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USER EQUIPMENT (UE), SECURE USER PLAN LOCATION (SUPL)
SERVER AND METHODS FOR COMMUNICATION OF POSITION
INFORMATION

TECHNICAL FIELD

EER Y Embodiments pertain to wireless communications. Some
embodiments relate to wireless networks including 3GPP (Third Generation
Partnership Project) networks, 3GPP LTE (Long Term Evolution) networks, and
3GPP LTE-A (LTE Advanced) networks, although the scope of the
embodiments is not limited in this respect. Some embodiments relate to location
aware wircless communication. Some embodiments relate to Secare User Plane
Location (SUPL) protocols. Some embodiments relate to emergency

communication systems, including systems that use position information,

BACKGROUND

{0602} A mobile network may sapport communication with mobile
devices. In some cases, a location of the mobile device may be used by the
network for various purposes. As an example, location information of a mobile
device may be communicated to emergency personnel responding to an
emergency situation. Accordingly, there is a general need for methods and
systems for enabling deternmination and/or conununication of such location

nformation m mobile networks in these and other scenarnos.
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BRIEF DESCRIPTION OF THE DRAWINGS

[B003] FIG. 115 a functional diagram of a 3GPP network in accordance
with some embodiments;

{0004] FIG. 2 15 a block diagram of a User Equipment (UE) in
accordance with some embodiments;

{0005] FIG. 3 is a block diagram of an Evolved Node-B (eNB) in
accordance with some embodiments;

006} FIG. 4 1s a block diagram of a Secure User Plane Location
(SUPL) server in accordance with some embodiments;

{607 FIG. 5 illustrates an example of a scenario in which a UE may be
m communication with an eNB and with a SUPL server in accordance with some
embodiments;

{0008} FIG. 6 illustrates the operation of a method of communication of
UE posttion information in accordance with some embodiments;

j3309] FIG. 7 illustrates example scenarios for commumication of UE
position mformation in accordance with some cmbodiments;

[3019] FIG. 8 illustrates another example scenario for communication of
UE position information in accordance with some embodiments;

{6611} FIG. 9 llustrates an example of a short messaging service (SMS)
message in accordance with some embodiments;

[0012] FI1G. 10 illustrates the operation of another method of
coromunication of UE position nformation m accordance with some
embodiments;

[0013] FIG. 11 iHustrates the operation of ancther method of
communication of UE position information in accordance with some
embodiments;

861 4] FlGs. 12A-B illustrate examples of communication of UE
position information in accordance with some embodiments; and

61 5] FIG. 13 sllustrates a block diagram of an example machine in

accordance with some embodiments.
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DETAILED DESCRIPTION

HEBEY The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.

{6017 FIG. 115 a functional diagram of a 3GPP network in accordance
with some embodiments. The network comprises a radio access network (RAN)
{c.g., as depicted, the E-UTRAN or evolved universal terrestrial radio access
network) 100 and the core network 120 (e.g., shown as an evolved packet core
{EPC}) coupled together through an 51 interface 115. For conveniensce and
brevity sake, only a portion of the core network 120, as well as the RAN 100, 1is
shown.

{0018} The core network 120 includes a mobility management entity
{(MME} 122, a serving gateway (serving GW) 124, and packet data network
gateway (PDN GW) 126, The RAN 100 includes Evolved Node-B's (eNBs) 104
{(which may operate as base stations) for communicating with User Equipment
{UJE} 102, The eNBg 104 may inchude macro eNBs and low power (LP) eNBs.
[0019] In some cmbodiments, the cNB 104 may be communicatively
coupled to a Secure User Plane Location (SUPL} server 106, which may perform
various operations related to device location. These embodiments are not
fating, however, as other components may be used to pedform some or all of
those operations related to device location. in some embodiments, the SUPL
server 106 may be commumicatively coupled to the UE 102 over one ormore
wirglgss hinks, In some embodiments, a SUPL protocol may be used in location
aware wircless communication devices, such as the UE 102, The SUPL protocol
may be used for various operations, such as commumnication of assistance data

from the SUPL server 106 to the UE 102 to enable the UE 102 to determine UE
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position or location information. The assistance data may cnable the UE 102 to
determine the information more quickly and/or more efficiently, in some cases.
06020} In some embodiments, the UE 102 may transmit a short message
service (SMS) message to the SUPL server 106, The SMS may mehude location
mformation, in some cases. The SUPL server 106 may transmit positioning
assistance information to the eNB 104 for forwarding to the UE 102, in some
cases. Accordingly, the eNB 104 may operate as a relay to enable
communication between the UE 102 and the SUPL server 106 in some cases.
These embodiments will be deseribed in more detail below.

o021} The MME 122 is similar in function to the control plane of legacy
Serving GPRS Support Nodes (SGSN). The MME 122 manages mobility
aspects in access such as gateway selection and tracking arca hist management.
The serving GW 124 terminates the interface toward the RAN 100, and routes
data packets between the RAN 100 and the core network 120. In addition, it may
be a local mobility anchor point for inter-eNB handovers and also may provide
an anchor tor nter-3GPP mobility. Gther responsibilitics may include lawtul
mtercept, charging, and some policy enforcement. The serving GW 124 and the
MME 122 may be implemented in one physical node or separate physical nodes.
The PDN GW 126 terminates an SGi interface toward the packet data network
{(PDN). The PDN GW 126 routes data packets between the EPC 120 and the
external PDN, and may be a key node for policy enforcement and charging data
collection. it may also provide an anchor point for mobility with non-LTE
accesses. The external PDN can be any kind of TP network, as well as an 1P
Mudtimedia Subsystem (IMS)} domain. The PDN GW 126 and the serving GW
124 mav be impiemented in one physical node or separated physical nodes.
[06622] The eNBs 104 {(macro and micro) terminate the air interface
protocol and may be the first point of contact for a UE 102, In some
embodiments, an eNB 104 may fulfill various logical functions for the RAN 100
mehuding but not limited to RN {radic network controller functions) such as
radio bearer management, uplink and downlink dynamic radio resource
management and data packet scheduling, and mobility management. In

accordance with embodiments, UEs 102 may be configured to communicate
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Orthogonal Frequency Division Multiplexing (OFDM) communication signals
with an eNB 104 over a multicarvier conmmunication channel in accordance with
an Orthogonal Frequency Dhivision Mudtiple Access (OFDMA) communication
techaigue. The OFDM signals may comprise a plurality of orthogonal
subcarricrs.

{0623} The S1 mterface 115 15 the mterface that separates the RAN 100
and the EPC 120 It is split into two parts: the 51-U, which carrigs traffic data
between the eNBs 104 and the serving GW 124, and the S1-MME, which s a
signaling mterface between the eNBs 104 and the MME 122, The X2 mterface is
the interface between ¢NBg 104, The X2 mterface comprises two parts, the X2-C
and X2-U. The X2-C is the control plane interface between the eNBs 104, while
the X2-1J is the user plane interface between the eNBs 104,

00624} With cellular networks, LP cells are typically used to extend
coverage to indoor areas where outdoor signals do not reach well, or to add
network capacity n arcas with very dense phone usage, such as train stations. As
used herein, the term low power (LP) eNB refers to any suitable relatively low
power eNB for implementing a narrower cell (narrower than a macro cell) such
as a femtocell, a picocell, or a micro cell. Femtocell eNBs are typically provided
by a mobile network operator to its residential or enterprise customers. A
femtocell 1s typically the size of a residential gateway or smaller and generally
connects to the user's broadband line. Once plugged in, the femtocell connecis to
the mobtie operator's mobile network and provides extra coverage in a range of
typically 30 to 30 meters for residential fomtocells. Thus, a LP eNB might be a
femtocell eNB since it is coupled through the PDN GW 126, Smmilarly, a
picocell is a wireless communication system typically covering a small area,
such as in-building (offices, shopping malls, train stations, efc.), or more recently
m-aircraft. A picocell eNB can generally connect through the X2 hink to another
¢NB such as a macro eNB through its base station controller (BSC)
functionality. Thus, LP eNB may be implemented with a picocell eNB since it is
coupled to a macro eNB via an X2 mterface. Picocell eNBs or other LP eNBs
may incorporate some or all functionality of a macro eNB. In some cases, this

may be referred to as an access point base station or enterprise femtocell
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[0025] In some embodiments, a downlink resource grid may be used for
downlink transmissions from an eNB 104 to a UE 102, while uplink
transmission from the UE 102 to the eNB 104 may utilize similar technigues.
The grid may be a time-frequency grid, called a resource gnd or time-frequency
resource grid, which is the physical resource m the downlink in cach slot. Sucha
time-frequency plane representation 1s a common practice for OFDM systems,
which makes it intuitive for radio resource allocation. Each colomn and each row
of the resource grid correspond to one OFDM symbol and one OFDM
subcarrier, respectively. The duration of the resource grid in the time domain
corresponds to one slot in a radio frame. The smallest time-frequency unitin a
resource grid is denoted as a resource element (RE). Each resource gnd
comprises a number of resource blocks (RBs), which deseribe the mapping of
certain physical channels to resource elements. Each resource block comprises a
collection of resource elements in the frequency domain and mayv represent the
smallest quanta of resources that currently can be allocated. There arc several
different physical downlink channels that are conveyed using such resource
blocks. With particular relevanee to this disclosure, two of these physical
downlink channels are the phvsical downlink shared channel and the physical
down link control channel.

0026} The physical downlink shared chaonel (PDSCH) carres user data
and higher-layer signaling to a UE 102 (FIG. 1). The physical downlink control
channel (PDCCH) carres information about the transport format and resource
allocations related to the PDSCH channel, among other things. It also informs
the UE 102 about the transport format, resource allocation, and hybnd automatic
repeat request (HARQ) information related to the uplink shared channel.
Typically, downlink scheduling {(e.g.. assigning control and shared channel
resource blocks to UEs 102 within a cell) may be performed at the eNB 104
based on channel quality information fed back from the UEs 102 to the eNB 104,
and then the downlink resource assignment mformation may be sent to a UE 102
on the control channel (PDCCH) used for (assigned to) the UE 102,

{6027 The PDCCH uses CCEs (control channel elements) to convey the

control mformation. Before being mapped to resource elemeunts, the PDCCH

6
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complex~-valued symbols are first organized into quadruplets, which are then
permuted usimg a sub-block inter-leaver for rate matching. Fach PDCCH 1s
transmitted using one or more of these control channel elements (CCEs}, where
cach CCE corresponds to nine sets of four physical resource elements known as
resource clement groups (REGs). Four QPSK symbols are mapped to cach REG.
The PDCCH can be transmitted using ong or more CCEs, depending on the size
of BCY and the channel condition. There may be four or more different PDCCH
formats defined in LTE with different numbers of CCEs (¢.g., aggregation fevel,
L=1,2, 4, 0r8).

6028} As used herein, the term "circuitry” may refer to, be part of, or
mchude an Application Specific integrated Circuit (ASIC), an clectronic circutt,
a processor {shared, dedicated, or group), and/or memory {shared, dedicated, or
group) that execute one or more software or firmware programs, a combinational
logic circuit, and/or other suitable hardware components that provide

the described functionality. In some embodiments, the circuttry may be
mmplemented m, or functions associated with the circuitry may be implemented
by, one or more software or firmware modules. In some embodiments, circuitry
may include logic, at least partially operable  hardware. Embodiments
descnibed herein mav be implemented into a svstom using any suitably
contigured hardware and/or software.

{66291 F1G. 2 is a block diagram of a User Equipment (UE) in
accordance with some embodiments. The UE 200 may be suitable forusc asa
UE 102 as depicted n FIG. 1. In some embodiments, the UE 200 may mclude
application circuitry 202, baseband circuitry 204, Radio Frequency (RF)
circuitry 2006, front-end module (FEM) circuitry 208 and one or more antennas
210, coupled together at least as shown. In some embodiments, other circnitry
or arrangements may nclude one or more ¢lements and/or components of the
application circuitry 202, the bascband circutry 204, the RF circuitry 206 and/or
the FEM circuitry 208, and may also include other elements and/or components
m some cases. As an example, “processing circuitry” may mclude one or more
elements and/or components, some or all of which may be included in the

application circuitry 202 and/or the baseband circuitry 204, As another example,
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“transceiver circuttry” may include one or more elements and/or components,
some or all of which may be mcluded in the RF circuitry 206 and/or the FEM
circuitry 208. These examples are not limiting, however, as the processing
circuitry and/or the transceiver circuitry may alsc melude other elements and/or
COMPONCNES in SOMES Cases.

{8634} The application circuitry 202 may nclade one or more
application processors. For example, the application circuitry 202 may include
circuitry such as, but not imited to, one or more single-core or multi-core
processors. The processor(s) may include any combmation of gencral-purpose
processors and dedicated processors (e.g., graphics processors,

application processors, etc.). The processors may be coupled with and/or may
melude memory/storage and may be configured to execute mstructions stored in
the memory/storage to enable various applications and/or operating systems to
run on the system.

[0031] The bascband circuitry 204 may include circnitry such as, but not
himited to, one or more single-core or multi-core processors. The bascband
circuitry 204 may include one or more baseband processors and/or control logic
to process baseband signals received from a receive signal path of the RF
circuitry 206 and to generate bascband signals for a transmit signal path of the
RF circuitry 206. Baseband processing circuity 204 may interface with the
application circuitry 202 for gencration and processing of the bascband signals
and for controlling operations of the RF circuitry 206. For example, in some
embodiments, the baseband circuitry 204 may mnclude a second generation (2(G3)
baseband processor 204a, third gencration (3G) baseband processor 204b, fourth
generation {4G) baseband processor 204¢, and/or other baseband processor(s)
204d for other existing generations, generations in development or to be
developed in the future (e.g., fifth generation (3G), 6(, etc.). The baseband
circuitry 204 {e.g., one or more of baseband processors 204a-d) may handle
various radio control functions that enable communication with one or more
radio networks via the RF civeuitry 206, The radio control functions may
mnclude, but are not limited to, signal modulation/demodulation,

encoding/decoding, radio frequency shifting, etc. In some embodiments,
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modulation/demodulation circuttry of the baseband circuitry 204 may include
Fast-Fourier Transtorm (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding
circuitry of the baseband circuitry 204 may include convolution, tail-biting
convolution, turbo, Viterbi, and/or Low Density Parity Check (LDPC)
encoder/decoder functionality. Embodiments of modulation/demodulation and
encoder/decoder functionality are not himited to these examples and may include
other suitable functionality in other embodiments.

066321 In some embodiments, the baseband circuitry 204 may include
elements of a protocol stack such as, for example, elements of an evolved
universal terrestrial radio access network (EUTRAN) protocol including, for
example, physical (PHY}, media access control (MAC), radio link control
{RLC), packet data convergence protocol (PDCP), and/or radio resource control
{RRC) clements. A central processing unit {CPU) 204¢ of the baseband circuitry
204 may be configured to run clements of the protocol stack for signaling of the
PHY, MAC, RLC, PDCP and/or RRC lavers. In some embodiments, the
baseband circuitry may include one or more andio digital signal processor{s)
(PSP} 204f. The audio DSP{s) 204f may be include elements for
compression/decompression and echo cancellation and may mclude other
suttable processing elements in other embodiments. Components of the
bascband circuitry may be suitably combined in a single chip, a single chipset, or
disposed on a same circuit board in some embodiments. In some embodiments,
some or all of the constituent components of the bascband circuitry 204 and the
application circuitry 202 may be implemented together such as, for example, on
a system on a chip (SOC).

{0033} In some embodiments, the baschand circuitry 204 may provide
for communication compatible with one or more radio technologics. For
example, in some embodiments, the baseband circuitry 204 may support
communication with an evolved universal terrestral radio access network
{(EUTRAN) and/or other wireless metropolitan area networks (WHMAN},

a wireless local arca network (WLAN), a wireless personal area network

(WPAN). Embodiments in which the baseband circuitry 204 is configured to
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support radio communications of more than one wireless protocol mayv be
referred to as multi-mode baseband circuitry.

{06034] RF cireuitry 206 may enable communication with wireless
networks using modulated electromagnetic radiation through a non-solid
medium. In vanous embodiments, the RF circuitry 206 may include switches,
filters, amphifiers, ete. fo facilitate the commumication with the wireless network.
RF circuitry 206 may mclade a receive signal path which may include circuitry
to down-convert RF signals received from the FEM circurtry 208 and provide
baseband signals to the baseband circuitry 204, RF circuitry 206 may also
mclude a transmit signal path which may mclude circuitry to up-convert
bascband signals provided by the bascband circuitry 204 and provide RF output
signals to the FEM circuiiry 208 for transmission.

6635} In some embodiments, the RF circoitry 206 may include a receive
signal path and a transmit signal path. The receive signal path of the RF circuitry
206 may include mixer circutiry 206a, amphifier circuitry 206b and filter
circuitry 206¢. The transmit signal path of the RF circuitry 206 may include
filter circuitry 206¢ and muixer circultry 206a. RF circuitry 206 may also mclude
synthesizer circuitry 206d for synthesizing a frequency for use by the mixer
circuitry 206a of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitry 206a of the receive signal path may be
configured to down-convert RF signals received from the FEM circuitry 208
based on the synthesized frequency provided by synthesizer circuttry 206d. The
amplifier circuitry 206b may be configured to amplify the down-converte
signals and the filter circottry 206¢ may be a low-pass filter (LPF} or band-pass
filter (BPF) configured to remove unwanted signals fron: the dowa-converted
signals to gencrate output bascband signals. Output baschand signals may be
provided to the baseband circuitry 204 for further processing. In some
embodiments, the output baschand signals may be zero-frequency baschand
signals, although this is not a requirement. In some embodiments, mixer circuitry
2063 of the receive signal path may comprise passive mixers, although the scope
of the embodiments is not limited i this respect. In some embodiments, the

mixer circuitry 206a of the transmit signal path may be configured to up-convert
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nput baseband signals based on the synthesized frequency provided by the
synthesizer circuitry 206d to generate RE output signals for the FEM circuitry
208. The bascband signals may be provided by the baseband circuitry 204 and
may be filtered by filter circuitry 206¢. The filter circuitry 206¢ may include a
low-pass filier (LPF), although the scope of the embodiments is not limited in
this respect.

{0636} In some embodiments, the mixer circuitry 206a of the receive
signal path and the mixer cirenitry 206a of the transmit signal path may include
two or more mixers and may be arranged for guadrature downconversion and/or
upeonversion respectively. In some embodiments, the mixer circuitry 2063 of the
reccive signal path and the mixer circuitry 206a of the transmuit signal path may
melude two or more mixers and may be arranged for image rejection {¢.g.,
Hartley image rejection}. In some embodiments, the mixer cirouiiry 206a of the
receive signal path and the mixer circuttry 2062 may be arranged for direct
downconversion and/or direct upconversion, respectively. In some embodinents,
the mixer circuitry 206a of the receive signal path and the mixer circuitry 206a
of the transmit signal path may be configured for super-heterodyne operation.
{6037) In some embodiments, the output baseband signals and the input
bascband signals may be analog baschand signals, although the scope of the
embodiments is not limited 1n this respect. In some alternate embodiments, the
cutput baseband signals and the input baseband signals may be digital baseband
signals. In these alternate embodiments, the RF circuitry 206 may include
analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuitry and the baseband cirawtry 204 may include a digital baschand interface
to communicate with the RF circuntry 206, In some dual-mode embodiments, a
separate radio IC circuitry may be provided for processing signals for cach
spectrum, although the scope of the embodiments 13 not limited in this respect.
{0638} In some embodiments, the synthesizer circuitry 206d may be a
fractional-N synthesizer or a fractional N/N-+1 synthesizer, although the scope of
the embodiments 1s not limited in this respect as other types of frequency
synthesizers may be suitable. For example, synthesizer circuitry 206d may be a

delta-sigma synthesizer, a frequency multiplicr, or a synthesizer comprising a

i
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phase-locked loop with a frequency divider. The synthesizer circuitry 206d may
be configured to synthesize an output frequency for use by the mixer circuitry
2062 of the RF cirantry 206 based on a frequency inpat and a divider control
mput. fo some embodiments, the synthesizer circuitry 206d may be a fractional
MN/N+T synthesizer. In some embodiments, frequency input may be provided by
a voltage controlled oscillator (VCO), although that 1s not a requirement. Divider
control input may be provided by cither the baseband circuitry 204 or the
applications processor 202 depending on the desired output frequency. In some
embodiments, a divider control input {e.g., N) may be determined from a look-
up table based on a channel indicated by the applications processor 202,

{0039] Svathesizer circuitry 206d of the RF circuitry 206 may include a
divider, a delay-locked loop (DLL), a multiplexer and a phase accumulator. In
some embodiments, the divider may be a dual modulus divider (DMD) and the
phase accumulator may be a digital phase accumulator {(BPA}. In some
crabodiments, the DM may be configured to divide the input signal by either N
or N+1 {e.g., based on a carry out} o provide a fractional division ratio. In some
gxample embodiments, the DLL may include a set of cascaded, tunable, delay
clements, a phase detector, a charge pump and a B-type flip-flop. In these
embodiments, the delay clements may be configured to break a VCO period up
mto Nd equal packets of phase, where Nd 1s the number of delay clements in the
delay bine. In this way, the DLL provides negative feedback to help ensuse that

the total delay through the delav line 1s one VOO cycle.

6040} In some embodiments, svnthesizer circnifry 206d may be
configured to generate a carrier frequency as the cutput frequency, while 1n other

embodiments, the cutput frequency may be a mmultiple of the carrier frequency
{c.g., twice the carrier frequency, four times the carrier frequency) and used m
conjunction with guadrature generator and divider circuitry to generate multiple
signals at the carrier frequency with multiple different phases with respect to
cach other. In some embodiments, the output frequency may be a LG frequency
(fro). In some embodiments, the RF circuitry 206 may include an IQ/polar

converter.
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[0041] FEM circuttry 208 may mchude a receive signal path which may
melude circuitry configured to operate on RF signals received from one or more
antennas 210, amplify the roceived signals and provide the amplified versions of
the recetved signals to the RF circuitry 206 for further processing. FEM circuitry
208 may also mclude a transmit signal path which may include cireuitry
configured to amplify signals for transmission provided by the RF circuitry 206
for transmission by one or more of the one or more antennas 210

[0042] In some embodiments, the FEM circuitry 208 may include a
TX/RX swiich to switch between transmit mode and receive mode operation.
The FEM circuitry may include a receive signal path and a transmit signal path.
The receive signal path of the FEM circuitry may include a low-noise amplifier
(LNA) to amplify received RF signals and provide the amplified received RF
signals as an output {e.g., to the RF cirawtry 206). The transmit signal path of
the FEM circuitry 208 may include a power amplifier {(PA) to amplify input RF
signals {c.g., provided by RF circuitry 206), and onc or more filters to generate
RF signals for subsequent transmission {e.g., by one or more of the one or more
antennas 210, In some embodiments, the UE 200 may include additional
clements such as, for example, memaory/storage, display, camera, sensor, and/or
mput/output {1/0) interface.

{86043} FI(G. 3 18 a block diagram of an Evolved Node-B (eNB) in
accordance with some embodiments. it should be noted that in some
crabodiments, the cNB 300 may be a stationary non-mobile device. The cNB
300 may be suitable for use as an eNB 104 as depicted in FIG. 1. The eNB 300
may include physical layer circuitry 302 and a transceiver 305, one or both of
which may cnable transmission and reception of signals to and from the UE 200,
other eNBs, other UEs or other devices using one or more antennas 301, Asan
example, the physical layer circuitry 302 may perform various encoding and
decoding functions that may inclade formation of baseband signals for
transmission and decoding of received signals. As another example, the
transceiver 305 may perform various transmission and reception functions suc
as conversion of signals between a baseband range and a Radio Frequency (RE)

range. Accordingly, the physical layer circuitry 302 and the transceiver 305 may
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be separate components or may be part of a combined component. In addition,
some of the described functionality related to transmission and reception of
signals may be performed by a combination that may inclede one, any or all of
the physical laver cireunitry 302, the transceiver 303, and other components or
lavers. The eNB 300 may also include medium access control layer (MAC)
circuitry 304 for controlling access to the wireless medium. The ¢eNB 300 may
also include processing circuitry 306 and memory 308 arranged to perform the
operations described hercin. The eNB 300 may also include one or more
mierfaces 310, which may enable communication with other components,
mcluding other eNBs 104 (FIG. 13, the SUPL server 106, components in the
EPC 120 (FIG. 1) or other network components. In addition, the interfaces 310
may enable communication with other components that may not be shown n
FIG. 1, including components external to the network. The interfaces 310 may
be wired or wircless or a combination thereof.

[0044] In some embodiments, the UE 200 or the eNB 300 mayv be a
mobile device and may be a portable wireless communication device, such as a
personal digital assistant (PDA), a laptop or portable computer with wireless
communication capability, a web tablet, a wircless telephone, a smartphong, a
wireless headset, a pager, an mstant messaging device, a digital camera, an
access point, a television, a wearable device such as a medical device {(e.g., a
heart rate monitor, a blood pressure monitor, ¢ic.), or other device that may
receive and/or transmit information wirelessly. In some embodiments, the UE
200 or eNB 300 may be configured o operate m accordance with 3GPP
standards, although the scope of the embodiments 1s not limited in this respect.

Maohile devices or other devices in some embodiments may be configured to

operate according to other protocols or standards, including IEEE 802 11 or
other IEEE standards. In some embodiments, the UE 200, eNB 300 or other
device may mclude one or more of a keyvboard, a display, a non-volatile memory
port, multiple antennas, a graphics processor, an application processor, speakers,
and other mobile device clements. The display may be an LCD screen including

a touch screen.
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[0045] F1G. 4 15 a block diagram of a Secure User Plane Location
{SUPL)} server n accordance with some embodiments. It should be noted that in
some embodiments, the SUPL server 400 may be a stationary non-mobile
device. The SUPL server 400 may be suitable for use as a SUPL server 106 as
depicted in FIG. 1. The SUPL scrver 400 may include processing circuitry 406
and memory 408 arranged to perform the operations described herein. The
SUPL server 400 may also include one or more mterfaces 410, which may
cnable communication with other components, including eNBs 104 (FIG. 1),
components in the EPC 120 (FIG. 1) or other network components. In addition,
the interfaces 410 may enable communication with other components that may
not be shown in FIG. 1, including components extemal to the network. The
mterfaces 410 may be wired or wireless or a combination thercof. In some
embodiments, the SUPL server 400 may include one or more antennas 401, As
an example, the antennas 401 may enable communication over a wirgless Hink
with the UE 200, in some cases. As another exaraple, the SUPL server 400 may
communicate mdirectly with the UE 200 by forwarding packets, messages
and/or other information to the eNB 300 for forwarding to the UE 200,

[33406] The antennas 214, 301, 401 mav comprisc one or more
directional or omuidirectional antennas, including, for example, dipole antennas,
monopole antennas, patch antennas, loop antennas, nucrostrip antennas or other
types of antennas suitable for transmission of RF signals. In some multiple-input
multiple-output (MIMO)} embodiments, the antennas 210, 301 may be effectively
separated to take advantage of spatial diversity and the different channel
characteristics that may result.

[6047) Although the UE 200, the eNB 300, and the SUPL server 400 arce
cach iHustrated as having several separate functional elements, one or more of
the functional clements may be combined and may be impiemented by
combinations of software-configiured elements, such as processing elements
mchiding digital signal processors (D5Ps), and/or other hardware clements. For
example, some elements may comprise one or more microprocessors, DSPs,
ficld-programmable gate arrays (FPGAs), application specific integrated circuits
{ASICs), radio-frequency ntegrated circuits {RFICs) and combinations of

5
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various hardware and logic circuitry for performing at least the functions
described herein. In some embodiments, the functional elements may refer to
One Of MOTEe Processes operating on one or more processing clements.

10048] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
mstructions stored on a computer-readable storage device, which may be read
and executed by af least one processor to perform the operations described
herein. A computer-readable storage device may include any non-transitory
mechanism for stormg nformation in a form readable by a machine {(e.g., a
computer). For example, a computer-readable storage device may include read-
only memory (ROM)}, random-access memory (RAM), magnetic disk storage
media, optical storage media, flash-memory devices, and other storage devices
and media. Some embodiments may nclude one or more processors and may be
configured with instroctions stored on a computer-readable storage device.
[0049] It should be noted that in some embodiments, an apparatus used
by the UE 200 and/or eNB 300 and/or SUPL server 400 may melude various
components of the UE 200 and/or the eNB 300 and/or the SUPL server 400 as
shown in FIGs. 2-4. Accordingly, techunigues and operations described hercin
that refer to the UE 200 {or 102} may be applicable to an apparatus fora UE. fn
addition, technigues and operations descrnibed herein that refer to the eNB 300
{or 104} may be applicable to an apparatus for an eNB. In addition, techniques
and operations described herein that refer to the SUPL server 400 (or 106} may
be applicable to an apparatus for a SUPL server.

HEERS ] In accordance with embodiments, the UE 102 may determine UE
position information as part of an emergency location session between the UE
102 and the SUPL server 106, The UE 102 may determine data connectivity
between the UE 102 and the SUPL server 106, and may transmit the UE position
mformation on a data connection when the data connectivity is available,. When
the data connectivity is unavailabic, the UE 102 may transmit, to the SUPL
server 106, a short messaging service (SMS) message that includes the UE

position information. These embodiments are described in more detail below.
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{0051} FI1G. 5 illustrates an example of a scenarnio in which a UE may be
m communication with an eNB and with a SUPL server m accordance with some
embodiments. Although the example scenario 300 shown in FIG. 5 may
tHustrate some or all aspects of techniques disclosed herein, it is understood that
embodiments arc not imited by this example scenano 500. It should also be
noted that embodiments are not limited to the components shown i the example
scenario 500, As an example, embodiments are not limited o usage of the UE
102, as other mobile devices may be used in some cases. For instance, a station
{(5TA) arranged to communicate using a wireless local arca network (WLAN)
protocol {or other protocol) may be used. As another example, embodiments are
not fimited to usage of the eNB 104, as other base station devices may be used in
some cases. For instance, an access pomnt {(AP) arranged to commumnicate using a
WLAN protocol {or other protocol) may be used. As another example,
embodiments are not Hmited to usage of the SUPL server 106, as other
components arranged to support operations for device location may be used in
SOME Cases.

EEY) In the example scenario 500, the UE 102 may exchange packets,
sigials and/or messages with the eNB 104 over the wireless hink 510 using anv
suitable communication protocol, which may or may not be included as part of
one or more standards. As a non-hmuting example, the UE 102 may be arranged
to communicate with the eNB 104 using a Third Generation Partnership Protocol
{(3GPP) Long Term Evolution {(LTE) protocol in some cases.

j3353] In addition, n the exampie scenario 500, the UE 102 may
exchange data packets and/or messages with the SUPL server 106 over the data
connection 520. In some embodiments, the data connection 320 may mclude
and/or utilize a wireless link 522 between the UE 102 and the eNB 104, The
data comection 520 may further include and/or utilize a link 324 {(which may be
wired or wireless or a combination thereof) between the eNB 104 and the SUPL
server 106, Accordingly, the eNB 104 may operate as a relay for forwarding
packets, messages and/or signals between the UE 102 and the SUPL server 106
i some cases. As an example, the UE 102 may transmit a packet to the eNB

104 over the wireless hink 522 for forwarding to the SUPL server 106 over the
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link 524. As another example, the SUPL server 106 may transmit a packet to the
eNB 104 over the link 524 for forwarding to the UE 102 over the wireless link
522. As another example, the UE 102 may transmit a packet to the SUPL server
106 directly over a wireless link 530 between the UE 102 and the SUPL server
106.

HEEREY] In some embodiments, the data connection 520 between the UE
102 and the SUPL server 106 may be or may include a Transport Control
Protocol / Internet Protocol (TCP/IP) connection. These embodiments are not
bimiting, however, as the data connection 320 may be arranged to operate
according to one or more other data protocols in some embodiments,

LEESKY It should be noted that some embodiments may not necessarily
melude separate wireless inks 5310, 522 between the UE 102 and the eNB 104,
In some cases, a same wireless ok may be used for first communication
between the UE 102 and the eNB 104 and for second communication {with the
cNB 104 operating as a rclay) between the UE 102 and the SUPL server 106. It
should also be noted that embodiments are not linuted to the first and second
commumnication as shown m FIG. 5. For instance, the eNB 104 may also be
configured to operate as a relay between the UE 102 and other components in
SORNIC Casces.

{8656} As anon-limiting example, the data connection 320 may be used
for and/or established for an emergency location session between the SUPL
server 106 and the UE 102, The emergeney location session may be inttiated by
the eNB 104 {or other network component) in order to determine UE position
mformation {such as a position or location of the UE 102) for usage m an
emergency communication session for the UE 102, Although embodiments are
not limited as such, the emergeney conumunication session may be mitiated by
the UE 102 m some cases. For mstance, a user of the UE 102 may dial an
emergency phone number such as 8-1-1 or other to inttiate the emergency
commuication session. In some embodiments, the emergency communication
session may inciude communication between the UE 107 and a Public Safety
Answering Point (PSAP) or other component. As an example, data messages

and/or packets may be exchanged between the UE 102 and the PSAP. As
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ancother example, a user of the UE 102 may speak to an operator of the PSAP. In
addition, in some cases, the UE position mformation that is determined as part of
the emergency location session may be made available at the PSAP for usage by
the operator or other person (such as responding emergency personnel}.

{B057] In some embodiments, the eNB 104 or other component may
tngger a SUPL Location Platform (SLP) (or SUPL server 106}, which may be
deployed 1n the network, to request for a location of the UE 102, Accordingly,
the emergency location session (such as an emergency SUPL session} may be
mitiated, and may preempt and/or take precedence over established SUPL
sessions for the UE 102, The SUPL server 106 may receive UE position
mformation from the UE 102, and may forward such information {cither directly
or indirectly) to the PSAP or other component. In some cases, the SUPL server
106 may use the received UE position information to determine other related
mformation, sach as a position of the UE 102 and/or coordinates of the UE 102,
and may forward the related information to the PSAP or other component.
[6058] FIG. 6 illustrates the operation of a method of communication of
UE position information in accordance with some embodiments. It 18 important
to note that embodiments of the method 600 may clude additional or even
fewer operations or processes in comparison to what is iHustrated in FIG. 6. In
addition, embodiments of the method 600 are not necessanily himited to the
chronological order that is shown in FIG. 6. In describing the method 600,
reference may be made to FiGs. 1-5 and 7-12, although it 15 understood that the
method 600 may be practiced with any other suitable systems, interfaces and
components.

[(3059] In addition, while the method 600 and other methods described
herein may refer to eNBs 104 or UEs 102 operating in accordance with 3GPP or
other standards, embodiments of those methods are not limited to just those
cNBa 104 or UEs 102 and may also be practiced on other devices, such as a Wi-
Fi access point (AP} or user station (§TA). The method 600 and other methods
described herein may also refer to SUPL servers 106 operating n accordance
with Open Mobile Alliance (OMA} standards or other standards, but

embodiments of those methods are not limited to just those SUPL servers 106
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and may also be practiced on other devices. In addition, the method 600 and
other methods described herem may be practiced by wireless devices configured
to operate in other suitable types of wireless communication systems, including
systems configured to operate according to various IEEE standards such as IEEE
802.11. The method 600 may also refer to an apparatus for a UE 102 and/or
eNB 104 and/or SUPL server 106 and/or other device described above.

[0060) At operation 603 of the method 600, the UE 102 may transmit, to
the ¢NB 104, one or more erpergency communication initiation messages for an
mitiation of an emergency communication session. In some embodiments, the
emergency communication session may include commumnication between the UE
102 and a Public Safetv Answering Poud (PSAP). These embodiments are not
himiting, however, as the emergency communication scssion may include
communication between the UE 102 and other components in some cases.
{00611 As a non-limiting example, the emergency commmunication
mitiation messages may be transmitted at least partly m response to a reception,
at the UE 102, of user input that indicates a request for the emergency
commumication session. For instance, the user may dial an emergeney phone
number, such as 9-1-1 or other namber to initiate the emergency communication
session. As another non-limiting example, the emergency communication
mitiation messages may be transmitted in response to another trigger at the UE
102, such as sensor input or other mput.

[0062] It should be noted that messages and/or data exchanged between
the SUPL server 106 and the UE 102 m the operations included in the method
600 (and other methods disclosed herein) may be exchanged using the eNB 104
as a relay, although embodiments are not limuted as such. Accordingly, as part
of such operation as a relay, the ¢NB 104 may receive messages and/or data
from one of the components and may forward the messages and/or data to
another component. Embodiments are not limited to forwarding of the exact
messages and/or data, however. In some cases, the contents of the messages (or
at Jeast a portion of the contents) may be transmutted using different messages.

For istance, the eNB 104 may extract information from a message and may
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transmit the information to the other component as part of a diffcrent message in
a different format.

{0063} At operation 610, the UE 102 may receive a SUPL mitiation
message for an emergency location session between the UE and a SUPL server
106. As anon-limiting example, the SUPL inifiation message may be a SUPL
INIT message mncluded in OMA standards or other standards. However, it is
paderstood that other messages may be received at the UE 102 for the initiation
of the emergency location session.

064} In some embodiments, the emergency location session may be for
determination and/or commmunication of UE position information for usage in the
emergency communication session. It should be noted that embodiments are not
himited to emergency scenarios. As an example, the SUPL inttiation message
may be for an establishment of a location session in a non-emergency scenario,
i some cases. In addition, other techniques and/or operations described heren
may be applicable, m some cases, to non-cmergency scenarios. Accordinglv,
although reference may be made to an “emergency location session” and/or
“emergency communication session,” it 18 understood that some or all of the
techaigues and/or operations described may be applicable, in some cases, to
location sessions and/or conmumunication sessions for non-emergency scenarios.
[0065] In some embodiments, the SUPL mitiation message may be
recetved from the eNB 104 operating as a relay for the SUPL server 106,
although embodiments are not imited as such. As a non-limiting example, the
SUPL inttiation message received at the UE 102 may be included in an SMS
message that 1s forwarded to the UE 102 by the eNB 104 operating as a relay for
the SUPL server 106, This example is not hmiting, however, as WAP Push,
UDP and/or other techniques may also be used for sending the SUPL initiation
message to the UE 102

{0066} In some embodiments, the SUPL inttiation message may nclude
mformation related to how the UE 102 is to determine UE position information
for the emergency location session. As an example, the SUPL mitiation message
may indicate that the UE 102 is to determine a UE position for inchusion in the

UE position information based on one or more signal measurements at the UE
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102. As another cxample, the SUPL initiation message may indicate that the UE
posttion information 1s to include the measurements to enable a determination of
the UE position by the SUPL server 106, As another example, the SUPL
mitiation message may indicate cither that the UE 102 15 to determing the UE
position or that the UE posttion information is to include the measurements,
{0067} In some embodiments, the signal measurements may be based on
reception of positioning signals from one or more satellites. For instance, global
navigation satellite systern (GNSS) signals, global positioning system (GPS)
signals and/or other satellite signals may be used. In some embodiments, the
signal measurements may be based on reception of one or more signals (such as
cellular signals) received from one or more eNBs 104 or other components. For
mstance, measurements to enable tnangulation techniques for determination of a
position of the UE 102 may be used in some cases.

{0068} At operation 613, the UE 102 may determine whether data
connectivity is avatlable between the UE 102 and the eNB 104, As an example,
the UE 102 may attempt o establish a data connection with the SUPL server 106
by transmitting one or more control messages. Accordingly, the success or
failure of the attempted establishment of the data connection may be determined.
As another example, a user of the UE 102 may disable a data connection
manually, in which case the data connectivity may be unavailable. As another
example, an established data connection may stop working or may be
miermittent. As another example, a plan, contract or agreement with the
network for the UE 102 (or for the user of the UE 102) may not support such
data comections, but may support exchanging of SMS messages (or other text
messages) with the network. As another example, it may be determined whether
or not the UE 102 s capable of cstablishing a data connection with the SUPL
server 106. The data connection in this example may be or may include a
TCP/IP connection, although embodiments are not limited as such and other
types of data connection may be used in some cases. In addition, success and/or
failure of the data connectivity is not hnuted to these example scenarios.
Accordingly, the data connectivity may fail in scenarios other than these

example scenarios.
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[0069] At operation 620, the UE 102 moay transmit one or more conirol
messages to the eNB 104 for forwarding to the SUPL server 106 for an mitended
establishment of a data connection between the UE 102 and the SUPL server
106. As previously described, some embodiments of the method 600 may not
necessarily include all operations shown in FIG. 6. In some cmbodiments, the
method 600 may include operation 620 when the UE 102 determines that data
connectivity is available. In some embodiments, the method 600 may exclude
operation 620 when the UE 102 determines that the data connectivity is
unavailable and/or when an establishment of a data connection fails.

{6070} At operation 625, the UE 102 may determine the UE position
mformation. In some embodiments, the deternunation may be based at least
partly on positioning assistance information received from the SUPL server 106,
For instance, a previous position of the UE 102 and/or other previcus UE
position information may be received at the UE 102 from the eNB 104 operating
as a relay for the SUPL server 106, In addition, the determination of the UE
posttion information may be based at least partly on a positioning method
mdicated in the SUPL initiation message. For instance, the message may
mdicate whether the UE 102 is to determine the UE position or whether the UE
102 1s to send measurcments to enable the SUPL server 106 to determine the UE
position.

{0671} At operation 630, the UE 102 may transmit an SMS message that
mcludes the UE position information when the data connectivity is unavatlable
and/or when the establishment of the data connection fails. In some
embodiments, the SMS message may be transmitted to the SUPL server 106
over a wireless link between the UE 102 and the SUPL server 106, In some
embodiments, the SMS message may be transmitted to the eNB 104 for
forwarding 1o the SUPL server 106 as part of the emergency location session.
As a non-limiting example, the SMS message may inclade control metadata for
the SMS message and may further mclude a data payload that includes the UE
posttion information. The control metadata may include control information
such as a time stamp for the SMS message, an identifier of the UE 102 and/or

other control information. For instance, the UE identifier may include a phone
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number of the UE 102, such as a mobile station international subscriber directory
number (MSISDN} or other phone number. In some embodiments, the SMS
message may include a SUPL end message (which may be an uplink SUPL end
message} that may indicate a termination of the emergency location session.
[6672] In some embodiments, the UE position information included in
the SM5 message may indicate a cell identifier of the eNB 104 and/or cell
identifiers of one or more other cNBs 104 to which the UE 102 has previcusly
communicated. Multiple location 1Ds may be inchuded, in some cases, in the
SUPL end message included n the SMS message transmitted from the UE 102
to the SUPL 106. As an example, multiple location IDs of cells and/or base
stations {¢NBs 104 and/or others} to which the UE 102 has previously
communicated may be mcluded in the UE position information. Such
communication may occur during a particular duration of time in some ¢ases.
For instance, a recent time period, as defined by a time duration threshold, may
be used to determine which location {I3s are to be included in the UE position
mformation included in the SMS message. As another example, a historical log
of eNBs 104, UE locations, base stations or other information may be included
mn the UE position information. It should be noted that the UE position
mformation may also include other information 1 addition to the location s
and/or historical log, in some cases.

{0073} At operation 635, the UE 102 may transmif the UE position
mformation on the data connection when the establishment of the data
connection succeeds and/or when the data connectivity 1s available. At
operation 640, when the establishment of the data connection succeeds and/or
when the data connectivity is available, the UE 102 may receive a downlink
SUPL end message from the SUPL server 106 that may indicate the termination
of the emergency location session. As previously described, embodiments may
not necessarily mnclude all operations shown in FIG. 6. Accordingly, in some
embodiments, when the establishment of the data connection succeeds and/or
when the data connectivity is available, operations 635 and/or 640 may be
mcladed and operation 630 may be excluded. In addition, in some

embodiments, when the establishment of the data connection fails and/or when
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the data connectivity 1s unavatlable, operations 635 and/or 640 may be excluded
and operation 630 may be included. As an example, a SUPL end message may
be transmitted from the SUPL server 106 to the UE 102 (downlink} when the
data connectivity is available and a SUPL end message may be transmitted from
the UE 102 to the SUPL server 106 {uplink) when the data connectivity is
pnavailable.

{0674} At operation 645, the UE 102 may e¢xchange, as part of a non-
cmergency conununication session, one or more data messages with the eNB
104, As anon-limiting example, the data messages may be exchanged according
to a Third Generation Partnership Project (3GPP) Long Term Evolotion (LTE)
protocol. In some embodiments, the non-emergency communication session
may be performed in addition to the emergency location session and/or
emergency communication session. In some cases, any or all of these sesstons
may be performed during overlapping time periods.

[0075] FI1G. 7 illustrates example scenarios for communication of UE
posttion information in accordance with some embodiments. FIG. 8 dlustrates
another example scenario for communication of UE position information in
accordance with some embodiments. It should be noted that embodiments are
not limited by the exarople seenarios 700, 750, and 800 shown in FIGs. 7-8, in
terms of the number, arrangement or type of components or messages. As an
example, the SUPL server 106 mayv be or may operate as an Emergency SUPL
Location Platform (E-SLP) component in some cases, although embodiments arc
not limited as such. As another example, the E-SLP 106 may be responsible for
emergency sessions. In some embodiments, the SUPL server 106 may be used
for communication with the UE 102 for exchanging UE posttion information
and/or other mformation in non-cmergency scenanos. As another example, the
UE 102 may be or may operate as a Target SUPL Enabled Terminal (SET)
component in some cases, although embodiments are not imited as such. In
some embodiments, the UE 102 may exchange UE position information with the
SUPL server 106 and/or other component in non-emergency Seenarios.

6076} Embodiments are also not limited to the ordenng of messages as

shown in the example scenanios 700, 750, and 800, Some embodiments may or
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may not necessarily include all messages shown in the example scenarios 700,
750, and 800, and some embodimenis mav mclude additional messages not
shown in the example scenarios 700, 750, and 800, It should also be noted that
i some embodiments, commumication of messages like those shown in the
example scenartos 700, 750, and 800, may be performed using a base station
component, such as an eNB 104, AP, or other component, as arelay. In some
embodiments, communication of messages like those shown in the example
scenartos 700, 750, and 800, may be performed over a wircless link between the
UE 102 and the SUPL server 106

G677} In the example scenarig 700, the SUPL server 106 may transmit,
to the UE 102, a SUPL INIT message 710 that may include an identificr of the
SUPL server 106 (like an E~-SLP address). In addition, the SUPL INIT message
710 may nclude a positioning mode to be used by the UE 102 for determination
and/or communication of UE position mformation. As an example, the
positioning mode may ndicate if the UE 102 1s to deternine and/or calculate a
final position of the UE 102 (such as in a Mobtle System Based mode) orif the
UE 102 1s 1o provide measurement information to the SUPL server 106 to enable
the SUPL server 106 to determine and/or calcolate the final position of the UE
102 (such as in a Mobile Svstem Assisted mode).

{8678} In some cases, the SUPL INIT message 710 may include
additional parameters and/or information. The SUPL INIT message 710 may be
transmitied using any suitable technique, including, but not imited to, SMS,
mobile terminated (MT) SMS, Wireless Application Protocol (WAP) push,
Umiversal Data Protocol (UDP) socket or others. In some embodiments, the
SUPL INIT message 710 may be encoded using ASN.1 standards. The UE 102
may decode the SUPL INIT message 710, In some embodiments, the UE 102

may process the SUPL INIT message 710 and may determine whether or not

there are any discrepancics between decoded information and expected
mformation.
{66791 At operation 715, data connectivity for the UE 102 may be

determined. Although not limited as such, the UE 102 may proceed with

operation 715 based at feast partly on the result of the decoding of the SUPL
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INTT message 710. For instance, the UE 102 may perform operation 715 when
it is determined that there are no discrepancies between the decoded information
and the expected nformation as described previcusly. Although not limited as
such, some or all techniques described herein for determination of data
connectivity and/or establishment of a data connection may be used. The data
connection may be or may mclude a TCP/IP connection, although embodiments
are not limited as such and other types of data connection may be used in some
cases.

[088] Returning to the example scenario 700, as indicated by 715, the
data commection i the example scenano 700 may be successfully established.
The UE 102 may transmit a SUPL POS INIT message 730 to the SUPL server
106 on the data connection when the data connection is successfully established.
Various SUPL POS messages 740 may be exchanged between the UE 102 and
the SUPL server 106. As an example, the SUPL POS messages 740 may include
mformation such as assistance data that may be used by the UE 102 for the
determination of the UE position information. As another example, the
messages 740 may include UE position mmformation transmitted from the UE 102
to the SUPL server 106,

10081} The UE 102 may determine and/or calculate UE position
mformation for transmission to the SUPL server 106, as previously described.
In some ¢mbodiments, the UE position information may include a final position
of the UE 102. In some embodunents, the UE position information may include
posttion information that may enable the SUPL server 106 to determing the final
position of the UE 102, These embodiments are not limiting, however, as other
UE posttion information may be determined in some cases.

10082} The SUPL server 106 may transmit a SUPL END message 74510
terminate the emergency session. Accordingly, in the example scenario 700, the
UE 102 may transmit the UE position information to the SUPL server 106 over
the established data connection when the data connection is successfully
established.

HEERY In the example scenario 750, a SUPL INIT message 760 may be

transmitied by the SUPL server 106 to the UE 102, Although embodiments are
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not limited as such, the SUPL INIT message 760 may be the same or similar to
the SUPL INIT message 710 used in the example scenario 700 and some or all
technigues previously described for the transmission of the SUPL INIT message
710 mav be used. At operation 763, data connectivity for the UE 102 may be
determined using techniques previousty described regarding operation 715, As
shown n FIG. 7, the establishment of the data connection may fail in this
example scenaric 750,

{0084] At operation 770, the UE 102 may determine and/or calculate UE
posttion nformation for transmission to the SUPL server 106, as previously
described. In some embodiments, the UE position information may inchude a
final position of the UE 102, In some embodiments, the UE position
mformation may include position information that may enable the SUPL server
106 to determine the final position of the UE 102, In some embodiments, the
UE 102 may use autonomous positioning techniques for the determination of the
UE posttion information. v some ermbodiments, the UE 102 may use recently
determined UE position information at operation 770. These embodiments are
not limiting, however, as other UE position information may be determined in
sSOome cases.

[0085] Due to the nability of the UE 102 to support the data connection
or the fatlure of the establishment of the data connection, there may be a
restricted capability of the UE 102 to report UE position information to the
SUPL server 106 in the cxample scenario 750. In some cases, ©t may not be
possible for the UE 102 1o report the UE position information 1o the SUPL
server 106.

[0086] In the exampie scenario 800, the UE 102 may receive the SUPL
INIT message 810, which mav be the same as or similar to the previously
described messages in example scenarios 700 and/or 750, As mn the example
scenarto 750, a data connection failure may occur or may be determined, as
shown at 815 in FIG. 8. The UE 102 may determine and/or calculate UE
posttion information at operation 820 vsing previously described technigues.
[B08T] The UE 102 may commumnicate the UE position mformation to the

SUPL server 106 using a SUPL END message 330, which may be included as
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part of an SMS message. Accordingly, the UE 102 may be ablc to communicate
the UE position information to the SUPL server 106 as part of the emergency
commumnication session, even when the establishment of the data connection fails
o1 is not possible.

0088} FIG. 9 illustrates an example of a short messaging service (SMS)
message in accordance with some embodiments. It should be noted that
embodiments are not Himited to the arrangement and/or elements shown in the
SMS message 900. For instance, all parameters and/or information shown in
FIG. 9 for the example SMS message 900 may not necessarily be included m
some embodiments. In addition, the organization of the parameters and/or
mformation shown in the example SMS message 900 1s not imiting. In sonme
embodiments, the UE 102 may transmit the SMS message 900 or a similar SMS
message, to the SUPL server 106 to indicate the UE position mformation.

{0089} The SMS message 900 may include metadata 920 for the SMS
message, which may include a mobile station international subscriber directory
number (MSISDN} 921 (or other phone number of the UE 102}, SMS center
mformation 922, a time stamp 923 and/or any number (nclading zero) of other
parameiers, information or data blocks 924. In some cases, the metadata may be
or may inchude a header for the SMS message 900,

{16099] The SMS measage 900 may mclude an SMS payload 930. In
some embodiments, the SMS payload 930 may be or may inclade a SUPL END
message. The SMS pavioad 930 may also include UE position information, such
as a SET position, UE position or other.  Although embodiments are not limited
as such, the SMS payload may be encoded using ASNT or other technmigues. The
SMS message 900 may also nclude any number {(including zero) of other
parameters, information or data blocks 940,

0691} FIG. 10 lustrates the operation of another method of
communication of UE position mformation n accordance with some
cmbodiments. As mentioned previously regarding the method 600,
embodiments of the method 1000 may include additional or even fewer
operations or processes in comparison {o what is thustrated in FIGL 10 and

embodiments of the method 1000 are not necessarily limited to the chronoclogical
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order that 1s shown m Fi{z. 10. In describing the method 1000, reference may be
made to FIGs. 1-9 and 11-12, although 1t 1s undersiood that the method 1000
may be practiced with any other suntable systems, interfaces and components. In
addition, embodiments of the method 1000 may refer to UEs 102, eNBg 104,
SUPL scrvers, APs, STAs or other wireless or mobile devices. The method
1000 may also refer to an apparatus for a SUPL server 106, eNB 104 and/or UE
102 or other device described above.

[06092] It should be noted that the method 1000 may be practiced at a
SUPL server 106 and may include exchangmg of signals or messages with a UE
102 and/or eNB 104, Sinularly, the method 600 may be practiced at a UE 102
and may include exchanging of signals or messages with a SUPL server 106
and/or eNB 104, In some cases, operations and techniques described as part of
the method 600 may be relevant to the method 1000, In addition, embodiments
may include operations performed at the SUPL server 106 that are reciprocal or
similar to other operations described berein performed at the UE 102, For
mstance, an operation of the method 1000 may include reception of a message
by the SUPL server 106 while an operation of the method 600 may include
transmission of the same message or stmilar message by the UE 102,

{6093] In addition, previous discussion of various techniques and
concepts may be applicable to the method 1000 in some cases, mcluding the
emergency comumumication session, emergency location session, UE position
mformation, postiioning assistance information, SUPL protocol, SUPL,
messages, data connectivity, and others. In addition, the example scenarios
shown in FIGs. 7-8 and/or the example SMS message 900 shown in FIG. 9 may
also be applicable, in some cases.

[0094] At operation 1005, the SUPL scrver 106 may receive, from an
eNB 104, an emergency location mitiation message for an inifiation of an
emergency location session between a UE 102 and the SUPL server 106, As
previously described, messages and/or data exchanged between the SUPL server
106 and the UE 102 in the operations included in the method 1000 mayv be
exchanged using the eNB 104 as a relay, although embodiments are not hmited

as such. Accordingly, as part of such operation as a relay, the eNB 104 may
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receive messages and/or data from one of the components and may forward the
messages and/or data to another component.

HEBYY At operation 1010, the SUPL server 106 may transmit, to the ¢eNB
104 for forwarding to the UE 102, a SUPL mmation message for the emergency
location session. At operation 1015, the SUPL server 106 may receive one or
more control messages from the ¢eNB 104 for an intended establishment of a data
connection between the UE 102 and the SUPL server 106,

[0096] At operation 1020, the SUPL server 106 may receive, from the
UE 102, a short message service {(SMS) message that includes UE position
mformation for the emergency location session. In some embodiments, the SMS
may be received from the UE 102 over a wireless Hink between the UE 102 and
the SUPL server 106, These embodiments are not limiting, however, as the
SMS may be received from the eNB 104 operating as a relay for the UE 102 in
some embodiments.

[B097] In some embodiments, the SMS message may be received from
the UE 102 when the attempted establishment of the data connection is
wnsuccesstul. In some embodiments, the SMS message may be received from
the UE 102 when data connectivity is unavailable to the UE 102 for any suiiable
reason, including but not limited to reasons described previously. In some cases,
the UE posttion information included in the SMS message may indicaie a cell
identifier of the eNB 104 and/or cell identifiers of other eNBs 104 to which the
UE 102 has previously communicated. Accordingly, the SUPL scrver 106 may
be configured to parse the SMS message to extract such information.

HEBUY At operation 1025, the SUPL server 106 may receive, from the
eNB 104 operating as a relay for the UE 102, the UE position information over
the data connection when the establishment of the data connection is successful.
106991 At operation 1030, the SUPL server 106 may determine a UE
position based at least partly on the received UE position information. In some
cases, the UE position information may inchude a UE position that has been
determined by the UE 102, At operation 1035, the SUPL server 106 may
transmit the UE position and/or UE position mmformation to a Public Safety

Answering Poimt (PSAP) or other component.
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{00100 In some embodiments, the SUPL server 106 may be configured to
receive, from the UE 102, the UE position information either as part of an SMS
message or over a data connection.  The technigue used by the UE 102 may
depend on whether or not data connectivity is available to the UE 102, Asan
example, the SUPL server 106 may receive first UE position information from a
first UE 102 as part of an SMS message and may receive second UE position
mformation from a second UE 102 over a data connection with the second UE
102.

{66101 FIG. 11 iflustrates the operation of another method of
communication of UE position information m accordance with some
embodiments. Some embodiments of the method 1106 may include additional
or even fewer operations or processes m comparison to what 1s illustrated m
FIG. 11 and embodiments of the method 1100 are not necessanly hmited to the
chronological order that is shown i FIG. 11, In describing the method 1160,
reference may be made to F1Gs. 1-10 and 12, although it is understood that the
method 1000 may be practiced with any other suitable systems, mterfaces and
components. In addition, embodiments of the method 1100 may refer to UEs
102, eNBs 104, SUPL servers 106, APs, STAs or other wircless or mobile
devices. The method 1100 may also refer to an apparatus for a SUPL server 106
and/or eNB 104 and/or UE 102 or other device described above.

[066102] It should be noted that the method 1100 may be practiced at a UE
102 and may melude exchanging of signals or messages with a SUPL server 106
and/or eNB 104, In some embodiments, a SUPL server 106 may be configured
to perform related operations and/or reciprocal operations. In some
embodiments, an eNB 104 may be configured to perform related operations
and/or reciprocal operations. For instance, an operation of the method 1100 may
mchude reception of a message by the UE 102 received from the SUPL server
106 through the eNB 104 operating as a relay. In some embodiments, a SUPL
server 106 may be configured to transmit the same message or similar message.
In some embodiments, an eNB 104 may be configured fo receive the same
message or similar message from the SUPL server 106 and to forward it to the

UE 102,
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{00103 In addition, previous discussion of various techniques and
concepts may be applicable 1o the method 1100 1n some cases, including the
SMergency communication session, emergency location seasion, UE position
mformation, positioning assistance information, SUPL protocol, SUPL
messages, data connectivity, non-cmergency Communication scssions, non-
emergency location sessions, other SUPL sessions, and other techniques and
concepts.

[00104] In some embodiments of the method 11006, a SUPL location
session may be mitiated for the UE 102, The SUPL location session may be a
non-cmergency location session in some cases, althoagh embodiments are not
limuted as such. As previcusly described, messages may be exchanged between
the UE 102 and the SUPL server 106 using the eNB 104 as a relay, in some
cases, although embodiments are not limited as such. In some embodiments, an
AP or other basg station component may be used as a relay.

{00105] At operation 1105, the UE 102 may transmit, to the SUPL server
106, a SUPL imitiation message for a SUPL location session between the UE 102
and the SUPL server 106, At operation 1110, the UE 102 may recetve, from the
SUPL server 106, a SUPL response message that indicaies a positicning method
to be used, by the UE, for determination of a UE position. In some
embodiments, the positioning method may indicate whether the UE 102 1510
determine the UE position or determine one or more UE position measurements
to enable a determination of the UE position by the SUPL server 106,

[30106] As a non-limiting example, the UE position may be determined
by the UE 102 based on one or more measurements for reception of global
navigation satellite system (GNSS) signals at the UE 102, As another non-
hmiting example, the UE position may be determined by the UE 102 based on
one or more measurements for reception, at the UE 102, of downlink signals
from one or more eNBs 104, 1t should be noted that embodiments are not
himited to determination and/or commuunication of a UE position, as other related
UE position information may also be determined and/or communicated in some
cases. For instance, measurements may be transmitted to the SUPL server 106

to enable the SUPL server 106 to determine the UE position in some ¢ases.
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{00107} At operation 1115, the UE 102 may transmit, to the SUPL server
106, a SUPL posifion mitiahization message that indicates a request for
positioning assistance information for usage in the determination of the UE
position. In some embodiments, when a previous UE position is available to the
UE 102, the SUPL, position 1nitialization message may include the previous UE
position. Accordingly, the previous UE position may be included for usage, by
the SUPL server 106, in a determination of the positioning assistance
mformation to be sent to the UE 102, That 1s, the information may assist the
SUPL server 106 in determining the appropriate positioning assistance
mformation to send to the UE 102, In some embodiments, the SUPL position
mitialization message may include the previous UE position when the previous
UE position is also deternuned to be current based on an elapsed time since a
determination of the previous UE position. That 1s, when the UE position is not
older than a certain time duration, it may be considered current and may be
nchided.

[30108] At operation 1120, the UE 102 may recetve the positioning
assistance information from the SUPL server 106, At operation 11235, the UE
102 mav determine the UE position. At operation 1130, the UE 102 may
transmit, to the SUPL server 106, one or more SUPL position messages that
melude the determined UE position. 1t should be noted that other UE posttion
mformation may be used instead of or in addition to the UE position. In some
cases, the UE position and/or other UE position information may be determined
based at least partly on the received positioning assistance information.

33109 In some embodiments, the UE 102 may store one or more
previous UE positions and/or other UE position information. When the UE 102
1s to update the UE position through the SUPL location session or otherwise, the
UE 102 may determine if the stored UE position may still be relevant for the
updating. That is, the UE 102 may determine whether the stored UE position is
current based on an clapsed time since it was deternuned or other measure. In
some cases, the stored UE position may be considered a coarse location of the
UE 102. The UE 102 may send the stored UE position, a time at which the

stored UE position was determined, a location 1D for the ¢NB 104, and/or other
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related mformation. The SUPL server 106 may determine if it can use the coarse
location sent by the UE 102, The SUPL server 106 may also determine whether
the positioning assistance information sent to the UE 102 is to be based on the
coarse tocation sent by the UE 102 or on the location 1D sent by the UE 102,
Accordingly, the SUPL server 106 may be provided with a coarse location of the
UE 102 by the UE 102. The stored UE position {coarse location) may be
determined by the UE 102 using any switable technigue such as SUPL
techniques, autononous positioning determination technigues and/or other
techniques. In some cases, the SUPL server 106 may store the coarse location
and the focation 1D as part of an information repository for usage in
determination of locations for the UE 102, other UEs 102 and/or other devices,
or for usage m other tasks.

66114 FI1Gz. 12 illustrates examples of communication of UE position
mformation in accordance with some embodiments. it should be noted that
crbodiments are not Himited to the components shown in the example scenarios
1200, 1250 and are also not limited to the ordering or type of messages shown in
Fiz. 12. For mstance, the UE 102 is illustrated as a SUPL Agent / Target SET
and the SUPL server 106 ig illustrated as a Home SLP in the example scenario
1200, but embodiments are not imited to such components or configurations.
{06111} In the example scenario 1200, the UE 102 may imtiate a SUPL
session by transmitting the SUPL START message 1210, Although
embodiments are not limited as such, the SUPL session may be or may be
simular to the SUPL location session or other location sessions previously
described. In addition, the SUPL START message 1210 may be or may be
similar to the SUPL initiation message or other initiation messages previously
described. The SUPL START message 1210 may include information about the
session, capabilitics and/or configuration information of the UE 102, a location
ID and/or other information.

1066112} The SUPL server 106 may respond with a SUPL RESPONSE
message 1220 that may mclude a positioning method to be used by the UE 102
and/or other information. The UE 102 may respond with a SUPL POS INIT

message 1225 that may indicate a request for assistance data, such as positioning
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assistance data or other data. One or more SUPL POS messages 1230 may be
exchanged between the UE 102 and the SUPL server 106, and may mclude
mformation such as the assistance data.

106113 Based on the positioning method sent in the SUPL RESPONSE
message 1220, the UE 102 or the SUPL server 106 may determine a final
position of the UE 102, Accordingly, the SUPL server 106 may transmit a
SUPL END message 1235 that may either indicate the end of the assistance data
delivery or provide the UE posttion (as determined by the SUPL server 106} to
the UE 102, The SUPL session may end after the transmission of the SUPL
END message 1233,

[00114] As an example, the SUPL POS INIT message 1225 mav include
an optional “posttion” field. In some cases, the field may be used by the UK 102
to send its determined position to the SUPL server 106, For mstance, when the
UE 102 determines that a previously determined UE position is sufficiently
accurate, the UE 102 may use the position field to send the UE position to the
SUPL server 106. In some cases, such as when a sufficiently accurate UE
position is not stored and/or available to the UE 102, the position field may be
used by the UE 102 to transmit a coarse ocation to the SUPL server 106
Accordingly, if the position field is populated with a valid (or sufficiently
accurate} UE position and if a “requested AssistData” field 1s also present, the
SUPL server 106 may assume that the UE position sent in the SUPL POS INIT
message 1225 s the coarse location and may use it accordingly (such asto
determine which assistance data to send to the UE 102}, The UE 102 may send
its previously determined UE position, the “requestedAssistData” field may be
set to FALSE or other value to indicate to the SUPL server 106 that the UE 162
does not require the assistance data.

[66115] In the example scenaro 1250, the UE 102 and the SLP 106 may
exchange SUPL messages 1260-1280, which may be similar to messages
described regarding the scenario 1200, although embodiments are not limited as
such. The UE 102 may determine and/or calculate a UE position or other UE

position information as shown at operation 1283,
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[00116] F1G. 13 illustrates a block diagram of an example machine in
accordance with some embodiments. The machine 1300 1s an example machme
upon which any one or more of the techmiques and/or methodologies discussed
herein may be performed. In alternative embodiments, the machine 1300 may
operate as a standalone device or may be connected {¢.g., networked) to other
machines. In anctworked deployment, the machine 1300 may operate in the
capacity of a server machine, a client machine, or both in server-client network
enviromments. In an exampie, the machine 1300 may act as a peer machine in
peer-to-peer {P2P) (or other distributed) network envivonment. The maching
1300 may be a UE 102, ¢NB 104, access point (AP}, station (STA), mobile
device, base station, personal computer (PC), a tablet PC, a set~top box (8TB), a
personal digital assistant (PD A}, a mobile telephone, a smart phone, a web
appliance, a network router, switch or bridge, or any machine capable of
executing instructions {sequential or otherwise} that specify actions to be taken
by that machine. It should be noted that in some cmbodiments, an eNB or other
base station may include some or all of the components shown in etther FIG. 3
or FIG. 13 or both. 1t should be noted that in some embodiments, a UE or other
mobile device may include some or all of the components shown in either FIG. 2
or FIG. 13 or both. Further, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that
mdividually or jointly exccute a set (or multiple sets} of instructions to perform
any one or more of the methodologies discussed herein, such as cloud
computing, software as a service {(5aaS), other computer cluster configurations.
[66117] Examples as described herein, may include, or may operate on,
logic or a number of components, modules, or mechanisms. Modules are
tangible entitics {¢.g., hardware) capable of performing specified operations and
may be configured or arranged in a certain manner. In an example, circuits may
be arranged (e.g., internally or with respect to external entities such as other
circuits} in a specified manner as a module. In an example, the whole or part of
one or more computer systems (¢.g., a standalone, client or server computer
system} or ong or more hardware processors may be configured by firmware or

software {o.g.. instructions, an application portion, or an application) as a module
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that operates to perform specified operations. In an example, the software may
reside on a maching readable medium. In an example, the software, when
exccuted by the underlying hardware of the module, causes the hardware to
perform the specified operations.

[66118] Accordingly, the term “module” is understood 1o encompass a
tangible entity, be that an entity that 1s physically constructed, specifically
configured (e g., hardwired), or temporarily {e.g., transttonly} configured {c.g,
progranuned) to operate in a specified manner or to perform part or all of any
operation described herem. Considering examples in which moduies are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a gencral-purpose
hardware processor configured using software, the general-purpose hardware
processor may be configured as respective different modules at different times.
Software may accordingly configure a hardware processor, for example, to
constitute a particular module at one instance of time and to constitute a different
module at a different instance of time.

006119 The machine {(¢.g., computer system} 1300 may include a
hardware processor 1302 {(e.g., a central processing unit {CPU), a graphics
processing unit (GPU), a hardware processor core, or any combination thercof),
a main memory 1304 and a static memory 1306, some or all of which may
communicate with cach other via an mterlink {¢.g., bus} 1308. The machine
1300 may further include a display unit 1310, an alphanumeric input device
1312 {e.g., a keyboard), and a user interface (Ul) navigation device 1314 (e.g., a
mousc). In an example, the display unit 1310, input device 1312 and Ul
navigation device 1314 may be a touch screen display. The machine 1300 may
additionally include a storage device {e.g., drve unit) 1316, a signal generation
device 1318 (e.g., a speaker), a network interface device 1320, and one or more
sensors 1321, such as a global positioning system {(GPS) sensor, compass,
accelerometer, or other sensor. The machine 1300 may include an output
controller 1328, such as a serial (e.g., universal serial bus (USB), paraliel, or

other wired or wireless {(e.g., infrared (IR), near field commumication (NFC),

P
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cic.) conngction to communicate or control one or more peripheral devices {e.g.,
a printer, card reader, etc.).

[060120] The storage device 1316 may include a machine readable medium
1322 on which is stored one or more sets of data structures or instructions 1324
{¢.g.. software) embodying or utilized by any one or more of the techniques or
functions described herein. The mstractions 1324 may also reside, completely or
at least partially, within the main memory 1304, within static memory 1306, or
within the hardware processor 1302 during execution thercof by the machine
1300. In an example, one or any combination of the hardware processor 1302,
the main memory 1304, the static memory 1306, or the storage device 1316 may
constitute machine readable media. In some embodiments, the machine readable
medium may be or may include a non-transitory computer-readable storage
medivm.

[806121] Various embodiments may be implemented fully or partially in
software and/or firmware. This software and/or firmware may take the form of
mstructions contained in or on a non-transitory computer-readable storage
medium. Those mstructions may then be read and executed by ong or more
processors to enable performance of the operations descnibed herein. The
mstructions may be in any suitable form, such as but not limited to source code,
compiled code, interpreted code, executable code, static code, dynamic code, and
the like. Sach a computer-readable medivm may include any tangible non-
transitory medium for storing information in a form readable by one or more
computers, such as but not limited to read only memory (ROM); random access
memory {(RAMY}; magnetic disk storage media; optical storage media; and/ora
flash memory.

[066122] While the machine readable medium 1322 is illustrated as a
single medium, the term "machine readable medium” may include a single
medium or multiple media (e.g., a centralized or distributed database, and/or
associated caches and servers) configured to store the one or more instractions
1324, The term “machine readable medim” may include any medium that 1s

capable of storing, encoding

o0

or carrying instructions for execution by the

machine 1300 and that canse the machine 1300 to perform any one or more of
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the technigues of the present disclosure, or that is capable of storing, encoding or
carrving data structures used by or associated with such instructions. Non-
limiting machine readable mediom examples may include solid-state memories,
and optical and magnetic media. Specific examples of machine readable media
may include: non-volatile memory, such as semiconductor memory devices {e.g,
Electrically Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmabie Read-Only Memory (EEPROM}) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-optical
disks: Random Access Memory (RAM); and CB-ROM and DYVD-ROM

disks. In some examples, machine readable media may include non-transitory
machine readable media. In some examples, machine readable media may
melude machine readable media that is not a transitory propagating signal.
[86123] The mstractions 1324 may further be transmitted or received over
a communications network 1326 using a transougsion medinim via the network
mterface device 1320 utilizing anv one of a number of transfer protocols (e g,
frame relay, mtemet protocol (JP), transmission control protocol {TCP), user
datagram protocol (UDP), hypertext transfer protocol (HTTP), ¢tc.). Example
communication networks may inchude a local arca network {(LAN), a wide area
network (WAN), a packet data network {¢.g., the Intemnet), mobile telephone
networks {e.g., celiular networks), Plain Old Telephone (POTS) networks, and
wirgless data networks {e.g., Institute of Electrical and Electronics Engincers
(IEEE) 802.11 famuly of standards known as Wi-Fi®_ IEEE 802 16 famuily of
standards known as WiMax®), IEEE 802.15 4 family of standards, a Long Term
Evolution (LTE)} family of standards, a Universal Mobile Telecommunications
System (UMTS) family of standards, peer-to-peer (P2P) networks, among
others. In an example, the network interface device 1320 may include one or
more physical jacks {e.g., Ethemet, coaxial, or phone jacks} or one or more
antennas to connect to the commmanications network 1326, In an example, the
network mterface device 1320 may inchude a plurality of antennas to wirelessly
communicate using at ieast one of single-input multiple-output (SIMQ},
multiple-input multiple-output (MIMO)}, or multiple-input single-output (MISO)

techniques. In some examples, the network interface device 1320 may
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wirelessly communicate using Multiple User MIMO techniques. The term
“transmission medium” shall be taken to include any intangible medivm that is
capable of storing, encoding or carrying instructions for execution by the
machine 1300, and includes digital or analog communications signals or other
mtangible medium to facilitate communication of such software.

1860124} In Example 1, an apparatus for User Equipment (UE) may
comprise transceiver circuitry and hardware processing circuitry. The hardware
processing circuitry may configure the transceiver circuitry to receive, from an
Evolved Node-B (eNB}, a Secure User Plane Location (SUPL) mitiation
message for an emergency location session between the UE and a SUPL server.
The hardware processing circuitry may further contigure the transceiver circuitry
to transmit one or more control messages to the eNB for forwarding to the SUPL
server for an intended establishment of a data connection between the UE and
the SUPL server. The hardware processing circuitry may further configure the
transceiver circuitry to, when the establishment of the data connection succeeds,
transmit, on the data connection, UE position information for the emergency
location session. The hardware processing circuttry may further configure the
transceiver circuitry to, when the establishment of the data connection fails,
transmif a short message service {SMS) message to the SUPL server, wherein
the SMS message mcludes the UE position imformation.

{00125} In Example 2, the subject matter of Example 1, wherein the UE
position information may be based on one or more measurements for reception,
at the UE, of positioming signals from one or more satellites.

00126} In Example 3, the sabject matter of one or any combination of
Examples 1-2, wherein the SUPL initiation message may indicate either that the
UE is to determine, based on the measurements, a UE position for inclusion in
the UE posttion information or that the UE position information is to mclude the
measurements to enable a determination of the UE position by the SUPL server,
1086127} In Example 4, the subject matter of one or any combination of
Examples 1-3, wherein the UE position information mcluded 1n the SMS
message may indicate a cell identifier of the eNB and/or cell identifiers of one or

morg other eNBs to which the UE has previcusly communicated.
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{00128 In Exaraple 5, the subject matter of one or any combination of
Examples 1-4, wherein the data connection may include a Transport Control
Protocol / Internct Protocol (TCP/IP) data connection.

[060129] In Example 6, the subject matter of one or any combmation of
Exaroples 1-3, wherein the SMS message may include control metadata for the
SMS message and may further inclade a data payvlgad that includes the UE
position information. The control metadata may clude an identificr of the UE
and a time stamp for the SMS ncssage.

6130 In Example 7, the subject matter of one or any combimation of
Examples 1-6, wherein the identifier of the UE may inclode a mobile station
mternational subscriber directory number (MSISDN) of the UE.

106131 In Example 8, the subject matter of one or any combmnation of
Examples 1-7, wherein the SMS message may inclede an uplink SUPL end
message that indicates a termination of the emergency location session. The
hardware processing circuitry may further configure the transceiver circuitry to,
when the establishment of the data connection succeeds, receive a downlink
SUPL end message from the SUPL server that indicates the termination of the
emergency location session.

[66132] In Example 9, the subject matter of one or anv combmation of
Examples 1-8, wherein the hardware processing circuitry may be configured to
determine the UE position information based at least partly on positioning
assistance information received from the SUPL server. The positioning
assistance mmformation may be based on previous UE position information.
80133} In Example 10, the subject matter of one or any combination of
Examples 1-9, wherein the SUPL initiation message received at the UE may be
mcluded 1 an SMS message that is forwarded to the UE by the cNB operating
as a relay for the SUPL server.

061 34] In Example 11, the subject matter of one or any combination of
Examples 1-10, wherein the hardware processing circuriry may further configure
the transceiver circwitry to transmit, to the ¢NB, an emergency communication
mitiation message for an imtiation of an emergency communication session

between the UE and a Public Safety Answering Point (PSAP}. The emergency

42



WO 2017/099722 PCT/US2015/064405

location session may be cstablished in response to the inttiation of the
emergency communication session.

[030135] In Example 12, the subject matter of one or any combination of
Examaples 1-11, wherein the emergency communication initialion message may
be transmitted at least partly in response to a reception, at the UE, of user input
that indicates a request for the emergency communication session.

{06136} In Exarmaple 13, the subject matter of one or any combination of
Examples 1-12, wherein the UE may be configured to operate as a SUPL
Enabled Terminal (SET) to support the emergency location session.

80137} In Example 14, the subject matter of one or any combination of
Exarmples 1-13, wherein the UE and the ¢NB may be arranged to operate
according to a Third Generation Partnership Project (3GPP) Long Term
Evolution {LTE) protocol. The hardware processing circuitry may further
configure the transceiver circuitry to transmit, as pasrt of 3 non-¢mergency
cormmunication session, one or more data messages to the eNB according to the
3GPP LTE protocol.

00138} In Example 15, the subject matter of one or any combination of
Examaples 1-14, wherein the apparatus may further inciude one or more antennas
coupled to the transceiver circuitry for the roception of the SUPL initiation
message and for the transmission of the control messages for the intended
establishment of the data connection.

[00139] In Example 16, a non-transitory computer-readable storage
medium may store instructions for execution by one or more processors to
perform operations for communication by a User Equipment (UE). The
operations may configure the one or more processors to determing whether data
connectivity is available between the UE and an Evolved Node-B (eNB). The
operations may further configure the one or more processors to configure the UE
to, when it is determined that the data connectivity is unavailable, transmit a
short message service (SMS) message to a Secure User Plane Location (SUPL)
server. The SMS may include UE position information for an emergency
location session between the UE and the SUPL server. The operations may

further configure the one or more processors to configure the UE to, when it is
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determined that the data connectivity is available, transmit the UE position
mformation in one or more data messages on a data connection between the UE
and the eNB. The data messages may be transmitted to the eNB for forwarding
to the SUPL server.

{00140} In Example 17, the subject matter of Example 16, wherein the
operations may further configure the one or more processors to configure the UE
to transmit one or more control messages to the eNB for forwarding to the SUPL
server for an intended establishioent of a data connection between the UE and
the SUPL server. The availability of the data connectivity may be based on
whether the establishment of the data conmection succeeds.

{00141} In Example 18, the subject matter of one or any combination of
Examples 16-17, wherein the availability of the data connectivity may be based
at least partly on whether the UE 1is configured to support a data conngction
between the UE and the eNB.

{00142 In Exaraple 19, the subject matter of one or any combination of
Examples 16-18, wherem the data connectivity may be based on an
establishment of a Transport Control Protocol / Intemet Protocol (TCP/IP) data
connection between the UE and the SUPL server.

{66143 In Example 20, the subject matter of one or any combination of
Examples 16-19, wherein the SMS message may include control metadata tor
the SMS message and may further mclude a data payload that includes the UE
position information.

0144 In Example 21, the subject matier of one or any combination of
Examples 16-20, wherein the operations may further configure the one or more
processors to configure the UE to receive, from the eNB, a SUPL initiation
message for the emergeney location session. The operations may further
contigure the one or more processors to determine the UE position intormation
based at least partly on a positioning method mdicated by the SUPL initiation
message.

[30145] In Example 22, an apparatas for a Secure User Plane Location
(SUPL)} server may comprise transceiver cirenitry and hardware processing

circuitry. The hardware processing circuitry may configure the transceiver
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circuitry to receive, from an Evolved Node-B (eNB), an emergency location
mitiation message for an initiation of an emergency location session between the
SUPL server and a User Equipment (UE). The hardware processing circuitry
may further configure the transceiver circuitry to transmit, to the eNB for
forwarding to the UE, a SUPL initiation message for the emergeney location
session. The hardware processing circuitry may further configure the transceiver
circuttry to receive, from the UE, a short message service (SMS) message that
mcludes UE position information for the emergency location session. The SMS
message may be received over a wireless link between the UE and the SUPL
server. The SMS message may include control metadata for the SMS message
and further mchades a data payload that includes the UE position formation.
[66146] In Example 23, the subject matter of Example 22, wherein the
control metadata may inchude an identifier of the UE and a time stamp for the
SMS message.

[00147] In Exaraple 24, the subject matter of one or any combination of
Examples 22-23, wherem the UE position information included in the SMS
message may indicate a cell identifier of the eNB and/or cell identifiers of other
eNBg to which the UE has previcusly commaunicated.

[00148] In Example 25, the subject matter of one or any combination of
Examples 22-24, wherein the hardware processing circuitry may be configured
to determine a UE position based at least partly on the received UE position
mformation.

0149 In Example 26, the subject matier of one or any combination of
Examples 22-25, wherein the hardware processing circuttry may further
configure the transceiver circuitry to receive, from the eNB, an emergency
location mitiation message for an initiation of a second emergency location
session between the SUPL server and a second UE. The hardware processing
circuitry may further configure the transceiver circuttry to reccive, from the eNB
operating as a relay for the second UE, second UE position information for the
second emergency location session. The second UE position mformation may
be received on a Transport Control Protocol / Internet Protocol (TCP/IP) data

connection between the second UHE and the SUPL server.
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{00150 In Exaraple 27, the subject matter of one or any combination of
Examples 22-26, wheremn the apparatus turther includes one or more antennas
coupled to the transceiver circuitry for the reception of the SMS message from
the UE.

{00151} In Example 28, an apparatus for User Equipment (UE) may
comprise transceiver circuitry and hardware processing circuitry. The hardwarg
processing circuitry may configure the transceiver circuitry to transmit, o a
Secure User Plane Location (SUPL) server, a SUPL initiation message fora
SUPL location session between the UE and the SUPL server. The hardware
processing circuitry may configure the transceiver circuitry to receive, from the
SUPL server, a SUPL response message that indicates a posttioning method to
be used, by the UE, for determination of' a UE position. The hardware
processing circuitry may configure the transceiver cireuitry to transmit, to the
SUPL server, a SUPL position itialization message that indicates a request for
positioning assistance information for usage in the determination of the UE
postition. When a previous UE position is available to the UE, the SUPL
position initialization message may include the previous UE posttion.

[0152] In Example 29, the subject matter of Example 28, wherein the
previous UE position may be included for usage, by the SUPL server, ina
determination of the positioning assistance information to be sent to the UE.
{86153 In Exaraple 30, the subject matter of one or any combination of
Examples 28-29, wherein the UE position may be based on one or more
measurements for reception of global navigation satellite system (GNSS) signals
at the UE.

[00154] In Example 31, the subject matter of one or any combination of
Exaraples 28-30, wherein the SUPL nitiation message, the SUPL response
message, and the SUPL position ntialization message may be exchanged
between the UE and the SUPL server using an Evolved Node-B (eNBYasa
relay. The SUPL position initialization message may include a location
wdentifier based on an identifier of the eNB.

|00155] In Example 32, the subject matter of one or any combination of

Examples 28-31, wherein the SUPL nitiation message, the SUPL response
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message, and the SUPL posttion initialization message may be exchanged
between the UE and the SUPL server using a Wireless Local Area Network
(WLAN) access point (AP) as a relay. The SUPL position mntialization message
may include a location identifier based on an identifier of the WLAN AP
[060156] In Example 33, the subject matter of one or any combination of
Examples 28-32, wherein the SUPL position initialization message may nclude
the previous UE posttion when the previous UE position 1s also determined to be
current based on an clapsed time since a deternunation of the previous UE
posttion.

00157} In Example 34, the subject matter of one or any combination of
Exarples 28-33, wherein the hardware processing circuitry may further
contigure the transceiver circuitry to receive the positioning assistance
mformation from the SUPL server. The hardware processing circuitry may be
configured to determine the UE position based at least partly on the received
positioning assistance information. The hardware processing circuitry may
further configure the transceiver circuiiry to transmit, to the SUPL server, one or
more SUPL position messages that include the UE position.

{30158 In Example 35, the subject matter of one or any combination of
Exaroples 28-34, wherein the positioning method indicates either that the UE is
to deternune the UE posttion or that the UE 1s to determine one or more UE
position measurcements to enable a determination of the UE position by the
SUPL server.

0159 In Example 36, the subject matier of one or any combination of
Examples 28-35, wherein the UE may be configured to operate as a SUPL
Enabled Termunal (SET) to support the SUPL location session.

{66160 In Example 37, the subject matter of one or any combination of
Examples 28-36, wherein the apparatus may further include one or more
antenmas coupled to the transceiver circuitry for the transmussion of the SUPL
mitiation message, the transmission of the SUPL position imitialization message,
and the reception of the SUPL response message.

00161 The Abstract 18 provided to comply with 37 CF R, Section

1.72(b) requiring an abstract that will allow the reader to ascertain the nature and
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gist of the technical disclosure. It is submitted with the understanding that it will
not be used to humit or interpret the scope or meanmg of the claims. The
following claims are hereby meorporated into the detailed description, with each

claim standing on s own as a separate embodiment.
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CLAIMS

What is claimed is:

. An apparatus for User Equipment (UE), the apparatus comprising
transceiver circoitry and hardware processing circuitry, the hardware processing
circuttry to configure the transceiver circuitry to:

receive, from an Evolved Node-B (eNB), a Sccure User Plane Location
{SUPL) initiation message for an emergency location session between the UE
and a SUPL server;

transmit one or more control messages to the eNB for forwarding to the
SUPL server for an miended establishment of a data connection between the UE
and the SUPL server;

when the establishment of the data connection succeeds, transmit, on the
data connection, UE position information for the emergeney location session;
and

when the cstablishment of the data connection fails, transmit a short
message service {SMS) message to the SUPL server, wherein the SMS message

mcludes the UE position information.

2. The apparatus according to claim 1, wherein the UE position
mformation is based on one or more measurements for reception, at the UE, of

positioning signals from one or more satellites.

3. The apparatus according to claim 2, wherein the SUPL initiation
message indicates cither:

that the UE 1s to determune, based on the measurements, a UE position
for inchusion in the UE position information, or

that the UE position information is to mmchide the measurements to enable

a determination of the UE position by the SUPL server.
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4. The apparatus according to claim 1, wherein the UE position
mformation included in the SMS message indicates a cell wdentificr of the eNB
and/or cell identifiers of one or more other eNBs to which the UE has previously

communicated.

5. The apparatus according to clanm 1, wherein the data connection
meludes a Transport Control Protocol / Intemet Protocol (TCP/IP) data

connection.

6. The apparatus according to claim 1, wherein:

the SMS message includes control metadata for the SMS message and
further inchudes a data payload that includes the UE position mnformation, and

the control metadata includes an identifier of the UE and a time stamp for

the SMS message.

7. The apparatus according to claim 6, wherein the identifier of the UE
mcludes a mobile station mternational subscriber directory number (MSISDING

of the UE.

8. The apparatus according to claim 1, wherein:

the SMS message includes an uplink SUPL end message that indicates a
termination of the emergency location session, and

the hardware processing circuitry is to further configure the transceiver
circuitry to, when the establishment of the data connection succeeds, receive a
downlink SUPL end message from the SUPL server that indicates the

termination of the cmergency location session.

9. The apparatus according to claim 1, whergin:
the hardware processing circuitry is configured fo determing the UE
posttion information based at least partly on positioning assistance mformation

received from the SUPL server, and

[
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the positioning assistance information is based on previous UE position

mformation.

10. The apparatus according to claim 1. wheremn the SUPL initiation
message received at the UE is included in an SMS message that is forwarded to

the UE by the ¢NB operating as a relay for the SUPL server.

11. The apparatus according to claim 1, whercin:

the hardware processing circuitry is to further configure the transceiver
circuitry to transmit, to the eNB, an emergency conumunication initiation
message for an initiation of an emergency communication scssion between the
UE and a Public Safetv Answenng Point (PSAP), and

the emergency location session 18 established i response {o the mitiation

of the emergency communication session.

12. The apparatus according to claim 11, wherein the emergency
commumication nifiation message 1s transmitted at least partly in response to a
reception, at the UE, of user inpwt that indicates a request for the emergency

conununication session.

13. The apparatus according to claim 1, wherein the UE is configured to
operate as a SUPL Enabled Terounal (SET) to support the emergeney location

8€85100.

14, The apparatus according to claim 1, wherein:

the UE and the eNB are arranged to operate according to a Third
Generation Partnership Project (3GPP) Long Term Evolution (LTE) protocol,
and

the hardware processing circuttry is to further configure the transceiver
circuitry to transmit, as part of a non-emergency communication session, one or

more data messages to the eNB according to the 3GPP LTE protocol.

[
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15. The apparatus according to claim 1, wherein the apparatus further
meludes one or more antennas coupled to the transceiver circuitry for the
reception of the SUPL mitiation message and for the transmission of the control

messages for the intended establishment of the data connection.

16. A computer-readable storage medium that stores instructions for
execution by one or more processors to perform operations for communication
by a User Equipment (UE), the operations to configure the one or more
processors to:

determine whether data connectivity 1s available between the UE and an
Evolved Node-B (eNB});

configure the UE to, when it 1s determuned that the data connectivity is
unavailable, transmit a short message service (SMS) message to a Secure User
Plane Location (SUPL} server, wherein the SMS mecludes UE position
mformation for an emergency location session between the UE and the SUPL
server; and

configure the UE to, when it 1s determined that the data connectivity 1s
avatlable, transmit the UE position information in one or more data messages on
a data connection between the UE and the eNB, the data messages transmitied to

the eNB for forwarding to the SUPL server.

17. The compuicr-readable storage medium according to claim 16,
wherein:

the operations further configure the one or more processors to configure
the UE to transmit one or more control messages to the eNB for forwarding to
the SUPL server for an intended establishment of a data connection between the
UE and the SUPL server, and

the availability of the data connectivity is based on whether the

establishment of the data connection succeeds.

18. The computer-readable storage medivm according to claim 16,

wherein the availability of the data connectivity i1s based at feast partly on

(3
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whether the UE is configured to support a data connection between the UE and

the eNB.

19. The computer-readable storage medivm according to claim 16,
wherein the data connectivity is based on an cstablishment of a Transport
Control Protocol / Internet Protocol (TCP/IP} data connection between the UE

and the SUPL server.

20. The computer-readable storage medium according {o claim 16,
wherein the SMS message includes control metadata for the SMS message and

further includes a data pavioad that includes the UE position mnformation.

21. The computer-readable storage mednum according to claim 16, the
operations to further configure the ong or more processors to:

configure the UE to receive, from the eNB, a SUPL mitiation message
for the emergency location session; and

determine the UE position information based at least partly on a

positioning method indicated by the SUPL initiation message.

22. An apparatus for a Secure User Plane Location (SUPL) server, the
apparatus comprising transceiver circuitry and hardware processing circuitry, the
hardware processing circuitry to configure the transceiver circuttry 1o

receive, from an Evolved Node-B (eNB), an emergency location
mitiation message for an initiation of an emergency location session between the
SUPL server and a User Equipment (UE);

transmuif, 1o the eNB for forwarding to the UE, a SUPL mnitiation message
for the emergency location session; and

receive, from the UE, a short message service (SMS) message that
imchides UE position mformation for the emergency location session, the SMS

message received over a wireless link between the UE and the SUPL server,
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wherein the SMS message mcludes countrol metadata for the SMS
message and further includes a data payload that includes the UE position

information.

23. The apparatus according to claim 22, wherein the control metadata

mcludes an identifier of the UE and a time stamp for the SMS message.

24. The apparatus according to claim 22, wherein the UE position
mformation included in the SMS message indicates a cell wdentificr of the eNB
and/or cell identifiers of other eNBs to which the UE has previously

conununicated.

25. The apparatus according to claimm 22, wherein the hardware
processing circuitry is configured to determine a UE position based at least

partly on the received UE position mformation.

26. The apparatus according to claim 22, the hardware processing
circuitry to further configure the transceiver circuitry to:

receive, from the eNB, an emergency location initiation message for an
mitiation of a second emergency location session between the SUPL server and a
second UE;

receive, from the oNB operating as a relay for the second UE, second UE
posttion information for the second emergency location session,

wherein the second UE position information 1s received on a Transport
Control Protocol / Internet Protocol (TCP/IP) data connection between the

second UE and the SUPL server.

27. 'The apparatus according 1o claim 22, wherein the apparatus further
mehudes one or more antennas coupled to the transceiver circuitry for the

reception of the SMS message from the UE.

e
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28. An apparatus for User Equipment (UE), the apparatus comprising
transceiver circuitry and hardware processing circuitry, the hardware processing
circuitry to configure the transceiver circuitry {o:

transmit, to a Secure User Plane Location (SUPL) server, a SUPL
mitiation message for a SUPL location session between the UE and the SUPL
server;

eceive, from the SUPL server, a SUPL response message that indicates a
positioning method to be used, by the UE, for determination of a UE position;
and

transmit, to the SUPL server, a SUPL position mitialization message that
mdicates a request for positioning assistance information for usage m the
determination of the UE position;

wherein when a previous UE position 13 available to the UE, the SUPL

position initialization message includes the previous UE position.

29, The apparatus according to claim 28, wherein the previous UE
position is included for usage, by the SUPL server, in a determination of the

positioning assistance information 1o be sent to the UE.

30. The apparatus according to claim 28, wherein the UE position 15
based on one or morg measurements for reception of global navigation satellite

system (GNSS) signals at the UE.

31. The apparatus according to claim 28, wherein:

the SUPL mnitiation message, the SUPL response message, and the SUPL
position inttialization message arc exchanged between the UE and the SUPL
server using an Evolved Node-B (¢NB) as a relav, and

the SUPL posttion inifialization message mncludes a location identifier

based on an identifier of the eNB.

32. The apparatus according to claim 28, wherein:

LA
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the SUPL initiation message, the SUPL response message, and the SUPL
posttion initialization message are exchanged between the UE and the SUPL
server using a Wireless Local Area Network (WLAN) access point (AP)asa
relay, and

the SUPL position inttialization message includes a location identifier

based on an identifier of the WLAN AP,

33. The apparatus according to claim 28, wherein the SUPL position
mitialization message mcludes the previous UE position when the previous UE
position is also determined to be current based on an elapsed time stnce a

determination of the previous UE position.

34. The apparatus according to claim 28, whereimn the hardware
processing circuitry is configured to

configure the transcetver circuttry to receive the positioning assistance
mformation from the SUPL server;

deternmine the UE position based at least partly on the recetved
positioning assistance information; and

configure the transceiver circuitry to transmit, to the SUPL server, one or

more SUPL position messages that include the UE position.

35. The apparatus according to claim 28, wherein the positioning method
mdicates either

that the UE is to determine the UE position, or

that the UE is to determing one or more UE position measurements 1o

enable a determination of the UE position by the SUPL server.

36. The apparatus according to claim 28, wherein the UE is configured to
operate as a SUPL Enabled Terminal (SET) to support the SUPL location

8€85100.
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37. The apparatus according to claim 28, wherein the apparatus further
meludes one or more antennas coupled to the transceiver circuitry for the
transmission of the SUPL mitiation message, the transmission of the SUPL

position initialization message, and the reception of the SUPL response message.

4 JI
3



WO 2017/099722 PCT/US2015/064405

1/10

o2
= =
& [ ]
=]
'«F”" ---i
& " e
b=
P &5
( i S
S5
&
[
=
b=
% b 2
€2
&> 5 %
Lo %
=—E
- &5




WO 2017/099722 PCT/US2015/064405

2/10

AN

o2

=
o
foe 0] |
& &
< 2
fay; ezl
P o] [ ]
2| Z
o2 5\25
[
—? W
rmn”
=
& {&?
B s
s ii%
o
otd
853
) —
<=2 &2
NI
= =
o2 o2
: ez
= =
o3
= P
= =
o o2

a4




WO 2017/099722 PCT/US2015/064405

3/10
\V A
e PHY
04— WAC

Wo—1 TRANSCEMR

W MEMORY
WO INTERFACES
EVOLVED NODE-B {eNB)

&)
A —  PROCESSING
AB—  MEMORY
400 — MO~ INTERFACES
SUPL SERVER
W 108 104 u;zjz
SUPL SERVER ENB UE
510
i j B
[ E;?gz; 5%2 }5’2&3
oy Sootos: i
50

FIG. 5



PCT/US2015/064405

WO 2017/099722

4/10

ORE OR MORE EME

INTATION OF AN ENE

el

FOR

TRANSMIT, T0

£

EMERGENCY LOCATION

L INTIATION MESSAGE FOR
EEN THE UL AND A SUPL SERVER

P

B, AU

E N
SESSION B

RECEME, FROM ™

Ll

DETERMINE WHETHER DATA CONNECTIMITY IS AVALADLE BETWEEN THE UE AND THE B

R MORE CONTROL MESSAGES T0 THE ENB FOR FORWARDING TO THE SUPL

SERVER FOR AN INTENDED ESTABLISHMENT OF A DATA CONNECTION BETWEEN THE UL AND

TRANSMIT ONE g

THE SUPL SERVER

DETERMINE UE POSITION INFORMATION

620 —

R WHEN THE ESTABLISHMENT OF THE DAY
FAILS

MESSAGE THAT INCLUDES THE UE POSIION INFORMATION W

5
U

SHIT AN SM

WHEN THE ESTABLISHMENT OF THE DATA CONNECTION SUCCEEDS, TRANSMIT THE UE POSITION
INFORMATION ON THE DATA CONNECTION

N
THAT

WHEN THE ESTABLISHMENT OF THE DATA CONNECTION SUCCEEDS, RECENE A DOWNLINK SUPL

DICATES THE TERMINATION OF THE

R

RVE
\f

EMERGENCY LOCATION SESSION

END MESSAGE FROM THE SUPL SH

MESSAGES WITH THE &NB

8301 CONNECTMITY IS UNAVALABLE AND/

BR

BAD

| EXCHANGE, AS PART OF A NON-EMERGENCY COMMUNICATION SESSION, ONE OR MORE DATA

FIG. 6




PCT/US2015/064405

jLie

UE/TARGET SET

1P ADDRESS,
0DE, £1C)

. &2

[
Kl

5/10

T

j—

SUPL NI

SUPL SERVER/E-SLP

WO 2017/099722

—180

70

(NNECTION

e

UE/TARGET SET

DA
FAL

D

160
)

|
FIG. 7

POSITIO

SUPL POS MESSAGING
PL NI

03O

S
CALCULATED POSITION TO THE E-SIP

RESTRICTED CAPABILITY TO INDICATE THE SET'S

SUPL SERVER/E-SLP




PCT/US2015/064405

WO 2017/099722

12

UE/TARGET SET

—#

ONNECTION

DAT

S -
=

—_—

FAIL

SUPL SERVER/E-SLP

WOISDN OF UE
SHS CENTER INFORMATION

TIHE STAMP

/ARy

92—

924 — OTHER PARAMETERS, INFORMATION OR DATA BLOCKS

WETA DATA

SIION OF SET)

ENCODED SUPL END WITH UE
N (PO

1
WATIO

SHS PAYLOAD - ASN
POSITION INFOR

pAY

940 —1{ OTHER PARAMETERS, INFORMATION OR DATA BLOCKS

FIG. 9

SHORT MESSAGING SERVICE (SMS) MESSAGE

%ZQ T %23 .



PCT/US2015/064405

WO 2017/099722

7/10

-

M =
= = i wnw
o - = = b ]
B o &3 & =
| (2| 2| |B]| |E
=E e 5 z =5
0 ! & S = =5
[y oo ) = [ ¥ L0
A == = = &
S = == EL &3 bad 5
= m = b e
& = Lo
e & o % o=
= 5 e Bk o s
= etvs == = ==

- €7y Nm e oid

<2 0§ 3] Ll

= g ] Ll &2 P
= " bt 55 = o
== == == b ﬁvum
Ead =% = e s 8
S 2= & 2 B

== €y bl =5
=2 223 e % < =T
= Lt s el f ) ==
o o 2 = «2 B
o e [ ) &=
== = =2 =

&= = %= =

=5 - =5 : o
&5 =3 Led S
£ = S= o =
=i S m% = L
et [FEE "
g e = = o 4=
[ | ] RM&,’; fo N
] P 00 LA g
= = s + @%
S == =~ & ;85
&3 & ey o bt
E % fo= fon "l o Ey

[ Lol
- _ & &=

& &=

1 f &

m, m_ _, M_ M_
WD o WD e Ve,
=2 et et onNZ [
= & = = =

ETERMINE A UE POSITION BASED AT LEAST PARTLY ON THE RECEMED UE POSITION
INFORMATION

D

1030

TRANSMIT THE UE POSITION AND/OR UE POSITION INFORMATION TO A PUBLIC SAFETY
SWERING POINT (PSAP)

[MAN e

FIG. 10



WO 2017/099722

PCT/US2015/064405

8/10

1w
(105 —| TRANGHIT, TO A SUPL SERVER, A SUPL INITATION MESSAGE FOR A SUPL LOCATION SESSION
BETWEEN THE UE AND THE SUPL SERVER
W RECEME A SUPL RESPONSE MESSAGE FROM THE SUPL SERVER
WH— TRANSMIT A SUPL POSITION INTIALIZATION MESSAGE TO THE SUPL SERVER
W — RECENVE POSITIONING ASSISTANCE INFORMATION FROM THE SUPL SERVER
R DETERMINE UE POSITION
13— [RANSMIT, 70 THE SUPL SERVER, ONE OR MORE SUPL POSITION MESSAGES THAT INCLUDE
THE DETERMINED UE POSTTION



WO 2017/099722

PCT/US2015/064405

— 1200

9/10
1200 108 102
| )
HOME SLP SUPL AGENT / TARGET SET
|
129 DATA CONNECTION: SETUP
’ SUPL START
)]
215 —{ ROUTNG INFORMATION el
SUPL RESPONSE N
1225
’ SUPL POS INT
1230
. SUPL POS' MESSAGES _
123
SUPL END .
150 0 108
- E ]
U 1280 §LP
SUPL START .
1265
§ SUPL RESPONSE
20
SUPL POS INT (NCLUDE'S REFERENCE POSTION)
27
L SRS (NCLUDES ASSISTANCE DATA)
1280
SUPL END .
 CALCULATE
1285 posmon D

FIG. 12B




WO 2017/099722 PCT/US2015/064405

10/10
130
f
e
|
PROCESSOR
s R ™ [ DA D 3
> NPUTORMCE 11312
1304
|
WA MEMORY
el lenl  UNAGATON |
1324 | INSTRUCTIONS DEVICE L3
1308
'3 WASS STORMGE 1 —wg
STATIC MENORY . WACHNE READIBLE] | o0,
1324 - INSTRUCTIONS = MEDIUM A
2 NSTRUCTONS HH—1204
=
oo NETWORK SIGNAL GENERATION
OO D P N T oeag e
1330 ANTENNALS) PR SENSORS 9
OUTPUT CONTROLLER F—1330




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/064405

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 76/00(2009.01)i, HO4W 4/22(2009.01)i, HO4W 4/14(2009.01)i, HO4W 64/00(2009.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 76/00; HO4Q 7/20; HO4W 4/02;, HO4W 64/00; GO1S 5/02; HO4W 4/22; HO4W 4/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

eKOMPASS(KIPO internal) & keywords: SUPL(Secure User Plane Location), emergency, connection,
succeed, transmit, UE position information, fail, SMS message

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014-0256282 A1 (QUALCOMM INCORPORATED) 11 September 2014 1-7,9,13-17,19-25
See paragraphs [0021]-[0033]; and figures 2, 3. ,27
A 8,10-12,18,26
,28-37
Y US 2013-0178193 A1 (AT&T MOBILITY II LLC) 11 July 2013 1-7,9,13-17,19-25
See paragraphs [0030]-[0046]; and figure 6. ,27-30,34-37
Y US 2008-0254809 A1 (SEBASTIAN KRAUFVELIN et al.) 16 October 2008 5,7,19

See paragraphs [0029]-[0037]; and figure 6.

Y US 2015-0005006 A1 (QUALCOMM INCORPORATED) 01 January 2015 28-30,34-37
See paragraphs [0019]-[0104]; and figure 6.

A KR 10-2010-0050809 A (SAMSUNG ELECTRONICS CO., LTD.) 14 May 2010 1-37
See paragraphs [0032]-[0060]; and figures 3, 4.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
24 August 2016 (24.08.2016) 24 August 2016 (24.08.2016)
Name and mailing address of the [SA/KR Authorized officer
International Application Division
¢ Korean Intellectual Property Office LEE, EUN KYU

189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-481-8578 Telephone No. +82-42-481-3580

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/064405
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0256282 Al 11/09/2014 CN 105191365 A 23/12/2015
EP 2965545 Al 13/01/2016
KR 10-1585140 Bl 13/01/2016
KR 10-2015-0119459 A 23/10/2015
US 9037158 B2 19/05/2015
WO 2014-137899 Al 12/09/2014
US 2013-0178193 Al 11/07/2013 US 2011-143774 Al 16/06/2011
US 8391893 B2 05/03/2013
US 8655317 B2 18/02/2014
US 2008-0254809 Al 16/10/2008 CN 101647301 A 10/02/2010
EP 2143290 A2 13/01/2010
KR 10-1114663 Bl 05/03/2012
KR 10-2009-0125286 A 04/12/2009
US 8086247 B2 27/12/2011
WO 2008-142581 A2 27/11/2008
WO 2008-142581 A3 06/08/2009
US 2015-0005006 Al 01/01/2015 AU 2007-282944 Al 01/03/2007
AU 282944 B2 30/09/2010
BR P10615136 A2 03/05/2011
CA 2620297 Al 01/03/2007
CA 2620297 C 06/11/2012
CN 101292548 A 22/10/2008
CN 101292548 B 05/06/2013
CN 103200523 A 10/07/2013
CN 103200679 A 10/07/2013
DK 1946572 T3 09/07/2012
EP 1946572 Al 23/07/2008
EP 1946572 Bl 30/05/2012
ES 2388508 T3 16/10/2012
JP 2009-521133 A 28/05/2009
JP 2011-250424 A 08/12/2011
JP 4809437 B2 09/11/2011
JP 5254404 B2 07/08/2013
KR 10-0997318 Bl 30/11/2010
KR 10-2008-0037117 A 29/04/2008
PT 1946572 E 23/07/2012
US 2007-0182547 Al 09/08/2007
US 2012-0264448 Al 18/10/2012
US 2013-0210451 Al 15/08/2013
US 8068056 B2 29/11/2011
US 8755818 B2 17/06/2014
US 8874134 B2 28/10/2014
WO 2007-025143 Al 01/03/2007
KR 10-2010-0050809 A 14/05/2010 EP 2184617 A2 12/05/2010
EP 2184617 A3 09/11/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/064405
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-1573374 Bl 01/12/2015
US 2010-0109943 Al 06/05/2010

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - wo-search-report
	Page 70 - wo-search-report
	Page 71 - wo-search-report

