w0 2018/038799 A1 | 00000 00O

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

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date
01 March 2018 (01.03.2018)

(10) International Publication Number

WO 2018/038799 Al

WIPO I PCT

(51) International Patent Classification:

HO04W 4/00 (2018.01) HO04W 64/00 (2009.01)
HO04W 4/02 (2018.01)
(21) International Application Number:
PCT/US2017/039256
(22) International Filing Date:
26 June 2017 (26.06.2017)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

62/377,654 21 August 2016 (21.08.2016) Us
62/404,733 05 October 2016 (05.10.2016)  US
15/409,468 18 January 2017 (18.01.2017) Us

(71) Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, California 92121-1714 (US).

(72) Imventor: EDGE, Stephen William; 5775 Morehouse Dri-
ve, San Diego, California 92121-1714 (US).

(74) Agent: HALBERT, Michael J.; Silicon Valley Patent
Group LLP, 4010 Moorpark Avenue, Suite 210, San Jose,
California 95117 (US).

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

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

(54) Title: METHODS AND SYSTEMS FOR SUPPORT OF LOCATION FOR THE INTERNET OF THINGS

700 \'

Receive positioning measuremerits for a user
equipment that is uging Narrowband Internet of

of Things (CloT) features to access a wireless
network

Things {NB-l0T) radic access or Celfular internet]

;72

Store the positioning measurements and a
timestamp

708

Regeive a Intation request for the user
equipmerit when the user equipment is not
connected 1o the wirelass network

708

Transmit the positioning measurements to a
location server with an indication that the user
equipment is not connected 1o the wireless
network

708

Recelve a response from the location sarver
comprising a fast known location for the UE

/710

FIG. 7

(57) Abstract: Methods and techniques are described for supporting location ser-
vices for a user equipment (UE) that is using Narrowband Internet of Things radio
access or Cellular Internet of Things features to access a wireless network. The tech-
niques include enabling support for a last known location of a UE, using previously
obtained location measurements, when a UE is not reachable from a wireless network
for positioning. The techniques also include limiting positioning protocol interaction
between a UE and a location server via a reduced maximum message size, reduced
message volume and longer response and retransmission timers. The techniques fur-
ther include enabling a UE to obtain location measurements when not connected to
a wireless network, enabling periodic and triggered location of a UE in which a UE
evaluates location triggers while not connected to a wireless network, enabling use of
deferred location and enabling improved location security.
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METHODS AND SYSTEMS FOR SUPPORT OF LOCATION FOR THE INTERNET

CLAIM OF PRIORITY UNDER 35 US.Co 119

{0001] This application claims under 35 USC §119 the benefit of and priotity to
LLS, Provisional Application No. 63/377,654, filed August 21, 2016, and entitled
“LOCATION SUPPORT FOR CloT AND NB-IoT DEVICES” and to U.S. Provisional
Application No. 62/404,733, filed October 5, 2016, and entitled “LOCATION
SUPPORT FOR CloT AND NB-IoT DEVICES,” and to U.S. Non-Provisional
Application No. 15/409.4068, filed January 18, 2017, and entitled “METHODS AND
SYSTEMS FOR SUPPORT OF LOCATION FOR THE INTERNET OF THINGS,” all
of which are assigned to the assignes hereof and are incorporated herein by reference in

their entireties.

BACKGROUND

Background Freld

10002] The present disclosure relates generally to communication, and more
specifically to technigues for supporting location services (LCS) for user equipments

{UEs} that may be part of or may be treated as being part of the Internet of Things {foT)

Relevant Background

[6003]  The 3™ Generation Partmership Project (3GPPY has defined specifications
that provide support for wireless communication involving Machine Tvpe
Communications {(MTC), Internet of Things (IoT), Celludar 1oT (CloT) and Narrow
Band loT (NB-IoT). The NB-IoT is a Radio Access Type (RAT), sopported by the
evolved UMTS Terrestrial Radio Access Network (E-UTRAN}, that was added by
3GPP in specifications for 3GPP Release 13 to provide 180 KHz UL/DL
{Uplink/Downlink) bandwidth. The CloT concerns EPC {evolved packet core) support
for NB-loT, oT and MTC and is complimentary to NB-IoT (f.e,, NB-loT is primarily

concerned with E-UTRAN and CloT 13 primarily concerned with the EPC).

{0004] Support for NB-IoT and CloT in 3GPP Release 13 introduces a number of
restrictions and lmitations that may degrade andior block location services (LCS) for a

user equipment {LIE} when axasting location solutions are used. For example,
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fimitations that may degrade and potentially block existing location solutions may
inctude: (1) long periods (e.g several hours) during which a UE may be unreachable for
positioning; {2} unpredictable avadability of a UE for posihoming after a period of
wreachability, (3) a limitation on message size and/or message volume for signaling to
and from a UE; (4} long message delivery delay {e.g. several seconds) across the NB-
foT radio nterface; andfor (5) potential mability of a UE to obtain location
measurements. Despite these imitations, positioning support for UEs with NB-IoT
radio access and UEs being supported as part of CloT may be important for both users
and wireless network operators since NB-loT devices may need to be located
accasionally or frequently at short notice and/or with high reliability and/or high
accuracy. For example, NB-ToT or CloT UEs associated with tracking or monttoring
devices for assets, people or pets or associated with control devices for movable objects
such as portable air conditioners, robotic vacuum cleaners and {awn mowers, and drones
etc. may need to be positioned precisely and without excessive delay. Therefore,
solutions 10 remove or mitigate limitations and restrictions on focation support for NB-

0T and CloT UEs are needed.

SUMMARY

{0005] Location services for user equipments (Lits) that support a Narrowband
Internet of Things (NB-IoT) radio access type or Cellular Internet of Things (CloT)
network features may be supported by certain positioning interactions with a location
server in response to an indication to the location server that the UE supports an NB-
IOT vadio access type or CloT agtwork features. The positioning interactions may use a
reduced maximom positioning message size, longer retransmission and respouse timers,
a restricted size of assistance data, or 8 reduced number of {ocation measurements,
Location measurements received from a UE way be used for a determination of a last
known location of the UE when the UE 13 not wirelessty connected to a network. The
UE mayv engage i a positioning session with a location server when in a connected
state, defer performing location measurements uniil the UE 1s no longer in the
connected state, and provide the location measurements for the positioning session after
re-entering the connected state. The UE may further receive a mobile terminated
location request inchuding a trigger evaluation interval, a periodic maximum reporiimg

o

interval trigger, and one or more location triggers, where the location triggers are
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evaluated when the UE is not in the connected state. When a trigeer condition ocours,

Pt

the UE re-enters a connected state and inftiates a location session,

[0006] In one implementation, a method includes recetving by a location server an
mdication that a user equipment (UE} 1s usimg Narrowband Internet of Things (NB-IoT}
radio access or Cellular hternet of Things (CloT) features; and hmiting positioning
mteraction with the UE in response to the mdication that the UE is using NB-JOT radio
access or CloT features, wherein Himiting the positioning interaction comprises at least
one of using a reduced maximum positioning message size, using longer retransiaission
and response timers, using a restricted size of assistance data, or reguesting a reduced
nunber of location measurements from the UE, each relative to positioning mnteraction

for another UE with a non-NB-IoT radio access and non-CloT features.

{0007]  In one implementation, a focation server includes an external interface
configured to receive an indication that a user equipment {UE) 1s using Narrowband
Internet of Things (NB-loT) radio access or Cellular Internet of Things (CloT) features;
and at least one processor configured to limit positioning interaction with the UE in
response to the indication that the UE i3 using NB-IOT radio access or CloT features,
wherein Himiting the positioning mteraction comprises at least one of using a reduced
maximum postioning message size, nsing longer retransmission and response timers,
using a restricted size of assistance data, or requesting a reduced number of location
measurements from the UE, each relative to posttioning interaction for another UE with

a non-NB-IoT radio access and non-CloT features.

{0008] In one implementation, a location server includes means for receiving an
mdication that a user equipment (UE} 1s usimg Narrowband Internet of Things (NB-IoT}
radio access or Cellular Internet of Things (CloT) features; and means for limiting
positioning interaction with the UE in response to the indication that the UE 1s using
NB-IOT radio access or CloT features, wherein limiting the positioning mteraction
comprises at least one of using a reduced maximum posiioning message size, using
longer retransmission and response timers, using a restricted size of assistance data, or
requesting a redouced sumber of location measurements from the UE, each relative to
positioning interaction for another UE with a non-NB-IoT radio access and non-CloT

features.
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{0009]  In one implementation, a non-transitory computer readable medium has stored
therein computer executable instructions executable by one or more processors of a
location server to: recetve an indication that a user equipment {UE) is using
Narrowband Internet of Things (NB-loT) radio access or Cellular Internet of Things
{CloT) features; and hmit positioning imteraction by the location server with the UE in
response to the indication that the UE s using NB-1OT radio access or CloT features,
wherein {imiting the positioning interaction comprises at least one of usimg a reduced
maxinunm positioning messape size, using longer retransmission and response mers,
using a restricted size of assistance data, or requesting a reduced number of location
measurements from the UE, each relative to positioning interaction for another UE with

a non-NB-1oT radio access and non-CloT features,

[0016]  In one implementation, a method ncludes receiving location measurements for
a user equipment {UE) that s usig Narrowband Internet of Things (NB-loT} radio
access or Cellalar Intemet of Things {(CloT) features to access a wireless network;
storing the location measprements and a tmestamyp; receiving a location request for the
UE when the UE is not connected 1o the wireless network; transminting the location
measurements fo a location server with an indication that the UE 15 not connected to the
wireless network: and receiving a response from the location server comprising a last

known location for the UE

{0011]  In one implementation, an apparatus inchades an extermnal mterface configured
to receive location measurements for a user equipment {UE) that is using Narrowband
Internet of Things (NB-~loT) radio access or Cellular Internet of Things {(CloT) features
to access @ wireless network; memory configured to store the location measurements
and a timestamp; and at least one processor contigured to receive with the external
intertace a location request for the UE when the UE is not connected 1o the wireless
network; canse the external interface to transnut the location measurements 1o a location
server with an indication that the UE is not connected to the wireless network: and
receive with the external interface a response from the location server comprising a last

known location for the UL,

{0012]  In one implementation, an apparatus includes means for receiving location
measurements for a user equipment {UE) that is using Narrowband Internet of Things

(NB-IoT} radio access or Cellular Internet of Thmngs {CloT) features to access a
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wireless network; means for storing the location measurements and a timestamp; means
for receiving a location request for the UE when the UE is not connected to the wireless
network: means for transmitting the location measuraments 1o a location server with an

indication that the UE 15 not connected to the wireless network; and means for recetving

a response from the location server comprising a last known location for the UE.

{0013]  In one implementation, a non-transitory compater readable medium has stored
therein computer executable instructions executable by one or more processors to:
recetve focation measurements for a user equapment (UE) that s using Narrowband
Internet of Things (NB-IoT) radio access or Cellular Internet of Things (CloT) features
to access a wireless network; store the location measurements and a tmestamp; receive
a location request for the UE when the UE i3 not connected to the wireless network;
transnut the Jocation measurements to a focation server with an indication that the UE 18
not connected to the wireless network; and receive a response from the location server

comprising a fast known location for the UE.

{8014]  In one implementation, a method comprises: entering a connected state with a
wireless network by a user equipment (UE) that is using Narrowband Internet of Things
{NB-IoT) radio access or Cellular Internet of Things (CloT) features; engagingm a
positioning session with a location server; recerving a request for location
measurements from the location server; deferring performing the location measurements
until the UK s not m the connected state with the wireless network; entering an idle
state wherein the UE 18 not connected with the wireless network, obtaining the location
measurements while in the wdle state; re-entermg the connected state with the wareless

network; and providing the location measurements to the ocation server,

{B015] In oune implementation, a user equipment, that uses Narrowband Internet of
Things {NB-IoT) radio access or Cellular Internet of Things {CloT) features, comprises:
a wireless transceiver configared to wirelessly communicate with a wireless network;
and at feast one processor configured 10 enter a connected state with the wireless
network with the wireless transceiver, engage in a positioning session with a location
server, receive with the wircless transcerver a request for location measurements from
the location server: defer performing the location measurements until the UE 1s not in
the connected state with the wireless network, enter an idle state wherein the UE is not

comnnected with the wireless network, obitain the location measurements while m the idle
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state, re-enter the connected state with the wireless network, and provide the Iocation

measuraments 1o the location server.

{0016]  In one implementation, a user equipment, that uses Narrowband Imtemet of
Things (NB-IoT) radio access or Cellular Internet of Things (CloT) features, comprises:
means for entering a connected state with a wireless network; means for engaging in g
positioning session with a location server; means for receiving a request for location
measurements from the location server; means for deferring performing the location
measurements untid the UE is not 1o the connected state with the wireless network;
means for entering an idle state wherein the UE is not connected with the wireless
network, means for obtaining the location measurements wlile in the idle state; means
for re-entering the connected state with the wireless network; and means for providing

the location measurements {0 the location server.

{0017]  In one implementation, a non-transifory computer readable mednam has stored
therein compater executable mstructions executable by one or more processors of & user
equipment that uses Narrowband Internet of Things (NB-IoT) radio access or Cellular
internet of Things (CloT) features to: enter a connected state with & wireless network;
gngage in a postiioning session with a location server; receive a request for location
measurements from the location server; defer performing the location measurements
until the UE is not 1n the connected state swith the wireless network: enter an idle state
wherein the UE i3 not conpected with the wireless network, obtain the location
measurernents while in the idle state; re-enter the connected state with the wireless

network: and provide the location measurements 1o the location server.

{0018] In one implementation, a method comprises: receiving a mobile terminated
focation request from a wireless network by a user equipment (UE) while the UE isina
connected state with the wireless network, the mobile terminated Jocation request
comprising a trigger evaluation interval, a periodic maximum reporting interval trigger,

and one or more location triggers; evaluating the one or more location friggers at the

Foches

trigger evaluation nterval while the UE iz not in the connected state; re-entering the
connected state with the wireless network when a tngger condition is detected or when
the pertodic maximum reporting interval trigger occurs; and initiating or re-initiating a

lfocation session with the wireless network after re-entering the connected state,
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{0019]  In one implementation, a user egnipment (UE) comprises: a wireless
transceiver configured to wirelessly communicate with a wireless network; and at least
one processor configured to receive a mobile terminated location request from the
wireless network while the UE 15 1n 8 connected state with the wireless network, the
mobile terminated location request comprising a trigger evaluation interval, a pertodic
maximum reporting intevval tnigger, and one or more location triggers, evaluate the one
or more location triggers at the frigger evaluation interval while the UE 1s not m the
connected state, re-enter the connected state with the wireless network when a trigger
condition is detected or when the pertodic maximam reporting interval trigger occurs,
and initiate or re-initiate a location session with the wireless network after re-entering

the connected state.

10026] 1o one implementation, a user equipment {UE) comprises: means for recerving
a mobile terminated location request from a wireless network while the UE ism a
connected state with the wireless network, the mobile terminated location request
comprising a trigger evaluation nferval, a periodic maximam reporting interval trigger,
and oune or more location triggers; means for evaluating the one or more location
triggers at the trigger evaluation interval while the UE is not in the connected state;
means for re-entering the comnected state with the wireless network when a trigger
condition 1s detected or when the periodic maxunum reporting interval trigger occurs:
and means for mitiating or re-initiating a location session with the wireless network

after re-entering the connected state.

j0021]  In one implementation, a non-transitory compuater readable medium has stored
therein computer executable mstructions executable by one or more processors of @ user
equipment {UE) to: receive g mobile termimated location request from a wireless
network while the UE is in a connected state with the wireless network, the mobile
terminated location request comprising a trigger evaluation interval, a periodic
maximum reporting interval trigger, and one or more location friggers; evaluate the one
or more location triggers at the trigger evaluation mterval while the UE s not in the
connected state; re-enter the connected state with the wireless network when a trigger
condition is detected or when the periodic maximum reporting interval frigger occars;
and initiate or re-initiate a location session with the wireless network after re-entering

the connected state.
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{0022]  In one implementation, a method includes receiving a location request for a
user equipment {UE) that is using Narrowband Internet of Things (NB-loT) radio access
or Cellular Internet of Things (CloT) features, wherein the location request comprises
location measurements for the UE and an indication that the UE is not connected to a
wireless network; determining a last known location for the UE based on the location
measurements; and returning a location response comprising the last known location for

the UE.

10023]  In one implementation, an apparatus includes an external interface configured
to receive a location request for a user equipment (UE) that is using Narrowhand
internet of Things (NB-JoT) radio access or Cellular Internet of Things (CloT) features,
wherein the location request comprises location measurements for the UE and an
mdication that the UE 15 not connected to a wireless network; and at least one processor
configured to determine a last known location for the UE based on the location
measurements, and cause the external imterface to retwm a location response comprising

the last known location for the UE.

{0024]  In one implementation, an apparatus includes means for receiving a location
request for a user equipment (UE) that s using Narrowband Internet of Thungs (NB-
foT) radio access or Cellular Interet of Things (CloT) features, wheremn the location
request comprises location measurements for the UL and an indication that the UE is
not connected to a wireless network; means for determining a last known location for
the UE based on the location megsurements; and means for returning a location

response comprismg the last known location for the UE

[0025] In one implementation, a non-transitory compater readable medium has stored
therein computer executable mstructions executable by one or more processors to;
receive a location request for a user equipment (UE) that is using Narrowband internet
of Things (NB-IoT) radio access or Cellular Internet of Things (CloT) features, wherein
the location request comprises location measurements for the UE and an indication that
the UE is not connected {o a wireless network: determine a last known location for the
LE based on the location measwrements; and return a location response comprising the

fast known location for the UE.
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{0026]  In one implementation, a method includes engaging in a positioning session
with a user equipment {UE) that is using Narrowband Internet of Things (NB-loT} radio
access or Cellular Internet of Things (CloT) features to access a wireless netwaork;
receiving an indication that the UE will defer performing location measurements for the
positioning session untl the Ul 18 not 1n a connected state with the wireless network;
sending & request for location measarements to the UE, wherein the request for location
neasurements comprises an increased maximum response time that is higher than a
maxinm response time for another UE for which the indication was not received;
recetving the requested location measurements from the UE prior to expiration of the
increased maximuwm response time; and determining a location for the UE based on the

recetved location megsarements.

{0027] 1o one implementation, an apparatus meludes an external interface configured
to communicate with a wireless network; and at least one processor configured to
engage in a positioning session with & user equupment (UE) thatis using Narrowband
internet of Things (NB-IoT) radio access or Cellular Infernet of Things (CloT) features
to access the wireless network, recetve an indication that the UE will defer performing
focation measurements for the positioning session untd the UE s not in a connected
state with the wireless network, cause the external interface to send a request for
focation measurements to the UE, wherein the request for location measurements
comprises an increased maximum response time that is higher than a maximum
response time for another UE for which the mdication was not received, receive the
requested location measurements from the UE prior to expiration of the increased
maximum response time, and determune a focation for the UE based on the recetved

location measurements.

{0028] In one implementation, an apparatus includes means for engaging ina
positioning session with a user equipment {UE) that is using Narrowband Internet of
Things (NB-IoT} radio access or Cellular Internet of Things {CloT) feanures to access a
wireless network; means for recetving an indication that the UE will defer performing
focation measurements for the positioning session untif the UE 18 not in a connected
state with the wireless network: means for sending a request for location measuroments
to the UE, wherein the request for location measurements comprises an increased

maxinwnt response time that s higher than a maxiroum respounse time for another UE
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for which the mdication was not received; means for receiving the requested Iocation
measurements from the UE prior to expiration of the increased maximum response time;
and means for determining a location for the UL based on the recerved location

measarements.

{0029] In one implementation, a non-transiory computer readable medium has stored
therein computer executable instructions executable by one or more processors to:
engage in a positioning session with a user equipment (UE) that is using Narrowband
Internet of Things (NB-~loT) radio access or Cellular Internet of Things {CloT) features
to access & wireless network; receive an indcation that the UE will defer performing
location measurements for the positioning session untii the UE s not i a connected
state with the wireless network; send a request for location measurements to the UE,
wherein the request for location measurements comprises an increased maximom
response time that is higher than a maximum response time for another UE for which
the indication was not recetved; receive the regoested location measurements from the
UE prior to expiration of the mncreased maximum response time; and determine a

location for the UE based on the received location measurements,

BRIEF DESCRIPTION OF THE DRAWINGS
{0036]  An undersianding of the vature and advantages of various embodiments may

be realized by reference to the following figores.

{8031]  FIG. s a simphhied block diagram tHustrating the architecture of a system
for enabling support of location for NB-IoT and CloT devices, according to an

embodanent.

10032]  FIG. 2 is a signaling flow diagram ilostrating how, according toan

embodiment, a last known location may be obtained for an NB-IoT or CloT device

[8033] FIG. 3 is a signaling flow diagram itlustrating how, according to an
embodiment, a deferred location may be obtained for an NB-IoT or CloT device in
which the device may obtain location measurements in an idle state and may need a

fimitation on positioming interaction with a location server,

[0034] FIG. 4 15 a block diagram of an embodiment of a mobile device or UE that

may suppott NB-{oT or CloT.
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{0033]  FIG. 5 is a block diagram of an embodiment of a network entity such as an

MME, E-SMLC, SLP, GMLC or eNodeB.

{0036] FlGs 6,7, 8,9, 10and 11 are flow charts exemplifyving techniques for

supporting location for an NB-JoT or CloT device.

{0037]  Like numbered clewents and entities in different figures may correspond to
one another. For example, UE 102, eNB 104, MME 108, E-SMLC {10 and GMLC {16

i FiGs. 1, 2 and 3 may refer to the same set of entities.

DETAILED DESCRIPTION

{0038 Devices that form part of the so called Internet of Things (IoT) may be
mobile and may be powered by batteries with a long life expectancy (e.g. 3 to 10 years}
or with a requirement for infrequent recharging. Such devices may support wireless
communication according to different radio access types such as Long Term Evolution
{LTE)}, Narrowband LTE also referred 10 as Narrowband IoT (NB-loT), IEEE 802,11
Wik, Fifth Generation (3G). In order to {a} reduce wireless network subscription costs,
which mav in some cases be prepaid when an loT device is purchased, (b) enable
support of massive numbers of JoT devices by wireless network operators, and {¢)
enable longer battery life or longer intervals between battery recharging, it may be
desirable or essential to limit the frequency and/or amvount of wireless signaling between
IoT devices and wireless networks. This may lead to restrictions on how often an IoT
device can connect to or be accessed by a wireless network, which may in turn fimit the

responsiveness, reliability and accuracy of location support for loT devices.

{0039]  As an example, support for NB-IoT and CleT devices in 3GPP Release 13
has introduced a nwmber of restrictions and limitations that may degrade andfor block
focation services for a user equipment {L/E)} when existing location solutions are used.
Limitations that may degrade and potentially block existing location solutions may
mciude: {1} long periods (e.g. several hours) during which a UE may be unreachable for
positioning; (2} unpredictable availability of a UE for positioning after a period of
unreachability; (3} a Hmitation on message stze and/or message volume for signaling to
and from a UE; (4} long message delivery delay {e.g. several seconds) across the NB-
10T radio nterface; andfor {5) potential inability of a UE to obtam location

meazurements (e.g. when connected to a wireless network). Despite these hmitations,
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positioning support for UEs with NB-IoT radio access and UEs supported as part of
CloT may be important for both users and wireless network operators since NB-loT
devices mav need to be located occastonally or freguently at short notice andfor with
high rehability andfor high accuracy. For example, NB-1oT or CloT UEs associated
with tracking or monitoring devices for assets, people or pets or associated with control
devices for movable objects such as portable aiv condutioners, robotic vacuun cleaners
and lawn mowers, and drones ete. may need to be positioned precisely and without
excessive delay, Therefore, solutions to remove or miutigate limitations and restrictions

on location support for NB-{oT and CloT UEs are needed.

{0040]  FIG. 1 s a diagram dlustrating a network architecture 100 for location
support of a user equipment (UE) 102 that supports and is currently using NB-IoT radio
access or Long Term Evolution {L.TE) radio access with CloT operational features. The
network architecture 100 may be referred to as an Evolved Packet System (EPS). As
tlustrated, the network architecture 100 may include the UE 102, an Evolved Universal
Mobile Telecommunications Service {UUMTS) Terrestrial Radio Access Network (E-
U'TRAN) 120, and an Evolved Packet Core (EPC) 130, The E-UTRAN 120 and the
EPC 130 may be part of a Visited Pablic Land Mobile Network {(VPLMN) that s a
serving network for the UE 102 and communicates with a Home Public Land Maobile
Network (HPLMN) 140 for the UE 102, The VPLMN E-UTRAN 1206, VPLMN EPC
130 andior HPLMN 140 may interconnect with other networks. For example, the
Imeret may be used to carry messages to and from different networks such as the
HPLMN 140 and the VPLMN EPC 130. For simplicity these networks and associated
entities and wnterfaces are not shown, As shown, the network architecture 100 provides
packet-switched services to the UL 102, However, as those skilled in the art will readily
appreciate, the various concepts presented throughout this disclosure may be extended

to networks providing circpit-switched services.

{0041} The UE 102 may be any electronic device configured for NB-loT, CloT
andfor LTE radio access. The UE 162 may be referred to as a device, a wireless device,
a mobile terminal, a terminal, a mobile station (MS), a mobile device, a Secure User
Plane Location (SUPL) Enabled Terminal (SET} or by some other name and may
correspond to {or be part of) a smart watch, digital glasses, fitness monitor, smatt car,

smart appliance, cellphone, simartphone, laptop, tablet, PDA, racking device, control
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device, or some other portable or moveable device. A UE 102 may comprise a single
entity or may comprise munltiple entities such as in a personal area network where a user
may employ audio, video andfor data I/Q devices and/or body sensors and a separate
wireline or wireless modem. Typically, though not necessarily, a UE 102 may support
wireless communication with one or more types of Wireless Wide Area Network
{WWAN) such as a WWAN supporting Global System for Mobile Commumcations
{(GSM), Code Diviston Maltiple Access (CDMA}, Wideband CDMA (WCDMA), Long
Term Evolution (LTE), Narrow Band Internet of Things (NB-IoT), Enhanced Machine
Type Communications (eMTC) also referred to as LTE category M1 (LETE-M}, High
Rate Packet Data (HRPD), WiMax, etc. VPLMN EPC 130 combined with VPLMN E-
UTRAN 120, and HPLMN 140, may be examples of a WWAN, A UE 102 may also
support wirgless communication with one or more types of Wireless Local Area
Network (WLAN) such as a WLAN supporting IEEE 802.11 WiFi or Bluetooth® (BT).
LE 102 may also support communication with one or more types of wireline network
such as by using a Digital Subscriber Line {DSL) or packet cable for example.
Althoogh FIG. 1 shows only one UE 102, there may be many other UEs that can each

correspond to UE 102

{0042} The UE 102 may enter a connected state with a wireless communication
network that may inclade the E-UTRAN 120, In one examiple, UE 102 may
communicate with a cellular commumication network by transimutting wireless signals
to, andfor receiving wireless signals from, a cellular transceiver, such as an evolved
Node B (eNB) 104 in the E-UTRAN 1200 The E-UTRAN 120 mayv inchude one or more
additional eNBs 106, The eNB 104 provides user plane and control plane protocol
termunations toward the UE 102, The eNB 104 may be a serving eNB for UE 102 and
may also be referred to as a base station, a base transceiver station, a radio base station,
a radio transceiver, a radio network controller, a transcetver function, a base station
subsystem (BSS}, an extended service set {(ESS), or by some other suitable ternuinology.
The UE 102 also may transmit wireless signals to, or recetve wireless signals from, a
tocal transceiver (not shown in FIG. 1), such as an access point (AP}, fenstocell, Home
Base Station, small cell base station, Home Node B (HNB) or Home eNodeB (HeNB),
which may provide access 1o a wireless local area network (WLAN, e.g, IEEE 802.11

network ), a wireless persona! area network (WPAN, e.g., Bluetooth network) or a



WO 2018/038799 PCT/US2017/039256
BER

cellular network (2.g. an LTE network or other wireless wide area network such as those
discussed in the next paragraph). Of course it should be understood that these are
merely examples of networks that may communicate with a mobile device over a

wireless Hok, and claimed subject matter is not Hmited n this respect.

{0043] Examples of network technologies that may support wireless communication
include NB-IoT, but muay further include GSM, CDMA, WCDMA| LTE, HRPD, eMTC
eMTC and 3G are technologies defined by {or expected to be defined by} 3GPP.
CDMA and HRPD are technologies defined by the 3rd Generation Partnership Project 2
{3GPP2). WCDMA 1s also part of the Universal Mobite Telecommunications System
{UMTS) and may be supported by an HNB. Cellular transcetvers, such as eNBs 104
and 106, may comprise deployments of equipment providing sabscriber access to a
wireless telecommuncation network for a service (e.g., nnder a service contracty. Here,
a cellular transceiver may perform functions of a cellular bage station in servicing
subscriber devices within a cell determined based, at least in part, on a range at which

the cellolar transcetver is capable of providing access service.

{044] The eNBs 104 and 106 are connected by an interface {e.g. the 3GPP S
mterface) to the VPLMN EPC 130, The EPC 130 includes a Mobility Management
Entity {MME} 108, and a Serving Gateway (SGW) 112 through which data (e g.
Internet Protocol (IP) packets) to and front the UE 102 may be ansferred. The MME
108 may be the serving MME for UE 102 and is then the control node that processes the
signaling between the UE 102 and the EPC 130 and supponts antachment and network
connection of UE 102, mobility of UE 102 {e.g. via handover between network cells) as
well as establishing and releasing data bearers on behalf of the UE 102, The MME 108
may also support User Plane (UP) data transfer to and from the UE 102 using a 3GPP
CloT feature known as CloT Control Plane (CP) optimization in which data packets are
transferred to and from the UE via the MME 108, rather than by bypassing the MME
108, in order to avoid the overhead of establishing and releasmg data beavers for the UE
102, Generally, the MME 108 provides bearer and connection management for the UE
102 and may be connected to the SGW 112, the eNBs 104 and 106, an Enhanced
Serving Mobile Location Center {E-SMLC) 110 and a Visited Gateway Maobile
Location Center (V-GMLC) 116 in the VPLMN EPC 130
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{0045] The E-SMLC 110 may support location of the UE 102 using the 3GPP
control plane (TP} location solution defined in 3GPP technical specifications (TSs)
23271 and 36.305. The V-OMLC 116, which may also be referred to stoply as a
Gateway Mobile Location Center {GMLC) 116, may provide access on behalf of an
external chient {e.g. external client 1503 or another network {e.g. HPLMN 148) to the
location of UE 102, The external client 150 may be a web server or remote application
that may have some association with UE 102 {e.g. may be accessed by a aser of UE 102
vig VPLMN E-UTRAN 120, VPLMN EPC 130 and HPLMN 140} or may be a server,
application or computer system providing a location service to some other user or users
which may include obtaining and providing the location of UE 102 {e.g to enable a

service such gs friend or relative finder, asset tracking or chuld or pet location).

{0046} As Hustrated, the HPLMN 140 inchudes & Home Gateway Mobile Location
Center (H-GMLC) 148 that may be connected to the V-GMLC 16 {e.g viathe
Internet), as well as a Packet Data Network Gateway (PDG) 114 that may be comnected
to the SGW 112 {e.g via the Internet). The PDG 114 may provide Uk 102 with Internet
Protocol (1P} address allocation and IP and other data access to external networks {e.g.
the Internet) and to exiernal clients {e.g exiernal chient 150} and external servers, as
well as other data ransfer related functions. In some cases, PDG 114 may be located in
VPLMN EPC 130 and ot i HPLMN 140 when the UE 102 receives local IP breakout.
The PDG 14 may be connected to a location server, such as a Home Secure User Plane
Location (SUPL) Location Platform (H-SLP) 118. The H-SLP 118 mav support the
SUPL UP location solution defined by the Open Mobile Allance (OMA) and may
suppott location services for UE 102 based on subscription information for UE 102
stored i H-SLP 118, In some embodimentis of network architecture 180, a Discovered
SLP {D-SLP) or Emergency SLP (E-SLP) (not shown in FIG. 1), in or accessible from

VPLMN EPC 130, may be used to locate UE 102 using the SUPL UP solution.

{0047] The H-GMLC 148 may be connected to a Home Sobscriber Server (HSS)
145 for UE 102, which is a central database that contains user-related and subscription~
related mformation for UE 102, The H-GMLC 148 mav provide location access to the
UE 102 on behalf of external clients such as external client 150. One or more of the H-
GMLC 148, PDG 114, and H-SLP 118 may be connected to the external client 150,

e.g., through another network, such as the Internet. In some cases, a Reguesting GMLC
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{R-GMLC) located in another PLMN (not shown in FIG. 1) may be connected to H-
GMLC 148 {e.g. via the Internet) in order to provide location access to UE 102 on
behalf of external clients connected to the R-GMLC. The R-GMLC, H-GMLC 148 and
V-GMLC 116 may support location access to the UE 102 using the 3GPP CP solution
defined in 3GPP TS 23.271.

{H348] It should be understood that while 8 VPLMN network (comprising VPLMN
E-UTTRAN 120 and VPLMN EPC 130) and a separate HPLMN 140 are illustrated i
FIG. 1 both PEMNs (networks) may be the same PLMN. In that case, {1) the H-SLP
118, PDG 114, and HSS 145, will be in the same network (EPC) as the MME 108, and
{11} the V-GMLC 116 and the H-GMLC {48 may be the same GMLC.

{0049] In particular implementations, the UE 102 may have circuitry and processing
resources capable of obtaining location related measurements (also referred to as
focation megsurements), such as measurements for signals received from GPS or other
Satellite Positioning System (SPS) space vehicles (SVs) 160, measurements for cellular
transceivers such as eNBs 104 and 106, andfor measurements for local transceivers. UE
102 may further have circuitry and processing resources capable of computing a
position fix or estunated focation of UE 102 based on these location related
measurements. In sowe implementations, location related measurements obtained by
UE 102 may be wansferred to a focation server, such as the E-SMLC 110 or H-SLP 118,
after which the location server may estimate or determune a location for UE 102 based

on the measurements.

{0038]  Location related measnrements obtained by UE 102 may inclade
measurements of signals received from SVs 160 belonging to an 3PS or Global
Nawvigation Satellite System {GNSS) such as GPS, GLONASS, Galileo or Beidou
and’or may include measurements of signals received from terrestrial transmitters fixed
at known locations {e g., such as eNB 104, eNB 106 or other local transceivers). UE
102 or a separate location server (e.g. E-SMLC 110 or H-SLP 118) may then obtain a
location estimate for the UE 102 based on these location related measurements using
any one of several position methods such as, for example, GNSS, Assisted GNSS (A-
GNSS), Advanced Forward Link Trilateration (AFLT), Observed Time Difference OF

Arrival (OTDOA}, Enhanced Cell ID (ECID), WiF:, or combinations thereof. In some
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of these techniques {e.g. A-GNSS, AFLT and OTDOA), pseudoranges or timing
differences may be measured by UE 102 relative to three or more terrestuial transmitters
fixed at known locations or relative to four or more SVx with accurately known orbital
data, or combinations thereof, based at feast i part, on pilot signals, positioning
reference signals (PRY) or other positioning related signals transmitted by the
transmitters or SVs and recerved at the UE 102, Here, location servers, such as E-
SMLC 110 or H-SLP 118, may be capable of providing positioning assistance data to
UE 102 including, for example, information regarding signals 1o be measured by UE
102 {e.g., expected signal timing, signal coding, signal frequencies, signal Doppler),
locations and/or identities of terrestrial transmitters, and/or signal, timing and orbital

mformation for GNSS SVs to facilitate positioning technigques such as A-GNSS, AFLT,

Rt

OTDOA and ECID. The facilitation may mchude improving signal acquisition and
measnrement accuracy by UE 102 andfor, in some cases, enabling UE 102 to compute
iz estimated location based on the location measurements. For example, location
servers may comprise an almanac {e.g. & Base Station Almanac {(BSA)} which mdicates
the locations and dentities of cellular transcervers and transmitters (e.g. eNBs 104 and
106) and/or local transceivers and transmitters in a particular region or regions such as a
particular venue, and may further contain information descriptive of signals ransmitted
by these transcetvers and transnitters such as signal power, signal tinung, signal
bandwidth, signal coding and/or signal frequency, In the case of ECID, a UE 102 may
obtain measurements of signal strength (e g recerved signal strength indication (RSShH
or reference signal received power {RSRP))} for signals recetved from cellular
transceivers {e.g., eNBs 104, 106} andior {ocal franseeivers and/or may obtamn a signal
to noise ratio (SN}, a reference signal received quality (RSTOQ), or a round trp signal
propagation time (RTT) between UE 102 and a cellular transceiver (e.g., eNB 104 or
106) or a local transceiver. A UE 102 may transfer these measurements to a location
server, such as E-SMLC 110 or H-SLP 118, 10 determine a location for UE 102, or in
some implementations, UE 102 mayv use these measurements together with assistance
data {¢.g. terrestrial almanac data or GNSS SV data such as GNSS Almanac andfor
GNSS Ephemerts information) recerved from the location server to determing a location
for UE 102,
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10051] In the case of OTDOA, UE 102 may measure a Reference Signal Time
Difference (RSTD) between signals, such as a Position Reference Signal (PRS) or
Common Reference Signal {CRS), received from nearby transcetvers or base stations
{e.¢. eNBs 104 and 106). An RSTD measurcment mav provide the time of arnval
difference between signals (e.g. CRS or PRS) recetved at UL 102 from two different
transceivers {e.¢. an RSTD between signals recerved from eNB 104 and from eNB 106).
The UE 102 may return the measured RSTDs to a location server {e.g E-SMLUC 10 or
H-SLP 118) which mav compute an estimated location for UE 102 based on known
focations and known signal timing for the measured transceivers. In some
implementations of OTDOA, the signals used for RSTD measurements (e.g. PRS or
CRS signals) may be accurately synchronized by the transcervers or transmiiters to a
common universal time such as GPS time or coordinated vniversal time (UTC), e.g.,
using a GPS receiver at each transceiver or trapsmitter to accurately obtain the common

untversal time.

{0052] An estimate of a location of a UE 102 may be referred to as a location,
focation estimate, focation fix, fix, position, position estimate or position fix, and may
be geodetic, thereby providing location coordinaies for the UL 102 {e.g, latitude and
fongitude) which may or may not include an altitade component (e.g., height above sea
fevel, height above or depth below ground level, floor level or basement level).
Alternatively, a location of the UE 102 may be expressed as a civic location {e.g., as a
postal address or the designation of some point or small area in a building such as a
particular room or floor). A location of a UE 102 may also include an uncertainty and
may then be expressed as an area or vohune (defined either geodetically or in civie
form) within which the UE 102 is expected to be located with some given or defanlt
probability or confidence level (e.g., 67% or 85%). A location of a UE 102 way further
be an absolute location {e.g. defined in terms of a latinwde, longitade and possibly
altitude andfor uncertainty} or may be a relative location comprising, for example, a
distance and direction or relative X, Y (and Z) coordmates defined relative to some
origin at a known absolute location. In the description contamed heretn, the use of the
term location may comprise any of these variants unless indicated otherwise.
Measurements {e.g. obtained by UE 102 or by another entity such as eNB 104} that are

used to determine {e.g. calcalate) a location estimate for UE 102 may be referved to as
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measurements, location measurements, location related measurements, positioning
measurements or position measurements and the act of determining a location for the

UE 102 may be referred to as positioning of the UE 102 or locating the UE 102,

{0053 Conventional support for NB-loT and CloT mcludes a number of restrictions
and hmitations that may degrade andfor block location services for UEs. The network
architecture 100 and UE 102 of FIG. 1 may be configured to perform one or more
techniques to mitigate or eliminate the restrictions and limitations found m conventional
systems. Examples of several of the one or more techniques that may be performed
within the agtwork architecture 100 or by UE 102 to improve location sapport for UEs
suppotting or associated with NB-IoT, CloT or other types of foT are next identified

and described in more detail further down,

{0054]  In a first example technique, a location server {L8) {e.g. BE-SMLC 110 or H-
SLP 118) may be informed (e.g. by MME 108) that the UE 102 being positioned
supports CloT andior NB-IoT, or has network access via NB-JoT. This may be
accomplished via (1) a parameter, indicating NB-IoT access or CloT support, ina
focation request sent from an entity such as MME 108 or external client 158 to the LS
andfor (i1) a UE subscription parameter configured in the LS indicating sapport of CloT
andfor NB-loT. The LS may then limit positioning interaction with the UE 102 by, ey,
using a reduced maximum posttioning message size, a reduced message volume, longer
retransmission and/or response timers. The parameter m the location request, for
example, may define aspects of NB-foT access andior CloT sapport for the UE 102
{e.g. a maximum posiioning message size, a maxinmum message volame, a maximum

expected message transfer delay).

{0055] In a second example techmque, an accurate last known location of UE 102
may be provided to an external client 150 when the UE 102 is not available for a current
positioning request. To support this, the UE 102 may obtain downlink (DL}
measurements, e.g. for Enhanced Cell ID (ECID) and/or Observed Time Difference of
Arrival (OTDOA), prior to andfor afier entening a network connected state, and provide
these measurements to the network, e.g., 10 a serving Evolved NodeB {eNB) 104 or
serving MME 108, The provided measurements together with the last known serving

cell identity (D) for UK 102 may then be stored, e g., in the serving MME 108, and
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used to obtain a last known location of the UE 102, if later requested by an external
client 150 after the UE 102 is no longer in a network connected state, by modifying a

normal location procedure to use only the stored information.

{0056] In a third example technique, when the UL 102 enters a network connected
state, e.g., has a network sigualing link, any pending Mobile Termunated Location
Request (MT-LR) for the UE 102, or any Mobile Originated Location Request {MO-
LR} instigated by the UE 102, may be started in a conventional manner by the network
{e.g. by E-SMLC 110}, but the UE 102 defers making any measurements vatil back mn
wdle state (e.g. with no network connection). While in the idle state with noe network
connection, the UE 102 performs DL measurements, re-enters the network comaected
state and sends the measurements back to the network or LS (g E-SMLC 110 or H-
SLP 118). This technique may overcome resource limiations i the UE 102 (e g
regarding available processing, memory anddor an R receiver chain) that could
otherwise tmpede DL measurements while the UE 102 s 1 network connected state
and using resowrces to perform other activity, The extra delay i returnimng
measurements by the UE 102 mayv be miuch smaller than the delay i waiting for the UE
102 to mutially enter the connecied staie, so the exira delay may not appear significant to

an external client 150,

[0087]  In a fourth example technigue, a combined periodic and triggered MT-LR
procedure for Long Term Evolution (LTE) and NB-1oT access 15 used by a network
{e.2. VPLMN EPC 130) in which the UE 102 evaluates wigger conditions at a definad
nunimum mterval while i idle state and enters the connected state when a trigger event

1s detected by the UE 102 1 order to enable a tocation of the UE 162 1o be obtained

{e.g. by E-SMLC 110) and provided to external client 150.

{0058 More details are next provided of the previous technignes and the limitations
assoctated with supporting location for a UE 102 that 18 using NB-JoT radio access
and/or CloT features to access a wireless network (e.g. VPLMN EPC 130 and E-

UTRAN 120) which these techniques may help overcome or nutigate.

{0039] PSM and eDRX Luntiations
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{0060] Limitations on location support for UEs (e.g. UE 102} that support NB-1OT
radio access or for which CloT is applicable, may anise due to various features
applicable to CloT and NB-loT such as extended Discontinuous Reception {eDRX) and
Power Saving Mode {(PSM). With ¢DRX or PSM, a UE 102 may remain in dle state
and nesther be reachable from a serving network nor connect 1o the serving network
{e.g. E-UTRAN 120 and EPC 130) for 4 long period of time (e.g. several hours or
longer}. During the pertod of time in which the UE 102 remains in wdle state, it may not
be possible for an external client 150 10 obtain the current location of the UE 102 (e
from VPLMN EPC 130 or HPLMN 140}, thereby restricting or blocking location
services. This limitation may affect use of the 3GPP control plane {(CP} location solution
as defined m 3GPP TSs 36,305 and 23.271 andior may affect use of the SUPL UP
focation solution defined by OMA or use of other location solutions such as solutions
defined by the Institute of Electrical and Electronics Engineers {1IEEE) and the Internet
Engineering Task Force (IETF). This limitation may alzo affect and impede proprictary
location solutions 1 which a UE 102 and an external chient 150 {e.g. which may be an
external location server) communicate to obtain a focation for the UE 102 using a

proprietary protocol or protocols.

{0061] With eDRX, the paging cvele for a UE 102 can be as long as 2.91 hours
during which a UE 102 could be unavailable for positioning — e g vsimg a Mobile
Terminated Location Request (MT-LR} as defined i 3GPP TS 23.271. With PSM, a
UE 102 may be available for positioning for the duration of a pertodic Tracking Ares
Update (TAU) timeout which could be several hours or fonger. In both cases, a UE 102
could become unpredictably available when a mobile originated {MO) service s
mvoked by the UE 102 (e.g. soch as the Short Message Service (SMS)), which would
then provide an opportunity to perform positioning for any deferred MT-LR. This
means that an external chient 150 who needs the current location of the UE 162 could
nead to wait for an extended and unpredictable time for the location to become
available. If the external client 150 13, or I3 associated with, a person as opposed 1o a
machine, the ensuing MT-LR location service could be considered as almost useless.
For example, 8 user who wishes to locate a child, asset or pet that has an NB~IoT

tracking device will not normally want to wait several hours for a response.
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10062] To help overcome the previously described limitations associated with
eDRX and PSM, several technigues mav be used. In a first technique referred to as “last
known location”, a VPLMN EPC 130 {e g. MME 108 or E-SMLC 110) may retn {i) a
fast known location for a UE 102 to an external chient 150 when the UE 102 15 not
avatlable for a current MT-LR location request and (1) optionally the maximum time
period that the UE 102 may continue to remain unavailable due to eDRX or PSM ln a
second technigoe veferred to as “deferved location”, a VPLMN EPC 130 and/or
HPLMN 140 may support a deferred location request for g UE 102 from an external
client 150, In a third technigoe referred 10 as “periodic and triggered location™, a
VPLMN EPC 130 andior HPLMN 140 mav support a perodic and triggered location
capability for a UE 102, Such a peniedic and triggered location capability miay allow an
external client 150 o temporarily activate positioning for a UE 102 such that location
results for the UE 102 are available 1o the external client 150 without sigaificant delay.

These techniques are described i more detail below,
{0063]  Last Known Location

{(64] To overcome or mitigate some disadvantage of a long response time for
locating a UE 102 with eDRX or PSM, as described above, an external ehient 150 might
request a last known location for such a UE 102 or the EPC 130 might return a last
known location for the UE 102 if the UE 102 will not become available for a curremt
location for some long period. In the case of CloT, there 1s a capability to obtain a last
known {ocation of a UE 102 as described 1n 3GPP TS 23,682, but the location
aranvlanty of this capability is restricted 1o a cell ) or Tracking Area {TA) which may
mean a location error of 300 to 1000 meters or more. While the location gramuanity of s
cell ID or TA may be useful in some cases, it may be better to enable finer granularity,
For example, a person locating a child or pet may hike to know whether the last known
focation was compatible with the child being at school or the pet being at home. In
addition, the solution for last known location 1 3GPP TS 23.682 15 not divectly aligned
with the 3GPP CP location solution in 3GPP TS 23.271 since the architecture and
protocols are different. Accordingly, an operator who offers location services asing the
3GPP control plane (CP) solution defined m 3GPP TS 23.271 may need to add new
capability to support the solution in 3GPP TS 23.0682 which could add additional cost

and complexity - e.g. to VPLMN EPC 130 or HPLMN 140, This means that a new
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capability to obtain a more accurate last known location for a UE 102 by enhancing the
3GPP CP location solution may be useful with power saving features. Two techniques

to support a more accurate last known focation of a UE 102 are next described.

[0065) In a first technigoe for last known location, the serving MME 108 for UE
102 stoves in memory: (1} the last known serving cell ID {e.g. an E-UTRAN Cell Global
identifier (ECGI) or last serving eNB 1D (e.g. for the eNB 104} for the UE 102 after
UE 102 goes mto idle state {e.g. with no active signaling link from UE 102 to the
VPLMN E-UTRAN 120 and no active signaling connection from UE 102 to the
VPLMN EPC 130} and (i) a timestamyp indicating when the UE 102 went into idle
state. The last known serving cell 1D or last serving eNB 1D may be used to derive a last
known location for the UE 102 should an MT-LR location request for the UE 102 be
received later {e.g. by the serving MME 108} from an external client 150 {e.g. via the H-~
GMLC 148 and V-GMLC 116) when the UE 102 s still in idle state and vnavailable for
paging. The MME 108 may make use of the E-SMLC 110 1o convert the last known cell
ID or last serving eNB identity into a geographice location. For example, the Location
Services Application Protocol (LCS-AP) location procedure defined in 3GPP TS 29,171
may be used with a new parameter, new flag or new parameter value being mcladed m
an LOS-AP Location Request message sent from the MME 108 to the E-SMLC 110
which tells the E-SMLC 110 that the UE 102 18 not available for location and that the k-
SMLC 110 needs to deternune a Jocation for the UE 102 using only the mformation
iciaded by the MME 108 in the LCS-AP Location Request message. The E-SMLC 110
may then determing a last known location for the UE 102 using only the information
included by the MME 108 in the LCS-AP Location Request message {e.g. which may
mclude the last known serving celt ID or last serving eNB D). Since the UE 102 could
have changed serving cell with the serving NB {e.g. oNB 104) remaining the same, the
E-SMLC 110 may use only an eNB portion of a last known serving celt ID (e.g. ECGI)
1o deternmune a last known location for the UE 102, However, when UE 102 has NB-IoT
access, the E-SMLC 110 may use the entire last kaown serving cell ID {e.g. BECGI)
since a change of serving cell may not be supported for NB-loT access. E-SMLC 110
may then return the last known location to the MME 108 in an LCS-AP Location
Response message. The MME 108 may then retirn the last known tocation for the UE

102, and a time (and date) {or an age) for the last known location corresponding to the
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timestamp for when the UE entered idle state, o the external client 150 {e.g. via the V-
GMLC 116 and H-GMLC 148).

{0066] In a second techoique for last known location, the previously described first
technigque may be extended with some additional location measarements. The UE 102
may provide location measurements 1o the MME 108 when the UE 102 enters
connected state {e.g. obtains a signaling connection to the eNB 104 and MME 108,
before returning to idle state, and/or at other times. The serving eNB 104 may similarly
obtain location measurements for the UE 102 when a signaling hok is estabhished to the
UE 102, prior to releasing the signaling link, and/or at other times. The measurements
may include measwrements apphcable to the ECID position method such as RSS],
RSRP, RSRQ anlior RTT andfor other measuraments such as QTDOA RSTD
measuremments. The measurements may be provided to the serving MME 108 by UE 102
andfor by eNB 104, The MME 108 may then store the measurements in memory. The
MME 108 may also store a timestamp indicating when the measurements were received
or were obtained (e.g. if thys time is provided to the MME 108 and is earlier). The MME
108 may then include any stored location megsurements {and the last known serving
cell 1D or last serving eNB D) 1o an LOS-AP Locaiion Request seat to E-SMLC 0w
obtain a last known location from E-SMLC 116 as described for the first technique for
fast known location. In the case of the second technique, the E-SMLC 10 may compute
the last known location for UE 102 using both the provided last known serving cell ID
or last serving eNB 1D and the provided location measurements. While the first
technique for fast known location may be restricted to cell 1D granularity, the second

technigque may use ECID or OTDOA posttioning and may therefore be more accurate.
[0067] Deferred Location

{0068] When eDRX or PSM is used for a UE 102, a deferred location for the UE
102, obtained avtomatically by the VPLMN EPC 130 and HPLMN 140 after the UE

102 becomes available {e.¢. is connected to VPLMN EPC 130}, may be usefud to avoid
reliance on notifving an external client 130 when the UE 102 next becomes available for
positioning and requiring the external client 150 to then issue an MR-LR reguest before
the UE 102 again becomes unavaitable. Support of a deferred location for the UE

avatlabality event is defined by 3GPP for GSM and UMTS access i 3GPP TS 23.271
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and ix able 1o support change of a Serving General Packet Radio Service (GPRS),
Support Node (SGSN), or serving Mobile Switching Center (MSC) for a UE 102, For
E-UTRAN access, an MT-LR procedure for current location for a Uk 102 has been
extended in 3GPP TS 23271 to suppornt deferral of a current UE 102 location until the
UE 102 next becomes available, but the procedure does not fully support change of a
serving MME for a UE 102 {e.g. change of MME 108 to some other MME not shown in
FIG. 1) and assomes an external client 130 will request a corrent location rather than a
deferred location for g UE 102, That means the MT-LR procedure for E-UTRAN access
by a UE 102 in 3GPP TS 23.271 1s not aligned with deferred location for GSM and
LIMTS access in which the external client 150, R-GMLC and H-GMLC 148 are all
aware of and support the deferred tocation request. As a consequence, for a UE 102 that
uses eDRX andior PSM with E-UTRAN access, a deferred MT-LR can only be
supported with restrictions. This means that an enhancement to the MT-LR procedure
for E-UTRAN access by a UE 102 in 3GPP TS 23.271 to provide fall alignment with
deferred location for the UE avatlability event for GSM and UMTS access would be

usefud.

[006%]  To support this enhancement o the MT-LR procedure, a deferred MT-LR
focation procedure may be added for the UE avatlability event in 3GPP TS 23271 for
EPC access by a UE 102 that 1s aligned with the current 3GPP MT-LR location
procedure for the UE availability event for GSM and UMTS access. This may allow an
external client 130 to request a deferred location for UE 102 for the UE availabihity
event without having to know in advance which access type the LIE 102 is using. In
addition, common parts of the deferred MT-LR procedure tnvolving the H-GMLC 148
and an R-GMLC may be shared (e.g. for GSM, UMTS and EPC access) o reduce

network wwoapacs {e.g. to the HPLMN 140 and VPLMN ERC 130),

10078] Pertodic and Triggered Location

{0071]  Periodic focation for a UE 102 {2.g. location of UE 102 at fixed periodic
mtervals) and triggered location for a UE 102 {o.g. location of UE 102 whenever UE
102 enters, leaves or remains within a specified geographic area} are defined for GSM
and UMTS access by a UE wn 3GPP TS 23.271, but are not defined for E-UTRAN

access. In the case of a UE 102 sapporting CloT features {e.g. eDRX,| PSM and/or CloT
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CP optimization), a solution is defined in 3GPP TS 23,682 10 support reporting of &
change in focation for the UE 102, but the solution is not aligned with support of control
plane location as defined m 3GPP TS 23.271, since the solution m 3GPP TS 23.682
uses a different architecture and different protocols than the solution i 3GPP TS
23271, In addition, the solution in TS 23.682 enables determination of a location for the
UE 102 with a granularity only of cell 1D or TA which could have an ervor of 300
meters or more and can only report a location when a UE 102 becomes available {e.g.
after an interval of 2.91 hours in the case of the longest eDRX paging cvcle for the UE

102).

{0072] A more flexible periodic and triggered MT-LR capability may be useful 1o
enable location of a UE 102 that has L'TE access or NB-IoT access at times other than
when the UE 102 nommally becomes avaulable (e.g. becomes connected to the VPLMN
EPC 130y andfor with finer granmularity than a cell ID or TA. For example, a vser nught
fike to know when @ valuable asset, child or pet enters or leaves a particular area
mnmediately after the event occuors, rather than hours later, and may m addition prefer a
more gecurate curvent location when such an event ocours, The tack of support for
pertodic and triggered location for E-UTRAN access by a UE 102 may thus restrict

location support for the UE 102 {e.g. with eDRX or PSM).

[0073]  Two techniques may be employed to suppont periodic and triggered location
for a UE 102 to overcome the hittations descrbed above. T a fivst techruque for
periodic and triggered location, a new periodic MT-LR procedure for EPC access by a
UE 102 may be added in 3GPP TS 23271 aligned with the existing periodic MT-LR
procedure for GSM and UMTS access. This may enable an external client 130 to
request periodic location for a UE 102 without having to know in advance which access
type the UE 102 is using. In addition, portions of the pertodic MT-LR procedure
wvelving an R-GMLC and the H-GMLC 148 may be common for all access tvpes {e..
GSM. UMTS and LTE) to reduce impacts {e.g to HPLMN 140 and VPLMN EPC 130).

Both uplink and downlink positioning of the UE 102 may be applicable.

{0074] In a second technique for periodic and triggered location, a new triggerad

b

fT-LR procedure for the change of area event for EPC access may be added i 3GPP

TS 23.271 aligned wiath the existing triggered MT-LR procedure for GSM and UMTS
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access. With the change of area event, an external clieat 150 can provide {e.g. to an R-
GMLC or to the H-GMLC 148) a target geographic area {e.g. defined using a circle,
ellipse or polvgon} and an indication of whether location reports for the UE 102 are
requestad by the external client 150 when the UE 102 enters, leaves or remamns within
the target area. The target area may be converted (e.g. by an R-OMLC, H-GMLC 148 or
V-GMLC 116) into a set of cell IDs andfor other areas (e.g. TAs in the case of EPC
access) that approximately correspond to {e.g. cover) the target area before being
provided to the UE 102, The new triggered MT-LR procedure for EPC access may
enable an external client 150 to request triggered location for the UE 102 withowt
having to know in advance which access tvpe (e.g. GSM, UMTS or LTE the UE 102 15
currently nsing, In addition, portions of the procedure mvolving an R-GMLC and the H-
GMLC 148 may be common to all access types {e.g. GSM, UMTS and LTE} to reduce
impacts {e.g¢. to HPLMN 140 and VPLMN EPC 130). In order to reduce power
consumption, the UE 102 may be allowed to evaluate the trigger condition {e.g. whether
the UE 102 has entered, left or remained within the target area) while 1o idle state {e.g.
with no signaling connection to the eNB 104 and MME 108} at some defined trigger

gvaluation interval {e.g. a minimum or a maxinmm frigger evaluation interval} and only
return to connected state when a trigger condition is detected. The UE 102 may
determine whether it has entered, left or remained within the target area by detecting a
cell 1D or cell IDs from nearby eNBs {e.g. eNB 104 aud/or ¢NB 106} and comparing the
detected cell ID{s) to the cell IDs provided earhier {e.g. by MME 108} for the target
area. For example, if the UE 102 detects a cell ID that belongs to the target area, the UE
HI2 may assume that UE 102 entered the target area if the UE 102 did not detect any
cells belonging to the target area previously. Sumilarly, if the UE 102 does not detect
any cells belonging to the target area, the UE 102 may assume that the UE 102 bas left
the target arca if the UE 102 detected one or more cells belongiug to the target area
previousty. Other tagger conditions may also be provided to the UE 102 {e.g. by MME
108} and evaluated at the trigger evaluation interval such as a trigger condition that
ocewrs when the UE 102 moves by more than some threshold hnear distance froma
previous location or has attamed some punimum velocity, After the UE 102 returns to
connected state {e.g. after detocting a target area trigger condition), the current UE 102

focation may be obtained (e.g. by the E-SMLU 110} and provided to the external client
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150 {e.g. via the V-GMLC 116 and H-GMLC 148} along possibly with the type of

trigger condition that has ocourred.

{0075] In some embodiments, the tirst and second techniques for supporting
periodic and triggered location may be combimed using a single procedure that sapports
both periedic location of the UE 102 and triggered location {e.g. based on UE 102

entering, leaving or remaining within a specified target geographic area).
{76} UE Positioning Protocol Limtation

{077] For position methods such as ECID, OTDOA and A-GNSS, a UE 102 and a
tocation server {e.g. E~-SMLC 116 or H-SLP 118) may need to exchange positioning
protocol messages i order to: (1) allow the location server to obtain the positioning
capabilities of the UE 102, transfer assistance data to the UE 102 andfor send a request
for a location or location measurements to the UE 102; andior (i) gllow the UE 102 w0
request assistance data from the location server and/or send location measurements or a
calculated location to the location server. Positioning protocols that may be used i the
case of LTE, eMTC or NB-IoT access by a UE 102 include the LTE Positioning
Protocol (LPP) defined in 3GPP TS 36,3335, the LPP Estensions (LPPe) protocol
defined by OMA in OMA TS OMA-TS-LPPe-V1 0, OMA-TS-LPPe-V1 1 and OMA-
TS-LPPe-V2 0, and a corabination of LPP with LPPe referred to as LPP/LPPe.
However, for a UE 102 with NB-loT access, transmission delay between a UE 102 and
eNB 104 may be nwuch higher than for normal LTE access by the UE 102 due to lower
bandwidth and/or a higher signal error rate {e.g. which may tead to a transmission delay
of several seconds or more), which may lead 1o longer message delivery times and the

need for longer end-to-end response timers and retransmission timers.

{0078] For LPP messages exchanged between the UE 102 and E-SMLC 110 for the
3GPP CP solution, the E-SMLC 110 may support retransnission of undelivered (e.g.
unacknowledged) LPP messages as defined 1n 3GPP TS 36355, A mummum
refransmission timeout defined tn 3GPP TS 36,355 1s currently 250 milliseconds (ms)
though an E-SMLC 110 may use a longer timeowut © avoid unnecessary retransmission.
In the case of NB-loT access by a UE 102, the normal E-SMLC refransmission timeout

{of 230 ms or more) for E-UTRAN access may be too short {eading to excessive
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retransmission which could place extra load on the signaling connection between the

UE 102 and E-SMLC 110 via the serving eNB 104 and serving MME 108,

{0079] For SUPL messages exchanged between the UE 102 and H-SLP 118 {or
some other SLPY for the OMA SUPL UP location solation, the SUPL messages may be
treated as Protocol Data Units (PDUSs) by the VPLMN EPC 130 and the HPLMN 140
and may therefore be transported using the CloT CP optinuzation referred to previously,
In this case, an H-SLP 118 counld support end-to-end retransmission of unacknowledged
PDUs using the Transmission Control Protocol (TCP) defined by IETF but again the
retransmission timeout could be too short leading to unnecessary retransmission of

PDUs that nught overload the NB-{oT network connection for UE 102

{00R0] In addition to the longer delivery time for positioning protocol messages,

message size for NB-IoT access for a UE 102 may need to be constrained to some
maximnum size i order to avoid inefficient Internet Protocol (IP) fragmentation by
VPLMN EPC 130 and VPLMN E-UTRAN 120. Furthermore, message volume {e.g.
number of PDUxs sent every minute or everv few minates) may need to be linuted for
NB-loT and CloT devices due to imited bandwadth (e.g. 180 KHxz for NB-foT access)
andior, in the case of data PDUs (e.g. which could be applicable to SUPL location), due
to explicit serving Public Land Mobile Network (PLMN} and Access Point Name

{APN) rate control.

{0081} The preceding observations show that for a UE 102 with NB-IoT radio
access andfor that is asing CloT features {e.g. eDRX, P&M and/or CloT CP
optimization), message delivery time expectation and message refransmission time may
need be longer, message size may need 1o be limited {e.g. to below some maximum
value} and/or message volume may need to be imited. However, a location server such
as E-SMLC 110 or H-SLP 118 mayv not normally be aware of these requirements {e.g.
when UE 102 has NB-JIoT access or eMTC access), and may atierapt {0 use an
mappropriately short message delivery time expectation and message retransmission
time, inappropriately large message sizes andfor an tnappropnately high message

volume, which may cause various problem as just described.
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{0082] To overcome the problems just described, an MME 108 mav provide an
indication to an E-SMLC 110 in an LCS-AP Location Request message {as defined in
IGPP TS 29.171) of the access type currently being nsed by a UE 102, For example, the
MME 108 may indicate to the E-SMLC 110 that the UE 102 has NB-IoT access when
this apphies {e.g. or may ndicate eMTC access when eMTC access applies). Additional
or alternative information (e.g. parameters) conld also be provided by MME 108 to E-
SMLC 110 in the LCS-AP Location Request message concerning the maximuom
positioning {2.g. LPP) message size, a maximum message volume andfor an indication
of the maximum expected message transfer delay. In the case that E-SMLC 11015
informed by MME 108 that UE 102 has NB-loT access, the E-SMLC 110 conld be
configured by the VPLMN EPC 130 netwark operator with one or more configuration
parameters for NB-loT radio access (or CloT features), such as a reduced (or preferred)
MAXIUM positioning message size, a maximum message volume, andfor 3 maximum
expected message transfer delay which could avoid the need to provide these parameters
to the E-SMLC 110 by the MME 108, Assuming that E-SMLC 110 is exther configured
with NB-loT access related configuration parameters or provided with such parameters
by MME 108 {e.g. in an LCS-AP Location Reguest message as just described), the E-
SMLC 110 may employ longer retransnussion and response thmers, a reduced maximum
posifioning message size and/or a limitation on the number {or volume) of positioning
protocol {e.g. LPP and/or LPPe) messages trausferred between E-SMLC 110 and UE
102. For example, the E-SMLC 110 could limit the amount of assistance data
ransterred to the UE 102 andfor the number of measurements requested from the UE
102 according to a maximum positonmg message size andfor a maximuum message

number or maxinum message volume,

{0083] In some implementations, cell configuration data in E-SMLC 110 may
mform E-SMLC 110 as to whether a particular serving cell for UE 102 sapports NB-loT
access. In these implementations, MME 108 may aot need to transfer an explict NB-
foT mdication to E-SMLC 110 for a location request for a UE 102 with NB-~loT access,
because E-SMLC may be able to infer NB-loT access from the serving cell for UE 102

which may have been provided to E-SMLC 110 by MME 108

{0084]  UE Positioning in Idle State
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{0085] UEs {e.g. a UE 102) that support NB-IoT radio access and/or CloT features,
such as CloT CP optimization, eDRX andfor PSM, may have limited resources such as
Himited processing capability, limited memory and/or only one radio freguency (RF)
recerver cham, This may be g consequence of inplementing such UEs as low cost
devices that communicate mirequently and with low battery power. The himited
resources may linut posttioning support, particularly when a UE 102 1s performing other
activities such as data transfer and/or SMS {(text) transfer on behalf of a user for the UE
102 or an application in the UE 102. The resource himitation may directly mmpact
position methods such as OTDOA, ECID, A-GNSS and WiFi, since a UE 102 may need
to tune away from a serving eNB 104 to a different frequency or a number of different
frequencies in order to measure signals from, and obtain related location measuremenis
for, non-serving eNBs {e.g. eNB 106), GNSS SVs (e.g. SVs 160} andfor Wikt APs
associated with these position methods. The UE may also need to store the resulting
focations measuwrements {e.g. measurements of RSSL RSRP, RSRQ, RSTD, RTT, SV
psendoranges) uatid transferved 1o the network {e.g. to E-SMLC 110 or H-SLP 118},
Limited resources in a UE 102 may therefore limit the ability of the UE 102 to sappont

some position methods.

{0086] As just discussed, UE 102 resources may be hmited and possibly anavailable
when the UE 102 15 in connected state (e g with a signaling connection to eNB 104 and
MME 108) due to other UE 102 activity such as transferning data and/or SMS messages.
However UE 102 resources may be maximally available while the UE 102 is in idle
state, singe ne conwnuication activity and little or no other activity may then be
ongoing in UE 102, Hence, the current MT-LR, Network Induced Location Reguest
{NI-LR)} and MO-~LR location procedures defined mn 3GPP TS 23.271 for L'TE access by
a UE 102, and the corresponding MT-LR and MO-LR location procedures for the OMA
SUPL UP location solution, may be amended such that location measurement by the UE
102 are altowed to occur only when the UE 102 s inadle state. The MT-LR, MO-LR
and NI-LR procedures may then function as currently defined up antil the point when a
location request is sent to the UE 102 by the E-SMLC 110 or by the H-SLP 118 {or by
some other SLP such as a D-SLP or E-SLP}. The UE 102 may then store the location
request information (e.g. may store a list of the location measurements being requested)

and may acknowledge the location request at the LPP level if an LPP acknowledgment
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is requested (2.g. by E-SMLC 110} but may not perform any measurements. More than

one location request may be sent to and stored by the UE 102 in a similar manner. When
the UE 102 next enters 1dle state, the UE 102 may perform the requested measurements,
return to connected state and send the requested meastrements {or a location estimate)

back to the server {e.g. E-SMLC 110 or H-S1L.P 118}

{IB7]  Obtaining locaton measurements while in idle state by UE 102 may require
some support from other entities. To enable support from an E-SMLC {e g E-SMLC
110} or SLP {e.g. H-SLP 118}, a new capability flag or new capability pararseter may
be added to LPP and/or to LPPe for each position method supparted by a UE for which
the UE needs o be inwdle state to obtain measyrements. UE 102 may then send s
positioning capabilities to BE-SMLC 110 or H-SLP 118 using LPP and/or LPPe and
mclude (or set) the new capability flag or new capability parameter for each position
method supported by UE 102 for which UE 102 needs to be in wdle state to obtain
focation measurements. If the capability flag or capabulity parameter s included {or set)
for a particular position method {(e.g. A-GNSS, OTDOA, Wikt or ECID) and E-SMILC
110 or H-SLP 18 requests megsurements {or a location estimate) from UE 102 for this
position mwethod, E-SMLC 110 or H-SLP 118 may indicate a longer than normal
maximum response time to UE 102 {e.g. a maximum response time of 2 to 10 minutes)
i order to allow enough time for UE 102 1o go mto idle state, obtamn the measurements,
re-enter connected state and return the measurements {or a location estimate) back to E-
SMLC 110 or H-SLP 118, As an altemative, a new flag or new parameter may be added
to LPP or LPPe tn a common set of parameters applicable to all position methods to
mdicate whether UE 102 needs to be m idle state to obtain measurements for any
position method supported by UE 102, For this alternative, if the new capability flag or
new parameter is included (or set) and E-SMLC 110 or H-SLP 118 requests

h

measurements {or a location estimate} from UE 102 for any position method, E-SMLC
110 or H-SLP 118 may indicate a longer than normal maximum response time to UE
102 to allow enough time for UE 102 to obtain the measurements in 1dle state as just

described.

{0088] To enable support frooy an MME (e g. MME 108} for UE location

measurements in idle siate using the 3GPP CP location solution, the serving MME 108

for UE 102 may assume that when UE 102 has NB-{oT access {or possibly another type
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of narrowband access such as eMTC), the UE 102 may need to make location
measurements while in idle state. MME 108 may then allow a CP location session for
UE 102 to continue untd some threshold time period has expired {e.g. 2 to 5 minutes)
after UE 102 next goes into idle state — i order to avoid aborting the CP location
sesston for Ul 102 before UE 102 has had time to obtain and retorn location

measurements 1o E-SMLC 110 vig MME 108,

10089] To support location measurements i ide state, UE 102 may explicitly
indicate to E-SMLC 110 or H-SLP 18 (e.g using LPP or LPPe} and/or o MME 108
{e.g. using NAS as defined in 3GPP T8 24.301) that UL 102 needs to enter idle state in
order to obtatn and refurn requested location measurernents. For example, after B-
SMLE 110 or H-SLP 118 sends an LPP Request Location Information message to UE
102 to request location measurements, UE 102 may return an interim LPP Provide
Location Information message to E-SMLC 110 or H-SLP 118 {e.g. containing the same
LPP mansaction {D as the LPP Request Location Information message sent by E-SMLC
110 or H-SLP 118 and with an LPP end of ransaction flag not set) indicating that UE
102 needs to enter idle state in order 1o obtain the requested location measurements. In
the case of positioning by E-SMLC 110, E-SMLC 110 may then send a message to
MME 108 to indicate to MME 108 that UE 102 needs to enter idle state to obtain
requested location measurements. MME 108 may then assist UE 102 to enter 1dle state
{e.g. by instigating release of a signaling connection from MME 108 to UE 102 or by
temporarily suspending data and text transfer to and trom UE 102 which may enable
eNB 104 or UE 102 to release the signaling connection for UE 102 after detecting &
period of signaling inactivity). UE 102 may then enter idle state and obtain the
requested locatton measurements. E-SMLC 110, H-SLP 118 andfor MME 108 may
allow for g longer than noral response tine from UE 102 (e g. due to being informed
that UE 102 needs to enter 1dle state to obtam the location measarements) and may
thereby avoid aborting the location sesston to UE 102, After UE 102 obtains the
requested location measurements, UE 102 may re-enter connected state and send the

location measurements 1o E-SMLC 110 or H-SLP 118,

{0098] o case the entry to idle state by UE 102 15 delaved for a long time (e.g 3
minutes or more) on the network (VPLMN) side, the UE 102 may run a timer and

jocally release the RRC signaling connection to the eNB 104 and enter idle state after
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some period of nactivity in the UE 102, Alternatively, the UE 102 may request release
or suspension of the RRC signaling connection from the serving eNB 104 by sending an
RRC message to the serving eNB 104 contaming this request, which may then allow the
UE 102 1o enter 1dle state. In the case of a lugh priority focation request, an E-SMLC
110 may wdicate to the MME 108 when the UE 102 can be allowed to go into sdle stz
For the 3GPP CP location solution, such a procedure could require that the MME 108
and BE-SMUC 110 are aware of the UE 102 going mio idle state to perform the
measurements in order to retain location context and focation session imformation while
the UE 102 is in 1dle state and employ suitably long response timers. This awareness by
the MME 108 and E-SMLC 110 could be assoctated with NB-loT access for the UE
102 if the use of idle state to obtain location measurements by UE 102 15 used only
when UE 102 has NB-loT access. Alternatively, the use of idle state to obtain location
measurements by the UE 102 may be treated as a new CloT UE capability {e.g. and may
be mdicated 1o the MME 108 by the UE 102 using NAS signaling when attaching to the
VPLMN EPC 130 andfor may be indicated to the E-SMLCT 110 or H-SLP 118 using
LPP or LPPe). The use of idle state for UE 102 measprements may have the effect of
delaving a location response to an external client 150, However, such a delay may be
very small in comparison to the longer delay wvolved n waiting for a UE 102 to0
become avatlable for location and may therefore not be significant to the external client
150,

10091] Security for NB-IoT

{0092] For a UE 102 with NB-IoT access that supports CloT CP optimization but
not UP data transfer, Access Stratum {AS) security {in which wireless signaling
between a UE 102 and eNB 104 may be encrypted) may not be supported for the UE
102, For a UE 102 that supposts CloT CP optimization and normal UP data transfer or
CloT User Plane {UP) optinuzation (in which a signaling connection for a UE 102 can
be suspended rather than released), AS security could be supported as soon as a Packet

Data Network (PDN) connection for the UE 102 is created or resumed.

{0093] In the case of location for a UE 102 using the 3GPP CP sohution defined in
IGPP TS 36.305, the possible lack of AS secaritv may not be important when

positioning of the UE 102 is sapported using the LPP andfor LPPe positioning
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protocols. This is becanse LPP and/or LPPe messages mayv be transferred between the
UE 102 and serving MME 108 mside Non-Access Stratum {(NAS) messages, such as
Uplink and Downlink generic NAS transport messages defined in 3GPP TS 24301 Al
NAS messages may be protected via encryption, while i transit between the UE 102
and serving MME 108, using NAS security and may thereby not be a secarity risk for
the UE 102 or VPLMN EPC 130,

{0094] Similar protection may apply to the OMA SUPL solution. In this case, SUPL
messages may be transferred as data between the UE 102 and an SLP such as H-SLP
118 using either {a) CloT CP optimization or (b) EPC UP data bearers associated with
CloT UP optimization or non-optimized UP bearers, NAS secunity may be available for
{a) and AS security may be available for (b} in which SUPL messages transferred to and
from a UE 102 would be encrypted at least while in transit between the UE 102 and

serving eNB 104,

[0095]  When the 3GPP CP solution defined in 3GPP TS 36 305 15 used with uplink
position methods 1 which measurements of a UE 102 are recetved by an E-SMLC 110
not directly from the UE 102 but from the serving eNB 104, other eNBs such as eNB
106 {e.g. using the LTE Positioning Protocol A {LPPa), defined i 3GPP TS 36435 or
from Location Measurement Units (LMUs), security may be an issue. Examples of
uplink position methods defined in 3GPP TS 36.303 inclode Uplink Time Difference of
Arrival (U-TDOA) and ECID where location measurements for UE 102 are obtained by
a serving eNB 104 for UE 102, other eNBs (2.g. eNB 106} andior by EMUS rather than
by the UE 102, In these cases, any Radio Resource Control (RRC) signaling ased
between the serving eNB 104 and UE 102 1o coordmate positioning, and/or receive
measurements obtained by the UE 102 at the serving eNB 104, mav not be security
protected {e.g. may not be encrypted} when CloT CP optinuzation is use for data PDU
transfer between the MME 108 and UE 102. In addition, any uplink transmission from a
Ul 102 at the RRC level that s measured by the serving eNB 104, another eNB 106
and/or by an MU may not be security protected (e.g may not be encrypted) and could
thus be easier for other entities to intercept and measure. These lnmitations mean that
support of uplink positioning for a UE 102 (e.g using the LPPa and RRC protocols}
may not be secare m the case of CloT CP optimization when no UP data bearers are

supported by or established to the UE 102
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{0096] In order to mitigate lack of secunity in the case of uplink positioning of a UE
102, an MME 108 may indicate to an E-SMLC 110, in an LCS-AP Location Request
sent to the E-SMLC 110, whether or not AS security {e.g. encryption} is curvently being
used for a UE 102, For example, fora UE 102 that uses CloT CP optunization for all
data transfer, the MME 108 could indicate that AS security 1s not being used. The B~
SMLC 110 could then take this mto account when instigating different position methods
for the UR 102, For example, dowalink position methods that are sapported by UE 102
{such as A-GNSS and OTDOA 3 might be used by the E-SMLC 110 as security may nrot
be needed due to the availability of NAS security and encryption as previously
described. However, for uplink positioning, the E-SMLC 110 mayv oanly invoke uplink
position methods that are dependent on eNB megsurements {e.g. from eNB 104) that do
not require additional RRC signaling with the UE 102 when AS security is not being

used.
[8097) CP versus UP location sohutions with NB-ToT

{0098] With the 3GPP CP location solution {e.g. as defined in 3GPP TS 23271 and
36,305}, an MME 108 may gueue a deferred MT-LR request for a UE 102 until UE 102
is next reachable for positioning and may avoid sending a deferred request to E-SMLC
110, which may simphfy toplementation of E-SMLC 110 A ast known location for
the UE 102 may also be supported by storing the last known serving cell ID {(and
possibly location measurements) for the UE 102 1o the MME 108 or eNB 104 as
previously described. The E-SMLC 110 may also receive the carrent cell 1D and
possibly ECID location measurements for a current location request for a UE 102 when
the UE 102 is reachable for positioning. The MME 108 may remam aware that a CP
focation session is active and allow the UE 102 to remain in connected state longer or
come back from idle state to retwrn requested measurements o the E-SMLC 118 as

previousty described.

{3099] With the OMA SUPL UP location solution, an H-SLP 118 may receive a
location request from an external client 150 while the UE 102 15w idle state and net
available for paging {e.g. by the MME 108) and may have to wait, e.g., several howrs, to
obtain a location for the UE 102, The H-SLP 1R also cannot necessandy obtan 4 last

known location for the UE 102 using carrent SUPL procedures. The H-SLP 118 may
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also not know when the UE 102 will next become available for positioning. For
example, the H-SLP 118 mav send a SUPL INIT message to the UE 102 to start a SUPL

location session and then wait several howrs for a reply from the UE 102,

[00168]  To improve SUPL location, the H-5LP 118 may use or support a Services
Capability Server (SC8) function to obtain a last known cell ID andfor a UE 102
availability (or reachability} indication from a Service Capability Exposuwre Function
{SCEF} in the HPLMN 140 for the UE 102 as defined in 3GPP TS 23.682. This could
allow an H-SLP 118 to support last known location, carrent location and deferred
periodic and tniggered location for the UE 102 i a manner almost comparable with the

IGPP CP location service.

{00161} Some more detailed exemplary embodiments are provided herein for some

of the techniques described previously.

1001021 FIG. 2 shows a signaling flow 200 idlustrating a process of obtamning a last
known location for a UE 102 that is using NB-loT radio access and/or features
apphicable to IoT or CloT. As iHlustrated at stage 201, the UE 102 transmits a request
that is received by the eNB 104, The request enables the UE 102 to enter connected
state in which the UE 102 obtains an active RRC signaling connection to the eNB 104
and MME 108, The request, for example, may be a NAS Attach Request, a NAS
Tracking Area Update Reguest, an RRC Connection Resume, a NAS Service Request or
a NAS Countrol Plane Service Request. The request may include location measurements
obtained by UE 102 of signals received from the serving eNB 104 such as
measurements of RSSI RSRP, RSRQ andfor RTT andior may include RSTD location
measurements of eNB 104 and other eNBs {e.g. eNB 106}. The location measwrements,
when obtained by the UE 102, may have been obtaned prior to stage 201 — e.g. which
may assist the location measurements by UE 102 whea UE 102 has hmiuted resources
due to LVE 102 still being 10 1dle state. The request may further mclude the tume {(and

date) at which the UE obtammed the location measurements.

(001031 Atstage 202, the eNB 104 transnuts to the serving MME 108 an S1-AP
Initial Context Setup message or an ST-AP UE Context Resume message, which may

=

mciude any NAS message, UE 102 location measurements andfor time (and date) of
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focation measurements received from the UE 102 at stage 201, Additionally, the
message at stage 202 may include the serving cell 1D for the UE 102, the eNB 104 1D,
location measurements obtained by eNB 104 of the UE 102 {(e.g. RSSL, RSRP, RSRQ
and‘or RTT) andfor a time (and date) at which the eNB 104 obtained the serving cell ID

andfor location measurements.

{00184} At stage 203, the MME 108 may store the received cell 18, eNB 104 1D, the
UE 102 location measurements, the eNB 104 focation measurements {or whichever of
these were recerved at stage 202), and the time {and date) at which these were received
by MME 108 {or at which these were obtained by UE 102 or eNB 104 if this time was
carhier). Following stage 203, the UE 102 mav be assigned an RRC signaling link by
eNB 104 and a signaling connection to MME 108 and may enter a connected state {not

shown in FIG. 2).

{00105] At stage 204, UE 102 acuivity 1s performed while the UE is in the connected
state — e.g. the UE 102 may send and receive data andéor SMS {Short Message Services)
messages via one or more of the eNB 104, the SGW 112, the PDG 114 and the MME

108,

{60106} At stage 205, the RRC connection (and signaling {ink) for the UE 102 15
released or suspended and the UE 102 enters an idle state. The UE 102 and/or eNB 104
may send additional location megsurements to the MME 108 prior to releasing the
signaling link (or just after releasing the signaling Hink in the case of eNB 104) and the
MME 108 may store these measurements. The MME may also store the time {(and date)
at which the UE enters idle state and/or the time {and date} at which the additional
lfocation measurements were received or were obtained. The additional location
measurements may have been obtained by the UE 102 and/or by the eNB 104 prior to
{e.g. immediately prior to) releasing the signaling link. Entry to udle state at stage 208
may be associated with eDRX or PSM support for UE 102 1 which UE 102 may not
become reachable again by MME 108 {or by VPLMN EPC 130} for a long duration

{e.g. several hours).

(00107} At stage 206, a location request for the UE 102 is recetved by the GMLC

116 from some external sowrce {e.g. from an external chent 150 either directly or via the
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H-GMLC 148). The location reguest is received while the UE 102 is in the idle state.
The location request may indicate that a current or last known location is being

requested.

[00168] At stage 207, the GMLC 116 sends an EPC LUS Protocol (ELP) Provide
Subscriber Location message to the serving MME 108 for UE 102 to request g current
or last known location for the UE 102 and includes an identity for the UE 102 (e.g. a
Mobile Station Imernational Subscriber Directory Number (MSISDN) or International
Mobile Subscnber Identity (IMSI)). The GMLC 116 may determine the address or
wdentity of MME 108 (not shown in FIG. 2) by querving an HSS for the UE 102 (e.g.
HSS 145} or by being provided with the address or wdentity of MME 108 in the request

at stage 200,

{0109] At stage 208, the MME 108§ sends an LOCS-AP Location Request message to
the E-SMLC 110, which may include the serving cell 1D, eNB 104 ID, the UE 102
location measurements and the eNB 104 location measwrements {or whichever of these
arg available) that were previously stored at stage 203 andfor stage 205, The MME 108
may include an indication in the LUS-AP Location Request that a location is to be
abtained for UE 102 using only the information provided at stage 208 and that the UE
102 18 not available for positioning. The ndication in the LCS-AP Location Request
may also or instead ndicate that the UE 102 is not wirelessly connected to the VPLMN
EPC 130 and E-UTRAN 120 and/or that a last known focation is requested for UE 102,
The actions of MME 108 at stage 208 may be based on knowledge by MME 108 that
UE 102 18 not currently reachable for positioning {e.g. based on support of eDRX or
PSM for UE 102 by VPLMN EPC 130). The acuions of MME 108 at stage 208 may also
be based in part on g request for a current or last known location for the UE 102

received at stage 207.

{10 At stage 209, the E-SMLC 110 may determine a last known location of the
UE 102 from the information received at stage 208 —¢.g. using ECID, cell ID andior
QTDOA position methods. Deternmnation of a last known location for UE 102 by E-
SMLC 110 {e.g. instead of attempting to obtain a current location for UE 102) may be
based on the indication received at stage 208 that the UE 102 1s not available for

positioning {or on an indication received at stage 208 that UE 102 15 not wirelessly
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connected to the VPLMN EPC 130 and E-UTRAN 120 or on an indication that a last

kanown location for UE 102 is requested).

{00111} Atstage 210, the E-SMLC 110 sends to the MME 108 an LCS AP Location
Response message, which includes the last known location of the UE 102 obtained at

stage 200,

{00112}  Arvstage 211, the MME 108 transmits an ELP Provide Subscriber Location
Acknowledge message to the GMLC 116 that mncludes the last known location of the
UE 102 received at stage 210 and the time {and date) for the last known location. The
time (and date) for the last known location may be the time (and date) when the UE 102
enters idle state, as stored by the MME 108 at stage 203, when the last known location
is obtamed vsing a last known cell 1) or last known eNB ID for the UE 102,
Alternatively, the time {and date)} for the last known location may be the tune (and date)
at which location megsturements provided to the E-SMLC 110 at stage 208 to obtain the
fast known location were received by the MME 108 at stage 202 or stage 205 or were
obtained by the UE 102 or eNB 104 if this was earlier. In some embodiments, the time
{and date) for the last known location may be replaced by the age of the last known
focation ~ e.g. the mterval of time between the time (and date)} for the last known

location and a current time {and date).

{00113} Atstage 212, the GMLC 116 sends a Location Respouse message o the
external source {e.g. external client 150 or H-GMLC 148) which may include the last
known location of the UE 102 and the time (and date), or the age, for the last known

location received at stage 211,

{14l FIG. 3 shows a signaling flow 300 illustrating a combined example of
deferred location for the UE availability event, an mdication to an E-SMLC thata UE
has NB-{oT access and needs special posttioning sapport (e.g. a maximum LPP message
size, longer retransmssion and response timers), and ase of the idle state by a UE {0
obtain location measurements. Although the example is for NB-IoT access and includes
{1} a deferred location for UE 102, (i) UE 102 measurements in idle state and (11} an
mdication to an E-SMLC 110 of a UE 102 with NB-loT access, it 1s not necessary that

all three of these features be used together or that UE 102 have NB-foT access and other
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examples may exist where only one or two of these three features are used to locate the
VE 102 or where UE 102 has a different access type (2.g. eMTC access). As tlustrated,
at stage 301 of signaling tlow 300, the UE 102 i3 imtially m an idle state with no active
RRC signaling connection to a PLMN (e.g. 1o the eNB 104 and MME 108) and is not
carrently reachable for positioning - e.g. due to support of eDRX or PSM for UE 102

by VPLMN EPC 130,

{00115]  Atstage 302, the GMLC 116 receives a Deferred Location Request for UE
102 for the UL availability event from some external source {e.g. from an external chient
1530 either divectly or via an H-GMLC 148). The Deferred Location Request may
mdicate a request for a current location of UE 102 after UE 102 next becomes gvaitable

{or reachable) for positioning.

{116] At stage 303, the GMLC 116 sends an ELP Provide Subscriber Location
miessage to the MME 108 to request a deferred location of the UE 102 for the UE
avatlability event and includes an identity for the UE 102 (e.g. an MSISDN or IMSI}
The GMLC 116 mav determine the address or identity of MME 108 {not shown in FIG.
3) by querying an HSS for the UE 102 (e.g. HSS 143) or by being provided with the

address or wdentity of MME 108 » the request at stage 302.

{00117} At stage 204, the MME 108 stores the request received at stage 303 as the

UE 102 15 not currently available for positioning.

{00118} At stage 305, the MME 108 returns an ELP Provide Subscriber Location
Acknowledge message to the GMLC 116 that confirms that the request at stage 303 i
accepted. In some embodiments, the ELP Provide Subscriber Location Acknowledge
message at stage 305 may meloade a last known location for the UE 102 and a time {and
date), or an age, for the last known location {¢.g. obtained as described for FIG. 2)
andfor may inclade an expected {e.g. maximum} delay for UE 102 to next become
available for positioning. For example, the expected {or maximum) delay may equal the
time interval untit the next allowed paging occasion for UE 102 gt MME 108 {e.g. if
eDRX is used by UE 102} or the next expected periodic Tracking Area update from UE
102 {e.g. 1 PSM 15 used by UE 102).
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{00119]  Atstage 306, the GMLC 116 may send a Reguest Accepted message to the
external source {e.g. external client 130) indicating that the request at stage 302 was
accepied and may inchude a last known location for the UE 102, a time {and date), or an
age, for the last known location, andéor an expected {or maximum) delay in UE 102
next becoming avatlable for posttioning if one or more of these were included at siage

305,

{00128] At stage 307 which may occur at some ater time (e up to several hours or
more afler stages 302-306), the LIE 102 re-enters a connected state 1 which UE 102 has
an active RRC signaling connection to the eNB 104 and MME 108, eg., asa
consequence of a Tracking Avea Update by UE 102 or being paged by MME 108 after

becoming available for paging (not shown in FIG. 3).

{00121} At stage 308, the MME 108 sends to the E-SMLC 110 an LCS-AP Location
Reqguest message for the deferred location request recetved at stage 303 and may include
the current serving cell ID for the UE 102, an indication that the UE 102 has NB-IoT
access andfor an indication that the UE 102 performs location measurements while the
UE 102 s in idle state. The MME 108 may determine that the UE 102 performs
location measurements while in wdle state from a CloT feature indication {e.g. indicating
UE 102 location measurements 1 idle state) provided by UE 102 to MME 108 when
UE 102 previously attached to VPLMN EPC 130 {not shown i FIG. 3) or due to the
UE 102 having NB-loT access. Following stage 308, the E-SMLC 110 may request and
obtain the positioning capabilities of UE 102 using LPP andfor LPPe {not shown in FIG,
3}, For example, E-SMLC 110 may send an LPP Request Capabilities message to UE
102 (via MME 108 and eNB 164 and not shown n FIG. 3} to request the positioning
capabilities of UE 102, and UE 102 may retura an LPP Provide Capabilities message to
E-SMLC 110 (via eNB 104 and MME 108 and not shown in FIG. 3} containing the
positioning capabilities of UE 102, In one embodiment, the positioning capabilities of
U 102 may indicate one or more position methods supported by UE 102 for which UE

102 neads to be in idle state in order to obtain location measurements.

{00122} Austage 309, the E-SMLC 110 may transmiit an LPP Provide Assistance
Data message to the UE 102 via the MME 108 and eNB 104 that includes assistance

data for UE measurements {e.g. assistance data indicated as sapported by any
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positioning capabilities for UE 102 obtained by E-SMLC 110 after stage 308). The
assistance data may be for ECID, OTDOA, A-GNSS and/or other position methods
supported by Ul 102, In some embodiments, UE 102 may send an LPP Request
Assistance Data miessage to E-SMLC 110 (not shown in FIG. 3) prior 1o stage 309 and
after stage 308 to request the assistance data sent at stage 309, In some embodiments,
when E-SMLC 110 i gware that UE 102 has NB-IoT access {e.g. due to an indication
of this received at stage 308}, E-SMLC 110 may restrict the amount of assistance data
sent 1o UE 102 gt stage 309 based on g maximum positioning message size of maximun
message volume for a UE with NB-IoT access. For example, the LPP Provide
Assistance Data message sent at stage 309 may not exceed a maxinmum positioning
message stze (or a maximun message size for any application) for NB-loT gccess. In
some embodiments, more than one LPP Provide Assistance Data message may be sent
to UE 102 at stage 309 in order to send more assistance data to UE 102 without
exceeding a maxinyam posthioning message stze {0 a maximum message size for any

apphication) for NB-IoT access.

{00123]  Atstage 310, the E-SMLC 110 transmits an LPP Request Location
Information message 1o the UE 102 via the MME 108 and eNB 104 that inclades a
request for location measurements, e.g., for OTDOA, A-GNSS andior ECID. The LPP
Request Location Information message sent at stage 310 may indicate a higher than
normat response time {e.g. 2 to 10 minutes) if E-SMLC 110 is aware {e.g. from
information provided by MME 108 at stage 308 or from positioning capabilities for UE
102 received following stage 308) that UE 102 needs to be in tdle state in order to
obtain some or all of the requested location measurements. In some embodiments, when
E~SMLC 11018 aware that UE 102 has NB-loT access {e.g. due to an indication of this
recetved at stage 308}, E-SMLC 110 may restrict the number of focation measurements
requested from UE 102 at stage 310 {e.g. based on a maximum positioning message size
for a UE with NB-loT access). In an embodiment, following stage 310 and not shown in
FIG. 3, UE 102 may send an LPP message {(e.g. an LPP Provide Location Information
message) to B-SMLC 110 and/or a NAS message to MME 108 to indicate that UE 102
needs 1o enter idle state in order to obtain the location measurements requested by E-

SMLC 110 ai stage 310



WO 2018/038799 PCT/US2017/039256
.7

{00124]  Atstage 311, the RRC signaling connection for UE 102 is released or
suspended and the UE 102 enters an idle state. Stage 311 may ocour by normal means
after data transfer, SMS transfer andf/or other actrvity for UE 102 has finished or been
suspended. Alternatively, UE 102 may enter 1dle state after some penod of Inactivity
without watting for RRC signaling connection release or suspension from eNB 104 and
MME 108, Alernatively, eNB 104 and/or MME 108 may release or suspend the RRC
signaling conpection before all normal data transfer, SMS andfor other activity for the
UE 102 are complete ~ e g. due to receiving a request from E-SMLC 110 or from UE
102 1o allow UE 102 1o enter idle state. Following stage 311, the MME 108 and E-
SMLC 110 may retain focation session and location context information for the UE 102,
based on an mdication or awareness (e.g. obtamed as described previously) that the UE
102 performs location measurements while in idle state, to enable the location session to

resume later at stage 313,

P

{00125] At stage 312, the UE 102 obtains some or all of the location measurements
requested at stage 310, e.g., using OTDOA, A-GNSS andfor ECID, while the UE 102 15

i the idle state.

{26]  Atstage 313, the UE 102 transmuts a NAS Service Request, an RRC
Connection Resume, a CP Service Request or some other message to eNB 104 {or
possibly to a different eNB, such as eNB 106, if eNB 104 1s no longer suitable as a
serving eNB) to enable UE 102 to obtam an RRC signaling connection to eNB 104 (or

to another eNB) and to MME 108 and to re-enter a connected state.

{0127] At stage 314, and after the UE has re-satered connected state, the UE 102
transmits an LPP Provide Location Information message to the E-SMLC 110 via the
eNB 104 (or other serving eNB) and MME 108 that includes the UK {ocation

measurements obtained at stage 312,

[60128] At stage 3135, the E-SMLC 110 determines {e.g. caleulates) the UE 102

focation using the measurements received at stage 314,

{00129 Atstage 316, the E-SMLC 10 travamuts to the MME 108 an LS AP

po

Location Response message, which includes the UE location determined at stage 315
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{00130]  Atstage 317, the MME 108 transmits an ELP Subscriber Location Report
message to the GMLC 116 that mclades the UE 102 location received at stage 316 and
other information {e.g. a UE 102 1 such as an MSISDIN or IMST or some other 1D
recerved at stage 303 or sent at stage 305) 1o enable GMLC 116 to associate the ELP
Subscriber Location Report message with the ELP message sent by GMLC 116 at stage

303 and the ELP message received by GMLC 116 at stage 305,

{00131]  Atstage 318, the GMLC 116 transmits a Deferred Location Response with
the UE 102 location received at stage 317 to the external sowrce (e.g. external chient

150).

{00132}  Atstage 319, the GMLC 116 tansonts to the MME 108 an ELP Subseriber

Location Report Acknowledge message.

{60133} FIG. 4 is a diagrany dustrating an example of a bardware tmplementation of
UE 102, The UE 102 may include a WWAN wansceiver 402 to wirelessly
commuuncate with, e.g., cellular transceivers such as eNB 104 and eNB 106 (shown in
FIG. 1) The UE 102 may also include a WLAN transcaiver 404 to wirelessly
communicate with local transceivers (e.g. WiFi APs or BT beacons). The UE 102 may
include one or more antennas 406 that may be used with the WWAN transceiver 402
and WLAN transcewver 404, The UE 102 may further include an SPS recetver 408 for
receiving and measuring signals from SPS SVs 160 (shown in FIG. 1), received via
antenpafs’ 406, The UE 102 may include one or more sensors 410, such as cameras,
accelerometers, gyroscopes, elecironic compass, magnetometer, barometer, ete. The UE
102 may further include a user interface 412 that may include e g, a displav, a keypad
or other input device, such as virtual kevpad on the display, through which a user may

mterface with the UE 102,

[00134] The UE 102 further inclades one or more processors 414 and memory 420,
which may be coupled together with bus 416, The one or more processors 414 and
other components of the UE 102 may similarly be coupled together with bus 416, a
separate bus, or may be directly connected together or coupled using a combination of
the foregoing. The memory 420 may contain executable code or software mstructions

that when executed by the one or more processors 414 cause the one Or more processors
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414 to operate as a special purpose computer progranumed to perform the techniques
disclosed heretn. As tllustrated in FIG. 4, the memory 420 may mchade one or more
components or modules that may be implemented by the one or more processors 414 to
perform the methodologies described herein. While the components or modules are
Hiustrated as software in memory 420 that is executable by the one or more processors
414, it shonld be understood that the components or modules may be dedicated

hardware either in the one or more processors 414 or off the processors.

{00135  The memory 420 may include an NB-IoT/CloT unit 422 that when
implemented by the one or move processors 414 configures the one or more processors
414 to enable NB-{oT or CloT type network communications and features by WWAN
transcetver 402 during communication with a agtwork entity (e.g., E-SMLC 110, H-
SLP 118, MME 108 or eNB 104), For example, NB-IoT/CloT unit 422 may cause
WWAN transcerver 402 10 notify the network entity that the UE 102 supporis NB-loT
or CloT type network commwmications andfor that the UE 102 supports other features
{e.g. such as obtaining location measwrements when in idle state) that are associated
with NB-IoT or CloT network communication, When implemented by the one or more
processors 414, the NB-loT/CloT unit 422 may cause the indication to define aspects of

NB-IoT or CloT radio access tvpe supported by the UE 102,

[00136]  The memory 420 may further include 3 location measurements unit 424 that
when implernented by the one or more processors 414 conhigures the one or nore
processors 414 to obtain focation measurements, e.2., using one or more of the WWAN
transceiver 402, WLAN wansceiver 404 and SPS Receiver 408, For example, the
location measurements may inchude at least one of a cell 1D, RSSE, RSRP, RSRQ,
RETD or RTT measurement. When implemented by the one or more processors 414,
the location measurements unit 424 may cause the location measurements to be
abtained, e.g., prior to connecting to a network, and may cause the WWAN mransceiver
402 to transmit the location measurements o a location server {e.g. E-SMLC 118) or

other entity {e.g. MME 108} once the UE 102 is connected to a network.

o~

{00137}  The memory 420 may further include a position session unit 426 that when
mmplemented by the one or more processors 414 configares the one or more processors

g E-

414 to engage in, or re-engage in, a positonmg session with a location server {e.

el
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SMLC 110 or H-SLP 118}, ez, upon request from the location server or initiated by the
VE 102, once the UE 102 enters a connected state with a wireless network {e.g
VPLMN EPC 130 and E-UTRAN 120). When mnplemented, the position session unit
426 may cause the one or more processors 414 to defer performing location
measurements using the location measwrements vnit 424 antil the UE 102 is no longer
in a connected state. The position session unit 426, for example, may cause the one or
more processors 414 to wait for a release or suspension from the wireless network of a
connection to the wireless network or may release the connection to the wireless
network. Once the location measurements are obtained using the location
measurements unit 424, the one or more processors 414 implementing the position
session wat 426 may cause the UE 102 (o re-enter a connected state with the wireless
network and cause the WWAN transceiver 402 to provide the obtained location

measurements to the location server.

{00138}  The memory 420 may further include a trigger it 428, The irigger unit
428 when mmplemented by the one or more processors 414 configores the one or more
processors 414 to receive trigger parameters, ¢.g., provided in a mobile terminated
location request. The trigger parameters may inchude, e.g., a trigger evaluation interval,
a periodic maximum reporting interval trigger, and one or more location triggers. The
trigger evalpation interval may be a minimum or maxinyam interval for evaluating the
one or more location triggers. The location triggers may comprise af least one of: {1} a
fixed periodic reporting mnterval; {i1) a change of cell; (i) a change of TA; {(iv) an entry
1nto, an exit from or & remaining within a geographic area defined according to a group
of cells anddor TAs; or (v) 8 movement by more than a threshold linear distance from a
previous focation. The trigger unit 428, when implemented by the one or more
processors 414, evaluates the one or wore location ttiggers at the trigger evaluation
mterval and also tracks the periodic maximum reporting interval trigger. The one or
more processors 414 mplementing the trigger unit 428 causes the UE 102 to re-enter a
connected state with a wireless network when a trigger condition occurs or when the
pertodic maximum reporting interval trigger occurs and causes the position session unit
426 to initiate or re-initiate a location session with the wireless network {e.g. with an E-

SMLC 110 or H-SLP 118 in or accessible from the wireless network).
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(001391 The methodologies described herein may be implemented by various means
depending upon the application. For example, these methodologies may be
implemented in hardware, firmyware, software, or any combination thereof. Fora
hardware implementation, the one or more processors 414 may be implemented within
one or more application specific integrated circuits (ASICs), digital signal processors
{DSPs}, digital signal processing devices (DSPDs), programmable logic devices
(PL.I¥s), field programmable gate arrays (FPGAS), processors, controllers, micro-
controflers, microprocessors, electronic devices, other electronic units designed to

perform the functions described heretn, or a combination thereof.

1601407  For an implementation of UE 102 mnvolving firmware andfor software, the

., procedures, functions, and so

&

methodologies niay be iumplemented with modules {e.
on) that perform the separate functions described herein. Any machine-readable
medium tangibly embodying instructions may be used in implementing the
methodologies described herein. For example, software codes may be stored n a
memory {e.g memory 420} and executed by one or more processors 414, causing the
one of more processors 414 to operate as a spectal purpose computer programmed to
perform the technigues disclosed herein, Memory may be implemented within the one
or processors 414 or external to the one or more processors 414, As used herein the
term “memory’ refers to any type of long term, short term, volatile, nonvolatile, or other
memory and s not to be hunited to any particular type of memory or number of

memories, or type of media upon which memory is stored.

{00141} If implemented i Brmware andfor software, the functions performed by UE
102 may be stored as one or more mstractions or code on a non-transitory computer-
readable storage medium such as memory 420, Examples of storage media include
computer-readable media encoded with a data structure and computer-readable media
encoded with a computer program. Computer-readable media inclodes physical
computer storage media. A storage medium may be any available medium that can be
accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage, semiconductor storage, or other storage devices, or any
other medium that can be used to store destred program code in the form of instructions

or data structures and that can be accessed by a computer; disk and disc, as used herem,
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nchides compact dise (CD), faser dise, optical dise, digital versatile disc {(DVD), floppy
disk and Blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be mcloded

within the scope of computer-readable media.

{80142}  In addinou to storage on computer-readable storage medium, iastructions
andfor data for UE 102 may be provided as signals on transmission media included ina
communication apparatus. For example, a communication apparatus comprising part or
all of UE 102 may include a transceiver having signals indicative of instructions and
data. The instructions and data are stored on non-transitory computer readable media,
e.g., memory 420, and are configared to cause the one or more processors 414 to
operate as a spectal purpose computer programmed to perform the techniques disclosed
heretn. That is, the communication apparatus includes transmission media with signals
mdicative of mformation to perform disclosed functions. At a first time, the
transmission media included m the communication apparatus may include a first portion
of the information to perform the disclosed tunctions, while at a second time the
transmiission media included i the communication apparatus may inclode a second

poriion of the information to perform the disclosed functions.

{00143} Thus, a vser equipment, such as UE 102, that is using Narowband Internet
of Things (NB-loT} radio access andfor Cellular nternet of Things (CloT) features,
may inclade a means for entering a connected state with a wireless network by a user

equipment that 1s wsing Narrowband Internet of Things (NB-loT) radio access andior

Lad

Cellular Internet of Things {(CloT) features, which may be, e.g., the WWAN transceiver

¢ session with a location server {e.g. E-

pot

402. A means for engaging in a positionin
SMLC 110 or H-SLP 118) may be, e.g., one or more processors 414 with dedicated
hardware or implementing executable code or software instructions m memory 420 such
as the position session nnit 426, A means for receiving a request for location
measurements from the location server may be, e.g., the WWAN mransceiver 402, A
means for deferring performing location measurements until the user equipment is pot
m the connected state with the wireless network may be, e.g., one or more processors
414 with dedicated hardware or implementing executable code or software instructions
i memory 420 such as the position session unit 426, A means for entering an idle state

by the user equipment wherein the user equipment is not connected with the wireless
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network may be, e.g., the WWAN transceiver 402 and one or more processors 4 14 with
dedicated hardware or implementing executable code or software instructions in
memory 420, A means for obtaining the location measurements while in the idle state
may be, ez, the WWAN transcetver 402 and one or more processors 414 with
dedicated hardware or implementing execatable code or software instructions in
memory 420 such as the location measurements anit 424, A means for re-entering the
connected state with the wireless network may be, ¢.g., the WWAN transceiver 402 and
one or more processors 414 with dedicated hardware or implementing executable code
or software instructions in memory 420 sach as the position session unit 426. A means
for providing the location measurements to the location server may be, e.g., the WWAN
transceiver 402 and one or more processors 414 with dedicated hardware or
implementing executable code or software instructions in memory 420 such as the

position session unit 426,

{00144] A user equpment, such as UE 102, that is using Narrowband Internet of
Things {NB-IoT) radio access andior Celhular Internet of Things (CloT) features, may
mclude a means for receiving @ mobile terminated location request from a wiveless
network {e.g. from an MME 108, E-SMLC 110 or H-SLP {18 11 or associated with the
wireless network) while the UE 1s m a connected state with the wireless network, the
mobile terminated location request comprising a trigger evaluation interval, a pertodic
maximum reporting interval trigger, and one or more location iriggers, which may be,
e.g., the WWAN transcetver 402 and one or more processors 414 with dedicated
hardware or implementing excecutable code or software instructions in memory 420 such
as the position session unit 426 and trigger unit 428, A means for evaluating the one or
more location triggers at the trigger evaluation interval while the UE 1s notin the
connected state may include, e.g., the one or more processors 414 with dedicated
hardware or mmplementing execatable code or software mstructions m memory 420 sach
as the trigger vt 428, as well as one or more of the WWAN transcetver 402, WLAN
transcetver 404, SPS receiver 408 and sensors 410, A means for re-entering the
connected state with the wireless network when a trigger condition is detected or when
the periodic maximum reporting interval frigger occors may be, e.g., the WWAN
transcetver 402, and one or more processors 414 with dedicated hardware or

implementing executable code or software instructions in memory 420 such as the



WO 2018/038799 PCT/US2017/039256

L

}~

trigger unit 428, A means for initiating or re-initiating 3 location session with the
wireless network {e.g. with a location server such as E-SMLC 110 or H-SLP 118 inor
accessible from the wireless network) after re-entering the connected state may be, e.g.,
the one or more processors 414 with dedicated hardware or implementing executable

code or sofiware instructions in memory 420 such as the position session unit 426,

{145]  FIG. 515 a diagram Hustrating an example of a hardware implementation of
a network eatity 500, such as the MME 108, E-SMLC 110, GMLC 116, H-SLP 118 H-
GMLC 148 or eNB 104, The petwork entity 308 mcludes, e g, bardware components
such as an external interface 502, which may be a wired or wireless interface capable of
conpecting to UE 102 directly or through one or more mtermediary networks {e.g.
HPLMN 140 andior VPLMN EPC 130 and E-U'TRAN 120) andfor one or more
network entities (e.g. eNB 104 and/or MME 108). The network entity 500 includes one
or more processors 504 and memory 510, which may be coupled together with bus 506
The memory 510 may contam executable code or sofitware mstructions that when
executed by the one or more processors S04 cause the one or more processors 10 operate
as a special purpose compater programimed to perform the techniques disclosed herein,
As thustrated i FIG. §, the memory 310 may inclade one or more components or
maodules that may be umplanted by the one ar more processors 304 to perform the
methodologies as described herein. While the components or modales are iflostrated as
software i memaory 310 that is executable by the one or more processors 304, it should
be understood that the components or modules may be dedicated hardware either in the
one or more procgssors 304 or off the processors. it should be understood that, since the
network entity 500 can correspond to g nuraber of different network entities, not all the
functions and components for the network entity 500 described herein may be present

for any particular example of the network entity 500.

{00146]  For example, the memory 510 may include a position session unit 512 that
when implemented by the one or more processors 304 configures the one or more

processors 304 to enable communication, e.g., via the external mierface 502, with a user
equipment {e.g. UE 102} to request a location session, or recetve a request for a location
session. When implemented by the one or more processors 304, the position session
unit 312 mayv configure the one or more processors 504 to recerve an indication that the

user equipment supports NB-{oT radio access andfor CloT features, e.g., from the user
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equipment in a location request message or acknowledgement of a focation reguest
message, or i a location request from another entity, such as the external client 150 or
MME 108, The received mdication may further define aspects of NB-loT radio access
andfor CloT features that are supported by the UE 102, The network entity 500 may
also or instead be contigured with base station configuration data (e.g. BSA data) andfor
cell configuration data such as an identification of base stations (e.g. eNB 104 andior
eNB 106) and/or cells that support NB-loT access, stored m memory. When
implemented by the one or more processors 304, the position session unit 512 may
configure the one or more processors 504 to infer that a user equipment {e.g. UE 102)
supports Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of
Things (CloT) features based on a recetved wdentification of the base station or cell
serving the user equipment and the base station or cell configuration data with the
wdentification of base stations or cells that sapport NB-loT access. In response to
deternuning that a user equipment {e.g. UE 102) supports Narrowband Intemet of
Things (NB-loT) radio access or Cellular Internet of Things (CloT) features, the one or
more processors 304 implementing the position session anit 512 may linnt the
positioning interaction with the user equipment. The network entity 500 may be
configured with configuration parameters, e.g., stored in memory 510, such as a
MAaxmum message size, a Maxinmm posiioning Message §ize or & maximum expected
message transfer delay for a wser equipment that 1s using NB-1OT radio access or CloT
features, or a combination thereof. The one or more processors 304 implementing the
position session unit 312 may limit the positioning interaction with the user equipment
by using a reduced maximum positioning message size, Jonger retransmmssion and
response timers, 4 restricted size of assistance data, andfor by requesting a reduced
number of location measurements from the user equipment relative to positioning

interaction for another UE with a non-NB-IoT radio access and non-CloT features.

{00147}  The memory 310 may include a last known Iocation unit 314 that when
implemented by the one or more processors 304 configares the one Or more processors
504 to receive location measurements for a UE 102 (e.g. from the UE 102 or from eNB
104) and caupse the location measurements to be stored, e.g., in memory 310 or other
memory. The location measorements, for example, may be a cell ) {e.g. a last serving

cell 1D}, a base station 1D {g.g. a last serving eNB ID such as for eNB 104), and at least
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one of a received signal strength indicator (RSSI), RSRP, RSRQ, RETD and round trip
time (RTT). The location measurements, by way of example, mayv be obtained by the
UL 102 before the UE 102 15 wirelessly connected to a network ov after the UE 10235
wirelessly connected to the network, and may be received by the one or more processors
504 while the UE 102 13 wirelessty connected to the network. The location
measurements may also or alternatively be obtamed from measurement performed by an
access point, such as eNB 104 (shown i FIG. 1} when the UE 102 is wirelessly
connected 1o the network, The last known location ynit 514 configures the one or more
processors 304 1o use the location measurements for a determination of a last known
focation of the UE 102 when the UE 102 is not wirelessly connected to a network. For
example, if the network entity 500 15, ez, the MME 108 or eNB 104, but not the
focation server, e.g., the E-SMLC 110, then upon receiving a positioning request for the
UE 102 {e.g. from GMLC 116) when the UE 102 is not wirelesslv connected to the
network {e.g. and not reachable for posttioning), the one or more processors 504
configured by the last knowa location unit 314 mav cause the exiernal iterface 502 to
transmit the stored location measurements for the UE 102 to a location server {e.g. E-
SMLC 110) with an indication that the UE 102 is not wirelessly connected to the
network. Alternatively, the last known location unit 514 may configure the one or more
processors 504 to cause the position session unit 312 1o use the stored location
measurements to determine the last known location of the UE 102, The external
wnterface 502 may further transmit the last known location of the UE 102 {e.g. when
obtained by the network entity 300} to an external client 150 or a requesting entity such

as GMLC 110 or HL-GMLC 148,

{00148]  The memory 510 may include a deferred positioning unit 316 that when
waplemented by the one or more processors 504 coufigures the one or Mmore Processors
S04 to cause the postiion session unit 312 to engage in a positioning session with a UE
102, and to pernut the UE 102 to defer obtaining location measurements untid the UE
102 15 no fonger connected to the network. The deferred positioning unit 516
configures the one or more processors 304 o permit the UE 102 to reengage the

& Se8sion

positioning session and provide the location measarements for a positionin
noplemented by the position session wait S12 after the UL 102 has re-entered a

connected state.
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{00149]  The memory 510 may include a trigger unit 518 that when implemented by
the one or more processors 504 configures the one or more processors 504 to define
trigger parameters comprising a irigger evaluation interval, a peniodic maximum
reporting interval trigger, andfor one or more location triggers and cause the external
mterface 502 to provide the trigger parameters to the UE 102 1n a mobile termunated
location request. For example, the location triggers may comprise at least one of () a
fixed periodic reporting mterval; {11} a change of cell; {in) a change of TA; {iv) an entry
tnto, an exit front or 8 remaining within a geographic arca defined according to a group
of cells andfor TAs; or {v) a movement by more than a threshold linear distance from a

previous location.

{00156 The methodologies deseribed herem may be implemented by various means
depending upon the application. For example, these methodologies may be
noplemented in network entity 300 using hardware, firmware, software, or any
combination thereof. For a hardware mmplementation, the one or more processors 304
may be implemented within one or more application specific mtegrated circusts
{ASICs), digital sigoal processors {DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, micreprocessors, electronic devices, other
electronic waits designed to perform the functions described herein, or a combination

thereof.

{00151} For an implementation of network entity 300 involving firmware andior
software, the methodologies may be implemented with modules (e.g., procedures,
functions, and so on) that perform the separate functions described herein. Any
machine-readable medium tangibly embodying instructions may be used in
unplementing the methodologies described herein. For example, software codes may be
stored In a memory and executed by one or more processor units, causing the processor
units to operate as a special parpose computer programmed to perform the techniques
disclosed herein. Memory may be implemented within the one or more processors 304
or extemal to the one or processors 504 {e.g as memory 5310} As used heremn the term
“memory” refers to any type of long term, short term, volatile, nonvolatile, or other
memory and s not to be limited to any particular type of memory or number of

memeories, or type of media upon which memory is stored.
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(001521 I moaplemented in firmware and/or software in network entity 500, the
functions described herein may be stored as one or more instructions or code on a non-
transitory computer-readable storage medium. Examples mclude computer-readable
media encoded with a data structure and computer-readable media encoded with a
computer program. Computer-readable media mcludes physical computer storage
media. A storage medium may be any available mednun that can be accessed by a
computer. By way of example, and not Innitation, sach computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, semiconductor storage, or other storage devices, or any other mediom that
can be used to store desired program code in the form of instructions or data stractures
and that can be accessed by a computer; disk and dise, as vsed hereny, inclades compact
disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc where disks nsually reproduoce data magnetically, while discs reproduce data
optically with fasers. Combinations of the above should also be mcladed within the

scope of computer-readable media,

(001331  In addition to storage on computer-regdable storage medium, instructions
and/or daia tor network eniity 500 may be provided as signals on fransmission media
mcluded in 3 communication apparatus that may comprise part or all of network entity
S0, For example, a communication apparates may include a transceiver having signals
ndicative of mstructions and data. The instructions and data are stored on non-
transitory computer readable media, e.g., memory 310, and are configured to cause the
one of more processors 304 to operate as a special purpose computer progranymed 1o
perform the techmques disclosed herein. That s, the conununication apparatus includes
transmission media with signals idicative of mformation to perform disclosed
functions, At g first time, the transmission media included in the communication
apparatus may inchede a first portion of the mformation to perform the disclosed
functions, while at a second time the transmission media included in the communication
apparatus may inchude a second portion of the information to perform the disclosed

functions.

{00154]  Thus, a network entity 500 may include a means for receiving an indication
that a nser equipment {g.g. UE 102} is using Narrowband Internet of Things (NB-1oT)

radio access or Cellular Internet of Things (CleT) features, which may be, e.g., the
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external interface 502 and the one or more processors 504 with dedicated hardware or
implementing executable code or software instructions in memory 5310 such as the
position session unit S12. A means for imiting positioning interaction with the UE in
response to the indication that the UE s using NB-10T radio access or CloT features,
wherein himitimg the posthioning interaction comprises af feast one of using a reduced
Haxinum posiioning message size, nsing longer retransiission and response timers,
using a restricted size of assistance data, or requesting a reduced number of location
measurements from the UE, each relative to positioning iteraction for another UE with
a non-NB-IoT radio access and non-CloT features, may be, e.g., the one or more
procassors 504 with dedicated hardware or implementing executable code or software

mstructions in memory 310 such as the position session unit 512,

[00155]  An apparatus, such as the network entity 500, may melude a means for
recetving location measurements for a user equipment (e.g. UE 102) that is using
Narrowband Internet of Things (NB-loT) radio access or Cellular Internet of Things
{CloT) features, which may be, e.g., the external interface 502 and the one or more
processors 304 with dedicated hardware or tmplementing execntable code or software
msiractions i memory 310 such as the lasi knowa location unit 514, A means for
stoning the location measurements and a timestamp may be, e.g., memory 310 and the
one or more processors 304 with dedicated hardware or implementing executable code
or software mstructions in memory 310 such as the last known location unit 514,
Means for receiving a location request for the user equipment when the user equipment
1s not connected o the wireless network may include, e.g., the external interface 502
and the one or more processors 504 with dedicated hardware or implementing
executable code or software mstroctions in memory 310 such as the position sesston
urit $12. A means for transmitting the location measurements to a location server (e.g.
E-SMLC 110} with an indication that the user equipment i3 not connected {o the
wireless network may be, e.g., the external interface 502 and the one or more processors
504 with dedicated hardware or implementing executable code or software instructions
i memory 310 such as the last known location unit $14. A means for receiving a
response from the location server comprising a last known tocation for the user

equipment may include, e.g., the external interface 502 and the one or more processors

o
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504 with dedicated hardware or implementing executable code or software instructions

i memory 510 such as the last known location unit 514.

[00156]  An apparatus, such as the network entity 300, may mclude a means for
recetving a location request for a user equipment (.. UE 102) that 18 using
Narrowband Internet of Things (NB-loT) radio access or Cellular Internet of Things
{CloT) features, wherein the location request comprises location measurements for the
UE and an mdication that the UE is not connected to a wireless network; which may be,
e.g., the external interface 302 and the one or more processors 504 with dedicated
hardware or implementing executable code or software nstructions in memory 510 such
as the position session unit 512, A means for determining a {ast known location for the
LE based on the location measwements may be, e.4., the one or more processors 304
with dedicated hardware or implementing executable code or software instructions in
memory 310 such as the last known location unit 514, A means for returning a location
response comprising the last known location for the UE may be, e.g., the external

mterface 502,

{87 An apparatus, such as the network entity 300, may mclude a means for
engaging in a posttioning session with a user equipment (e.g. UE 102} that s using
Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of Things
{CloT) features to access a wireless network, which may be, e.g., the external mterface
02 and the one or more processors 504 with dedicated hardware or implerventing
executable code or software instructions in memory 510 such as the position session
unit 312, Means for receiving an indication that the UE will defer performing location
measurements for the positioning session wntil the UE is not m a connected state with
the wireless network may be, e.g., the external interface 502 and the one or more
processors 304 with dedicated bardware or implementing executable code or software
mstructions i memory 310 such as the deferred positioning unit 516, A means for
sending a request for location measarements to the UE, wherem the request for location
measurenents comprises an increased maximun response time that is higher than a
maxinmm response tme for another UE for which the indication was not received may
be, e.2., the external interface 502 and the one or more processors 504 with dedicated
hardware or implementing executable code or software instructions in memory 510 such

as the deferred positioning unit 316 and the position session wnit 312, A means for
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receiving the requested location measurements from the UE prior to expiration of the
increased maximuwm response time may be, e g, the external interface 502 and the one
or more processors 304 with dedicated hardware or implementing executable code or
software instructions in memory S10 sach as the position session umt 5120 A means for
determuning a location for the UE based on the received location measarements may be,
¢.2., the one or more processors S04 with dedicated hardware or inplementing
executable code or software instructions m memory S10 such as the position session

unit 512,

[00158]  In one implementation, a non-transitory computer readable medium may
have stored therem computer executable wstructions executable by one or more
processors (o) recedve a location request for a user equipment (UE) that is using
Narrowband Internet of Things {(NB-1oT) radio access or Cellular Internet of Things
{(CloT) features, wherem the location request comprises location measurements for the
UE and an indication that the UE is not connected 1o a wireless network; determine a
fast known location for the UE based on the location measarements; and retwn a

location response comprising the last known location for the UE.

{S9]  FIG. 6 shows a process flow 600 dlustrating a method of limiting
positioning nteraction with a UE {e g UE 102) when the UE is using NB-1OT radio
access or CloT features to access a wireless network (g.g. VPLMN EPC 130 and E-~
UTRAN 120} The process flow 600 may be performed by a location server such as the
E-SMLC 110 or the H-SLP 118 in network architecture 100, The process flow 600 may
start at block 602 where the location server recetves an indication that the UE is using
Narrowband Internet of Things (NB-1oT) radio access and/or Cellular Intemnet of Things
{CloT) features to access the wireless network, When the location server is an E-SMLC
{e.g. E-SMLC 110), the indication may be received i a location request message {e.g.
an LUS-AP Location Reguest) sent by an MME (e.g. MME 1083, When the location
server is an SLP {e.g. H-SLP 118), the indication may be received in a location request
message (e.g. a location request message defined for the OMA Mobile Location
Protocol {MLP)) sent by an external client (e g external chient 150}, In other cases, the
indication may be received from the UE {e.g in an LPP or LPP/LPPe positioning
protocol message) or from a serving eNodeB for the UE {e.g. eNB 104) (e.g. in an LPPa

message}). by another embodiment, the location server may be configured with base
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station configuration data {e.g. BSA data) or cell configuration data which may include
an indication of base stations or cells, respectively, that support NB-IoT radio access.
The indication may then be recetved {e.g. from the UL, an MME or an eNB) as an
wlemification of a base station or cell that is currently serving the UE: the location
server may then mier that the UE 1s using NB-IoT radio access or CloT features based
on an indication i the base station or cell configuration data, respectively, that the

wdentified base station or cell currently serving the UE supports NB-~loT radio access.

j00166] At block 604, the location server linmuits positioning interaction with the UE
in response to the indication that the UE i3 using NB-1OT radio access or CloT features.
Linmuting positioning miteraction with the UE may melode at least one of using a reduced
maxmmum positioning message size (e.g. for LPP or LPP/LPPe), using longer
retransnussion and response timers, using a resivicted size of assistance data, or
requesting a reduced number of tocation measarements from the UE, where each type of
fimutation is relative o positioning interaction for another UE that uses a non-NB-loT
radio access and non-CloT features (e.g. such as another UE that uses normal LTE radio

ACCRSS ).

{00161}  To support the himited posttioning interaction with the UE m block 604, the
location server may be configured with one or more configuration parameters for NB-
foT radio access andior CloT features. The configuration parameter(s) may comprise a
maxintun positioning message size {e.g. for LPP and/or LPP/LPPe), a maximum
message volume, and/or a maximum expected message transfer delay for a UE that iz

using NB-IOT radio access or CloT featuwres.

{00162]  In some embodiments, to support the lHmited positioning interaction with the
UE in block 604, the mdication recerved at block 602 may comprise aspects of NB-loT
radio access and CloT features that are supported {e.g. by the wireless network) for the
LE. The aspects of NB-loT radio access and CloT features supported for the UE may
comprise at least one of a maximum positioning message size {e.g. for LPP or
LPP/LPPe}, a maxinwum message volume, a maximum expected message transfer delay,

or some combination of these.
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(001631 FIG. 7 shows a process flow 700 ilustrating a method of determining a last
known location for a UE {e.g. UE 102) that is using NB-IoT radio access andfor CloT
features to access a wiveless network (e.g. VPLMN EPC 130 and E-UTRAN 120). The
process flow 700 may be performed by a serving MME for the UE {e.g. MME 108).
The process flow 700 may start at block 702 where location measurements are received
by the MME for the UE. The location measurements may have been obtained by the
UL mmmediately prior 1o connecting o the wireless network or while connected to the
wircless network, and may be received from the UE {e.g in a NAS message as defined
in 3GPP TS 24.301) while the UE is connected to the wireless network. Alternatively or
i addition, the location measurements may have been obtained by the UE and
transferred to an access point such as g serving base station for the UE {e.g. the eNB
104) and/or may have been obtained by the access point {e.g. eNB 104}, and may then
be recetved by the MME from the access pomt {e.g. using LPPa) while the UE 1s
connected 1o the wireless network or immediately after the U 1s no longer connected to
the wireless network. The location measurements may inclode 4 last known serving cell

g eNodeB3 1D for the UE while the UE was connected

pot

wentity (1D} or last known servin
to the wireless network. The location measurements may further include a received
signal strength indication (RSS1), a reference signal received power (RSRP), a reference
signal recetved quality (RSRQ), a signal 1o noise tatio {SIN}, a round trip signal
propagation time (RTT), a reference signal time difference (RSTD), or some
combination of these. Block 702 may correspond to stages 201 and 202 and/or stage

205 in signaling flow 200 in some embodiments.

{80164] At block 704 in process flow 700, the MME may store the location
measurements recetved at block 702 and a timestamp. The tmestamp may correspond
to the time (and date} at which the location weasurements were received by the MME,
the time {and date} at which the location measarements were obtained by the UE or by
an access point 1f this was earlier, or the time {and date) at which the UE enters an idle
state (e.g. if the location measarements comprise a last known cell ID or last known
eNB D). Block 704 may correspond to stage 203 and/or stage 205 in signaling flow

200 in some embodiments.

{00165] At block 706, the MME receives a location request for the UE when the UE

15 not connected to the wireless network {as a consequence of a signaling connection
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release for the UE as at stage 203 i signaling flow 200}, The location request may be
received from a GMLC (e.g. GMLC 1163 which may in tura have received the location
request from an external client {e.g. external chient 130} or from another GMLC (e.g. H-
GMLC 148). The location request mayv include a request for a current or tast known
focation for the UE. Block 706 may correspond to stage 207 in signahing flow 200 in

some embodimentds,

{00166] At block 708, the MME transmits the location measurements to a location
server with an indication that the UE 1s not comnected to the wireless network. In some
embodiments, the location server may be an E-SMLC (e.g. E-SMLC 110) and the
focation measurements may be transmitted to the E-SMLC as part of an LCS-AP
L.ocation Request. The MME may include the indication that the UE 13 not connected to
the wireless network 1f the UK is not reachable from the MME {for posttioning {e.g. if
the UE 15 using e DRX or PSM). The indication that the Ul 18 not connected to the
wirgless network may m some embodimnents be an indication that a last known location
for the UE is requested by the MME or an indication that the UE 18 not corrently
reachable from the wireless network. Block 708 may be triggered in some embodiments
by the UE not being connected 1o and not reachable from the wireless network
combined with the location request recetved at block 706 meluding a request for a last
known location for the UE (or a request for corrent oy last known location for the UE).

Block 708 may correspond to stage 208 in signaling flow 200 in some embodiments.

{00167 At block 710, the MME receives a response from the location server
comprising a last known location for the UE. For example, the location server may have
determined (e g. caleulated) the last known location vsing the location measurements
transmitted at block 708 and based on the mdication transmitted at block 708 that the
UE is not connected to the wireless network. Block 710 may correspond to stage 210 in

signaling flow 200 in some embodiments.

{0168]  Following block 710 {and not shown m FIG. 73, the MME may return a
location response 1o the source of the tocation request received at block 706 and may
include in the location response the last known location for the UE received at block

710 and the timestamyp stored at block 704,
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{00169]  FIG. 8 shows a process flow 800 illustrating a method of deferring
performing focation measurements by a UE (e.g. UE 102) until the UE is in an idle
state. The process flow 300 may be performed by a UE (e.g. UE 102} that 1s usimg
Narrowband Internet of Things (NB-loT) radio access or Cellular Internet of Things
{CloT) features to access a wireless network (e.g. VPLMN EPC 130 and E-UTRAN
120}, In some embodiments, the process flow 800 may be performed by other UEs
using other types of radio access {e.g. LTE wideband access or eMTC accessy ~eg ifa

UE 102 has limited resources (e.g. limited processing, memory andf/or RF transceivers).

{00170}  Process tlow 800 may start at block 802 where the UE enters a connected
state with g wireless network - e.g. as & consequence of obtaming a signaling connection
to a serving eNB {e.g. eNB 104) and serving MME (e.g. MME 108). Block &02 may

correspond to stage 307 in signaling flow 300 1n some emnbodiments.

001711 At block 804, the UE engages in a positioning session with a location server.
In some embodiments, the positioning session may be a positioning sesston for the
3GPP CP location solution for LTE, eMTC or NB-loT access as defined in 3GPP TS
36.305; in thus case, the location server may be an E-SMLC {e.g. E-SMLC 110} In
other embodiments, the positioning session may be a positioning session for the OMA
SUPL UP location solution (e.g as defined in OMA TS OMA-TS-ULP-V2 0 3)in
this case, the location server may be an SLP {e.g. H-SLP 118). In some embodiments
{e.g. for a positioning session for an MT-LR), engaging in the posttiomng session with
the location server by the UE may comprise receiving a message from the focation
server {e.g. a SUPL, LPP or LPP/LPPe message) to nitiate or start the positioning

% .

¢ for a positioning session for an MO-LR},

bot

session. In some other embodiments {e.
engaging in the positioning session with the location server by the UE may comprise
transmuting a message to the wireless network or to the location server {e.g. a SUPL,
NAS MO-LR, LPP or LPP/LPPe message) to initiate or start the positioning session. In
some embodiments, engaging i the positioning session with the location server may
include transmitting an indication to the location sexver or to the wireless network {e.g.
to a serving MME for the UE in the wireless network such as MME 108} that the UE
will defer performing location measurements for the positioning session until the UE is
not in the connected state. In some embodiments, the indication may comprise an

indication for one or more position methods that the UE performs location
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measurements for the one or more position methods while in an idle state. In some
embodiments, the indication is an indication for the LPP or LPPe positioning protocol.
For example, the indication may be a parameter or a flag for positioning capabilities of
the UE associated with a particular position method or with all position methods
supported by the UK and may be sent by the UE o the location server using an LPP or

LPP/LPPe Provide Capabilities message.

et

{00172] At block 806, the UE receives a request for location measurements from the
location server. For example, the request may be recerved o an LPP or LPP/ALPPe
Request Location Information message. The location measurements requested may
melude measarements for one or more position methods such as ECID, OTDOA, A-
GNSS, Wik, sensors ete. and'or may inclede a request for a location estimate for the
Ul Block 806 may correspond to stage 310 i signaling flow 300 m some

embodiments.

{00173} At block 808, the UE may defer performing the location measurements
requested at block 806 until the UE 15 notin the connected state with the wireless
network. For example, block 808 may be performed when the UE does not have enough
resources (e.g processing, memory, RF receiver chains} to obtain the requested Jocation

measuraments while connected to the wireless network.

[00174] At block 810, the UE enters an idle state wherein the UE s not connected
with the wireless network. For example, the UE may: (1) wait until a signaling
connection to the wireless network is released or suspended by the wireless network
such as by a serving eNB (e.g. eNB 104) or serving MME {e.g. MME 108} for the UE;
{11} release or suspend a signaling connection to the wireless network itself (e.g. after
some tuneout penod duning which the UE detects no activity such as for data or SMS
with the wireless network): or (i) request release or suspeasion of @ signaling
connection to the wireless network from a serving eNB {e.g. eNB 104), a serving MME
{e.g. MME 108} or the location server. Block 810 may correspond to stage 311 in

signaling How 300 tn some embodiments.

&

{00175 At block 812, the UE ohiaing the location measurements requested at block

806 while m the idle state. Obtaining the location measurenments while in the idle state



WO 2018/038799 PCT/US2017/039256
64

may enable the UE to allocate more resources {e.g. processing, memory, R¥ receiver
chains} to obiaining the location measurements than when the UE s in a connected state
which may improve measurement accuracy, reduce response time and/or enable use of
certamn position methods. Block 8§12 may correspond 1o stage 312 in signaling flow 300

m some embodiments,

{0176] At block 814, the UE re-enters the connected state with the wireless network.
For example, the UE may send a NAS Service Reguest, NAS Control Plane Service
Reguest or RRC Connection Resume to the wireless network such as to an eNB (e.g.
eNB 104) or serving MME {e.g. MME 108) in order to initiate the reeniry to connected
state. Block 814 may comespond fo stage 313 m signaling flow 300 i some

embodiments.

{177 At block 316, the UE provides the location measurements obtained at block
812 to the location server, For example, the UE mayv send the location measurements to
the location server in an LPP or LPP/LPPe Provide Location Information message.
Block 816 may correspond to stage 314 in signaling flow 300 in some embodiments.
The location server may then use the location measurements to determine a location for

the UK (e.g. as at stage 315 n signaling flow 300).

{00178]  FIG. 9 shows a process flow 900 iHlustrating g method of supporting a
location session for periodic and tuiggered location at a user equipmient. The process
flow 900 may be performed by a UE such as UE 102, In some embodiments, a UE that
performs the process flow 900 may nse Narrowband Internet of Things (NB-loT) radio
access or Cellular Imernet of Things (CloT) features to access a wireless network (2.g.
VPLMN EPC 130 and E-UTRAN 120) but other UEs {e.g. a UE with normal wideband

LTE access) may also perform process flow 90,

{00179} Process flow 900 may start at Block 902 where a Ul recetves a mobile
ternunated location request (MT-LR) from a wireless network while the UE s g
connected state with the wireless network. The mobile terminated location request may
comprise a trigger evalnation interval (e.g. 2 minimum 0r & maxunum trigger evaluation
mterval}, g peviodic maximum reporting mterval trigger, and one or more location

triggers. The mobile termunated location request may be received from a serving MME

o
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{e.

~

2. MME 108} or from a location server {e.g. E-SMLC 110 or H-SLP 118). The ong or
more location triggers may comprise at least one of 1) a fixed periodic location reporting
mterval; {11} a change of cell; {111} a change of Tracking Area; (iv) an entry nto, an exit
from or a remaiming within a geographic area defined according to a group of cells and
Tracking Areas; or {v} a movement of the UE by more than a threshold hinear distance

from a previous location for the UE.

{00180] At block 904, the UE evaluates the one or more location triggers at the

trigger evaluation interval while the UE is not in the connected state with the wireless

network. The UE may also evaluate the one or more location triggers while the UE is in

a connected state with the wireless network i some embodiments.

{00181} At block 906, the UE re-enters the connected state with the wireless network
when a trigger condition 1s detected by the UE or when the pertodic maximum reporting

witerval trigger ocours.

{00182} At block 908, the UE mutiates or re-initiates a location session with the
wireless network after re-entering the connected state. For example, the UE may
mnitiate a new location session, or mav resume a previous location session, with one or
more entities in the wireless network (e.g. the MME 108, E-SMLC 110 and/or H-SLP
118}

1001831 At block 910, which 1s an optional block and shown using dashed lines, the
UE may provide location information to the wireless network. The location mformation
may comprise location measurements, a location estiumate, an indication of the tngger
condition detected at block 906, or some combination of these. The location information
may be provided to an entity in the wireless network such as an E-SMLC {e.g. E-SMLOC

110y or SLP {e.g. H-SLP 118).

[00184]  FIG. 18 shows a process flow 1000 ilfastrating a method of supporting a last
known location for a UE that 1s using NB-IoT radio access andior CloT features to
access 8 wireless network. The process flow 1000 may be performed by a location
server such as E-SMLC 110,
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{00185]  Process flow 1000 may start at Block 1002 where the location server
receives a location request for a UE that is using Namrowband Internet of Things (NB-
10T} radio access andfor Cellular Internet of Things {TCloT). The location request may
comprise location measurements for the UE and an mdication that the UE is not
connected 1o a wireless network. In some embodiments, the location request may
comaprise an LOCS-AP Location Request and may be sent to the location server by a
serving MME for the UE {e.g. MME 103}, In some embodiments, the indication that the
UE s not wirelessty connecied to the network may comprise an indication that: (i) the
UE is not reachable for positioning from the wireless network; (i1} a last known location
is requested for the UE; andfor (ii1) a focation is requested for the UE based only on
mformation included in the location request. In some embodiments, the location
measurements for the UE may have been obtained by the UE prior to connecting to the
wireless network or prior to disconnecting from the wireless network. In some
embodiments, the location measurements for the UE may have been obtained by an
access point, such as g serving eNB (e.g. eNB 104), after the UE was connected to the
wireless network and prior to the UE disconnecting from the wireless network. In some
embodiments, the location measurements comprise a last known serving cell 1D or a last
known serving eNodeB 1D for the UE before the UE was no tonger connected 1o the
wireless network. In some embodiments, the {ocation measurements may further
comprise a received sigaal sirength mdication {(RSS1), a reference signal received power
(RSRPY, a reference signal recetved quality (RSRQ), a round trip time (RTT), a
reference signal time difference (RSTD), or some combination of these. In some

embodiments, block 1002 may correspond to stage 208 in signaling flow 200.

{00186] At block 1004 of process flow 1000, the location server determines a last
known location for the user equipment based on the location measurements received at
block 1002, For example, when the location measurements inclode a last known serving
cell 1D or last known eNodeB 112, the location server may deternine the last known
focation based on the cell ID position method. Alternatively, when the tocation
measurements include one or more of an RSSI RSRP, RSRQ or RTT measurement, the
location server may determine the last known location based on the ECID position
method. Alternatively, when the location measurements inchide one or more RSTD

measurements, the location server may determine the last known location based on the
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OTDOA position method. In some embodiments, block 1004 may correspond to stage

209 i signaling flow 200,

{00187} At block 1006, the location server returns a location response comprising the
fast known location for the user equipment determined at block 1004, In some

embodiments, block 1006 may correspond 1o stage 210 in signaling flow 200

{00188} FIG. 11 shows a process flow 1100 illustrating a method of enabling a UE
{e.g. UE 102) to defer location measurements untif the UE s in an wdle state. The
process flow 1100 mav be performed by a location server {e.g. E-SMLC 110 or H-SLP
1 18) that needs to obtain a location for a UE {e.g. UE 102) that 15 using Narrowband
Internet of Things (NB-IoT) radio access or Celtular Internet of Things {(CloT) features

to access a wireless network {e.g. VPLMN EPC 130 and E~UTRAN 120}

{00189]  Process flow 1100 may start at block 1102 where the location server engages
i a positioning session with a UE (e.g. UE 102) that is using Narrowband Internet of
Things (NB-IoT) radio access or Cellular Intermnet of Things {CloT) features to access a
wireless network. In some embodiments, the positioning session may be a positioning
session for the 3GPP CP location solution for LTE, eMTC or NB-loT access as defined
i 3GPP TS 36,305, in this case, the location server may be an E-SMLC {(e.g. E-SMLC
HO), In other embodiments, the posttiomng session may be a positioning session for the
10 this case, the location server may be an SLP (e.g. H-SLP 118). In some embodiments
{e.g. for a positioning session for an MT-LR), engaging m the positioning session with
the UE may comprise sending a message to the UE (e.g. a SUPL, LPP or LPP/LPPe
message) to initiate or start the positioning session. In some embodiments {e.g. for a
positioning session for an MO-LR), engaging m the positonmng session with the UE
may comprise receiving a message sent by the UE or sent by an eatity in the wireless
network {e.g. an MME) to intiate the positioning session. For example, the location
server may receive a SUPL, LPP or LPP/LPPe message sent by the UE to mitiate the
positioning session of may receive an LUS-AP Location Regquest sent by a serving

MME for the UE {e.g. MME 108) to initiate the positioning session.
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{00190] At block 1104 in process flow 1100, the ocation server receives an
indication that the UE will defer performing location measurements for the positioning
session wntil the UE 18 not m a connecled state with the wiveless network. In some
embodiments, the indication may comprise an indication for one or more position
methods that the UE performs location measurements for the one or more position
methods while in an idle state. In some embodinents, the indication s an mdication for
the L.PP or LLPPe positioning protocol. For example, the indication may be a parameter
or g flag for positioning capabilities of the UE associated with a particular position
method or associated with all position methods supported by the UE and may be sent by

the UE to the location server using an LPP or LPP/LPPe Provide Capabilities message.

{00191] At block 11006, the location server sends a request for location measurements
to the UE, where the request tor location measurements comprises an increased
maximum response time that 18 higher than a maoumam response time for another UE
tor which the ndication was not recetved. For example, the location server may send an
LPP or LPPA.PPe Reguest Location Information message to the UE contanung the
mcreased maximun response time as part of a Quality of Service {(QoS) parameter in
the message. In some embodiments, the location server may be configured with one or
more maximum response times for UEs that are able to obtam location measuremments
while connected to a wireless network. The maximum response times for these UEs
may be related to particular position methods, to a location accuracy, to a location
response time requested by an external client (e.g. external chient 150), andfor to a
tocation service or application. The maximum response times may be higher for
position methods for which location measurements typically take more time, where
higher location accuracy is requested by an external chient, where low response time is
not regquested by an external client, or where a location service or application has high
priority. As an example, when high location accuracy {e.g. an ervor of 30 meters or less)
15 requested for the A-GNSS position method i association with an emergency call
from a UE, a maximum response time of 20 to 30 seconds may be configored.
Conversely, when lower location accuracy 1s reguested (e.g an error of 200 meters or
more} for the ECID position method not in association with an emergency call, a
maximum response time of 2 to S seconds may be configured. In the case of a UE that

needs to obtain some or all location measurements when in idle state, these configured
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maximum response times may be increased. Thus, as an example, in the case of high
accuracy location for A-GNSS, a maximum response time of 1 to 5 minutes may be
configured and for a lower accuracy location for ECID, a maximum response time of 1
to 2 minutes may be configured. The increased maxinmum response time sent at block
1106 may enable the UE to wait until the UE is in an idle state before obtaining the
location measurements requested by the location server and thereby enable a location to
be obtained for the UE. In some embodiments, block 1106 may correspond to stage 310

in signaling flow 300.

[00192] At block 1108, the location server receives the requested location
measurements from the UE prior 1o expiration of the increased maxmmam response tiune
at the location server. For example, the location measurements may be recetved in an
LPP or LPP/LPPe Provide Location Information message sent to the location server by
the UE. In order to obtain the location measurements, the UE may first (1) watt until a
stgnaling connection to the wireless network is released or suspended by the wireless
network; {11} release or suspend a signalimg connection to the wircless network itself] or
{111} request release or suspension of a signaling connection to the wireless network
from a serving eNB (e.g. ¢NB 104), a serving MME (e.g. MME 108} or the location
server, as illustrated for stage 311 of signaling How 300, Followmg release of a
signaling connection to the wireless network, the UE may obtain the location
measurements requested by the location server while i idle state {e.g as at stage 312 m
signaling flow 300) and then re-enter connected state with the wireless network {e.g. as
at stage 313 in signaling flow 300) before returning the location measurements to the
focation server at block 1108, In some embodiments, block 1108 may correspond to

stage 314 10 signaling flow 300

P

{0193] At block 1110, the location server determines a location for the UE based on
the location measurements recetved at block 1108 For example, the location server may
calculate a location for the UE using BSA data configured i the location server in the
case of location measurements for the ECID or OTDOA position methods andfor using
GNSS ephemeris and timing data for location measurements for the GNSS or A-GNSS
position method. In some embodiments, block 1110 may correspond to stage 315 in

signaling flow 300.
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{00194]  Many of the exemplary embodiments of the method described herein assume
a UE 102 that is using NB-1OT radio access andfor CloT features, such as eDRX, PSM
andfor CloT CP optimization, {0 access a wireless network such as VPLMN EPC 130
and E-UTRAN 120, Some of the embodiments also assume that the 3GPP CP location
solution iz used to locate the UE 102, However, techniques simitlar to or the same as
those described herein may be used to support or unprove support of location fora UE
that 15 associated with or supports other types of ToT features andfor other types of radio
access inclading, for example, radio access according to eMTC, wideband LTE, GSM,
WODMA, cdma000, Wikt or a fiture 3G standard. In addition, techniques similar to
or the same as those described hersin may be used to support or improve support of
location for a UE using other location solutions such as the OMA SUPL UP location
solution, location solutions defined by IETFE and IEEE, and a futare CP or UP location
solution defined by 3GPP or OMA for 5G radio access. These similar or same solutions
may apply whenever a UE makes use of or 1s otherwise associated with featores and
himitations applicable to {oT and CloT, such as power savings features, tow resource

hmittation, Hmited battery power, limited message size and/or imited message volame.

[00195]  Reference throughout this specification to "one example”, "an example”,
“certain examples”, or “exemplary implementation” means that a particular feature,
structure, or characteristic desceribed in connection with the featare andfor example may
be included in at least one feature and/or example of claimed subject matter. Thus, the

LI )

appearances of the phrase "in one example”, "an example”,

LI

1 certain examples” or “in
certain implementations™ or other like phrases in various places throughout this
specification ave not necessarily all veferning to the same feature, example, andfor
fimitation. Furthermore, the particular features, stroctures, or chavacteristics may be

combined in one or more examples andfor featares.

{00196]  Some portions of the detailed description included herein are presented in
terms of algorithms or symbolic representations of operations on binary digital signals
stored within a memory of a specific apparatus or special purpose computing device or
platform. In the context of this particular specification, the term specific apparatus or
the like includes a general purpose computer once it Is programmad to perform
particalar operations pursuant 1o instructions from program software. Algorithmic

descriptions or symbolic representations are examples of techniques used by those of
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ordinary skill in the signal processing or related arts 1o convey the substance of their
work to others skilled in the art. An algorithm is here, and generally, is considered to be

¢ 1o a desired

=,
o

a self-consistent sequence of operations or similar signal processing leadin
result. In this context, operations or processing involve physical manipulation of
physical quantities. Typically, although not necessarily, sach quantities may take the
form of electrical or magnetic signals capable of being stored, transterred, combined,
compared or otherwise manipulated. It has proven convenient at times, principally for
reasons of common usage, to refer to such signals as bits, data, values, elements,
svimbols, characters, terms, numbers, nwmerals, or the like. It should be understood,
however, that all of these or similar texms are to be associated with appropriate physical
guantities and are merely convenient labels. Unless specifically stated otherwise, as
apparent from the discussion herein, it 1s appreciated that throughout this specification

(1o £

discussions utilizing terms such as "processing,” "computing,” "calculating,”
"determining” or the Iike refer to actions or processes of a specific apparatus, such asa
special purpose computer, special purpose computing apparatus or a similar special
purpose electronic computing device. In the context of this specification, theretore, a
special purpose computer or a similar special purpose electronic computing device is
capable of manipulating or trausforming signals, typically represented as physical
electronic or magnetic guantities within memories, registers, or other information
storage devices, transmission devices, or display devices of the special purpose

computer or similar special purpose electronic computing device.

{00197}  In the preceding detatled description, numerous specific details have been set
forth 1o provide a thorough understanding of claimed sobject matter. However, it will
be understood by those skilled i the art that clammed subject matter may be practiced
without these specific detatls. In other instances, methods and apparatuses that would
be known by one of ordinary skill have not been described in defail so as not to obscare

claimed subject matter.

{60198} The terms, “and”, “or”, and “and/or™ as used herein may include a varigty of
meanings that alse are expected to depend at least in pant upon the context m which
such terms are used. Typically, “or” if used to assoctate a list, suchas A, Bor C, is
intended to mean A, B, and C_ here used in the inclusive sense, as well as A, B or C,

here used in the exclusive sense. In addition, the term “one or more™ as used herein
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may be used to describe any feature, structure, or characteristic in the singular or may be
used to describe a plurality or some other combination of features, structures or
characteristics. Though, it shonld be noted that this is merely an tlustrative example and

claimed subject matter 1s not hmited 1o this example.

{00199]  While there bas been tlustrated and described what are presently considered
to be example features, it will be understood by those skilled in the art that various other
modifications may be made, and equivalents may be substituted, without departing from
claimed subject matter. Additionally, many modifications may be made o adapt a
particular situation to the teachings of claimed subject matter without departing from the

central concept described beremn,

{002060]  Therefore, it is intended that claimed subject matter not be limited to the
particular examples disclosed, but that such claimed subject matter may also include alt

aspects falling within the scope of appended claims, and equivalents thereof.
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CLAIMS
What is claimed is:
i, A method comprising:

receiving location measurcments for a user cquipenent {LE) that s using
Narrowband Internet of Things (NB-IoT} radio access or Celludar Internet of Things
{CloT) featares 10 access a4 wireless network;

storing the location measurements and a timestamyp;

receiving a location request for the UE when the UE is not connected to the wireless
network:

transmitting the location measurements to a location server with an indication that
the UE 15 not connected 1o the wiveless network: and

receiving a response from the location server comprising a last known location for

the UE.

2. The method of ¢lann 1, wherain the location measurements for the UE are received

from the UE while the UE 13 connected to the wireless network,

3. The method of claim 1, wherein the location measurements for the UE are recetved

from an access point while the UE 15 connected to the wireless network.

4. The method of claim 1, wherein the location measurements comprise a last known
serving cell ID or last known serving eNodeB ID for the UE while the UE was

connectad to the wireless network.

S. The method of claim 4, wherein the location measurements further cotuprise at least
one of a recetved signal strength indication, g reference signal received power, a
reference signal received quality, a round trip time, a reference signal tme difference, or

a combination thereof.

6. An apparatus comprising
an external interface configured to receive location measurements for a user
equipment {LUE) that is using Narrowband Internet of Things (NB~foT) radio access or

Cellular Interonet of Things (CloT) features to access a wireless network;
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memory configured to store the location measurements and a timestamp; and

at feast one processor configured to receive with the external interface a location
request for the UE when the UE 1s not connected to the wireless network; cause the
external interface to transnut the location measurements 10 a location server with an
ndication that the UE is not connected 1o the wireless network: and receive with the
external interface a response from the location server comprising a last known location

for the UL

7. The apparatus of claim 6, wherein the location measurements for the UE are

received from the UE while the UE is connected to the wireless network.

8. The apparatus of claim 6, wherein the location measurements for the UE are

recerved from an access point while the UE is connected to the wireless network.

9. The apparatus of claim 6, wheren the location measurements comprise 4 last known
serving cell 1D or last known serving eNodelB) 1D for the UE whale the UE was

connected to the wireless network.

10, The apparatus of claim 9, wherein the location measurements further comprise at
least one of a received signal strength indication, a reference signal received power, a
reference signal received guality, a round trip time, a reference signal time difference, or
a combination thereof)
A method comprising:

recetving a location request for a user equipment (UE) that s using Narrowband
Internet of Things (NB-IaT) radio access or Cellular Internet of Things (CloT) features,
wherein the location request comprises location measurements for the UE and an
indication that the UE is not connected to a wireless network;

determining a last known location for the UE based ou the location measurements;
and

returning @ location response comprising the last known location for the UE,
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12. The method of claim 11, wherein the location measurements for the UE were
obtained by the UE prior to connecting to the wireless network or prior to disconnecting

from the wireless network.

13, The method of ¢latm 11, wherein the location measwrements for the UE were
obtained by an access point after the UE was connected to the wireless network and

prior to the UE disconnecting from the wireless network.

14, The method of claim 11, wherein the location measurements comprise a last known
serving cell ID or last known serving eNodeB 1D for the UE before the UE was no

longer connected to the wireless network.

15, The method of claim 14, wherein the location measurements further comprise a
received sigual strength indication, a reference signal recetved power, a reference signal
received quality, a round trip time, a reference sigoal time difference, or a combination

thercof

16. An apparatus comprising:

an external interface configured o receive a location request for a user equipment
(UL that 15 using Narrowband laternet of Things (NB-1oT) radio access or Cellalar
Intermet of Things (CloT} features, wherein the location request comprises location
measurements for the UE and an indication that the UE is not connected to a wireless
network:

at least one processor configured to deternune @ last knowsn location for the Uk
based on the location measurements, and cause the external hiterface to return a location

response comprising the last known location for the UE,

17. The apparatus of claim 16, wherein the location measwrements for the UE were
obtained by the UE prior to connecting to the wireless network or prior fo discomnecting

from the wireless network.
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18. The apparatus of claim 16, wherein the focation measurements for the UE were
obtained by an access point after the UE was connected fo the wireless network and

prior to the UE disconnecting from the wireless network.

19. The apparatus of claim 16, wherein the location measurements conmprise a last
known serving cell 1D or last known serving eNodeB 1D for the UE before the UE was

no longer connected 1o the wireless network.

20. The apparatus of claim 19, wherein the location measurements farther comprise a
received signal strength indication, a reference signal received power, a reference signal
recetved quality, a round trip time, a reference signal time difference, or a combination

thereof.

21, A method comprising

receiving by a location server an indication that a user equipment (UE) 18 using
Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of Things
{CloT) features; and

himiting positioning interaction with the UE i response to the indication that the UE
is using NB-IOT radio access or CloT features, wherein limiting the positioning
mteraction comprises at least one of using a reduced maximum positioning message
size, using longer retransmission and response timiers, using a restricted size of
assistance data, or reguesting a redoced mwnber of location measurements from the UE,
each relative to a posittoning interaction for another UE with a non-NB-IoT radio access

and non-Clo7T features.

22, The method of claim 21, wherein receiving the indicghion comprises receiving a
location request message from g mobility managerment entity (MME) o an external

client, wherein the location request message comprises the indication.

23. The method of clatm 21, wherein the location server is configured with a
contiguration parameter for NB-IoT radio access or CloT features, wherein the

configuration parameter comprises at least one of a maximum posiioning message size
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and a maximuom expected message transfer delay for a UE that is using NB-IOT radio

access or CloT features, or a combination thereof.

24, The method of claim 21, wherein the indication comprises aspects of NB-loT radio
access and CloT feanwes supported for the UE, wherein the aspects of NB-loT radio
access and CloT features supported for the UE comprise at least one of 8 maximum
posiioning message size, a maximum message volume, a maxinum expected message

transfer delay, or a combination thergof.

25, The method of clatm 21, wherein the location server is configured with base station
or cell configaration data comprising an indication of base stations or cells that support
NB-IoT radio access, and wherein receiving the indication that the UE supports NB-loT
radio access or CloT features comprises receiving an identification of a base station or a
cell currently serving the UE and inferring that the UE is using NB-IoT radio access or
CloT features based on an indication i the base station or cell configuration data that
the identified base station or cell currently serving the UE supports NB-loT radio

aceess.

26. A location server Comprising:

an external interface configured to receive an indication that a user equipment (UE)
is using Narrowband Internet of Things (NB-1oT) radio access or Cellular Internet of
Things {CloT) features; and

at least one processor configured to hmit positioning interaction with the UE in
response to the indication that the UE is using NB-10T radio access or CloT features,
wherein limiting the positioning interaction comprises at least one of using a reduced
MAKIUN positioning message size, using longer retransmission and response Hmers,
using a restricted size of assistance data, or requesting a reduced number of location
measurements from the UE, each relative to a positioning interaction for another UE

with a non-NB-loT radio access and non-CloT features,

27. The location server of clamm 26, wheremn the indication 15 recerved in a location

request message from a mobiliiy management entity (MME) or an extemal client.
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28. The focation server of claim 26, wherein the at least one processor is configured
with a configuration parameter for NB-IoT radio access or CloT features, wherein the
configuration parameter comprises at least one of a maximum positioning message size
and a maximum expected message transfer delay for a UE that is using NB-10T radio

access or CloT features, or a combination thereof.

29, The location server of claim 26, wherem the indication comprises aspects of NB-loT
radio access and CloT features supported for the UE, wherein the aspects of NB-{oT
radio access and CloT features supponted for the UE comprise at least one of a
maximum positioning message size, 8 maximum message volume, a maximum expected

message teansfer delay, or a combination thereof.

30, The location server of claim 26, wherein the at least one processor is configured
with base station or cell configuration data comprising an indication of base siations or
cells that support NB-loT radio access, and wherem recetving the indication that the UE
supports NB-~loT radio access or CloT features comprises receiving an identification of
a base station or a cell currently serving the UE and inferring that the UE is using NB-
10T radio access or CloT foatures based on an mdication in the base station or cell
configuration data that the identified base station or cell currently serving the UE

supports NB-~loT radio access.
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