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RESOURCE ALLOCATION FOR D2D DISCOVERY IN AN LTE

NETWORK

PRIORITY CLAIMS

[0001] This application claims the benefit of priority to U.S. Provisional Patent

Application Serial No. 61/898,425, filed October 31, 2013, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments pertain to wireless communications. Some embodiments

relate to 3GPP LTE (Long-Term Evolution) networks. Some embodiments

relate to direct device-to-device (D2D) communication. Some embodiments

relate to device discovery in LTE networks.

BACKGROUND

[0003] Proximity-based applications and services represent a fast growing social

and technological trend that may have a major impact on evolution of cellular

wireless/mobile broadband technologies. These services are based on the

awareness of two devices or two users being close to each other and may include

such applications as public safety operations, social networking, mobile

commerce, advertisement, gaming, etc. Device to device (D2D) discovery is the

first step to enable D2D service. There are many unresolved issues with respect

to device discovery for D2D communication particularly for inter-cell Proximity

Service (ProSe) D2D discovery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is an example of a network for implementing device-to-device

(D2D) communications in which some embodiments can be implemented.

[0005] FIG. 2 is a functional diagram of a User Equipment (UE) in accordance

with some embodiments.



[0006] FIG. 3 is a functional diagram of an Evolved Node-B (eNB) in

accordance with some embodiments.

[0007] FIG. 4 illustrates the operation of a method of device-to-device (D2D)

communication at a UE in accordance with some embodiments.

[0008] FIG. 5 is a block diagram of a machine for executing some embodiments.

DETAILED DESCRIPTION

[0009] The following description and the drawings sufficiently illustrate specific

embodiments to enable those skilled in the art to practice them. Other

embodiments may incorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be included in, or

substituted for, those of other embodiments. Embodiments set forth in the

claims encompass all available equivalents of those claims.

[0010] FIG. 1 illustrates an example operating environment 100 in which some

embodiments may be implemented. In operating environment 100, an evolved

Node B (eNB) 102 may be in communication with one or more UEs 104, 106 as

part of in-network communication sessions over the links 108 and 110,

respectively. Techniques and scenarios discussed are not limited to the number

or types of eNBs and UEs shown in the example operating environment 100, as

any suitable number or types may be used. For instance, the eNB 102 is not

limited to the tower configuration shown. The UEs 104, 106 are within a cell

114 and the eNB 102 serves the cell 114.

[0011] In addition to the in-network communication sessions, the eNB 102 and

UEs 104, 106 may also support direct connections between the UEs 104, 106 or

other UEs (not shown in FIG. 1). Such communication may be referred to as

device-to-device (D2D) communication. For instance, a D2D communication

session between the UEs 104, 106 may take place over the link 112. In some

embodiments, the D2D communication session will occur over an uplink (UL),

with the eNB 102 allocating UL resources for D2D communication.

[0012] D2D discovery is the first step to enable D2D communication. In

accordance with current standards of the 3rd Generation Partnership Project

(3GPP) family of standards for Long-Term Evolution (LTE), there are at least

two types of D2D discovery procedures: Type 1 and Type 2.



[0013] In some implementations of a Type 1 D2D discovery procedure, the eNB

102 will allocate resources for discovery signal transmission on a non-UE-

specific basis. Therefore, a D2D discovery resource pool comprised of a

plurality of individual D2D discovery resources can be used for all UEs within a

cell 114, or a group of UEs within the cell 114. In some implementations, a

single D2D discovery resource can span two physical resource block (PRB)-

pairs in frequency and one subframe in time. In some implementations, the eNB

102 will allocate periodic UL resources for discovery in a semi-static manner.

The eNB 102 can perform the resource allocation using Radio Resource Control

(RRC) signaling. A UE 104, 106 maybe configured to support D2D

communication with other UEs using orthogonal frequency-division multiple

access (OFDMA), single carrier frequency division multiple access (SC-FDMA)

or other multiple access schemes. UEs 104, 106 transmit and receive discovery

signals subject to a half-duplex constraint.

[0014] In some implementations of a Type 2 D2D discovery procedure, the eNB

102 will allocate resources for discovery signal transmission on a UE-specific

basis. The eNB 102 may therefore assign a set of one or more D2D discovery

resources to any particular UE 104, 106 in the cell 114. In accordance with

current 3GPP standards, Type 2 discovery may be of either of two types: Type

2A, wherein the eNB 102 allocates resources to a UE 104, 106 for each specific

transmission instance of discovery signals; or Type 2B, wherein the eNB 102

allocates resources semi-persistently for discovery signal transmission by a UE

104, 106.

[0015] Embodiments disclosed herein provide methods for allocating resources

for the support of LTE Proximity Services (ProSe) D2D discovery. Some

embodiments are described below with reference Type 1 and Type 2B discovery.

However, it will be understood that embodiments can be extended to other

discovery procedure types, including discovery procedure types that may be

implemented in later versions and revisions to the 3GPP family of standards or

other standards. Furthermore, while embodiments are described herein with

reference to D2D discovery resource pools, in some implementations, and in

some versions or amendments to standards of the 3GPP family of standards,

D2D discovery resource pools may be referred to as D2D discovery zones.



[0016] In some available systems, a UE 104, 106 can participate in D2D

discovery by selecting one D2D discovery resource, from a D2D discovery

resource pool, on which to transmit a discovery signal. However, due to the

half-duplex constraint, a UE 104, 106 that transmits discovery signals on a D2D

resource would not be able to receive discovery signals transmitted on that same

D2D resource. This may lead to an increased discovery latency depending on

the number of UEs orthogonalized in the frequency dimension (i.e., by

frequency-division multiplexing (FDM)). The latency can also depend on the

periodicity of D2D discovery resource pools.

[0017] To address these and other concerns, embodiments extend available

discovery procedures to allow multiple transmissions of discovery signals by a

UE 104, 106 within each D2D discovery resource pool. By allowing these

multiple transmissions, embodiments can help in achieving better discovery

range because UEs receiving the discovery signals can combine multiple copies

of the discovery signals that have been received on several resources of the D2D

discovery resource pool. Multiple transmissions can also reduce latency because

discovery signals would be transmitted more frequently in systems implemented

in accordance with embodiments. Further, the UE-assistance mechanism for

UE-specific resource allocation for Type 2 discovery, in accordance with some

embodiments, can help achieve improved resource allocation that considers

interference seen in the proximity of an announcing UE due to in-band

emissions, for some loading conditions of Type 2 D2D discovery resource pools.

[0018] FIG. 2 shows a block diagram of a UE 200, while FIG. 3 shows a block

diagram of an eNB 300, for implementing methods to address at least concerns

discussed above. It should be noted that in some embodiments, the eNB 300

may be a stationary non-mobile device. The UE 200 may be a UE 104, 106 as

depicted in FIG. 1, while the eNB 300 may be an eNB 102 as depicted in FIG. 1.

[0019] The antennas 201, 301 may comprise one or more directional or

omnidirectional antennas, including, for example, dipole antennas, monopole

antennas, patch antennas, loop antennas, microstrip antennas, or other types of

antennas suitable for transmission of RF signals. In some multiple-input

multiple-output (MIMO) embodiments, the antennas 201, 301 maybe



effectively separated to take advantage of spatial diversity and the different

channel characteristics that may result.

[0020] The UE 200 may include physical layer circuitry 202 for transmitting and

receiving signals to and from the eNB 300, other eNBs, other UEs or other

devices using one or more antennas 201. The eNB 300 may include physical

layer circuitry 302 for transmitting and receiving signals to and from the UE

200, other eNBs, other UEs or other devices using one or more antennas 301.

The UE 200 may also include medium access control layer (MAC) circuitry 204

for controlling access to the wireless medium, while the eNB 300 may also

include medium access control layer (MAC) circuitry 304 for controlling access

to the wireless medium.

[0021] The UE 200 may also include hardware processing circuitry 206 and

memory 208 arranged to perform the operations described herein, and the eNB

300 may include hardware processing circuitry 306 and memory 308 arranged to

perform the operations described herein.

Allocation of sub-discovery resource pools for discovery signal transmission

[0022] In one embodiment supporting resource allocation for D2D discovery,

the eNB 300 logically divides the D2D discovery resource pool, for a cell 114

(FIG. 1) served by the eNB 102, into sub-discovery resource pools. These

resources can be of equal size, although embodiments are not limited thereto.

The eNB 102 can divide the D2D discovery resource pool based on time or

based on frequency, for example. The eNB 300 will then generate configuration

information for the D2D discovery resource pool, to include at least information

concerning this sub-division. For example, the configuration information can

include the number of sub-divisions, whether the sub-divisions are made based

on time or frequency, etc. The eNB 300 will then transmit the configuration

information to UEs in the cell 114.

[0023] UE 200 receives configuration information for the D2D discovery

resource pool. The configuration information may be received from the eNB

300 although embodiments are not limited thereto and the configuration

information can be received from neighboring cells, higher-layer network

elements, etc. The configuration information will include an indication that the



eNB 300 or other entity has logically divided the D2D discovery resource pool

into two or more sub-discovery resource pools.

[0024] The UE 200 will perform an initial transmission of a discovery signal in

a discovery period using a resource from a first sub-discovery resource pool of

the two or more sub-discovery resource pools. The discovery signal can include

a discovery media access control (MAC) protocol data unit (PDU) formatted in

accordance with a standard of the 3GPP family of standards for LTE.

[0025] After this initial transmission, the UE 200 will perform a number of

additional transmissions of the discovery signal. The UE 200 will make these

additional transmissions within the same discovery period as the UE 200 made

the initial transmission, and the UE 200 will use D2D discovery resources from

additional sub-discovery resource pools, other than the first sub-discovery

resource pool, of the two or more sub-discovery resource pools.

[0026] The UE 200 can determine the number of additional transmissions to

perform based on a value provided by the eNB 300. The eNB 300 can provide

this value in various ways. As an example, in some embodiments, the eNB 300

will provide an explicit field within the configuration information for the D2D

discovery resource pool that indicates how often the UE 200 is to repeat the

discovery signal within the discovery period. As a further example, the UE 200

may infer the number of additional transmissions to be made based on the

logical subdivision of the D2D discovery resource pool. By way of illustration,

if the configuration information for the D2D discovery resource pool indicates

that the D2D discovery resource pool has been divided into ten sub-discovery

resource pools, the UE 200 may infer that ten transmissions are to be made of

the discovery signal. However, embodiments are not limited to any particular

way of signaling this value for number of transmissions to the UE 200.

Additionally, listening UEs can use this value to determine how many discovery

signal transmissions should be expected to be transmitted by a transmitting UE.

Further, listening UEs can combine this value with the hopping pattern,

described in more detail later herein, to determine on which resource to expect

the next transmission of the discovery signal by a transmitting UE.

[0027] In some embodiments, UE 200 will select at least the first D2D discovery

resource from the first sub-discovery resource pool for the initial transmission of



the discovery signal in accordance with a randomness algorithm, wherein the

randomness algorithm operates such that the probability that any D2D discovery

resource will be selected from the sub -discovery resource pool is equal to the

probability that any other D2D discovery resource will be selected from the sub-

discovery resource pool. However, the ideas disclosed in this invention can be

applied to any other random resource selection algorithms. In at least these

embodiments, the UE 200 will select the additional resources from the sub-

discovery resource pools based on an intra-D2D discovery resource pool

hopping pattern that maps resources of one sub-discovery resource pool to

resources of other sub-discovery resource pools within the two or more of sub-

discovery resource pools. For example, the hopping pattern may map resources

of the sub-discovery resource pool on which the initial transmission is performed

to other resources. In this way, a listening UE (not shown in FIG. 2) can use the

hopping pattern, among other parameters, to know the location of resources on

which to expect additional transmissions after the initial transmission of the

discovery signal. The listening UE can then combine discovery packets to

improve detection performance, especially for ULs that are signal-to-noise ratio

(SNR)-limited.

[0028] The eNB 300 or other entity can define the hopping pattern to alleviate

the half- duplex constraint. In some embodiments, at least when the eNB 300

logically subdivides the D2D discovery resource pool based on time, the UE 200

may perform the additional transmissions on D2D discovery resources from sub-

discovery resource pools that are next available time resources, with respect to

time, relative to the first sub-discovery resource pool. In at least these

embodiments, the hopping pattern is limited to frequency hopping.

[0029] In some embodiments, the UE 200 can select a D2D discovery resource

for each transmission of the discovery signal according to a randomness

algorithm wherein the UE 200 selects one of the available D2D discovery

resources from the D2D discovery resource pool (or a sub-discovery resource

pool) with equal probability amongst the available resources in the D2D

discovery resource pool. However, the ideas disclosed in this invention can be

applied to any other randomness algorithms. In these embodiments, the UE 200

can select a first D2D discovery resource from the entire D2D discovery



resource pool, or from a first sub-discovery resource pool, for the initial

transmission. Subsequently, the UE 200 can independently select the second

D2D discovery resource from a set that does not include the first D2D discovery

resource or from a second sub-discovery pool. The UE 200 will then repeat this

process from a set that includes neither the first nor the second sub-discovery

resource pool, etc. In these embodiments, a listening UE may not be able to

combine the multiple copies of the packets received within the discovery

resource pool because the listening UE will be unable to predict the location of

resources on which to expect each transmission of the discovery signal.

However, these embodiments may exhibit less of an impact from the half-duplex

constraint and thereby improve discovery latency performance.

[0030] UEs in accordance with some embodiments can control the interference

by implementing distributed random silencing mechanisms. For example, in

some embodiments, the UE 200 can decide whether to transmit discovery signals

during a given discovery period. If the UE 200 decides to transmit during that

discovery period, the UE 200 will transmit the discovery signal for the

configured number of times within the D2D discovery resource pool. The UE

200 can implement this embodiment for cases in which pre-defined hopping

patterns are used to select the D2D discovery resources from sub-discovery

resource pools, although embodiments are not limited thereto. Listening UEs

may therefore be able to combine discovery signal transmissions more

efficiently because the listening UEs know to expect discovery signals on each

sub-discovery resource pool.

[0031] In other embodiments, the UE 200 may decide, prior to each

transmission of the discovery signal, for each sub-discovery resource pool,

whether to transmit the discovery signal on that sub-discovery resource [pp;.

The UE 200 may implement this embodiment for cases in which the UE 200

does not use hopping patterns, in other words, in cases in which the UE 200 uses

randomized selection algorithms described earlier herein to select each sub-

discovery resource pool, although embodiments are not limited thereto.

[0032] The UE 200 may make the decision as to whether to transmit based on a

transmission probability factor provided by the eNB 300 in accordance with a

silencing/muting protocol. In one embodiment, the eNB 300 controls the



effective arrival rate of the discovery packets, and thereby the interference level

within the D2D discovery resource pools, by configuring a silencing/muting

protocol. According to this silencing/muting protocol, each UE 200 that intends

to transmit a discovery packet selects a resource from within the D2D discovery

resource pool and then transmits the packet with a certain probability (1-p), with

0 < p < 1, where p is the silencing factor. Upper network layers can configures p

in a network- common manner or in a cell-specific manner. Some embodiments

can include random silencing factors according to various algorithms or criteria,

such as by providing a fixed silencing factor for all ProSe-enabled UEs.

Additionally, UEs 200 can adapt the silencing factor in a distributed fashion

depending on the history of transmissions of discovery packets in a prior D2D

discovery resource pool.

UE assistance mechanism

[0033] Some embodiments provide a UE-assistance mechanism to enhance the

UE-specific resource allocation by providing interference avoidance. As

described earlier herein, with Type 2 discovery procedures, the eNB 300 assigns

resources in a UE-specific manner. Although the eNB 300 can assign resources

in a UE-specific manner such that multiple UEs do not transmit discovery

signals on the same D2D discovery resources, the eNB 300 may not be aware of

the interference conditions arising from in-band emissions on different physical

resource block (PRB)-pairs for different UEs. Embodiments, therefore, provide

mechanisms to take advantage of UE 200 knowledge of interference conditions.

[0034] A UE 200 can transmit a resource request to an eNB 300 for UE-specific

allocation of D2D discovery resources for transmission of discovery signals,

wherein the resource request includes power measurement reports for the D2D

discovery resources. The request can include the indices of M discovery

resources with lowest received power within the Type 2 D2D discovery resource

pool, where M is an integer greater than or equal to 1. In other embodiments,

the request can include the indices of M D2D discovery resources within a

particular sub-discovery resource pool with lowest received power relative to

other D2D discovery resources of any particular sub-discovery resource pool.



While power measurements have been described herein, the UE 200 can also

submit any other measurements for determining interference conditions.

[0035] The UE 200 can use configuration information for the D2D discovery

resource pool that was previously provided by the eNB 300 for help in providing

power measurement reports. This configuration information can include an

indication as to whether the D2D discovery resource pool is a Type 1 or Type 2

discovery resource pool. If the D2D discovery resource pool is a Type 2

discovery resource pool, the UE 200, when in RRC_IDLE, will monitor the D2D

discovery resource pool by listening on all resources and measuring received

power on these resources. Based on these measurements, the UE 200 can send

the resource request along with indices of M discovery resources on which the

UE 200 measures lowest received power. Again, while power measurements

have been described herein, the UE 200 can also submit any other measurements

for determining interference conditions.

[0036] The eNB 300 can use the measurement information from all UEs

requesting resources for Type 2 discovery within the Type 2 D2D discovery

resource pool to assign resources to UEs to reduce or eliminate interference. In

order to limit signaling overhead, the number of resources with lowest received

power may be limited to a small number (e.g., M = 3 or 5).

[0037] By providing centralized processing of UE measurements at the eNB

300, embodiments can provide higher discovery probability for UEs transmitting

discovery signals in accordance with Type 2 discovery procedures. In various

embodiments, the eNB 300 can analyze the reports from requesting UEs and

allocate resources according to, among other criteria, the geographical

relationship between UEs in the cell. For example, the eNB 300 may allocate

resources such that UEs within a threshold distance of each other transmit

discovery signals simultaneously to minimize in-band emission impact and

synchronization issues. Furthermore, closely located UEs can successfully

decode discovery signals from each other based on fewer transmissions of the

discovery signal, due to relatively good propagation conditions. Therefore the

half-duplex problem between these UEs can be resolved by allowing

transmission in different time-resources using only a few (on the order of one or

two) transmission opportunities. Further, the eNB 300 can use the path gain to



the eNB 300 from different UEs to determine how to allocate resources for

discovery signal transmission.

[0038] In one embodiment, the eNB 300 may analyze UE 200 reports and assign

resources orthogonalized by time-division multiplexing (TDM) to UEs that can

be grouped according to geographical closeness for D2D discovery resource

pools according to Type 2A discovery procedures. In at least these

embodiments, the eNB 300 can subsequently assign resources according to Type

2B resource allocation such that UEs belonging to each group are orthogonalized

by FDM even with resource hopping across multiple D2D discovery resource

pools.

[0039] In some embodiments, the eNB 300 can allocate resources based on

priority levels of the UEs within the cell served by the eNB 300. The eNB 300

can configure a first D2D discovery resource pool with a first size at a first time

instant, and a second D2D discovery resource pool with a second size at a

second time instant, wherein the size of the respective resource pools and the

number of individual D2D discovery resources allocated for a plurality of

transmissions of discovery signals within each discovery period by each UE are

based on criteria such as, for example, the number and priority levels of UEs

within the cell.

[0040] The eNB 300 may determine whether to perform UE assistance

mechanisms based on cell loading. For example, if cell loading falls below a

threshold, sufficient resources should be available to orthogonalize the

transmissions from the UEs effectively. Accordingly, the eNB 300 may enable

or disable UE 200 power measurement reporting based on load conditions. By

extension, if such power measurement reporting is disabled, discovery latency

may be reduced or eliminated because the UE 200 can transmit resource requests

without taking time to perform power measurements.

[0041] For network-common configuration of D2D discovery resource pools,

coordination may be provided between the neighboring cells to realize the

benefits of UE-specific D2D discovery resource allocation. Such coordination

can be realized even with non-ideal backhaul connections between eNBs,

because of the long periodicity of D2D discovery resource pools.



[0042] Although the UE 200 and eNB 300 are each illustrated herein as having

several separate functional elements, one or more of the functional elements may

be combined and may be implemented by combinations of software-configured

elements, such as processing elements including digital signal processors

(DSPs), and/or other hardware elements. For example, some elements may

comprise one or more microprocessors, DSPs, field-programmable gate arrays

(FPGAs), application specific integrated circuits (ASICs), radio-frequency

integrated circuits (RFICs) and combinations of various hardware and logic

circuitry for performing at least the functions described herein. In some

embodiments, the functional elements may refer to one or more processes

operating on one or more processing elements.

[0043] Embodiments may be implemented in one or a combination of hardware,

firmware, and software. Embodiments may also be implemented as instructions

stored on a computer-readable storage device, which may be read and executed

by at least one processor to perform the operations described herein. A

computer-readable storage device may include any non-transitory mechanism

that stores information in a form readable by a machine (e.g., a computer). For

example, a computer-readable storage device may include read-only memory

(ROM), random-access memory (RAM), magnetic disk storage media, optical

storage media, flash-memory devices, and other storage devices and media.

Some embodiments may include one or more processors that can be configured

with instructions stored on a computer-readable storage device.

[0044] These instructions can, for example, configure a communication device

such as the UE 200 to receive configuration information for a D2D discovery

resource pool of a cell. The configuration information can include an indication

that the D2D discovery resource has been logically divided into a plurality of

sub-discovery resource pools. The instructions can configure the UE 200 to

perform an initial transmission of a discovery signal in a discovery period using

a single D2D discovery resource from a first sub-discovery resource pool of the

plurality of sub-discovery resource pools. The discovery signal can include a

MAC PDU formatted in accordance with a standard of the 3GPP family of

standards for LTE. The instructions can configure the UE 200 to perform a

number of additional transmissions of the discovery signal in the discovery



period using additional D2D discovery resources from sub-discovery resource

pools of the plurality of sub-discovery resource pools other than the first sub-

discovery resource pool.

[0045] FIG. 4 is a flow chart of a method 400 for D2D discovery in accordance

with some embodiments. The example method 400 is described with respect to

elements of FIG. 1-3. UEs 104, 106 (FIG. 1) or 200 (FIG. 2) can perform at

least some operations of the method 400.

[0046] In operation 402, the UE 200 receives, from an eNB 300, configuration

information for a D2D discovery resource pool of a cell served by the eNB 300.

The configuration information includes an indication that the D2D discovery

resource has been logically divided into a plurality of sub-discovery resource

pools.

[0047] In operation 404, the UE 200 performs an initial transmission of a

discovery signal in a discovery period using a D2D discovery resource from a

first sub-discovery resource pool of the plurality of sub-discovery resource

pools. The discovery signal includes a MAC PDU formatted in accordance with

a standard of the 3GPP family of standards for LTE.

[0048] In operation 406, the UE 200 performs a number of additional

transmissions of the discovery signal in the discovery period using D2D

discovery resources from one or more of the sub-discovery resource pools other

than the first sub-discovery resource pool. As described earlier herein, the

number of additional transmissions to be performed will be based on a value,

implicitly or explicitly provided by the eNB 300.

[0049] The UE 200 can perform other operations as part of example method 400

to support D2D discovery. For example, the UE 200 may select from the sub-

discovery resource pools available for additional transmissions based on a

hopping pattern that maps resources of the first sub -discovery resource pool to

resources of other sub-discovery resource pools. The UE 200 can also receive

discovery signals to discover other UEs for D2D communication as described

earlier herein, based on the hopping pattern or on any other parameters.

[0050] FIG. 5 is a block diagram of a machine 500 for executing various

embodiments. In alternative embodiments, the machine 500 may operate as a

standalone device or may be connected (e.g., networked) to other machines.



[0051] The machine (e.g., computer system) 500 may include a hardware

processor 502 (e.g., a central processing unit (CPU), a graphics processing unit

(GPU), a hardware processor core, or any combination thereof), a main memory

504 and a static memory 506, some or all of which may communicate with each

other via an interlink (e.g., bus) 508. The machine 500 may further include a

power management device 532, a graphics display device 510, an alphanumeric

input device 512 (e.g., a keyboard), and a user interface (UI) navigation device

514 (e.g., a mouse). In an example, the graphics display device 510,

alphanumeric input device 512 and UI navigation device 514 may be a touch

screen display. The machine 500 may additionally include a storage device 516

(i.e., drive unit), a signal generation device 518 (e.g., a speaker), a network

interface device/transceiver 520 coupled to antenna(s) 530, and one or more

sensors 528, such as a global positioning system (GPS) sensor, compass,

accelerometer, or other sensor. The machine 500 may include an output

controller 534, such as a serial (e.g., universal serial bus (USB), parallel, or other

wired or wireless (e.g., infrared (IR), near field communication (NFC), etc.)

connection to communicate with or control one or more peripheral devices (e.g.,

a printer, card reader, etc.).

[0052] The storage device 516 may include a machine-readable medium 522 on

which is stored one or more sets of data structures or instructions 524 (e.g.,

software) embodying or utilized by any one or more of the techniques or

functions described herein. The instructions 524 may also reside, completely or

at least partially, within the main memory 504, within the static memory 506, or

within the hardware processor 502 during execution thereof by the machine 500.

In an example, one or any combination of the hardware processor 502, the main

memory 504, the static memory 506, or the storage device 516 may constitute

machine-readable media.

[0053] While the machine-readable medium 522 is illustrated as a single

medium, the term "machine readable medium" may include a single medium or

multiple media (e.g., a centralized or distributed database, and/or associated

caches and servers) configured to store the one or more instructions 524.

[0054] The term "machine readable medium" may include any medium that is

capable of storing, encoding, or carrying instructions 524 for execution by the



machine 500 and that cause the machine 500 to perform any one or more of the

techniques of the present disclosure, or that is capable of storing, encoding or

carrying data structures used by or associated with instructions 524. Non-

limiting machine-readable medium examples may include solid-state memories,

and optical and magnetic media. In an example, a massed machine-readable

medium comprises a machine readable medium with a plurality of particles

having resting mass. Specific examples of massed machine-readable media may

include: non-volatile memory, such as semiconductor memory devices (e.g.,

Electrically Programmable Read-Only Memory (EPROM), or Electrically

Erasable Programmable Read-Only Memory (EEPROM)) and flash memory

devices; magnetic disks, such as internal hard disks and removable disks;

magneto-optical disks; and CD-ROM and DVD-ROM disks.

[0055] The instructions 524 may further be transmitted or received over a

communications network 526 using a transmission medium via the network

interface device/transceiver 520 utilizing any one of a number of transfer

protocols (e.g., frame relay, internet protocol (IP), transmission control protocol

(TCP), user datagram protocol (UDP), hypertext transfer protocol (HTTP), etc.).

[0056] Although the present inventive subject matter has been described in

connection with some embodiments, it is not intended to be limited to the

specific form set forth herein. One of ordinary skill in the art would recognize

that various features of the described embodiments may be combined in

accordance with the disclosure. Moreover, it will be appreciated that various

modifications and alterations may be made by those of ordinary skill in the art

without departing from the scope of the disclosure.

[0057] The Abstract is provided to comply with 37 C.F.R. Section 1.72(b)

requiring an abstract that will allow the reader to ascertain the nature and gist of

the technical disclosure. It is submitted with the understanding that it will not be

used to limit or interpret the scope or meaning of the claims. The following

claims are hereby incorporated into the detailed description, with each claim

standing on its own as a separate embodiment.



CLAIMS

What is claimed is:

1. User Equipment (UE) comprising hardware processing circuitry

configured to:

receive configuration information for a device-to-device (D2D)

discovery resource pool of a cell, the configuration information including an

indication that the D2D discovery resource pool has been logically divided into a

plurality of sub-discovery resource pools;

perform an initial transmission of a discovery signal in a discovery

period using a single D2D discovery resource from a first sub-discovery

resource pool of the plurality of sub-discovery resource pools; and

perform a number of additional transmissions of the discovery signal in

the discovery period using additional D2D discovery resources from sub-

discovery resource pools of the plurality of sub-discovery resource pools other

than the first sub-discovery resource pool.

2. The UE of claim 1, wherein the number of additional transmissions is based

on a value provided by an evolved Node-B (eNB) that serves the cell.

3. The UE of claim 2, wherein the value is provided as a field within the

configuration information for the D2D discovery resource pool that indicates

how often the discovery signal is to be repeated within the discovery period.

4. The UE of claim 2, wherein the UE determines the value based on

logical subdivision information for the plurality of sub-discovery resource pools.

5. The UE of claim 2, wherein the hardware processing circuitry is further

configured to:

select the additional D2D discovery resources from sub-discovery

resource pools based on a hopping pattern that maps resources of the first sub-

discovery resource pool to resources of other sub-discovery resource pools

within the plurality of sub-discovery resource pools.



6. The UE of claim 5, wherein the hardware processing circuitry is further

configured to perform the additional transmissions on D2D discovery resources

that are next available time resources, with respect to time, relative to the

respective D2D discovery resources from the first sub-discovery resource pool,

and wherein the hopping pattern is limited to frequency hopping.

7. The UE of claim 5, wherein the hardware processing circuitry is further

configured to:

determine on which of the plurality of sub-discovery resource pools to

expect the initial transmission and the additional transmissions of a discovery

signal transmitted by a transmitting UE, based on the hopping pattern and on the

value for the number of additional transmissions that has been provided by the

eNB.

8. The UE of claim 2, wherein the hardware processing circuitry is

configured to:

select a D2D discovery resource from a sub-discovery resource pool for

initial transmission of the discovery signal; and

prior to a transmission of the discovery signal determine, for the sub-

discovery resource pool, whether to transmit the discovery signal based on a

transmission probability factor provided by the eNB.

9. The UE of claim 8, wherein the D2D discovery resource is selected from the

sub-discovery resource pool for initial transmission of the discovery signal

according to a randomness algorithm such that a probability that a first D2D

discovery resource will be selected from the sub-discovery resource pool is

equal to a probability that any other D2D discovery resource will be selected

from the sub-discovery resource pool.

10. The UE of claim 1, wherein the UE transmits discovery signals according

to a Type 1 discovery procedure in accordance with a standard of the 3rd



Generation Partnership Project (3GPP) family of standards for Long-Term

Evolution (LTE).

11. The UE of claim 1, wherein the hardware processing circuitry transmits

discovery signals according to a Type 2A or Type 2B discovery procedure in

accordance with a standard of the 3rd Generation Partnership Project (3GPP)

family of standards for Long-Term Evolution (LTE).

12. The UE of claim 1, wherein the discovery signal includes a discovery

media access control (MAC) protocol data unit (PDU) formatted in accordance

with a standard of the 3rd Generation Partnership Project (3GPP) family of

standards for Long-Term Evolution (LTE).

13. An eNB including hardware processing circuitry configured to:

transmit configuration information, to user equipment (UEs) within a cell

served by the eNB, for a Type 2 device-to-device (D2D) discovery resource pool

of the cell; and

allocate D2D discovery resources in a UE-specific manner to UEs for

transmission of discovery signals.

14. The eNB of claim 13, wherein the hardware processing circuitry is

further configured to:

allocate UE-specific D2D discovery resources based on priority levels of

the UEs within the cell.

15. The eNB of claim 13, wherein the hardware processing circuitry is

further configured to:

configure a first D2D discovery resource pool with a first size at a first

time instant; and

configure a second D2D discovery resource pool with a second size at a

second time instant.



16. The eNB of claim 13, wherein the hardware processing circuitry is

further configured to receive power measurement reports for the D2D discovery

resources and to allocate resources in a UE-specific manner from among the

D2D discovery resources based on the power measurement reports.

17. The eNB of claim 16, wherein the eNB allocates resources that are

orthogonalized by time-division multiplexing (TDM) to UEs if the UEs are

located within a threshold distance of each other.

18. A non-transitory machine-readable medium that stores instructions for

execution by one or more processors to configure a user equipment (UE) to:

receive configuration information for a device-to-device (D2D)

discovery resource pool of a cell, the configuration information including an

indication that the D2D discovery resource pool has been logically divided into a

plurality of sub-discovery resource pools;

perform an initial transmission of a discovery signal in a discovery

period using a D2D discovery resource from a first sub-discovery resource pool

of the plurality of sub-discovery resource pools, the discovery signal including a

discovery media access control (MAC) protocol data unit (PDU) formatted in

accordance with a standard of the 3rd Generation Partnership Project (3GPP)

family of standards for Long-Term Evolution (LTE); and

perform a number of additional transmissions of the discovery signal in

the discovery period using one or more of the plurality of D2D discovery

resources from one of more of the plurality of sub-discovery resource pools

other than the first sub-discovery resource pool.

19. The non-transitory machine-readable medium of claim 18, wherein

instructions further configure the UE to :

select from the plurality of sub-discovery resource pools for additional

transmissions based on a hopping pattern that maps resources of the first sub-

discovery resource pool to resources of other sub-discovery resource pools of the

plurality of sub-discovery resource pools.



20. The non-transitory machine-readable medium of claim 19, wherein the

D2D discovery resources for additional transmissions in the discovery period are

next available time resources, with respect to time, relative to the initial

transmission, and wherein the hopping pattern is limited to frequency hopping.

21. A method comprising:

receiving configuration information for a device-to-device (D2D)

discovery resource pool of a cell, the configuration information including an

indication that the D2D discovery resource pool has been logically divided into a

plurality of sub-discovery resource pools;

performing an initial transmission of a discovery signal in a discovery

period using a D2D discovery resource from a first sub-discovery resource pool

of the plurality of sub-discovery resource pools, the discovery signal including a

discovery media access control (MAC) protocol data unit (PDU) formatted in

accordance with a standard of the 3rd Generation Partnership Project (3GPP)

family of standards for Long-Term Evolution (LTE); and

performing a number of additional transmissions of the discovery signal

in the discovery period using one or more of the plurality of D2D discovery

resources from one or more of the plurality of sub-discovery resource pools

other than the first sub-discovery resource pool, the number of additional

transmissions to be performed being based on a value provided by an evolved

Node-B (eNB) that serves the cell.

22. The method of claim 21, further comprising:

selecting from the plurality of sub-discovery resource pools for

additional transmissions based on a hopping pattern that maps resources of the

first sub-discovery resource pool to resources of other sub-discovery resource

pools of the plurality of sub-discovery resource pools.

23. The method of claim 21, further comprising:

determining on which of the plurality of sub-discovery resource pools to

expect the initial transmission and the additional transmissions of a discovery

signal transmitted by a transmitting UE, based on the hopping pattern and on the



value for the number of additional transmissions that has been provided by the

eNB.

24. User Equipment (UE) comprising hardware processing circuitry

configured to:

receive configuration information for a Type 2 device-to-device (D2D)

discovery resource; and

transmit a resource request to an evolved Node-B (eNB) for UE-specific

allocation of D2D discovery resources for transmission of discovery signals,

wherein the resource request includes power measurement reports for the D2D

discovery resources.

25. The UE of claim 24, wherein the power measurement reports include

indices of D2D discovery resources within the D2D discovery resource pool for

which the hardware processing circuitry has measured lowest received power

relative to other D2D discovery resources of the D2D discovery resource pool.

26. The UE of claim 24, wherein the power measurement reports include

indices of D2D discovery resources within a sub-discovery resource pool for

which the hardware processing circuitry has measured lowest received power

relative to other D2D discovery resources of the sub-discovery resource pool.











A. CLASSIFICATION OF SUBJECT MATTER

H04W 72/04(2009.01)i, H04W 48/16(2009.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed b y classification symbols)
H04W 72/04; H04W 76/02; H04W 48/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: D2D discovery resource pool, resource allocation, Type 2 D2D discovery, indication,

a set of resource

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y HTC , Int er-corresponding set s of resources for D2D d i scovery , Rl-134365 , 1-4 , 8-14 , 18 , 21
3GPP TSG RAN WG1 Meet ing #74bi s , Guangzhou , China , 7-11 Oct ober 2013
(lit t : //www .3gpp . org/f tp/t sg_ran/wgl_r 1l/TSGRl_74b/Docs/Rl-134365 . z ip)
See pages 1-2 .

5-7, 15-17 , 19-20
, 22-26

ALCATEL-LUCENT SHANGHAI BELL e t a l . , " Resource Al l ocat i on for D2D Di scovery " 1-4 , 8-14 , 18 , 21
, Rl-134232 , 3GPP TSG RAN WG1 Meet ing #74bi s , Guangzhou , China , 7-11 October
2013
(h p : / /www .3gpp . or g/ f t p/ sg_r an/wgl_r 1l/TSGRl_74b/Do cs /Rl- 134232 . z ip)
See pages 1-2 .

CATT, " Further d i scuss i on on resource a l l ocat i on for D2D d i scovery " , 1-26
Rl-134116 , 3GPP TSG RAN WG1 Meet ing #74bi s , Guangzhou , China,
7-11 October 2013
(ht t p : //www .3gpp . org/ftp/t sg_ran/wgl_r l l/TSGRl_74b/Docs/Rl-134116 . z ip)
See pages 1-6 .

Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the applicationbut cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

2 6 January 2015 (26.01.2015) 26 January 2015 (26.01.2015)

Name and mailing address of the ISA/KR Authorized officer , .—
k International Application Division

j ¾ ... Korean Intellectual Property Office
_ YANG, Jeong Rok

189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
V¾ ¾

Republic of Korea

Facsimile No. ++82 4 2 472 3473 Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (January 2015)



P T U 2014 062349

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A INTEL CORPORATION, 0n Resource Allocation and System Operation for 1-26

D2D Discovery , Rl-134141, 3GPP TSG RAN WG1 Meeting #74bis, Guangzhou, China,

7-11 October 2013

(http://www.3gpp.org/ftp/tsg_ran/wgl_rll/TSGRl_74b/Docs/Rl-134141.zip)

See pages 1-10.

A WO 2012-159270 Al (RENESAS MOBILE CORPORATION) 29 November 2012 1-26

See page 13, line 19 - page 16, line 24; claim V , and figure 2 .

Form PCT/ISA/210 (continuation of second sheet) (January 2015)



Information on patent family members PCT/US2014/062349

Patent document Publication Patent family Publication
cited in search report date member(s) date

2012-159270 Al 29/11/2012 CN 103843444 A 04/06/2014
DE 112011105271 T5 06/03/2014
US 2014-0094183 Al 03/04/2014

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

