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(57) ABSTRACT 
Techniques are provided to support proximity services for a 
mobile device. In an example implementation, an electronic 
device may determine whether a first mobile device and a 
second mobile device are each operatively provisioned to 
make use of a common proximity service, and determine 
whether a state of proximity between the first and second 
mobile devices is expected to occur at a future time based at 
least in part on a current or past motion state of at least one of 
the mobile devices, and/or a historic behavior of at least one 
of the mobile devices, and/or an identification that the mobile 
devices are in a common venue. The electronic device may 
initiate notification of a user and/or an application of at least 
one of the mobile devices that a state of proximity with the 
other mobile device has occurred or will occur. 
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TECHNIQUES FOR DETERMININGA STATE 
OF PROXMITY BETWEEN MOBILE 

DEVICES 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 119 
0001. This patent application claims benefit of and priority 
to U.S. Provisional Patent Application 61/735.490, filed Dec. 
10, 2012, entitled, “DISCOVERY AND SUPPORT OF 
PROXIMITY, and U.S. Provisional Patent Application 
61/773,585, filed Mar. 6, 2013, entitled, “METHODS AND 
SYSTEMS FOR PREDICTING AND/OR DISCOVERING 
PROXIMITY OF MOBILE DEVICES, each of which is 
assigned to the assignee hereof and incorporated herein by 
reference. 

BACKGROUND 

0002 1. Field 
0003. The subject matter disclosed herein relates to fixed 
and mobile devices, and more particularly to methods, appa 
ratuses and articles of manufacture for use by one or more 
electronic devices to Support proximity services for a mobile 
device. 
0004 2. Information 
0005 Communication networks enable communication 
between two or more electronic devices. Such communica 
tion may be used to enable and/or support a wide variety of 
different services. To name a few popular examples, various 
communication networks may enable/support telephone call 
ing, video conferencing, electronic mailing, video streaming, 
a plethora of Internet-based services, location based services, 
and/or the like or some combination thereof. 
0006. In a particular example, the technology directed 
towards wireless communication networks, mobile devices 
and related services continues to change and improve at a 
rapid pace. Indeed, the increasing capability and popularity of 
mobile devices such as Smartphones, tablet computers, wear 
able computers, and the like, continues to spark innovative 
uses and corresponding services and applications. 
0007 Accordingly, some services, applications, and/or 
other like processes may benefit from a determination as to 
whether certain mobile devices and their associated users 
may or may not be located nearby to one another, within a 
common area, and/or within a particular radio range of one 
another, etc. For example, applications on mobile devices that 
are found to be nearby to one another or nearby to certain 
fixed devices may be notified and enabled to perform services 
of value to their respective users such as notifying the users, 
establishing a voice or data session between the mobile 
devices without the use of an intermediate network and/or 
conveying information to the users associated with an area 
they are in. 

SUMMARY 

0008. In accordance with an aspect, a method of support 
ing proximity services for a mobile device may comprise: 
determining whether a first mobile device and a second 
mobile device are each operatively provisioned to make use 
of a common proximity service; determining whether a state 
of proximity between the first mobile device and the second 
mobile device is expected to occur at a future time based at 
least in part on at least one of a current or past motion state of 
at least one of the first or second mobile devices, a historic 
behavior of at least one of the first or second mobile devices, 
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and/or an identification that first and second mobile devices 
are in a common venue; and initiating notification of a user 
and/or an application of at least one of the first or second 
mobile devices that a state of proximity with the other mobile 
device has occurred or will occur. 
0009. In accordance with an aspect, an apparatus for Sup 
porting proximity services may be provided which com 
prises: means for determining whether a first mobile device 
and a second mobile device are each operatively provisioned 
to make use of a common proximity service; means for deter 
mining whether a state of proximity between the first mobile 
device and the second mobile device is expected to occurata 
future time based at least in part on at least one of a current or 
past motion state of at least one of the first or second mobile 
devices, a historic behavior of at least one of the first or second 
mobile devices, and/or an identification that first and second 
mobile devices are in a common venue; and means for initi 
ating notification of a user and/oran application of at least one 
of the first or second mobile devices that a state of proximity 
with the other mobile device has occurred or will occur. 
0010. In accordance with an aspect, a computing device 
for Supporting proximity services may be provided, which 
comprises: memory; and a processor to: determine whether a 
first mobile device and a second mobile device are each 
operatively provisioned to make use of a common proximity 
service; determine whether a state of proximity between the 
first mobile device and the second mobile device is expected 
to occurata future time based at least in part on at least one of 
a current or past motion state of at least one of the first or 
second mobile devices, a historic behavior of at least one of 
the first or second mobile devices, and/or an identification 
that first and second mobile devices are in a common venue; 
and initiate notification of a user and/or an application of at 
least one of the first or second mobile devices that a state of 
proximity with the other mobile device has occurred or will 
OCCU. 

0011. In accordance with an aspect, an article of manufac 
ture may be provided, which comprises a non-transitory com 
puter readable medium having stored therein computer 
implementable instructions executable by a processor of a 
computing device to: determine whether a first mobile device 
and a second mobile device are each operatively provisioned 
to make use of a common proximity service; determine 
whether a state of proximity between the first mobile device 
and the second mobile device is expected to occur at a future 
time based at least in part on at least one of a current or past 
motion state of at least one of the first or second mobile 
devices, a historic behavior of at least one of the first or second 
mobile devices, and/or an identification that first and second 
mobile devices are in a common venue; and initiate notifica 
tion of a user and/or an application of at least one of the first 
or second mobile devices that a state of proximity with the 
other mobile device has occurred or will occur. 

BRIEF DESCRIPTION OF DRAWINGS 

0012 Non-limiting and non-exhaustive aspects are 
described with reference to the following figures, wherein 
like reference numerals refer to like parts throughout the 
various figures unless otherwise specified. 
0013 FIG. 1 is a schematic block diagram illustrating an 
arrangement of representative fixed and mobile devices that 
may be used to determine or assist in determining a state of 
proximity between two or more mobile devices, in accor 
dance with an example implementation. 
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0014 FIG. 2 is an illustration showing an example 
arrangement wherein a state of proximity may be determined 
to exist between certain mobile devices based, at least in part, 
on distance and/or other geographic consideration(s), in 
accordance with an example implementation. 
0015 FIG. 3 is an illustration showing another example 
arrangement wherein a state of proximity may be determined 
to exist between certain mobile devices based, at least in part, 
on map and/or context consideration(s), in accordance with 
an example implementation. 
0016 FIG. 4 is an illustration showing still another 
example arrangement wherein various states of proximity 
may be determined to exist between certain mobile devices, in 
accordance with an example implementation. 
0017 FIG. 5 and FIG. 6 are illustrations showing some 
example arrangements of mobile devices Supporting the 
transmission and/or relaying of information for use in deter 
mining a state of proximity between two or more of the 
mobile devices, in accordance with an example implementa 
tion. 
0018 FIG. 7 and FIG. 8 illustrate some example control 
plane protocols that may be implemented to transmit and/or 
relay information for use in determining a state of proximity 
between two or more mobile devices, in accordance with an 
example implementation. 
0019 FIG. 9 and FIG. 10 illustrate some example user 
plane protocols that may be implemented to transmit and/or 
relay information for use in determining a state of proximity 
or supporting proximity services between two or more mobile 
devices, in accordance with an example implementation. 
0020 FIG. 11 illustrates example combined protocols that 
may be implemented to transmit and/or relay information for 
use in determining a state of proximity or Supporting proX 
imity services between two or more mobile devices, in accor 
dance with an example implementation. 
0021 FIG. 12 and FIG. 13 illustrate some example proto 
cols that may be implemented to transmit, receive and/or 
relay information between applications in two or more 
mobile devices, in accordance with an example implementa 
tion. 

0022 FIG. 14, FIG. 15 and FIG. 16 are schematic block 
diagrams illustrating certain example arrangements to Sup 
port a network proximity server, in accordance with an 
example implementation. 
0023 FIG. 17 is a schematic block diagram illustrating 
certain features of an example mobile device that may be used 
to determine or assist in determining a state of proximity 
between two or more mobile devices, in accordance with an 
example implementation. 
0024 FIG. 18 is a schematic block diagram illustrating 
certain features of an example electronic device that may be 
used to determine or assist in determining a state of proximity 
between two or more mobile devices, in accordance with an 
example implementation. 
0025 FIG. 19A and FIG. 19B are flow diagrams illustrat 
ing example processes that may be implemented within one 
or more computing devices to Support proximity services, in 
accordance with an example implementation. 
0026 FIG. 20 is a flow diagram illustrating an example 
process that may be implemented to Support all or part of a 
general broadcast and relaying method among terminals, e.g., 
without network Support, in accordance with an example 
implementation. 
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DETAILED DESCRIPTION 

0027. The following terms and abbreviations may apply to 
the description and drawings: 

0028) 3GPP: 3' Generation Partnership Project 
0029 AP: Access Point 
0030 API: Application Programming Interface 
0.031) App: Application (software or firmware entity) 
0032. Applin: Application (protocol or interface) 
0033 CP: Control Plane 
0034. CSCF: Call Session Control Function 
0035 D2D: Device to Device (refers to direct commu 
nication between 2 devices) 

0.036 DHCP. Dynamic Host Configuration Protocol 
0037) EPC: Evolved Packet Core (for LTE) 
0038 eNB: evolved Node B (eNodeB) 
0.039 E-SMLC: Enhanced Serving Mobile Location 
Center 

0040 Expression: A piece of data (e.g. 128 bit string) 
that encodes the identity of a service performed for 2 or 
more UEs in proximity to one another. 

004.1 FODN: Fully Qualified Domain Name 
(0.042 GMLC: Gateway Mobile Location Center 
0043. GTP-U: General Packet Radio Service (GPRS) 
Tunneling Protocol-User Plane 

0044. HeNB: Home eNB 
0045 HSS: Home Subscriber Service 
0046 IETF: Internet Engineering Task Force 
0047 IM: Instant Message 
0.048 IMS: IP Multimedia Subsystem 
0049 IMSI: International Mobile Subscriber Identity 
0050 IP: Internet Protocol 
0051 L1/L2/L3: Level 1/Level 2/Level 3 
0.052 LTE: Long Term Evolution 
0053 LTE-D: LTE Direct (LTE version of D2D in 
which 2UEs communicate directly via LTE and not via 
a network) 

0054 LRF: Location Retrieval Function 
0055 MAC: Media Access Control 
0056 MME: Mobility Management Entity 
0057 MSISDN: Mobile Station International Sub 
scriber Directory Number 

0058 NAS: Non-Access Stratum 
0059 P2P: Peer to Peer 
0060 P-CSCF Proxy CSCF 
0061 PDCP: Packet Data Convergence Protocol 
0062 PDG: Packet Data Network Gateway 
0063 PDP: Proximity Discovery Protocol 
0.064 PDU: Protocol Data Unit 
0065 ProSe: Proximity Services 
(0.066 PS-AP: Proximity Services Application Protocol 
0067 RFC: Request for Comments 
0068 RLC: Radio Link Control 
0069. RRC: Radio Resource Control 
0070 RTT. Round Trip Time 
(0071 S1-AP: S1 Application Protocol 
0072 S-CSCF: Serving CSCF 
0073. SCTP: Stream Control Transmission Protocol 
0074 SGW: Serving Gateway 
0075 SIB: System Information Block 
0076 SIP: Session Initiation Protocol 
0.077 SLP: SUPL Location Platform 
0078 SUPL: Secure User Plane Location 
0079 TA: Tracking Area 
0080 TCP. Transmission Control Protocol 
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0081 
0082 
0083 

TLS: Transport Layer Security 
TMSI: Temporary Mobile Subscriber Identity 
TS: Technical Specification 

I0084 UDP: User Datagram Protocol 
I0085 UE: User Equipment (e.g., a mobile device/sta 

tion/terminal) 
0.086 UP: User Plane 
0087 URI: Uniform Resource Identifier 
0088 URL: Uniform Resource Locator 
I0089. WiFi-D: WiFi Direct (in which two UEs commu 

nicate directly using IEEE 802.11 WiFi signaling) 
0090. In the following description, the terms terminal, 
device, mobile terminal, mobile device, mobile station, sta 
tion, user equipment (UE) are used interchangeably to refer to 
any wireless capable device that is mobile or potentially 
mobile Such as a cellphone, Smartphone, laptop or PDA. 
Further, the description below commonly assumes an LTE 
network and/or LTE signaling for use and Support of proxim 
ity services although the methods described below may apply 
to other types of network and radio signaling in addition to 
LTE e.g. may apply to networks and radio signaling that use 
WCDMA, GSM, cdma2000, WiFi, WiMax and other radio 
technologies. In any context below where a particular type of 
network or particular radio signaling is not specified explic 
itly or implicitly, the use of an LTE network or LTE signaling 
is intended at a minimum. 
0.091 Wireless communication networks enable commu 
nication between two or more mobile wireless terminals and/ 
or between any wireless terminal and one or more fixed 
entities such as a network server no matter where each wire 
less terminal may be located provided each terminal is in 
wireless coverage of Some wireless network that can inter 
connect to other networks (e.g. via the Internet) and each 
terminal Supports at least one particular type of wireless com 
munication Supported by the network it is coverage with. 
Many different services (e.g. Voice calls, data calls, Email, 
IM, texting) may then be provided to each wireless terminal 
and/or to the user of each wireless terminal and/or to appli 
cations on each wireless terminal based on this communica 
tions capability. In some cases, additional services may be 
provided to two or more terminals that are in proximity to one 
another (e.g. within 500 meters of one another) based on a 
higher level of interest in or a higher priority for such services 
or an improved capability to provide such services in the 
context of this proximity. As an example, two friends or 
colleagues may have a higher interest in mutual communica 
tion when in proximity to one another, two public safety 
responders may have higher priority to establish communi 
cation when nearby to one another, and two terminals may be 
able to employ direct terminal to terminal communication 
without burdening a network when nearby to one another. For 
such reasons, it may be beneficial for a network and/or for a 
terminal to determine when the terminal is within proximity 
to one or more other terminals. The process of determining 
whether two terminals are within proximity to one another 
may be referred to as “discovery' and the process may be 
performed by one or both terminals, or by a network with 
which either terminal is in communication or by both a net 
work and by one or both terminals. 
0092 Discovery or proximity may be based on the geo 
graphic location of each terminal with proximity being dis 
covered when two terminals are within some maximum dis 
tance of one another (e.g. 500 meters). Discovery of 
proximity may instead be based on the ability of one terminal 
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to directly receive signals transmitted by another terminal— 
for example to receive signals whose strength exceeds some 
minimum threshold. Each type of discovery may require the 
expenditure of significant time and resources by a network 
and/or by the respective terminals—e.g. time and resources to 
periodically measure and compare the geographic locations 
of the terminals or time and resources to transmit from a first 
terminal and receive by a second terminal signals distinct to 
the first terminal. The expenditure of such time and resources 
may be multiplied many fold when repeated for combinations 
of different pairs of terminals whose proximity may be of 
interest. Therefore, methods to enable discovery of proximity 
using fewer resources and less time may be of value. A further 
problem with discovering proximity and taking Suitable 
actions when proximity is discovered (such as providing an 
indication of proximity to the respective users or to applica 
tions on each terminal) is that the duration of proximity may 
be short lived and any delay in discovering and reporting 
proximity may reduce the duration for which proximity has 
been reported to a low value or even Zero. Thus. For example, 
notifying a pair of users in a shopping mall of their current 
proximity in order to allow the users to arrange an impromptu 
rendezvous may be seriously impaired if the notification 
occurs just as the reported proximity is about to end. There 
fore, methods to discover the occurrence of proximity with 
little or no delay may also be of value. 
0093. In one implementation, the imminent geographic 
proximity of two or more terminals may be predicted in 
advance based on the probable future locations of the termi 
nals. The probable future location of any terminal may be 
determined by extrapolating the current and past location and 
motion of the terminal to predict its location (or an area or 
volume within which it should be located) at some future 
time. The probably future location of a terminal may also be 
determined based on any known historic behavior of the 
terminal (or more precisely of the user of the terminal) that 
has occurred in association with the current location of the 
terminal and/or in association with the current day and time. 
Examples of such behavior based location prediction may 
include (i) a user who is known to typically be at home, in a 
restaurant or at a workplace at certain times and on certain 
days; (ii) a user who habitually walks around a shopping mall 
after driving into and parking near a main entrance to the 
shopping mall; (iii) a user who takes a daily walk or daily jog 
at a certain time each day and using one of a small number of 
different routes which may be distinguished by the user's 
heading and location Soon after starting; and (iv) a user who 
visits a certain friend or relative by traveling there from home 
or from a workplace on certain days and/or at certain times 
using the same route for travel each time. 
0094. In one implementation, a UE or a network server 
may predicta form of geographic location based on the UE's 
current location, speed and heading plus recent movement 
and/or historical location history. Here, such a UE or server 
may predict an occurrence of geographic proximity to 
another UE before it occurs—giving UE users and UE appli 
cations more time to react. In an alternative implementation, 
imminent geographic proximity may be predicted, at least in 
part, based on detection of two UEs being in the same venue 
(e.g., a shopping mall, building, convention center, railway or 
bus station or an airport) even if the geographical separation 
of the two UEs currently exceeds a particular threshold range 
defining proximity. 
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0095 Discovery of proximity between two devices, 
whether based on an ability to communicate directly between 
the devices (e.g., using LTE-D) or based on geographic loca 
tion and geographic separation, is likely to be a resource 
intensive process for UEs and/or networks. This may well 
increase capital and operating costs for network operators 
and/or impair battery life and service provision for UES. In 
addition, this may impair the effectiveness of proximity Sup 
port—e.g. if there are delays in discovering whether two UES 
are in proximity as a result of the limited resources available 
for this. 

0096. In one implementation, a condition of “near prox 
imity” may indicate a condition in which two UEs are close to 
one another but not close enough to qualify for being in actual 
proximity. As an example, if actual proximity is defined as 
having a maximum separation of 2000 meters, near proximity 
may be defined for a separation of between 2000 and 5000 
meters. A benefit of discovering near proximity may be that it 
would not need to be determined very exactly—allowing 
coarse but resource efficient methods to be used for support 
(e.g. methods that use fewer network and/or UE resources but 
are notable to determine a state of proximity very accurately). 
Moreover, near proximity need not be reported to applica 
tions or users, but only maintained by network servers and/or 
by Some common proximity process or proximity engine in 
each UE. Once near proximity has been discovered by coarse 
but efficient means, more accurate but less resource efficient 
methods can be used to discover actual proximity for those 
UEs already discovered to be in near proximity. Because the 
number of UEs in near proximity to one another for any 
proximity service of interest to particular users and/or to 
particular applications may comprise only a small fraction of 
any total number of UEs that are potentially in actual prox 
imity to one another in any area or region, using less efficient 
methods for determining actual proximity may not consume 
so many resources as when the same less efficient methods are 
applied to all UEs without any initial precondition. In addi 
tion, determining near proximity prior to discovering actual 
proximity may reduce a delay for discovering actual proxim 
ity. Accordingly, near proximity may also be used to effi 
ciently support discovery of proximity between UEs served 
by different networks. 
0097. In certain implementations, as shown in FIG. 1, a 
UE 100 may receive or acquire satellite positioning system 
(SPS) signals 159 from SPS satellites 160. In some imple 
mentations, SPS satellites 160 may be from one global navi 
gation satellite system (GNSS), such as the GPS or Galileo 
satellite systems. In other implementations, the SPS Satellites 
may be from multiple GNSS such as, but not limited to, GPS, 
Galileo, Glomass, or Beidou (Compass) satellite systems. In 
other implementations, SPS satellites may be from any one of 
several regional navigation satellite systems (RNSS) Such as, 
for example, Wide Area Augmentation System (WAAS), 
European Geostationary Navigation Overlay Service (EG 
NOS), Quasi-Zenith Satellite System (QZSS), just to name a 
few examples. 
0098. In addition, UE 100 may transmit radio signals to, 
and receive radio signals from, a wireless communication 
network. In one example, UE 100 may communicate with a 
cellular communication network by transmitting wireless sig 
nals to, or receiving wireless signals from, base station trans 
ceiver 110 over wireless communication link 123. Similarly, 
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UE 100 may transmit wireless signals to, or receive wireless 
signals from local transceiver 115 over wireless communica 
tion link 125. 
0099 Inaparticular implementation, local transceiver 115 
may be configured to communicate with UE 100 at a shorter 
range over wireless communication link 125 than at a range 
enabled by base station transceiver 110 over wireless com 
munication link 123. For example, local transceiver 115 may 
be positioned in an indoor environment. Local transceiver 
115 may provide access to a wireless local area network 
(WLAN, e.g., IEEE Std. 802.11 network) or wireless per 
sonal area network (WPAN, e.g., Bluetooth network). In 
another example implementation, local transceiver 115 may 
comprise a femto cell transceiver capable of facilitating com 
munication on link 125 according to a cellular communica 
tion protocol. Of course it should be understood that these are 
merely examples of networks that may communicate with a 
UE over a wireless link, and claimed subject matter is not 
limited in this respect. 
0100. In a particular implementation, base station trans 
ceiver 110 and local transceiver 115 may communicate with 
servers 140,150 and/or 155 over a network 130 through links 
145. Here, network 130 may comprise any combination of 
wired or wireless links. In a particular implementation, net 
work 130 may comprise Internet Protocol (IP) infrastructure 
capable of facilitating communication between UE 100 and 
servers 140,150 or 155 through local transceiver 115 or base 
station transceiver 110. In another implementation, network 
130 may comprise cellular communication network infra 
structure such as, for example, a base station controller or 
master Switching center (not shown) to facilitate mobile cel 
lular communication with UE 100. 
0101. In particular implementations, and as discussed 
below, UE 100 may have circuitry and processing resources 
capable of computing a position fix or estimated location of 
UE 100. For example, UE 100 may compute a position fix 
based, at least in part, on pseudorange measurements to four 
or more SPS satellites 160. Here, UE 100 may compute such 
pseudorange measurements based, at least in part, on pseud 
onoise code phase detections in signals 159 acquired from 
four or more SPS satellites 160. In particular implementa 
tions, UE 100 may receive from server 140, 150 or 155 
positioning assistance data to aid in the acquisition of signals 
159 transmitted by SPS satellites 160 including, for example, 
almanac, ephemeris data, Doppler search windows, just to 
name a few examples. 
0102. In other implementations, UE 100 may obtain a 
position fix by processing signals received from terrestrial 
transmitters fixed at known locations (e.g., Such as base sta 
tion transceiver 110) using any one of several techniques such 
as, for example, advanced forward trilateration (AFLT) and/ 
or observed time difference of arrival (OTDOA). In these 
particular techniques, a range from UE 100 may be measured 
to three or more of such terrestrial transmitters fixed at known 
locations based, at least in part, on pilot signals transmitted by 
the transmitters fixed at known locations and received at UE 
100. Alternatively, in other implementations, a difference in 
range between UE 100 and a pair of base station transceivers 
110 may be obtained from a measurement by UE 100 of the 
difference in transmission timing between the pair of trans 
ceivers as seen at the location of UE 100. The difference in 
range between UE 100 and two or more different pairs of 
transceivers may be used to estimate a location of UE 100 by 
means of trilateration. Here, servers 140, 150 or 155 may be 



US 2014/0162687 A1 

capable of providing positioning assistance data to UE 100 
including, for example, locations and identities of terrestrial 
transmitters to facilitate positioning techniques such as AFLT 
and OTDOA. For example, servers 140, 150 or 155 may 
include a base station almanac (BSA) which indicates loca 
tions and identities of cellular base stations in a particular 
region or regions. In some implementations, UE 100 may 
both measure and determine its estimated location whereas in 
other implementations, UE 100 may perform location mea 
Surements but return the results of the measurements to a 
server (e.g. server 140, 150 or 155) for computation of a 
location for UE 100. In some implementations, communica 
tion between UE 100 and one or more of servers 140,150 and 
155 to enable UE 100 to perform location measurements and 
enable UE 100 or one of servers 140, 150 or 155 to determine 
a location for UE 100 may be according to a control plane 
location solution such as solutions defined by the 3" Genera 
tion Partnership Project (3GPP) and by the 3' Generation 
Partnership Project 2 (3GPP2). In other implementations, this 
communication between UE 100 and servers 140, 150 and 
155 may be according to a userplane location solution Such as 
the Secure User Plane Location (SUPL) location solution 
defined by the Open Mobile Alliance (OMA). 
0103) In particular environments such as indoor environ 
ments or urban canyons, UE 100 may not be capable of 
acquiring signals 159 from a sufficient number of SPS satel 
lites 160 or from a sufficient number of base station trans 
ceivers 110 whose location are known to perform AFLT or 
OTDOA to computea position fix. Alternatively, UE 100 may 
be capable of computing a position fix based, at least in part, 
on signals acquired from local transmitters (e.g., WLAN 
access points positioned at known locations). For example, 
UES may obtain a position fix by measuring ranges to three or 
more indoor terrestrial wireless access points which are posi 
tioned at known locations. Such ranges may be measured, for 
example, by obtaining a MAC ID address from signals 
received from Such access points and obtaining range mea 
Surements to the access points by measuring one or more 
characteristics of signals received from Such access points 
Such as, for example, received signal strength (RSSI) or round 
trip time (RTT) for signal propagation. In alternative imple 
mentations, UE 100 may obtain an indoor position fix by 
applying characteristics of acquired signals to a radio heat 
map indicating expected RSSI and/or RTT signatures at par 
ticular locations in an indoor area. In particular implementa 
tions, a radio heatmap may associate identities of local 
transmitters (e.g., a MAC address which is discernible from a 
signal acquired from a local transmitter), expected RSSI from 
signals transmitted by the identified local transmitters, an 
expected RTT from the identified transmitters, and possibly 
standard deviations from these expected RSSI or RTT. It 
should be understood, however, that these are merely 
examples of values that may be stored in a radio heatmap, and 
that claimed Subject matter is not limited in this respect. 
0104. In particular implementations, UE 100 may receive 
positioning assistance data for indoor positioning operations 
from servers 140, 150 or 155. For example, such positioning 
assistance data may include locations and identities of trans 
mitters positioned at known locations to enable measuring 
ranges or measuring differences in ranges to these transmit 
ters based, at least in part, on a measured RSSI and/or RTT 
and/or transmission time difference of arrival, for example. 
Other positioning assistance data to aid indoor positioning 
operations may include radio heatmaps, magnetic heatmaps, 
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locations and identities of transmitters, routeability graphs, 
just to name a few examples. Other assistance data received 
by the UE may include, for example, local maps of indoor 
areas for display or to aid in navigation. Such a map may be 
provided to UE 100 as UE 100 enters a particular indoor area. 
Such a map may show indoor features such as doors, hall 
ways, entry ways, walls, etc., points of interest Such as bath 
rooms, payphones, room names, stores, etc. By obtaining and 
displaying such a map, a UE may overlay a current location of 
the UE (and user) over the displayed map to provide the user 
with additional context. 
0105. In some implementations a pair of UEs (e.g., UE 
100 and UE 100") in FIG. 1 may be in proximity to one 
another. The proximity may be determined by estimating the 
geographic location of each UE using for example the meth 
ods described previously and determining that the distance 
between the two geographic locations is less than some maxi 
mum threshold. The proximity may alternatively be deter 
mined from the ability of one UE to receive a signal 101 
transmitted by the other UE with a strength greater than some 
minimum threshold. The proximity may also be determined 
from the ability of one UE to obtain an RTT to the other UE 
by directly exchanging signals with the other UE (e.g. using 
LTE-D or WiFi-D) and measuring the propagation time and 
Subsequently determining that the distance between the two 
UEs based on the RTT is less than some maximum threshold. 
The discovery of proximity may occur in one or both UEs or 
may be performed by a serving network for the UEs—e.g. 
network 130—or by a server attached to or reachable from 
network 130 such as server 140, 150 or 155. The discovery 
may also involve interaction between the UEs, the network 
130 and/or servers 140, 150 and/or 155. In some other imple 
mentations, the UEs may not be currently in proximity but 
may be in proximity at a later time with Such later proximity 
predicted or anticipated by the UEs, network 130 and/or by 
servers 140, 150 and/or 155. The prediction oranticipation of 
future proximity may be based, at least in part, on one or more 
of: (i) current location, speed and heading of one or both UEs: 
(ii) previous location, speed and heading of one or both UES: 
(iii) previous user location history for one or both UEs; (iv) 
determination that both UEs are in the same venue; and (v) 
determination that UEs are in near proximity to one another. 

Proximity Services, Discovery and Expressions 

0106. In accordance with certain aspects, various example 
techniques are provided herein which may be implemented to 
provide support of discovery for proximity services (ProSe) 
and/or other like services, in general; and, in certain 
instances, Support of communication for individual proxim 
ity services using LTE-D and/or the like. 
0107 Some of these example techniques are based on 
geographic proximity (e.g., related to geographic distance 
between nearby devices); and, in certain instances, ProSe 
Support using LTE-D where network Support may be unavail 
able. 
0108. As used herein, a “proximity service' may be any 
service that is provided to the user of a first device and/or to an 
application running on the first device that is contingent on 
the first device being in proximity to one or more other 
devices that Support or are associated with the same service. 
A proximity service may just constitute a notification to the 
user and/or to the application that the first device is in proX 
imity to one or more other devices Supporting or associated 
with this service and may, in this case, provide Some identi 
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fication for each of these other devices—e.g. a phone number, 
a Subscriber or user identity, a device identity—as well as 
information for the other devices such as the location of each 
device relative to the first device. A proximity service may 
instead or in addition provide communication capability with 
the other devices (which may require permission from the 
respective users before being setup) in the form of voice, 
video, IM and/or text to name a few examples. A proximity 
service may also enhance Some existing service—for 
example by replacing some existing communication channel 
between the first device and one or more of the other devices 
that is Supported by a network with an equivalent communi 
cation channel that employs direct device to device commu 
nication (e.g. LTE-D) and does not reply on Support by a 
network. Such an enhanced service may improve communi 
cation quality, reduce communication delay, reduce network 
operator billing and/or reduce usage of network resources. A 
proximity service may be associated with a particular appli 
cation on a device (e.g. may provide enhanced service spe 
cifically for this application). Discovering whether two or 
more devices are in proximity may then be performed in 
association with the particular service that can be enhanced or 
enabled by the resulting proximity. In particular, it may then 
be necessary to first determine whether two or more devices 
are capable of Supporting and have an interest in Supporting 
the same proximity service prior to discovering whether they 
are in proximity since if the devices have no proximity service 
in common, there would be no benefit in their being in prox 
imity. Furthermore, Some proximity services may be 
restricted to particular sets of devices or users (e.g., a particu 
lar set of friends or the employees of a particular company or 
the customers of a particular shopping chain) or particular 
types of devices (e.g. a particular brand of phone) or devices 
or users with some other common characteristic (e.g. an inter 
est in stamp collecting). In still other cases, proximity Ser 
vices may be restricted to asymmetric groupings of devices— 
e.g. devices belonging to shoppers in a shopping mall and to 
stores in the shopping mall—where proximity is only of 
interest when it occurs between devices belonging to different 
categories (e.g. shoppers and stores in the previous example). 
In order to identify proximity services and help determine 
whether two or more devices have a mutual interest in the 
same proximity service, each proximity service may be 
assigned an identifier which may employ a particular 
sequence of bits called an “expression'. 
0109 As used herein, an expression may provide a glo 
bally unique identification for a particular proximity service 
performed on behalf of a particular set of users or applica 
tions. In certain instances, an expression may comprise a 
limited number of bits (e.g. 128 bits) that may be broadcast by 
UES and base stations without significant impact on band 
width usage. A UE that receives an expression broadcast by 
another UE may then be able to determine whether the 
expression relates to a proximity service of common interest 
to both UEs and whether the other UE is also in proximity. 
0110. In an example implementation, UEs may broadcast 
one or more expressions in an attempt to discover and be 
discovered by one or more other UEs. Here, for example, in 
certain instances, two UES associated with (e.g. that each 
broadcast) the same expression may be assumed to partici 
pate in the same proximity service. In order for the proximity 
service to be provided, the two UEs may first need to be 
within a certain proximity threshold of one another (e.g. be in 
direct radio contact or have a certain maximum geographic 
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separation). Determining that the two UES Support the same 
proximity service and are in proximity may be referred to as 
discovery or discovery of proximity or determining a state 
of proximity. 
0111. In certain example implementations, generic 
expressions may be used and which may be structured in a 
standardized manner in order to categorize proximity Ser 
vices globally (e.g. by partitioning an expression into sepa 
rate fields each identifying one category of proximity Ser 
vice). 
0112 In some example implementations, application spe 
cific expressions (IDS) may be used and which may be 
assigned by particular providers of proximity services and/or 
the like, and which in certain instances may not conform to 
any global Scheme, etc. 
0113 Various techniques may be provided for use in 
obtaining and/or using expressions. By way of example, in 
certain instances, a specific proximity service (or type of 
proximity Support) may be associated with a globally unique 
expression. In certain example implementations, Apps on a 
UE that support or make use of different proximity services 
may determine the expression that has been assigned (e.g. by 
a global standard or by a provider of proximity services) for 
each Supported proximity service via (i) interaction with the 
user of the UE or (ii) interaction with some proximity related 
server or (iii) hard coding or otherwise providing the expres 
sion as part of the App. 
0114. In an example implementation, a user may interact 
with an App and a server and/or the like to select proximity 
Support associated with finding a nearby restaurant, gas sta 
tion, shop, etc. An associated expression or expressions may 
be provided by the server to the App (e.g., possibly with some 
limited lifetime after which the App may need to re-invoke the 
server to validate current expressions and/or possibly obtain 
new expressions). The App may then invoke proximity Ser 
vices (e.g., via interaction with a proximity engine on the UE 
and/or a remote proximity server in the serving wireless net 
work). The App may provide the expressions obtained previ 
ously from the server to a local proximity engine and/or to a 
remote proximity server together with proximity related 
parameters (e.g., a maximum distance to define geographic 
proximity). The proximity engine and/or remote proximity 
server may then invoke standardized proximity Support (e.g. 
as described later herein) to discover whether other UEs shar 
ing the same proximity service(s) are in proximity and report 
back the identities and possibly the locations of any such UEs 
that share the same expressions that were found to be in 
proximity. 
0.115. In certain example implementations, one or more 
operator centric expressions may be utilized. For example, it 
may be worthwhile to vest significant control over one or 
more expressions in wireless operators in order to bootstrap 
deployment of a workable system to Support proximity Ser 
vices and discovery of proximity with low up front deploy 
ment and maintenance costs. To enable this, one or more 
generic expressions may, for example, be simplified and/or 
standardized, e.g., to Support specific application specific 
IDs, etc. In certain instances, such a generic part (including 
possibly an operator ID) may be standardized to enable 
operator Support of proximity category to expression map 
pings, e.g., down to a certain level. In certain instances, an 
application part may be defined by each operator and/or by 
the operators’ clients. By way of a non-limiting example 
referred to herein as “example A', a possible standard may 



US 2014/0162687 A1 

Support different levels, such as, e.g., Level 1: proximity 
category (e.g. Retail. Online service); Level 2: proximity 
sub-category (e.g. Friend Finder); Level 3: Operator (which 
may instead be defined at level 1 and include country or 
region); Levels 4+: either standardized or operator defined. 
The resulting operator associated expressions may be more 
like other wireless network IDs, e.g. IMSI, MSISDN, public 
SIP URI, etc. 
0116. In certain example implementations, Support of one 
or more expressions may be supported by multiple operators. 
For example, in certain instances. Some clients (e.g., a search 
engine, a social network site, a department store, etc.) may 
obtain a single expression from just one operator for a par 
ticular proximity service. Such an implementation, may, for 
example, make use of support for roaming where an operator 
X provides Support for proximity services for expressions 
assigned by another operatorY (e.g., and may bill operatorY 
for doing this). 
0117. In other instances, some clients may obtain a differ 
ent expression from each of a number of different operators 
for the same proximity service. With this option, different 
expressions, or “aliases' may arise from different operators 
which may identify the same proximity service. Operator 
servers may, for example, store aliases assigned by other 
operators (assuming these are provided by the client Apps), 
e.g., to enable proximity discovery between UEs accessing 
different networks, and provide additional mapping Support 
between proximity service names and expressions. In certain 
instances, client UEs and Apps may also be made aware of 
Such aliases, e.g., in order to use the correct expression(s) in 
a serving network and to recognize expressions of interest for 
discovery. In a particular implementation, an expression (or 
expression set) may serve as a default in a network whose 
operator may not have assigned any expressions of its own to 
a particular client. 
0118. In accordance with certain aspects, techniques pro 
vided herein may support different business models and/or 
relationships. For example, in certain instances, operators 
may own an expression space assigned to them in a standard 
(e.g. Levels 4+ in the earlier example A), and may sell or lease 
all or possibly Subsets of their expression space (either single 
expressions or a set of expressions) to their clients. By way of 
an example, a telecommunications company may be assigned 
an expression space E (worldwide or country/region spe 
cific). As such, the telecommunications company may sell or 
lease subsets E1, E2, E3 of E to a social network provider, a 
search engine provider, a news agency, respectively. Having 
purchased or leased subset E1, the social network provider 
may itself, in certain instances provide, sell or lease Subsets 
E1-1, E1-2, E1-3, . . . of subset E1 to one or more App 
providers, users, user groups, etc. 
0119. In certain example implementations, one or more 
clients may be provided an opportunity to buy or lease expres 
sions (e.g. as exemplified above) via online means, by tele 
phone or through personal negotiation, etc. Operators may, 
for example, provide LTE-D support and/or the like for the 
expressions and expression Subsets they sell or lease (e.g., as 
part of the sale or lease). As such, there may be no need 
initially for a complex global system of servers to assign, 
translate and Support expressions. Instead each operator may, 
for example, provide its own server to Support mappings, e.g., 
for its own expressions (and aliases). 
0120 A client who obtains sets or subsets of expressions 
by the above means may provide services to its own clients 
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based on the expressions purchased or leased from operators. 
By way of a first example, a social network service and/or the 
like may enable users to setup, subscribe to and withdraw 
from user groups associated with a friend finder service and/ 
or the like. For example, assume that a user group A currently 
comprises users A1, A2 and A3, and a user group B currently 
comprises users B1, B2 and B3. AS Such, a globally unique 
expression may be assigned to each group, e.g., Group A may 
be assigned expression EA, and Group B may be assigned 
expression EB. In order to discover one another, users A1, A2 
and A3 may then broadcast their group expression (e.g., 
expression EA), and users B1, B2 and B3 may broadcast their 
group expression (e.g., expression EB). In a second example, 
a social network service and/or the like may enable users 
having a common interest (e.g., for gaming, antiques, art, 
motorbikes) to possibly set up, and/or subscribe to and with 
draw from user groups associated with the common interest. 
Such user groups may then be assigned a group expression for 
broadcast during discovery. However, it may be beneficial for 
such discovery to be more selective than it might be with 
regard to a friend finder service, e.g., allowing users to hold 
back from being discovered. 
I0121. In certain example implementations, it may be ben 
eficial to provision one or more virtual UEs and/or the like. A 
virtual UE may be a network supported placeholder for a real 
UE without the need for actual physical deployment of a real 
UE. A virtual UE may be supported as logical entity in a 
network server or web server and may be assigned certain 
characteristics associated with a real UE and be enabled by 
the server to perform certain services and engage in certain 
communication normally supported by a real UE. Thus, a 
virtual UE may be assigned a specific (e.g. fixed) location, a 
specific UE identity and may be enabled to support certain 
proximity services. For fixed Subscribers (e.g. a coffee shop, 
a hotel, an airport) with an interest in Supporting certain 
proximity services, there may then be no need to deploy real 
mobile (or fixed) wireless terminals, which may simplify 
deployment by these types of clients by instead deploying one 
or more virtual UEs able to support the same proximity ser 
vices. Network operators may then configure information 
about such virtual UEs and the proximity services they each 
Support (e.g., expression(s), name, location, associated net 
work cell(s), other meta-data, attributes, IP address, URL(s)) 
in one or more websites and/or the like. In certain instances, 
proximity to real UEs may still be determined (e.g. by a 
network proximity server with access to configured informa 
tion for virtual UEs) based on the actual locations of the real 
UEs and the configured locations for the virtual UEs. Discov 
ery methods that rely on comparing the locations of UES may 
thus be usable if the locations of the virtual UEs are provided 
to real UEs by the network (e.g. via broadcast from base 
stations such as eNBs or by a proximity server) or if compari 
Son of locations is performed in a network server with access 
to both the actual locations of real UEs and the configured 
locations of virtual UEs. One exception to discovery may be 
radio based D2D discovery which may not be possible since 
virtual UEs will not be able to send and receive signals to and 
from real UEs. Should proximity between a virtual UE and 
real UE be discovered (e.g., by the network or by the real UE), 
the network may provide associated meta-data including IP 
addresses and/or website URLs to real UEs discovered to be 
in proximity to virtual UES. In certain instances, Apps or users 
for the real UEs may then interact with the discovered virtual 
UEs using the provided IP address and/or URLs. The inter 
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action may appear to an App or user for a real UE as being the 
same as interaction with another real UE but may in fact be 
Supported via interaction with a server or website acting on 
behalf of the virtual UE. Thus, for example, in certain 
instances an App or user for a real UE may not need to be 
aware whether another discovered UE is real or virtual. 

Discovery and Prediction of Proximity 
0122. In accordance with certain aspects, the techniques 
provided herein may enable prediction of a geographic proX 
imity between two or more UES. In one example, a geo 
graphic proximity may be predicted for two UES, at least in 
part, using current geographic locations and possibly current 
velocities of the two UEs to determine whether they are or 
may later be in proximity. Here, for example, two UEs des 
ignated UE A and UE B may be determined to be in geo 
graphic proximity if currently within 1000 meters of each 
other. In another example, UEs A and B may be determined to 
be in geographic proximity if currently within 1000 meters of 
each other and provided each UE is traveling at less than 5 
meters/second. The conditions for determining geographic 
proximity may be defined by a network operator, a wireless 
standard or participating Apps and users—e.g. an App that 
Supports or can be provided with a particular proximity ser 
vice may define the conditions for its UE being in proximity 
to some other UE for this particular proximity service. In that 
case, different conditions may be defined in which geo 
graphic distance may be augmented with other conditions 
such as the current speed of each UE. Speed may be signifi 
cant if there is no interest (e.g. by a participating UE) in 
discovering proximity to a fast moving UE that may not stay 
very long in proximity or whose user may not be in a position 
to communicate or affect a rendezvous with the user of 
another UE. Of course, these are also just a few examples and 
Subject matter is not intended to be necessarily so limited. 
0123. In certain instances, a predicted geographic proxim 

ity may be based, at least in part, on one or more probable 
future locations (and possibly future velocities) of two UEs to 
determine whether proximity is likely to occur within some 
time span (e.g., within the next hour, etc.). A probable future 
location may be determined in a variety of ways. For example, 
in certain instances a probable future location may be deter 
mined, at least in part, by extrapolating current and past 
motion of a UE to predict its location (or area or volume 
within which it should be located) at some future time. In 
another example, in certain instances a probable future loca 
tion may be determined, at least in part, based on known past 
behavior of the user, e.g., in association with a current loca 
tion, a current day and time, etc. For example, known past 
behavior of a user may indicate that the user is likely to be at 
home, in a restaurant, at a shopping mall or at a workplace at 
certain times and on certain days. For example, known past 
behavior of a user may indicate that the user is likely to exhibit 
certainhabits while visiting a certain location Such as a shop 
ping mall, park or sports arena, e.g., possibly after having 
driven into an adjacent parking lot or parking garage and 
parked near a particular entrance, etc. In another example, 
known past behavior of a user (e.g. as implied by a location 
history for the UE that may be stored in the UE or in a network 
location server or network Proximity server) may indicate 
that the user is likely to move some significant distance away 
from and then back to a certain location (e.g. in order to take 
a daily walk or jog) at a certain time each day, e.g., possibly 
along one of a small number of different routes which may be 
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distinguished by the user's heading and location soon after 
starting. In still another example, known past behavior of the 
user may indicate that the user is likely to move from location 
to another (e.g. in order commute to or from work or to visit 
a friend or relative from the user's home or workplace) on 
certain days and/or at certain times, e.g., possibly using the 
same route and/or traveling at about the same speed each 
time. Again, as with all of the examples herein, claimed 
Subject matter is not intended to be necessarily so limited. 
Based on one or more of the current and past location and 
velocity of each UE and any known past location history of 
each UE, either of the UEs or a network location server may 
be able to predict that the two UEs may be in proximity after 
some time interval with some probability and may be able to 
estimate the time interval and the probability (e.g. at least 
coarsely). If the time interval is less than (or falls below) some 
threshold and/or if the probability is greater than (or exceeds) 
Some threshold, an application on each UE or the user of each 
UE may be informed that both UEs are or may later be in 
proximity. 
0.124 FIG. 2 shows an example arrangement 200 of two 
terminals comprising terminal A206 and terminal B208. The 
current distance 210 between terminals A and B may be too 
great to consider terminals A and B as being currently in 
proximity to one another. However, it may be possible for 
terminal A and/or terminal B or a serving network (e.g. net 
work 130) or network server (e.g. server 140, 150 or 155) to 
predict that terminals A and B may later be in proximity based 
on their probable future locations. For example, area202 may 
represent an area within which terminal A 206 may be pre 
dicted to be within at some future time (e.g. 30 minutes later) 
based on Such factors as the current location of terminal A, the 
current velocity of terminal A, the recent movement history of 
terminal A and/or known past behavior of terminal A when at 
or nearby to its current location and/or at the current time on 
previous days and/or on the same day of the week on previous 
weeks. Similarly, area 204 may represent an area within 
which terminal B 2.08 may be predicted to be within at the 
same future time (e.g. 30 minutes later) based on the same or 
similar factors applicable to terminal B to those mentioned 
above for terminal A. The two predicted areas 202 and 204 
may overlap as illustrated in FIG. 2 or may not overlap but be 
close to one another (not shown in FIG. 2). In particular, there 
may be many locations in area 202 that are in proximity to 
many other locations in area 204 due to being within a 
required maximum distance for considering two terminals to 
be in proximity. Accordingly, it may be predicted that termi 
nals A and B may be in proximity to one another at a later time 
(e.g. 30 minutes later). While the prediction may not associate 
a probability of 100% of proximity occurring, it may be 
possible to determine a lower probability for the occurrence 
of proximity (e.g. based on the extent to which areas 202 and 
204 overlap or the mean proportion of area 204 that is in 
proximity to any random location in area 202). If this lower 
probability is not insignificant (e.g. is 20% or higher), a state 
of proximity may be predicted (e.g. by terminal A, terminal B. 
a serving network or a network server) for a later time (such 
as 30 minutes later). Furthermore, when proximity is pre 
dicted to occurat some future time (e.g. 30 minutes later) with 
Some probability, the proximity (if it occurs) may actually 
begin to occur at an earlier or later time than that predicted 
meaning that prediction may at best indicate a likelihood of 
proximity occurring but not an exact time when it will occur. 
The predicted proximity may then be indicated at the current 
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time (e.g. 30 minutes before the proximity may occur) to one 
or more applications on terminals A and B and/or to the users 
ofterminals A and B in the case that applications or users have 
an interest in receiving or performing some common proxim 
ity service. The indication of predicted proximity may also 
include the fact that proximity is predicted and not current or 
may not include this information to simplify interaction with 
applications and users and reduce the complexity of any 
response from applications or users. 
0.125 For some proximity services (e.g. friend/relative 
finder) it may be an advantage to inform one or both terminals 
of imminent proximity before it actually occurs, e.g., so that 
one or both users may adjust their movements to meet up, etc. 
ProXimity may thus be indicated, based on a prediction, 
before it actually occurs. A prediction may make use of the 
location history of each terminal, which in some implemen 
tations may be stored only in the terminal (e.g., for privacy) or 
in other implementations may be stored in a network server 
with an understanding that the location history is generally or 
only to be used to provide or enhance service provision to the 
terminals user. In certain instances, to make use of Such 
techniques, terminals may be informed of the locations of 
other terminals, possibly even when outside normal proxim 
ity bounds to allow any terminal to compare both its current 
location and predicted future locations with the current loca 
tions of other terminals and determine whether proximity 
may occur in the future. 
0126. It should be noted that the type of prediction 
described in association with arrangement 200 in FIG.2 may 
only be possible in an optimum manner in a network or 
network server. If prediction is performed by a terminal—e.g. 
by terminal A 206 or terminal B208 in FIG. 2 the terminal 
may only be in possession of its own location history but not 
the location history of the other terminal for reasons of pri 
vacy. Thus, for example, terminal A 206 may be able to 
determine the area 202 for its own future location with some 
reliability but may only determine the area 204 for the future 
location of terminal B208 with lower reliability due to basing 
this only on the current location (and possibly current veloc 
ity) or terminal B but not any previous location history for 
terminal B. However, even this more limited capability may 
be useful—e.g. if the area 202 for the predicted future loca 
tion of terminal A overlaps the current location of terminal B, 
terminal A may predict that proximity between terminals. A 
and B will be possible. 
0127 FIG. 3 is an illustration showing yet another 
example arrangement 300 wherein a state of proximity may 
be determined to exist between certain mobile devices (rep 
resented by terminals A206 and B208) based, at least in part, 
on map and/or context consideration(s), in accordance with 
an example implementation. For example, a venue based 
proximity may be determined. Here, for example, area 302 
may represent a common venue within which terminals A206 
and B 208 may both be determined to be located. In certain 
instances, terminals that may be in the same venue may be 
considered to be in proximity even though a current distance 
210 between them may be too large to justify a normal (e.g., 
threshold-based) geographic proximity. Examples of venues 
may include: a shopping mall, a sports Stadium, a convention 
center, a hospital, an airport, a railway station, an office build 
ing, a museum, a tourist site, etc. In certain instances, a venue 
may even be quite large, e.g., a park or a national park, and/or 
the like. 

Jun. 12, 2014 

I0128. In example arrangement 300, even though terminals 
A 206 and B208 are currently too far apart to be considered 
to be within geographic proximity, their location in the same 
venue may justify alerting one or both of the terminals to 
being in a venue based proximity. 
I0129 Determining that a terminal is within a particular 
venue may be done by the venue itself. For example: WiFi 
access points, base stations or femtocells belonging to the 
venue may detect the presence of terminals within the venue 
(e.g. when a terminal attaches or registers for wireless service 
or simply transmits an identification such as WiFi MAC 
address as part of normal wireless operation). Alternatively or 
in addition, a location server belonging to the venue may 
periodically identify and locate terminals as being within the 
venue using network based positioning with minimal termi 
nal Support and/or may locate a terminal (e.g. with terminal 
Support) whenever an App on the terminal or the user requests 
Some service from the venue (such as directions or a map). In 
addition, terminals passing quickly through or past a venue 
(rather than staying within the venue) may be excluded by 
examining recent location and Velocity history in which ter 
minals only temporarily within the venue may be identified 
from a high Sustained Velocity or a location history that only 
temporarily intersects the geographic area of the venue. 
0.130. In certain implementations, a determination of 
venue based proximity may be supported by the venue itself 
(e.g., by Some server belonging to the venue, etc.) if users and 
their associated proximity requirements are known to the 
venue (e.g. via some previous registration of a terminal with 
the venue). Alternatively, once terminals discover being in a 
venue (e.g. from information provided point to point or by 
broadcast by the venue), the venue information may be added 
to location information in the terminal to enable proximity 
determination by a terminal or by some proximity Supporting 
server in a serving wireless network. 
0131 Once two terminals A and B are discovered to be in 
the same venue—e.g. by the terminals or by a network proX 
imity server—the users of the terminals and/or one or more 
applications on each terminal may be notified if the users or 
applications for both terminals Support or have an interest in 
the same proximity service(s). The notification may just indi 
cate that proximity was discovered or may provide an indi 
cation that proximity was discovered due to being in the same 
venue. In the latter case, the users or applications can be aware 
that the terminals (and users) may not necessarily be suffi 
ciently close to qualify for being in normal geographic proX 
imity. 

Near Proximity 
0.132. In certain implementations, a distinction may be 
made between near proximity and actual proximity. By way 
of example, FIG. 4 is an illustration showing an example 
arrangement 400 (not drawn to Scale) wherein various states 
of proximity may be determined to exist between certain 
mobile devices, in accordance with an example implementa 
tion. Here, mobile devices are represented by terminals A, B, 
C, D, E, F, G, and H, each illustrated as being dispersed within 
arrangement 400 at different locations. For example, termi 
nals A, B and C are within a first area 402 (e.g., a circle with 
a radius of 2 km, centered at the location of terminal A). For 
example, terminals D, E, F, and G are within a second area 
404 (e.g., an annulus with a circular outer radius of 5 km and 
a circular inner radius of 2 km, both centered at the location of 
terminal A). Additionally, terminal H is shown as being 
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located at a distance of 12 km from the location of terminal A 
outside of both first area 402 and second area 404. 

0133. In certain instances, terminals are considered to be 
in near proximity if determined to be too far apart to qualify 
for actual proximity (e.g., threshold based) but near enough 
together that actual proximity may occur after some short 
period of time (e.g. within the next hour). In certain instances, 
being in near proximity may be associated with a distance 
threshold (e.g. the outer radius in FIG. 4) that exceeds a 
distance threshold for actual proximity (e.g. the inner radius 
in FIG. 4). In certain instances, for terminals in near proxim 
ity, direct radio contact and radio discovery may not be pos 
sible or may be possible but with a signal level less than a 
required minimum threshold, however, e.g., due to relatively 
large separation distances. Likewise, in certain instances a 
maximum threshold on distance to qualify for being in geo 
graphic proximity may be exceeded. Arrangement 400 
shows, for example, that terminals B and C may be in actual 
geographic proximity to terminal A while located within first 
area 402 (e.g., applying a threshold distance/range of 0-2 
km). Terminals D, E, F and G may be in near proximity to 
terminal A while located within second area 404 (e.g., apply 
ing a threshold distance/range of 2-5 km). Terminal H may be 
determined to be in neither actual nor near proximity to ter 
minal A (e.g., due to exceeding the example threshold dis 
tances/ranges). Of course, these are just a few examples and 
Subject matter is not intended to be necessarily so limited. 
0134. In certain implementations, near proximity may not 
need to be accurately determined because users and Apps 
may not be informed about it. For example, if near proximity 
has a maximum distance threshold of 5 km and a minimum 
distance threshold of 2 km as in the previous example, it could 
Suffice to determine near proximity when the distance was 
known only to be in the range 0-10 km. This means that 
approximate terminal locations may be used to discover near 
proximity, e.g., locations determined from the terminals cur 
rent serving cell or current network area (Such as a tracking 
area in the case of an LTE network or a location area in the 
case of a WCDMA or GSM network) or from some previ 
ously determined (and possibly no longer current) location, 
speed and heading. In certain implementations, near proxim 
ity may be used to assist discovery of actual proximity, e.g., 
on a periodic or other basis. 
0135) In certain example implementations, a network 
server and/or terminal A may periodically or at various times 
scan using a scan method M1 and scan rate (or scan fre 
quency) R1 for other terminals to determine which ones may 
be in near proximity to the terminal A. In certain instances, a 
network server and/or terminal A may periodically scan the 
terminals already found to be in near proximity (and option 
ally already in actual proximity) to the terminal A, e.g., using 
a scan method M2 and scan rate (or scan frequency) R2 to 
determine which of these terminals may (or may still) be in 
actual proximity to terminal A. The scan rates R1 and R2 may 
correspond to the frequency with which scan methods M1 and 
M2 are used by a network server and/or terminal to determine 
a state of near proximity and actual proximity, respectively, 
between a pair of terminals. 
0136. By way of example, the scan method M1 may be 
simple and efficient and the scan rate R1 may below (e.g., one 
scan every 15 minutes). Scan method M1 may, for example, 
considerall terminals that use the same proximity services as 
terminal A and that may be nearby to terminal A, e.g., which 
may (at times) comprise a large number of terminals. An 
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example scan method M2 may be more complex, e.g., possi 
bly more accurate and less efficient than method M1, and the 
scan rate R2 may be relatively higher (e.g., one scan every 5 
minutes). Scan method M2 may, for example, consider ter 
minals already discovered to be in near proximity to terminal 
A (e.g., via scan method M1). As such, the number of Such 
terminals scanned by method M2 may be significantly 
reduced (e.g. much less than the number of terminals scanned 
by method M1) and may even be zero at times. Since method 
M2 may scan a relatively smaller number of terminals, it may 
be more complex than method M1 and hence possibly more 
accurate without requiring significantly more processing and 
storage resources than method M1. By way of a further 
example, method M1 may consider or otherwise make use of 
information indicative of a serving cell, a tracking area in the 
case of LTE, a previous (possibly no longer current) location 
estimate, visible WiFiAPs, and/or the like or some combina 
tion thereof. By way of example, method M2 may addition 
ally or alternatively consider or otherwise make use of infor 
mation indicative of a current geographic location, measured 
RTT between 2 terminals, a direct radio detection, and/or the 
like or some combination thereof. By way of example, 
method M1 may be similar to or the same as method M2 but 
may use fewer resources than M2 due to employing coarser 
location accuracy and/or lower scan rate R1. 
0.137 In certain example implementations, a network 
proximity server may be used to discover proximity and near 
proximity between pairs of terminals. The proximity server 
may exchange information with terminals via a control plane 
or user plane based solution. With a control plane solution, 
signaling to Support discovery of proximity (e.g. signaling 
between the proximity server and any terminal and signaling 
between the proximity server and other network elements) 
may mainly make use of existing network interfaces and 
protocols. With a user plane Solution, signaling between the 
proximity server and any terminal and possibly signaling 
between the proximity server and other network elements 
may be conveyed as data by intermediate entities (e.g. using 
TCP/IP or UDP/IP protocols). Additional aspects of proxim 
ity servers and control and user plane solutions are described 
later herein—e.g. in association with FIGS. 7, 9, 14, 15 and 
16. When a control plane proximity solution is used by an 
LTE network, all or some of the following information may 
be used to maintain near proximity information for terminals 
in a proximity server: (i) current tracking area of each UE 
when in idle mode as known to the serving MME for the UE; 
(ii) current serving eNB of each UE when in connected mode 
as known to the serving MME; (iii) proximity services used 
by (or of interest to) each UE -e.g. as denoted by a unique 
expression assigned to each proximity service—and as pro 
vided by the UE to the MME (e.g. on network attachment) 
and/or as provided by the UE's HSS to an MME when the UE 
attaches; and/or (iv) periodic location estimates for a UE, 
provided by the UE (e.g. when a Tracking Update occurs) or 
obtained by the network (e.g. instigated by a serving MME or 
a proximity server). 
0.138. In certain example implementations, if a network 
proximity server is used with a user plane proximity solution, 
UEs may periodically update the proximity server with the 
following: current serving or camped on cell ID, approximate 
or accurate UE location; and/or proximity services used by 
(or of interest to) each UE—e.g. as denoted by a unique 
expression assigned to each proximity service. 
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0.139. In certain instances with either a control plane or 
user plane proximity Solution, a proximity server may use 
received information (e.g. as exemplified above) to create, 
update and maintain a list of other terminals in near proximity 
to any particular target terminal, e.g., for a proximity service 
common to Such terminals. By Such means, a network proX 
imity server may establish and maintain a list of other termi 
nals that are in near proximity to some other target terminal 
with respect to one or more or more proximity services of 
common interest to the target terminal and the terminals in 
near proximity. 
0140. If discovery of actual geographic proximity is 
desired for some terminal A, a network proximity server may, 
for example, obtain accurate location information to Verify 
which terminals (that may have already been discovered to be 
in near proximity to the terminal A) may be in actual geo 
graphic proximity to terminal A. In certain implementations, 
terminals may be located by a network (e.g. using SUPL or a 
control plane location Solution), e.g., on a periodic basis. In 
certain implementations, terminals may be instructed to listen 
for other terminals and measure and provide the RTT between 
them. The terminal locations and/or RTT values may be used 
to calculate the current distance between terminal A and each 
terminal that is in near proximity to terminal A in order to 
determine which terminals in near proximity are currently in 
actual proximity to the terminal A. 
0141. In certain example implementations, should actual 
radio proximity be desired to be determined rather than geo 
graphic proximity, terminals in near proximity may be 
instructed to enter radio discovery mode, e.g., in which each 
terminal may periodically broadcast and/or listen for broad 
casts from other terminals. In certain instances, a server may 
identify or provide characteristics (e.g., signal characteris 
tics) for the other terminals (in near proximity to a terminal A) 
to any terminal A to possibly make listening by terminal A 
more efficient. In certain instances, terminals may be 
Switched out of radio discovery mode when not needed (e.g. 
if there are no other terminals in near proximity) to possibly 
save on battery as well as radio and processing resources. 
0142. In certain example implementations, techniques 
may be implemented to support inter-network discovery of 
near proximity in which terminals served by different net 
works may be discovered to be in proximity. For example, in 
certain instances, terminals may be enabled to discoverter 
minals accessing other networks that share common proxim 
ity services, e.g., by extending some of the concepts described 
previously regarding near proximity and actual proximity. 
Networks (e.g. network proximity servers belonging to dif 
ferent networks) may, for example, exchange information 
regarding near proximity which may comprise: an identifica 
tion L of a location point or location area or Volume which 
may be a coarse location; and/or an identification P of each 
proximity service used by at least one terminal that may be 
present near or within the given location, area or Volume L. In 
certain instances, an identification L. may refrain from refer 
ring to cells, network areas (e.g. LTE tracking areas), and/or 
the like, since Such information may be specific to a particular 
network and may be confidential and not known to other 
networks. Instead, an identification L. may, for example, be 
defined using standard location coordinates (e.g. lat/long) or 
using some agreed to set of geographic location areas com 
mon to two or more networks such as location areas defined 
by a grid system (e.g. a rectangular grid made up of 200x200 
meter cells where each cell has a unique label which is used to 
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define L and is known to all participating networks). A net 
work (server) N1 may, for example, then transfer to another 
network (server) N2 a list of locations L1, L2, L3 ... and for 
each location Li, may transfer a list of one or more proximity 
services Pil, Pi2, Pi3 . . . supported by terminals currently 
served by network N1 that may be inside, at or nearby to 
location Li. A network (server) N2 may, for example, use 
received information from network N1 to determine whether 
any of network N2's terminals that share the same proximity 
service(s) (Pil, Pi2 etc.) may be in proximity or near prox 
imity to terminals in network N1 As an example, network N2 
may assume near proximity for any proximity service Pm 
reported by network N1 for any location (area or volume) Ln 
if one or more of network N2's terminals subscribing to (or 
Supporting or having an interestin) Pm may beat, in or nearby 
to Lin since terminals from both networks N1 and N2 with an 
interest in a common service Pm would then be in, at or 
nearby to the same location Ln. The discovery of near proX 
imity in this case may just be limited to a knowledge by each 
network (or each network proximity server) that for a certain 
coarse location L. Some terminals served by the network at, in 
or nearby to location L are in near proximity to certain other 
terminals in another network for certain proximity services. 
While each network (or network server) may know which of 
its own terminals are in near proximity to one or more other 
terminals served by the other network, it may not know the 
identities of these other terminals since they may not have 
been transferred by the other network (or network proximity 
server). While this information limits discovery of actual 
proximity (without additional information transfer Such as 
that described later herein), it may also indicate large num 
bers of terminals in a network for which near proximity to 
terminals in another network has not occurred. The network 
may then be spared from attempting to discover actual proX 
imity for these terminals which may save significantly on 
processing and signaling usage and thereby enable faster 
discovery of actual proximity for terminals for which near 
proximity was first established. 
0143. In certain example implementations, techniques 
may be implemented to support inter-network discovery of 
actual proximity. For example, in certain instances, informa 
tion exchanged between networks (or network proximity 
servers) to discover near proximity may be limited to just 
coarse locations and associated proximity services and sent 
infrequently (e.g. every 10 minutes) as described previously, 
possibly making Support efficient. If near proximity is dis 
covered between terminals in two networks for some prox 
imity service Pat or nearby to a location L, each of the two 
networks may, for example, then send to the other network the 
identities and locations of its own served terminals that sub 
scribe to or make use of service P that may also beat or nearby 
to location L. Each network (or a proximity server in each 
network) may then, for example, compare locations for ter 
minals that use the same proximity service P to determine 
which terminals may be in actual proximity. In certain 
instances, information to discover actual proximity (such as 
terminal identities and terminal locations) may be exchanged 
more often between networks (or between network proximity 
servers) than information that is exchanged to discover near 
proximity, and may only need to refer to terminals already 
discovered to be in near proximity. Although more detailed 
information may then be exchanged more often to enable 
discovery of actual proximity than to enable discovery of near 
proximity, the restriction of the detailed information just to 



US 2014/0162687 A1 

terminals already known to be in near proximity may limit the 
quantity of information compared to what would be needed if 
the information were to be sent for all terminals served by a 
network. 

0144. If a network N1 (or a network proximity server in 
networkN1) may be able to reliably verify (e.g. authenticate) 
the proximity services used by each of its own served termi 
nals, the terminal identities transferred to another network N2 
(or to a proximity server in network N2) may be the real ones 
(e.g. may include a global identity of each terminal Such as a 
public user ID). These terminal identities may then be pro 
vided to other terminals served by network N2 (e.g. by a 
proximity server in network N2) along with the proximity 
services used by the terminals in network N1 after proximity 
is discovered between pairs of terminals in networks N1 and 
N2. In this case, a terminal served by network N2 that receives 
the identity of another terminal served by network N1 that is 
in proximity to the terminal in network N2 can be sure that the 
proximity services Supported or used by the terminal in net 
work N1 are valid and can then decide how to react to the 
reported proximity. Since the identity of the terminal in net 
work N1 reported to the terminal in network N2 would be a 
real identity, the terminal in network N2 would be in a posi 
tion to instigate communication with the terminal in network 
N1 if this was required or useful to support the proximity 
service(s) for which proximity had been discovered. 
0145 If radio and not geographic proximity needs to be 
discovered, the preceding method of discovering near proX 
imity between terminals in different networks may continue 
to be used but discovery of actual proximity for terminals 
already discovered to be in near proximity may be based on an 
ability to receive signals (e.g. with a strength greater than 
some threshold) transmitted by one terminal in one network 
to another terminal in another network rather than on verify 
ing a particular maximum geographic separation. A network 
N1 (or a proximity server in network N1) may then, for 
example, provide another network N2 with characteristics of 
signals broadcast by terminals in network N1, e.g., to possibly 
allow easier acquisition by terminals in network N2 that are in 
near proximity to terminals in network N1. In certain 
instances, network N1 may assign frequency or frequency 
resources (e.g., that network N1 owns) to terminals served by 
network N2 (e.g. to terminals in network N2 that are in near 
proximity to terminals in network N1) which the terminals in 
network N2 may use to broadcast their presence to terminals 
in network N1. 
0146 In certain example implementations, techniques 
may be implemented to Support notification of proximity to 
Apps and/or users. Assuming that two terminals, e.g., T1 and 
T2, are discovered to be in actual proximity for a particular 
proximity service, these terminals may be notified in the case 
that proximity is discovered by a network or by a network 
proximity server. For example, a network proximity server 
may convey to terminal T1 the identity of terminal T2 and the 
particular proximity service for which proximity was discov 
ered. Similar information may also be conveyed to terminal 
T2. In the case that proximity has been discovered by one or 
both terminals instead of (or in addition to) by the network 
(e.g., using direct radio signaling between the terminals or by 
having signals from one terminal relayed to the other terminal 
via one or more other intermediate terminals), the informa 
tion on terminal identities and proximity services may 
already be known to the terminals (or to some proximity 
engine or process running on each terminal) due to having 
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been included in the signals sent from one terminal to the 
other. For both the network discovery and terminal discovery 
cases, one or more applications on the terminals supporting 
the particular proximity service(s) may be informed of the 
discovered proximity (e.g. may be provided with the identity 
of the other terminal discovered to be in proximity or pro 
vided with a means to communicate with this other terminal) 
and/or the terminal user(s) may be informed accordingly. 
Subsequent behavior may be up to the Apps and/or users and 
may include, for example, different types of communication 
(e.g. speech, video, IM, data) or possibly no noticeable action 
(e.g. where users or Apps simply take note of the proximity 
but defer any action to a later time, possibly when some other 
trigger event has occurred). In certain instances, a proximity 
process or proximity engine on a terminal may continue to 
monitor proximity and inform Apps and/or users when proX 
imity to Some other terminal for Some proximity service has 
ceased, e.g., Such an occurrence may trigger one or more 
other actions from the Apps and/or users. 

Broadcast and Relaying 
0147 In certain example implementations, techniques 
may be implemented to Support proximity services without 
network Support—e.g. when terminals are outside of network 
coverage or when network Support is not available or cannot 
be relied upon. For example, if proximity services are Sup 
ported by terminals without the assistance or participation of 
either a network or network based proximity server, terminals 
may employ direct radio discovery. In certain instances, ter 
minals whose broadcast signals may be directly received by 
Some other terminal A may be considered to be in actual 
proximity to terminal A (e.g., either without condition or if 
the received signals satisfy certain conditions). Here, for 
example, a condition may be satisfied if a signal level exceeds 
some threshold and/or if the measured RTT between the 
terminals is below some threshold. Terminals whose signals 
may not be received directly by terminal A (Group 1) or 
whose signals may be received but fall below the required 
threshold(s) for actual proximity (Group 2) may be candi 
dates for near proximity. For terminals in Group 2, a deter 
mination of actual rather than near proximity may be based, at 
least in part, on monitored signal levels and/or RTTs. For 
terminals in Group 1, a determination of near proximity to 
terminal A may, for example, be possible if each terminal T in 
Group 1 relays to other terminals, by means of broadcast, 
information on all terminals whose signals have been directly 
detected by the terminal T. For example, terminal A may then 
receive from those terminals B it is in direct contact with 
information on other terminals C in direct contact with ter 
minals B but not in direct contact with terminal A. Terminals 
B may, for example, also relay information on additional 
terminals D not directly detected by terminals B but identified 
via broadcast from other terminals (e.g. terminals C). Termi 
nal A may thus receive information on all terminals whose 
information can be sent to terminal A either directly (as in the 
case of terminals B) or via relaying through other terminals 
(as in the case of terminals C and D). Information broadcast 
by or relayed for other terminals may, for example, be indica 
tive of their identities, location information (e.g., RTTs to 
other terminals and/or location coordinates), and/or their Sup 
ported proximity services, just to name a few examples. In 
certain instances, terminal A may end up receiving informa 
tion on all terminals and, by using the received location infor 
mation, may be able to determine which terminals may be in 
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near proximity to terminal A. In certain instances, terminal A 
may listen for direct radio signals from terminals found to be 
in near proximity to terminal Ain order to determine which of 
these terminals may be in actual proximity to terminal A 
and/or may use received location information to determine 
when any of these terminals may be in actual proximity to 
terminal A. 
0148. In certain example implementations, relaying of 
information by terminals may have some limitations. For 
example, in certain instances, unless a terminal is surrounded 
by many terminals in different directions, information on 
Some terminals in near proximity may not be relayed. As 
Such, in certain implementations, a terminal may need to 
listen for direct broadcasts from terminals not so far detected, 
in order to detect early on when they are in actual proximity. 
In certain instances, relaying of information may consume 
significant bandwidth and/or possibly be redundant (and pos 
sibly wasteful of resources), e.g., whenever information on 
the same terminal is relayed to a terminal A by more than one 
neighbor terminal or by the same neighbor terminal multiple 
times. This may not always be important, however, when 
terminals are out of network coverage because bandwidth 
may be plentiful (e.g. due to no interference with network 
used bandwidth). In certain implementations, the consump 
tion of bandwidth may be mitigated by relaying information 
periodically at low frequency, e.g., every 5 minutes. In certain 
instances, the discovery of near proximity for the case of no 
network Support may be used to Support group communica 
tions wherein being in near proximity may trigger relaying of 
communication between terminal users. 

014.9 FIG. 5 is an illustration showing an example 
arrangement 500 of mobile devices (terminals A, B, C, D, E, 
and F) Supporting the transmission and/or relaying of infor 
mation (e.g. for use in determining a state of proximity or for 
Supporting a certain proximity service) between two or more 
of the mobile devices, in accordance with an example imple 
mentation. Area 502 represents a limit of direct radio recep 
tion for terminal A, and area 504 represents a limit of direct 
radio reception for terminal B. 
0150. In this example, terminal A directly detects the pres 
ence of terminal B (from signals broadcast from terminal B) 
and can learn about terminal C and terminal D from informa 
tion relayed by terminal B. However, there may be no termi 
nal within radio coverage of terminal A that can relay infor 
mation received directly from terminal E and terminal F even 
though these may be in near proximity to terminal A. How 
ever, terminal E may broadcast information to terminal F 
which may broadcast its own information and relay terminal 
E’s information to terminal D which may in turn relay this 
information to terminal Band thence to terminal A. Relaying 
may, for example, thus transfer information concerning each 
terminal to all other terminals. Relaying information within a 
set S ofterminals in the above manner may be possible unless 
the set S contains 2 or more subsets S1, S2 (, S3 ...) with each 
terminal in any Subset Sibeing out of radio range of every 
terminal in every other subset Sj. 
0151. In certain example implementations, a method of 
relaying information among a set of terminals without net 
work support may be for every terminal A to broadcast infor 
mation for every other terminal B whose information is 
received either directly from the terminal B or via relaying 
from some other terminal C. This may result in each terminal 
in any set S of terminals broadcasting information for every 
other terminal in S provided no subset of S is out of radio 
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range of any other Subset of S. This may, for example, produce 
unnecessary broadcast (and unnecessary extra use of band 
width) as well as continuing to propagate out of date infor 
mation (e.g. location information) for Some terminals. To 
reduce unnecessary broadcast and/or avoid out of date infor 
mation, in certain instances information on each Source ter 
minal may be tagged by the Source terminal in some manner, 
e.g., explicitly with a version number V or timestamp TS and 
implicitly or explicitly with a duration D (where an implicit 
duration D could be a system parameter configured in all 
terminals). In certain implementations, a terminal T1 receiv 
ing information for a terminal T2 may only accept the infor 
mation if the associated version V or timestamp TS is higher 
than or later than the version or timestamp, respectively, for 
any other information for terminal T2 received previously by 
terminal T1 otherwise the newly received information may 
be ignored. If terminal T1 receives new (higher version or 
later timestamped) information for terminal T2, it may broad 
cast the new information for the duration D and may thereaf 
terdiscard the information. A version V or timestamp TS used 
to tag information for any source terminal may, for example, 
be incremented by the source terminal even if there is no 
change in the information, e.g., to ensure other terminals 
know the unchanged information is still up to date. 
0152 FIG. 6 is an illustration showing an example 
arrangement 600 of mobile devices (represented by terminals 
A, B, C, D, E, and F) Supporting the transmission and/or 
relaying of information as described above between two or 
more of the mobile devices, in accordance with an example 
implementation. Here, terminal A is shown as being moved at 
Some stage to a new location wherein terminal A is repre 
sented as A' at the new location. In this example, terminal E 
may receive information related to terminal Aboth via relay 
ing through a chain of terminal B, terminal C, terminal D 
which involves transmission of information on 4 consecutive 
hops and via relaying by terminal F which involves transmis 
sion of information over only 2 consecutive hops. Hence, the 
information relayed by terminal F may arrive first (since there 
are fewer hops to delay the information) so terminal E may 
ignore the same information when received from terminal D. 
Suppose after Some time period, terminal A moves (to A) and 
is still within radio range of terminal B but out of radio range 
of terminal F. If terminal Abroadcasts new information (e.g. 
information containing its new location) with a new version 
V+1, terminal E may now accept the new information from 
terminal D (due to the higher version V+1) and may ignore 
any out of date information broadcast by terminal F which 
may still indicate version V. In addition, terminal F may 
accept the new information from terminal E. e.g., once ter 
minal E starts to broadcast Such new information. 

0153. In certain example implementations, techniques 
may be implemented to Support efficient relaying of informa 
tion among terminals without network Support via means of 
acknowledgment(s). In certain example implementations, a 
terminal T1 may stop broadcasting or relaying certain infor 
mation (I) once it knows that all interested terminals within 
direct radio range of T1 already have the information I. 
Another terminal T2 may, for example, effectively confirm 
receipt of I to terminal T1 via either explicit or implicit 
acknowledgment. By way of example, with an explicit 
acknowledgment, terminal T1 may observe terminal T2 
broadcasting the same information I. For example, assuming 
Irelates to some terminal T3, I can be uniquely labeled using 
some identifier for terminal T3 plus an information version V 
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or timestamp TS assigned originally by terminal T3. For 
explicit acknowledgment of I, terminal T1 may observe ter 
minal T2 broadcasting information for terminal T3 (e.g. 
labeled with the identifier for terminal T3) and with the same 
version V or timestamp TS that terminal T1 already has). 
0154) In certain instances, with implicit acknowledgment, 
terminal T1 may broadcast I together with a tag value TV 
unique to T1 (e.g., which may comprise the ID of terminal T1 
plus a sequence number assigned by terminal T1). Any ter 
minal T2 that receives I together with TV directly from ter 
minal T1 may include TV in all broadcasts of its own and 
continues broadcasting TV so long as it receives I together 
with TV from terminal T1. However, TV may not be relayed 
when I is received together with TV from a terminal that is not 
terminal T1. Terminal T1 may continue to broadcast TV (or 
an updated version of TV) along with I, e.g., so long as I is 
broadcast. If terminal T1 observes terminal T2 broadcasting 
TV (or an updated version of TV), it may determine that 
terminal T2 has received I. In certain instances, TV may also 
be used by terminal T1 to tag other information items J 
broadcast or relayed by terminal T1. In some implementa 
tions, TV may be quite short (e.g. much Smaller than the 
information I that TV is used to tag) and may thus be a more 
efficient means of acknowledging I than broadcast of I itself. 
Once all terminals from which terminal T1 may receive 
broadcast directly have explicitly acknowledged I (e.g. via 
broadcast of I) or implicitly acknowledged I (e.g. via broad 
cast of a tag value TV), terminal T1 may stop broadcasting or 
relaying I. 
0155. In certain instances, such explicit and implicit 
acknowledgment mechanisms as those described above may 
allow more efficient broadcasting and relaying. In an example 
implementation, a terminal T1 may initially broadcast any 
updated information I 1 for itself and may include a higher 
version numberV1 or later timestamp TS1 for I1. Terminal T1 
may, for example, likewise relay any updated information I3 
received for another terminal T3 as indicated by a higher 
version V3 or later timestamp TS3 (assigned by terminal T3) 
than previously received for terminal T3 by terminal T1. Once 
all other terminals S from which terminal T1 receives broad 
casts directly have explicitly or implicitly acknowledged I1 
and/or explicitly or implicitly acknowledged I3, terminal T1 
may cease broadcasting I1 and/or cease relaying I3 in each 
case respectively (e.g. in the case of I3, terminal T1 can then 
ignore I3 when received from other terminals). In certain 
instances, terminal T1 may resume broadcast of I1 or resume 
relay of I3 if I1 is updated or terminal T1 receives a newer 
version of I3 (with a higher version V3+n or later timestamp 
TS3+x) in each case respectively. Terminal T1 may then wait 
until the new information is acknowledged implicitly or 
explicitly by all terminals in direct radio range before ceasing 
broadcast or relaying. Terminal T1 may also resume broad 
cast of I1 or resume relay of I3 if T1 receives a direct broad 
cast from a new terminal not in the previous set S that does not 
contain (or implicitly acknowledge) I 1 or I3, respectively, or 
contains an earlier version of either information. Terminal T1 
may then wait until the new terminal explicitly or implicitly 
acknowledges I1 or I3 (in each case respectively) before 
ceasing broadcast or relaying. 
0156 The previous mechanism may not guarantee that a 
terminal T1 will always receive an acknowledgment from 
another terminal T2 for information I broadcast or relayed by 
T1. There may be cases where terminal T2 has I and either (a) 
does not receive terminal T1's broadcasts directly or (b) 
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observes terminal T1 broadcasting I and concludes that 
because terminal T1 (and all other terminals in range of 
terminal T2) has (have) I, terminal T2 does not need to send I. 
Case (b) above may be avoided if terminal T1 employs 
implicit acknowledgment because terminal T2 may still have 
to broadcast any tag value TV sent by T1 in association with 
I which will then implicitly acknowledge I to terminal T1. For 
case (a) above, terminal T1 may observe terminal T2 not 
broadcasting I and conclude terminal T2 does not have I, 
leading terminal T1 to keep sending I. Case (a) may be fairly 
rare because it depends on unsuccessful terminal T1 to ter 
minal T2 transmission and Successful terminal T2 to terminal 
T1 transmission, but may be possible due to different trans 
mission powers and receiver sensitivities in terminal T1 and 
terminal T2. To mitigate case (a), in certain instances a ter 
minal may periodically resend any information I even when 
all terminals in direct radio contact appear to have acknowl 
edged I. In the example above, this would lead terminal T2 to 
periodically resend I and therefore confirm receipt to terminal 
T1 enabling T1 to cease sending I. In addition whenever 
information I changes, terminals may send the newer version 
of I which will terminate transmission of the older version of 
I in terminals such as terminal T1 above. 

0157 Reference is now made to FIG. 20, which is a flow 
diagram illustrating a process 2000, which in accordance with 
certain example implementations, may be implemented to 
Supportall or part of an example general broadcast and relay 
ing method among terminals without network Support. In 
support of such a method at example block 2002, each termi 
nal may start by periodically broadcasting information for 
itself comprising and/or other indicating, for example, its 
identity, current location and Supported proximity services 
and an information version or timestamp. Each terminal may 
also listen at example block 2004 for broadcasts from other 
terminals (e.g. when not engaged in performing block 2002) 
and may store any information received from other terminals. 
If a terminal receives information from some other terminal, 
the received information may at example block 2006 becom 
bined with other information previously received such that 
any received information with version V or timestamp T that 
is related to Some terminal T1 replaces any previous informa 
tion for terminal T1 that has a version less than V or a times 
tamp prior to T. A terminal may continue to broadcast infor 
mation for itself at example block 2008 (e.g., as at block 
2002) but once the terminal has received information related 
to one or more other terminals at blocks 2004 and 2006, the 
terminal may also relay Such information along with its own 
information. At example block 2010, a terminal T1 may 
determine that another terminal T2 has acknowledged infor 
mation that terminal T1 sent previously related to some ter 
minal T3, if information is received from terminal T2 that 
implicitly or explicitly acknowledges this information (e.g., 
as described previously). It should be noted that terminal T3 
at block 2010 may be a different terminal to T1 or may be 
terminal T1. At example block 2012, if all terminals from 
which terminal T1 receives broadcast explicitly or implicitly 
acknowledge the information stored in terminal T1 for any 
terminal T3, terminal T1 may cease relaying information for 
terminal T3. At example block 2014, a terminal T1 may later 
resume relaying information for a terminal T3, e.g., after 
receiving new information for terminal T3 (e.g. with a higher 
version or later timestamp) or after receiving a direct broad 
cast from some terminal T4 that did not yet acknowledge the 
information stored in terminal T1 for terminal T3. 
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0158. In certain example implementations, techniques 
may be implemented to support relaying of information 
between terminals without network Support using informa 
tion tags. The techniques Supportan explicit request for trans 
mission of missing information and are referred to here as 
"tagged transmission'. The previous explicit and implicit 
acknowledgment mechanisms may, in certain situations, pro 
duce unnecessary broadcasting (e.g., until a sender receives 
Sufficient acknowledgments to cause the sender to stop send 
ing). To reduce unnecessary transmission further, tagged 
transmission may be used in which information items may be 
associated with a unique tag. For example, information 
related to a particular terminal T1 may have a tag comprising 
the terminal T1's identity (ID), an information type or infor 
mation identifier and a version number or timestamp. In one 
implementation, a tagt related to informationi for a particular 
terminal t1 may be generated by terminal t1, broadcast by 
terminal t1 along withi and Subsequently relayed along with 
i by other terminals. A terminal T1 that receives or internally 
generates information I with tag T may then relay or broad 
cast, respectively, I and T together a few times and Subse 
quently just relay or broadcast T (without I) which may be 
much smaller than I. A terminal T2 that detects terminal T1 
relaying or broadcasting T but not I may then broadcast a 
request for 1 if it does not yet have I (or only has an earlier 
version of Iassociated with a tag with a lower version number 
or earlier timestamp) by sending the tag T together with a 
request indication. Terminal T2 may, for example, determine, 
at least in part, from the content of the tag (e.g. from any 
terminal ID and information type identifier in the tag) 
whether or not terminal T2 wishes to receive I and thus 
whether or not to request I by broadcasting a request indica 
tion together with the tag T. Should terminal T2 decide to 
request I, terminal T2 may, for example, optionally include 
terminal T1's ID as well as the tag T in the request to indicate 
that terminal T1 but not other terminals should transmit I. The 
inclusion of terminal T1's ID in the request may avoid addi 
tional transmission from other terminals. If terminal T1 
detects the request for 1 from terminal T2, terminal T1 may 
send I and T together once or several times so that terminal T2 
may obtain I. If terminal T2 does not receive I, it may repeat 
the request and terminal T1 may repeat sending I. Once ter 
minal T2 has information I, it may signify this to terminal T1, 
e.g., by broadcasting just the tag T without I and not in 
association with a request. As an alternative to requesting 
transmission only from terminal T1, terminal T2 may send a 
request for 1 but not include the ID of terminal T1, in which 
case any other terminal that has the information I and the 
associated tag T, may broadcast I and T once or several times 
to enable receipt by terminal T2. 
0159 For simplicity and efficiency, in certain example 
implementations of tagged transmission, a request for infor 
mation I associated with a tag T may optionally be signaled by 
a null request. In this case, a terminal T1 may assume another 
terminal T2 requests information I that is associated with a tag 
Tifterminal T1 does not see terminal T2 sending either I and 
T together orjust Twithout I. With this implementation, each 
terminal t1 may periodically send either the latest information 
i and associated tagt for every other terminal t2 or just the tag 
t without the information i. The lack of receipt of either i and 
t (or a later version of I and t) or just t (or a later version oft) 
from some other terminal t3 may then be taken as evidence 
that the terminal t3 does not have information for the terminal 
t2 and thus needs to be sent the information i and associated 
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tag t. The use of a null request may be efficient when infor 
mation needs to be sent to all terminals (e.g. terminals will not 
be able to selectively request or not request different infor 
mation items). 
0160. When tagged transmission is used as described 
above (and with or without the use of a null request), a 
terminal T1 may resume sending any information I associated 
with a tag T whenever it receives (or internally generates) a 
later version of I associated with a new tag with a higher 
version or later timestamp than that for the previous tag T. For 
an asymmetric case where a terminal T1 may receive signals 
from another terminal T2 but where terminal T2 is unable to 
receive signals from terminal T1, terminal T1 will not be able 
to send I to terminal T2 even if sees a request for 1 from 
terminal T2. Since terminal T2 would have learnt of I from 
some terminal (which would generally not be T1 since it is 
assumed that T2 cannot receive from T1), there is a chance 
that another terminal (that is not T1) may be able to send I to 
terminal T2. If not, terminal T1 may observe T2 requesting I 
and consequently may send I but without T2 being able to 
receive I. In this case, the unnecessary transmission from 
terminal T1 may, in certain instances, still be limited by a 
limit on the number of transmissions of I from any terminal 
that may be imposed for the tagged transmission technique. In 
another asymmetric case where a terminal T2 may receive 
signals from terminal T1 but terminal T1 is unable to receive 
signals from terminal T2, the terminal T2 may request I but 
terminal T1 will not see the request. Terminal T2 may, for 
example, repeat the request for 1 many times without receiv 
ing I, but if the size of T is Small, this may not use much 
bandwidth. In general, tagged transmission schemes may be 
efficient when the information I size is large and the tag Tsize 
is Small which may arise when information is exchanged 
among terminals without network Support via broadcast and 
relaying to support individual proximity services after proX 
imity or near proximity has been discovered. 
0.161 Information for a terminal T that is broadcast or 
relayed among other terminals may be used to Support dis 
covery of the terminal T by one or more of the other terminals 
for different proximity services and may be used to assist 
proximity services being used by the terminal T. For example, 
a set of information A related to a terminal T that is broadcast 
by terminal T and/or relayed by other terminals to support 
discovery of proximity for T may be indicative of an identity 
of the terminal T, a list of proximity services supported by T 
(e.g. with each proximity service identified by means of a 
unique expression), identities of other terminalsT known by 
T to be in direct radio range of T, and/or location and signal 
information for T and terminals in T. just to name a few 
examples. A different set of information B related to terminal 
T that is used to assist proximity services in use by T may be 
indicative of: (i) message(s) for any proximity service Pinuse 
by T that is (are) intended to be transferred to other terminals 
in proximity to T; (ii) identities of terminals previously dis 
covered to be in proximity to T (which may constitute a 
recipient list for the information); (iii) information to setup or 
release sessions or connections between T and other termi 
nals in proximity to T; and/or (iv) data traffic between T and 
other terminals in proximity to T (e.g. speech/video clips, 
IM), just to name a few examples. In certain instances, infor 
mation sets A and B above may be distinguished and Sup 
ported differently, e.g., using different protocols and different 
broadcast and relay mechanisms for information set A versus 
information set B. In certain instances, information set B for 
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terminal T that is used to assist proximity services in use by T 
may be transferred to other terminals via a more efficient 
means of broadcast and relaying than information set A that is 
used to support discovery of proximity by or for T. This may 
be due to a likelihood of information set B being much greater 
in size than information set A. 

0162. In certain example implementations, techniques 
may be implemented to Support routing of certain communi 
cation between terminals. The previous example mechanisms 
(e.g. using explicit acknowledgment, implicit acknowledg 
ment and tagged transmission) may enable information to be 
broadcast and relayed throughout a group of terminals with 
out network support but may not be suitable for directed 
communication, e.g., where a terminal may need to send 
signaling, data or voice to just one other terminal or to a 
particular group of terminals within a larger set of terminals. 
In some instances, in order to Support directed communica 
tion, each terminal T may support a hop by hop method of 
routing by maintaining a routing table showing other termi 
nals in direct radio range ofT via which communication can 
be transferred to any other destination terminal. Such a rout 
ing table may, for example, be compiled via information 
received by each terminal as part of proximity discovery 
Support (e.g. as enabled by broadcast and relaying of infor 
mation items in information set A described previously 
herein). In certain implementations, a routing table at a ter 
minal T may be next hop based—showing, for each destina 
tion terminal D, other terminals S in direct radio range to 
terminal T via which information can be relayed from T to the 
destination terminal D. In certain instances, such a table may 
identify a subset of terminals S* in S that are able to relay 
information to terminal D via a minimum number of addi 
tional relay terminals. If terminal T needs to send or relay a 
message to terminal D, it may forward the message to some 
terminal tin S*. If S contains more than one terminal, t may, 
for example, be chosen by T from within S* (a) at random, (b) 
based on known (e.g. reported) relay or throughput capabili 
ties of each terminal in S. (c) based on a reported congestion 
status of each terminal in S* or (d) via some combination of 
(a), (b) and (c). The terminal t to which terminal T forwards 
the message would then (if it is not the destination D) forward 
the message to another terminal using the same routing 
method as used by terminal T. Eventually, the message may 
reach the destination D via a minimum number of intermedi 
ate relay terminals (or hops). Terminal T may maintain sig 
naling links or data links to the terminals in S, e.g., so mes 
sages may be efficiently forwarded. In certain 
implementations, a routing table at terminal T may instead 
enable source routing by providing a complete sequence of 
intermediate relay terminals via which communication may 
be routed to any destination terminal D from terminal T. Such 
a source routing table may be compiled by any terminal T 
based on information received from terminals related to dis 
covery of proximity (e.g. based on information of the type 
described previously for information set A). In certain 
instances, terminal T may include in any message to be sent to 
a destination terminal D using source routing a sequence of 
the intermediate relay terminals via which the message may 
be relayed in order to allow each intermediate relay terminal 
to determine the next terminal to which the message should be 
Sent. 

0163. In certain example implementations, techniques 
may be implemented to Support broadcast and relaying of 
information among terminals to Support various group Ser 
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vices. In certain instances, a group of terminals in proximity 
to one another may use a group proximity service, e.g., (i) 
enabling one user to communicate with all the other users in 
the group or communicate selectively with some of the other 
users or (ii) enabling one terminal to exchange information 
automatically with some or all of the other terminals in the 
group (e.g. location information and sensor information for 
the environment). Such group proximity service(s) may be 
used for public safety and by various closed user groups, e.g., 
associated with a particular company, a club, a gaming Ser 
Vice or Some private interest group, just to name a few 
examples. To Support Such group service(s), it may be ben 
eficial for each terminal to be informed of the identities of 
other terminals engaging in the same service, and which may 
be in proximity (or possibly in near proximity). To establish 
proximity without any network Support (e.g., when terminals 
are out of network coverage), the previous methods of broad 
cast and relaying and/or the like may be used. 

Use of a Proximity Server 
0164. In certain example implementations, techniques 
may be implemented for server Support of proximity discov 
ery. In such a case, a network that Supports discovery of 
proximity for the terminals that it serves may contain a server, 
referred to here as a “proximity server” or “network proxim 
ity server, that enables discovery of terminals that use or 
have an interest in the same proximity service(s) and are in 
proximity to one another. Information concerning terminals 
discovered to be in proximity to one another may then be 
transferred by the proximity server to the concerned terminals 
to enable the terminals (or certain applications on the termi 
nals or the terminal users) to engage in proximity services of 
mutual interest to one another. In certain example implemen 
tations for networks that support LTE, a network proximity 
server may obtain proximity data for all UEs in a served area 
directly from the UEs and/or from MMEs and eNodeBs in the 
network that serve these terminals. In certain instances, a 
proximity server may comprise a new entity or a new logical 
function in an existing entity or Subsystem (e.g., eNodeB, 
MME, PDG, IMS, SLP, E-SMLC) and may reside in a serving 
network for a UE. 
0.165. In certain example implementations, a network 
proximity server may scan data it receives that is related to 
UES in its serving area for potential proximity matches. For 
example, a network proximity server may: (i) find all UEs 
using or having an interest in the same proximity service; (ii) 
authenticate UE association with each proximity service that 
a UE claims is used or of interest; (iii) Verify geographic, 
cellular or probable radio proximity conditions for UEs that 
make use of (or have an interest in) the same proximity 
service; and/or (iv) where a set S of UEs using or interested in 
the same proximity service are discovered to be in proximity, 
send data on each UE in S to some or all of the other UEs in 
Saccording to which UEs in Sare allowed to receive this data. 
0166 In certain example implementations, a network 
proximity server may instead or in addition broadcast all 
proximity data that it receives (e.g. from UEs, MMEs, eNo 
deBs) to all UEs served by the network with UEs then respon 
sible for proximity discovery. In certain instances, data broad 
cast in each network cell may comprise data applicable only 
to UEs in or nearby to the cell to reduce the amount of 
broadcast data. 
0167. In certain example implementations, a UE (or the 
serving MME/eNB for a UE) may update data in a proximity 
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server (related to discovery of proximity) periodically or 
whenever there may be some change in the data. By way of 
example, certain updated data for a particular UE may indi 
cate a change of UE serving cell, a change of UE location, a 
change of a set of other UEs detected by the UE via LTE-D, 
and/or a change of user or App requirements in the UE related 
to a certain proximity service. 
0.168. In certain example implementations, a network 
proximity server may remove data it has for a UE following a 
timeout, e.g., in response to not receiving further data updates 
from the UE. In certain instance, a network proximity server 
may receive proximity data (e.g. for network defined proX 
imity services) via certain operations and maintenance func 
tions, and/or from other network servers, etc. In some imple 
mentations, network proximity server Support may not be 
needed for proximity services that only make use of radio 
proximity and can be supported by terminals without network 
assistance. 
0169. In certain example implementations, techniques 
may be implemented for LTE-D support and discovery of 
proximity by a network proximity server. For example, in 
certain implementations, proximity discovery by terminals 
using direct radio signaling (e.g. LTE-D) may be enabled to 
run autonomously for some user cases—e.g. public safety. In 
certain instances, network control of direct radio (e.g. LTE-D) 
discovery may be optional. For example, a network may 
inform UEs whether or not direct radio discovery may be 
permitted and provide physical and transport related param 
eters to assist terminals to discover proximity (e.g. may pro 
vide frequencies and signaling related parameters that termi 
nals should all use for direct radio discovery). In some 
instances, if network control is absent (e.g., not imple 
mented), proximity services may simply be unavailable or 
may be Supported using default information configured in 
each terminal (e.g. permitted spectrum in the case of proxim 
ity services for public safety). 
0170 In certain example implementations, discovery of 
proximity by a network proximity server may be optional and 
may instead be supported by UEs if requested by the serving 
network. In certain instances, some network control param 
eters for proximity discovery may be broadcast to terminals 
and/or provided to terminals on network attachment or (for 
IMS control) on IMS registration. Network control param 
eters may, for example, specify how interaction between ter 
minals and the network proximity server may operate, e.g., 
whether UEs need to send data to a proximity server concern 
ing UEs discovered via direct radio contact. In certain 
instances, discovery by network proximity servers of proX 
imity between terminals served by different networks may 
need to take account of UE subscription data or user prefer 
ences—e.g. in order to protect UE or user identities when 
sending proximity related information to another network 
and/or restrict the degree to which a terminal in one network 
can be discovered to be in proximity to a terminal in another 
network. In certain implementations, applications may 
attempt to set proximity service parameters to maximize use 
of direct radio discovery (due to normal higher efficiency than 
network discovery of proximity). 
0171 Attention is drawn next to FIG. 14, which is a sche 
matic block diagram illustrating an example arrangement 
1400 in which discovery of proximity between nearby 
devices is discovered by or with the assistance of a network 
proximity server in an LTE network that makes of control 
plane based signaling to communicate with other entities. As 
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illustrated, example arrangement 1400 may comprise an eNB 
1404 coupled to a UE 1402 and also an MME 1406. MME 
1406 may be coupled to a proximity server 1408 and possibly 
to an E-SMLC 1410. In certain implementations, as illus 
trated by the dashed-line box, proximity server 1408 and 
E-SMLC 1410, though logically separate, may be physically 
combined, e.g., to benefit from proximity & location syner 
gies, etc., or may be physically separate and enabled to com 
municate via a communications link. Control plane based 
signaling may be supported between UE 1402 and proximity 
server 1408, for example, using NAS capabilities and NAS 
signaling that may be partly defined already for 3GPP net 
works in such 3GPP TSs as TS 24.301. Proximity server 1408 
may obtain proximity related information for UE 1402 (e.g. 
UE identity, UE location, UE serving cell, serving eNBorTA, 
nearby UEs detected by direct radio means, proximity ser 
vices supported by or of interest to the UE) directly from UE 
1402 (e.g. using the aforementioned NAS signaling) and/or 
from eNB 1404 and/or MME 1406. Location related infor 
mation for UE 1402 may in addition or instead be obtained by 
proximity server 1408 from E-SMLC 1410. To locate a target 
UE (e.g. UE 1402), proximity server 1408 may send a loca 
tion request to (serving) MME 1406 for UE 1402. In certain 
instances, MME 1406 may transfer such a request to 
E-SMLC 1410 which may then locate UE 1402 using 3GPP 
control plane procedures (e.g. as defined in 3GPP TS 36.305) 
and return the location result to MME 1406 and thence to 
proximity server 1408. Proximity server 1408 may use the 
information obtained for UE 1402 and other UEs to deter 
mine which UEs may be in proximity or near proximity 
and/or to predict the probable future occurrence of proximity 
as described elsewhere here. Proximity server 1408 may then 
inform UEs (e.g. UE 1402) discovered to be in proximity to 
other UES using control plane signaling. 
0172 Attention is next to FIG. 15, which is a schematic 
block diagram illustrating an example arrangement 1500 in 
which discovery of proximity between nearby devices is dis 
covered by or with the assistance of a network proximity 
server in an LTE network that makes of user plane based 
signaling to communicate with other entities. In contrast to 
control plane Support as illustrated in FIG. 14, user plane 
support may reduce impacts to network eNBs and MMEs to 
support discovery of proximity. Example arrangement 1500 
may comprise an eNB 1504 coupled to UE 1502 and also an 
MME 1506. MME 1506 may be coupled to a proximity server 
1512. As shown, eNB 1504 may be coupled to an SGW 1508, 
which may be further coupled to a PDG 1510. PDG 1510 may 
be coupled to proximity server 1512 and to a SUPL SLP1514, 
and proximity server 1512 may be coupled to SLP 1514. In 
certain implementations, as illustrated by the dashed-line 
box, proximity server 1512 and SLP 1514, though logically 
separate, may be physically combined, e.g., to benefit from 
proximity & location synergies, etc. 
0173. In this example, two potential signaling paths are 
indicated, the first comprising MME-Proximity Server Sig 
naling (e.g., which may add efficiency), and the second com 
prising UE-Proximity Server Signaling. As for a control plane 
based proximity server (e.g. server 1408 in FIG. 14), prox 
imity server 1512 may obtain information to support discov 
ery of proximity between UEs directly from the UEs (e.g. UE 
1502) using userplane signaling in which information may be 
sent in the form of data (e.g. using TCP/IP) from a network 
perspective. The information may be similar to or the same as 
in FIG. 14 e.g. may include UE identity, UE location, UE 
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serving cell, serving eNB or TA, other nearby UEs detected 
and proximity services supported by or of interest to the UE. 
Proximity server 1512 may also obtain some or all of this 
information from MME 1506 if proximity server 1512 is 
linked to MMEs. In certain implementations, a proximity 
server address (e.g. the IP address or the FQDN for proximity 
server 1512) may be discovered by UE 1502 (e.g. using the 
IETF DHCP protocol) or may be provided to UE 1502, e.g., 
on network attachment by MME 1506 or on connection to 
PDG 1510 or may be broadcast to all UEs by eNBs such as 
eNB 1504. UE 1502 may then use the discovered address for 
proximity server 1512 to transfer data to proximity server 
1512 and/or request data from proximity server 1512. In some 
instances, proximity server 1512 may use a (SUPL) SLP1514 
to assist with UE location. Thus, for example, proximity 
server 1512 may send a location request for some target UE 
directly to an associated SLP1514 after which SLP 1514 may 
invoke SUPL to locate the UE and return the location to 
proximity server 1512. 
0174 Attention is drawn next to FIG.16, which is a sche 
matic block diagram illustrating an example arrangement 
1600 in which discovery of proximity between nearby 
devices is discovered by or with the assistance of a network 
proximity server that makes use of IMS based signaling to 
communicate with other entities. Example arrangement 1600 
may support UE-proximity server signaling in an LTE net 
work and may comprise an eNB 1604 coupled to UE 1602 
and also an MME 1606. As shown, eNB 1604 may be coupled 
to an SGW 1608, which may be further coupled to a PDG 
1610. PDG 1610 may be coupled to an SLP 1612 and to an 
IMS 1614. In this example, IMS 1614 may comprise a 
P-CSCF 1616, coupled to PDG 1610 and to an S-CSCF 1618. 
S-CSCF 1618 may be coupled to a proximity server 1622. 
Proximity server 1622 may be coupled to an LRF 1620. 
Proximity server 1622 may function as an IMS Application 
Server (AS) in Some implementations. In certain implemen 
tations, as illustrated by the dashed-linebox, proximity server 
1622 and LRF 1620, though logically separate, may be physi 
cally combined, e.g., to benefit from proximity & location 
synergies, etc. As for a control plane or a user plane based 
proximity server (e.g. server 1408 in FIG. 14 or server 1512 in 
FIG. 15), proximity server 1622 may obtain information to 
support discovery of proximity between UEs directly from 
the UEs (e.g. UE 1602) using IMS based signaling in which 
information may be sent in the form of data and contained in 
SIP messages. The information may be similar to or the same 
as in FIGS. 14 and 15 e.g. may include UE identity, UE 
location, UE serving cell, serving eNB or TA, other nearby 
UEs detected and proximity services supported by or of inter 
est to the UE. 

0.175. In certain implementations, proximity server 1622 
may reside in the home network of UE 1602 rather than in the 
serving network for UE 1602 (except when the serving net 
work for UE 1602 is the home network). However, in certain 
instances this variation may be unable to detect proximity for 
roaming UEs without some further interaction between the 
home network of a roaming UE and the serving network of 
the UE (e.g. involving interaction between the proximity 
servers in different networks). In certain implementations, it 
may be beneficial to make use of certain (new) SIP signaling 
parameters. One advantage may be proximity Support of cer 
tain IMS services, e.g., use of LTE-D for network offload, 
which may trigger IMS communication between two UEs, 
e.g., after proximity is detected. 
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Protocol Aspects 

0176). In certain example implementations, techniques 
may be implemented to Support various protocol aspects that 
may be implemented in certain example proximity services. 
In certain example implementations, a network proximity 
server may be based on control plane (CP) or user plane (UP) 
signaling Support—e.g. as described previously for FIG. 14 
and FIG. 15, respectively. In certain instances, a network 
proximity server may be located in a serving network (e.g. not 
necessarily a home network) with respect to all UEs served by 
this network that make use of or have an interest in proximity 
services. In an example network mode of operation, such UES 
may have network connectivity and the network may assist 
with discovery of proximity and with enabling communica 
tion via direct radio means (e.g. LTE-D) for certain UEs 
found to be in proximity. In an example LTE-D mode of 
operation applicable to an LTE network, such UEs may dis 
cover proximity using LTE direct (LTE-D) signaling between 
one another. In certain instances, an LTE-D mode of opera 
tion may be used without network Support (e.g., if there is no 
network coverage) or with network Support (e.g., when proX 
imity discovery may be supported via (i) LTE-D signaling 
between UEs and (ii) a network proximity server that may 
receive information from UEs obtained via LTE-D signaling 
and then proceed to discover cases of proximity using this 
information). In certain example implementations, protocol 
layering for ProSe support may extend existing CP and UP 
protocol layering for LTE, e.g., as defined in 3GPP TS 23.401. 
0177. Attention is drawn next to FIG. 7 and FIG. 8, which 
illustrate Some example control plane protocols that may be 
implemented to transmit, receive and/or relay information for 
use in determining a state of proximity between two or more 
mobile devices in an LTE network, in accordance with an 
example implementation. FIG. 7 shows example CP Proto 
cols 700 that may support a network mode using a network 
CP Proximity Server—e.g. as described earlier in association 
with FIG. 14. Included in CPProtocols 700 are corresponding 
protocol stacks 702 (for a UE), 704 (for an eNB), 706 (for an 
MME), and 708 (for a network CP Proximity Server). CP 
Protocols 700 may be applicable if a network uses a CP 
proximity server and provides protocol Support for signaling 
between example network resources and a UE. As shown, an 
example stack 702 may comprise various layers such as an 
L1, MAC, RLC, PDCP RRC, NAS, and a PDP (Proximity 
Discovery Protocol). As shown, an example stack 704 may 
comprise various layers such as an L1, L2. MAC, IP. RLC, 
PDCP. SCTP. RRC, and S1-AP. As shown, an example stack 
706 may comprise various layers such as an L1, L2, IP. SCTP. 
S1-AP PS-AP (Proximity Services Application Protocol), 
and NAS. As shown, an example stack 708 may comprise 
various layers such as an L1, L2, IP, SCTP, PS-AP, and PDP. 
All protocol layers except for the PS-AP and PDP layers may 
function as described in 3GPP and other (e.g. IETF) stan 
dards. For example the NAS, RRC, S1-AP, MAC, RLC and 
PDCP protocol layers may operate as described in 3GPP TSs 
24.301, 36.331, 36.413, 36.321, 36.322 and 36.323 respec 
tively whereas the SCTP protocol layer may operate as 
described in IETF RFC 4960. The PS-AP and PDP layers 
may be new layers defined specifically for Support of proX 
imity services using a network based proximity server. As 
shown in FIG. 7, protocol layers may be paired to support 
communication between a pair of entities which may either 
be directly connected (e.g. to Support communication by 
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lower protocol layers) or separated by one or more interme 
diate entities functioning as relays. 
(0178 FIG. 8 shows example CP Protocols 800 similar to 
those in FIG. 7 that may support an LTE-D Mode in which a 
pair of UEs communicate directly with one another. Included 
in CP Protocols 800 are corresponding protocol stacks 802 
(for a first UE) and 804 (for a second UE). CP Protocols 800 
may be applicable for signaling between the first and second 
UE and may be applicable both when proximity is discovered 
by UEs with little or no network support and when proximity 
is discovered using a network proximity Support (e.g., based 
on protocols described for FIG. 7 or described later for FIG. 
9). As shown, example stacks 802 and 804 may comprise 
various (corresponding) layers such as an L1, MAC, RLC, 
PDCP, RRC, NAS, and PDP*. 
0179 PDP may represent a protocol layer that may be 
used to discover proximity services, e.g., in accordance with 
various techniques provided herein. In certain implementa 
tions, different variants of PDP may be used in network mode 
(as shown in FIG. 7) versus LTE-D mode (e.g. as shown in 
FIG. 8) or different protocols could be used. Accordingly, 
FIG. 8 is illustrated using a PDP layer that may be similar to 
but not necessarily identical to the PDPlayer shown in FIG.7. 
For example, PDP and PDP could share common proce 
dures, messages and parameters but some procedure, mes 
sages and/or parameters may be different. 
0180 Attention is now drawn to FIG.9 and FIG.10, which 
illustrate some example user plane protocols that may be 
implemented to transmit, receive and/or relay information in 
an LTE network for use in (i) determining a state of proximity 
between two or more mobile devices in the case of FIG.9 and 
(ii) transferring data, Voice or other media between a pair of 
UEs in the case of FIG. 10, in accordance with an example 
implementation. FIG.9 shows example UPProtocols 900 that 
may support a network mode using a network UP ProXimity 
Server—e.g. as described earlier in association with FIG. 15. 
Included in UP Protocols 900 are corresponding protocol 
stacks 902 (for a UE),904 (for an eNB),906 (for an SWG), 
908 (for a PDG), and 910 (for a network UP Proximity 
Server). UP Protocols 900 may be applicable if a network 
uses a UP proximity server and provides protocol support for 
signaling between the network and UE. As shown, an 
example stack902 may comprise various protocol layers such 
as an L1, MAC, RLC, PDCP, IP, TCP/TLS, and PDP. As 
shown, an example stack 904 may comprise various layers 
such as an L1, L2, MAC, RLC, UDP/IP, PDCP, and GTP-U. 
As shown, an example stack906 may comprise various layers 
such as an L1, L2, UDP/IP, and GTP-U. As shown, an 
example stack 908 may comprise various layers such as an 
L1, L2, L3, UDP/IP, GTP-U, and IP. As shown, an example 
stack 910 may comprise various layers such as an L1, L2, L3, 
IP, TCP/TLS, and PDP. All layers except the PDP layer may 
function the same as described in 3GPP, IETF and other 
standards, Thus, for example, the MAC, RLC, PDCP and 
GTP-U protocol layers may operate as described in 3GPP TSs 
36.321, 36.322, 36.323 and 29.060, respectively whereas the 
UDP, TCP and TLS protocol layers may operate as described 
in IETF RFCs 768,793 and 4346, respectively. The PDPlayer 
may be a new layer defined specifically for Support of proX 
imity services using a network based proximity server and 
may be similar to or the same as the PDP layer shown in FIG. 
7. As shown in FIG. 9, protocol layers may be paired to 
Support communication between a pair of entities which may 
either be directly connected (e.g. to Support communication 
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by lower protocol layers) or separated by one or more inter 
mediate entities functioning as relays. 
0181 FIG. 10 shows example UP Protocols 1000 that may 
Support transfer of data related to Support of proximity Ser 
vices between applications resident in two UEs using LTE-D 
mode. Included in UP Protocols 1000 are corresponding pro 
tocol stacks 1002 (for a first UE) and 1004 (for a second UE). 
UP Protocols 1000 may be used to support peer to peer (P2P) 
signaling between applications that Support particular proX 
imity services (e.g., for public safety) and can be applicable 
when network Support is available for discovering proximity 
(e.g. as described in association with FIGS. 14, 15 and 7) or 
when proximity is discovered by UEs with little or no net 
work Support (e.g. as Supported by the protocol layering in 
FIG. 8)). As shown, example stacks 1002 and 1004 may 
comprise various (corresponding) layers such as an L1, 
MAC, RLC, PDCP, IP, TCP/TLS, and an applicable (App) 
layer that is specific to the proximity service or services 
Supported by the communicating applications. In certain 
instances, TLS and TCP over IP may be used to first establish 
a secure and reliable connection between the pair of endpoint 
entities in each figure—e.g. between the UE and UP proxim 
ity server in FIG.9 and between the pair of UEs in FIG. 10. 
Secure and reliable communication may then occur at the 
PDP level in FIG.9 and at the application (App) level in FIG. 
10. 

0182. In certain example implementations, techniques 
may be implemented to Support ProSe signaling in an LTE 
network using the RRC protocol layer—e.g. as in association 
with the protocol layering described for FIGS. 7 and 8. In 
Some implementations, certain RRC roles may be common to 
both a network mode of operation as shown in FIG. 7 and an 
LTE-D mode of operation as shown in FIG.8. For this com 
mon mode of operation, RRC may be used to broadcast (or, 
for LTE-D mode, relay) information used for proximity dis 
covery using new LTE SIBs dedicated to supporting LTE-D. 
For example, a terminal (UE) may broadcast using a new SIB 
the identity of the terminal (e.g., a temporary network 
assigned identity or a global permanent identity of the termi 
nal) and expressions identifying proximity services of inter 
est to the terminal. Information received from another UE at 
the RRC level (e.g. an identity of the other UE and expres 
sions of interest to the other UE) may be passed up to the NAS 
protocol layer by the RRC layer inside the receiving UE and 
may then be passed to the PDP layer inside the UE. 
0183. Other RRC roles may be specific to supporting 
proximity services between a pair of terminals in LTE-D 
mode—e.g. according to the protocol layering described for 
FIG.8. For support of LTE-D mode, some information trans 
ferred by RRC may be broadcast (and/or relayed) to other 
UES using signals that may be highly detectable, e.g., similar 
to a Positioning Reference Signal used to support LTE posi 
tioning (e.g. as described in 3GPP TS 36.211) and orthogonal 
to other signals in frequency, coding or time. RRC may also 
be used to establish and release LTE-D signaling connections 
between pairs of UEs. RRC may be further used to establish 
multipoint LTE-D links between groups of three or more UEs, 
e.g., where transmission from any one UE may be received by 
all the other UEs in any group. RRC may also be used to 
establish, modify and release point to point (or multipoint) 
traffic bearers between two (or three or more) UEs associated 
with Subsequent UP communication of data or media to Sup 
port particular proximity services (e.g. according to the pro 
tocol layering shown in FIG. 10). RRC may be used to help 
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establish time synchronization between two or more UEs 
(e.g., in the absence of a common network or other (e.g. GPS) 
time) which may help avoid overlapping LTE-D transmission 
by the UEs and thereby improve the reliability of LTE-D 
communication. In certain instances when the timing in UES 
is synchronized using RRC (or using some common time 
reference such as GPS or network timing), UEs may broad 
cast and relay information to one another at different non 
overlapping transmission times. In certain instances, these 
transmission times may be made available to other UEs, e.g., 
so UEs may know when to listen for other UEs. Before time 
synchronization is established between UEs, the UEs may 
send only small amounts of data to one another using LTE-D, 
e.g., possibly at random times. Once the UEs are time Syn 
chronized, the amount of data and signaling transfer using 
LTE-D between the UEs may significantly increase. If a net 
work is available, commonly available network time either 
from one eNB or from multiple synchronized UEs may be 
used to achieve time synchronization among UEs, in certain 
implementations. In certain example implementations, RRC 
may be used in LTE-D mode to measure RTTs between pairs 
of UEs and thereby help establish whether the UEs are in 
proximity. 
0184 In certain example implementations, techniques 
may be implemented to Support ProSe signaling in an LTE 
network using the NAS protocol layer—e.g. as in association 
with the protocol layering described for FIGS. 7 and 8. For 
example, a role of the NAS protocol layer (e.g. when a net 
work proximity server is used as described for FIG. 14 and/or 
when protocol layering is as shown in FIG. 7) may include 
relaying information between a CP proximity server and a 
UE, e.g., via an MME. In certain instances, NAS may be used 
to help acquire certain proximity related information (e.g., 
timing advance, serving eNB, proximity services of interest) 
by an MME from a UE which the MME may then convey to 
a proximity server. In certain implementations, a role of NAS 
in LTE-D Mode (e.g., in association with the protocol layer 
ing shown in FIG. 8) may include establishing (and later 
releasing) signaling connections and sessions between pairs 
or groups of UEs over which proximity related information 
may be transferred, e.g., at the PDP level. In certain instances, 
this connection and session setup and release may be based on 
(e.g. may be similar to) that supported in NAS between a UE 
and an MME as defined in 3GPP TS 24.301. NAS may, in 
Some implementations, be used between a pair of UEs (e.g. 
according to the protocol layering shown in FIG. 8) to setup 
and release data bearers between pairs of UEs already in 
proximity to one another to Support UE-UE communication 
for particular proximity services Supported by certain Apps, 
e.g., with the UE-UE communication then occurring using 
the UP Protocols 1000 (FIG. 10). In certain implementations, 
NAS may be used (e.g. with the protocol layering shown in 
FIG. 8) to transport signaling messages between UES on 
behalf of ProSe Apps as an alternative to transferring these 
messages using data bearers with UP protocol layering (e.g. 
as in FIG. 10). 
0185. In certain example implementations, techniques 
may be implemented to Support ProSe signaling in an LTE 
network using a PS-AP (Proximity Services Application Pro 
tocol) Layer for ProSe Signaling, e.g., for a network mode 
with a CP Proximity Server (e.g. as in FIG. 14 and FIG.7). In 
certain instances, a PS-AP protocol may enable exchange of 
information between a CP proximity server and an MME. For 
example, a PS-AP protocol may enable an MME to transfer to 
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a proximity server the IDs of UEs attached to the MME, the 
current serving eNB or serving TA for each UE and the 
proximity services (and associated parameters) each UE Sub 
scribes to. Such transfer may occur on request by the proX 
imity server or when a UE attaches to the serving network or 
changes its serving MME or under other conditions. In certain 
implementations, a PS-AP protocol may enable a request 
from a proximity server to an MME for the locations of one or 
more UEs attached to the MME. For any such UE location 
request sent to the MME, the MME may relay the location 
request to an attached E-SMLC which may locate the UE 
using the 3GPP CP location solution defined in 3GPP TS 
35.305. In some instances, such a direct location request 
between a CP proximity server and an MME may be more 
efficient than sending a location request to an MME via a 
GMLC. In certain example implementations, a PS-AP proto 
col may also be used to transport information between a 
proximity server and one or more UEs via an MME. For 
example, a PS-AP protocol may be used to transfer to a UEA 
from the proximity server the identities of one or more other 
UES B discovered (e.g. by the proximity server) to be in 
proximity to the UEA for particular proximity services sup 
ported by or of interest to both the UEA and the UE(s) B. In 
certain implementations, a PS-AP protocol may be used to 
transfer to the proximity server from a UE updates on prox 
imity services required by the UE (e.g., updates to certain 
parameters for an already known proximity service for the UE 
or updates concerning new proximity services that the UE 
may use). 
0186. In certain example implementations, techniques 
may be implemented to Support ProSe signaling in an LTE 
network or with LTE-D using a PDP protocol Layer in asso 
ciation with a CP proximity server (e.g. as described in asso 
ciation with FIG. 14 and FIG. 7), a UP proximity server (e.g. 
as described in association with FIG. 15 and FIG.9) or LTE-D 
signaling (e.g. in association with the protocol layering 
shown in FIG. 8). In certain example implementations, a PDP 
protocol may be used in a network mode to Support discovery 
of proximity between UEs using a CP or UP proximity server 
(e.g., as described in association with FIG. 7 and/or FIG.9) by 
enabling exchange of proximity related information between 
a UE and the CP or UP proximity server. Information may be 
transferred in both uplink and downlink directions by PDP in 
this case to authenticate proximity services claimed to be of 
interest to or Supported by a UE (e.g. where proximity Ser 
vices claimed by a UE to be of interest or to be supported are 
compared to proximity services subscribed to by the UE that 
were transferred from the home HSS of the UE to the UES 
serving MME. Information may also be transferred in an 
uplink direction by PDP (from a UE to a proximity server) 
that may include one or more of the UE's identity and/or 
location, proximity services of interest to the UE, the UE's 
current serving cell, information received directly by the UE 
from other UEs, and/or the UE’s LTE-D capabilities, just to 
name a few examples. In some implementations, information 
may be transferred by PDP downlink (from a proximity 
server to a UE) that may include one or more of the identities 
of other UEs (e.g. UEs found to be in proximity to the recipi 
ent UE), a permission for the UE to use LTE-D mode and 
information regarding use of an LTE-D mode by the recipient 
UE, again just to name a few examples. 
0187. With regard to use of PDP to support an LTE-D 
Mode (e.g. using the protocol layering shown in FIG. 8), UEs 
may broadcast their identity or a pseudo-identity and proX 
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imity services of interest at an RRC level (e.g. with the pro 
tocol layering of FIG. 8), which may be passed up to the PDP 
level at a recipient UE. Once RRC establishes potential or 
actual proximity between a pair of UEs or a network proxim 
ity server has informed one or both UEs about actual or 
potential proximity, a UE may use PDP to signal additional 
information to the other UE (e.g., via broadcast or using an 
RRC signaling link previously established between the pair 
of UEs). In certain instances, a PDP protocol used by UEs in 
an LTE-D mode may be a variant of (e.g. an extension of) the 
PDP protocol used between a UE and proximity server in 
network mode or may be a different protocol. 
0188 In certain example implementations, techniques 
may be implemented for Proximity Service Support via an 
Application (App) protocol layer—e.g. as applicable to the 
protocol layering described for FIG. 10. In certain implemen 
tations, an App layer may be associated with individual ProSe 
Apps and may be defined to Support specific proximity Ser 
vices. For example, a particular application on a UE may 
Support one or more proximity services, may be notified by 
Some other process on the UE (e.g. a process Supporting the 
PDP protocol discussed previously herein) when proximity 
has been discovered with another UE supporting one or more 
of the same proximity services and may then (e.g. under user 
control) proceed to communicate using the App protocol 
layer with a peer application in the other UE to support one or 
more proximity services of interest to the users of both UEs. 
In certain instances, an App layer may provide peer to peer 
(P2P) communication between Apps on pairs of UEs or on 
groups of three or more UEs. For UEs that make use of a 
network for communication (in network mode), an App layer 
may exchange Protocol Data Units (PDUs) between Apps in 
different UEs using one or more of IP bearers setup through 
the network, SMS, and/or SIP (via IMS), just to name a few 
examples. For UEs able to employ LTE-D mode for commu 
nication, an App layer may exchange PDUs between Apps in 
different UEs using IP bearers setup directly between the UEs 
using LTE-D-e.g., with protocol layering possibly as shown 
in FIG. 10. Alternatively, an App layer could transfer PDUs 
between UEs in LTE-D mode using the protocol layering 
shown in FIG. 8 but with an App protocol layer replacing the 
PDP* layer shown in FIG. 8. In this case, App layer PDU 
transfer may be based on NAS signaling Support. In certain 
implementations, an App layer may be used to negotiate setup 
of communication between users, e.g., using speech, IM, 
Video, etc., with communication conveyed either via a net 
work or using LTE-D. 
0189 Attention is drawn next to FIG. 11, which illustrates 
example combined protocols 1100 that may be implemented 
to transmit, receive and/or relay information for use in Sup 
porting proximity services between two or more mobile 
devices, in accordance with an example implementation. 
Combined protocols 1100 illustrate an example architecture 
for LTE-D Mode that combines both CP protocols as in FIG. 
8 with UP protocols as in FIG. 10. Included in example 
combined protocols 1100 are corresponding protocol stacks 
1102 (for a first UE) and 1104 (for a second UE). As shown, 
example stacks 1102 and 1104 may comprise corresponding 
layers such as an L1, MAC, RLC, PDCP, IP, RRC, TCP/TLS, 
NAS, PDP, and an App layer. These protocols may be the 
same as those described for FIGS. 8 and 10. 

(0190. Example combined protocols 1100 shows how a UE 
may support a common ProSe App that manages ProSe dis 
covery on behalf of other Apps in the UE that are each specific 
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to particular proximity services, e.g., Such as Public Safety 
and Friend Finder. The common ProSe App may be referred 
to as a ProSe engine or ProSe process and may (i) provide a 
common interface (e.g. via a common API) to other Apps on 
a UE that each support different proximity services and (ii) 
enable these other Apps to determine when their UE is in 
proximity to another UE containing the same App and Sup 
porting the same proximity service(s). In certain instances, 
the common ProSe App may employ PDP* or PDP (not 
shown in FIG. 11) and lower CP protocol layers for proximity 
discovery in either network mode (e.g. using the protocol 
layering of FIG. 7) or LTE-D mode (using the protocol lay 
ering shown in FIG. 8 and FIG. 11). In certain instances, the 
common ProSe App may use NAS in order to set up UE-UE 
data bearers or to exchange signaling messages at the CP 
level. In certain instances, the common ProSe App may use 
the UPlayers (as shown in FIG. 10 and FIG. 11) for exchang 
ing voice, other media and data. In certain implementations, 
the common ProSe App may use PDP and lower layer proto 
cols to communicate with a network proximity server (not 
shown in FIG. 11 but as shown in FIG. 7 and/or FIG.9) if a 
UE is in network mode in order, for example, to discover 
proximity to other UES. In certain instances, a pair of Apps 
Supporting specific proximity services for two UES, that have 
been determined to be in proximity by their respective Com 
mon ProSe Apps, may communicate with one another in 
LTE-D mode via their respective common ProSe Apps. In this 
case, the common ProSe Apps may transfer App PDUs 
between the pair of Apps via PDP and NAS (e.g. using the 
protocol layering shown in FIG. 10) or via TCP/TLS and IP 
(e.g. using the protocol layering shown in FIG. 10). Alterna 
tively, the pair of Apps may communicate in LTE-D mode 
directly, not via the common ProSe Apps, by making direct 
use of either the NAS (CP) layer (e.g. as in FIG.8 with an App 
layer replacing the PDP layer) or the TCP/TLS/IP (UP) 
layers (e.g. as in FIG. 10). The protocol that Apps may 
employ for communication via the common ProSe App or 
using direct communication is shown by the App layer dashed 
arrow 1106 in FIG. 11. 

(0191 Attention is now drawn to FIG. 12 and FIG. 13, 
which illustrate some example protocols 1200 and 1300. 
respectively, that may be implemented to relay information 
between applications in two or more mobile devices, inaccor 
dance with an example implementation. For example, certain 
information may be relayed between ProSe Apps in LTE-D 
Mode. Example protocols 1200 may be used to provide relay 
ing of certain information at the App Level, and example 1300 
may be used to provide relaying of certain information at the 
IP Level. As shown, protocol 1200 may include a stack 1202 
(for a first UE), a stack 1204 (for a relaying second UE), and 
a stack 1206 (for a third UE 3). Example stacks 1202, 1204 
and 1206 may comprise corresponding layers such as L1, 
MAC, RLC, PDCP, IP, TCP/TLS, and an App protocol layer 
(denoted by the term Appln). As shown, protocols 1300 may 
include a stack 1302 (for a first UE), a stack 1304 (for a 
relaying second UE), and a stack 1306 (for a third UE). 
Example stacks 1302 and 1306 may comprise corresponding 
layers such as L1, MAC, RLC, PDCP, IP, TCP/TLS, and 
Applin, and example stack 1304 may comprise corresponding 
layers such as L1, MAC, RLC, PDCP, and IP. These protocol 
layers may correspond to those described for FIG. 10. 
(0192 For the protocol alternatives described for FIG. 11, 
signaling messages (e.g. App PDUs) may be transferred 
between Apps (as described above) (i) via the common ProSe 
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App using PDP and NAS or (ii) using TCP/TLS and IP or 
(iii) directly using NAS or TCP/TLS/IP. For UEs notable to 
communicate with one another directly via LTE-Dbutable to 
communicate using LTE-D via one or more intermediate 
relay UEs, there may be some choice as to how the relaying is 
performed—e.g. concerning the protocol layers that need to 
be intercepted by relay UEs as opposed to being transferred 
end to end without interception. Relaying may be performed 
at intermediate UEs at (i) the Applin level (e.g. as shown in 
FIG. 12) in which the App protocol layer and all lower layers 
may be intercepted and relayed, (ii) at the PDP level in 
which the PDP* layer and all lower layers (e.g. NAS, RRC, 
PDCP) may be intercepted and relayed, (iii) at the NAS level 
in which NAS and all lower protocol layers may be inter 
cepted and relayed or (iv) at the IP level (e.g. as shown in FIG. 
13) in which the IP layer and all lower layers may be inter 
cepted and relayed. In certain instances, communication (e.g. 
speech, IM, video) transferred between users associated with 
a ProSe App may be more efficiently relayed at the IP level, 
e.g., as in FIG. 13. 
0193 In certain example implementations, a protocol 
layer at which relaying is performed may also be used to 
exchange information between nearby UEs to maintain infor 
mation (in each UE) concerning which UEs may be in direct 
radio proximity with one another and via which intermediate 
relay UEs communication to other UEs may need to be 
routed. In certain instances, it may be useful to manage rout 
ing/relaying at the App level, e.g., making relaying at the App 
level a possible implementation alternative. However, 
exchange of routing related information may instead be pro 
vided at the PDP layer or possibly provided in a new proto 
col associated with the NAS layer or IP layer, e.g., allowing 
relaying at these protocol levels. In certain instances, broad 
cast and relaying of basic information (e.g., as previously 
described in association with implicit and explicit acknowl 
edgment and tagged transmission) may be used to Support 
relaying and exchange of routing related information. A result 
may be that relaying information as described above (e.g. in 
association with FIGS. 12 and 13) at any level may be com 
bined with the hop by hop routing method described earlier. 
In addition, relaying at the App level may be combined with 
efficient relaying described earlier using implicit or explicit 
acknowledgment, tagged transmission or source routing; and 
relaying information at the PDP level or NAS level may be 
combined with Source routing. 
0194 FIG. 17 is a schematic diagram of a UEaccording to 
an implementation. UE 100 (FIG. 1) may comprise one or 
more features of UE 1700 shown in FIG. 17. In certain imple 
mentations, UE 1700 may also comprise a wireless trans 
ceiver 1721 which is capable of transmitting and receiving 
wireless signals 1723 via wireless antenna 1722 over a wire 
less communication network. Wireless transceiver 1721 may 
be connected to bus 1701 by a wireless transceiver bus inter 
face 1720. Wireless transceiver bus interface 1720 may, in 
Some implementations be at least partially integrated with 
wireless transceiver 1721. Some implementations may 
include multiple wireless transceivers 1721 and wireless 
antennas 1722 to enable transmitting and/or receiving signals 
according to a corresponding multiple wireless communica 
tion standards such as, for example, versions of IEEE Std. 
802.11, CDMA, WCDMA, LTE, UMTS, GSM, AMPS, Zig 
bee and Bluetooth, just to name a few examples. 
(0195 UE 1700 may also comprise SPS receiver 1755 
capable of receiving and acquiring SPS signals 1759 via SPS 
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antenna 1758. SPS receiver 1755 may also process, in whole 
or in part, acquired SPS signals 1759 forestimating a location 
of UE 1700. In some implementations, general-purpose pro 
cessor(s) 1711, memory 1740, DSP(s) 1712 and/or special 
ized processors (not shown) may also be utilized to process 
acquired SPS signals, in whole or in part, and/or calculate an 
estimated location of UE 1700, in conjunction with SPS 
receiver 1755. Storage of SPS or other signals for use in 
performing positioning operations may be performed in 
memory 1740 or registers (not shown). 
(0196. Also shown in FIG. 17, UE 1700 may comprise 
digital signal processor(s) (DSP(s)) 1712 connected to the 
bus 1701, general-purpose processor(s) 1711 connected to 
the bus 1701, and memory 1740. In certain implementations 
bus interface(s) (not shown) may be integrated with the DSP 
(s) 1712, general-purpose processor(s) 1711 and memory 
1740. In various implementations, functions may be per 
formed in response to execution of one or more machine 
readable instructions stored in memory 1740 such as on a 
computer-readable storage medium, such as RAM, ROM, 
FLASH, or disc drive, just to name a few example. The one or 
more instructions may be executable by general-purpose pro 
cessor(s) 1711, specialized processors, or DSP(s) 1712. 
Memory 1740 may comprise a non-transitory processor 
readable memory and/or a computer-readable memory that 
stores software code (programming code, instructions, etc.) 
that are executable by processor(s) 1711 and/or DSP(s) 1712 
to perform functions described herein. 
(0197) Also shown in FIG. 17, a user interface 1735 may 
comprise any one of several devices such as, for example, a 
speaker, microphone, display device, vibration device, key 
board, touch screen, just to name a few examples. In a par 
ticular implementation, user interface 1735 may enable a user 
to interact with one or more applications hosted on UE 1700. 
Such applications (or Apps) may contain Software stored in 
memory 1740 and run on processor(s) 1711 and/or or on 
DSP(s) 1712. For example, devices of user interface 1735 
may store analog or digital signals on memory 1740 to be 
further processed by DSP(s) 1712 or general purpose proces 
sor 1711 in response to action from a user. Similarly, appli 
cations hosted on UE 1700 may store analog or digital signals 
on memory 1740 to present an output signal to a user. In 
another implementation, UE 1700 may optionally include a 
dedicated audio input/output (I/O) device 1770 comprising, 
for example, a dedicated speaker, microphone, digital to ana 
log circuitry, analog to digital circuitry, amplifiers and/or gain 
control. It should be understood, however, that this is merely 
an example of how an audio I/O may be implemented in a UE, 
and that claimed Subject matter is not limited in this respect. 
In another implementation, UE 1700 may comprise touch 
sensors 1762 responsive to touching or applying pressure on 
a keyboard or touch screen device. 
0198 UE 1700 may also comprise a dedicated camera 
device 1764 for capturing still or moving imagery. Camera 
device 1764 may comprise, for example an imaging sensor 
(e.g., charge coupled device or CMOS imager), lens, analog 
to digital circuitry, frame buffers, just to name a few 
examples. In one implementation, additional processing, 
conditioning, encoding or compression of signals represent 
ing captured images may be performed at general purpose 
processor 1711 or DSP(s) 1712. Alternatively, a dedicated 
Video processor 1768 may perform conditioning, encoding, 
compression or manipulation of signals representing cap 
tured images. Additionally, video processor 1768 may 
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decode/decompress stored image data for presentation on a 
display device (not shown) on UE 1700. 
(0199 UE 1700 may also comprise sensors 1760 coupled 
to bus 1701 which may include, for example, inertial sensors 
and environment sensors. Inertial sensors of sensors 1760 
may comprise, for example accelerometers (e.g., collectively 
responding to acceleration of UE 1700 in three dimensions), 
one or more gyroscopes or one or more magnetometers (e.g., 
to support one or more compass applications). Environment 
sensors of UE 1700 may comprise, for example, temperature 
sensors, barometric pressure sensors, ambient light sensors, 
camera imagers, microphones, just to name few examples. 
Sensors 1760 may generate analog or digital signals that may 
be stored in memory 1740 and processed by DPS(s) or gen 
eral purpose processor 1711 in Support of one or more appli 
cations such as, for example, applications directed to posi 
tioning or navigation operations. 
0200. In a particular implementation, a digital map of an 
indoor area may be stored in a particular format in memory 
1740. The digital map may have been obtained from mes 
sages containing navigation assistance data from a remote 
server. General purpose processor 1711 may execute instruc 
tions to processes the stored digital map to identify and clas 
Sify component areas bounded by a perimeter of structures 
indicated in the digital map. These executed instructions may 
specify identifying and characterizing egress segments in 
structures forming a perimeter bounding a component area 
and classifying the bounded component area based, at least in 
part, on a proportionality of a size of at least one identified 
egress segment to a size of at least one dimension of the 
bounded component area. In one implementation, a UE may 
further apply crowed sourced data (e.g., obtained from a 
location server) to confirm an inferences of an egress seg 
ment. For example, if there is a history of UEs moving 
through a feature presumed to be an egress segment, the 
feature may be confirmed as providing an egress segment. 
0201 In a particular implementation, UE 1700 may com 
prise a dedicated modem processor 1766 capable of perform 
ing baseband processing of signals received and downcon 
verted at wireless transceiver 1721 or SPS receiver 1755. 
Similarly, modem processor 1766 may perform baseband 
processing of signals to be upconverted for transmission by 
wireless transceiver 1721. In alternative implementations, 
instead of having a dedicated modem processor, baseband 
processing may be performed by a general purpose processor 
or DSP (e.g., general purpose processor 1711 or DSP(s) 
1712). It should be understood, however, that these are merely 
examples of structures that may perform baseband process 
ing, and that claimed Subject matter is not limited in this 
respect. 
0202 FIG. 18 is a schematic diagram illustrating an 
example system 1800 that may include one or more devices 
configurable to implement techniques or processes described 
above, for example, in connection with FIG.1. System 1800 
may include, for example, a first device 1802, a second device 
1804, and a third device 1806, which may be operatively 
coupled together through a single wireless communications 
network 1808 or through several interconnected serving wire 
less communication networks—e.g. a different serving net 
workfor each device (not shown in FIG. 18). In an aspect, first 
device 1802 may comprise a server capable of providing 
positioning assistance data Such as, for example, a base sta 
tion almanac. First device 1802 may also comprise a server 
capable of providing indoor positioning assistance data rel 
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evant to a location specified in a request from a UE. First 
device 1802 and/or second device 1804 may also comprise a 
Proximity server such as CP Proximity server 708 in FIG. 7, 
UP Proximity server 910 in FIG.9, Proximity server 1408 in 
FIG. 14. Proximity server 1512 in FIG. 15 and Proximity 
server 1622 in FIG. 16. Second device 1804 and third device 
1806 may comprise UEs, in an aspect. Also, in an aspect, 
wireless communications network 1808 may comprise one or 
more wireless access points, for example. However, claimed 
Subject matter is not limited in Scope in these respects. 
0203 First device 1802, second device 1804 and third 
device 1806, as shown in FIG. 18, may be representative of 
any device, appliance or machine (e.g., Such as local trans 
ceiver 115 or servers 140, 150 or 155 as shown in FIG. 1) that 
may be configurable to exchange data over wireless commu 
nications network 1808. By way of example but not limita 
tion, any of first device 1802, second device 1804, or third 
device 1806 may include: one or more computing devices or 
platforms, such as, e.g., a desktop computer, a laptop com 
puter, a workstation, a server device, or the like; one or more 
personal computing or communication devices or appliances, 
Such as, e.g., a personal digital assistant, mobile communica 
tion device, or the like; a computing system or associated 
service provider capability, such as, e.g., a database or data 
storage service provider/system, a network service provider/ 
system, an Internet or intranet service provider/system, a 
portal or search engine service provider/system, a wireless 
communication service provider/system; or any combination 
thereof. Any of the first device 1802, second device 1804, 
and/or third device 1806, may comprise one or more of a base 
station almanac server, a base station, or a UE in accordance 
with the examples described herein. 
0204 Similarly, wireless communications network 1808 
(e.g., in a particular of implementation of network 130 shown 
in FIG. 1), may be representative of one or more communi 
cation links, processes, or resources configurable to Support 
the exchange of data between at least two offirst device 1802, 
second device 1804, and third device 1806. By way of 
example but not limitation, wireless communications net 
work 1808 may include wireless or wired communication 
links, telephone or telecommunications systems, data buses 
or channels, optical fibers, terrestrial or space vehicle 
resources, local area networks, wide area networks, intranets, 
the Internet, routers or Switches, and the like, or any combi 
nation thereof. As illustrated, for example, by the dashed 
lined box illustrated as being partially obscured of third 
device 1806, there may be additional like devices operatively 
coupled to wireless communications network 1808. 
0205. It is recognized that all or part of the various devices 
and networks shown in system 1800, and the processes and 
methods as further described herein, may be implemented 
using or otherwise including hardware, firmware, Software, 
or any combination thereof. 
0206. Thus, by way of example but not limitation, second 
device 1804 may include at least one processing unit 1820 
that is operatively coupled to a memory 1822 through a bus 
1828. 

0207 Processing unit 1820 is representative of one or 
more circuits configurable to perform at least a portion of a 
data computing procedure or process. By way of example but 
not limitation, processing unit 1820 may include one or more 
processors, controllers, microprocessors, microcontrollers, 
application specific integrated circuits, digital signal proces 
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sors, programmable logic devices, field programmable gate 
arrays, and the like, or any combination thereof. 
0208 Memory 1822 is representative of any data storage 
mechanism. Memory 1822 may include, for example, a pri 
mary memory 1824 or a secondary memory 1826. Primary 
memory 1824 may include, for example, a random access 
memory, read only memory, etc. While illustrated in this 
example as being separate from processing unit 1820, it 
should be understood that all or part of primary memory 1824 
may be provided within or otherwise co-located/coupled with 
processing unit 1820. 
0209. In a particular implementation, information 
received from mobile devices and/or from elements in net 
work 1808 related to proximity between mobile devices and/ 
or proximity services supported by mobile devices may be 
stored in a particular format in memory 1822. Processing unit 
1820 may execute instructions to processes the stored prox 
imity related information—e.g. in order to discover proxim 
ity between mobile devices and notify mobile devices of any 
discovered proximity. 
0210 Secondary memory 1826 may include, for example, 
the same or similar type of memory as primary memory or 
one or more data storage devices or systems, such as, for 
example, a disk drive, an optical disc drive, a tape drive, a 
Solid state memory drive, etc. In certain implementations, 
secondary memory 1826 may be operatively receptive of, or 
otherwise configurable to couple to, a computer-readable 
medium 1840. Computer-readable medium 1840 may 
include, for example, any non-transitory medium that can 
carry or make accessible data, code or instructions for one or 
more of the devices in system 1800. Computer-readable 
medium 1840 may also be referred to as a storage medium. 
0211 Second device 1804 may include, for example, a 
communication interface 1830 that provides for or otherwise 
supports the operative coupling of second device 1804 to at 
least wireless communications network 1808. By way of 
example but not limitation, communication interface 1830 
may include a network interface device or card, a modem, a 
router, a Switch, a transceiver, and the like. 
0212 Second device 1804 may include, for example, an 
input/output device 1832. Input/output device 1832 is repre 
sentative of one or more devices or features that may be 
configurable to accept or otherwise introduce human or 
machine inputs, or one or more devices or features that may 
be configurable to deliver or otherwise provide for human or 
machine outputs. By way of example but not limitation, input/ 
output device 1832 may include an operatively configured 
display, speaker, keyboard, mouse, trackball, touch screen, 
data port, etc. 
0213 FIG. 19A and FIG. 19B are flow diagrams illustrat 
ing some example processes 1900 and 1900', respectively, 
that may be implemented within a computing device (e.g. UE 
1700 or system 1800), e.g., to support proximity services. At 
example block 1902, the computing device may determine 
whether a first mobile device and a second mobile device are 
each operatively provisioned to make use of a common proX 
imity service. At example block 1904, the computing device 
may determine whether a state of proximity between the first 
mobile device and the second mobile device is expected to 
occur at a future time. Here, for example, at block 1906 in 
FIG. 19B the computing device may consider a current or past 
motion state of at least one of the mobile devices, and/or at 
block 1908 in FIG. 19B the computing device may considera 
historic behavior of at least one of the mobile devices, and/or 
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at block 1910 in FIG. 19B the computing device may consider 
an identification that the mobile devices are in a common 
Welle. 

0214. At example block 1912, the computing device may 
initiate notification of a user and/or an application of at least 
one of the mobile devices that a state of proximity with the 
other mobile device has occurred or will occur. Here, for 
example, at block 1914 in FIG. 19B the computing device 
may determine a probability, and/or a time interval for which 
the proximity is expected to occur at the future time, and at 
block 1916 in FIG. 19B initiate notification of the user and/or 
the application in response to the probability exceeding a 
probability threshold, and/or the time interval falling below a 
time threshold. 
0215. In certain example implementations, at least one of 
the current and past motion state of the at least one of the first 
or second mobile devices may comprise at least one of a 
geographic location and a Velocity. 
0216. In certain example implementations, the historic 
behavior of the at least one of the first or second mobile 
devices may be determined, at least in part, based on a loca 
tion history of the at least one of the first or second mobile 
devices. In certain instances, the historic behavior may be 
based, at least in part, on at least one of a current location of 
the at least one of the first or second mobile devices and a 
current day and/or a time. 
0217. The methodologies described herein may be imple 
mented by various means depending upon applications 
according to particular examples. For example, such method 
ologies may be implemented in hardware, firmware, Soft 
ware, or combinations thereof. In a hardware implementa 
tion, for example, a processing unit may be implemented 
within one or more application specific integrated circuits 
(ASICs'), digital signal processors (“DSPs), digital signal 
processing devices (“DSPDs), programmable logic devices 
(“PLDs), field programmable gate arrays (“FPGAs), pro 
cessors, controllers, micro-controllers, microprocessors, 
electronic devices, other devices units designed to perform 
the functions described herein, or combinations thereof. 
0218. Some portions of the detailed description included 
herein are presented in terms of algorithms or symbolic rep 
resentations of operations on binary digital signals stored 
within a memory of a specific apparatus or special purpose 
computing device or platform. In the context of this particular 
specification, the term specific apparatus or the like includes 
a general purpose computer once it is programmed to perform 
particular operations pursuant to instructions from program 
Software. Algorithmic descriptions or symbolic representa 
tions are examples of techniques used by those of ordinary 
skill in the signal processing or related arts to convey the 
substance of their work to others skilled in the art. An algo 
rithm is here, and generally, is considered to be a self-consis 
tent sequence of operations or similar signal processing lead 
ing to a desired result. In this context, operations or 
processing involve physical manipulation of physical quan 
tities. Typically, although not necessarily, Such quantities 
may take the form of electrical or magnetic signals capable of 
being stored, transferred, combined, compared or otherwise 
manipulated. It has proven convenient at times, principally 
for reasons of common usage, to refer to Such signals as bits, 
data, values, elements, symbols, characters, terms, numbers, 
numerals, or the like. It should be understood, however, that 
all of these or similar terms are to be associated with appro 
priate physical quantities and are merely convenient labels. 
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Unless specifically stated otherwise, as apparent from the 
discussion herein, it is appreciated that throughout this speci 
fication discussions utilizing terms such as “processing.” 
“computing.” “calculating.” “determining or the like refer to 
actions or processes of a specific apparatus, such as a special 
purpose computer, special purpose computing apparatus or a 
similar special purpose electronic computing device. In the 
context of this specification, therefore, a special purpose 
computer or a similar special purpose electronic computing 
device is capable of manipulating or transforming signals, 
typically represented as physical electronic or magnetic 
quantities within memories, registers, or other information 
storage devices, transmission devices, or display devices of 
the special purpose computer or similar special purpose elec 
tronic computing device. 
0219 Wireless communication techniques described 
herein may be in connection with various wireless commu 
nications networks such as a wireless wide area network 
(“WWAN”), a wireless local area network (“WLAN”), a 
wireless personal area network (WPAN), and so on. The term 
“network” and “system” may be used interchangeably herein. 
A WWAN may be a Code Division Multiple Access 
(“CDMA') network, a Time Division Multiple Access 
(“TDMA') network, a Frequency Division Multiple Access 
(“FDMA') network, an Orthogonal Frequency Division Mul 
tiple Access (“OFDMA') network, a Single-Carrier Fre 
quency Division Multiple Access (“SC-FDMA') network, or 
any combination of the above networks, and so on. A CDMA 
network may implement one or more radio access technolo 
gies (“RATS) such as cdma2000, Wideband-CDMA (“W- 
CDMA), to name just a few radio technologies. Here, 
cdma2000 may include technologies implemented according 
to IS-95, IS-2000, and IS-856 standards. ATDMA network 
may implement Global System for Mobile Communications 
(“GSM'), Digital Advanced Mobile Phone System (“D- 
AMPS), or some other RAT. GSM and W-CDMA are 
described in documents from a consortium named "3rd Gen 
eration Partnership Project” (“3GPP). Cdma2000 is 
described in documents from a consortium named "3rd Gen 
eration Partnership Project 2 (“3GPP2). 3GPP and 3GPP2 
documents are publicly available. 4G Long Term Evolution 
(“LTE) communications networks may also be implemented 
in accordance with claimed Subject matter, in an aspect. A 
WLAN may comprise an IEEE 802.11x network, and a 
WPAN may comprise a Bluetooth network, an IEEE 802.15x, 
for example. Wireless communication implementations 
described herein may also be used in connection with any 
combination of WWAN, WLAN or WPAN. 
0220. In another aspect, as previously mentioned, a wire 
less transmitter or access point may comprise a femtocell, 
utilized to extend cellular telephone service into a business or 
home. In Such an implementation, one or more UEs may 
communicate with a femtocell via a code division multiple 
access (“CDMA) cellular communication protocol, for 
example, and the femtocell may provide the UE access to a 
larger cellular telecommunication network by way of another 
broadband network such as the Internet. 

0221. In the preceding detailed description, numerous 
specific details have been set forth to provide a thorough 
understanding of claimed subject matter. However, it will be 
understood by those skilled in the art that claimed subject 
matter may be practiced without these specific details. In 
other instances, methods and apparatuses that would be 
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known by one of ordinary skill have not been described in 
detail so as not to obscure claimed Subject matter. 
0222. The terms, “and”, “or, and “and/or” as used herein 
may include a variety of meanings that also are expected to 
depend at least in part upon the context in which Such terms 
are used. Typically, 'or' if used to associate a list, such as A, 
B or C, is intended to mean A, B, and C, here used in the 
inclusive sense, as well as A, B or C, hereused in the exclusive 
sense. In addition, the term “one or more' as used herein may 
be used to describe any feature, structure, or characteristic in 
the singular or may be used to describe a plurality or some 
other combination of features, structures or characteristics. 
Though, it should be noted that this is merely an illustrative 
example and claimed Subject matter is not limited to this 
example. 
0223. While there has been illustrated and described what 
are presently considered to be example features, it will be 
understood by those skilled in the art that various other modi 
fications may be made, and equivalents may be substituted, 
without departing from claimed Subject matter. Additionally, 
many modifications may be made to adapt a particular situa 
tion to the teachings of claimed Subject matter without depart 
ing from the central concept described herein. Therefore, it is 
intended that claimed subject matter not be limited to the 
particular examples disclosed, but that such claimed subject 
matter may also include all aspects falling within the scope of 
appended claims, and equivalents thereof. 
What is claimed is: 
1. A method of supporting proximity services for a mobile 

device comprising: 
determining whether a first mobile device and a second 

mobile device are each operatively provisioned to make 
use of a common proximity service; 

determining whether a state of proximity between the first 
mobile device and the second mobile device is expected 
to occurat a future time based at least in part on at least 
one of: 

a current or past motion state of at least one of the first 
mobile device or the second mobile device, 

a historic behavior of at least one of the first mobile 
device or the second mobile device, and/or 

an identification that the first mobile device and the 
second mobile device are in a common venue; and 

initiating notification of a user and/or an application of at 
least one of the first mobile device or the second mobile 
device that the state of proximity has occurred or will 
OCCU. 

2. The method of claim 1, and further comprising: 
determining at least one of a probability, and/or a time 

interval for which the state of proximity is expected to 
occur at the future time; and 

initiating notification of the user and/or the application in 
response to at least one of the probability exceeding a 
probability threshold, and/or the time interval falling 
below a time threshold. 

3. The method of claim 1, wherein at least one of the current 
and past motion state of the at least one of the first or second 
mobile devices comprises at least one of a geographic loca 
tion and a Velocity. 

4. The method of claim 1, wherein the historic behavior of 
the at least one of the first or second mobile devices is deter 
mined, at least in part, on a location history of the at least one 
of the first or second mobile devices. 
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5. The method of claim 4, wherein the historic behavior is 
based, at least in part, on at least one of a current location of 
the at least one of the first or second mobile devices and a 
current day and/or a time. 

6. The method of claim 4, wherein the location history is 
stored in the at least one of the first or second mobile devices. 

7. An apparatus for Supporting proximity services, the 
apparatus comprising: 

means for determining whether a first mobile device and a 
second mobile device are each operatively provisioned 
to make use of a common proximity service; 

means for determining whether a state of proximity 
between the first mobile device and the second mobile 
device is expected to occurata future time based at least 
in part on at least one of 
a current or past motion state of at least one of the first 

mobile device or the second mobile device, 
a historic behavior of at least one of the first mobile 

device or the second mobile device, and/or 
an identification that the first mobile device and the 

second mobile device are in a common venue; and 
means for initiating notification of a user and/or an appli 

cation of at least one of the first mobile device or the 
second mobile device that the state of proximity has 
occurred or will occur. 

8. The apparatus of claim 7, and further comprising: 
means for determining at least one of a probability, and/or 

a time interval for which the state of proximity is 
expected to occur at the future time; and 

wherein the means for initiating notification of the user 
and/or the application, is response to at least one of the 
probability exceeding a probability threshold, and/or the 
time interval falling below a time threshold. 

9. The apparatus of claim 7, wherein at least one of the 
current and past motion state of the at least one of the first or 
second mobile devices comprises at least one of a geographic 
location and a velocity. 

10. The apparatus of claim 7, wherein the historic behavior 
of the at least one of the first or second mobile devices is 
determined, at least in part, on a location history of the at least 
one of the first or second mobile devices. 

11. The apparatus of claim 10, wherein the historic behav 
ior is based, at least in part, on at least one of a current location 
of the at least one of the first or second mobile devices and a 
current day and/or a time. 

12. The apparatus of claim 10, wherein the location history 
is stored in the at least one of the first or second mobile 
devices. 

13. A computing device for Supporting proximity services, 
the computing device comprising: 

memory; and 
a processor to: 

determine whether a first mobile device and a second 
mobile device are each operatively provisioned to 
make use of a common proximity service; 

determine whether a state of proximity between the first 
mobile device or the second mobile device is expected 
to occurata future time based at least in part on at least 
one of a current or past motion state of at least one of 
the first mobile device or the second mobile device, a 
historic behavior of at least one of the first or second 
mobile devices, and/or an identification that the first 
mobile device and the second mobile device are in a 
common venue; and 
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initiate notification of a user and/or an application of at 
least one of the first mobile device or the second 
mobile device that the state of proximity has occurred 
or will occur. 

14. The computing device of claim 13, the processor to 
further: 

determine at least one of: a probability, and/or a time inter 
val for which the state of proximity is expected to occur 
at the future time; and 

initiate notification of the user and/or the application in 
response to at least one of the probability exceeding a 
probability threshold, and/or the time interval falling 
below a time threshold. 

15. The computing device of claim 13, wherein at least one 
of the current and past motion state of the at least one of the 
first or second mobile devices comprises at least one of a 
geographic location and a Velocity. 

16. The computing device of claim 13, wherein the historic 
behavior of the at least one of the first or second mobile 
devices is determined, at least in part, on a location history of 
the at least one of the first or second mobile devices. 

17. The computing device of claim 16, wherein the historic 
behavior is based, at least in part, on at least one of a current 
location of the at least one of the first or second mobile 
devices and a current day and/or a time. 

18. The computing device of claim 16, wherein the location 
history is stored in the at least one of the first or second mobile 
devices. 

19. An article for use in supporting proximity services, the 
article comprising: 

a non-transitory computer readable medium having stored 
therein computer implementable instructions execut 
able by a processor of a computing device to: 
determine whether a first mobile device and a second 

mobile device are each operatively provisioned to 
make use of a common proximity service; 

determine whether a state of proximity between the first 
mobile device and the second mobile device is 
expected to occurata future time based at least in part 
on at least one of a current or past motion state of at 
least one of the first mobile device or the second 
mobile device, a historic behavior of at least one of the 
first mobile device or the second mobile device, and/ 
oran identification that the first mobile device and the 
second mobile device are in a common venue; and 

initiate notification of a user and/or an application of at 
least one of the first mobile device or the second 
mobile device that the state of proximity has occurred 
or will occur. 

20. The article of claim 19, the computer implementable 
instructions being further executable by the processor to: 

determine at least one of: a probability, and/or a time inter 
val for which the state of proximity is expected to occur 
at the future time; and 

initiate notification of the user and/or the application in 
response to at least one of the probability exceeding a 
probability threshold, and/or the time interval falling 
below a time threshold. 

21. The article of claim 19, wherein at least one of the 
current and past motion state of the at least one of the first or 
second mobile devices comprises at least one of a geographic 
location and a Velocity. 

22. The article of claim 19, wherein the historic behavior of 
the at least one of the first or second mobile devices is deter 
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mined, at least in part, on a location history of the at least one 
of the first or second mobile devices. 

23. The article of claim 22, wherein the historic behavior is 
based, at least in part, on at least one of a current location of 
the at least one of the first or second mobile devices and a 
current day and/or a time. 
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