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Enhanced Local Access in Mobile Communications Using Small Node Devices

Hiroyuki Ishii, Sean Ramprashad, & Sayandev Mukherjee

TECHNICAL FIELD
This application is directed to the operation of the Physical and Link Layer in mobile

communication protocols.

BACKGROUND

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. If the
density of the deployed base stations or remote antenna units increases, cell capacity
increases due to frequency reuse effects. However, there are some difficulties that come with
increasing the deployment density, especially if such deployed units must be able to operate
as conventional base stations on their own. These difficulties include:

1) As the deployment density increases, the number of handovers increases
because the user equipment changes its serving unit (base station) quite
frequently. As a result, quality of connectivity/ mobility is expected to be
degraded. Thus, the deployed unit for increasing cellular capacity should
have high-quality interworking with the macro base station.

2) The conventional macro base stations transmit some required signals, such
as pilot signals, synchronization signals, broadcast signals, paging signals,
and so on, all of which have the potential to cause interference problems.
Such interference limits the number of deployed base stations and thus
lowers cellular capacity.

3) Furthermore, radio resources for the required conventional macro base
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station signals are typically static. Thus, dynamic and efficient interference
coordination through dynamic allocation of the radio resources is difficult,
which also limits the number of the deployed base stations and associated
cellular capacity.
4) Network operators need to assign cell 1D or other cell-specific parameter to
each cell. For example, the root sequences for random access channels in
LTE uplink (UL} are an example of such cell-specific parameters. Such cell
planning for the cell ID, the root sequences and the like is cumbersome,
which also limits the number of the deployed base stations and associated
cellular density. |
5) The required cell capacity is region-specific. For example, a significantly
large capacity is required in urban areas whereas a relatively small
enhancement of cell capacity may be sufficient in suburban or rural areas.
To efficiently satisfy such divergent density needs, the deployed unit should
be easily installed with low cost/ complexity
6) If the cost of each deployed unit is high, the total system cost is quite high
as the deployment density increases. Thus, the deployed unit cost should be
relatively low to feasibly increase cél] capacity.
Various architectures have thus been proposed to increase wireless network capacity.
For example, distributed base stations using the Remote Radio Head (RRH) technology
communicate with a base station server using optical fiber. Because the base station server
performs the baseband processing, each RRH distributed base station thus acts as a power
amplifier with regard to its base station server. As the density of the RRH distributed base
stations is increased, the baseband processing complexity is increased at the base station
server. Thus, the number of RRH cells corresponding to each distributed RRH base stations

i3 limited due to this baseband complexity.
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Another alternative for increasing wireless network capacity involves the use of
picocells or femtocells. Unlike the RRH approach, baseband processing is distributed across
the pico/femtocells. But there is no high-quality interworking between picocells/femto cells
and macrocell base stations. Thus, connectivity and mobility may not be sufficient because
conventional intra-frequency or inter-frequency handover between picocells/femtocells and
macrocell base stations is required. Furthermore, the picocells/femtocells are indeed base
statious and thus they transmit the signals mentioned above such as pilot signals,
synchronization signals, broadcast signals, paging signals, and so on. As a result, as the
deployment density for pico/femtocells is increased, interference problems, difficulties in
dynamic and efficient interference coordination, cell planning problems, and related issues
cannot be solved.

Yet another alternative for increasing wireless network capacity is the use of
conventional Wili. But there is no interworking between WiFi nodes and macrocell base
stations. Thus, connectivity and mobility 1s limited for a dual macrocell and WiFi user.
Moreover, the use of WiFi in macrocell networks introduces the complications of multiple 1P
addresses being assigned to a single user.

Accordingly, there is a need in the art for improved architectures and techniques for

increasing wireless network capacity.

SUMMARY

The invention focuses on the Physical (PHY) and Link Layer design of systems such
as 3GPP’s Long Term Evolution (LTE). The design uses a Device to UE (D2UE) and Macro
to UE (BS2UE) architecture wherein some functions are maintained by the BS2UE link and
others are supported by the D2UE link. Therefore, according to the invention, it is possible to
provide a radio communication system for enabling high capacity, high connectivity, low

costs and low planning complexity,
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In accordance with a first aspect of the disclosure, a small-node device for offloading
data traffic in a cellular telecommunications system is provided that includes: a-macro-base-
station-to-the-small-node-device (BS2D) communication section configured to receive a first
control-plane message from a base station over a BS2D conununication link; a user-
equipment-to-the-small-node-device (D2UE) coﬁlmunication section configured to transmit
user-plane data fo a user equipment over a wireless D2UR communication link established
responsive to the first control-plane message; and a backhanl communication section
configured to receive the user-plane traffic data from a network server over a backhaul link.

In accordance with a second aspect of the disclosure, a mobile station (user
equipment) configured to receive offloaded data from an small-node device in a cellular
telecommunication system is provided that includes: a macro-base-station-to-the-user-
equipment (BS2UE) communication section configured to receive both control-plane data
and first user-plane data from the base station over a wireless BS2UE communication link;
and a small-node-device-to-the-user-equipment (D2UE) communication section confi gured to
receive second user-plane data from a server through the small-node device using a wircless
D2UE communication link established responsive to the first control-plane message.

In accordance with a third aspect of the disclosure, a macro base station for
controlling a user equipment (UE) and a small-node device in a cellular telecommunications
network is provided that includes: a macro-base-station-to-the-UE (BS2UE) communication
section configured to exchange user-plane and control-plane data with the UE using a
wireless BS2UE communication link; a macro-base-station-to-the-small-node-device (BS2D)
communication section configured to exchange control-plane data with the small-node
device using a BS2D communication link; and a D2UE control unit configured to control an
establishment of a small-node-device-to-the-UE (D2UE) communication link using a first
control message transmitted to at least one of the UE and the small-node device using a

respective one of the BSZUE and BS2D communication links.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an example architecture for an enhanced local area radio access system
using small-node devices.

Figure 2 annotates the data paths in the system of Figure 1 for a given one of the
small-node devices.

Figure 3 illustrates the control-plane and user-plane data flows for small-node device
of Figure 2.

Figure 4 illustrates a modification of the architecture of Figure 2 in which the
backhaul links from the small-node devices route through the Internet.

Figure 5 illustrates an architecture that combines the features shown for the
embodiments in Figures 1 and 4.

Figure 6 illustrates 2 modification of the architecture of Figure 5 to include a gateway
between the small-node devices and the core network/Internet.

Figure 7 illustrates a modification of the architecture of Figure 5 in which the
backhaul links Vﬁ‘om the small-node devices route through a network access gateway.

Figure € illustrates a modification of fhe architecture of Figure 5 in which the
backhaul links from the small-node devices route through the base station.

Figure 9 illustrates a modification of the architecture of Figure 6 in which the
backhaul links from the small-node devices route through a center small-node device,

Figure 10 illustrates time slots for the D2UE link and the user equipment’s BS2UE
link,

Figure 11 is a block diagram for an example small-node device.

Figure 11A is a more-detailed block diagram for a small-node device embodiment.

Figure 12 is a block diagram for an example user equipment.

Figure 13 is a block diagram for an example base station.

Figure 14 is a flowchart for a D2UFE connection establishment method.
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Figure 14Ais a flow diagram for the steps shown in Figure 14.

Figure 15 is a flow diagram for the release of a D2UE commection.

Figure 16 is a flow diagram for the reconfiguration of a D2UE link.

Figure 17 is a flow diagram for a D2UE link handover.

Figure 17A is a flowchart for a user equipment measurement technique to detect the
presence of closer neighbor small-node devices.

Figure 18 is a flowchart for a call admission control method for the D2UE link.

Figure 19 (a) illustrates a mobile station interfering with a neighboring base station.

Figure 19 (b) illustrates a mobile station that is not interfering with a neighboring base
station. |

Figure 20 illustrates a plurality of small-node device arrayed about a base station.

Figure 20 is a flowchart for a user equipment traffic measurement method.

Figure 21 is a flowchart for a D2UE connection establishment method.

Figure .22 illustrates the time, frequency, and code relationship for a plurality of D2UE
pilot signals.

Figure 22A shows a D2UE link that is synchronized with a BS2UE tink.

Figure 22B shows a D2UE link that is offset in time with regard to the BS2UE link.

Figure 22C illustrates multiple cells cach having a plurality of small-node devices.

Figure 22D il‘tustratés a timing relationship between the D2UE links in a plurality of
macrocell coverage areas and the corresponding BS2UE links.

Figure 22F shows the D2UE pilot signals from a plurality of small-node devices.

Figure 22F illustrates a pilot signal physical layer format,

Figure 22G illustrates a timing relationship between a plurality of pilot signals
formatted as shown in Figure 22F.

Figure 22H is a graph of the received signal power for the pilot signals of Figure 22G.

Figure 23 is a flowchart for a D2UE establishment method that is responsive to path
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loss measurements.

Figure 24 is a flowchart for a D2UE handover method.

Figure 25 is a flowchart for a D2UE link release method that is responsive to path loss
measurements.

Figure 26 illustrates a modification of the architecture shown in Figure 2 to include a
D2UE measurement data collection section.

Figure 27 is a table of D2UE measurement iterns

Figure 27A illustrates the status report transmission in a small-node device network.

Figure 28 is a table of traffic measurement items.

Figure 29 illustrates a measurement period corresponding to active data transmission

on the D2Ue link.

DETAILED DESCRIPTION

A cellular network device is disclosed that enables a user to offload traffic from a
macrocell base station without the drawbacks discussed earlier. The cellular network devices
opportunistically offload traffic from the macro base stations and are denoted as small-node
devices hereinafter. The small-node devices allow offloading of data traffic that would
ordinarily have to be carried by the link between the macrocell base station and the UE
(which may be denoted as a Macro2UE link). When a small-node device is deployed, the
offloaded data may then be carried over a small-node device to UE link (which may be
denoted as a D2UE link). The small-node device is analogous to a femto or pico base station
mn that the small-node device may control the radio resource allocation and transport format
selection for the D2UE link, However, a mobile station receives both user-plane and control-
plane signaling from a femto/pico base station, which conducts RRC procedures for a link
between the mobile station and the femto/pico base station. In that regard, a femto/pico base

station is indeed acting as a conventional base station to the user equipment. Thus, a mobile
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station needs to make conventicnal handover from a femto/pico base station to another
femto/pico base station or from a macro base station to a femto/pico base station and vice
versa. If there are numerous such handovers, the quality of connectivity/ mobility is
degraded. This is because it is impossible for the user equipment to communicate with a
femto/pico base station simultaneously with the macro base station, and cdnventional intra-
frequency or inter-frequency handover is needed. In other words, it is because conventional
carrier aggregation operations cannot be conducted between two different nodes, such as a
macro base station and a femto/pico base station. In contrast, a mobile station can transfer
data with the small-node device disclosed herein while simultaneously transferring data with
a macro base station. A macro-base-station-to-mobile-station connection is maintained while
the data offloading is conducted in a small-node-device-to-mobile station connection. As a
result, high quality connectivity/ mobility can be maintained even if the density of
deployment is increased.

Furthermore, a femto/pico base station must transmit a cell-specific reference signal
(CRS), a primary synchronization signal (PSS), a secondary synchronization signal (SSS),
and broadcast signals. The transmission of the CRS/PSS/SSS/broadcast signals is
problematic as density of deployment is increased due to the resulting inter-cell interference.
In contrast, the small-node device disclosed herein need not transmit CRS/PSS/SSS/broadcast
signals because the mobile station gets its control-plane signaling from the macro base station,
The small-node device is thus exchanging user-plane data with the mobile station and does
not suffer from inter-cell interference as density of deployment is increased.

To perform this offloading of data traffic, the small-node devices have a backhaul link,
which is connected to the Internet or the core network so as to communicate with a server in
the Internet or the core network. The backhaul link to the small-node device is not limited to
a wired connection to the Internet, but may be a wireless connection to the Internet, such as a

WiFi or celtular connection. The server transfers some of data to the user equipment (which
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would otherwise be transferred using the base station) utilizing the backhaul link and the
D2UE comnections. The D2UE comnections are controlled by the macro base station (which
will be referred to merely as a “base station” hereinafter). More specifically, basic radio
resource control, such as connection establishment, handover, connection release, call
admission control and the like, for the D2UE connections is controlled by the base station.
Furthermore, the BS2UE connections between UE and the base station are maintained while
the D2UE connections are configured.. As a result, high quality interworking between base-
station-to-UE (BS2UE) and D2UE connections is readily achieved. Moreover, a number of
functions that are essential in conventional base stations may be omitted in the small-node
devices. For example, the small-node devices need only support functions for D2URE
connections. Therefore the cost and complexity of the small-node devices can be kept low.
For example, the operation of complicated functions such as the Radio Resource Control
(RRC) connection state control and Non-Access Stratum (NAS) control is performed by the
base station. Thus, some or most of the functions for conventional Macro2UE links such as
transmitting broadcast channels, transmitting pilot and synchronization signals, controlling
connections and the like, may be omitted in the D2UE connection.

A small-node device is configured to support small-node-device-to-user-equipment
(D2UE) transfer of data. The small-node device supports a base-station-to-small-node-device
link (a BS2D link) and the D2UE link is controlled by the base station via the BS2D link, A
UE as disclosed herein also supports a base-station-to-user-equipment link (a BS2UE link)
and a D2EU link. Its D2UE link is conirolled by the base statton via the BS2UE link as well.
Control signaling for the D2UE connections can be transmiited to the UE via the BS2UE
connection. In an analogous fashion, control signaling for the D2UE connections can be
transmitted to the small-node device via the BS2D connection. In some embodiments, a
D2UE connection may be similar to a D2D (UE-to-UE or small-node-device-to-small-node-

device) connection.
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To achieve high quality connectivity, more important functions such as the RRC
connection state control and also NAS control are maintained by the base station using the
BS2UE association. More specifically, control for the radio interface in the D2UE
connections is conducted by the BS2D and the macrocell-base-station-to-user device
(BS2UE) associations, The control includes at least one of connection establishment,
connection management, connection reconfiguration, handover, connection release, radio
resource selection management, power control, link adaptation, call admission control, radio
bearer assignment, traffic measurement, radio measurement control, bearer management,
security association and so on.

In some embodiments, D2UE connections are maintained by a time domain duplex
(TDD) physical layer design. In such embodiments, in the band(s) used for D2UE
transmissions, the user equipment and the small-node device time-share the use of radio
resources on the band(s). In alternative embodiments, D2UE connections may be maintained
by a frequency domain duplex (FDD) physical layer resource sharing instead of TDD. D2UE
and BS2ZUE transmissions can operate in different bands exploiting Carrier Aggregation
Functions. The carrier aggregation functions cotrespond to functions, in which the transmitter
can transmit signals and the receiver can receive signals in more than one carrier
stmultaneously. In this fashion, D2UE transmissions can operate in one band, and BS2UE
transmissions can operate in another band, simultaneously in time.

Alternatively, D2UE and BS2UE transmissions can operate in different bands
exploiting time division multiplexing functions, wherein the D2UE transmission occur only

at selected times and the BS2UE transmissions occur at the remaining time.

The System Architecture
Various small-node device embodiments will now be discussed in further detail.

Tuming now to the drawings, Figure 1 shows a plurality of small-node devices or units 500,

10
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through 500; within a cellular communication system. This system also includes a base
station 200 as well as user equipment (UE) 100y, 100,, and 100;. As used herein, components
having the same base element number (e.g., 100, and 100;) have the same configuration,
fonction, and state unless otherwise specified. Evolved Universal Terrestrial Radio Access
(E-UTRA)/Universal Terrestrial Radio Access Network (UTRAN) (also denoted as Long
Term Evolution (ILTE)) is applied in the system of Figure 1 but it will be appreciated that a
wide variety of other wireless protocols such as WiMAX, WiFi, or LTE Advanced may also
be implemented in the system.

Base station 200 is connected to a higher layer station, for example, an access
gateway apparatus 300. In turn, access gateway 300 is connected to a core network (CN) 400.
Access gateway 300 may also be referred to as MME/SGW (Mobility Management
Entity/Serving Gateway). A server 600 may also be connected to the core network 400.

User equipment 100 communicates with small-node devices 300 by a device-to-user-
equipment (D2UE) communication. The D2UE communication between user equipment 100
and small-node devices 500 may be provided in a Time Division Multiplexing manner (TDD).
Alterpatively, the D2UE communication between the user equipment and the small-node
devices 500 may be provided in a Frequency Division Multiplexing (FDD) manner. The
D2UE link may be an LTE link or a simplified UTE link, However, it will be appreciated that
other protocols besides LTE such as LTE Advanced, WiMax, WiFi, or other suitable protocols
may be used to tmplement the D2UE links.

Small-node devices 500 communicate with base station 200 using a base-station-to-
small-node-device (BS2D) link. For example, the BS2D link may comprise a wired X2
interface link. Alternatively, the BS2D link may be a wired or wireless link that is different
from an X2 link. Alternatively, the BS2D link may be an enhancement of an X2 interface.
The enhancement of the X2 interface link accommodates a master-slave relationship between

the base station 200 and small-node device 500. To provide greater capacity, small-node

11
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devices 500 are connected to the core network 400 through backhaul links in some
embodiments. Each of these backhaul links may be an Ethernef link, a WiFi link, a cellular
network link, and may be wired or wireless. Data plane traffic can thus flow between core
network 400 and small-node device 500 without burdening base station 200. In this fashion,
the user equipment can access data from server 600 without the data passing through base
station 200. In other words, small-node device 500 communicates with the user equipment
100 utilizing the D2UE communication for data off load purposes. In other embodiments,
small-node devices 500 may be connected to base station 200, instead of the core network
400. In this case, data plane traffic flows in base station 200, but data processing in the base
station 200 can be minimized, because data processing in lower layers such as physical layer
or MAC layer is handled by small-node device 500. In contrast, control plane information as
well as data plane traffic (e.g., real time data such as VoIP) can continue to flow to UE 100
via base station 200, access gateway 300, core network 400, and server 600. Figure 2 is an
annotated version of the system of Figure 1 to show a BS2UE connection or link 720, a
D2UE connection 710, a backhaul connection 750, a BS2D connection 730, and a backhaul
connection 740.

Figure 3 illustrates data flow in the communication system of Figure 1. In that regard,
there must be an entity that decides what data will be offloaded through the small-node
devices as opposed to a conventional exchange between the user equipment and the base
station. Because the base station receives radio link quality reports from the user equipment
and/or the small-node devices, the base station is a natural choice for the data partition
decision {i.e., deciding what data should be offloaded). However, other network nodes can
also make this decision. With regard to Figure 3, a decision has been made to offload some
data but also have other data not be offloaded. The non-offloaded data is designated as Data
#1, which is transferred from the access gateway apparatus 300 to the base station 200 in

backhaul connection 740 and then transmitted to user equipment 100 in BS2UE connection

12
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720 in downlink (DL}, and vice versa in uplink (UL). This data flow is thus be transmitted in
a conventional fashion. In addition to Data #1, offloaded Data #2 is transferred from core
network 400 to small-node device 500 in backhaul connection 750 and then transmitted to
user equipment 100 in D2UE connection 710 in DL, and vice versa in UL. Control-plane
signaling is transmitted in BS2D connection 730 so that base station 200 can control
communication in D2UE connection 710. Control signaling is transmitted also in BS2UE
connection 720 so that base station 200 can control the communication in D2UE connection
710. The control signaling in BS2UE connection 720 may be radio resource control (RRC)
signaling. More specifically, Data #1 may include 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 BS2UE connection 720,
and U-plane data offload can be simultaneously achieved in D2UE connection 710,

Figure 4 illustrates an alternative embodiment in which small-node devices 500 may
be connected to a server 610 via Internet 410. In this case, core network 400 may be
regarded as a network controlled by a network operator. Core network 400 may include
MME, 5/ P-GW, a node for billing system, HL.S (database for customers) and the like.

Figure 5 illustrates another alternative embodiment that may be considered as a
mixture of the Figure 1 and Figure 4 embodiments. In this embodiment, small-node devices
500 may be connected to server 600 via core network 400 or server 610 via the Internet.
Small-node device 500 may be connected to network equipment, which in turn ts connected
to server 600 via core network 400 or server 610 via the internet. The network equipment
may be an S-GW or a P-GW or other nodes in the core network. Alternatively, the network
equipment may be a node in the internet. In another alternative embodiment, a gateway 310
is provided between core network 400/Internet 410 and small-node devices 500 as shown in

Figure 6.

13
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Backhaul connection 750 may be varied as shown in Figure 7 such that it couples
between access gateway 300 and small-node devices 500. Alternatively, backhaul connection
750 may couple between base station 200 and small-node devices 500 as shown in Figure 8.
In yet another alternative embodiment, backhaul connection 750 may couple between a
center-node small-node device 510 and small-node devices 500 as shown in Figure 9.
Center-node small-node device 510 in turn couples to Internet 410 and core network 400
through a gateway 310 (which is optional) or directly to these networks. Should center node
small-node device 510 be included, a layer sharing protocol may be implemented in which
center node small-node device 510 implements the RLC/PDCP layer whereas the remaining
small-node devices handle the Physical/MAC layers. Other layer sharing methods may be
implemented. For example, center node small-node device 510 may implement the PDCP
layer whereas the remaining small-node devices implement the Physical/MAC/RLC layers.
It may be determined by data bearers whether data should be offloaded through the small-
node devices. It may also be determined by data bearers whether data should flow via the
small-node devices and the Internet 410, or via the small-node devices and core network 400,
or Via the small-node devices and base station 200. Data bearers may be logical channels or
logical channel types.

The carrier frequency in D2UE connection 710 may be different from that in BS2UE
connection 720. Alternatively, the carrier frequency in D2UE connection 710 may be the
same as that in BS2UE connection 720.

In the following examples, it is assumed without loss of generality that the carrier
frequency in the D2UE connection is 3.5 GHz and that TDD is applied to the D2UE
connection. Furthermore, it is also assumed that the carrier frequency in the BS2UE
connection between base station 200 and user equipment 100 is 2 GHz, and that the carrier
frequency in the BS2D connection between base station 200 and small-node device 500 is 2

GHz. To begin the configuration, user equipment {00 may transmit an RRC connection

14
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request to base station 200. In response, base station configures BS2UE connection 720.
Alternatively, base station 200 may send a paging signal to user equipment 100 such that user
equipment 100 sends an RRC connection request corresponding to the paging signal to base
station 200. In response, base station 200 configures BS2UE connection 720 as well as a
connection between user equipment 100 and server 600 via base station 200, access gateway
300, and core network 400.

Stmilarly, base station 200 configures BS2D connection 730 between base station 200
and small-node devices 500. This configuration can be permanent or established analogously
to the BS2UE connection. [n some embodiments, a small-node device 500 has the ability to
power-down or enter a sleep state when not in use. In such embodiments base station 200 is
configured to send small-node device 500 a wakeup signal using BS2D connection 730 as
supported by an X2 or other suitable protocdl. In some other embodiments, the protocol
design may be 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 signals expected or sent by the base-station 200. The signals maybe a
paging signal or a control signaling such as MAC control signaling or physical layer
signaling.

As discussed above, BS2D connection 730 may be always configured between base
station 200 and small-node device 500. In such a permanently-configured embodiment,
small-node device 500 may be in a discontinuous reception mode in BS2D connection 730
when D2UE connection 710 is not configured between small-node device 500 and user
equipment 100, In this case, small-node device 100 may not transmit signals or may transmit
signals extremely infrequently when D2UE connection 710 is not configured between small-
node device 500 and user equipment 100. For example, even when D2UE connection 710 is

not configured between small-node device 500 and user equipment 100, small-node device
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500 may transmit only pilot signals infrequently so that user equipment 100 can detect 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 D2UE connection 710 is not configured between
small-node device 500 and user equipment 100, small-node device 500 may transmit pilot
signals based on a request from base station 200 so that user equipment 100 can detect small-
node device 500.

After establishment of links 720 and 730, base station 200 may use control signaling
in BS2ZUE connection 720 to command user equipment 100 to configure D2UE connection
710. Furthermore, base station 200 may use control signaling in BS2D connection 730 to
command small-node device 500 to configure D2UE coanection 710. Configuring the D2UE
connection 710 may also be denoted as establishing the D2ZUE connection 710.

Furthermore, base station 200 controls D2UE connection 710. For example, base
statton 200 may order for user equipment 100 and small-node device 500 to re-configure or
re-establish D2UE connection 710. Similarly, base station 200 may command equipment 100
and small-node device 500 to release the D2UE connection 710. Moreover, base station 200
may command user equipment 100 to handover the D2UE connection to another small-node
device. More specifically, base station 200 may command user equipment 100 to conduct the
handover to another small-node device in a carrier in which communication in D2UE
connection 710 is conducted. The base station 200 may control the above procedures
uttlizing RRC signaling in BS2UE connection 720 and/or in BS2D connection 730,

Base station 200 may maintain the connections between user equipment 100 and
server 600 utilizing BS2UE connection 720 when D2UE connection is dropped.

Base station 200 may also control the radio resource for D2UE connection 710, The
details of the radio resource control for D2UE connection 710 are discussed further below.
Alternatively, small-node device 500 may control the radio resource for the D2UE link. In

yet another alternative embodiment, both base station 200 and small-node device 500 may
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control the radio resource for the D2UE link. The following discussion will assume without
loss of generality that base station 200 performs this radio resource management,

Base station 200 may also configures one or more radio bearers for the
communications. Control signaling for configuring the radio bearers is transmitted to user
equipment 100 in BSZUE connection 720. Similarly, control signaling for configuring the
radio bearers is transmitted to small-node device 500 in BS2D connection 730.

The radio bearer may be denoted as a logical channel, Base station 200 also
configures radio bearers for BS2ZUE connection 720 and radio bearers for D2UE connection
710. The radio bearers for 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 those used for D2UE connection 710. For example, radio bearers for packets
of non-real-time services, such as web browsing, e-mail, and FTP, may be configured in
D2UE connection 710. Conversely, radio bearers for packets of reai-time services, such as
VoIP and streaming, may be configured for BS2UE connection 720. Alternatively, the radio
bearers for packets of non-real-time services are configured for both D2UE connection 710
and in BS2UE connection 720 such that packets of non-real-ttime services may be transmitted
 preferentially in D2UE connection 710. In yet énother alternative, the radio bearers for the
packets of real-time services are configured both in D2UE connection 710 and in BS2UE
connection 720 such that the real-time services packets may be transmitted preferentially in
BS2UE connection 720. Such prioritization or priotity for the packets may be configured by
base statton 200. In that regard, base station 200 may configure which connection: D2UE
connection 710 or BS2ZUE connection 720 that should be preferentially utilized in the
communications for each radio bearer.

Control plane (C-plane) signaling, such as Non Access Stratum (NAS) signaling and
Radio Resource Control (RRC) signaling, may be transmitted in BS2UE connection 720. For

example, RRC signaling includes signaling messages for RRC connection establishment,
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initial security activation, RRC comnection reconfiguration, RRC connection release, RRC
connection re-establishment, radio resource configuration, measurement reports, handover
command, and so on. A radio bearer for C-plane signaling may be denoted as a signaling
radio bearer. C-plane signaling may be transmitted also in the D2UE connection 710.
Alternatively, one part of a radio bearer data may be transmitted in the D2UE connection 710
and the other part of the radio bearer data may be transmitted in the BS2UE connection 720.

The small-node device may transmit common channels/signals, such as Primary
Synchronization signals (PSS), Secondary Synchronization signals (S88), Comimon
Reference Signals, and Broadcast channels in D2UE connection 710. Alternatively, small-
node device 500 may not transmit any conimon channels/signals or may transmit common
channels/signals extremely infrequently. For example, small-node device 500 may transmit

pilot signals infrequently so that user equipment 100 can detect the small-node device. The
periodicity of the pilot signals may be for example 1 second or 10 seconds. Alternatively,
small-node device 500 may transmit pilot signals based on a request from base station 200 so
that user equipment 100 can detect small-node device 500,

User equipment 100 conducts communication in D2UE connection 710 and
communication in BS2UE connection 720 simultaneously. In one embodiment, user
equipment 100 communicates over D2UE connection 710 and over BS2UE connection 720
simultaneously utilizing carrier aggregation functions. In that regard, user equipment 100
may have two radio frequency (RF) interfaces to conduct communication in D2UE
connection 710 and communication in BS2UE connection 720 simultaneously. Alternatively,
user equipment 100 may conduct communication in D2UE connection 710 and
communication in BS2ZUE connection 720 in a time division multiplexing manner as shown
in Figure 10. Two sets of time slots, Duration #A and Duyration #B, are shown in Figure 10.
User equipment 100 may communicate in BS2UE connection 720 in the time slots

corresponding to Duration #A and may communicate in D2UE connection 710 in the time
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slots corresponding to Duration #B.

The time duration for the D2UE connection may be larger than the one for the BS2UE
connection so that the data offload effects can be increased. For example, the length of
Duration #A may be 8 msec whereas the length of Duration #8 may be 1.28 sec. The time
duration for BS2UE connection 720 (Duration #A in Figure 8) may correspond to an on-
duration in a DRX control over BS2UE connection 720. The tirne duration for D2UE
connection 710 may correspond to an off-duration in the DRX control over BS2ZUE
comnection 720. The off-duration means a sleep mode in DRX control, in which user
equipment 100 does not have to monitor physical control channels transmitted from base
station 200 over BS2UE connection 720. In case that user equipment 100 uses time division
multiplexing with regard to connections 710 and 720, it does not have to support a capability
of simultaneously communicating over these connections, i.e. user equipment 100 can switch
the RF interface from BS2UE connection 720 to that for D2UE comection 710 and vice
versa. As a result, cost/ complexity of user equipment 100 can be reduced.

Base station 200 may control the radio resource for D2UE connection 710. The radio
resource may be configured selectively in the ime domain, frequency domain, and code
domain resource. For example, base station 200 may configure D2UE connection 710 to use
a non-overlapping spectrum with regard to any other D2UE connections such as by
controlling a carrier center frequency. As a result, interference problems caused by other
D2UE connections can be mitigated. Similarly, base station 200 may configure the time
resource in D2UE connection 710 so that it does not overlap with the time resource utilized in
other D2UE connections. Alfernatively, base station 200 may configure the code resource in
D2UE connection 710 so that it does not overlap with the code resource utilized in other
D2UE connections. As a result, interference problems caused by other D2UE connections

can be mitigated.
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In an alternative embodiment, some parameters of the radio resource for D2UE
connection 710 may be configured by base station 200 and the other parameters may be
configured by small-node device 500. For example, the frequency domain resource for
D2UE connection 710 may be configured by base station 200 and the time domain resource
for D2UE connection 710 may be configured by small-node device 500. Alternatively, the
center carrier frequency for the D2UE connection 710 may be configured by base station 200
and the other frequency domain resource (such as an identification mumber of resource blocks
or the number of resource blocks) and the time domain resource for D2UE connection 710
may be configured by small-node device 500.

Alternatively, base station 200 may configure several sets of the radio resource for
D2UE connection 710, and small-node device 500 may configure one out of the several sets
of the radio resource for D2UE connection 710.

The base station 200 transmits control signaling to user equipment 100 in BS2UE
connection 720 so that it configures the radio resource for D2UE connection 710 as described
above. Furthermore, base station 200 transmits control signaling to small-node device 500 in
BS2D comnection 730 so that it configures the radio resource for the D2UE connection 710 as
described above.

Base station 200 controls transmission power for DL in D2UE connection 710. More
specifically, base station 200 may configure the maximum transmission power for DL in
D2UE connection 710. Furthermore, base station 200 controls transmission power for UL in
D2UE connection 710. More specifically, base station 200 may configure the maximum
transmission power for UL in D2UE connection 710.

Base station 200 may set the maximum transmission power for DL or UL in D2UE
connection 710 based on the number of the user equipment in the cell where the small-node
device provide radio communication service. For example, the base station sets the

maximum transmission power to be higher in case that the number of the user equipment in
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the cell is relatively small. Conversely, the base station will set the maximum transmission
power to be lower if the number of the user equipment in the cell is large. As a result, an
interference level in the carrier used in D2UE connection 710 can be reduced by making the
maximum transmission power low in a high density deployment. In case that there is not a
lot of user equipment, coverage area of D2UE connection 710 can be increased by making
the maximum transmission power high.

Alternatively, base station 200 may set the maximum transmission power in D2UE
connection 710 based on the frequency in which communications in the D2UE connection
are conducted. More specifically, in case that the frequency in which the communications in
the D2UE connection are conducted is relatively close to a frequency utilized by another
system, interference level with the other system can be reduced by making the maximum
transmission power low. Conversely, should the other system not be relfatively close in the
frequency domain, coverage area of the D2UE connection can be increased by making the
maximum transmission power high.

User equipment 100 has a capability of making measurements and detecting the
nearest small-node device so that the data throughput in the D2UE connection can be
maximized and the interference caused by the D2UE connection can be minimized.
Furthermore, the user equipment has a capability of reporting results of the measurements
and the detected nearest small-node device to the base station. In turn, the base station
controls the D2UE connection based on the results and the detected nearest small-node
device as reported by the user equipment. For example, when the tdentity of the nearest
small-node device changes, the base station may order for the user equipment to stop
communications with the currently serving small-node device and start new communication
with the newly-detected nearest small-node device.

Ablock diagram of an small-node device 500 is shown in Figure 11, In this

embodiment, small-node device 500 includes a BS2D communication section 502, a D2UE
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communication section 504, and a backhanl communication section 506. BS2D
communication section 502, D2UE communication section 504, and backhaul
communication section 506 are all connected to each other.

BS82D communication section 502 communicates with base station 200 utilizing
BS2D connection 730. More specifically, BS2D communication section 502 receives controt
signaling for D2UE connection 710 from base station 200 and transmits control signaling for
D2UE connection 710 to base station 200, The control signaling includes signaling for
establishing/ configuring/ re-configuring/ re-establishing/ and releasing D2UE connection
710. Signaling for D2UE connection handover may also be included in the control signaling.
In some embodiments, the control signaling may be an RRC layer signaling in LTE. The
control signaling is transmitted to the D2UE communication section 504. The control
signaling may include parameters for at least one of physical layer, MAC layer, RLC layer,
PDCP layer, or RRC layer for D2UE connection 710. The control signaling may include
information for the radio bearers.

Furthermore, the control signaling may include radio resource control information for
D2UE connection 710, As described above, the radio resource control information for D2UE
connection 710 may include radio resource information that can be utilized by DZUE
connection 710 or may include radio resource information that cannot be utilized by the
D2UE connection. The radio resource may include at least one of a time domain resource, a
frequency domain resource, and a code domain resource. The radio resource control
information may also be transmitted to the D2UE connection.

Furthermore, the control signaling may include link adaptation information for the
D2UE connection. More specifically, the link adaptation may be one of power control and
adaptive modulation and coding. The power control information may include information on

the maximum transmission output power in the D2UE connection,
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In some embodiments, the control signaling may include measurement results for
D2UE connection 710. More specifically, BS2D communication section 502 may transmit
measurement results, which are obtained by D2UE communication section 504. The
measurement results include radio link quality in UL for the D2UE link such as path loss
between the small-node device and the user equipment, received signal-to-interference ratio
(SIR} in UL for the D2UE link, UL inference power, and so on. The measurements for user
equipment may concern the currently-connected user equipment over the D2UE connection
Or may concern a user equipment that is not currently connected to the small-node device
using the D2UE connection. Alternatively, the measurement results include a radio link
quality between the reporting small-node device and other smali-node devices.

D2UE communication section 504 communicates with user equipment 100 utilizing
D2UE connection 710. More specifically, D2UE communication section 504 establishes/
configures/ re-configures/ re-establishes/ and releases D2UE connection 710 between small-
node device 500 and user equipment 100. This management of D2UE connection 710 may
be based on the control signaling transmitted by base station 200.

D2UE communication section 504 may conduct a link adaptation for D2UE
connection 710, such as power control and adaptive modulation and coding. Furthermore,
D2UE communication section 504 transmits data to user equipment 100 and receives data
from user equipment 100 utilizing the D2UE connection 710. As described above, data for
some of the radio bearers may be transmitted in D2UE connection 710.

Hereinafter, data transferred from the user equipment 100 to server 600 (or server
610) is called “uplink data” and data transferred from the server 600 (or server 610) to user
equipment 100 is called “downlink data.” D2UE communication section 504 transmits the
downlink data to user equipment 100 using D2UE connection 710. The downlink data is
transferred from server 600 via core network 400 and backhaul communication section 506.

D2UE communication section 504 receives the uplink data from user equipment 100 over
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D2UE connection 710. The uplink data is then transferred to server 600 via backhaul
communication section 506 and core network 400. D2UE communication section 504 also
conducts measurements for D2UE connection 710. More specifically, D2UE communication
section 504 make measurements of the radio link quality for D2UE connection 710 between
small-node device 500 and user equipment 100. The radio link quality may be at least one of
pilot signal received power, path loss, signal-to-interference ratio, channel state information,
channel quality indicator, and received signal strength indicator for UL in D2UE connection
710. The radio link quality may be calculated using the pilot signal transmitted by the
currently-connected user equipment. The path loss is between small-node device 500 and the
user equipment. The measurements may include the interference power level in the
frequency band over which the D2UE communication operates. In some embodiments,
D2UE communication section 504 may make measurements of the radio link quality between
small-node device 500 and other small-node devices. D2UE communication section 504
reports the measurement results to base station 200 via BS2D communication section 502 and
BS2D connection 730.

Backhaul communication section 506 is connected to 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 a WiF1 (Wireless LAN) or cellular system.

Backhaul communication section 506 transmits to D2UE communication section 504
the downlink data, which is transferred via the backhau! link from core network 400,
Backhaul communication section 506 transmits to the core network the uplink data (which is
transferred from the D2UE communication section 504) via the backhaul link.

One of ordinary skill in the art will readily appreciate that the functional blocks shown
in Figure 11 would comprise appropriate hardware and software. For example, Figure 11A

shows an example instantiation of these blocks. As seen in Figure 9A, small-node device 500
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includes an RF interface 530 for the D2UE link. Data from the UE would be received over
the D2UE link at an antenna 520 that couples to RF interface 530. RF interface 530 includes
a duplexer to enable both receive and transmit functionality at antenna 520. Baseband data to
be transmitted to the UE is received at RF interface 530 from a baseband processor 535. A
SERDES serializes the baseband data followed by a conversion to analog form in a digital-to-
analog converter (DAC). The resulting analog signal is then processed by a quadrature
modulator to modulate the desired carrier frequency. After passing through a bandpass filter
and a power amplifier (PA), the resulting RF signal is then ready for transmission to the UE.
Reception of data from the UE is similar except that the PA is replaced by a low noise
amplifier (LNA) and the quadrature modulator is replaced by a quadrature demodulator. The
resulting analog baseband data is then converted to digital form in an analog-to-digital
converter (ADC) before being de-serialized in the SERDES.

In embodiments in which the BS2D link is a wireless link, small-node device 500
may include another RF interface analogous to RF interface 530 to service the BS2D link.
The embodiment of Figure 11A, however, uses a wired BS2D link. To service such a link,
small-node device 500 includes a suitable interface card or circuit such as an Ethernet
interface 540. Control signaling exchanged between the small-node device and the base
station passes couples through Ethernet interface 540 to baseband processor 535.

In Figure 11A, the backhaul link is also a wired Ethernet link that is received by an
Ethernet interface 550. Downlink data from the backhaul link thus passes from the Ethernet
interface to the baseband processor, which in turn is controlled by a host microprocessor 560.
Backhaul communication section 506 of Figure 11 thus maps to Ethernet interface 550 as
well as the supporting functions carried out by baseband processor 535 and host
microprocessor 560. Similarly, BS2D communication section 502 maps to Ethernet interface
540 and the supporting functions performed by baseband processor 535 and host

microprocessor 560, Finally, D2UE communication section 505 maps to antenna 520, RF

25



WO 2012/166975 PCT/US2012/040288

interface 530, and the supporting functions performed by baseband processor 535 and host
microprocessor 560,

Ablock diagram for an example user equipment 100 embodiment is shown in Figure
12. User equipment 100 includes a BS2UE communication section 102 and a D2UE
communication section 104, which are connected to each other. BS2UE communication
section 102 communicates with base station 200 utilizing BS2UE connection 720, As
described above, data for some of radio bearers may be transmitted in BS2UE connection 720.
For example, control signaling such as RRC signaling, NAS signating, and MAC layer
signaling may be transmitted in BS2UE connection 720. Furthermore, packets for Voice over
IP (VoIP) may also be fransmitted in BS2UE connection 720. BS2UE communication section
102 may transmit/receive data for all radio bearers to and from the base station 200 if D2UE
connection 710 is dropped or not available. Furthermore, BS2UE communication section
102 receives control signaling for D2UE connection 710 from base station 200 and transmits
control signaling for D2UE connection 710 to base station 200. Such control signaling is the
same or analogous to that described above for small-node device 500 of Figure 11.

The control signaling is analogous because it includes signaling for establishing/
configuring/ re-configuring/ re-establishing/ and releasing D2UE connection 710. Signaling
for D2UE connection handover may also be included in the control signaling. The control
signaling may be an RRC layer signaling in LTE. Alternatively, the control signaling may be
a MAC layer signaling in LTE. In yet another alternative embodiment, some of the control
signaling may be an RRC signaling and others may be a MAC layer signaling. The control
signaling is transmitted to D2UE communication section 104, The control signaling may
Include parameters for at least one of physical layer, MAC layer, RLC layer, PDCP layer, or
RRC layer for D2UE connection 710, The control signaling may include information for the
radio bearers.

In addition, the control signaling may inelude radio resource control information for
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D2UE connection 710. As described above, the radio resource control information for D2UE
cormection 710 may include radio resource information that can be utilized by D2UE
connection 710 or may include radio resource information that cannot be utilized by the
D2UE connection. The radio resource may include at Ieast one of a time domain resource, a
frequency domain resource, and a code domain resource. The radio resource control
information may also be transmitted to the D2UE connection.

Furthermore, the control signaling may inctude link adaptation information for the
D2UE connection. More specifically, the link adaptation may be one of power control and
- adaptive modulation and coding. The power contro! information may include information on
the maximum transmission output power in the D2UE comnection.

Finally, the contro! signaling may include measurement results for D2UE connection
710. More specifically, BS2UE communication section. 102 may transmit measurement
results, which are obtained by D2UE communication section 104. The measurement results
include radio link quality in DL for the D2UE link such as path loss between the small-node
device and the user equipment, received signal-to-interference ratio (SIR) in DL for the
D2UE link, DL interference power, and so on. The measurements for small-node device may
concern the currently-connected small-node device or may concern neighbor small-node
devices. The currently-connected small-node device may be denoted as a serving small-node
device. Details of the radio link quality in DL will be described further below.

D2UE communication section 104 communicates with small-node device 500 over
D2UE connection 710. More specifically, D2UE communication section 104 establishes/
configures/ re-configures/ re-establishes/ releases D2UE connection 710 between small-node
device 500 and user equipment 100. The management of D2UE connection 710 may be based
on the control signaling transmitted by base station 200. D2UE communication section 104
may conduct a link adaptation for D2UE connection 710, such as power control and adaptive

modulation and coding. Furthermore, D2UE communication section 104 transmits data to
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small-node device 500 in UL and receives data from the small-node device in DL utilizing
D2UE connection 710. As described above, data for some of the radio bearers may be
transmitted in D2UE connection 710,

D2UE communication section 104 also conducts measurements for D2UE connection
710. More specifically, D2UE comnunication section 104 makes measurements of the DL
radio link quality for the D2UE connection between user equipment 100 and the currently-
connected small-node device or a 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, channel
state information, channel quality indicator, and received signal strength indicator. The radio
link quality may be calculated by the pilot signal transmitted by the serving smali-node
device or a neighbor small node device. The path loss is the one between user equipment 100
and the serving small-node device or a neighbor small node device, D2UE communication
section 104 reports the measurement results to base station 200 via BS2UE communication
section 102 and BS2UE connection 720.

A block diagram for an example base station 200 is shown in Figure 13. Base station
200 includes a BS2UE communication section 201, a BS2D communication section 202, a
D2UE communication control section 204, and a backhaul compmmnication section 206,
which are all connected to each other.

BS2UE communication section 201 communicates with the user equipment utilizing
BS2UE connection 720. As described above, data for some of radio bearers are transmitted
in BS2UE connection 720, For example, control signaling such as RRC signaling and NAS
signaling and MAC layer signaling may be transmitted in BS2UE connection 720.
Furthermore, packets for Voice over IP (VoIP) may also be transmitted in BS2UE connection
720. Data for some other data bearers may also be transmitted in the BS2UE connection 720.

As also described above, BS2UE communication section 201 may transmit/ receive

data for all radio bearers to and from user equipment 100, when D2UE connection 710 is
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dropped or not available. Some parts of data, such as U-plane data, transmitted from user
equipment 100 are transferred to core network 400 via BS2UE communication section 201
and backhanl communication section 206. Some parts of data, such as U-plane data,
transmitted from server 400 are transferred to user equipment 100 via backhaul
communication section 206 and the BS2UE communication section 201,

Furthermore, BS2UE communication section 201 receives control signaling for D2UE
connection 710 from user equipment 100 and transmits control signaling for D2UE
connection 710 to user equipment 100. This control signaling is the same as that for user
equipment 100 and thus its description will not be repeated.

BS2D) communication section 202 communicates with small-node device 500
utitizing BS2D connection 730. BS2D communication section 202 receives control signaling
tor D2UE connection 710 from small-node device 500 and transmits control signaling for
D2UE connection 710 to small-node device 500. This control signaling is the same as that
for small-node device 500 and thus its description will not be repeated.

The control signaling for 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 BS2UE communication section 201. The control signaling is also
transmitted to the small-node device via the BS2D communication section 202.

D2UE communication control section 204 conducts radio link connection control for
D2UE connection 710. The radio link connection control includes at least one of
establishing/ configuring/ re-configuring/ re-configuring/ re-establishing/ releasing D2UE
connection 710. The parameters for the radio link connection control are transmitted to user
equipment 100 via BS2UE communication section 201 and to small-node device 500 via
BS2D communication section 202. These parameters may include at least one of physical
layer, MAC layer, RLC layer, PDCP layer, and RRC layer parameters. The parameters may

nclude the information for the radio bearers. The radio link connection control may be
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denoted herein as radio resource control,

More specifically, D2UE communication control section 204 may determine that
D2UE connection 710 should be released when the path loss between user equipment 100
and small-node device 500 is larger than a threshold. For example, D2UE communication
control section 204 may send control signaling to release D2UE connection 710, The D2UER
communication control section may conduct such determination based on the measurement
reports which are transmitted by at least one of user equipment 100 and small-node device
300. More specifically, at least one of user equipment 100 and 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. 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 D2UE connection 710 may be utilized
instead of the path loss.

D2UE communication control section 204 also controls handover of the D2UE
connection between the user equipment 100 and small-node device 500. More specifically,
D2UE communication control section 204 receives the measurement reports from user
equipment 100 and determines whether or not user equipment 100 should hand over to a
closer neighboring small-node device. Here, the designation of a “serving small-node device”
refers to the small-node device that currently has the D2UE connection with the user
equipment.

In addition, D2UE communication control section 204 may control the radio resource
for the DZUE connections. More specifically, D2UE communication control section 204 may
assign the radio resource for a D2UE commection so that it will not interfere with other D2UE
connection and vice versa. In this fashion the radio resource of one D2UE connection will

not overlap with remaining D2UE connections. The radio resource may be indicated to the
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user equipment and the small-node device by radio resource control parameters. The
parameters may include at feast one of ID of the frequency domain resource, ID of the time
domain resource, and ID of the code domain resource. The radio resource, which is assigned
to the DZUE connection, may be determined based on the number of user equipment in the
cell having the serving small-node device or based on an interference level in the frequency
baud in which the D2UE communication operates.

Furthermore, D2UE communication control section 204 may control the link
adaptation for D2UE connection 710. More specifically, the link adaptation may be one of
power control and adaptive modulation and coding. The power control information may
include information on the maximum transmission output power for DL ot UL in the D2UE
connection 710.

The control signaling, which is determined based on the above-described control in
D2UE communication control section 204, is transmitted to the user equipment via BS2UE
comimunication section 201. The control signaling is transmitted to the small-node device via
BS2D communication section 202,

Backhaul communication section 206 provides the downlink data received from core
- network 400 to BS2UE communication section 201. Similarly, BS2UE communication
section 201 provides uplink data to backhaul communication section 206, which then
transmits the uplink data to core network 400.

One of ordinary skill will readily appreciate that the functional blocks shown in
Figures 12 and 13 for user equipment 100 and base station 200, respectively, would map to
analogous components as discussed with regard to user equipment 500. For example, the
user equipment would require two a,nalo gous RE interfaces for Macro2D communication
section 102 and D2D communication section 104, These RF interfaces would cooperate with

appropriate processor such as a baseband processor and a host microprocessor.
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Operation of the mobile communication system described herein may be better
understood with reference to the flowchart shown in Figures 14 and 14A, which address the
establishment of connections in response to the occurrence of traffic data to be transmitted.
The flowchart begins with a step S801 with the occurrence of traffic data, either uplink and/or
downlink data. For example, the traffic data may correspond to sending/ receiving e-mails,
browsing web sites, downloading files, or uploading files.

In a step S802, an LTE connection (RS2UE connection 720) between base station 200
and user equipment 100 is established. If the connection is triggered by the user equipment,
the user equipment may initiate the connection by random access procedures, If the
connection is triggered by server 600, the base station may send a paging message to initiate
the connection. Step S802 corresponds to Step A802 in Figure 14A. |

In the embodiments of Figures 14 and 14A, it {s assumed that BS2D connection 730 is
always configured between base station 200 and small-node device 500. In some other ’
embodiments, however, a connection between base station 200 and small-node device 500
(the BS2ZD connection 730) is established in step S802 or just after step S802. The
establishment may be triggered by base station 200 using control signaling. Furthermore,
small-node device 500 may start transmitting pilot signals for D2UE connection 710 after it is
requested by base station 200 in the above establishment 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.

In a step SBO3, user equipment 100 makes measurements for the D2UE connection.

In particular, user equipment 100 makes measurements for the DL radio link quality in the
D2UE connection. More specifically, user equipment 100 transmits to the base station a
measurement report, which notifies the base station of an identification number for the small-

node device having the best DL radio link quality.
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In one embodiment, the measurements for the D2UE connection may be conducted as
illustrated in the steps A803a, AB03b and A803c¢ in Figure 14A. In a step A803a, the base
station transmits control signaling to the user equipment in BS2UE connection 720 and
orders for the user equipment to make measurements for the D2UE connection so that the
user equipment detects the small-node device with the best radio link quality.

The conirol 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, an identification number for the small-node device,
information on measurement quantity, information on the pilot signals transmitted by the
small-node device and so on. The information on the measurement quantity may be an
indicator of RSRP or RSRQ. The information on the pilot signals may concern the radio
resource of the pilot signals. More specifically, the pilot signal information may be at least
one of the transmission periodicify 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 discussed further, a time offset between the D2UE connection and the
BS2UE connection may also be included in the informatjon on the pilot signals. Furthermore,
transmission power of the pilot signals may be include in the information on the pilot signals.

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 Al, A2, A3, A4, AS 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. In addition, control signaling for
cell selection/ reselection may also be included in the information for the measurements. For
example, control signaling for idle-mode measurements may also be included in the

information for the measurements,
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The control signaling may be transmitted in the dedicated control si gnaling or in the
broadcast information.

The control signaling in the step S803 may include an indicator whether or not the
D2UE connection is available in the cell wherein base station 200 provides the radio
communication system for user equipment 100. The control signaling may be transmitted in
the step A802, instead of the step A%03a,

In a step A803b, user equipment 100 makes measurements for the DL radio link
quality in the D2UE connection.

In a step AB03¢, user equipment 100 transmits to base station 200 a measurement
report in BS2UE connection 720, which notifies base station 200 of an identification number
of the small-node device having the best DL radio link quality.

In a step S804, the D2UE connection between the user equipment and the small-node
device (D2UE connection 710) is established. The base station orders for the user equipment
and the small-node device to configure D2UE counection 710. The parameters for D2UE
connection 710 are transmitted from base station 200 to user equipment 100 and small-node
device 500 in BS2UE connection 720 and in BS2D connection 730, respectively.
Furthermore, the establishment of D2UE comnection 710 may be reported to base station 200
by user equipment 100 and/or the small-node device. Step S804 corresponds to steps A804a
to A804f'in Figure 14A. In other words, the establishment of D2UE connection 710 may be
conducted as illustrated in steps A804a, A804b, A804c, AR04d, ARO4e, and ARO4S in Figure
14A.

In a step A804a, base station 200 transmits control signaling to small-node device 500
in BS2D connection 730 and orders small-node device 500 to establish D2UE connection 710
with user equipment 100. In general, this small-node device is the one which has the best DL
radio link quality based on the measurement report. In a step A804b, small-node device 500

may transmit acknowledgement of the received control signaling from step A804a. The
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control signaling may include at least one of an tdentification number of user equipment 100,

capability information of user equipment 100, and the like.

In a step A804c, base station 200 transmits control signaling to user equipment 100 in

BS2UE connection 720 and orders user equipment 100 to establish D2UE connection 710

with small-node device 500. For example, the control signaling of step A804c may include at

least one of the following parameters:

Radio bearer information for D2UE connection 710

Carrier frequency tnformation of D2UE connection 710

Frequency band indicator of D2UE connection 710

System bandwid.th {Channel bandwidth) of D2UE connection 710

Cell barred information on D2UE connection 710

Identification number of small-node device 500

UL Maximum transmission power in D2UE connection 710

Information of DL and UL slots in D2UE connection 710 (in case of TDD)
Information of random access channel for D2UE connection 710

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

connecfton 710

Information of downlink physical control channels, such as PDCCH, PHICH

for D2UE connection 710

Information of uplink physical shared channel for D2UE connection 710
Information of downlink physical shared channel for D2UE connection 710
Information of uplink sounding reference signal for D2UE connection 710
[nformation of uplink power control information for D2UE connection 710

Information of downlink or uplink cyclic prefix information for D2UE

connection 710

lnformation of time alignment control in uplink for D2UE connection 710
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- Information of RILC or PDCP configuration for each radio bearer for D2ZUE
connection 710

- Information of MAC configuration for D2UE connection 710

- Information of security for D2UE connection 710

Part or all of the information in step A804¢ may be transmitted to the small-node
device 500 in step A804a.

The radio bearer information may indicate what kind of radio bearers should be
configured for D2UE connection 710 or what kiﬁd of priority should be specified for each
radio bearer. Since the parameters for D2UE connection 710 can be transmitted in step
AB04c, small-node device 500 may not have to transmit broadcast channels, which reduces
small-node device complexity.

In a step A804d, user equipment 100 transmits control signaling to establish a
connection between user equipment 100 and 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 user equipment 100 by base station 200 in
step A804c.

The radio resource information of the pre-assigned access signaling may be
configured by base station 200. In this case, base station 200 may notity small-node device
500 of the radio resource information in step A804a. Alternatively, the radio resource
information of the pre-assigned access signaling may be configured by small-node device 500.
In such an embodiment, small-node device 500 may notify the base station 200 of the radio
resource information in step A804b.

In a step A804e, small-node device 500 transmits acknowledgement of the control

signaling transmitted in step A804d. As a result, D2UE connection 710 can be established.
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In a step ABC4{, user equipment 100 transmits control signaling to base station 200
and notifies base station 200 that D2UE conuection 710 has been successfully established.

In a step S80S, some parts (for example, Data #2 in Figure 3) of the traffic data are
transferred between user equipment 100 and server 600 via D2UE connection 710 and small-
node device 500 as discussed above with regard to Figure 3. The data transmitted in D2UE
connection 710 may be data for some parts of radio bearers, which are configured for the
communication between user equipment 100 and server 600. More specifically, the data
transferred via 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 D2UE connection 710
may be U-plane data. Step S805 corresponds to Step A8035 in Figure 14A.

In a step S806, some parts (e.g., Data #1 in Figure 3) of the traffic data are transferred
between user equipment 100 and server 600 via BS2UE connection 720 and base station 200
as also discussed above with regard to Figure 3. C-plane data may also be transmitted in
BS2UE connection 720 instead of D2UE connection 710. Step $806 corresponds to step
AB806 in Figure 14A.

The operations shown in Figure 14 may be described in terms of the operations in the
small-node device 500 as follows. T he operations of small-node device 500 comprise
establishing D2UE connection 710 with user equipment 100 (step S804) and transferring
some parts of data, which are transferred between user equipment 100 and server 600 using
D2UE connection 710 (step S805).

The operations shown in Figure 14 may be described in terms of the operations in
user equipment 100 as follows. The operations of user equipment 100 comprise establishing
the I'TE connection (BS2UE connection 720) with base station 200 (step S802), making
measurements for small-node device (step S803), establishing D2UE connection 710 with
small-node device 500 (step S804), transferring some parts of data (which are transferred

between user equipment 100 and server 600) via D2UE connection 710 and small-node
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device 500 (step S805), and transferring some parts of data (which are transferred between
user equipment 100 and server 600) via BS2UE connection 720 and base station 200 (step
S806).

The process shown in Figure 14 may be described in terms of the operations in the
base station 200 as follows, The operations of the base station 200 comprise establishing the
LTE connection (BS2UE connection 720) with user equipment 100 (step S802), transmitting
control signaling for establishing D2UE connection 710 (step S804), and transferring some
parts of data (which are transferred between user equipment 100 and server 600) using
BS2UE connection 720 (step S806). In D2UE connection 710, some parts of data (which are
transferred between user equipment 100 and the server 600) are transferred via D2UE
connection 710 and the small-node device 500.

Referring to Figure 15, an operation of the mobile communication system according
to an embodiment is described. In a step S901, some parts of the traffic data are transferred
between user equipment 100 and server 600 via D2UE connection 710 and small-node device
500. In a step S902, some parts of the traffic data are transferred between user equipment
100 and server 600 via BS2UE connection 720 and 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.

In a step S903, there is no more traffic data to be transferred between the user
equipment 100 and the server 600. More specifically, step S903 may correspond to the end
of sending/ recetving e-mails, browsing web sites, downloading files, uploading files and the
like.

In a step S904, base station 200 fransmits control signaling to small-node device 500
and noftifies small-node device 500 that D2UE connection 710 should be released. In a step
S905, small-node device 500 transmits acknowledgement of the notification of step S904.

In a step S906, base station 200 transmits control signaling to user equipment 100 and
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notifies user equipment 100 that D2UE connection 710 should be released. In a step 8907,
usger equipment 100 transmits acknowledgement of the notification of step S906. Steps S906
and 8907 may be conducted before steps S904 and S905. Alternatively, steps S906 and S907
may be conducted simultaneously with steps S904 and S905.

Responsive to the control signaling in steps S904 and S906, D2UE connection 710 is
released in a step $908. Steps S905 and S907 may be conducted after step S908 so that user
equipment 100 or small-node device 500 can report that D2UE connection 710 is released.

In a step S900, base station 200 transmits control signaling to user equipment 100 and
notifies user equipment 100 that BS2UE connection 720 is released. In a step S910, user
equipment 100 transmits acknowledgement of the control signaling of step S909 to base
station 200. Steps S909 and S910 correspond to normal procedures to release a LTE
connection.

In the embodiment described in Figure 15, base station 200 transmits control
signaling to command a release of D2UE connection 710. However, in alternative
embodiments, user equipmert 100 or small-node device 500 may transmit the control
signaling.

The process shown in Figure 15 may be described in terms of the operations
performed by small-node device 500 as follows. The operations of small-node device 500
comprise transferring some parts of data (which are transferred between user equipment 100
and server 600) using D2UE connection 710 (step S901), receiving the control signaling
transmitted by base station 200 (step S904), transmitting the acknowledgement of the control
signaling to base station 200 (step $905) and releasing D2UE connection 710 with user
equipment 100 (step S908).

The process shown in Figure 15 may be described in terms of the operations
performed by user equipment 100 as follows. The operations of user equipment 100

comprise transferring some parts of data (which are transferred between user equipment 100
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and server 600} via D2UE connection 710 and small-node device 500 (step S901),
transferring some parts of data (which are transferred between user equipment 100 and server
600) via BS2UE connection 720 and base station 200 (step S902), receiving the control
signaling transmitted by base station 200 (step S906), transmitting the acknowledgement of
the control signaling to base station 200 (step $907), releasing the D2UE connection 710 with
user equipment 100 (step S908), and releasing the LTE connection (BS2UE connection 720)
in steps S909 and S910.

The process shown in Figure 15 may be described in terms of the operations
performed by base station 200 as follows. The operations of base station 200 comprise
transmitting to small-node device 500 control signaling for releasing D2UE connection 710
(step S904), transmitting to user equipment 100 control signaling for releasing D2UE
connection 710 (step $906), and releasing BS2UE connection 720 (steps S909 and S910).

Referring to Figure 16, an operation of the mobile communication system according
to another embodiment is illustrated. In a step S1001, some parts of the traffic data are
transferred between user equipment 100 and server 600 via D2UE connection 710 and small-
node device 500. In a step S$1002, some parts of the traffic data are transferred between user
equipment 100 and server 600 via BS2UE connection 720 and 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.

In a step S1004, base station 200 transmits control signaling to small-node device 500
and notifies small-node device 500 that D2UE connection 710 should be reconfigured. In a
step S1005, base station 200 transmits control signaling to user equipment 100 and notifies
user equipment 100 that D2UE connection 710 should be reconfigured. More specifically,
the parameters described for the A804c may be included in the control signaling for step 1004

or step S1005.
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In a step S1006, D2UE connection 710 is re-configured. More specifically, some of
the parameters for D2UE connection 710 are changed. The parameters may include at least
one of parameters for a frequency domain resource, parameters for a time domain resource,
parameters for a code domain resource, parameters for pilot signals for D2UE connection 710,
parameters for initial access for D2UE connection 710, parameters for the radio bearers, and
parameters for the power control for D2UE connection 710. The parameters for the power
control include the information on the maximum transmission output power for DL or UL in
D2UE connection 710.

In a step S1007, smali-node device 500 transmits control signaling to base station 200
and notifies base station 200 that D2UE connection 710 has successfully been reconfigured.
In a step S1008, user equipment 100 transmits control signaling to base station 200 and
notifies base station 200 that D2UE connection 710 has successfully been reconfigured.

The process shown in Figure 16 may be described in terms of the operations in small-
node device 500 as follows. The operations of small-node device 500 comprise transferring
some parts of data, which are transferred between user equipment 100 and server 600, using
D2UE connection 710 (step S1001), receiving control signaling to reconfigure D2UE
conunection 710 (step S1004), reconfiguring D2UE connection 710 (step S1006), and
transmitting control signaling to report that D2UE connection 710 has been reconfigured
(step S1008).

The process shown in Figure 16 may be described in terms of the operations in user
equipment 100 as follows. The operations of user equipment 100 comprise transferring some
parts of data, which are transferred between user equipment 100 and server 600, using D2UE
connection 710 (step S1001), transferring some parts of data, which are transferred between
user equipment 100 and server 600, using BS2UE connection 720 (step S1002), receiving
control signaling to recontigure D2UE connection 710 (step S1003), reconfiguring D2UE

connection 710 (step S1006), and transmitting control signaling to report that D2UE
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connection 710 has been reconfigured (step S1008).

The process shown in Figure 16 may be described in terms of the operations in base
station 200 as follows. The operations of base station 200 comprise transferring some parts
of data, which are transferred between user equipment 100 and server 600, using BS2UE
connection 720 (step S1002), transmitting to small-node device 500 control signaling to
reconfigure D2UE connection 710 (step S1003), transmitting to user equipment 100 control
signaling to reconfigure D2UE connection 710 (step S1004), receiving control signaling to
report that D2UE connection 710 has been reconfigured (step $1007), and receiving control
signaling to report that D2ZUE connection 710 has been reconfigured (step S1008).

Referring to Figure 17, an operation of the mobile communication system according
to another embodiment is illustrated. In a step S1101, some parts of the traffic data are
transferred between user equipment 100 and server 600 via D2UE connection 710 and source
small-node device 500. In astep S1102, some parts of the traffic data are transferred between
user equipment 100 and server 600 via BS2UE connection 720 and 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 $806.

In a step S1103, user equipment 100 makes measurements for the D2UE connection,
as described below. That is, 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.

More specifically, user equipment 100 determines whether or not a neighbor small-
node device, which 1s 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. User equipment 100 makes measurements for
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the D2UE connection in a step A1103a,

In a step A1103b, user equipment 100 determines whether or not a neighbor small-
node device, which is closer to the user equipment than the serving small-node device, is
detected. The serving small-node device means the small-node device (a source small-node
device), which is currently communicating with the user equipment. More specifically, if 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 than the serving small-node device.

If the neighbor small-node device is closer to the user equipment than the serving
small-node device (step A1103b: YES), the user equipment transmits a measurement report to
the base station so as to notify the base station that the neighbor small-node device is detected.
Step A1103b corresponds to step S1104 in Figure 17.

If the neighbor small-node device is not closer to the user equipment than the serving
small-node device (step A1103b: NO), the user equipment does not transmits the
measurement report to the base station. Steps A1103a and A1103b of Figure 17A correspond
to step S1103 in Figure 17.

In a step 51104, the user equipment transmits a measurement report to the base station
so as to notify it that a closer neighbor small-node device is detected. Hereinafter, the serving
small-node device is denoted as a “Source small-node device” and the neighbor small-node
device is denoted as a “Target small-node device.”

The base station makes a decision that the user equipment should handover to the
neighbor small-node device (the target small-node device) in a step $1105.

In a step S1106, the base station transmits control signaling to the target small-node
device for handover preparation. The control signaling may be called “handover request for
D2UE connection.” More specifically, the base station notifies the target small-node device

of parameters for it to establish the D2UE connection with the user equipment. The
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parameters described in step A804a may be included in the control signaling of step S1106.

In a step S1107, the target small-node device transmits acknowledgement of the
control signaling of step S1106.

In step 51108, the base station 200 transmits control signaling to the user equipment
and orders for the user equipment to make handover to the target small-node device. The
control signaling may include connection information for D2UE connection 710. More
specifically, the connection information may include at least one of information on
measurement configuration for D2UE connection 710, information on mobility control for
D2UE connection 710, radio resource control information for D2UE connection 710, and the
like.

turthermore, the radio resource control information for D2UE connection 710 may
include at least one of radio bearer information for D2UE connection 710, information for
PDCP layer configuration in D2UE connection 710, information for RLC layer configuration
in D2UE connection 710, information for MAC layer configuration in D2UE connection 710,
information for physical layer configuration in D2UE connection 710, and the like. More
specifically, the parameters described for step A804c may be included in the radio resource
control information for D2UE connection 710.

In a step S1109, base station 200 transmits control signaling to the source small-node
device 500 and notifies it that user equipment 100 should make handover to the target smali-
node device. Source small-node device 500 ends the communications with user equipment
100 based on the control signaling, i.e. the source small-node device releases D2UE
connection 710.

In a step S1110, the user equipment transmits control signaling to establish a
connection between the user equipment and the target smail-node device. The control
signaling may be a random access signaling and may be the same as the one in step A804c.

In a step S1111, the target small-node device 500 transmits acknowledgement of the
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control signaling transmitted in step S1110. As a result, the D2UE connection can be
established between user equipment 100 and the target small-node device.

In a step S1112, the user equipment transmits control signaling to the base station and
notifies the base station that the handover to the target small-node device has been
successfully conducted.

In the steps 81113, some parts of the traffic data are transferred between user
equipment 100 and server 600 via D2UE connection 710 and target small-node device 500.

In a step S1114, some parts of the traffic data are transferred between user equipment
100 and server 600 via BS2UE connection 720 and 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.

The process shown in Figure 17 may be described in terms of the operations in source
small-node device 500 as follows. The operations of source small-node device 500 comprise
transferring some parts of data, which are transferred between user equipment 100 and server
600, using D2UE connection 710 (step S1101), receiving control signaling to notify source
small-node device 500 that the user equipment should make handover to the target small-
node device, and ending D2UE connection 710 with user equipment 100 (step $S1109).

The process shown in Figure 17 may be described in terms of the operations in target
source small-node device 500 as follows. The operations of target small-node device 500
comprise receiving control signaling for handover preparation, which is transmitted by the
base station (step S1106), transmitting acknowledgement of the control signaling (step
S1107), receiving control signaling to establish a connection between the user equipment and
the target small-node device (step S1110), transmitting acknowledgement of the control
signaling (step S1111), and transferring some parts of data, which are transferred between the

user equipment and the server, using D2UE connection 710 (step S1113).
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The process shown in Figure 17 may be described in terms of the operations in user
equipment 100 as follows. The operations of the user equipment comprise transferring some
parts of data, which are transferred between the user equipment and server 600, using D2UE
connection 710 with the source small-node device (step S1101), transferring some parts of
data, which are transferred between the user equipment and server 600, using BS2UE
connection 720 (step S1102), making measurements for the D2UE connection (step S1103),
transmitting a measurement report to the base station (step S1104), receiving control
signaling which orders the user equipment to make handover to the target small-node device
(step S1108), transmitting control signaling to establish a connection between the user
equipment and the target small-node device (step S1110), receiving acknowledgement of the
control signaling (step S1111), transmitting control signaling to the base station to notify the
base station that the handover to the target small-node device has been successfully
conducted (step S1112), transferring some parts of data, which are transferred between the
user equipment and server 600, using D2UE connection 710 with the target small-node
device (step S1113), and transferring some parts of data, which are transterred between the
user equipment and server 600, using BS2ZUE connection 720 (step S1114). It is noted that
step S1102 is the same as step S1114, and this procedure may be continuously conducted
during all the steps.

The process shown in Figure 17 may be described in terms of the operations in base
station 200 as follows. The operations of the base station comprise transferring some parts of
data, which are transferred between the user equipment and server 600, using BS2UE
connection 720 (step S1002), receiving a measurement report transmitted by the user
equipment 100 (step S1104), making a decision that the user equipment should handover to
the target small-node device (step S1105), transmitting control signaling to the target small-
node device for handover preparation (step S1106), receiving acknowledgement of the

control signaling (step $1107), transmitting control signaling to the user equipment to order
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for the user equipment to make handover to the target small-node device (step S1108),
transmitting control signaling to the source small-node device to notify it that the user
equipment should make handover to the target small-node device (step $1109), receiving
control signaling to notify the base station that the handover to the target small-node device
has been successfully conducted (step $S1112), and transferring some parts of data, which are
transferred between the user equipment and server 600, using BS2UE connection 720 (step
S1114).

Referring to Figure 18, an operation of base station 200 according to an embodiment
s illustrated. The control method shown in Figure 18 is one example of the radio resource
control or call admission control for D2UE connection 710. In a step $1201, the base station
determines whether or not the number of the user equipment using D2UE connection 710 is
larger than a predetermined threshold. Alternatively, the base station may define a 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 a predetermined threshold. In other words,
the base station may determine whether or not the congestion level is high in the cell in step
S1201.

If the number of the user equipment is not larger than the predetermined threshoid
(step 51201: NO), the base station allows a newly configuring D2UE connection between the
small-node device and the user equipment in a step $1203. More specifically, when a traffic
data occurs similarly to step S801 and the user equipment tries to configure a new BS2UE
connection with the base station and a new D2UE connection with the small-node device, the
base station allows a configuring of the new D2UE connection with the small-node device in
addition to a configuring of the new BS2UE connection with the base station. Alternatively,

when the user equipment tries to configure a new D2UE connection with the small-node
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device in a state wherein the user equipment has a BS2UE connection with the base station,
the base station may allow the new D2UE connection with the small-node device.

If the number of the user equipment is larger than the predetermined threshold (step
S1201: YES), the base station does not allow newly configuring D2UE connection between
the small-node device and the user equipment in a step S1203. More specifically, when a
traffic data occurs similarly to step S801 and the user equipment tries to configure a new
BS2UE connection with the base station and a new D2UE connection with the small-node
device, the base station does not allow configuring the new D2UE connection with the small-
node device. Here, the base station may allow configuring the new BS2UE connection with
the base station, but may not allow only the new D2UE connection with the small-node
device. Alternatively, when the user equipment tries to configure a new D2UE connection
with the small-node device in a state wherein the user equipment has a BS2UE connection
with the base station, the base station may not allow the new D2UE connection with the
small-node device.

In the above examples, the small-node device has one D2UE connection with one user
equipment, but it may have more than one D2UE connections with more than one user
equipment, similarly to a conventional base station. The radio resource for cach D2UE
connection may be shared by the multiple user equipment and may be controlled by the base
station or the small-node device.

In the above examples, D2UE connection 710 and BS2UE connection 720
transmissions can operate in different frequency bands, but in other embodiments the D2UE
connection may operate concurrently in the same frequency band as the BS2UE connection.
In this scenario, some interference mitigation technique may be utilized in order to achieve
co-existence between the D2UE and BS2UE transmission in the same frequency band.

For example, since the base station configures D2UE connection 710, the base station

1s aware that the user equipment will not respond to signaling by the base station in various
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frequency/time slots. In some such embodiments, D2UE connection 710 is configured so as
to allow transmission slots where BS2UE communications (the base station to the user
equipment) can be made in order to support continued connection and management by the
base station. In other words, the user equipment can communicate with the base station in
predetermined on-durations, and the user equipment can communicate with the small-node
device in the other durations (off-durations).

Alternatively, in other embodiments where D2UE connection 710 transmissions occur
concurrently in the same band as with transmissions of the base station, OFDM Resource
Elements (RE) in various resource blocks (RBs) are reserved for each link. In one
embodiment REs used for control signaling are not used by the D2UE link and thus are left
blank in any D2UE link transmission. D2UE link transmissions, including its own control
signaling to the user equipment, are sent in other REs. In such an embodiment the user
equipment is in fact able to receive REs, e.g. control REs, from the base station concurrently
with communication from the small-node device. 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 a time domain
resource or a frequency domain resource.

In the above embodiments, the D2UE link may be similar to normal BS2UE link, i.e.
the small-node device 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
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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.

Alternatively, the D2UE link may be a device-to-device (D2D) link. Insucha
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 transterring 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.

Irrespective of whether the D2UE link is similar to a normal BS2UE link or to a D2D
link, the D2UE link may be based on an 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
CDMAZ2000 or WiFi or WiMAX or LTE advanced or TD-SCDMA or TD-LTE.

For example, D2UE connection 710 may be specified based on a WiFi-based radio
inferface. In this use case, a WiFi access point may be regarded as small-node device 500. In
particular, D2UE communication section 504 in small-node device 500 communicates with
user equipment 100 utilizing the WiFi radio interface whereas the radio resource control of
the Wiki radio interface may be controlled by base station 200. The control signaling for the
radio resource control may be transmitted in BS2UE connection 720 and BS2D connection
730.

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 maintained even when a mobile station (user
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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, the connectivity is improved, but battery consumption of the mobile station
increases, which degrades service quality in the mobile communication system. In such a
case, the mobile station has to minimize the battery consumptions due to the mobility
procedures, simultaneously with achieving good quality mobility performance.

Furthermore, the mobility procedures are quite important also in terms of interference
in the mobile communication 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 illustrated in Figures 19 (a) and 19 (b).

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 aresult, 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.

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. The interference issues may be handled by not only the

mobility procedures, but also other radio resource management procedures. In sum, the
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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 interferencs; in the systems
and the like.

Furthermore, pilot pollution problems may take place in addition to the
abovementioned interference problems. If a pilot signal transmitted by one cell collides with
the pilot signal transmitted by another cell, the colliding pilot signals interfere with each other
if they are not orthogonal with each other. If the user equipment needs to make
measurements for multiple cells for which received signal power is strong in the user
equipment receiver, signal-to-interference ratio (SIR) for each cell is degraded due to the
interference and cell search/ measurement performance is deteriorated. It is noted that the
cell search and measurements for low SIR cells need more power consumption than those for
high SIR cells, because it needs more time for cell search and measurements,

In the above mentioned hybrid D2UE and BS2UE system, such mobility procedures
and radio resource management procedures are conducted in the D2UE link, in addition to
the BS2ZUE link. It is noted that since 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 D2UE
connection 710 is 3.5 GHz, and the carrier frequency in the BS2UE connection between the
base station and the user equipment 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.

Figure 20 illustrates the radio communication system in one embodiment. [t1is
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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
llustrative purpose.

Referring to Figure 21, an operation of the mobile communication system according
to the embodiment of the present invention is described. The operation is related to
connection establishment in D2UE connection 710, The operation may correspond to details
of steps S803 and S804 in Figure 14 or steps A803a, A803b, A803¢c, A804a, AS04b, A804c,
A804d, A804e, and A804f in Figure 14A.

In a step S1301, base station 200 transmits control signaling for D2UE connection
710 to 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 user equipment 100. The control signaling may include at least one
of information on a frequency resource for D2UE pilot signals, information on a time
resource for the D2UE pilot signals, and information on a code resource for the D2UE pilot
signals. Some examples for the D2UE pilot signals are explained further below.

The control signaling may include information on transmission power for the D2URE
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 user equipment 100.

In a step S1302, the small-node device transmits the D2UE pilot signals in
predetermined radio resources. More specifically, 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 a time resource, a code resource and a frequency resource. The
information on the predetermined radio resources may be signaled by the control signaling

described for step S1301. In this sense, “predetermined radio resources” correspond to the
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radio resource indicated by the base station.

The D2UE Pilot Signals

Figure 22 illustrates one example of the radio resources for the D2UE pilot signals. In
Figure 22, the frequency resource #3 is assigned as the frequency radio resource, and the time
resource #6 is assigned as the time radio resource. Furthermore, each small-node device
receives its own code resource. For example, code resources #0, #1, and #2 may be assigned
to 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.

It is assumed that time synchronization is achieved for all the D2UE connections, 1.e.
time slots for all the D2UE connections are aligned with each other. For each small-nede
device 500, the time synchronization may be achieved by using GPS. Alternatively, the time
synchronization may be achieved by the BS2D connections, that is, the timeframe
synchronization of the D2UE connections is based on the signals transmitted by the base
station such that the D2UE connections are synchronized with each other. Other time
synchronization techniques may be utilized in order to synchronize the D2UE connections. In
any case, the timeframe timing of the D2UE connections is specified so that the D2UE
connections are time-synchronized with each other.

For user equipment 100, the time synchronization may be achieved by BS2ZUE
connection 720 using signals transmitted by the base station 200 such that the timeframe
timing of each D2UE connection is aligned with the remaining D2UE connections. Other
time synchronization techniques may be utilized in order to achieve the time synchronization
for the D2UE connections. As a result, the timeframe timing of each D2UE connection is
time-synchronized with the remaining D2UE connections for both small-node device 500 and

user equipment 100.
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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 time slots for the BS2UE
connections.

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 two macro (base station)
coverage areas #A and #B in which some small-node devices are deployed. Figure 22D
llustrates a time relationship for the BSUE connections and D2UE connections of Figure
22C. In Figure 22D, time offset #A is specified for the macro (base station) #A coverage arca
whereas 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 synchronized. The base station
200 may inform user equipment 100 of the time offset value (time offset #A or time offset #B
in Figure 22D) as part of the control signaling. Furthermore, base station 200 may inform
small-node device 500 of the time offset value (time offset #A or time offset #B in Figure
221} as part of the control signaling. The time offset value may be included in the control
signaling in step S1301 of Figure 21. 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.

With regard to user equipment 100, the user equipment may decode the D2UE pilot
signals transmifted by multiple small-node devices only in the predetermined radio resource
(the frequency resource #3 and the time resource #6) so as to minimize power consumption,

More detailed examples are shown below. User equipment 100 does not have to achieve
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battery-consumed time synchronization with multiple small-node devices (as analogously
performed for conventional time synchronization in LTE using PSS/SSS) , because it has
already been achieved by the time synchronization with the BS2UE connections as
mentioned above. In this fashion, complexity for the cell identification is reduced, which

reduces the power consumption for the cell identification.

UE behavior for receiving the D2UE pilot signals

As illustrated in Figure 22E, small-node devices 500A, 500B, 500C and 500D
transmit the D2UE pilot signals to user equipment 100. As mentioned above, the D2UE pilot
signals may have common time-domain and frequency-domain resources but each D2UE
pilot signal has a unique code-domain resource. For example, code resourcs #0, #1, #2, and
#3 may be assigned to small-node devices 500A, 500B, 500C and 500D, respectively. In one
embodiment, CAZAC (Constant Amplitude Zero AutoCorrelation) sequence may be used for
the code. More specifically, a Zadoff-Chu sequence may be used for the code. Alternatively,
a Walsh sequence may be used for the code. In an orthogonal code embodiment, the code
sequences from a given small-node device are orthogonal to the sequences used by
neighboring small-node device. In addition, partially orthogonal code sequences may be used
for the small-node device. In such an embodiment, some code sequence pairs may be
orthogonal with each other, but others may not be orthogonal with each other.

Orthogonal code sequences do not interfere with each other. As a result, so-called
pilot pollution problems can be avoided, even when the D2UE pilot signals transmitted by
multiple small-node device collide with each other, Moreover, power consumptions for cell
search and measurements can be reduced, because SIR for the D2UE pilot signals can be
improved by avoiding the pilot pollution problems.

Each pilot signal may have a physical layer format as illustrated in Figure 22F. This

physical layer format may comprise a cyclic prefix, a sequence part, and a guard period. The
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guard period may be the same as a blank part. A CAZAC sequence may apply to the
sequence part. In such an embodiment, user equipment 100 may have a receiving window as
illustrated in Figure 22G, and has only to decode each D2UE pilot signal transmitted by each
small-node device in one or a few attempts. User equipment 100 may obtain delay profiles
for each D2UE pilot signal as illustrated in Figure 22H, which shows the delay profiles for
each D2UE pilot signal being shifted due to the cyclic shift of the Zadoff-Chu sequence. It is
noted that the cyclic shift for small-node device 500A is assumed to be zero in Figure 22H.
As a result, user equipment 100 can easily make measurements for delay and received power
level of the D2UE pilot signal for each small-node device. In this fashion, UE complexity for
cell search and measurements can be reduced.

The cyclic shift may be adjusted based on the cell range for each small-node device
500. Alternatively, the cyclic shift may be adjusted based on the cell range of base station
200. If the cell range is large, time difference among the D2UE pilot signals is also large
such that a large cyclic shift is necessary. On the other hand, if the céll range is small the
cyclic shift may also be small. Base station 200 may notify user equipment 100 of the cyclic
shift setting 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 of
Figure 21. Similarly, base station 200 may also notify the small-node device 500 of'its cyclic
shift setting using control signaling.

The physical random access channel (PRACH) or a physical channel similar to
PRACH may be used for the D2UE pilot signals. PRACH is defined as an LTE physical
channel in TS 36.211. In this fashion, each small-node device 500 transmits signals similar to
a random-access-preamble in the predetermined radio resource. Base station 200 may assign
each small-node device its own unique random-access preamble. The radio resource for the

signals may be assigned by the base station 200.
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The D2UE pilot signals may be transmitted infrequently as deseribed above. For
example, the D2UE pilot signals may be transmitted once per second. Since time
synchronization is achieved by utilizing the BS2UE connections, the D2UE pilot signals do
not have to be transmitted frequently. As a result, the user equipment has only to decode the
D2UE pilot signals once per second, which minimizes power consumptions for the resulting
pilot signal measurements. Furthermore, the D2UE pilot signals are transmitted much less
frequently than the common reference signals or the synchronization signals in LTE such that
interference from the D2UE pilot signals is not a problem as it would be if conventional LTE
fermto/pico base stations were used in place of the small-node devices. 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. If the periodicity is very large, the power
consumption for measurements and the interference issues can be reduced significantly but
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. Conversely, if 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 such that base
station 200 may inform user equipment 100 of the periodicity by utilizing a control signal.
For example, the control signaling in step S1301 of Figure 21 may be utilized in this fashion.
Similarly, base station 200 may inform small-node device 500 of the periodicity by utilizing a
control signal.

If the user equipment does not support multiple radio frequency components such that

a first frequency carrier may be used for BS2UE connection 720 and a second frequency
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carrier may be used for D2UE connection 710 simultaneously, the user equipment may stop
transmitting/ receiving signals in BS2UE connection 720 during the time when the D2UE
pilot signals are transmitted so that the user equipment can make measurements for D2UE
connection 710. In this case, the base station may consider such behaviors of the user
equipment in its scheduling for BS2UE connection 720, i.e. the base station may avoid
assigning radio resource to the user equipment during times when the D2UE pilot signals are
transmitted.

The D2UE pilot signal may be denoted as a D2UE sounding reference signal or a
D2UE synchronization signal. The D2UE pilot signal may be distributed in the frequency
domain to suppress signal strength fluctuation due to Rayleigh fading and achieve more
accurate measurements for the radio link quality. The base station may notify the user
equipment of D2UE pilot signal information for each small-node device. This information
may be included in the control signaling in step S1301 of Figure 21. Some examples of the
pilot signal information include:

- 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

- Cyeclic shift information of the D2UE pilot signal

The above information may be specified for each small-node device, and therefore
may be included in a neighbor small-node device list for each small-node device. The above
information may be signaled by broadcast information in the BS2UE connection or by

dedicated signaling in the BS2UE connection. In the above examples, a single time domain
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resource and a single frequency domain resource are specified as shown in Figure 22. But
more than one time domain resource or frequency domain resource may be configured for the
small-node devices. For example, if a cell includes a relatively large number of small-node
device, the code-domain resource may not be sufficient and more than one time domain
resource or frequency domain resource may be necessary.

Referrin_g again to Figure 21, in a step S1303, user equipment 100 receives the D2UE
ptlot signals and makes measurements for the D2UE pilot signals in the predetermined radio
resources. The user equipment 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 obtains the radio link quality of the 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 may detect the small-node
device which has the highest radio link quality based on the measurements. 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.

In a step S1304, the user equipment transmits measurement reports to the base station,
The measurement reports include the measurement results obtained in step S1303. More
specifically, the measurement reports may include the identity of the small-node device with
the highest radio link quality. In other words, the user equipment 100 may identify the best
small-node device in terms of the radio link quality of D2UE connections in step S1304. The
small-node device information may thus include an identification number of the small-node

device and the radio link quality of the small-node device,
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Furthermore, the measurement report may include information on neighbor small-
node devices that do not have the highest radio link quality, i.e. the measurement report may
include information on the neighbor small-node device with the second or third highest radio
link quality. In alternative embodiments, even lower radio link qualities may be in included
in the small-node device information such as information on the neighbor small-node device
with the fourth or more radio link quality may be included. The base station in step S1301
may indicate how many small-node devices should have information included in the
measurement report. Alternatively the measurement reports may include all small-node
devices for which the radio link quality is higher than a threshold. The base station may
indicate the desired threshold in step S1301. In yet another alternative embodiment, the
measurement reports may include information on all small-node devices for which the radio
link quality is lower than a threshold {(which can also be indicated by base station 200 in step
$1301).

In a step S1305, the base station establishes D2UE connection 710. More specifically,
the base station establishes the radio link between the user equipment and the small-node
device with the highest radio link quality as reported in step S1304. In addition, the base
station may assign the radio resource to D2UE connection 710 in step S1305. The radio
resource may be at least one of the frequency domain resource, the time domain resource, the
code domain resource, and the like. More specifically, the radio resource may be a carrier
frequency for D2UE connection 710, For example, 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 as reported in step S1304. As a result, interference with other D2UE connections
in the netghbor small-node devices may be avoided. Altématively, the base station 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 small-node device 500, According to the embodiment illustrated in
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Figure 21, lower power consumption for the measurements can be achieved. Furthermore,
interference mitigation can also be realized.

Referring to Figure 23, an operation of the mobile communication system according
to an embodiment is illustrated. The operation is related to connection establishment in
D2UE conmection 710. The operation may correspond to step S804 in Figure 14 or steps
A803a, A803b, A8O3c, A804a, A8O4b, A804c, A804d, A8BO4e, and ASO4f in Figure 14A.
Since steps S1401 to S1404 of Figure 23 are the same as steps S1301 to S1304 in Figure 21,
further explanation of the steps S1401 to S1404 is omitted.

In a step S1403, the base station 200 determines whether or not the path loss is lower
than a threshold. More specifically, 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. If
the path loss for the small-node device with the highest radio link quality is lower than the
threshold (Step S1405: YES), base station 200 establishes the D2UE connection 710 in a step
S1406. In step S1406, the base station may assign the radio resource to D2UE connection
710, in addition to establishing the radio resource, similarly as discussed with regard to step
S1305.

If the path loss for the base station with the highest radio link quality is not lower than
the threshold (Step S1405: NO), base station 200 does not establish the D2UE connection 710
in a step $1407. In particular, base station 200 does not command the user equipment and the
small-node device to establish D2UE connection 710 such that the user equipment
communicates with server 600 only in the BS2UE connection. Since the path loss is high and
required transmission power is high, the resulting D2UE connection may interfere with other
D2UE connections or communications. Such interference issues can be mitigated by
utilizing the control illustrated in Frgure 23.

In step 81403, the path loss is used for the determination but other indicia of radio

link quality such as the received power of the D2UE pilot signal, the received quality of the
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D2UE pilot signal, the SIR of the D2UE pilot signal, and the like may be used. In this case,
if the radio link quality is better than a threshold, the decision should be YES in step S1405.
Otherwise the decision should be NO in step S1405.

In addition to relying on the path loss for the small-node device with the highest radio
link quality, the determination in step $14035 may also rely on the path loss for the neighbor
small-node device with the second or third highest radio link quality. More specifically, a
difference between the highest radio link quality and the second highest radio link quality
may be utilized in the determination in step S1405. If such a difference is higher than a
threshold, base station 200 may establish D2UE connection 710 (step $1406). Conversely, if
the difference is not higher than the threshold, base station 200 may not establish D2UE
connection 710 (step 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. This control may apply to an embodiment in which the small-
node device with the second or third highest radio link quality has D2UE connections with
other user equipment in the radio resources.

Referring to Figure 24, an operation of the mobile communication system according
to an embodiment is illustrated. The operation is related to mobﬂity control in D2UE
connection 710. The operation may correspond to steps S1103 to S1112 in Figure 17.

Steps S1501 to $1503 are analogous to steps S1301 to S1303 of Figure 21. The only
difference is that steps S1301 to S1303 are conducted before the D2UE connection has been
established whereas steps $1501 to S1503 are conducted after the D2UE connection is
established. Even if the D2UE connection is established, the user equipment has to make
measurements for known or unknown neighbor small-node devices. In this sense, the
measurements in steps S1301 to S1303 are equivalent to steps S1501 to S1503. Therefore,

further explanation for steps S1501 to S1503 is omitted.
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In a step S1504, user equipment 100 determines whether there are neighbor small-
node devices that are closer to the user equipment 100 than the serving small-node device. As
indicated above, the serving small-node device denotes the smali-node device that is
currently communicating with user equipment 100. More specifically, if the radio link
quality of the neighbor small-node device is higher than that of the serving small-node device,
the determination in step S1504 may be deemed to be positive.

In the determination of step S1503, hysteresis may be taken into account. More

specifically, if the following expression is true
(Radio link quality of Neighbor cell) > (Radio link quality of Serving cell) + Hyst

where Hyst corresponds to the hysteresis, then the determination of step S1404 is deemed to
be positive. For example, Hyst may be 3 dB. In addition, a time domain hysteresis may also
be used. The time domain hysteresis may be called time-to-trigger.

If a closer neighbor small-node device is detected (step S1504: YES), the user
equipment transmits measurement reports to the base station in a step S1505. These
measurement reports include the determination of the closer neighbor small-node device.

In a step S1500, the base station transmits a handover command to the user equipment.
The base station transmits control signaling to the neighbor small-node device for handover
preparation. Furthermore, the base station may inform the serving small-node device that the
user equipment is handed over to the neighbor small-node device.

In a step S1507, the user equipment conducts the handover to the neighbor small-node
device.

Conversely, 1f no c_loser neighbor small-node device is detected (step S1504: NO), the

user equipment maintains the D2UE connection with the small-node device in a step S1508.
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Referring to Figure 25, an operation of the mobile communication system according
to an embodiment is illustrated. The operation is related to mobility control in D2UE
connection 710. The operation is conducted while the D2ZUE connection is established
already. Steps S1601 to S1603 are analogous to steps $S1301 to S1303 of Figure 21. The only
difference is that the steps $1301 to S1303 are conducted before the D2UE connection is
established whereas steps S1601 to $1603 are conducted after the D2UE connection is
established. Therefore, further explanation for steps $1601 to S1603 is omitted herein.

In a step S1604, the user equipment determines whether the path loss is higher than a
threshold. More specifically, the user equipment determines whether the path loss for the
serving small-node device 1s higher than the threshold. The base station may inform the user
equipment of the threshold by using the control signaling in step S1601.

In steps $1602 and 1603, the user equipment measures 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 D2UE connection
710 may be used for the path loss measurements. The pilot signals for the channel estimation
or demodulation may provide better accuracy for path loss measurements than the D2UE
pilot signals, which are used for mobility measurements. If the path loss is calculated by
using other signals or channels, transmission power information of the other signals or
channels may be included in the other signals or channels. The user equipment 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.

If the path loss for the serving small-node device is higher than the threshold (step
S1604: YES), the user equipment transmits measurement reports to the base station in a step
S1605. The measurement reports indicate that the path loss for the serving small-node device

is higher than the threshold.
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In a step S1606, the base station releases the radio resource for D2UE cormectionr710.
More specifically, base station 200 sends control messages to release D2UE connection 710.
As aresult, D2UE connection 710 is released.

If the path loss for the serving small-node device is not higher than the threshold (step
S1604: NO), user equipment 100 maintains the D2UE connection with the small-node device
500 in a step S1607.

In the above examples, other values which represent the radio link quality besides the
path loss 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, if the radio link quality is lower than a threshold, the decision should be YES is step
$1604, otherwise the decision should be NO in step S1604. Based on the radio resource
management described in Figure 25, interfering D2UE links can be removed such that good
system quality can be maintained.

In other embodiments, some of conventional BS2UE operations may be omitted in

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-estaialishmcnt, 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
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and the like

Furthermore, some others of co_nvcntional BS2UE operations may be supported in
D2UE connection 710 in some embodiments, More specifically, at least one of the following
operations may be supported:

- Transmitting PDCCH i 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

Traffic Measurements

In mobile communication systems, it is quite important to collect measurement results
in the radio interface. The measurement results can be utilized for parameter optimization,
determining whether additional base stations should be installed, handing off to additional
base stations or additional carriers, ete. This parameter optimization may be denoted as
network optimization in general. In addition, the measurement results can be utilized for self-
organized network (SON) purposes. The measurement results can be given to the SON entity
and the SON entity modifies some of parameters based on the measurement results.
Generally speaking, as the number of nodes increases, complexity and cost for such

measurements increases. Therefore, if network operators utilize a lot of small nodes, such as
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Pico base stations or Femto base stations, how to collect such measurement results efficiently
is a challenging problem.

In the present disclosure, the addition of the small-node device presents such a
measurement problem. Since the number of the small-node devices is larger than the existing
deployed base stations, more efficient measurement procedures and network optimization are
required, These measurement procedures may be explained as follows:

Figure 26 illustrates an example communication system. As compared to the system
discussed with regard to Figure 2, the system of Figure 26 is analogous except that a D2UE
measurement data collection section 208 for base station 200 is added. D2UE measurement
data collection section 208 is configured to collect measurement data for the D2UE link.

D2UE measurement data collection section 208 is shown in Figure 26 as being
external to base station 200, but it may be located inside the base station 200 and may be
integrated into base station 200. Alternatively, D2UE measurement data collection section
208 may be located in other nodes, such as access gateway 300 or a node in core network 400.
There are two kinds of measurement data in the system of Figure 26. One is the measurement
data which are measured in base station 200, and the other is the measurement data which are
measured in small-node device 500. In the following, these two kinds of measurement data

will be explained separately.

Measurement data measured in the base station 200:

Figure 27 shows examples of measurements conducted by base station 200. In this
embodiment, D2UE communication control section 204 performs the measurements listed in
Figure 27 because section 204 conducts radio link connection control for D2UE connection
710 as described above and can thus readily make the measurements. The radio link
connection control includes at least one of establishing/ configuring/ re-configuring/ re-

establishing/ releasing D2UE connection 710. Furthermore, the radio link connection control
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may include handover or radio link failure handling for D2UE connection 710.

D2UE communication control section 204 makes the measurements and sends the
measurement results to D2UE measurement data collection section 208. A measurement
index #0 in Figure 27 corresponds to the number of D2UE connections. The number of
D2UE connections may be the total number of D2UE connections in the macro cell coverage
area in which base station 200 provides radio communication service for user equipment 100.
Alternatively, the number of D2UE connections may equal the D2UE connections for the
small-node device. According to this measurement item, network operators can detect how
many D2UE connections are utilized in the macro coverage area or in ¢ach small-node device.
Such information can be utilized when network operators determine whether or not new
small-node device should be installed. If the number of the D2UE connections in small-node
device 500 is larger than a threshold value, network operators may determine that a new
small-node device should be installed.

Alternatively, network operators may determine that radio resources for the small-
node device should be increased if the number of the D2UE connections for small-node
device 500 is larger than a threshold value. The radio resource may be the frequency resource.
For example, network operators may determine that frequency carriers for the D2UE
connections handled by the small-node device should be incfeased if the number of the D2UE
connections in small-node device 500 is larger than the threshold value.

In addition to the number of D2UE connections, the number of logical channels in the
D2UE connections may be measured as part of measurement item #0. Alternatively, the
number of D2UE connections may be measured for each logical channel. More specifically,
the number of D2ZUE connections in which logical channel supporting best effort packets is
transferred may be measured.

A measurement index #1 corresponds to the radio resources used by the D2UE

connections. The radio resources for the D2UE connections may correspond to the radio
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resources for all D2UE connections in the macro cell coverage area. Alternatively, the radio
resources may correspond to those used by each small-node device. Responsive to this
measurement item, network operators can detect how much radio resource 1s utilized for the
D2UE connections in the macro coverage area or in each small-node device. Such
information can be utilized when network operators determine whether a new small-node
device should be installed. For example, if the amount of the radio resources in the D2UE
connections used by the small-node device is larger than a threshold value, network operators
may determine that a new small-node device should be installed. Alternatively, network
operators may determine that radio resources for the small-node device should be increased if
the amount of the radio resources in the D2UE connections for the small-node device is larger
than the threshold value.

The radio resource may be the frequency domain resource. For example, network
operators may determine that frequency carriers for the D2UE connections handled by the
small-node device should be increased if the amount of the radio resource for the small-node
device is larger than the threshold value. Alternatively, the radio resource may be the time-
frequency resource.

The measurements of the radio resource may be done separately for DL (from the
small-node device to the user equipment) and UL (from the user equipment to the small-node
device). Instead of the actual radio resource, the usage of the radio resource may be

measured. The usage of the radio resource may be calculated as follows:

r(T)

usage, ——————
6 total _r(1)

where #(7") is the amount of assigned radio resource during time period 7,
total _r(T) 1s the amount of available radio resource during time period 7, and 7" is the time
period during which the measurement is performed.

Measurement index #2 corresponds to a data rate in the D2UE connections. The data
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rate in the D2UE connections may be the total data rate in the D2UE connections in the
macro cell coverage area. Alternatively, the data rate in the D2UE connections may be the
data rate in each small-node device. According to this measurement item, network operators
can detect how much data rate is achieved for the D2UE connections in the macro coverage
arca or for each small-node device.

The data rate may be calculated in the Physical layer, the MAC layer, the RLC layer,
or the PDCP layer. Morcover, the data rate may be calculated for each logical channel in the
D2UE connections. The data rate may be calculated separately for downlink (from small-
node device to user equipment) and uplink (from user equipment to small-node device). A
status report may be utilized for the calculation. For example, the actual data transmission is
conducted in D2UE connection 710 but the status report for D2UE connection 710 may be
transmitted to base station 200 utilizing BS2UE connection 720 through BS2UE
communication section 102 in user equipment 100. The status report transmission from user
equipment 100 to base station 200 is illustrated in Figure 27A. The status report (which may
include status for each logical channel) may be thus transmitted both in D2UE connection
710 and in BS2UE connection 720. The status report may include status for each logical
channel. As a result, D2UE communication control section 204 in base station 200 can easily
utilize the status report to see how many bits are transmitted in the D2UE connection per
second. The number of bits per second corresponds to the data rate in D2UE connection 710.
Alternatively, D2UE communication control section 204 may calculate the amount of
transferred data in D2UE connection 710 utilizing a sequence number in the status report.
The change of the sequence number during one time duration corresponds to the amount of
transferred data during the time duration.

In the above example, user equipment 100 transmits the status report to base station
200. However, BS2D communication section 502 in small-node device 500 may

alternatively transmit a status report to base station 200 through BS2D connection 730. The
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data rate may correspond to one D2UE connection in one small-node device. Alternatively,
the data rate may be the sum of the data rate for multiple D2UE connections in a single small-
node device. In yet another embodiment, the data rate may be the sum of the data rate for all
the D2UE conﬁections in the macro coverage area. For example, a total data rate

(Total data _rate) for all the D2UE connections may be calculated using the following

equation:

N
Total data rate = Z data rate(n)

fi=l

where data _rate is the data rate for one D2UE connection, 7 is the index of the D2UE
connections, and N ié the total number of the D2UE connections. Such information can be
utilized by network operators to determine whether a new small-node device should be
installed as discussed above with regard to the analogous user-equipment-reported data rate
measuretnent.

Measurement index #3 of Figure 27 corresponds to a success rate of the D2UE
connection establishment. The success rate of the D2UE connection establishment ( Rate,; }

may be defined as follows:

N,

Rate,, = m
where &V, is the number of successful D2UE connection establishments and », is the number
of unsuccessful D2UE connection establishments, The success rate of the D2UE connection
establishment may be that for all the D2UE connections in the macro cell coverage area.
Alternatively, thé success rate of the D2UE connection establishment may be determined for
each small-node device. A failure rate of the D2UE connection establishment may be

measured instead of the success rate of the D2UE connection establishment. The failure rate

of the D2UE connection establishment may be defined as follows:
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(Failure rate of D2UE connection establishment) = 1 — (Success rate of D2UE

connection establishment)

According to the success (or failure) of the D2UE connection establishment, network
operators can determine whether some radio interface parameters should be modified. For
example, if the success rate is lower than a threshold value, network operators require a
change in the radio interface parameters.

A measurement index #4 corresponds to a handover success rate in the D2UE

connections. The handover success rate ( Rate,, ) may be defined as follows:

Rate,, = ——N3—

N, + N,
where N, is the number of successful handovers in the D2UE connections and N, is the
number of unsuccessful handover in the D2UE connections, The handover success rate may
be that for all the D2UE connections in the macro cell coverage area. Alternatively, the
success rate of the D2UE handover for individual small-node devices may be measured. In
yet another alterative embodiment, the handover failure rate in the D2UE connections may

be measured instead of the success rate. The handover failure rate in the D2UE connections

may be defined as follows:

(Failure rate of the handover in the D2UE connections) = 1 — (Success rate of the

handover in the D2UE connections)

According to this handover success (or failure) measurement item, network operators can
determine whether the handover parameters should be modified. For example, if the handover
success rate is lower than a threshold value, network operators may require a modification of
the handover parameters.

Measurement index #5 corresponds to a success rate of D2UE connection re-
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establishments. The success rate of the connection re-establishments in the D2UE

connections { Rafe,; ) may be defined as follows:

N;

Ratew =3 N
5 e

where NV, is the number of successtul connection re-establishments in the D2UE connections,
and N, is the number of unsuccessful connection re-establishments in the D2UE connections.
The success rate of the D2UE connection re-establishments may be that for all the D2UE
connections in the macro cell coverage area. Alternatively, the success rate may correspond
to individual D2UE connections. Alternatively, a failure rate of the D2UE connection re-
establishments may be measured mstead of the success rate of the connection re-
establishments in the D2UE connections. The failure rate of the connection re-establishments

in the D2UE connections may be defined as follows:

(Failure rate of the connection re-establishments in the D2UE connections) = 1 —

(Success rate of the connection re-establishments in the D2UE connections).

Responsive to this measurement item, network operators can determine whether some
D2UE connection re-establishments parameters should be modified. For example, if the
success rate of the D2UE connection re-establishments is lower than a threshold value,
network operators may determine that some D2UE connection re-establishments parameters
should be modified.

Measurement index #6 corresponds to the number of D2UE connection handovers in
the D2UE connections. This number may be that for all the D2UE connections in the macro
cell coverage area. Alternatively, the number may be that for the D2UE connection
handovers for the small-node device. Responsive to this measurement item, network
operators can determine whether D2UE connection handover parameters should be modified.

For example, if the number of handovers in the D2UE connections is higher than a threshold
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value (which may imply that some ping-pong problems exist in the handovers), network
operators may require some modifications for the handover parameters.

Measurement index #7 corresponds to the number of radio link failures in the D2UE
connections. This number may be that for all the radio link failures in the macro cell
coverage area, Alternatively, the number may that for small-node device radio link failures.
The number of radio link failures may be reported by the user equipment 100 over BS2UE
connection 720. Altematively, it may be reported by small-node device 500 over BS2D
connection 730. The report on the radio link failures may be included in the control signaling
in step S1301. Through this measurement item, network operators can determine whether
some of the radio interface parameters should be modified. For example, if the number of
radio link failures in the D2UE connections is higher than a threshold value (which may
imply that some of the radio interface parameters are not optimized), network operators may
determine that some of the radio interface parameters should be modified.

Finally, a measurement index #8 of Figure 27 corresponds to the number of D2UE
connection re-establishments. This number may be that for all the D2UE connections in the
macro cell coverage area, Alternatively, the number may be that the D2UE connection re-
establishments in each of the small-node device. Using this measurement item, network
operators can determine whether some of the radio interface parameters should be moditied.
For example, it the number of connection re-establishments in the D2UE connections is
higher than a threshold value (which may imply that some of the radio interface parameters
are not optimized), network operators may determine that some of the radio interface

parameters should be modified.

Measurement data in the small-node device 500:
Figure 28 shows examples of measurement items which are measured in the small-

node device 500. D2UE communication section 504 (Figure 11) makes the measurements
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listed in Figure 28 whereas BS2D communication section 502 sends the measurement results
to the base station via BS2D connection 730. The measurement results may be sent to base
station 200 as part of the control signaling. The measurement results are transferred to the
D2UE measurement data collection section 208. The D2UE measurement data collection
section 208 can thus readily obtain the measurement results for the D2UE connections by
utilizing BS2D connection 730, which makes the collection of the measurements very
efficient,

A measurement index #A0 of Figure 28 corresponds to a central processing unit
(CPU) usage rate in small-node device 500. The CPU usage rate may be used to determine
whether or not a congestion level in the small-node device is relatively high. For example, if
the CPU usage rate is higher than a threshold value, the nctwork. operators may determine
that a new small-node device should be installed.

A measurement index #A1 corresponds to a memory usage rate in small-node device
500. The memory usage rate may also be utilized to determine whether the congestion level
in the small-node device is relatively high. For example, if the memory usage rate is higher
than a threshold value, the network operators may determine that a new small-node device or
additional memory should be installed.

A measurement index #A2 corresponds to a buffer usage rate of buffer in the small-
node device 500 and is thus analogous to measurement index #A1. The butfer usage rate may
also be utilized to determine whether the congestion level in the small-node device is
relatively high. For example, if the buffer usage rate is higher than a threshold value, the
network operators may determine that new small-node device or additional buffer should be
installed.

A measurement index #A3 is a baseband processing usage rate in the small-node
device. The baseband usage rate may also be utilized to determine whether the congestion

level in the small-node device is relatively high. The indices A0 through A3 thus correspond
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to a processing load in the small-node device.

A measurement index #A4 corresponds to an amount of radio resources in the D2UE
connections. The radio resources may correspond to that which is actually utilized for data
transmission as opposed to that which is assigned by base station 200 for the D2UE
connections. In such a case, the utilized radio resource may correspond to the congestion
level in the D2UE connections. The amount of the utilized radio resource in the D2UE
connections may thus be used to determine whether the congestion level in small-node device
500 is relatively high as compared to a threshold value. If the threshold value is exceeded,
network operators may require that new small-node device be installed. The measurements
of the utilized radio resource may be done separately for DL (from the small-node device to
the user equipment) and UL (from the user equipment to the small-node device).

A measurement index #AS corresponds to a backhaul usage rate in the small-node
device to determine whether the congestion level in the backhaul link is relatively high as
compared to, for example, a threshold value. If the threshold value is exceeded, the network
operators may determine that additional bandwidth for the backhaul link should be installed.

A measurement index #A6 corresponds to the D2UE c;:)nnection data rate. The data
rate may be calculated in the Physical layer, the MAC layer, the RL.C layer, or the PDCP layer.
The data rate may be calculated by setting an average period as a time when data to be
transmitted are present in the transmission buffer. For example, if there is data only in a
period of 300 ms in a measurement period of 500 ms, the data rate is calculated by averaging
over the period of 300 ms and not over the remaining periods as shown in Figure 29.
Alternatively, the data rate may be calculated over all the measurement period regardless of
the presence/ absence of the data to be transmitted in the transmission buffer. The
measurements of the data rate may be done separately for DL (from the small-node device to
the user equipment) and UL (from the user equipment to the small-node device). The data

rate may be calculated for each logical channel in the D2UE connections.
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The data rate in the D2UE connections may be utilized to determine whether the
congestion level in small-node device 500 is relatively high. For example, the amount of the
data rate may be compared to a threshold value. If the threshold value is not exceeded,
network operators may determine that the congestion level is relatively high such that a new
small-node device should be installed.

A measurement index #A7 corresponds to a time duration for communications in the
D2UE connections, In some embodiments, the radio resource for the D2UE connections is
agsigned by base station 200, but the radio resource is used only when there is data to be
transmitted in the D2UE connections. The time duration for D2UE communications thus
corresponds to a time duration when data is actually transmitted. The time duration may be
utilized to investigate data traffic patterns, i.e. to investigate whether data is bursty or not.

In contrast to index #A7, a measurement index #A8 corresponds to a time duration for
which there is no data communications in the D2UE connections. This time duration can also
be used to investigate data traffic patterns.

A measurement index #A9 corresponds to the path loss in the D2UE connection. The
path loss may be utilized to estimate actual coverage area in which the small-node device
provides radio communication services. The network operators may utilize such information
as compared to a threshold to determine whether new small-node devices should be installed
in the area. The path loss measurement may be an average value of the path loss for the
D2UE connections that are handled by small-node device 500.

A measurement index #A10 corresponds to a radio link quality in the D2UE
connection. The radio link quality may be utilized to estimate the communication quality in
the coverage area for which the small-node device provides radio communication services.
The network operators may utilize such information to determine whether some of the radio
interface parameters should be modified. The radio link quality may be an average value of

the radio link quality for the D2UE connections which are handled by the small-node device

78



WO 2012/166975 PCT/US2012/040288

500. The radio link quality may be at least one of a signal-to-interference ratio in the D2UE
connections and a channel quality indicator (CQI) in the D2UE connections. More
specifically, if the radio link quality for the D2UE connections is lower than a threshold, the
network operators may determine that some of the radio interface parameters should be
modified. The measurements of the radio link quality may be done separately for DL (from
the small-node device to the user equipment) and UL (from the user equipment to the small-
node device).

A measurement index #A11 corresponds to a block error rate (BLER) for the D2UE
connection. The BLER may be utilized to estimate communication quality in the small-node
device 500 coverage area. The network operators may utilize such information to determine
whether or not some of the radio interface parameters should be modified. The BLER may
be average value of the BLER for the D2UE connections that are handled by small-node
device 500. A bit error rate may be utilized instead of the BLER. [fthe BLER for the D2UE
connections is higher than a threshold, the network operators may determine that some of the
radio interface parameters should be modified. The measurements of the BLER may be done
separately for DL (from the small-node device to the user equipment) and UL (from the user
cquipment to the small-node device).

A measurement index #A12 corresponds to a received signal power for the D2UE
connections. The received signal power is utilized to estimate communication quality in the
small-node device coverage area. The network operators may utilize such information when
they determine whether or not some of the radio interface parameters should be moditied.
The received signal power may be an average value of the received signal power for the
D2UE connections that are handled by small-node device 500. If the received signal power
for the D2UE connections is higher than a threshold, the network operators may determine
that some of the radio interface parameters should be modified. The measurements of the

received signal power may be done separately for DL (from the small-node device to the user
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equipment) and UL (from the user equipment to the small-node device). For DL, the user
equipment may report the received signal power to the small-node device.

A measurement index #A13 corresponds to a transmitted signal power for the D2UE
connections. The transmitted signal power is utilized to estimate communication quality in
the small-node device coverage area in which small-nede device 500 provides radio
communication services. The network operators may utilize such information when they
determine whether or not some of the radio interface parameters should be modified. The
transmitted signal power may be an average value of the transmitted signal power for the
D2UE connections which are handled by small-node device 500. The measurements of the
transmitted signal power may be done separately for DL (from the small-node device to the
user equipment) and UL (from the user equipment to the small-node device). For UL, the
user equipment may report the transmitted signal power to the small-node device. If the
transmitted signal power for the D2UE connections is higher than a threshold, the network
operators may determine that some of the radio interface parameters should be modified.

A measurement index #A14 corresponds to an interference power for the D2UE
connections. The interference power is utilized to estimate communication quality in the
coverage area which small-node device 500 provides radio communication services. The
network operators may utilize such information when they determine whether some of the
radio interface parameters should be modified. The interference power may be an average
value of the interference power for the D2UE connections which are handled by the small-
node device 500. If the interference power for the D2UE connections is higher than a
threshold, the network operators may determine that some of the radio interface parameters
should be modified. The measurements of the interference power may be done separately for
DL (from the small-node device to the user equipment) and UL (from the user equipment to
the small-node device). For DL, the user equipment may report the interference power to the

small-node device.
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A measurement index #A15 corresponds to location information of the small-node
device 500. The location information may be utilized for SON operation.

A measurement index #A16 corresponds to the number of user equipment for which
data to be transmitted is present in the transmission buffer. This number may be utilized to
determine whether the congestion level in small-node device 500 is relatively high. If the
number of user equipment for which data to be transmitted is present is higher than a
threshold value, network operators may determine that the congestion level is relatively high
such that a new small-node device should be installed. The measurements of the number of
user equipment for which data to be transmitted is present may be done separately for DL
(from the small-node device to the user equipment} and UL (from the user equipment to the
small-node device). For UL, user equipment 100 may report to small-node device 500
whether there is data to be transmitted in ifs transmission buffer. The number of user
equipment having data to be transmitted may be calculated for each logical channel in the
D2UE connections, i.e. the number of logical channels having data to be transmitted may be
calculated. User equipment for which data to be transmitted is present may be denoted as an
active user.

A measurement index #A17 corresponds to the number of user equipment whose data
rate is lower than a threshold. This number may be utilized to determine whether the
congestion level in the small-node device is relatively high. If the number of user equipment
whose data rate is lower than a threshold is higher than another threshold value, network
operators may determine that the congestion level is relatively high such that new small-node
devices should be installed. The measurements of the number of user equipment for whose
data rate is lower than a threshold may be done separately for DL (from the small-node
device to the user equipment) and UL (from the user equipment to the small-node device).
The number of user equipment whose data rate is lower than a threshold may be calculated

for each logical channel in the D2UE connections.
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A measurement index #A18 corresponds to a number of inactive user equipment in
the D2UF connections. In some embodiments, the radio resource for the D2UE connections
is assigned by the base station, but the radio resource is used only when there is data to be
transmitted. Thus there is a time duration when there is no data to be transmitted. The mactive
user equipment corresponds to the ones that have no data to be transmitted in the DQUE
connection.

Regardless of whether the user equipment and/or the small-node device make the
traffic measurements, D2UE measurement data collection section 208 may utilize some parts
of the measurement data described above for call admission control of the D2UE connections.
For example, D2UE measurement section 208 may determine that new D2UE connections
should be prohibited if the number of D2UE connections in the small-node device is higher
than a threshold. Other measurement items, such as the amount of the utilized radio
resources may be used for the call admission control instead of the number of D2UE
connections. The call admission control may be performed by D2UE communication control
section 204 instead of D2UE measurement data collection section 208.

The operation of the above-described base station, the user equipment, and the small-
node device 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.

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
Programimable ROM), a register, a hard disk, a removable disk, and CD-ROM.

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 an
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ASIC. Such an ASIC may be arranged in the base station, the user equipment, and the small-
node device. As a discrete component, such a storing medium and processor may be
arranged in the base station, the user equipment, and the small-node device.

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 gist and 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,
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CLAIMS
We claim:

l. A small-node device for offloading data traffic in a cellular
telecommunications system, comprising:

a-macro-base-station-to-the-small-node-device (BS2D) communication section
configured to receive a ﬁrstrcontrol—piane message from a base station over a BS2D
communication link;

a small-node-device-to-user-equipment (D2UE) communication section configured
to transmit user-plane data to a user equipment over a wireless D2UE communication link
established responsive to the first control-plane message; and

a backhaul communication section configured to receive the user-plane traffic data

from a server over a backhaul link.

2. The small-node device of claim 1, wherein the BS2D communication link

has a master-slave relationship between the base station and the small-node device.

3 The small-node device of claim 1, wherein the BS2D communication
section is further configured to receive a second control-plane message from the base
station, and wherein the D2UE communication section is configured to release the D2UE

communication link responsive to the second control-plane message.
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4, The small-node device of claim 1, wherein the D2UE communication
section is further configured to transmit the user-plane data in a radio resource allocated by

the base station.

5. The small-node device of claim 1, wherein the D2UE commumnication
section is further configured to transmit the user-plane data in a radio resource allocated by

the small-node device.

0. The small-node device of claim 1, wherein the D2UE communication
section is further configured to transmit the user-plane data using radio bearers assigned by

the base station.

7. The small-node device of claim 1, wherein the BS2D communication
section is further configured to receive a third control-plane message from the base station,
and wherein the D2UE communication section is further configured to transmit a pilot
signal to the user equipment responsive to the third control-plane message to enable the
user equipment to measure a radio link quality of the D2UE communication link using the

pilot signal.

8. The advanced user equipment of claim 1, wherein the D2UE communication
section is further configured to transmit the user-plane data to the user equipment using
time slots that are time division multiplexed with time slots used by the user equipment to

receive additional user-plane data from the base station.
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9. The small-node device of claim 1, wherein the BS2DD communication
section is further configured to receive a fourth control-plane message from the base station,
and wherein the D2UE communication section is configured to reconfigure the D2UE

communication link responsive to the fourth control-plane message.

10. The small-node device of claim 1, wherein the D2UE communication
section is further configured to receive third user-plane data from the user equipment over
the D2UE communication link, and to upload the third user-plane data to the server over

the backhaul link.

11. The small-node device of claim 1, wherein the backhaul communication
section 1s configured to connect to the server via at least one of serving gateway, PDN

gateway, or the base station.

12.  Amobile station (user equipment} configured to receive offloaded data from
a small-node device in a cellular telecommunication system, comprising:

a macro-base-station-to-the-user-equipment (BS2UE) communication
section configured to receive both control-plane data and first user-plane data from the base
station over a wireless BS2UE communication link; and

a small-node-device-to-the-user-equipment (D2UE) communication section
configured to receive second user-plane data from a server through the small-node device
using a wireless D2UE communication link, wherein the BS2UE communication section is
further configured to receive a first control-plane message from the base station over the

BS2UE communication link, and wherein the D2UE communication section is further
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configured to establish the D2UE communication link responsive to the first control-plane

message.

13. The mobile station of claim 12, wherein the BS2UE communication link is
an LTE link.

14, The mobile station of claim 12, wherein the D2UE communication link uses

a carrier frequency that is different from a carrier frequency used in the BSZUE

communication link.

15. The mobile station of claim 12, wherein the BS2UE communication section
is further configured to receive a second control-plane message from the base station, and
wherein the D2UE communication section is configured to release the D2UE

communication link responsive to the second control-plane message.

16. The mobile station of claim 12, wherein the D2UE communication section is
further configured to receive the second user-plane data in a radio resource allocated by the

base station.

17. The mobile station of claim 12, wherein the D2UE communication section is
further configured to receive the second user-plane data in a radio resource allocated by the

small-node device.
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18. The mobile station of claim 12, wherein the D2UE communication section is
further configured to receive the second user-plane data using radio bearers assigned by the

base station.

19, The mobile station of claim 12, wherein the BS2ZUE communication section
is mﬁher configured to receive a third control-plane message from the base station, and
wherein the D2UE communication section is further configured to receive a pilot signal
transmitted by the small-node device and to make measurement for a radio link quality of
the pilot signal, wherein a radio resource for the pilot signal is indicated in the third control-

plane message.

20. The mobile station of claim 12, wherein the D2UE communication section is
further configured to transmit third user-plane data to the server through the small-node

device using the D2UE communication link.

21. The mobile station of ¢laim 12, wherein the BS2UE communication section
is further configured to receive a fifth control-plane message from the base station, and
wherein the D2UE communication section is configured to reconfigure the D2ULE

communication link responsive to the fifth control-plane message.

22. A macro base station for controlling a user equipment (UE) and a small-node
device in a cellular telecommunications network, comprising:
a macro-base-station-to-the-UE (BS2UE) communication section configured to

exchange user-plane and control-plane data with the UE using a wireless BS2UE
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communication link;

a macro-base-station-to-the-small-node-device (BS2D) communication section
configured to exchange control-plane data with the small-node device using a BS2D
communication link; and

a D2UE control unit configured to control an establishment and also a release/
reconfiguration/handover of a small-node-device-to-the-UE (D2UE) communication link
through a first control-plane message transmitted to at least one of the UE and the small-

node device using a respective one of the BS2UE and BS2D communication links.

23. The macro base station of claim 22, wherein the D2UE control unit is further
configured to determine a radio resource allocation for the D2UE link using a second
control-plane message transmitted by the BS2UE communication section to the UE using
the BS2ZUE communication link and by the BS2D communication section to the small-node

device using the BS2D communication link.

24, The macro base sta’;ion of claim 22, wherein the D2UE control unit is further
contigured to identify the user-plane data to be exchanged between the UE and the small
node device using the D2UE communication link by assigning a radio bearer for the D2UE
link using a fourth control-plane message transmitted by the BS2UE communication
section to the UE and using a fifth control-plane message transmitted by the BS2D

communication section to the small-node device.
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25, The macro base station of claim 22, wherein the BS2UE communication
section is further configured to receive a measurement report from the UE using the BS2ZUE
link, and wherein the measurement report includes measurements of a radio link quality for
the D2UE communication link, and wherein the D2UE control unit is configured to
determine at least one of the establishment, the release, the reconfiguration, handover, and

the radio resource allocation responsive to the measurement report.

26,  Amethod of communicating using a small-node device in a cellular
telecommunication system, comprising:

at the small-node device, receiving a first control-plane message from a base station
over a base-station-to-the-small-node-device (BS2D)) communication link;

at the small-node device, establishing a the-small-node-device-to-a-user-equipment
(D2UE) communication link responsive to the first control-plane message

at the small-node device, receiving downlink user-plane data from a server over a
backhaul link; and

from the small-node device, transmitting the downlink user-plane data over the

D2UE communication link

27.  Amethod of communicating using a user equipment in a cetlular
telecommunication system, comprising:

at the user equipment, receiving a first control-plane message from a base station
over a macro-base-station-to-the- user-equipment (BS2UE) communication link;

at the user equipment, establishing an small-node-device-to-the-user-equipment

90



WO 2012/166975 PCT/US2012/040288

(D2UE) communication link responsive to the first control-plane message;
at the user equipment, receiving downlink user-plane data from the small-node

device over the D2UE communication link.

28. A method of communicating using a macro base station for controlling a
user equipment (UE) and a small-node device in a cellular telecommunication system,
comprising:

at the macro base station, exchanging user-plane data and control-plane message
with the UE using a wireless macro-base-station-to-the-UE (BS2UE) communication link
and exchanging control-plane message with the small-node device using a macro-base-
station-to-the-small-node-device (BS2D) communication link;

at the macro base station, controlling an establishment and also a release/
reconfiguration/ handover of a small-node-device-to-UE (D2UE) communication link
through a first control-plane message transmitted to at least one of the UE and the small-
node device using the respective one of the BS2UE communication link and the BS2D
communication link,

at rthe macro base station, identifying user-plane data to be exchanged between the

UE and the small-node device using the D2UE communtcation link.

29. A small-node device for offloading data traffic in a cellular
telecommunications system, comprising:
a-macro-base-station-to-the-small-node-device (BS2D) communication section

configured to receive a first control-plane message and a second control-planc message
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from a base station over a BS2D communication link;

a the-small-node-device-to-a-user-equipment (D2UE) communication section
configured to establish a wireless D2UE communication link with the user equipment
responsive to the first control-plane message, wherein the D2UE communication section is
further configured to transmit at least one pilot signal to the user equipment responsive to
the second control-plane message and to exchange user-plane data with the user equipment
over the D2UE communication link; and

a backhaul communication section configured to exchange the user-plane data with

a server using a backhaul link.

30. The small-node device of claim 29, wherein the D2UE communication
section is further configured to transmit the at least one pilot signal according to af least one
of a transmission periodicity, a frequency-domain resource, a time-domain resource, a
code-domain resource, and a transmission power as determined by the second control-plane

message.

31. The small-node device of claim 29, wherein the BS2D communication
section and the D2UE communication section are configured to synchronize a base-station-

to-user-equipment communication link and the D2UE communication link.

32. A mobile station {user equipment) configured to receive offloaded data from
a small-node device in a cellular telecommunication system, comprising:
a base-station-to-the-user-equipment (BS2UE) communication section configured to

receive both control-plane data message and first user-plane data from the base station over
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a wireless BS2UE communication link; and

a small-node-device-to-the-user-equipment (D2UE) communication section
configured to receive second user-plane data from a server through the small-node device
using a wireless D2UE communication link, wherein the BS2UE communication section is
further configured to receive a first control-plane message from the base station over the
BS2UE communication link, and wherein the D2UE communication section is further
configured to establish the D2UE communication link responsive to the first control-plane
message, and wherein the D2UE communication section is further configured to receive at
least one pilot signal from the small-node device over the D2UE communication link and to
measure a radio link quality for the D2UE communication link using the received at least
one pilot signal, and wherein the BS2UE communication section is further configured to

transmit the radio link quality to the base station over the BS2UE communication link.

33.  The user equipment of claim 32, wherein the D2UE communication section
is further configured to receive the at least one pilot signal according to at least one of a
transmission periodicity, a frequency-domain resource, a time-domain resource, a code-
domain resource, and a transmission power as determined by the second control-plane

message.

34.  Asmall-node device for offloading data traffic in a cellular
teleconumunications system, comprising:
a- base-station-to-the-small-node-device (BS2D) communication section configured

to receive a first control-plane message from a base station over a BS2D communication

93



WO 2012/166975 PCT/US2012/040288

link;

a small-node-device-to-user-equipment (D2UE) communication section configured
to transmit user-plane data to a user equipment over a wireless D2UE communication link
established responsive to the first control-plane message; and

a backhaul communication section configured to receive the user-plane data from a
server over a backhaul link; wherein

the D2UE communication section further configured to make measurements for at
least one of a processing load, a radio resource usage, a data rate, a path loss in the second
link, a radio link quality, a block error rate, a transmitted signal power, a received signal
power, an interference power, and a user equipment count for the D2UE communication
link; and

wherein the BS2D communication section further configure to transmit the

measurement results to the base station.

35. A macro base station for controlling a user equipment (UE) and a small-
node-device in a cellular telecommunications network, comprising;

a macro-base-station-to-the-UE (BS2UE) communication section configured to
exchange user-plane data and control-plane message with the UE using a wireless BS2ZUE
communication link;

a macro-base-station-to-small-node-device (BS2D) communication section
configured to exchange controi-plane message with the small-node device using a BS2D
communication link; and

a control unit configured to control an establishment and also a release/
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reconfiguration/ handover of a small-node-device-to-UE (D2UE) communication link
through a first control-plane message transmitted to at least one of the UE and the small-
node device using the respective one of the BS2UE communication link and the BS2D
communication link, wherein the control unit is further configured to identify user-plane
data to be exchanged between the UE and the small-node device using the D2UE
communication link, and wherein the control unit further configured to make measurement
for at least one of a D2UE connection count, a radio resource usage, a data rate, a success
rate of connection establishment, a success rate for handover, a radio link failure count, a

handover count, and a connection re-establishments count for the D2UE communication

link.
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