cells #b and #c, the RRC con-
figuration can specify these mappings in accordance with
the examples shown in Figs. 9 and 10.
[0057] Next, a specific example of operations of the
5G UE 1 will be described. In response to the indication
from the integrated eNB 2, the LTE+ eNB 5, or the 5G
specific eNB 6, the 5G UE 1 restricts a cell(s) to be used
to transmit each UL radio bearer. Specifically, the inte-
grated RRC layer 401 of the 5G UE 1 controls the inte-
grated PDCP layer 602 (402), the LTE MAC layer 604
(404), and the New MAC layer 607 (407) so as to specify
a cell(s) to be used to transmit each UL radio bearer, in
accordance with the indication from the integrated eNB
2, the LTE+ eNB 5, or the 5G specific eNB 6.
[0058] The control on the integrated PDCP layer 602
includes indicating which one of the LTE RLC layer 603
and the New RLC layer 606 the PDCP entity 6023 should
send UL PDCP PDUs of the integrated radio bearer (or
integrated bearer) should send to. The PDCP entity 6023
routes the UL PDCP PDUs of the integrated radio bearer
to either the RLC entity 6032 for LTE or the RLC entity
6062 for New 5G, in accordance with the indication from
the integrated RRC layer 601.

[0059] The control on each MAC layer includes indi-
cating a specific cell which the MAC entity should multi-
plex RLC PDUs from each RLC entity (that is associated
with one radio bearer) into an uplink transport block of.
For example, in response to receiving from the integrated
RRC layer 401 the indication indicating that data of the
DRB #1 is to be transmitted on the LTE cell 21 (i.e., Cell
#1), the MAC entity 6041 for LTE operates to multiplex
the RLC PDUs from the RLC entity 6031 into the UL
transport block to be sent to the physical layer corre-
sponding to the LTE cell 21 (i.e., Cell #1), and operates
not to multiplex the RLC PDUs from the RLC entity 6031
into the UL transport block to be sent to the physical layer
corresponding to the LTE cell 22 (i.e., Cell #2). In a similar
way, in response to receiving the indication indicating
that data of the DRB #3 (i.e., integrated bearer) is to be
transmitted on the LTE cell 22 (i.e., Cell #2), the MAC
entity 6041 for LTE operates to multiplex the RLC PDUs
from the RLC entity 6032 to the UL transport block to be
sent to the physical layer corresponding to the LTE cell
22 (i.e., Cell #2).
[0060] As will be understood from the above descrip-
tion, in this embodiment, the integrated eNB 2 is config-
ured to transmit, to the 5G UE 1, configuration information
indicating, on a cell-by-cell basis, at least one specific
cell that the 5G UE 1 should use to transmit the data of
each UL radio bearer. In other words, the integrated eNB
2 indicates whether transmission of the data of each UL
radio bearer is valid (or allowed) for each cell that has
been configured for the 5G UE 1 and has been activated.
Meanwhile, the 5G UE 1 is configured to transmit data
(i.e., uplink PDCP PDUs) of each UL radio bearer through
the specific cell(s) indicated by the integrated eNB 2 in
accordance with the configuration information received
from the integrated eNB 2. Accordingly, it allows the in-
tegrated eNB 2 to indicate, to the 5G UE 1, the specific
cell(s) on which the 5G UE 1 should perform the UL trans-
mission in the 5G radio architecture that provides tight
interworking of the LTE RAT and the New 5G RAT.
[0061] The integrated eNB 2 may configure, for exam-
ple, N LTE cells and M New 5G cells in the 5G UE 1 as
serving cells. Here, N and M are each an integer greater
than or equal to 2. In this case, the integrated eNB 2 may
select n LTE cells and m New 5G cells as the specific
cells that are allowed to be used to transmit the data of
an UL radio bearer. Here, n is a positive integer smaller
than N and m is a positive integer smaller than M.
[0062] When the non co-located deployments are
used, the LTE+ eNB 5 or the 5G specific eNB 6 transmits
to the 5G UE 1 the configuration information indicating,
on a cell-by-cell basis, at least one specific cell to be used
to transmit the data of an UL radio bearer(s). The 5G UE
1 transmits data (i.e., uplink PDCP PDUs) of each UL
radio bearer through the indicated specific cell(s) in ac-
cordance with the configuration information received
from the LTE+ eNB 5 or the 5G specific eNB 6. Accord-
ingly, it allows the LTE+ eNB 5 or the 5G specific eNB 6
to indicate, to the 5G UE 1, the specific cell(s) on which
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the 5G UE 1 should perform the UL transmission in the
5G radio architecture that provides tight interworking of
the LTE RAT and the New 5G RAT.
[0063] In this embodiment, the descriptions have been
mainly given in regard to the UL radio bearer. However,
in some implementations, the integrated eNB 2, the LTE+
eNB 5, or the 5G specific eNB 6 may transmit, to the 5G
UE 1, configuration information indicating, on a cell-by-
cell basis, at least one specific cell on which the 5G UE
1 is allowed to be used to receive data of a downlink (DL)
radio bearer(s). The 5G UE 1 may receive data (i.e., DL
PDCP PDUs) of each DL radio bearer through the indi-
cated specific cell(s) in accordance with the configuration
information received from the integrated eNB 2, the LTE+
eNB 5, or the 5G specific eNB 6. The cell(s) on which
the 5G UE 1 is allowed to receive data of the DL radio
bearer(s) may be the same as or different from the cell
on which the data of the UL radio bearer(s) is allowed to
be transmitted.
[0064] In this embodiment, the 5G UE 1 may transmit
a Scheduling Request (SR) and a Buffer Status Report
(BSR) as follows. In some implementations, the 5G UE
1 may determine the cell on which an SR and a BSR are
to be transmitted, in accordance with the relationship (or
mapping) between each radio bearer and a cell(s) on
which the data of the radio bearer is to be transmitted.
That is, in order to request the integrated eNB 2 (or the
LTE+ eNB 5 or the 5G specific eNB 6) for radio resource
allocation to transmit data of an uplink radio bearer (i.e.,
a radio bearer used at least for uplink transmission), the
5G UE 1 may transmit an SR and a BSR in the specific
cell that corresponds to the mapping of this uplink radio
bearer. Alternatively, the 5G UE 1 may transmit an SR
or a BSR or both in any cell included in the cell group
(CG) to which the specific cell corresponding to the map-
ping of this uplink radio bearer belongs. Alternatively, the
5G UE 1 may transmit an SR or a BSR or both in any
cell with which the 5G UE 1 has been configured with UL
(i.e., cell configured with UL).
[0065] In this embodiment, when at least one or all of
the one or more cells in which a radio bearer has been
mapped (or configured) is/are released, the 5G UE 1 may
autonomously disable the corresponding mapping. Fur-
ther, in a fall back operation, the UE 1 may transmit data
of the radio bearer through any cell (in response to the
reception of the UL grant). Meanwhile, the integrated
eNB 2 (or the LTE+ eNB 5 or the 5G specific eNB 6) may
disable the mapping and perform the reception operation
corresponding to the fall back operation in the 5G UE 1.
In this case, the integrated eNB 2 (or the LTE+ eNB 5 or
the 5G specific eNB 6) may send to at least one core
network node (e.g., MME) a message that triggers the
change in the bearer configuration in the core network
(e.g., the integrated EPC 41 or the 5G specific EPC 42).

Second Embodiment

[0066] The examples of a radio communication net-

work and a radio protocol stack according to this embod-
iment are similar to those shown in Figs. 1 to 6. In this
embodiment, selection of a key KeNB to derive temporary
keys (e.g., KUPenc, KRRCin) used by each PDCP entity in
the PDCP layer 602 (402) will be described. These tem-
porary keys are used by each PDCP entity, for example,
to cipher and decipher the user plane (UP) traffic and the
RRC traffic. These temporary keys are derived from the
key KeNB by the 5G UE 1 and the integrated eNB 2 (or
the LTE+ eNB 5).
[0067] In some implementations, the 5G UE 1 and the
integrated eNB 2 (or the LTE+ eNB 5) may use the first
key KeNB to cipher and decipher data of a radio bearer(s)
of a certain bearer type and use the second key sub-KeNB
to cipher and decipher data of a radio bearer(s) of another
bearer type. The second key sub-KeNB may be derived
from the first key KeNB, similar to the key S-KeNB used
for SCG bearers in Dual Connectivity (DC). As shown in
Fig. 11, for example, the 5G UE 1 and the integrated eNB
2 (or the LTE+ eNB 5) may use the first key KeNB to cipher
and decipher data of LTE bearers (e.g., the DRB #1
shown in Fig. 6) and integrated bearers (e.g., the DRB
#3 shown in Fig. 6) and use the second key sub-KeNB to
cipher and decipher data of New 5G bearers (e.g., the
DRB #2 shown in Fig. 6).
[0068] In some implementations, the 5G UE 1 and the
integrated eNB 2 (or the LTE+ eNB 5) may select the key
based on the relationship (or mapping) between each
radio bearer and a cell(s) on which the data of the radio
bearer is to be transmitted. Specifically, as shown in Fig.
12, the 5G UE 1 and the integrated eNB 2 (or the LTE+
eNB 5) may use the first key KeNB to cipher and decipher
data of radio bearers transmitted through the LTE CG
and use the second key sub-KeNB to cipher and decipher
data of radio bearers transmitted via the New 5G CG. In
the example shown in Fig. 12, the first key KeNB is used
to cipher and decipher data of an integrated bearer when
this data is transmitted on the LTE CG, and the second
key sub-KeNB is used to cipher and decipher data of an
integrated bearer when this data is transmitted on the
New 5G CG.

Third Embodiment

[0069] The examples of a radio communication net-
work and a radio protocol stack according to this embod-
iment are similar to those shown in Figs. 1 to 6. In this
embodiment, an operation of transmitting UL PDCP
PDUs of an integrated UL radio bearer (e.g., the DRB #3
in Fig. 6) by the 5G UE 1 will be described.
[0070] Fig. 13 is a flowchart showing one example
(Process 1300) of operations of the 5G UE 1 (i.e., the
integrated PDCP layer 602) according to this embodi-
ment. In Step 1301, the 5G UE 1 (the integrated PDCP
layer 602) generates UL PDCP PDUs from data of an
integrated UL radio bearer. In Step 1302, the 5G UE 1
(the integrated PDCP layer 602) determines which one
of the LTE protocol stack (e.g., the LTE RLC layer 603
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and the LTE MAC layer 604) and the New 5G protocol
stack (e.g., the New RLC layer 606 and the New MAC
layer 607) is to be used for transmission of the UL PDCP
PDUs, while considering the difference in time-domain
characteristics between the LTE cell and the New 5G
cell. The time-domain characteristics include, for exam-
ple, at least one of a TTI length, a subframe length, and
a latency time from the UL grant reception to the UL trans-
mission.
[0071] For example, if at least one of the TTI length,
the subframe length, and the latency time of the New 5G
cell is shorter than that of the LTE cell, the 5G UE 1 may
preferentially use the New 5G cell. This is particularly
beneficial when the size of the data to be transmitted
(e.g., UL PDCP PDU) is small. Alternatively, when at least
one of the TTI length and the subframe length of the LTE
cell is longer than that of the New 5G cell, the 5G UE 1
may preferentially use the LTE cell. This may be benefi-
cial when, for example, the size of the data to be trans-
mitted is large.
[0072] Further or alternatively, the time-domain char-
acteristics may include a difference in subframe structure
or in frame structure between the LTE cell and the New
5G cell. For example, with regard to the subframe of the
New 5G cell, at least two of an uplink (or downlink) phys-
ical control channel (e.g., PUCCH or PDCCH), a down-
link (or uplink) physical control channel, and an uplink (or
downlink) physical data channel (e.g., PUSCH or PD-
SCH) may be time-multiplexed into one subframe (e.g.,
in this order). In this case, it is expected that the afore-
mentioned latency time from the UL grant reception to
the UL transmission will become shorter.
[0073] Further, different New 5G cells may have differ-
ent characteristics. For example, the 5G UE 1 can use a
plurality of New 5G cells having different characteristics
when the 5G UE 1 has been configured with CA or DC
and the plurality of cells has been activated. In this case,
the 5G UE 1 may determine a cell(s) on which data (e.g.,
UL PDCP PDUs) is to be transmitted in consideration of
the characteristics in time domain of these New 5G cells.
The difference in the characteristics among these New
5G cells may be, for example, a difference in TTI length
due to a difference in subframe structure or in Numerol-
ogy (e.g., subcarrier spacing, sampling rate). Alternative-
ly, it may be regarding whether a method for reducing a
latency until the uplink data transmission (e.g., Semi-Per-
sistent Scheduling, Contention-based PUSCH transmis-
sion) is applied to the respective New 5G cells (i.e.,
whether the method is configured in the 5G UE 1).
[0074] In a first example, the amount (total) of pending
UL data is taken into account. When the amount (total)
of the pending UL data (i.e., UL PDCP PDUs or SDUs)
is smaller than a first threshold indicated by the integrated
eNB 2 (or the LTE+ eNB 5), the 5G UE 1 may transmit
UL data on the New 5G cell. That is, the integrated PDCP
layer 602 (or the PDCP entity 6023) of the 5G UE 1 sends
UL PDCP PDUs to the New MAC layer 607 (or the MAC
entity 6071) via the New RLC layer 606 (or the RLC entity

6062).
[0075] Further or alternatively, when the amount (total)
of the pending UL data (i.e., UL PDCP PDUs or SDUs)
exceeds a second threshold indicated by the integrated
eNB 2 (or the LTE+ eNB 5), the 5G UE 1 may transmit
UL data on the LTE cell. That is, the integrated PDCP
layer 602 (or the PDCP entity 6023) of the 5G UE 1 sends
UL PDCP PDUs to the LTE MAC layer 604 (or the MAC
entity 6041) via the LTE RLC layer 603 (or the RLC entity
6032).
[0076] The first threshold may be the same as the sec-
ond threshold. Alternatively, the first threshold may be
smaller than the second threshold. In this case, when the
amount (total) of the pending UL data is larger than the
first threshold but smaller than the second threshold, the
5G UE 1 may transmit UL data as appropriate on a cell(s)
on which the UL grant has been received.
[0077] In a second example, the packet size (per pack-
et) of the pending UL data is taken into account. The
packet size may be, for example, any one of the PDCP-
SDU size, the PDCP-PDU size, and the IP-packet size.
The pending UL data may include UL data to which a
PDCP SN has been allocated and that is stored in the
UL PDCP buffer, and it may further include UL data to
which a PDCP SN has not yet been allocated. When the
packet size of the pending UL data (e.g., UL PDCP SDUs)
is smaller than a third threshold indicated by the integrat-
ed eNB 2 (or the LTE+ eNB 5), the 5G UE 1 may transmit
this UL data on the New 5G cell. That is, the integrated
PDCP layer 602 (or the PDCP entity 6023) of the 5G UE
1 sends UL PDCP PDUs to the New MAC layer 607 (or
the MAC entity 6071) via the New RLC layer 606 (or the
RLC entity 6062).
[0078] Further or alternatively, when the packet size
of the pending UL data (e.g., UL PDCP SDUs) exceeds
a fourth threshold indicated by the integrated eNB 2 (or
the LTE+ eNB 5), the 5G UE 1 may transmit this UL data
on the LTE cell. That is, the integrated PDCP layer 602
(or the PDCP entity 6023) of the 5G UE 1 sends UL PDCP
PDUs to the LTE MAC layer 604 (or the MAC entity 6041)
via the LTE RLC layer 603 (or the RLC entity 6032).
[0079] The third threshold may be the same as the
fourth threshold. Alternatively, the third threshold may be
smaller than the fourth threshold. In this case, when the
packet size of the pending UL data is larger than the third
threshold but smaller than the fourth threshold, the 5G
UE 1 may transmit this UL data as appropriate on a cell(s)
on which the UL grant has been received.
[0080] In a third example, the difference in TTI between
the 5G RAT and the LTE RAT is taken into account. As
one example, it is assumed a case in which the TTI of
the 5G RAT (e.g., 0.2 ms TTI) is shorter than the TTI of
the LTE RAT (i.e., 1 ms). In this case, the 5G UE 1 may
preferentially use the New 5G RAT over the LTE RAT to
transmit PDCP PDUs regarding an integrated UL radio
bearer. In some implementations, in response to receiv-
ing UL grants in both the LTE cell and the New 5G cell
substantially at the same timing, the integrated PDCP
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layer 602 (or the PDCP entity 6023) of the 5G UE 1 first
sends UL PDCP PDUs to the New MAC layer 607 (or
the MAC entity 6071) via the New RLC layer 606 (the
RLC entity 6062) in accordance with the UL grant in the
New 5G cell. If there are pending UL PDCP PDUs, the
integrated PDCP layer 602 (or the PDCP entity 6023) of
the 5G UE 1 further sends UL PDCP PDUs to the LTE
MAC layer 604 (or the MAC entity 6041) via the LTE RLC
layer 603 (or the RLC entity 6032) in accordance with
the UL grant in the LTE cell.
[0081] Alternatively, the 5G UE 1 may preferentially
use the LTE RAT over the New 5G RAT to transmit PDCP
PDUs regarding an integrated UL radio bearer. Further,
in order to transmit a Dedicated Scheduling Request (D-
SR) and an SRB, the 5G UE 1 may perform a process
similar to the above-described transmission of UL PDCP
PDUs.
[0082] The reception of UL grants in both the LTE cell
and the New 5G cell substantially at the same timing may
be reception of UL grants in the same subframe (or the
same TTI). Alternatively, the reception of UL grants sub-
stantially at the same timing may be determined depend-
ing on whether the PDCP layer 602 receives notifications
regarding the reception of an UL grant from both the lower
layer of the LTE and the lower layer of the New 5G in the
same subframe (or the same TTI). Alternatively, the re-
ception of UL grants substantially at the same timing may
be determined depending on whether the PDCP layer
602 can transmit UL data of the same subframe (or at
the same time).
[0083] In the following, configuration examples of the
5G UE 1, the integrated eNB 2, the LTE+ eNB 5, and the
5G specific eNB 6 according to the above embodiments
will be described. Fig. 14 is a block diagram showing a
configuration example of the 5G UE 1. An LTE transceiv-
er 1401 performs analog RF signal processing regarding
the PHY layer of the LTE RAT to communicate with the
integrated eNB 2 (or the LTE+ eNB 5). The analog RF
signal processing performed by the LTE transceiver 1401
includes frequency up-conversion, frequency down-con-
version, and amplification. The LTE transceiver 1401 is
coupled to an antenna 1402 and a baseband processor
1405. That is, the LTE transceiver 1401 receives modu-
lated symbol data (or OFDM symbol data) from the base-
band processor 1405, generates a transmission RF sig-
nal, and supplies the transmission RF signal to the an-
tenna 1402. Further, the LTE 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
1405.
[0084] A New 5G transceiver 1403 performs analog
RF signal processing regarding the PHY layer of the New
5G RAT to communicate with the integrated eNB 2 (or
the 5G specific eNB 6). The New 5G transceiver 1403 is
coupled to an antenna 1404 and the baseband processor
1405.
[0085] The baseband processor 1405 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
compression/decompression, (b) data segmenta-
tion/concatenation, (c) composition/decomposition of a
transmission format (i.e., transmission frame), (d) chan-
nel coding/decoding, (e) modulation (i.e., symbol map-
ping)/demodulation, and (f) generation of OFDM symbol
data (i.e., baseband OFDM signal) by Inverse Fast Fou-
rier Transform (IFFT). Meanwhile, the control-plane
processing includes communication management of lay-
er 1 (e.g., transmission power control), layer 2 (e.g., radio
resource management and hybrid automatic repeat re-
quest (HARQ) processing), and layer 3 (e.g., signalling
regarding attach, mobility, and packet communication).
[0086] In the case of LTE and LTE-Advanced, for ex-
ample, the digital baseband signal processing performed
by the baseband processor 1405 may include signal
processing of a Packet Data Convergence Protocol (PD-
CP) layer, a Radio Link Control (RLC) layer, a MAC layer,
and a PHY layer. Further, the control plane-processing
performed by the baseband processor 1405 may include
processing of a Non-Access Stratum (NAS) protocol, an
RRC protocol, and MAC CEs.
[0087] The baseband processor 1405 may include a
modem processor (e.g., a Digital Signal Processor
(DSP)) that performs the digital baseband signal
processing and a protocol stack processor (e.g., a Cen-
tral Processing Unit (CPU) or a 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 integrated with an
application processor 1406 described in the following.
[0088] The application processor 1406 is also referred
to as a CPU, an MPU, a microprocessor, or a processor
core. The application processor 1406 may include a plu-
rality of processors (processor cores). The application
processor 1406 loads a system software program (Op-
erating System (OS)) and various application programs
(e.g., communication application that acquires metering
data or sensing data) from a memory 1408 or from an-
other memory (not shown) and executes these programs,
thereby providing various functions of the 5G UE 1.
[0089] In some implementations, as represented by a
dashed line (1407) in Fig. 14, the baseband processor
1405 and the application processor 1406 may be inte-
grated on a single chip. In other words, the baseband
processor 1405 and the application processor 1406 may
be implemented in a single System on Chip (SoC) device
1407. An SoC device may be referred to as a system
Large Scale Integration (LSI) or a chipset.
[0090] The memory 1408 is a volatile memory, a non-
volatile memory, or a combination thereof. The memory
1408 may include a plurality of memory devices that are
physically independent from each other. The volatile
memory is, for example, a Static Random Access Mem-
ory (SRAM), a Dynamic RAM (DRAM), or a combination
thereof. The non-volatile memory is, for example, a mask
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Read Only Memory (MROM), an Electrically Erasable
Programmable ROM (EEPROM), a flash memory, a hard
disc drive, or any combination thereof. The memory 1408
may include, for example, an external memory device
that can be accessed from the baseband processor 1405,
the application processor 1406, and the SoC 1407. The
memory 1408 may include an internal memory device
that is integrated in the baseband processor 1405, the
application processor 1406, or the SoC 1407. Further,
the memory 1408 may include a memory in a Universal
Integrated Circuit Card (UICC).
[0091] The memory 1408 may store one or more soft-
ware modules (computer programs) 1409 including in-
structions and data to perform the processing by the 5G
UE 1 described in the above embodiments. In some im-
plementations, the baseband processor 1405 or the ap-
plication processor 1406 may load these software mod-
ules 1409 from the memory 1408 and execute the loaded
software modules, thereby performing the processing of
the 5G UE 1 described in the above embodiments.
[0092] Fig. 15 is a block diagram showing a configu-
ration example of the integrated eNB 2 according to the
above embodiments. Referring to Fig. 15, the eNB 2 in-
cludes an LTE transceiver 1501, a New 5G transceiver
1503, a network interface 1505, a processor 1506, and
a memory 1507. The LTE transceiver 1501 performs an-
alog RF signal processing regarding the PHY layer of the
LTE RAT to communicate with the 5G UE 1 via an LTE
cell. The LTE transceiver 1501 may include a plurality of
transceivers. The LTE transceiver 1501 is coupled to an
antenna 1502 and the processor 1506.
[0093] The New 5G transceiver 1503 performs analog
RF signal processing regarding the PHY layer of the New
5G RAT to communicate with the 5G UE 1 via a New 5G
cell. The New 5G transceiver 1503 is coupled to an an-
tenna 1504 and the baseband processor 1506.
[0094] The network interface 1505 is used to commu-
nicate with a network node in the integrated EPC 41 or
the 5G specific EPC 42 (e.g., a Mobility Management
Entity (MME) and a Serving Gateway (S-GW)), and to
communicate with other eNBs. The network interface
1505 may include, for example, a network interface card
(NIC) conforming to the IEEE 802.3 series.
[0095] The processor 1506 performs digital baseband
signal processing (i.e., data-plane processing) and con-
trol-plane processing for radio communication. In the
case of LTE and LTE-Advanced, for example, the digital
baseband signal processing performed by the processor
1506 may include signal processing of the PDCP layer,
the RLC layer, the MAC layer, and the PHY layer. Further,
the control-plane processing performed by the processor
1506 may include processing of the S1 protocol, the RRC
protocol, and MAC CEs.
[0096] The processor 1506 may include a plurality of
processors. The processor 1506 may include, for exam-
ple, a modem processor (e.g., DSP) that performs the
digital baseband signal processing and a protocol stack
processor (e.g., a CPU or an MPU) that performs the

control-plane processing.
[0097] The memory 1507 is composed of a combina-
tion of a volatile memory and a non-volatile memory. The
volatile memory is, for example, an SRAM, a DRAM, or
a combination thereof. The non-volatile memory is, for
example, an MROM, a PROM, a flash memory, a hard
disc drive, or a combination thereof. The memory 1507
may include a storage located apart from the processor
1506. In this case, the processor 1506 may access the
memory 1507 via the network interface 1505 or an I/O
interface (not shown).
[0098] The memory 1507 may store a software mod-
ule(s) (computer program(s)) 1508 including instructions
and data for performing processing by the integrated eNB
2 described in the above embodiments. In some imple-
mentations, the processor 1506 may be configured to
load the software module(s) 1508 from the memory 1507
and execute the loaded software module(s), thereby per-
forming processing of the integrated eNB 2 described in
the above embodiments.
[0099] The configurations of the LTE+ eNB 5 and the
5G specific eNB 6 may be similar to the configuration of
the integrated eNB 2 shown in Fig. 15. However, the
LTE+ eNB 5 does not need to include the New 5G trans-
ceiver 1503 and the 5G specific eNB 6 does not need to
include the LTE transceiver 1501.
[0100] As described above with reference to Figs. 14
and 15, each of the processors included in the 5G UE 1,
the integrated eNB 2, the LTE+ eNB 5, and the 5G spe-
cific eNB 6 according to the above embodiments exe-
cutes one or more programs including instructions to
cause a computer to perform an algorithm described with
reference to the drawings. The program(s) can be stored
and provided to a computer using any type of non-tran-
sitory computer readable media. Non-transitory compu-
ter readable media include any type of tangible storage
media. Examples of non-transitory computer readable
media include magnetic storage media (such as flexible
disks, magnetic tapes, hard disk drives, etc.), optical
magnetic storage media (e.g., magnetooptical disks),
Compact Disc Read Only Memory (CD-ROM), CD-R,
CD-R/W, and semiconductor memories (such as mask
ROM, Programmable ROM (PROM), Erasable PROM
(EPROM), flash ROM, Random Access Memory (RAM),
etc.). The 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 program to a computer via a wired communication
line (e.g., electric wires, and optical fibers) or a wireless
communication line.

Other Embodiments

[0101] Each of the above-described embodiments
may be used individually, or two or more embodiments
may be appropriately combined with one another.
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[0102] The base stations, the integrated eNB 2, the
LTE+ eNB 5, the 5G specific eNB 6, the BBU (or the DU),
and the RRH (or the RU) described in the above embod-
iments each may be referred to as a radio station or a
radio access network (RAN) node. In other words, the
processing and the operations performed by the base
stations, the base station system, the integrated eNB 2,
the LTE+ eNB 5, the 5G specific eNB 6, the BBU (DU),
or the RRH (RU) described in the above embodiments
may be provided by any one or more radio stations (i.e.,
RAN nodes).
[0103] Some of the above embodiments provide the
examples in which the radio station (e.g., the integrated
eNB 2, the LTE+ eNB 5, or the 5G specific eNB 6) maps
a radio bearer of the UE 1 to one or more specific cells
on a cell-by-cell basis. In one example, the radio bearer
may be mapped, on a cell-group basis, to a plurality of
specific cells on which uplink control information (UCI) is
transmitted (i.e., PUCCH CG), or to specific cells regard-
ing the uplink transmission timing (i.e., TAG).
[0104] Further or alternatively, the radio station (e.g.,
the integrated eNB 2, the LTE+ eNB 5, or the 5G specific
eNB 6) may determine, on a cell-by-cell basis, a specific
cell to which each data-packet flow (e.g., IP flow, Service
Data Flow (SDF)) transmitted on one radio bearer is
mapped. In order to achieve this, the core network (e.g.,
the P-GW or the S-GW) may add identification informa-
tion (e.g., flow identification information) for specifying
the data packet flow to user plane data to be transmitted
to the radio station (e.g., the integrated eNB 2, the LTE+
eNB 5, or the 5G specific eNB 6). The radio station may
map the data packet flow to a specific cell on a cell-by-
cell basis based on the flow identification information. In
other words, the radio station may select on a cell-by-cell
basis, based on the flow identification information, a spe-
cific cell on which data of the data packet flow is to be
transmitted. In a similar way, the access stratum (AS)
layer of the 5G UE 1 may receive, from the application
layer or the NAS layer, user plane data to which the flow
identification information has been added, and then map
the data packet flow to a specific cell on a cell-by-cell
basis based on the flow identification information. In other
words, the AS layer of the UE 1 may select on a cell-by-
cell basis, based on the flow identification information, a
specific cell on which data of the data packet flow is to
be transmitted. The flow identification information may
be newly defined. Alternatively, a Flow Priority Indicator
(FPI) may be used as the flow identification information.
The FPI indicates a priority among a plurality of data
packet flows in one particular bearer (e.g., an EPS-bear-
er).
[0105] Further, the above-described embodiments are
merely examples of applications of the technical ideas
obtained by the inventors. Needless to say, these tech-
nical ideas are not limited to the above-described em-
bodiments and various modifications can be made there-
to.
[0106] For example, the whole or part of the above

embodiments can be described as, but not limited to, the
following supplementary notes.

(Supplementary Note 1)

[0107] A radio station system comprising:
one or more radio stations configured to:

provide a first radio protocol stack to communicate
with a radio terminal on one or more first cells in
accordance with a first radio access technology, a
second radio protocol stack to communicate with the
radio terminal on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks;
select from the one or more first cells and the one or
more second cells, on a cell-by-cell basis, at least
one specific cell on which the radio terminal is al-
lowed to perform at least one of data transmission
and data reception on a radio bearer used for uplink
transmission or downlink transmission or both via
the common PDCP layer; and
transmit configuration information indicating the at
least one specific cell to the radio terminal.

(Supplementary Note 2)

[0108] The radio station system according to Supple-
mentary Note 1, wherein
the configuration information comprises a bearer config-
uration regarding the radio bearer, and
the bearer configuration comprises an indication indicat-
ing, on a cell-by-cell basis, the at least one specific cell
on which the radio terminal is allowed to perform the data
transmission on the radio bearer.

(Supplementary Note 3)

[0109] The radio station system according to Supple-
mentary Note 1, wherein
the configuration information comprises a cell configura-
tion regarding at least one serving cell, and
the cell configuration indicates whether the radio terminal
is allowed to perform the data transmission on the radio
bearer in each serving cell.

(Supplementary Note 4)

[0110] The radio station system according to any one
of Supplementary Notes 1 to 3, wherein each of the first
and second radio protocol stacks comprises a Radio Link
Control (RLC) layer that provides a service for the com-
mon PDCP layer and a Medium Access Control (MAC)
layer that provides a service for the RLC layer.
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(Supplementary Note 5)

[0111] The radio station system according to any one
of Supplementary Notes 1 to 4, wherein the one or more
first cells and the one or more second cells are cells that
have been configured for the radio terminal and have
been activated.

(Supplementary Note 6)

[0112] The radio station system according to any one
of Supplementary Notes 1 to 5, wherein the common
PDCP layer is configured to:

provide a first radio bearer that uses the first radio
protocol stack, and provide a second radio bearer
that uses the second radio protocol stack; and
derive a temporary key for ciphering or deciphering
of data of the first radio bearer from a first key, and
derive a temporary key for ciphering or deciphering
of data of the second radio bearer from a second key
that differs from the first key.

(Supplementary Note 7)

[0113] The radio station system according to Supple-
mentary Note 6, wherein the common PDCP layer is con-
figured to:

provide an integrated radio bearer that uses both the
first and second radio protocol stacks; and
derive a temporary key for ciphering or deciphering
of data of the integrated radio bearer from the first
key.

(Supplementary Note 8)

[0114] The radio station system according to Supple-
mentary Note 6, wherein the common PDCP layer is con-
figured to:

provide an integrated bearer that uses both the first
and second radio protocol stacks; and
derive, from the first key, a temporary key for cipher-
ing or deciphering of data of the integrated radio
bearer transferred via the first radio protocol stack,
and derive, from the second key, a temporary key
for ciphering or deciphering of data of the integrated
radio bearer transferred via the second radio proto-
col stack.

(Supplementary Note 9)

[0115] A method in a radio station system comprising
one or more radio stations, the method comprising:

providing a first radio protocol stack to communicate
with a radio terminal on one or more first cells in

accordance with a first radio access technology, a
second radio protocol stack to communicate with the
radio terminal on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks;
selecting from the one or more first cells and the one
or more second cells, on a cell-by-cell basis, at least
one specific cell on which the radio terminal is al-
lowed to perform at least one of data transmission
and data reception on a radio bearer used for uplink
transmission or downlink transmission or both PDCP
layer; and
transmitting configuration information indicating the
at least one specific cell to the radio terminal.

(Supplementary Note 10)

[0116] A non-transitory computer readable medium
storing a program for causing a computer to perform a
method in a radio station system comprising one or more
radio stations, the method comprising:

providing a first radio protocol stack to communicate
with a radio terminal on one or more first cells in
accordance with a first radio access technology, a
second radio protocol stack to communicate with the
radio terminal on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks;
selecting from the one or more first cells and the one
or more second cells, on a cell-by-cell basis, at least
one specific cell on which the radio terminal is al-
lowed to perform at least one of data transmission
and data reception on a radio bearer used for uplink
transmission or downlink transmission or both via
the common PDCP layer; and
transmitting configuration information indicating the
at least one specific cell to the radio terminal.

(Supplementary Note 11)

[0117] A radio terminal comprising:

a memory; and
at least one processor coupled to the memory and
configured to:

provide a first radio protocol stack to communi-
cate with a radio station on one or more first cells
in accordance with a first radio access technol-
ogy, a second radio protocol stack to communi-
cate with the radio station on one or more second
cells in accordance with a second radio access
technology, and a common Packet Data Con-
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vergence Protocol (PDCP) layer associated with
both the first and second radio protocol stacks;
receive, from the radio station, configuration in-
formation indicating, on a cell-by-cell basis, at
least one specific cell on which the radio terminal
is allowed to perform at least one of data trans-
mission and data reception on a radio bearer
used for uplink transmission or downlink trans-
mission or both via the common PDCP layer;
and
perform at least one of the data transmission
and the data reception on the radio bearer via
the at least one specific cell in accordance with
the configuration information.

(Supplementary Note 12)

[0118] The radio terminal according to Supplementary
Note 11, wherein
the configuration information comprises a bearer config-
uration regarding the radio bearer, and
the bearer configuration comprises an indication indicat-
ing, on a cell-by-cell basis, the at least one specific cell
on which the radio terminal is allowed to perform the data
transmission on the radio bearer.

(Supplementary Note 13)

[0119] The radio terminal according to Supplementary
Note 11, wherein
the configuration information comprises a cell configura-
tion regarding at least one serving cell, and
the cell configuration indicates whether the radio terminal
is allowed to perform the data transmission on the radio
bearer in each serving cell.

(Supplementary Note 14)

[0120] The radio terminal according to any one of Sup-
plementary Notes 11 to 13, wherein each of the first and
second radio protocol stacks comprises a Radio Link
Control (RLC) layer that provides a service for the com-
mon PDCP layer and a Medium Access Control (MAC)
layer that provides a service for the RLC layer.

(Supplementary Note 15)

[0121] The radio terminal according to Supplementary
Note 14, wherein
the at least one processor is further configured to provide
an integrated Radio Resource Control (RRC) layer, and
the common RRC layer is configured to control the com-
mon PDCP layer and respective MAC layers of the first
and second radio protocol stacks, in order to indicate the
at least one specific cell used for the data transmission
on the radio bearer.

(Supplementary Note 16)

[0122] The radio terminal according to Supplementary
Note 15, wherein
the radio bearer is an integrated radio bearer that uses
both the first and second radio protocol stacks, and
the control on the common PDCP layer by the common
RRC layer comprises indicating which one of the RLC
layers of the first and second radio protocol stacks the
common PDCP layer should send the uplink PDCP pro-
tocol data units (PDUs) to.

(Supplementary Note 17)

[0123] The radio terminal according to Supplementary
Note 15 or 16, wherein the control on each MAC layer
by the common RRC layer comprises indicating a specific
cell which the MAC entity should multiplex RLC PDUs
into an uplink transport block of.

(Supplementary Note 18)

[0124] The radio terminal according to any one of Sup-
plementary Notes 11 to 17, wherein each of the one or
more first cells and the one or more second cells is a cell
that have been configured for the radio terminal and have
been activated.

(Supplementary Note 19)

[0125] The radio terminal according to any one of Sup-
plementary Notes 11 to 18, wherein the common PDCP
layer is configured to:

provide a first radio bearer that uses the first radio
protocol stack, and provide a second radio bearer
that uses the second radio protocol stack; and
derive a temporary key for ciphering or deciphering
of data of the first radio bearer from a first key, and
derive a temporary key for ciphering or deciphering
of data of the second radio bearer from a second key
that differs from the first key.

(Supplementary Note 20)

[0126] The radio terminal according to Supplementary
Note 19, wherein the common PDCP layer is configured
to:

provide an integrated radio bearer that uses both the
first and second radio protocol stacks; and
derive a temporary key for ciphering or deciphering
of data of the integrated radio bearer from the first
key.

(Supplementary Note 21)

[0127] The radio terminal according to Supplementary
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Note 19, wherein the common PDCP layer is configured
to:

provide an integrated bearer that uses both the first
and second radio protocol stacks; and
derive, from the first key, a temporary key for cipher-
ing or deciphering of data of the integrated radio
bearer transferred via the first radio protocol stack,
and derive, from the second key, a temporary key
for ciphering or deciphering of data of the integrated
radio bearer transferred via the second radio proto-
col stack.

(Supplementary Note 22)

[0128] A method in a radio terminal, the method com-
prising:

providing a first radio protocol stack to communicate
with a radio station on one or more first cells in ac-
cordance with a first radio access technology, a sec-
ond radio protocol stack to communicate with the
radio station on one or more second cells in accord-
ance with a second radio access technology, and a
common Packet Data Convergence Protocol (PD-
CP) layer associated with both the first and second
radio protocol stacks;
receiving, from the radio station, configuration infor-
mation indicating, on a cell-by-cell basis, at least one
specific cell on which the radio terminal is allowed
to perform at least one of data transmission and data
reception on a radio bearer used for uplink transmis-
sion or downlink transmission or both via the com-
mon PDCP layer; and
performing at least one of the data transmission and
the data reception on the radio bearer via the at least
one specific cell in accordance with the configuration
information.

(Supplementary Note 23)

[0129] A non-transitory computer readable medium
storing a program for causing a computer to perform a
method in a radio terminal, the method comprising:

providing a first radio protocol stack to communicate
with a radio station on one or more first cells in ac-
cordance with a first radio access technology, a sec-
ond radio protocol stack to communicate with the
radio station on one or more second cells in accord-
ance with a second radio access technology, and a
common Packet Data Convergence Protocol (PD-
CP) layer associated with both the first and second
radio protocol stacks;
receiving, from the radio station, configuration infor-
mation indicating, on a cell-by-cell basis, at least one
specific cell on which the radio terminal is allowed
to perform at least one of data transmission and data

reception on a radio bearer used for uplink transmis-
sion or downlink transmission or both via the com-
mon PDCP layer; and
performing at least one of the data transmission and
the data reception on the radio bearer via the at least
one specific cell in accordance with the configuration
information.

(Supplementary Note 24)

[0130] A radio terminal comprising:

a memory; and
at least one processor coupled to the memory,
wherein
the at least one processor is configured to provide a
first radio protocol stack to communicate with a radio
terminal on one or more first cells in accordance with
a first radio access technology, a second radio pro-
tocol stack to communicate with the radio terminal
on one or more second cells in accordance with a
second radio access technology, and a common
Packet Data Convergence Protocol (PDCP) layer
associated with both the first and second radio pro-
tocol stacks,
the common PDCP layer is configured to provide an
integrated radio bearer that uses both the first and
second radio protocol stacks for an upper layer, and
the at least one processor is configured to determine
which one of the first and second radio protocol
stacks is to be used for transmission of uplink PDCP
protocol data units (PDUs) regarding the integrated
radio bearer, while taking into account a difference
in time-domain characteristics between the one or
more first cells and the one or more second cells.

(Supplementary Note 25)

[0131] A method in a radio terminal, the method com-
prising:

providing a first radio protocol stack to communicate
with a radio terminal on one or more first cells in
accordance with a first radio access technology, a
second radio protocol stack to communicate with the
radio terminal on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks, the common PDCP layer
providing an integrated radio bearer that uses both
the first and second radio protocol stacks for an up-
per layer; and
determining which one of the first and second radio
protocol stacks to be used for transmission of uplink
PDCP protocol data units (PDUs) regarding the in-
tegrated radio bearer, while taking into account a
difference in time-domain characteristics between
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the one or more first cells and the one or more second
cells.

(Supplementary Note 26)

[0132] A non-transitory computer readable medium
storing a program for causing a computer to perform a
method in a radio terminal, the method comprising:

providing a first radio protocol stack to communicate
with a radio terminal on one or more first cells in
accordance with a first radio access technology, a
second radio protocol stack to communicate with the
radio terminal on one or more second cells in ac-
cordance with a second radio access technology,
and a common Packet Data Convergence Protocol
(PDCP) layer associated with both the first and sec-
ond radio protocol stacks, the common PDCP layer
providing an integrated radio bearer that uses both
the first and second radio protocol stacks for an up-
per layer; and
determining which one of the first and second radio
protocol stacks to be used for transmission of uplink
PDCP protocol data units (PDUs) regarding the in-
tegrated radio bearer, while taking into account a
difference in time-domain characteristics between
the one or more first cells and the one or more second
cells.

[0133] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-002878, filed on January 8, 2016, the disclosure of
which is incorporated herein in its entirety by reference.

Reference Signs List

[0134]

1 RADIO TERMINAL (5G UE)
2 BASE STATION (INTEGRATED eNB)
1401 LTE TRANSCEIVER
1403 NEW 5G TRANSCEIVER
1405 BASEBAND PROCESSOR
1406 APPLICATION PROCESSOR
1408 MEMORY
1501 LTE TRANSCEIVER
1503 NEW 5G TRANSCEIVER
1506 PROCESSOR
1507 MEMORY

Claims

1. A first radio station configured to:

provide a first radio protocol stack to communi-
cate with a radio terminal on first cells in accord-
ance with a first radio access technology;

perform, with a second radio station which pro-
vides a second radio protocol stack to commu-
nicate with the radio terminal on one or more
second cells in accordance with a second radio
access technology, Dual Connectivity using the
first cells and the one or more second cells on
the radio terminal;
provide, in the Dual Connectivity, a common
Packet Data Convergence Protocol, PDCP, lay-
er associated with both the first radio protocol
stack and the second radio protocol stack;
perform, with the radio terminal, Carrier Aggre-
gation using the first cells;
select from the first cells, on a cell-by-cell basis,
at least one specific cell on which the radio ter-
minal is allowed to perform at least one of data
transmission and data reception on a radio bear-
er used for uplink transmission or downlink
transmission or both via the common PDCP lay-
er; and
transmit configuration information which in-
cludes a serving cell identifier indicating, on a
cell-by-cell basis, the at least one specific cell.

2. The first radio station according to claim 1, wherein
the configuration information is included in a bearer
configuration regarding the radio bearer.

3. The first radio station according to claim 1 or 2,
wherein
the first cells are included in a Secondary Cell Group,
SCG, of the Dual Connectivity, and
the first radio station is further configured to:

control the Radio Resource Control, RRC, layer
for the SCG; and
transmit the configuration information to the ra-
dio terminal.

4. The first radio station according to any one of Claims
1 to 3, wherein
the one or more second cells are included in a Master
Cell Group, MCG, of the Dual Connectivity, and
the first radio station is further configured to transmit
the configuration information to the radio terminal via
the second radio station.

5. A radio terminal comprising:

a memory; and
at least one processor coupled to the memory
and configured to:

provide a first radio protocol stack to com-
municate with a first radio station on first
cells in accordance with a first radio access
technology, and a second radio protocol
stack to communicate with a second radio
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station on one or more second cells in ac-
cordance with a second radio access tech-
nology;
perform Dual Connectivity using the first
cells and the one or more second cells;
provide, in the Dual Connectivity, a common
Packet Data Convergence Protocol, PDCP,
layer associated with both the first radio pro-
tocol stack and the second radio protocol
stack;
perform Carrier Aggregation using the first
cells;
receive configuration information which in-
cludes a serving cell identifier indicating, on
a cell-by-cell basis, at least one specific cell
among the first cells, wherein the radio ter-
minal is allowed to perform at least one of
data transmission and data reception on a
radio bearer used for uplink transmission or
downlink transmission or both via the com-
mon PDCP layer on the specific cell; and
perform, according to the configuration in-
formation, at least one of data transmission
and data reception on a radio bearer via the
at least one specific cell.

6. The radio terminal according to claim 5, wherein the
configuration information is included in a bearer con-
figuration regarding the radio bearer.

7. The radio terminal according to claim 5 or 6, wherein
the first cells are included in a Secondary Cell Group,
SCG, of the Dual Connectivity, and
the radio terminal is further configured to receive the
configuration information from the first radio station
which controls the Radio Resource Control, RRC,
layer for the SCG.

8. The radio terminal according to any one of Claims 5
to 7, wherein
the one or more second cells are included in a Master
Cell Group, MCG, of the Dual Connectivity, and
the radio terminal is further configured to receive the
configuration information from the first radio station
via the second radio station.

9. A method for a first radio station which provides a
first radio protocol stack to communicate with a radio
terminal on first cells in accordance with a first radio
access technology, the method comprising:

performing, with a second radio station which
provides a second radio protocol stack to com-
municate with the radio terminal on one or more
second cells in accordance with a second radio
access technology, Dual Connectivity using the
first cells and the one or more second cells on
the radio terminal;

providing, in the Dual Connectivity, a common
Packet Data Convergence Protocol, PDCP, lay-
er associated with both the first radio protocol
stack and the second radio protocol stack;
performing, with the radio terminal, Carrier Ag-
gregation using the first cells;
select from the first cells, on a cell-by-cell basis,
at least one specific cell on which the radio ter-
minal is allowed to perform at least one of data
transmission and data reception on a radio bear-
er used for uplink transmission or downlink
transmission or both via the common PDCP lay-
er; and
transmitting configuration information which in-
cludes a serving cell identifier indicating, on a
cell-by-cell basis, the at least one specific cell.

10. A method for a radio terminal, the method compris-
ing:

providing a first radio protocol stack to commu-
nicate with a first radio station on first cells in
accordance with a first radio access technology,
and a second radio protocol stack to communi-
cate with a second radio station on one or more
second cells in accordance with a second radio
access technology;
performing Dual Connectivity using the first cells
and the one or more second cells;
providing, in the Dual Connectivity, a common
Packet Data Convergence Protocol, PDCP, lay-
er associated with both the first radio protocol
stack and the second radio protocol stack;
performing Carrier Aggregation using the first
cells;
receiving configuration information which in-
cludes a serving cell identifier indicating, on a
cell-by-cell basis, at least one specific cell
among the first cells, wherein the radio terminal
is allowed to perform at least one of data trans-
mission and data reception on a radio bearer
used for uplink transmission or downlink trans-
mission or both via the common PDCP layer on
the specific cell; and
performing, according to the configuration infor-
mation, at least one of data transmission and
data reception on a radio bearer via the at least
one specific cell.
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