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METHOD FOR TRIGGERING
TRANSMISSION OF USER EQUIPMENT
(UE)-TO-NETWORK RELAY INDICATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a National Phase Entry of PCT
International Application No. PCT/KR2016/001561, filed
on Feb. 16, 2016, which claims priority to Indian Patent
Application Nos. 755/CHE/2015 filed Feb. 16, 2015 and
755/CHE/2015 filed Feb. 12, 2016, the contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The embodiments herein generally relate to wire-
less communication network. More particularly, related to a
mechanism for triggering transmission of UE-to-Network
relay indication.

BACKGROUND

[0003] To meet the demand for wireless data traffic having
increased since deployment of 4G (4”*-Generation) commu-
nication systems, efforts have been made to develop an
improved 5G (5”-Generation) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system
is also called a “beyond 4G network’ or a ‘post LTE system’.
[0004] The 5G communication system is considered to be
implemented in higher frequency (mmWave) bands, e.g., 60
GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase
the transmission distance, the beamforming, massive mul-
tiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam form-
ing, large scale antenna techniques are discussed in 5G
communication systems.

[0005] In addition, in 5G communication systems, devel-
opment for system network improvement is under way
based on advanced small cells, cloud radio access networks
(RANs), ultra-dense networks, device-to-device (D2D)
communication, wireless backhaul, moving network, coop-
erative communication, coordinated multi-points (CoMP),
reception-end interference cancellation and the like.

[0006] In the 5G system, hybrid FSK and QAM modula-
tion (FQAM) and sliding window superposition coding
(SWSC) as an advanced coding modulation (ACM), and
filter bank multi carrier (FBMC), non-orthogonal multiple
access (NOMA), and sparse code multiple access (SCMA)
as an advanced access technology have been developed.

[0007] Device to Device (D2D) communication is being
studied in communication standard groups to enable data
communication services between the UEs. During the D2D
communication a transmitting D2D UE can transmit data
packets to a group of D2D UEs or broadcast data packets to
all the D2D UEs. D2D communication between the trans-
mitter and receiver(s) is connectionless in nature i.e. there is
no connection setup between the transmitter and receiver
before the transmitter starts transmitting the data packets.
During the transmission, the transmitter includes the source
ID and the destination ID in the data packets. The source ID
is set to the UE ID of the transmitter. The destination ID is
the broadcast ID or group ID of intended recipient of the
transmitted packet.
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[0008] A D2D UE (i.e. Remote UE) can communicate
with network via another D2D UE (i.e. UE-to-Network
Relay). The D2D direct discovery procedure is used to
discover UE-to-Network relay. The UE capable of support-
ing the UE-to-Network relay functionality and in coverage
of network periodically broadcasts User Equipment (UE)-
to-Network Relay indication (i.e. discovery message indi-
cating itself as the UE-to-Network relay). The discovery
message is transmitted on D2D discovery channel. The
remote UE interested in searching for UE-to-Network Relay
monitors D2D discovery channel for receiving the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) transmitted by the UE-to-
Network Relay in its proximity. Although, there may not be
any Remote UEs in vicinity, to the UE-to-Network relay, and
also the Remote UEs if in the vicinity may not be in need of
UE-to-Network Relay to communicate with the network.
[0009] As a result, the UE capable of supporting the
UE-to-Network relay broadcasting the discovery message
periodically may unnecessarily leads to the wastage of
resources and increased power consumption in the UE.
[0010] Thus, there exists a need of robust and eflicient
mechanism for triggering the transmission of UE-to-Net-
work relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) by the UE, capable of
supporting UE-to-Network relay functionality.

DISCLOSURE

Technical Problem

[0011] The principal aspect of the embodiments herein is
to provide a mechanism for triggering a transmission of a
User Equipment (UE)-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).

[0012] Another aspect of the embodiments herein is to
provide a mechanism for receiving, by a User Equipment
(UE), one of UE-to-Network relay criteria broadcasted by a
base station.

[0013] Another aspect of the embodiments herein is to
provide a mechanism for measuring, at the UE, a link quality
parameter between the UE and the base station.

[0014] Another aspect of the embodiments herein is to
provide a mechanism for detecting, by the UE, that the link
quality parameter meets the UE-to-Network relay criteria.

[0015] Another aspect of the embodiments herein is to
provide a mechanism for transmitting, by the UE, a discov-
ery message indicating the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on a Device to Device (D2D) discovery channel.
[0016] Another aspect of the embodiments herein is to
provide a mechanism for receiving, at a base station, a
request message comprising a link quality parameter
between a UE and the base station from the UE.

[0017] Another aspect of the embodiments herein is to
provide a mechanism for detecting, at the base station, the
link quality parameter meets the UE-to-Network relay cri-
teria.

[0018] Another aspect of the embodiments herein is to
provide a mechanism for sending, by the base station, a
response message to the UE to trigger transmission of
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on a D2D
discovery channel.
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SUMMARY

[0019] Accordingly the embodiments herein provide a
method for triggering a transmission of a User Equipment
(UE)-to-Network relay indication. Further, the method
includes receiving, by a User Equipment (UE), one of
UE-to-Network relay criteria broadcasted by a base station.
Further, the method includes measuring, at the UE, a link
quality parameter between the UE and the base station.
Further, the method includes determining, by the UE,
whether the link quality parameter meets the one of the
UE-to-Network relay criteria. Further, the method includes
transmitting, by the UE, a UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on a Device to Device (D2D) discovery channel,
if the link quality parameter meets the one of the UE-to-
Network relay criteria.

[0020] Accordingly the embodiments herein provide a
method for triggering a transmission of a User Equipment
(UE)-to-Network relay indication. Further, the method
includes receiving, at a base station, a request message
comprising a link quality parameter between a UE and the
base station from the UE. Further, the method includes
determining, at the base station, whether the link quality
parameter meets a UE-to-Network relay criteria. Further, the
method includes sending, by the base station, a response
message to the UE to trigger transmission of the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on a D2D discovery
channel if the link quality parameter meets the UE-to-
Network relay criteria.

[0021] Accordingly the embodiments herein provide a
User Equipment (UE) for triggering a transmission of a
UE-to-Network relay indication. The UE includes a
memory, a communication interface coupled to the memory
and a controller coupled to the communication interface,
wherein the controller is configured to receive one of
UE-to-Network relay criteria broadcasted by a base station.
Further, the controller is configured to measure a link quality
parameter between the UE and the base station. Further, the
controller is configured to determine that the link quality
parameter meets the one of the UE-to-Network relay criteria.
Further, the controller is configured to transmit the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on a D2D discovery
channel if the link quality parameter meets the one of the
UE-to-Network relay criteria.

[0022] Accordingly the embodiments herein provide a
base station for triggering a transmission of a UE-to-Net-
work relay indication. The base station includes a memory,
a communication interface coupled to the memory and a
controller coupled to the communication interface, wherein
the controller unit is configured to receive a request message
comprising a link quality parameter between a UE and the
base station from the UE. Further, the controller is config-
ured to determine whether the link quality parameter meets
a UE-to-Network relay criteria. Further, the controller is
configured to send a response message to the UE to trigger
a discovery message indicating the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) on a D2D discovery channel if the
link quality parameter meets the one of the UE-to-Network
relay criteria.

[0023] Accordingly the embodiments herein provide a
User Equipment (UE) for triggering a transmission of a
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UE-to-Network relay indication. The UE includes a memory
unit, a communication interface unit coupled to the memory
unit and a controller unit coupled to the communication unit,
wherein the controller unit is configured to send a request
message comprising a link quality parameter between the
UE and the base station from the UE. Further, the controller
unit is configured to receive a response message to trigger
transmission of a UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay) on a D2D discovery channel.

[0024] Accordingly the embodiments herein provide base
station for triggering a transmission of a UE-to-Network
relay indication. The base station includes a memory unit, a
communication interface unit coupled to the memory unit
and a controller unit coupled to the communication unit,
wherein the controller unit is configured to receive a request
message comprising a link quality parameter between a UE
and the base station from the UE. Further, the controller unit
is configured to detect the link quality parameter does not
meets the UE-to-Network relay criteria. Further, the con-
troller unit is configured to send a response message to the
UE to stop transmission of UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on a D2D discovery channel.

[0025] These and other aspects of the embodiments herein
will be better appreciated and understood when considered
in conjunction with the following description and the
accompanying drawings. It should be understood, however,
that the following descriptions, while indicating preferred
embodiments and numerous specific details thereof, are
given by way of illustration and not of limitation. Many
changes and modifications may be made within the scope of
the embodiments herein without departing from the spirit
thereof, and the embodiments herein include all such modi-
fications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] This invention is illustrated in the accompanying
drawings, throughout which like reference letters indicate
corresponding parts in the various figures. The embodiments
herein will be better understood from the following descrip-
tion with reference to the drawings, in which:

[0027] FIG. 1a illustrates a wireless communication net-
work, according to an embodiment as disclosed herein;
[0028] FIG. 15 illustrates various units of a Base station
(BS) for triggering a transmission of a UE-to-Network relay
indication, according to an embodiment as disclosed herein;
[0029] FIG. 1c illustrates various units of a User Equip-
ment (UE) for triggering a transmission of a UE-to-Network
relay indication, according to an embodiment as disclosed
herein;

[0030] FIG. 24 is a flow diagram illustrating a method for
triggering a transmission of a UE-to-Network relay indica-
tion, according to an embodiment as disclosed herein;
[0031] FIG. 24 is another flow diagram illustrating a
method for triggering a transmission of a UE-to-Network
relay indication, according to an embodiment as disclosed
herein;

[0032] FIG. 3 is a sequence diagram illustrating various
signaling messages between a UE and a BS for triggering a
transmission of a UE-to-Network relay indication, according
to an embodiment as disclosed herein;

[0033] FIG. 4 is another sequence diagram illustrating
various signaling messages between a UE and BS (eNB) for
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triggering a transmission of a UE-to-Network relay indica-
tion, according to an embodiment as disclosed herein;
[0034] FIG. 5 is an exemplary flow diagram illustrating a
method for triggering a transmission of a UE-to-Network
relay indication, according to an embodiment as disclosed
herein; and

[0035] FIG. 6 illustrates a computing environment imple-
menting the method for triggering a transmission of a
UE-to-Network relay indication, according to embodiments
as disclosed herein.

DETAILED DESCRIPTION

[0036] The embodiments herein and the various features
and advantageous details thereof are explained more fully
with reference to the non-limiting embodiments that are
illustrated in the accompanying drawings and detailed in the
following description. Descriptions of well-known compo-
nents and processing techniques are omitted so as to not
unnecessarily obscure the embodiments herein. Also, the
various embodiments described herein are not necessarily
mutually exclusive, as some embodiments can be combined
with one or more other embodiments to form new embodi-
ments. The term “or” as used herein, refers to a non-
exclusive or, unless otherwise indicated. The examples used
herein are intended merely to facilitate an understanding of
ways in which the embodiments herein can be practiced and
to further enable those skilled in the art to practice the
embodiments herein. Accordingly, the examples should not
be construed as limiting the scope of the embodiments
herein.

[0037] Prior to describing the embodiments in detail, it is
useful to provide definitions for key terms used herein.
Unless defined otherwise, all technical terms used herein
have the same meaning as commonly understood by a
person having ordinary skill in the art to which this invention
belongs.

[0038] UE-to Network relay: An User Equipment (UE)
that provides functionality to support forwarding of traffic
(data and/or control) between the remote UE and the net-
work (BS). The UE-to-Network relay is always in coverage
of network. Remote UE may be in coverage or out of
coverage of network.

[0039] Uu link: Refers to wireless link between the UE
and the BS.
[0040] One of the requirements of Device to Device

(D2D) communication is that a remote UE, out of coverage
of the network, should be able to communicate with network
(base station) via another UE (i.e. UE-to-Network Relay)
which is in coverage of the network and is in proximity of
remote UE. This is illustrated in FIG. 1. The remote UE
communicates with the UE, capable of supporting the UE-
to-Network Relay using the D2D communication. The
remote UE in coverage of network can also use UE-to-
Network Relay to communicate with network to reduce the
service interruption when Remote UE is moving from in
coverage to out of coverage.

[0041] In order to enable the remote UE to discover the
UE (i.e., capable of supporting UE-to-Network Relay) the
UE transmits (or announces) the UE-to-Network relay indi-
cation (i.e. discovery message indicating itself as the UE-to-
Network relay) periodically which can be used by the
Remote UE to discover the UE-to-Network relay in its
proximity. The discovery message is transmitted on the D2D
discovery channel. The remote UE interested in searching
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for the UE-to-Network Relay monitors the D2D discovery
channel for receiving the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) transmitted by the UE-to-Network Relay in its
proximity.

[0042] One of the issues in an existing approach is the
periodic transmission of UE-to-Network relay indication, by
the UE, to indicate that it is UE-to-Network Relay. There
may be several UEs having the capability to perform UE-to-
Network relay functionality. All of them transmitting UE-to-
Network relay indication indicating that they are UE-to-
Network Relay periodically is unnecessary and leads to
wastage of resources and increased power consumption in
UE.

[0043] The embodiments herein disclose a method for
triggering a transmission of the UE-to-Network relay indi-
cation (i.e. discovery message indicating itself as the UE-to-
Network relay). Further, the method includes receiving, by
the UE, one of UE-to-Network relay criteria broadcasted by
the base station. Further, the method includes measuring, at
the UE, a link quality parameter between the UE and the
base station. Further, the method includes detecting, by the
UE, that the link quality parameter meets the UE-to-Net-
work relay criteria. Further, the method includes transmit-
ting, by the UE, a UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) on a Device to Device (D2D) discovery channel.

[0044] In an embodiment, the link quality parameter is at
least one of a Reference signal received power (RSRP) and
a Reference signal received quality (RSRQ).

[0045] In an embodiment, the UE-to-Network relay crite-
ria includes one or more ‘a maximum link quality threshold’,
‘a minimum link quality threshold’ ‘a maximum hysteresis
value’ and ‘a minimum hysteresis value.

[0046] In an embodiment, the UE is in one of a Radio
Resource Control (RRC) idle state and a Radio Resource
Control (RRC) connected state.

[0047] In an embodiment, transmitting, by the UE, the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel includes determining other UE in vicinity
which is transmitting the UE-to-Network relay indication on
the D2D discovery channel. Further, the method includes
measuring a link quality parameter between the UE and the
other UE in vicinity. Further, the method includes detecting
that the link quality parameter between the UE and the other
UE in vicinity meets the UE-to-Network relay criteria.
Further, the method includes transmitting the UE-to-Net-
work relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on the D2D discovery
channel.

[0048] The embodiments herein disclose a method for
triggering a transmission of the UE-to-Network relay indi-
cation. Further, the method includes receiving, at the base
station, a request message including the link quality param-
eter between the UE and the base station from the UE.
Further, the method includes detecting, at the base station,
the link quality parameter meets the UE-to-Network relay
criteria. Further, the method includes sending, by the base
station, a response message to the UE to trigger the trans-
mission of the UE-to-Network relay indication (i.e. discov-
ery message indicating itself as the UE-to-Network relay) on
the D2D discovery channel.
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[0049] In an embodiment, the link quality parameter is at
least one of a Reference signal received power (RSRP) and
a Reference signal received quality (RSRQ).

[0050] In an embodiment, the UE-to-Network relay crite-
ria includes one or more ‘the maximum link quality thresh-
0ld’, ‘the minimum link quality threshold’, ‘the maximum
hysteresis value’ and ‘the minimum hysteresis value.
[0051] In an embodiment, the UE is in one of a Radio
Resource Control (RRC) idle state and a Radio Resource
Control (RRC) connected state.

[0052] In an embodiment, the method further includes
receiving, at the base station, a request message comprising
a link quality parameter between a UE and the base station
from the UE. Further, the method includes detecting, at the
base station, the link quality parameter does not meet the
UE-to-Network relay criteria. Furthermore, the method
includes sending, by the base station, a response message to
the UE to stop transmission of the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) on the D2D discovery channel.
[0053] In an embodiment, the method includes receiving,
at the base station, the request message including the link
quality parameter from the UE includes receiving one of a
capability information message and a prose UE information
message from the UE. Further, the method includes sending
a RRC reconfiguration request to the UE. Furthermore, the
method includes receiving a measurement report comprising
the link quality parameter from the UE.

[0054] Unlike the conventional systems and methods as
described in conjunction with the FIG. 1, the proposed
method provides a mechanism for triggering the transmis-
sion of the UE-to-Network relay indication (i.e. discovery
message indicating itself as the UE-to-Network relay). The
proposed mechanism includes obtaining the link quality
parameter from the base station, measuring the obtained link
quality parameter with the UE-to Network relay criteria.
[0055] Further, the proposed mechanism addresses the
issues such as wastage of resources and increased battery
consumption of the UE caused due to continuous broadcast-
ing of data packets (discovery messages/signals) by the UE,
capable of supporting the UE-to-Network relay, to the
another UE in vicinity thereof.

[0056] Referring now to the drawings, and more particu-
larly to FIGS. 1 through 6, where similar reference charac-
ters denote corresponding features consistently throughout
the figures, there are shown preferred embodiments.
[0057] The FIG. 1a illustrates a wireless communication
network 100, according to an embodiment as disclosed
herein. In an embodiment the wireless communication net-
work 100 includes the UE 120, capable of supporting
UE-to-Network relay functionality, the remote UE 130 com-
municating with the UE 120 using D2D communication, and
the base station 110. In an embodiment, the BS 110 can be
eNodeB (eNB), an antenna(s), providing services to the UE
120 connected to the base station 110. The services includes,
for e.g., telephonic communication, wired/wireless commu-
nication, radio services or the like. In an embodiment, the
UE 120 can be a laptop, a desktop computer, a mobile
phone, a mobile station, a mobile terminal, a smart phone,
Personal Digital Assistants (PDAs), a tablet, a phablet, or
any other electronic device.

[0058] In an embodiment, the remote UE 130 can be a
laptop, a desktop computer, a mobile phone, a mobile
station, a mobile terminal, a smart phone, Personal Digital
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Assistants (PDAs), a tablet, a phablet, or any other electronic
device which is out of network coverage and may not able
to communicate with the network. In another embodiment,
remote UE can be in coverage of network.

[0059] FIG. 15 illustrates various units of the BS 110 for
triggering the transmission of the UE-to-Network relay
indication, according to an embodiment as disclosed herein.
In an embodiment, the BS 120 includes a controller unit 112,
a communication unit 114 and a memory unit 116.

[0060] The controller unit 112 can be configured to receive
the request message comprising the link quality parameter
between the UE 120 and the base station 110 from the UE
120. Further, the controller unit 112 can be configured to
detect the link quality parameter meets the UE-to-Network
relay criteria. Furthermore, the controller unit 112 can be
configured to send the response message to the UE 120 to
trigger the transmission of UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on the D2D discovery channel.

[0061] In an embodiment, the controller unit 112 is further
configured to receive the request message comprising the
link quality parameter between the UE 120 and the base
station 110 from the UE 120. Further, the controller unit 112
can be configured to detect the link quality parameter does
not meets the UE-to-Network relay criteria. Furthermore,
the controller unit 112 can be configured to send the
response message to the UE 120 to stop transmission of the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel.

[0062] Further, the instructions executed by the controller
unit 112 is explained in conjunction with FIG. 25

[0063] In an embodiment, the UE-to-Network relay crite-
ria includes one or more ‘the maximum link quality thresh-
0ld’, ‘the minimum link quality threshold’, ‘the maximum
hysteresis value’ and ‘the minimum hysteresis value.
[0064] Each of the UE-to-Network relay criteria is
detailed below in accordance with the controller unit 112
configured to execute the instructions received.

[0065] The maximum link quality threshold and no hys-
teresis: In an embodiment, the controller unit 112, of the BS
110, receives the link quality parameter (RSRP/RSRQ) of
Uu link i.e. wireless link between the UE 120 and the BS 110
of camped cell (or serving cell or primary cell) from the UE
120. If the received RSRP/RSRQ is less than (or less than
equal to) a Uu link quality threshold, then the controller unit
112 of the BS 110 sends a response message to the UE 120
to start the discovery procedure. In this embodiment, the Uu
Link quality threshold is the ‘maximum Uu link quality
threshold’. If the BS 110 determines that the UE 120
(through the controller unit 112) is transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and received RSRP/
RSRQ of camped cell (or serving cell or primary cell)
becomes greater than (or greater than equal to) to a Uu link
quality threshold, then the controller unit 112 sends a
response message to the UE 120 to stop transmitting UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay).

[0066] The maximum link quality threshold and the hys-
teresis value applied to start relay discovery: In an embodi-
ment, the controller unit 112 receives the link quality param-
eter (RSRP/RSRQ) of Uu link i.e. wireless link between the
UE 120 and the BS 110 of camped cell (or serving cell or
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primary cell) from the UE 120. If the received, by the
controller unit 112, RSRP/RSRQ of the camped cell (or
serving cell or primary cell) is below a Uu link quality
threshold by hysteresis value then, the controller unit 112
sends a response message to the UE 120 to trigger the
transmission of UE-to-Network relay indication (i.e. discov-
ery message indicating itself as the UE-to-Network relay) on
the D2D discovery channel. In this embodiment, the Uu
Link quality threshold is the ‘maximum Uu link quality
threshold” and hysteresis value is ‘Maximum Hysteresis
Value’. If the controller unit 112 determines that the UE 120
is transmitting UE-to-Network relay indication (i.e. discov-
ery message indicating itself as the UE-to-Network relay)
and received RSRP/RSRQ of camped cell (or serving cell or
primary cell) becomes above Uu link quality threshold then
the controller unit 112 sends a response message, to the
UE120, to stop transmitting UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay).

[0067] The maximum link quality threshold and the hys-
teresis value applied to stop relay discovery: In an embodi-
ment, the controller unit 112 receives the link quality param-
eter (RSRP/RSRQ) of Uu link i.e. wireless link between the
BS 110 and the UE 120 of camped cell (or serving cell or
primary cell) from the UE 120. If the received, by the
controller unit 112, RSRP/RSRQ of the camped cell (or
serving cell or primary cell) is below a Uu link quality
threshold then the controller unit 112 sends a response
message to the UE 120 to start transmitting UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay) on the D2D discovery channel(s).
In this embodiment the Uu Link quality threshold is the
‘maximum Uu link quality threshold’ and hysteresis value is
‘Maximum Hysteresis Value’. If the UE 120 is transmitting
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) and measured
RSRP/RSRQ of camped cell (or serving cell or primary cell)
becomes above this signaled Uu link quality threshold by
hysteresis value then UE 120 stops transmitting UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay).

[0068] The minimum link quality threshold and no hys-
teresis: In an embodiment, the controller unit 112 receives
the link quality parameter (RSRP/RSRQ) of Uu link i.e.
wireless link between the UE 120 and the BS 110 of camped
cell (or serving cell or primary cell) from the UE 120. If the
received RSRP/RSRQ of the camped cell (or serving cell or
primary cell) is greater than (or greater than equal to) a Uu
link quality threshold then the controller unit 112 sends a
response message to the UE 120 to start discovery procedure
i.e. to start transmission of UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) \ on the D2D discovery channel. In this embodi-
ment, the Uu Link quality threshold is the ‘minimum Uu link
quality threshold’. If the controller unit 112 determines that
the UE 120 is transmitting UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) and the received RSRP/RSRQ of the camped
cell (or serving cell or primary cell) becomes less than equal
to (or lesser than) Uu link quality threshold then the con-
troller unit 112 sends a response message to the UE 120 to
stop transmitting UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).
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[0069] The minimum link quality threshold and the hys-
teresis value applied to start relay discovery: In an embodi-
ment, the controller unit 112 receives the link quality param-
eter (RSRP/RSRQ) of Uu link from the UE 120. If the
received RSRP/RSRQ of the camped cell (or serving cell or
primary cell) is above this signaled Uu link quality threshold
by hysteresis value then the controller unit 112 sends a
response message to the UE 120 to start discovery procedure
i.e. start transmission of UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on the D2D discovery channel. In this embodi-
ment, the Uu Link quality threshold is the ‘minimum Uu link
quality threshold’ and hysteresis value is ‘Minimum Hys-
teresis Value’. If the controller unit 112 determines that the
UE 120 is transmitting the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) and the measured RSRP/RSRQ of the camped
cell (or serving cell or primary cell) becomes below Uu link
quality threshold then the controller unit 112 sends a
response message to the UE 120 to stop transmitting UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay).

[0070] The minimum link quality threshold and the hys-
teresis value applied to stop relay discovery: In an embodi-
ment, the controller unit 112 of the UE 120 receives the link
quality parameter (RSRP/RSRQ) of Uu link from UE 120.
If the received RSRP/RSRQ of the camped cell (or serving
cell or primary cell) is above a Uu link quality threshold then
the controller unit 112 sends a response message to the UE
120 to start discovery procedure i.e. start transmission of
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel. In this embodiment the Uu Link quality
threshold is the minimum Uu link quality threshold and
hysteresis value is ‘Minimum Hysteresis Value’. If the
controller unit 112 determines that the UE 120 is transmit-
ting UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) and the mea-
sured RSRP/RSRQ of camped cell (or serving cell or
primary cell) becomes below Uu link quality threshold by
hysteresis value then the controller unit 112 sends a response
message to the UE 120 to stop transmitting UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay).

[0071] The minimum link quality threshold, the maximum
link quality threshold and no hysteresis: In an embodiment,
the controller unit 112 receives the link quality parameter
(RSRP/RSRQ) of Uu link from UE 120. If the received
RSRP/RSRQ of the camped cell (or serving cell or primary
cell) is between two thresholds (Threshold 2<measured
RSRP/RSRQ<Threshold 1 or Threshold 2<=measured
RSRP/RSRQ<=Threshold 1) then the controller unit 112
sends a response message to the UE 120 to start discovery
procedure i.e. start transmission of UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) on the D2D discovery channel. If the
controller unit 112 determines that the UE 120 is transmit-
ting UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) and the
received RSRP/RSRQ of the camped cell (or serving cell or
primary cell) does not meet above condition then the con-
troller unit 112 sends a response message to the UE 120 to
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stop transmitting UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).

[0072] The minimum link quality threshold, the maximum
link quality threshold and the hysteresis values applied to
start relay discovery: In an embodiment, the controller unit
112 receives the link quality parameter (RSRP/RSRQ) of Uu
link i.e. wireless link between the BS 110 and the UE 120 of
camped cell (or serving cell or primary cell) from UE 120.
If the received RSRP/RSRQ of cell (camped/serving/pri-
mary) is above threshold 2 by max hysteresis value and
below threshold 1 by min hysteresis value then the controller
unit 112 sends a response message to the UE 120 to start
discovery procedure i.e. start transmission of UE-to-Net-
work relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on the D2D discovery
channel. If the controller unit 112 determines that the UE
120 is transmitting UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) and the measured RSRP/RSRQ of the cell (camped/
serving/primary) is above threshold 1 or is below threshold
2 then the controller unit 112 sends a response message to
the UE 120 to stop transmitting UE-to-Network relay indi-
cation (i.e. discovery message indicating itself as the UE-to-
Network relay).

[0073] The minimum link quality threshold, the maximum
link quality threshold and the hysteresis values applied to
stop relay discovery: In an embodiment, the controller unit
112 receives the link quality parameter (RSRP/RSRQ) of Uu
link i.e. wireless link between the BS 110 and the UE 120 of
camped cell (or serving cell or primary cell) from UE 120.
If the received RSRP/RSRQ of cell (camped/serving/pri-
mary) is above threshold 2 and below threshold 1 then the
controller unit 112 sends a response message to the UE 120
to start discovery procedure i.e. start transmission of UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on the D2D discovery
channel. If the controller unit 112 determines that the UE
120 is transmitting UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) and the measured RSRP/RSRQ of the cell (camped/
serving/primary) is above threshold 1 by max hysteresis
value or is below threshold 2 by minimum hysteresis value
then the controller unit 112 sends a response message to the
UE 120 to stop transmitting UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay).

[0074] Further, the memory unit 116 may include one or
more computer-readable storage media. The memory unit
116 may include non-volatile storage elements. Examples of
such non-volatile storage elements may include magnetic
hard discs, optical discs, floppy discs, flash memories, or
forms of electrically programmable memories (EPROM) or
electrically erasable and programmable (EEPROM) memo-
ries. In addition, the memory unit 116 may, in some
examples, be considered a non-transitory storage medium.
The term “non-transitory” may indicate that the storage
medium is not embodied in a carrier wave or a propagated
signal. However, the term “non-transitory” should not be
interpreted that the memory unit 116 is non-movable. In
some examples, the memory unit 116 can be configured to
store larger amounts of information than the memory. In
certain examples, a non-transitory storage medium may
store data that can, over time, change (e.g., in Random
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Access Memory (RAM) or cache). The communication unit
114 can be configured for communicating internally between
the units and externally with the networks.

[0075] The FIG. 15 shows exemplary units of the BS 110
but it is to be understood that other embodiments are not
limited thereon. In other embodiments, the BS 110 may
include less or more number of units. Further, the labels or
names of the units are used only for illustrative purpose and
does not limit the scope of the invention. One or more units
can be combined together to perform same or substantially
similar function in the BS 110.

[0076] FIG. 1c illustrates various units of the UE 120 for
triggering the transmission of the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay), according to an embodiment as dis-
closed herein. In an embodiment, the UE 120 includes a
controller unit 122, a communication unit 124 and a memory
unit 126.

[0077] Unlike the conventional systems and methods, as
disclosed in the FIG. 1a. The controller unit 122 can be
configured to receive one of the UE-to-Network relay cri-
teria broadcasted by the base station 110. Further, the
controller unit 122 is configured to measure the link quality
parameter between the UE 120 and the base station 110.
Further, the controller unit 122 is configured to detect that
the link quality parameter meets the UE-to-Network relay
criteria. Further, the controller unit 122 is configured to
transmit the UE-to-Network relay indication (i.e. discovery
message indicating itself as the UE-to-Network relay) on the
D2D discovery channel.

[0078] The UE-to-Network relay criteria include one or
more ‘the maximum link quality threshold’, ‘the minimum
link quality threshold’, ‘the maximum hysteresis value’ and
‘the minimum hysteresis value.

[0079] Each of the UE-to-Network relay criteria is
detailed below in accordance with the controller unit 122
configured to execute the instructions received. Further, the
instructions executed by the controller unit 122 are eluci-
dated in conjunction with the FIG. 2a.

[0080] The maximum link quality threshold and no hys-
teresis: In an embodiment, the controller unit 122 of the UE
120 measures the link quality parameter (RSRP/RSRQ) of
Uu link i.e. wireless link between the UE 120 and the BS 110
of camped cell (or serving cell or primary cell). The UE 120
receives the link quality threshold from the BS 110. The BS
110 broadcast the Uu Link quality threshold or sends the Uu
Link quality threshold to UE 120 in dedicated signaling. The
UE 120 starts or stops the relay discovery procedure based
on the received Uu Link quality threshold. If the measured
RSRP/RSRQ of the camped cell (or serving cell or primary
cell) is less than (or less than equal to) the Uu link quality
threshold received from the BS 110 then the controller unit
122 of the UE 120 starts relay discovery procedure i.e. it
starts transmitting the UE-to-Network relay indication (dis-
covery message indicating itself as the UE-to-Network
relay). on the D2D discovery channel. In this embodiment,
the signaled Uu Link quality threshold by the BS 110 is the
‘maximum Uu link quality threshold’. If the UE 120
(through the controller unit 122) is transmitting UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and measured RSRP/
RSRQ of camped cell (or serving cell or primary cell)
becomes greater than (or greater than equal to) the Uu link
quality threshold received from the BS 110 then the con-
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troller unit 122 stops transmitting the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay).

[0081] The maximum link quality threshold and the hys-
teresis value applied to start relay discovery: In an embodi-
ment, the controller unit 122 of the UE 120 measures the link
quality parameter (RSRP/RSRQ) of Uu link i.e. wireless
link between the UE 120 and the BS 110 of camped cell (or
serving cell or primary cell). The UE 120 receives the link
quality threshold and hysteresis value from the BS 110. In an
embodiment, the BS 110 broadcasts the Uu Link quality
threshold and hysteresis value or sends the Uu Link quality
threshold and hysteresis value to UE 120 in dedicated
signaling. If the measured RSRP/RSRQ of the camped cell
(or serving cell or primary cell) is below Uu link quality
threshold by hysteresis value then UE 120 (i.e., the control-
ler unit 122) starts relay discovery procedure i.e. it starts
transmitting the UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay) on the D2D discovery channel. In this embodiment
the Uu Link quality threshold is the ‘maximum Uu link
quality threshold’ and hysteresis value is ‘Maximum Hys-
teresis Value’. If the UE 120 is transmitting UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay) and measured RSRP/RSRQ of
camped cell (or serving cell or primary cell) becomes above
Uu link quality threshold then UE 120 stops transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay).

[0082] Inan embodiment, for example, even when the UE
120 initiates the transmission of the discovery message
indicating itself as UE-to-Network relay on the D2D dis-
covery channel, the UE 120 continue measuring the link
quality parameter (RSRP/RSRQ) thereon. If the link quality
parameter becomes above this signaled Uu link quality
threshold then UE 120 stops transmitting discovery mes-
sages indicating itself as UE-to-Network relay.

[0083] Thus, as the distance from the UE 120 and the BS
110 increases the link quality parameter becomes below the
signaled Uu link quality, similarly as the UE 120 distance
from the BS 110 increases the link quality parameter
becomes above this signaled Uu link quality. Hence, based
on the measured link quality the UE 120 can start or stop the
transmission of UE-to-network relay indication on the D2D
discovery channel(s).

[0084] The maximum link quality threshold and the hys-
teresis value applied to stop relay discovery: In an embodi-
ment, the controller unit 122 of the UE 120 measures the link
quality parameter (RSRP/RSRQ) of Uu link i.e. wireless
link between the UE 120 and the BS 110 of camped cell (or
serving cell or primary cell). The UE 120 receives the link
quality threshold and hysteresis value from the BS 110. In an
embodiment, the BS 110 broadcasts the Uu Link quality
threshold and hysteresis value or sends the Uu Link quality
threshold and hysteresis value to UE 120 in dedicated
signaling. If the measured RSRP/RSRQ of the camped cell
(or serving cell or primary cell) is below this signaled Uu
link quality threshold then UE 120 (i.e., the controller unit
122) starts relay discovery procedure i.e. it starts transmit-
ting the UE-to-Network relay indication (i.e. discovery
message indicating itself as the UE-to-Network relay) on the
D2D discovery channel. In this embodiment the signaled Uu
Link quality threshold is the ‘maximum Uu link quality
threshold” and hysteresis value is ‘Maximum Hysteresis
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Value’. If the UE 120 is transmitting the UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay) and measured RSRP/RSRQ of
camped cell (or serving cell or primary cell) becomes above
this signaled Uu link quality threshold by hysteresis value
then UE 120 stops transmitting UE-to-Network relay indi-
cation (i.e. discovery message indicating itself as the UE-to-
Network relay).

[0085] The minimum link quality threshold and no hys-
teresis: In an embodiment, the controller unit 122 of the UE
120 measures the link quality parameter (RSRP/RSRQ) of
Uu link i.e. wireless link between the UE 120 and the BS 110
of camped cell (or serving cell or primary cell). UE 120
receives the link quality threshold from the BS 110. In an
embodiment, the BS 110 broadcasts Uu Link quality thresh-
old or sends the Uu Link quality threshold to UE 120 in
dedicated signaling. If the measured RSRP/RSRQ of the
camped cell (or serving cell or primary cell) is greater than
(or greater than equal to) this signaled Uu link quality
threshold then UE 120 starts relay discovery procedure i.e.
it starts transmitting the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) on the D2D discovery channel. In this embodiment
signaled Uu Link quality threshold is the ‘minimum Uu link
quality threshold’. If the UE 120 is transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and the measured RSRP/
RSRQ of the camped cell (or serving cell or primary cell)
becomes less than equal to (or lesser than) this signaled Uu
link quality threshold then UE 120 stops transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay).

[0086] The minimum link quality threshold and the hys-
teresis value applied to start relay discovery: In an embodi-
ment, the controller unit 122 of the UE 120 measures the link
quality parameter (RSRP/RSRQ) of Uu link i.e. wireless
link between the UE 120 and the BS 110 of camped cell (or
serving cell or primary cell). The UE 120 receives the link
quality threshold and hysteresis value from the BS 110. In an
embodiment, the BS 110 broadcasts the Uu Link quality
threshold and hysteresis value or sends the Uu Link thresh-
old and hysteresis value to UE 120 in dedicated signaling. If
the measured RSRP/RSRQ of the camped cell is above the
Uu link quality threshold by hysteresis value then the UE
120 starts relay discovery procedure i.e. it starts transmitting
the UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel. In this embodiment the signaled Uu Link
quality threshold is the ‘minimum Uu link quality threshold’
and hysteresis value is ‘Minimum Hysteresis Value’. If the
UE 120 is transmitting the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) and the measured RSRP/RSRQ of the camped
cell (or serving cell or primary cell) becomes below this
signaled Uu link quality threshold then the UE 120 stops
transmitting the UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).

[0087] The minimum link quality threshold and the hys-
teresis value applied to stop relay discovery: In an embodi-
ment, the controller unit 122 of the UE 120 measures the link
quality parameter (RSRP/RSRQ) of Uu link i.e. wireless
link between the UE 120 and the BS 110 of camped cell (or
serving cell or primary cell). The UE 120 receives the link
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quality threshold and hysteresis value from the BS 110. In an
embodiment, the BS 110 broadcasts the Uu Link quality
threshold and hysteresis value or sends the Uu Link thresh-
old and hysteresis value to UE 120 in dedicated signaling. If
the measured RSRP/RSRQ of the camped cell (or serving
cell or primary cell) is above the Uu link quality threshold
then the UE 120 starts relay discovery procedure i.e. it starts
transmitting the UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay) on the D2D discovery channel. In this embodiment
the signaled Uu Link quality threshold is the minimum Uu
link quality threshold and hysteresis value is ‘Minimum
Hysteresis Value’. If the UE 120 is transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and the measured RSRP/
RSRQ of camped cell (or serving cell or primary cell)
becomes below this signaled Uu link quality threshold by
hysteresis value then the UE 120 stops transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay).

[0088] The minimum link quality threshold, the maximum
link quality threshold and no hysteresis: In an embodiment,
the controller unit 122 of the UE 120 measures the link
quality parameter (RSRP/RSRQ) of Uu link i.e. wireless
link between the UE 120 and the BS 110 of camped cell (or
serving cell or primary cell). The UE 120 receives the
maximum Uu Link quality threshold (Threshold 1) and
minimum Uu Link quality threshold (threshold 2) from the
BS 110. The UE 120 starts or stops the relay discovery
procedure based on these thresholds. In an embodiment, the
BS 110 broadcasts maximum Uu Link quality threshold
(Threshold 1) and minimum Uu Link quality threshold
(threshold 2) or sends maximum Uu Link quality threshold
(Threshold 1) and minimum Uu Link quality threshold
(threshold 2) to UE 120 in dedicated signaling. If the
measured RSRP/RSRQ of the camped cell (or serving cell or
primary cell) is between two thresholds (Threshold 2<mea-
sured RSRP/RSRQ<Threshold 1 or Threshold 2<=measured
RSRP/RSRQ<=Threshold 1) then the UE 120 starts the
relay discovery procedure i.e. it starts transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel. If the UE 120 is transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and the measured RSRP/
RSRQ of the camped cell (or serving cell or primary cell)
does not meet above condition then the UE 120 stops
transmitting the UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).

[0089] The minimum link quality threshold, the maximum
link quality threshold and the hysteresis values applied to
start relay discovery: In an embodiment, the controller unit
122 of the UE 120 measures the link quality parameter
(RSRP/RSRQ) of Uu link i.e. wireless link between the UE
120 and the BS 110 of camped cell (or serving cell or
primary cell). The UE 120 receives the maximum Uu Link
quality threshold (Threshold 1), max hysteresis value, mini-
mum Uu Link quality threshold (threshold 2) and min
hysteresis value from the BS 110. The UE 120 starts or stops
the relay discovery procedure based on these thresholds. In
an embodiment, the BS 110 broadcasts the maximum Uu
Link quality threshold (Threshold 1), max hysteresis value,
minimum Uu Link quality threshold (threshold 2) and
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minimum hysteresis value, or sends the maximum Uu Link
quality threshold (Threshold 1), max hysteresis value, mini-
mum Uu Link quality threshold (threshold 2) and minimum
hysteresis value to UE 120 in dedicated signaling. If the
measured RSRP/RSRQ of cell (camped/serving/primary) is
above threshold 2 by minimum hysteresis value and below
threshold 1 by maximum hysteresis value then the UE 120
starts relay discovery procedure i.e. it starts transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel. If the UE 120 has started transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) and the mea-
sured RSRP/RSRQ of the cell (camped/serving/primary) is
below threshold 1 and is above threshold 2 then the UE 120
continues transmitting information indicating itself as the
UE-to-Network relay. If the UE 120 is transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) and the mea-
sured RSRP/RSRQ of the cell (camped/serving/primary) is
above threshold 1 or is below threshold 2 then the UE 120
stops transmitting the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay).

[0090] The minimum link quality threshold, the maximum
link quality threshold and the hysteresis values applied to
stop relay discovery: In an embodiment, the controller unit
122 of the UE 120 measures the link quality parameter
(RSRP/RSRQ) of Uu link i.e. wireless link between the UE
120 and the BS 110 of camped cell (or serving cell or
primary cell). UE 120 receives the maximum Uu Link
quality threshold (Threshold 1), max hysteresis value, mini-
mum Uu Link quality threshold (threshold 2) and min
hysteresis value from the BS 110. The UE 120 starts or stops
the relay discovery procedure based on these thresholds. In
an embodiment, the BS 110 broadcasts maximum Uu Link
quality threshold (Threshold 1), max hysteresis value, mini-
mum Uu Link quality threshold (threshold 2) and minimum
hysteresis value, or sends the maximum Uu Link quality
threshold (Threshold 1), max hysteresis value, minimum Uu
Link quality threshold (threshold 2) and minimum hysteresis
value to the UE 120 in dedicated signaling. If the measured
RSRP/RSRQ of cell (camped/serving/primary) is above
threshold 2 and below threshold 1 then the UE 120 starts
relay discovery procedure i.e. it initiates transmitting the
UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay) on the D2D
discovery channel. If the UE 120 is transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) and the measured RSRP/
RSRQ of the camped cell is above threshold 1 by max
hysteresis value or is below threshold 2 by minimum hys-
teresis value then the UE 120 stops transmitting the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay).

[0091] For example, when the UE 120 is in the coverage
of the cell, the UE 102 can be in two states 1. In the RRC
idle state and 2. In the RRC connected state. In the RRC idle
state the UE 120 monitors system information broadcasted
in the camped cell and paging information. The UE 120 in
RRC connected state dedicated connection exists between
UE 120 and BS 110. UE 120 can transmit as well as receive
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from base station 110. Also, in the RRC connected state the
UE 120 receives a dedicated signaling from the base station
110.

[0092] In an embodiment, according to the proposed
mechanism the UE 120 triggers the transmission of the
UE-to-Network relay indication in both the states as
described below.

[0093] In an embodiment, if the UE 120 is in the RRC idle
state and UE’s serving cell is suitable as defined in 3GPP TS
36.304 and if the BS 110 indicates that relay (i.e., the
UE-to-Network relay) is supported (e.g. presence of relay
discovery configuration in system information broadcasted
by the BS 110 indicates that UE-to-Network relay operation
is supported) and broadcasts Uu link quality thresholds and
broadcasts TX resource pools for discovery message trans-
mission then the UE 120 uses the broadcasted TX resource
pools for relay discovery for transmitting the discovery
message when the UE-to-Network relay criteria (as detailed
above) for transmitting the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay).

[0094] In an embodiment UE 120 may comprise of access
stratum (AS) and Non Access Stratum (NAS) layers. NAS
is also referred as upper layer. Discovery messages are
generated by NAS layer. In this case, if the UE 120 is in the
RRC idle state and UE’s serving cell is suitable as defined
in 3GPP TS 36.304 and if the BS 110 indicates that relay
(i.e., the UE-to-Network relay) is supported (e.g. presence of
relay discovery configuration in system information broad-
casted by the BS 110 indicates that UE-to-Network relay
operation is supported) and broadcasts Uu link quality
thresholds and broadcasts TX resource pools for discovery
message transmission and the UE-to-Network relay criteria
(as detailed above) is metthen the Access Stratum in UE 120
inform the upper layer that it is configured with radio
resources that can be used for transmitting relay discovery
message. Upper layer then start transmission of UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay).

[0095] Ifthe UE 120 is in the RRC idle state and if the BS
110 indicates that relay is supported (e.g. presence of relay
discovery configuration in system information broadcasted
by the BS 110 indicates that UE-to-Network relay operation
is supported) and broadcasts Uu link quality thresholds and
does not broadcasts TX resource pools for the discovery
message transmission then the UE 120 enter the RRC
connected state and initiate request for the discovery
resources for transmitting the discovery message, when the
UE-to-Network criteria (as explained earlier) for initiating
the transmission of the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) is met.

[0096] In an embodiment, if the UE 120 is in the RRC
connected state and if the BS 110 indicates that relay is
supported (e.g. presence of Uu link quality thresholds for
relay initiation in system information broadcasted by the BS
110 indicates that UE-to-Network relay operation is sup-
ported) then the UE 120 initiate request for relay discovery
resources for transmitting the discovery message, when the
UE-to-Network criteria (as detailed above) for initiating
transmission of the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) is met.
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[0097] In an embodiment, if the UE 120 is in the RRC idle
state and if the BS 110 indicates that relay (i.e., the UE-to-
Network relay) is supported (e.g. presence of Uu link quality
thresholds for relay initiation in system information broad-
casted by the BS 110 indicates that UE-to-Network relay
operation is supported) and the UE-to-Network relay criteria
(as detailed above) for initiating transmission of the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) is met then UE initiates
RRC connection and after transitioning to RRC connected
state UE 120 initiate request for relay discovery resources
for transmitting the discovery message. In this embodiment,
UE 120 is not allowed to transmit the discovery information
in RRC idle state. This reduced interruption time. Remote
UE connects to UE-to-Network relay after searching the
relay. UE-to-Network relay then transition from idle to
connected state for relay operation. This leads to interrup-
tion. Allowing transmission of discovery information in
RRC connected state only ensures that UE to Network relay
is already in RRC connected state when Remote UE con-
nects to UE to Network relay.

[0098] In an embodiment, the UE 120 may comprise of
access stratum (AS) and Non Access Stratum (NAS) layers.
NAS is also referred as upper layer. Discovery messages are
generated by NAS layer. If the UE 120 is in the RRC
connected state and discovery transmission resources are
configured by BS 110 in dedicated signaling then the Access
Stratum in UE 120 inform the upper layer that it is config-
ured with radio resources that can be used for transmitting
relay discovery message. Upper layer then start transmission
of UE-to-Network relay indication (i.e. discovery message
indicating itself as the UE-to-Network relay). The controller
unit 122 is further configured to determine other UE in
vicinity which is indicating UE-to-Network relay indication
on the D2D discovery channel. Further, the controller unit
122 is configured to measure the link quality parameter
between the UE 120 and the other UE in the vicinity.
Further, the controller unit 122 is configured to detect that
the link quality parameter between the UE 120 and the other
UE in vicinity meets the UE-to-Network relay criteria (as
detailed above with the difference that link quality measure-
ment is between UE 120 and other UE and not between UE
120 and BS 110). Furthermore, the controller unit 122 is
configured to transmit the UE-to-Network relay indication
(i.e. discovery message indicating itself as the UE-to-Net-
work relay) on the D2D discovery channel.

[0099] The FIG. 2a is a flow diagram illustrating the
method for triggering the transmission of the UE-to-Net-
work relay indication, according to an embodiment as dis-
closed herein. At step 202a, the method 200a includes
receiving one of the UE-to-Network relay criteria signaled
by the base station 110 in broadcast signaling or dedicated
signaling. In an embodiment, the method 200a allows the
controller unit 122 to receive one of the UE-to-Network
relay criteria signaled by the base station 110 in broadcast
signaling or dedicated signaling.

[0100] At step 204a, the method 2004 includes measuring
the link quality parameter of the wireless link between the
UE 120 and the base station 110. In an embodiment, the
method 200a allows the controller unit 122 to measure the
link quality parameter of the wireless link between the UE
120 and the base station 110.

[0101] At step 2064, the method 200« includes detecting
that the link quality meets the UE-to-Network relay criteria
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(as detailed above). In an embodiment, the method 200a
allows the controller unit 122 to detect that the link quality
meets the UE-to-Network relay criteria.

[0102] If the link quality meets the UE-to-Network relay
criteria thereon at step 208a, the method 200a includes
transmitting the discovery message indicating the UE-to-
Network relay indication on the D2D discovery channel. In
an embodiment, the method 2084 allows the controller unit
122 to transmit the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) on the D2D discovery channel.

[0103] The various actions, acts, blocks, steps, or the like
in the method 200a may be performed in the order pre-
sented, in a different order or simultaneously. Further, in
some embodiments, some of the actions, acts, blocks, steps,
or the like may be omitted, added, modified, skipped, or the
like without departing from the scope of the invention. In
one embodiment, for example, the above steps are executed
by UE which has the UE-to-Network capability; UE is in
coverage of network and is interested to provide UE-to-
Network relay functionality to other UE. In another embodi-
ment the above steps are executed by UE which has the
UE-to-Network capability, UE is in coverage of network,
UE is interested to provide UE-to-Network relay function-
ality and has received a discovery message from UE wherein
the discovery message indicate that UE is searching for
UE-to-Network Relay.

[0104] FIG. 24 is another flow diagram illustrating the
method for triggering the transmission of the UE-to-Net-
work relay indication, according to an embodiment as dis-
closed herein. At step 2025, the method 2006 includes
receiving the request message including the link quality
parameter between the UE 120 and the base station 110 from
the UE 120. In an embodiment, the method 2005 allows the
controller unit 112 to receive the request message including
the link quality parameter between the UE 120 and the base
station 110 from the UE 120.

[0105] At step 2045, the method 2005 includes detecting
the link quality parameter meets the UE-to-Network relay
criteria. In an embodiment, the method 2005 allows the
controller unit 112 to detect the link quality parameter meets
the UE-to-Network relay criteria.

[0106] If the link quality parameter meets the UE-to-
Network relay criteria thereon, at step 2065, the method
2005 includes sending the response message to the UE 120
to trigger the transmission of UE-to-Network relay indica-
tion (i.e. discovery message indicating itself as the UE-to-
Network relay) on the D2D discovery channel. In an
embodiment, the method 2005 allows the controller unit to
send the response message to the UE 120 to trigger the
transmission of UE-to-Network relay indication (i.e. discov-
ery message indicating itself as the UE-to-Network relay) on
the D2D discovery channel.

[0107] The various actions, acts, blocks, steps, or the like
in the method 2006 may be performed in the order pre-
sented, in a different order or simultaneously. Further, in
some embodiments, some of the actions, acts, blocks, steps,
or the like may be omitted, added, modified, skipped, or the
like without departing from the scope of the invention.
[0108] FIG. 3 is a sequence diagram illustrating various
signaling messages between the UE 120 and the BS 110 for
triggering the transmission of the UE-to-Network relay
indication, according to an embodiment as disclosed herein.
Initially, the UE 120 transmits the UE capability information
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(i.e. capability information includes whether or not the UE
120 is capable of supporting UE-to-Network relay) (302) to
the BS 110. The BS 110, thereon, configures measurement
(304) to the UE 120 by sending RRC connection Recon-
figuration message, capable of supporting UE-to-Network
Relay functionality. The measurement configuration may
include frequency to measure, measurement parameters,
trigger to send measurement report, and the like.

[0109] The UE 120 performs Uu link quality measurement
according to measurement configuration. The UE 120 gen-
erates a measurement report. The measurement report
includes, for example, the link quality parameters, between
the UE 120 and the BS 110, measured by the UE 120, and
the like.

[0110] The UE 120 sends (306) the measurement report to
the BS 110 thereon the BS 110 determines (308) if the
reported RSRP/RSRQ (the link quality parameters) in the
measurement report meets the UE-to-Network relay criteria
(as detailed above in accordance with the controller unit
112) then the BS 110 commands (310) the UE 120 support-
ing the UE-to-Network Relay functionality to start trans-
mitting the UE-to-Network relay indication (i.e. discovery
message indicating itself as the UE-to-Network relay) on the
D2D discovery channel (312).

[0111] The UE 120 is transmitting the UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay) and continues Uu link quality
measurement and measurement reporting (314) according to
measurement configuration.

[0112] The BS 110, therefore, determines (316) whether to
stop the UE 120 from transmitting the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) based on the measurement report
from the UE 120 (i.e., If the reported RSRP/RSRQ in the
measurement report does not meet the UE-to-Network relay
criteria (as detailed above) then the BS 110 commands (318)
the UE 120, supporting the UE-to-Network Relay function-
ality, to stop transmitting the UE-to-Network relay indica-
tion (i.e. discovery message indicating itself as the UE-to-
Network relay) on the D2D discovery channel.

[0113] In an embodiment, if the UE-to-Network relay
criteria is broadcasted in system information and the UE 120
is in the RRC connected state then the UE 120 follows the
UE-to-Network relay criteria based trigger when the com-
mand to start/stop transmitting the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) is not sent to the UE 120 from the BS
110.

[0114] The FIG. 4 is another sequence diagram illustrating
various signaling messages between the UE 120, willing to
perform the UE-to-Network relay functionality, and the BS
110 for triggering the transmission of the UE-to-Network
relay indication, according to an embodiment as disclosed
herein. Initially, the UE 120 transmits (402) a Prose UE
information, the Prose UE information includes UE-to-
Network Relay interest (willingness) indication, to the BS
110. The BS 110, thereon, configures measurement (404) to
the UE 120 by sending RRC connection Reconfiguration
message. The measurement configuration may include fre-
quency to measure, measurement parameters, trigger to send
measurement report, etc.

[0115] UE 120 performs Uu link quality measurement
according to measurement configuration. The UE 120 gen-
erates a measurement report. The measurement report
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includes, for example, the link quality parameters, between
the UE 120 and the BS 110, measured by the UE 120, and
the like.

[0116] The UE 120 sends (406) the measurement report to
the BS 110 thereon the BS 110 determines (408) if the
reported RSRP/RSRQ (the link quality parameters) in the
measurement report meets the UE-to-Network relay criteria
(as detailed above) then the BS 110 commands (410) the UE
120 supporting the UE-to-Network Relay functionality to
start transmitting the UE-to-Network relay indication (i.e.
discovery message indicating itself as the UE-to-Network
relay) on the D2D discovery channel (412).

[0117] The UE 120 is transmitting the UE-to-Network
relay indication (i.e. discovery message indicating itself as
the UE-to-Network relay) and continues Uu link quality
measurement and measurement reporting (414) according to
measurement configuration.

[0118] The UE 120 sends (414) the measurement report to
the BS 110. The measurement report includes, for example,
the link quality parameters, between the UE 120 and the BS
110, measured by the UE 120, and the like.

[0119] The BS 110, therefore, determines (416) whether to
stop the UE 120 from transmitting information indicating
itself as the UE-to-Network relay based on the measurement
report from the UE 120 (i.e., If the reported RSRP/RSRQ in
the measurement report does not meet the UE-to-Network
relay criteria (as detailed above) then the BS 110 commands
(418) the UE 120, supporting the UE-to-Network Relay
functionality, to stop transmitting the UE-to-Network relay
indication (i.e. discovery message indicating itself as the
UE-to-Network relay) on the D2D discovery channel.
[0120] FIG. 5 is an exemplary flow diagram illustrating a
method for triggering the transmission of the UE-to-Net-
work relay indication, according to an embodiment as dis-
closed herein. At step 502, the method 500 includes receiv-
ing, at the UE 120, the parameter ‘UE-to-network relay
Thresh’ (i.e., the UE-to Network criteria) from the BS 110
(in system information or dedicated signaling).

[0121] The BS 110 broadcasts the parameter ‘UE-to-NW
Relay Thresh’ in system information (example in system
information block X). Alternately, the BS 110 (i.e.,
EUTRAN (ENB)) dedicatedly assigns a parameter ‘UE-to-
NW Relay Thresh’ to the UE 120. The UE 120, capable of
supporting UE-to-Network relay functionality and interested
to perform UE-to-Network Relay functionality and in net-
work coverage reads the system information broadcasted by
the cell to which the UE 120 is camped and obtains the
parameter ‘UE-to-NW Relay Thresh’. Alternately, the UE
120 obtains this from the BS 110 in dedicated signaling.
[0122] At step 504, the method 500 includes searching for,
the other UE(s) capable of performing, the UE-to-network
relay in its vicinity (UE 120 vicinity) and measures the
RSRP/RSRQ of the wireless link with the found UE-to-
network relay.

[0123] At step 506, the method 500 includes measuring
the RSRP/RSRQ is less than UE-to-network relay threshold.
[0124] If the RSRP/RSRQ is less than UE-to-network
relay threshold then at step 508, the method 500 includes
transmitting the UE-to-Network relay indication (i.e. dis-
covery message indicating itself as the UE-to-Network
relay).

[0125] The UE 120 monitors and searches of other UE-to-
Network relay in its vicinity and measures the (RSRP/
RSRQ) of found UE-to-Network relays. The RSRP/RSRQ
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can be measured for synchronization signal or Demodula-
tion reference signal (DMRS) or other signal transmitted by
the UE-to-Network relay. If the measured RSRP/RSRQ of
found UE-to-Network relays are less than the ‘UE-to-NW
Relay Thresh’ then UE 120 starts to transmit the UE-to-
Network relay indication (i.e. discovery message indicating
itself as the UE-to-Network relay) on the D2D discovery
channel.

[0126] In an embodiment, the UE 120 executes the afore-
mentioned method 500 in both the RRC idle as well as in the
RRC connected state.

[0127] In an embodiment, for example, the UE 120,
capable of supporting UE-to-Network relay functionality
and interested to perform UE-to-Network Relay functional-
ity and in network coverage monitors the synchronization
signal transmitted by the remote UE 130. If the UE 120
detects synchronization signal transmitted by the remote UE
130 or if RSRP/RSRQ of detected synchronization signal
transmitted by the remote UE 130 is greater than the
UE-to-Network criteria then the UE 120 starts to transmit
information (e.g. discovery information) indicating itself as
the UE-to-Network relay on the D2D discovery channel.
Alternately if the UE 120 detects discovery message from
the remote UE 130 wherein one bit in discovery message
indicates whether discovery message is transmitted by the
remote UE 130 or in coverage UE, then UE 120 starts to
transmit the UE-to-Network relay indication (i.e. discovery
message indicating itself as the UE-to-Network relay) on the
D2D discovery channel.

[0128] FIG. 6 illustrates a computing environment imple-
menting the method for triggering a transmission of a
UE-to-Network relay indication, according to embodiments
as disclosed herein. As depicted in the figure, the computing
environment 602 comprises at least one processing unit 608
that is equipped with a control unit 604 and an Arithmetic
Logic Unit (ALU) 606, a memory 610, a storage unit 612,
plurality of networking devices 616 and a plurality Input
output (I/O) devices 614. The processing unit 608 is respon-
sible for processing the instructions of the schemes. The
processing unit 608 receives commands from the control
unit in order to perform its processing. Further, any logical
and arithmetic operations involved in the execution of the
instructions are computed with the help of the ALU 606.
[0129] The overall computing environment 602 can be
composed of multiple homogeneous or heterogeneous cores,
multiple CPUs of different kinds, special media and other
accelerators. The processing unit 608 is responsible for
processing the instructions of the schemes. Further, the
plurality of processing units 608 may be located on a single
chip or over multiple chips.

[0130] The scheme comprising of instructions and codes
required for the implementation are stored in either the
memory unit 610 or the storage 612 or both. At the time of
execution, the instructions may be fetched from the corre-
sponding memory 610 or storage 612, and executed by the
processing unit 608.

[0131] In case of any hardware implementations various
networking devices 616 or external I/O devices 614 may be
connected to the computing environment to support the
implementation through the networking unit and the I/O
device unit.

[0132] The embodiments disclosed herein can be imple-
mented through at least one software program running on at
least one hardware device and performing network manage-
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ment functions to control the elements. The elements shown
in the FIGS. 1 through 6 include blocks which can be at least
one of a hardware device, or a combination of hardware
device and software units.

[0133] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the embodi-
ments herein that others can, by applying current knowl-
edge, readily modify or adapt for various applications such
specific embodiments without departing from the generic
concept, and, therefore, such adaptations and modifications
should and are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodi-
ments. It is to be understood that the phraseology or termi-
nology employed herein is for the purpose of description and
not of limitation. Therefore, while the embodiments herein
have been described in terms of preferred embodiments,
those skilled in the art will recognize that the embodiments
herein can be practiced with modification within the spirit
and scope of the embodiments as described herein.

1-15. (canceled)

16. A method for controlling a user equipment (UE)-to-
network relay by a UE, the method comprising:

receiving at least one of relay criteria broadcasted by a

base station;

measuring a link quality parameter between the UE and

the base station;

determining whether the link quality parameter meets the

at least one of relay criteria; and

transmitting a discovery message indicating the UE-to-

network relay on a device to device (D2D) discovery
channel, if the link quality parameter meets the at least
one of the relay criteria.

17. The method of claim 16, wherein the at least one of
relay criteria comprises at least one of a maximum link
quality threshold, a minimum link quality threshold, a
maximum hysteresis value, or a minimum hysteresis value.

18. The method of claim 16, wherein the link quality
parameter comprises at least one of a reference signal
received power (RSRP) or a reference signal received qual-
ity (RSRQ).

19. The method of claim 16, further comprising:

if the measured link quality parameter is below a first

threshold by a maximum hysteresis value and above a
second threshold by a minimum hysteresis value, trans-
mitting the discovery message indicating the UE-to-
network relay on the D2D discovery channel.

20. The method of claim 19, further comprising:

if the measured link quality parameter is above the first

threshold or is below the second threshold, stopping the
transmitting.

21. The method of claim 16, further comprising:

if the UE is in an idle state, and information broadcasted

by the base station includes information indicating that
the UE-to-network relay is supported, link quality
thresholds, and transmission resource pools, and the
received at least one of relay criteria is met; informing,
to an upper layer, that the upper layer is configured with
radio resources being used for transmitting the discov-
ery message.

22. A method for controlling a user equipment (UE)-to-
network relay, by a base station, the method comprising:

configuring information including at least one of relay

criteria, the relay criteria being used for determination
associated with a UE-to-network relay indication; and
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transmitting to the UE, the information including the at

least one of relay criteria.

23. The method of claim 22, wherein the at least one of
relay criteria comprises at least one of a maximum link
quality threshold, a minimum link quality threshold, a
maximum hysteresis value, or a minimum hysteresis value.

24. The method of claim 22, the method further compris-
ing:

transmitting to the UE, information including at least one

of information indicating that the UE-to-network relay
is supported, link quality thresholds, and transmission
resource pools.

25. A user equipment (UE) for controlling a user equip-
ment (UE)-to-network relay, the UE comprising:

a transceiver configured to transmit and receive a signal;

and

a processor coupled with the transceiver, wherein the

processor is configured to:

receive at least one of relay criteria broadcasted by a
base station;

measure a link quality parameter between the UE and
the base station;

determine whether the link quality parameter meets the
at least one of relay criteria; and

transmit, a discovery message indicating the UE-to-
network relay on a device to device (D2D) discovery
channel, if the link quality parameter meets the at
least one of the relay criteria.

26. The UE of claim 25, wherein the at least one of relay
criteria comprises at least one of a maximum link quality
threshold, a minimum link quality threshold, a maximum
hysteresis value, or a minimum hysteresis value.

27. The UE of claim 25, wherein the link quality param-
eter comprises at least one of a reference signal received
power (RSRP) or a reference signal received quality
(RSRQ).

28. The UE of claim 25, wherein the processor configured
to:

if the measured link quality parameter is below a first

threshold by maximum hysteresis value and above a
second threshold by minimum hysteresis value, trans-
mitting the discovery message indicating the UE-to-
network relay on the D2D discovery channel.

29. The UE of claim 28, wherein the processor configured
to:

if the measured link quality parameter is above the first

threshold or is below the second threshold, stopping the
transmitting.

30. The UE of claim 25, wherein the processor configured
to:

if the UE in an idle state, and information broadcasted by

the base station includes information indicating that the
UE-to-network relay is supported, link quality thresh-
olds, and transmission resource pools, and the received
at least one of relay criteria is met; inform, to an upper
layer, that the upper layer is configured with radio
resources being used for transmitting the discovery
message.

31. A base station for controlling a user equipment (UE)-
to-network relay, the base station comprising:

a transceiver configured to transmit and receive a signal;

and

a processor coupled with the transceiver, wherein the

processor is configured to:
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configure information including at least one of relay
criteria, the relay criteria being used for determina-
tion associated with a UE-to-network relay indica-
tion; and

transmit to the UE, the information including the at
least one of relay criteria.

32. The base station of claim 31, wherein the at least one
of relay criteria comprises at least one of a maximum link
quality threshold, a minimum link quality threshold, a
maximum hysteresis value, or a minimum hysteresis value.

33. The base station of claim 31, wherein the processor
further configured to:

transmit to the UE, information including at least one of

information indicating that the UE-to-network relay is
supported, link quality thresholds, and transmission
resource pools.



