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SIGNALING FOR PROXIMITY SERVICES AND D2D DISCOVERY IN AN
LTE NETWORK

PRIORITY CLAIMS

[0001] This application claims the benefit of priority to U.S. Utility
Patent Application Serial No. 14/314,957, filed June 25, 2014, which claims the
benefit of priority to U.S. Provisional Patent Application Serial No. 61/863,902,
filed August 8, 2013 and to U.S. Provisional Patent Application Serial No.
61/909,938, filed November 27, 2013, each of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications. Some
embodiments relate to 3GPP LTE (Long Term Evolution) networks. Some
embodiments relate to direct device-to-device (D2D) communication. Some

embodiments relate to device discovery in LTE networks.

BACKGROUND

[0003] Proximity-based applications and services represent a fast
growing social and technological trend that may have a major impact on
evolution of cellular wireless/mobile broadband technologies. These services are
based on the awareness of two devices or two users being close to each other and
may include such applications as public safety operations, social networking,
mobile commerce, advertisement, gaming, etc. Device to device (D2D)
discovery is the first step to enable D2D service. With direct D2D
communication, user equipment (UE) may communicate directly with each other
without involvement of a base station or an enhanced node B (eNB). One issue

with D2D communication is device discovery to enable D2D service. Device
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discovery involves discovering one or more other discoverable UEs within
communication range for D2D communication. Device discovery also involves
being discovered by one or more other discovering UEs within communication
range for D2D communication. There are many unresolved issues with respect to
device discovery for D2D communication including resource allocation and

signaling, particularly for Proximity Service (ProSe) D2D discovery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a portion of an end-to-end network architecture of
an LTE network in accordance with some embodiments;

[0005] FIG. 2 shows a structure for a resource grid including a discovery
zone for D2D communications in accordance with some embodiments;

[0006] FIG. 3A illustrates the reporting of discovery zone metrics in
accordance with some embodiments;

[0007] FIG. 3B illustrates the use of a random-access channel (RACH)
to count ProSe-enabled UEs in accordance with some embodiments;

[0008] FIG. 4 illustrates a procedure for counting ProSe-enabled UEs for
UEs in radio-resource control (RRC) connected mode;

[0009] FIG. 5 illustrates cooperative uplink subframe power control for
D2D discovery signal transmission in accordance with some embodiments;
[0010] FIG. 6 illustrated eNB-triggered contention-free D2D discovery
zone resources in accordance with some embodiments;

[0011] FIG. 7 illustrated UE-triggered contention-free D2D discovery
zone resources in accordance with some embodiments; and

[0012] FIG. 8 illustrates a functional block diagram of a wireless

communication device in accordance with some embodiments.

DETAILED DESCRIPTION

[0013] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other

embodiments may incorporate structural, logical, electrical, process, and other
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changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

[0014] Embodiments disclosed herein provide signaling designs for the
support of LTE Proximity Services (ProSe) D2D discovery. In these
embodiments, UEs may be ProSe-enabled UEs configured for D2D discovery
signal transmission and D2D communication. Some embodiments provide
configuration of D2D discovery zones with partitioning of D2D Discovery
Zones into contention-based and non-contention-based Discovery Zones for both
network-common and cell-specific configurations of discovery zones. Some
embodiments provide mechanisms for UE feedback to provide an eNB with
information about the loading of discovery zones. Some embodiments provide
options for support of inter-cell/eNB discovery. Some embodiments provide for
the use and configuration of silencing factors for random silencing/adaptive
random silencing for transmission of D2D discovery packets. Some
embodiments provide for signaling contents that include: the discovery zone
configuration, a silencing factor, a transmit power control configuration, hopping
related parameters, and a scrambling identity for scrambling of cyclic-
redundancy check (CRC) mask of discovery packets. Some embodiments
provide signaling mechanisms for the above-mentioned signaling contents.
Some embodiments provide for static provisioning and/or pre-configuration of
D2D discovery resources. Some embodiments provide for network and UE
behavior to support contention-free direct device discovery. These embodiments
are discussed in more detail below.

[0015] FIG. 1 shows a portion of an end-to-end network architecture of
an LTE network with various components of the network in accordance with
some embodiments. The network 100 comprises a radio access network (RAN)
(e.g., as depicted, the E-UTRAN or evolved universal terrestrial radio access
network) 100 and the core network 120 (e.g., shown as an evolved packet core
(EPC)) coupled together through an S1 interface 115. For convenience and
brevity sake, only a portion of the core network 120, as well as the RAN 100, is

shown.
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[0016] The core network 120 includes mobility management entity
(MME) 122, serving gateway (serving GW) 124, and packet data network
gateway (PDN GW) 126. The RAN includes enhanced node B’s (eNBs) 104
(which may operate as base stations) for communicating with user equipment
S (UE) 102. The eNBs 104 may include macro eNBs and low power (LLP) eNBs.

UEs 102 may be ProSe-enabled.
[0017] The MME is similar in function to the control plane of legacy
Serving GPRS Support Nodes (SGSN). The MME manages mobility aspects in
access such as gateway selection and tracking area list management. The serving

10 GW 124 terminates the interface toward the RAN 100, and routes data packets
between the RAN 100 and the core network 120. In addition, it may be a local
mobility anchor point for inter-eNB handovers and also may provide an anchor
for inter-3GPP mobility. Other responsibilities may include lawful intercept,
charging, and some policy enforcement. The serving GW 124 and the MME 122

15 may be implemented in one physical node or separate physical nodes. The PDN
GW 126 terminates an SGi interface toward the packet data network (PDN). The
PDN GW 126 routes data packets between the EPC 120 and the external PDN,
and may be a key node for policy enforcement and charging data collection. It
may also provide an anchor point for mobility with non-LTE accesses. The

20  external PDN may be any kind of IP network, as well as an IP Multimedia
Subsystem (IMS) domain. The PDN GW 126 and the serving GW 124 may be
implemented in one physical node or separated physical nodes.
[0018] The eNBs 104 (macro and micro) terminate the air interface
protocol and may be the first point of contact for a UE 102. In some

25 embodiments, an eNB 104 may fulfill various logical functions for the RAN 100
including but not limited to RNC (radio network controller functions) such as
radio bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management.
[0019] The S1 interface 115 is the interface that separates the RAN 100

30  and the EPC 120. It is split into two parts: the S1-U, which carries traffic data
between the eNBs 104 and the serving GW 124, and the S1-MME, which is a
signaling interface between the eNBs 104 and the MME 122. The X2 interface is

the interface between eNBs 104. The X2 interface comprises two parts, the X2-C
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and X2-U. The X2-C is the control plane interface between the eNBs 104, while
the X2-U is the user plane interface between the eNBs 104.

[0020] With cellular networks, P cells are typically used to extend
coverage to indoor areas where outdoor signals do not reach well, or to add
network capacity in areas with very dense phone usage, such as train stations. As
used herein, the term low power (LLP) eNB refers to any suitable relatively low
power eNB for implementing a narrower cell (narrower than a macro cell) such
as a femtocell, a picocell, or a micro cell. Femtocell eNBs are typically provided
by a mobile network operator to its residential or enterprise customers. A
femtocell is typically the size of a residential gateway or smaller and generally
connects to the user's broadband line. Once plugged in, the femtocell connects to
the mobile operator's mobile network and provides extra coverage in a range of
typically 30 to 50 meters for residential femtocells. Thus, a LP eNB might be a
femtocell eNB since it is coupled through the PDN GW 126. Similarly, a
picocell is a wireless communication system typically covering a small area,
such as in-building (offices, shopping malls, train stations, etc.), or more recently
in-aircraft. A picocell eNB can generally connect through the X2 link to another
eNB such as a macro eNB through its base station controller (BSC)
functionality. Thus, LP eNB may be implemented with a picocell eNB since it is
coupled to a macro eNB via an X2 interface. Picocell eNBs or other LLP eNBs
may incorporate some or all functionality of a macro eNB. In some cases, this
may be referred to as an access point base station or enterprise femtocell.

[0021] In some LTE embodiments, a physical downlink shared channel
(PDSCH) carries user data and higher-layer signaling to a UE 102. The physical
downlink control channel (PDCCH) carries information about the transport
format and resource allocations related to the PDSCH channel, among other
things. It also informs the UE 102 about the transport format, resource
allocation, and H-ARQ information related to the uplink shared channel.
Typically, downlink scheduling (assigning control and shared channel resource
blocks to UEs within a cell) is performed at the eNB 104 based on channel
quality information fed back from the UEs 102 to the eNB 104, and then the

downlink resource assignment information is sent to a UE on a physical
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downlink control channel (PDCCH) used for (and possibly assigned to) the UE
102.

[0022] The PDCCH uses CCEs (control channel elements) to convey the
control information. Before being mapped to resource elements, the PDCCH
complex-valued symbols may be first organized into quadruplets, which are then
permuted using a sub-block inter-leaver for rate matching. Each PDCCH is
transmitted using one or more of these control channel elements (CCEs), where
each CCE corresponds to nine sets of four physical resource elements known as
resource element groups (REGs). Four QPSK symbols are mapped to each REG.
The PDCCH may be transmitted using one or more CCEs, depending on the size
of DCI and the channel condition. There may be four or more different PDCCH
formats defined in LTE with different numbers of CCEs (e.g., aggregation level,
L=1, 2, 4, or 8).

[0023] In accordance with some embodiments, the UEs 102 that are
ProSe-enabled may be arranged for device-to-device (D2D) communications
including D2D discovery of other UEs 102 for direct D2D communication. In
these embodiments, ProSe-enabled UEs 102 may transmit discovery signals 101
within discovery resources to discover one or more other ProSe-enabled UEs.
These embodiments are discussed in more detail below.

[0024] FIG. 2 shows a structure for a resource grid including a discovery
zone for D2D communications in accordance with some embodiments. The
depicted grid is a time-frequency grid, called a resource grid, which is the
physical resource in the downlink or uplink in each slot. The smallest time-
frequency unit in a resource grid is denoted as a resource element (RE). The
resource grid comprises a number of resource blocks (RBs) which describe the
mapping of certain physical channels to resource elements. Each resource block
comprises a collection of resource elements and in the frequency domain,
represents the smallest quanta of resources that may be allocated, although the
scope of the embodiments is not limited in this respect. There are several
different physical channels that are conveyed using such resource blocks. The
resource grid illustrated in FIG. 2 may comprise an LTE operation zone 202
which may comprise a plurality of physical RBs (PRBs) for use by the RAN
100.
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[0025] In accordance with some embodiments, a UE 102 (FIG. 1) may
receive signaling from an eNB 104 (FIG. 1) indicating a discovery zone 204
within the L.TE operation zone 202. The discovery zone 204 may comprise a
plurality of PRBs 206 of a discovery resource. The UE 102 may transmit a

5 discovery signal or discovery packet 101 (FIG. 1) for receipt by one or more
other UEs for D2D discovery within some PRBs 206 of the discovery zone 204.
In some embodiments, the resources allocated for D2D discovery may be
resources of a physical-uplink shared channel (PUSCH), although the scope of
the embodiments is not limited in this respect.

10 [0026] A PRB may be associated with a particular slot of a subframe in
the time dimension and a particular group of frequency subcarriers in the
frequency dimension. Each PRB, for example, may be identified by a RB index
and a subframe index. In some embodiments, a discovery packet 101 may be
transmitted within M subframes of N resources blocks where M and N are at

15  least one and may be greater than one. These embodiments are described in more
detail below.

[0027] In some embodiments, a PRB may comprise twelve sub-carriers
in the frequency domain by 0.5 ms (i.e., one slot) in the time domain. The PRBs
may be allocated in pairs (in the time domain), although this is not a

20  requirement. In some embodiments, a PRB may comprise a plurality of REs. A
RE may comprise one sub-carrier by one symbol. When a normal CP is used, a
RB contains seven symbols. When an extended CP is used, the RB contains six
symbols. A delay spread that exceeds the normal CP length indicates the use of
extended CP. Each subframe may be one millisecond (ms) and one frame may

25  comprise ten such subframes.

[0028] There are two different approaches in D2D discovery:
restricted/closed D2D discovery and open D2D discovery. Restricted/closed
D2D discovery applies to use cases wherein a discoverable device may be
discovered only by a select set of ProSe-enabled discovering devices. A further

30  implication of closed device discovery is consideration of scenarios wherein a
discovering device tries to discover particular ProSe-enabled device(s) (one or

many from a set of ProSe-enabled devices). Thus, for this use case, a discovering
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device would be assumed to know the ProSe-enabled device it wishes to
discover in its proximity.

[0029] Contrary to closed D2D discovery, open device discovery
considers use cases wherein a discoverable device may want itself to be
discovered by other ProSe-enabled devices in its proximity. From the
perspective of the discovering device, open device discovery implies that a
discovering device may not be assumed to be aware of the identity of other
ProSe-enabled devices prior to discovery. Consequently, the device discovery
mechanism for open discovery should aim towards discovering as many ProSe-
enabled devices in its proximity as possible.

[0030] For open D2D discovery, an eNB 104 has limited control on the
discovery process among UEs 102. In particular, an eNB 104 may periodically
allocate certain discovery resources in the form of D2D discovery regions for a
UE 102 to transmit the discovery information. The discovery information may
be in the form of discovery sequence or discovery packet with payload
information. The discovery related information content that UEs intend to share
with each other may be higher as the design would need to transmit the unique
ID for device identification, service identity, etc. (e.g., 48 bits or more) as data
payload, protected by CRC. The number of resource blocks (RB) required for

discovery packet transmission in open D2D discovery design, which is denoted
LDZD . .

as ~rs , may be 1 or more, depending on the payload size and the overall

discovery performance requirement.

[0031] In some embodiments, a discovery region may comprise a

number of occurrences of periodic discovery zones, with each discovery zone

comprising of some RBs in frequency domain and several subframes in time

domain. FIG. 2 shows an example of a discovery zone 204 within LTE operation

. . NDZD nstart NDZD start
zone 202 in which, *Y&s | “rs | “7'sF and "SF  are denoted as the number of

allocated RBs, the starting RB index and the number of subframes, the starting
subframe index of each discovery zone, respectively. The information regarding
the partitioning of these D2D discovery regions may be semi-statically signaled
by the eNB using RRC signaling or by System Information Blocks (SIBs) for

within network coverage scenarios. For the partial network coverage scenario,
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such information may be forwarded by the coordinator UE to the UEs that are
outside network coverage. For out of network coverage scenario, the discovery

zone may be predefined or broadcasted by the centralized D2D device.

NDZD nstart
r8 and "RB  parameters are not

[0032] In some embodiments, the
included in the D2D zone configuration message, and instead, the full system
bandwidth, except the PUCCH region (at band edges), may be designed to be
exclusively reserved for D2D discovery from system perspective, although the

scope of the embodiments is not limited in this respect. In some embodiments,

start

the parameter " may be configured as a periodicity for D2D discovery zone
allocation.

[0033] Even for the case of UE-based open discovery, it would be
beneficial to exploit potential network assistance in UE-specific discovery
resource allocation for transmission of discovery signals for the UEs in
RRC_CONNECTED mode, and thereby improve the efficiency of the discovery
process. In this regard, each D2D Discovery Region (D2D-DZ) may be further
divided into two orthogonal time-frequency zones: (1) Non-contention-based
D2D DZ (NCB-D2D DZ) for which the eNB allocates periodic resources for
transmission of discovery signals and this region is accessible to D2D UEs in
RRC_CONNECTED mode; (2) Contention-based D2D DZ (CB-D2D DZ): This
region is, in general, available to all D2D UEs (including out of coverage UEs)
wherein D2D-enabled UEs follow a purely contention-based transmission of
discovery signals. Moreover, the D2D discovery resources used for CB-D2D DZ
might be further divided into two parts, called Part A and Part B to enable D2D
discovery and to roughly indicate the required size of D2D communication
resources (e.g., the number of subframes for D2D communication) depending of
the amount of D2D data buffered at UE side, especially due to the fact that D2D
discovery procedure may be followed by a D2D communication operation. The
use of a D2D discovery resource from one group indicates preference for the
larger amount of resources then one predefined threshold.

[0034] In accordance with some embodiments, a D2D discovery zone
may be configured in two distinct ways: network-common D2D discovery zone

and cell-specific D2D discovery zone, the details of which are described below.
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For network-common discovery zones, a common set of time-frequency
resources may be reserved for D2D discovery across the entire network. The
configuration could be different between different Public Land Mobile Networks
(PLMNS) to enable the respective operators a certain degree of flexibility in
resource provisioning. The discovery zone may be provisioned by each PLMN
via the Operations, Administration, and Maintenance (OAM) tools. Network-
common configuration of discovery zones may be signaled via multiple ways.
The exact resource provisioning may be determined based on the statistics of the
number of ProSe-enabled UEs in the network, their respective capabilities and
location (up to the tracking area (T'A) granularity). This information is available
at the D2D server and the D2D server can inform the eNBs of the exact resource
configuration via the Mobility Management Entity (MME).

[0035] For cell-specific discovery zones, each eNB 104 may determine
the exact resource configuration for the cell-specific discovery zones using
information on the current number of active ProSe-enabled UEs 102 and the
interference situation. Some of this information may be obtained via
periodic/event-triggered/on-demand feedback from the ProSe-enabled UEs 102
participating in the discovery process. To enable inter-eNB D2D discovery, a
certain level of coordination between neighboring eNBs exists and may be
achieved via exchange of information on the configuration of discovery zones
between neighboring eNBs over an X2 interface.

[0036] In accordance with embodiments, an eNB 104 may transmit
signaling to indicate D2D discovery zone configuration to ProSe-enabled UEs
102. The signaling may indicate time and frequency resources and a periodicity
of the discovery zone 204 and may indicate operational parameters for the
discovery zone 204. The resources of the D2D discovery zone 204 may be
allocated for D2D discovery signal transmission by the ProSe-enabled UEs 102.
[0037] In some embodiments, the D2D discovery zone configuration
signaling may indicate one or more occurrences of the discovery zone 204 and is
sent by the eNB 104 either semi-statically using radio-resource control (RRC)
signaling or sent using SIBs. In the example illustrated in FIG. 2, the discovery
zone 204 comprises a plurality of PRBs 206 within an L.TE operation zone 202

and the discovery zone 204 may occur periodically or regularly.

10
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[0038] In some embodiments, the signaling is sent by the eNB either
using dedicated RRC signaling or sent using common radio-resource control
(RRC) signaling via SIBs (i.e., SIB signaling). When the signaling sent by the
eNB uses common RRC signaling via SIBs, the signaling sent by the eNB may
5  include at least one of a SIB transmission and a paging transmission. In some
embodiments, the configuration information may either added to an existing SIB
(e.g., in accordance with L'TE Release 11) or is signaled via a newly defined SIB
(e.g., in accordance with al later LTE release).
[0039] For signaling in the case of both network-common and cell-

10 specific discovery zone allocation, the network should be able to signal this
information to UEs in both RRC_CONNECTED and RRC_IDLE modes of
operation. For network-common D2D discovery zone allocation, different
signaling mechanisms may be applied. In some embodiments, existing system
information block (SIBs) (e.g., SIB2) may be used to signal the D2D discovery

15  zone configuration information including silencing factor and other related cell-
or network-common parameters discussed in more detail below.

[0040] In some embodiments, the discovery zone 204 may be referred to
or considered a discovery period. In some embodiments, contention-based D2D
discovery may be referred or considered Type 1 discovery while non-contention

20  based D2D discovery may be referred to or considered Type 2 discovery.

[0041] In some embodiments, the D2D discovery zone configuration
signaling indicates at least one of a non-contention-based D2D discovery zone
(NCB-D2D DZ) for which periodic resources are allocated for non-contention
based transmission of discovery signals 101 by only ProSe-enabled UEs in RRC

25  connected mode, and a contention-based D2D discovery zone (CB-D2D DZ) for
which periodic resources are allocated for contention-based transmission of
discovery signals 101 by any ProSe-enabled UEs including ProSe-enabled UEs
in RRC connected mode, RRC idle mode and out of coverage UEs. In these
embodiments, the non-contention-based D2D discovery zone may be designated

30  for transmission of discovery signals 101 in accordance with a non-contention
based technique by ProSe-enabled UEs in RRC connected mode. In some
embodiments, ProSe-enabled UEs in RRC connected mode may be assigned

specific discovery resources of the non-contention-based D2D discovery zone

11



WO 2015/021267 PCT/US2014/050128

for their transmission of discover signals 101. In some embodiments, the D2D
discovery zone configuration signaling may indicate that the discovery zone 204
is partitioned into a non-contention-based D2D discovery zone and a contention-
based D2D discovery zone.

5  [0042] In some of these embodiments, the contention-based D2D
discovery zone may be designated for transmission of discovery signals 101 in
accordance with a purely contention based technique by any ProSe-enabled UE.
In these embodiments, ProSe-enabled UEs are not assigned specific discovery
resources of the contention-based transmission of discover signals 101. ProSe-

10 enabled UEs that utilize the contention-based D2D discovery zone may include
ProSe-enabled UEs in RRC connected mode, ProSe-enabled UEs in RRC idle
mode, and other ProSe-enabled UEs such as out of coverage UEs (e.g., UEs
connected to other eNBs).

[0043] In some of these embodiments, an eNB 104 may provide the

15  signaling of D2D discovery resources and both contention-based and contention-
free D2D discovery resources may be partitioned and configured by the eNB. In
some embodiments, the partitioning may be logical. For the actual partitioning of
resources, it would eventually be up to the network or the eNB, (i.e., based on
implementation). In some embodiments, some of the physical resources overlap

20  between the two zones/resource pools, although the scope of the embodiments is
not limited in this respect.

[0044] In some embodiments, application layer signaling may be used to
signal the D2D discovery zone configuration. In these embodiments, a D2D
server may signal the D2D discovery zone configuration during D2D registration

25  of the ProSe-enabled UEs. Changes to the D2D discovery zone configuration
may be signaled to the ProSe-enabled UEs by application layer reconfiguration
messages from the D2D server.

[0045] In some embodiments, non-access stratum (NAS) signaling may
be used to signal the D2D discovery zone configuration. In these embodiments, a

30  mobility management entity (MME) may signal the D2D discovery zone
configuration during D2D registration of the ProSe-enabled UEs with a D2D
server. In these embodiments, either the UE or the D2D server may request the

discovery zone information. For both of the above signaling options (application
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layer or NAS signaling), it may be less efficient to support contention-free
resource allocation to RRC_CONNECTED UEs because discovery zone
resource is managed by the MME instead of the eNB and consequently, dynamic
resource allocation is not preferred due to the signaling overhead in core
network.

[0046] FIG. 3A illustrates the reporting of discovery zone metrics in
accordance with some embodiments. In these embodiments, an eNB 104 (FIG.
1) may be configured to receive discovery zone loading metrics, the discovery
zone loading metrics based on monitoring of discovery signals 101 (FIG. 1)
within the discovery zone 204 (FIG. 2) by one or more ProSe-enabled UEs 102
(FIG. 1). The eNB 104 may determine whether or not to make changes to a
resource allocation configuration for D2D activities based on the discovery zone
loading metrics. In these embodiments, ProSe-enabled UEs 102 may monitor the
discovery zone 204 for D2D discovery signals 101 transmitted by other ProSe-
enabled UEs 102 and report discovery zone loading metrics to the eNB 104.
Based on the discovery zone loading metrics, the eNB 104 may make changes to
its resource allocation configuration for D2D activities including resources for
D2D discovery and resources for D2D communications. In some embodiments,
based on the discovery zone loading metrics, the eNB 104 may make changes to
optimize the resource allocation configuration for D2D activities. For example,
the eNB 104 may change the size of the resource pool for D2D activities and
may allocate subsequent discover zone resources as well as allocate resources for
subsequent D2D communication based on the discovery zone loading metrics.
Based on the discovery zone loading metrics, the eNB 104 may also apply or
suspend one or more interference control techniques, for example, by changing
parameters for interference suppression (such as random silencing or random
probabilistic transmission). As illustrated in FIG. 3A, a ProSe-enabled UE 102
may receive signaling 312 indicating a discovery zone configuration from an
eNB 104. The UE 102 may monitor the discovery zone in operation 313 and
may report discovery zone meftrics in message 314.

[0047] In some embodiments, the discovery zone metrics include a count
of discovery signal transmissions in a number of occurrences of the discovery

zone (e.g., a count number). In some embodiments, the discovery zone metrics
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further include a number of unique discovery signal transmissions, and the eNB
may determine a number of ProSe-enabled UEs 102 based on the discovery zone
loading metrics. In some embodiments, the discovery zone metrics may include
at least one of: a number of discovery signal transmissions in a number of
occurrences of the discovery zone; a number of successfully detected discovery
signals in a number of occurrences of the discovery zone; and an indication of
the interference level in a number of occurrences of the discovery zone. In some
of these embodiments, ProSe-enabled UEs may be able to distinguish the
discovery signal transmissions of other UEs based on the DMRS, and the
discovery zone metrics may include a number of blindly detected unique DMRS
sequences or unique cyclic shift values.

[0048] In these embodiments, UEs may be configured to provide
feedback for configuration of D2D discovery zones. For the case of cell-specific
discovery zone configurations, the eNB may receive information on the loading
in the cell from ProSe-enabled UEs participating in the discovery process.
However, an eNB may only know about the number of such ProSe-enabled UEs
in RRC_CONNECTED mode. The eNB may not be aware of the number of the
RRC_IDLE mode UEs participating in D2D discovery within its serving area.
Some embodiments provide the eNB with the information about the loading of
the discovery zones are realized via enabling UE feedback.

[0049] In some embodiments, ProSe-enabled UEs may report the
number of transmissions in the past N discovery zones, where N may be a pre-
determined or configurable parameter, in the form of a paging response. Since
the paging cycle may be configured in a UE-specific way with different groups
of UEs assigned different subframes for monitoring paging, the number of UEs
initiating a random access (RA) procedure as a paging response to provide this
feedback may be managed by the eNB. Note that given the low duty cycle of the
configuration of the discovery zones, it would not be necessary for the eNB to
request for this feedback from all RRC_IDLE mode UEs at the same paging
subframe to estimate the amount of loading of the discovery zones. Since the
silencing factor may be configured by the eNB, its impact may be factored in by

the eNB in deriving this estimate.
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[0050] The request for the feedback on number of transmissions in the
past N discovery zones may be added to the paging message and enabled by the
eNB when it requires a UE or a set of UEs to report this metric. Additionally, the
number of RRC_CONNECTED mode UEs participating in D2D discovery may
be known to the eNB by using the above mechanism or via feedback requests
indicated via dedicated RRC or MAC CE signaling.

[0051] In some other embodiments, a UE may report discovery related
metrics or measurement reporting similar to Minimization Driving Test (MDT)
or as a partof MDT reporting. In idle mode, the UE stores and accumulates the
measurement and reports the logged measurement once the UE is connected. In
connected mode, the UE can report discovery related measurement in a periodic
or event-triggered manner. Since reporting is not immediate in case of idle
mode, time stamp that indicates the moment of logging measurement results may
need to be included. In addition, the detailed location related information (e.g.
cell index or GPS information) may be also included. For discovery related
metrics or measurements, as described above, the number of transmissions in the
past N discovery zones may be reported. Alternatively, the interference level or
the number of successfully detected D2D discovery packet transmissions may be
reported. For instance, assuming discovery packet transmissions using randomly
selected DM-RS base sequences and/or cyclic shifts (for PUSCH-based
discovery packet transmission), the UEs can report the number of blindly
detected unique DM-RS sequences or cyclic shifts summed or averaged over the
most recent N1 D2D discovery zone, where N1 may be pre-determined or
configurable.

[0052] FIG. 3B illustrates the use of a random-access channel (RACH)
to count ProSe-enabled UEs in accordance with some embodiments. In these
embodiments, the eNB 104 may determine the number of ProSe-enabled UEs
102 based on radio-resource control (RRC) signaling (operation 308) received
from the ProSe-enabled UEs 102 during a contention-based random access
(CBRA) procedure 300 as part of an initial access procedure. The RRC signaling
may, for example, include a D2D capability indication of the transmitting ProSe-
enabled UE 102. In these embodiments, the eNB 104 may determine whether or

not to make changes to a resource allocation configuration for D2D activities
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based on the discovery zone loading metrics and the number of ProSe-enabled
UEs 102 determined based on the RRC signaling.
[0053] In these embodiments, the RACH is used for D2D UEs counting:
Counting of ProSe-enabled (i.e., D2D capable) UEs is performed during UE’s

S initial Contention-Based Random Access (CBRA) procedure (operations 302,
304, 306, 308 and 310). In these embodiments, a UE’s ProSe-capability may be
included in the message transmitted operation 308. These embodiments may be
used to count RRC_CONNECTED as well as RRC_IDLE mode UEs.
[0054] FIG. 4 illustrates a procedure for counting ProSe-enabled UEs for

10 UEs in radio-resource control (RRC) connected mode. In these embodiments, an
eNB 104 may be configured to transmit a D2D counting request message
(operation 402) and receive a D2D counting response message (operation 404)
from ProSe-enabled UEs 102 that are in radio-resource control (RRC) connected
mode. In these embodiments, the D2D counting response message 404 may

15  indicate that the responding UE is a ProSe-enabled UE allowing the eNB 104 to
coarsely estimate the number of ProSe-enabled UEs based on the number of
D2D counting response messages 404 that are received. In some of these
embodiments, a D2D counting response message 404 may be indicate that a UE
in RRC connected mode is not ProSe-enabled.

20 [0055] In some embodiments, the D2D counting request message
(operation 402) may include plurality of dedicated RACH preambles allocated
for D2D counting and the D2D counting response message (operation 404) may
comprise one of the RACH preambles selected by a ProSe-enabled UE 102 and
transmitted within an assigned access slot (e.g., a RACH time/frequency

25  resource).

[0056] In these embodiments, a set of dedicated RACH preambles may
be included in D2D counting request message. Upon receiving a counting
request from the network for D2D counting purpose, a D2D-capable UE
responds by sending a RACH preamble selected from the pool of RACH

30  preambles allocated for D2D UE counting purpose; the UE transmits the selected
preamble on the assigned access slot (RACH channel time/frequency resource).
Note that, a relatively coarse estimation of the number of D2D-capable UEs may

be sufficient to determine whether D2D discovery resources need to added or
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reduced compared to the current configuration (that may be achieved by
comparing to a certain threshold number that relates to the current D2D resource
configuration). A very accurate counting of larger numbers of UEs is not
necessary. Therefore by allocating a number of preamble signature-timeslot
combinations similar to or only a little greater than this threshold number, it is
straightforward to derive the required information.

[0057] In these embodiments, counting the D2D capable UEs in
RRC_CONNECTED mode might be sufficient in some cases for optimized
discovery resources allocation due to the fact that discovery signal resources is
typically allocated in a semi-static manner and any RRC_IDLE Mode D2D
capable UE has to use the contention-based resources for D2D discovery due to
lack of RRC context in the radio-access network. The network has the capability
to gradually adjust the resources according to the detected statistics of the D2D
resource utilization and the likelihood of collisions. Therefore, as defined as part
of the MBMS counting procedure, the E-UTRAN first initiates the procedure by
sending a D2DCountingRequest message. Upon receiving the
D2DCountingRequest message, the UE capable of D2D discovery in
RRC_CONNECTED mode shall transmit a D2DCountingResponse message.
[0058] In some embodiments, an eNB may determine the number of
ProSe-enabled UEs 102 based on RRC messages indicating discovery resource
release transmitted by ProSe-enabled UEs in RRC connected mode. In some of
these embodiments, ProSe-enabled UEs in RRC_CONNECTED mode can
transmit an RRC message indicating discovery resource release even if they have
not yet been configured with dedicated discovery resources. This information
can assist the eNB in estimating the number of ProSe-enabled UEs in
RRC_CONNECTED mode participating in D2D discovery, and can thereby
optimize the resource allocation for RRC_CONNECTED mode UEs.

[0059] In some embodiments the eNB may determine the number of
ProSe-enabled UEs 102 based on reception of periodic tracking area (T'A)
messages having a D2D capability indication transmitted by ProSe-enabled UEs
in RRC idle mode. In these embodiments, ProSe-enabled UEs in RRC idle mode
may be configured to add the D2D capability indication to the periodic tracking

area (TA) messages.
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[0060] In some embodiments, a ProSe-enabled UE may be configured to
receive device-to-device (D2D) discovery zone configuration signaling from an
enhanced node B (eNB) to indicate time and frequency resources and a
periodicity of a discovery zone and to indicate one or more discovery zone
operational parameters. In some embodiments, when a UE is in radio-resource
control (RRC) idle mode (RRC_IDLE), the UE may transition to RRC
connected mode (RRC_CONNECTED) to send a discovery resource request to
the eNB. The UE may autonomously switch back to the RRC idle mode upon
reception of a resource configuration message from the eNB, at least for
transmission in a contention-based D2D discovery zone (CB-D2D DZ).

[0061] In some embodiments, an eNB 104 may be configured to
exchange D2D discovery zone configuration information with one or more
neighbor eNBs. The eNB 104 may be configured to signal the D2D discovery
zone configuration information of the one or more neighbor eNBs to ProSe-
enabled UEs (e.g., via SIB signaling). In these embodiments, a certain level of
coordination between the neighboring eNBs may support of inter-eNB
discovery, especially for the case of cell-specific configuration of D2D discovery
zones. In some embodiments, eNBs 104 may exchange information on the
configuration of D2D discovery zones in their respective cells. The D2D
discovery configuration of a neighboring cell may be signaled to the UEs 102 by
the respective serving cells. In some alternate embodiments, the serving cell may
inform the UEs about the location of the relevant system information block
(SIB) transmitted by the neighboring cells and the UEs may acquire the
corresponding SIB and thereby know the D2D discovery zone configuration in
neighboring cells. For both cases, it may be up to UE implementation, especially
for UE-based open discovery, as to whether to transmit and/or listen on the D2D
discovery zones (that do not overlap with its serving cell D2D discovery zone) of
all the cells in its neighbor cell list of only a selected subset thereof.

[0062] For network-common configuration of D2D discovery zones,
constituent cells may be configured to maintain tight time-synchronization with
respect to subframe boundary, subframe number (SFN), etc. to enable a common
D2D discovery zone. This may be achieved, for instance, using backhaul-based

synchronization or using GPS. In some embodments, the requirements on tight
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time-synchronization may be relaxed by using an extended cyclic prefix (CP) for
the D2D discovery zones and using a normal-length cyclic prefix for non-
discovery zones.

[0063] For D2D discovery zones that are configured on a cell-specific
basis, one challenge arises from the issue of coexistence of D2D discovery
transmission/reception and cellular (WAN) traffic. Since the D2D discovery
zones are configured in the currently defined UL subframes, the inter-cell
interference between D2D discovery signal transmissions and UL PUSCH
transmissions may be managed, for example, by UL scheduling and UL power
control for PUSCH transmissions, incorporating some form of transmit power
control (e.g., by configuring the maximum transmit power) for transmission of
discovery signals, employing a cell-clustering approach, and/or the selection of
discovery resources by the UE based on UE geometry. These embodiments are
discussed in more detail below.

[0064] In some embodiments, to signal the D2D discovery zone
configuration information of the one or more neighbor eNBs, the eNB 104, when
operating as a serving eNB is configured to provide location information for
system information blocks (SIB) transmitted by one or more neighboring eNBs
to allow UEs being served by the serving eNB to acquire the SIBs, the SIBs
indicating D2D discovery zone configuration for the one or more neighboring
eNBs. In these embodiments, it may be up to the UE implementation, especially
for UE-based open discovery, as to whether to transmit and/or listen on the D2D
discovery zones (that do not overlap with its serving cell D2D discovery zone) of
all the cells in its neighbor cell list of only a selected subset thereof. In these
embodiments, the UE may receive the signaling from a serving eNB when in
RRC connected mode and may receive the signaling from an eNB that the UE is
camping on when the UE is in RRC idle mode. In accordance with
embodiments, a UE has a serving eNB when in RRC connected mode, while
when in RRC idle mode, the UE camps on an eNB (since it is not being service
by an eNB when in idle).

[0065] In some embodiments, an eNB 104 is configured to exchange
D2D discovery zone configuration information one or more neighbor eNBs.

Based the D2D discovery zone configuration information of the one or more
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neighbor eNBs, the eNB 104 may be configured to engage in an inter-cell
interference reduction technique to reduce intra-cell and inter-cell interference
within the discovery zone and inter-cell interference between discovery signal
transmissions and uplink cellular transmissions. The inter-cell interference
5  reduction technique include one or more of:
¢ performance of cooperative subframe power control for D2D
discovery signal transmissions wherein uplink subframe sets are
configured with separate power control parameters for
interference reduction between the uplink cellular transmissions
10 (e.g., physical uplink shared channel (PUSCH) transmissions) and
the D2D discovery signal transmissions;
¢ configuration of transmit power control levels for transmission of
discovery signals;
¢ employment of cooperative cell clustering to align discovery zones of
15 the one or more neighbor eNBs; and

¢ employment of geometry-based intra-cell discovery zone partitioning.

[0066] FIG. 5 illustrates cooperative uplink subframe power control for
D2D discovery signal transmission in accordance with some embodiments. In

20  some of these embodiments, UL scheduling and UL power control for PUSCH
transmissions may be configured by the serving cell as the configuration of the
D2D discovery zone in the neighboring cells is known by the serving cell. In
some embodiments, two UL subframe sets may be configured to have separate
power control parameters (e.2. open-loop power control parameters PO and

25  alpha) for different UL subframe sets. This may avoid strong inter-cell
interference from cellular PUSCH transmission to D2D discovery signal
reception of neighboring cell by using one UL subframe set to cover the D2D
discovery resources of neighboring cell(s) as illustrated in FIG. 5.
[0067] Some embodiments may incorporate a form of transmit power

30  control (e.g., by configuring the maximum transmit power) for transmission of
discovery signals. In some embodiments, multiple maximum power classes for
D2D discovery signal can predefined and the selected maximum transmit power

level may be signaled to UE through D2D discovery configuration signaling.
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[0068] Some embodiments may employ a cell-clustering approach
whereby neighboring cells align their D2D discovery zone configurations via
information exchange via X2 115 (FIG. 1). In these embodiments, only the time-
frequency resources reserved for D2D discovery zones may need to be aligned
5  and each cell can configure a silencing factor (discussed in more detail below)

independently to adjust for variations in the loading of the D2D discovery zones
to manage intra-cell/intra-cluster interference within the D2D discovery zones.
[0069] In some embodiments, the discovery zone operational parameters
may include at least one of a silencing factor, a transmit power control

10 configuration, hopping related parameters and a scrambling ID. In these
embodiments, irrespective of the type of D2D discovery operation: open or
restricted discovery, for RRC_CONNECTED or RRC_IDLE ProSe-enabled
UEs, certain parameters related to configuration and transmission of discovery
zones and signals (e.g., discovery packets) may be signaled to the corresponding

15 UEs.
[0070] In these embodiments, the discovery zone configuration may
include any partitioning of the overall zone into contention-based and
contention-free discovery zones. Parameters may be included to indicate the
extent of each discovery zone in the time and frequency domains, and may

20  indicate a time offset and a periodicity of the configuration of the zones. For a
cell-specific discovery zone allocation, this information would be cell specific
and a serving cell may signal the parameters corresponding to the neighboring
cells to support inter-eNB discovery.
[0071] In some embodiments, if fixed random silencing is configured, a

25  single value for the silencing factor may be signaled. On the other hand, for
support of more advanced adaptive silencing mechanisms, more than one
parameter may need to be signaled. In one embodiment, each ProSe-enabled UE
102 may be configured with a nominal silencing factor that is applied for the
first occurrence of the discovery zone for the respective UE. For the subsequent

30  discovery zone occurrences, the silencing factor to be applied by the UE may be
incremented or decremented within certain lower and upper bounds (by certain
factors signaled by the network/eNB) depending on whether the UE transmitted

in the previous zone or not. The bounds may either be static (preconfigured) or
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configured and updated by the network and/or the eNB at a very slow rate,
although the scope of the embodiments is not limited in this respect.
[0072] In some embodiments, the eNB may be configured to reduce
interference within the discovery zone by employing a silencing and muting
5  protocol for discovery signal transmissions and configured to include the

silencing factor in the discovery zone parameters. In these embodiments, the
silencing and muting protocol configures the ProSe-enabled UEs with the
silencing factor for use in D2D discovery signal transmission on randomly
selected resources of the D2D discovery zone based on probability indicated by

10 the silencing factor. The effective arrival rate of the discovery packets and
thereby the interference level within the D2D discovery zones may be
controlled. In these embodiments, each ProSe-enabled UE that intends to
transmit a discovery packet may randomly selects a resource from within the
D2D discovery zone and may transmit the packet with a certain probability (e.g.,

15 (I-p), with 0 <p <1I). In these embodiments, p may be defined as the silencing
factor or transmission probability factor that is configured by the network, either
in a network-common manner or in a cell-specific manner by individual serving
cells.
[0073] In some embodiments, the signaling to the UE indicates that the

20  silencing factor is to be either incremented or decremented for use in subsequent
occurrences of the discovery zone depending on whether the UE transmitted
D2D discovery zones in a prior occurrence of the discovery zone.
[0074] In some embodiments, when the discovery zone parameters
comprise include the transmit power control configuration, a UE may be

25  configured with a maximum transmit power for transmission of D2D discovery
signals that is lower than a transmit power specified by a respective UE
category. In these embodiments, depending on the discovery traffic conditions
and use cases, ProSe-enabled UEs may be configured with a maximum transmit
power that may be lower than that specified by the respective UE category. The

30  maximum transmit power may be applied for discovery packet transmission. If
supported, additional parameters related to more advanced adaptive power

control options would need to be signaled as well.
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[0075] In some embodiments, when the discovery zone parameters

comprise include the hopping related parameters, the hopping related parameters

indicate:
e  parameters for discovery resource hopping in a contention-
free D2D discovery zone configuration;
e ahopping type comprising either type 1 or type 2 hopping;
¢ ahopping mode comprising either intra-subframe or inter-
subframe hopping;
® asubband size for the type 2 hopping; and
¢ apseudorandom sequence initialization for the type 2
hopping.

[0076] In these embodiments, for contention-free discovery resource

allocations, certain randomized hopping related signaling may be provided to the
UE. Further, for payload-based transmissions wherein the each discovery packet
transmission spans multiple PRB-pairs, different types of intra- or inter-
subframe hopping may be configured.

[0077] In some embodiments, when the discovery zone parameters
comprise include the scrambling identity, the scrambling identity may to be used
for scrambling of a CRC mask of the D2D discovery packets. A common
scrambling ID may be assigned per discovery group. In these embodiments, a
scrambling Identity (ID) may be used for scrambling of the CRC mask of the
discovery packets. The scrambling identity may be common per discovery
group. For open discovery, all ProSe-enabled UEs within the network (for
network-common discovery resource configuration) or within cells or cell-
clusters (for cell-specific discovery resource configuration) may be configured
with a common scrambling ID.

[0078] For restricted discovery, the scrambling ID may be used for
filtering of decoded candidates by the discovering UE before sending the list of
candidates to the upper layers for verification for restricted discovery. For closed
discovery, the scrambling is the same on a per-white list basis for restricted
discovery. In this way, those ProSe-enabled UEs that are not on white list will

not be able to decode the packet. The closed group scrambling seed should be
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generated by the D2D server, and sent together with the white list group
information during D2D registration (not through SIB/paging).

[0079] In some embodiments, for restricted discovery, a temporary
identifier (Temp_ID) may be used to differentiate the same ProSe-enabled UE
belonging to different discovery groups (different white lists of other ProSe-
enabled UEs). Each ProSe-enabled UE transmitting as part of restricted
discovery is assigned with one or more Temp_IDs that replace the UE identity in
the discovery packet. When a discovering UE decodes such a packet, it forwards
the decoded Temp_ID(s) to the network for further identification and
verification as part of the restricted discovery process. For example, consider
three ProSe-enabled UEs participating in restricted discovery: UE_A, UE_B, and
UE_C. UE_A and UE_B belong to distinct groups A and B respectively and don
not have each other in their respective white lists, while UE_C is in both the
white lists. Then, UE_C may be assigned two distinct Temp_IDs (UE_Ca and
UE_Cb) such that both UE_A and UE_B can discover UE_Ca and UE_Cb
respectively, and thereby, with subsequent identification from the network, can
discover UE_C. However, UE_A and UE_B can only discover each other via
open discovery operation.

[0080] FIG. 6 illustrated eNB-triggered contention-free D2D discovery
zone resources in accordance with some embodiments. In these embodiments, an
eNB may use RRC and/or Layer 1 (physical layer) signaling to indicate a semi-
persistent allocation of discovery resources to a ProSe-enabled UE in RRC
connected mode for contention-free transmission of D2D discovery signals. The
eNB may be configured to release the allocation of discovery resources by
transmission of a discovery resource release. In these embodiments, contention-
free mode of D2D discovery may be supported in multiple ways. In some
embodiments, this mode of operation may be triggered by the eNB (operation
602) in which the eNB configures one or more RRC_CONNECTED mode
ProSe-enabled UEs with dedicated resources for transmission of discovery
signals in operation 604. The resource allocation in this case may be realized in
the form of semi-persistent allocation of discovery resources using a

combination of RRC and Layer 1 signaling (operation 606). The configured
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dedicated resources may also be released (operation 608) by the eNB depending
on the loading and overall D2D discovery resource allocation state.

[0081] FIG. 7 illustrated UE-triggered contention-free D2D discovery
zone resources in accordance with some embodiments. In these embodiments, an
eNB may allocate discovery resources to a ProSe-enabled UE in RRC connected
mode for contention-free transmission of D2D discovery signals in response to a
RRC resource request from the ProSe-enabled UE. In addition to eNB-decided
discovery resource release, the eNB may release the allocation of discovery
resources in response to reception of a resource release request via RRC
signaling from the ProSe-enabled UEs. In these embodiments, an
RRC_CONNNECTED UE, for example, on initiation from higher layers, may
request (operation 702) the serving cell for resources for D2D discovery signal
transmissions via RRC layer. Subsequently, subject to eNB decision, the serving
cell may configure the UE via RRC signaling with the configuration of the
resource allocation (operation 704) and eventually semi-persistent allocations via
Layer 1 signaling. The layer 1 signaling/activation is no used since resources
may be configured via RRC (operation 704) and then the discovery transmission
automatically gets activated starting from the next occurrence of the discovery
resource pool/zone (operation 706). In addition to eNB-decided release of the
resources (operation 710), a UE can also request for discovery resource release
via RRC layer (operation 708).

[0082] In these embodiments, when the D2D discovery resources are
explicitly allocated via PDCCH, the RRC resource configuration (operation 704)
may not be required. Combinations of eNB-triggered, UE-triggered contention-
free resource allocation schemes with eNB-decided and UE-requested resource
release mechanisms may be realized as well.

[0083] Additionally, resources for D2D discovery may not be reserved
(i.e., no discovery zones configured) at a cell-/cell-cluster-level or network-level
depending on presence of active ProSe-enabled UEs. In such a situation, a
ProSe-enabled UE in RRC_CONNECTED mode can send a request for
allocation of D2D discovery resources via RRC or application layer. If it is
requested via application layer, this request will be sent to D2D server which, in

turn, requests the eNB to turn on discovery zone or allocate additional resources
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for contention-free discovery as required. Also, a ProSe-enabled UE in
RRC_IDLE mode can transit to connected mode to send discovery resource
request. However, it may not involve RRC connection set up. For example, the
UE can send RRC connect request only indicating discovery zone request.

5  Alternatively, the UE autonomously goes to idle mode when the eNB sends
acknowledgement (or discovery radio resource configuration) message for the
discovery request message.

[0084] In some embodiments, D2D discovery resources may be statically
provisioned. For support of D2D discovery for national security and public

10 safety (NSPS) use cases in outside or partial network coverage scenarios, certain
periodic time-frequency resources may be pre-configured for the public safety
(PS) ProSe-enabled UEs as D2D discovery resources. Such resources could be
configured to have a low duty cycle and under appropriate conditions, depending
on the exact D2D discovery protocol, additional resources may be allocated to

15  supplement the preconfigured D2D discovery zones by coordinating UEs for
partial or outside network coverage scenarios. The configuration of the
additional resources can follow the principles outlined above with consideration
of the presence of the statically preconfigured default D2D discovery zones.
[0085] In some embodiments, for geometry-based intra-cell D2D

20  discovery zone partitioning, a UE may receive signaling from a serving eNB
indicating D2D discovery zone configuration information of one or more
neighbor eNBs including discovery resources of the D2D discovery zone used
for at least one of cell-center D2D UEs and cell edge D2D UEs. The UE may
select resources indicated for cell-center D2D UES or cell edge D2D UEs for

25  transmission of D2D discovery signals based at least on an RSRP of a serving
eNB. In these embodiments, a UE may select a discovery resource based on UE
geometry. The discovery zone may be divided and some of discovery resource is
mainly used for cell-center UEs if these discovery resources are used for normal
UL scheduling in neighboring cells. The ProSe-enabled UEs that have the ratio

30 RSRPgerying/RSRPgrongest_neighbor greater than some pre-defined or configured
threshold can transmit D2D discovery packets in the discovery zone reserved for
cell-center ProSe-enabled UEs. In the above, RSRPserving is the serving cell

RSRP and RSRProngest neighbor corresponds to the RSRP for the link to the cell in
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the neighbor cell list with the maximum RSRP value. This geometry-based intra-
cell D2D discovery zone partitioning coupled with careful scheduling of PUSCH
transmissions in the cells with WAN traffic can enable co-existence of D2D
discovery zones and LTE UL transmissions in neighboring cells. The eNBs can
exchange information on the discovery resource used for cell center D2D UEs or
cell edge D2D UESs. In some of these embodiments, the UE may selected the
discovery resource based on RSRPgving instead of the ratio and would work
similarly, especially in NWs with eNBs with similar transmission power (e.g.,
for macro-only networks.

[0086] FIG. 8 illustrates a functional block diagram of a wireless
communication device in accordance with some embodiments. Wireless
communication device (WCD) 800 may be suitable for use as a UE 102 (FIG. 1)
or an eNB 104 FIG. 1). The WDC 800 may include physical layer (PHY)
circuitry 802 for transmitting and receiving signals to and from other WDCs
(eNBs and UEs) using one or more antennas 801 as well as for D2D
communications with other UEs. WDC 800 may also include medium access
control layer (MAC) circuitry 804 for controlling access to the wireless medium.
WDC 800 may also include processing circuitry 806 and memory 808 arranged
to configure the various elements of the WDC 800 to perform the various
operations described herein.

[0087] In some embodiments, the mobile device may be part of a
portable wireless communication device, such as a personal digital assistant
(PDA), a laptop or portable computer with wireless communication capability, a
web tablet, a wireless telephone, a smartphone, a wireless headset, a pager, an
instant messaging device, a digital camera, an access point, a television, a
medical device (e.g., a heart rate monitor, a blood pressure monitor, etc.), or
other device that may receive and/or transmit information wirelessly. In some
embodiments, the mobile device may include one or more of a keyboard, a
display, a non-volatile memory port, multiple antennas, a graphics processor, an
application processor, speakers, and other mobile device elements. The display
may be an LLCD screen including a touch screen.

[0088] The antennas 801 may comprise one or more directional or

omnidirectional antennas, including, for example, dipole antennas, monopole
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antennas, patch antennas, loop antennas, microstrip antennas or other types of
antennas suitable for transmission of RF signals. In some multiple-input
multiple-output (MIMO) embodiments, the antennas may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

[0089] Although the mobile device is illustrated as having several
separate functional elements, one or more of the functional elements may be
combined and may be implemented by combinations of software-configured
clements, such as processing elements including digital signal processors
(DSPs), and/or other hardware elements. For example, some elements may
comprise one or more microprocessors, DSPs, field-programmable gate arrays
(FPGAs), application specific integrated circuits (ASICs), radio-frequency
integrated circuits (RFICs) and combinations of various hardware and logic
circuitry for performing at least the functions described herein. In some
embodiments, the functional elements may refer to one or more processes
operating on one or more processing elements.

[0090] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
instructions stored on a computer-readable storage device, which may be read
and executed by at least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for storing information in a form readable by a machine (e.g., a
computer). For example, a computer-readable storage device may include read-
only memory (ROM), random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may include one or more processors and may be
configured with instructions stored on a computer-readable storage device.
[0091] The Abstract is provided to comply with 37 C.F.R. Section
1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed description, with each

claim standing on its own as a separate embodiment.
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CLAIMS

‘What is claimed is:

1. An enhanced node B (eNB) comprising hardware processing circuitry
configured to:

transmit signaling to indicate a device-to-device (D2D) discovery zone
configuration to proximity service (ProSe) enabled user equipment (UE), the
signaling to indicate time and frequency resources and a periodicity of a
discovery zone and to indicate operational parameters for the discovery zone,

wherein the resources of the D2D discovery zone are allocated for D2D

discovery signal transmission by the ProSe-enabled UEs.

2. The eNB of claim 1 wherein the signaling for the D2D discovery zone
configuration indicates one or more occurrences of the discovery zone, and

wherein the signaling is sent by the eNB either using dedicated radio-
resource control (RRC) signaling or sent using common radio-resource control

(RRC) signaling via system information blocks (SIBs).

3. The eNB of claim 1 wherein when the signaling sent by the eNB uses
common RRC signaling via SIBs, the signaling sent by the eNB includes at least

one of a SIB transmission and a paging transmission.

4. The eNB of claim 2 wherein the signaling for the D2D discovery zone
configuration indicates at least one of:

a non-contention-based D2D discovery zone (NCB-D2D DZ) for which
periodic resources are allocated for non-contention based transmission of
discovery signals by only ProSe-enabled UEs in RRC connected mode; and

a contention-based D2D discovery zone (CB-D2D DZ) for which
periodic resources are allocated for contention-based transmission of discovery
signals by any ProSe-enabled UEs including ProSe-enabled UEs in RRC

connected mode, RRC idle mode and out of coverage UEs.
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5. The eNB of claim 2 further configured to:
receive discovery zone loading metrics, the discovery zone loading
metrics based on monitoring of discovery signals within the discovery zone by
one or more ProSe-enabled UEs; and
5 determine whether or not to make changes to a resource allocation

configuration for D2D activities based on the discovery zone loading metrics.

6. The eNB of claim 2 wherein the eNB is configured to receive D2D
discovery zone configuration information of one or more neighbor eNBs, and
10 wherein the eNB is configured to signal the D2D discovery zone
configuration information of the one or more neighbor eNBs to the ProSe

enabled UEs via SIB signaling.

7. The eNB of claim 2 wherein the eNB is configured to receive D2D
15  discovery zone configuration information of one or more neighbor eNBs, and
wherein based on the D2D discovery zone configuration information of
the one or more neighbor eNBs, the eNB is further configured to engage in an
interference reduction technique to reduce intra-cell and inter-cell interference
within the discovery zone and inter-cell interference between discovery signal
20  transmissions and uplink cellular transmissions, the technique to include one or
more of:
cooperative subframe power control for D2D discovery signal
transmissions wherein uplink subframe sets are configured with separate power
control parameters for interference reduction between the uplink cellular
25  transmissions and the D2D discovery signal transmissions;
transmit power level control for the D2D discovery signal transmission;
cooperative cell clustering to align discovery zones of the one or more
neighbor eNBs; and
geometry-based intra-cell discovery zone partitioning.
30
8. The eNB of claim 7 wherein the discovery zone operational
parameters include at least one of a silencing factor, a transmit power control

configuration, hopping related parameters and a scrambling 1D.

30



WO 2015/021267 PCT/US2014/050128

10

15

20

25

30

9. The eNB of claim 8 wherein the eNB is further configured to reduce
interference within the discovery zone by employing a silencing and muting
protocol for discovery signal transmissions and configured to include the
silencing factor in the discovery zone parameters, and

wherein the silencing and muting protocol configures the ProSe-enabled
UEs with the silencing factor for use in D2D discovery signal transmission on
randomly selected resources of the D2D discovery zone based on probability

indicated by the silencing factor.

10. The eNB of claim 8 wherein when the discovery zone parameters
comprise include the transmit power control configuration, the ProSe-enabled
UEs are configured with a maximum transmit power for D2D discovery signal
transmission that is lower than a transmit power specified by a respective UE
category,

wherein when the discovery zone parameters include the hopping related
parameters, the hopping related parameters indicate:

the parameters needed for discovery resource hopping in a contention-
free D2D discovery zone;

a hopping type comprising either type 1 or type 2 hopping;

a hopping mode comprising either intra-subframe or inter-subframe
hopping;

a subband size for the type 2 hopping; and

a pseudorandom sequence initialization for the type 2 hopping, and

wherein when the discovery zone parameters include the scrambling
identity, the ProSe enabled UEs are configured to use the scrambling identity for
scrambling of a cyclic-redundancy check (CRC) mask of the D2D discovery
packets, and the eNB is configured to assign a common scrambling ID per

discovery group.

11. The eNB of claim 1 wherein the signaling comprise one or more of
radio-resource control (RRC) and Layer 1 signaling to indicate a semi-persistent
allocation of discovery resources to the ProSe enabled UEs in RRC connected

mode for contention-free transmission of D2D discovery signals, and
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wherein the eNB is configured to release the allocation of discovery

resources by transmission of a discovery resource release.

12. The eNB of claim 11 wherein the eNB allocates the discovery
resources to the ProSe enabled UEs in RRC connected mode for contention-free
transmission of D2D discovery signals in response to a RRC resource request
from the ProSe enabled UE; and

wherein, the eNB is further configured to release the allocation of
discovery resources in response to reception of a resource release request via

RRC signaling from the ProSe enabled UEs.

13. An enhanced node B (eNB) comprising hardware processing circuitry
and configured to:

transmit signaling to indicate a device-to-device (D2D) discovery zone
configuration to proximity service (ProSe) enabled user equipment (UE), the
signaling to indicate at least time and frequency resources and a periodicity of a
discovery zone;

receive discovery zone loading metrics, the discovery zone loading
metrics based on monitoring of discovery signals within the discovery zone by
one or more ProSe-enabled UEs; and

determine whether or not to make changes to a resource allocation

configuration for D2D activities based on the discovery zone loading metrics.

14. The eNB of claim 13 wherein the discovery zone metrics include at
least one of:

a number of discovery signal transmissions in a number of occurrences of
the discovery zone;

a number of successfully detected discovery signals in a number of
occurrences of the discovery zone; and

an indication of the interference level in a number of occurrences of the
discovery zone,

wherein the eNB is further configured to determine a number of the

ProSe enabled UEs based on the discovery zone loading metrics.
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15. The eNB of claim 13 wherein the eNB is further configured to
determine the number of the ProSe enabled UEs based on radio-resource control
(RRC) signaling received from the ProSe enabled UEs during a contention-based
random access (CBRA) procedure as part of an initial access procedure,

wherein the RRC signaling includes a D2D capability indication.

16. The eNB of claim 13 further configured to:
transmit a D2D counting request message; and
receive a D2D counting response message from the ProSe enabled UEs

that are in radio-resource control (RRC) connected mode.

17. The eNB of claim 13 wherein the eNB is further configured to
determine the number of the ProSe enabled UEs based on reception of periodic
tracking area (TA) messages having a D2D capability indication transmitted by

the ProSe-enabled UEs that are in RRC idle mode.

18. User Equipment (UE) enabled for proximity services (ProSe), the
ProSe-enabled UE comprising hardware processing circuitry and configured to:

receive device-to-device (D2D) discovery zone configuration signaling
from an enhanced node B (eNB) to indicate time and frequency resources and a
periodicity of a discovery zone and to indicate one or more discovery zone
operational parameters; and

transmit D2D discovery signals within the resources to discover one or

more other ProSe-enabled UEs.

19. The UE of claim 18 wherein when the UE is in radio-resource control
(RRC) idle mode (RRC_IDLE), the UE is configured to transition to RRC
connected mode (RRC_CONNECTED) to send a discovery resource request to a
serving eNB, and

wherein the UE is further configured to autonomously switch back to the
RRC idle mode upon reception of a resource configuration message from the

serving eNB, at least for transmission in a contention-based D2D discovery zone

(CB-D2D DZ).
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20. The UE of claim 18 wherein the signaling for the D2D discovery
zone configuration indicates one or more occurrences of the discovery zone and
is sent by the eNB either using dedicated radio-resource control (RRC) signaling
or using common radio-resource control (RRC) signaling via system information
blocks (SIBs),

wherein the UE is further configured to

monitor the discovery zone for D2D discovery signals transmitted by
other UEs; and

report discovery zone loading metrics to the eNB based on the monitored
discovery signals, and

wherein the discovery zone loading metrics comprise one or more of:

a count of the number of D2D discovery signals transmitted by other UEs
during a number of occurrences of the discovery zone;

a count of the number of D2D discovery signals transmitted by itself
during a number of occurrences of the discovery zone; and

an indication of interference level in a number of occurrences of the

discovery zone.

21. The UE of claim 20 wherein when the signaling for the discovery
zone configuration indicates a periodic occurrence of the discovery zone for
which periodic discovery-zone resources are allocated for D2D discovery, the
UE is further configured to:

monitor a number of the occurrences of the discovery zone for D2D
discovery signals transmitted by other UEs; and

report the discovery zone loading metrics to the eNB based on the D2D

discovery signals monitored in the occurrences of the discovery zone.

22. The UE of claim 18 wherein the UE is configured to receive
signaling from the eNB indicating D2D discovery zone configuration
information of one or more neighbor eNBs, and

wherein the UE is further configured to:

transmit D2D discovery signals in an indicated D2D discovery zone of

the one or neighbor eNBs, and
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monitor the indicated D2D discovery zone of the one or neighbor eNBs

for D2D discovery signals.

23. The UE of claim 18 wherein the UE wherein for geometry-based
intra-cell D2D discovery zone partitioning the UE is configured to receive
signaling from the eNB indicating D2D discovery zone configuration
information of a serving eNB and of one or more neighbor eNBs including
discovery resources of the D2D discovery zone used for at least one of cell-
center D2D UEs and cell edge D2D UEs, and

wherein the UE is further configured to select resources indicated for
cell-center D2D UEs or cell edge D2D UEs for transmission of D2D discovery
signals based at least on a reference signal received power (RSRP) of the serving

eNB.

24. The UE of claim 20 wherein the signaling for the D2D discovery
zone configuration is configured to indicate at least one of:

a non-contention-based D2D discovery zone (NCB-D2D DZ) for which
periodic resources are allocated for non-contention based transmission of
discovery signals by ProSe-enabled UEs in RRC connected mode; and

a contention-based D2D discovery zone (CB-D2D DZ) for which
periodic resources are allocated for contention-based transmission of discovery
signals by the ProSe-enabled UEs including ProSe-enabled UEs in RRC
connected mode, RRC idle mode and out of coverage ProSe-enabled UEs,

wherein the UE is configured to monitor any signaled of the NCB-D2D
DZs and CB-D2D DZs for discovery signals transmitted by other UEs.

25. The UE of claim 20 wherein the discovery signal transmissions
include a demodulation reference signal (DMRS) sequence comprising a
randomly selected choice of at least one of a base sequence, a cyclic shift value
and an orthogonal cover code, and

wherein the discovery zone metrics further include a number of blindly

detected unique DMRS sequences.
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26. A method performed by an enhanced node B (eNB) for signaling for
device-to-device (D2D) discovery operations, the method comprising:

transmitting signaling to indicate a D2D discovery zone configuration to
proximity service (ProSe) enabled user equipment (UE), the signaling to indicate

5 time and frequency resources and a periodicity of a discovery zone and to

indicate operational parameters for the discovery zone,

wherein the resources of the D2D discovery zone are allocated for D2D
discovery signal transmission by the ProSe-enabled UEs,

wherein the signaling for the D2D discovery zone configuration indicates

10 one or more occurrences of the discovery zone, and

wherein the signaling is sent by the eNB either using dedicated radio-

resource control (RRC) signaling or sent using common radio-resource control

(RRC) signaling via system information blocks (SIBs).

15 27. The method of claim 26 wherein when the signaling sent by the eNB
uses common RRC signaling via SIBs, the signaling sent by the eNB includes at
least one of a SIB transmission and a paging transmission, and

wherein the discovery zone operational parameters include at least one of
a silencing factor, a transmit power control configuration, hopping related

20  parameters and a scrambling ID.

28. A non-transitory computer-readable storage medium that stores
instructions for execution by one or more processors to configure an enhanced
node B (eNB) for signaling for device-to-device (D2D) discovery operations, the

25  operations to configure the eNB to:

transmit signaling to indicate a D2D discovery zone configuration to
proximity service (ProSe) enabled user equipment (UE), the signaling to indicate
time and frequency resources and a periodicity of a discovery zone and to
indicate operational parameters for the discovery zone,

30 wherein the resources of the D2D discovery zone are allocated for D2D
discovery signal transmission by the ProSe-enabled UEs,

wherein the signaling for the D2D discovery zone configuration indicates

one or more occurrences of the discovery zone, and
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wherein the signaling is sent by the eNB either using dedicated radio-
resource control (RRC) signaling or sent using common radio-resource control

(RRC) signaling via system information blocks (SIBs).

29. The non-transitory computer-readable storage medium of claim 28
wherein when the signaling sent by the eNB uses common RRC signaling via
SIBs, the signaling sent by the eNB includes at least one of a SIB transmission
and a paging transmission, and

wherein the discovery zone operational parameters include at least one of
a silencing factor, a transmit power control configuration, hopping related

parameters and a scrambling 1D.

37



WO 2015/021267 PCT/US2014/050128

1/4
120

EPC
= 124 122
SERVING GATEWAY MHE

115

o/ o\

MACRO eNB 2 WACRO eNB

“104
/ E-UTRAN \
7 A\
1013\ / N N\

mﬁ] ‘/\@l\g DISCO
102
101
12
UE UE F

ig. 1

VERY SIGNALS 102 102

UE UE




WO 2015/021267 PCT/US2014/050128
2/4

12 104
i UE ] 312 [eNB |
N

DISCOVERY ZONE CONFIGURATION

-

313

MONITOR
DISCOVERY
ZONE 374j

DISCOVERY ZONE METRICS gb.gx 3&)4

12 104
i UE ] 502 e\
STEP 1: RANDOM'ACCESS PREAMBLE .
. STEP 2: RANDOM ACCESS REsponse” °°7
ADJUST
pLING [ 506
TIMING 308
STEP 3: RRC SIGNALING INCLUDING
D20 CAPABILITY INDICATION ,

STEP 4: RRC SIGNALING FOR-~370
CONTENTION RESOLUTION

Fig. 3B

102 104
tﬁE] 402 Dﬂﬁj

D20 COUNTING REQUEST

—404
D2D COUNTING RESPONSE

‘%'?. 4



WO 2015/021267 PCT/US2014/050128

3/4
DISCOVERY ZONE /A DISCOVERY ZONE

_J

UL SUBFRAME OF SET 1 UL SUBFRAME OF SET 2)

702f 104
1. DISCOVERY ENABLING ' (RRC)
604
2. RESOURCE_CONFIGURATION'(RRC)

~606
3. DISCOVERY ACTIVATION (RRC)

4. DISCOVERY RESOURCE RELEASE-—608
(PDCCH OR RRC)

102 104
| UE | F702 eNB

1. DISCOVERY RESOURCE REQUEST (RRC)

~704
2. RESOURCE 'CONFIGURATION (RRC) |

~706
3. DISCOVERY /ACTIVATION (PDCCH)

708
4. DISCOVERY RESOURCE 'RELEASE REQUEST (RRC)

r770
5. DISCOVERY RESOURCE RELEASE (PDCCH OR RRC) g. 7




WO 2015/021267 PCT/US2014/050128

4/4

y .y

802
L/

804
g

PHY
MAC

806
1 PROCESSING

808~ MEMORY
UE




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/050128

A. CLASSIFICATION OF SUBJECT MATTER

HO04W 72/04(2009.01)i, HO4W 52/04(2009.01)i, HO4W 88/08(2009.01)i, HO4B 7/26(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 72/04; HO4B 7/24; HO4W 48/16; HO4W 72/08; HO4W 72/00; HO4W 52/04; HO4W 88/08;, HO4B 7/26

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

control (RRC) and similar terms.

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: proximity service, user equipment, D2D, discovery, node, allocate, resource, radio resource

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X RENESAS MOBILE EUROPE LTD., ‘ProSe direct communication (D2D) , R1-132174, 1,13-14,18
3GPP TSG-RAN WG1 Meeting #73, Fukuoka, Japan, 20 May 2013
See pages 1-4.
Y 2,6,22,26,28
A 3-5,7-12,15-17
,19-21,23-25,27,29
Y KR 10-2013-0035964 A (ELECTRONICS AND TELECOMMUNICATIONS RESEARCH INSTITUTE) 2,6,22,26,28
9 April 2013
See abstract; paragraphs 101-102; claim 1; and figure 1.
A 1,3-5,7-21,23-25
,27,29
A US 2013-0195026 Al (KERSTIN JOHNSSON et al.) 1 August 2013 1-29
See paragraphs 13-18; claim 1; and figure 1.
A ERICSSON et al., ‘D2D for LTE Proximity Services: Overview , R1-132028, 3G 1-29
PP TSG-RAN WG1 #73, Fukuoka, Japan, 20 May 2013
See pages 2-4.
A WO 2013-025057 A2 (LG ELECTRONICS INC.) 21 February 2013 1-29
See paragraphs 53-62; claim 1; and figure 2.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

g

o

o

"pr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search

13 November 2014 (13.11.2014)

Date of mailing of the international search report

13 November 2014 (13.11.2014)

Name and mailing address of the [ISA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer
‘\\\\\\\\\\\ )

YU, JAE CHON

Telephone No. +82-42-481-8647

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-2013-0035964 A 09/04/2013 US 2013-0083779 Al 04/04/2013

US 8848700 B2 30/09/2014
US 2013-0195026 Al 01/08/2013 AU 2013-211927 Al 17/07/2014
AU 2013-212088 Al 14/08/2014
AU 2013-212110 Al 21/08/2014
CA 2850124 Al 10/05/2013
CA 2853238 Al 10/05/2013
CA 2853239 Al 10/05/2013
CA 2861484 Al 01/08/2013
CA 2862374 Al 01/08/2013
CA 2863618 Al 01/08/2013
CN 103368940 A 23/10/2013
CN 103369467 A 23/10/2013
CN 103379599 A 30/10/2013
CN 103428659 A 04/12/2013
CN 103517327 A 15/01/2014
CN 103532680 A 22/01/2014
CN 103546477 A 29/01/2014
CN 103581861 A 12/02/2014
CN 103581880 A 12/02/2014
CN 103581965 A 12/02/2014
CN 103582003 A 12/02/2014
CN 103582006 A 12/02/2014
CN 103582066 A 12/02/2014
CN 103596065 A 19/02/2014
CN 103731912 A 16/04/2014
CN 103748833 A 23/04/2014
CN 103763694 A 30/04/2014
CN 103797771 A 14/05/2014
CN 103843415 A 04/06/2014
CN 104067537 A 24/09/2014
CN 104081681 A 01/10/2014
CN 104081684 A 01/10/2014
CN 104081798 A 01/10/2014
EP 2740236 Al 11/06/2014
EP 2740254 Al 11/06/2014
EP 2740297 Al 11/06/2014
EP 2740300 A2 11/06/2014
EP 2774277 Al 10/09/2014
EP 2774278 Al 10/09/2014
EP 2774283 Al 10/09/2014
EP 2774284 Al 10/09/2014
EP 2774285 Al 10/09/2014
EP 2774294 Al 10/09/2014
EP 2774296 Al 10/09/2014
EP 2774297 Al 10/09/2014
EP 2774298 Al 10/09/2014
EP 2774299 Al 10/09/2014

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2774300 Al 10/09/2014
EP 2774307 Al 10/09/2014
EP 2774308 Al 10/09/2014
EP 2774398 Al 10/09/2014
EP 2774404 Al 10/09/2014
EP 2774406 A2 10/09/2014
EP 2774409 Al 10/09/2014
EP 2774417 Al 10/09/2014
EP 2774423 Al 10/09/2014
EP 2774427 Al 10/09/2014
EP 2774440 Al 10/09/2014
EP 2774444 Al 10/09/2014
EP 2774451 Al 10/09/2014
JP 2014-522184 A 28/08/2014
JP 2014-526204 A 02/10/2014
KR 10-2014-0041889 A 04/04/2014
KR 10-2014-0043484 A 09/04/2014
KR 10-2014-0072185 A 12/06/2014
KR 10-2014-0072904 A 13/06/2014
KR 10-2014-0073564 A 16/06/2014
KR 10-2014-0083007 A 03/07/2014
KR 10-2014-0084110 A 04/07/2014
KR 10-2014-0084128 A 04/07/2014
KR 10-2014-0088128 A 09/07/2014
KR 10-2014-0088135 A 09/07/2014
KR 10-2014-0095065 A 31/07/2014
KR 10-2014-0097262 A 06/08/2014
KR 10-2014-0107596 A 04/09/2014
KR 10-2014-0108320 A 05/09/2014
KR 10-2014-0113995 A 25/09/2014
KR 10-2014-0115333 A 30/09/2014
KR 10-2014-0115369 A 30/09/2014
TW 201347580 A 16/11/2013
TW 201351974 A 16/12/2013
TW 201401849 A 01/01/2014
TW 201404079 A 16/01/2014
TW 201406096 A 01/02/2014
TW 201408055 A 16/02/2014
TW 201409971 A 01/03/2014
TW 201409980 A 01/03/2014
TW 201410051 A 01/03/2014
TW 201410054 A 01/03/2014
TW 201410061 A 01/03/2014
TW 201412065 A 16/03/2014
TW 201419792 A 16/05/2014
TW 201419898 A 16/05/2014
TW 201419902 A 16/05/2014
TW 201419923 A 16/05/2014
US 08737514 B2 27/05/2014
US 08743820 B2 03/06/2014

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 08755348 B2 17/06/2014
US 08805384 B2 12/08/2014
US 08811144 B2 19/08/2014
US 08818376 B2 26/08/2014
US 08843100 B2 23/09/2014
US 08854981 B2 07/10/2014
US 2013-0114485 Al 09/05/2013
US 2013-0114523 Al 09/05/2013
US 2013-0114524 Al 09/05/2013
US 2013-0114572 Al 09/05/2013
US 2013-0114587 Al 09/05/2013
US 2013-0114658 Al 09/05/2013
US 2013-0115985 Al 09/05/2013
US 2013-0115990 Al 09/05/2013
US 2013-0115993 Al 09/05/2013
US 2013-0142113 Al 06/06/2013
US 2013-0163551 Al 27/06/2013
US 2013-0170443 Al 04/07/2013
US 2013-0188500 Al 25/07/2013
US 2013-0188501 Al 25/07/2013
US 2013-0188502 Al 25/07/2013
US 2013-0188516 Al 25/07/2013
US 2013-0188533 Al 25/07/2013
US 2013-0188540 Al 25/07/2013
US 2013-0188566 Al 25/07/2013
US 2013-0188569 Al 25/07/2013
US 2013-0190048 Al 25/07/2013
US 2013-0194943 Al 01/08/2013
US 2013-0194982 Al 01/08/2013
US 2013-0194991 Al 01/08/2013
US 2013-0194996 Al 01/08/2013
US 2013-0195025 Al 01/08/2013
US 2013-0195028 Al 01/08/2013
US 2013-0195070 Al 01/08/2013
US 2013-0196664 Al 01/08/2013
US 2013-0196699 Al 01/08/2013
US 2013-0196704 Al 01/08/2013
US 2013-0201842 Al 08/08/2013
US 2013-0215742 Al 22/08/2013
US 2013-0246846 Al 19/09/2013
US 2013-0258923 Al 03/10/2013
US 2013-0265938 Al 10/10/2013
US 2013-0265945 Al 10/10/2013
US 2013-0266289 Al 10/10/2013
US 2013-0268577 Al 10/10/2013
US 2013-0268604 Al 10/10/2013
US 2013-0272186 Al 17/10/2013
US 2013-0272252 Al 17/10/2013
US 2013-0279368 Al 24/10/2013
US 2013-0279372 Al 24/10/2013

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2013-0279462 Al 24/10/2013
US 2013-0286867 Al 31/10/2013
US 2013-0286868 Al 31/10/2013
US 2013-0288672 Al 31/10/2013
US 2013-0288690 Al 31/10/2013
US 2013-0291075 Al 31/10/2013
US 2013-0315122 Al 28/11/2013
US 2013-0322235 Al 05/12/2013
US 2013-0322238 Al 05/12/2013
US 2013-0322273 Al 05/12/2013
US 2013-0322352 Al 05/12/2013
US 2013-0322357 Al 05/12/2013
US 2013-0322358 Al 05/12/2013
US 2013-0326551 Al 05/12/2013
US 2013-0336269 Al 19/12/2013
US 2013-0343317 Al 26/12/2013
US 2014-0003239 Al 02/01/2014
US 2014-0003240 Al 02/01/2014
US 2014-0003262 Al 02/01/2014
US 2014-0003302 Al 02/01/2014
US 2014-0003312 Al 02/01/2014
US 2014-0003313 Al 02/01/2014
US 2014-0003319 Al 02/01/2014
US 2014-0003324 Al 02/01/2014
US 2014-0003339 Al 02/01/2014
US 2014-0003358 Al 02/01/2014
US 2014-0003452 Al 02/01/2014
US 2014-0010128 Al 09/01/2014
US 2014-0022988 Al 23/01/2014
US 2014-0029532 Al 30/01/2014
US 2014-0029533 Al 30/01/2014
US 2014-0036656 Al 06/02/2014
US 2014-0036664 Al 06/02/2014
US 2014-0036769 Al 06/02/2014
US 2014-0036792 Al 06/02/2014
US 2014-0036793 Al 06/02/2014
US 2014-0036794 Al 06/02/2014
US 2014-0036795 Al 06/02/2014
US 2014-0036796 Al 06/02/2014
US 2014-0036876 Al 06/02/2014
US 2014-0038623 Al 06/02/2014
US 2014-0040498 Al 06/02/2014
US 2014-0040504 Al 06/02/2014
US 2014-0040959 Al 06/02/2014
US 2014-0086221 Al 27/03/2014
US 2014-0092731 Al 03/04/2014
US 2014-0092742 Al 03/04/2014
US 2014-0092786 Al 03/04/2014
US 2014-0092787 Al 03/04/2014
US 2014-0092799 Al 03/04/2014

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2014-0092808 Al 03/04/2014
US 2014-0092821 Al 03/04/2014
US 2014-0092824 Al 03/04/2014
US 2014-0092828 Al 03/04/2014
US 2014-0092829 Al 03/04/2014
US 2014-0092830 Al 03/04/2014
US 2014-0092833 Al 03/04/2014
US 2014-0092865 Al 03/04/2014
US 2014-0092878 Al 03/04/2014
US 2014-0092886 Al 03/04/2014
US 2014-0094119 Al 03/04/2014
US 2014-0094162 Al 03/04/2014
US 2014-0094185 Al 03/04/2014
US 2014-0095668 Al 03/04/2014
US 2014-0119459 Al 01/05/2014
US 2014-0177590 Al 26/06/2014
US 2014-0185467 Al 03/07/2014
US 2014-0198675 Al 17/07/2014
US 2014-0198676 Al 17/07/2014
US 2014-0198764 Al 17/07/2014
US 2014-0198767 Al 17/07/2014
US 2014-0206348 Al 24/07/2014
US 2014-0247759 Al 04/09/2014
US 2014-0254567 Al 11/09/2014
US 2014-0269383 Al 18/09/2014
US 2014-0269419 Al 18/09/2014
US 2014-0269459 Al 18/09/2014
US 2014-0269779 Al 18/09/2014
US 2014-0286215 Al 25/09/2014
US 2014-0286302 Al 25/09/2014
US 2014-0287743 Al 25/09/2014
US 2014-0295856 Al 02/10/2014
US 2014-0295913 Al 02/10/2014
WO 2013-019260 Al 07/02/2013
WO 2013-019263 Al 07/02/2013
WO 2013-019264 Al 07/02/2013
WO 2013-019287 Al 07/02/2013
WO 2013-019816 A2 07/02/2013
WO 2013-066203 Al 10/05/2013
WO 2013-066204 Al 10/05/2013
WO 2013-066205 Al 10/05/2013
WO 2013-066383 Al 10/05/2013
WO 2013-066384 Al 10/05/2013
WO 2013-066385 Al 10/05/2013
WO 2013-066386 Al 10/05/2013
WO 2013-066387 Al 10/05/2013
WO 2013-066388 Al 10/05/2013
WO 2013-066396 Al 10/05/2013
WO 2013-066412 Al 10/05/2013
WO 2013-066416 Al 10/05/2013

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/050128
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2013-066956 Al 10/05/2013
WO 2013-067009 A2 10/05/2013
WO 2013-067030 Al 10/05/2013
WO 2013-112384 Al 01/08/2013
WO 2013-112465 Al 01/08/2013
WO 2013-112594 Al 01/08/2013
WO 2013-112616 Al 01/08/2013
WO 2013-112665 Al 01/08/2013
WO 2013-112711 Al 01/08/2013
WO 2013-112716 Al 01/08/2013
WO 2013-112733 Al 01/08/2013
WO 2013-112866 Al 01/08/2013
WO 2013-112909 Al 01/08/2013
WO 2013-112928 Al 01/08/2013
WO 2013-025057 A2 21/02/2013 WO 2013-025057 A3 30/05/2013

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report

