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METHOD AND APPARATUS FOR ESTABLISHING COMMUNICATIONS

Technical Field

An example embodiment of the present invention relates generally to a method
and apparatus for establishing communications. The embodiment may help facilitate

paging that is performed in order to establish communication.

Background

Device to device communication allows for two or more devices to
communicate directly with one another. Device to device communication has gained
popularity and is expected to significantly increase in the near future.

In order to establish device to device communication, a first device, such as a
mobile terminal or other user equipment (UE), may transmit a discovery signal. The
discovery signal provided by the first device may include the device identity, the
application identity, a radio identifier, such as the cell radio network temporary
identifier (C-RNTI), the service type, etc. The discovery signal may be received by
one or more devices in the proximity of the first device. In an instance in which one
of the devices that receives the discovery signal desires to establish device to device
communications with the first device, the device that receives the discovery signal
may communicate with the network and the network may, in turn, page the first
device. In response to the paging signals issued by the network, the first device may
respond and, in turn, device to device communications may be established.

In an instance in which the first device is in a radio resource control (RRC)
Connected state at the time of the issuance of the discovery signal, the network is
generally able to determine the cell that is currently serving the first device that
transmitted the discovery signal. As such, the network may efficiently establish
communications with the first device without having to search for the first device by,
for example, issuing paging signals in cells in which the first device is not located,
thereby allowing for more efficient network utilization by avoiding the unnecessary
consumption of network resources in cells that are not serving the first device.

In an instance in which the first device that issues the discovery signal is not in

an RRC Connected state, but is, instead, in an RRC Idle state, the network will not
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generally be aware of the cell in which the first device is located. As such, the
network may transmit paging signals across a broader expanse of the network in an
effort to locate the first device, thereby consuming additional network resources. For
example, the network may issue paging signals from each of the base stations within
the tracking areas in the tracking area list of the first device as configured by the
mobility management entity (MME). In this instance, the network must issue paging
signals across a greater portion of the network, thereby consuming additional network
resources in an effort to establish device to device communication while the first

device 1s in an RRC Idle state.

Summary

A method, apparatus and computer program product are therefore provided
according to an example embodiment of the present invention to provide a more
efficient mechanism by which communications, such as device to device
communications, may be established regardless of the RRC state of the device that
issues the discovery signal. For example, the method, apparatus and computer
program product of one embodiment may facilitate the efficient establishment of
communications, such as device to device communications, in an instance in which
the device issuing the discovery signal is in an RRC Idle state. In this regard, the
method, apparatus and computer program product of one example embodiment of the
present invention may cause the paging signals issued by the network to be more
tightly focused or limited, even in an instance in which the device issuing the
discovery signal is in an RRC idle state, thereby conserving network resources while
still providing for the reliable establishment of communications, such as device to
device communications.

According to the invention there is provided a method for establishing
communications, the method comprising: associating at least one of a cell
identification or a tracking area code with a discovery signal; subsequent to the
associating, causing the discovery signal in association with at least one of the cell
identification or the tracking area code to be transmitted in order to discover a device;
receiving a paging signal in response to the discovery signal, and causing

communications to be established with the device in response to the paging signal.
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According to the invention, there is also provided an apparatus for establishing
communications, the apparatus comprising: a processing system configured to cause
the apparatus to: associate at least one of a cell identification or a tracking area code
with a discovery signal; subsequent to the associating, cause the discovery signal in
association with at least one of the cell identification or the tracking area code to be
transmitted in order to discover a device; receive a paging signal in response to the
discovery signal; and cause communications to be established with the device in
response to the paging signal.

According to the invention, there is also provided a computer program product
comprising a set of instructions stored thereon, which, when executed by a computing
system, causes the computing system to: associate at least one of a cell identification
or a tracking area code with a discovery signal; subsequent to the associating, cause
the discovery signal in association  with at least one of the cell identification or the
tracking area code to be transmitted in order to discover a device; receive a paging
signal in response to the discovery signal, and cause communications to be
established with the device in response to the paging signal.

According to the invention there is also provided an apparatus for establishing
communications, the apparatus comprising: means for associating at least one of a cell
identification or a tracking area code with a discovery signal; means for causing the
discovery signal to be transmitted, subsequent to the associating, in association with at
least one of the cell identification or the tracking area code in order to discover a
device with which to establish communications; means for receiving a paging signal
in response to the discovery signal; means for causing communications to be
established with the device in response to the paging signal.

According to the invention there is also provided a method for establishing
communications, the method comprising: receiving a discovery signal from a device
that seeks to establish communications; determining whether a predetermined cell
identification or a predetermined tracking area code is associated with the discovery
signal; in an instance in which a predetermined cell identification or a predetermined
tracking area code is associated with the discovery signal, causing the predetermined

cell identification or the predetermined tracking area code to be provided to a network
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entity to facilitate paging of the device; and causing communications to be established
with the device in response to the paging.

According to the invention there is also provided an apparatus for establishing
communications, the apparatus comprising: a processing system configured to cause
the apparatus to: receive a discovery signal from a device that secks to establish
communications; determine whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal; in an
instance in which a predetermined cell identification ora  predetermined  tracking
arca code is associated with the discovery signal, cause the predetermined cell
identification or the predetermined tracking area code to be provided to a network
entity to facilitate paging of the device; cause communications to be established with
the device in response to the paging.

According to the invention there is also provided a computer program product
comprising a set of instructions stored thereon which, when executed by a computing
system, causes the computing system to: receive a discovery signal from a device that
seeks to establish communications; determine whether a predetermined cell
identification or a predetermined tracking area code is associated with the discovery
signal; in an instance in which a predetermined cell identification or a predetermined
tracking area code is associated with the discovery signal, cause  the predetermined
cell identification or the predetermined tracking area code to be provided to a
network entity to facilitate paging of the device; and cause communications to be
established with the device in response to the paging.

According to the invention there is also provided an apparatus for establishing
communications, the apparatus comprising: means for receiving a discovery signal
from a device that seeks to establish communications; means for determining whether
a predetermined cell identification or a predetermined tracking area code is associated
with the discovery signal; in an instance in which a predetermined cell identification
or a predetermined tracking area code is associated with the discovery signal, means
for causing the predetermined cell identification or the predetermined tracking area
code to be provided to a network entity to facilitate paging of another device; means

for causing communications to be established with the device in response to the

paging.
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Brief Description of the Drawings

Having thus described several example embodiments of the invention in
general terms, reference will now be made to the accompanying drawings, which are
not necessarily drawn to scale, and wherein:

Figure 1 is a schematic representation of a system for utilizing discovery
signals to facilitate paging in accordance with an example embodiment of the present
invention;

Figure 2 is a block diagram of an apparatus that may be embodied as a device
that is configured to utilize discovery signals to facilitate paging in accordance with
an example embodiment of the present invention;

Figure 3 is a flow chart of the operations performed by an apparatus embodied
by a device that issues a discovery signal to establish communications in accordance
with one embodiment of the present invention; and

Figure 4 is a flow chart illustrating operations performed by an apparatus
embodied by a device that receives the discovery signal and that responds in order to
establish communications in accordance with an example embodiment of the present

invention.

Detailed Description

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments of
the inventions are shown. Indeed, these inventions may be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy
applicable legal requirements. Like numbers refer to like elements throughout.

As used in this application, the term “circuitry” refers to all of the following:
(a) hardware-only circuit implementations (such as implementations in only analog
and/or digital circuitry) and (b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a combination of processor(s) or (ii) to

portions of processor(s)/software (including digital signal processor(s)), software, and
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memory(ies) that work together to cause an apparatus, such as a mobile phone or
server, to perform various functions) and (c) to circuits, such as a microprocessor(s) or
a portion of a microprocessor(s), that require software or firmware for operation, even
if the software or firmware is not physically present.

This definition of “circuitry” applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term
“circuitry” would also cover an implementation of merely a processor (or multiple
processors) or portion of a processor and its (or their) accompanying software and/or
firmware. The term “circuitry” would also cover, for example and if applicable to the
particular claim element, a baseband integrated circuit or application specific
integrated circuit for a mobile phone or a similar integrated circuit in server, a cellular
network device, or other network device.

A method, apparatus and computer program product are provided in
accordance with an example embodiment of the present invention in order to utilize
discovery signals in order to facilitate paging, such as during the establishment of
communications, ¢.g., device to device communications, in a manner that conserves
network resources. In one embodiment, the method, apparatus and computer program
product allow for the efficient establishment of device to device communications
regardless of the RRC state of the device that issues the discovery signal, including in
an instance in which the device that issues the discovery signal is in an RRC Idle
state.

Although the method, apparatus and computer program product may be
implemented in a variety of different systems, one example of such a system is shown
in Figure 1, which includes first and second communication devices 10, 12 that are
capable of communication with each other via device to device communications. The
first and second communication devices may also be configured to communicate with
a network 14 (e.g., a core network) via respective network entities 16, such as an
access point, ¢.g., a base station, a Node B, an evolved Node B (eNB), serving cell or
other access point. While the network may be configured in accordance with Long
Term Evolution (LTE) or LTE-Advanced (LTE-A), other networks may support the
method, apparatus and computer program product of embodiments of the present

invention including those configured in accordance with wideband code division
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multiple access (W-CDMA), CDMA2000, global system for mobile communications
(GSM), general packet radio service (GPRS) and/or the like.

The network 14 may include a collection of various different nodes, devices or
functions that may be in communication with each other via corresponding wired
and/or wireless interfaces. For example, the network may include one or more cells,
supported by respective access points, each of which may serve a respective coverage
arca. The cells could be, for example, part of one or more cellular or mobile networks
or public land mobile networks (PLMNSs). In turn, other devices such as processing
devices (e.g., personal computers, server computers or the like) may be coupled to the
communication devices 10, 12 via the network.

A communication device 10, 12, such as the mobile terminal (also known as
user equipment (UE)), may be in communication with other communication devices
or other devices via either device to device communications or via the network 14
utilizing, for example, an access point 16. In some cases, the communication device
may include an antenna for transmitting signals to and for receiving signals from a
serving cell.

In some example embodiments, the communication device 10, 12 may be a
mobile terminal such as, for example, a mobile telephone, portable digital assistant
(PDA), pager, laptop computer, or any of numerous other hand held or portable
communication devices, computation devices, content generation devices, content
consumption devices, or combinations thercof. As such, the communication device
10, 12 may include one or more processors that may define processing circuitry either
alone or in combination with one or more memories. The processing circuitry may
utilize instructions stored in the memory to cause the communication device 10, 12 to
operate in a particular way or execute specific functionality when the instructions are
executed by the one or more processors. The communication device 10, 12 may also
include communication circuitry and corresponding hardware/software to enable
communication with other devices and/or the network 14.

In one embodiment, for example, either or both of the communication devices
10, 12 may be embodied as or otherwise include an apparatus 20 as generically
represented by the block diagram of Figure 2. While the apparatus 20 may be

employed, for example, by a mobile terminal, it should be noted that the components,
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devices or eclements described below may not be mandatory and thus some may be
omitted in certain embodiments. Additionally, some embodiments may include
further or different components, devices or elements beyond those shown and
described herein.

As shown in Figure 2, the apparatus 20 may include or otherwise be in
communication with processing circuitry 22 that is configurable to perform actions in
accordance with example embodiments described herein. The processing circuitry
may be configured to perform data processing, application execution and/or other
processing and management services according to an example embodiment of the
present invention. In some embodiments, the apparatus or the processing circuitry
may be embodied as a chip or chip set. In other words, the apparatus or the
processing circuitry may comprise one or more physical packages (e.g., chips)
including materials, components and/or wires on a structural assembly (e.g., a
baseboard). The structural assembly may provide physical strength, conservation of
size, and/or limitation of electrical interaction for component circuitry included
thereon. The apparatus or the processing circuitry may therefore, in some cases, be
configured to implement an embodiment of the present invention on a single chip or
as a single “system on a chip.” As such, in some cases, a chip or chipset may
constitute means for performing one or more operations for providing the
functionalities described herein.

In an example embodiment, the processing circuitry 22 may include a
processor 24 and memory 26 that may be in communication with or otherwise control
a communication interface 28 and, in some cases, a user interface 30. As such, the
processing circuitry may be embodied as a circuit chip (e.g., an integrated circuit
chip) configured (e.g., with hardware, software or a combination of hardware and
software) to perform operations described herein. However, in some embodiments
taken in the context of the communication device 10, 12, the processing circuitry may
be embodied as a portion of a mobile computing device or other mobile terminal.

The user interface 30 (if implemented) may be in communication with the
processing circuitry 22 to receive an indication of a user input at the user interface
and/or to provide an audible, visual, mechanical or other output to the user. As such,

the user interface may include, for example, a keyboard, a mouse, a joystick, a
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display, a touch screen, a microphone, a speaker, and/or other input/output
mechanisms.

The communication interface 28 may include one or more interface
mechanisms for enabling communication with other devices and/or networks. In
some cases, the communication interface may be any means such as a device or
circuitry embodied in either hardware, or a combination of hardware and software that
is configured to receive and/or transmit data from/to a network 14 and/or any other
device or module in communication with the processing circuitry 22, such as between
the communication devices 10, 12 via device to device communication or via the
network, such as a cellular, e.g., LTE, network. In this regard, the communication
interface may include, for example, an antenna (or multiple antennas) and supporting
hardware and/or software for enabling communications with a wireless
communication network and/or a communication modem or other hardware/software
for supporting communication via cable, digital subscriber line (DSL), universal serial
bus (USB), Ethernet or other methods.

In an example embodiment, the memory 26 may include one or more non-
transitory memory devices such as, for example, volatile and/or non-volatile memory
that may be either fixed or removable. The memory may be configured to store
information, data, applications, instructions or the like for enabling the apparatus 20 to
carry out various functions in accordance with example embodiments of the present
invention. For example, the memory could be configured to buffer input data for
processing by the processor 24. Additionally or alternatively, the memory could be
configured to store instructions for execution by the processor. As yet another
alternative, the memory may include one of a plurality of databases that may store a
variety of files, contents or data sets. Among the contents of the memory,
applications may be stored for execution by the processor in order to carry out the
functionality associated with each respective application. In some cases, the memory
may be in communication with the processor via a bus for passing information among
components of the apparatus.

The processor 24 may be embodied in a number of different ways. For
example, the processor may be embodied as various processing means such as one or

more of a microprocessor or other processing element, a coprocessor, a controller or
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various other computing or processing devices including integrated circuits such as,
for example, an ASIC (application specific integrated circuit), an FPGA (field
programmable gate array), or the like. In an example embodiment, the processor may
be configured to execute instructions stored in the memory 26 or otherwise accessible
to the processor. As such, whether configured by hardware or by a combination of
hardware and software, the processor may represent an entity (e.g., physically
embodied in circuitry — in the form of processing circuitry 22) capable of performing
operations according to embodiments of the present invention while configured
accordingly. Thus, for example, when the processor is embodied as an ASIC, FPGA
or the like, the processor may be specifically configured hardware for conducting the
operations described herein. Alternatively, as another example, when the processor is
embodied as an executor of software instructions, the instructions may specifically
configure the processor to perform the operations described herein.

Figures 3 and 4 are flowcharts illustrating the operations performed by a
method, apparatus and computer program product, such as apparatus 20 of Figure 2,
from the perspective of a communications device 10 that issues a discovery signal in
the context of Figure 3 and a communications device 12 that receives and responds to
the discovery signal in the context of Figure 4 in accordance with one embodiment of
the present invention. It will be understood that each block of the flowchart, and
combinations of blocks in the flowchart, may be implemented by various means, such
as hardware, firmware, processor, circuitry and/or other device associated with
execution of software including one or more computer program instructions. For
example, one or more of the procedures described above may be embodied by
computer program instructions. In this regard, the computer program instructions
which embody the procedures described above may be stored by a memory device 26
of an apparatus employing an embodiment of the present invention and executed by a
processor 24 in the apparatus. As will be appreciated, any such computer program
instructions may be loaded onto a computer or other programmable apparatus (e.g.,
hardware) to produce a machine, such that the resulting computer or other
programmable apparatus provides for implementation of the functions specified in the
flowchart block(s). These computer program instructions may also be stored in a non-

transitory computer-readable storage memory that may direct a computer or other
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programmable apparatus to function in a particular manner, such that the instructions
stored in the computer-readable storage memory produce an article of manufacture,
the execution of which implements the function specified in the flowchart block(s).
The computer program instructions may also be loaded onto a computer or other
programmable apparatus to cause a series of operations to be performed on the
computer or other programmable apparatus to produce a computer-implemented
process such that the instructions which execute on the computer or other
programmable apparatus provide operations for implementing the functions specified
in the flowchart block(s). As such, the operations of Figures 3 and 4, when executed,
convert a computer or processing circuitry into a particular machine configured to
perform an example embodiment of the present invention. Accordingly, the
operations of Figures 3 and 4 define an algorithm for configuring a computer or
processing circuitry 22, e.g., processor, to perform an example embodiment. In some
cases, a general purpose computer may be provided with an instance of the processor
which performs the algorithm of Figures 3 and 4 to transform the general purpose
computer into a particular machine configured to perform an example embodiment.

Accordingly, blocks of the flowcharts support combinations of means for
performing the specified functions and combinations of operations for performing the
specified functions. It will also be understood that one or more blocks of the
flowchart, and combinations of blocks in the flowchart, can be implemented by
special purpose hardware-based computer systems which perform the specified
functions, or combinations of special purpose hardware and computer instructions.

In some embodiments, certain ones of the operations above may be modified
or further amplified as described below. Moreover, in some embodiments additional
optional operations may also be included. It should be appreciated that each of the
modifications, optional additions or amplifications below may be included with the
operations above either alone or in combination with any others among the features
described herein.

Referring now to Figure 3, the operations performed by a method, apparatus
and computer program product of an example embodiment are illustrated from the
perspective of a first communications device 10 (also referred to as the “first device”)

that causes a discovery signal to be transmitted, such as to establish communications,
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e.g., device to device communications. In accordance with an example embodiment,
information may be associated with the discovery signal that permits the first device
that transmits the discovery signal to be located, such as within a tracking area, within
a cell or the like. As such, the network 14 may page the first device in a more focused
and efficient manner in order to establish communications, such as device to device
communications.

While information may be associated with the discovery signal in order to
permit the first device 10 to be located regardless of the RRC state of the first device
10, the association of information that permits the first device to be located with the
discovery signal is particularly advantageous in an instance in which the first device is
not in an RRC Connected state, such as in an instance in which the first device is in an
RRC Idle state. In an instance in which the first device is in an RRC Idle state, the
first device has a valid internet protocol (IP) address, has been authenticated and has a
security context that is stored in the MME. As such, the RRC Idle state provides a
power efficient state for low duty cycle discovery and service advertisement signaling
by the communication devices 10, 12 while being authenticated by the network 14,
which should allow autonomous signal transmission on certain resources. However,
the network 14 has less information regarding the relative location of the first device
while the first device is in an RRC Idle state then while the device is in an RRC
Connected state. Thus, greater advantages may be provided in terms of focusing the
network paging by an example embodiment of the present invention in an instance in
which the first device that issues the discovery signal is in an RRC Idle state since the
network would otherwise issue the paging signals on a relatively broad basis, thereby
consuming substantially more network resources than would be desired in order to
establish the device to device communications.

As shown in block 40 of Figure 3, the apparatus 20 embodied by the first
device 10 that issues the discovery signal may include means, such as the processing
circuitry 22, the processor 24 or the like, for associating at least one of a cell
identification or a tracking area code with the discovery signal. The cell identification
and/or the tracking area code may be associated with the discovery signal in various
manners. In one embodiment, at least a portion of the discovery signal is masked with

at least one of the cell identification or the tracking area code. While the apparatus of
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this embodiment, such as the processing circuitry or the processor, may mask the
entire discovery signal or a portion of the discovery signal with at least one of a cell
identification or tracking area code, the apparatus, such as the processing circuitry or
the processor, of one embodiment may be configured to mask the cyclic redundancy
code (CRC) of the discovery signal with at least one of the cell identification or the
tracking area code. In another embodiment, the cell identification and/or the tracking
arca code is associated with the discovery signal by including the cell identification
and/or the tracking area code as data that is transmitted along with and/or as part of
the discovery signal.

In regards to masking at least a portion of the discovery signal with the cell
identification and/or the tracking area code, at least a portion of the discovery signal
may be masked with the cell identification and/or the tracking area code itself.
However, masking at least a portion of the discovery signal with the cell identification
and/or the tracking area code also includes masking at least a portion of the discovery
signal with a masking sequence that is derived from or otherwise based upon or
associated with the cell identification and/or the tracking area code. For example, in
an embodiment in which the CRC of the discovery signal is to be masked with the cell
identification, the CRC of the discovery signal may be masked with a masking
sequence that is associated with one of the three primary synchronization signals
(PSS) that comprise the physical cell identification. By way of example, masking
sequences of <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>,
<1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1>  and<0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1>
may be associated with PSS1, PSS2 and PSS3, respectively.

In an embodiment in which the apparatus 20, such as the processing circuitry
22 or the processor 24, is configured to associate the cell identification, that is, with
an identification of the cell within which the first device 10 is located, with the
discovery signal, such as by masking the CRC of the discovery signal with the cell
identification, the apparatus, such as the processing circuitry or the processor, may
associate the physical cell identity or at least a portion of the physical cell identity of
the cell within which the first device is located with the discovery signal. For
example, the apparatus, such as the processing circuitry or the processor, of this

embodiment may associate at least one of the primary synchronization signals of the
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cell in which the first device is located with the discovery signal, such as by masking
the CRC of the discovery signal with at least one of the primary synchronizations
signals.

In another embodiment, the apparatus 20, such as the processing circuitry 22
or the processor 24, may be configured to associate the tracking area code of the
tracking area within which the first device 10 is located with the discovery signal,
such as by masking the CRC of the discovery signal with the tracking area code. In
yet another embodiment, the apparatus, such as the processing circuitry or the
processor, may be configured to associate both the cell identification and the tracking
arca code associated with the first device with the discovery signal. In this
embodiment, one of the cell identification or the tracking area code may be utilized to
mask at least a portion of the discovery signal, such as the CRC, while the other of the
cell identification or the tracking area code may be included as data with the
discovery signal. Alternatively, the same portion of the discovery signal, such as the
CRC, may first be masked with one of the cell identification or the tracking area code
and may then be subsequently masked again with the other of the cell identification or
the tracking area code. As yet another embodiment, different portions of the
discovery signal may be masked with the cell identification and the tracking areca
code.

Following the association of at least one of the cell identification or the
tracking area code with the discovery signal, the apparatus 20 embodied by the first
device 10 may include means, such as the processing circuitry 22, the processor 24,
the communication interface 28 or the like, for causing the discovery signal to be
transmitted in association with at least one of the cell identification or the tracking
area code in an effort to identify or otherwise discover another device, such as another
device with which to establish communications, e.g., device to device
communications. See block 42 of Figure 3. Following the reception of this discovery
signal by another device, ¢.g., communication device 12, and the subsequent request
by the other device for the network 14 to page the first device, such as to establish
communications, e.g., device to device communications, as will be described
hereinafter, the apparatus embodied by the first device may also include means, such

as the processing circuitry, the processor, the communication interface or the like, for
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receiving a paging signal in response to the discovery signal. See block 44. In this
regard, the paging signal may be received from the network, such as from a network
entity 16, e.g., an access point. In one embodiment, the paging signal may provide the
first device with the necessary information in order to establish communications, such
as device to device communications, with the other device responsive to the discovery
signal. Thereafter, the apparatus embodied by the first device may include means,
such as the processing circuitry, the processor, the communication interface or the
like, for causing communications to be established with the other device in response
to the paging signal. See block 46. Various types of communications may be
established between the devices including device to device communication or network
communication, such as cellular communications in an instance in which the devices
are in communication with a cellular, e.g., LTE, network.

As will be described below, the paging signals issued by the network 14 may
be more particularly focused, even in instances in which the first device 10 is in an
RRC Idle state so as to provide for more efficient network utilization, such as during
the establishment of communications. In this regard and as will also be described
below, the paging may be limited to the cell and/or the tracking area that was
identified by the cell identification or the tracking area code with which the discovery
signal was masked. Accordingly, the paging signals are transmitted in the area in
which the first device is located without having to transmit paging signals in other
arcas in which the first device is not located and which would otherwise unnecessarily
consume network resources.

From the perspective of the communication device 12 that receives the
discovery signal and that desires to establish communications, such as device to
device communications, with the first device 10, block 50 of Figure 4 illustrates that
the apparatus 20 embodied by the other device includes means, such as the processing
circuitry 22, the processor 24, the communication interface 28 or the like, for
receiving a discovery signal from the first device that secks, for example, to establish
communications. In accordance with an example embodiment of the present
invention, the apparatus embodied by the other device also includes means, such as

the processing circuitry, the processor or the like, for determining whether a
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predetermined cell identification or a predetermined tracking area code is associated
with the discovery signal (See block 52 of Figure 4).

As described above, the predetermined cell identification and/or the
predetermined tracking area code may be associated with the discovery signal in
various manners. For example, at least a portion of the discovery signal, such as the
CRC of the discovery signal, may be masked with the predetermined cell
identification and/or the predetermined tracking area code. Alternatively, the
predetermined cell identification and/or the predetermined tracking area code may be
included as data that is received with the discovery signal.

In one embodiment, the apparatus 20 embodied by the other device 12, such as
the processing circuitry 22, the processor 24 or the like, may therefore be configured
to determine whether at least a portion of the discovery signal is masked with the
predetermined cell identification and/or the predetermined tracking area code. In
order to determine whether at least a portion of the discovery signal is masked, at least
a portion of the discovery signal, such as the CRC, may be de-masked or otherwise
processed in order to determine what, if any, code or other information was utilized to
mask the respective portion of the discovery signal. In another embodiment, the
apparatus, such as the processing circuitry, the processor or the like, may be
configured to determine whether the predetermined cell identification and/or the
predetermined tracking area code is included as data that was received as part of or
along with the discovery signal.

In order to recognize the cell identification and/or tracking area code that is
associated with the discovery signal, the apparatus 20 embodied by the other device
12 may include means, such as the processing circuitry 22, the processor 24, the
memory 26 or the like, for storing one or more cell identifications of cells that have
been determined by the other device to be proximate to or otherwise in the vicinity of
the other device. Additionally or alternatively, the apparatus embodied by the other
device may include means, such as the processing circuitry, the processor, the
memory or the like, for storing one or more tracking arca codes that have been
determined by the other device to be proximate to or otherwise in the vicinity of the
other device. In these embodiments, the apparatus, such the processing circuitry, the

processor or the like, may determine if one or more of the predetermined cell
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identifications and/or one or more of the predetermined tracking area codes that are
stored by the other device are associated with the discovery signal.

In an instance in which a predetermined cell identification or a predetermined
tracking area code that are stored by the other device 12 are not associated with the
discovery signal, the other device may not respond to the discovery signal, thereby not
establishing communications, e¢.g., device to device communications, with the first
device 10 since the first device may be located in a cell or tracking area that is more
remote from or otherwise has poor communication with the other device. However,
in an instance in which the apparatus 20, such as the processing circuitry 22, the
processor 24 or the like, determines that a predetermined cell identification or a
predetermined tracking area code that is stored by the other device is associated with
the discovery signal, the apparatus embodied by the other device may include means,
such as the processing circuitry, the processor, the communication interface 28 or the
like, for causing the predetermined cell identification or the predetermined tracking
arca code with which the discovery signal is associated to be provided to a network
entity 16, such as an access point or the like, to facilitate paging of the first device
(See block 54 of Figure 4). In this regard, the network 14 may receive the
predetermined cell identification or the predetermined tracking area code that is
associated with the discovery signal and may cause one or more paging signals to be
transmitted.

In an instance in which a predetermined cell identification is associated with
the discovery signal, the network 14 may cause the paging signals to be transmitted
within the predetermined cell, but not other predetermined cells. Additionally or
alternatively, in an instance in which a predetermined tracking area code is associated
with the discovery signal, the network may cause the paging signals to be transmitted
within the predetermined tracking area, but not within other tracking areas. Still
further, in an instance in which both a predetermined cell identification and a
predetermined tracking area code are associated with the discovery signal, the
network may cause the paging signals to be issued within that region that satisfies
both the predetermined cell and the predetermined tracking area, that is, that region
that is both within the predetermined cell and within the predetermined tracking area.

In any instance, the method, apparatus 20 and computer program product allows for a
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more focused transmission of the paging signals, even in an instance in which the first
device 10 that issued the discovery signals is not in a RRC Connected state, such as in
an instance in which the first device is in a RRC Idle state such that the network
otherwise does not know the location of the first device with specificity.

In response to the paging signal, the communication devices 10, 12 may take
various actions. For example, communications may be established between the
devices, such as device to device communications or network communications, such
as via a cellular network. In one embodiment and in response to receipt of the paging
signals, the first device 10 may then proceed with the establishment of
communications, such as device to device communications, with the other device 12.
In this regard, the apparatus 20 embodied by the other device may also include means,
such as the processing circuitry 22, the processor 24, the communication interface 28
or the like, may also cause communications, such as device to device
communications, to be established with the first device in response to the paging (See
block 56 of Figure 4). As noted above, however, the establishment of the
communications may have been performed in an efficient manner from the standpoint
of the network resources that were utilized since the paging signals issued by the
network 14 in order to establish the communications may be focused within the cell
and/or tracking area within which the first device is located as opposed to being more
broadly transmitted, particularly in instances in which the first device is in an RRC
Idle state such that the network otherwise does not know the location of the first
device with such specificity.

Many modifications and other embodiments of the inventions set forth herein
will come to mind to one skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the inventions are not to be limited to
the specific embodiments disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended claims. For example, the
second communications device 12 that receives the discovery signal may not be able
to identify the cell identification and/or tracking area code that is associated with the
discovery signal. For example, the first device 10 may be connected to a femto cell.

In an instance in which the other device that receives the discovery signal is
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connected to another cell, the other device may not have been able to detect the femto
cell and the cell identification of the femto cell. However, if the discovery signal is
associated with at least a portion of the cell identification, such as a physical layer cell
identity of the femto cell, the other device may more efficiently determine the correct
value, e.g.,the physical layer identity of the cell that supports the first device, that is
associated with the discovery signal, such as the correct value that was utilized to
mask at least a portion of the discovery signal. In this regard, the other device may
need only to try three times at most to find the correct value, such as by trying each of
the three primary synchronization signals associated with the cell identification. The
other device may then provide this value to the network 14 in conjunction with a
request for a connection setup with the first device, thereby also permitting the
network to reduce the paging load in the network by one-third in this example
embodiment.

Moreover, although the foregoing descriptions and the associated drawings
describe example embodiments in the context of certain example combinations of
elements and/or functions, it should be appreciated that different combinations of
clements and/or functions may be provided by alternative embodiments without
departing from the scope of the appended claims. In this regard, for example,
different combinations of elements and/or functions than those explicitly described
above are also contemplated as may be set forth in some of the appended claims.
Although specific terms are employed herein, they are used in a generic and

descriptive sense only and not for purposes of limitation.
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1. A method for establishing communications,c haracterized
in the method comprising;:

associating (40) at least one of a cell identification or a tracking arca
code with a discovery signal,

subsequent to the associating, causing (42) the discovery signal in
association with at least one of the cell identification or the tracking area code
to be transmitted in order to discover a device;

receiving (44) a paging signal in response to the discovery signal; and

causing (46) communications to be established with the device in

response to the paging signal.

2. A method according to Claim 1 wherein the associating (40) comprises
masking at least a portion of the discovery signal with at least one of the cell

identification or the tracking area code.

3. A method according to Claim 2 wherein masking at least a portion of
the discovery signal comprises masking a cyclic redundancy check of the
discovery signal with at least one of the cell identification or the tracking area

code.

4. A method according to Claim 2 wherein masking at least a portion of
the discovery signal comprises masking at least a portion of the discovery
signal with a masking sequence associated with at least one of a cell

identification or a tracking area code.

5. A method according to any preceding claim wherein the associating
(40) comprises including at least one of the cell identification or the tracking

areca  code as data to be transmitted with the discovery signal.
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6. A method according to any preceding claim wherein the associating
(40) comprises associating at least a portion of a physical cell identity with the

discovery signal.

7. A method according to Claim 6 wherein the associating at least a
portion of the physical cell identity with the discovery signal comprises
associating at least one primary synchronization signal with the discovery

signal.

8. A method according to any preceding claim wherein the associating
(40) comprises associating both the cell identification and the tracking area

code with the discovery signal.

9. A method according to any preceding claim wherein causing
(46) communications to be established comprises causing device to device

communications to be established.

10. A method according to any preceding claim wherein receiving (44) the

paging signal comprises receiving the paging signal from a cellular network.

11.  An apparatus (10, 20) for establishing communications,
characterized intheapparatus (10, 20) comprising:

a processing system (22) configured to cause the apparatus (10, 20) to:

associate at least one of a cell identification or a tracking area code
with a discovery signal;

subsequent to the associating, cause the discovery signal in association
with at least one of the cell identification or the tracking area code to be
transmitted in order to discover a device (12);

receive a paging signal in response to the discovery signal; and

cause communications to be established with the device (12) in

response to the paging signal.
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12.  An apparatus (10, 20) according to Claim 11 wherein the processing
system (22) is configured to cause the apparatus (10, 20) to associate at least a
portion of the discovery signal with at least one of the cell identification or the
tracking area code by masking at least a portion of the discovery signal with at

least one of the cell identification or the tracking area code.

13.  An apparatus (10, 20) according to Claim 12 wherein the processing
system (22) is configured to cause the apparatus (10, 20) to mask at least a
portion of the discovery signal by masking a cyclic redundancy check of the
discovery signal with at least one of the cell identification or the tracking area

code.

14.  An apparatus (10, 20) according to Claim 12 wherein the processing
system (22) is configured to cause the apparatus (10, 20) to mask at least a
portion of the discovery signal by masking at least a portion of the discovery
signal with a masking sequence associated with at least one of a cell

identification or a tracking area code.

15.  Anapparatus (10, 20) according to any one of Claims 11 to 14 wherein
the processing system (22) is configured to cause the apparatus (10, 20) to
associate at least a portion of the discovery signal with at least one of the cell
identification or the tracking area code by including at least one of the cell
identification or the tracking area code as data to be transmitted with the

discovery signal.

16. An apparatus (10, 20) according to any one of Claims 11 to 15 wherein
the processing system (22) is configured to cause the apparatus (10, 20) to
associate at least one of the cell identification or the tracking area code with
the discovery signal by associating at least a portion of a physical cell identity

with the discovery signal.
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17. An apparatus (10, 20) according to Claim 16 wherein the processing
system (22) is configured to cause the apparatus (10, 20) to associate at least a
portion of the physical cell identity with the discovery signal by associating at

least one primary synchronization signal with the discovery signal.

18. An apparatus (10, 20) according to any one of Claims 11 to 17 wherein
the processing system (22) is configured to cause the apparatus (10, 20) to
associate at least one of the cell identification or the tracking area code with
the discovery signal by associating with both the cell identification and the

tracking area code with the discovery signal.

19.  An apparatus (10, 20) according to any one of Claims 11 to 18 wherein
the processing system (22) is configured to cause the apparatus (10, 20) to
cause communications to be established by causing device to device

communications to be established.

20.  Anapparatus (10, 20) according to any one of Claims 11 to 19 wherein
the processing system (22) is configured to cause the apparatus (10, 20) to
receive the paging signal by receiving the paging signal from a cellular

network.

21. A computer program product comprising a set of instructions stored
thereon, characterized in that the set of instructions, when
executed by a computing system, causes the computing system to:

associate (40) at least one of a cell identification or a tracking arca
code with a discovery signal,

subsequent to the associating, cause (42) the discovery signal in
association with at least one of the cell identification or the tracking area code
to be transmitted in order to discover a device;

receive (44) a paging signal in response to the discovery signal; and

cause (46) communications to be established with the device in

response to the paging signal.
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22. A computer program product according to Claim 21 wherein the set of
instructions, when executed by the computing system, causes the computing
system to associate (40) at least one of a cell identification or a tracking areca
code with a discovery signal by masking at least a portion of the discovery

signal with at least one of the cell identification or the tracking area code.

23. A computer program product according to Claim 22 wherein the set of
instructions, when executed by the computing system, causes the computing
system to mask at least a portion of the discovery signal by masking a cyclic
redundancy check of the discovery signal with at least one of the cell

identification or the tracking area code.

24. A computer program product according to Claim 22 wherein the set of
program instructions, when executed by the computing system, causes the
computing system to mask at least a portion of the discovery signal by
masking at least a portion of the discovery signal with a masking sequence

associated with at least one of a cell identification or a tracking area code.

25. A computer program product according to any one of Claims 21 to 24
wherein the set of program instructions, when executed by the computing
system, causes the computing system to associate (40) at least one of a cell
identification or a tracking area code with a discovery signal by including at
least one of the cell identification or the tracking area code as data to be

transmitted with the discovery signal.

26. A computer program product according to any one of Claims 21 to 25
wherein the set of program instructions, when executed by the computing
system, causes the computing system to associate (40) at least one of a cell
identification or a tracking area code with a discovery signal by associating at

least a portion of a physical cell identity with the discovery signal.
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27. A computer program product according to Claim 26 wherein the set of
program instructions, when executed by the computing system, causes the
computing system to associate at least a portion of the physical cell identity
with the discovery signal by associating at least one primary synchronization

signal with the discovery signal.

28. A computer program product according to any one of Claims 21 to 27
wherein the set of program instructions, when executed by the computing
system, causes the computing system to associate (40) at least one of a cell
identification or a tracking area code with a discovery signal by associating
both the cell identification and the tracking area code with the discovery

signal.

29. A computer program product according to any one of Claims 21 to 28
wherein the set of program instructions, when executed by the computing
system, causes the computing system to cause (46) communications to be

established by causing device to device communications to be established.

30. A computer program product according to any one of Claims 21 to 29
wherein the set of program instructions, when executed by the computing
system, causes (44) the computing system to receive the paging signal from a

cellular network.

31. A method for establishing communications,c haracterized
in the method comprising;:

receiving (50) a discovery signal from a device that seeks to establish
communications;

determining (52) whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal;

in an instance in which a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal,

causing (54) the predetermined cell identification or the predetermined
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tracking area code to be provided to a network entity to facilitate paging of the
device; and
causing (56) communications to be established with the device in

response to the paging.

32. A method according to Claim 31 wherein determining (52) whether a
predetermined cell identification or a predetermined tracking area code is
associated with the discovery signal comprises determining whether at least a
portion of the discovery signal is masked with a predetermined cell

identification or a predetermined tracking area code.

33. A method according to Claim 32 wherein determining whether at least
a portion of the discovery signal is masked comprises determining whether a
cyclic redundancy check of the discovery signal is masked with at least one of

the cell identification or the tracking area code.

34. A method according to Claim 32 wherein determining whether at least
a portion of the discovery signal is masked comprises determining whether at
least a portion of the discovery signal is masked with a masking sequence

associated with at least one of a cell identification or a tracking area code.

35. A method according to any one of Claims 31 to 34 wherein
determining (52) whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal
comprises determining whether at least one of the cell identification or the

tracking area code is included as data with the discovery signal.

36. A method according to any one of Claims 31 to 35 wherein
determining (52) whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal
comprises determining whether at least a portion of a physical cell identity is

associated with the discovery signal.
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37. A method according to any one of Claims 31 to 36 wherein
determining whether at least a portion of the physical cell identity is associated
with the discovery signal comprises determining whether at least one primary

synchronization signal is associated with the discovery signal.

38. A method according to any one of Claims 31 to 37 wherein
determining (52) whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal
comprises determining whether both the cell identification and the tracking

area code are associated with the discovery signal.

39. A method according to any one of Claims 31 to 38 wherein causing
(56) communications to be established comprises causing device to device

communications to be established.

40. An apparatus (12, 20) for establishing communications,
characterized intheapparatus (12, 20) comprising:

a processing system (22) configured to cause the apparatus (12, 20) to:

receive a discovery signal from a device (10) that seeks to establish
communications;

determine whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal;

in an instance in which a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal, cause
the predetermined cell identification or the predetermined tracking area code
to be provided to a network entity to facilitate paging of the device (10);

cause communications to be established with the device (10) in

response to the paging.

41.  An apparatus (12, 20) according to Claim 40 wherein the processing

system (22) is configured to cause the apparatus (12, 20) to determine whether
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a predetermined cell identification or a predetermined tracking area code is
associated with the discovery signal by determining whether at least a portion
of the discovery signal is masked with a predetermined cell identification or a

predetermined tracking area code.

42.  An apparatus (12, 20) according to Claim 41 wherein the processing
system (22) is configured to cause the apparatus (12, 20) to determine whether
at least a portion of the discovery signal is masked by determining whether a
cyclic redundancy check of the discovery signal is masked with at least one of

the cell identification or the tracking area code.

43.  An apparatus (12, 20) according to Claim 41 wherein the processing
system (22) is configured to cause the apparatus (12, 20) to determine whether
at least a portion of the discovery signal is masked by determining whether at
least a portion of the discovery signal is masked with a masking sequence

associated with at least one of a cell identification or a tracking area code

44. An apparatus (12, 20) according to any one of Claims 40 to 43 wherein
the processing system (22) is configured to cause the apparatus (12, 20) to
determine whether a predetermined cell identification or a predetermined
tracking area code is associated with the discovery signal by determining
whether at least one of the cell identification or the tracking arca code is

included as data with the discovery signal.

45. An apparatus (12, 20) according to any one of Claims 40 to 44 wherein
the processing system (22) is configured to cause the apparatus (12, 20) to
determine whether a predetermined cell identification or a predetermined
tracking area code is associated with the discovery signal by determining
whether at least a portion of a physical cell identity is associated with the

discovery signal.
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46. An apparatus (12, 20) according to any one of Claims 40 to 45 wherein
the processing system (22) is configured to cause the apparatus (12, 20) to
determine whether at least a portion of the physical cell identity is associated
with the discovery signal by determining whether at least one primary

synchronization signal is associated with the discovery signal.

47. An apparatus (12, 20) according to any one of Claims 40 to 46 wherein
the processing system (22) is configured to cause the apparatus (12, 20) to
determine whether a predetermined cell identification or a predetermined
tracking area code is associated with the discovery signal by determining
whether both the cell identification and the tracking area code are associated

with the discovery signal.

48.  An apparatus (12, 20) according to any one of Claims 40 to 47 wherein
the processing system (22) is configured to cause the apparatus (12, 20) to
cause communications to be established by causing device to device

communications to be established.

49. A computer program product comprising a set of instructions stored
thereon, characterized in that the set of instructions, when
executed by a computing system, causes the computing system to:

receive (50) a discovery signal from a device that secks to establish
communications;

determine (52) whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal;

in an instance in which a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal, cause
(54) the predetermined cell identification or the predetermined tracking area
code to be provided to a network entity to facilitate paging of the device; and

cause (56) communications to be established with the device in

response to the paging.
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50. A computer program product according to Claim 49 wherein the set of
instructions, when executed by the computing system, causes (52) the
computing system to determine whether a predetermined cell identification or
a predetermined tracking area code is associated with the discovery signal by
determining whether at least a portion of the discovery signal is masked with a

predetermined cell identification or a predetermined tracking area code.

51. A computer program product according to Claim 50 wherein the set of
instructions, when executed by the computing system, causes the computing
system to determine whether at least a portion of the discovery signal is
masked by determining whether a cyclic redundancy check of the discovery
signal is masked with at least one of the cell identification or the tracking area

code.

52. A computer program product according to Claim 50 wherein the set of
instructions, when executed by the computing system, causes the computing
system to determine whether at least a portion of the discovery signal is
masked by determining whether at least a portion of the discovery signal is
masked with a masking sequence associated with at least one of a cell

identification or a tracking area code.

53. A computer program product according to any one of Claims 49 to 52
wherein the set of instructions, when executed by the computing system,
causes the computing system to determine (52) whether a predetermined cell
identification or a predetermined tracking area code is associated with the
discovery signal by determining whether at least one of the cell identification

or the tracking area code is included as data with the discovery signal.

54, A computer program product according to any one of Claims 49 to 53
wherein the set of instructions, when executed by the computing system,
causes the computing system to determine (52) whether a predetermined cell

identification or a predetermined tracking area code is associated with the
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discovery signal by determining whether at least a portion of a physical cell

identity is associated with the discovery signal.

55. A computer program product according to any one of Claims 49 to 54
wherein the set of instructions, when executed by the computing system,
causes the computing system to determine whether at least a portion of the
physical cell identity is associated with the discovery signal by determining
whether at least one primary synchronization signal is associated with the

discovery signal.

56. A computer program product according to any one of Claims 49 to 55
wherein the set of instructions, when executed by the computing system,
causes the computing system to determine (52) whether a predetermined cell
identification or a predetermined tracking area code is associated with the
discovery signal by determining whether both the cell identification and the

tracking area code are associated with the discovery signal.

57. A computer program product according to any one of Claims 49 to 56
wherein the set of instructions, when executed by the computing system,
causes the computing system to cause (56) communications to be established

by causing device to device communications to be established.

58. An apparatus (10, 20) for establishing communications,
characterized intheapparatus (10,20) comprising:

means for associating at least one of a cell identification or a tracking
arca code with a discovery signal;

means for causing the discovery signal to be transmitted, subsequent to
the associating, in association with at least one of the cell identification or the
tracking area code in order to discover a device (12) with which to establish
communications;

means for receiving a paging signal in response to the discovery signal;
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means for causing communications to be established with the device

(12) in response to the paging signal.

59. An apparatus (12, 20) for establishing communications,
characterized intheapparatus (12, 20) comprising:

means for receiving a discovery signal from a device (10) that seeks to
establish communications;

means for determining whether a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal;

in an instance in which a predetermined cell identification or a
predetermined tracking area code is associated with the discovery signal,
means for causing the predetermined cell identification or the predetermined
tracking area code to be provided to a network entity to facilitate paging of
another device;

means for causing communications to be established with the device

(10) in response to the paging.
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