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METHOD AND APPARATUS FOR DEVICE TO DEVICE COMMUNICATIONS

TECHNICAL FIELD

[0001] The present application relates generally to device-to-device, D2D, such as for

example direct device-to-device, communications, in the context of cellular networks.

BACKGROUND

[0002] There exist two kinds of wireless network architectures, centralized and
distributed. A conventional infrastructure-based cellular network can be considered a centralized
network whereas ad hoc or mesh networks exemplify distributed networks. In a cellular network,
a terminal such as, for example, a user equipment, UE, may communicate via a base station, BS,
to obtain communication with another terminal. In an ad-hoc network, a terminal may
communicate with another terminal bypassing base stations using direct traffic, or a relay. Such
connections between terminals may be called device-to-device connections or direct device-to-
device connections.

[0003] In a cellular network, traffic may traverse a centralized controller such as a base
station or a switch even if the source and destination terminals are close to each other, for
example in the same cell. In this case a terminal may transmit information to a base station,
which forwards the information to a switch, which may return the information to the same base
station for downlink transmission to the target terminal located near the terminal originating the
information.

[0004] In an ad hoc network, an originating terminal form a direct radio connection to a
target terminal and transmit information over a direct device-to-device connection, so that the
information doesn’t traverse any intermediate nodes along the way from the originating terminal
to the target terminal. In cases where communicating terminals are geographically close to each
other, they may accomplish communicating a given amount of information using less energy
than would be required to communicate it via a cellular system. This is even more so when the
terminals are simultaneously close to each other but far from a base station.

[0005] Combining ad hoc and cellular communications may provide a solution where a

cellular network participates in coordinating the use of radio resources by ad hoc terminals.
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Radio resources may comprise, for example, frequency bands, time slots, spreading codes and
other similar resources or their combinations. In such cases terminals are capable of

communicating both with base stations and directly with other terminals.

SUMMARY

[0006] Various aspects of examples of the invention are set out in the claims.

[0007] According to a first aspect of the present invention, there is provided an
apparatus, comprising memory configured to store a first identifier relating to the apparatus, a
receiver configured to receive a second identifier relating to a second apparatus, a processing
core configured to compile a signaling message comprising the first identifier and the second
identifier, the processing core being configured to initiate bearer establishment between the
apparatus and the second apparatus by causing a transmitter comprised in the apparatus to
transmit the signaling message.

[0008] According to a second aspect of the present invention, there is provided a
method, comprising storing a first identifier relating to the apparatus, receiving a second
identifier relating to a second apparatus, compiling a signaling message comprising the first
identifier and the second identifier, and initiating bearer establishment between the apparatus and
the second apparatus by transmitting the signaling message.

[0009]  According to a third aspect of the present invention, there is provided an
apparatus, comprising at least one processor, at least one memory including computer program
code, the at least one memory and the computer program code configured to, with the at least
one processor, cause the apparatus to perform at least the following: receive a first signaling
message comprising a first identifier of a first node and the second identifier of a second node,
responsive to the receiving, initiate at least one policy action relating to at least one of the first
node and the second node; and transmit a second signaling message to the first node, the second
signaling message being configured to cause bearer establishment between the first node and the
second node.

[0010] According to a fourth aspect, there are provided computer programs configured
to cause methods in accordance with embodiments of the present invention to be performed

when run on a computer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of example embodiments of the present
invention, reference is now made to the following descriptions taken in connection with the
accompanying drawings in which:

[0012] FIGURE 1 illustrates a communication system compatible with some
embodiments of the present invention.

[0013] FIGURE 2 illustrates an example apparatus capable of supporting embodiments
of the present invention.

[0014] FIGURE 3 is a flow diagram showing operations for handling a signaling
message in a cellular network node according to some embodiments, and

[0015] FIGURE 4 is a flow diagram showing operations for handling a signaling
message in a cellular network node according to some embodiments.

[0016] FIGURE 5 illustrates an example of predefined value ranges for indicating that
a signaling message relates to a device-to-device link according to an example embodiment of
the invention.

[0017] FIGURE 6 illustrates an example system according to an embodiment of the
invention.

[0018] FIGURE 7 illustrates an example procedure in an embodiment of the invention.

[0019] FIGURE 8 illustrates an example traffic flow template according to an

embodiment of the invention.

DETAILED DESCRIPTON OF THE DRAWINGS

[0020] An example embodiment of the present invention and its potential advantages
are understood by referring to FIGURES 1 through 5 of the drawings.

[0021] FIGURE 1 illustrates a communication system compatible with some
embodiments of the present invention. FIG 1 illustrates mobile terminals, such as terminals 110,
120, 130, 140, 180 and 190. Mobile terminals may be considered mobile nodes. In FIG 1,
terminal 120 is in communication with base station 150 by means of communications link A.
Link A is illustrated as a wireless radio link, but in other embodiments it may be a wire-line links

as well. Link A may comprise an uplink capable of communicating information from terminal
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120 to base station 150 and a downlink capable of communicating information from base station
150 to terminal 120. Link A may be in conformance with wireless standards, such as for example
wideband code division multiple access, WCDMA or long term evolution, LTE.

[0022] Base station 150 may be a base station according to WCDMA, known as a
node-B, or a base station according to L'TE, known as an eNB, or another kind of base station
such as, for example, a wireless local area network, WL AN, access point. Base station 150 may
be operably connected to a core network 160, for example a core network of a cellular
communications system. The functionalities of base station 150 and core network 160 depend on
design solutions adopted. The connection between base station 150 and core network 160 may be
a wire-line connection, for example a high-capacity ethernet connection, or a wireless connection
such as, for example, a directional microwave link. In some embodiments, base station 150 may
be connected to core network 160 via a further entity such as a radio network controller or a base
station controller, not illustrated. The communication system illustrated in FIG 1 comprises also
other base stations than base station 150 and terminals other than terminals 110 and 120.

[0023] FIG 1 illustrates also terminal 130 and terminal 140, which may substantially
resemble terminal 120. Terminals 130 and 140 are interconnected by a direct device-to-device
link B, which is illustrated in the illustrated embodiment as a wireless link. Link B may use radio
resources of the cellular system, unlicensed radio resources, or a resource set that comprises both
unlicensed resources and resources allocated to the cellular system. Terminals 130 and 140 are
illustrated in FIG 1 as outside a coverage area of base station 150, or other base stations of the
illustrated cellular system. FIG 1 illustrates also terminals 180 and 190, interconnected by a
device-to-device link C which may be substantially similar to link B, for example. Terminals 180
and 190 are located in a geographical area corresponding to a cell controlled by base station 170,
which may substantially resemble base station 150, for example. Alternatively base station 170
may conform to a different wireless standard than base station 150, in which case the illustrated
communication system is a multi-standard system. Since terminals 180 and 190 are within
communication range of base station 170, the possibility presents itself that base station 170
participates in coordinating the use of radio resources in link B. This kind of operation may be
known as centralized or cellular-directed device-to-device communication. A benefit associated

with centralized operation is resource control and interference control provided thereby.
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[0024] To accomplish centralized operation, at least one of terminals 180 and 190 is
configured to communicate with base station 170 to obtain information defining or advising
which resources terminals 180 and 190 should use for link C. Where terminals 180 and 190 are
cellular terminals, the cellular system may also perform policy actions relating to link C.
Examples of policy actions include policy control and charging. Policy control may comprise,
for example, controlling a maximum amount of information transmitted or restricting
applications or application types comprised in a terminal from using link C, for example.
Charging may comprise charging the subscriber of at least one of terminal 180 and terminal 190
for information communicated over link C. Charging may comprise pre-paid charging or post-
paid charging. Transmitting information over link C may be charged at a different, for example
lower or higher, rate than transmitting the same information between terminals 180 and 190 via
base station 170.

[0025] Terminal 180, for example, may determine that terminal 190 is close enough for
a device-to-device link C to be formed between terminals 180 and 190. Device-to-device link C
may also be known as device-to-device bearer C. Terminal 180 may determine this by receiving
a beacon transmission from terminal 190, or alternatively terminal 180 may determine this by
receiving location information relating to terminal 190. Terminal 180 may compare the received
location information to its own location information to determine that a device-to-device link C
would be feasible. Terminal 190 may be furnished with self-locating capability, for example a
satellite positioning receiver, and terminal 190 may be configured to transmit a message to
terminal 180 comprising location information regarding itself via the cellular system, for
example in a compact data message. In some embodiments, a cellular system may be furnished
with capability to determine locations of terminals within cells comprised in the cellular system.
This may be accomplished algorithmically by observing the timing offsets at which signals
originating from terminals arrive at base stations 150, 170 comprised in the cellular system, for
example. Some cellular systems may also have the capability to determine the directions from
which signals originating from terminals arrive at base stations in addition to timing offsets.
Where a cellular system determines that two terminals are sufficiently close to each other to
make a device-to-device link possible, the system may be configured to advise the terminals of

this possibility. Terminal 180 may be configured to determine that terminal 190 is close enough
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for a device-to-device link C to be formed between terminals 180 and 190 responsive to
receiving said advice from the cellular system.

[0026] Responsive to determining that terminal 190 is within range for a device-to-
device link, terminal 180 may be configured to initiate actions to establish a device-to-device
link between terminals 180 and 190. In a system operating in a centralized fashion, terminal 180
may be configured to initiate signaling toward the cellular system. Terminal 180 may be
configured to include in signaling messages relating to device-to-device links an indication that
the signaling message related to a device-to-device link. In some embodiments, the indication
comprises a quality of service class identifier, QCI, of the signaling message set to a predefined
value comprised in a predefined value range. In some other embodiments, the indication
comprises an allocation and retention priority, ARP, value of the signaling message set to a
predefined value comprised in a predefined value range. The predefined value range may be
reserved for device-to-device links and values within the predefined range may correspond to
different types of device-to-device links. In some embodiments, the predefined value range
comprises only one value. Different types of device-to-device links may comprise file transfer
links, packet voice calls and continuously connected background links.

[0027] Responsive to receiving the signaling message, a node comprised in the cellular
system may be configured to determine that the signaling message relates to a device-to-device
link by determining that the signaling message comprises the indication. The signaling message
may be, for example, a create bearer request message. In embodiments where the signaling
message is forwarded in the cellular system through more than one node, each node may
determine from the indication that the signaling message relates to a device-to-device link.
Responsive to the signaling message, the cellular system and nodes therein may be configured to
initiate policy actions relating to device-to-device link C.

[0028] Terminal 180 may include in the signaling message an identifier of terminal 180
and also an identifier of terminal 190. The identifiers may be, for example international mobile
subscriber identity, IMSI, values or other suitable identifiers such as, for example, SIP URIs.
Responsive to receiving the signaling message, the cellular system may be configured to initiate
a signaling connection, for example a control signaling tunnel, with terminal 180 as one endpoint

and a network node comprised in the cellular system as a second endpoint. A control signaling
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tunnel is sometimes known as a control-plane tunnel. By including identifiers of both terminals,
terminal 180 in some embodiments obviates the need for terminal 190 to signal toward the
cellular system to establish device-to-device link C. In the network, applied signaling may
include identifiers of both terminal 180 and 190 in the form of tunnel endpoint identifiers, TEID,
used in GPRS tunneling protocol, GTP. The control-plane tunnel may relate to device-to-device
link C with respect to terminal 180 and terminal 190, obviating the need for a separate tunnel
from terminal 190 to the cellular system. If the cellular system needs to signal control
information to terminal 190, it may do so via the tunnel to terminal 180 and link C. The GTP
protocol comprises a GTP control, or GTP-C protocol. In some embodiments, the identifiers are
GTP-C TEIDs. In some embodiments, signaling messages conveyed in a signaling tunnel
relating to link C with respect to terminal 180 and terminal 190 comprise TEID identifiers of
both terminals.

[0029] In some embodiments, terminals 180 and 190 establish bearers toward the
cellular system in connection with establishing device-to-device link C. The established bearers
may be associated with device-to-device link C. In some embodiments, terminals have default
bearers toward the cellular system that can be associated with device-to-device link C in
connection with its establishment. Bearers established toward the cellular system associated with
a device-to-device link can act as backup bearers in case the device-to-device link fails, for
example due to movement of terminals 180 and 190 relative to each other. Since a device-to-
device link may be a low-power link, it may be susceptible to radio path problems associated, for
example, with increasing distance between the participating terminals. Responsive to
determining that a device-to-device link is failing or has failed, a terminal acting as an endpoint
of the device-to-device link may signal toward the cellular system to inform of the failure.
Responsive to this signal, the cellular system may be configured to cause both terminals to revert
to using backup bearers and re-direct information flows from the device-to-device link to
traverse the cellular system. In this way, the flows can be sustained even if the terminals move
out of device-to-device communication range and users of the terminals may not even notice a
difference.

[0030] FIG. 2 illustrates an example apparatus 201 capable of supporting embodiments

of the present invention. The apparatus may correspond to apparatus 110, base station 120 or a
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node in core network 130 of Fig. 1, for example. The apparatus is a physically tangible object,
for example a mobile telephone, personal digital assistant, data dongle or a similar device. The
apparatus may comprise a control apparatus 210, for example a digital signal processor, DSP,
processor, field-programmable gate array, FPGA, application-specific integrated circuit, ASIC,
chipset or controller. The apparatus may further comprise a transmitter and/or a receiver 210a
configured to enable the apparatus 201 to connect to other apparatuses. A combination of
transmitter and receiver may be called a transceiver. The apparatus may comprise memory 210b
configured to store information, for example an identifier of the apparatus. The memory may be
solid-state memory, dynamic random access memory, DRAM, magnetic, holographic or other
kind of memory. The apparatus may comprise logic circuitry 210c configured to access the
memory 210b and control the transmitter and/or a receiver 210a. The logic circuitry 210c may be
implemented as software, hardware or a combination of software and hardware. The logic
circuitry may comprise a processing core. The logic circuitry 210c may execute program code
stored in memory 210b to control the functioning of the apparatus 201 and cause it to perform
functions related to embodiments of the invention. The logic circuitry 210c may be configured to
initiate functions in the apparatus 201, for example the sending of data units via the transmitter
and/or a receiver 210a. The logic circuitry 210c may be control circuitry. The transmitter and/or
a receiver 210a, memory 210b and/or logic circuitry 210c may comprise hardware and/or
software elements comprised in the control apparatus 210. Memory 210b may be comprised in
the control apparatus 210, be external to it or be both external and internal to the control
apparatus 210 such that the memory is split to an external part and an internal part. If the
apparatus 201 does not comprise a control apparatus 210 the transmitter and/or a receiver 210a,
memory 210b and logic circuitry 210c may be comprised in the apparatus as hardware elements
such as integrated circuits or other electronic components. The same applies if the apparatus 201
does comprise a control apparatus 210 but some, or all, of the transmitter and/or a receiver 210a,
memory 210b and logic circuitry 210c are not comprised in the control apparatus 210. In
embodiments where apparatus 201 is a mobile user equipment, apparatus 201 may comprise at
least one antenna.

[0031] FIG 3 is a flow diagram showing operations for handling a signaling message in

a cellular network node according to some embodiments of the invention. In phase 310, a node
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comprised in this example embodiment in an LTE network receives a signaling message. In
phase 320, the node is configured to determine whether an indication is comprised in the
signaling message indicating that the signaling message relates to a device-to-device link. In the
illustrated example, the indication takes the form of a predefined QCI value. Responsive to a
positive determination, processing advances to phase 340, where the signaling message is treated
as relating to a device-to-device bearer. Responsive to a negative determination, processing
advances to phase 330, where the signaling message is treated as relating to a cellular bearer.

[0032] FIG 4 is a flow diagram showing operations for handling a signaling message,
in this example a create bearer request, in a cellular network node according to some
embodiments of the invention. In the illustrated example, handling takes place in a mobility
management entity, MME, of an LTE core network, but the invention is not restricted thereto.
Phase 410 may substantially correspond to phase 310 in FIG 3. In the illustrated example, a
signaling message is received in an MME from a serving gateway, SGW. Phase 420 may
substantially correspond to phase 320 in FIG 3. Phase 430 may substantially correspond to phase
330 in FIG 3. In phase 440, having determined from the indication that the signaling message
relates to a device-to-device link, the MME may be configured to determine an identity of a
calling terminal. The identity of the calling terminal may be determined from the tunnel from
which the signaling message originates. The identity may be determined from a tunnel endpoint
identifier, for example. In phase 450 the MME may be configured to determine an identity of the
called terminal from an identifier relating to the called terminal comprised in the signaling
message. The identifier relating to the called terminal may also be a tunnel endpoint identifier,
TEID, for example. In the illustrated example, the TEID value of the called terminal is a S1
interface user plane, S1-U, TEID. Finally in phase 460, the MME may be configured to initiate
signaling to the terminals to start setup of the device-to-device link.

[0033] FIG 5 illustrates an example of predefined value ranges for indicating that a
signaling message relates to a device-to-device link according to an example embodiment of the
invention. According to this example, the system is an LTE system in which centralized device-
to-device links are enabled. Also according to this example, the indication indicating that the
signaling message relates to a device-to-device bearer comprises a quality of service class

identifier, QCI, set to a predefined value. In the example, values 0-9 are reserved for use by the
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LTE system and values 10-18 form a predefined value range indicating that a signaling message
in which this indication is comprised relates to a device-to-device link. In the predefined value
range, individual values may correspond to device-to-device links of different types. Nodes
comprised in the cellular system may be configured to respond in different ways to different
values comprised in the predefined range 10-18. In the illustrated example, values 19 onward are
not defined.

[0034] FIG 6 illustrates an example system according to an embodiment of the
invention. Two terminals, labeled UE, are on the left-hand-side of the figure and arranged
thereinbetween is a device-to-device link, labeled D2D Connection. Only one of the terminals is
illustrated as being in communication with a cellular system, having a connections terminating in
a base station, labeled eNB, a PDN gateway node, labeled P-GW, and an application server,
labeled SIP Server for session initiation protocol server. The connection to the application server
may be an application-layer connection. The connection to P-GW may be a control signaling
connection, for example to convey control signaling for both terminals engaged in device-to-
device communications. Illustrated in the figure is also a serving gateway, S-GW. Interface S1
connects the base station and the serving gateway, and interface S5 connects the serving gateway
S-GW to gateway P-GW. Communication layers are illustrated, wherein in this example IP is an
internet protocol layer, PDCP is a packet data convergence protocol layer, RLC is a radio-link
control layer, MAC is a medium-access control layer, PHY is a physical layer, and Appl is an
application layer. Further in this example, GTP is a GPRS tunneling protocol layer, UDP is a
user datagram protocol layer, and 1.2/1.1 is a layer-2/layer-1 layer.

[0035] FIG. 7 illustrates an example procedure in an embodiment of the invention. In
step 1, a calling terminal, in this example a user equipment, UE, transmits a signaling message to
cause a cellular system to take measures to configure a device-to-device connection between the
calling UE and a called UE. The signaling message may comprise identifiers relating to the
calling and called UEs. At least one of the IMS, P-GW and S-GW may be configured to initiate
at least one policy action responsive to the signaling message of step 1. In step 2, an internet
protocol, IP, multimedia subsystem, IMS, transmits a create bearer request message to an MME
via P-GW and S-GW, which were discussed in connection with FIG. 6. The create bearer request

of step 2 may comprise TEID values of the calling UE and the called UE. The create bearer
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request of step 2 may be transmitted in a GTP-C tunnel of the calling UE. The create bearer
request of step 2 may comprise an indication indicating that the request relates to a device-to-
device bearer. In step 3, the MME may be configured to cause the requested device-to-device
bearer to be set up by transmitting a bearer setup message to the eNB serving the calling UE. The
MME may also be configured to activate a dedicated bearer, such as for example and evolved
packet system, EPS, bearer, in connection with causing the requested device-to-device bearer to
be set up. The messaging of step 3 may take place on a control plane.

[0036] FIG 8 illustrates an example traffic flow template, TFT, according to an
embodiment of the invention. According to the illustrated example embodiment, a device-to-
device bearer is accompanied by a cellular bearer, for example an EPS bearer. The illustrated
TFT defines what content is routed to the device-to-device, D2D, bearer and which content is
routed to the cellular bearer. For example, data packets such as real-time transport protocol, RTP,
packets may be directed to the D2D bearer while signaling, for example higher-layer signaling, is
directed toward the cellular bearer. Examples of higher-layer signaling include SIP, session
description protocol, SDP, and RTP control protocol, RTCP packets.

[0037] A TFT pertaining to a D2D bearer may be updated or re-configured by signaling
from the cellular system. For example, the cellular system may transmit a modify EPS bearer
context request comprising an indication that the request relates to a device-to-device bearer. The
request may comprise updated parameters for the TFT. The request may comprise a request to
activate or deactivate the TFT. The request may be issued responsive to a policy action in the
cellular system, for example a depletion of a prepaid account. The TFT of FIG 8 may be used in
connection with other described embodiments.

[0038] Without in any way limiting the scope, interpretation, or application of the
claims appearing below, a technical effect of one or more of the example embodiments disclosed
herein is that a signaling tunnel from a called terminal is not needed for device-to-device links.
Another technical effect of one or more of the example embodiments disclosed herein is that
signaling relating to device-to-device links can be identified as such and separated from other
signaling. Another technical effect of one or more of the example embodiments disclosed herein
is that a cellular system may conserve radio resources by moving traffic to device-to-device

bearers.
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[0039] Embodiments of the present invention may be implemented in software,
hardware, application logic or a combination of software, hardware and application logic. The
software, application logic and/or hardware may reside on memory 210b, for example. If desired,
part of the software, application logic and/or hardware may reside in control apparatus 210. In
an example embodiment, the application logic, software or an instruction set is maintained on
any one of various conventional computer-readable media. In the context of this document, a
“computer-readable medium” may be any media or means that can contain, store, communicate,
propagate or transport the instructions for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer, with one example of a computer described and
depicted in FIGURE 2. A computer-readable medium may comprise a computer-readable non-
transitory storage medium that may be any media or means that can contain or store the
instructions for use by or in connection with an instruction execution system, apparatus, or
device, such as a computer. The scope of the invention comprises computer programs configured
to cause methods according to embodiments of the invention to be performed.

[0040] If desired, the different functions discussed herein may be performed in a
different order and/or concurrently with each other. Furthermore, if desired, one or more of the
above-described functions may be optional or may be combined.

[0041] Although various aspects of the invention are set out in the independent claims,
other aspects of the invention comprise other combinations of features from the described
embodiments and/or the dependent claims with the features of the independent claims, and not
solely the combinations explicitly set out in the claims.

[0042] It is also noted herein that while the above describes example embodiments of
the invention, these descriptions should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made without departing from the scope of the

present invention as defined in the appended claims.
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WHAT IS CLAIMED IS

1. Anapparatus, comprising:

memory configured to store a first identifier relating to the apparatus;

a receiver configured to receive a second identifier relating to a
second apparatus;

a processing core configured to compile a signaling message
comprising the first identifier and the second identifier; and

the processing core being configured to initiate bearer establishment
between the apparatus and the second apparatus by causing a transmitter comprised in the

apparatus to transmit the signaling message.

2. An apparatus according to claim 1, wherein the bearer establishment comprises
establishing a direct device-to-device bearer between the apparatus and the second

apparatus.

3. An apparatus according to claim 2, wherein the first identifier and second identifier are

international mobile subscriber identity identifiers.

4. An apparatus according to claim 3, wherein the signaling message further comprises an

indication indicating that the signaling message relates to a device-to-device bearer.

5. An apparatus according to claim 4, wherein the indication comprises a quality of

service class identifier set to a predefined value comprised in a predefined value range.

6. An apparatus according to claim 5, wherein the apparatus is configured to operate as an
endpoint for a signaling tunnel, and to convey cellular network signaling relating to the
established direct device-to-device bearer for the apparatus and the second apparatus via

the tunnel.
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7. A user equipment comprising an apparatus according to claim 1 and an antenna
operably connected to the receiver, the antenna configured to provide at least one

information flow to the receiver.

8. A method, comprising:
storing a first identifier relating to the apparatus;
receiving a second identifier relating to a second apparatus;
compiling a signaling message comprising the first identifier and the
second identifier; and
initiating bearer establishment between the apparatus and the second

apparatus by transmitting the signaling message.

9. A method according to claim 8, wherein the first identifier and second identifier are

tunnel endpoint identifiers.

10. A method according to claim 8, wherein the signaling message further comprises an

indication indicating that the signaling message relates to a device-to-device bearer.

11. A method according to claim 10, wherein the indication comprises a quality of

service class identifier set to a predefined value comprised in a predefined value range.

12. A method according to claim 11, wherein values within the predefined range

correspond to different types of device-to-device bearer.

13.  An apparatus, comprising:
at least one processor; and
at least one memory including computer program code
the at least one memory and the computer program code configured to, with the at

least one processor, cause the apparatus to perform at least the following:
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receive a first signaling message comprising a first identifier of a first
node and the second identifier of a second node;

responsive to the receiving, initiate at least one policy action relating
to at least one of the first node and the second node; and

transmit a second signaling message to the first node, the second
signaling message being configured to cause bearer establishment between the first node

and the second node.

14. An apparatus according to claim 13, wherein the bearer establishment comprises

establishing a direct device-to-device bearer between the first node and the second node.

15. An apparatus according to claim 13, wherein the first identifier and second identifier

are tunnel endpoint identifiers.

16. An apparatus according to claim 13, wherein the at least one policy action comprises

at least one of a policy control procedure and a charging procedure.

17. An apparatus according to claim 13, wherein the signaling message further comprises

an indication indicating that the signaling message relates to a device-to-device bearer.

18. An apparatus according to claim 17, wherein the indication comprises a quality of

service class identifier set to a predefined value comprised in a predefined value range.

19. An apparatus according to claim 14, wherein the apparatus is configured to operate as
an endpoint for a signaling tunnel, and to receive cellular network signaling relating to
the established direct device-to-device bearer for the first node and the second node via

the tunnel.
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20. A computer program product comprising a computer-readable medium bearing
computer program code embodied therein for use with a computer, the computer program
code comprising:

code for storing a first identifier relating to an apparatus;

code for receiving a second identifier relating to a correspondent
apparatus;

code for compiling a signaling message comprising the first identifier
and the second identifier; and

code for initiating bearer establishment between the apparatus and the

correspondent apparatus by transmitting the signaling message

21. An apparatus, comprising:

means for storing a first identifier relating to the apparatus;

means for receiving a second identifier relating to a correspondent
apparatus;

means for compiling a signaling message comprising the first
identifier and the second identifier; and

means for initiating bearer establishment between the apparatus and
the correspondent apparatus by causing transmitting means comprised in the apparatus to

transmit the signaling message.
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