wo 2015/044367 A1 |[IN I 0000 O YR 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/044367 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

2 April 2015 (02.04.2015) WIPOIPCT
International Patent Classification: (81)
HO4W 8/00 (2009.01) HO4W 4/22 (2009.01)

HO04W 56/00 (2009.01) HO4W 76/02 (2009.01)

International Application Number:
PCT/EP2014/070645

International Filing Date:
26 September 2014 (26.09.2014)

Filing Language: English
Publication Language: English
Priority Data:

13186479.5 27 September 2013 (27.09.2013) EP
14152673.1 27 January 2014 (27.01.2014) EP

Applicants: KONINKLIJKE KPN N.V. [NL/NL]; Maan-
plein 55, NL-2516 CK The Hague (NL). NEDER-
LANDSE ORGANISATIE VOOR TOEGE-
PAST-NATUURWETENSCHAPPELIJK ON-
DERZOEK TNO [NL/NL]; Schoemakerstraat 97, NL-
2628 VK Delft (NL).

Inventors: TRICHIAS, Konstantinos; Obrechtstraat 376,
NL-2517 VH The Hague (NL). JORGUSESKI, Ljupco;
Jozet Israellaan 234, NL-2282 TR Rijswijk (NL).

Agent: WUYTS, Koenraad; P.O. Box 95321, NL-2509
CH The Hague (NL).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PUBLIC SAFETY SYSTEM

Universal PS

Coverage
Operator B

Coverage
Operator A 7
V4 e
/ N
/ *
/ Y
1 !
{ H
i
| /
\ J
\ s
Operator 8 Gperator A \\ w";
A T \x
Fig. 1

(57) Abstract: The disclosure relates to a method for discovery by a non-discoverable first public safety user equipment (PS UE), of
a discoverable second PS UE in a public safety system comprising a telecommunications network providing a public safety spectrum
for wireless access of the first PS UE and the second PS UE. The method can comprise for the first non-discoverable PS UE: trans -
mitting synchronization information for the second PS UE; receiving at least one proximity announcement from the second PS UE in
accordance with the transmitted synchronization information. The disclosure also relates to a non-discoverable public safety user
device configured for performing the method, and relates to a PS server system arranged for assisting in the discovery of PS UEs.
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Public safety system

FIELD OF THE INVENTION
The invention relates to a public safety system. In particular, the invention relates to a
discovery method in such a system for a non-discoverable device, to a public safety server system and to

a public safety user device.

BACKGROUND

In the United States, LTE has been selected by the FCC as the technology for the Public
Safety Network. In Europe, there is an ongoing discussion on the spectrum to be chosen for broadband
Public Safety held by CEPT ECC WG FM PT 49. Additionally, a variety of public safety over Proximity
Service (ProSe) requirements have been defined in 3GPP TR 22.803 v1.0.0 (2012-08) Technical Specifi-
cation Group SA,; Feasibility Study for Proximity Services (Release 12).

A public safety UE (PS UE) can operate in the public safety spectrum for public safety
service and in the Mobile Network Operator (MNO) commercial spectrum for commercial services. How-

ever, only the public safety spectrum is used for public safety ProSe.

PS UEs using ProSe, communicate with each other using the Public Safety spectrum,
even though they might be served by different HPLMNSs. It must be noted here, that it is assumed that PS
UEs may operate as commercial UEs utilizing the commercial spectrum belonging to one of the available
operators, but when they operate in Public Safety mode they utilize a predefined, non-commercial, com-

mon Public Safety spectrum, that is reserved exclusively for PS UE communication.

PS UEs may either work within network coverage or outside network coverage while in
both cases utilizing the public safety spectrum for the public safety services. When working outside net-
work coverage, the PS UE cannot receive information from the network or use it for communication with
other PS UEs.

A public safety UE can automatically use ProSe when network coverage is not available,
or the user can manually set the UE to use ProSe discovery and communication even when network cov-

erage is available.

In order to discover another PS UE, the PS UE listens on the radio interface at a specific
time and frequency when and where other PS UEs will transmit their identities. Such identities are trans-
mitted as proximity announcements (PAs). The PS UEs synchronize when to receive and transmit

proximity announcements.

For PS UEs that are in network coverage, the network can convey synchronization in-
formation to the PS UEs. But this does not help for PS UEs that are not in network coverage. PS UEs that

are outside network coverage can broadcast synchronization information themselves.

PS UEs may be set to be non-discoverable. Non-discoverable PS UEs should not trans-

mit their identities, i.e. should not send PAs.
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Assume a multitude of public safety officers (e.g. police officers, firemen, etc.) responding
to an emergency situation. All the officers are equipped with PS enabled UEs. The officers must be able
to discover and communicate with each other using their PS UEs, even if they are situated outside of
network coverage. Even if an officer has set his/her UE to be non-discoverable from other PS UEs, he

must still be able to discover the other PS UEs in vicinity.

The problem is now how to ensure that the PS UEs get synchronized when non-

discoverable PS UE’s are involved.

SUMMARY

The present disclosure presents a method to obtain synchronization when non-
discoverable PS UEs are involved. The appended claims constitute aspects of this system and method.

Furthermore, the disclosure relates to aspects of such a PS UE.

By transmitting the synchronization information (and possibly an indication of the fresh-
ness of the synchronization information), a non-discoverable public safety UE does not need to identify
itself while enabling other devices to synchronize to the non-discoverable PS UE and transmit PAs that
may then be received by the non-discoverable PS UE. In this manner, the non-discoverable device is not
discovered and enabled to discover other PS UEs.

Still further, and in a separate aspect of the present disclosure, a public safety server is
presented comprising information enabling the discovery method.

It is noted that the invention relates to all possible combinations of features recited in the
claims.

It has been recognised that the invention can also advantageously be used in other
scenarios than public safety, in particular for Proximity Services (ProSe) in non-public safety scenarios. In
this disclosure, if ProSe is read instead of public safety, e.g. ProSe UE instead of PS UE etc., the
invention can be applied to ProSe in general. For example, separate ProSe spectrum can be used for
transmitting synchronization information in and out of network coverage. Especially if a ProSe device is
out-of-coverage and out-of-coverage discovery is to be supported, the presented methods for discovery
by a non-discoverable UE can be used to advantage.

As another example, the presented server system can be used to define other groups
than public safety groups, e.g. a group of employees from a company, or a social group. Also, when the
first and second UE belong to different network operators, a ProSe server system connected to the

different networks can be used to advantage to define groups of UE’s not limited to one network operator.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention will be explained in greater detail by reference to exemplary em-
bodiments shown in the drawings, in which:

Fig. 1 is a schemaitic illustration of a system architecture when PS UEs of different
PLMNs are involved;

Fig. 2 is a schemaitic illustration of a PS server containing a registry with fields applied in

the present disclosure;
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3
Fig. 3 is a schemaitic illustration of an example of a location of a PS server in a telecom-
munications network;
Fig. 4 is a schematic illustration of an example of a PS spectrum in combination with non-
PS spectra of multiple operators;

Figs. 5-11 illustrate various use cases for discovery of PS UEs.

DETAILED DESCRIPTION OF THE DRAWINGS
An embodiment is disclosed for ProSe discovery in Public Safety enabled UEs (PS UEs)
which are in or out of network coverage of the public safety spectrum. The invention may or may not be-

long to different PLMNs. The PS UE’s may operate in in discoverable or non-discoverable mode.

The system described below makes use, inter alia, of the following concepts. Each of

these concepts may be applied in isolation or in combination with one or more of the other concepts.

¢ A PS UE that retransmits synchronization information to other UEs that are not in network cover-

age, when at cell edge, or sends its own synchronization information when out of coverage.

e A PS UE that transmits sync info when it does not receive Proximity Announcements (PAs) for a

specific time (if PAs are received, synchronization should be OK).

¢ A Universal PS Clock synchronization signal that is coordinated between different network opera-
tors if the PS UEs belong to different PLMNs. Each network operator may e.g. transmit the offset

with its own SFN (System Frame Number) and synchronization clock to UEs.

e A Public Safety (PS) Registry Server is applied. The PS server contains particular information

that may be applied for synchronization of the PS UEs in a variety of situations.

Fig. 1 shows a schematic illustration of a system architecture when PS UEs of different
PLMNSs are involved. It should be noted that the disclosure also relates to systems and method involving
PS UEs of only a single PLMN.

The system of Fig. 1 comprises four main components.

1) PS server which contains public safety related functionality of the network.

2) A Universal Public Safety Clock (UPSC) which provides a common time reference for all PS ena-
bled UEs across different PLMNSs.

3) A set of associated mobile network operators and their corresponding domains (radio and core)

that have bidirectional communication with the PS registry.

4) A set of PS enabled UEs, which can be located within or out of network coverage of the public
safety spectrum and which exchange information with the PS server, periodically or triggered by

specific events, through the currently serving operator.

Fig. 2 is a schematic illustration of an embodiment of a PS server. Again, the PS server
may also be applied for PS UEs from a single PLMN. Through the PS server, every single PS authority
(e.g. police, fire department, etc.) can interact directly with the PS wireless communication system via

either a standardized or proprietary management interface (see left side in Fig. 2). In this way the PS
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authorities can provide information to the PS server, request information from the system, trigger certain
actions or be alerted by certain events.

The Global PS UEs List (GPUL) is a list containing information about every single one of
the activated PS enabled UEs, across all operators networks (if more than one operator network is used).
Since the PS server may be in constant bidirectional communication with all the operators, the GPUL may
remain updated based on e.g. the algorithm presented below.

The D2D candidate list is a list that is created either periodically or triggered by specific
events and which contains possible candidate UEs for direct communication. This list is created based on

UE location information from the GPUL.

Each entry in the GPUL represents a PS enabled UE, which can be served /subscribed to
any of the associated mobile network operators, and is comprised of multiple fields containing information

about that specific PS UE. The fields of the PS server registry are shown in more detail in Fig. 2.

¢ |D field: This field holds a unique ID number which identifies a specific PS enabled UE. This field
is configured by the PS authority that has configuration access to the PS server via a standard-

ized or proprietary management interface.

o Group IDs field: This field holds the ID numbers of the Groups that this specific UE belongs to
(used for ProSe group communications — multicasting/broadcasting). This field is configured by
the PS authority that has configuration access to the PS services server via a standardized or

proprietary management interface.

¢ Class field: This field identifies the capabilities of the specific PS UE and offers the possibility for
differentiation of services between different PS UEs (differentiation between officers, group lead-
ers, commanders, etc.). This field is configured by the PS authority that has configuration access

to the PS services server via a standardized or proprietary management interface.

e ProSe Discovery field: This field contains a value indicating the setting of the discoverable mode
of the UE. It can be set to ON (UE can be discovered by all other PS UEs), OFF (UE cannot be
discovered by any other UE) or contain a set of IDs and or class identifiers that will allow only a
specific sub-set of the PS UEs to be able to discover this particular UE (e.g. be discoverable only
by a specific set of UEs or class of PS UEs). This field may be configured by the PS authority that
has configuration access to the PS services server via a standardized or proprietary management

interface.

e TA/RA/ (Enhanced) cell ID / UE coordinates field: This field contains information about the lat-
est Tracking Area (TA), Routing Area (RA), (Enhanced) cell ID, or UE coordinates (if UE is e.g.
GPS enabled and its coordinates can be determined) that the specific PS UE is / was seen. The
information for this field is provided by the LoCation Services (LCS) functions from the respective
mobile network(s) serving the PS enabled UE as explained in TS 23.721 v11.2.0 “Functional
stage 2 description of Location Services (LCS) (Release 11)” and with the type of location infor-
mation as provided by the respective positioning method (e.g. TA, RA, (Enhanced) Cell ID,
observed time difference of arrival, assisted — GPS, efc.) as explained in TS 25.305 v11.0.0

“Stage 2 functional description of User Equipment (UE) positioning in UTRAN (Release 11)”.
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Timestamp field: This field contains the time that the TA / RA / (Enhanced) cell ID / UE Coordi-
nates field was last updated as provided by the universal PS clock (either for multiple networks or

for a single network).

Network Coverage field: This field contains information about whether the specific PS UE is cur-
rently in or out of network coverage as provided by the EPC (Evolved Packet Core) of the

associated mobile networks.

Cell edge UE: This field contains an indicator which shows whether the UE is near the cell edge.
The decision may be based on the Reference Signal Received Power (RSRP) of the UE. If a cer-
tain condition is full-filled, such as RSRPye £ RSRPceieqge , then the UE is marked as a cell edge
UE in the GPUL as provided by the EPC of the associated mobile networks.

Relay Feature field: This field contains information about whether the relay feature of the specific
PS UE is activated or not (used for relaying synchronization information among PS enabled UEs)
as e.g. configured by the PS authority that has configuration access to the PS services server via

a standardized or proprietary management interface

The information contained in the fields of the GPUL leads to knowledge of all the PS UEs

and their locations. In case the PS server serves networks of multiple operators, the information is inde-

pendent of which operator the UE belongs to. At system start-up, the PS registry collects all these
information, if necessary from the different operators which, in turn are informed from the PS server about

which UEs in their domain are PS enabled UEs.

It should be noted that each of the above-defined fields represents an individual aspect of

the present disclosure and is not necessary linked to other fields in the GPUL.
The PS server can be considered an application server located:

a) Behind the associated mobile network operator domains as illustrated in Fig. 3 and interfacing
with the ProSe server of the associated mobile network operators. Note that the ProSe server of
the mobile network operators provides for proximity discovery and establishing device to device

connections for commercial UEs (i.e. non-PS enabled UEs).

b) Within the EPC and more specifically it can be placed next to or as part of mobile network opera-

tor's ProSe server (this option is not illustrated in Fig. 3 for clarity reasons).

The PS server may be provided with the following information to keep its content up to

date:

a) Location of the PS UE, can be provided to the PS server by the MME or via the ProSe server
with the use of Packet Data Units (PDUs) by means of Non-Access Stratum signaling be-

tween the PS server and the MME / ProSe. This may be a standardized interface.

b) Additional information, such as UE ID, group, class, relay capability or the discoverable con-
figuration of the UE, can be communicated to the PS server directly from the UE with the
establishment of an EPS bearer between the UE and the EPC.
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c) Additionally, some of the PS registry fields, such as cell edge information or network cover-
age, can be filled by information acquired through signaling between the eNB (evolved

NodeB) via the EPC and the PS registry server. This may be a standardized interface.

The ProSe Discovery and Communication between PS enabled UEs will take place in a
dedicated spectrum, which is reserved for Public Safety purposes (the public safety spectrum), thus leav-
ing the operator allocated spectrum unaffected. The UEs within an operator’s network may be
synchronized based on the operator’s internal clock, through the broadcast of the system frame number
(SFN) in the Master Information Block (MIB) and the primary and secondary synchronization channels (P-
SCH and S-SCH). The different base stations are synchronized between each other via different meth-
ods, such as using Global Navigation Satellite Systems (GNSS), using the backhaul network and e.g.
IEEE1588v2+SyncE protocols, etc.

Regardless of the operator that a PS UE belongs to, all PS enabled UEs may maintain a
second synchronization (apart of the one with the operator) with the PS server, based on the UPSC. This
may achieve synchronization among PS enabled UEs, regardless of which operator they belong to. Each
associated operator network can retrieve from the PS server the SFN and synchronization clock and de-
rive the corresponding offset with its own SFN and sync clock. This offset can be signaled to the PS
enabled UEs when these UEs perform discovery and D2D connection set-up with other PS enabled UEs

in the dedicated spectrum for PS services.

Fig. 4 is a schematic illustration of a frequency spectrum used for commercial operation
(non-PS spectrum) and for the PS service (PS spectrum). The PS spectrum is a specially reserved spec-

trum for PS services that may be common to a plurality of operators.

ProSe discovery and communication may take place over a specially reserved spectrum
for public safety purposes. Two very small frequency bands, within the PS spectrum, are reserved for

special purposes, as illustrated in Fig. 4.

Reserved spectrum band RS 1 is exclusively used for the transmission or retransmission
(relaying) of synchronization information, preferably in the form of sync packets, containing UPSC syn-
chronization information. The PS enabled UEs that receive this sync packet will be able to synchronize
among themselves or with the PS server. Apart from UPSC synchronization information, the sync packets
transmitted by the UEs may also contain a counter which will indicate the elapsed time since the last con-
tact of the PS UE with the PS server (and thus the Universal clock). This counter may be used to break
the “tie” between two UEs that are both out of network coverage and have lost synchronization with the
UPSC but are within D2D distance of each other, by allowing the UEs to synchronize among themselves
by using the timing of the most recently updated UE. When a UE is within network coverage this counter
will be set to zero. The functionality of this counter is further explained below. The transmission of the
sync signals can be performed in a similar way as it is done with e.g. P-SCH and S-SCH in LTE. Instead
of a counter, a flag may be used to indicate whether the synchronization information corresponds to the
UPSC or not.

Reserved spectrum RS2 in Fig. 4 is exclusively used for the transmission of Proximity

Announcements (PAs) by PS enabled UEs. Random Access Channel (RACH) principles may apply to
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7
this channel, meaning that the PS UEs will have to wait until they sense that the channel (RS2 spectrum
band) is free, before they start transmitting their PAs. This transmission of the PA signals may be per-

formed e.g. in a manner disclosed in EP 2 559 190.

The existence of the universal clock and the two reserved spectrums are applied in order
to achieve out of network coverage ProSe discovery. The PS UEs may, for example, be configured to
listen to RS1 periodically, where the updated sync packet can be expected. Based on this received pack-
et, the PS UEs can synchronize their Proximity Announcement PA transmissions on RS2 or initiate ProSe
communication anywhere in the PS spectrum. Especially for PS UEs that have remained outside of net-
work coverage for a long time and might have lost their synchronization with the UPSC, re-sync can be
performed based on the sync packet transmitted in RS1, before attempting to transmit or receive PAs in
RS2.

If PS UEs from different PLMNs are used, in order to maintain the inter-operator status of
this solution and to ensure that all PS UEs (whether within or out of network coverage) can be synchro-
nized using a common reference clock, the UPSC clock timing can be used, when available, or the most
recently updated internal UE timing, in the case that the UPSC is not available (UEs out of network cov-
erage). For this reason, an “Elapsed Time Counter” may be transmitted in RS1 along with the UE’s sync
information, which contains the elapsed time (e.g. in seconds) since the last time that the PS UE contact-
ed the PS server, and thus updated its internal UPSC information. When the PS UE is within network
coverage this counter is set to zero, since the UE is still in periodic contact with the UPSC. It is assumed
that the elapsed time starts counting when a period of time T, has passed since the last contact of the UE
with the UPSC, where Ty is larger than the period of regular UPSC updates. This counter serves several

purposes, e.g.:

e When a PS UE within network coverage (synchronized with the UPSC) and a PS UE out of net-
work coverage (unsynchronized) come within D2D distance of each other, to synchronize among

them, using the UPSC timing and not the outdated timing of the out of coverage PS UE

e When two out of network coverage PS UEs (both unsynchronized) come within D2D distance of
each other, to synchronize among them, using the most recently updated UE’s information, since

its timing has a higher chance of being closer to or the same as the UPSC timing.

This counter also gives a clear guideline which solves ambiguities, as to which UE’s tim-

ing should be used at any given situation.

The UPSC signal allows the PS UEs to retransmit it when they are on the cell edge or out
of network coverage. Moreover, an additional innovation is that the UEs can replace the UPSC synchro-
nization packet with a packet that contains their own synchronization and transmit it, in the case that they

are out of network coverage for a long time and they have lost their synchronization with the network.

The synchronization scheme may synchronize PS UEs from different PLMNs even out-
side of network coverage. The common time reference via the UPSC allows the PS enabled UEs served
by the different operators to efficiently synchronize with each other and with the PS enabled UEs tempo-

rarily out of coverage in the dedicated PS spectrum domain making the discovery and D2D set-up
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procedure shorter and ‘interference free’. The ‘interference free’ effect refers to avoiding interference in
the PS dedicated spectrum caused by PS enabled UEs within operator’'s coverage transmitting their syn-
chronization and PA signals out of sync with the SFN and sync reference of the PS enabled UEs that are
out-of-coverage of that operator. Note that interference from out-of-sync among different operators (in the
case of PS enabled UEs also from UEs with and without operators’ network coverage) can result in re-

duction of system performance in certain cases.

Maintaining the aforementioned GPUL up to date and to enable the ProSe Discovery

procedure, three generic algorithmic steps may be taken by the system.

In a first step, a periodic or event triggered update of the GPUL is performed. A periodic
update of the GPUL is performed in order to maintain knowledge about the whereabouts of all the PS
UEs in all of the operators domains. The PS UEs are configured to periodically communicate with the PS
server in order to keep their entries in the GPUL up to date. This procedure is also performed in order to
keep the TA/RA / cell / UE coordinates and timestamp fields up to date so that the location and the last
seeing of the PS UEs are known to the system. The time interval of the periodic updates can be adjusted

by the network operators or by administrators of the public safety server.

Apart from the periodic updates, a PS UE may contact the PS server and update its field
in the GPUL at any time, triggered by a specific event or the PS server may request from some or all the
PS UEs in its entries to perform an “out of schedule” (non-periodic) update of their fields, again e.g. trig-
gered by a specific event. In the case of the PS UE, this event may be a handover to another cell, a cell
reselection, the deactivation of the UE or any other kind of event that would change the information in the
PS server fields of the UE in the GPUL. In the case of the PS server, the event could be a trigger from the
PS server that an emergency event has occurred, thus making it important to identify all the PS UEs

available in the area.

In a second step, a periodic or event triggered calculation of the D2D candidates list is

performed.

After the first step of the algorithm is completed and the information in the PS serveris
updated, the server can identify which of the PS UEs in the GPUL are possible D2D candidates. By ana-
lyzing the TA/RA / cell / UE coordinates and timestamp fields the server may identify which PS UEs are
in vicinity of each other (D2D range) at a particular time instant (timestamp field). The D2D distance de-
pends on the capabilities (e.g. available transmit power) of each UE and their configuration which can
also be included in the GPUL entry. After the calculation, the PS server produces a list of PS UEs that are

possible candidates for D2D communication.

Again, this procedure, instead of being a periodic event, may be triggered by specific
events, such as a hand-over or a cell reselection of a PS UE, or commands from the PS server. The PS
server will be informed about these events either through signaling from the eNB, or directly from the PS

UE through the specially established EPS (evolved packet system) bearer.

In a third step, the ProSe discovery procedure may be initiated.
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After the second step is completed, the list of candidate D2D UEs is passed along to the
one or more operators. The operators in turn, notify the PS UEs on the list, that are camping on their net-
work, that they are in the vicinity of another PS UE and that there is a possibility of D2D communication
between them (e.g. LTE direct communication). If the user of the PS UE chooses to pursue the possibility
of D2D communication with the other UE or if there is a command for D2D communication between the
PS enabled UEs from the PS server, the PS UEs initiate extra proximity measurements to identify if they
are in fact within D2D distance of one another and initiate the ProSe discovery procedure. As a result, the

PS UEs within proximity of each other will discover each other and will initiate D2D communication.

Additional steps may be performed for optimal functionality of the system and to preserve

integrity.

For example, when a PS UE is deactivated (turned-off) it may send a specific “removal
from GPUL” request to the PS server. As a result the entry of this specific PS UE will be deleted from the
GPUL. In this way, the PS registry will be able to differentiate between the PS UEs that are intentionally
deactivated by their users and the PS UEs that are located outside of network coverage and cannot

communicate with the PS registry.

Another additional step comprises the out of coverage PS UE registration. In case a PS
UE that has an entry in the GPUL fails to perform its periodic update and no “removal from PS registry”
request has been sent by this PS UE, the PS server may assume that this PS UE has fallen out of net-
work coverage and updates the corresponding field (Network Coverage field) in its GPUL entry. In this
way, the PS server has knowledge of which PS UEs are out of network coverage and when and where

they were last seen.

The discoverable PS UEs are configured in such a way that if they fail to perform their pe-
riodic update with the PS registry, they assume that they have fallen out of network coverage and initiate
periodic “proximity announcements”. The proximity announcements are special messages that are sent
out in the spectrum reserved for public safety communication, and announce the presence of the UE to
other PS UEs in the vicinity. In this way, PS UEs are able to discover each other even outside of network
coverage. Proximity announcements can also be transmitted within network coverage, when a UE is in-

formed by the network that it is in vicinity of another PS enabled UE.

Based on the characteristics of the system described above, the ProSe discovery of PS
enabled UEs becomes possible, whether the PS UEs are within or out of network coverage and whether

they are configured to be discoverable or non-discoverable.
Fig. 5 depicts an example, wherein one or more PS UEs are out of network coverage.

As far as the PS server is concerned, as soon as two or more PS enabled UEs are within
D2D range of each other, they will end up in the D2D candidate List. Then, the PS UEs will be informed
from their respective operators (or from one operator is both PS UEs are from the same network), that
they are in the vicinity of another PS enabled UE. This process may be repeated periodically or upon the

occurrence of a specific event (e.g. triggering from the PS server).
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From Fig. 5 it can be observed that UE is a cell edge UE, while UE, and UEg are out of
network coverage. Since UE, and UEg are out of network coverage, they can no longer perform their
periodic update with the PS server. As a result both UE, and UEg have been “marked” as out of network
coverage in the corresponding field of the GPUL, while UE is marked as a cell edge UE, since its expe-
rienced RSRP is smaller than the specified threshold. Depending on which of these two categories (cell

edge or out of coverage) a UE belongs to, it takes different actions, which can be summarized as follows.
e Cell edge PS UE:

If cell edge PS UE is discoverable PS UE:

= Retransmit UPSC sync packet (received from the serving base station) every x"

msec of a second in RS1
= Listen to RS2 for PAs
=  Transmit PA in RS2

If cell edge PS UE is non-discoverable PS UE:

= Listen to RS2 for PAs

» [f no PAs for time t > T4, then retransmit UPSC sync packet (received from the

serving base station) in RS1

= Listen to RS2 for PAs

e Out of network coverage PS UE:

Generic steps for both discoverable and non-discoverable PS UE:

o Listen to RS1 for UPSC info and re-sync upon reception of UPSC information
o Listen to RS2 for PAs

Further_ if PS UE is discoverable PS UE:

=  Transmit PA in RS2

Further, if PS UE is non-discoverable PS UE:

= Don't transmit PA in RS2 but repeat generic steps
Special case:
= |f no UPSC info or PAs received fort > T,

e Discoverable PS UE: Transmit own synchronization in RS1 and PA in
RS2

e  Non-Discoverable PS UE: Wait for t =T,+x and then transmit own syn-

chronization in RS1 and listen to RS2
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11
The above mentioned actions will lead to the following system behavior, with reference to
Fig. 5.

Whenever a discoverable PS UE is on the cell edge, it is notified by the network that it's
in the vicinity of the area where some “out of network coverage" PS UE was last seen. That will trigger the
cell edge PS UE to retransmit the UPSC sync packet in spectrum RS1 (i.e. the relevant offset from opera-
tor’'s own network SFN and sync clock is received from the network) so that the out of coverage PS UEs
can re-sync themselves. After that, the cell edge PS UE will listen to RS2 for PAs. If the out of coverage
UEs have received the information on RS1, they should be re-synced and able to transmit their PAs in
RS2 at the correct time-synchronized moments. If the cell edge UE has not received any PAs in the RS2
then it sends out its own PA. This process continues periodically until the cell edge PS UE discovers the
out of network coverage UEs or it is instructed by the PS server to terminate this procedure (e.g. it is no

longer within D2D range of the last sighting of the “out of network coverage” UE).

If the cell edge PS UE is configured to be non-discoverable, then an alternative process
is used instead because the PS UE is not allowed to identify itself. The cell edge PS UE will be informed
by the network in the same way as before about its vicinity to an area where some out of coverage UEs
were last seen. Since the cell edge PS UE does not want to be discovered, initially it will not transmit any-
thing (neither UPSC info nor PAs) but it will monitor RS2. If the out of coverage PS UEs are still in sync
and they are transmitting PAs, the cell edge PS UE will be able to discover them. If a significant period of
time has passed (t > T4 ) and the cell edge UE has not discovered other PS UEs, it determines that the
out of coverage UEs have lost their synchronization. In that case, the cell edge UE will initiate retransmis-
sion of the UPSC sync packet in RS1, and continue to monitor RS2, without transmitting any PAs in RS2.
In that way, the out of coverage PS UEs can receive the UPSC info and re-sync themselves and be able
to start transmitting their PAs in RS2, so the non-discoverable cell edge UE can discover them. By re-
transmitting the UPSC sync packet the cell edge UE makes its presence known but it still remains un-
discovered as its identity is not revealed. The UPSC sync packet contains only generic synchronization
information (and possibly an elapsed time counter or flag as described above), and no information what-
soever about the UE that sent it. So the out of network coverage PS UEs will know that there is another
PS UE out there (information which they can be configured not to share with the user) since they received
a UPSC sync packet while out of coverage, but they will have no information about the UE identity and
cannot exchange data with this PS UE. This is a worst case scenario solution, which will only be used
when the out of coverage UEs have remained out of coverage for so long that they have lost their syn-
chronization, and it still preserves the anonymity and thus the non-discoverable status of the cell edge
UE.

In the case that a PS enabled UE is out of network coverage (failure to contact the PS
server) it will start monitoring RS1 for the UPSC sync packet and RS2 for PAs from other PS enabled
UEs.

If the PS UE is configured to be discoverable it will also transmit its PAs in RS2 based on
its own synchronization which corresponds to the UPSC clock if it is not out of network coverage for too

long.
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If the PS UE is configured to be non-discoverable then it will not transmit anything and
will just continue monitoring both reserved spectrum bands (RS1 and RS2) within the public safety spec-
trum. In this way non-discoverable PS UEs will not be discovered even when out of network coverage but

they will be able to discover other PS enabled UEs in vicinity within or out of network coverage.

In the case that some PS UEs are out of network coverage for a long period of time and
they have lost their synchronization with the UPSC, they could be transmitting their PAs in RS2, but due
to failed synchronization they would not discover each other. For this reason a special solution has been

considered.

If the out of coverage PS UE is configured to be discoverable then it will follow the afore-
mentioned procedure for a time t=T.. If after time T, it has not received a sync packet or a PA from
another PS UE, then it will start transmitting its own synchronization information in RS1. In this way, if
another PS enabled UE is in its vicinity, it will receive this information in RS1 and sync itself to the timing
of the transmitting UE, and as a result these two PS UEs will be able to have synchronized transmission

of their PAs in RS2 which will lead to mutual discovery.

A non-discoverable UE will follow the same process but it will wait for time t = T, + x be-
fore starting to transmit its own synchronization information in RS1, thus making it more probable that
discoverable UEs “reveal” themselves before non-discoverable UEs do. As in the cell edge scenario, this
is a worst case scenario solution which will only be implemented in rare cases and which still allow for the
non-discoverable UE to not be explicitly detected, but it will give away the fact that some UE is in the vi-

cinity, with no further information about its identity.

The various time parameters (T4, T, and x) can be pre-configured into the PS enabled
UEs or they can be adjusted by the PS server. For instance, in non-urgent situations their values can be
larger, thus making more probable the fact that the presence of non-discoverable UEs will not be detect-
ed at all, while in case of emergency these values can be smaller, thus ensuring quick discovery among
PS enabled UEs.

Various use cases will be described below. In these cases, each of the PS UEs can be in
or out of the network coverage of the public safety spectrum. In each of the use case, PS UE¢ is regis-
tered in the PS server as a non-discoverable PS UE, whereas PS UE, and PS UEg are registered as
discoverable PS UEs (i.e. these PS UEs are enabled to transmit their identity).

A first use case is described with reference to Fig. 6. In this use case, non-discoverable
PS UEc is within network coverage of the PS spectrum, while PS UE, and PS UEg are out of network
coverage.

In the use case of Fig. 6, the following events happen:

¢ PS UE, and PS UEg fail to perform their periodic update with the PS server and they are marked
“out of coverage”. They both start listening to RS1 and transmit PAs in RS2;

o UE( is marked as “cell edge” in the PS server;

e The PS server calculates that PS UE is in the vicinity of the area where PS UE, and PS UEg

were last seen and it informs UEc;
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PS UEc monitors RS2 for Pas, but does not retransmit the UPSC sync packet in RS1;

¢ All UEs are within D2D range of each other, so they can all receive the Pas being sent out;
o UE, receives the proximity announcement of UEg and discovers it;

o UEg receives the proximity announcements of UE, and discovers it;

o  UE receives the proximity announcements of UE, and UEg and discovers them;

o UE, and UEg do not discover UE¢ since it is not sending out proximity announcements

In the case that UE, and UEg have lost their synchronization, due to prolonged stay outside of network
coverage, PS UEc will eventually retransmit the UPSC sync packet (SFN and sync clock offsets received
from its currently serving eNB) after time T,, as described above. After the re-synchronization of PS UE,

and PS UEg, the same events will occur as described above.

Fig. 7 is an illustration of a use case, wherein all PS UEs are out of network coverage. In

this use case, the following events may occur:

e PS UE,, PS UEg and PS UE¢ all have been marked “out of network coverage” due to inability to

perform periodic update with the PS server;
e PS UE, and PS UEg start transmitting PAs in RS2 and listening to RS1;
e PS UE¢ monitors RS1 and RS2 without transmitting anything;

e All PS UEs are within D2D range of each other, so they can all receive the proximity announce-

ments PA being sent out;
o UE, receives the proximity announcement of UEg and discovers it;
¢ UEg receives the proximity announcements of UE, and discovers it;
o  UE receives the proximity announcements of UE, and UEg and discovers them;
o UE, and UEg do not discover UE¢ since it is not sending out proximity announcements;

In the case that PS UE,, PS UEg and PS UE¢ have lost their synchronization, due to pro-
longed stay outside of network coverage of the PS spectrum, the procedure that was described in the use
case of Fig. 6 will be followed, where the PS UEs will start transmitting their own synchronization in RS1
after time T, has elapsed ([T, + x] for PS UEc). That will result in all of the UEs synchronizing among
themselves (using the sync time of the UE that transmitted first) and the same events as described above

will occur.

In the use case of Fig. 7, two special cases have been envisioned, wherein additional
steps are performed and in which an Elapsed Time Counter is used. These cases are treated separately

below with reference to Figs. 8 and 9.

This case of Fig. 8 is based on the layout of use case of Fig. 7 and considers the case
that a PS UEp, set to be discoverable, within network coverage, will approach and come into D2D dis-

tance from the already formed cluster of out of network coverage PS UEs, communicating using LTE-
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Direct over the PS spectrum. In this case, the PS UE form a new cluster by synchronizing to the timing of
PS UEp, since that is the PS UE with the correct updated timing (UPSC).

In the situation of Fig. 8, the following events happen:

e PS UE,, PS UEg and PS UE¢ all have been marked “out of network coverage” due to inability to
perform periodic update with the PS registry;

e PS UE,, PS UEg and PS UE¢ are assumed to be out of network coverage long enough to have

lost synchronization with the UPSC;

e By using RS1 and RS2 as described with reference to Fig. 7, all the PS UEs synchronize and

discover each other by using the timing of the PS UE with the smallest “Elapsed Time Counter”;

e PS UE,, PS UEg and PS UE have discovered each other and are engaging in ProSe communi-

cation;
e PSS UEp comes into D2D range from the out of network coverage cluster;

e PS UEpis marked as “cell edge UE” and starts transmitting its sync packet in RS1, containing the
UPSC information and its ‘Elapsed Time Counter” which is zero, since it is still within network

coverage,

e PS UE,, PS UEg and PS UE¢ receive the sync packet of PS UEp and become aware that PS
UE, has more recently updated UPSC info;

e All PS UEs re-sync using the information of the sync packet of PS UEp;

e After re-syncing all PS UEs (including PS UEp) re-discover and start communicating with each

other, as previously described

The above steps ensure that the UPSC information is always used for D2D synchronization, when availa-

ble, thus making sure that all PS UEs will have a common timing reference when possible.

In the case of Fig. 9, an already formed cluster of out of network coverage PS UEs ap-
proaches and comes into D2D distance of another already formed cluster of out of network coverage PS
UEs. The PS UEs of both clusters are communicating among each other using ProSe communication,
and are synchronized based on different clocks, since they are both assumed to be out of sync with the
UPSC.

The following events may happen:

¢ All PS UEs have been marked “out of network coverage” due to inability to perform periodic up-

date with the PS registry;

e AllPS UEs are assumed to be out of network coverage long enough to lose synchronization with
the UPSC;

e PS UE,, PS UEg and PS UE are synchronized using timing t; # UPSC. PS UEp, PS UEg and PS

UEr are synchronized using timing t, # UPSC. Moreover, t # ty;
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¢ From the transmission of sync packets in RS1 and PAs in RS2, all PS UEs become aware that

there are now more PS enabled UEs in D2D range;

e All PS UEs re-sync using the timing of the PS UE with the smallest “Elapsed Time Counter” in its

sync packet;

e After re-syncing all PS UEs re-discover and start communicating with each other, as previously

described;

These steps clarify which PS UE timing should be used when all available PS UEs are
out of sync with the UPSC, which speeds up the synchronization and discovery process. The probability
is increased that the PS UEs will be synchronized with the UPSC, since the most recently updated PS
UE, could still be in sync with the UPSC.

In the use case of Fig. 10, PS UEc that is configured to be non-discoverable, is located
out of network coverage while PS UE, and PS UEg that are configured to be discoverable are within net-

work coverage.
In the case the following events happen:

e PS UE, and PS UEg are marked as “cell edge” and they are informed by the PS server that they

are in the area where PS UE¢ was last seen;

e PS UE, and PS UEg initiate UPSC sync packet retransmission in RS1 and PA transmission in

RS2 (since they are configured to be discoverable);

e PSS UEc is marked as “out of network coverage” due to inability to perform periodic update with

the PS server;
e PS8 UE( does not transmit PAs in RS2 because it is configured to be non-discoverable;

e All PS UEs are within D2D range of each other, so they can all receive the proximity announce-

ments being sent out;
e PS UEc; monitors RS1 and RS2 and receives the re-sync information and PAs respectively;
o PS UE, receives the proximity announcement of PS UEg and discovers it;
o PS UEg receives the proximity announcements of PS UE, and discovers it;
o PS UE( receives the proximity announcements of PS UE, and PS UEg and discovers them;

e PS UE, and PS UEg do not discover UE¢ since it is not sending out proximity announcements

If PS UE¢ has been out of coverage for a long time it can be initially out-of sync for the
synchronization packets in RS1 and the corresponding PA transmissions in RS2. If this is the case then
UE, will scan (periodically) RS1 for the synchronization packets retransmitted by the “cell edge” users PS
UEA and PS UEg and regain the synchronization, which in turns enables PS UE to also capture the PA
transmissions in RS2 and discover PS UE, and PS UEg.



10

15

20

25

30

WO 2015/044367 PCT/EP2014/070645
16

PS UEs may belong to different PLMNs. Each PLMN has its own synchronization refer-
ences. PS UEs belonging to different PLMNs will generally not have a synchronized time slots where they

can send/receive discovery information.

In the use case of Fig. 11, all the PS UE are located within network coverage of the PS
spectrum but belong to different operator’'s. UE, and UEg belong to operator's B PLMN while UE¢ be-
longs to operator's A PLMN.

In the case of Fig. 11, the following events happen:
¢ None of the PS UEs is marked as cell-edge or out of network coverage;
e All the PS UEs are synchronized with the PS server through the UPSC signal;

e Based on their location information, the PS server calculates and informs all three PS UEs that

they are within D2D range of each other;

e PS UE, and PS UEg initiate PA transmission in RS2 (since they are configured to be discovera-
ble);

e PS8 UE¢ does not transmit PAs in RS2 because it is configured to be non-discoverable;

e All PS UEs are within D2D range of each other, so they can all receive the proximity announce-

ments being sent out;
e PS8 UEc¢ monitors RS2 for transmitted PAs;
o PS8 UE, receives the proximity announcement of UEg and discovers it;
o PS UEg receives the proximity announcements of UE, and discovers it;
o PS UE( receives the proximity announcements of PS UE, and PS UEg and discovers them;

e PS UE, and PS UEg do not discover PS UE¢ since it is not sending out proximity announce-

ments;

It should be noted that, while in the above embodiments different bands RS1 and RS2
have been respectively applied for the transmission of synchronization information and PAs, a single

band may also be applied. In such a case, interference reducing or eliminating measures may be applied.

It should be noted that, while the previous disclosure focusses on public safety spectrum
and PS UEs, the presented approach may also be applied for non-public safety UEs within the non-PS
part of the spectrum. Also in non-public safety cases, UE and other portable devices may be set as or

configured as non-discoverable.

It is noted that the method has been described in terms of steps to be performed, but it is
not to be construed that the steps described must be performed in the exact order described and/or one
after another. One skilled in the art may envision to change the order of the steps and/or to perform steps

in parallel to achieve equivalent technical results.
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With some modifications, one skilled in the art may extend the embodiments described
herein to other architectures, networks, or technologies.

Various embodiments of the invention may be implemented as a program product for use
with a computer system or a processor, where the program(s) of the program product define functions of
the embodiments (including the methods described herein). In one embodiment, the program(s) can be
contained on a variety of non-transitory computer-readable storage media (generally referred to as “stor-
age”), where, as used herein, the expression “non-transitory computer readable storage media”
comprises all computer-readable media, with the sole exception being a transitory, propagating signal. In
another embodiment, the program(s) can be contained on a variety of transitory computer-readable stor-
age media. lllustrative computer-readable storage media include, but are not limited to: (i) non-writable
storage media (e.g., read-only memory devices within a computer such as CD-ROM disks readable by a
CD-ROM drive, ROM chips or any type of solid-state non-volatile semiconductor memory) on which in-
formation is permanently stored; and (ii) writable storage media (e.g., flash memory, floppy disks within a
diskette drive or hard-disk drive or any type of solid-state random-access semiconductor memory) on
which alterable information is stored.

It is to be understood that any feature described in relation to any one embodiment may
be used alone, or in combination with other features described, and may also be used in combination with
one or more features of any other of the embodiments, or any combination of any other of the embodi-
ments. Moreover, the invention is not limited to the embodiments described above, which may be varied

within the scope of the accompanying claims.
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CLAIMS

A method for discovery by a non-discoverable first public safety user equipment, hereinafter re-
ferred to as PS UE, of a discoverable second PS UE in a public safety system comprising a
telecommunications network providing a public safety spectrum for wireless access of the first PS
UE and the second PS UE, the method comprising the steps for the non-discoverable first PS UE
of:

- transmitting synchronization information for the second PS UE;

- receiving at least one proximity announcement, hereinafter referred to as PA, from the sec-

ond PS UE in accordance with the transmitted synchronization information.

The method according to claim 1, further comprising the steps by the non-discoverable first PS

UE of:

- delaying transmission of the synchronization information for a first pre-defined time period;

- monitoring receiving of at least one of PA and synchronization information from the discover-
able second PS UE during the first pre-defined time period;

- transmitting the synchronization information for the second PS UE only if the PA or synchro-

nization information has not been received during the first pre-defined time period.

The method according to claim 1 or 2, wherein the non-discoverable first PS UE is under network

coverage of the public safety spectrum of the telecommunications network and the discoverable

second PS UE is outside the network coverage, further comprising the steps by the first PS UE

of:

- receiving synchronization information from the telecommunications network;

- transmitting the synchronization information for the second PS UE, the synchronization in-
formation for the second PS UE being based on the synchronization information received

from the telecommunications network.

The method according to claim 3, further comprising the steps by the non-discoverable first PS

UE of:

- receiving a trigger from the telecommunications network of the out of network coverage dis-
coverable second PS UE;

- transmitting the synchronization information only when the trigger has been received.

The method according to one or more of the preceding claims, wherein the non-discoverable first

PS UE is outside the network coverage of the public safety spectrum of the telecommunications

network, further comprising the steps by the non-discoverable first PS UE of:

- delaying transmission of the synchronization information for a second pre-defined time peri-
od;

- monitoring synchronization information from the discoverable second PS UE during the sec-

ond pre-defined time period
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- transmitting the synchronization information after expiry of the second pre-defined time peri-
od, wherein the synchronization information is synchronization information from the first PS
UE itself;

- receiving the at least one PA in accordance with the synchronization information from the first
PS UE itself.

The method according to claims 2 and 5, wherein the first predefined time period is shorter than

the second predefined time period.

The method according to claim 5 or 6, further comprising the steps by the non-discoverable first

PS UE of:

- receiving synchronization information from a third PS UE, wherein the synchronization infor-
mation comprises an indication of the freshness of the synchronization information.

- adapting synchronisation in accordance with the synchronization information from the third
PS UE to receive the at least one PA from the third PS UE if the freshness indication indi-
cates that the freshness of the synchronization information is such that the synchronization

information is more recent than the currently applied synchronization information.

The method according to claim 7, wherein the indication comprises at least one of an elapsed

time field and a flag.

The method according to claim 2, wherein the discoverable second PS UE is within network cov-
erage of the public safety spectrum of the telecommunications network and the synchronization
information is received from the discoverable second PS UE, wherein the synchronization infor-
mation is based on the synchronization information received from the telecommunications

network, and transmission of the synchronization information is omitted.

The method according to one or more of the preceding claims, wherein the synchronization in-
formation is transmitted in a first reserved spectrum band of the public safety spectrum and the
PA is received in a second reserved spectrum band, different from the first spectrum band, of the

public safety spectrum.

A computer program comprising software code portions configured for, when executed on a

computer system, performing the method according to one or more of the claims 1-10.

A non-transitory computer program medium comprising the computer program according to claim
11.

A non-discoverable public safety user device configured with the computer program medium ac-

cording to claim 12.
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A PS server system arranged for assisting in the discovery of PS UEs, wherein the PS server

system stores at least one of the following fields for substantially each PS UE:

- adiscovery field indicating whether a PS UE is a discoverable PS UE or a non-discoverable
PS UE;

- a cell edge field indicating whether a PS UE is near an edge of a cell of a wireless telecom-
munications network applying a public safety spectrum;

- a network coverage field indicating whether a PS UE is within or out of network coverage of a

wireless telecommunications network applying a public safety spectrum.

The PS server system according to claim 14, wherein the PS UEs are associated with different
network operators and wherein the PS server system is connected to the different networks of the
different network operators and the PS server system stores the at least one of the discovery
field, the cell edge field and the network coverage field for the PS UEs associated with the differ-

ent network operators.

The PS server system according to claim 15, wherein each of the different networks is associated

with a single clock reference.

The PS server system according to one or more of the preceding claims 14-16, wherein the serv-

er system further stores:

- a coordinate field indicating location information for each of the PS UEs;

- atiming field indicating the time the coordinate field was last updated.

The PS server system according to claim 17, further comprising a list of candidates of PS UEs lo-
cated at discovery range from each other, wherein the list is composed using the information from

the coordinate fields and the timing fields for the PS UEs.

The PS server system according to one or more of the claims 14-18, further being configured for
deleting a PS UE from its storage as a result of a request from a PS UE once the PS UE is deac-

tivated.

A public safety spectrum for PS UEs provided from at a plurality of wireless telecommunications
networks, wherein the public safety spectrum contains a band over which synchronization infor-
mation is transmitted to the PS UEs, the synchronization information being derived from a clock

common to the plurality of telecommunications networks.
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21. A signal from a PS UE, wherein the signal comprises synchronization information and an indica-

tion of the time at which the synchronization information was registered.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, COMPENDEX, INSPEC, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X QUALCOMM INCORPORATED: "Techniques for
D2D Discovery",

3GPP DRAFT;
R1-133600 QUALCOMM D2D DISCOVERY, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE

vol. RAN WG1l, no. Barcelona, Spain;
20130819 - 20130823

10 August 2013 (2013-08-10), XP050716692,
Retrieved from the Internet:
URL:http://www.3gpp.org/ftp/tsg ran/WGl RL
1/TSGR1_74/Docs/

[retrieved on 2013-08-10]

"2 Design Principles for D2D Discovery";
page 1 - page 3

"3.4 Timing of Discovery Sub-frames";

_/__

1-13

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

* Special categories of cited documents :

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

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

cited to establish the publication date of another citation or other
special reason (as specified)

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

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
27 October 2014 12/12/2014
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Grimaldo, Michele

Form PCT/ISA/210 (second sheet) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

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

page 7 - page 8

A "3rd Generation Partnership Project; 1-13
Technical Specification Group SA;
Feasibility Study for Proximity Services
(ProSe) (Release 12)",

3GPP STANDARD; 3GPP TR 22.803, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. SA WG1l, no. V1.0.0,

12 September 2012 (2012-09-12), pages
1-33, XP050649061,

cited in the application

paragraph [05.2]

A WO 20127118451 Al (AGENCY SCIENCE TECH & 1-13
RES [SG]; HOANG ANH TUAN [SG]; WANG
HAIGUANG [SG)

7 September 2012 (2012-09-07)

page 6, line 6 - page 7, line 3; figure 1
page 13, Tine 7 - page 14, line 3

page 15, line 20 - page 16, line 22;
figure 3

A WO 2008/036129 Al (LUCENT TECHNOLOGIES INC 1-13
[US]; BALACHANDRAN KRISHNA [US]; KANG
JOSEPH H) 27 March 2008 (2008-03-27)
page 4, line 21 - page 7, line 15

A GA BOR FODOR ET AL: "Design aspects of 1-13
network assisted device-to-device
communications",

IEEE COMMUNICATIONS MAGAZINE, IEEE SERVICE
CENTER, PISCATAWAY, US,

vol. 50, no. 3, 1 March 2012 (2012-03-01),
pages 170-177, XP011429640,

ISSN: 0163-6804, DOI:
10.1109/MCOM.2012.6163598

page 1, left-hand column, Tine 6 - page 4,
right-hand column, line 27
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-13
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-13

The synchronization of a PS UEs in public safety system
using a public safety spectrum of a telecommunication
network based on proximity information

2. claims: 14-19

A server storing at least three information related to PS
UEs: discoverability, cell edge proximity and network
presence

3. claims: 20, 21

The synchronization of PS UEs using a public safety spectrum
of telecommunications networks based on time information.
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Information on patent family members

International application No

PCT/EP2014/070645
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2012118451 Al 07-09-2012 US 2014057637 Al 27-02-2014
WO 2012118451 Al 07-09-2012
WO 2008036129 Al 27-03-2008  CN 101517993 A 26-08-2009
EP 2067321 Al 10-06-2009
JP 2010504025 A 04-02-2010
KR 20090053925 A 28-05-2009
US 2008075145 Al 27-03-2008
WO 2008036129 Al 27-03-2008

Form PCT/ISA/210 (patent family annex) (April 2005)
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