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SYSTEM AND METHOD FOR DEVICE-TO-DEVICE SYNCHRONIZATION

This application claims the benefit of the following provisionally filed U.S. Patent
application: Application Serial No. 61/898,194, filed October 31, 2013, and entitled “System and
Method for Device-to-Device Synchronization,” which application is incorporated herein by

reference.

TECHNICAL FIELD

The present invention relates to wireless communications, and, in particular embodiments,

to a system and method for device to device synchronization.

BACKGROUND

Device-to-device (D2D) technology is getting attraction because of the ability to offer
new services, improve system throughput, and offer a better user experience. For example, D2D
can be used for Public Safety (PS) services. Other potential use cases for D2D have been
identified by 3GPP SA WG1 in 3GPP TR 22.803 V12.0.0 (2012-12), which is incorporated herein

by reference in its entirety.

D2D discovery and direct communication allows user equipments (UEs) in proximity to
communicate with each other directly. Identified areas of application include services related to

commercial services and public safety that would be of interest to operators and users.

Long Term Evolution (LTE) device-to-device proximity services may be evaluated as
follows in terms of the connectivity and direct communications requirements in different wireless

coverage regions.

SUMMARY

An embodiment method for device-to-device (D2D) communication includes using an

uplink (UL) synchronization signal for the D2D communication.

An embodiment method includes configuring, by a base station, a first user equipment
(UE) that is in a radio resource control connected (RRC_CONNECTED) state with the base
station to be a synchronization source and transmit a first device-to-device synchronization signal
(D2DSS) using a synchronization resource comprising a time resource, a frequency resource or a
time and frequency resource. The base station instructs the first UE to transmit the first D2DSS
according to the configuring. The configuring is signaled independently from the instructing. The
configuring the first UE and the instructing the first UE to transmit are each performed with radio

resource control (RRC) signaling transmitted from the base station.
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An embodiment method includes receiving, by a user equipment (UE) and from a base
station serving the UE, a first configuration by radio resource control (RRC) signaling, the first
configuration instructing the UE to transmit a first device-to-device synchronization signal
(D2DSS). The UE receives, from the base station, a second configuration by RRC signaling, the
second configuration identifying a synchronization resource comprising a time resource, a
frequency resource or a time and frequency resource for transmitting the first D2DSS by the UE.
The first configuration is received independently from the second configuration. The UE
transmits the first D2DSS in an uplink resource according to the first configuration and second

configuration.

An embodiment method includes determining, by a base station comprising a first cell, a
second user equipment (UE) in a neighboring second cell, the second UE providing a device-to-
device synchronization signal (D2DSS) for a first UE within the first cell of the first base station.
The method further includes indicating, by the first base station and to the first UE, the second UE
that will be providing the D2DSS and transmitting, by the first base station, a message to a first
UE indicating an uplink resource in which the first UE can expect to detect the D2DSS

transmitted by a second UE.

An embodiment base station includes a transceiver configured to wirelessly communicate
with UEs by RRC signaling and a processor in signal communication with the transceiver. The
processor is configured to configure a first UE that is in an RRC_CONNECTED state with the
base station to be a synchronization source and transmit a D2DSS using a synchronization
resource comprising a time resource, a frequency resource or a time and frequency resource. The
processor is further configured to instruct the first UE to transmit the D2DSS. The first UE is
configured using signaling that is independent from signaling used to instruct the first UE, and the

synchronization resource is selected by the base station.

An embodiment user equipment includes a transceiver configured to wirelessly
communicate by RRC signaling and a processor in signal communication with the transceiver.
The processor is configured to receive, through the transceiver and from a base station serving the
UE, a first configuration by RRC signaling, the first configuration instructing the UE to transmit a
first D2DSS. The processor is further configured to receive, through the transceiver and from the
base station, a second configuration by RRC signaling, the second configuration identifying a
synchronization resource comprising a time resource, a frequency resource, or a time and
frequency resource for transmitting the first D2DSS by the UE. The first configuration is
received independently from the second configuration. The processor is configured to transmit,
through the transceiver, the first D2DSS in an uplink resource according to the first configuration

and the second configuration.
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An embodiment base station includes a transceiver 506 configured to wirelessly
communicate with user equipments (UEs) within a first cell of the base station. The base station
further includes a processor in signal communication with the transceiver and a nontransitory
computer readable storage medium coupled to the processor. The nontransitory computer
readable storage medium has stored therein instructions to determine a second UE in a
neighboring second cell. The second UE provides a device-to-device synchronization signal
(D2DSS) for a first UE within the first cell of the base station. The nontransitory computer
readable storage medium further has stored therein instructions to transmit, through the
transceiver, a first message to the first UE indicating the second UE that will be providing the
D2DSS and transmit, through the transceiver, a second message to a first UE indicating an uplink

resource in which the first UE can expect to detect the D2DSS transmitted by a second UE.



10

15

20

25

30

WO 2015/066524 PCT/US2014/063522

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, and the advantages thereof,
reference is now made to the following descriptions taken in conjunction with the accompanying

drawing, in which:

Fig. 1A illustrates various scenarios for relationships between user equipment devices

(UEs) and a base station such as an E-UTRAN Node B/Evolved Node B (eNB);

Fig. 1B illustrates an out-of-coverage case with UE1 and UE2 outside of the coverage

area of an eNB according to an embodiment;
Fig. 1C illustrates a partial-coverage arrangement of UEs according to an embodiment;

Fig. 1D illustrates an in-coverage-single-cell (intra-cell) arrangement of UEs according to

an embodiment;

Fig. 1E illustrates an in-coverage-multi-cell (inter-cell) arrangement of UEs according to

an embodiment;
Fig. 1F illustrates a frame structure according to an embodiment;

Fig. 2 illustrates a flow diagram of process for a UE to provide an uplink (UL)

synchronization signal for D2D discovery and communication according to some embodiments;

Fig. 3 illustrates a flow diagram of a process for an eNB to respond to a UE

synchronization source request according to some embodiments;

Fig. 4 illustrates a flow diagram of a process for an eNB to configure a synchronization

source and synchronization signal according to some embodiments;

Fig. 5A illustrates a computing platform that may be used for implementing, for example,

the devices and methods described herein, according to an embodiment;

Fig. 5B illustrates a base station that may be used for implementing, for example, the

devices and methods described herein, according to an embodiment;

Fig. 5C illustrates a user equipment that may be used for implementing, for example, the

devices and methods described herein, according to an embodiment;

Fig. 6A illustrates a flow diagram of a process for a base station to configure a UE to be a

synchronization source according to an embodiment;

Fig. 6B illustrates a flow diagram of a process for a UE to be a synchronization source to

transmit a first D2DSS according to an embodiment;
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Fig. 7 illustrates a flow diagram of a process for a base station to indicate to a UE the
synchronization resource of neighboring cells wherein a D2DSS may be found according to an

embodiment;

Fig. 8 illustrates a flow diagram of a process for a UE to detect a D2DSS from UEs in a

5  neighboring cell according to an embodiment;

Fig. 9A illustrates a flow diagram for a base station configuring a UE in an
RRC_CONNECTED state according to an embodiment;
Fig. 9B illustrates a flow diagram for a UE in an RRC_CONNECTED state being
configured to be a synchronization source according to an embodiment;
10 Fig. 10A illustrates a flow diagram for identifying, by a base station, an uplink resource
where a UE can expect to detect a D2DSS according to an embodiment; and
Fig. 10B illustrates a flow diagram for receiving, by a UE, identification of an uplink

resource where the UE can expect to detect a D2DSS according to an embodiment.
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DETAILED DESCRIPTION

The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,
and do not limit the scope of the invention. Additionally, the methods and apparatuses described
may be applied to D2D discovery and D2D direct communication, but are not specifically limited

to the same.

U.S. Patent Application Serial No. 14/274,697, filed on May 10, 2014, which is hereby
incorporated herein by reference, discloses a system and method for a controller for out-of-
network device-to-device (D2D) communications. Embodiments described below may be used in

conjunction with the embodiments disclose in the provisional patent application.

In D2D systems, a node transmitting synchronization signal is a synchronization source
or a cluster head. User equipments (UEs) perform synchronization by synchronizing to a
synchronization source based on the synchronization signal sent by the synchronization source.
UEs synchronizing to one synchronization source can form a cluster. Synchronization signals
may, for example be D2DSSes that are transmitted by a synchronization source to advertise, or
alert UEs to the availability of a cluster. The cluster and cluster head are concepts for physical

layer synchronization purposes, which is different from groups in a higher layer.

In D2D discovery and communications, there are different scenarios for synchronization
source(s) and cluster formation. Fig. 1A shows various scenarios for relationships between UEs
106 and 108 and a base station 104 such as an E-UTRAN Node B/Evolved Node B (eNB) 104.
The base station 104 and UEs 106 and 108 each have a wireless transceiver and one or more
processors that control the transmissions over the wireless transceivers. Additionally, the base
stations 104 and UEs 106 and 108 have nontransitory computer readable storage mediums for
storing instructions for processes and methods described herein and which are executed by
processors of the base station 104 and UEs 106 and 108. It should be understood that, while the
base station 104 is described in terms of an eNB 104, the base station is 104 not limited to such an

arrangement, as the base station 104 may be any type of wireless communications base station.

Some in-coverage UEs 106 are within the coverage area 102 of the eNB 104, while some
out-of-coverage UEs 108 are outside the coverage area 102 of the eNB 104. In some
embodiments, clusters include an in-coverage cluster where all the UEs 106 are in the network
coverage area 102, such as a cluster comprising UE1 and UE2. In other embodiments, out-of-
coverage clusters have exclusively out-of-coverage UEs 108, such as a cluster comprising UE3

and UE4. In yet other embodiments, partially-in-coverage clusters have both in-coverage UEs
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106 and out-of-coverage UEs 108, such as a cluster comprising UE1 and UE3. In such partially-
in-coverage cluster arrangements, the cluster mitigates the interference between the in-coverage
UEs 106 and the out-of-coverage UEs 108 that are close to the boundary of network coverage

area 102.

The different scenarios for ProSe discovery where UEs such as UE1 and UE2 are located
in-coverage/out-of-coverage of a cell are shown in Figs 1B through 1E. When UE1 has a role of
transmission, UE1 sends D2D message and UE2 receives it. UE1 and UE2 can change their
transmission and reception role. The transmission from UE1 can be received by one or more UEs

such as UE2.

Fig. 1B illustrates an out-of-coverage case with UE1 and UE2 outside of the coverage

area of an eNB according to an embodiment.

Fig. 1C illustrates a partial-coverage arrangement of UEs according to an embodiment.
In such an embodiment, the eNB 104 provides a coverage area 102, and UEI is in coverage and

UE2 is out of coverage.

Fig. 1D illustrates an in-coverage-single-cell (intra-cell) arrangement of UEs according to
an embodiment. In such an embodiment UE1 and UE2 is in-coverage within the coverage area

102 of the same eNB or cell.

Fig. 1E illustrates an in-coverage-multi-cell (inter-cell) arrangement of UEs according to
an embodiment. In such an embodiment, UE1 is located in one cell and is in the coverage area
102 of a first eNB 104. UE2 is located in another, neighboring cell, and is within the neighboring

overage area 112 of a neighboring eNB.

It has been discovered that timing and/or frequency synchronization between devices can
be provided by a synchronization signal, a D2DSS, on an uplink (UL) channel in a UL resource or
resource space, and that such uplink synchronization can be broadcast by a synchronization
source to advertise, or alert other UEs to, the availability of a cluster. The UL resource is a set of
frequencies which is designated for transmissions from UEs. It should be understood that the UL
resource comprises a time domain, where the different data, frames or signals are transmitted in
different time slots or sequentially in time. A UE or eNB transmits a synchronization signal in the
UL resource so that other UEs can detect the synchronization signal. Synchronization signals in
the uplink resource provide greater accuracy than synchronization on a downlink (DL.) channel or
synchronization with an eNB’s 104 primary synchronization signal (PSS) or secondary
synchronization signal (SSS). The uplink synchronization signal permits decoupling of the D2D
synchronization signal (D2DSS) from an eNB synchronization signal and greater control over
timing than using the eNB PSS. The generation of the D2DSS is, in different embodiments,
determined by the relationship of the synchronization source or UEs 106 and 108 to the eNB 104.

7
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In an in-coverage embodiment, the D2DSS is a separate signal transmitted within the
uplink signal resources and that is synchronized with, or otherwise based on, the SSS. It has been
discovered that the time synchronization to the eNB 104 in the downlink resources may only
provide a very coarse time synchronization to support the D2D communication on the uplink. A
separate D2DSS in the UL resource or on the UL channel provides greater control and accuracy
for synchronization between devices while avoiding interference between individual devices and
the eNB. Additionally, in some embodiments, the eNB may provide synchronization for the in-
coverage UEs 106 by transmitting a D2DSS in the DL resource as a backup or secondary D2DSS.
In such an embodiment, the UEs may switch to a D2DSS in the UL resource, for example, when
one of the UEs leaves the coverage area 102, when the eNB determines that resources at the eNB
are low, when the DL fails to provide suitably accurate synchronization timing, or under other

conditions.

For asynchronous eNB deployment, UEs in one cell wanting to communicate with UEs in
another cell listen to the PSS/SSS of the neighbor cell, which may not always be practical.
Accordingly, an embodiment provides an uplink (UL) synchronization signal for better coarse or
even fine synchronization, simple timing maintenance, and for creating clusters based on

proximity.

For example, an active UE 106 and 108 maintains two uplink timings: one for cellular
transmission (an earlier transmission with timing advance (TA) adjustment) and one for D2D
communication (a later transmission aligned with cellular downlink (DL.)). The two timings could
be problematic when the UE receives a D2D subframe after a scheduled time for transmitting a
cellular subframe (earlier one) if the D2D subframe is intended to be retransmitted in the cellular
subframe. Note that the UE cannot transmit the cellular and D2D package in one subframe due to
the timing difference and single carrier transmission, as the complexity involved in scheduling to
avoid such timing conflicts imposes unacceptable and unworkable restrictions and requirements

on the scheduler.

A common solution for all scenarios can be targeted to keeping the D2D UE functionality
as simple as possible, with a UE configured to execute a single process to join or create a cluster
regardless of the UE’s location inside or outside of an eNB’s coverage area. The UE forms or
joins a cluster through one of several different ways. In some embodiments, the UE joins an
existing cluster by discovering a D2DSS in the uplink resource, and then joining the cluster by
synchronizing communications with the synchronization source using that D2DSS. The UE can
then communicate with other devices in the cluster using a communications link synchronized
with the D2DSS. In other embodiments, the network initiates the formation of a cluster and
instructs the UE to form a cluster by transmitting a D2DSS in the uplink resource. Such network

control of the cluster formation is initiated without the UE explicitly requesting permission to

8
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become a synchronization source. In other embodiments, the UE sends a request to the eNB for
permission to form a cluster. The eNB may grant permission to act as a synchronization source,
after which the requesting UE transmits a D2DSS which other UEs may use to join the requesting
UE’s cluster. In some situations, the eNB may deny the UE’s request to create a cluster, after
which the UE may join a cluster having a priority or status that was unacceptable to the UE prior
to being denied permission to form a cluster. In yet other embodiments, the eNB provides a
synchronization signal, in effect, acting as a synchronization source for devices within the eNB’s

coverage arca

In order for UEs to communicate, a reception UE has to obtain the timing and frequency
reference of the transmission UE. In case of in-coverage UEs (see Fig. 1D), a base station such
as eNB can provide a common timing by downlink Rel-8 Primary synchronization
signal/Secondary synchronization signal (PSS/SSS) for UEs camping inside its coverage and
accordingly be the synchronization source for the UEs. While for inter-cell cases (see Fig. 1E),
UE1 in a cell with coverage area 102 provided by serving eNB 104 that wants to communicate
with UE2 in a neighboring cell with coverage area 104 provided by serving eNB 110 needs to
listen to the PSS/SSS of the neighboring cell, which may not always be practical because UE1 is
not within the coverage area 112 for the neighboring cell. For partial-coverage cases (see Fig.

1C), the out-of-coverage UE2 is unable to correctly receive the PSS/SSS from the eNB 104.

Fig. 1F illustrates a frame structure according to an embodiment. The frame structure is
applicable to both full duplex and half duplex Frequency Division Duplexing (FDD). Each radio
frame is Ty = 307200 and T, = 10 ms long and consists of 20 slots of length Ty, = 15360 and
T=0.5 ms long, with the slots numbered from 0 to 19. A subframe is defined as two consecutive
slots where subframe i consists of slots 27 and 2i+1. For FDD, 10 subframes are available for
downlink transmission and 10 subframes are available for uplink transmissions in each 10 ms
interval. Uplink and downlink transmissions are separated in the frequency domain. In half-
duplex FDD operation, the UE cannot transmit and receive at the same time while there are no
such restrictions in full-duplex FDD. One subframe is the minimum granularity for configuration
or scheduling. In some systems for Orthogonal Frequency Division Multiplexing (OFDM) and for
Single-carrier Frequency-Division Multiple Access (SC-FDMA), there are 14 symbols in each
subframe on the uplink. One symbol is the minimum granularity for time resource occupation.
Radio frames are numbered from 1 to 1023 sequentially and the numbers corresponding to each
radio frame are called System Frame Number (SFN). The following methods and apparatuses

described apply to FDD, half-duplex FDD, Time Division Duplexing (TDD) and the like.

Fig. 2 illustrates a flow diagram of a process for a UE to provide an UL synchronization
signal for D2D discovery and communication according to some embodiments. Initially, in block

202, a UE attempts D2D communication. In some embodiments, the D2D communication is

9
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initiated automatically by the UE, for example, upon powering on the UE or startup of an
operating system or application, connection of an external device or the like. In other
embodiments, the UE initiates D2 communication in response to a user action, for example,
when a user explicitly requests D2D communication, or when a user attempts to communicate

with another UE that is known or assumed to be available for D2D communication.

In block 204, the UE searches uplink resources for a D2DSS. The UE searches through
the uplink resource frequencies and in the time domain for uplink transmissions that are
transmitted by other UEs to determine if another UE is already acting as a synchronization source
and transmitting a D2DSS signal. In some embodiments, the UE receives and decodes uplink
data frames on one or more subcarriers, frequencies, time slots, or the like. In some embodiments,
the UE has a pre-set D2DSS search window defined as a result of an instruction from an eNB, and
in other embodiments, the D2DSS search window is associated with a particular D2D target or
group. For example, a UE may be set to communicate with multiple, separate groups, with each
group having its own synchronization parameters, including a location for the D2DSS signal. In
another example, the eNB may identify for the UE a particular uplink resource subframe or
location in the uplink resources where a D2DSS may be found. The eNB may send a message to
the UE describing a search location or resource range for the UE to search for a D2DSS with the
UE’s uplink resource. In some embodiments, the eNB may transmit an instruction to an in-
coverage UE indicating the location or range where a D2DSS of a neighboring cell will be located
in the uplink resource. The instruction may include, in some embodiments, a location and search
window width w1 and/or w2 for the given neighboring cell. The UE can then focus on the
window of frequencies centered at the location or offset transmitted in the instruction by the eNB.
In an embodiment, w1 may be a fixed value and w2 may be dynamically determined by the
network layer or by the eNB. Additionally, the width of w2 may be less than a guard period or
cyclic prefix (CP) for the symbols in each subcarrier. The UE, for the purposes of discovery,
searches the uplink resource with a search window of +/- w1 milliseconds and/or +/- w2

milliseconds for a D2DSS form the neighboring cell or from another UE.

For example, the instruction may have a synchronization offset indicator
(synchOffsetIndicator_{1}) that indicates the offset within a system frame number (SFN) cycle for
a synchronization signal transmitted by a neighboring cell. In some embodiments, the start of the
synchronization period is with respect to SEN 0 of the serving cell, with the offset indicating the
time, frequency, or data location (bit count) offset. Such a parameter may be relevant to resources
of neighboring cells. Additionally, the instructions may have a discovery synchronization
window (discoverySynchWindow_{i}) that indicates a sliding window over which a UE should
expect that D2DSS or discovery resources indicated by the pool configuration. Such a parameter

may be relevant to resource pools of neighboring cells.

10
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The UE searches received communications in the uplink resource to determine if a usable
D2D synchronization signal is present. In some embodiments, the UE determines whether the
D2DSS is usable by determining whether the D2DSS is associated with a D2D communication
group, network contact, or the like. For example, a public service UE such as a police group UE
may receive D2DSSes for multiple different communications groups, but may reject D2DSSes
associated with fire or EMS communications groups as unusable, while accepting a D2DSS
associated with a police communications group as usable. In some embodiments, when the UE
determines that no suitable D2DSSes exist in the uplink resource, the UE switches to the
downlink resource to search for D2DSSes. In other embodiments, the UE may determine that the
UE has a higher priority than the synchronization sources of existing clusters, and may request to

create a new cluster or become a synchronization source.

If the UE finds a usable D2DSS, then the UE synchronizes with the synchronization
source UE transmitting the D2DSS in block 206. The UE, in some embodiments, then initiates
direct device-to-device communication with the synchronization source UE or with other UEs in

the cluster.

If the UE finds no usable D2DSSes, the UE attempts, in block 208, to become a
synchronization source in block 208 by transmitting a D2DSS if the UE is out-of-coverage, or by
requesting permission from, and receiving synchronization source transmission parameters from
an eNB. For example, an out-of-coverage UE may determine that no eNB signals are detected
and that no suitable D2DSSes are detected, indicating that there are no existing or available
clusters. The UE may then determine to act as a synchronization source. In case of out-of-
coverage UESs, a synchronization source is selected from available UEs according to some criteria
(e.g., the order of presence, the grade of a node, etc.) to periodically send a synchronization signal
on the uplink as a synchronization reference. In such an example, the synchronization source UE
transmits a D2DSS using transmission parameters, such as power, frequency, periodicity or UL
subframe location, that may be selected randomly, preconfigured, or otherwise determined by the
synchronization source UE. For example, the first UE can transmit the synchronization signal for
another UE to later join. Thus, the synchronization and cluster creation are fulfilled at the same
time. If a UE of higher priority joins, it could take over the reference position by sending a new

synchronization signal in the uplink space for UEs in its coverage to follow.

UEs intended for D2D communication first search for uplink synchronization signals, and
if a UE fails to detect any uplink synchronization signal, it requests in block 208 to be a
synchronization source and send an uplink synchronization signal to form a cluster. In some
embodiments, the UE may detect uplink synchronization signals transmitted by UEs of a lower
power or priority. In such embodiments, the UE may send a request to the eNB to become a

synchronization source even though other clusters or synchronization sources exist. In such a
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scenario, should the eNB grant the request, the requesting UE may broadcast the synchronization
signal, or be instructed to take over a cluster or transmission of the D2DSS from a lower priority
UE synchronization source by joining the cluster and negotiating the takeover of the cluster with
the existing synchronization source. In some embodiment, a UE that is out-of-coverage may
indicate that it requests cluster coverage from an in-coverage UE by transmitting a low priority
D2DSS. An in-coverage UE detecting the lower priority D2DSS may then send a request to the

eNB to become a synchronization source.

The UE sends a request to the eNB for a right or permission to send D2DSS on the uplink
resources. The request message may include a priority level and request type. The request type
may indicate that a synchronization signal is detected but it is lower than the requesting UE’s
priority, it may indicate that no synchronization signal was detected, it may indicate another status
of synchronization signals received by the UE, or the request type may be omitted. The request
can be triggered by a higher layer due to its higher priority, where it sends the request with
request type for the eNB. Alternatively, in an embodiment, where the UE detects a lower priority
synchronization signal such as an out-of-coverage synchronization signal, the UE may sends the

request with request type for the eNB to form a partially-in-coverage cluster.

The eNB receives a request to become a synchronization source from an in-coverage UE.
As described in greater detail below with respect to Fig. 3, the eNB determines whether the UE

can or should become a synchronization source and transmits a response to the requesting UE.

In block 212, the requesting UE receives an eNB message regarding becoming a
synchronization source. In an affirmative response to a cluster request message, one or more in-
coverage UESs are designated by the eNB to act as synchronization sources and send
synchronization signals on the uplink resources. In some embodiments, the eNB transmits
parameters for transmission of the D2DSS. For example, the eNB may determine that the UE
should form the cluster using a particular power limit for the cluster, using a particular

transmission power for the D2DSS, or using particular uplink resources, frequencies or the like.

The eNB configuration message may include cluster transmission parameters such as the
transmit power of the synchronization signal, which is set by the eNB to manage interference and
the cluster coverage. It also may include parameters of the resource for the synchronization signal,
including frequency, periodicity, etc. For clusters that are out-of-coverage, if no interference will
be generated to (partially) in-coverage clusters, then the UEs can transmit at maximum power.
Alternatively, a predefined transmit power also can be used to meet the interference requirement
of most cases. In some embodiments, the eNB may determine the location, and distance of
clusters, or the proximity of clusters, and adjust the transmit power or other parameters for the

clusters accordingly.
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In other embodiments, the eNB may transmit an affirmative response to the UE’s request
to become a synchronization source without any synchronization signal transmission parameters.
In such an embodiment, the UE may use a preset configuration, a random configuration, or may
receive transmission parameters from other sources. If the D2DSS in the UL resource is
successfully detected, UEs associated to a first eNB (eNB 1) can join a cluster nearby whose
synchronization source is associated to a different eNB (eNB 2). Additionally, UEs at the edge of
an eNB can join multiple clusters for direct communication, though each communication is

synchronized with respect to a single reference.

In an alternative embodiment, such as in time division duplexing (TDD), the eNB
transmits an additional reference on the UL and then the eNB acts as a synchronization source. In
some embodiments, the configuration of this synchronization source can be a default
configuration. In an alternative embodiment, a UE either synchronizes to an UL synchronization

signal or follows the DI timing from the eNB.

Alternatively, the UE may be subjected to network control, where the UE receives an
explicit instruction from the eNB that the UE should look for a local cluster synchronization
signal. Thus, the UE may receive a response from the eNB that the UE is not authorized to create
a new cluster, and that the UE should join an existing cluster. This effectively overrides the
requesting UE’s priority, since a UE may be instructed to join a cluster where the synchronization

source has a lower priority than the requesting UE.

A partially-in-coverage cluster formed by UEs that could possibly interfere with each
other would eliminate the interference between the network and D2D communication if the
cluster is synchronized to the eNB. Because the out-of-coverage UEs are not able to correctly
receive an eNB’s signal, an in-coverage UE should behave as the synchronization source/cluster
head by sending a synchronization signal for other UEs in the partially-in-coverage cluster to
follow. As aresult, one or some UEs in coverage need to have the ability and privilege to be
synchronization source in order to manage the potential interference at the coverage boundary.
However, an eNB may not know clearly which potential UE is located close to its coverage

boundary, not to mention the existence of out-of-coverage UEs.

In an embodiment, the eNB may indicate a particular location in an uplink resource to
search for a synchronization symbol. The eNB, or a higher layer may indicate that a
synchronization symbol is located in a particular uplink resource subframe and describe a search
window location with width w1 and/or w2 for a given neighbor cell. The UE, for the purposes of
discovery, searches in the identified location of the uplink resource with a search window of +/-

w1 milliseconds or +/- w2 milliseconds. Since the location and search window for searching the

13



10

15

20

25

30

35

WO 2015/066524 PCT/US2014/063522

uplink resources is transmitted by the eNB, the UE assumes that the neighboring cell transmits the

D2DSS in the indicated location.

In another embodiment, some UEs in coverage are designated by the eNB to send
synchronization signals on the uplink resources for potentially partially-in-coverage D2D
communication. Because the designated synchronization source may only know it is configured
to send an uplink synchronization signal, the configuration may be similar to that for an out-of-

coverage cluster.

When the UE sends the request to be a synchronization source to its eNB, the eNB may
deny the UE request to be a synchronization source and, in block 210, the UE synchronizes with
the eNB downlink or uplink synchronization signal. In some embodiments, the UE initially
attempts to synchronize with the eNB uplink synchronization signal, and if the uplink
synchronization signal is unavailable, insufficient, or otherwise unsuitable, the UE may
subsequently attempt to synchronize with the eNB downlink synchronization signal, the SSS, the

PSS or another eNB synchronization signal.

Alternatively, the UE may not receive a response from the eNB within a predetermined
period of time, and may treat the lack of a response as if the eNB had responded negatively. In
such an embodiment, the UE may synchronize with the eNB by random access, synchronizing
with the eNB and then using that synchronization as the basis for D2D discovery or
communication. In another embodiment, the UE may prioritize its use of nearby synchronization
sources that are authorized by the eNB or that are out-of-coverage and independently acting as a
synchronization source. For example, the eNB may deny a UE’s request to become a
synchronization source because only a limited number of synchronization sources are allowed for
interference management and the requesting UE would exceed the number of synchronization
sources if the request were granted. Such an attempt by the requesting UE to become a
synchronization source or join the eNB-controlled cluster may be prohibited to guarantee cellular
communication. In such a scenario, the UE may attempt to join an existing cluster even though

the cluster parameters were initially determined to be unsuitable.

If the eNB grants the UE the right to act as a synchronization source, the UE sends the
D2DSS in block 214. In an embodiment where the eNB transmits a configuration message to the
UE, the UE generates a synchronization signal in the uplink resource that implements the

instructions or rules from the configuration message.

Fig. 3 illustrates a flow diagram of a process 300 for an eNB to respond to a UE
synchronization source request according to some embodiments. In block 302, the eNB receives
arequest from a UE for the UE to become a synchronization source. The request message may

include a priority level and a request type, as described above. In block 304, the eNB determines

14



10

15

20

25

30

35

WO 2015/066524 PCT/US2014/063522

whether the UE and request satisfy criteria for becoming a synchronization source. For example,
the eNB may examine the order of the UE’s presence compared to other UEs, the grade or priority
of the UE or the cluster the UE would create, the number of existing UEs, the availability of other
clusters, the possibility for interference with other UEs or clusters, the availability of resources in
the air interface or on the network, authorization of the UE or user to create clusters, or other

criteria.

If the eNB determines that the UE is permitted to form a cluster or become a
synchronization source, the eNB sends an affirmative message indicating the permission in block
308. In some embodiments, the eNB generates a synchronization signal configuration message
such as that described above. Alternatively, if the eNB determines that the UE is not permitted to
form a cluster, the eNB, in block 306, responds to the UE with a message denying permission to
form a cluster. Such a denial message may include instructions on joining or discovering other
existing clusters. Alternatively, the eNB sends no message in response to the UE’s request, which

the UE interprets as denial of permission to form a cluster.

Fig. 4 illustrates a flow diagram of a process 400 for an eNB to configure a
synchronization source and synchronization signal according to some embodiments. The eNB
may track or keep records indicating which UEs are currently active in the eNB’s coverage area.
For example, the UEs may, in come embodiments, be in communication with the eNB through a
radio resource control (RRC) protocol layer. The eNB then selects synchronization sources from
the active UEs in the coverage area. Thus, the eNB can manage the number and coverage of
clusters based in the coverage area as UEs enter and exit the coverage area. In some
embodiments, the creation of clusters is controlled by the network instead of the UE initiating the
cluster creation. In such a situation, the eNB designates a UE as a synchronization source prior to
the UE requesting to become a synchronization source. A signal may be transmitted to the UE to
initiate transmission of the D2DSS to, for example, provide synchronization signals to out-of-
coverage UEs, and form partially in-coverage clusters. In an embodiment, the eNB controls a UE
to become a synchronization source. In such an embodiment, the UEs are in communication with
the eNB by way of RRC connections, and the eNB may send the command to transmit the D2DSS,
and any related configuration information or message, by RRC-dedicated signaling. Thus, a
single selected UE can be controlled by the eNB to transmit a synchronization signal and become
a synchronization source. In another embodiment, the eNB controls multiple UEs to become
synchronization sources. In such an embodiment, the UEs are in communication with the eNB by
way of RRC, and the eNB may send the command to transmit D2DSS, and any related
configuration information or message, by RRC-broadcast signaling. Thus, multiple UEs can be

controlled by the eNB to transmit synchronization signals and become synchronization sources.
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In other embodiments, the eNB responds directly to a request to become a
synchronization source from a UE. After designating a UE as a synchronization source, the eNB
generates and sends the synchronization signal configuration message to the UEs designated to be
synchronization sources. In embodiments where the eNB is responding to a UE that requested to
be a synchronization source, the configuration message may be part of the response to the UE’s
request. In embodiments where the eNB designates a UE as a synchronization source as a result
of network control and without the UE requesting to become a synchronization source, the
synchronization signal configuration message is sent to the UE in a communication that is
initiated by the eNB. In such a situation, the synchronization signal configuration message may

be part of a command to broadcast the D2DSS and become a synchronization source.

Fig. 5A is a block diagram of a processing system 500 that may be used for implementing
the devices and methods disclosed herein. Specific devices may utilize all of the components
shown, or only a subset of the components and levels of integration may vary from device to
device. Furthermore, a device may contain multiple instances of a component, such as multiple
processing units, processors, memories, transmitters, receivers, etc. The processing system 500
may comprise a processing unit equipped with one or more input/output devices, such as a
speaker, microphone, mouse 518, touchscreen, keypad, keyboard 518, printer 518, display 516,
and the like. The processing unit may include a central processing unit (CPU) 502, memory 510,

a mass storage device 504, a video adapter 512, and an I/O interface 514 connected to a bus.

The bus may be one or more of any type of several bus architectures including a memory
bus or memory controller, a peripheral bus, video bus, or the like. The CPU 502 may comprise
any type of electronic data processor. The memory 510 may comprise any type of nontransitory
system memory such as static random access memory (SRAM), dynamic random access memory
(DRAM), synchronous DRAM (SDRAM), read-only memory (ROM), a combination thereof, or
the like. In an embodiment, the memory may include ROM for use at boot-up, and DRAM for

program and data storage for use while executing programs.

The mass storage device 504 may comprise any type of storage device configured to store
data, programs, and other information in a nontransitory manner and to make the data, programs,
and other information accessible via the bus. The mass storage device 504 may comprise, for
example, one or more of a solid state drive, hard disk drive, a magnetic disk drive, an optical disk
drive, or the like. Additionally, the mass storage device 504 may have stored thereon instructions

to be executed by the CPU 502.

The video adapter 512 and the I/O interface 514 provide interfaces to couple external
input and output devices to the processing unit. As illustrated, examples of input and output

devices include the display 516 coupled to the video adapter 512 and the mouse/keyboard/printer
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518 coupled to the I/O interface 514. Other devices may be coupled to the processing unit and
additional or fewer interface cards may be utilized. For example, a serial interface such as

Universal Serial Bus (USB) (not shown) may be used to provide an interface for a printer.

The processing unit also includes one or more network interfaces 506, which may
comprise wired links, such as an Ethernet cable or the like, and/or wireless links to access nodes
or different networks 508. The network interface 506 allows the processing unit to communicate
with remote units via the networks 508. For example, the network interface 506 may provide
wireless communication via one or more transmitters/transmit antennas and one or more
receivers/receive antennas. In an embodiment, the processing unit is coupled to a local-area
network 508 or a wide-area network 508 for data processing and communications with remote
devices, such as other processing units, the Internet, remote storage facilities, or the like. In other
embodiments, the processing system 500 is a UE device communicating to a base station such as
an eNB of a communications network 508 through a wireless network interface 506 such as a
wireless transceiver. In other embodiments, the processing system 500 is a base station such as an
eNB communicating to one or more UEs over a wireless network 508 through a network interface
506, such as a transceiver, or communicating to a larger communications network 508 by way of
a network interface 506 such as a communications backplane, wired or wireless network, or the
like. Fig. 5B is a block diagram of a base station that may be used in some embodiments for
implementing the devices and methods disclosed herein. The base station may be equivalent to
one or more devices (e.g., eNBs, etc.) discussed above. The base station may include a processor
502, amemory 510, a cellular interface 524, a supplemental interface 520, and a backhaul
interface 522, which may (or may not) be arranged as shown in FIG. 5B. The processor 502 may
be any component capable of performing computations and/or other processing related tasks, and
the memory 510 may be any component capable of storing programming and/or instructions for
the processor 502. The cellular interface 524 may be any component or collection of components
that allows the base station to communicate using a cellular signal, and may be used to receive
and/or transmit information over a cellular connection of a cellular network. In some
embodiments, the cellular interface 524 may include a transceiver 526 formed in a single device,
or alternatively, a separate receiver and transmitter. The cellular interface 524 may further have
an antenna 528 in signal communication with the transceiver 526, which is in turn, in signal
communication with the processor 502. The processor is configured to transmit or receive signals
through the antenna 528 and transceiver 526. The supplemental interface 520 may be any
component or collection of components that allows the base station to communicate data or
control information via a supplemental protocol. For instance, the supplemental interface 520 may
be a non-cellular wireless interface for communicating in accordance with a Wireless-Fidelity

(Wi-F) or Bluetooth protocol. Alternatively, the supplemental interface 520 may be a wireline
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interface. The backhaul interface 522 may be optionally included in the base station, and may
comprise any component or collection of components that allows the base station to communicate

with another device via a backhaul network.

An embodiment base station includes a transceiver 526 configured to wirelessly
communicate with UEs by RRC signaling and a processor 502 in signal communication with the
transceiver 526. The processor 502 is configured to configure a first UE that is in an
RRC_CONNECTED state with the base station to be a synchronization source and transmit a
D2DSS. The processor 502 is further configured to configure the first UE to use an identified
synchronization resource for transmission of the first D2DSS by the first UE, with the
synchronization resource comprising a time resource or a frequency resource. In an embodiment,
the processor 502 is further configured to receive, through the transceiver 526, a request from a
second UE to become a synchronization source. The processor 502 is further configured to
determine whether the second UE satisfies criteria for becoming a synchronization source and to
transmit, through the transceiver 526, a reply to the second UE in response to the request, the
reply generated according to the determining whether the second UE satisfies the criteria for
becoming a synchronization source. In an embodiment, the processor 502 is further configured to
transmit through the transceiver 526, to the second UE and in response to the second UE
satisfying the criterial for becoming a synchronization source, transmission parameters for
transmitting the D2DSS. The processor 502 is further configured to transmit, through the
transceiver 526, to the second UE, and upon determining that the second UE fails to satisfy
criteria for becoming a synchronization source, a command to join an existing cluster. In some
embodiments, the RRC signal comprises an RRC dedicated signal, and in other embodiments, the

RRC signal comprises an RRC broadcast signal.

Fig. 5C is a block diagram of a UE that may be used in some embodiments for
implementing the devices and methods disclosed herein . The UE may be equivalent to one or
more devices (e.g., eNBs, etc.) discussed above, and may be any user end device such as a
cellular or satellite phone, personal communication device, computet, or the like. The UE may
include a processor 502, a memory 510, a cellular interface 532, a supplemental interface 538,
and a user interface 530, which may (or may not) be arranged as shown in FIG. 5C. The processor
502 may be any component capable of performing computations and/or other processing related
tasks, and the memory 510 may be any component capable of storing programming and/or
instructions for the processor 502. The cellular interface 532 may be any component or collection
of components that allows the UE to communicate using a cellular signal, and may be used to
receive and/or transmit information over a cellular connection of a cellular network. In some
embodiments, the cellular interface 532 may include a transceiver 534 formed in a single device,

or alternatively, a separate receiver and transmitter. The cellular interface 532 may further have
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an antenna 536 in signal communication with the transceiver 534, which is in turn, in signal
communication with the processor 502. The processor is configured to transmit or receive signals
through the antenna 536 and transceiver 534. The supplemental interface 538 may be any
component or collection of components that allows the UE to communicate data or control
information via a supplemental protocol. For instance, the supplemental interface 538 may be a
non-cellular wireless interface for communicating in accordance with a Wireless-Fidelity (Wi-Fi)
or Bluetooth protocol. Alternatively, the supplemental interface 538 may be a wireline interface.
The uvser interface 530 may be optionally included in the UE, and may comprise any component
or collection of components that allows interaction with, or control of the UE by a user, another

device, or the like.

An embodiment user equipment includes a transceiver 534 configured to wirelessly
communicate by RRC signaling and a processor 502 in signal communication with the transceiver
534. The processor 502 is configured to receive, through the transceiver 534 and from a base
station serving the UE, a first configuration by RRC signaling, the first configuration instructing
the UE to transmit a first D2DSS. The processor 502 is further configured to receive, through the
transceiver 534 and from the base station, a second configuration by RRC signaling, the second
configuration identifying a synchronization resource comprising a time resource or a frequency
resource for transmitting the first D2DSS by the UE. The processor is further configured to
transmit, through the transceiver 534, the first device D2DSS in an uplink resource according to
the first configuration and the second configuration. In an embodiment, the RRC signaling
comprises an RRC broadcast signal or an RRC dedicated signal. The processor 502 is further
configured to request, through the transceiver 534, permission from the base station to transmit
the first D2DSS. In an embodiment, the processor 502 is further configured to receive a reply
through the transceiver 534 and from the base station, with the reply being in response to the
requesting the permission to transmit the first D2DSScomprsing a configuration for transmitting
the first D2DSS. The processor 502 is further configured to transmit, through transceiver 534, the
first D2DSS in an uplink resource and in response to the reply from the base station. In an
embodiment, the processor 502 is further configured to search signals in an uplink resource
received through the transceiver 534 to detect a second D2DSS. The UE has a first priority and
the processor 502 is further configured to request permission, through the transceiver 534 and
from the base station, to transmit the first D2DSS in response to detecting the second D2DSS

having a second priority lower than the first priority.

An embodiment base station includes a transceiver 506 configured to wirelessly
communicate with user equipments (UEs) within a first cell of the base station. The base station
further includes a processor 506 in signal communication with the transceiver and a nontransitory

computer readable storage medium coupled to the processor. The nontransitory computer
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readable storage medium 504 has stored therein instructions to determine a second UE in a
neighboring second cell. The second UE provides a device-to-device synchronization signal
(D2DSS) for a first UE within the first cell of the base station. The nontransitory computer
readable storage medium 504 further has stored therein instructions to transmit, through the
transceiver 500, a first message to the first UE indicating the second UE that will be providing the
D2DSS and transmit, through the transceiver 506, a second message to a first UE indicating an
uplink resource in which the first UE can expect to detect the D2DSS transmitted by a second UE.
In an embodiment, the second message comprises an offset of a starting subframe in which the
first UE can expect the D2DSS transmitted by the second UE. The starting subframe is within a
synchronization period of the neighboring second cell and the offset is with respect to a system
frame number 0 of the first UE’s serving cell. In an embodiment, the second message further
comprises a window size indicating a range from the offset in which the first UE can expect the

D2DSS transmitted by the second UE.

Fig. 6A illustrates a flow diagram of a process for a base station to configure a UE to be a
synchronization source according to an embodiment. A synchronization resource comprises a
time domain such as, for example, a subframe or subframes containing a symbol(s) of a
synchronization signal. A synchronization resource comprises a frequency domain such as, for
example 6 physical resource blocks (PRBs) in the frequency domain for transmission of a
synchronization sequence such as a D2DSS sequence. In an embodiment, in block 602, base
station configures a UE that is in radio resource control connected (RRC_CONNECTED) state
with the base station to be a synchronization source to transmit a device-to-device
synchronization signal (D2DSS), by an RRC signaling transmitted by the base station. In block
604, base station configures, by an RRC signaling transmitted by the base station, a
synchronization resource for the UE, with the synchronization resource comprising a time
resource, a frequency resource or a time and frequency resource on the uplink for transmission of
D2DSS by the UE. In an embodiment, the base station configures the UE by RRC dedicated
signaling. For example, 2 states of one bit may be used to indicate to the UE to start transmitting
the D2DSS or to stop transmitting D2DSS. In another embodiment, the eNB configures UEs by
RRC broadcast signaling, which can be received by UEs in RRC_CONNECTED state and in
RRC_IDLE state. UEs in the RRC_CONNECTED state will start transmitting the D2DSS after
the RRC broadcast signaling is received. In another embodiment, one or multiple
conditions/criteria are indicated in the RRC broadcast signaling, and a UE in the
RRC_CONNECTED state will start transmitting D2DSS if meeting the one or multiple
conditions/criteria. In another embodiment, one condition or criterion may be a Reference Signal

Received Power (RSRP) threshold. In such an embodiment, when the RSRP of received downlink
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signal of a UE in an RRC_CONNECTED state is lower than the RSRP threshold, the UE will
start transmitting D2DSS.

In an embodiment, a D2DSS can be in the 6 central physical resource blocks (PRBs) of
the uplink system bandwidth when it is transmitted by an in-coverage UE. A UE can transmit the
D2DSS on the 6 central PRBs of the time resource configured by the eNB. A D2DSS may, in
some embodiment, have fixed periodicity, which means a time resource containing the D2DSS
will occur every period. For example, the synchronization periodicity can be 40 subframes (40
milliseconds), which means a subframe containing D2DSS symbol(s) will occur every 40
subframes. In such an example, the start subframe of the synchronization period is with respect
to system frame number (SFN) O of the serving cell. In case of a 40 ms synchronization period,
one value from a value range of {0,1,..,39} with granularity of 1 subframe can be indicated to a
synchronization source. The base station will configure an offset with a value range of {0,1,..,39}
within a synchronization period 40 subframes (each with length of 1 ms) to indicate a
synchronization source(s) the start subframe of synchronization period. With the offset, a
synchronization source can then determine the location of the subframe (start subframe of the
synchronization period) containing D2DSS symbols to transmit the D2DSS in. Note that the
configuring of blocks 602 and 604 can be performed in any order. In one embodiment, there may
be at least 2 primary D2DSS (PD2DSS) symbols in the subframe configured for D2DSS

transmission to obtain fine synchronization.

In one embodiment, before the eNB configures a UE to be a synchronization source, in
the base station, in block 606 receives a request from the UE to become a synchronization source.
In another embodiment, in block 608, base station determines whether the UE satisfies one or
more conditions or criteria for becoming a synchronization source. The base station makes the
determination on the request after the base station receives the request from the UE and before the
base station configures the UE to be a synchronization source in response to the request. The
reply to the request is generated according to the base station’s determination of whether the UE
satisfies the condition/criterion for becoming a synchronization source. If satisfied, the base
station configures the UE to be a synchronization source in response to the request. In some

situations, the eNB may deny the UE’s request to be a synchronization source.

Fig. 6B illustrates a flow diagram of a process for a UE to be a synchronization source to
transmit a first D2DSS according to an embodiment. In one embodiment, in block 612, a UE
receives its serving base station’s first configuration to be a synchronization source by RRC
signaling. In block 614, the UE receives from its serving base station by RRC signaling, a second
configuration identifying a synchronization resource comprising a time resource or a frequency
resource or a time and frequency resource for transmitting the first D2DSS. In block 616, the UE

transmits the first D2DSS according to the first configuration and second configuration. In an
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embodiment, the configuration information can be an offset indicating the start subframe of the
synchronization period, which is with respect to system frame number (SFN) O of the serving cell.
In the case of a 40 ms synchronization period, one value from a value range of {0,1,..,39} with
granularity of 1 subframe is configured to the UE by its serving base station to indicate the start
subframe of synchronization period, and with the offset the UE can determine the location of the
subframe (the starting subframe of the synchronization period) containing D2DSS to transmit
D2DSS. In one embodiment, the transmission parameter(s) can be an offset indicating the start

subframe of the synchronization period.

In an embodiment, in block 618, a UE requests permission from its serving base station to
be a synchronization source. If the UE receives a positive reply from its serving base station in
response to the request for the permission to be a synchronization source, in block 614, the UE
transmits the D2DSS according to a second configuration of transmission parameter(s) indicated
by its serving base station (614), for example, an offset indicating the start subframe of the
synchronization period. In some situations, the base station may deny the UE’s request to be a

synchronization source.

In an embodiment, in block 620, before a UE requests permission from its serving eNB to
be a synchronization source, the UE searches for a second D2DSS of lower priority than its own
priority. For example, a D2DSS sent by out-of-coverage UEs may have a lower priority than
D2DSS from in-coverage UEs. If a second D2DSS of lower priority is found, the UE sends

request to its serving eNB to be a synchronization source.

For UEs in the RRC_CONNECTED state that are configured by its serving base station
(cell) to be synchronization sources to transmit the D2DSSes, and the embodiments described
above, for example, in the case of inter-cell coverage, it has been determined that better coarse
and fine synchronization performance can be achieved than listening to the PSS/SSS of the
neighbor cell, which may not always be practical. Additionally, UEs at a cell edge could receive
multiple synchronization signals/join multiple clusters for D2D communication, though each
communication of course would be with respect to a single reference. In case of partial-coverage
arrangements, UEs in the RRC_CONNECTED state that are configured by a serving base station
(cell) as a synchronization source transmitting a D2DSS for out-of-coverage UEs to follow form a
partial-coverage cluster. The interference between the network and D2D communication is
eliminated when the out-of-coverage UESs are indirectly synchronized to the network via the
D2DSS sent by in-coverage UEs. Additionally, fine synchronization performance can be
achieved by the D2DSS sent by in-coverage UEs. It should be noted that UEs configured to be
synchronization sources only know that they are configured to be synchronization source to
transmit D2DSS, and therefore there is no any differentiation or limitation for different cases or

coverage arrangements.
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Fig. 7 illustrates a flow diagram of a process for a base station to indicate to a UE the
synchronization resource of neighboring cells wherein a D2DSS may be found according to an
embodiment. In block 702, a base station comprising a first cell, indicates to a first UE(s) a
neighboring second cell i. In block 704, the base station indicates to the first UE(s) a
synchronization resource that the first UE(s) can expect to detect a device-to-device

synchronization signal (D2DSS) transmitted by a second UE (s) in the neighboring second cell i.

In one embodiment, the indication comprises an offset of the start subframe containing
D2DSS within the synchronization period of a neighboring cell i with respect to the system frame
number (SFN) 0 of the serving cell. For example, in the case of a 40 subframe (ms)
synchronization period, one value from a value range of {0,1,..,39} with granularity of 1 subframe
can be indicated to the first UE(s). Using the offset with respect to the system frame number
(SEN) 0 of the first cell indicated by the first base station, the first UE can roughly know the
location of the subframe (start of the synchronization period) containing the D2DSS transmitted
by the second UE(s) in neighboring second cell. The first UE(s) may be in RRC_CONNECTED
state or in RRC_IDLE state.

In both a synchronous deployment case and asynchronous deployment case, the offset
indicated by a base station may not give the first UE the exact start timing of the subframe
containing D2DSS of the neighboring second cell. In case of synchronous deployment case,
though cells can be viewed as synchronous, there still can be timing differences between the
reception signals from different cells due to the different distances between a UE and cells. In an
embodiment, the timing difference can be within Cyclic Prefix length of an OFDM symbol. In
case of asynchronous deployment case, cells are generally viewed as asynchronous, and therefore
there will generally be timing differences between reception signals from different cells. In an
embodiment, since the offset is in the granularity of the subframe level, the timing difference can

be within the duration of one subframe (with length of 1 ms) or 0.5 subframe.

In one embodiment, the indication further comprises a window size indicating a range
from a location of the subframe (start of the synchronization period) containing a D2DSS
transmitted by the second UE(s) in the neighboring second cell. The location of the subframe is
indicated by the offset with respect to the system frame number (SFN) 0 of the first cell. There
can be multiple window sizes, for example, with a size used for a synchronous deployment case,

and a different size used for asynchronous deployment case.

Fig. 8 illustrates a flow diagram of a process for a UE to detect a D2DSS from UEs in a
neighboring cell according to an embodiment. In an embodiment, in block 802, a first UE receives
from a base station comprising a first cell, the indication of a neighboring second cell i, and the

synchronization resource that the first UE can expect to detect a device-to-device synchronization
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signal (D2DSS) transmitted by a second UE (s) in the neighboring second cell i. In block 804, the
first UE performs D2DSS detection according to the indication from the base station. In one
embodiment, the indication comprises an offset of the start subframe containing D2DSS within
the synchronization period of the neighboring second cell 1 with respect to the system frame
number (SEN) 0 of the first cell. For example, in the case of a 40 ms synchronization period, one
value from a value range of {0,1,..,39} with granularity of 1 subframe can be indicated to the first
UE(s). Using the offset with respect to the system frame number (SFN) 0 of first cell indicated by
the first cell, the first UE can roughly know the location of the subframe (start of the
synchronization period) containing D2DSS transmitted by a second UE(s) in the neighboring
second cell to receive. The first UE performs D2DSS detection according to the indication from

the first cell.

In both a synchronous deployment case and asynchronous deployment case, the offset
indicated by a base station may not give the first UE the exact start timing of the subframe
containing D2DSS of the neighboring second cell. In case of synchronous deployment case,
though cells can be viewed as synchronous, there still can be timing differences between the
reception signals from different cells due to the different distances between a UE and cells. In an
embodiment, the timing difference can be within Cyclic Prefix length of an OFDM symbol. In
case of asynchronous deployment case, cells are generally viewed as asynchronous, and therefore
there will generally be timing differences between reception signals from different cells. In an
embodiment, since the offset is in the granularity of the subframe level, the timing difference can

be within the duration of one subframe (with length of 1 ms) or 0.5 subframe.

In one embodiment, the indication further comprises a window size indicating a range
from a location of the subframe (start of the synchronization period) containing a D2DSS
transmitted by the second UE(s) in the neighboring second cell. The location of the subframe is
indicated by the offset with respect to the system frame number (SEN) 0 of the first cell. There
can be multiple window sizes, for example, with a size used for a synchronous deployment case,
and a different size used for asynchronous deployment case. The first UE performs D2DSS

detection according to the indication from the first cell.

The eNB indicating a UE the synchronization resource when and/or where the UE can
expect to detect a device-to-device synchronization signal (D2DSS) transmitted by a UE (or UEs)
in a neighboring cell and the related embodiments reduces a UE’s processing complexity of
reception/detection compared to completely blindly search for the D2DSS sent by UEs in a

neighboring cell. Therefore a UE’s power is saved and its battery life can be prolonged.

Fig. 9A illustrates a flow diagram for a base station configuring a UE in an

RRC_CONNECTED state according to an embodiment. A base station according to an

24



10

15

20

25

30

WO 2015/066524 PCT/US2014/063522

embodiment has a processor and a nontransitory computer readable storage medium coupled to
the processor having stored therein instructions for one or of:

902: Configuring a first user equipment (UE) in a radio resource control connected
(RRC_CONNECTED) state with the base station to be a synchronization source and transmit a
device-to-device synchronization signal (D2DSS). The configuration is performed by radio

resource control (RRC) signaling transmitted from the base station.

904: Receiving a request from a second UE to become a synchronization source.

906: Determining whether the second UE satisfies criteria for becoming a
synchronization source.

908: Transmitting a reply to the second UE in response to the request, the reply generated
according to the determining whether the second UE satisfies the criteria for becoming a
synchronization source.

910: Transmitting to the second UE, in response to the second UE satisfying the criterial
for becoming a synchronization source, transmission parameters for transmitting the D2DSS.

[0100] Fig. 9B illustrates a flow diagram for a UE in an RRC_CONNECTED state being
configured to be a synchronization source according to an embodiment. A UE according
to an embodiment has a processor and a nontransitory computer readable storage medium

coupled to the processor having stored therein instructions for one or more of:

912: Receiving, from a base station serving the UE, a radio resource control
(RRC) configuration message instructing the UE to be a synchronization source.

914: Transmitting a first device-to-device synchronization signal (D2DSS) in an
uplink resource according to the configuration message.

916: Requesting permission from a base station to transmit a first device-to-device
synchronization signal (D2DSS).

918: Receiving a reply from the base station in response to the requesting the
permission to transmit the first D2DSS. The reply comprises a configuration for
transmitting the first D2DSS.

920: Transmitting the first D2DSS according to transmission parameters received
from the base station.

922: Searching an uplink resource to detect a second D2DSS.

924: Detecting the second D2DSS having a second priority lower than the first
priority than the first UE.
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[0101] Fig. 10A illustrates a flow diagram for identifying by a base station a portion of an
uplink resource where a UE can expect to detect a D2DSS according to an embodiment.
A base station according to an embodiment has a processor and a nontransitory computer
readable storage medium coupled to the processor having stored therein instructions for at

least one of :

1002: Transmitting a message to a first user equipment (UE) within a first cell of the base
station, the message indicating an uplink resource in which the first UE can expect to detect a
device-to-device synchronization signal (D2DSS) transmitted by a second UE in a neighboring
second cell.

1004: Transmitting the message with an offset of a starting subframe in which the first
UE can expect the D2DSS transmitted by the second UE.

1006: Transmitting the message with a range from the offset in which the first UE can
expect the D2DSS transmitted by the second UE.
[0102] Fig. 10B illustrates a flow diagram for receiving by a UE identification of a

portion of an uplink resource where the UE can expect to detect a D2DSS according to an
embodiment. A UE according to an embodiment has a processor and a nontransitory
computer readable storage medium coupled to the processor having stored therein

instructions for at least one of:

1008: Receiving a message from base station, the message indicating a uplink
resource where the UE can expect a D2DSS transmitted by a neighboring cell; and
1010: Searching the uplink resource for the D2DSS according to the message.

[0103] While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to persons skilled in the art upon
reference to the description. It is therefore intended that the appended claims encompass

any such modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A method, comprising:

configuring, by a base station, a first user equipment (UE) that is in a radio resource
control connected (RRC_CONNECTED) state with the base station to be a synchronization
source and transmit a first device-to-device synchronization signal (D2DSS) using a
synchronization resource comprising a time resource, a frequency resource or a time and
frequency resource; and

instructing, by the base station, the first UE to transmit the first D2DSS according to the
configuring,

wherein the configuring is signaled independently from the instructing,

wherein the synchronization resource is selected by the base station, and

wherein the configuring the first UE and the instructing the first UE to transmit are each

performed with radio resource control (RRC) signaling transmitted from the base station.

2. The method of Claim 1, further comprising:

receiving, by the base station, a request from a second UE to become a synchronization
source;

determining, by the base station, whether the second UE satisfies criteria for becoming a
synchronization source; and

transmitting a reply by the base station to the second UE in response to the request and
according to the determining whether the second UE satisfies the criteria for becoming a

synchronization source.

3. A method, comprising:

receiving, by a user equipment (UE) and from a base station serving the UE, a
first configuration by radio resource control (RRC) signaling, the first configuration
instructing the UE to transmit a first device-to-device synchronization signal (D2DSS);

receiving, by the UE and from the base station, a second configuration by RRC
signaling, the second configuration identifying a synchronization resource comprising a
time resource, a frequency resource or a time and frequency resource for transmitting the
first D2DSS by the UE, wherein the first configuration is received independently from the

second configuration; and
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transmitting, by the UE, the first D2DSS in an uplink resource according to the

first configuration and second configuration.

4. The method of Claim 3, further comprising:

requesting, by the UE, permission from a base station to transmit a second
D2DSS;

receiving a reply by the UE and from the base station, wherein the reply is
received in response to the requesting the permission to transmit the second D2DSS; and

transmitting, by the UE, the second D2DSS in the uplink resource and in response

to the reply from the base station.

5. The method of Claim 4, further comprising:

searching, by the UE, an uplink resource to detect a third D2DSS, and

wherein the requesting permission from the base station to transmit the second D2DSS
are executed in response to detecting the second D2DSS having a second priority lower than a

first priority of the UE.

6. A method, comprising:

determining, by a first base station comprising a first cell, a second user equipment (UE)
in a neighboring second cell, the second UE providing a device-to-device synchronization signal
(D2DSS) for a first UE within the first cell of the first base station;

indicating, by the first base station and to the first UE, the second UE that will be
providing the D2DSS; and

transmitting, by the first base station, a message to a first UE indicating an uplink

resource in which the first UE can expect to detect the D2DSS transmitted by a second UE.

7. The method of Claim 6, wherein the message comprises an offset of a starting subframe
in which the first UE can expect the D2DSS transmitted by the second UE,

wherein the starting subframe is within a synchronization period of the neighboring
second cell,

wherein the offset is with respect to a system frame number O of the UE’s serving cell,
and

wherein the message further comprises a window size indicating a range from the offset

in which the first UE can expect the D2DSS transmitted by the second UE.

8. A base station, comprising:

28



10

15

20

25

30

35

WO 2015/066524 PCT/US2014/063522

a transceiver configured to wirelessly communicate with user equipments (UEs)
by radio resource control (RRC) signaling; and

a processor in signal communication with the transceiver,

wherein the processor is configured to configure a first UE that is in a radio resource
control connected (RRC_CONNECTED) state with the base station to be a synchronization
source and transmit a device-to-device synchronization signal (D2DSS) using a synchronization
resource comprising a time resource, a frequency resource or a time and frequency resource,

wherein the processor is further configured to instruct the first UE to transmit the D2DSS,

wherein the first UE is configured using signaling that is independent from signaling used
to instruct the first UE, and

wherein the synchronization resource is selected by the base station.

9. The base station of Claim 8, wherein the processor is further configured to receive,

through the transceiver, a request from a second UE to become a synchronization source.

10. The base station of Claim 9, wherein the processor is further configured to determine
whether the second UE satisfies criteria for becoming a synchronization source, and

wherein the processor is further configured to transmit, through the transceiver, a reply to
the second UE in response to the request, the reply generated according to the determining

whether the second UE satisfies the criteria for becoming a synchronization source.
11. The base station of Claim 10, wherein the wherein the processor is further configured to
transmit through the transceiver, to the second UE and in response to the second UE satisfying the

criterial for becoming a synchronization source, transmission parameters for transmitting the

D2DSS.

12. The base station of Claim 11, wherein the processor is further configured to transmit,
through the transceiver, to the second UE, and upon determining that the second UE fails to
satisfy criteria for becoming a synchronization source, a command to join an existing cluster.

13. The base station of Claim 8, wherein the RRC signal comprises an RRC dedicated signal.

14. The base station of Claim 8, wherein the RRC signal comprises an RRC broadcast signal.

15. A user equipment (UE), comprising:
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a transceiver configured to wirelessly communicate by radio resource control
(RRC) signaling; and

a processor in signal communication with the transceiver,

wherein the processor is configured to receive, through the transceiver and from a
base station serving the UE, a first configuration by RRC signaling, the first configuration
instructing the UE to transmit a first device-to-device synchronization signal (D2DSS),

wherein the processor is further configured to receive, through the transceiver and
from the base station, a second configuration by RRC signaling, the second configuration
identifying a synchronization resource comprising a time resource, a frequency resource,
or a time and frequency resource for transmitting the first D2DSS by the UE,

wherein the first configuration is received independently from the second
configuration, and

wherein the processor is further configured to transmit, through the transceiver,
the first D2DSS in an uplink resource according to the first configuration and the second

configuration.

16. The UE of Claim 15, wherein the RRC signaling comprises an RRC broadcast signal or
an RRC dedicated signal.

17. The UE of Claim 15, wherein the processor is further configured to request,

through the transceiver, permission from the base station to transmit the first D2DSS.

18. The UE of Claim 17, wherein the processor is further configured to receive a reply
through the transceiver and from the base station,

wherein the reply is in response to the requesting the permission to transmit the
first D2DSS, and

wherein the reply comprises a configuration for transmitting the first D2DSS.

19. The UE of Claim 18, wherein the processor is further configured to transmit,
through transceiver, the first D2DSS in an uplink resource and in response to the reply

from the base station.

20. The UE of Claim 17, wherein the processor is further configured search signals in

an uplink resource received through the transceiver to detect a second D2DSS,
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wherein the UE has a first priority, and
wherein the processor is further configured to request permission, through the
transceiver and from the base station to transmit the first D2DSS in response to detecting

the second D2DSS having a second priority lower than the first priority.

21. A base station, comprising:
a transceiver configured to wirelessly communicate with user equipments (UEs)
within a first cell of the base station;
a processor in signal communication with the transceiver; and
a nontransitory computer readable storage medium coupled to the processor and
having stored therein instructions to:
determine a second UE in a neighboring second cell, wherein the second UE
provides a device-to-device synchronization signal (D2DSS) for a first UE within the first cell of
the base station;
transmit, through the transceiver, a first message to the first UE indicating the
second UE that will be providing the D2DSS; and
transmit, through the transceiver, a second message to a first UE indicating an

uplink resource in which the first UE can expect to detect the D2DSS transmitted by a second UE.

22. The base station of Claim 21, wherein the second message comprises an offset of a
starting subframe in which the first UE can expect the D2DSS transmitted by the second UE,
wherein the starting subframe is within a synchronization period of the neighboring
second cell, and
wherein the offset is with respect to a system frame number 0 of the first UE’s serving

cell.
23. The base station of Claim 22, wherein the second message further comprises a window

size indicating a range from the offset in which the first UE can expect the D2DSS transmitted by
the second UE.

31



WO 2015/066524 PCT/US2014/063522
1/12

102 PR
N
. .
P N
7 ™
7 \

/  NETWORK \
[ COVERAGE 3
I AREA | oNB !
| '~ 5
| |
! /
\ ?GE’@ /
N i 1/

/7
\\ 106 /‘/
u&s; e o US4
108 e
FIG. 1A
UEY e o UE2
FIG. 1B
.
N
UET e } e LED
s
/_/
FIG. 1C

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524

PCT/US2014/063522
2/12

UET = UEZ )

FIG. 1D
N o 110~
104 LE f«( j: UE2
R
- d \\““~..
P T
102 Fiis. 1E 112

ONE RADIO FRAME, T,=307200 710 me

<5
i

ONESLOT, T slot 103607 ¢=0.5 me

ki

B0 #M | o#] B foee | M8 #I8

ONE
SUBFRAME

FIG. 1F

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524 PCT/US2014/063522
3/12
202 AUE INCOVERAGEOR ™ 2}}?9
OQUT-OF-COVERAGE I8 INTENDED ) ¥
«_ FOR D20 COMMUNICATION
2
08 N 0
SEARCH ™ e U
<. U&:@iﬁ%ﬁgﬁgﬁ > S SYNCHRONIZES TO THE
N B SYNCHRONIZATION SOURCE
« SIGNAL s
THE UE SENDS A SYNCHRONIZATION SIGNAL
308~  IFITIS QUT-OF-COVERAGE; OR THE UE
SENDS REQUEST WITH REQUEST TYPE TO
&NB TO BE A CLUSTER HEAD IF IN-COVERAGE
RECEIVES ~ THE UE
eNB'S RESPONSE WITH SYNCHRONIZES TO THE
. SYNCHRONIZATIONSIGNAL oNB DOWNLINK OR UPLINK
“n_ CONFIGURATION (THROUGH RANDOM ACCESS)
YES 210

THE UE SENDS SYNCHRONIZATION SIGNALS
ACCORDING TO THE CONFIGURATION

FIG. 2

2147

SUBSTITUTE SHEET (RULE 26)




WO 2015/066524

4/12

209~ [ SNBRECENESA "\
{ REQUEST WITH REQUEST )
\_ TYPEFROMALE /

304
) THE ™
REQUEST SATISFIES
THE CLUSTER HEAD
. DESIGNATION
e CRITERIA 7

o, ES

3087

RESPONDS TO THE URE WITH
SYNCHRONIZATION SIGNAL CONFIGURATION

FIG. 3

PCT/US2014/063522

3?(}

-~

306
/

RESPONDS NOTHING
OR RESPONDS NO

eNB SELECTS CLUSTER
HEAD(S} FROM ACTIVE Uks
ACCORDING TG CRITERIA

487~

k4

aNB SENDS SYNCHRONIZATION
SIGNAL CONFIGURATION TO

-
404 THE SELECTED Uks

FlG. 4

SUBSTITUTE SHEET (RULE 26)

400



WO 2015/066524

5@\(}

NETWORK

PCT/US2014/063522

508

50¢
N 510
CRU /
MEMORY
5(}4
N
MASS
STORAGE VIDED
ADAPTER DISPLAY
) )
NETWORK 512 518
INTERFACE - -
/ ¢ .
; KEYBOARD/
506 INTERFACE PRINTER
\ N
514 518

FIG. 5A

SUBSTITUTE SHEET (RULE 26)




WO 2015/066524

PCT/US2014/063522
6/12

522~ BACKHAUL

594 INTERFACE
\
CELLULAR 502 520
INTERFACE h 4
SUPPLEMENTAL
TRA§SCEVER PROCESSOR INTERFACE
7 1528
526 /
ANTENNA
51g.|  MEMORY
FI1G. 5B
530~ USER
532 INTERFACE
R
CELLULAR 502 520
INTERFACE h 4
SUPPLEMENTAL
TRA§SCEVER PROCESSOR INTEREACE
R
5341 )
ANTENNA

510" MEMORY

FIG. 5C

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524

606~

608~
i

7/12

RECEIVING, BY THE BASE STATION, A REQUEST FROM

PCT/US2014/063522

THE UE TO BECOME A SYNCHRONIZATION SOURCE N

DETERMINING, BY THE BASE STATION WHETHER THE UE

SATISFIES CONDITION(S} FOR B

ECOMING A SYNCHRONIZATION

SOURCE. THE UE SATISFIES THE CONDITION .,.,E

802"

CONFIGURING, BY A BASE STATION BY RRC SIGNALING, AFIRST
USER EQUIPMENT (UE} THAT IS IN A RADIO RESQURCE CONTROL
CONNECTED {RRC_CONNECTED) STATE WITH THE BASE STATION

TO BE A SYNCHRONIZATION SOURCE (TO TRANGMIT A
DEVICE-TC-DEVICE SYNCHRONIZATION SIGNAL (D2D8S))

£

3

L

¥

604"

CONFIGURING, BY THE BASE

{DENTIFIED SYNCHRONIZATION RESQURCE FOR TRANGMISSION

OF THE FIRST D20SS BY THE FIRST UE, THE SYNCHRONIZATION

RESOURCE COMPRISING A TIME RESOQURCE, OR A FREQUENCY
RESOURCE, OR A TIME AND FREQUENCY RESOURCE

STATION, THEUE TO USE &N

FIG

. 6A

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524 PCT/US2014/063522
8/12

gm SEARCHING, BY THE UE IN AN UPLINK mg
8201 RESQURCE TQ DETECT A SECOND D20SS, |
T THE UE DETECTS THE SECOND D2DSS

i HAVING A SECOND PRIORITY LOWER THAN g

o e P - 614
g1g~| FEQUESTNGAPERMSSONBYTHE A
N UE EROM A BASE STATION TO LT ‘
TRANSMIT A FIRST D2DSS | RECEIVING, BY THE
SRyl R 4| UE AND FROM THE BASE STATION,
mmmmmmm Voo | ASECOND CONFIGURATION BY
U RECENVING, BY AUE AND FROMABASE | | RRC SIGNALING, THE SECOND
§ STATION SERVING THE UE, A FIRST g | CONFIGURATION IDENTIFYING A
g9 _ CONFIGURATION BY RRC SIGNALING,  r-»  SYNCHRONIZATION RESOURCE
 THE FIRST CONFIGURATION INSTRUCTING | | COMPRISING A TIME RESOURCE,
| THEUETOTRANSMTADDSS | | ORAFREQUENCY RESOURCE, OR
“““““““ I | ATIME AND FREQUENCY
| RESOURCE FOR TRANSMITTING
TRANSMITTING, BY THE UE, THE ! THE FIRST DIDSS BY THE UE
FIRST DZDSS IN AN UPLINK L e e s e e o e e o e 2 o J
66— RESOURCE ACCORDING TO THE
FIRST CONFIGURATION AND
SECOND CONFIGURATION
FI1G. 6B

SUBSTITUTE SHEET (RULE 26)

wece oo o e ccoes oo oo s cee econs oo ok



PCT/US2014/063522

WO 2015/066524
9/12

INDICATING, BY A BASE STATION, TO AFIRST UE(s1 A
SECOND NEIGHBORING CELL

¥
INDICATING, BY THE FIRST BASE STATION, TO THE FIRST
UE{s} A SYNCHRONIZATION RESCURCE THAT THE FIRST
UE(s) A SYNCHRONIZATION RESOURCE THAT THE FIRST
704" UE{s) CAN EXPECT TO DETECT A DEVICE-TQ-DEVICE
SYNCHRONIZATION SIGNAL (D2D3S) TRANSMITTED BY A
SECOND UE(s) IN THE NEIGHBORING SECOND CELL

702~

FIG. 7

RECEIVING, BY AFIRST UE IN A FIRST CELL, AN INDICATION
802 OF A NEIGHBORING SECOND CELL |, AND SYNCHRONIZATION
N RESQURCE SOURCE ON THE UPLINK THAT THE FIRST UE
CAN EXPECT TO DETECT A D2DSS TRANSMITTED BY A
SECOND UE IN THE NEIGHBORING SECOND CELL

¥
§ PERFORMING, BY THE FIRST UE, D2D&S
804 DETECTION ACCORDING TO THE INDICATION

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524 PCT/US2014/063522
10/12

THE BASE STATION CONFIGURES AFIRST UE IN ARADID
RESQURCE CONTROL CONNECTED (RRC_CONNECTED)
802~ STATE WiTH THE BASE STATION TOBEA
SYNCHRONIZATION SOURCE AND TRANGMIT A D2BSS,
WHEREN THE CONFIGURATION 1S PERFORMED BY RRC
SIGNALING TRANSMITTED FROM THE BASE STATION

904 \jm THE BASE STATION RECEIVES A REQUEST FROM A m:
| SECOND UE TO BECOME A SYNCHRONIZATION SOURCE

- ;m THE BASE STATION DETERMINES WHETHER mE
™ THE SECOND UE SATISFIES CRITERIA FOR §

3 BECOMING A SYNCHRONIZATION SQURCE |

r THE BASE STATION TRANSMITS AREPLY TO THE )

; SECOND UE IN RESPONSE TO THE REQUEST, THE

a08-1 REPLY GENERATED ACCORDING TO THE DETERMINING
| WHETHER THE SECOND UE SATISFIES THE CRITERIA
L FOR BECOMING A SYNCHRONIZATION SOURCE N

mmmmmmmmmmm e

THE BASE STATION TRANSMITS TO THE SECOND UE,

iN RESPONSE TO THE SECOND UE SATISFYING THE
910-71  CRITERIA FOR BECOMING A SYNCHRONIZATION SOURCE,
TRANSMISSION PARAMETERS FOR TRANSMITTING THE DZDS8

FIG. 9A

SUBSTITUTE SHEET (RULE 26)



WO 2015/066524
11/12

THE UE RECEIVES, FROM A BASE STATION
9120  3ERVING THE UE, A RADIO RESOURCE
CONTROL {RRC) CONFIGURATION

i

2 %

| THE UE TRANSMITS A FIRST g
014~ DEVICE-TO-DEVICE |
N SYNCHRONIZATION SIGNAL D2DSS)IN |

| AN UPLINK RESOURCE ACCORDING i

| TO THE CONFIGURATION MESSAGE |
N E mmmmmmmm -t
916~ 1ur UE REQUESTS PERVISSION FROMA |

BASE STATION TC TRANSMIT A FIRST D2DG&S

mmmmmmmm 4

o o e e 1 ““““““““ =3

i THE UE RECEIVES A REPLY FROM THE ]

] BASE STATION IN RESPONSE TO THE |

918-71 REQUESTING THE PERMISSION TO |

i TRANSMIT THE FIRST D2DSS i

G e o o e s e o I mmmmmmmm wd

o e o s o el s 2o -y

] THE UE TRANSMITS THE HIRST i

| D2DSS ACCORDING TO |

8201 TRANSMISSION PARAMETERS |

! RECENVED FROM THE BASE STATION |

Lo o o o o o o oo o e s s e o wd
FIG. 9B

SUBSTITUTE SHEET (RULE 26)

PCT/US2014/063522

922
"'C Ty
| THE UE SEARCHES AN |

| UPLINKRESOQURCETO |

| DETECT ASECOND D2DSS
lmmmmmzmmmmmj

B THE UE DETECTING THE R

§ SECOND D2DSS HAVING A E

e SECOND PRICRITY LOWER

g THAN THE FIRST PRIORITY E

| OF THE FIRSTUE N

R I e e e o T ]



WO 2015/066524 PCT/US2014/063522
12/12

THE BASE STATION TRANSMITS AMESSAGE TOAFIRST UE
1002 WITHIN A FIRST CELL OF THE BASE STATION, THE MESSAGE
N INDICATING AN UPLINK RESQURCE IN WHICH THE FIRST UE
CAN EXPECT TO DETECT A D2DSS TRANSMITTED BY A
SECOND UE IN A NEIGHBORING SECOND CELL

¥

1004 THE BASE STATION TRANGMITS THE MESSAGE WITH AN
S OFFSET OF A STARTING SUBFRAME IN WHICH THE FIRST UE

CAN EXPECT THE D2DSS TRANSMITTED BY THE SECOND UE

¥
THE BASE STATION TRANSMITS THE MESSAGE WITH A WINDOW

1008~ SIZE INDICATING A RANGE FROM THE OFFSET IN WHICH THE FIRST
UE CAN EXPECT THE DZDSS TRANSMITTED BY THE SECOND UE

FIG. 10A

THE UE RECEIVES A MESSAGE FROM BASE

1008~ STATION, THE MESSAGE INDICATING AN UPLINK

RESQURCE WHERE THE UE CAN EXPECT AD2DSS
TRANSMITTED BY A NEIGHBORING CELL

¥
| THE UE BEARCHES THE UPLINK RESOURCE FOR
1040~ THE D2DSS ACCORDING TO THE MESSAGE

FiG. 10B

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 14/63522

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HOAL 27/26 (2014.01)
CPC - H04W72/0486, HO4W72/04, HO4W76/023, HO4L5/0048

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

B. FIELDS SEARCHED

temn followed by ¢

Minimum documentation searched (classification SIYISO 0098

CPC: H04W72/0486, H04W72/04, HO4W76/023,

lassification symbols)

CPC: H04L5/0053, H04W8/26; IPC: H04L27/26 (keyword limited - se

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

e search terms below)

Electronic data base consulted during the international search (name of
PatBase; Google; Google Scholar

Terms: wireless, mobile, device, equipment, phone, ue, sync, access,
authorize, uplink, cell, area, neighbor, priority, discovery, frame, offset.

data base and, where practicable, search terms used)

point, base, station, resource, radio, server, host, permit,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

entire document.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2013/0159407 A1 (Koskela et al.) 20 June 2013 (20.06.2013), 1-23
entire document, especially abstract, para [0006), [0026], [0028], [0029], [0053],
Y US 2013/0148566 A1 (Doppler et al.) 13 June 2013 (13.06.2013), 1-23
entire document, especially abstract, para [0023], [0032], [0064], [0068], [0153],
Y US 2008/0075036 A1 (Bertrand et al.) 27 March 2008 (27.03.2008), 2,4-5,10-12, 19
entire document, especially abstract, para [0004], [0015], {[0016], [0019], [0023].
A US 2010/0165882 A1 (Palanki et al.) 01 July 2010 (01.07.2010), 1-23

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

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

“E” earlier application or patent but published on or after the international
filing date

“L” 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)

“O” document referring.to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

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

“X” 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

“Y” 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

Date of the actual completion of the international search

18 January 2015 (18.01.2015)

Date of mailing of the international search report

06 FEB 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (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 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report

