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1. 

ENHANCED LOCAL ACCESS IN MOBILE 
COMMUNICATIONS WITH FDD RESOURCE 

ALLOCATION 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 61/533,382, filed Sep. 12, 2011 and also 
claims the benefit of U.S. Provisional Application No. 
61/534,709, filed Sep. 14, 2012. The contents of both of 
these applications are hereby incorporated by reference in 
their entirety. 

TECHNICAL FIELD 

This application is directed to the operation of the Physi 
cal and Link Layers 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 prob 
lems. Such interference limits the number of deployed 
base stations and thus lowers cellular capacity. 

3) Furthermore, radio resources for the required conven 
tional macro base 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 ID 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 cell capacity. 
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2 
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 is limited due to this 
baseband complexity. 

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 mac 
rocell base stations is required. Furthermore, the picocells/ 
femtocells are indeed base stations and thus they transmit 
the signals mentioned above such as pilot signals, synchro 
nization signals, broadcast signals, paging signals, and so 
on. As a result, as the deployment density for pico/femto 
cells is increased, interference problems, difficulties in 
dynamic and efficient interference coordination, cell plan 
ning problems, and related issues cannot be solved. 

Yet another alternative for increasing wireless network 
capacity is the use of conventional WiFi. But there is no 
interworking between WiFi nodes and macrocell base sta 
tions. Thus, connectivity and mobility is limited for a dual 
macrocell and WiFi user. Moreover, the use of WiFi in 
macrocell networks introduces the complications of multiple 
IP 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 Evo 
lution (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. 

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 
base-station-to-the-Small-node-device (BS2D) communica 
tion section configured to receive a first control-plane mes 
sage from the base station over a BS2D link; a small-node 
device-to-user-equipment (D2UE) communication section 
configured to transmit downlink (DL) user-plane data in a 
first set of time slots over a first frequency resource to a user 
equipment using a wireless D2UE link established respon 
sive to the first control-plane message, wherein the D2UE 
communication section is further configured to receive 
uplink (UL) user-plane data from the user equipment over 
the D2UE link in a second set of time slots over a second 
frequency resource group, and wherein the time slots in the 
second set alternate with the time slots in the first set such 
that the UL and DL transmissions over the D2UE link do not 
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occur simultaneously; and a backhaul communication sec 
tion configured to receive the user-plane traffic data from a 
server over a backhaul link. 

In accordance with a second aspect of the disclosure, a 
user equipment (UE) configured to receive offloaded data 
from a small-node device in a cellular telecommunication 
system is provided that includes: a macro-base-station-to 
the-user-equipment (BS2UE) communication section con 
figured to receive a first control-plane message and user 
plane data from the base station over a wireless BS2UE link: 
and a small-node-device-to-the-user-equipment (D2UE) 
communication section configured to configured to transmit 
uplink (UL) user-plane data in a first set of time slots and in 
a first frequency resource to a small-node device using a 
wireless D2UE link established responsive to the first con 
trol-plane message, wherein the D2UE communication sec 
tion is further configured to receive downlink (DL) user 
plane data from the small-node device over the D2UE link 
in a second set of time slots and in a second frequency 
resource group, and wherein the time slots in the second set 
alternate with the time slots in the first set such that the UL 
and DL transmissions over the D2UE link do not occur 
simultaneously. 

In accordance with a third aspect of the disclosure, a base 
station for controlling a user equipment (UE) and a small 
node device in a cellular telecommunications network is 
provided that includes a base-station-to-the-UE (BS2UE) 
communication section configured to exchange user-plane 
and control-plane data with the UE using a wireless BS2UE 
link; a base-station-to-the-Small-node-device (BS2D) com 
munication section configured to exchange control-plane 
data with the small-node device using a BS2D 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) 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 links, wherein the D2UE control unit is further 
configured to control a half-duplex FDD radio resource 
allocation within the D2UE link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is an example architecture for an enhanced local 
area radio access system using advanced user equipment. 

FIG. 1b is an example architecture for an enhanced local 
area radio access system using Small-node devices. 

FIG. 2 annotates the data paths in the system of FIG. 1b 
for a given one of the Small-node devices. 

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

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

FIG. 5 illustrates an architecture that combines the fea 
tures shown for the embodiments in FIGS. 1 and 4. 

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

FIG. 7 illustrates a modification of the architecture of 
FIG. 5 in which the backhaul links from the small-node 
devices route through a network access gateway. 

FIG. 8 illustrates a modification of the architecture of 
FIG. 5 in which the backhaul links from the small-node 
devices route through the base station. 
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4 
FIG. 9 illustrates a modification of the architecture of 

FIG. 6 in which the backhaul links from the small-node 
devices route through a center Small-node device. 

FIG. 10 illustrates time slots for the D2UE link and the 
user equipment’s BS2UE link. 

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

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

FIG. 12 is a block diagram for an example user equip 
ment. 

FIG. 13 is a block diagram for an example base station. 
FIG. 14 is a flowchart for a D2UE connection establish 

ment method. 
FIG. 14A is a flow diagram for the steps shown in FIG. 14. 
FIG. 15 is a flow diagram for the release of a D2UE 

connection. 
FIG. 16 is a flow diagram for the reconfiguration of a 

D2UE link. 
FIG. 17 is a flow diagram for a D2UE link handover. 
FIG. 17A is a flowchart for a user equipment measure 

ment technique to detect the presence of closer neighbor 
Small-node devices. 

FIG. 18 illustrates the spectrum for TDD and FDD 
signals. 

FIG. 19 illustrates the spectrums for D2UE links each 
having an FDD radio resource allocation but having differ 
ent pass bandwidths and guard bands. 

FIG. 20 illustrates alternating DL and UL transmissions in 
D2UE links having a TDD radio resource allocation with 
regard to several carriers so as to minimize inter-carrier 
interference. 

FIG. 21 illustrates conflicting DL and UL transmissions in 
D2UE links with TDD radio resource allocation over several 
carriers. 

FIG. 22(a) illustrates a network having the minimized 
inter-carrier interference discussed with regard to FIG. 20. 

FIG. 22(b) illustrates a network having the inter-carrier 
interference discussed with regard to FIG. 21. 

FIG. 23 illustrates the time slot and frequency resource 
allocation for an example D2UE link with half-duplex FDD 
radio resource allocation. 

FIG. 24 illustrates the UL and DL frequency resources for 
the D2UE link of FIG. 23. 

FIG. 25 illustrates the time slot and frequency resource 
allocation for another example D2UE link with half-duplex 
FDD radio resource allocation. 

FIG. 26 illustrates the time slot and frequency resource 
allocation for an example pair of D2UE links each having 
half-duplex FDD radio resource allocation. 

FIG. 27(a) illustrates the UL and DL frequency resources 
for a D2UE link in which four frequency resource groups are 
used for half-duplex FDD radio resource allocation. 

FIG. 27(b) illustrates the power control for the UL and DL 
frequency resources of FIG. 27(a). 

FIG. 28 illustrates a network in which the base station 
controls the half-duplex FDD radio resource allocation in 
the D2UE link using RRC signaling. 

FIG. 29 illustrates a network in which the base station 
controls the half-duplex FDD radio resource allocation in 
the D2UE link using a PDDCH signal. 

FIG. 29A is a time-domain representation of the D2UE 
link controlled according to the network of FIG. 29. 

FIG. 30 illustrates a network in which the advanced user 
equipment controls the half-duplex FDD radio resource 
allocation in the D2UE link using a PDDCH signal. 
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DETAILED DESCRIPTION 

To address the prior art drawbacks discussed above, the 
applicant has developed two innovative network architec 
tures. These architectures are described in International 
Application No. PCT/US 12/48690, filed May 31, 2012 and 
in International Application No. PCT/US 12/40288, also 
filed May 31, 2012. The contents of both of these applica 
tions are hereby incorporated by reference in their entirety. 
The first architecture uses a novel network device denoted as 
an advanced user equipment (UE-A). The UE-A shares a 
number of features in common with conventional user 
equipment (UE). The common structural elements and func 
tion thus conveniently lower the manufacturing costs asso 
ciated with a UE-A. Although a UE-E has assorted features 
in common with a user equipment (UE), it will be appreci 
ated that, with respect to a UE, a UE-A may be a network 
side device analogous to a base station or other network-side 
node. Alternatively, the UE-A may be a UE-side device. In 
contrast to a conventional UE, the UE-A of the first archi 
tecture allows offloading of data traffic that would otherwise 
have to be carried by the link between the macrocell base 
station and the UE. The UE-Ahas a backhaul link to the core 
network and/or the Internet to accommodate the offloaded 
data. In turn, a UE-A-to-UE link carries the offloaded data 
between the UE-A and the UE in both the uplink (UL) and 
downlink (DL) directions. This UE-A-to-UE link may be 
denoted as a D2UE link whereas a base-station-to-UE link 
may be denoted as a Macro2UE link. A link between the 
base station and the UE-A may be denoted as a Macro2D 
link. In one embodiment, both the Macro2UE and Macro2D 
links may be LTE links. The base station controls the 
establishment of the D2UE link through the base-station-to 
UE-A link and/or through the Macro2UE link. 

In an LTE embodiment, the LTE links (the Macro2UE and 
Macro2D) links may operate at 2 GHz, whereas the D2UE 
link operates at a different frequency Such as, for example, 
3.5 GHz. In this fashion, the UE utilizes carrier aggregation. 
Such an embodiment has the advantage of the combined 
bandwidth from the carrier aggregation and the associated 
inter-carrier interference mitigation. Alternatively, the 
Macro2D, Macro2UE, and D2UE links may all operate in 
the same frequency band. Regardless of the particular 
embodiment, a network according to the first architecture 
has the advantage that the establishment, reconfiguration, 
release, or handoff of the D2UE link is under the control of 
the base station (or a higher-level network node). Thus, the 
UE-A construction and operation is greatly simplified. To 
better appreciate the advantages of the data offloading 
provided by a UE-A, it is useful to compare the resulting 
data offloading to that achieved in the prior art. 

For example, a remote radiohead (RRH) is a conventional 
network node that offloads data that would otherwise have to 
be carried by the base station to (and from) the UE. But an 
RRH is effectively just a power amplifier such that it has no 
baseband processing. The base station must then perform the 
RRH baseband processing, which burdens the base station 
operation and hinders the use of a plurality of RRHs 
throughout the corresponding macrocell. In contrast, the 
UE-A performs its own baseband processing. Thus, the first 
network architecture enables a macrocell to include a plu 
rality of UE-As, which greatly increases the data-offloading 
coverage within the macrocell. 

Another conventional network node that enables data 
offloading is a picocell or femtocell base station. But such 
pico or femtocell base stations are indeed base stations. 
Thus, a UE cannot obtain data plane traffic simultaneously 
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6 
from both a pico/femtocell base station and also a macrocell 
base station. Instead, a call must be handed off between the 
two different types of cells. Good connectivity and mobility 
is thus difficult with pico/femtocells, particularly if the pico 
or femtocells are on different carriers as opposed to the 
macrocell (requiring an inter-frequency handover). In addi 
tion, a pico/femto base station transmits the conventional 
synchronization and reference signals (PSS/SSS, CRS, and 
so on). Thus, pico and femtocells suffer from inter-cell 
interference with their associated macrocell and with other 
pico or femtocell base stations. In addition, high power 
consumption will result in the UE from the necessary receipt 
and processing of the various pico and femtocell Synchro 
nization and reference signals. As will be explained further 
herein, a UE-A need not generate these conventional Syn 
chronization and reference signals. Thus, the first network 
architecture has considerably better connectivity/mobility 
and more flexible operation as compared to the conventional 
pico/femtocell alternative. 

Yet another conventional network node that enables data 
offloading is a WiFi access point (AP). A UE can thus 
receive data from both its base station and from the AP. But 
there is no support for interworking between the AP and base 
station Such that good connectivity/mobility is also not 
supported. Moreover, a UE having both a WiFi and a base 
station connection will receive two separate IP addresses, 
which further complicates operation. Because of the lack of 
interworking, the AP manages the establishment of its link 
to the UE. Similarly, the base station manages the establish 
ment of its link to the UE. In contrast, the D2UE ink 
establishment is controlled by the base station, not the 
UE-A. As a result, better connectivity and mobility is 
achieved using the architectures disclosed herein. 

Turning now to the drawings, FIG. 1a shows an example 
cellular network arranged according to the first architecture. 
This network includes a base station 200 as well as user 
equipment (UE) 100 and 100. As used herein, components 
having the same base element number (e.g., 100 and 100) 
have the same configuration, function, and state unless 
otherwise specified. Evolved Universal Terrestrial Radio 
Access (E-UTRA)/Universal Terrestrial Radio Access Net 
work (UTRAN) (also denoted as Long Term Evolution 
(LTE)) is applied in the system of FIG. 1a 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. 

In one embodiment, user equipment 100 and 100 com 
municate with an advanced user equipment (UE-A) 500 by 
Device-to-Device (D2D) communication, which may also 
be referred to as peer-to-peer (P2P) communication. In other 
words, D2UE communication may supported by the D2D 
connection from a physical layer point of view. The D2UE 
communication between the user equipment and UE-A 500 
may be provided in a Time Division Multiplexing manner 
(TDD). Alternatively, the D2UE communication between 
the user equipment and the advanced user equipment 500 
may be provided in a Frequency Division Multiplexing 
(FDD) manner. A particularly advantageous FDD scheme 
will be discussed further herein. 
A second architecture is shown in FIG. 1b. In an analo 

gous fashion to the UE-A of the first architecture, the second 
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architecture uses a cellular network device that enables a 
user to offload traffic from a macrocell base station without 
the prior art drawbacks discussed earlier. The cellular net 
work devices of the second architecture opportunistically 
offload traffic from the macro base stations and are denoted 5 
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 or a BS2UE 
link). When a small-node device is deployed, the offloaded 10 
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 in that the Small-node device may control the 
radio resource allocation and transport format selection for 15 
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. 
As already discussed, a femto?pico base station is indeed 20 
acting as a conventional base station to the user equipment. 
Thus, a mobile station needs to make conventional 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, 25 
the quality of connectivity/mobility is degraded because it is 
impossible for the user equipment to communicate with a 
conventional femto?pico base station simultaneously with 
the macro base station. Thus, intra-frequency or inter-fre 
quency handover is needed. In contrast, a mobile station can 30 
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 35 
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 synchroni 
Zation signal (PSS), a secondary synchronization signal 40 
(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 inter 
ference. In contrast, the Small-node device disclosed herein 
need not transmit CRS/PSS/SSS/broadcast signals. The 45 
Small-node device is thus exchanging user-plane data with 
the mobile station and does not suffer from inter-cell inter 
ference 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 50 
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 cellular connection. The server 55 
transferS Some of data to the user equipment (which would 
otherwise be transferred using the base station) utilizing the 
backhaul link and the D2UE connections. The D2UE con 
nections are controlled by the macro base station (which will 
be referred to merely as a “base station hereinafter). More 60 
specifically, basic radio resource control. Such as connection 
establishment, handover, connection release, call admission 
control and the like, for the D2UE connections are all 
controlled by the base station. Furthermore, the BS2UE 
connections between UE and the base station are maintained 65 
while the D2UE connections are configured. As a result, 
high quality interworking between base-station-to-UE 

8 
(BS2UE) and D2UE connections is readily achieved. More 
over, 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 func 
tions for D2UE connections. Therefore the cost and com 
plexity 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 
base-station-to-UE 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 establishment of 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 controlled by the base station via the BS2UE 
link as well. Control signaling for the D2UE connections can 
be transmitted to the UE via the BS2UE connection. In an 
analogous fashion, control signaling for the D2UE connec 
tions can be transmitted to the small-node device via the 
BS2D connection. In some embodiments, a D2UE connec 
tion may be similar to a D2D (UE-to-UE or small-node 
device-to-Small-node-device) connection. 
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, connec 
tion reconfiguration, handover, connection release, radio 
resource selection management, power control, link adap 
tation, call admission control, radio bearer assignment, 
traffic measurement, radio measurement control, bearer 
management, security association and so on. 

In some embodiments, the radio resource allocation in the 
D2UE connections is implemented by a time domain duplex 
(TDD) physical layer design. In such embodiments, the user 
equipment and the Small-node device time-share the use of 
radio resources in the frequency band(s) used for D2UE 
transmissions. In alternative embodiments, the radio 
resource allocation in the D2UE connections may be main 
tained by a frequency domain duplex (FDD) physical layer 
resource sharing instead of or in conjunction with TDD. 
D2UE and BS2UE transmissions can operate in different 
bands exploiting carrier aggregation functions. The carrier 
aggregation functions correspond to functions in which the 
transmitter can transmit signals and the receiver can receive 
signals in more than one carrier simultaneously. In this 
fashion, D2UE transmissions can operate in one band, and 
BS2UE transmissions can operate in another band, simul 
taneously in time. 

Alternatively, D2UE and BS2UE transmissions can oper 
ate 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. In yet another alternative, the D2UE and 
BS2UE transmission may share the same frequency 
SOUC. 
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The System Architecture 
Various small-node device embodiments will now be 

discussed in further detail. Referring again to FIG. 1b, a 
plurality of small-node devices or units 500 through 500 
are arrayed within a cellular communication system. This 
system also includes a base station 200 as well as user 
equipment (UE) 100, 100, and 100. As used herein, 
components having the same base element number (e.g., 
100, and 100) have the same configuration, function, and 
state unless otherwise specified. Evolved Universal Terres 
trial Radio Access (E-UTRA)/Universal Terrestrial Radio 
Access Network (UTRAN) (also denoted as Long Term 
Evolution (LTE)) is applied in the system of FIG. 1b 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 MIME/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 500 by a device-to-user-equipment (D2UE) com 
munication. The D2UE communication between user equip 
ment 100 and small-node devices 500 may be provided in a 
Time Division Multiplexing manner (TDD). Alternatively, 
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 
bean LTE link or a simplified LTE 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 implement 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. Alterna 
tively, the BS2D link may be an enhancement of an X2 
interface. The enhancement of the X2 interface link accom 
modates a master-slave relationship between the base station 
200 and small-node device 500. To provide greater capacity, 
small-node devices 500 are connected to the core network 
400 through backhaul links in some embodiments. Each of 
these backhaul links may be an Ethernet 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. FIG. 2 is an annotated version of the system of 
FIG. 1b to show a BS2UE connection or link 720, a D2UE 
connection 710, a backhaul connection 750, a BS2D con 
nection 730, and a backhaul connection 740. 
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FIG. 3 illustrates data flow in the communication system 

of FIG. 2. 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 FIG. 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 720 in downlink (DL), and vice versa 
in uplink (UL). The flow for Data #1 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 
the establishment, reconfiguration, release, and handoff of 
D2UE connection 710. Control signaling is transmitted also 
in BS2UE connection 720 so that base station 200 can 
perform these functions for 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 trans 
ferred 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. 
The backhaul link connection to higher-level network 

nodes may take numerous alternative embodiments. For 
example, FIG. 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, S/P-GW, a node for 
billing system, HLS (database for customers) and the like. 

FIG. 5 illustrates another alternative embodiment that 
may be considered as a mixture of the FIG. 1a and FIG. 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 is 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 yet 
another alternative embodiment, a gateway 310 is provided 
between core network 400/Internet 410 and small-node 
devices 500 as shown in FIG. 6. 

Backhaul connection 750 may be varied as shown in FIG. 
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 FIG. 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 FIG. 9. Center-node Small-node device 510 
in turn couples to Internet 410 and core network 400 through 
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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 meth 
ods 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. 
The control of the establishment, re-configuration, and 

release and/or handoff of the D2UE link will now be 
examined in greater detail. In some of 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 in these examples that the carrier fre 
quency 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 configu 
ration, user equipment 100 may transmit an RRC connection 
request to base station 200. In response, base station con 
figures 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. 

Similarly, base station 200 configures BS2D connection 
730 between base Station 200 and Small-node devices 500. 
This configuration can be permanent or established analo 
gously to the BS2UE connection. In 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 protocol. In some other embodi 
ments, the protocol design may be an LTE interface. Fur 
thermore, 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 may be a paging signal or a 
control signaling Such as MAC control signaling or physical 
layer signaling. 
As discussed above, BS2D connection 730 may be per 

manently configured between base station 200 and small 
node device 500. In such a permanently-configured embodi 
ment, small-node device 500 may be in a discontinuous 
reception mode in BS2D connection 730 when D2UE con 
nection 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 
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12 
extremely infrequently when D2UE connection 710 is not 
configured between small-node device 500 and user equip 
ment 100. For example, even when D2UE connection 710 is 
not configured between small-node device 500 and user 
equipment 100, small-node device 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 BS2UE connection 720 to 
command user equipment 100 to configure D2UE connec 
tion 710. Furthermore, base station 200 may use control 
signaling in BS2D connection 730 to command small-node 
device 500 to configure D2UE connection 710. Configuring 
the D2UE connection 710 may also be denoted as estab 
lishing the D2UE connection 710. 

Furthermore, base station 200 controls D2UE connection 
710. For example, base station 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 utilizing 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 con 
nection 720 if the D2UE connection is dropped. 

Base station 200 may also control the radio resource 
allocation for D2UE connection 710. The details of the radio 
resource allocation for D2UE connection 710 are discussed 
further below. Alternatively, small-node device 500 may 
control the radio resource allocation for the D2UE link. In 
yet another alternative embodiment, both base station 200 
and small-node device 500 may control the radio resource 
allocation 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 configure one or more radio 
bearers for the communications such as in BS2UE link 720 
and D2UE link 710. Control signaling for configuring the 
radio bearers is transmitted to user equipment 100 in BS2UE 
connection 720. Similarly, control signaling for configuring 
the radio bearers is transmitted to small-node device 500 in 
BS2D connection 730. 
The radio bearers for BS2UE connection 720 may be the 

same or different from the ones for the 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 real-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-time 
services may be transmitted preferentially in D2UE connec 
tion 710. In yet another alternative, the radio bearers for the 
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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 priority for 
the packets may be configured by base station 200. In that 
regard, base station 200 may select the appropriate connec 
tion (D2UE connection 710 or BS2UE 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 mes 
sages for RRC connection establishment, initial security 
activation, RRC connection reconfiguration, RRC connec 
tion 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 signal 
ing 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 (SSS), Common Refer 
ence Signals, and Broadcast channels in D2UE connection 
710. Alternatively, small-node device 500 may not transmit 
any common channels/signals or may transmit common 
channels/signals extremely infrequently. For example, 
small-node device 500 may transmit pilot signals infre 
quently 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 communica 
tion in BS2UE connection 720 simultaneously. Alterna 
tively, user equipment 100 may conduct communication in 
D2UE connection 710 and communication in BS2UE con 
nection 720 in a time division multiplexing manner as 
shown in FIG. 10. Two sets of time slots, Duration HA and 
Duration #B, are shown in FIG. 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 slots corresponding to 
Duration HB. 
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 
#B may be 1.28 sec. The time duration for BS2UE connec 
tion 720 (Duration if A in FIG. 10) may correspond to an 
on-duration in a DRX control over BS2UE connection 720. 
The time duration for D2UE connection 710 may corre 
spond to an off-duration in the DRX control over BS2UE 
connection 720. The off-duration means a sleep mode in 
DRX control, in which user equipment 100 does not have to 
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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 con 
nections, i.e. user equipment 100 can switch the RF interface 
from BS2UE connection 720 to that for D2UE connection 
710 and vice versa. As a result, cost/complexity of user 
equipment 100 can be reduced. 

Base station 200 may control the radio resource allocation 
for D2UE connection 710. The radio resources may be 
allocated selectively in the time domain, frequency domain, 
and code domain resources. For example, base station 200 
may configure D2UE connection 710 to use a non-overlap 
ping 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. Alternatively, 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. 

In an alternative embodiment, some radio resource 
parameters 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 config 
ured 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 resources (such as an 
identification number 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 
SOO. 

In another alternative embodiment, base station 200 may 
configure several sets of the radio resources for D2UE 
connection 710, and small-node device 500 may select one 
out of the several sets of the radio resources for D2UE 
connection 710. 

Base station 200 transmits control signaling to user equip 
ment 100 in BS2UE connection 720 so that it configures the 
radio resources for D2UE connection 710 as described 
above. Furthermore, base station 200 transmits control sig 
naling to small-node device 500 in BS2D connection 730 so 
that it configures the radio resources for the D2UE connec 
tion 710 as described above. 

In addition, base station 200 may control the 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 may control the 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 the cell is relatively small. Conversely, the 
base station will set the maximum transmission power to be 
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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 are relatively few user equipment, coverage 
area of D2UE connection 710 can be increased by making 
the maximum transmission power relatively high. Another 
power selection scheme is discussed further below with 
regard to an FDD enhancement for the D2UE link. 

Alternatively, base station 200 may set the maximum 
transmission power in D2UE connection 710 based on the 
frequency in which communications in the D2UE connec 
tion are conducted. More specifically, if the communication 
frequency in the D2UE connection 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 sys 
tem use different frequencies as compared to the D2UE 
connection, the coverage area for the D2UE link may be 
increased by making the maximum transmission power 
relatively high. 

To assist in the optimization of the D2UE link, user 
equipment 100 may make measurements and detect 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. Further 
more, the user equipment may report results of the mea 
Surements 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 identity 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. In other words, as the 
UE moves from one small-node device to another, the base 
station commands the UE to handoff the other small-node 
device accordingly. 
A block diagram of an example small-node device 500 is 

shown in FIG. 11. In this embodiment, small-node device 
500 includes a BS2D communication section 502, a D2UE 
communication section 504, and a backhaul communication 
section 506. BS2D communication section 502, D2UE com 
munication section 504, and backhaul communication sec 
tion 506 are all connected to each other. 
BS2D communication section 502 communicates with 

base station 200 utilizing BS2D connection 730. More 
specifically, BS2D communication section 502 receives 
control signaling for D2UE connection 710 from base 
station 200 and transmits control signaling for D2UE con 
nection 710 to base station 200. The control signaling 
includes signaling for establishing/configuring/re-configur 
ing/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 commu 
nication 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 informa 
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tion 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 
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 adap 
tation information for the D2UE connection. More specifi 
cally, the link adaptation may be one of power control and 
adaptive modulation and coding. The power control infor 
mation may include information on the maximum transmis 
sion output power in the D2UE connection. 

In some embodiments, the control signaling may include 
measurement results for D2UE connection 710. More spe 
cifically, BS2D communication section 502 may transmit 
measurement results, which are obtained by D2UE commu 
nication 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 interference power, and so on. The mea 
Surements for user equipment may concern the currently 
connected user equipment over the D2UE connection or 
may concern a UE that is not currently connected to the 
small-node device using the D2UE connection. Alterna 
tively, the measurement results include a radio link quality 
between the reporting Small-node device and other Small 
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 communi 
cation 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 communica 
tion section 504 receives the uplink data from user equip 
ment 100 over 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 connec 
tion 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 
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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 embodi 
ments, D2UE communication section 504 may make mea 
Surements of the radio link quality between Small-node 
device 500 and other small-node devices. D2UE communi 
cation section 504 reports the measurement results to base 
station 200 via BS2D communication section502 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 WiFi (Wire 
less LAN) or cellular system. 

Backhaul communication section 506 transmits to D2UE 
communication section 504 the downlink data, which is 
transferred via the backhaul 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 FIG. 11 would comprise 
appropriate hardware and software. For example, FIG. 11A 
shows an example instantiation of these blocks. As seen in 
FIG. 11A, small-node device 500 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 duplexerto enable 
both receive and transmit functionality at antenna 520. 
However, as will be explained further herein, the duplexer 
may be omitted in certain embodiments. Baseband data to be 
transmitted to the UE is received at RF interface 530 from 
a baseband processor 535. A SERDES serializes the base 
band 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 quadra 
ture 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 FIG. 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 inter 
face 540. Control signaling exchanged between the small 
node device and the base station passes couples through 
Ethernet interface 540 to baseband processor 535. 

In FIG. 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 Ethernet 
interface 550 to the baseband processor, which in turn is 
controlled by a host microprocessor 560. Backhaul commu 
nication section 506 of FIG. 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 Eth 
ernet interface 540 and the supporting functions performed 
by baseband processor 535 and host microprocessor 560. 
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Finally, D2UE communication section 504 maps to antenna 
520, RF interface 530, and the supporting functions per 
formed by baseband processor 535 and host microprocessor 
56O. 
A block diagram for an example user equipment 100 

embodiment is shown in FIG. 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 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. BS2UE commu 
nication 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 com 
munication 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 FIG. 11. 
The control signaling is analogous because it includes 

signaling for establishing/configuring/re-configuring/re-es 
tablishing/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 infor 
mation for the radio bearers. 

In addition, 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 informa 
tion 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 
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 adap 
tation information for the D2UE connection. More specifi 
cally, the link adaptation may be one of power control and 
adaptive modulation and coding. The power control infor 
mation may include information on the maximum transmis 
sion output power in the D2UE connection. 

Finally, the control 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. 
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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 con 
nection 710 between small-node device 500 and user equip 
ment 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 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 mea 

surements for D2UE connection 710. More specifically, 
D2UE communication 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 infor 
mation, channel quality indicator, and received signal 
strength indicator. The radio link quality may be calculated 
by the pilot signal transmitted by the serving Small-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 communi 
cation section 104 reports the measurement results to base 
station 200 via BS2UE communication section 102 and 
BS2UE connection 720. 
Ablock diagram for an example base station 200 is shown 

in FIG. 13. Base station 200 includes a BS2UE communi 
cation section 201, a BS2D communication section 202, a 
D2UE communication control section 204, and a backhaul 
communication 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 trans 
mitted in BS2UE connection 720. For example, control 
signaling Such as RRC signaling and NAS signaling and 
MAC layer signaling may be transmitted in BS2UE con 
nection 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 
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 backhaul 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 
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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 utilizing BS2D connection 730. 
BS2D communication section 202 receives control signaling 
for 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 discussed for small-node device 500 and thus its 
description will not be repeated. 
The control signaling for D2UE connection 710 is pro 

duced 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 equip 
ment 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 include the information for 
the radio bearers. The radio link connection control may be 
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 
D2UE 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 500. 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 equip 
ment 100 and small-node device 500. More specifically, 
D2UE communication control section 204 receives the 
measurement reports from user equipment 100 and deter 
mines whether or not user equipment 100 should hand over 
from a serving Small-node device 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 D2UE connections. 
More specifically, D2UE communication control section 
204 may assign the radio resource for a D2UE connection so 
that it will not interfere with other D2UE connections and 
vice versa. In this fashion the radio resource of one D2UE 
connection will not overlap with remaining D2UE connec 
tions. The radio resource may be indicated to the user 
equipment and the Small-node device by radio resource 
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control parameters. The parameters may include at least 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 D2UE 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 band 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 maxi 
mum transmission output power for DL or 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 
communication section 201. The control signaling is trans 
mitted to the small-node device via BS2D communication 
section 202. 

Backhaul communication section 206 provides the down 
link data received from core network 400 to BS2UE com 
munication 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 FIGS. 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 analogous RF interfaces for BS2UE communi 
cation section 102 and D2UE communication section 104. 
These RF interfaces would cooperate with appropriate pro 
cessor Such as a baseband processor and a host micropro 
CSSO. 

Operation of the mobile communication system described 
herein may be better understood with reference to the 
flowchart shown in FIGS. 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 (BS2UE connection 
720) between base station 200 and user equipment 100 is 
established. If the connection is triggered by the user equip 
ment, 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 FIG. 14A. 

In the embodiments of FIGS. 14 and 14A, it is 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 BS2D 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. 
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In a step S803, 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. 

In one embodiment, the measurements for the D2UE 
connection may be conducted as illustrated in the steps 
A803a, A803b and A803c in FIG. 14A. In a step A803a, the 
base station transmits control signaling to the user equip 
ment 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 control signaling may include information for the 

measurements. For example, the control signaling may 
include at least one of carrier frequency for the D2UE 
connection, bandwidth of the D2UE connection, an identi 
fication 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 infor 
mation on the measurement quantity may be an indicator of 
Reference Signal Received Power (RSRP) or Reference 
Signal Received Quality (RSRO). 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 periodicity of the pilot 
signals, the frequency-domain resource information of the 
pilot signals, the time-domain resource information of the 
pilot signals, and the like. As discussed further, a time offset 
between the D2UE connection and the BS2UE connection 
may also be included in the information on the pilot signals. 
Furthermore, transmission power of the pilot signals may be 
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 A1, A2, A3, A4, 
A5 and the like, which is specified in TS 36.331. Threshold 
value or Layer-3 filtering coefficient, Time-to-trigger may 
also be included in the information for the measurements. 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 measure 
ments. Such control signaling may be transmitted in the 
dedicated control signaling or in the broadcast information. 
The control signaling in the step S803 may also include an 

indicator whether or not the D2UE connection is available in 
the cell wherein base station 200 provides the radio com 
munication system for user equipment 100. This control 
signaling may be transmitted in step A802, instead of step 
A803. 

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

In a step A803c, 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 
connection 710. The parameters for D2UE connection 710 
are transmitted from base station 200 to user equipment 100 
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and small-node device 500 in BS2UE connection 720 and in 
BS2D connection 730, respectively. Furthermore, the estab 
lishment of D2UE connection 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 
FIG. 14A. In other words, the establishment of D2UE 
connection 710 may be conducted as illustrated in steps 
A804a, A804b, A804c. A804d. A804e, and A804f in FIG. 
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 con 
nection 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 acknowledge 
ment of the received control signaling from step A804a. The 
control signaling may include at least one of an identifica 
tion number of user equipment 100, capability information 
of user equipment 100, and the like. 

In a step A804c., base station 200 transmits control sig 
naling 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 information of D2UE connection 710 
Frequency band indicator of D2UE connection 710 
System bandwidth (Channel bandwidth) of D2UE con 

nection 710 
Cell barred information on D2UE connection 710 
Identification number of small-node device 500 
UL Maximum transmission power in D2UE connection 

T10 
Information for the DL and UL slots in D2UE connection 
710 (in case of TDD) 

Information for the random access channel for D2UE 
connection 710 

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

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

Information for the uplink physical shared channel for 
D2UE connection 710 

Information for the downlink physical shared channel for 
D2UE connection 710 

Information for the uplink sounding reference signal for 
D2UE connection 710 

Information for the uplink power control information for 
D2UE connection 710 

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

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

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

Information for the MAC configuration for D2UE con 
nection 710 

Information for the security implemented in D2UE con 
nection 710 

Part or all of the information in step A804c 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 kind of priority should be specified for each 
radio bearer. Since the parameters for D2UE connection 710 
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can be transmitted in step A804c., 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 equip 
ment 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 notify 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. 

In a step A804f user equipment 100 transmits control 
signaling to base station 200 and notifies base station 200 
that D2UE connection 710 has been successfully estab 
lished. 

In a step S805, some parts (for example, Data #2 in FIG. 
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 FIG. 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 A805 in FIG. 14A. 

In a step S806, some parts (e.g., Data #1 in FIG. 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 FIG. 3. C-plane data 
may also be transmitted in BS2UE connection 720 instead of 
D2UE connection 710. Step S806 corresponds to step A806 
in FIG. 14A. 
The operations shown in FIG. 14 may be described in 

terms of the operations in the small-node device 500 as 
follows. These operations comprise establishing D2UE con 
nection 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 FIG. 14 may be described in 

terms of the operations in user equipment 100 as follows. 
These operations comprise establishing the LTE 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 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). 
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The process shown in FIG. 14 may be described in terms 
of the operations in the base station 200 as follows. The 
operations 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. 

Base station 200 not only controls the establishment of 
D2UE connection 710, it may also control the release of this 
link as shown in FIG. 15. 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/receiving e-mails, browsing web sites, down 
loading files, uploading files and the like. 

In a step S904, base station 200 transmits control signal 
ing to small-node device 500 and notifies 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 signal 
ing to user equipment 100 and notifies user equipment 100 
that D2UE connection 710 should be released. In a step 
S907, user equipment 100 transmits acknowledgement of 
the notification of step S906. Steps S906 and S907 may be 
conducted before steps S904 and S905. Alternatively, steps 
S906 and S907 may be conducted simultaneously with steps 
S904 and S905. 

Responsive to the control signaling in steps S904 and 
S906, D2UE connection 710 is released in a step S908. 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 S909, base station 200 transmits control signal 
ing 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 an LTE 
connection. 

In the embodiment described in FIG. 15, base station 200 
transmits control signaling to command a release of D2UE 
connection 710. However, in alternative embodiments, user 
equipment 100 or small-node device 500 may transmit the 
control signaling. 
The process shown in FIG. 15 may be described in terms 

of the operations performed by small-node device 500 as 
follows. These operations 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 
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control signaling to base station 200 (step S905) and releas 
ing D2UE connection 710 with user equipment 100 (step 
S908). 
The process shown in FIG. 15 may be described in terms 

of the operations performed by user equipment 100 as 
follows. These operations comprise transferring some parts 
of data (which are transferred between user equipment 100 
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 acknowledge 
ment of the control signaling to base station 200 (step S907), 
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 FIG. 15 may be described in terms 

of the operations performed by base station 200 as follows. 
These operations 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 S906), 
and releasing BS2UE connection 720 (steps S909 and 
S910). 

In addition to controlling the establishment and release of 
the D2UE link, the base station may also control its recon 
figuration as shown in FIG. 16. 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 S1002, 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 continu 
ation of steps S805 and S806. 

In a step S1004, base station 200 transmits control sig 
naling to small-node device 500 and notifies small-node 
device 500 that D2UE connection 710 should be reconfig 
ured. 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. 

In a step S1006, D2UE connection 710 is re-configured. 
More specifically, some of the parameters for D2UE con 
nection 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 param 
eters 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, Small-node device 500 transmits control 
signaling to base station 200 and notifies base station 200 
that D2UE connection 710 has successfully been reconfig 
ured. 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 reconfig 
ured. 
The process shown in FIG. 16 may be described in terms 

of the operations in small-node device 500 as follows. These 
operations comprise transferring some parts of data, which 
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are transferred between user equipment 100 and server 600, 
using D2UE connection 710 (step S1001), receiving control 
signaling to reconfigure D2UE connection 710 (step S1004), 
reconfiguring D2UE connection 710 (step S1006), and 
transmitting control signaling to report that D2UE connec 
tion 710 has been reconfigured (step S1008). 

The process shown in FIG. 16 may be described in terms 
of the operations in user equipment 100 as follows. These 
operations 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 reconfigure D2UE 
connection 710 (step S1005), reconfiguring D2UE connec 
tion 710 (step S1006), and transmitting control signaling to 
report that D2UE connection 710 has been reconfigured 
(step S1008). 
The process shown in FIG. 16 may be described in terms 

of the operations in base station 200 as follows. These 
operations 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 con 
nection 710 (step S1004), receiving control signaling to 
report that D2UE connection 710 has been reconfigured 
(step S1007), and receiving control signaling to report that 
D2UE connection 710 has been reconfigured (step S1008). 

In addition to controlling the establishment, release, and 
reconfiguration of a D2UE link, the base station may also 
control the handoff of the D2UE link from the currently 
serving Small-node device to a closer Small-node device as 
shown in FIGS. 17 and 17A. In a step S1101 of FIG. 17, 
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 a step S1102, some 
parts of the traffic data are transferred between user equip 
ment 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 S806. 

In a step S1103, user equipment 100 makes measurements 
for the D2UE connection, as discussed herein. 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 is closer 
to the user equipment 100 than the serving small-node 
device, is detected and transmits to the base station a 
measurement report if the neighbor Small-node device is 
detected as illustrated in the flowchart of FIG. 17A. User 
equipment 100 makes measurements for the D2UE connec 
tion 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 
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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 in a step A1104. Step 
A1104 of FIG. 17A thus corresponds to step S1104 in FIG. 
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 measure 
ment report to the base station. Steps A1103a and A1103b of 
FIG. 17A correspond to step S1103 in FIG. 17. 

Referring again to FIG. 17, the user equipment transmits 
a measurement report to the base station in a step S1104 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 S1105. 

In a step S1106, the base station transmits control signal 
ing 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 noti 
fies the target Small-node device of parameters for it to 
establish the D2UE connection with the user equipment. The 
parameters discussed with regard to step A804a (FIG. 14A) 
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 a step S1108, 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 infor 
mation for D2UE connection 710. More specifically, the 
connection information may include at least one of infor 
mation on measurement configuration for D2UE connection 
710, information on mobility control for D2UE connection 
710, radio resource control information for D2UE connec 
tion 710, and the like. 

Furthermore, 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 connec 
tion 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 (FIG. 14A) may be 
included in the radio resource control information for D2UE 
connection 710. 

In a step S1109, base station 200 transmits control sig 
naling to the source small-node device 500 and notifies it 
that user equipment 100 should make handover to the target 
small-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 equip 
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ment and the target Small-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 trans 
mits acknowledgement of the 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 S1113, 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 trans 
ferred 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 FIG. 17. 
The process shown in FIG. 17 may be described in terms 

of the operations in source small-node device 500 as fol 
lows. These operations 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 FIG. 17 may be described in terms 
of the operations in target source small-node device 500 as 
follows. These operations comprise receiving control sig 
naling for handover preparation, which is transmitted by the 
base station (step S1106), transmitting acknowledgement of 
the control signaling (step S1107), receiving control signal 
ing 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). 
The process shown in FIG. 17 may be described in terms 

of the operations in user equipment 100 as follows. These 
operations 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 1102), making measure 
ments for the D2UE connection (step S1103), transmitting a 
measurement report to the base station (step S1104), receiv 
ing 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 con 
ducted (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 transferred between the user equipment and server 
600, using BS2UE connection 720 (step S1114). It is noted 
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that step S1102 is the same as step S1114, and this procedure 
may be continuously conducted during all the steps. 
The process shown in FIG. 17 may be described in terms 

of the operations in base station 200 as follows. These 
operations 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), receiv 
ing acknowledgement of the control signaling (step S1107), 
transmitting control signaling to the user equipment to order 
for the user equipment to make handover to the target 
small-node device (step S1108), transmitting control signal 
ing to the Source Small-node device to notify it that the user 
equipment should make handover to the target Small-node 
device (step S1109), receiving control signaling to notify the 
base station that the handover to the target small-node device 
has been successfully conducted (step S1112), and transfer 
ring some parts of data, which are transferred between the 
user equipment and server 600, using BS2UE connection 
720 (step S1114). 

Additional details for both Architecture 1 and Architec 
ture 2 are discussed in the PCT applications incorporated by 
reference herein. It can be seen from the preceding discus 
sion that the principal difference between the two architec 
tures lies solely in the link that the small-node device has 
with the base station. In Architecture 2, this link is a 
modified X2 interface. Note that a conventional LTE X2 
interface is a peer-to-peer interface. Thus, the modification 
for the X2 interface discussed herein is that of a master-slave 
relationship between the base station and the small-node 
device. In contrast, if this link is changed such as to an LTE 
link, then the network becomes an Architecture 1 network. 
But the D2UE link is the same in both architectures. 
Similarly, a Macro2UE link (Architecture 1) is the same as 
a BS2UE link (Architecture 2). Thus, as used herein, a 
“small-node device' is synonymous with an “advanced user 
equipment unless the BS2D link is a modified X2 interface. 
A Half-Duplex FDD Radio Resource Allocation for the 
D2UE Link 

Regardless of whether Architecture 1 or 2 is implemented, 
the following discussion will focus on a particularly advan 
tageous radio resource assignment or allocation for the 
D2UE link. The advantages of this radio resource assign 
ment may be enjoyed by either an Architecture 1 or Archi 
tecture 2 network. Some background discussion is helpful to 
better appreciate this advantageous resource assignment. In 
that regard, there are two kinds of duplex modes that are 
utilized in conventional cellular networks. FIG. 18 illustrates 
these two duplex modes. One is Frequency Division Duplex 
(FDD) and the other is Time Division Duplex (TDD. In 
FDD, two carriers of different frequency are used. One 
carrier is used for DL and the other is used for UL. In TDD, 
however, both UL and DL share the same carrier but in 
different time slots. One set of time slots is used for DL (DL 
time slots), and a remaining set is used for UL (UL time 
slots). 

Should the radio resource assignment in the D2UE link be 
an FDD assignment, the Small-node device may require a 
duplexer. But if D2UE carriers are in high frequency bands, 
Such as 3.5 GHZ, the duplexer design becomes challenging. 
These challenges are heightened if the duplexer must realize 
a large pass bandwidth and a small duplexer gap Such as 
described in R4-111298. As the pass bandwidth is increased 
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and the duplexer gap (the gap between UL and DL) is 
decreased, the frequency range which the duplexer Supports 
increases. Thus, a duplexer with a large pass bandwidth but 
a small duplexer gap can be utilized in more regions and/or 
countries, as illustrated in FIG. 19. In general, if a duplexer 
may be globally used, the cost of the duplexer is reduced due 
to mass production. In other words, if a duplexer is used only 
in some specific regions/countries, the number of duplexers 
needed to be produced is not large, and therefore the 
duplexer cost increases. Since frequency carrier assignments 
highly depend on the duplexer in FDD, there is a possibility 
that frequency carrier assignment flexibility may be 
degraded when such a common duplexer in FDD is used in 
order to reduce the duplexer cost. In other words, since one 
common duplexer needs to be used in all the areas and/or 
countries, the flexibility of frequency carrier assignments 
may decrease in FDD operations. In short, it is problematic 
if a design requires a common duplexer which can provide 
good frequency carrier assignment flexibility for many 
regions/countries. 

In contrast to FDD operation, a duplexer may not be 
required if the radio resource assignment for the D2UE link 
is TDD. Therefore, globally-common radio frequency com 
ponents can be readily achieved in a TDD design. In 
particular, flexible frequency carrier assignments can be 
achieved using TDD, because TDD does not need pair bands 
(pair carriers). But TDD requires time synchronization as 
shown in FIG. 20. The DL and UL time slot assignments 
should be synchronized for all the carriers in one frequency 
band and in one geographical area. If DL and UL time slots 
assignments are not synchronized, significant interference 
issues may occur when the UL and DL carriers are close in 
frequency as illustrated in FIG. 21. 
The TDD interference issues are explained further with 

reference to FIGS. 22a and 22b. In FIG. 22 (a), time 
synchronization is achieved between the DL time slots and 
the UL time slots. The UL carriers are close in frequency and 
as discussed with regard to FIG. 21. Similarly, the DL 
carriers are also close in frequency. In this example, the 
received DL power for mobile station #A1 is -100 dBm 
whereas the received DL power for mobile station if A2 is 
-102 dBm. Since adjacent channel interference power is 
reduced by approximately 30 dB, the DL interference power 
received by mobile station it A2 is -130 dBm. Thus, the 
signals in the DL transmission to mobile station #A1 do not 
interfere with signals in the DL transmission to mobile 
station #A2. Similarly, there is no significant interference to 
mobile station HA1 from the DL transmissions to mobile 
station HA2. 

In FIG. 22 (b), however, time synchronization is not 
achieved between the DL time slots and the UL time slots. 
The DL and UL carriers are also close in frequency as 
discussed with regard to FIG. 21. Thus, a DL transmission 
to mobile station #A2 occurs in the same time slot for an UL 
transmission from mobile station #A1. In this example, the 
transmitted power for mobile station it A1 is 0 dBm, and the 
received power for mobile station #A2 is -102 dBm. If the 
adjacent channel interference power is reduced by approxi 
mately 30 dB, the interference power at mobile station it A2 
from mobile station HA1's UL transmission is -30 dBm, 
which is much higher than -102 dBm. Even if additional 
path loss is taken into account for the interference calcula 
tion, the interference power is still high. Thus, if time 
synchronization is not achieved in the D2DUE link using 
TDD, significant interference may result. 
Time synchronization in a TDD embodiment is thus 

critical. But Such time synchronization increases network 
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costs because some additional technique. Such as the use of 
the accurate clock from a GPS receiver and the like, is 
required for each network node. Furthermore, the DL and 
UL time slot assignments are not flexible because the time 
slot assignments need to be aligned for all the frequency 
carriers in one frequency band as discussed with regard to 
FIGS. 20 and 21. For example, suppose that there are two 
network operators having adjacent frequency carriers. In this 
case, one operator cannot change the DL and UL time slot 
assignments if the other does not change them. 
To avoid the time synchronization problems associated 

with a TDD embodiment as well as to avoid the duplexer 
costs in an FDD embodiment, an advantageous half-duplex 
FDD radio resource assignment for the D2UE link will now 
be discussed in greater detail. This half-duplex FDD scheme 
may be better understood with reference to the example 
embodiment shown in FIG. 23. In this scheme, the user 
equipment need not include a duplexer, which advanta 
geously lowers manufacturing cost and complexity. In this 
half-duplex FDD resource assignment, the UL and DL 
transmissions must be specified. In other words, a group of 
frequency resources or subcarriers is reserved for DL 
whereas a remaining group of frequency resources is 
reserved for UL. 

In the example of FIG. 23, frequency resources #4, #5, #6, 
and #7 are reserved for UL whereas frequency resources #0. 
#1, #2, and #3 are reserved for DL. For any given time slot, 
a DL transmission is assigned to certain frequency resources 
with the DL resource group. Similarly, an UL transmission 
in a given time slot is assigned to particular resources of the 
UL frequency group. For example, in time slot #0, the DL 
transmission is carried over frequency resources #5 and #6. 
But in time slot #2, the Dl transmission is carried over 
frequency resources #4 and #5. An analogous frequency 
resource selection occurs for the UL transmissions. 

But regardless of the particular resource assignment for a 
given time slot, the transmissions are always half-duplex. 
Thus, with regard to a given UE, a time slot is assigned to 
either DL or UL but not to both. In the example embodiment 
illustrated in FIG. 23, DL transmissions are assigned to time 
slots #0, #2 and #4 whereas UL transmissions are assigned 
to alternating time slots #1 and #3 (the UL and DL assign 
ments corresponding to one user equipment). But Such 
half-duplex assignment is only with regard to a given user 
equipment. In other words, the DL transmission for one user 
equipment may occur simultaneously with the UL transmis 
sion for another user equipment. In this fashion, network 
synchronization is not required. 
With regard to this FDD assignment, note that the D2UE 

connection is different from a conventional BS2UE connec 
tion, i.e. no common signals/channels, such as channel 
reference signals, primary synchronization signals, second 
ary synchronization signals, broadcast channels and the like, 
may exist in the D2UE connection. Therefore, the radio 
resource assignments illustrated in FIG. 23 can be easily 
accommodated by the UE. As a result, the user equipment 
100 does not have to have a duplexer. A duplexer is 
necessary in a full-duplex FDD scheme so as to isolate the 
transmitter and receiver. But in the half-duplex assignment 
shown in FIG. 23, no such isolation is necessary. Thus, no 
duplexer is necessary to isolate the transmitter and receiver. 
Furthermore, network synchronization is not required due to 
the presence of a guard band between the DL frequency 
resource group and the UL frequency resource group as 
illustrated in FIG. 23. 
Not only is there no need for a duplexer but the size and/or 

position of the guard band between the DL frequency 
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resource group and the UL frequency resource group may be 
adjusted very flexibly. For example, this gap may be 
adjusted area by area, country by country, with respect to 
time, and so on. As a result, the radio communication system 
can realize more flexible radio resource assignment. For 
example, if interference has to be mitigated strictly in one 
region, the guard band size can be set relatively large to 
eliminate the interference between DL transmissions and UL 
transmissions. On one hand, if the interference needs to be 
mitigated to just some lesser extent in other regions, a 
Smaller guard band may be used as compared to the former 
region. In this way, flexible carrier assignment can be 
achieved based on the FDD resource assignment in the 
D2UE link. In contrast, such a flexible change of the guard 
band size is impossible in a conventional system requiring a 
duplexer. 
The FDD radio resource assignment for the D2UE link 

will now be discussed in more detail. This radio resource 
assignment is applicable to both Architecture 1 and Archi 
tecture 2 network. Indeed, the D2UE link is the same in both 
architectures. Thus, the following discussion addresses both 
an Architecture 2 network (in which the BS2D connection is 
a modified X2 interface) as well as an Architecture 1 
embodiment (such as wherein the BS2D connection is an 
LTE link). In the following examples, it is assumed that the 
carrier frequency in the D2UE connection is 3.5 GHZ, and 
that the carrier frequency in the LTE connection (BS2UE 
connection 720) between the base station and the user 
equipment is 2 GHz. It is noted that Such frequency band 
assignments are just examples, and other frequency bands 
can be applicable in other embodiments. It is further noted 
that the assumption of LTE links should not be considered 
limiting in that other protocols may be used as discussed 
above. 
An example frequency resource configuration in the 

D2UE connection is described with reference to FIG. 24, 
which illustrates two frequency resource groups (HA and 
#B). Although the number of the frequency resource groups 
is two in this example, it may be more than two in alternative 
embodiments. For example, there may be three, four, or even 
more of the frequency resource groups. A frequency 
resource group may correspond to one of the E-UTRA 
Operating bands specified in TS 36.101. More specifically, 
it may correspond to one of the E-UTRA TDD operating 
bands. Alternatively, it may correspond to one of the 
E-UTRA FDD UL operating bands. In yet another alterna 
tive, a frequency resource group may correspond to one of 
the E-UTRA FDD DL operating bands. 

Only UL transmission may take place in frequency 
resource group #A for the D2UE link Conversely, only DL 
transmission may take place in frequency resource group HB 
for the D2DUE connection. Furthermore, multiple small 
frequency resources may be defined in each frequency 
resource group. For example, one hundred Small frequency 
resources, SFR #A0, SFR HA1, ..., SFR #A99, are defined 
in frequency resource group HA, and one hundred Small 
frequency resources, SFR #B0, SFR #B1, ..., SFR HB99, 
are defined in frequency resource group iB. It will be 
appreciated that the number of Small frequency resources 
may vary in alternative embodiments. For example, there 
may be fifty, twenty-five, or seventy-five small resource 
groups within each larger frequency resource group. In one 
embodiment, a small frequency resource may correspond to 
a resource block in LTE. In that regard, an LTE resource 
block has 180 kHz of frequency resources. Alternatively, a 
Small frequency resource may correspond to a resource 
block group, which consists of multiple resource blocks. 
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Referring back to FIG. 14a (which was discussed in the 

context of the base station controlling the establishment of 
the D2UE link), the carrier frequency information of step 
A804c may identify the carrier frequencies of frequency 
resource group HA and frequency resource group iB. Two 
frequency band indicators may thus be included in the 
control signaling of step A804c as applied to the embodi 
ment shown in FIG. 24. A first indicator identifies frequency 
resource group HA whereas a second indicator identifies 
frequency resource group iB. These indicators (or through 
other control signaling) mays also indicate that frequency 
resource group HA is used for UL transmissions and that 
frequency resource group HB is used for DL transmissions. 
The radio bearer information in the control signals trans 

mitted to the UE may indicate what kind of radio bearers 
should be configured for the D2UE connection or what kind 
of priority should be specified for each radio bearer. At least 
one of parameters also discussed with regard to step A804c. 
Such as the radio bearer information, the frequency band 
indicator, the system bandwidth, the identification number, 
the maximum transmission power, the uplink physical chan 
nel information, the downlink physical channel information, 
the RLC or PDCP configuration, the MAC configuration, the 
security information, and the like, may be indicated for each 
carrier. Furthermore, Such parameters can be indicated for 
DL and UL separately. 

For the data transmissions in the step A805 of FIG. 14a, 
radio resource assignments for the D2UE connection are 
conducted. For example, the Small-node device may deter 
mine which radio resources should be assigned to the D2UE 
connection and transmits to the user equipment control 
signaling to assign the radio resources. The frequency radio 
resources can be assigned through the identifier of the Small 
frequency resources. In Such an embodiment, the Small-node 
device transmits to the user equipment control signaling 
which indicates identifiers of the small frequency resources. 
These Small frequency resources are then used for the data 
transmissions in the D2UE connection. As discussed above, 
the Small frequency resources in frequency resource group 
#A are utilized for UL data transmissions whereas the small 
frequency resources in frequency resource group HB are 
utilized for DL data transmissions. Furthermore, within a 
single D2UE connection, the UL data transmissions do not 
occur simultaneously with the DL data transmissions. 

FIG. 25 illustrates an example radio resource assignment 
using two frequency resource groups HA and #B. In this 
embodiment, the DL and UL transmissions alternate every 
two time slots. Small frequency resources (SFRs) #A0 and 
#A1 within frequency group HA are assigned to DL trans 
missions in the D2UE link. In frequency group iB, SFR iB1 
is assigned to UL transmissions in the D2UE link. 

Note, however, that the UL data transmissions for one 
D2UE connection may occur simultaneously with the DL 
data transmissions for another D2UE connection. Thus, the 
radio resource assignments shown in FIG. 25 (which apply 
to a single D2UE connection) may be supplemented with 
regard to another D2UE connection assignment as illustrated 
in FIG. 26. This other D2UE assignment also alternates 
every two time slot between UL and DL. But in this second 
D2UE link, SFRs #B0 and B1 are assigned to UL from 
resource group iB. Similarly, SFR #A3 in frequency group 
#A is assigned to DL for this second D2UE link. But notice 
that the DL transmissions for the first D2UE link occur in the 
same time slots as used by the UL transmission for the 
second D2UE link. Similarly, the UL transmissions from the 
first D2UE link occur in the same time slots as the DL 
transmission for the second D2UE link. The guard band 
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between the UL and DL frequency resource groups ensures 
that such conflicting transmissions in different D2UE con 
nections do not cause interference with each other. More 
over, no time synchronization between the DL slots and UL 
slots is needed in each D2UE link. 

In the embodiment described above, a half-duplex FDD 
radio resource assignment is conducted for the UE whereas 
a full-duplex FDD radio resource assignment is conducted 
for the small-node device. The small-node device is full 
duplex because it accommodates DL data transmissions for 
one D2UE connection and UL data transmission for another 
D2UE connection in one time slot as shown in FIG. 26. 
However, in alternative embodiments, a half-duplex FDD 
radio resource assignment is conducted for both the UE and 
the small-node device so that the small-node device does not 
need a duplexer for the D2UE links. 

In one embodiment, the base station (instead of the 
Small-node device or the advanced user equipment) may 
determine which radio resources should be assigned to the 
D2UE connection. The base station would then transmit to 
the user equipment control signaling to assign the radio 
resources. In Such an embodiment, the base station may 
transmit the control signaling to assign the radio resources to 
the small-node device as well. The assignment of the radio 
resource is analogous to that already described with regard 
to the small-node device. 

Referring again to FIG. 13, the identity of frequency 
resource group HA and frequency resource group #B may be 
determined in D2UE communication control section 204 
within the base station. This information may be transmitted 
using control signaling to BS2UE communication section 
102 within the user equipment (FIG. 12) and also transmit 
ted to BS2D communication section 502 in the small-node 
device. Within the user equipment, this information may 
then be transferred to D2UE communication section 104. 
Similarly, within the small-node device, this information 
may then be transferred to D2UE communication section 
SO4. 

In an embodiment in which the D2UE radio resource 
assignment is made by the Small-node device, D2UE com 
munication section 504 makes such a determination and 
transmits control signaling to the user equipment to assign 
the radio resources. With the radio resources thus deter 
mined, D2UE communication section 504 in the small-node 
device communicates with D2UE communication section 
104 in the user equipment based on the data carried by 
frequency resource group HA and frequency resource group 
#B and based on the control signaling on which radio 
resources within these groups should be assigned to UL and 
DL paths. 

With reference to FIGS. 27(a) through 30, more examples 
for the half-duplex FDD radio resource assignments are 
explained herein. As illustrated in FIG. 28, the base station 
200 may assign the radio resources for the D2UE connection 
by sending RRC signaling to the user equipment and the 
advanced user equipment/Small-node device. In this sce 
nario, the RRC signaling may include the control signaling 
to assign the frequency groups within the D2UE as dis 
cussed above. Alternatively, as illustrated in FIG. 29, the 
base station may assign the radio resources for the D2UE 
connection 710 by sending a D2D Physical Downlink Con 
trol Channel (PDDCH) signal to the advanced user equip 
ment and to the user equipment. The D2D-PDCCH signal 
may be transmitted periodically according to a predeter 
mined time period. For example, the predetermined time 
period may be 20 msec as illustrated in FIG. 29A. In 
alternative embodiments, the predetermined time period 
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may be a value other than 20 ms such as 40 ms, 80 ms and 
the like. The D2D-PDCCH signal notifies the user equip 
ment and the advanced user equipment of the radio resource 
for a D2UE data transmission time duration following the 
sub-frame when the D2D-PDCCH signal is transmitted as 
illustrated in FIG. 29A. For example, a D2D-PDCCH #0 
signal assigns the radio resources for the D2UE data trans 
mission in a time period #0, a D2D-PDCCH #1 signal 
assigns the radio resources for the D2UE data transmission 
in a time period #1, and so on. 

Alternatively, as illustrated in FIG. 30, the advanced user 
equipment (Small-node device) may assign the radio 
resources for the D2UE connection by sending a Physical 
Downlink Control Channel (PDCCH) signal to the user 
equipment. In this embodiment, the PDCCH may be trans 
mitted every 1 msec similarly to a conventional LTE con 
nection. Alternatively, the advanced user equipment may 
assign the radio resource for the D2UE connection by 
utilizing other radio resource assignment methods. For 
example, the advanced user equipment may transmit the 
PDCCH periodically to indicate the radio resources assigned 
for a D2UE sub-frame following each periodic transmission. 
In yet another alternative embodiment, the advanced user 
equipment can assign the radio resources using Carrier 
Sense Multiple Access with Collision Detection. 

In general, if the guard band between frequency resource 
group HA and frequency resource group #B is large, the 
interference between the DL time slots and the UL time slots 
is small. Therefore, size of the guard band may be adjusted 
based on the maximum transmission power in the D2UE 
connection. Alternatively, the maximum transmission power 
in the D2UE connection may be set based on the size of the 
guard band. For example, if the size of the guard band is 
larger than a guard band threshold value, the maximum 
transmission power in the D2UE connection may be set to 
23 dBm. Conversely, if the size of the guard band is smaller 
than or equal to the guard band threshold value, the maxi 
mum transmission power in the D2UE connection may be 
set to 10 dBm. In the above examples, the transmission 
power of 23 dBm or 10 dBm is just an example such that 
other values may also be implemented. 
As discussed above, the number of frequency groups may 

be larger than two. For example, FIGS. 27(a) and 27(b) 
illustrate the spectrums for four frequency groups. The UL 
is conducted in frequency groups #A and HC whereas the DL 
uses two frequency resource groups iB and #D. FIG. 27(a) 
shows the Small frequency groups within these four fre 
quency resource groups. In contrast, FIG. 27(b) illustrates 
the maximum transmission power for each DL and UL 
frequency resource group. In this example, the maximum 
transmission power in frequency resource group HC is set 
lower than that in frequency resource group HA. Similarly, 
the maximum transmission power in frequency resource 
group HB is lower than that in the frequency resource group 
HD. 
Such a maximum power assignment is advantageous in 

that both frequency groupsiA and #D are relatively far from 
the guard band such that the possibility of interference is 
greatly reduced. Given this probability of interference, fre 
quency groups #A and # D may operate at high power. These 
groups may thus be assigned to a D2UE connection with a 
higher path loss. In contrast, frequency groups HC and HB 
are adjacent to the guard band. The possibility of interfer 
ence is thus higher Such that these bands operate at lower 
power. These frequency groups may thus be assigned to a 
D2UE connection with a lower path loss. As a result, large 
coverage can be achieved using frequency resource groups 
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#A and #D while mitigating interference between DL trans 
missions and UL transmissions. 

In the embodiments described above, an Architecture 1 
network or an Architecture 2 network is assumed. However, 
the above described half-duplex FDD operation may be 
conducted in others types of networks. For example, the 
above described half-duplex FDD operation may be con 
ducted in a secondary cell in the 3GPP carrier aggregation 
system. 
The above described apparatuses may be implemented 

using hardware, software, or a combination of both. The 
Software module may be arranged in a storage medium of an 
arbitrary format such as RAM (Random Access Memory), a 
flash memory, ROM (Read Only Memory), EPROM (Eras 
able Programmable ROM), EEPROM (Electronically Eras 
able and Programmable ROM), a register, a hard disk, a 
removable disk, and CD-ROM. 

Embodiments described above illustrate but do not limit 
the disclosure. It should also be understood that numerous 
modifications and variations are possible in accordance with 
the principles of the present disclosure. Accordingly, the 
scope of the disclosure is defined only by the following 
claims. 

I claim: 
1. A small-node device for offloading data traffic in a 

cellular telecommunications system, comprising: 
a base-station-to-the-small-node-device (BS2D) commu 

nication section configured to receive a first control 
plane message from the base station over a BS2D link: 

a small-node-device-to-user-equipment (D2UE) commu 
nication section configured to transmit downlink (DL) 
user-plane data in a first set of time slots over a first 
frequency resource to a user equipment using a wireless 
D2UE link established responsive to the first control 
plane message, wherein the D2UE communication 
section is further configured to receive uplink (UL) 
user-plane data from the user equipment over the 
D2UE link in a second set of time slots over a second 
frequency resource group, and wherein the time slots in 
the second set alternate with the time slots in the first 
set such that the UL and DL transmissions over the 
D2UE link do not occur simultaneously; 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 first 
frequency resource group and the second frequency resource 
group are separated by a guard band. 

3. The small-node device of claim 2, wherein the D2UE 
communication section is further configured to transmit a 
control signal to the user equipment to identify the first and 
second frequency resource groups and to identify whether 
these groups are assigned to UL or DL transmissions. 

4. The small-node device of claim 3, wherein the first and 
second frequency resource groups are each divided into a 
plurality of small frequency resources (SFRs), and wherein 
the D2UE communication section is further configured to 
transmit the DL user-plane data in just a subset of the SFRs 
within the first frequency resource group. 

5. The small-node device of claim 4, wherein the D2UE 
communication section is further configured to transmit a 
control signal to the user equipment to assign a Subset of the 
SFRs within the second frequency group such that the 
received UL user-plane data is received only in the assigned 
subset of SFRs within the second frequency group. 
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6. The small-node device of claim 1, wherein the BS2D 

link is a modified X2 interface having a master-slave rela 
tionship between the base station and the small-node device. 

7. The small-node device of claim 1, wherein the BS2D 
link is an LTE link. 

8. The small-node device of claim 5, wherein the D2UE 
communication section is further configured to transmit a 
control signal to the user equipment to assign a transmit 
power for the UL user-plane data transmission. 

9. The small-node device of claim 3, wherein the D2UE 
link Supports a plurality of more than two frequency 
resource groups, and wherein the control signal that identi 
fies the first and second resource groups identifies these 
groups with regard to the plurality of more than two fre 
quency resource groups. 

10. A user equipment (UE) configured to receive offloaded 
data from a small-node device in a cellular telecommunica 
tion system, comprising: 

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

a small-node-device-to-the-user-equipment (D2UE) com 
munication section configured to configured to transmit 
uplink (UL) user-plane data in a first set of time slots 
and in a first frequency resource to a small-node device 
using a wireless D2UE link established responsive to 
the first control-plane message, 

wherein the D2UE communication section is further 
configured to receive downlink (DL) user-plane data 
from the Small-node device over the D2UE link in a 
second set of time slots and in a second frequency 
resource group, and 

wherein the time slots in the second set alternate with the 
time slots in the first set such that the UL and DL 
transmissions over the D2UE link do not occur simul 
taneously. 

11. The UE of claim 10, wherein the first frequency 
resource group and the second frequency resource group are 
separated by a guard band. 

12. The UE of claim 11, wherein the BS2UE communi 
cation section is further configured to receive a second 
control signal from the base station to identify the first and 
second frequency resource groups and to identify whether 
these groups are assigned to UL or DL transmissions. 

13. The UE of claim 12, wherein the D2UE link supports 
a plurality of more than two frequency resource groups, and 
wherein the control signal that identifies the first and second 
resource groups identifies these groups with regard to the 
plurality of more than two frequency resource groups. 

14. The UE of claim 11, wherein the first and second 
frequency resource groups are each divided into a plurality 
of small frequency resources (SFRs), and wherein the D2UE 
communication section is further configured to transmit the 
UL user-plane data in just a subset of the SFRs within the 
first frequency resource group. 

15. The UE of claim 14, wherein the BS2UE link is an 
LTE link. 

16. The UE of claim 14, wherein the D2UE communica 
tion section is further configured to receive a control signal 
from the small-node device to identify the first and second 
frequency resource groups and to identify whether these 
groups are assigned to UL or DL transmissions. 

17. A base station for controlling a user equipment (UE) 
and a small-node device in a cellular telecommunications 
network, comprising: 
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a base-station-to-the-UE (BS2UE) communication sec 
tion configured to exchange user-plane and control 
plane data with the UE using a wireless BS2UE link: 

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

a D2UE control unit configured to control an establish 
ment and also a release/reconfiguration/handover of a 
small-node-device-to-the-UE (D2UE) 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 links, 

wherein the D2UE control unit is further configured to 
control a half-duplex FDD radio resource allocation 
within the D2UE link using a second control-plane 
message, and 

wherein the user equipment communicates with the base 
station and the Small-node device simultaneously at a 
predetermined time. 

18. The base station of claim 17, wherein the D2UE 
control unit is further configured to control the half-duplex 
FDD radio resource allocation using the second control 
plane message Such that the UE transmits uplink (UL) 
user-plane data in a first set of time slots and in a first 
frequency resource in the D2UE link and such that the UE 
receives downlink (DL) user-plane data in a second set of 
time slots and in a second frequency resource group in the 
D2UE link, and wherein the time slots in the second set 
alternate with the time slots in the first set such that the UL 
and DL transmissions over the D2UE link do not occur 
simultaneously. 

19. The base station of claim 18, wherein the D2UE 
control unit is further configured to control the half-duplex 
FDD radio resource allocation such that the first and second 
frequency resource groups are separated by a guard band. 

20. The base station of claim 18, wherein the first and 
second frequency groups are each divided into a plurality of 
small frequency resources (SFRs), and wherein the D2UE 
control unit is further configured to control the half-duplex 
FDD radio resource allocation such that the UE transmits in 
a subset of the SFRs in the first frequency group and such 
that the small-node device transmits in a subset of the SFRs 
in the second frequency group. 

21. A method 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) link: 

at the Small-node device, establishing a small-node-de 
Vice-to-a-user-equipment (D2UE) link responsive to 
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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 link according to a 
half-duplex FDD radio resource assignment for the 
D2UE link, 

wherein the user equipment communicates with the base 
station and the Small-node device simultaneously at a 
predetermined time. 

22. A method of communicating using a user equipment 
in a cellular 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) link: 

at the user equipment, establishing a small-node-device 
to-the-user-equipment (D2UE) 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 link accord 
ing to a half-duplex FDD radio resource assignment for 
the D2UE link, 

wherein the user equipment communicates with the base 
station and the Small-node device simultaneously at a 
predetermined time. 

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

at the base station, exchanging user-plane data and con 
trol-plane messages with the UE using a wireless 
macro-base-station-to-the-UE (BS2UE) link and 
exchanging control-plane messages with the Small 
node device using a macro-base-station-to-the-Small 
node device (BS2D) link: 

at the 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 through a corre 
sponding one of the BS2UE and BS2D links; and 

at the base station, identifying user-plane data to be 
exchanged between the UE and the small-node device 
using the D2UE link according to a half-duplex FDD 
radio resource assignment in the D2UE link, 

wherein the user equipment communicates with the base 
station and the Small-node device simultaneously at a 
predetermined time. 
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