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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

BACKGROUND OF INVENTION

TECHNICAL FIELD

[0001] At least one or more embodiments of the present disclosure relate to the operation of the Physical and Link
Layer design of systems such as that of 3GPP’s Long Term Evolution (LTE). Specifically, the one or more embodiments
of the present disclosure focus on the Physical (PHY) and Link Layer design of systems such as 3GPP’s Long Term
Evolution (LTE). The design uses a hybrid Device to UE (D2UE) and Macro to User Equipment (UE) (Macro2UE)
architecture wherein some functions are maintained by the Macro2UE link and others are supported by the D2UE link.

BACKGROUND ART

[0002] One possible way to increase capacity in a wireless network is to increase the density (number of devices per
unit area) of deployed base-stations or remote antenna units. Hereinafter, such deployed base station or remote antenna
unit is called "small cell unit". If the density of the small-cell units increases, the cell capacity increases due to frequency
reuse effects. However, there are some difficulties that come with increasing the deployment density, especially if such
small cell units must be able to operate as conventional base stations on their own.
[0003] For example, as the deployment density increases, the number of handovers increases because the user
equipment changes the serving unit (base station) frequently. As a result, quality of connectivity/ mobility performance
is expected to be degraded.
[0004] One possible way to improve the above connectivity and mobility issues is carrier aggregation. That is, con-
ventional carrier aggregation operations of the Macro base station and such small cell units can achieve high-quality
interworking, because the Macro2UE link can be maintained while UE communicates with small-cell units. As a result,
network operators can achieve the same quality of connectivity and mobility as the conventional Macro network.
[0005] However, the conventional carrier aggregation operations need to be operated under the single Macro base
station. That is, such small-cell units have to be remote radio heads or remote antennas which are perfectly controlled
by the Macro base station, i.e. cells wherein small-cell units provide radio communication services must belong to the
Macro base station. From a user data point of view, multiple component carriers of the conventional carrier aggregation
operations are not visible to the packet data convergence protocol (PDCP) and radio link control (RLC) layers, and
therefore the Macro base station handles the PDCP/ RLC operations for the small-cell units in addition to the Macro cell
base station itself. In other words, the conventional carrier aggregation operations between the Macro base station and
the conventional Pico/ Femto base station are impossible, because the Pico/ Femto base station is a node different from
the Macro base station. In the scenarios where remote radio heads or remote antennas which are perfectly controlled
by the Macro base station are utilized, signal processing complexity of the Macro base station increases as the number
of remote radio heads or remote antennas increases, because centralized control is conducted by the Macro base
station. Such increasing complexity results in high cost. As a result, it is difficult to easily increase the number of the
small-cell units due to high complexity and cost.
[0006] In general, the above operations, where remote radio heads or remote antennas which are perfectly controlled
by the Macro base station, are called "carrier aggregation of macro cells and remote radio head cells". The operations
are described in Annex J.1 of 36.300, V a.4.0 in 3GPP specification. The operations are called "RRH CA operation"
hereinafter.
[0007] The RRH CA operation may have some of the following drawbacks. Figure 26 illustrates a system architecture
for conventional remote radio head (RRH) CA operations. In this architecture, the 2 GHz carrier (Macro2UE link) provides
macro coverage and remote radio heads (RRHs) are used to improve throughput at hot spots in the 3.5 GHz carrier
(RRH2UE link). Mobility is performed based on the 2 GHz carrier. In this system architecture, one common RLC layer
and PDCP layer operation is conducted at Macro base stations (the base station 200A and the base station 200B) for
both Macro2UE link and RRH2UE link, because the remote radio head is an amplifier, and other operations including
but not limited to coding/ decoding in physical layer and MAC layer operations are conducted in the base station.
[0008] As shown in Figure 27, however, in case that the user equipment 100 is located in the outside of the base
station 200A coverage area, the user equipment 100 cannot be served by the carrier aggregation of the 2 GHz carrier
and the 3.5 GHz carrier. Especially in the case where a new-type carrier, where common signals such as CRS, PSS/
SSS and broadcast signals are not transmitted, is utilized in the 3.5 GHz carrier, the user equipment 100 cannot be
served neither by the base station 200A, nor by the remote radio head 500A-4, because in general the user equipment
100 cannot communicate with the remote radio head 500A-4, which does not transmit such common signals, without
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valid connections with the base station 200A. It is noted that the new type carrier which does not contain some of common
signals or broadcast signals may be called "new carrier type" or "additional carrier type" in the standardization.
[0009] The user equipment 100 can communicate with the base station 200B instead of the base station 200A in
Figure 27, but it cannot be served by the carrier aggregation of the 2 GHz carrier served by the base station 200B and
the 3.5 GHz carrier served by remote radio head 500A-4. This is because the remote radio head 500A-4 does not belong
to the base station 200B and the remote radio head 500A-4 and the base station 200B cannot have such a single RLC
layer and PDCP layer operation.
[0010] It clearly indicates that the conventional RRH CA operation may be cumbersome from a deployment point of
view, because network operators need to align the macro cell coverage area with the RRH coverage area very accurately.
[0011] In general, the base station transmits control signals such as broadcast signals, and the user equipment com-
municates with the base station after receiving the control signals. That is, the user equipment cannot transmit any
signals before receiving the control signals. Therefore the user equipment cannot start communications because the
user equipment cannot camp on the cell, where the base station provides communication services, in idle state. The
user equipment cannot conduct random access procedures which are required for the initiation of the communications.
This is called the principle of "transmit after receive". This concept can prevent the user equipment from transmitting
signals without any control of the network, and therefore unnecessary interference issues can be avoided.
[0012] However, control signals such as broadcast signals sometimes cause some backward compatibility issues.
For example, network signaling, which is called "Additional Spectrum Emission", is defined in TS 36.331 and in Section
6.2.4 of TS 36.101 in 3GPP specification. When the user equipment receives the network signaling, it must transmit
uplink signals in order to meet additional spectrum emission requirements, which is specified in Section 6.2.4 of TS
36.101. Here, if the user equipment receives unknown network signaling in the control signals, it cannot communicate
with the base station, because the user equipment may violate regulatory requirements which are related to the unknown
network signaling. Especially in case that the user equipment is in idle state, the user equipment cannot camp on the
cell which transmits unknown network signaling and cannot connect to the network. It means that new network signaling
cannot be added after the user equipment is distributed in the market. In other words, if new network signaling is added
after the user equipment is distributed in the market, a backward compatibility issue, in which the user equipment cannot
communicate with the base station after that, happens.

SUMMARY OF INVENTION

[0013] The invention is captured in the appended claims. The above object is solved by the subject matter of the
independent claims where advantageous embodiments are described in the dependent claims. Examples and technical
descriptions of apparatuses, products and/or methods in the description and/or drawings which are not covered by the
claims are presented not as embodiments of the invention but as background art or examples useful for understanding
the invention. In a cellular telecommunications network, a mobile communication system to offload data traffic from radio
base stations to small node devices may include a small node device. The small node device may include a macro-
base-station-to-small-node- device (BS2D) communication section in communication with a source base station through
a first link, and a small-node-device-to-user-equipment (D2UE) communication section in wireless communication with
a mobile station through a fourth link. A control unit in the source base station may determine a configuration of the
fourth link. A macro-base-station-to-user-equipment (BS2UE) communication section may be in wireless communication
with the mobile station and the source base station through a second link, and a macro-base- station-to-macro-base-
station (BS2BS) communication section may be in communication with a target radio base station and the source base
station through a third link. A backhaul communication section may be in communication with a server, wherein the
BS2D communication section exchanges, through the first link, a first control signal from the source radio base station
to establish the fourth link, wherein the BS2UE communication section exchanges, through the second link, a second
control signal from the source radio base station to establish the fourth link, wherein the BS2BS communication section
exchanges a set of information for the fourth link, wherein the backhaul communication section receives first data which
is sent by the server to the mobile station, wherein the D2UE communication section transmits the first data to the mobile
station through the fourth link, and wherein the D2UE communication section receives second data through the fourth
link which is sent by the mobile station to the server, and wherein the backhaul communication section transmits the
second data to the server.
[0014] In a cellular telecommunications network, a mobile communication system to offload data traffic from radio
base stations to small node devices may include a source base station. The source base station may include a macro-
base-station-to- small-node-device (BS2D) communication section in communication with a small node device through
a first link, a macro-base-station-to-user-equipment (BS2UE) communication section in wireless communication with a
mobile station through a second link, a macro-base-station-to-macro-base-station (BS2BS) communication section in
communication with a target radio base station through a third link, and a control unit for determining a configuration of
a fourth link through which a small-node-device-to-user-equipment (D2UE) communication section in the small node



EP 2 823 661 B1

4

5

10

15

20

25

30

35

40

45

50

55

devices is in wireless communication with the mobile station and the small node device. A backhaul communication
section in the small node devices may be in communication with a server, wherein the BS2D communication section
exchanges, through the first link, a first control signal from the source radio base station to establish the fourth link,
wherein the BS2UE communication section exchanges, through the second link, a second control signal from the source
radio base station to establish the fourth link, wherein the BS2BS communication section exchanges a set of information
for the fourth link, wherein the backhaul communication section receives first data which is sent by the server to the
mobile station, wherein the D2UE communication section transmits the first data to the mobile station through the fourth
link, and wherein the D2UE communication section receives second data through the fourth link which is sent by the
mobile station to the server, and wherein the backhaul communication section transmits the second data to the server.
[0015] In a cellular telecommunications network, a mobile communication system to offload data traffic from radio
base stations to small node devices may include a mobile station. The mobile station may include a macro-base-station-
to-user-equipment (BS2UE) communication section in wireless communication with a source base station through a
second link, and a small-node-device-to-user-equipment (D2UE) communication section in wireless communication with
a small node device through a fourth link. A control unit in the source base station may determine a configuration of the
fourth link. A macro-base-station-to-small-node-device (BS2D) communication section in the source base station may
be in communication with the small node device and a source base station through a first link, and a macro-base-station-
to-macro-base-station (BS2BS) communication section in the source base station is in communication with a target
radio base station and the source base station through a third link. A backhaul communication section in the small node
devices may be in communication with a server, wherein the BS2D communication section exchanges, through the first
link, a first control signal from the source radio base station to establish the fourth link, wherein the BS2UE communication
section exchanges, through the second link, a second control signal from the source radio base station to establish the
fourth link, wherein the BS2BS communication section exchanges a set of information for the fourth link, wherein the
backhaul communication section receives first data which is sent by the server to the mobile station, wherein the D2UE
communication section receives the first data at the mobile station through the fourth link, and wherein the D2UE
communication section transmits second data through the fourth link from the mobile station to the server, and wherein
the backhaul communication section transmits the second data to the server.
[0016] In a cellular telecommunication network, a method to offload data traffic from radio base stations to small node
devices, may include communicating with a small node device through a first link using a macro-base-station-to-small-
node-device (BS2D) communication section, communicating wirelessly with a mobile station through a second link using
a macro-base-station-to-user-equipment (BS2UE) communication section, communicating with a target radio base sta-
tion through a third link using a macro-base-station-to-macro-base-station (BS2BS) communication section, determining
a configuration of a fourth link through which a small-node-device-to-user-equipment (D2UE) communication section is
in wireless communication with the mobile station using a control unit, and communicating with a server using a backhaul
communication section. The method may also include exchanging, using the BS2D communication section through the
first link, a first control signal from a source radio base station to establish the fourth link, exchanging, using the BS2UE
communication section through the second link, a second control signal from the source radio base station to establish
the fourth link, and exchanging a set of information for the fourth link using the BS2BS communication section. The
method may also include receiving first data which is sent by the server to the mobile station using the backhaul com-
munication section, wherein the D2UE communication section transmits the first data to the mobile station through the
fourth link, and receiving second data through the fourth link using the D2UE communication section which is sent by
the mobile station to the server, and wherein the backhaul communication section transmits the second data to the server.
[0017] In a cellular telecommunications network, a mobile communication system to offload data traffic from radio
base stations to small node devices may include at least one macro-base-station-to-small-node-device (BS2D) com-
munication section in communication with a small node device through a first link, at least one macro-base-station-to-
user-equipment (BS2UE) communication section in wireless communication with a mobile station through a second link,
at least one macro-base-station-to-macro-base-station (BS2BS) communication section in communication with a target
radio base station through a third link, at least one control unit for determining a configuration of a fourth link through
which a small-node-device-to-user-equipment (D2UE) communication section is in wireless communication with the
mobile station; and a backhaul communication section in communication with a server. The BS2D communication section
may exchange, through the first link, a first control signal from a source radio base station to establish the fourth link.
The BS2UE communication section may exchange, through the second link, a second control signal from the source
radio base station to establish the fourth link. The BS2BS communication section may exchange a set of information for
the fourth link. The backhaul communication section may receive first data which is sent by the server to the mobile
station, wherein the D2UE communication section transmits the first data to the mobile station through the fourth link,
and the D2UE communication section may receive second data through the fourth link which is sent by the mobile station
to the server, and wherein the backhaul communication section may transmit the second data to the server.
[0018] Other aspects and advantages of the invention will be apparent from the following description and the appended
claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0019]

Figure 1 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 2 is an explanatory view showing D2UE connection 710, and BS2UE connection 720, BS2D connection 730,
Backhaul connection 740, and Backhaul connection 750 according to one or more embodiments of the present
disclosure.

Figure 3 is an explanatory view showing data flow for D2UE connection 710 and BS2UE connection 720 according
to one or more embodiments of the present disclosure.

Figure 4 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 5 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 6 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 7 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 8 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 9 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 10 is a diagram explaining time division multiplexing for D2UE and Macro2UE transmissions according to
one or more embodiments of the present disclosure.

Figure 11 is a functional block diagram of a small-node device according to one or more embodiments of the present
disclosure.

Figure 12 is a functional block diagram of a user equipment according to one or more embodiments of the present
disclosure.

Figure 13 is a functional block diagram of a base station according to one or more embodiments of the present
disclosure.

Figure 14 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 14A is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.

Figure 15 is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.

Figure 16 is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.

Figure 17 is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.
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Figure 17A is a flowchart showing operations in the radio communication system according to one or more embod-
iments of the present disclosure.

Figure 18 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 19 is an explanatory view showing interference due to bad mobility behaviors according to one or more
embodiments of the present disclosure.

Figure 20 is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 21 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 22 is an explanatory view showing radio resource for the D2UE pilot signals according to one or more
embodiments of the present disclosure.

Figure 22A is an explanatory view showing time synchronization between D2UE link and BS2UE link according to
one or more embodiments of the present disclosure.

Figure 22B is an explanatory view showing time synchronization between D2UE link and BS2UE link according to
one or more embodiments of the present disclosure.

Figure 22C is an explanatory view showing a communication system according to one or more embodiments of the
present disclosure.

Figure 22D is an explanatory view showing time synchronization between D2UE link and BS2UE link according to
one or more embodiments of the present disclosure.

Figure 22E is an explanatory view showing a communication system in which D2UE pilot signals are transmitted
by small-node devices according to one or more embodiments of the present disclosure.

Figure 22F is an explanatory view showing a physical layer format on the D2UE pilot signal according to one or
more embodiments of the present disclosure.

Figure 22G is an explanatory view showing reception of the D2UE pilot signal in the user equipment 100 according
to one or more embodiments of the present disclosure.

Figure 22H is an explanatory view showing delay profile derived from the received D2UE pilot signal according to
one or more embodiments of the present disclosure.

Figure 23 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 24 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 25 is a flowchart showing operations in the radio communication system according to one or more embodi-
ments of the present disclosure.

Figure 26 is an explanatory view showing conventional remote-radio-head based carrier aggregation operations.

Figure 27 is an explanatory view showing conventional remote-radio-head based carrier aggregation operations.

Figure 27A is an explanatory view showing conventional remote-radio-head based carrier aggregation operations.

Figure 28 is an explanatory view showing operations in the hybrid D2UE and BS2UE system according to one or
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more embodiments of the present disclosure.

Figure 28A is a view showing operations in conventional procedures during handover.

Figure 29 is a view showing a communication system according to one or more embodiments of the present dis-
closure.

Figure 30 is a functional block diagram of a small-node device, a functional block diagram of a user equipment, a
functional block diagram of a base station according to one or more embodiments of the present disclosure.

Figure 31 is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.

Figure 32 is a figure showing operations in the radio communication system according to one or more embodiments
of the present disclosure.

DETAILED DESCRIPTION

[0020] In embodiments of the invention, numerous specific details are set forth in order to provide a more thorough
understanding of the invention. However, it will be apparent to one with ordinary skill in the art that the invention may
be practiced without these specific details. In other instances, well-known features have not been described in detail to
avoid obscuring the invention.
[0021] One or more embodiments of the present disclosure relate generally to a system concept and physical and link
layer design to allow for increasing the cell capacity by increasing the small-cell units at low cost/ complexity and without
the above drawbacks, such as connectivity/ mobility issues, issues in carrier aggregation operations, and backward
compatibility issues. One or more embodiments of the present invention will be particularly well suited to deployments
with large carrier frequencies with very large densities (very small cells).
[0022] The system concept is a low cost hybrid D2UE and BS2UE system which allows D2UE connections to be
opportunistically used to offload traffic from the Macro System (BS2UE system). Here, Macro corresponds to Macro
base station. High density and low cost/ complexity are achieved by the deployment of inexpensive "Small Node" devices
which supports the D2UE connections. The small-node device may be regarded as a femto/ pico base station with which
the mobile station (i.e., user equipment) communicates simultaneously with communicating with the macro base station.
It is noted that it is impossible for the user equipment to communicate with a Pico/ Femto base station simultaneously
with the macro base station using the conventional carrier aggregation operations, because the Pico/ Femto base station
is a node different from the Macro base station as mentioned above.
[0023] Each of these small-node devices conducts offloading for the Macro2UE (BS2UE) system by the D2UE link.
The concept of offloading is explained as follows:
[0024] Each of these small-node devices has a backhaul connection, which is connected to the Internet or the core
network, communicates with a server in the Internet or the core network, and transfers some of the data, which should
be transferred between UE and a server, utilizing the backhaul link and the D2UE connections. For example, best effort
packets, such as web browsing data, e-mail data, and the like, are transferred in the D2UE connections, and control
signaling, such as RRC messages, NAS messages and the like, or Voice packets are transferred in the BS2UE con-
nections.
[0025] The D2UE connections are controlled by the Macro base station. More specifically, basic radio resource control,
such as connection establishment, handover, connection release, call admission control and the like, for the D2UE
connections are controlled by the Macro base station. Furthermore, the BS2UE connections between UE and the Macro
base station are maintained while the D2UE connections are configured.
[0026] As a result, high quality interworking between Macro2UE (BS2UE) and D2UE connections are achieved, and
data offloading can be conducted in the small-node devices. Because the signal processing for the data in the D2UE
connections are conducted by the small-node devices, instead of the Macro base station, the complexity/ cost of the
Macro base station can be reduced.
[0027] Furthermore, the signal processing for the data in the D2UE connections is conducted by the small-node device
which is different from the Macro base station, and therefore the issues illustrated in Figure 27 do not happen because
the user equipment 100 can more flexibly select the small-node device irrespective of the serving Macro base station,
as illustrated in Figure 28. It means that network operators does not have to align the macro cell coverage area with the
small-node coverage area very accurately and that efforts for small cell deployment can be reduced in the hybrid D2UE
and BS2UE system.
[0028] Furthermore, the small-node device does not transmit the control signals such as broadcast signals, because
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they are transmitted by the macro base station. As a result, the aforementioned backward compatibility issues can be
reduced because the macro base station can determine whether or not the user equipment can communicate with the
small-node device based on the user equipment information, such as its version or its release.
[0029] A feature of one or more embodiments of the invention is that the Hybrid D2UE and Macro2UE (BS2UE) system
that offloads Macro Traffic at a low cost and complexity. Another feature is that a small-node device has a backhaul link
with a server and a D2UE link with UE, and transfer data, which should be transferred between the server and the UE,
via the backhaul link and the D2UE link. Additionally, the D2UE connections are controlled by the Macro. Further, a
protocol design for associating a UE to a small-node device and a physical layer design supporting D2UE connections.
[0030] One technical advantage of one or more embodiments of the invention is achieving effectively high deployment
density at low cost. High density has benefits in increased capacity and improved channel conditions.
[0031] Another technical advantage of one or more embodiments of the invention is that the system is robust. Note,
the Macro2UE (BS2UE) connection is maintained by the macro and is always a backup to the D2UE connection.
Furthermore, high-quality interworking between the Macro2UE and the D2UE connections, because the D2UE connection
is controlled by the Macro.
[0032] Yet another technical advantage of one or more embodiments of the invention is that for remote radio heads
or remote antennas which are controlled by the Macro base station, as the number of remote radio heads or remote
antennas increases, signal processing complexity in the Macro base station increases because the Macro base station
needs to handle U-plane data transmitted/ received by the remote radio heads or remote antennas. In the invention,
however, the Macro base station does not have to handle the U-plane data transmitted in the D2UE connection, and
the U-plane data handling can be shared by a lot of small-node devices. That is, distributed control can be achieved by
the hybrid Macro2UE (BS2UE) and D2UE system. Therefore, the complexity of the Macro base station can be minimized.
[0033] Further, another technical advantage of one or more embodiments of the invention is that the signal processing
for the data in the D2UE connection is conducted by the small-node device which is different from the Macro base station.
As a result, the user equipment 100 can more flexibly select the small-node device irrespective of the Macro base station.
It means that network operators does not have to align the macro cell coverage area with the small-node coverage area
very accurately and that efforts for small cell deployment can be reduced in the hybrid D2UE and BS2UE system.
[0034] Additionally, another technical advantage of one or more embodiments of the invention is that the small-node
device does not transmit the control signals such as broadcast signals, because they are transmitted by the macro base
station in a macro base station frequency carrier different from the small-node device frequency carrier. As a result, the
aforementioned backward compatibility issues can be reduced because the macro base station can determine whether
or not the user equipment can communicate with the small-node device based on the user equipment information, such
as its version or its release.
[0035] Therefore, according to one or more embodiments of the present invention, it is possible to provide a radio
communication system for enabling high capacity, high connectivity, low costs and low planning complexity.
[0036] One option to increase capacity in a wireless network is to increase the density (number of devices per unit
area) of deployed base-stations or remote antenna units. Hereinafter, such deployed base station or remote antenna
unit is called "small cell unit". If the density of the small-cell units increases, the cell capacity increases due to frequency
reuse effects. However, there are some difficulties that come with increasing the deployment density, especially if such
small cell units must be able to operate as conventional base stations on their own.
[0037] One or more embodiments of the invention relate to a system concept and physical and link layer design to
allow for increasing the cell capacity by increasing the deployment density at low cost and complexity. It may be particularly
well suited to deployments with large carrier frequencies with very large densities (very small cells).
[0038] The system concept is a low cost hybrid D2UE and BS2UE system which allows D2UE connections to be
opportunistically used to offload traffic from the Macro System. High density and low cost/ complexity are achieved by
the deployment of small-node devices. Here, the user equipment communicates with the small-node device, while the
user equipment simultaneously communicates with the macro base station. That is, the BS2UE connection is maintained
while the data offloading is conducted in the D2UE connection. It is also noted that small-node device is a node different
from the macro base station, and therefore conventional carrier aggregation operations cannot be conducted between
the macro base station and the small-node device.
[0039] Each of these small-node devices will provide D2UE link to UE in order to offload the traffic generated by UE.
The concept of offloading is explained as follows:
[0040] Each of these small-node devices has a backhaul connection, which is connected to the Internet or the core
network, and it communicates with a server in the Internet or the core network, and transfers some of the data, which
should be transferred between UE and a server, utilizing the backhaul link and the D2UE connections. For example,
best effort packets, such as web browsing data, e-mail data, and the like, are transferred in the D2UE connections, and
control signaling, such as RRC messages, NAS messages and the like, or Voice packets are transferred in the BS2UE
connections.
[0041] The D2UE connections are controlled by the Macro base station. More specifically, basic radio resource control,
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such as connection establishment, handover, connection release, call admission control and the like, for the D2UE
connections are controlled by the Macro base station. Furthermore, the BS2UE connections between UE and the Macro
base station are maintained while the D2UE connections are configured.
[0042] A small-node device supports some sets of functionality in order to support D2UE transfer of data in terms of
D2UE link. A D2UE connection may be similar to a D2D connection.
[0043] The small-node device supports the Macro2D (BS2D) link and the D2UE link is controlled by the Macro base
station. In terms of UE, UE supports the Macro2UE (BS2UE) link and the D2UE link is controlled by the Macro as well.
Control signaling for the D2UE connections can be transmitted to the UE via the Macro2UE connection, and another
control signaling for the D2UE connections can be transmitted to the small-node device via the Macro2D (BS2D) con-
nection.
[0044] In addition to the D2UE link, the small-node device supports a backhaul link, such as wired connection to the
Internet or the core network. The backhaul link is not limited to the wired connection to the Internet or the core network,
but may be wireless connection including but not limited to WiFi and cellular system to the Internet or the core network.
[0045] To achieve high quality connectivity, more important functions such as RRC connection state control and NAS
control are maintained by the Macro2UE (BS2UE) link. Control for radio interface of D2UE connections is conducted by
the Macro2D (BS2D) and the Macro2UE (BS2UE). The control includes but is not limited to at least one of connection
establishment, connection management, connection reconfiguration, handover, connection release, radio resource se-
lection management, power control, link adaptation, call admission control, radio bearer assignment, traffic measurement,
radio measurement control, bearer management, security association and so on.
[0046] In some embodiments, D2UE and Macro2UE (BS2UE) transmissions can operate in different bands exploiting
Carrier Aggregation Functions in terms of Radio Frequency (RF) components. The Carrier Aggregation Functions of RF
components means a function in which the transmitter can transmit signals and the receiver can receive signals in more
than one carrier simultaneously. D2UE transmissions can operate in one band, and Macro2UE (BS2UE) transmissions
can operate in another band, simultaneously in time.
[0047] In some embodiments, D2UE and Macro2UE (BS2UE) transmissions can operate in different bands exploiting
time division multiplexing functions, wherein the D2UE transmissions occur only at selected times and the Macro2UE
(BS2UE) transmissions occur at the remaining time.
[0048] A radio communication system according to one or more embodiments of the invention will be described with
reference to Figures 1 and 2.
[0049] A radio communication system (mobile communication system) 1000 includes a base station 200, a plurality
of user equipment (UE, or referred to as a mobile station) 100 (1001, 1002, 1003, ..., 100n, n is an integer where n>0),
and a plurality of small-node devices 500 (5001, 5002, 5003, ..., 500m, m is an integer where m>0).
[0050] Figure 2 illustrates a connection between the small-node device 500 and the user equipment 100 (D2UE
connection 710), a connection between the base station 200 and the user equipment 100 (BS2UE connection 720), and
a connection between the base station 200 and the small-node device 500 (BS2D connection 730). The D2UE connection
710 may be called a D2UE link. The BS2UE connection 720 may be called a BS2UE link. The BS2D connection 730
may be called a BS2D link.
[0051] In Figure 2, backhaul connections are also illustrated, i.e. a backhaul connection between the base station 200
and access gateway apparatus (Backhaul connection 740) and a backhaul connection between the small-node device
500 and core network (CN) 400 (Backhaul connection 750) are shown. As described later, the backhaul connection 750
may be a connection between the small-node device 500 and the base station 200, or a connection between the small-
node device 500 and the access gateway apparatus 300, instead of the connection between the small-node device 500
and the core network 400. The backhaul connection 740 may be called Backhaul link 740. The backhaul connection
750 may be called Backhaul link 750.
[0052] In the following description, the user equipment 100 (1001, 1002, 1003, ..., 100n) has the same configuration,
function and state, and is described as the user equipment 100 below to give an explanation unless otherwise specified.
[0053] In the following description, the small-node device 500 (5001, 5002, 5003, ..., 500m) has the same configuration,
function and state, and is descried as the small-node device 500 below to give an explanation unless otherwise specified.
[0054] The base station 200 communicates with the user equipment 100 in a cell 50 utilizing Evolve UTRA and UTRAN
(alias: Long Term Evolution (LTE)) in the BS2UE link. It is noted that the communication system between the base
station 200 and the user equipment 100 may not be limited to LTE. The communication system may include but not
limited to LTE Advanced or WiMAX or WiFi or any other system. The communication system may use Frequency Division
Duplex (FDD) or Time Division Duplex (TDD).
[0055] The base station 200 is connected to a higher layer station, for example, access gateway apparatus 300 in the
backhaul connection 740, and the access gateway apparatus 300 is connected to a core network (CN) 400. The access
gateway may be also referred to as MME/SGW (Mobility Management Entity/Serving Gateway). A server 600 may also
be connected to the core network 400.
[0056] The base station 200 is connected to the small-node device 500 in the BS2D connection 730.
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[0057] The small-node device 500 communicates with the base station 200 in a cell 50 utilizing BS2D connection 730.
For example, an X2 link defined in 3GPP may apply to the BS2D connection 730. Alternatively, an enhancement of the
X2 link may apply to the BS2D connection 730. Alternatively, a wired or wireless link, which is different from the X2 link,
may apply to the BS2D connection 730.
[0058] Alternatively, an LTE link may apply to the BS2D connection 730. In this case, the small-node device 500 may
behave as a user equipment when it communicates with the base station 200 and may behave as a base station when
it communicates with the user equipment 100.
[0059] The small-node device 500 communicates with the user equipment 100 utilizing D2UE connection 710. A LTE
link or a simplified LTE link applies to the D2UE connection 710. That is, the small-node device 500 communicates with
the user equipment 100 utilizing the LTE link or the simplified LTE link in the D2UE connection 710. It is noted that the
communication system between the small-node device 500 and the user equipment 100 is not limited to LTE. The
communication system may be LTE Advanced or WiMAX or WiFi or any other system. The system may use FDD, or
use TDD.
[0060] The small-node device 500 is connected to the core network (CN) 400 in the backhaul connection 750.
[0061] The user equipment 100 communicates with the base station 200 in the BS2UE connection 720 and commu-
nicates with the small-node device 500 in the D2UE connection 710.
[0062] Figure 3 illustrates data flow in the radio communication system. Data #1 is transferred from the access gateway
apparatus 300 to the base station 200 in the backhaul connection 740 and then transmitted to the user equipment 100
in the BS2UE connection 720 in downlink (DL), and vice versa in uplink (UL). It is the same as data flow in a conventional
radio communication system. In addition to Data #1, Data #2 is transferred from the core network 400 to the small-node
device 500 in the backhaul connection 750 and then transmitted to the user equipment 100 in the D2UE connection 710
in DL, and vice versa in UL, for offload purpose. Control signaling for D2UE connection 710 is transmitted in the BS2D
connection 730 so that the base station 200 can control communication in the D2UE connection 710. Control signaling
for D2UE connection 710 is transmitted also in the BS2UE connection 720 so that the base station 200 can control the
communication in the D2UE connection 710. The control signaling in the BS2UE connection 720 may be radio resource
control (RRC) signaling. More specifically, Data #1 may be RRC signaling, NAS signaling, Voice packets and the like,
and Data #2 may be best effort packets, FTP data, Web browsing packets and the like. That is, it may be determined
by data bearers what kinds of data are transferred as Data #1 or Data #2. As a result, connectivity can be maintained
by the BS2UE connection 720, and simultaneously U-plane data offload can be achieved in the D2UE connection 710.
[0063] It is noted that the small-node device 500 is a node different from the base station 200, and therefore the radio
communication system cannot use a conventional carrier aggregation. The base station 200 does not have to process
coding, decoding, modulation, demodulating and the like for the U-plane data (Data #2), and therefore complexity for
the base station 200 can be reduced, compared to the conventional carrier aggregation.
[0064] It is also noted that Data #1 is transferred between the small-node device 500 and the core network 400 for
offload purpose, and therefore the radio communication system is different from conventional soft handover. Furthermore,
the BS2UE connection 720 uses a frequency carrier different from the one utilized in the D2UE connection 710, and
therefore the radio communication system is different from conventional soft handover. Furthermore, there is no difference
between two links in the conventional soft handover, but the D2UE connection 710 is different from the BS2UE connection
720, in terms of radio bearers conveyed in each connection and connection control handling.
[0065] According to the above mentioned hybrid D2UE and BS2UE system, network operators can easily increase
the number of small-node devices without increasing signal processing complexity in the base station 200, and as a
result they can increase the cell capacity.
[0066] There may be various embodiments for system architecture of the radio communication system. For example,
the small-node device 500 is connected to the core network (CN) 400 in the backhaul connection 750 in Figure 1, but
it may be connected to the Internet 410 in the backhaul connection 750, as shown in Figure 4. That is, the small-node
device 500 may be connected to a server 610 via the Internet 410, instead of being connected to the server 600 via the
core network 400. In the radio communication system illustrated in Figure 4, the core network 400 may be regarded as
a network controlled by a network operator. The core network 400 may include MME, S/ P-GW, Node for billing system,
HLS (database for customers) and the like.
[0067] Alternatively, as illustrated in Figure 5, the system may be a mixture of Figure 1 and Figure 4. The small-node
device 500 may be connected to the server 600 via the core network 400 or to the server 610 via the Internet 410 in the
backhaul connection 750. It may be determined by data bearers whether data should be transferred via the small-node
device 500 and the Internet 410 or via the small-node device 500 and the core network 400. The data bearers may be
logical channels or logical channel types.
[0068] Alternatively, as illustrated in Figure 6, the small-node device 500 may be connected to the gateway apparatus
310 in the backhaul connection 750, and the gateway apparatus 310 may be further connected to the core network 400
or the Internet 410. The gateway apparatus 310, which the small-node device 500 communicates with, may be a gateway,
which is specifically deployed for connection with the small-node 500. Alternatively, as illustrated in Figure 7, the small-
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node device 500 may be connected to the gateway apparatus 300 in the backhaul connection 750, similarly to the base
station 200.
[0069] Alternatively, as illustrated in Figure 8, the small-node device may be connected to the base station 200 in the
backhaul connection 750. In this case, the BS2D connection 730 may be the same as the backhaul connection 750.
[0070] Alternatively, as illustrated in Figure 9, the small-node device 500 may be connected to a center-small-node
device 510, and the center-small-node device 510 may be connected to the core network 400 or the Internet 410 via
the gateway apparatus 310. The gateway apparatus may be omitted. The protocol layers may be shared by the center-
small-node device 510 and the small-node device 500. For example, the center-small-node device 510 may at least
handle RLC/ PDCP layer and the small-node device 500 may handle including Physical/ MAC layer. Other method to
share the layers may be applicable.
[0071] That is, the user equipment 100 has a capability of communicating with the base station 200 utilizing LTE (the
BS2UE connection 720) simultaneously with communicating with the small-node device 500 utilizing the D2UE connection
710. The base station 200 is a node different from the small-node device 500, the D2UE connection 710 is controlled
by the base station 200 and some data is transferred in the BS2UE connection 720 and others are transferred in the
D2UE connection 710 for offload purpose.
[0072] The small-node device 500 has a capability of communicating with the user equipment 100 utilizing the D2UE
connection 710, a capability of communicating with the base station 200 utilizing the BS2D connection 730, a capability
of communicating with the core network 400 utilizing the backhaul connection 750. The base station 200 is a node
different from the small-node device 500, the D2UE connection 710 is controlled by the base station 200 and some of
data, which is transferred between the user equipment 100 and the server 600, is transferred in the D2UE connection
710 for offload purpose.
[0073] The base station 200 has a capability of communicating with the user equipment 100 utilizing the BS2UE
connection 720, a capability of controlling the D2UE connection 710 utilizing the BS2UE connection 720 and the BS2D
connection 730, and a capability of communicating with the access gateway apparatus 300 and the core network 400
utilizing the backhaul connection 740. The base station 200 is a node different from the small-node device 500, and
some data is transferred in the BS2UE connection 720 and others are transferred in the D2UE connection 710 for offload
purpose.
[0074] The carrier frequency in the D2UE connection 710 may be different from the one in the BS2UE connection
720. Alternatively, the carrier frequency in the D2UE connection 710 may be the same as the one in the BS2UE connection
720.
[0075] In some embodiments of the present invention, it is assumed that the carrier frequency in the D2UE connection
710 is 3.5 GHz. TDD applies to the D2UE connection 710. Furthermore, it is also assumed that the carrier frequency in
the BS2UE connection 720 is 2 GHz. FDD applies to the BS2UE connection 720.
[0076] In other embodiments, carrier frequency other than 3.5 GHz may be used in the D2UE connection 710 and
carrier frequency other than 2 GHz may be used in the BS2UE connection 720. Furthermore, FDD may be used in the
D2UE connection 710 or TDD may be used in the BS2UE connection 720 in other embodiments.
[0077] When the user equipment 100 communicates with the server 600, the base station 200 configures the D2UE
connection 710 in addition to the BS2UE connection 720 so that some of data to be transferred between the user
equipment 100 and the server 600 can be offloaded.
[0078] More detailed examples, according to one or more embodiments of the present disclosure, for configuring the
BS2UE connection 720 and the D2UE connection 710 are shown below. First, the user equipment 100 sends an RRC
connection request to the base station 200 at the beginning of the communication, and the base station 200 configures
the BS2UE connection 720. Alternatively, the base station sends a paging signal to the user equipment 100, the user
equipment 100 sends an RRC connection request corresponding to the paging signal to the base station 200, and the
base station 200 configures the BS2UE connection 720. Then, the base station 200 configures the connection between
the user equipment 100 and the server 600 via the base station 200, the access gateway apparatus 300, and the core
network 400.
[0079] The BS2D connection 730 is always configured between the base station 200 and the small-node device 500.
[0080] Alternatively, the base station 200 may configure the BS2D connection 730 in some embodiments, similarly to
the BS2UE connection 720 described above. That is, the small-node device 500 may have the ability to power-down or
enter a sleep state when not in use. The base station 200 may be able to send the small-node device 500 a signal to
wake up over wireless network. Alternatively, the base station 200 may be able to send the small-node device 500 the
signal to wake up over wired network and configure BS2D connection 730, instead of the wireless network. This may
be supported by a protocol design in the BS2D connection 730. More specifically, the protocol design may be an X2
interface or another kind of interface.
[0081] In some other embodiments, the protocol design may be an LTE interface. Furthermore, the small-node device
may be able to use power-saving modes, such as stand-by modes, equivalent to user equipment. In this case, exiting
such power-saving modes may be done in the same fashion as the user equipment 100 and possibly in response to
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signals expected or sent by the base-station 200. The signals may be a paging signal or a control signaling such as
MAC control signaling or physical layer signaling.
[0082] Alternatively, the BS2D connection 730 may be always configured between the base station 200 and the small-
node device 500, and the small-node device 500 may be in a discontinuous reception mode in the BS2D connection
730, when the D2UE connection 710 is not configured between the small-node device 500 and the user equipment 100.
In this case, the small-node device 100 may not transmit signals or may transmit signals extremely infrequently when
the D2UE connection 710 is not configured between the small-node device 500 and the user equipment 100. For example,
even when the D2UE connection 710 is not configured between the small-node device 500 and the user equipment 100,
the small-node device 500 may transmit only pilot signals infrequently so that the user equipment 100 can detect the
small-node device 500. The periodicity of the pilot signals may be for example 100 ms or 1 second or 10 seconds.
Alternatively, even when the D2UE connection 710 is not configured between the small-node device 500 and the user
equipment 100, the small-node device 500 may transmit pilot signals based on a request from the base station 200 so
that the user equipment 100 can detect the small-node device 500.
[0083] Secondly, the base station 200 orders for the user equipment 100 to configure the D2UE connection 710, using
control signaling in the BS2UE connection 720. Furthermore, the base station 200 may order for the small-node device
500 to configure the D2UE connection 710, using control signaling in the BS2D connection 730. Configuring the D2UE
connection 710 may be called establishing the D2UE connection 710.
[0084] Furthermore, the base station 200 controls the D2UE connection 710. For example, the base station 200 may
order for the user equipment 100 and the small-node device 500 to re-configure or re-establish the D2UE connection
710. The base station 200 may order for the user equipment 100 and the small-node device 500 to release the D2UE
connection 710. The base station 200 may order for the user equipment 100 to change the D2UE connection to the one
with other small-node device. That is, the base station 200 may order for the user equipment 100 to conduct the handover
to the other small-node device in a carrier, in which communication in the D2UE connection 710 is conducted. The base
station 200 may control the above procedures utilizing RRC signaling in the BS2UE connection 720. The base station
200 may control the above procedures utilizing the control signaling in the BS2D connection 730.
[0085] Furthermore, when the D2UE connection 710 is dropped, the base station may maintain the communications
between the user equipment 100 and the server 600 utilizing the BS2UE connection 720.
[0086] Furthermore, the base station 200 may control radio resource for the D2UE connection 710. The details of the
radio resource control for the D2UE connection 710 are shown below. Alternatively, the small-node device 500 may
control the radio resource for the D2UE connection 710. Alternatively, the radio resource for the D2UE connection 710
may be controlled by both the base station 200 and the small-node device 500.
[0087] The base station 200 configures one or more radio bearers for the communications. Control signaling for
configuring the radio bearers is transmitted to the user equipment 100 in the BS2UE connection 720. Control signaling
for configuring the radio bearers is transmitted to the small-node device 500 in the BS2D connection 730.
[0088] The radio bearer may be called a logical channel. The base station 200 configures radio bearers for the BS2UE
connection 720 and radio bearers for the D2UE connection 710. The radio bearers for the BS2UE connection 720 may
be the same as the ones for the D2UE connection 710. Alternatively the radio bearers for the BS2UE connection 720
may be different from the ones for the D2UE connection 710.
[0089] For example, radio bearers for packets of non-real-time services, such as web browsing, e-mail, and FTP, may
be configured in the D2UE connection 710. Radio bearers for packets of real-time services, such as VoIP and streaming,
may be configured in the BS2UE connection 720.
[0090] Alternatively, the radio bearers for the packets of non-real-time services are configured both in the D2UE
connection 710 and in the BS2UE connection 720, and the packets of non-real-time services may be transmitted pref-
erentially in the D2UE connection 710.
[0091] Alternatively, the radio bearers for the packets of real-time services are configured both in the D2UE connection
710 and in the BS2UE connection 720, and the packets of real-time services may be transmitted preferentially in the
BS2UE connection 720. Alternatively, the packets of real-time services may also be transmitted preferentially in the
D2UE connection 710.
[0092] Such prioritization or priority for the packets may be configured by the base station 200. That is, the base station
200 may configure for each radio bearer which connection, the D2UE connection 710 or the BS2UE connection 720,
should be preferentially utilized.
[0093] C-plane signaling, such as NAS signaling and RRC signaling, may be transmitted in the BS2UE connection
720. For example, RRC signaling includes signaling messages for RRC connection establishment, initial security acti-
vation, RRC connection reconfiguration, RRC connection release, RRC connection reestablishment, Radio resource
configuration, measurement report, Handover command and so on. A radio bearer for C-plane signaling may be called
Signaling radio bearer.
[0094] In some embodiments, C-plane signaling may be transmitted also in the D2UE connection 710.
[0095] Alternatively, one part of data for one radio bearer may be transmitted in the D2UE connection 710 and the
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other part of the data for the one radio bearer may be transmitted in the BS2UE connection 720.
[0096] The small-node device may transmit common channels/ common signals, such as Primary Synchronization
signals (PSS), Secondary Synchronization signals (SSS), Common Reference Signals, Broadcast channels and the
like, in the D2UE connection 710. Alternatively, the small-node device 500 may not transmit any common channels/
signals or may transmit common channels/ signals extremely infrequently. For example, the small-node device 500 may
transmit pilot signals infrequently so that the user equipment 100 can detect the small-node device 500. The periodicity
of the pilot signals may be for example 1 second or 10 seconds. Alternatively, the small-node device 500 may transmit
pilot signals based on a request from the base station 200 so that the user equipment 100 can detect the small-node
device 500.
[0097] The user equipment 100 conducts communication in the D2UE connection 710 and communication in the
BS2UE connection 720 simultaneously. The user equipment 100 may have two sets of radio frequency devices to
conduct communication in the D2UE connection 710 and communication in the BS2UE connection 720 simultaneously.
In other words, the user equipment 100 conducts communication in the D2UE connection 710 and communication in
the BS2UE connection 720 simultaneously utilizing carrier aggregation functions (simultaneous transmissions and re-
ceptions in two carriers).
[0098] Alternatively, the user equipment 100 may conduct communication in the D2UE connection 710 and commu-
nication in the BS2UE connection 720 in a time division multiplexing manner. For example, two sets of time durations,
Duration #A and Duration #B, are defined as shown in Figure 10, and the user equipment 100 may conduct the com-
munication in the BS2UE connection 720 in one set of the time durations (Duration #A in Figure 10) and may conduct
the communication in the D2UE connection 710 in the other set of the time durations (Duration #B in Figure 10). The
time duration for the D2UE connection 710 may be larger than the one for the BS2UE connection 720 so that the data
off load effects can be increased. For example, the length of Duration #A may be 8 msec (milliseconds), and the length
of Duration #B may be 1.28 sec.
[0099] The time duration for the BS2UE connection 720 (Duration #A in Figure 10) may correspond to on-duration in
DRX control in the BS2UE connection 720. The time duration for the D2UE connection 710 may correspond to off-
duration in DRX control in the BS2UE connection 720. The off-duration means a sleep mode in DRX control, in which
the user equipment 100 does not have to monitor physical control channels transmitted from the base station 200 in the
BS2UE connection 720.
[0100] In case that the user equipment 100 conducts communication in the D2UE connection 710 and communication
in the BS2UE connection 720 in a time division multiplexing manner, it does not have to support a capability of simul-
taneously communicating both in the D2UE connection 710 and in the BS2UE connection 720, i.e. it can switch the
radio frequency device from the BS2UE connection 720 to the D2UE connection 710 and vice versa. As a result, the
cost and complexity of the user equipment 100 can be reduced.
[0101] The base station 200 may control the radio resource for the D2UE connection 710. The radio resource may
consist of at least one of time resource, frequency resource and code resource.
[0102] For example, the base station 200 may configure the frequency resource in the D2UE connection 710. More
specifically, the base station 200 may configure center frequency of a carrier used in the D2UE connection 710. The
base station 200 may configure the frequency resource in the D2UE connection 710 so that it does not overlap with
frequency resource utilized in the other small-node device. As a result, interference issues in the carrier used in the
D2UE connection 710 can be mitigated.
[0103] For example, the base station 200 may configure the time resource in the D2UE connection 710, which does
not overlap with time resource utilized in the other small-node device. As a result, interference issues in the D2UE
connection 710 can be mitigated.
[0104] For example, the base station 200 may configure the code resource in the D2UE connection 710, which does
not overlap with code resource utilized in the other small-node device. As a result, interference issues in the D2UE
connection 710 can be mitigated.
[0105] It may be noted that some parameters of the radio resource for the D2UE connection 710 may be configured
by the base station 200 and the other parameters may be configured by the small-node device 710. More specifically,
the frequency domain resource for the D2UE connection 710 may be configured by the base station 200 and the time
domain resource for the D2UE connection 710 may be configured by the small-node device 500. Alternatively, the center
carrier frequency for the D2UE connection 710 may be configured by the base station 200 and the other frequency
domain resource, such as identification number of resource blocks, the number of resource blocks and the like, and the
time domain resource for the D2UE connection 710 may be configured by the small-node device 500.
[0106] Alternatively, the base station 200 may configure several sets of the radio resource for the D2UE connection
710, and the small-node device 500 may configure one out of the several sets of the radio resource for the D2UE
connection 710.
[0107] The base station 200 transmits control signaling to the user equipment 100 in the BS2UE connection 720 so
that it configures the radio resource for the D2UE connection 710 as described above. Furthermore, the base station
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200 transmits control signaling to the small-node device 500 in the BS2D connection 730 so that it configures the radio
resource for the D2UE connection 710 as described above.
[0108] The base station 200 controls transmission power for DL in the D2UE connection 710. More specifically, the
base station 200 may configure the maximum transmission power for DL in the D2UE connection 710. Furthermore, the
base station 200 controls transmission power for UL in the D2UE connection 710. More specifically, the base station
200 may configure the maximum transmission power for UL in the D2UE connection 710.
[0109] The base station 200 may set the maximum transmission power for DL or UL in the D2UE connection 710
based on the number of the user equipment 100 in the cell where the small-node device 500 provide radio communication
service. For example, the base station 200 sets the maximum transmission power to be higher in the case when the
number of the user equipment 100 in the cell is small as compared to the case when the number of the user equipment
100 in the cell is large. As a result, in case that there are a lot of user equipment 100, interference level in the carrier
used in the D2UE connection 710 can be reduced by making the maximum transmission power low. In case that there
is not a lot of user equipment, coverage area of the D2UE connection 710 can be increased by making the maximum
transmission power high.
[0110] Alternatively, the base station 200 may set the maximum transmission power in the D2UE connection 710
based on the frequency where communications in the D2UE connection 710 are conducted. More specifically, in the
case where the frequency used for communications in the D2UE connection 710 is near one which is utilized by other
system, interference level within the system can be reduced by making the maximum transmission power low. In the
case where the frequency for the communications in the D2UE connection 710 is not near the one which is utilized by
other system, coverage area of the D2UE connection 710 can be increased by making the maximum transmission power
high.
[0111] The user equipment 100 has a capability of making measurements and detecting the nearest small-node device
500 so that the data throughput in the D2UE connection 710 can be maximized and the interference caused by the
D2UE connection 710 can be minimized. Furthermore, the user equipment 100 has a capability of reporting results of
the measurements and the detected nearest small-node device to the base station 200. The base station controls the
D2UE connection 710 based on the results and the detected nearest small-node device, which are reported by the user
equipment 100. For example, when the nearest small-node device is changed, the base station 200 may order for the
user equipment to stop communications with currently serving small-node device, and start new communication with
the nearest small-node device, which is newly detected.
[0112] The small-node device 500 according to this embodiment will be described with reference to Figure 11.
[0113] The small-node device 500 according to this embodiment has a BS2D communication section 502, D2UE
communication section 504, and a Backhaul communication section 506. The BS2D communication section 502, the
D2UE communication section 504, and the Backhaul communication section 506 are connected to each other.
[0114] The BS2D communication section 502 communicates with the base station 200 utilizing the BS2D connection
730.
[0115] More specifically, the BS2D communication section 502 receives control signaling for the D2UE connection
710 from the base station 200, and transmits control signaling for the D2UE connection 710 to the base station 200.
The control signaling includes signaling for establishing/ configuring/ re-configuring/ reestablishing/ releasing the D2UE
connection 710. Signaling for D2UE connection handover may also be included in the control signaling. The control
signaling is transmitted to the D2UE communication section 504.
[0116] As described above, the LTE link may apply to the BS2D connection 730. In this case, the control signaling
may be RRC layer signaling in LTE. Alternatively, the control signaling may be MAC layer signaling in LTE. Alternatively,
some of the control signaling may be RRC signaling and others may be MAC layer signaling.
[0117] The control signaling may include parameters for at least one of physical layer, MAC layer, RLC layer, PDCP
layer, or RRC layer in the D2UE connection 710. The control signaling may include information for the radio bearers in
the D2UE connection 710.
[0118] Furthermore, the control signaling may include information of radio resource control for the D2UE connection
710. As described above, the information of the radio resource control for the D2UE connection 710 may include infor-
mation for radio resource which can be utilized by the D2UE connection 710 or may include information for radio resource
which cannot be utilized by the D2UE connection 710. The radio resource may include at least one of time domain
resource, frequency domain resource, and code domain resource. The information of the radio resource control is also
transmitted to the D2UE communication section 504.
[0119] Furthermore, the control signaling may include information of link adaptation for the D2UE connection 710.
More specifically, the link adaptation may be one of power control and adaptive modulation and coding. The information
of the power control may include information on the maximum transmission output power in the D2UE connection 710.
[0120] Furthermore, the control signaling may include measurement results for the D2UE connection 710. More spe-
cifically, the BS2D communication section 502 may transmit measurement results, which are conducted by the D2UE
communication section 504. The measurement results may include radio link quality for UL in the D2UE connection 710.
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The radio link quality may include at least one of path loss between the small-node device 500 and the user equipment
100, received signal-to-interference ratio (SIR) for UL, and the like. Furthermore, the measurement results may include
interference power for UL in the D2UE connection 710.
[0121] The D2UE communication section 504 communicates with the user equipment 100 utilizing the D2UE connection
710.
[0122] More specifically, the D2UE communication section 504 manages the D2UE connection 710 between the small-
node device 500 and the user equipment 100, i.e. the D2UE communication section 504 establishes/ configures/ re-
configures/ reestablishes/ releases the D2UE connection 710 between the small-node device 500 and the user equipment
100. The management of the D2UE connection 710 may be based on the control signaling transmitted by the base
station 200.
[0123] The D2UE communication section 504 may conduct a link adaptation for the D2UE connection 710, such as
power control and adaptive modulation and coding. The link adaptation may be conducted based on parameters which
are signaled from the base station 200.
[0124] The D2UE communication section 504 transmits data to the user equipment 100 and receives data from the
user equipment 100 utilizing the D2UE connection 710 for offload purposes. As described above, data for some of the
radio bearers may be transmitted in the D2UE connection 710.
[0125] Hereinafter, data transferred from the user equipment 100 to the server 600 is called "uplink data" and data
transferred from the server 600 to the user equipment 100 is called "downlink data".
[0126] The D2UE communication section 504 transmits the downlink data to the user equipment 100 using the D2UE
connection 710. The downlink data is transferred from the server 600 via the core network 400 and the Backhaul
communication section 506.
[0127] The D2UE communication section 504 receives the uplink data from the user equipment 100 using the D2UE
connection 710. The uplink data is transferred to the server 600 via the Backhaul communication section 506 and the
core network 400.
[0128] The D2UE communication section 504 also conducts measurements for the D2UE connection 710. More
specifically, the D2UE communication section 504 make measurements of radio link quality for the D2UE connection
710 between the small-node device 500 and the user equipment 100. The radio link quality may be at least one of pilot
signal received power, path loss, signal-to-interference ratio (SIR), channel state information, channel quality indicator,
received signal strength indicator for UL in the D2UE connection 710. The radio link quality may be calculated by the
pilot signal transmitted by the user equipment 100. The path loss is the one between the small-node device 500 and the
user equipment 100. The measurements may include interference power level in the frequency band, in which the
communications in the D2UE connection 710 operates.
[0129] The D2UE communication section 504 reports the measurement results to the base station 200 via the BS2D
communication section 502 and the BS2D connection 730.
[0130] The Backhaul communication section 506 is connected to the core network 400 via a backhaul link. The backhaul
link may be a wired connection or a wireless connection or a mixture of a wired connection and a wireless connection.
The wireless connection may be a connection provided by WiFi (Wireless LAN) or cellular system.
[0131] The Backhaul communication section 506 transmits to the D2UE communication section 504 the downlink
data, which is transferred via the backhaul link from the core network 400. The Backhaul communication section 506
transmits to the core network 400 the uplink data via the backhaul link, which is transferred from the D2UE communication
section 504.
[0132] The user equipment 100 according to this embodiment will be described with reference to Figure 12.
[0133] The user equipment 100 according to this embodiment has a BS2UE communication section 102 and D2UE
communication section 104. The BS2UE communication section 102 and the D2UE communication section 104 are
connected to each other.
[0134] The BS2UE communication section 102 communicates with the base station 200 utilizing the BS2UE connection
720. As described above, data for some of radio bearers are transmitted in the BS2UE connection 720. For example,
control signaling such as RRC signaling and NAS signaling and MAC layer signaling may be transmitted in the BS2UE
connection 720. Furthermore, packets for Voice over IP (VoIP) may also be transmitted in the BS2UE connection 720.
Data for some other data bearers may also be transmitted in the BS2UE connection 720.
[0135] As described above, the BS2UE communication section 102 may transmits/ receive data for all radio bearers
to/ from the base station 200, when the D2UE connection 710 is dropped or not available.
[0136] Furthermore, the BS2UE communication section 102 receives control signaling for the D2UE connection 710
from the base station 200, and transmits control signaling for the D2UE connection 710 to the base station 200. The
control signaling includes signaling for establishing/ configuring/ re-configuring/ reestablishing/ releasing the D2UE con-
nection 710. Signaling for D2UE connection handover may also be included in the control signaling. The control signaling
is transmitted to the D2UE communication section 104. The control signaling may be RRC layer signaling in LTE.
Alternatively, the control signaling may be MAC layer signaling in LTE. Alternatively, some of the control signaling may
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be RRC signaling and others may be MAC layer signaling.
[0137] The control signaling may include parameters for at least one of physical layer, MAC layer, RLC layer, PDCP
layer, or RRC layer in the D2UE connection 710. The control signaling may include information for the radio bearers in
the D2UE connection 710.
[0138] Furthermore, the control signaling may include information of radio resource control for the D2UE connection
710. As described above, the information of the radio resource control for the D2UE connection 710 may include infor-
mation for radio resource which can be utilized by the D2UE connection 710 or may include information for radio resource
which cannot be utilized by the D2UE connection 710. The radio resource may include at least one of time domain
resource, frequency domain resource, and code domain resource. The information of the radio resource control is also
transmitted to the D2UE communication section 504.
[0139] Furthermore, the control signaling may include information of link adaptation for the D2UE connection 710.
More specifically, the link adaptation may be one of power control and adaptive modulation and coding. The information
of the power control may include information on the maximum transmission output power in the D2UE connection 710.
[0140] Furthermore, the control signaling may include measurement results for the D2UE connection 710. More spe-
cifically, the BS2UE communication section 102 may transmit measurement results, which are conducted by the D2UE
communication section 104. The measurement results include DL radio link quality between the small-node device and
the user equipment 100. The small-node device may be the serving small-node device or may be a neighbor small-node
device. The serving small-node device corresponds to the one which communicates with the user equipment 100 using
the D2UE connection 710. Details of the DL radio link quality will be described below.
[0141] The D2UE communication section 104 communicates with the small-node device 500 utilizing the D2UE con-
nection 710.
[0142] More specifically, the D2UE communication section 104 manages the D2UE connection 710 between the small-
node device 500 and the user equipment 100, i.e. the D2UE communication section 104 establishes/ configures/ re-
configures/ reestablishes/ releases the D2UE connection 710 between the small-node device 500 and the user equipment
100. The management of the D2UE connection 710 may be based on the control signaling transmitted by the base
station 200.
[0143] The D2UE communication section 104 may conduct a link adaptation for the D2UE connection 710, such as
power control and adaptive modulation and coding. The link adaptation may be conducted based on parameters which
are signaled from the base station 200.
[0144] The D2UE communication section 104 transmits data to the small-node device 500 in UL and receives data
from the small-node device 500 in DL utilizing the D2UE connection 710 for offload purposes. As described above, data
for some of the radio bearers may be transmitted in the D2UE connection 710.
[0145] That is, the D2UE communication section 104 receives the downlink data from the small-node device 500 using
the D2UE connection 710. The downlink data is transferred from the server 600 via the core network 400 and the small-
node device 500. The D2UE communication section 104 transmits the uplink data to the small-node device 500 using
the D2UE connection 710. The uplink data is transferred to the server 600 via the small-node device 500 and the core
network 400.
[0146] The D2UE communication section 104 also conducts measurements for D2UE connection 710. More specifi-
cally, the D2UE communication section 104 make measurements of the DL radio link quality for the serving small-node
device 500 or for the neighbor small-node device. The DL radio link quality may be at least one of pilot signal received
power, path loss, signal-to-interference ratio (SIR), channel state information, channel quality indicator, received signal
strength indicator. The radio link quality may be calculated by the pilot signal transmitted by the serving small-node
device or the neighbor small-node device. The path loss is the one between the user equipment 100 and the serving
small-node device or the one between the user equipment 100 and the neighbor small-node device.
[0147] The D2UE communication section 104 reports the measurement results to the base station 200 via the BS2UE
communication section 102 and the BS2UE connection 720.
[0148] The base station 200 according to this embodiment will be described with reference to Figure 13.
[0149] The base station 200 according to this embodiment has a BS2UE communication section 201, a BS2D com-
munication section 202, D2UE communication control section 204, and a Backhaul communication section 206. The
BS2UE communication section 201, the BS2D communication section 202, the D2UE communication control section
204, and the Backhaul communication section 206 are connected to each other.
[0150] The BS2UE communication section 201 communicates with the user equipment 100 utilizing the BS2UE con-
nection 720. As described above, data for some of the radio bearers are transmitted in the BS2UE connection 720. For
example, control signaling such as RRC signaling and NAS signaling and MAC layer signaling may be transmitted in
the BS2UE connection 720. Furthermore, packets for Voice over IP (VoIP) may also be transmitted in the BS2UE
connection 720. Data for some other data bearers may also be transmitted in the BS2UE connection 720.
[0151] As described above, the BS2UE communication section 201 may transmit/ receive data for all radio bearers
to/ from the user equipment 100, when the D2UE connection 710 is dropped or not available. Some parts of data, such
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as U-plane data, transmitted from the user equipment 100 are transferred to the core network 400 via the BS2UE
communication section 201 and the Backhaul communication section 206. Some parts of data, such as U-plane data,
transmitted from the server 400 are transferred to the user equipment 100 via the Backhaul communication section 206
and the BS2UE communication section 201.
[0152] Furthermore, the BS2UE communication section 201 receives control signaling for the D2UE connection 710
from the user equipment 100, and transmits control signaling for the D2UE connection 710 to the user equipment 100.
Description for the control signaling is the same as the one for the user equipment 100, and therefore is omitted here.
[0153] The BS2D communication section 202 communicates with the small-node device 500 utilizing the BS2D con-
nection 730. The BS2D communication section 202 receives control signaling for the D2UE connection 710 from the
small-node device 500, and transmits control signaling for the D2UE connection 710 to the small-node device 500.
Description for the control signaling is the same as the one for the small-node device 500, and therefore is omitted here.
[0154] The control signaling for the D2UE connection 710 is produced by the D2UE communication control section
204 as described below, and is transferred to the user equipment 100 via the Macro2UE communication section 201.
The control signaling is transmitted also to the small-node device 500 via the BS2D communication section 202.
[0155] The D2UE communication control section 204 conducts radio link connection control for the D2UE connection
710. The radio link connection control includes at least one of establishing/ configuring/ re-configuring/ re-establishing/
releasing the D2UE connection 710. The parameters for the radio link connection control are transmitted to the user
equipment 100 via the Macro2UE communication section 201. The parameters for the radio link connection control are
transmitted also to the small-node device 500 via the BS2D communication section 202. The parameters may include
at least one of physical layer, MAC layer parameters, RLC layer parameters, PDCP layer parameters, and RRC layer
parameters. The parameters may include the information for the radio bearers. The radio link connection control may
be referred to as radio resource control.
[0156] More specifically, the D2UE communication control section 204 may determine that the D2UE connection 710
should be released, when the path loss between the user equipment 100 and the small-node device 500 is larger than
a threshold. That is, the D2UE communication control section 204 may send control signaling to release the D2UE
connection 710. The D2UE communication control section 204 may conduct such determination based on the meas-
urement reports which are transmitted by at least one of the user equipment 100 and the small-node device 500. More
specifically, at least one of the user equipment 100 and the small-node device 500 may detect whether or not the path
loss is larger than the threshold and send the measurement reports in case that the path loss is larger than the threshold.
The D2UE communication control section 204 may send the control signaling to at least one of the user equipment 100
and the small-node device 500, after it receives the measurement reports. In the above examples, DL transmission
power or UL transmission power in the D2UE connection 710 may be utilized instead of the path loss.
[0157] Furthermore, the D2UE communication control section 204 conducts control for handover of the D2UE con-
nection between the user equipment 100 and the small-node device 500.
[0158] More specifically, the D2UE communication control section 204 receives the measurement reports, which are
transmitted by the user equipment 100, and determines whether or not the user equipment 100 should hand over to the
neighbor small-node device, which is more closed to the user equipment 100 than the serving small-node device. Here,
the serving small-node device means the one which currently has the D2UE connection 710 with the user equipment 100.
[0159] Furthermore, the D2UE communication control section 204 may control the radio resource for the D2UE con-
nection 710. More specifically, the D2UE communication control section 204 assigns the radio resource for the D2UE
connection 710 so that it will not interfere D2UE connections in the neighbor small-node device. More specifically, the
D2UE communication control section 204 assigns the radio resource for the D2UE connection 710 so that it will not
overlap with the one of other D2UE connections in the neighbor small-node device. The radio resource includes at least
one of time domain resource, frequency domain resource, and code domain resource.
[0160] The radio resource may be indicated to the user equipment 100 and the small-node device 500 by parts of the
parameters for the radio resource control. The parameters may include at least one of ID of the frequency domain
resource, ID of identification of the time domain resource, and ID of identification of the code domain resource.
[0161] The radio resource, which is assigned to the D2UE connection 710, may be determined based on the number
of the user equipment in the cell where the small-node device 500 provides the radio communication service. Alternatively,
the radio resource may be determined based on interference power level in the frequency band, in which the commu-
nications in the D2UE connection 710 operates.
[0162] Furthermore, the D2UE communication control section 204 may control the link adaptation for the D2UE con-
nection 710. More specifically, the link adaptation may be one of power control and adaptive modulation and coding.
The information of the power control may include information on the maximum transmission output power for DL or UL
in the D2UE connection 710.
[0163] The control signaling, which is determined based on the above control in the D2UE communication control
section 204, is transmitted to the user equipment 100 via the BS2UE communication section 201. The control signaling
is transmitted to the small-node device via the BS2D communication section 202.
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[0164] The Backhaul communication section 206 has a backhaul link which is connected to the core network 400. The
Backhaul communication section 206 transmits to the BS2UE communication section 201 the downlink data, which is
received from the core network 400, and transmits to the core network 400 the uplink data, which is received from the
BS2UE communication section 201.
[0165] Referring to Figures 14 and 14A, an operation of the mobile communication system according to one or more
embodiments of the present invention is described.
[0166] As shown in Figure 14, in step S801, traffic data, which should be transferred between the user equipment 100
and the server 600, occurs. The traffic data may be transmitted both in downlink and in uplink. Alternatively, it may be
transmitted only in downlink or only in uplink. More specifically, traffic data occurring may correspond to sending/ receiving
e-mails, browsing web sites, downloading files, uploading files and the like. Traffic data may be referred to as "data".
[0167] In step S802, an LTE connection between the base station 200 and the user equipment 100 (the BS2UE
connection 720 in Figure 2) is established. When it is triggered by the user equipment, the user equipment 100 may
initiate the connection by random access procedures. When it is triggered by the server 600, the base station may send
a paging message to initiate the connection. Step S802 corresponds to Step A802 in Figure 14A.
[0168] In this embodiment, it is assumed that the BS2D connection 730 is always configured between the base station
200 and the small-node device 500.
[0169] In some other embodiments, however, a connection between the base station 200 and the small-node device
500 (the BS2D connection 730) is established in step S802 or just after step S802. The establishment may be triggered
by the base station 200 using control signaling. Furthermore, the small-node device 500 may start transmitting pilot
signals for the D2UE connection 710 after it is requested by the base station 200 in the above procedures. As a result,
it may not cause significant interference with other communications in the frequency band when it does not transmit the
pilot signals.
[0170] In step S803, the user equipment 100 makes measurements for the D2UE connection, as described below.
That is, the user equipment 100 makes measurements for the DL radio link quality in the D2UE connection. More
specifically, the user equipment 100 transmits to the base station 200 a measurement report, which notifies the base
station 200 of identification number of the small-node device having the best DL radio link quality.
[0171] More specifically, the measurements for the D2UE connection may be conducted as illustrated in steps A803a,
A803b and A803c in Figure 14A.
[0172] In step A803a, the base station 200 transmits control signaling to the user equipment 100 in the BS2UE
connection 720 and orders for the user equipment 100 to make measurements for the D2UE connection so that the user
equipment 100 detects small-node device with the best radio link quality.
[0173] The control signaling may include information for the measurements. For example, the control signaling may
include at least one of carrier frequency for the D2UE connection, bandwidth of the D2UE connection, identification
number for small-node device, information on measurement quantity, information on the pilot signals transmitted by the
small-node device and the like. The information on the measurement quantity may be an indicator of RSRP or RSRQ.
[0174] The information on the pilot signals may be the one for the radio resource of the pilot signals. More specifically,
it may be at least one of the transmission periodicity of the pilot signals, the frequency-domain resource information of
the pilot signals, the time-domain resource information of the pilot signals, and the like. As mentioned later, time offset
between the D2UE connection and the BS2UE connection may also be included in the information on the pilot signals.
Furthermore, transmission power of the pilot signals may be included in the information on the pilot signals.
[0175] Furthermore, rules for sending measurement reports to the base station 200 may also be included in the
information for the measurements. The rules may include criteria, which are similar to the ones for LTE, such as Event
A1, A2, A3, A4, A5 and the like, which is specified in TS 36.331. Threshold value or Layer-3 filtering coefficient, Time-
to-trigger may also be included in the information for the measurements.
[0176] Furthermore, control signaling for cell selection/ reselection may also be included in the information for the
measurements. That is, control signaling for idle-mode measurements may also be included in the information for the
measurements.
[0177] The control signaling may be transmitted in the dedicated control signaling or in the broadcast information.
[0178] Furthermore, the control signaling in step S803A may include an indicator whether or not the D2UE connection
is available in the cell wherein the base station 200 provides the radio communication system for the user equipment 100.
[0179] The control signaling may be transmitted in step A802, instead of step A803a.
[0180] In step A803b, the user equipment 100 makes measurements for the DL radio link quality in the D2UE connection.
[0181] In step A803c, the user equipment 100 transmits to the base station 200 a measurement report in the BS2UE
connection 720, which notifies the base station 200 of identification number of the small-node device having the best
DL radio link quality.
[0182] In step S804, D2UE connection between the user equipment 100 and the small-node device 500 (the D2UE
connection 710) is established. The base station 200 orders for the user equipment 100 and the small-node device 500
to configure the D2UE connection 710. The parameters for the D2UE connection 710 are transmitted from the base
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station 200 to the user equipment 100 and the small-node device 500 in the BS2UE connection 720 and in the BS2D
connection 730, respectively. Furthermore, the establishment of the D2UE connection 710 may be reported to the base
station 200 by the user equipment 100 and/ or the small-node device 500. Step S804 corresponds to steps A804a to
A804f in Figure 14A.
[0183] That is, the establishment of the D2UE connection 710 may be conducted as illustrated in steps A804a, A804b,
A804c, A804d, A804e, and A804f in Figure 14A.
[0184] In step A804a, the base station 200 transmits control signaling to the small-node device 500 in the BS2D
connection 730 and orders the small-node device 500 to establish the D2UE connection 710 with the user equipment
100. In general, the small-node device 500 is the one which has the best DL radio link quality based on the measurement
report. In step A804b, the small-node device 500 may transmit acknowledgement about the order of step A804a. The
control signaling may include at least one of identification number of the user equipment 100, capability information of
the user equipment 100, and the like.
[0185] In step A804c, the base station 200 transmits control signaling to the user equipment 100 in the BS2UE
connection 720 and orders the user equipment 100 to establish the D2UE connection 710 with the small-node device 500.
[0186] For example, according to one or more embodiments of the present disclosure, the control signaling of step
A804c may include at least one of the following parameters:

Radio bearer information for the D2UE connection 710

Carrier frequency information of the D2UE connection 710

Frequency band indicator of the D2UE connection 710

System bandwidth (Channel bandwidth) of the D2UE connection 710

Cell barred information on the D2UE connection 710

Identification number of the small-node device 500

UL Maximum transmission power in the D2UE connection 710

Information of DL and UL slots in the D2UE connection 710 (in case of TDD)

Information of random access channel for the D2UE connection 710

Information of uplink physical control channels, such as PUCCH for the D2UE connection 710

Information of downlink physical control channels, such as PDCCH, PHICH for the D2UE connection 710

Information of uplink physical shared channel for the D2UE connection 710

Information of downlink physical shared channel for the D2UE connection 710

Information of uplink sounding reference signal for the D2UE connection 710

Information of uplink power control information for the D2UE connection 710

Information of downlink or uplink cyclic prefix information for the D2UE connection 710

Information of time alignment control in uplink for the D2UE connection 710

Information of RLC or PDCP configuration for each radio bearer for the D2UE connection 710

Information of MAC configuration for the D2UE connection 710

Information of security for the D2UE connection 710

[0187] Part or all of the information in step A804c may be transmitted to the small-node device 500 in step A804a.
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[0188] The radio bearer information may indicate what kind of radio bearers should be configured for the D2UE
connection 710 or what kind of priority should be specified for each radio bearer.
[0189] Because the parameters for the D2UE connection 710 can be transmitted in step A804c, the small-node device
500 may neither have to transmit broadcast channels, and therefore the complexity of the small-node device 500 can
be reduced.
[0190] In step A804d, the user equipment 100 transmits control signaling to establish a connection between the user
equipment 100 and the small-node device 500 (the D2UE connection 710). The control signaling may be a random
access signaling. Alternatively, the control signaling may be a pre-assigned access signaling. Radio resource information
of the pre-assigned access signaling may be transmitted to the user equipment 100 by the base station 200 in step A804c.
[0191] The radio resource information of the pre-assigned access signaling may be configured by the base station
200. In this case, the base station 200 may notify the small-node device 500 of it in step A804a. Alternatively, the radio
resource information of the pre-assigned access signaling may be configured by the small-node device 500. In this case,
the small-node device 500 may notify the base station 200 of it in step A804b.
[0192] In step A804e, the small-node device 500 transmits acknowledgement of the control signaling transmitted in
step A804d. As a result, the D2UE connection 710 can be established.
[0193] In step A804f, the user equipment 100 transmits control signaling to the base station 200 and notifies the base
station 200 that the D2UE connection 710 has been successfully established.
[0194] In step S805, some parts (Data #2 in Figure 3) of the traffic data are transferred between the user equipment
100 and the server 600 via the D2UE connection 710 and the small-node device 500, as described in Figure 3. The data
transmitted in the D2UE connection 710 may be data for some parts of radio bearers, which are configured for the
communication between the user equipment 100 and the server 600. More specifically, the data transferred via the
D2UE connection 710 may be at least one of best effort packets, non-real time service packets, and real time service
packets. The data transferred via the D2UE connection 710 may be U-plane data. Step S805 corresponds to Step A805
in Figure 14A.
[0195] In step S806, some parts (Data #1 in Figure 3) of the traffic data are transferred between the user equipment
100 and the server 600 via the BS2UE connection 720 and the base station 200, as described in Figure 3. C-plane data
may also be transmitted in the BS2UE connection 720, instead of the D2UE connection 710. Step S806 corresponds
to Step A806 in Figure 14A.
[0196] The operations shown in Figure 14 may be described in terms of the operations in the small-node device 500
in the following. The operations of the small-node device 500 comprise establishing the D2UE connection 710 with the
user equipment 100 (step S804) and transferring some parts of data, which are transferred between the user equipment
100 and the server 600, using the D2UE connection 710 (step S805).
[0197] The operations shown in Figure 14 may be described in terms of the operations in the user equipment 100 in
the following. The operations of the user equipment 100 comprise establishing the LTE connection (the BS2UE connection
720) with the base station 200 (step S802), making measurements for the small-node device (step S803), establishing
the D2UE connection 710 with the small-node device 500 (step S804), transferring some parts of data, which are
transferred between the user equipment 100 and the server 600, via the D2UE connection 710 and the small-node
device 500 (step S805), and transferring some parts of data, which are transferred between the user equipment 100
and the server 600, via the BS2UE connection 720 and the base station 200 (step S806).
[0198] The operations shown in Figure 14 may be described in terms of the operations in the base station 200 in the
following. The operations of the base station 200 comprise establishing the LTE connection (the BS2UE connection
720) with the user equipment 100 (step S802), transmitting control signaling for establishing the D2UE connection 710
(step S804), and transferring some parts of data, which are transferred between the user equipment 100 and the server
600, using the BS2UE connection 720 (step S806). In the D2UE connection 710, some parts of data, which are transferred
between the user equipment 100 and the server 600, are transferred via the D2UE connection 710 and the small-node
device 500.
[0199] Referring to Figure 15, an operation of the mobile communication system according to one or more embodiments
of the present invention is described.
[0200] As shown in Figure 15, in step S901, some parts of the traffic data are transferred between the user equipment
100 and the server 600 via the D2UE connection 710 and the small-node device 500. In step S902, some parts of the
traffic data are transferred between the user equipment 100 and the server 600 via the BS2UE connection 720 and the
base station 200. Steps S901 and S902 may be the same as steps S805 and S806, respectively, i.e. steps S901 and
S902 may be a continuation of steps S805 and S806.
[0201] In step S903, traffic data, which should be transferred between the user equipment 100 and the server 600,
disappears. More specifically, traffic data disappearing may correspond to the end of sending/ receiving e-mails, browsing
web sites, downloading files, uploading files and the like.
[0202] In step S904, the base station 200 transmits control signaling to the small-node device 500 and notifies the
small-node device 500 that the D2UE connection 710 should be released. In step S905, the small-node device 500
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transmits acknowledgement of the notification of step S904.
[0203] In step S906, the base station 200 transmits control signaling to the user equipment 100 and notifies the user
equipment 100 that the D2UE connection 710 should be released. In step S907, the user equipment 100 transmits
acknowledgement of the notification of step S906. Steps S906 and S907 may be conducted before steps S904 and
S905. Alternatively, steps S906 and S907 may be conducted simultaneously with steps S904 and S905.
[0204] According to the control signaling in steps S904 and S906, the D2UE connection 710 is released in step S908.
[0205] Steps S905 and S907 may be conducted after step S908 so that the user equipment 100 or the small-node
device 500 can report that the D2UE connection 710 is released.
[0206] In step S909, the base station 200 transmits control signaling to the user equipment 100 and notifies the user
equipment 100 that the BS2UE connection 720 is released. In step S910, the user equipment 100 transmits acknowl-
edgement of the control signaling of step S909 to the base station 200. Steps S909 and S910 correspond to normal
procedures to release a LTE connection.
[0207] In the embodiments described in Figure 15, the base station 200 transmits the control signaling to notify releasing
the D2UE connection 710, but alternatively, the user equipment 100 or the small-node device 500 may transmit the
control signaling.
[0208] The operations shown in Figure 15 may be described in terms of the operations in the small-node device 500
in the following. The operations of the small-node device 500 comprise transferring some parts of data, which are
transferred between the user equipment 100 and the server 600, using the D2UE connection 710 (step S901), receiving
the control signaling transmitted by the base station 200 (step S904), transmitting the acknowledgement of the control
signaling to the base station 200 (step S905) and releasing the D2UE connection 710 with the user equipment 100 (step
S908).
[0209] The operations shown in Figure 15 may be described in terms of the operations in the user equipment 100 in
the following. The operations of the user equipment 100 comprise transferring some parts of data, which are transferred
between the user equipment 100 and the server 600, via the D2UE connection 710 and the small-node device 500 (step
S901), transferring some parts of data, which are transferred between the user equipment 100 and the server 600, via
the BS2UE connection 720 and the base station 200 (step S902), receiving the control signaling transmitted by the base
station 200 (step S906), transmitting the acknowledgement of the control signaling to the base station 200 (step S907),
releasing the D2UE connection 710 with the user equipment 100 (step S908), and releasing the LTE connection (the
BS2UE connection 720) in steps S909 and S910.
[0210] The operations shown in Figure 15 may be described in terms of the operations in the base station 200 in the
following. The operations of the base station 200 comprise transmitting to the small-node device 500 control signaling
for releasing the D2UE connection 710 (step S904), transmitting to the user equipment 100 control signaling for releasing
the D2UE connection 710 (step S906), and releasing the BS2UE connection 720 (steps S909 and S910).
[0211] Referring to Figure 16, an operation of the mobile communication system according to one or more embodiments
of the present invention is described.
[0212] As shown in Figure 16, in step S1001, some parts of the traffic data are transferred between the user equipment
100 and the server 600 via the D2UE connection 710 and the small-node device 500. In step S1002, some parts of the
traffic data are transferred between the user equipment 100 and the server 600 via the BS2UE connection 720 and the
base station 200. Steps S1001 and S1002 may be the same as steps S805 and S806, respectively, i.e. steps S1001
and S1002 may be a continuation of steps S805 and S806.
[0213] In step S1004, the base station 200 transmits control signaling to the small-node device 500 and notifies the
small-node device 500 that the D2UE connection 710 should be reconfigured. In step S1005, the base station 200
transmits control signaling to the user equipment 100 and notifies the user equipment 100 that the D2UE connection
710 should be reconfigured.
[0214] More specifically, the parameters described for step A804c may be included in the control signaling for step
1004 or step S1005.
[0215] In step S1006, the D2UE connection 710 is re-configured. More specifically, some of the parameters for the
D2UE connection 710 are changed. The parameters may include at least one of parameters for frequency domain
resource, parameters for time domain resource, parameters for code domain resource, parameters for pilot signals for
the D2UE connection 710, parameters for initial access for the D2UE connection 710, parameters for the radio bearers,
and parameters for the power control for the D2UE connection 710. The parameters for the power control include the
information on the maximum transmission output power for DL or UL in the D2UE connection 710.
[0216] In step S1007, the small-node device 500 transmits control signaling to the base station 200 and notifies the
base station 200 that the D2UE connection 710 has successfully been reconfigured. In step S1008, the user equipment
100 transmits control signaling to the base station 200 and notifies the base station 200 that the D2UE connection 710
has successfully been reconfigured.
[0217] The operations shown in Figure 16 may be described in terms of the operations in the small-node device 500
in the following. The operations of the small-node device 500 comprise transferring some parts of data, which are
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transferred between the user equipment 100 and the server 600, using the D2UE connection 710 (step S1001), receiving
control signaling to reconfigure the D2UE connection 710 (step S1004), reconfiguring the D2UE connection 710 (step
S 1006), and transmitting control signaling to report that the D2UE connection 710 has been reconfigured (step S1008).
[0218] The operations shown in Figure 16 may be described in terms of the operations in the user equipment 100 in
the following. The operations of the user equipment 100 comprise transferring some parts of data, which are transferred
between the user equipment 100 and the server 600, using the D2UE connection 710 (step S1001), transferring some
parts of data, which are transferred between the user equipment 100 and the server 600, using the BS2UE connection
720 (step S1002), receiving control signaling to reconfigure the D2UE connection 710 (step S1005), reconfiguring the
D2UE connection 710 (step S1006), and transmitting control signaling to report that the D2UE connection 710 has been
reconfigured (step S1008).
[0219] The operations shown in Figure 16 may be described in terms of the operations in the base station 200 in the
following. The operations of the base station 200 comprise transferring some parts of data, which arc transferred between
the user equipment 100 and the server 600, using the BS2UE connection 720 (step S1002), transmitting to the small-
node device 500 control signaling to reconfigure the D2UE connection 710 (step S1003), transmitting to the user equip-
ment 100 control signaling to reconfigure the D2UE connection 710 (step S1004), receiving control signaling to report
that the D2UE connection 710 has been reconfigured (step S1007), and receiving control signaling to report that the
D2UE connection 710 has been reconfigured (step S1008).
[0220] Referring to Figure 17, an operation of the mobile communication system according one or more embodiments
of the present invention is described.
[0221] As shown in Figure 17, in step S1101, some parts of the traffic data are transferred between the user equipment
100 and the server 600 via the D2UE connection 710 and the source small-node device 500S. In step S1102, some
parts of the traffic data are transferred between the user equipment 100 and the server 600 via the BS2UE connection
720 and the base station 200. Steps S1101 and S1102 may be the same as steps S805 and S806, respectively, i.e.
steps S1101 and S1102 may be a continuation of steps S805 and S806.
[0222] In step S1103, the user equipment 100 makes measurements for the D2UE connection, as described below.
That is, the user equipment 100 makes measurements for the DL radio link quality of the serving small-node device and
the neighbor small-node device. The DL radio link quality may be at least one of pilot signal received power, path loss,
signal-to-interference ratio (SIR), channel state information, channel quality indicator, received signal strength indicator,
and the like.
[0223] More specifically, the user equipment 100 determines whether or not the neighbor small-node device, which
is closer to the user equipment 100 than the serving small-node device, is detected, and transmits to the base station
a measurement report if the neighbor small-node device is detected, as illustrated in Figure 17A.
[0224] That is, the user equipment 100 makes measurements for the D2UE connection in step A1103a.
[0225] In step A1103b, the user equipment 100 determines whether or not the neighbor small-node device, which is
closer to the user equipment 100 than the serving small-node device, is detected. The serving small-node device means
the small-node device (the source small-node device 500S), which is currently communicating with the user equipment
100. More specifically, the radio link quality of the neighbor small-node device is higher than that of the serving small-
node device, it may be determined that the neighbor small-node device is closer to the user equipment 100 than the
serving small-node device.
[0226] In a case where the neighbor small-node device, which is closer to the user equipment than the serving small-
node device, is detected (step A1103b: YES), the user equipment 100 transmits a measurement report to the base
station 200 so as to notify the base station that the neighbor small-node device is detected (step A1104). Step A1103b
corresponds to step S1104 in Figure 17.
[0227] In a case where the neighbor small-node device, which is closer to the user equipment than the serving small-
node device, is not detected (step A1103b: NO), the user equipment 100 does not transmit the measurement report to
the base station 200.
[0228] Steps A1103a and A1103b correspond to step S1103 in Figure 17.
[0229] In step S1104, the user equipment 100 transmits a measurement report to the base station 200 so as to notify
it that the neighbor small-node device, which is closer to the user equipment than the serving small-node device, is
detected.
[0230] Hereinafter, the serving small-node device is called "Source small-node device" and the neighbor small-node
device is called "Target small-node device".
[0231] The base station 200 makes a decision that the user equipment 100 should handover to the neighbor small-
node device (the target small-node device 500T) in step S1105.
[0232] In step S1106, the base station 200 transmits control signaling to the target small-node device 500T for handover
preparation. The control signaling may be called handover request for D2UE connection. More specifically, the base
station 200 notifies it of parameters for the target small-node device 500T to establish the D2UE connection with the
user equipment 100. The parameters described in step A804a may be included in the ones in the control signaling of
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step S1108.
[0233] In step S1107, the target small-node device 500T transmits acknowledgement of the control signaling of step
S1106.
[0234] In step S1108, the base station 200 transmits control signaling to the user equipment 100 and orders for the
user equipment 100 to make a handover to the target small-node device 500T.
[0235] The control signaling may include connection information for the D2UE connection 710. More specifically, the
connection information may include at least one of information on measurement configuration for the D2UE connection
710, information on mobility control for the D2UE connection 710, radio resource control information for the D2UE
connection 710, and the like.
[0236] Furthermore, the radio resource control information for the D2UE connection 710 may include at least one of
radio bearer information for the D2UE connection 710, information for PDCP layer configuration in the D2UE connection
710, information for RLC layer configuration in the D2UE connection 710, information for MAC layer configuration in the
D2UE connection 710, information for physical layer configuration in the D2UE connection 710, and the like.
[0237] More specifically, the parameters described for step A804c may be included in the radio resource control
information for the D2UE connection 710.
[0238] In step S1109, the base station 200 transmits control signaling to the source small-node device 500S and
notifies it that the user equipment 100 should make a handover to the target small-node device 500T. The source small-
node device 500S ends the communications with the user equipment 100 based on the control signaling, i.e. the source
small-node device 500S releases the D2UE connection 710.
[0239] In step S1110, the user equipment 100 transmits control signaling to establish a connection between the user
equipment 100 and the target small-node device 500T. The control signaling may be a random access signaling. The
control signaling may be the same as the one in step A804c.
[0240] In step S1111, the target small-node device 500T transmits acknowledgement of the control signaling trans-
mitted in step S1110. As a result, the D2UE connection can be established between the user equipment 100 and the
target small-node device 500T.
[0241] In step S1112, the user equipment 100 transmits control signaling to the base station 200 and notifies the base
station 200 that the handover to the target small-node device 500T has been successfully conducted.
[0242] In steps S1113, some parts of the traffic data are transferred between the user equipment 100 and the server
600 via the D2UE connection 710 and the target small-node device 500T.
[0243] In step S1114, some parts of the traffic data are transferred between the user equipment 100 and the server
600 via the BS2UE connection 720 and the base station 200. Step S1114 is the same as step S1102. That is, step
(S1102 and S1114) may be continuously conducted during the procedures described in Figure 17.
[0244] The operations shown in Figure 17 may be described in terms of the operations in the source small-node device
500S in the following. The operations of the source small-node device 500S comprise transferring some parts of data,
which are transferred between the user equipment 100 and the server 600, using the D2UE connection 710 (step S1101),
receiving control signaling to notify the source small-node device 500S that the user equipment 100 should make a
handover to the target small-node device, and ending the D2UE connection 710 with the user equipment 100.
[0245] The operations shown in Figure 17 may be described in terms of the operations in the target source small-node
device 500T in the following. The operations of the target small-node device 500T comprise receiving control signaling
for handover preparation, which is transmitted by the base station 200 (step S1106), transmitting acknowledgement of
the control signaling (step S1107), receiving control signaling to establish a connection between the user equipment
100 and the target small-node device 500T (step S1110), transmitting acknowledgement of the control signaling (step
S1111), and transferring some parts of data, which are transferred between the user equipment 100 and the server 600,
using the D2UE connection 710 (step S1113).
[0246] The operations shown in Figure 17 may be described in terms of the operations in the user equipment 100 in
the following. The operations of the user equipment 100 comprise transferring some parts of data, which are transferred
between the user equipment 100 and the server 600, using the D2UE connection 710 with the source small-node device
500S (step S1101), transferring some parts of data, which are transferred between the user equipment 100 and the
server 600, using the BS2UE connection 720 (step S1102), making measurements for the D2UE connection (step
S1103), transmitting a measurement report to the base station 200 (step S1104), receiving control signaling which orders
the user equipment 100 to make a handover to the target small-node device 500T (step S1108), transmitting control
signaling to establish a connection between the user equipment 100 and the target small-node device 500T (step S1110),
transmitting control signaling to the base station 200 to notify the base station 200 that the handover to the target small-
node device 500T has been successfully conducted (step S1112), receiving acknowledgement of the control signaling
(step S1111), transferring some parts of data, which are transferred between the user equipment 100 and the server
600, using the D2UE connection 710 with the target small-node device 500T (step S1113), and transferring some parts
of data, which are transferred between the user equipment 100 and the server 600, using the BS2UE connection 720
(step S1114). It is noted that step S1102 is the same as step S1114, and this procedure may be continuously conducted
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during all steps.
[0247] The operations shown in Figure 17 may be described in terms of the operations in the base station 200 in the
following. The operations of the base station 200 comprise transferring some parts of data, which are transferred between
the user equipment 100 and the server 600, using the BS2UE connection 720 (step S1002), receiving a measurement
report transmitted by the user equipment 100 (step S1104), making a decision that the user equipment 100 should
handover to the target small-node device 500T (step S1105), transmitting control signaling to the target small-node
device 500T for handover preparation (step S1106), receiving acknowledgement of the control signaling (step S1107),
transmitting control signaling to the user equipment 100 to order for the user equipment 100 to make handover to the
target small-node device 500T, transmitting control signaling to the source small-node device 500 to notify it that the
user equipment 100 should make handover to the target small-node device 500T, receiving control signaling to notify
the base station 200 that the handover to the target small-node device 500T has been successfully conducted (step
S1112), and transferring some parts of data, which are transferred between the user equipment 100 and the server 600,
using the BS2UE connection 720 (step S1114).
[0248] Referring to Figure 18, an operation of the base station 200 according to one or more embodiments of the
present invention is described. The control method described in Figure 18 is one example of the radio resource control
or call admission control for the D2UE connection 710 in one or more embodiments of the present invention.
[0249] In step S1201, the base station 200 determines whether or not the number of the user equipment using the
D2UE connection 710 is larger than predetermined threshold.
[0250] Alternatively, the base station 200 may define congestion level, which may be determined based on at least
one of the number of active user equipment, the number of the D2UE connections, amount of traffic data, interference
level in the frequency band, where the D2UE communications operate, and the like, and may determine whether or not
the congestion level is higher than predetermined threshold. In other words, the base station 200 may determine whether
or not the congestion level is high in the cell in step S1201.
[0251] In a case where the number of the user equipment is not larger than the predetermined threshold (step S1201:
NO), the base station 200 allows newly configuring D2UE connection between the small-node device 500 and the user
equipment 100 in step S1202. More specifically, when a traffic data occurs similarly to step S801 and the user equipment
100 tries to configure a new BS2UE connection with the base station 200 and a new D2UE connection with the small-
node device 500, the base station 200 allows configuring the new D2UE connection with the small-node device 500, in
addition to the new BS2UE connection with the base station 200. Alternatively, when the user equipment 100 tries to
configure a new D2UE connection with the small-node device in a state wherein the user equipment 100 has a BS2UE
connection with the base station 200, the base station 200 may allow the new D2UE connection with the small-node
device 500.
[0252] In a case where the number of the user equipment is larger than the predetermined threshold (step S1201:
YES), the base station 200 does not allow newly configuring D2UE connection between the small-node device 500 and
the user equipment 100 in step S1203. More specifically, when a traffic data occurs similarly to step S801 and the user
equipment 100 tries to configure a new BS2UE connection with the base station 200 and a new D2UE connection with
the small-node device 500, the base station 200 does not allow configuring the new D2UE connection with the small-
node device 500. Here, the base station 200 may allow configuring the new BS2UE connection with the base station
200, but may not allow only the new D2UE connection with the small-node device 500. Alternatively, when the user
equipment 100 tries to configure a new D2UE connection with the small-node device in a state wherein the user equipment
100 has a BS2UE connection with the base station 200, the base station 200 may not allow the new D2UE connection
with the small-node device 500.
[0253] In the above examples, the small-node device 500 has one D2UE connection with one user equipment 100,
but it may have more than one D2UE connections with more than one user equipment, similarly to normal base station.
The radio resource for each D2UE connection may be shared by the multiple user equipment and may be controlled by
the base station 200 or the small-node device 500.
[0254] In the above examples, D2UE (the D2UE connection 710) and BS2UE (the BS2UE connection 720) transmis-
sions can operate in different frequency bands, but in other embodiments D2UE may operate concurrently in the same
frequency band as the Macro system (BS2UE). In this scenario, some interference mitigation techniques may be utilized
in order to achieve co-existence between D2UE and BS2UE in the same frequency band.
[0255] For example, because the base station 200 configures the D2UE connection 710, the base station 200 is aware
that the user equipment 100 will not respond to signaling by the base-station in various frequency/time slots. In some
such embodiments the D2UE connection 710 is configured so as to allow transmission slots where BS2UE (the base
station 200 to the user equipment 100) communications can be made in order to support continued connection and
management by the base station 200. In other words, the user equipment 100 can communicate with the base station
200 in predetermined on-duration, and the user equipment 100 can communicate with the small-node device 500 in the
other duration (off-duration).
[0256] Alternatively, in other embodiments where the D2UE connection 710 in support of the small-node device 500
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to the user equipment 100 communication link occur concurrently in the same band as with transmission of the base
station 200, OFDM Resource Elements (RE) in various resource blocks (RBs) are reserved for each link. In one em-
bodiment REs used for control signaling are not used by the D2UE link and thus are left blank in any D2UE link trans-
mission. D2UE link transmissions, including its own control signaling to the user equipment 100, are sent in other REs.
In such an embodiment the user equipment 100 is in fact able to receive REs, e.g. control REs, from the base station
200 concurrently with communication from the small-node device 500. The base station may turn off transmissions or
reduce transmission power in the BS2UE link in the radio resource, in which transmissions in the D2UE link may occur.
The radio resource may be time domain resource or frequency domain resource.
[0257] In the above embodiments, the D2UE link may be similar to normal BS2UE link, i.e. the small-node device 500
may transmit common pilot signals, broadcast signals, synchronization signals, physical layer control signaling and the
like. Alternatively, some parts of the signals and channels may be transmitted and others may not be transmitted in the
D2UE link. For example, common pilot signals and physical layer control signaling may be transmitted in the D2UE link,
and other channels and signals, such as broadcast channels/ signals, synchronization signals and the like, may not be
transmitted in the D2UE link. Alternatively, common pilot signals may be transmitted in the D2UE link, and other channels
and signals, such as physical layer control signaling, broadcast channels/ signals, synchronization signals and the like,
may not be transmitted in the D2UE link. Alternatively, only infrequently-transmitted pilot or synchronization signals may
be transmitted in the D2UE link, and other channels and signals, such as common pilot signals, physical layer control
signaling, broadcast channels/ signals, conventional synchronization signals and the like, may not be transmitted in the
D2UE link.
[0258] Alternatively, the D2UE link may be a device-to-device (D2D) link. In such a scenario, most of the common
signals/ channels, such as common pilot signals, broadcast signals, synchronization signals, physical layer control
signaling and the like, can be omitted in the D2UE link, and only channels transferring data may be transmitted in the
D2UE link. Alternatively, some of channels/ signals, such as infrequently-transmitted pilot or synchronization signals
and physical layer control signaling and the like, may be transmitted in the D2UE link even in this scenario.
[0259] Irrespective of whether the D2UE link is similar to the normal BS2UE link or to the D2D link, the D2UE link may
be based on LTE-based radio interface, or may be based on other radio system-based interface. For example, the D2UE
link may be based on WCDMA or CDMA2000 or WiFi or WiMAX or LTE advanced or TD-SCDMA or TD-LTE.
[0260] For example, the D2UE connection 710 may be specified based on a WiFi-based radio interface. In this case,
a WiFi access point may be regarded as the small-node device 500. That is, the D2UE communication section 504 in
the small-node device 500 communicates with the user equipment 100 utilizing the WiFi radio interface, and the radio
resource control of the WiFi radio interface may be controlled by the base station 200. The control signaling for the radio
resource control may be transmitted in the BS2UE connection 720 and the BS2D connection 730.
[0261] One of the characteristics in one or more embodiments of the present invention is a mobile station in a mobile
communication system, in which a mobile station communicates with a server, and the mobile station comprises a 1st
communication unit configured to communicate with the radio base station, a 2nd communication unit configured to
communicate with a device. The 1st communication unit is configured to transfer some parts of data, which are transferred
between the mobile station and the server, via the radio base station, and the 2nd communication unit is configured to
transfer parts of data, which are transferred between the mobile station and the server, via the device.
[0262] In the above mentioned mobile station, the 1st communication unit is configured to receive and transmit control
signals from and to the radio base station, which control the communication with the device.
[0263] In the above mentioned device, the 2nd communication unit is configured to communicate with the device
based on parameters signaled by the radio base station. Here, the parameters may indicate time domain resource for
the communication with the device.
[0264] In the above mentioned mobile station, the 2nd communication unit is configured to off load the data, which is
transferred between the mobile station and the server, via the device.
[0265] In the above mentioned device, a 1st frequency for communicating with the radio base station is different from
a 2nd frequency for communicating with the device.
[0266] In the above mentioned device, the 1st communication unit and the 2nd communication unit are configured to
conduct communications simultaneously utilizing functions with which the mobile station can transmit/ receive signals
in different frequency bands simultaneously.
[0267] In the above mentioned device, the 1st communication unit and the 2nd communication unit are configured to
conduct communications simultaneously in time division multiplexed manner.
[0268] One of the characteristics in one or more embodiments of the present invention is a device in a mobile com-
munication system, in which a mobile station communicates with a server via a radio base station or the device, and the
device comprises a 1 st communication unit configured to communicate with the radio base station, a 2nd communication
unit configured to communicate with the mobile station, and a backhaul unit configured to communicate with the server.
The 1st communication unit may be configured to receive and transmit control signals from and to the radio base station,
which control the communication between the mobile station and the device. The 2nd communication unit is configured
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to receive some of data which is transferred from the mobile station to the server, and the backhaul unit is configured
to transmit it to the server, and the backhaul unit is configured to receive data which is transferred from the server to the
mobile station, and the 2nd communication unit is configured to transmit it to the mobile station.
[0269] In the above mentioned device, the 2nd communication unit and the backhaul unit are configured to offload
the data, which is transferred between the mobile station and the server.
[0270] One of the characteristics in one or more embodiments of the present invention is a radio base station in a
mobile communication system, in which a mobile station communicates with a server, and the radio base station com-
prises a 1st communication unit configured to communicate with the mobile station, a 2nd communication unit configured
to communicate with a device, and a control unit configured to control the communication between the mobile station
and the device. Parts of data, which is transferred between the mobile station and the server, are transferred via the device.
[0271] In the above mentioned radio base station, the 1st communication unit is configured to receive and transmit
control signals from and to the mobile station, which control the communication between the mobile station and the device.
[0272] In the above mentioned radio base station, the 2nd communication unit is configured to receive and transmit
control signals from and to the device, which control the communication between the mobile station and the device.
[0273] In the above mentioned radio base station, the device is configured to off-load the data, which is transferred
between the mobile station and the server.
[0274] One of the characteristics in one or more embodiments of the present invention is a communication method of
a mobile station in a mobile communication system, in which a mobile station communicates with a server, the method
comprising steps:

(step B1) Communicating with the radio base station

(step B2) Communicating with a device

[0275] In step B2, parts of data, which is transferred between the server and the mobile station, are transferred via
the device.
[0276] One of the characteristics in one or more embodiments of the present invention is a communication method of
a device in a mobile communication system, in which a mobile station communicates with a server, the method comprising
steps:

(step A1) Communicating with the radio base station

(step A2) Communicating with the mobile station

(step A3) Communicating with the server

[0277] In step A1, control signaling for the communication with the mobile station is transmitted. In step A2 and A3,
parts of data, which is transferred between the server and the mobile station, are transferred via the device.
[0278] One of the characteristics in one or more embodiments of the present invention is a communication method of
a radio base station in a mobile communication system, in which a mobile station communicates with a server via a
radio base station, the method comprising steps:

(step C1) Communicating with the mobile station

(step C2) Communicating with a device

(step C3) Controlling the communication between the mobile station and the device, and in step C1/ C2/ C3 parts
of data, which is transferred between the server and the mobile station, are transferred via the device.

[0279] Some more embodiments for mobility procedures and radio resource managements of one or more embodi-
ments of the present the invention, such as cell identification, measurements, handover, cell selection/ reselection,
changing transport formats, call admission control, radio resource control, link adaptation control, power control, releasing
connections and the like, are explained in the following. The following procedures are more detailed examples for the
above mentioned RRC connection state control for the D2UE connection 710.
[0280] In mobile communication systems, mobility procedures, such as cell identification, measurements, handover,
cell selection/ reselection and the like, are quite important, because mobile communication connectivity should be main-
tained even when a mobile station (user equipment) moves from one cell to other cells. Here it should be noted that if
the mobile station tries to detect neighbor cells and make measurements for the detected neighbor cells very frequently,
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the connectivity is improved, but battery consumption of the mobile station increases, which degrades service quality in
the mobile communication system. That is, the mobile station has to minimize the battery consumptions due to the
mobility procedures, simultaneously with achieving good quality mobility performance.
[0281] Furthermore, the mobility procedures are quite important also in terms of interference in the mobile communi-
cation systems. That is, it is also quite important that the mobile station communicate with a base station with the highest
radio link quality. The radio link quality is equivalent to at least one of path loss, pilot signal received power, signal-to-
interference ration and the like. If the mobile station does not communicate with the base station with the highest link
quality, i.e. it communicates with the second highest quality base station, it may interfere with other communications
because its transmit power may be too high for other radio links, as illustrate d in Figure 19.
[0282] In Figure 19 (a), the mobile station #A1 communicates with the base station with the second highest radio link
quality, instead of the base station with the highest radio link quality. As a result, signals transmitted by the mobile station
#A1 may interfere with the communication between the base station with the highest radio link quality and other mobile
stations. In Figure 19 (b), however, the mobile station #A1 communicates with the base station with the highest radio
link quality, and therefore the signals transmitted by the mobile station #A1 may not interfere with other communications.
[0283] The interference may be intra-frequency interference, or may be inter-frequency interference. In the inter-
frequency interference case, adjacent channel interference in the transmitter side or receiver blocking characteristics in
the receiver side may degrade the quality in other communications.
[0284] The interference issues may be handled by not only the mobility procedures, but also other radio resource
management procedures.
[0285] In short, the mobility procedures and other radio resource management procedures should be appropriately
conducted in the mobile communication systems in order to achieve good quality connectivity, long battery life in the
mobile stations, less interference in the systems and the like.
[0286] In the above mentioned hybrid D2UE and BS2UE system, such mobility procedures and radio resource man-
agement procedures are conducted in the D2UE link, in addition to the Macro2UE link. It is noted that because the cell
size in the D2UE link is small, mobility performance can be more easily degraded and interference issues can happen
more frequently. Therefore, the above mobility procedures and other radio resource management procedures are quite
important for the D2UE link. More details of the mobility procedures and other radio resource management procedures
in the D2UE link are explained below:
In the following examples, it is assumed that the carrier frequency in the D2UE connection 710 is 3.5 GHz, and the one
in the BS2UE connection between the base station 200 and the user equipment 100 is 2 GHz, similarly to the above
examples. It is noted that the frequency bands are just examples, and other frequency bands can be applicable in other
embodiments.
[0287] Figure 20 illustrates the radio communication system in one embodiment. It is basically the same as Figure 1,
but is slightly modified compared to Figure 1 so that the mobility procedures and radio resource managements for the
radio communication system can be illustrated. In Figure 20, three small-node devices (500A, 500B, 500C) are shown
for illustrative purpose.
[0288] Referring to Figure 21, an operation of the mobile communication system according to the embodiment of one
or more embodiments of the present invention is described. The operation is related to connection establishment in the
D2UE connection 710. The operation may correspond to details of steps S803 and S804 in Figure 14 or steps A803a,
A803b, A803c, A804a, A804b, A804c, A804d, A804e, and A804f in Figure 14A.
[0289] In step S1301, the base station 200 transmits control signaling for the D2UE connection 710 to the user
equipment 100. The control signaling may be transmitted in step A803a in Figure 14A, instead of step S1301. Alternatively,
the control signaling may be transmitted as parts of broadcast information to the user equipment 100.
[0290] The control signaling may include at least one of information on frequency resource for D2UE pilot signals,
information on time resource for the D2UE pilot signals, information on code resource for the D2UE pilot signals. Some
examples for the D2UE pilot signals are explained later.
[0291] The control signaling may include information on transmission power for the D2UE pilot signals. That is, the
transmission power for the D2UE pilot signals may be transmitted as one information element of the control signaling.
Furthermore, the control signaling may include information on measurement behaviors in the user equipment 100.
[0292] In step S1302, the small-node device 500 transmits the D2UE pilot signals in predetermined radio resources.
More specifically, the small-node device 500A, 500B, 500C transmits the D2UE pilot signals in the predetermined radio
resources. The radio resources may consist of at least one of time resource, code resource and frequency resource.
The information on the predetermined radio resources may be signaled by the control signaling described in step S1301.
In this sense, "predetermined radio resources" correspond to the radio resource indicated by the base station 200.
[0293] More details of the D2UE pilot signals are explained below:
Figure 22 illustrates one example of the radio resources for the D2UE pilot signals. In Figure 22, the frequency resource
#3 is assigned as frequency radio resource, and the time resource #6 is assigned as time radio resource. Furthermore,
one code resource is assigned to one small-node device. For example, the code resource #0, #1, and #2 may be assigned
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to the small-node device 500A, 500B, and 500C, respectively. The code resource may be combination of the CAZAC
sequence (or Zadoff-Chu sequence) and cyclic shift, as shown below.
[0294] It is assumed that time synchronization is achieved for all the D2UE connections, i.e. time slots for all the D2UE
connections are aligned with each other.
[0295] For the small-node device 500, the time synchronization may be achieved by GPS of each small-node device.
Alternatively, the time synchronization may be achieved by the BS2D connections, that is, the time frame timing of the
D2UE connections are based on the signals transmitted by the base station 200, and therefore the time frame timing of
the D2UE connections are aligned with each other. Other time synchronization technique may be utilized in order to
achieve the time synchronization for the D2UE connections. In any case, the time frame timing of the D2UE connections
is specified so that the time frame timing of the D2UE connections should be time-synchronized with each other.
[0296] For the user equipment 100, the time synchronization may be achieved by the BS2UE connection 720, that is,
the time frame timing of the D2UE connections are based on the signals transmitted by the base station 200, and
therefore the time frame timing of the D2UE connections is aligned with each other. Other time synchronization technique
may be utilized in order to achieve the time synchronization for the D2UE connections.
[0297] As a result, the time frame timing of the D2UE connections are time-synchronized with each other for both the
small-node device 500 and the user equipment 100.
[0298] Time synchronization will be explained further below. For example, as illustrated in Figure 22A, the time slots
for the D2UE connections may be completely aligned with those for the BS2UE connections. Alternatively, as illustrated
in Figure 22B, there may be a time offset between the time slots for the D2UE connections and the ones for the BS2UE
connections.
[0299] More specifically, as illustrated in Figures 22C and 22D, each time offset between the time slots for the D2UE
connections and the ones for the BS2UE connections may be respectively specified for each macro (base station)
coverage area, which corresponds to the area supported by each base station 200. Figure 22C illustrates explanatory
views showing two macro (base station) coverage areas, where some small-node devices are deployed. Figure 22D
illustrates explanatory views showing time relation of BSUE connections and D2UE connections. In Figure 22D, time
offset #A is specified for the macro (base station) #A coverage area, and time offset #B is specified for the macro (base
station) #B coverage area. Each time offset can be specified so that all D2UE connections can be aligned with each
other in terms of time. The base station 200 may inform the user equipment 100 of the time offset value (time offset #A
or time offset #B in Figure 22D) as part of control signaling. Furthermore, the base station 200 may inform the small-
node device 500 of the time offset value (time offset #A or time offset #B in Figure 22D) as part of control signaling. The
time offset value may be included in the control signaling in step S1301. As a result, even if there is no time synchronization
for the macro (base station) network, i.e. Macro #A is not aligned with Macro #B in terms of time, D2UE connections in
the macro #A coverage area can be aligned with those in the macro #B coverage area, as illustrated in Figure 22D.
[0300] From a viewpoint of a receiver of the user equipment 100, the user equipment 100 has only to decode the
D2UE pilot signals transmitted by multiple small-node devices only in the predetermined radio resource (the frequency
resource #3 and the time resource #6), and therefore power consumptions for decoding the D2UE pilot signals can be
minimized. More detailed examples are shown below. That is, the user equipment 100 does not have to achieve time
synchronization with multiple small-node devices because it has already been achieved by the time synchronization
with the BS2UE connections, as mentioned above. It can reduce complexity for the cell identification and as a result
reduce the power consumption for the cell identification.
[0301] UE behavior for receiving the D2UE pilot signals are further explained below:
As illustrated in Figure 22E, the small-node devices 500A, 500B, 500C and 500D transmit the D2UE pilot signals to the
user equipment 100. As mentioned above, one time and frequency domain resource may be used for all the D2UE pilot
signals and different code may be assigned to each pilot signal. For example, the code resource #0, #1, #2, and #3 may
be assigned to the small-node devices 500A, 500B, 500C and 500D, respectively.
[0302] Here, CAZAC (Constant Amplitude Zero AutoCorrelation) sequence may be used for the code. More specifically,
Zadoff-Chu sequence may be used for the code. Alternatively, Walsh sequence may be used for the code.
[0303] More specifically, the pilot signal may have a physical layer format as illustrated in Figure 22F. That is, it may
consist of cyclic prefix, a sequence part, and a guard period. The guard period may be the same as blank. The above
CAZAC sequence may apply to the sequence part.
[0304] In this scenario, the user equipment 100 may have a receiving window as illustrated in Figure 22G, and has
only to decode the D2UE pilot signals transmitted by several small-node devices once. The user equipment 100 may
obtain delay profiles for each D2UE pilot signal as illustrated in Figure 22H. The delay profiles for each D2UE pilot signal
may be shifted due to the cyclic shift of the Zadoff-Chu sequence, as illustrated in Figure 22H. It is noted that the cyclic
shift for the small-node device 500A is assumed to zero in the figure. As a result, the user equipment 100 can easily
make measurements for delay and received power level of the D2UE pilot signal for each small-node device. As a result,
UE complexity for cell search and measurements can be reduced.
[0305] The cyclic shift may be adjusted based on cell range of the small-node device 500. Alternatively, the cyclic shift
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may be adjusted based on cell range of the base station 200. In case the cell range is large, time difference among the
D2UE pilot signals is large and therefore the cyclic shift may be set to large. On the other hand, in case the cell range
is small, time difference among the D2UE pilot signals is small and therefore the cyclic shift may be set to small. The
base station 200 may notify the user equipment 100 of the information of the cyclic shift for each small-node device
using control signaling. More specifically, the information of the cyclic shift may be included in the control signaling in
step S1301. The base station 200 may notify the small-node device 500 of the information of the cyclic shift for the small-
node device 500.
[0306] Physical random access channel (PRACH) or physical channel similar to PRACH may be used for the D2UE
pilot signals. PRACH is defined as a LTE physical channel in TS 36.211. That is, the small-node device 500 transmits
signals similar to a random-access-preamble in the predetermined radio resource. The random access preamble may
be assigned dedicatedly to the small-node device 500 by the base station 200. That is, the radio resource for the signals
may be assigned by the base station 200.
[0307] The D2UE pilot signals may be transmitted infrequently, as described above. For example, the D2UE pilot
signals may be transmitted once per 1 second. Because time synchronization is achieved by utilizing the BS2UE con-
nections, the D2UE pilot signals do not have to be transmitted frequently. As a result, the user equipment 100 has only
to decode the D2UE pilot signals once per 1 second, and the power consumptions for the measurements can be
minimized. Furthermore, the D2UE pilot signals are transmitted much less frequently than the common reference signals
or the synchronization signals in LTE, and therefore interference caused by the D2UE pilot signals can be minimized.
The periodicity of the D2UE pilot signals may be very large, e.g. 1 second or 2 seconds, or may be reasonably large,
e.g. 100 milliseconds or 200 milliseconds. In case that the periodicity is very large, the power consumption for meas-
urements and the interference issues can be reduced significantly, but the user equipment 100 may need more time to
detect neighbor small-node devices and make measurements for them because it needs some measurement samples
to achieve good accuracy. As a result, latency of mobility procedures may be increased. In case that the periodicity is
reasonably large, the power consumption for measurements and interference issues may be reduced to some extent,
but the latency will be decreased. So, the periodicity of the D2UE pilot signals can be optimized based on the above
aspects, such as power consumption for measurements, interference issues, latency of mobility procedures and the
like. The periodicity of the D2UE pilot signals may be network configurable and the base station 200 may inform the
user equipment 100 of the periodicity by utilizing control signal. It may be included in the control signaling in step S1301.
The base station 200 may inform the small-node device 500 of the periodicity by utilizing control signal.
[0308] In case that the user equipment 100 does not support multiple radio frequency components which support
simultaneous transmission/ reception for a frequency carrier for the BS2UE connection 720 and a frequency carrier for
the D2UE connection 710, the user equipment 100 may stop transmitting/ receiving signals in the BS2UE connection
720 during the time when the D2UE pilot signals are transmitted, so that it can make measurements for the D2UE
connection 710. In this case, the base station 200 may consider such behaviors of the user equipment 100 in its scheduling
for the BS2UE connection 720, i.e. the base station 200 may avoid assigning radio resource to the user equipment 100
during time when the D2UE pilot signals are transmitted.
[0309] The D2UE pilot signal may be called D2UE sounding reference signal or D2UE synchronization signal.
[0310] The D2UE pilot signal may be mapped distributed in the frequency domain so that signal strength fluctuation
due to Rayleigh fading may be suppressed and more accurate measurements for the radio link quality may be achieved.
[0311] The base station 200 may notify the user equipment 100 of information on the D2UE pilot signal for each small-
node device. The information may be included in the control signaling in step S1301. Some examples, some of which
are shown above, of the information are listed below:

Code domain resource for the D2UE pilot signal, for example, index of the Zadoff-Chu sequence

Frequency domain resource for the D2UE pilot signal

Time domain resource for the D2UE pilot signal

Time offset between the D2UE connection and the BS2UE connection

Transmission power of the D2UE pilot signal

Cyclic shift information of the D2UE pilot signal

[0312] The above information is specified for each small-node device, and therefore may be included in the neighbor
cell list for the small-node device. The above information may be signaled by broadcast information in the BS2UE
connection or by dedicated signaling in the BS2UE connection.
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[0313] In the above examples, one time domain resource and frequency domain resource are specified as illustrated
in Figure 22. But, more than one time domain resource or frequency domain resource may be configured for the small-
node device 500. Especially, in case that there are many small-node devices, the number of code-domain resource may
not be sufficient and more than one time domain resource or frequency domain resource may be used.
[0314] In step S1303, the user equipment 100 receives the D2UE pilot signals and makes measurements for the D2UE
pilot signals in the predetermined radio resources. That is, the user equipment 100 decodes the D2UE pilot signals
transmitted by multiple small-node devices 500 and make measurements for the multiple small-node devices. More
specifically, the user equipment 100 obtains radio link quality of D2UE connections between itself and the multiple small-
node devices. The radio link quality may be at least one of path loss, received power of the D2UE pilot signal, SIR of
the D2UE pilot signal, received quality of the D2UE pilot signal and the like. The user equipment 100 may detect the
small-node device which has the highest radio link quality based on the measurements.
[0315] The path loss may be derived from the received power of the D2UE pilot signals and the transmission power
of the D2UE pilot signals, which are included in the control signaling in step S1301. The received quality of the D2UE
pilot signal may be the ratio of the receive power of the D2UE pilot signal to total received signal strength.
[0316] In step S1304, the user equipment 100 transmits measurement reports to the base station 200. The measure-
ment reports include the measurement results obtained in step S1303.
[0317] More specifically, the measurement reports may include the information on the small-node device with the
highest radio link quality. In other words, the user equipment 100 may report the best small-node device in terms of the
radio link quality of D2UE connections in step S1304. The information on the small-node device may include the iden-
tification number of the small-node device and the radio link quality of the small-node device.
[0318] Furthermore, the measurement report may include information on the small-node device with not-the-highest
radio link quality, i.e. the measurement report may include information on the small-node device with the second or third
highest radio link quality. The second or third may be an example, and the fourth or more may be included. It may be
signaled by the base station 200 in step S1301 for how many small-node devices the information should be included in
the measurement report.
[0319] Alternatively the measurement reports may include the small-node device, for which the radio link quality is
higher than a threshold. The threshold may be informed the user equipment 100 of by the base station 200 in step S1301.
[0320] Alternatively the measurement reports may include the small-node device, for which the radio link quality is
lower than a threshold. The threshold may be informed the user equipment 100 of by the base station 200 in step S1301.
[0321] In step S1305, the base station 200 establishes the D2UE connection 710. More specifically, the base station
200 establishes the radio link between the user equipment 100 and the small-node device with the highest radio link
quality, which is reported in step S1304.
[0322] In step S1305, the base station 200 may assign the radio resource to the D2UE connection 710, in addition to
establishing the radio resource. The radio resource may be at least one of the frequency domain resource, time domain
resource, code domain resource, and the like. More specifically, the radio resource may be a carrier frequency for the
D2UE connection 710. For example, the base station 200 may select the radio resource, which is not used by the small-
node device with the second or third highest radio link quality, which is reported in step S1304. As a result, it can be
avoided that the D2UE connection, which is establish in step S1305, cause interference with other D2UE connections
in the neighbor small-node devices. Alternatively, the base station 200 may assign the radio resource, which is not used
by other small-node device 500, which is located near the small-node device with the highest radio link quality. The base
station may have location information for the small-node device 500.
[0323] According to the embodiment illustrated in Figure 21, lower power consumptions for the measurements can
be achieved. Furthermore, interference mitigation can also be realized.
[0324] Referring to Figure 23, an operation of the mobile communication system according to one or more embodiments
of the present invention is described. The operation is related to connection establishment in the D2UE connection 710.
The operation may correspond to details of step S804 in Figure 14 or steps A803a, A803b, A803c, A804a, A804b,
A804c, A804d, A804e, and A804f in Figure 14A.
[0325] Because steps S1401 to S1404 are the same as steps S1301 to S1304 in Figure 21, explanation of steps
S1401 to S1404 is omitted.
[0326] In step S1405, the base station 200 determines whether or not path loss is lower than a threshold. More
specifically, the base station 200 determines whether or not the path loss for the small-node device with the highest
radio link quality is lower than the threshold.
[0327] In a case where the path loss for the small-node device with the highest radio link quality is lower than the
threshold (Step S1405: YES), the base station 200 establishes the D2UE connection 710 in step S1406. In step S1406,
the base station 200 may assign the radio resource to the D2UE connection 710, in addition to establishing the radio
resource, similarly to step S1305.
[0328] In a case where the path loss for the base station with the highest radio link quality is not lower than the threshold
(Step S1405: NO), the base station 200 does not establish the D2UE connection 710 in step S1407. That is, the base
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station 200 does not order for the user equipment 100 and the small-node device 500 to establish the D2UE connection
710, and as a result the user equipment 100 communicates with the server 600 only in the BS2UE connection 720.
[0329] Because the path loss is high and required transmission power is high, the D2UE connection may interfere
with other D2UE connections or communications. Such interference issues can be mitigated by utilizing the control
illustrated in Figure 23.
[0330] In step S1405, path loss is used for the determination, but other radio link quality, such as the received power
of the D2UE pilot signal, the received quality of the D2UE pilot signal, the SIR of the D2UE pilot signal and the like. In
this case, in case that the radio link quality is better than a threshold, the decision should be YES, and otherwise the
decision should be NO in step S1405.
[0331] Furthermore, not only the path loss for the small-node device with the highest radio link quality, but also the
path loss for the one with the second or third highest radio link quality. More specifically, difference between the highest
radio link quality and the second highest radio link quality may be utilized in the determination. That is, in a case where
the difference is higher than a threshold, the base station 200 may establish the D2UE connection 710 (S1406), and in
a case where the difference is not higher than the threshold, the base station 200 may not establish the D2UE connection
710 (S1407). If the difference is small, the D2UE connection may cause interference with other connections. Therefore,
such interference issues may be mitigated by utilizing the above control. The above control may apply to a case where
the small-node device with the second or third highest radio link quality has D2UE connections with other user equipment
in the radio resources.
[0332] Referring to Figure 24, an operation of the mobile communication system according to one or more embodiments
of the present invention is described. The operation is related to mobility control in the D2UE connection 710. The
operation may correspond to step S1103 to S1112 in Figure 16.
[0333] Because steps S1501 to S1503 are almost the same as steps S1301 to S1303. The only difference is that
steps S1301 to S1303 are conducted before the D2UE connection has been established and steps S1501 to S1503 are
conducted while the D2UE connection is established already. Even if the D2UE connection is established already, the
user equipment has to make measurement for known or unknown neighbor small-node device. In this sense, the meas-
urements in steps S1301 to S1303 are equivalent to steps S1501 to S1503. Therefore, explanation for steps S1501 to
S1503 is omitted.
[0334] In step S1504, the user equipment 100 determines whether or not the neighbor small-node device, which is
closer to the user equipment 100 than the serving small-node device, is detected. The serving small-node device means
the small-node device (the small-node device 500), which is currently communicating with the user equipment 100. More
specifically, the radio link quality of the neighbor small-node device is higher than that of the serving small-node device,
it may be determined that the neighbor small-node device is closer to the user equipment 100 than the serving small-
node device.
[0335] In the determination, hysteresis may be taken into account. More specifically, in a case where the following
equation is true, it may be determined that the neighbor small-node device, which is closer to the user equipment 100
than the serving small-node device, is detected.

[0336] In the equation, Hyst corresponds to the hysteresis. For example, Hyst may be 3 dB. Not only the hysteresis,
but also time domain hysteresis may be used. The time domain hysteresis may be called time-to-trigger.
[0337] In a case where the neighbor small-node device, which is closer to the user equipment than the serving small-
node device, is detected (step S1504: YES), the user equipment 100 transmits measurement reports to the base station
200 in step S1505. The measurement reports report that the neighbor small-node device, which is closer to the user
equipment than the serving small-node device, is detected.
[0338] In step S1506, the base station 200 transmits handover command to the user equipment 100. The base station
200 transmits control signaling to the neighbor small-node device 500 for handover preparation. Furthermore, the base
station 200 may inform the serving small-node device that the user equipment 100 is handed over to the neighbor small-
node device.
[0339] In step S1507, the user equipment 100 conducts handover to the neighbor small-node device.
[0340] In a case where the neighbor small-node device, which is closer to the user equipment than the serving small-
node device, is not detected (step S1504: NO), the user equipment 100 maintains the D2UE connection with the small-
node device 500 in step S1508.
[0341] Referring to Figure 25, an operation of the mobile communication system according to one or more embodiments
of the present invention is described. The operation is related to mobility control in the D2UE connection 710. The
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operation is conducted while the D2UE connection is established already.
[0342] Because steps S1601 to S1603 are almost the same as steps S1301 to S1303. The only difference is that
steps S1301 to S1303 are conducted before the D2UE connection is established and steps S1601 to S1603 are conducted
while the D2UE connection is established already. Therefore, explanation for steps S1601 to S1603 is omitted.
[0343] In step S1604, the user equipment 100 determines whether or not path loss is higher than a threshold. More
specifically, the user equipment 100 determines whether or not the path loss for the serving small-node device is higher
than the threshold. The base station 200 may inform the user equipment 100 of the threshold by using the control
signaling in step S1601.
[0344] In the above Step S1602 and 1603, the user equipment 100 make measurements for the path loss by using
the D2UE pilot signals, but other signals or channels may be used for the path loss measurements. For example, pilot
signals for the channel estimation or demodulation in the D2UE connection 710 may be used for the path loss meas-
urements. The pilot signals for the channel estimation or demodulation may provide better accuracy for path loss meas-
urements than the D2UE pilot signals, which are used for mobility measurements. In case that the path loss are calculated
by using other signals or channels, information on the transmission power of the other signals or channels may be
included in the other signals or channels. The user equipment 100 may calculate the path loss based on the received
power of the other signals or channels and the transmission power of the other signals or channels.
[0345] In a case where the path loss for the serving small-node device is higher than the threshold (Step S1604: YES),
the user equipment 100 transmits measurement reports to the base station 200 in step S1605. The measurement reports
report that the path loss for the serving small-node device is higher than the threshold.
[0346] In step S1606, the base station 200 releases the radio resource for the D2UE connection 710. More specifically,
the base station 200 sends control messages to release the D2UE connection 710. As a result, the D2UE connection
710 is released.
[0347] In a case where the path loss for the serving small-node device is not higher than the threshold (Step S1604:
NO), the user equipment 100 maintains the D2UE connection with the small-node device 500 in step S1607.
[0348] In the above examples, the path loss is used, but other values which represent the radio link quality may be
used. For example, at least one of the received power of the pilot signal, the SIR of the pilot signal, the received quality
of the pilot signal and the like may be used. In this case, in case that the radio link quality is poorer than a threshold, the
decision should be YES, and otherwise the decision should be NO in step S1604.
[0349] Based on the radio resource management described in Figure 25, the D2UE connection, which may interfere
with other communications, can be removed, and therefore good system quality can be maintained.
[0350] Characteristics mentioned above may be described in the following:
One of the characteristics in one or more embodiments of the present invention is a communication method in a mobile
communication system, in which a mobile station communicates with a server via a device using D2UE connection for
offload purposes in addition to using BS2UE connection:

(1st step) Transmitting pilot signals for the D2UE connection in the device

(2nd step) Receiving the pilot signals and making the measurements for radio link quality of the D2UE connections
in the mobile station

(3rd step) Establishing the D2UE connection based on the measurements in the device and the mobile station

[0351] In the 1st step, transmission timing of the pilot signals are time synchronized with signals in the BS2UE con-
nection.
[0352] One of the characteristics in one or more embodiments of the present invention is a communication method in
a mobile communication system, in which a mobile station communicates with a server via a device using D2UE con-
nection for offload purpose in addition to using BS2UE connection:

(1st step) Transmitting pilot signals for the D2UE connection in the device

(2nd step) Receiving the pilot signals and making the measurements for path loss of the D2UE connections in the
mobile station

(3rd step) Establishing the D2UE connection based on the measurements in the the mobile station

[0353] In the 3rd step, the D2UE connection is not established in case that the path loss is higher than a predetermined
threshold.
[0354] Based on the embodiments in one or more embodiments of the present invention, high quality communication
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connectivity, lower power consumption in mobile stations, and less interference in the hybrid D2UE and BS2UE system
can be achieved.
[0355] The above procedures conducted by the small-node device 500 may be conducted in the D2UE communication
section 504. The above procedures conducted by the user equipment 100 may be conducted in the D2UE communication
section 104. The above procedures conducted by the base station 200 may be conducted in the D2UE communication
control section 204.
[0356] In the embodiments, some of the conventional BS2UE operations may be omitted in the D2UE connection 710.
More specifically, at least one of the following operations may be omitted:

Transmitting broadcast channels in DL

Transmitting common reference signals in DL

Transmitting primary synchronization signals/ secondary synchronization signals in DL

Transmitting paging signals in DL

Transmitting dedicated RRC signaling related to RRC procedures, such as connection establishment, connection
re-establishment, connection setup, connection reconfiguration, connection release, and the like

Transmitting control signaling for handover, such as control information of measurement configuration, measurement
control, handover command, handover complete and the like

[0357] The following operations can be supported by the BS2UE connection 720 and the BS2D connection 730, as
mentioned above. As a result, the complexity of the small-node device 500 can be reduced.
[0358] Some others of conventional BS2UE operations may be supported in the D2UE connection 710. More specif-
ically, at least one of the following operations may be supported:

Transmitting PDCCH in DL

Transmitting PHICH in DL

Transmitting PCFICH in DL

Transmitting PUCCH in UL

Transmitting PUSCH in UL

Transmitting PRACH in UL

Uplink power control

DL power control

Adaptive modulation and coding for DL and UL

DRX

HARQ
(An example#1, according to one or more embodiments, for handover in the BS2UE connection 720)

[0359] For the conventional RRH CA operations, the user equipment cannot simultaneously communicate with a
macro base station and with a RRH which does not belong to the macro base station, as illustrated in Figure 27. Moreover,
the user equipment 100 cannot simultaneously communicate with the base station 200B and with the RRH 500A-4 in
Figure 27, because the RRH 500A-4 does not belong to the base station 200B.
[0360] The user equipment 100 moves into the coverage area of the base station 200B, and so it makes a handover
from the base station 200A to the base station 200B in 2 GHz.
[0361] Therefore, as illustrated in Figure 27A, in case that the user equipment 100 has carrier aggregation operations
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with the base station 200A and with the remote radio head 500A-4 before the handover, the user equipment 100 needs
to release the connection with the remote radio head 500A-4 and cannot communicates with the remote radio head
500A-4 anymore after the handover, because the remote radio head 500A-4 does not belong to the base station 200B.
The above mentioned restriction may degrade system capacity because the user equipment 100 cannot sometimes
communicate with the remote radio head in the macro cell edge regions.
[0362] However, one or more embodiments of the present invention does not require the above mentioned tight inter-
working with the macro base station and the remote radio head as illustrated in Figure 28, and therefore such drawbacks
including tight interworking as well as capacity degradation will not happen. However, it has not been clear how to handle
the connection between the small-node device and the user equipment before and after the handover in the connection
between the macro base stations and the user equipment.
[0363] One simple approach is that the connection between the small-node device and the user equipment is released
before the handover in the connection between the macro base station and the user equipment, and is established again
before the handover in the connection between the macro base station and the user equipment as illustrated in Figure
28A. But, the above procedures are not efficient, i.e. unnecessary control signals are transmitted and the connection
between the small-node device and the user equipment needs to be released during the handover, which may decrease
user throughput.
[0364] Further detailed embodiments are described below.
[0365] Figure 29 illustrates almost the same system architecture as the one in Figure 5. The difference between Figure
5 and Figure 29 is that two base stations (the base station 200A and the base station 200B) exists in Figure 29, and the
small-node device 500 coverage area overlaps with the two base stations’ coverage area. It is noted that the number
of the base stations is just an example, and it may be more than two. Furthermore, in Figure 29, only the server 600
and the core network 400 are illustrated for simplicity, but the small-node device 500 may connect to the internet 410
and the server 610 in some embodiments.
[0366] In the following examples, it is assumed that the user equipment 100 makes a handover from the base station
200A to the base station 200B.
[0367] In case the user equipment 100 makes a handover from one base station to another base station in the BS2UE
connection in 2 GHz, the small-node device 500 continues to communicate with the user equipment 100 in 3.5 GHz,
i.e. the user equipment 100 continues to communicate with the small-node device 500 in the D2UE connection 710,
during the handover.
[0368] In other words, the user equipment 100 maintains the D2UE connection 710 with the small-node device 500,
in case the user equipment 100 makes a handover from one base station to another base station in the BS2UE connection.
That is, the user equipment 100 does not have to release the D2UE connection 710 with the small-node device 500 and
can keep the D2UE connection 710 with the small-node device 500, in case the user equipment 100 makes a handover
from one base station to another base station in the BS2UE connection.
[0369] As a result, unnecessary control signals for controlling the D2UE connection 710 can be minimized and the
D2UE connection 710 can be maintained during the handover, which may avoid degradation of user throughput, in case
the user equipment 100 makes a handover from one base station to another base station in the BS2UE connection.
[0370] Here, the user equipment 100 can perfectly continue communicating with the small-node device 500 during
the handover for the BS2UE connection 720.
[0371] Alternatively, the user equipment 100 may stop communicating with the small-node device 500 during the
handover procedures, although the D2UE connection 710 is maintained. That is, the user equipment 100 may stop
communicating with the small-node device 500 when it is notified that the user equipment 100 is going to conduct
handover from the base station 200A to the base station 200B, and may start communicating with the small-node device
500 when it is notified that the user equipment 100 has finished handover from the base station 200A to the base station
200B.
[0372] Furthermore, the user equipment 100 stops communicating with the small-node device 500, when the user
equipment 100 detects radio link failure for the BS2UE connection 720. As a result, in case that the user equipment 100
cannot communicate with the base station in the BS2UE connection 720, the D2UE connection 710 is also released
and therefore the user equipment 100 cannot transmit any signals under the conditions where the base station 200
cannot control the D2UE connection 710. That is, it can be avoided that the user equipment 100 transmits interference
signal under the conditions that the base station 200 cannot control the D2UE connection 710.
[0373] Further detailed embodiments related to the above are described in the following.
[0374] Figure 30 illustrates the base station 200A, the base station 200B, the small-node device 500, and the user
equipment 100 in an embodiment where the user equipment 100 conducts handover from the base station 200A to the
base station 200B in terms of the BS2UE connection 720.
[0375] The base stations 200A/ 200B in Figure 30 are basically the same as the base station in Figure 13, but new
sections of BS2BS communication sections 208A/ 208B are added in the base station 200A/ 200B, respectively. The
BS2BS communication section 208A is connected to the BS2UE communication section 201A, the BS2D communication
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section 202A, the D2UE communication control section 204A, the backhaul communication section 206A, and commu-
nicates with them. The BS2BS communication section 208B is connected to the BS2UE communication section 201B,
the BS2D communication section 202B, the D2UE communication control section 204B, the backhaul communication
section 206B, and communicates with them. In other embodiments, the BS2BS communication section 208 may be a
part of the backhaul communication section 206. The BS2BS communication sections 208A/ 208B communicate with
each other in a BS2BS link. The user equipment 100 in Figure 30 is almost the same as the user equipment in Figure
13, and the small-node device 500 in Figure 30 is almost the same as the small-node device 500 in Figure 13.
[0376] Procedures conducted in each section can be described referring to Figures 31/ 32 below.
[0377] Referring to Figure 31, an operation of the mobile communication system according to one or more embodiments
of the present invention is described. In the procedures, the user equipment 100 makes a handover from the source
base station 200A to the target base station 200B in the BS2UE connection 720. The user equipment maintains the
D2UE connection 710 with the small-node device 500.
[0378] As shown in Figure 31, in step S1701, some parts of the traffic data are transferred between the user equipment
100 and the server 600 via the D2UE connection 710 and the small-node device 500. In step S1702, some parts of the
traffic data are transferred between the user equipment 100 and the server 600 via the BS2UE connection 720 and the
source base station 200A. Steps S1701 and S1702 may be the same as steps S805 and S806, respectively, i.e. steps
S1701 and S1702 may be a continuation of steps S805 and S806.
[0379] In step S1703, the user equipment 100 makes measurements for the BS2UE connection, as specified in TS
36.331. That is, the user equipment makes measurements for reference signal receive power (RSRP) on the serving
base station (the base station 200A) and neighbor base stations. Reference signal received quality (RSRQ) may be
utilized instead of RSRP.
[0380] More specifically, the user equipment 100 evaluates whether or not the neighbor base station’s RSRP is larger
than the serving (source) base station 200A’s RSRP in step S1703, and transmits a measurement report to the serving
(source) base station 200A if the neighbor base station’s RSRP is larger than the serving (source) base station 200A’s
RSRP in step S1704. In step S1705, the serving (source) base station 200A makes a decision that the user equipment
100 should make handover from the source base station 200A to the target base station 200B, whose RSRP is larger
than the serving (source base station) 200A’s RSRP.
[0381] In step S1706, the source base station 200A transmits a control signal to the target base station 200B in the
BS2BS link. The control signal may be called a handover request or handover command. Here, the control signal includes
at least one of the following information related to the D2UE connection 710 for the user equipment 100:

Radio bearer information for the D2UE connection 710 for the user equipment 100

Carrier frequency information of the D2UE connection 710 for the user equipment 100

Frequency band indicator of the D2UE connection 710 for the user equipment 100

System bandwidth (Channel bandwidth) of the D2UE connection 710 for the user equipment 100

Identification number of the small-node device 500 with which the user equipment 100 communicates

UL Maximum transmission power in the D2UE connection 710 for the user equipment 100

Information of DL and UL slots in the D2UE connection 710 (in case of TDD) for the user equipment 100

Information of uplink physical control channels, such as PUCCH for the D2UE connection 710 for the user equipment
100

Information of downlink physical control channels, such as PDCCH, PHICH for the D2UE connection 710 for the
user equipment 100

Information of uplink physical shared channel for the D2UE connection 710 for the user equipment 100

Information of downlink physical shared channel for the D2UE connection 710 for the user equipment 100

Information of uplink sounding reference signal for the D2UE connection 710 for the user equipment 100

Information of uplink power control information for the D2UE connection 710
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Information of downlink or uplink cyclic prefix information for the D2UE connection 710 for the user equipment 100

Information of time alignment control in uplink for the D2UE connection 710 for the user equipment 100

Information of RLC or PDCP configuration for each radio bearer for the D2UE connection 710 for the user equipment
100

Information of MAC configuration for the D2UE connection 710 for the user equipment 100

Information of security for the D2UE connection 710 for the user equipment 100

[0382] In step S1706A, the target base station 200B makes a decision that the handover from the source base station
200A to the target base station 200B should be conducted in the BS2UE connection. Furthermore, the target base station
200B makes a decision that the user equipment 100 is allowed to communicate with the small-node device 500 after
the handover.
[0383] In step S1707, the target base station 200B transmits to the small-node device 500 a control signal for notifying
that the user equipment 100 is allowed to communicate with the small-node device 500 after the handover. Here, if a
connection between the target base station 200B and the small-node device 500 has not been configured, procedures
for configuring the connection may be conducted before step S1707. In step S1708, the small-node device 500 transmits
acknowledgement of the control signal of step S1707.
[0384] In step S1709, the target base station 200B transmits to the source base station 200A positive acknowledgement
of the control signal of step S1706. The positive acknowledgement may be called simply "acknowledgement".
[0385] In step S1710, the source base station 200A transmits to the user equipment 100 a control signal for instructing
the handover from the source base station 200A to the target base station 200B. The control signal may be called
"handover command". Here, the control signal includes information which notifies the user equipment 100 that the user
equipment 100 is allowed to continue the communications with the small-node device 500 in the D2UE connection 710
after the handover.
[0386] In step S1711, the user equipment 100 transmits a control signal to the target base station 200B so that the
user equipment 100 should confirm that the handover has been conducted. The control signal may be called "handover
confirm". The control signal may include information which notifies the target base station 200B that the user equipment
100 continues communicating with the small-node device 500 in the D2UE connection 710 after the handover.
[0387] In steps S1712, some parts of the traffic data are transferred between the user equipment 100 and the server
600 via the D2UE connection 710 and the small-node device 500. Step S1712 is the same as step S1701. That is, step
(S1701 and S1712) may be continuously conducted during the procedures described in Figure 31.
[0388] In step S1713, some parts of the traffic data are transferred between the user equipment 100 and the server
600 via the BS2UE connection 720B and the target base station 200B.
[0389] Referring to Figure 32, an operation of the mobile communication system according to one or more embodiments
of the present invention is described. In the procedures, the user equipment 100 makes a handover from the source
base station 200A to the target base station 200B in the BS2UE connection 720. But, the user equipment releases the
D2UE connection 710 with the small-node device 500 just before the handover, because the target base station 200B
does not allow the user equipment 100 to communicate with the small-node device 500.
[0390] Steps S1801 to S1806 are the same as steps S1701 to S1706, and therefore descriptions for steps S1801 to
S1806 are omitted here.
[0391] In step S1806A, the target base station 200B makes a decision that the handover from the base station 200A
to the base station 200B should be conducted in the BS2UE connection. Furthermore, the target base station 200B
makes a decision that the user equipment 100 is not allowed to communicate with the small-node device 500 after the
handover. For example, in case the target base station 200B does not support handling the D2UE connection 710, the
target base station 200B makes a decision that the user equipment 100 is not allowed to communicate with the small-
node device 500 after the handover.
[0392] In step S1807, the target base station 200B transmits to the small-node device 500 a control signal for notifying
the small-node device 500 that the user equipment 100 is not allowed to communicate with the small-node device 500
after the handover. Here, if a connection between the target base station 200B and the small-node device 500 has not
been configured, procedures for configuring the connection may be conducted before step S1807. In step S1808, the
small-node device 500 transmits acknowledgement of the control signal of step S1807. In case the connection between
the target base station 200B and the small-node device 500 cannot be configured, steps S1807 and S1808 may be omitted.
[0393] In step S1809, the target base station 200B transmits to the source base station 200A acknowledgement of
the control signal of step S1806. That is, the target base station 200B notifies the source base station 200A that the
handover can be conducted, but that the user equipment 100 is not allowed to communicate with the small-node device
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500 after the handover. In other words, the control signal indicates positive acknowledgement for the handover, but
indicates negative acknowledgement for communications between the user equipment 100 and the small-node device
500 in the D2UE connection 710 after the handover.
[0394] In step S1810, the source base station 200A transmits to the user equipment 100 a control signal for instructing
the handover from the source base station 200A to the target base station 200B. The control signal may be called
"handover command". Here, the control signal includes information which notifies the user equipment 100 that the user
equipment 100 is not allowed to communicate with the small-node device 500 in the D2UE connection 710 after the
handover.
[0395] In step S1811, the user equipment 100 releases the D2UE connection 710.
[0396] In step S1812, the user equipment 100 transmits a control signal to the target base station 200B so that the
user equipment 100 should confirm that the handover has been conducted. The control signal may be called "handover
confirm". The control signal may include information which notifies the target base station 200B that the user equipment
releases the D2UE connection 710 with the small-node device 500.
[0397] In step S1813, the traffic data are transferred between the user equipment 100 and the server 600 via the
BS2UE connection 720B and the target base station 200B.
[0398] In other embodiments, releasing the D2UE connection 1811 may be conducted based on the procedures
described in Figure 15.
[0399] As described above in Figures 31/ 32, because the target base station 200 can make a decision whether or
not the user equipment can communicate with the small-node device 500 after the handover in the BS2UE connection
720, the D2UE connection can be under control of the source base station 200A or the target base station 200B in the
case where the user equipment 100 makes a handover from the source base station 200A to the target base station
200B in the BS2UE connection 720. As a result, unnecessary control signals for controlling the D2UE connection 710
can be minimized and the D2UE connection 710 can be maintained during the handover, which may avoid degradation
of user throughput.
[0400] That is, the source base station 200A transfers to the target base station 200B information related to the D2UE
connection 710 between the small-node device 500 and the user equipment 100 in step S1706, and therefore the user
equipment 100 can maintain the D2UE connection 710 with the small-node device 500 even in the handover of the
BS2UE connection 720.
[0401] As mentioned above, in one or more embodiments, the D2UE connection 710 needs to be always under control
of a base station 200A or 200B so that the user equipment 100 can communicate with the small-node device 500 even
if there is no broadcast signal in the D2UE connection 710. That is, the "transmit after receive" principle can be maintained
based on the BS2UE connection 720.
[0402] In Figures 31 and 32, control signal exchange between the base stations and MME/ S-GW is omitted, because
it is not directly related to one or more embodiments of the present invention. Furthermore, Figures 31 and 32 shows
X2 handover, but the above-mentioned procedures can apply to S1 handover.
[0403] In the case of S1 handover, the above-mentioned information related to the D2UE connection 710 for the user
equipment 100 may be transmitted from the source base station to the target base station via MME. In case that one
MME (source MME) is switched to another MME (target MME) in the S1 handover, the above-mentioned information
may be transmitted from the source base station 200A to the target base station 200B via the source MME and the
target MME.
[0404] The control signals for indicating that the user equipment 100 is allowed to communicate with the small-node
device 500 or that the user equipment 100 is not allowed to communicate with the small-node device 500 may also be
transmitted from the target base station 200B to the source base station 200A via MME in case of S1 handover.
[0405] Step S1701 is conducted by the D2UE communication section 104 in the user equipment 100 and by the D2UE
communication section 504 and the backhaul communication section 506 in the small-node device 500. Step S1702 is
conducted by the BS2UE communication section 201A and the backhaul communication section 206A in the base station
200A and by the BS2UE communication section 102 in the user equipment 100. Steps S1703 and S1704 are conducted
by the BS2UE communication section 102 in the user equipment, and step S1705 is conducted by BS2UE communication
section 201A in the base station 200A.
[0406] Step S1706 is conducted by the BS2BS communication section 208A in the base station 200A and by the
BS2BS communication section 208B in the base station 200B. The decision for the handover in step S1706A is conducted
by the BS2UE communication section 201B in the base station 200B. The decision for handling the D2UE connection
710 in step S1706A is conducted by the D2UE communication control section 204B in the base station 200B. Steps
1707 and 1708 are conducted by the BS2D communication section 502 in the small-node device and by the BS2D
communication section 202B in the base station 200B. Step S1709 is conducted by the BS2BS communication section
208A in the base station 200A and by the BS2BS communication section 208B in the base station 200B.
[0407] Step S1710 is conducted by the BS2UE communication section 201A in the base station 200A and by the
BS2UE communication section 102 in the user equipment 100. Step 1711 is conducted by the BS2UE communication
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section 201B in the base station 200B and by the BS2UE communication section 102 in the user equipment 100. Step
S1712 is conducted by the D2UE communication section 104 in the user equipment 100 and by the D2UE communication
section 504 and the backhaul communication section 506 in the small-node device 500. Step S1713 is conducted by
the BS2UE communication section 201B and the backhaul communication section 206B in the base station 200B and
by the BS2UE communication section 102 in the user equipment 100.
[0408] Step S1801 is conducted by the D2UE communication section 104 in the user equipment 100 and by the D2UE
communication section 504 and the backhaul communication section 506 in the small-node device 500. Step S1802 is
conducted by the BS2UE communication section 201A and the backhaul communication section 206A in the base station
200A and by the BS2UE communication section 102 in the user equipment 100. Steps S1803 and S1804 are conducted
by the BS2UE communication section 102 in the user equipment, and step S1805 is conducted by BS2UE communication
section 201A in the base station 200A.
[0409] Step S1806 is conducted by the BS2BS communication section 208A in the base station 200A and by the
BS2BS communication section 208B in the base station 200B. The decision for the handover in step S1706A is conducted
by the BS2UE communication section 201B in the base station 200B. The decision for handling the D2UE connection
710 in step S1806A is conducted by the D2UE communication control section 204B in the base station 200B. Steps
1807 and 1808 are conducted by the BS2D communication section 502 in the small-node device and by the BS2D
communication section 202B in the base station 200B. Step S1809 is conducted by the BS2BS communication section
208A in the base station 200A and by the BS2BS communication section 208B in the base station 200B.
[0410] Step S1810 is conducted by the BS2UE communication section 201A in the base station 200A and by the
BS2UE communication section 102 in the user equipment 100. Step 1811 is conducted by the D2UE communication
section 504 in the small-node device 500 and by the D2UE communication section 104 in the user equipment 100. Step
S1812 is conducted by the BS2UE communication section 104 in the user equipment 100 and by the BS2UE commu-
nication section 201B in the base station 200B. Step S1813 is conducted by the BS2UE communication section 201B
and the backhaul communication section 206B in the base station 200B and by the BS2UE communication section 102
in the user equipment 100.
[0411] One of the characteristics in one or more embodiments of the present invention is a radio base station in a
mobile communication system, in which a mobile station communicate with a server, comprising a 1st communication
unit for communicating with a device using a first link; a 2nd communication unit for communicating wirelessly with a
mobile station using a second link; a 3rd communication unit for communicating with a second radio base station using
a third link, and a control unit for determining how to configure a fourth link between the device and the mobile station;
wherein the 1st communication unit exchanges with the device a first control signal for establishing the fourth link, the
2nd communication unit exchanges with the mobile station a second control signal for establishing the fourth link, the
3rd communication unit exchanges with the second radio base station a set of information for the fourth link, a first data
is transferred from the mobile station with the final destination to the server via the fourth link, and a second data originated
from the server is transferred to the mobile station via the fourth link.
[0412] Here, a radio base station corresponds to the base station 200 (200A/ 200B). A mobile station corresponds to
the user equipment 100. A device corresponds to the small-node device 500. A first link corresponds to the BS2D
connection 730. A second link corresponds to the BS2UE connection 720. The third link corresponds to the BS2BS link
in Figure 30. The fourth link corresponds to the D2UE connection 710.
[0413] In the above mentioned radio base station, the set of information is included in a fourth control signal for
requesting handover between the radio base station and the second radio base station in the second link. The fourth
control signal for requesting handover may be called handover request or handover command.
[0414] In the above mentioned radio base station, the set of information includes at least one of radio bearer information
of the third link, frequency-domain information of the third link, time-domain information of the third link, identification
information of the device, transmit power control information of the third link, control channel information of the third link,
data channel information of the third link, MAC/ RLC/ PDCP layer configuration of the third link, and security information
of the third link, as described in step S1706 of Figure 31.
[0415] According to another embodiment of the present invention, in the above mentioned radio base station, the set
of information includes at least one of radio bearer information of the fourth link, frequency-domain information of the
fourth link, time-domain information of the fourth link, identification information of the device, transmit power control
information of the fourth link, control channel information of the fourth link, data channel information of the fourth link,
MAC/ RLC/ PDCP layer configuration of the fourth link, and security information of the fourth link, as described in step
S1706 of Figure 31.
[0416] In the above mentioned radio base station, the 3rd communication unit exchanges with the second radio base
station a fifth control signal which notifies that the mobile station is allowed to communicate with the device after the
handover. In the above mentioned radio base station, the 3rd communication unit exchanges with the second radio base
station a fifth control signal which notifies that the mobile station is not allowed to communicate with the device after the
handover.
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[0417] In the above mentioned radio base station, the 2nd communication unit transmits to the mobile station a sixth
control signal which notifies that the mobile station is allowed to communicate with the device after the handover in the
second link. The sixth control signal may be included in the handover command in the second link. In the above mentioned
radio base station, the 2nd communication unit transmits to the mobile station a sixth control signal which notifies that
the mobile station is not allowed to communicate with the device after the handover in the second link. The sixth control
signal may be included in the handover command in the second link.
[0418] In the above mentioned radio base station, the 1st communication unit transmits to the device a seventh control
signal which notifies that the mobile station is allowed to communicate with the device after the handover in the second
link. The seventh control signal may be included in the handover command in the second link. In the above mentioned
radio base station, the 2nd communication unit transmits to the mobile station a seventh control signal which notifies
that the mobile station is not allowed to communicate with the device after the handover. The seventh control signal
may be included in the handover command in the second link.
[0419] One of the characteristics in one or more embodiments of the present invention is a device in a mobile com-
munication system, in which a mobile station communicates with a server, comprisinga 1 st communication unit for
communicating with a first radio base station using a first link and with a second radio base station using a second link;
a 2nd communication unit for communicating wirelessly with the mobile station using a third link; and a 3rd communication
unit for communicating with the server using a fourth link; wherein the 1st communication unit exchanges with the first
radio base station a first control signal for establishing the third link; the 2nd communication unit establishes the third
link on receiving the first control signal, the 2nd communication unit receives a first data in the third link which is sent by
the mobile station to the server, the 3rd communication unit transmits the first data to the server in the fourth link, and
the 3rd communication unit receives a second data which is sent by the server to the mobile station, the 2nd communication
unit transmits the second data to the mobile station.
[0420] Here, the first/ second radio base station corresponds to the base station 200A/ 200B, respectively. The mobile
station corresponds to the user equipment 100. The device corresponds to the small-node device 500. The first link/
second link corresponds to the BS2D connection 730. The third link corresponds to the D2UE connection 710. The
fourth link corresponds to the backhaul connection 750.
[0421] In the above mentioned device, the 1st communication unit receives from the second radio base station a
second control signal which notifies the device that the mobile station is allowed to communicate with the device after
handover wherein the mobile station makes a handover from the first radio base station to the second radio base station.
[0422] In the above mentioned device, the 1st communication unit receives from the second radio base station a
second control signal which notifies the device that the mobile station is not allowed to communicate with the device
after handover wherein the mobile station makes a handover from the first radio base station to the second radio base
station.
[0423] One of the characteristics of one or more embodiments of the present invention is a mobile station in a mobile
communication system, in which a mobile station communicates with a server, comprising a 1st communication unit for
communicating wirelessly with a first radio base station using a first link and with a second radio base station using a
second link; and a 2nd communication unit for communicating wirelessly with a device using a third link; wherein the
1st communication unit exchanges with the first radio base station a first control signal for establishing the third link, the
2nd communication unit establishes the third link on receiving the first control signal, the 2nd communication unit transmits
a first user data with the final destination to the server via the third link, and the 2nd communication unit receives a
second user data originated from the server via the third link.
[0424] Here, the first/ second radio base station corresponds to the base station 200A/ 200B, respectively. The mobile
station corresponds to the user equipment 100. The device corresponds to the small-node device 500. The first link/
second link corresponds to the BS2UE connection 720. The third link corresponds to the D2UE connection 710.
[0425] In the above mentioned mobile station, the 1st communication unit receives from the first radio base station a
second control signal which notifies the mobile station that the mobile station is allowed to communicate with the device
after handover wherein the mobile station makes a handover from the first radio base station to the second radio base
station.
[0426] In the above mentioned mobile station, the 1st communication unit receives from the first radio base station a
second control signal which notifies the mobile station that the mobile station is not allowed to communicate with the
device after handover wherein the mobile station makes a handover from the first radio base station to the second radio
base station.
[0427] The operation of the above-described base station 200, the user equipment 100 and the small-node device
500 may be implemented by a hardware, may also be implemented by a software module executed by a processor, and
may further be implemented by the combination of the both.
[0428] The software module may be arranged in a storing medium of an arbitrary format such as RAM (Random
Access Memory), a flash memory, ROM (Read Only Memory), EPROM (Erasable Programmable ROM), EEPROM
(Electronically Erasable and Programmable ROM), a register, a hard disk, a removable disk, and CD-ROM.
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[0429] Such a storing medium is connected to the processor so that the processor can write and read information into
and from the storing medium. Such a storing medium may also be accumulated in the processor. Such a storing medium
and processor may be arranged in ASIC. Such ASIC may be arranged in the base station apparatus 200, the user
equipment, and the small-node device 500. As a discrete component, such a storing medium and processor may be
arranged in the base station 200, the user equipment 100, and the small-node device 500.
[0430] Thus, the present invention has been explained in detail by using the above-described embodiments; however,
it is obvious that for persons skilled in the art, the present invention is not limited to the embodiments explained herein.
The present invention can be implemented as a corrected, modified mode without departing from the scope of the present
invention defined by the claims. Therefore, the description of the specification is intended for explaining the example
only and does not impose any limited meaning to the present invention.

ABBREVIATIONS

[0431]

LTE Long Term Evolution
PHY Physical
D2UE Device to UE
Macro2UE Macro to UE
UE User equipment
NAS Non Access Stratum
RRC Radio Resource Control
TDD Time Division Duplex
FDD Frequency Division Duplex
D2D Device to Device
CN Core Network

[0432] While the invention has been described with respect to a limited number of examples, those skilled in the art,
having benefit of this disclosure, will appreciate that other examples can be devised which do not depart from the scope
of the invention as disclosed herein. Accordingly, the scope of the invention should be limited only by the attached claims.

Claims

1. A target base station (200B) in a mobile communication network, where a mobile station is configured to communicate
with a source base station (200A) and a node device (500), and is further configured to make a handover from the
source base station (200A) to the target base station (200B) while the mobile station is configured to maintain
connection with the node device (500) or release connection with the node device (500) before the handover, the
target base station (200B) comprising:

a first communication section (208B) that receives, from the source base station (200A), a control signal as a
handover request that requests to perform a handover from the source base station (200A) to the target base
station (200B) and includes a set of information related to a link between the mobile station and the node device
(500), the set of information including an identification number of the node device (500) with which the mobile
station communicates;
the target base station (200B) configured to make a decision whether or not the mobile station is allowed to
communicate with the node device (500) after the handover to the target base station (200B);
a second communication section (202B) that is configured to transmit, to the node device (500), a control signal
that indicates that the mobile station is allowed to communicate with the node device (500) after the handover
to the target base station (200B), when the target base station (200B) decides to allow the mobile station to do so,
wherein the first communication section (208B) is configured to transmit a positive acknowledgment to the
source base station (200A), when the target base station (200B) decides to allow the mobile station to commu-
nicate with the node device (500) after the handover to the target base station (200B).

2. The target base station (200B) according to claim 1, wherein the set of information further includes at least one from
a group consisting of radio bearer information of the link, frequency-domain information of the link, time-domain
information of the link, transmit power control information of the link, control channel information of the link, data
channel information of the link, MAC/RLC/PDCP layer configuration of the link, and security information of the link.
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3. The target base station (200B) according to claim 1 or 2, further comprising:

a third communication section that is configured to communicate with the mobile station,
wherein when the second communication section (202B) transmits the first signal that indicates that the mobile
station is allowed to communicate with the node device (500) after the handover, the third communication section
is configured to receive, from the mobile station, a second signal that indicates that the mobile station continues
to communicate with the node device (500), and
wherein when the second communication section (202B) transmits the first signal that indicates that the mobile
station is not allowed to communicate with the node device (500) after the handover, the third communication
section is configured to receive, from the mobile station, a third signal that indicates that the mobile station
releases the link.

4. A method that causes a mobile station that is configured to communicate with a source base station (200A) using
a first link and that is configured to communicate with a node device (500) using a second link, and is configured to
make a handover from the source base station (200A) to a target base station (200B) while the mobile station is
configured to maintain connection with the node device (500) or release connection with the node device (500)
before the handover, the method comprising:

transmitting, from the source base station (200A) to the target base station (200B), a control signal as a handover
request that requests the handover and includes a set of information related to the second link, the set of
information including an identification number of the node device (500) with which the mobile station commu-
nicates;
deciding, by the target base station (200B), whether or not the mobile station is allowed to communicate with
the node device (500) after the handover;
transmitting, from the target base station (200B) to the node device (500), a control signal that indicates that
the mobile station is allowed to communicate with the node device (500) after the handover when the target
base station (200B) decides to allow the mobile station to do so;
transmitting, from the target base station (200B) to the source base station (200A), a positive acknowledgement
of the handover when the target base station (200B) decides to allow the mobile station to communicate with
the node device (500) after the handover to the target base station (200B),
transmitting, from the source base station (200A) to the mobile station, the first signal.

5. The method according to claim 4, further comprising:

transmitting, from the mobile station to the target base station (200B), a second signal that indicates that the
mobile station continues to communicate with the node device (500) when the mobile station receives the first
signal that indicates that the mobile station is allowed to communicate with the node device (500) after the
handover; and
transmitting, from the mobile station to the target base station (200B), a third signal that indicates that the mobile
station releases the second link when the mobile station receives the first signal that indicates that the mobile
station is not allowed to communicate with the node device (500) after the handover.

6. The method according to claim 4 or 5, wherein the set of information further includes at least one from a group
consisting of radio bearer information of the link, frequency-domain information of the link, time-domain information
of the link, transmit power control information of the link, control channel information of the link, data channel
information of the link, MAC/RLC/PDCP layer configuration of the link, and security information of the link.

Patentansprüche

1. Zielbasisstation (200B) in einem Mobilkommunikationsnetzwerk, wobei eine Mobilstation konfiguriert ist, mit einer
Quellenbasisstation (200A) und einer Knotenvorrichtung (500) zu kommunizieren, und weiter konfiguriert ist, eine
Übergabe von der Quellbasisstation (200A) zu der Zielbasisstation (200B) anzustellen, während die Mobilstation
konfiguriert ist, Verbindung mit der Knotenvorrichtung (500) aufrechtzuerhalten oder Verbindung mit der Knoten-
vorrichtung (500) vor der Übergabe aufzulösen, wobei die Zielbasisstation (200B) umfasst:

einen ersten Kommunikationsabschnitt (208B), der von der Quellbasisstation (200A) ein Steuersignal als eine
Übergabeanfrage empfängt, die anfragt, eine Übergabe von der Quellbasisstation (200A) an die Zielbasisstation



EP 2 823 661 B1

42

5

10

15

20

25

30

35

40

45

50

55

(200B) durchzuführen, und einen Satz Informationen bezüglich einer Verknüpfung zwischen der Mobilstation
und der Knotenvorrichtung (500) beinhaltet, wobei der Satz Informationen eine Identifikationsnummer der Kno-
tenvorrichtung (500) beinhaltet, mit der die Mobilstation kommuniziert;
wobei die Zielbasisstation (200B) konfiguriert ist, eine Entscheidung zu treffen, ob oder ob nicht der Mobilstation
gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe an die Zielbasisstation (200B) zu kommuni-
zieren;
einen zweiten Kommunikationsabschnitt (202B), der konfiguriert ist, ein Steuersignal an die Knotenvorrichtung
(500) zu senden, das angibt, dass der Mobilstation gestattet ist, mit der Knotenvorrichtung (500) nach der
Übergabe an die Zielbasisstation (200B) zu kommunizieren, wenn die Zielbasisstation (200B) entscheidet, dies
der Mobilstation zu gestatten,
wobei der erste Kommunikationsabschnitt (208B) konfiguriert ist, eine positive Bestätigung an die Quellbasis-
station (200A) zu senden, wenn die Zielbasisstation (200B) entscheidet, der Mobilstation zu gestatten, mit der
Knotenvorrichtung (500) nach der Übergabe an die Zielbasisstation (200B) zu kommunizieren.

2. Zielbasisstation (200B) nach Anspruch 1, wobei der Satz Informationen weiter mindestens eines aus einer Gruppe,
bestehend aus Funkträgerinformationen der Verknüpfung, Frequenzdomäneninformationen der Verknüpfung, Zeit-
domäneninformationen der Verknüpfung, Sendeleistungssteuerinformationen der Verknüpfung, Steuerkanalinfor-
mationen der Verknüpfung, Datenkanalinformationen der Verknüpfung, MAC/RLC/PDCP-Schichtkonfiguration der
Verknüpfung und Sicherheitsinformationen der Verknüpfung beinhaltet.

3. Zielbasisstation (200B) nach Anspruch 1 oder 2, weiter umfassend:

einen dritten Kommunikationsabschnitt, der konfiguriert ist, mit der Mobilstation zu kommunizieren,
wobei, wenn der zweite Kommunikationsabschnitt (202B) das erste Signal sendet, das angibt, dass der Mobil-
station gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe zu kommunizieren, der dritte Kommu-
nikationsabschnitt konfiguriert ist, von der Mobilstation ein zweites Signal zu empfangen, das angibt, dass die
Mobilstation fortsetzt, mit der Knotenvorrichtung (500) zu kommunizieren, und
wobei, wenn der zweite Kommunikationsabschnitt (202B) das erste Signal sendet, das angibt, dass der Mobil-
station nicht gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe zu kommunizieren, der dritte
Kommunikationsabschnitt konfiguriert ist, von der Mobilstation ein drittes Signal zu empfangen, das angibt,
dass die Mobilstation die Verknüpfung freigibt.

4. Verfahren, das eine Mobilstation veranlasst, die konfiguriert ist, mit einer Quellbasisstation (200A) unter Verwendung
einer ersten Verknüpfung zu kommunizieren, und die konfiguriert ist, mit einer Knotenvorrichtung (500) unter Ver-
wendung einer zweiten Verknüpfung zu kommunizieren, und konfiguriert ist, eine Übergabe von der Quellbasisstation
(200A) an eine Zielbasisstation (200B) anzustellen, während die Mobilstation konfiguriert ist, eine Verbindung mit
der Zielvorrichtung (500) aufrechtzuerhalten oder eine Verbindung mit der Knotenvorrichtung (500) vor der Übergabe
aufzulösen, wobei das Verfahren umfasst:

Senden, von der Quellbasisstation (200A) an die Zielbasisstation (200B), eines Steuersignals als eine Über-
gabeanfrage, die die Übergabe anfragt und einen Satz Informationen bezüglich der zweiten Verknüpfung be-
inhaltet, wobei der Satz Informationen eine Identifikationsnummer der Knotenvorrichtung (500) beinhaltet, mit
der die Mobilstation kommuniziert;
Entscheiden, durch die Zielbasisstation (200B), ob oder ob nicht der Mobilstation gestattet ist, mit der Knoten-
vorrichtung (500) nach der Übergabe zu kommunizieren;
Senden, von der Zielbasisstation (200B) an die Knotenvorrichtung (500), eines Steuersignals, das angibt, dass
der Mobilstation gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe zu kommunizieren, wenn die
Zielbasisstation (200B) entscheidet, dies der Mobilstation zu gestatten;
Senden, von der Zielbasisstation (200B) an die Quellbasisstation (200A), einer positiven Bestätigung der Über-
gabe, wenn die Zielbasisstation (200B) entscheidet, der Mobilstation zu gestatten, mit der Knotenvorrichtung
(500) nach der Übergabe mit der Zielbasisstation (200B) zu kommunizieren,
Senden des ersten Signals von der Quellbasisstation (200A) an die Mobilstation.

5. Verfahren nach Anspruch 4, weiter umfassend:

Senden, von der Mobilstation an die Zielbasisstation (200B), eines zweiten Signals, das angibt, dass die Mo-
bilstation fortsetzt, mit der Knotenvorrichtung (500) zu kommunizieren, wenn die Mobilstation das erste Signal
empfängt, das angibt, dass der Mobilstation gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe
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zu kommunizieren; und
Senden, von der Mobilstation an die Zielbasisstation (200B), eines dritten Signals, das angibt, dass die Mobil-
station die zweite Verknüpfung auflöst, wenn die Mobilstation das erste Signal empfängt, das angibt, dass der
Mobilstation nicht gestattet ist, mit der Knotenvorrichtung (500) nach der Übergabe zu kommunizieren.

6. Verfahren nach Anspruch 4 oder 5, wobei der Satz Informationen weiter mindestens eine aus einer Gruppe, beste-
hend aus Funkträgerinformationen der Verknüpfung, Frequenzdomäneninformationen der Verknüpfung, Zeitdomä-
neninformationen der Verknüpfung, Sendeleistungssteuerinformationen der Verknüpfung, Steuerkanalinformatio-
nen der Verknüpfung, Datenkanalinformationen der Verknüpfung, MAC/RLC/PDCP-Schichtkonfiguration der Ver-
knüpfung und Sicherheitsinformationen der Verknüpfung beinhaltet.

Revendications

1. Station de base cible (200B) dans un réseau de communication mobile, où une station mobile est configurée pour
communiquer avec une station de base source (200A) et un dispositif de nœud (500), et est configurée en outre
pour réaliser un transfert de la station de base source (200A) à la station de base cible (200B) alors que la station
mobile est configurée pour maintenir une connexion avec le dispositif de nœud (500) ou libérer une connexion avec
le dispositif de nœud (500) avant le transfert, la station de base cible (200B) comprenant :

une première section de communication (208B) qui reçoit, à partir de la station de base source (200A), un signal
de commande comme une demande de transfert qui demande d’effectuer un transfert de la station de base
source (200A) à la station de base cible (200B) et inclut un ensemble d’informations relatives à une liaison entre
la station mobile et le dispositif de nœud (500), l’ensemble d’informations incluant un numéro d’identification
du dispositif de nœud (500) avec lequel la station mobile communique ;
la station de base cible (200B) configurée pour prendre une décision si la station mobile est ou non autorisée
à communiquer avec le dispositif de nœud (500) après le transfert à la station de base cible (200B) ;
une deuxième section de communication (202B) qui est configurée pour transmettre, au dispositif de nœud
(500), un signal de commande qui indique que la station mobile est autorisée à communiquer avec le dispositif
de nœud (500) après le transfert à la station de base cible (200B), quand la station de base cible (200B) décide
d’autoriser la station mobile à le faire,
dans laquelle la première section de communication (208B) est configurée pour transmettre un accusé de
réception positif à la station de base source (200A), quand la station de base cible (200B) décide d’autoriser
la station mobile à communiquer avec le dispositif de nœud (500) après le transfert à la station de base cible
(200B).

2. Station de base cible (200B) selon la revendication 1, dans laquelle l’ensemble d’informations inclut en outre au
moins un parmi un groupe comprenant des informations de support radio de la liaison, des informations de domaine
fréquentiel de la liaison, des informations de domaine temporel de la liaison, des informations de commande de
puissance de transmission de la liaison, des informations de canal de commande de la liaison, des informations de
canal de données de la liaison, une configuration de couche MAC/RLC/PDCP de la liaison et des informations de
sécurité de la liaison.

3. Station de base cible (200B) selon la revendication 1 ou 2, comprenant en outre :

une troisième section de communication qui est configurée pour communiquer avec la station mobile,
dans laquelle, quand la deuxième section de communication (202B) transmet le premier signal qui indique que
la station mobile est autorisée à communiquer avec le dispositif de nœud (500) après le transfert, la troisième
section de communication est configurée pour recevoir, à partir de la station mobile, un deuxième signal qui
indique que la station mobile continue de communiquer avec le dispositif de nœud (500), et
dans laquelle, quand la deuxième section de communication (202B) transmet le premier signal qui indique que
la station mobile n’est pas autorisée à communiquer avec le dispositif de nœud (500) après le transfert, la
troisième section de communication est configurée pour recevoir, à partir de la station mobile, un troisième
signal qui indique que la station mobile libère la liaison.

4. Procédé qui amène une station mobile qui est configurée pour communiquer avec une station de base source
(200A) en utilisant une première liaison et qui est configurée pour communiquer avec un dispositif de nœud (500)
en utilisant une seconde liaison, et est configurée pour réaliser un transfert de la station de base source (200A) à
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une station de base cible (200B) alors que la station mobile est configurée pour maintenir une connexion avec le
dispositif de nœud (500) ou libérer une connexion avec le dispositif de nœud (500) avant le transfert, le procédé
comprenant :

la transmission, de la station de base source (200A) à la station de base cible (200B), d’un signal de commande
comme une demande de transfert qui demande le transfert et inclut un ensemble d’informations relatives à la
seconde liaison, l’ensemble d’informations incluant un numéro d’identification du dispositif de nœud (500) avec
lequel la station mobile communique ;
la décision, par la station de base cible (200B), si la station mobile est ou non autorisée à communiquer avec
le dispositif de nœud (500) après le transfert ;
la transmission, de la station de base cible (200B) au dispositif de nœud (500), d’un signal de commande qui
indique que la station mobile est autorisée à communiquer avec le dispositif de nœud (500) après le transfert
quand la station de base cible (200B) décide d’autoriser la station mobile à le faire ;
la transmission, de la station de base cible (200B) à la station de base source (200A), d’un accusé de réception
positif du transfert quand la station de base cible (200B) décide d’autoriser la station mobile à communiquer
avec le dispositif de nœud (500) après le transfert à la station de base cible (200B),
la transmission, de la station de base source (200A) à la station mobile, du premier signal.

5. Procédé selon la revendication 4, comprenant en outre :

la transmission, de la station mobile à la station de base cible (200B), d’un deuxième signal qui indique que la
station mobile continue de communiquer avec le dispositif de nœud (500) quand la station mobile reçoit le
premier signal qui indique que la station mobile est autorisée à communiquer avec le dispositif de nœud (500)
après le transfert ; et
la transmission, de la station mobile à la station de base cible (200B), d’un troisième signal qui indique que la
station mobile libère la seconde liaison quand la station mobile reçoit le premier signal qui indique que la station
mobile n’est pas autorisée à communiquer avec le dispositif de nœud (500) après le transfert.

6. Procédé selon la revendication 4 ou 5, dans lequel l’ensemble d’informations inclut en outre au moins un parmi un
groupe comprenant des informations de support radio de la liaison, des informations de domaine fréquentiel de la
liaison, des informations de domaine temporel de la liaison, des informations de commande de puissance de trans-
mission de la liaison, des informations de canal de commande de la liaison, des informations de canal de données
de la liaison, une configuration de couche MAC/RLC/PDCP de la liaison et des informations de sécurité de la liaison.



EP 2 823 661 B1

45



EP 2 823 661 B1

46



EP 2 823 661 B1

47



EP 2 823 661 B1

48



EP 2 823 661 B1

49



EP 2 823 661 B1

50



EP 2 823 661 B1

51



EP 2 823 661 B1

52



EP 2 823 661 B1

53



EP 2 823 661 B1

54



EP 2 823 661 B1

55



EP 2 823 661 B1

56



EP 2 823 661 B1

57



EP 2 823 661 B1

58



EP 2 823 661 B1

59



EP 2 823 661 B1

60



EP 2 823 661 B1

61



EP 2 823 661 B1

62



EP 2 823 661 B1

63



EP 2 823 661 B1

64



EP 2 823 661 B1

65



EP 2 823 661 B1

66



EP 2 823 661 B1

67



EP 2 823 661 B1

68



EP 2 823 661 B1

69



EP 2 823 661 B1

70



EP 2 823 661 B1

71



EP 2 823 661 B1

72



EP 2 823 661 B1

73



EP 2 823 661 B1

74



EP 2 823 661 B1

75



EP 2 823 661 B1

76



EP 2 823 661 B1

77



EP 2 823 661 B1

78



EP 2 823 661 B1

79



EP 2 823 661 B1

80



EP 2 823 661 B1

81



EP 2 823 661 B1

82



EP 2 823 661 B1

83



EP 2 823 661 B1

84



EP 2 823 661 B1

85



EP 2 823 661 B1

86


	bibliography
	description
	claims
	drawings

