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Description

Technical Field

[0001] Embodiments pertain to wireless communica-
tions. Some embodiments pertain to wireless communi-
cations directly between two or more pieces of user
equipment.

Background Art

[0002] User Equipment (UE), including mobile devices
such as phones, tablets, e-book readers, laptop comput-
ers, and the like, have become increasingly common.
Accompanying the increase of usage of such devices
has been an increase in the usage of proximity-based
applications and services. Proximity-based applications
and services are based on the awareness that two or
more devices/users are close to one another and desire
to communicate to each other. Exemplary proximity-
based applications and services include social network-
ing, mobile commerce, advertisement, gaming, and the
like. In the current art, such applications and services
use traditional mobile broadband networks. Such mobile
broadband networks may not result in the best perform-
ance, for both the network and for the UE.
[0003] US 2011/0151790 A1 describes methodologies
that facilitate blanking on portions of bandwidth, such as
a subset of interlaces, utilized by communicating devices
that are dominantly interfered by a disparate device in
wireless communications networks. The portions of
bandwidth can relate to critical data, such as control data,
and one or more of the communicating devices can re-
quest that the dominantly interfering device blank on one
or more of the portions. The communicating devices can
subsequently transmit data over the blanked portions
free of the dominant interference. Additionally, the dom-
inantly interfering device can request reciprocal blanking
from the one or more communicating devices.

Summary

[0004] The invention is defined by the subject matter
of the independent claims. Advantageous embodiments
are subject to the dependent claims.

Brief Description of the Drawings

[0005]

FIG. 1 is an illustrated overview ;

FIG. 2 illustrates a proposed frame structure ;

FIG. 3 illustrates a proposed frame structure ; and

FIG. 4 is a flowchart showing the operation.

Description of the Embodiments

[0006] The following description and the drawings suf-
ficiently illustrate specific embodiments to enable those
skilled in the art to practice them. Other embodiments
may incorporate structural, logical, electrical, process,
and other changes. Examples merely typify possible var-
iations. Individual components and functions are optional
unless explicitly required, and the sequence of opera-
tions may vary. Portions and features of some embodi-
ments may be included in, or substituted for, those of
other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0007] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be un-
derstood by those skilled in the art that the present in-
vention may be practiced without these specific details.
In other instances, well-known method, procedures,
components, and circuits have not been described in de-
tail so as not to obscure the present invention.
[0008] Although embodiments of the invention are not
limited in this regard, the terms "plurality" and "a plurality"
as used herein may include, for example, "multiple" or
"two or more." The terms "plurality" or "a plurality" may
be used throughout the specification to describe two or
more components, devices, elements, units, parameters,
and the like. For example, "a plurality of stations" may
include two or more stations.
[0009] The 3rd Generation Partnership Project
(3GPP)’s UTRA & UTRAN Long Term Evolution
(UTRAN-LTE, also known as 3GPP-LTE and E-UTRA)
is based on a radio-interface incorporating orthogonal
frequency division multiplex (OFDM) techniques, OFDM
is a digital multi-carrier modulation format that uses a
large number of closely-spaced orthogonal sub-carriers
to cam’ respective user data channels. Each sub-carrier
is modulated with a conventional modulation scheme,
such as quadrature amplitude modulation (QAM), at a
(relatively) low symbol rate when compared to the radio
frequency (RF) transmission rate. In practice, OFDM sig-
nals are generated using the fast Fourier transform (FFT)
algorithm.
[0010] In an exemplary situation in which proximity-
based applications are used, a user with a mobile device,
or user equipment (UE1) becomes physically close to
another mobile device, UE2. A user may wish to transfer
files, play a game, or otherwise communicate to UE2
from UE1. The connection between UE1 and UE2 may
be automatically initiated by an application, instead of
initiated by a user. In a traditional communications net-
work, such a communication commonly occurs through
a central coordinator, such as a base transceiver station,
a Node B, or an Evolved Node B (eNodeB or eNB).
[0011] However, there are several factors that may
make proximity-based communication different. For ex-
ample, the distance between devices is commonly small
and the communication may be application-driven, rather
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than user-initiated (e.g., applications that automatically
communicate when a second device running the same
application is in proximity). There are aspects of such
proximity-based communications that could be opti-
mized.
[0012] FIG. 1 illustrates a system that combines a De-
vice-to-Device ("D2D") network with a wireless access
network, such as a Long Term Evolution (LTE) network.
Mobile broadband network 100 includes a central coor-
dinator, illustrated here as eNB 102. User equipment
(UE) 104 and 106 communicate with eNB 102 via LTE
communications channel 108.
[0013] Also illustrated in FIG. 1 are D2D clusters 110,
120, 130, 140, and 150. Each of the D2D clusters com-
prises a plurality of UEs that are capable of communicat-
ing with each other, without the need to communicate
through eNB 102. In FIG. 1, several different layouts of
D2D clusters are shown. It should be understood that
other configurations of D2D clusters are also possible.
It should also be understood that a single eNB can sup-
port many more D2D clusters than are shown in FIG. 1.
[0014] Pico eNB 112 is coupled to eNB 102. Coupled
to pico eNB 112 are D2D clusters 110 and 120. Within
D2D cluster 110 is a D2D coordinator 115 and UEs 116
and 117. D2D coordinator 115 serves to manage the
communications between UEs 116/ 117 and pico eNB
112. Within D2D cluster 120 is a D2D coordinator 125
and UEs 126 and 127. Also coupled to pico eNB 112 is
a UE 122. UE 122 is not coupled to D2D clusters 110 or
120.
[0015] UEs 116 and 117 have a D2D connection with
each other, where communications between UE 116 and
UE 117 need not involve either pico eNB 112 or eNB
102. Instead, information is transmitted directly between
UE 116 and UE 117. This set-up provides a variety of
advantages. For example, because UE 116 and UE 117
are in close proximity to each other, they do not have to
transmit data ail the way to eNB 102 therefore, one or
both devices can use a low-power transceiver mode, pro
longing the battery lives of UE 116 and 117. In addition,
because eNB 112 and eNB 102 are not involved in trans-
missions between UE 116 and UE 117, the finite band-
width capabilities of eNB 102 and pico eNB 112 are not
used. If either UE 116 or UE 117 needs to communicate
to eNB 102 or pico eNB 112, such a communication oc-
curs through D2D coordinator 115. Although FIG. 1 illus-
trates several scenarios that involve the use of a D2D
coordinator, it should be understood that communication
between devices may be performed without any D2D co-
ordinator, directly under the control of an eNB, such as
eNB 102 or pico eNB 112. A similar configuration is
present in D2D cluster 120, between UE 126 and UE
127. It should be understood that there is a connection
between D2D coordinator and UEs 116 and 117, it is
merely omitted from Figure 1.
[0016] D2D cluster 130 comprises D2D controller 135,
UE 136, and UE 137. In D2D cluster 130, UEs 136 and
137 may communicate directly with each other and with

D2D controller 135. D2D 135 serves to control the D2D
connection between UE 136 and UE 137. D2D 135 may
also organize multicast/broadcast transmissions with UE
136 or UE 137. As above, UEs 136 and 137 and D2D
coordinator 135 free up the bandwidth of eNB 102 by
using the same space as a single traditional UE. Unlike
D2D clusters 110 and 120, there is no pico eNB coupled
to D2D cluster 130.
[0017] D2D cluster 140 comprises pico eNB 141, UEs
142 and 143; D2D controller 145; and UEs 146 and 147.
UEs 142 and 143 are coupled to pico eNB 141, but are
not coupled to any other UEs. D2D controller 145 is also
coupled to pico eNB 142. UEs 146 and 147 are in a multi-
hop configuration-only UE 146 is coupled to D2D con-
troller 145. If pico eNB wants to send data to UE 146 it
can send the data through D2D coordinator/controller UE
145. If D2D controller needs to send a signal to UE 147,
the signal is transmitted first to UE 146.
[0018] D2D cluster 150 comprises UEs 152, 154, 156,
and 158 coupled to each other in a mesh configuration,
with each of the UEs 152, 154, 156, and 158 coupled to
each other as illustrated. If a UE needs to send data to
a UE it is not directly coupled to (e.g., UEs 152 and 156),
it can send the data through a UE that it is connected to
(e.g., UE 154). As with all connections illustrated in FIG.
1, a D2D controller is not necessary.
[0019] With D2D clusters 110, 120, 130, 140, and 150
each operating independently, eNB 102 does not have
to handle as much traffic, thereby allowing eNB 102 to
service more UEs than would otherwise be possible
and/or provide higher throughput to other UEs. However,
the presence of multiple D2D clusters could result in an
increase in inter-cell interference.

D2D Resource Allocation

[0020] There are several methods that allow D2D clus-
ters to operate with minimal interference with LTE net-
works. In one embodiment, various resources are dedi-
cated to D2D operation. Types of resources that could
be dedicated to D2D operation may include 1) a set of
resource blocks within one carrier, 2) a set of frames or
subframes, or 3) a combination of 1 and 2. One subset
of resources may be allocated to D2D operation. The
network, via an eNB, informs UEs that a set of resources
is reserved for D2D operation. This reservation may oc-
cur through the use of signaling, broadcast messages,
and the like. Thereafter, only D2D communications within
the cell of a particular eNB use the reserved resource
block. The result is less interference for the D2D clusters,
which do not have to compete with eNB traffic in those
resource blocks.
[0021] In another embodiment, resources are shared
between regular LTE traffic and D2D transmissions, In
this situation, D2D transmissions are supported on the
same resources as traditional LTE resources. D2D trans-
missions can be allocated solely to downlink (DL) re-
sources, solely to uplink (UL) resources, or to both DL
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and UL resources. The resources being shared need not
be the entirety of available resources, it may only share
a subset of the available cellular resources within the
overlay LTE/D2D network. Examples of a subset of the
available resources include a subset of carriers,
frame/subframe, resource blocks, or combination of the
above.
[0022] In another embodiment, both dedicated and
shared resources may be allocated simultaneously and
dynamically, depending on conditions. An advantage of
this embodiment is that, as a UE changes location, the
interference conditions change. Dynamic allocation of re-
sources allows the UE to maintain the best possible con-
nection possible, both to other UEs and to the eNB.

Support of D2D transmission in the LTE Frame Structure

[0023] The LTE frame structure comprises ten sub-
frames that may be of downlink (DL) or uplink (UL) trans-
mission direction. Each subframe carries multiple data
or control information and simultaneously serves trans-
missions to and from multiple terminals. In an embodi-
ment of this invention, a reserved D2D transmission re-
gion is assigned by the network and transmitted via high-
er layer signaling or broadcasted using system informa-
tion messages. A D2D transmission region is a set of
LTE subframes or frames where D2D communication is
supported. For the purposes of D2D communication, the
whole subframe can be used or only part of the frequency
resources (for example, pre-configured physical re-
source blocks) within the subframe can be assigned.
Those resources may be shared or dedicated as de-
scribed above.
[0024] The D2D transmission region itself may contain
multiple D2D operation zones or subregions with different
functionality. Multiple D2D operation zones/subregions
can be allocated and serve different purposes, including
but not limited to: for support of device discovery, channel
quality measurements, proximity sensing, data transmis-
sion, connection to a D2D controller/coordinator, channel
access, and other functions.
[0025] The structure of a D2D transmission region may
be consequently repeated in time similar to the current
LTE frame based transmission concept. The D2D oper-
ation zone/subregion and its D2D subframes may reuse
the existing physical structure of LTE subframes. In ad-
dition, the D2D operation zone and its D2D subframes
may additionally carry the signals that are used for syn-
chronization, channel estimation, and channel quality
measurements as well as beacon transmissions for prox-
imity sensing and device discovery procedures.

D2D Device Discovery

[0026] It would also be desirable for a D2D device to
become aware of other D2D devices that are in close
proximity. There are several possible D2D discovery
mechanisms: (1) network assisted D2D discovery; (2)

autonomous D2D mutual discovery; and (3) hybrid D2D
discovery using (1) and (2).
[0027] In network-assisted D2D discovery, a UE sends
a message to an eNB, notifying the eNB that it is capable
of D2D transmission and wishes to engage in D2D trans-
mission. The eNB can then transmit a message to the
UE with information regarding other UEs that also want
to engage in D2D transmission.
[0028] In autonomous D2D mutual discovery, a UE
broadcasts a message indicating that it wants to engage
in D2D transmission. A neighboring UE receives the mes-
sage and initiates the D2D session. This message can
be restricted to a UE that meets certain criteria. For ex-
ample, the message could be restricted to a particular
UE or a set of UEs that meet a certain criteria. By restrict-
ing the message to specific UEs or sets of UEs, the sit-
uation where too many UEs attempt to establish a D2D
connection is avoided.
[0029] Additional signaling, such as a D2D beacon,
may need to be introduced in order to support the D2D
discovery procedure. When introduced, the D2D region
may include both D2D data and D2D beacon subregions.
In one embodiment, the D2D transmission region may
have a beacon transmission interval ("BTI"), where dis-
covery of stations occurs and where terminals perform
one or more beacon transmissions. The beacon trans-
mission may use the existing LTE reference signals such
as sounding reference signals, demodulation reference
signals, random access channel or use the signals spe-
cifically designed for proximity sensing and device dis-
covery. The beacon transmission may be followed by a
control transmission interval ("CTI") where control and
management information between a D2D coordinator
and D2D devices or between D2D devices is transmitted.
The remaining part of the D2D transmission region may
include a data transmission interval ("DTI") that may have
contention-based access periods and data exchange pe-
riods.
[0030] FIG. 2 illustrates a D2D region example for FDD
mode assuming that one D2D region occupies the whole
frame of UL carrier. It also shows one embodiment of
BTI, CTI and DTI allocations. Note that the size of D2D
region and internal zones is subject to higher layer con-
figuration and may be different from those shown in FIG.
2.
[0031] Frame 210 illustrates a regular frame structure.
It consists of frame 212 and multiple sub frames 214,
which are made up of one or more slots 216. Frame 230
illustrates an embodiment of an uplink frame using
shared resources, Frame 230 contains shared resources
238 and dedicated resources 242. Shared resources 238
are those that are shared among all UEs serviced by a
particular eNB. Dedicated resources 242 are those used
only for D2D services.
[0032] Frame 250 illustrates another embodiment of
an uplink frame showing several intervals: beacon trans-
mission interval 252; control transmission interval 256;
and data transmission interval. Data transmission inter-
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val may comprise a variety of different fields, including a
header field 258 that contains control information. As de-
scribed above, data transmission interval may contain a
data exchange period 262 and a contention access pe-
riod 264.
[0033] FIG. 3 illustrates another exemplary frame
structure. In frame structure 300, the D2D region is allo-
cated in a set of subframes of the LTE frame. LTE frame
302 contains several LTE subframes 304, a D2D region
306, and a D2D blank subregion 308. It should be un-
derstood that the frame structures illustrated in FIGs. 2
and 3 are merely exemplary and can be replaced by other
frame structures.

D2D RAT and LTE PHY Layer Transmission Scheme

[0034] The D2D operation may be implemented using
the LTE Radio Access Technology ("RAT") or using an-
other RAT operating under some control from the LTE
network (e.g., LTE may provide network assisted initial
D2D connection information, network assisted handover,
and the like) in the same spectrum.
[0035] Although several of the embodiments described
in this specification refer to LTE RATs, the embodiments
may be generalized to other RATs, such as WiFi. As-
suming that LTE-based D2D equipment has similar com-
plexity and performs similar functions with a traditional
UE terminal, orthogonal frequency-division multiple ac-
cess (OFDMA) or single-carrier frequency-division mul-
tiple access (SC-FDMA) schemes may be used for trans-
mission on a D2D link. Because of the asymmetric PHY
design in LTE (OFDMA in DL vs. SC-FDMA in UL), a
D2D device in an LTE network may be configured to sup-
port both modulation schemes, e.g., using SC-FDMA to
communicate with the eNB and using OFDMA or SC-
FDMA to communicate with a D2D link or vice versa.
Additional signaling may be introduced to facilitate syn-
chronization and D2D link channel quality measure-
ments. From the UE device simplification point of view
the reuse of OFDMA modulation receiver may have cer-
tain advantages since all UEs already use this modula-
tion at the receiver side. To perform D2D link adaptation
the existing LTE mechanisms (R8-R11) for channel qual-
ity measurements can be reused. Insertion of additional
training signal (preamble) may be added before data
transmission on D2D link to perform synchronization and
channel estimation.

D2D Connection Establishment

[0036] Link establishment between devices in a D2D
cluster may be performed with the assistance of the serv-
ing eNB or under control of a special D2D coordinator.
The functions of a D2D coordinator may either be per-
formed by a legacy UE terminal or a dedicated D2D co-
ordinator. The D2D coordinator may perform one or more
of the following functions: 1) organization of D2D clusters
where multiple D2D links may be established and multi-

plexed; 2) coordination of transmission on D2D links with-
in a D2D cluster; 3) coordination of transmission with the
serving cell (eNB); 4) D2D connection establishment in
the proximity area; and 5) broadcasting/multicasting and
data hopping (relaying) to D2D cluster nodes.
[0037] The establishment of D2D links may be done
by redirecting control-plane messages to the network
through the eNB and/or by carrying user-plane messages
directly to the D2D link established between a pair of peer
devices (peer-to-peer data transmission).

D2D Clustering and Spatial Reuse

[0038] Multiple D2D clusters within a cell area may be
established by the serving eNB relying on spatial reuse.
In other words, D2D clusters that are distant from each
other can use the same resources, even if those D2D
clusters are served by the same eNB. Those D2D clus-
ters can simultaneously operate in one D2D transmission
region or different regions or resources within one region
may be assigned by the serving eNB to each cluster. The
operation within a D2D cluster may be controlled either
by the D2D coordinator or directly by the serving eNB.
An advantage of using multiple clusters is that cell spec-
tral efficiency can be improved, especially if inter-cluster
interference is low or controlled by the serving node. Cell
area splitting in D2D clusters may also potentially mini-
mize the impact on the performance of eNB to UE links
by applying different geographical scheduling strategies
at the serving eNB. Different D2D transmission modes
may be allowed inside a D2D cluster, e.g., multi-hop,
cluster broadcasting, multicasting, and unicasting.

Proximity Sensing and Device Discovery

[0039] For a UE to operate in D2D mode, there needs
to be another UE with which to communicate. Thus, there
needs to be a method for a UE to find other UEs. Proximity
sensing methods may be implemented by the network
through the monitoring of the UE attachment association
to a particular cell or by using location based services
and protocols. In addition to these traditional methods,
new proximity-based functionality may be added to the
functions of the D2D coordinator. For example, a special
device-discovery zone may be allocated in the D2D
transmission region where device-discovery signaling is
used to assist in D2D cluster organization and D2D link
establishment. The discovery zone may comprise one or
more subframes dedicated to such signaling. For exam-
ple, the discovery zone may comprise a beacon trans-
mission interval, as described above.
[0040] FIG. 4 is a flow diagram of one embodiment
illustrating how a network can allocate a discovery zone
for proximity sensing and discovery. At block 402, the
evolved Node B allocates frame resources for use in D2D
communication. The eNB then configures the D2D re-
gion. At block 404, within the D2D region, the eNB allo-
cates a D2D discovery zone, which allows UEs to dis-
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cover other UEs that are capable of operating in a D2D
mode. At block 406, the eNB broadcasts the D2D region
configuration information along with other network as-
sistance data. This simplifies the discovery procedure for
the UEs. At block 408, the eNB assigns regions to the
D2D clusters. These may be different regions for each
D2D cluster. At block 410, the eNB allows the D2D co-
ordinator (if present) or the UEs to start the transmission
of beacon signals inside the D2D discovery zone of the
D2D region. At block 412, UEs receive the beacon signals
and determine the quality of the D2D links.

Interference Management

[0041] One possible problem that would have to be
avoided in an embodiment of the invention is interference
with other communications. If a UE is communicating in
a D2D mode with another UE, such a communication
should not affect other UEs within the cell. In addition,
communication from an eNB to a UE should not affect a
D2D cluster. There are several possible approaches to
manage interference between a D2D link and traditional
eNB-UE links.
[0042] In one embodiment, a new D2D inter-cell inter-
ference coordination ("DICIC") scheme to enable effi-
cient D2D operation when overlaid with the cellular net-
work may be introduced. The DICIC scheme may include
new enhancements to the existing inter-cell interference
coordination ("ICIC") or enhanced inter-cell interference
coordination ("eICIC") mechanisms that were originally
used for Macro-Pico and Macro-Femto heterogeneous
networks. A new D2D-Blank sub-region (DBS) may be
defined to help interference coordination/mitigation be-
tween the cell area and the D2D network or D2D clusters.
The DBS may consist of a subset of the available cellular
resources within the cellular/D2D network for interfer-
ence coordination/mitigation purposes between the cel-
lular and D2D networks. For example, the DBS may con-
sist of a subset of carriers, subset of frames or subframes,
subset of resource blocks, or combinations thereof. With-
in the DBS, the cellular network may need to reduce the
transmission power or blank out the cellular transmission
to mitigate interference to D2D cluster(s). Only a very
limited amount of information information is sent in the
DBS. In such a manner, the D2D cluster can transmit
and receive information during the DBS without interfer-
ence from the macro eNB or a pico eNB. The DBS may
be overlapped with or be different from the almost blank
subframes (ABS). If the D2D transmission region over-
laps with DL data transmission from the serving eNB, the
eNB may use the eICIC mechanism of ABS to reduce
interference in those D2D subframes.
[0043] In an alternative embodiment, the ICIC method
may be used where the serving station may reduce its
transmission power. This reduction in transmission pow-
er results in less interference with D2D clusters. Addi-
tionally, the D2D sub-region and ABS subframes may be
used jointly for interference coordination among different

heterogeneous and D2D network combinations. For ex-
ample, they may be used in a network with Macro, Pico,
and D2D components, or a network with Macro, Femto,
and D2D. In such a situation, an ABS would be used for
one portion of the cell and a DBS would be used by D2D
clusters.
[0044] In another embodiment, to perform interference
management for the D2D overlay network, the network
can classify a D2D user cluster as either (1) a "highly-
interfered (HI)" cluster or (2) a "non highly-interfered (NI)"
D2D user cluster. The HI clusters may contain D2D users
under more severe interference from the macro network,
e.g., close to the eNB or close to other D2D clusters. The
NI clusters may be D2D users under lower interference
from the Macro network. The network may use DBS for
HI clusters and non-blanked resources (i.e. non-DBS)
for NI clusters. The network can also consider using
shared resources for NI clusters and dedicated resources
(e.g., D2D subframes) for HI clusters. The definition of a
highly interfered cluster and a non highly-interfered clus-
ter may vary as technology changes that allows devices
to operate in closer proximity to each other.
[0045] In another embodiment, it is beneficial to control
the transmission power of the UEs to minimize the impact
on eNB-UE links. It may not be necessary to use a high-
power signal because of the proximity of D2D devices.
Therefore, a lower-power signal may be used for D2D
transmissions. This serves both to improve the battery
life of the UEs as well as to reduce interference with other
UEs and with the eNB. In current LTE specification the
power control mechanism is applied for communication
in UL. According to this method the UE transmit power
adjustment depends on path loss between UE and eNB
where depending on configuration settings the full or par-
tial path loss compensation can be applied. When power
control is applied for D2D communication it may take into
account more factors such as: path loss to serving eNB,
the level of inter-cell interference and path loss between
UEs that will be involved into D2D communication.

D2D Measurement Sets

[0046] The optimal allocation of D2D transmission re-
gions may require the definition of multiple measurement
sets. Those sets may be also used to assist in the con-
figuration of the D2D transmission region and resources
to be used by each D2D cluster in the cell area. During
D2D cluster establishment, the serving eNB may request
the D2D coordinator or associated D2D devices to per-
form different measurements and analyze the impact
from inter-cell interference on D2D performance. For in-
stance, the DL and/or UL measurement set may be es-
tablished to separately analyze the impact from DL and
UL inter-cell and intra-cell interference. Additional meas-
urement sets may be established to measure interfer-
ence level for the cases of eICIC operation when ABS is
enabled. Besides the described measurements sets, the
D2D cluster measurement sets may be also defined to

9 10 



EP 2 845 329 B1

7

5

10

15

20

25

30

35

40

45

50

55

minimize the impact of D2D clusters on each other during
normal network operation.
[0047] The following examples pertain to further em-
bodiments.
[0048] In one embodiment, a method for reducing in-
terference in a device-to-device cluster operating within
a Long Term Evolution (LTE) cell may comprise: defining
a device-to-device region within the LTE frame structure;
defining a device-to-device blank sub-region (DBS) with-
in the device-to-device region. The device-to-device
cluster comprises a plurality of User Equipment (UEs)
configured to communicate directly to another UE; the
DBS comprises a subset of the available resources within
the LTE cell; during the defined DBS, the eNB associated
with the LTE cell transmits minimal information; and dur-
ing the defined DBS, the plurality of UEs are configured
to transmit information directly to another UE.
[0049] In another embodiment, the subset of available
resources comprises one or more of the following: a sub-
set of carriers; a subset of frames or subframes; and a
subset of resource blocks or resource elements. In an-
other embodiment, the DBS overlaps with an almost
blank subframe (ABS). In another embodiment, prior to
defining a DBS, determining the interference within the
device-to-device cluster, wherein if interference is above
a predetermined level, it is labeled "highly interfering", If
the device-to-device cluster is "highly interfering," device-
to-device cluster may be restricted to transmit device-to-
device information only during a DBS. Otherwise, a de-
vice-to-device cluster is allowed to transmit device-to-
device information outside of the DBS.
[0050] In another embodiment, prior to defining a DBS,
determining the interference within the device-to-device
cluster. Then, the impact of the interference on serving
and neighbor cells is determined. If the device-to-device
cluster is "highly interfering," the device-to-device cluster
is restricted to the use of dedicated resources. Otherwise
allowing the device-to-device cluster to use shared re-
sources.
[0051] In another embodiment, a method for connect-
ing user equipment (UE) to a device-to-device cluster
comprising: sending, from a UE, a message indicating a
desire to join a device-to-device cluster. The message
may comprise a beacon transmission interval, a control
transmission interval, and a data transmission interval.
The UE is configured to send beacon information during
the beacon transmission interval. The UE may further be
configured to send control and management information
during the control transmission interval. The UE may fur-
ther be configured to send data during the data transmis-
sion interval.
[0052] In another embodiment, an apparatus config-
ured to coordinate a Device-to-Device cluster with an
evolved NodeB (eNB) may comprise: an organizer con-
figured to organize Device-to-Device clusters; a coordi-
nator configured to coordinate transmission on Device-
to-Device links within a Device-to-Device cluster; a sec-
ond coordinator configured to coordinate transmission

between the Device-to-Device cluster with the eNB; and
a processor configured to establish a Device-to-Device
connection. The apparatus may further comprise a trans-
ceiver configured to report to the eNB. The apparatus
may further comprise a transceiver configured to broad-
cast, multicast, and data hop to Device-to-Device clus-
ters.
[0053] In another embodiment, a method performed
by an evolved NodeB for allocating resources in an
LTE/Device-to-Device network may comprise: allocating
a set of resources to Device-to-Device clusters; broad-
casting information regarding the allocation; wherein said
set of resources is selected from: a set of resource blocks
within one carrier; a set of frames or subframes; and a
combination of resource blocks and sets of frames/sub-
frames.
[0054] In another embodiment, a method performed
by an eNB to allow devices to operate in a device-to-
device mode may comprise: allocating a subset of frame
resources to a device-to-device region; allocating a dis-
covery zone within the device-to-device region; and
broadcasting device-to-device region configuration infor-
mation including the subset of frame resources and the
discovery zone. The discovery zone comprises a set of
subframes within a frame.
[0055] In another embodiment, a method performed
by a first user equipment to operate in a device-to-device
mode may comprise: receiving region configuration in-
formation, including a subset of frame resources and a
discovery zone from an eNB; configuring the user equip-
ment based on the received region configuration infor-
mation; and broadcasting a beacon signal within the dis-
covery zone to allow a second user equipment to find the
first user equipment. The discovery zone may comprise
one or more subframes with a frame.
[0056] In another embodiment, a method of conserving
power in a first user equipment operating in a device-to-
device mode may comprise: determining if data being
transmitted by the user equipment is being sent directly
to a second user equipment; and using a low power trans-
mission mode to transmit data directly to the second user
equipment. The method may also comprise using a high
power transmission mode to transmit data to an evolved
Node B.
[0057] The method may further comprise: determining
the path loss between the first user equipment and the
second user equipment; and adjusting the power used
in the low power transmission mode based on the path
loss. The method may further comprise determining the
level of inter-cell interference between the first user
equipment and the second user equipment; and further
adjusting the power used in the low power transmission
mode based on the level of inter-cell interference.
[0058] In another embodiment, a computer program
product comprising a computer usable medium having a
computer readable program code embodied therein, said
computer readable program code adapted to be execut-
ed to implement a method for allocating resources in an
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LTE/Device-to-Device network. The method comprises:
al locating a set of resources to Device-to- Device clus-
ters; broadcasting information regarding the allocation;
wherein said set of resources is selected from: a set of
resource blocks within one carrier; a set of frames or sub
frames; and a combination of resource blocks and sets
of frames/subframes.
[0059] in another embodiment, the method to be exe-
cuted further comprises: allocating a subset of frame re-
sources to a device-to-device region; allocating a discov-
ery zone within the device-to-device region; and broad-
casting device-to-device region configuration informa-
tion including the subset of frame resources and the dis-
covery zone.
[0060] In another embodiment, a system for imple-
menting device-to- device communications in a Long
Term Evolution (LTE) cell may comprise: an evolved
Node B configured to define a device-to-device region
within an LTE frame structure; define a device-to-device
blank sub-region (DBS) within the device-to-device re-
gion; and a plurality of User Equipment (UEs) configured
to communicate directly to another UE. The DBS com-
prises a subset of available resources within the LTE cell;
within the defined DBS, the evolved Node B transmits
minimal information; and within the defined DBS, the plu-
rality of UEs are configured to transmit information di-
rectly to another UE.

Claims

1. A method for reducing interference in a device-to-
device cluster operating within a Long Term Evolu-
tion, LTE, cell, said method comprising:

defining a device-to-device blank sub-region
(308);
an evolved NodeB (102) reducing transmission
power of cellular transmissions or blanking out
cellular transmissions within the defined device-
to-device blank sub-region (308);
defining a device-to-device region (306) within
an LTE frame structure (300), wherein the de-
vice-to-device region (306) comprises a subset
of available resources within the LTE frame
structure (300);
wherein the device-to-device blank sub-region
(308) is defined in the device-to-device region
(306) and comprises a subset of available re-
sources within the device-to-device region
(306);
within the defined device-to-device blank sub-
region (308), a plurality of user equipments, UEs
(115, 116, 117; 125, 126, 127; 135, 136, 137;
145, 146,147; 152,154,156, 158) of the device-
to-device cluster (110, 120, 130, 140,150) are
transmitting information directly to another UE.

2. The method of claim 1 wherein the subset of avail-
able resources comprises one or more of the follow-
ing:

a subset of carriers;
a subset of frames or subframes; and
a subset of resource blocks or resource ele-
ments.

3. The method of claim 1 wherein said device-to-device
blank sub-region (308) overlaps with an almost blank
subframe.

4. The method of claim 1 further comprising:

prior to defining a device-to-device blank sub-
region (308), determining the interference within
the device-to-device cluster (110, 120, 130, 140,
150), wherein if interference is above a prede-
termined level, it is labeled "highly interfering";
if the device-to-device cluster (110, 120, 130,
140, 150) is "highly interfering", restricting the
device-to-device cluster (110, 120, 130, 140,
150) to transmit device-to-device information
only during a device-to-device blank sub-region
(308); and
otherwise allowing a device-to-device cluster
(110, 120, 130, 140, 150) to transmit device-to-
device information outside of the device-to-de-
vice blank sub-region (308).

5. An evolved NodeB (102) for reducing interference in
a device-to-device cluster operating within a Long
Term Evolution, LTE, cell, the evolved NodeB (102)
configured to:

define a device-to-device blank sub-region
(308); and
reduce transmission power of cellular transmis-
sions or blanking out cellular transmissions with-
in the device-to-device blank sub-region (308);
the evolved NodeB (102) is further configured
to define a device-to-device region (306) within
an LTE frame structure (300), wherein the de-
vice-to-device region (306) comprises a subset
of available resources within the LTE frame
structure (300);
wherein the device-to-device blank sub-region
(308) is defined within the device-to-device re-
gion (306) to facilitate a plurality of user equip-
ments, UEs (115, 116, 117; 125, 126, 127; 135,
136, 137; 145, 146,147; 152, 154, 156, 158) of
the device-to-device cluster (110, 120, 130, 140,
150) to transmit information directly to another
UE, wherein the device-to-device blank sub-re-
gion (308) comprises a subset of available re-
sources within the device-to-device region
(306).
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6. The evolved NodeB (102) of claim 5 wherein the sub-
set of available resources comprises one or more of
the following:

a subset of carriers;
a subset of frames or subframes; and
a subset of resource blocks or resource ele-
ments.

7. The evolved NodeB (102) of claim 5 wherein said
device-to-device blank sub-region (308) overlaps
with an almost blank subframe.

8. The evolved NodeB (102) of claim 5, wherein the
evolved NodeB (102) is further configured to:

determine, prior to defining a device-to-device
blank sub-region (308), an interference within
the device-to-device cluster (110, 120, 130, 140,
150) of UEs (115, 116, 117; 125, 126, 127; 135,
136, 137; 145, 146,147; 152, 154, 156,158),
label the device-to-device cluster (110, 120,
130, 140, 150) "highly interfering", if the interfer-
ence is above a predetermined level;
restrict the device-to-device cluster (110, 120,
130, 140, 150) to transmit device-to-device in-
formation only during a device-to-device blank
sub-region (308), if the device-to-device cluster
(110, 120, 130, 140, 150) is "highly interfering";
and
otherwise allow the device-to-device cluster
(110, 120, 130, 140, 150) to transmit device-to-
device information outside of the device-to-de-
vice blank sub-region (308).

Patentansprüche

1. Verfahren zum Reduzieren von Interferenzen in ei-
nem Vorrichtung-zu-Vorrichtung-Cluster-Betrieb in-
nerhalb einer Long Term Evolution(LTE)-Zelle, das
Verfahren umfassend:

Definieren eines leeren Vorrichtung-zu-Vorrich-
tung-Unterbereichs (308);
wobei eine evolved NodeB (102) die Übertra-
gungsleistung von Mobilfunkübertragungen re-
duziert oder Mobilfunkübertragungen innerhalb
des definierten leeren Vorrichtung-zu-Vorrich-
tung-Unterbereichs (308) ausblendet;
Definieren eines Vorrichtung-zu-Vorrichtung-
Bereichs (306) innerhalb einer LTE-Rah-
menstruktur (300), wobei der Vorrichtung-zu-
Vorrichtung-Bereich (306) einen Teilsatz von
verfügbaren Ressourcen innerhalb der LTE-
Rahmenstruktur (300) umfasst;
wobei der leere Vorrichtung-zu-Vorrichtung-Un-
terbereich (308) in dem Vorrichtung-zu-Vorrich-

tung-Bereich (306) definiert ist und einen Teil-
satz von verfügbaren Ressourcen innerhalb des
Vorrichtung-zu-Vorrichtung-Bereichs (306) um-
fasst;
wobei innerhalb des definierten leeren Vorrich-
tung-zu-Vorrichtung-Unterbereichs (308) eine
Vielzahl von Benutzerausrüstungen (User
Equipments, UEs) (115, 116, 117; 125, 126,
127; 135, 136, 137; 145, 146, 147; 152, 154,
156, 158) des Vorrichtung-zu-Vorrichtung-Clus-
ters (110, 120, 130, 140, 150) Informationen di-
rekt zu einer anderen UE übertragen werden.

2. Verfahren nach Anspruch 1, wobei der Teilsatz von
verfügbaren Ressourcen eines oder mehreres von
Folgendem umfasst:

einen Teilsatz von Trägern;
einen Teilsatz von Rahmen oder Unterrahmen;
und
einen Teilsatz von Ressourcenblöcken oder
Ressourcenelementen.

3. Verfahren nach Anspruch 1, wobei der leere Vorrich-
tung-zu-Vorrichtung-Unterbereich (308) mit einem
nahezu leeren Unterrahmen überlappt.

4. Verfahren nach Anspruch 1, ferner umfassend:

vor dem Definieren eines leeren Vorrichtung-zu-
Vorrichtung-Unterbereichs (308), Bestimmen
der Interferenzen innerhalb des Vorrichtung-zu-
Vorrichtung-Clusters (110, 120, 130, 140, 150),
wobei, wenn Interferenzen über einer vorher
festgelegten Ebene liegen, diese als "in hohem
Maße störend" gekennzeichnet sind;
wenn der Vorrichtung-zu-Vorrichtung-Cluster
(110, 120, 130, 140, 150) "in hohem Maße stö-
rend" ist, Beschränken des Vorrichtung-zu-Vor-
richtung-Clusters (110, 120, 130, 140, 150) auf
das Übertragen von Vorrichtung-zu-Vorrich-
tung-Informationen nur während eines leeren
Vorrichtung-zu-Vorrichtung-Unterbereichs
(308); und
ansonsten Zulassen, dass ein Vorrichtung-zu-
Vorrichtung-Cluster (110, 120, 130, 140, 150)
Vorrichtung-zu-Vorrichtung-Informationen au-
ßerhalb des leeren Vorrichtung-zu-Vorrichtung-
Unterbereichs (308) überträgt.

5. evolved NodeB (102) zum Reduzieren von Interfe-
renzen in einem Vorrichtung-zu-Vorrichtung-Clus-
ter-Betrieb innerhalb einer Long Term Evoluti-
on(LTE)-Zelle, wobei die evolved NodeB (102) aus-
gelegt ist zum:

Bestimmen eines leeren Vorrichtung-zu-Vor-
richtung-Unterbereichs (308); und
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Reduzieren der Übertragungsleistung von Mo-
bilfunkübertragungen oder Ausblenden von Mo-
bilfunkübertragungen innerhalb des leeren Vor-
richtung-zu-Vorrichtung-Unterbereichs (308);
wobei die evolved NodeB (102) ferner ausgelegt
ist zum Definieren eines Vorrichtung-zu-Vor-
richtung-Bereichs (306) innerhalb einer LTE-
Rahmenstruktur (300), wobei der Vorrichtung-
zu-Vorrichtung-Bereich (306) einen Teilsatz von
verfügbaren Ressourcen innerhalb der LTE-
Rahmenstruktur (300) umfasst;
wobei der leere Vorrichtung-zu-Vorrichtung-Un-
terbereich (308) innerhalb des Vorrichtung-zu-
Vorrichtung-Bereichs (306) definiert ist, um zu
ermöglichen, dass eine Vielzahl von Benutzer-
ausrüstungen (User Equipments, UEs) (115,
116, 117; 125, 126, 127; 135, 136, 137; 145 ,
146, 147; 152, 154, 156, 158) des Vorrichtung-
zu-Vorrichtung-Clusters (110, 120, 130, 140,
150) Informationen direkt zu einer anderen UE
übertragen, wobei der leere Vorrichtung-zu-
Vorrichtung-Unterbereich (308) einen Teilsatz
von verfügbaren Ressourcen innerhalb des Vor-
richtung-zu-Vorrichtung-Bereichs (306) um-
fasst.

6. evolved NodeB (102) nach Anspruch 5, wobei der
Teilsatz von verfügbaren Ressourcen eines oder
mehreres von Folgendem umfasst:

einen Teilsatz von Trägern;
einen Teilsatz von Rahmen oder Unterrahmen;
und
einen Teilsatz von Ressourcenblöcken oder
Ressourcenelementen.

7. evolved NodeB (102) nach Anspruch 5, wobei der
leere Vorrichtung-zu-Vorrichtung-Unterbereich
(308) mit einem nahezu leeren Unterrahmen über-
lappt.

8. evolved NodeB (102) nach Anspruch 5, wobei die
evolved NodeB (102) ferner ausgelegt ist zum:

Bestimmen, vor dem Definieren eines leeren
Vorrichtung-zu-Vorrichtung-Unterbereichs
(308), einer Interferenz innerhalb des Vorrich-
tung-zu-Vorrichtung-Clusters (110, 120, 130,
140, 150) von UEs (115, 116, 117; 125, 126,
127; 135, 136, 137; 145, 146, 147; 152, 154,
156, 158),
Kennzeichnen des Vorrichtung-zu-Vorrichtung-
Clusters (110, 120, 130, 140, 150) als "in hohem
Maße störend", wenn die Interferenzen über ei-
ner vorher festgelegten Ebene liegen;
Beschränken des Vorrichtung-zu-Vorrichtung-
Clusters (110, 120, 130, 140, 150) auf das Über-
tragen von Vorrichtung-zu-Vorrichtung-Infor-

mationen nur während eines leeren Vorrich-
tung-zu-Vorrichtung-Unterbereichs (308), wenn
der Vorrichtung-zu-Vorrichtung-Cluster (110,
120, 130, 140, 150) "in hohem Maße störend"
ist; und
ansonsten Zulassen, dass der Vorrichtung-zu-
Vorrichtung-Cluster (110, 120, 130, 140, 150)
Vorrichtung-zu-Vorrichtung-Informationen au-
ßerhalb des leeren Vorrichtung-zu-Vorrichtung-
Unterbereichs (308) überträgt.

Revendications

1. Procédé pour réduire des interférences dans une
grappe D2D opérant à l’intérieur d’une cellule de
technologie d’évolution à long terme, LTE, ledit pro-
cédé comprenant les étapes suivantes :

définir une sous-région blanche D2D (308) ;
un noeudB évolué (102) réduisant une puissan-
ce de transmission de transmissions cellulaires
ou occultant des transmissions cellulaires à l’in-
térieur de la sous-région blanche D2D (308)
définie ;
définir une région D2D (306) à l’intérieur d’une
structure de trame LTE (300), la région D2D
(306) comportant un sous-ensemble de res-
sources disponibles à l’intérieur de la structure
de trame LTE (300) ;
la sous-région blanche D2D (308) étant définie
dans la région D2D (306) et comportant un sous-
ensemble de ressources disponibles à l’intérieur
de la région D2D (306) ;
à l’intérieur de la sous-région blanche D2D (308)
définie, une pluralité d’équipements utilisateur,
UE (115, 116, 117 ; 125, 126, 127 ; 135, 136,
137 ; 145, 146, 147 ; 152, 154, 156, 158) de la
grappe D2D (110, 120, 130, 140, 150) transmet-
tant des informations directement à un autre UE.

2. Procédé selon la revendication 1, dans lequel le
sous-ensemble de ressources disponibles com-
prend un ou plusieurs des éléments suivants :

un sous-ensemble de porteuses ;
un sous-ensemble de trames ou de sous-
trames ; et
un sous-ensemble de blocs de ressources ou
d’éléments de ressource.

3. Procédé selon la revendication 1, dans lequel ladite
sous-région blanche D2D (308) chevauche une
sous-trame presque blanche.

4. Procédé selon la revendication 1 comprenant en
outre :
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avant de définir une sous-région blanche D2D
(308), déterminer les interférences à l’intérieur
de la grappe D2D (110, 120, 130, 140, 150), si
des interférences dépassent un niveau prédé-
terminé, la grappe étant étiquetée comme
« interférant fortement »;
si la grappe D2D (110, 120, 130, 140, 150) est
étiquetée comme « interférant fortement », res-
treindre la grappe D2D (110, 120, 130, 140, 150)
pour transmettre des informations D2D unique-
ment durant une sous-région blanche D2D
(308) ; et
sinon, permettre à une grappe D2D (110, 120,
130 140, 150) de transmettre des informations
D2D à l’extérieur de la sous-région blanche D2D
(308).

5. NoeudB évolué (102) pour réduire des interférences
dans une grappe D2D opérant à l’intérieur d’une cel-
lule de technologie d’évolution à long terme, LTE, le
noeudB évolué (102) étant configuré pour :

définir une sous-région blanche D2D (308) ; et
réduire une puissance de transmission de trans-
missions cellulaires ou occulter des transmis-
sions cellulaires à l’intérieur de la sous-région
blanche D2D (308) ;
le noeudB évolué (102) est en outre configuré
pour définir une région D2D (306) à l’intérieur
d’une structure de trame LTE (300), la région
D2D (306) comportant un sous-ensemble de
ressources disponibles à l’intérieur de la struc-
ture de trame LTE (300) ;
la sous-région blanche D2D (308) étant définie
à l’intérieur de la région D2D (306) pour faciliter
la transmission par une pluralité d’équipements
utilisateur, UE (115, 116, 117 ; 125, 126, 127 ;
135, 136, 137 ; 145, 146, 147 ; 152, 154, 156,
158) de la grappe D2D (110, 120, 130, 140, 150)
d’informations directement à un autre UE, la
sous-région blanche D2D (308) comportant un
sous-ensemble de ressources disponibles à l’in-
térieur de la région D2D (306).

6. NoeudB évolué (102) selon la revendication 5, dans
lequel le sous-ensemble de ressources disponibles
comprend un ou plusieurs des éléments suivants :

un sous-ensemble de porteuses ;
un sous-ensemble de trames ou de sous-
trames ; et
un sous-ensemble de blocs de ressources ou
d’éléments de ressource.

7. NoeudB évolué (102) selon la revendication 5, dans
lequel ladite sous-région blanche D2D (308) chevau-
che une sous-trame presque blanche.

8. NoeudB évolué (102) selon la revendication 5, le
noeudB évolué (102) étant en outre configuré pour :

déterminer, avant de définir une sous-région
blanche D2D (308), des interférences à l’inté-
rieur de la grappe D2D (110, 120, 130, 140, 150)
d’UE (115, 116, 117 ; 125, 126, 127 ; 135, 136,
137 ; 145, 146, 147 ; 152, 154, 156, 158),
étiqueter la grappe D2D (110, 120, 130, 140,
150) comme « interférant fortement », si les in-
terférences dépassent un niveau
prédéterminé ;
restreindre la grappe D2D (110, 120, 130, 140,
150) pour transmettre des informations D2D uni-
quement durant une sous-région blanche D2D
(308), si la grappe D2D (110, 120, 130, 140,
150) est étiquetée comme « interférant
fortement »; et
sinon, permettre à la grappe D2D (110, 120, 130
140, 150) de transmettre des informations D2D
à l’extérieur de la sous-région blanche D2D
(308).
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