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METHODS AND SYSTEMS FOR SUPPORTOF LOCATIONFORTHE INTERNET 

OF THINGS 

CLAIM OF PRIORITY UNDER 35 U.SC §t19 

100011 This application claims under 35 USC§119 the benefit of and priority to 

U.S. Provisional Application No. 62/377,654, filed August :21, 2016, and entitled 

"LOCATION SUPPORT FOR CloT AND NB-loT 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 number 15/409,454, 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 assignee hereof and are incorporated herein by reference in 

their entireties.  

BACKGROUND 

Background Field 

[00021 The present disclosure relates generally to communication,and more 

specifically to techniques for supporting location services (LCS) for user equipments 

(U Es) that maybe part of or may be treated as being part of the Internet of Things(loT), 

Relevant Backgronnd 

100031 The 3" Generation Partnership Project (3GPP) has defined specifications 

that provide support for wireless communication involving MachineType 

Communications (ITC), Internet of Thins (IoT), Cellular IoT (CloT) and Narrow 

Band loT(INB-loT). The NB-IoTisa Radio Access Type (RAT), supported by the 

evolved UMTSTerrestrial Radio Access Network (E-UTRAN), that was added by 

3GPP in specifications for3GPP Release 13 to provide 180 KHz UL/DL 

(Uplink/Downink) bandwidth. The CloT concerns EPC (evolved packet core) support 

for NB-IoT, loTand MTC and is complimentary to NB-oT (i.e., NB-IoT is primarily 

concerned with E-UTRAN and CloTis primarily concerned with the EPC).  

100041 Support for NB-oT and CloT in 3GPP Release 13 introduces anumber of 

restrictionsand limitations that may degradeandor block location services (LCS) for a 

user equipment (UE) when existing location solutions are used. Forexample,
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limitations that may degrade and potentially block existing location solutions may 

include: (1) long periods (eg. 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 limitation on message size and/or message volume for signaling to 

and from a UIE1 (4) long message delivery delay (e.g several seconds) across the NB

IoT radio interface; and/or (5) potential inability of a UE to obtain location 

measurements. Despite these limitations, positioning support for UDs with NB-IoT 

radio accessand UEs being supported as part of CloT maybe important forboth users 

and wireless network operators since NB-loT devices may need to be located 

occasionally or frequently at short notice and/or with high reliability and/or high 

accuracy. For example, NB-IoT 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 air conditioners, robotic vacuum cleaners and lawn mowers, and drones 

etc. may need to be positioned precisely and without excessive delay Therefore, 

solutions to remove or mitigate limitations and restrictions on location support for NB

loT and CloT UEs are needed.  

SUMMARY 

[00051 Location services for user equipments(1) that support a Narrowband 

Internet of Things (NB-JoT) radio access type or CellularInternet of Things (CloT) 

network features may be supported by certain posinoning interactions with a location 

server in response to an indication to the locationscrver that the UE supports an.NB

JOT radio accesstypeorCloT networkfeatures, Thepositioning interactions may usea 

reduced maximum positioning message size, longerretransmission and response timers, 

a restricted size of assistance data, ora reduced number of location measurements.  

Location measurements received from a UE may be used for a determination of a last 

known location ofthe UE when the UE is not wiressly connected to a network The 

UE imay engage in a positioning session with alocation server when in a connected 

state, defer performng location neasurements until the IE is no longer inthe 

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 including trigger evaluation interval, a periodic maxiun reporting 

interval trigger,and one or more location triggers, where the location triggers are 

2
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evaluated when the UE is not in the connected state. When a triIger condition occurs, 

the UE re-enters a connected state and initiates a location session.  

100061 In one implementation, a method includes receiving by a location server an 

indication thata user equipment (UE) is usingINarrowband Internet of Things (NB-oT) 

radioaccess or Cellular Internet of Things (CloT) features; and limiting positioning 

interaction with the UE in response to the indication that the UE is using NB-lOT radio 

access or CloT features, wherein citing thepositioning interaction comprises at least 

one of using reduced maximum positioning message size using 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 positioning interaction 

for another UE with a non-NB-oTradio access and non-CIoTfeatures.  

[00071 In one implementation, a location serverincludes an external interface 

configured to receive an indication that a user equipment (UE) is using Narrowband 

Internet of Things (NB-oT) radio access or Cellular Internet off hings (CloT) features; 

and at least one processor configured to limit positioning interaction with the UE in 

response to the indication that the UE is using NB-OT radio access or CloT features, 

wherein limiting the positioning interaction comprises at least one of using reduced 

maximum positioning message size, usingrlonger retrans.mission 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 interaction for another UE with 

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

100081 In one implementation, a location server includes means for receiving an 

indication thata user equipment (UE) is usingNarrowband tenet of Things (N B-oT) 

radio access or Cellular Internet ofThings (Clo)features; and means for limiting 

positioning interaction with the UE in response to the indication that the UE is using 

NB-iOT radio access or CloT features, wherein limiting the positioning interaction 

comprises at least one of usinga reduced maximum positioning message size, using 

longer retransmissionand response timers, using restrictedsize ofassistance data, or 

requesting a reduced number of location measurements from the UE, each relative to 

positioning interactionforanother UE with a non-NB-loTradio access and non-~IoT 

features.
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100091 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: receive an indication that a user equipment (UTE) is using 

Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of Things 

(CloT).features; and linit positioning interaction by the location server with the UE in 

response to the indication that the UE is using NB-IOT radio access or CloT features, 

wherein limiting the positioning interaction comprises at least one of using a reduced 

maximum positioning message size, using 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 positioning interaction for another UE with 

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

100101 'In one implementation, a method includes receiving location measurements for 

a user equipment (UE) that is using Narrowband Internet of Things (NB-oT) radio 

access or Cellular Internet of Things (CloT) features to access a wireless network" 

storing the location measurements and a timestamp; receiving a location request for the 

UE when the UE is not connected to the wireless network; transmittingthelocation 

measurements to a location server with an indication that the UE is not connected to the 

wireless network; and receiving a response from the location server comprising a last 

known location for the UE 

100111 In one implementation, an apparatus includes an external interface configured 

to receive location measurements fora user equipment (UE) that is usingNarrowband 

Internet of Things (NB-loT) radio access or Cellular Internet ofThings (CloT) features 

to access a wireless network; memory configured to store the location measurements 

and a timestamp; and at least one processor configured to receive with the external 

interface a location request for the UE when the UE is not connected to the wireless 

network; cause the external interface to transmit the location measurements to 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 U.  

10012J Inoneimplementationanapparatusincludesmeansforreceivinglocation 

measurements for a user equipment (UE) that is using Narrowband Internet ofThings 

(NB-loT) radio access or Cellular Internet of Things (CloT) features to access a
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wireless network; means for storing the location measurements and a timestamp; means 

for receivinga location request for the UE when the UE is not connected to the wireless 

network; means for transmitting the location measurements to a location server with an 

indication that the UE is not connected to the wireless network; and means for receiving 

a response from the location server comprising a last known location for the U E 

00131 In. one implementationa non-transitory computer readable mediuni has stored 

therein computer executable instructions executable by one or more processors to 

receive location measurements for a user equipment (UE) that is using Narrowband 

Internet of Things (NB-oT) radio access or Cellular Internet of Things (CloT) features 

to access a wireless network; store thelocation measurements and a timestamp; receive 

a location request for the U13E when the UE is not connected to the wireless network 

transmit the location measurements to a location server with an indication that the UE is 

not connected to the wireless network; and receive a response from the location server 

comprising a last known location for the UE 

10014] In one implementation, a method comprises: entering a connected state with a 

wireless network by a user equipment (UE) that is using Narrowband Internet ofThings 

(NB-loT) radio access or Cellular Internet of Things (CloT) features; engaging in a 

positioning session with a location server; receivinga request for location 

measurements from the locationserver; deferring performing the location measurements 

mtil the UE is not in the connected state with the wireless network; entering an idle 

state wherein the UE is not connected with the wireless network, obtaining the location 

measurements while in the idle state; re-entering the connected state with the wireless 

network; and providing the location measurements to the location server 

100151 In one implementation, a user equipment, that uses Narrowband Internet of 

Things (NB-loT) radio access or Cellular Internet of Things (CloT) features, comprises: 

a wireless transceiver configured to wirelessly communicate with a wireless network; 

and at least one processor configured to enter a connected state wihthe wireless 

network with the wireless transceiver, engage in a positioning session with a location 

server, receive with the wireless transceivera request for location neasurenents ftom 

the location server; defer performing the location measurements until the UE is not in 

the connected state with the wireless network, enter an idle state wherein the UE is not 

connected with the wireless network, obtain the location measurements while in the idle
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state, re-enter the connected state with the wireless network, and provide the location 

measurements to the location server.  

[00161 In one implementation, a user equipment, that uses Narrowband Internet of 

Things (NB-loT) radio access or Cellular Internet of Things (CloT) features, comprises: 

means for entering a connected state with a wireless network. means for engaging in a 

positioningsession with a location server; means for receiving a request for location 

measurements from the location server; means for deferring performing the location 

measurements until the UEis not in the connected state with the wireless network; 

means for enteringan idle state wherein the UE is not connected with the wireless 

network, means for obtaining the location measurements while in the idle state; means 

for re-entering the connected state with the wireless network; and means for providing.  

the location masurements to the location server.  

[17] one ipe ntioa no-rnstr computerreadable medium has stored 

therein computer executable instructions executable by one or more processors of a 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 a wireless network; 

engage in a positioning, session with a location server; receive a request location 

measurements from the location server; defer performing the location measurements 

until the UE is not in the connected state with the wireless network; enter an idle state 

wherein the UE is not connected with the wireless network, obtain the location 

measurements while in the idle state; re-enter the connected state with the wireless 

network; and provide the location measurements to the location server.  

[00181 In one implementation, a method comprises: receiving a mobile terminated 

location request from a wireless network by a user equipment (UE) while the UE is in a 

connected state with the wireless network, the mobile terminated location request 

comprising atriger aluation interval, a periodic maximum reporting interval trigger, 

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

trigger evaluation interval while the UE is not in the connected state;re-entering the 

connected state with the wireless network whena trigger condition is detected or when 

the periodic maximum reporting interval trigger occurs; and initiating or re-initiatinga 

location session with the wireless network after re-entering the connected state.
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100191 In one implementation, a user equipment (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 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 triggers, evaluate the one 

or more location triggersat the trigger evaluation interval while the UE is not in the 

connected state, re-enter the connected statewith the wireless network when a trigger 

condition is detected or when the periodic maximum reporting interval triggeroccurs, 

and initiate or re-initiate a location session with the wireless network after re-entering 

the connected state.  

[00201 'Inone implementaton, a user equipment (UE) comprises: means for receiving 

a mobile terminated 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 evaluationinterval,a periodic maximum reporting interval trigger, 

and one 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 connected state with the wireless network when a trigger 

condition is detected or when the periodic maximum reporting interval trigger occurs; 

and means for initiating or re-initiating a location session with the wireless network 

after re-entering the connected state

[00211 In one implementation, anon-transitory computer readable medium has stored 

therein computer executable instructions executable by one or more processors of a user 

equipment (UE) to: receive a mobile terminated location request from a wireless 

network while the UE is ina connected state with the wireless network, the mobile 

terminated location request comprising a trigger evaluation interval, a periodic 

maximum reporting interval trigger, and one ormore location triggers; evaluate the one 

or more location triggersat the trigger evaluation interval while the UE is not in the 

connectedstate; re-enter the connected state with the wireless network when a trigger 

condition is detected or when the periodic maximum reporting interval trigger occurs; 

and initiate or re-initiate alocation session with the wirelessnetwork after re-entering 

the connected state.
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100221 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 locationrequest 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 U E.  

[0023] Inoneimplementation,anapparatusincludesanexternalinterfaceconfigured 

to receive a location request for a user equipment (UE) that is using Narrowband 

Internet ofThings (N13-Io) radio access or Cellilar 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 wirelessnetwork; and at least one processor 

configured to determine a last known locationfor the UE based on the location 

measurements, and cause the external interface to return a location response comprising 

the last knownlocation for the UE.  

100241 In one implementation, an apparatus includes means for receiving a location 

request for a user equipment (UE) that is usingNarrowband Internet of Things (NB

IoT) radio access or Cellular Internet of Things ((IoT) features, wherein thelocation 

request comprises location measurements for the UF and an Indication that the UE is 

not connected toa wireless network; means for determnrnig a last known location for 

the UE based on the location measurements; and means for returning a location 

response comprising the last known location for the UP 

[00251 In one implementation, a non-transitory computerreadable medium has stored 

therein computer executable instructions executable by one or more processors to: 

receive a location request for a user equipment (UE) that is using Narrowband Internet 

ofThings (NB-oT) radio access or Cellular Internet ofThings (CloT) features, wherein 

the location request comprises location measurementsfor the UE and an indication that 

the UE is not connected to a wireless network; determine a last known location for the 

UE based on the location measurements; and return a location response comprising the 

last known location for the UE.
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100261 In one implementation, a method includes engaging in a positioning session 

with a user equipment (E) that is using Narrowband Internet of Things (NB-loT) radio 

access or Cellular Internet of Things (CloT) features to access a wireless network 

receiving anindication that the UE will defer performing location measurements for the 

positioning session until the U'Eisnot in a connectedstatewith the wireless network; 

sending a request for location measurements to the UE., wherein the request for location 

measurements comprises an increased maximum response time that is higher thana 

maximum response time for another UE for which the indication was not received 

receiving the requested location measurements from the UE prior to expiration of the 

increased maximum response time; and determining a location for the UE based on the 

received location measurements, 

100271 Inoneimplementation,anapparatusincludesanextemaLinterlaceconfired 

to communicate with a wireless network; and at least one processor configured to 

engage in a positioning session witha user equipment (UE) that is using Narrowband 

Internet ofThings (N13-oT) radio access or Cellular IntemetofThings(Clot) features 

to access the wireless network, receivean indication that the UE will defer performing 

location measurements for the positioning session until the UE is not in a connected 

state with the wireless network, cause the external interface to send a request for 

location 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 indication was not received.receive the 

requested location measurementsfrom the UE prior to expiration of the increased 

maximum response time, and determine a location for the UE based on the received 

location measurements.  

100281 In one implementation, an apparatus includes means for engaging ina 

positioning session with a user equipment (UE) that is using Narrowband Internet of 

Things (N B-oT) radio access or Cellular Internet ofThings (C.oT) features to accessa 

wireless network; means for receiving an indication that the LIE will defer performing 

location measurementsfor the positioning session until the UE is not in a connected 

state with the wireless network; means for sending a request for location measurements 

to theUE, wherein the requestfor location measurements comprises an increased 

maximum response time that is higher than a maximum response time for another UE
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for which the indication was not received; means for receiving the requested location 

measurements from the UE prior to expiration of the increased maximum response time; 

and means for determining a location for the UE based on the received location 

measurements.  

[0029] In one implementation, a non-transitory 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-IoT) radio access or Cellular Internet of Things (CoT) features 

to access a wireless network; receive an indication that the UE will defer performing 

location measurements for the positioning session until the UE is not in 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 maximum 

response time that is higher than a maximum response time for another UE for which 

the indication was not received; receive the requested location measurements from the 

UE prior to expiration of the increased maximum response time; and determine a 

location for the UE based on the received location measurements.  

[0029a] In one aspect, the present disclosure provides a method comprising: 

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; 

engaging in a positioning session with a location server; 

receiving a request for location measurements from the location server; 

deferring performing the location measurements until the UE is not in the 

connected state with the wireless network; 

entering an idle state wherein the UE is not connected with the wireless 

network, 

obtaining the location measurements while in the idle state; 

re-entering the connected state with the wireless network; and 

providing the location measurements to the location server; and 

wherein engaging in the positioning session with the location server comprises 

transmitting an indication to the location server or to the wireless network that the UE 

will defer performing location measurements for the positioning session until the UE is 

not in the connected state.
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] An understanding of the nature and advantages of various embodiments may 

be realized by reference to the following figures.  

[0031] FIG. 1 is a simplified block diagram illustrating the architecture of a system 

for enabling support of location for NB-IoT and CloT devices, according to an 

embodiment.  

[0032] FIG. 2 is a signaling flow diagram illustrating how, according to an 

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

[0033] FIG. 3 is a signaling flow diagram illustrating 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 

limitation on positioning interaction with a location server.  

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

may support NB-IoT or CloT.
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[0035] FIG. 5 isa blockdiagram of an embodiment of a network entitysuchas an 

MME, E-SMLC, SLP, GMLCor eNodeB.  

[0036 FIGvs 6, 7, 8 9, 10 and 11 areflow charts exemplifying techniques for 

supporting location for an NB-IoT or CloT device.  

100371 Like numbered elements and entities in different figures may correspond to 

one another. For example, UE 102, eNB 104, MME 108, E-SMLC 110 and GMLC 116 

in FIGs 1, 2 and 3 may refer to the same set of entities.  

DETAILED DESCRIPTION 

100381 Devices that form part of the so called Intemet ofThings (oT)mnay be 

mobile and maybe powered by batteries with a long life expectancy(e 5 to 10 years) 

or with a requirement for infrequent recharging. Such devices may support wireless 

communication according to different radio access types such as LongTerm Evolution 

(LTE) Narrowband LTE also referred to as Narrowband loT (NB-to]), IEEE 80211 

WiFi, Fifth Generation (5G). In order to (a) reduce wirelessnetwork subscription costs, 

which may in some cases be prepaid when an IoT device is purchased, (b) enable 

support of massive numbers of IoT devices by wireless network operators, and (c) 

enable longer battery life or longer intervals between battery recharging, it may be 

desirable or essential to limit the frequencyand/or amount of wireless signaling between 

1oT devices and wireless networks. This may lead to restrictions on how often an loT 

device can connect to or be accessed bya wireless network, which may in turn limit the 

responsiveness, reliability andaccuracy of location support for loT devices.  

[ As an example, support for NB-loTand CloT devices in 3GPP Release 13 

has introduced a number of restrictions and limitations that may degrade and/or block 

location servicesfor a user equipment (UE) when existing location solutions are used.  

Limitations that may degrade and potentially block existing location solutions may 

include: (1) long periods (e.g. several hours) during which a UE may be unreachable for 

positioning; unpredictablee availability of a UIE for positioning after a period of 

unreachability; (3) a limitation on message sizeandor message volume for signaling to 

and from a UE; (4) long message delivery delay (e.g. several seconds) across the NB

loT radio interface; andior (5) potential inability of a UE to obtain location 

measurements (e.g. when connected to a wireless network), Despite these limitations,
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positioningsupport for UEs with NB-oTradioaccess and UEs supported as part of 

CloT may be important for both users and wireless network operators since NB-oT 

devices mayneed to be located occasionally or frequently at short notice and/or with 

high reliability and/or high accuracy. For example, NB-IoTorCloTUEsassociated 

withtracking or monitoring devices for assets, people or pets orassociated with control 

devices for movable objects such as portable air conditioners, robotic vacuum cleaners 

and lawn mowers, and drones etc. mayneed to be positioned precisely and without 

excessive delay. Therefore, solutions to remove or mitigate limitationsand restrictions 

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

100401 FIG. I is a diagram illustrating a network architecture 100 for location 

support of a user equipment (UE) 102 that supports and is currently using N.B-IoTradio 

access or Long Term Evolution (LTE) radio access with CloT operational features. The 

network architecture 100 may be referred to as an Evolved Packet System (EPS). As 

illustrated, the network architecture 100 may include the UE 102, an Evolved Universal 

Mobile Telecommunications Service (UMTS) Terrestrial Radio Access Network (E

UTRAN) 120, and an Evolved Packet Core (EPC) 130. The E-UT RAN 120 and the 

EPC 130 may be part of a Visited Public Land Mobile Network (VPLMN) that is a 

serving network for the UE 102 and communicates with a Home PublicLand Mobile 

Network (HPLMN) 140.for the UE 102. The VPLMN E-UTRAN 120, VPLMN EPC 

130 and/or HPLMN 140 may interconnect with other networks. For example, the 

Internet may be used to carry messages to and from different networks such as the 

HPLMN 140 and the VPLMNEPC 130. For simplicity these networks and associated 

entities and interfaces are notshown. As shown, the network architecture 100 provides 

packet-switched services to the UE 102, Hlowever, as those skilled in the art will readily 

appreciate, the various concepts presented throughout this disclosure may be extended 

to networks providing circuit-switched services.  

[00411 The UE 102 may be any electronic device configured for NB-oT, CloT 

and/or LTE radio access. The UE 102 may be referred to as a device, a wireless device, 

a mobile terminal, a terminal, a mobile station (MS). a mobiledevice, a Secure User 

Plane Location (SUP) Enabled Terminal (SET) or by some other name and may 

correspond to (or be part of) a smart watch, digital glasses, fitness monitor, smart car, 

smartappliance, cellplhone, smartphone, laptop, tablet, PDA, tracking device, control
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device, or some other portable or moveable device. AUE 102 may comprise a single 

entity or may comprise multiple entities such as in a personal area network where a user 

may employ audio, video and/or datatA/O 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 asa WWAN supporting Global System for Mobile Communications 

(GSM), Code DivisionNi multiple Access (CD1A), 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 Ml (LTE-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 wireless communication with one or more types of Wireless Local Area 

Network (WLAN) such as a WLANsupporting IEEE 802.11 WiFi or Bluetooth@ (BT).  

UE 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.  

Although FIG 1 shows only one UTE 102, there may bemany other UEs that can each 

correspond to UE 102.  

[00421 The UE 102 may enter a connected state with a wireless comamiuncation 

network that may include the E-UTRAN 120. In one example, UE 102 may 

communicate with a cellular communication network by transmitting wireless signals 

to, and/or receiving wireless signals from, a cellular transceiver, such as an evolved 

Node B (eNB) 104 in theE-ULTRAN 120. The E-UTRAN 120 may include one or more 

additional eNBs 106. The eNB 104 provides user plane and control plane protocol 

terminations toward the UE 102 The eNB 104.may be 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 transceiverfuction, a base station 

subsystem (BSS), an extended service set (ESS), or by some other suitable terminology, 

The UE 102 also may transmit wireless signals to, or receive wireless signals from, a 

local transceiver (not shown in FIG. 1), such as an access point (AP), femtocell, Home 

Base Station, small cell base station Home Node1 (INB) or Home eNodeB (HeNB), 

which may provide access to a wireless local area network (WLAN e-g., IEEE 802-11 

network), a wireless personal area network (WPANe.g .,Bluetooth network) or a



WO 2018/038798 PCT/US2017/039254 

-14

cellular network (e.g. an LTE network or other wireless wide area network such as those 

discussed in the next paragraph). Of course itshould be understood that these are 

merely examples of networks that may communicate witha mobile device over a 

wireless link, and claimed subject matter is not limited in this respect.  

100431 Examples of network technologies that may support wireless communication 

include"NB-loT, but may further include GSM, (IDMA, WCDMA, LTI E, HRPD, eMTC 

and future Fifth Generation (5G) radio types. NBIoT, CloT, GSM, WCDMA, LTE, 

eNTC and 5G 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 is also part of the Universal Mobile Telecommunications System 

(UMTS) and may be supported by an HNB, Cellular transceivers, such as eNBs 104 

and 106, may comprise deployments of equipment providing subscriber access to a 

wireless telecommunication netvorkfra service (e.g., under a service contract). -lere, 

a cellular transceiver may perform functions of a cellular base station in servicing 

subscriber devices within a cell determined based, at least in part on a rangeat which 

the cellular transceiver is capable of providing access service.  

j00441 The eNBs 104 and 106 are connected by an interface (e.g. the 3GPP SI 

interface) 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 from the UE 102 may be transferred. The MME 

108 may be the serving MME for UE 102 and is then the control node that processes the 

signaling between the UE102 and the[EPC 130 and supports attachment and network 

connection of UE 102, mobility of UiE 102 (e.g.via handover between network cells) as 

wellas establishingand 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 packetsare 

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 releasing data bearers 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) I 10 and a Visited Gateway Mobile 

Location Center (V-GMLC) 116 in the VPLMN EPC 130,
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[0045I The E-SMLC 110 may support location of the UE 102 using the 3GPP 

control plane (CP) location solution defined in 3GPP technical specifications (TSs) 

23,271 and 36.305. The V-GMLC 116, which may also be referred to simply as a 

Gateway Mobile Location Center (GMLC) 116, may provide access on behalf of an 

external client (e.g. external client 150) or anothernetwork (e.g. I.PLMN 140) to the 

location of UE 102. The external client 150 may be a web server or remote application 

that mayhave someassociationwith UE 102 (e.g may be accessed by a user of UE 102 

via 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 (eg. to enable a 

service such as friend or relative finder, asset tracking or child or pet location) 

[00461 As illustrated, the HPIMN 140 includes a Hone Gateway Mobile Location 

Center (1-GMLC) 148 that may be connected to the V-GMLC 116 (e.gvia the 

Internet), as well asa Packet Data Network Gateway (PDG) 114 that may be connected 

to the SGW 112 (e.g via the Intenet). The PDG 114 may provide UE 102 with Internet 

Protocol (1) address allocation and IP and other data access to external networks (e.g 

the iternet) and to external clients (e.g. external client ISO) and external servers, as 

well as other data transfer related functions. In some cases, PDG 114 may be located in 

VPLMN EPC 130 and not in HPILMN 140 when the UE 102 receives local IP breakout 

The PDG 114 may be connected to a location server, suci as a Home Secure User Plane 

Location (SUPL) Location Platform (H-SLP) 118. The N-SLPI 118 ay support the 

SUPL UP location solution defined by the Open Mobile Alliance (OMA) and may 

support location services for UE 102 based on subscription information for UE 102 

stored in l-SLP 118. In some embodiments of network architecture 100, a Discovered 

SLP(D-SP) orEmergency SLP (E-SLP) (not shown in FIG. 1), in or accessible from 

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

[00471 The H-GMLC 148 may be connected to a Home Subscriber Server (HSS) 

145 for UE 102, which is a central database that contains userrelatedand subscription

related information for UE 102, The H-GMLC 148 may provide location access to the 

U 102on behalf ofexternal 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 Intemet. In some cases, a Requesting 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 theP-GNMLC The R-GMLC,I -GMLC 148 and 

V-GMLC 116 may support locationaccess to the UE 102 using the 3GPP CP solution 

defined in 3GPP TS 23271 

[0048] Itshould be understood that while a VPLMN network. (comprising VPLMN 

E-UTRAN 120 and VPL.MN EPC 130) and a separate HPLMN 140 are illustrated in 

FIG. 1; both PLMNs (networks) may be the same PLMN. In that case, (i) the H-SLP 

118, PDG 114, and HSS 145, will be in the same network (EPC) as the MME 108, and 

(ii) the V-GMLC 116and the H-GMLC 148 may be the same GMLC 

[00491 In particular implemenations, the UE 102 may have circuitry and processing 

resources capable of obtaining location related measurements (alsoreferred to as 

location measurements), 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, and/or measurements for local transceivers. UE 

102 may further have circuitry and processing resources capable of computing a 

position fix or estimated location of UE 102 based on these location related 

measurements. in some implementations, location related measurements obtained by 

UE 102 may be transferred to a location server, such as the E-SMLC 110 or HSLP 18, 

after which the location server may estimate or determine a location for UE 102 based 

onthe measurements.  

[00501 Location related measurements obtained by UE 102 may include 

measurements of signalsreceived from SVs 160 belonging to an SPS or Global 

Navigation 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 ora 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 measurementsnumn 

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 (OTOA), Enhanced CelliID (ECID), WiFi, or combinations thereof In some
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of these techniques (e.g. A-GNSS, AFLTand OTDOA), pseudoranges or timing 

differences may be measured by UE 102 relative to three or more terrestrial transmitters 

fixed at known locations or relative to four or more SVs with accurately known orbital 

data, or combinations thereof based at least in part, on pilot signals, positioning 

reference signals (PRS) or other positioning related signals transmitted by the 

transmitters or SVs and received at the UE 102. Here, location servers, such as E

SMLC I 10 or H-SLP 118, may be capable of providing positioning assistance data to 

UE 102 including, for example, information regarding signals to be measured by UE 

102 (e.gexpected signal timing, signal coding, signal frequencies, signal Doppler), 

locations and/or identities of terrestrial transmitters, and/or signal, timing and orbital 

information for GNSS SVs to facilitate positioning techniques such as A-GNSS, AFLT, 

OTDOA and ECID, The facilitation may include improving signalacquisition and 

measurement accuracy by UE 102 and/or, in some cases, enabling UE 102 to compute 

Its estimated location based on the location measurements. For example, location 

servers may comprisean almanac (e.g. a Base Station Almanac (BSA)) which indicates 

the locationsand identities of cellular transceivers and transmitters (e.g. eN:Bs 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 transmitted 

by these transceivers and transmitters such as signal power, signal timing, signal 

bandwidth, signal coding and/or signal frequency. In the case of ECID, a UE 102 may 

obtain measurements of signal strength(e.g. received signal strength indication (RSSI 

or reference signal received power (R.SRP)) for signals received from cellular 

transceivers (egeNBs 104, 106) and/or local transceivers and/or may obtain a signal 

to noise ratio (S/N), a reference signal received quality (RSTQ), or a round trip signal 

propagation time (RTT) between UE 102 anda cellar 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, to determine a location for UE 102, or in 

some implementations, UE 102 may use these measurements together with assistance 

data (e.g. terrestrial almanac data or GNSS SV data such as GNSS Almanac and/or 

(IGNSS.Ephemeris information) received from the location server to determine a location 

for UE 102.
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10051 In the case of OTDOA, UE 102 may measurea Reference Signal Time 

Difference(RSTD))between signals, such as a Position Reference Signal (P1S) or 

Common Reference Signal (CRS), received from nearby transceivers or base stations 

(e.g, eNBs 104 and 106). An RSTD measurement may provide the time of arrival 

difference between signals (eg. CRS or PRS) received at UE 102 from two different 

transceivers (e.g. an RSTD between signals received from eNB 104 andfrom eNB 106) 

The UE 102 may return the measured RSTDs to a location server (e.g. E-SMIC 110 or 

H-SLP 118) which may compute an estimated location for UE 102 based on known 

locations and known signal timing for the measured transceivers. In some 

implementations of OTDOA, the signals used for RSTD measurements (eI.g PRS or 

CRS signals) may be accurately synchronized by the transceivers or transmitters to a 

common universal time such as GPS time or coordinated universal time (UTC), e,g, 

using a UPS receiver at each transceiver or transmitter to accurately obtain the common 

universal time.  

[0052] An estimate of a location of a UE 102 may bereferred to as a location.  

location estimate, location fix, fix, position, position estimate or position fix, and may 

be geodetic, thereby providing location coordinates for the UE 102 (e.g, latitude and 

longitude)which may or may not include an altitude component (e.gheight above sea 

level, height above or depth below ground level, floor level or basement level)

Alternatively, a location of the UTE 102 may be expressed as a civic location (eg, as a 

postal address or the designation of some point or small area in a building such as a 

particular room or floor), Alocation of a UE 102 may also include an uncertainty and 

may then be expressed as an area or volume (defined either geodetically or in civic 

forn) within which the UE 102 is expected to be located with some given or default 

probability or confidence level (e., 67% or 95%). A location of a UE 102 may further 

bean absolute location (e.g. defined in terms of a latitude, longitude and possibly 

altitude and/or uncertainty) or may be a relative location comprising, for example, a 

distanceand direction or relative X, Y (and Z) coordinates defined relative to some 

origin at a known absolute location. In the description contained herein, the use of the 

term location may compriseany of these variants unless indicated otherwise.  

Measurements (e.g. obtained by UE 1.02 or by another entitysuch as eNB 104) that are 

used to determine (e.g. calculate) a location estimate for UE 102 may be referred 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 IE 102.  

100531 Conventonalsupportfor NB-loT and CloTincludes a munber of restrictions 

and Iimitations that may degradeand/or block locationservices for UEs. The network 

architecture 100 and UF 102 of FIG may be configured to perform one or more 

techniques to mitigate or eliminate the restrictions and limitations found in conventional 

systems. Examples of several of the one or more techniques that may be performed 

within the network architecture 100 or by UE 102 to improve location support for UEs 

supporting or associated with NB-loT, CloT or other types of IoT are next identified 

and described in more detail further down.  

j00541 In a first example technique, a location server (LS) (e.g. E-SMLC I10 or H

SLP 118) may be informed (e.g. by MME'108) that the UE 102 being positioned 

supports CloT and/or NB-IoT, orhas network access via NB-loI. This may be 

accomplished via (i) a parameter, indicating NB-IIoT access or CloT support, in a 

location request sentfrom an entity such as MME 108 or external client 150 to the LS 

and/or (ii1) a UTE subscription parameter configured in theLS indicating support of CloT 

and/orNB-loT. The.Smay thenlimitpositioning interaction withtheUE102by,e.g., 

using a reduced maximum positioning messagesize, a reduced message volume, longer 

retransmissionand/or response timers, The parameter in the location request, for 

example, may defineaspects ofNB-oT access and/or CloTlsupport for the UE 102 

(e.g. a maximum positioning message size, a maxium message volue, a niaxinimu 

expected message transfer delay).  

100551 In a second example technique, 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 downlik (.DL) 

measurements, e.g, for Enhanced Cell ID (ECID) and/or Observed Time Difference of 

Arrival (OTDOA), prior to and/or after entering a network connected state, and provide 

these measurements to the network, e.g, to aserving Evolved NodeB (eNB) 104 or 

serving MME 108, The provided measurements together with the last known serving 

cell identity (ID) for UE 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 thestoredinfonation.  

[00561 In a third example technique, when the UE 102 enters a network connected 

state, e.g, has a network signaling link, any pending.Mobile Terminated 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. byE-SMLC 110), but thew E 102 defers making any measurementsuntil back in 

idle state (e.g. with no network connection), While in the idle state with no network 

connection, the UE 102 performs DL measurements., re-enters the network connected 

state and sends the measurements back to the network or LS (eg. E-SMLC 110 or H

SLP 1.18). This technique may overcome resource limitations in the UE 102 (e.g 

reUarding available processing, memory and/or an RF receiver chain) that could 

otherwise impede DL measurements while the UE 102 is in network connected state 

and using resources to perform other activity. The extra delay inurntmng 

measurements by the UE 102 may be much smaller than the delay in waiting for the UE 

102 to initially enter the connected state, so the extra delay may not appear significant to 

an external client 150.  

[001571 In a fourth example technique, a combined periodic and triggered MT-LR 

procedure for Long Term Evolution (LTE) and NB-IoT access is used by a network 

(e.g. VPLMN EPC 130) in which the UE 102 evaluates trigger conditionsata defined 

minimum interval while in idle state and enters the connected state when a trigger event 

is detected by the UE 102 in order to enable location of the UE 1.02 to be obtained 

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

100581 More details are next provided of the previous techniques and the limitations 

associated with supporting location for a UE 102 that is using NB-IoT radio access 

and/or CloT features to access a wireless network (e.g. VPLMNEPC 130 and E

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

[00591 PSM and eDRX Limitations
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100601 Limitations on location support for UEs (e.g. UE 102) that support NB-OT 

radio access or for which CloT is applicable, may arise due to various features 

applicable to CloT and NBloT such as extended Discontinuous Reception (eDRX) and 

Power Saving Mode (PSM). With eDRX or PSM, a UE 102 may remain in idle state 

and neither be reachable from a serving network nor connect to the sein network 

(e.g. E-UTRAN 120 and EPC 130) for a long period of time (e.g. several hours or 

longer). During the period of time in which the UE 102 remains in idle state, it maynot 

be possible for an external client 150 to obtain the current location of the UE 102 (e.g.  

from VPLMNEPC 130 or IPLMN 140), thereby restricting or blocking location 

services, This limitation may affect use of the 3GPP control plane (CP) location solution 

as defined in 3GPP TSs 36.305 and 23.271 and/or may affect use of the SUPL UP 

location solution defined by OMA or use of other location solutions suchas solutions 

defined by the Institute of Electrical and Electronics Engineers (IEEE) and the Internet 

Engineering Task Force (IETF)- This limitation may also affect and impede proprietary 

location solutions in. which a UE 102 and an external client 150 (eg. which may be an 

exteral locationserver) communicate to obtain a location for the UE 102 using a 

proprietary protocol or protocols.  

[00611 With eDRX, the paging cycle for a UE 102 can be as long as 291 hours 

during which a E 1.02 could be unavailable for positioning - e g. using a Mobile 

Terminated Location Request (MT-LR) as defined in 3GPP TS 23.271 With PSM, a 

UE 102 may be available for positioning for the duration of a periodic Tracking Area 

Update (TAU) timeout which could be several hours or longer. In both cases, a IE 102 

could become unpredictably available when a mobile originated (MO) service is 

invoked by the U E 102 (e.g. such as the Short NIessage Service (SMS)), which would 

then provide an opportunity to perform positioning for any deferred MT-LR. This 

means thatan external client 150 who needs the current location of the UE 102 could 

need to wait for an extended and unpredictable timetfor the location to become 

available. Iftieextemalclient1.50 is,orisassociatedwith,a person asopposed to a 

machine, the ensuingMT~LR location service could be considered as almost useless.  

For example,a user who wishes to locate a child, asset or pet that has an NB-IoT 

tracking device will not normally want to waitseveral hours for a response.
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100621 To help overcome the previously described limitations associated with 

eDRX and PSMseveral techniques may be used In a first technique referred to as"last 

known location', a VPLNINEPC 130 (e.g. MME 108 or E-SMLC 110) may return (I) a 

last known location for a UE 102 to an external client 150 when the UE 102 is not 

available fora current MT-LR location requestand (ii) optionally the maximum time 

period that the UE 102 may continue to remain unavailable due to eDRX or PSM In a 

second technique referred to as "deferred location", a VPLMN EPC 130 and/or 

HPLMN 140 may support a deferred location request for a UE 102 from an external 

client 150. In a third technique referred to as "periodic and triggered locationn, a 

VPLMN EPC 130 and/or HPLMN 140 may support a periodic and triggered location 

capability for a UE 102. Sucha periodic and triggered location capability may allow an 

external client 150 to temporarily activate positioning for a UE 102 such that location 

results for the UE 102 are available to the external client 150 without significant delay.  

These techniques are described in more detail below.  

[0063] Last Known Location 

[00641 To overcome or mitigate sone disadvantage of a long response time for 

locating a UE 102 with eDRX or PSM, as described above, an external client 150 nigt 

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 LIE 102 will not become availablefor a current 

location for some long period. In the case of CloT, there is a capability to obtain a last 

known location of a UE 102 as described in 3GPPTS 23,682, but the location 

granularity of this capabilities restricted to a cell ID or Tracking Area (TA) which may 

mean alocation error of 500 to 1000 meters or more. While the location granularity of a 

cell ID orTA may be useful in some cases, it may be better to enable finer granularity, 

For example, a person locating a child or pet may like to know whether the last known 

location was compatible with the child being at school or the pet being at home. In 

addition, the solutionfor last known location in3GPP TS 23-682 isnot direct aligned 

with the 3GPP CP location solution in 3GPPTS 23.271 since the architecture and 

protocols are different, Accordingly, an operator who offers location services using the 

3GPP control plane (CP)solution defined in 3GPP TS 23.271 may need to add new 

capability to support the solution in 3GPP TS 23.682 which could addadditional cost 

and complexity - e,g. to VPLMN EPC 130 or HPLMN 140. This means that anew



WO 2018/038798 PCT/US2017/039254 

capability to obtainamore 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 moreaccurate last known location of a UTE 102 are next described.  

[00651 In a first technique for last known location, the serving MME 108 for UE 

102 stores in memory: (i) the last known serving cell ID (e.g. an E-UTRAN Cell Global 

Identifier (ECGI)) orlast serving eNB ID (e.g. for the eNB 104) for the UE 102 after 

UE 102 goes into idle state (e.g. with no active signaling link from UE 102 to the 

VPLMN E~-TRAN 120 and no active signaling connection from UT 102 to the 

VPLMN EPC 130) and (ii) a timestamp indicating when the UE 102 went into idle 

state. The last known serving cell I D or last serving eNB ID may be used to derive a last 

known location for the UE 102 should an MT-LR location request for the UE 102 he 

received later (e.g. by the serving MME 108)from an extermalclient I50 (e-g. via the H

GMLC 148 and V-GMIC 116) when theUE 102is still in idle state and unavailablefor 

paging. The MIE 108 may make use of the E-SMLC 110 to convert the last known cell 

ID or last serving eNB identity intoa geographic location. For example, the Location 

Services Application Protocol (LCS-Al) location procedure defined in 3GPPTS 29171 

may be used with a new parameter, new flag or new paraneter value being included in 

anLCS-AP Location Request message sent from the MME 108 to the E-SMLC 110 

which tells theF-SMLC 110 that the UE 102 isnot available for location and that the.

SMLC 110 needs to determine a location for the UE 102 using only the information 

included by the MME 108 in the LCS-AP Location Request message. The E-SMLC 110 

may then determine a last known location for the UE 102using only the information 

included by the MME 108 in the LCS-AP Location Request message (e.g. which may 

include the last known serving cell ID or last serving eNB ID). Since the UE 102 could 

have changed serving cell with the serving eNBD(e.g. eNBD104) renmnngthe same, the 

E-SMLC 110 may use only an e"N portion of a last known serving cell 11) (e. ECG) 

to determine a last known location for the UE 102. However, when UE 102 has NB-IoT 

access, the E-SM U.110 may use the entire last known. serving cell ID (eg ECG1) 

since a change of serving cell may not be supported for NB-oTaccess. ESMILC 110 

may thenreturn the last known location to theMME 108 in an LCS-AP Location 

Response message. The MNIME 108 may then return the last known locationfor the U.E 

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, to the external client 50 (eg. via the V

GMLC 116 and H-GMLC 148).  

[00661 In a second technique for last known location, the previously described first 

technique may be extended withsome additional location measurements. The UE 102 

may provide location measurements to the MME 108 when the UE 102 enters 

connected state (e.g. obtains a signaling connection to the eNB 104and MME 108)7 

before returning to idle state, and/or at other times. The serving eNB 104 may similarly 

obtain location measurements for the UF 102 when a signaling link.is established to the 

UE 102, prior to releasing the signaling link, and/or at other times, The measurements 

may include measurements applicable to the ECID position method such as RSSI, 

RSRP, RSRQ and/or RITTand/or other measurements such as OTDOA RSTD 

measurements. The measurements may be provided to the serving MME 108 by UE 102 

and/or by eNB 104. The MME 108may 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 this time is provided to the MME 108 and is earlier). The NIME 

108 may then include any stored location measurements (and the last known serving 

cell ID or last serving eNB ID) in an LCS-AP Location Requestsent to E-SMLC 110 to 

obtain a last known location from E-SMLC 110 as described for thefirst technique for 

last knownlocation. In the case of the second technique, the E-SMLC I110 may compute 

the last known location for UE 102 using both the provided last known serving cell ID 

or last serving eNB ID and the provided location measurements. While the first 

technique for last known location may be restricted to cell ID granularity, the second 

technique may use ECID or OTDOA positioning and may therefore be more accurate.  

100671 Deferred Location 

100681 When eDRX or PSM is used for a UE 102, a deferred location for the UE 

102, obtained automatically by the VPLMAN EPC 130 and HPLMN 140 after the U E 

102 becomesavailable (e.g. is connected to VPLMN EPC 130), may be useful to avoid 

reliance on notifyin an external client 150 when the UE 102 next becomes available for 

positioning and requiring the external client 150 to then issue an MR-LR request before 

the UE 102 again becomes unavailable. Support of a deferred location for the UE 

availability event is defined by 3GPP for GSM and UMTS access in 3PP TS 23271
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and isable tosupport 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 UP 102 has been 

extended in 3GPP TS 23.271 to support 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 (et. change of MME 108 to some other MME not shown in 

FIG. 1) andassumes an external client 150 will request a currentlocationrather than a 

deferred location for a UE 102. That means the MT-LR procedure for E-UTRAN access 

by a UE 102 in 3GPP TS23.271 is not aigned with deferred location for GSMand 

UMTS access in which the external client 150, R-GMLC and H-GMLC 148 are all 

aware of and support the deferred location request. As a consequence, for a UE 102 that 

uses eDRX and/or PSM with E-UTRAN access, a deferred.M T-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 full alignment with 

deferred location for the UE availability event for GSM and UMTS access would be 

useful 

100691 To support thisenhancementto the MT-LR procedure, a deferred MT-LR 

location procedure may be added for the UE availability event in 3GPP TS 2271 for 

EPC access by a U E 102 that isaligned with the current 3GPP MT-LR location 

procedure for the UE availability event for GSM and UMTS access. This may allow an 

external client 150 to request a deferred location for UE 102 for the UE availability 

event without having to know in advance whichaccess type theUE 102 is using, In 

addition, common parts of the deferred lT-LR procedure involving the H-GMLC 148 

andan R-GMLC may be shared (e.g. for GSM, UMTS and EPC access) to reduce 

network impacts (e.g. to the HPLMN 140 and VPLMN EPC 130), 

100701 Periodic and Triggered Location 

[0071) Periodic location fora U102(eg. location of UE102 at fied periodic 

intervals) and triggered locationfor a UE 102 (e, g.location of UE 102 whenever U E 

102 enters, leaves or remains within a specified geographic area) are defined for GSM 

and UMTS access by a UE in 3GPP TS 23,271, butare not defined for E-UTRAN 

access. in the case of aUE 102 supporting CloT features (e.g. eDRX, PSM and/or CloT
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CP optimization), a solution is defined in 3GPPTS23.682 to support reporting of a 

change in location for the UE 102, but the solution is not aligned with support of control 

plane location as defined in 3GPP TS 23.271, since the solution in 3GPP TS 23.682 

uses a different architecture and different protocols than the solution in 3GPP TS 

23.271. In addition, thesolution in TS 23.682 enables determination of a location for the 

UE 102 with a granularity only of cell ID or TA which could have an error of 500 

meters or moreand 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 cycle for the UE 

102), 

[00721 A more flexible periodic and triggered MT-LR capabilitymay be useful to 

enable location of a UE 102 that has LTE access or NB-oT access at times other than 

when the U E 102 normally becomes available (e.g. becomes connected to the VPLMN 

EPC 130) and/or with finer granilarity than a cell ID or TA. For example, a user might 

like to know when a valuable asset, child or pet enters or leaves a particular area 

immediately after the event occurs, rather than hours later, and may inaddition prefer a 

more accurate current location when such an event occurs. The lack of support for 

periodic and triggered location for E-UTRAN access by a UE 102 may thus restrict 

location support for the UE 102 (eg. with eDRX or PSM).  

[00731 Two techniques may be employed to support periodic and triggered location 

for a UE 102to overcome the limitations described above. In a first technique for 

periodic and triggered location, a new periodic MT-LR procedure for EPC access by a 

UE 102 may be added in 3GPP TS 23.271 aligned with the existing periodic MT-LR 

procedure for GSMand UMTS access. This may enable an external client 150 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 periodicNF-LR procedure 

involving an R-GMLC and the H-GMLC 148 may be common forall access types (e.g.  

GSM. UNITS 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.  

100741 In asecond technique for periodic and triggered location, a new triggered 

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

TS 23.271 aligned with the existing triggered MT-LR procedure for GSM and UMITS
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access With the change of area event, an external client 150 can provide (e.g. to an R

GMLC or to the H-GMLC 148) a target geographicarea (e.g. defined usinga circle, 

ellipse or polygon) and an indication of whether locationreportsifor the UE 102 are 

requested by the external client 150 when the UE 102 enters, leaves or remains within 

the target area. The target area may be converted (e.g. by an R-G MILC, -CILC 148 or 

V-GMLC 116) into a set of cell I1s and/orotherareas(e.g. TAs in the case of EPC 

access) thatapproximately conespond 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 ISO to request triggered location for the UE 102 without 

having to know in advance which access type (e.g. GSM, UMTS or LTE) the UE 102 is 

currently using. In addition, portions of the procedure involving an R-GMLC and the H

GMLC 148 may be common to all access types (e.g.SM,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 targetarea) while in idle state (e.g.  

with no signaling connection to the eNB 104and MME 108) at soei defined trigger 

evaluation interval (e.g. a minimum or a maximum trigger evaluation interval) and only 

return to connected state whena trigger condition is detected. The UE 102 may 

determine whether it has entered, left or remained within the target area by detecting a 

cell ID or cell IDs from nearby eNBs (e.g. eNB 104 and/or eNB 106)and comparing the 

detected cell ID(s) to the cell IDs provided earlier (e.g. by MME 108)tfor the target 

area. For example, if the UE 102 detects a cell ID that belongs to the targetarea, the lE 

102 may assume that UE 102 entered the target area if the UE 102 did not detect any 

cells belonging to the target area previously. Similarly, if the UE 102 does not detect 

any cells belonging to the target area, the UE 102 may assume that the UE 102 has left 

the target area if the UE 102 detected one or more cells belonging to the targetarea 

previously. Other trigger conditions mayalso be provided to the UE 10:2 (eg. by MM E 

108)and evaluated at the trigger evaluation interval suchas a trigger condition that 

occurs when the UE 102 moves by more than some threshold linear distance from a 

previous location or has attained some minimum velocity,.After the UE 102 returns to 

connected state (e.g. after detecting a target area trigger condition), the current UE 102 

location may be obtained (e.g. by the E-SM[C 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 occurred, 

[00751 In some embodiments, the first and second techniques for supporting 

periodic and triggered location may be combined using a sigle procedure that supports 

both periodic location of the UE 102 and triggered location (e.g. based on UE 102 

entering, leaving or remaining within a specified target geographic area).  

[00761 UEPositioning Protocol Limitation 

10077J For position methods suchas ECID, OTDOA and A-GNSS, a UE 102 and a 

location server (e.g. E-SMLC 110 or H-SLP 118) may need to exchange positioning 

protocol messages in order to: (i) allow the location server to obtain the positioning 

capabilities of the UE 102, transfer assistance data to the UE 102 and/or send a request 

for a location or location measurements to the UE 102: and/or (ii) allow the UE 102 to 

request assistance data from thelocation server and/or send location measurements or a 

calculated location to the location server. Positioning protocols that may be used in the 

case of LTE, eMTC or NB-IoT access by a UE 102 include the LTE Positioning 

Protocol (LPP) defined in 3GPP TS 36,355, the LPP Extensions (LPPe) protocol 

defined by OMA in OMA TS OMA-TS-LPPe-Vl_0., OMA-TS-LPPe-Vl_ and OMA

TS-LPPe-V2_0,and a combination of LPP with LPPe referred to as LPP/LPPe, 

However, fora UE 102 with NB-]oT access, transmission delay between a UE 102 and 

eNB 104 may be much 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 lead to a transmission delay 

ofseveralseconds or more), which may lead to longer message delivery times and the 

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

[00781 For LPP rnessages exchanged between the UE 102 and E-SMLC110 for the 

3GPP CPsolition the E-SILC 110 may support retransmissonofundelivered(cit 

unacknowledged) LPP messagesas defined in 3GPP TS 36.355. Minimum 

retransmission timeout defined in 3GPP TS 36.355 is currently 250 milliseconds (ms) 

though an E-SNLC 110 may use a longer timeout to avoid unnecessary retransmission.  

In the case of NB-IoTaccess by a UE 102, the normal E-SMLC retransmissiontimeout 

(of 250 ms or more) for E-UTRAN access may be too short leading to excessive
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retransmission which could place extra load on the signaling connection between the 

UE 102 andE-SMLC 110 via the serving eNB 104 andservin MME108.  

100791 For SUPL messages exchanged between the UE 102 and-l-SLP 118 (or 

some other SLP) for the OMA SU PL UP location solution, the SUPL messages maybe 

treated as Protocol Data Units (PDUs) by the VPLMN EPC 130 and the HPLMN 140 

and may therefore be transported using the CloTCP optimization referred to previously.  

In this case, an H-SLP 118 couldsupport end-to-end retransmission of unacknowledged 

PDUs using the Transmission Control Protocol (TCP) defined by 1iT but again the 

retransmission timeout could be too short leading to unnecessary retransmission of 

PDUs that might overload the'NB-loT network connection for UE 102, 

[0080] Inaddition to the longer delivery time for positioning protocol messages 

message size for NB-IoTaccess for a UE 102 may need to be constrained to some 

maximum size in order to avoid inefficient Internet Protocol (IP) fragmentation by 

VPLMN EPC 130 and VPLMN- EUTRAN 120.Furthermore,messagevolume(e.g.  

number of PDUs sent every minute or every few minutes) may need to be limited for 

NB-loTand Clo'devices due to limitedbandwidth (e.g. 180 KHz for NB-oT access) 

and/or, in the case of data PDUs (e.g. which couldbe applicable to SUPL location), due 

to explicit serving Public Land Mobile Network (PLMN) and Access Point Name 

(APN) rate control.  

100811 The preceding observations show that for aLE 102 with N:B-IoTradio 

access and/or that is using CloT features (e.g<. eDRX, PSM and/or CloT CP 

optimization), message delivery time expectation and message retransmission time may 

need be longer, message size may need to be limited (e.g. to below some maximum 

value) and/or message volume may need to be limited. However, a location server such 

as E-SMLC 110 or H-SLP 118 may not normally be aware of these requirements (e.g.  

when UE 102 has NB-JoT access or eNITCaccess), and may attempt to use an 

inappropriately short message delivery time expectation and message retransmission 

time, inappropriately large message sizes and/oran inappropriately high message 

volume, which may cause various problem as just described.
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100821 To overcome the problems just described, an MME 108 may provide an 

indication to an E-SMLC 110 in an LCS-AP Location Request message (as defined in 

3GPP TS 29171) of the access type currently being used by a UE 102. For example, the 

MME 108 may indicate to the E-SMLC 110 that the UE 102 has NB-oT access when 

this applies (e.g. or may indicate eMTC access when eMTC access applies). Additional 

or alternative information (e.g parameters) could also be provided by MME 108 to E

SMLC I 10 in the LCS-AP Location Requestmessage conCeming the maximum 

positioning (e.g. LPP) message size, a maximum message volumemad/or an indication 

of the maximum expected message transfer delay. In the case that E-SM1C 110 is 

informed by MME 108 that UE 102 has NB-loT access, the E-SMLC 110 could be 

configured by the VPLMN EPC 130 network operator with one or more configuration 

parameters for NB-loT radio access (or CloTfeatures), such as a reduced (or preferred) 

maximum positioning messagesize, a maximum message volume, and/or a maximum 

expected message transfer delay which could avoid theneed to provide these parameters 

to the E-SMLC 110 by the MME 108 Assuming that E-SMLC 110 is either configured 

withNB-loTaccess related configuration parameters or provided with such parameters 

by MME 108 (e.g.in an LCS-AP Location Request message as just described), the E

SMLC 110 may employ longer retransmission and response timers, a reduced maximum 

positioning message size and/or a limitation on the number (or volume) of positioning 

protocol (e.g. LPP and/or LPPe) messages transferred between E-SMLC 110 and UE 

102. For examplethe E-SMLC110 could limit the amount of assistance data 

transferred to the UE 102 and/or the number of measurements requested from the UE 

102 according to a maximum positioninmessage size and/or a maximum message 

number or maximum message volume.  

100831 In some implementations, cell configuration data in E-SMLC 110 may 

infonn~F-SMLC 110 as to whether a particular serving cell for U 102 supports NB-IoT 

access. In these implementations, MME 108 may not need to transfer an explicit NB

loT indication to E-SMLC I 10for a location request for a UE 102 with NB-loT access, 

because E-SMLC may be able toinfer NB-loT access from the serving cell for UE 102 

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

100841 UE Positioning in Idle State
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100851 UEs (e.g, a UE 102) that support NB-IoT radio access andor CloTfeatures, 

such as CloT CP optimization, eDRX and/or PSM, may have limited resources such as 

limited processing capability, limited memory and/or only one radio frequency (RF) 

receiver chain. This may be a consequence of implementing suchEs as low cost 

devices that communicate infrequently and with low battery power. The limited 

resources may limit positioning support, particularly when a UIE 102 is performing other 

activities such as data transferand/or SMS (text) transTfe on behalf of a user for the UE 

102 oran application in the UE 102. The resource limitation may directly impact 

position methods such as OTDOA .ECID, A-GNSS and WiFi, since a UE 102 may need 

to tuneaway 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 measurements 

for, non-serving eNBs (e.g. eNB 106), GNSS SVs (e.g. SVs 160) and/or WiFi APs 

associated with these position methods. The UE may also need to store the resulting 

locations measurements (e.gs measurements ofRSSI, RS.RP, RSRQ, RSTD, RTT, SV 

pseudoranges) until transferred to the network (e.g. to E-SM LC 110 or H-SLP 11S).  

Limited resourcesin a UE 102 may therefore limit the ability of the UE 102 to support 

some position methods.  

[00861 As just discussed, UE 102 resources may be limitedand possibly unavailable 

when the UE 102 isin connected state (e.g. with a signaling connection to eN*B 104 and 

MME 108) due to other UE 102 activity such as transferring dataand/or SMS messages.  

However UE 102 resources may be maximallyi available while the UE 102 is in idle 

state, since no communication. activity and little or no otheractivity may then be 

ongoing in UE 102, Hence, the current MT-LR, Network Induced Location Request 

(NI-LR) and MO-IR location procedures defined in 3GPP TS 23.271 for LTE access by 

a UE 102, and the corresponding MT-LRandMO-LR location procedures for the OMA 

S.P.L. UP location solution, may be amended such that location measurement by the UE 

102 are allowed to occur only when the WE 102 is in idle state. The M'-LR, MO-LR 

and N I-LR procedures may then functionas currently defined up util the point when a 

location request is sent to the LIE 102 by the E-SMLC 110 or by the H-SLP 118 (or by 

some other SLP suchas aD-SLP or E-SLP). The IE 102 may then store the location 

request information (e.g. may storea list of the locationmasrementsbeing requested) 

and may acknowledge the location request at the LPP level ifan LP acknowledgment
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is requested (e.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 idle state, the UE 102 may perform the requested measurements, 

return to connected state and send the requested measurements (or a location estimate) 

back to the server (e.g. E-SMLC 110 or R-SLP 118) 

[00871 Obtaining location measurements while in idle state by UE 102may require 

some support from other entities. To enable support from an E-SMLC (eg, E-SMLC 

110) or SLP (e.g H-SLP 118). anew capability flag or new capability parameter may 

be added to LPP and/or to LPPe for each position method supported by a UE for which 

the UE needs to be in idle state to obtain measurements. UE 102 may then send its 

positioning capabilities to E-SMLC 110 or H-SLP 118 using LI and/or LPe and 

include (or set) thenew capability flag or new capability parameter for each position 

methodsupported by UE 102 for which UE 102needs to be in idle state to obtain 

location measurements. If the capability flag or capability parameter is included (or set) 

for a particular position method (e.g. A-GNSS, OTDOA, WiFi or ECID) andE-SMLC 

110 or H-SLP 118 requests measurements (or a location estimate) from UE 102 for this 

position method, E-SMLC 110 or H-SLP I 18 may indicate a longer than normal 

maximum response time to UE 102 (e., a maximum response time of 2 to 10 minutes) 

inordertoallowenoughtimeforU 102_togo into idle state, obtain 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 ahernative, a new flag or new parameter may be added 

toLIP or LPPe in a common set of parameters applicable to all position methods to 

indicate whether UE 102 needs to be in 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 

measurements (or alocation estimate) from UE 102 for any position method, E-SMILC 

110 or H-SLP118 may indicate alonger than normal maximum response time to UE 

102 to allow enoughtime for UE 102 to obtain the measurements in idle state as just 

described.  

100881 To enable support from an MME (e.g..MME 108) for UE location 

measurements in idle state using the 3GPP CP location solutionthe servingMME 108 

for UT 102 may assume that when UE 102 has NB-loT access (or possibly another type
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of narrowband access such as eMIC), 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 until some threshold time period has expired (e.g. 2 to 5 minutes) 

after UE 102 next goes intoidlestate in order to avoid aborting the CP location 

session for UE 102 before UE 102 has had time to obtain andreturn location 

measurements to E-SMLC 110 via MME 108, 

100891 To support location measurements in ide state, UE 102 may explicitly 

indicate to E-SMLC 110 or H-SLP 118 (e.g, using LPP or LPPe) and/or to MME 108 

(e.g usingNAS as defined in 3GPPTS 24,301) that UE 102 needs to enter idle state in 

order to obtain and return requested location measurements. For example, after E

SMLC 110 or H-SLP 118 sends an LPP Request Location Information message to UE 

102 to request locationmeasurementsU102 may return an interim LPPProvide 

Location Infornation message to E-SMLC 110 or H-SLP 118 (e.g. containing the same 

LPP transaction IDas the LPP Request Location Information message sent by E-SMLC 

110 or H-SLP 118 and with an LPP end of transaction flag not set) indicating that UE 

102 needs to enter idle state in order to obtain the requested location measurements. In 

the case of positioning by E-SM LC 110, E-SMLC 110 may then send a message to 

M ME 108 to indicate to MM E 108 that UE 102 needs to enter idle state to obtain 

requested location measurements. MM108 may then assist UE 102 to enter idle state 

(e.g. by instigating release of a signaling connectionfromMME 108 to UE 102 or by 

temporarily suspending dataand text transfer to and from UE 102 which may enable 

eNB 104 or UE 102 to release the signaling connection for UE 102 after detecting a 

period of signaling inactivity). UE 102 may then enter idle state and obtain the 

requested location measurementsSMIC 110, H-SLP 118 and/or MME 108 may 

allow for a longer thannormal response time from UE 102 (e,g. due to being informed 

that UtE 102 needs to enter idle state to obtain the location measurements) and may 

thereby avoid aborting the location session to UE 102. After UIE 102 obtains the 

requested location measurementsUE 102 may re-enter connected state and send the 

location measurements to E-SMLC 110 or H-SLP 118.  

100901 In case the entry to idle state by UE 102 is delayed for a long time (e g.3 

minutes or more) on the network (VPLMN) side, the UE t102 may runa timerand.  

locally release the RRC signaling connection to the eNB 104 and enteridle state after
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some period of inactivity in the UE 102, Alternatively, the UE 102 may request release 

orsuspension of the RRCsignaling connection from the serving eNB 104 by sending an 

RRC message to the serving eNlB 104 containing this request, which may then allow the 

UE 102 to enter idle state, In the case of a high priority location request, an E-SMLC 

110 may indicate to the MME 108 when the UE 102 can be allowed to go into idle state 

For the 3GPP CP location solution, such a procedure could require that the MME 108 

and E-SMLC 110 are aware of the1E 102 going intoidle state to perfor the 

measurements in order to retain location contextand location session information while 

the UE 102 is in idle state and enploy suitably long response timers This awareness by 

the MME 108 and E-SMLC 110 could be associated with NB-IoTaccess for the UE 

102 if the use of idle state to obtain location measurements by UE 102 isused only 

when UE 102 has'NB-oT 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 indicated to the MME 108 by the UE 102 using NAS signaling when attaching to the 

VPLMN EPC 130and/or may be indicated to the E-SML1C 10 or H-SLP 118 using 

LPP or LPPe). The use of idle state for IE 102 measurements may have the efTect of 

delaying a location response to an external client 150. However, such a delay may be 

very small in comparison to the longer delay involved in waiting for a UE 102 to 

become available for location and may therefore not be significant to the external client 

150.  

[0091] Security for NB-JoT 

[00921 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 

betveena UE 102 and eNB 104 may be encrypted) may not be supported for the UE 

102. For a UE 102 that supports CiloTCP optimization and normal UP data transfer or 

CloT User Plane (UP) optimization (in which a signaling connection for a UE 102 can 

besuspended rather than released), AS security could besupported assoon as a Packet 

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

100931 In the case of location for a UE 102 using the 3GPP CP solution defined in 

3GPP TS 36.305, the possible lack of AS security may not be important when 

positioning of the UE 102 is supported using the LPP and/or LPPe positioning
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protocols. This is because LPP and/or LPPe messages may be transferred between the 

UE 102 and serving MME 108 inside Non-Access Stratum (NAS) messages, suchas 

Uplink and Downlink generic NAS transport messages defined in 3GPP TS 24.301 All 

NAS messages may be protected via encryption, while in transit between the UE 102 

and serving MNME 108, using NAS security and may thereby not be a security riskfor 

the UE 102 or VPLMN EPC 130.  

[00941 Similar protection may apply to the OMA SUPL solution. In this case. SUPL 

messages may be transferredas data between the UT 102 and an SIP such as H-SP 

118 using either (a) CloT CP optimization or (b) EPC UP data bearers associated with 

CloT UP optimization or non-optimized UP bearers. NAS security may be available for 

(a) and AS security may be availablefor (b) in which SUPL essages transferred to and 

from a UE 102 would be encrypted at least while in transit between the UE 102 and 

serving eNB 104.  

[00951 When the IPP CP sution defied in 3GPPTS 36.305 is used with uplink 

position methods in which measurements of a UP 102 are received by an ESMLC 110 

not directly from the UE 102 but from the serving eNB 104, other eNBs such as eNB 

106 (e.g. using theLTE Positioning Protocol A (LPPa), defined in 3GPTS 36.455) or 

from Location Measurement Units (LM.s), security may be an issue. Examples of 

uplink position methods defined in 3GPP TS 36.305 include 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 (e.g. eNB 106) and/or by LMUs rather than 

by the UE 102 In these cases, any Radio Resource Control (RRC) signaling used 

between the serving eNB 104 and UE 102 to coordinate positioning and/orreceive 

measurements obtained by the UE 102 at the serving eNB 104, may not be security 

protected (e.g. may notbe encrypted) when CloTCP optimization is use for data PDU 

transfer between the MME 108 and UE 102 in addition, any uplink transmission from a 

UE 102at the RRClevel that is measured by the serving eNB 1047 another eNB106 

and/or by an LMU may not be security protected (e.g. may not be encrypted) and could 

thus be easier for other entities to intercept and measure. These limitations mean that 

support of uplink positioning fora UP 102 (e.g.using the LPPa and RRC protocols) 

may not be secure in the case of CloTCP optimization when no UP data bearers are 

supported by or established to the UE 102.
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100961 In order to mitigate lack ofsecurity 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 ie E-SNILC 110, whether ornot AS security (e.g. encryption) is currently being 

used fora UE 102, For example, fora UE 102 that uses CloT CP optimization for all 

data transfer, the MME 108 could indicate that AS securityisnot bein used. TheE

SMLC 110 could then take this into account when instigating different position methods 

for the UE 102 For example, downlink position methods that are supported by UE 102 

(such as A-GNSS and OTDOA) might be used by the E-SMLC 110 as security may not 

be needed due to the availability ofNAS security and encryption as previously 

described. However, for uplink positioning, the E-SMLC 110 may only invoke uplink 

position methods that are dependent on eNB measurements (e.g. from eNB 104) that do 

not require additional RRC signaling with the UE 102 when AS security is not being 

used.  

100971 CP versus UP location solutions with NB-IoT 

100981 With the 3GPP CP location solution (e.g. as defined in 3GPP TS23271 and 

36,305), an MME 108 may queue a deferred MIT-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 maysimplify implementation of.E-SMLC 110. A last known location for 

the UE 102 mayalso besupported bystoring the last known serving cell ID (and 

possibly location measurements) for the UE 102 in the MME 108 or eNB 104 as 

previously described. The E-SMLC 110 may also receive the current cell ID and 

possibly ECID location measurementsfor a current location request for a UE 102 when 

the UF 102 is reachable for positioning. TheMMNI 108 may remain aware that a CP 

location session is activeand allow the UE 102 to remain in connected state longer or 

come back from idle state to retu requested measurements to the E-SMLC 110 as 

previously described.  

[00991 With the OMA SLPL UP location solution, an U-SLP 118 may receive a 

location request from an extemal client 150 while the UP 102isinidlestateandnot 

available for paging (e.g. by the MME 108) and may have to wait, e.g., several hours, to 

obtain a location for the UE 102. The H-SLP 118 also cannot necessarily obtain a last 

known location for the UE 102 using current 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 may send a SUPL INIT message to the UE 102 to start a SUPL 

location session and then wait several hours for a reply from the UE 102.  

1001001 To improve SUPI location, the H-SLP 118 may use or support Services 

Capability Server (SCS) function to obtaina.last known cell ID and/or a UE 102 

availability (or reachability) indication from a Service CapabilityExposure Function 

(SCEF) in the HPLMN 140 for the UE 102 as defined in 3GPP TS 23.682- This could 

allow an H-SLP 18 to supportlast known location, current location and deferred 

periodic and triggered location for thei UE 102 in a manneralmost comparable with the 

3GPP CP location service, 

1001011 Some more detailed exemplary embodiments are provided herefinor some 

of the techniques described previously.  

1001021 FIG. 2 shows a signaling flow 200 illustrating a process of obtaining a last 

known location for a UE 102 that is using NB-oT radio access and/or features 

applicable to IoT or CloT. As illustrated atstage 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 obtainsanactive RRCsignaling connection to the eNB 104 

and MME 108. The request, for example, may be a NAS Attach Request, a NAS 

Tracking Area Update Request, an RRC Connection Resume, a NAS Service Request or 

a NAS Control Plane Service Request. The request may include location measurements 

obtained by UE 102 of signals received frombthe serving eNB 104 such as 

measurements of RSSI RSRP, RSRQ and/or RTT and/or may include RSTD location 

measurements of eNB 104 and other eNBs (e.g. eNB 106). The location measurements, 

when obtained by the LE 102, may have been obtained prior to stage 201 e,g. which 

may assist the location measurements by UE 102 when UE 102 has limited resources 

due to IE 102 still being inidle state. The request mayfurtherincludethetime(and 

date)at which the UE obtained the location measurements.  

1001031 At stage 202, the eNB 104 transmits to the serving MME 108 an SI-AP 

Initial Context Setup message or an S -AP UE Context Resume message, which may 

include any"NAS message, UE 102 location measurements and/or time (and date) of
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location measurements received from the UE 102 at stage 201. Additionally, the 

message atstage 202 may include the serving cell ID for the UE 102, the eNB 104 1D, 

location measurements obtained by eNB 104 of the UE 102 (eCg. RSSIRSRP, RSRQ 

and/or RTT) and.or a time (and date) at which the eNB 104 obtained the serving cell 1D 

and/or location measurenlmts.  

[001041 At stage 203the MME 108 may storethe received cellID, eNB 104 ID the 

UE 102 location measurements, the eNB 104 location measurements (or whichever of 

these were received atstage 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 

earlier). Following stage 203 the'UE 102 may 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).  

1001051 At stage 204, UE 102 activity is performed while the UE is in the connected 

state - etg. the UE 102 may send and receive data and/or SMS (ShortMessage Services) 

messages via one or more of the eNB 104, the SGW 112, the PDG 114 and the MME 

108.  

1001061 At stage 205, the R.RC connection (and signaling link) for the UE 102 is 

released or suspendedand the UE 102 entersan idle state, The UE 102 and/or eNB 104 

maysendadditional location measurements to the MME 108 prior to releasing the 

signaling link (or just after releasing the signaling link 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 

location measurements were received or were obtained. Theadditional 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 idle state at stage 205 

may be associated with eDRX or PSM support for UE 102 in 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 received by the GMLC 

116 from some external source (e.g. from an external client 150 either directly or via the



WO 2018/038798 PCT/US2017/039254 

H-GMLC 148). The location request 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.  

1001081 At stage 207, the GMLC 116 sends an[EPC LCS'Protocol (ELP) Provide 

Subscriber Location message to the serving MME 108 for LE 102 to request a current 

or last known location for the UE 102 and includes an identity for the UE 102 (eg. a 

Mobile Station International Subscriber Directory Number (MSISDN) or International 

Mobile Subscriber Identity (IMSI)) The GMLC 116 may determine the address or 

identity of MME 108 (not shown in FIG. 2) by querying an HSS for the UE 102 (e,.  

HSS 145) or by being provided with the address or identity of MME 108 in the request 

at stage 206.  

100109] At stage 208, theNIME 108 sends an LCS-AP Location Request message to 

the E-SMLC 110, which may include the serving cell ID, eNiB 104 IL, the WE 102 

location measurements and the eNB 104 location measurements (or whichever of these 

are available) that were previously stored at stage 203 and/or stage 205, The MME 108 

may include an indication in theELCS-AP Location Request that a location is to be 

obtained for 3E 102 using only the information provided at stage 208 and that the UE 

102 is not available for positioning. The indication in the LCS-AP Location Request 

mayalso or instead indicate that the UE 102 is not wirelessly connected to the VPLMN 

EPC 130and E-UTRAN 120and/or thata last known location is requested for U E 102, 

The actions of MME 108 at stage 208 may be based on knowledge by MME 108 that 

UE 102is not currently reachable for positioning (e.g. based onsupport of eDRX or 

PSM for UE 102byVPLMN EPC 130).The actions of MME 108 atstage 208 may also 

be based in part on a request fora current or last known location for the UE 102 

received at stage 207.  

10011.01 At stage 209, theE-SMLC 110 may determine a last known location of the 

E 102from the information received at stage 208 - e"g. using ECID, cell ID and/or 

OTDOA position methods. Determinationofalastknownlocation for UE102 byE

SMLC 110 (e.g. insteadof attempting to obtaina current location for WE 102) may be 

based on the indication received at stage 208 that the UE 102 is not available for 

positioning (or on an indication received at stage 208 that WE 102 isnot wirelessly
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connected to the VPLMN EPC 130 and E-UTRAN 120 or on an indication that a last 

known location for UE 102 is requested).  

[00111 At stage 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 209, 

1001121 At stage 211, the MME 108 transmits an ELP Provide Subscriber Location 

Acknowledge message to the GMLC 116 that includes 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 thelast known location may be the time (and date) when the UE 102 

enters idle state, as stored by the MME 108 at stage 205, when the last known location 

is obtained using a last known cell ID or last known eNB ID for the UE 102.  

Alternatively, the time (and date) for the last known location may be the time (and date) 

at which location measurements provided to the E-SMLC 110 at stage 208 to obtain the 

last 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 

location - e.g. the interval of timebetween the time (and date) for the last known 

location and a current time (and date) 

1001131 At stage 212, the GILC 116 sends a Location Response message to the 

external source (e.g. external client 150 or H-GNLC 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.  

100114] FIG. 3 shows a signaling flow 300 illustrating a combined example of 

deferred location for the UE availability event, anindication to an E-SMLC that a UE 

has NB4oT access and needs special positioning support (e.g. a maxinm LPP message 

size, longer retransmissionand response timers), and use of the idle state by a UE to 

obtain location measurements, Although the example is for NB-IoT access and includes 

(i) a deferred location for UE 102, (ii) UE 102 measurements in idle stateand (iii) an 

indication to an E-SMLC 110 of a UE 102 with NB-loT access, it is not necessary that 

all three of these features be used together or that UP 102 have NB-oT access and other
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examples may exist where only one or two of these three features are used to locate the 

UE 102 or where UE 102 has a different access type (e.g. eMTC access). As illustrated, 

at stage 301 of signaling flow 300, the UE 102 is initially in an idlestate with no active 

RRC signaling connection toa PLMN (e.g. to the eNB 104and MME 108) and is not 

currently reachable for positionig - e.g. due to support of eDRX or PSM for UE 102 

by VPLMN EPC 130.  

1001151 At stage 302, the GMLC 116 receives a Deferred Location Request for UE 

102 for the UE availability event from some external source (e.g from an extemal client 

150 either directly or via an H-GMLC 148). The Deferred Location Request may 

indicatea request for a current location of UE 102 after UE 102 next becomes available 

(or reachable) for positioning.  

00116] At stage 303, the GMLC 116 sends an EL'Provide Subscriber Location 

message to theMME 108 to request a deferred location of the UE 102 for the E 

availability eventand includesan identity for the UE 102 (e-g. an MSISDN or IMSI).  

The GMLC 116 may determine the address or identity of MME 108 (not shown in FIG.  

3) by querying an HSS for the UE 102 (e. HSS 145) or by being provided with the 

address or identity of MME 108in the request at stage 302.  

1001171 Atstage 304, the MME 108 stores the request receivedat stage303 as the 

UE 102 is not currently available for positioning, 

1001181 At stae 305theMME 108retumsanELP'Provide SubscriberLocation 

Acknowledge message to the GMLC 116 that confirms that the request at stage 303 is 

accepted. In some embodiments, the ELP Provide Subscriber Location Acknowledge 

message at stage 305 may include a last known location for the UE 102 and a time (and 

date), or anage, for the last known location (e.g. obtained as described for FIG, 2) 

and/or may Include 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 until the nextallowed paging occasion for UE 102 at MME 108 (e.g. if 

eDRX is used by UE 102) or the next expected periodic Tracking Area update from UE 

102 (e.g. if PSM is used by UE 102).
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1001191 At stage 306, the GMLC 116 may send a Request Accepted message to the 

external source (e.g. external client 150) indicating that the request at stage 302 was 

accepted and may include a last known location for the UE 102, a time (and date) or an 

agce, for the last known location, and/or an expected (or maximum) delay in UE 102 

next becomingavailable for positioning if oneor more of these were included at stage 

305.  

1001201 At stage 307 which may occurat some later time (e.g. up to several hours or 

more after stages 302-306), the UE 102 re-enters a connected state in which UE 102 has 

an active RRC signaling connection to the eNB 104 and MME 108, e.g., as a 

consequence of a Tracking Area Update by UE 102 or being pagedbyMME108after 

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

1001211 At stage 308, the MME 108 sends to the E-SMLC 110 an LCS-AP Location 

Request message for the deferred location request received at stage 303 and may include 

the current serving cell I)for the UlE 102, an indication that the UE 102 has NB-oT 

access and/or an indication that the UE 102 performs location measurements while the 

UE 102 is in idle state. The MME 108 may detenine that the UE 102 performs 

location measurements while inidle state from a CloTfeature indication (e.g. indicating 

UE 102 location measurements in idle state) provided by UE 102 to MME 108 when 

UE 102 previously attached to VPLMN EPC 130 (not shown in FIG 3) or due to the 

UE 102 havingNB-loT access. Following stage 308, the E-SMLC 110 may request and 

obtain the positioning capabilities of UE 102 using LPP and/or LPPe (not shown in FIG 

3). For example, E-SNLC 110 may send an LPP Request Capabilitiesmessage to UE 

102 (via M ME 108 and eNB 104 and not shown in FI. 3) to request the positioning 

capabilities of UE 102, and UE 102 may returnan LPP Provide Capabilities message to 

E-SMLC I110 (via eN:B 104 and MME 108 and not shown in FIG, 3) containing the 

positioning capabilities of UE 102. In one embodiment, the positioning capabilities of 

UE 102 may indicate one or more position methods supported by UE 102 for which UE 

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

1001221 At stage 309, the E.-SMLC 110 may transmit an LPP Provide Assistance 

Data message to the UE 102 via the MME 108and eNB 104 that includes assistance 

data for UE measurements (e.g. assistance data indicated as supported 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 UE 1021, In some embodiments, UE 102 may send an LPP Request 

Assistance Data message to E-SMLC 110 (not shown in FIG. 3) prior to stage 309 and 

after stage 308 to request theassistance datasent at stage 309. In someembodiments, 

when E-SMLC 110 is aware that UE 102 has NB-IoT access (e.g. due toan indication 

of this received at stage 308), E-SMLC 110 may restrict the amount of assistance data 

sent to UE 102 at stage 309 based on a maximum positioning message size or maximum 

message volume for a UE with. NB-JoT access. For example, the LPP Provide 

Assistance Data message sent at stage 309 may not exceed a maximum positioning 

message size (ora maximum message size forany application) for NB-IoT access, In 

some embodiments, more than one LPP Provide Assistance Data message may be sent 

to UE 102 at stage 309 in order tosend more assistance data to UE 102 without 

exceedinga maximum positioning message size (or a maxinmm message size forany 

application) for NB-IoT access.  

[00123] At stage 310, the E-SMLC 110 transmits an LPP Request Location 

Information message to the UE 102 via the MME 108 and eNB 104 that includes a 

request for location measurements, e,g, for OTDOA, A-GNSS and/or ECID. The LPP 

Request Location Information message sent at stage 310 may indicate a higher than 

normal response time (eg. 2 to 10 minutes) if E-S MLC 110 is aware (e.g. from 

information provided by MME 108 at stage 308 or ftom positioning capabilities for UE 

102 received followingstage 308) that UE 102needs to be in idle state in order to 

obtain some or all of the requested location measurements. In some embodiments, when 

E-SMLC 110 is aware that UE 102 has'NB-oT access (e.g. due to an indication of this 

received at stage 308), E-SNILC 110 may restrict the number of location measurements 

requested from UP 102 at stage 310 (e.g. based on a maximum positioning messagesie 

for a UE with NB-loT access). In an embodiment, followingstage 310 and not shown in 

FIG. 3, UE 102 miay send an LPP message (e.g. an PP Provide Location Information 

message) to E-SMLC 110 andor a NAS message to MME 108 to indicate thatUP 102 

needs to enter idle state in order to obtain the location measurements requested by.E

SMLC I 10 at stage 310.
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1001241 At stage 311, the RRC signaling connection for UE 102 is released or 

suspended and the UE 102 enters an idle state. Stage 311 may occur by normal means 

after data transfer, SNIS transfer and/or other activity for UP 102 has finished or been 

suspended. Alteratively, UE 102 may enter idle state after some period of inactivity 

without wailingfor R RC signaling connection release or suspensionfrom eNB 104 and 

MME 108 Alternatively, eNB 104 and/or MM 108 may release or suspend the RRC 

signaling connection before all normal data transfer, SNIS and/or other activity for the 

UE 102 are complete - e.g. due to receiving a request from E-SMLC 110 or from UE 

102 toallow UE 102 to enter idle state. Following stage 311, theMME.108 and.E

SMLC 110 may retain location session and location context information for the UE 102 

based on an indication orawareness (e.g. obtainedas described previously) that the UE 

102 performs location measurements while in idle state, to enable the location session to 

resume laterat stage 313.  

1001251 At stage 312, the UE 102 obtains some or all of the location measurements 

requested at stage 310, e.g., using OTDOA, A-GNSS and/or ECID, while the UE 102 is 

in the idle state.  

100126] At stage 313, the UE 102 transmits a NAS Service Requestan RRC 

Connection Resume, a CP Service Request orsome other message to eNB 104 (or 

possibly to a different eNB, such as eNB 106, if eNB 104 is no longer suitableas a 

serving eNB) to enable UE 102 to obtain an RRC signaling connection to eNB 104 (or 

to another eNhB) and to MME 108 and to re-enter a connectedstate 

[00127] At stage 314, and after the UE has re-entered connected state, the UE 102 

transmits an LP Provide Location Information message to the E-SMLC 110 via the 

eNB 104 (or other serving eNB) and MME 108 that includes the UE location 

measurements obtained at stage 312.  

[00128] At stage 315, the E-SMLC 110 determines (e.g. calculates) theUE 102 

location using the measurements received at stage 314.  

[00129 At stage 316, the E~ LC I 10 transmits to the MMIE 0S an LCS AP 

Location Response message, which includes the UE location determined at stage 315,
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1001301 At stage 317, the MME 108 transmits an ELP Subscriber Location Report 

message to the GMLC 116 that includes the UE 102 location received at stage 316 and 

other information (e.g. a UE 1021 ID suchas an NMISSDN or VISI or some other ID 

received at stage 303 or sent at stage 305) to 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.  

1001311 At stage 318, the GMLC 116 transmits a Deferred Location Response with 

the UE 102 location receivedat stage 317 to the external source (e.g. external client 

150), 

[001321 At stage 319, the GMLC 116 transmits to the MME 108 an ELP Subscriber 

Location Report Acknowledge message.  

[001331 FIG. 4 is a diagram illustrating an example of a hardware implementation of 

UE 102, The UE 102 may include a WWAN transceiver 402 to wirelessly 

communicate with, e.g, cellular transceivers such as eNB 104 and eNB 106 (shown in 

FIG. 1). The UE 102 may also include a WLAN transceiver 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 transceiver 404, The UE 102 may further includean SPS receiver 408 for 

receiving and measuring signals from SPS SVs 160 (shown in FIG. 1), received via 

antenna(s) 406. The UE 102 may include one or more sensors 410, suchas cameras, 

accelerometers, gyroscopes, electronic compass, magnetometer, barometer, etc. The UE 

102 may further include user interface 412 that may include e.gadisplay, a keypad 

or other input device, suchas virtual keypad on the display, through which a user may 

interface with the UE 102.  

[001341 The UE 102 further includes 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 usingacombinationof 

the tfregoing. The memory 420 may contain executable code or software instructions 

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 programmed to perform the techniques 

disclosed herein. As illustrated in FIG. 4, the memory 420 may include one or more 

components or modules that may beimplemented by the one or more processors 414 to 

perform the methodologies described herein. While the components or modulesare 

illustrated as software inmemory 420 that is executable by the one or more processors 

414, it should be understood that the components or modules may be dedicated 

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

[001351 The memory 420 may include an NB-IoT/CloT unit 422 that when 

implemented by the one or more processors 414 configures the one ormore processors 

414 to enable'NB-loT or CloT type network communications and features by WWAN 

transceiver 402 during communication with a network entity (e.g., E-SMLC 110, H

SlP 118, MME 108 or eNB 104), For example, N.B-oT/CloT unit 422 may cause 

WWANtransceiver 402 to notifythe network entity that the UE 1.02 supports N13-loT 

or CloT type network communications and/or that the UE 102 supports other features 

(e.g. such as obtaining location measurements 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 

N B-IoTor CloTradio access type supported by the UE 102.  

[001361 The memory 420 may further include location measurements unit 424 that 

when implemented by the one or more processors 414 contigUres the one or more 

processors 414 to obtain location measurements, e.g, using one or more of the WWAN 

transceiver 402, WLAN transceiver 404 and SPS Receiver 408. For example, the 

location measurements may include at least one of a cell ID RSSI. RSRP, RSRQ 

RSTD or RTl'measurement. When implemented by the one or more processors 414, 

the location measurements unit 424 may cause the location measurements to be 

obtained, prior to connecting to a network, and may cause the WWAN transceiver 

402 to transmit the location measurements to a location server (e.g.E-SMLC 110) or 

other entity (e.g, MME 108) once the UE 102 is connected to a network, 

1001371 The memory 420 may further include a position session unit 426 that when 

implemented by the one or more processors 414 configures the one or more processors 

414 to engage in, or re-engage in, a positioning session with a location server (e.g, E-
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SMLC 110 or H-SLP I8)e.g, upon requestfrom the location server or initiated by the 

UE 102, once the UE 102 enters a connected state with a wireless network (eg.  

VPIMN EPC 130 and E-UTRAN I20) Whenimplemented, the position session Unit 

426 mav cause the one or more processors 414 to defer performing location 

measurements using the location measurements unit 424 until the UE 102 is no longer 

in a connected state. The position session unit 426, foexample, 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 unit 426 may cause the UE 102 to 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 unit 428 The trigger unit 

428 whenimplemented by the one or more processors 414 configures the one or more 

processors 414 to receive trigger parameters, e.g. provided ina mobile terminated 

location request. The trigger parameters may include, e.g.a trigger evaluation interval, 

a periodic inaxinum reporting interval trigger, and one or more location Iriggers. The 

trigger evaluation interval imay be a minimum or maximum inrvalfor evaluating the 

one or more location trigers. The location triggers may comprise at least one of: (i) a 

fixed periodic reporting interval; (ii) a change of cell; (iii) change of TA; (iv) an entry 

into, an exit from or a remaining within a geographic area defined according to a group 

of cells and/or TAs; or (v) a movement by more than a threshold linear distance from a 

previous location. The trigger unit 428, when niplemented by the one or more 

processors 414, evaluates the one or more location triggers at the trigger evaluation 

interval and also tracks the periodicixinmm reporting interval trigger. The one or 

more processors 414 implementing the trigger unit 428 causes the UE 102 tore-enter a 

connectedstate with a wireless network whena trigger conditionoccursorwhenthe 

periodic 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 I10 or H-SLP 118 in or accessible from the wireless network).
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1001391 The methodologies described herein may be implemented by various means 

depending upon the application. For example, these methodologies may be 

implemented inhardware,firmware,softwareoranycombinationthereofFora 

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 

(PLDs),field programmable gatearrays (FPGAs), processors, controllers, micro

controllers, microprocessors, electronic devices, other electronic units designed to 

perform the functions described herein, or a combination thereof.  

[00140j Foran implementation of UE 102 involving firmware and/or 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 implementing the 

methodologies described herein. For example, software codes may be stored in a 

memory (e.g memory 420) and executed by one or more processors 414, causing the 

one or more processors 414 to operate as a special purpose computer programmed to 

perfonn the techniques 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 "memorV'refers to any type of long term, short tenn, volatile, nonvolatile, or other 

memory and is not to be limited to any particular type of memory ornuniber of 

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

[001411 If implemented infirmware and/orsoftware, the functions performed by UE 

102 may be stored as one or more instructions or code on a non-transitory computer

readable storage medium suchas memory 420. Examples of storage media include 

computer-readable media encoded with a data structure and computer-readable media 

encoded witha computer program. Computer-readable media includes 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 RA M, ROM, EEPROM., CD-ROM orother optical disk 

storage, magnetic disk storage, semiconductor storageorotherstoragedevices,orany 

other medium that can be used to store desired program code in the form of instructions 

or data structures and that can be accessed by a computer; disk and disc, as used herein,
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includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy 

diskand Blu-ray disc where disks usually reproduce data magnetically, while discs 

reproduce data optically wih lasers. Combinations of the above should also be included 

within the scope of computer-readable media.  

[001421 In addition to storage on computer-readable storage medium, instructions 

and/or data for UE 102 may be provided as signals on transmission media included in. a 

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 readablemedia, 

e.g., memory 420, and are configured to cause the one or more processors 414 to 

operate as a special purpose computer programmed to perform the techniques disclosed 

herein. That is, the communication apparatus includes transmission media with signals 

indicative of information to perform disclosed functions. At a first time, the 

transmission media included in the communication apparatus may include a first portion 

of the infoimaton to perform the disclosed functions, whileat a second time the 

transmission media included in the communication apparatus may include second 

portion of the information to perform the disclosed functions.  

[001431 Thus, a user equipment, such as UE 102, that is using Narrowband Intemet 

of Things (NB-oT) radio access and/or Cellular Internet of Things (CloT) features, 

may include a means for entering connected state with a wireless network by a user 

equipment that is using Narrowband Internet ofThings (NBloT) radio access and/or 

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

402 A means for engaging in a positioning session wi t a location server (e.g. E

SMLC 110 or H-SLP 118) may be, e.i, one or more processors 414 with dedicated 

hardware or implementing executable code or software instructions inmemory 420such 

astheposition session unit 46, A means for receiving a request for location 

measurements from the location server may be, e.g., the WWAN transceiver 402. A 

means for deferring perforninglocation measurements until the user equipment is not 

in 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 

in memory 420suchas the position session unit-426. Ameansforenteringan 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 414 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, e.g, the WWAN transceiver 402 and one or more processors 414 with 

dedicated hardware or implementing executable code or software instructions in 

memory 420such as the location measurements unit 424. A means for re-entering the 

connected state with the wireless network may be, e.g, the WWAN transceiver 402 and 

one or more processors 414 with dedicated hardware or implementing executable code 

or software instructions inmemory 420 such 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.  

[001441 A user equipment, such as UE 102, that is using Narrowband Internet of 

Things (NTB-]oT) radio access aIdor Cellular Interet of Things (CloT) features, may 

include a means for receiving mobile terminated location request from a wireless 

network (e.g. from an MME 108, E-SMLC 110 or H-SLP 118 in or associated with the 

wireless network) while the UIE isin a connected state with the wireless network, the 

mobile terminated location request comprising a trigger evaluation interval, a periodic 

maxinnnn reporting interval trigger, and one or more'location triggers, which maybe, 

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 

asthe position session unit 426 and trigger unit 428. A means forevaluatingtheone or 

more location triggers at the trigger evaluation interval while the UE is not in the 

connected state may include, e.gs the one or more processors 414 with dedicated 

hardware or implementing executable code or software instructions in memory 420 such 

as the trigger unit 428, as well as one or more of the WWAN transcever 402, WLAN 

transceiver 404, SPS receiver 408 and sensors 410. A meansforir~ntering the 

connected state with the wireless network when a trigger condition is detected or when 

the periodic maximum reporting interval trigger occurs 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
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trigger unit428. A means for initiating orre-initiating a location session with the 

wireless network (e.g.with a location server such as E-SMLC 110 or H-SLP 118 in or 

accessible from the wireless network) after re-entering the connected state maybe, e.g,.  

the 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.  

[001451 FIG 5is a diagram ilstrating an example of a hardware implementation of 

a network entity 500, such as the MME 108ESMLC 10, GMLC 116. H-SLP 118 H

GMLC 148 or eNB 104. Thenetwork entity 500 includes. e.g., hardware components 

such as an external interface 502, which may be a wired or wireless interface capable of 

connecting to UE 102 directly or through one or more intermediary networks (e.g.  

HPLMN 140 and/or VPLMN EPC 130 and E-UTRAN 120) and/or one or more 

network entities (e.g. eNB 104 and/or MMIE 108). Thenetwork entity 500 includes one 

or more processors 504 and memory 510, which may be coupled together with bus 506.  

The memory 510 may contain executable code or software instructions that when 

executed by the one ormore processors 504 cause the one or more processors to operate 

as a special purpose computer programmed to perform the techniques disclosed herein.  

As illustrated in FIG. 5, the memory 510,may include one or more components or 

modules that may beimplanted by the one or more processors 504 to perform the 

methodologies as described herein. While the components or modules are illustrated as 

software in memory 510 that is executable by the one orimore processors 504,it should 

be understood that the components or modules may be dedicated hardware either in the 

one or more processors 504 or off the processors. It should be understood that,since the 

network entity 500 can correspond to a number of different network entities, not all the 

functionsand components for the network entity 500 described herein may be present 

forany 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 ormore processors 504 configures the one ormore 

processors 504 to enable communication, e.g, via the externalinterface 502, with a user 

equipment (e.g, UE 102) to request a location session, or receive a request fora location 

session. When implemented by the one or more processors 504, the position session 

unit 512 may configure the one or more processors 504 to receive an indication that the 

user equipment supports NB-loTradio access and/or CloT features, e.g, from the user
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message, or in a location request from another entity, such as the external client 150 or 

MME 108. The received indication may further define aspects of NB-loT radio access 

and/or CloT features that are supported by the UE 102, The network entity 500 may 

also or instead be configured with base station configuration data (e.g- BSA data) and/or 

cell configuration data suchas an identification of base stations (e.g. eNB 104 and/or 

eNB 106) and/or cells that support NB-loT access, stored in memory. When 

implemented by the one or more processors 504, 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 received identification of the base station or cell 

serving the user equipment and the base station or cell configuration data with the 

identification of basestations or cells that support NB-IoT access. In response to 

determining that a user equipment (e.g. UE 102) supports Narrowband Internet of 

Things (NB-loT) radio access or Cellular Internet of Things (CloT) features, the one or 

more processors 504 implementing the position session unit 512 may limit 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 

maximum message size, a maximum positioning message size or a maximum expected 

message transfer delay for a user equipment that is using NB-LOT radioaccess or CloT 

features, or a combination thereof The one or more processors 504 implementing the 

positionsession unit 512 may limit the positioning interaction with the user equipment 

by usinga reduced maximum positioning message size, longer retransmission and 

response timers, a restricted size of assistance data, and/or 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.  

[001471 The memory 510 may include a last known location unit 514 that when 

implemented by the one or more processors 504 configures 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 cause the location measurements to be stored, e.g, in memory 510 or other 

memory. The location measurements,for example, maybe a cell ID (e.g. a last serving 

cell ID), a base station ID (e.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. RSTD and round trip 

time (RTT).The location measurements, by way of example, may be obtained by the 

UE 102 before the UE 102 is wirelessly connected to a network or afier the UE 102 is 

wirelessly connected to the network, and may be received by the one or more processors 

504 while the UE 102 is wirelessly connected to the network. The location 

measurements may also or alternatively be obtained from measurement performed by an 

access point, suchas eNB 104 (shown inFIG. 1) when the UE 102 is wirelessly 

connected to the network The last known location unit 514 configures the one or more 

processors 504 to use the location measurements for a determination of a last known 

location of the UE 102 when the UE 102 is not wirelessly connected to a network. For 

example, if the network entity 500 is, e.g., the MME 108 or eNB 104, but not the 

location servere.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 wirelessly connected to the 

network (eand not reachable for positioning), the one ormore processors 504 

configured by the last known location unit 514 may cause the external interface 502 to 

transit the stored location measurements for the UE 102 to a locationserver (e.g.  

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 512 to use the stored location 

measurements to determine the last known location of the UE 102, The external 

interface 502 may further transmit thelast known location of the UE 102 (e,g. when 

obtained by the network entity 00) to an external client 150 or a requesting entity such 

as GNLC 116 or H-GMLC 148.  

[00148] The memory 510 mayinclude a deferred positioning unit 516 that when 

implemented by the one or more processors 504 configures the one or more processors 

504 to cause the position session unit 512 to engage ii a positioning session with a UE 

102, and to permit the UE 102 to defer obtaining location measurements until the UE 

102is no longer connected to the network. The deferred positioning unit 516 

configures the one or more processors 504 to permit the UE 102 to reengage the 

positioning session and provide the location measurements fora positioning session 

implemented by the position session unit 512 after the UE102 has re-entered a 

connected state.
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1001491 Thememory 510 may includeatrigger unit 518 thatwhen implementedby 

the one or more processors 504 configures the one or more processors 504 to define 

trigger parameters comprising a trigger evaluation Interval, a periodic maximum 

reporting interval trigger, and/or one or more location triggers and cause the external 

interface 502 to provide the trigger parameters to the UE 102 in a mobile terminated 

location request. For example, the location triggers may comprise at least one of (i) a 

fixed periodic reporting interval; (iia change of cell; (iiil) a change of TA; (iv) an entry 

into, an exit from ora remaining within a geographic area defined according to a group 

of cells and/or TAs; or (v) a movement by more than a threshold linear distance from a 

previous location.  

1001501 TIe methodologies described herein may be implemented by various means 

depending upon the application. For example, these methodologieslmay be 

implemented innetwork entity 500 using hardware, hrmware, software, or any 

combination thereof Fora hardware implementation, the one or more processors 504 

may be implemented within one or more application specific Integrated circuits 

(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs), 

programmable logic devices (Ds), field programmable gate arrays (FPGAs), 

processors, controllers, micro-controllers, microprocessors, electronic devices, other 

electronic units designed to perform thefunctions describedherein, or a combination 

thereof 

1001511 For an implementation of network entity 500 involving finmvare and/or 

sofNware, 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 

implementing 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 purpose computer programmed to perform the techniques 

disclosed herein. Memory may be implemented within the one or more processors 504 

or external to the one or processors 504 (e-g. as memory 510). As used herein the term 

"memory" refers to any type of long term, short term, volatile, nonvolatile, or other 

memory and is not to be limited to any particular type of memory or number of 

memories, or type of media upon which memory is stored.
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functions described herein may be stored as one or more instructions or code on a non

transitory computer-readable storage median. Examples include computer-readable 

media encoded with a data structure and computer-readable media encoded with a 

computer program. Computer-readable media includes physical computer storage 

media, A storage mediummaybeany available medium that can be accessedby 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 othermedium that 

can be used to store desired program code in the form of instructions or data structures 

and that can be accessed bya computer; disk and disc, as used herein, includes compact 

disc (CD), laser disc, optical disc, 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 included within the 

scope of computer-readable media, 

[00153] In addition to storage on computer-readablestorage medium, instructions 

and/or data for network entity 500 may be provided as signals on transmission media 

included in a communication apparatus that may comprise part or all of network entity 

500. For example, a communication apparatus mayinclude a transceiver having signals 

indicative of instructions and data. The instrmctions and data are stored on non

transitory computer readable media, e.g., memory 510, and are configured to cause the 

one or more processors 504 to operate as a special purpose computer programmed to 

perform the techniques disclosed herein. That is, the communication apparatus includes 

transmission media with signals indicative of information to perform disclosed 

functions, At a first time, the transmission media included in the communication 

apparatus may include a first portion of the information to perform the disclosed 

functions, while at a second time the transmission media included in the coimunication 

apparatus may include a second portion of the information to perform the disclosed 

functions, 

100154] Thus, a network entity 500 may include a means for receivingan indication 

thatauser equipment (e.g UE 102) is using Narrowband Internet of Things (NB4oT) 

radio access or Celhdlar Internet ofThings (CloT) 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 510 such as the 

position session unit512-. A means for himiting positioning interaction with the UE in 

response to the indication that the UE is using NB-1OT radio access or CloT features, 

wherein limiting the positioning interaction comprises at least one of using a reduced 

maximum positioning message size, using longer retransmission and response timers, 

using a restricted size of assistance data, or requesting a reduced numberof location 

measurements from the UE, each relative to positioning interaction for another UE with 

a non-NB-oT radio access and non-CloTlfeatures, ma be, e.g, the one or more 

processors 504 with dedicated hardware or implementing executable code or software 

instructions in memory 510 such as the position session unit 512.  

[001551 An apparatus, such as the network entity 500imay include a means for 

receiving cationmeasurementsfor auser equipment (e.g.U1E .02) that is using 

Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of Things 

(CloT).features, which 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 in memory 510 such as the last known location unit 514. A means for 

storing the location measurements and a timestamp may be, e,g., memory 510 and the 

one or more processors 504 with dedicated hardware or implementing executable code 

or software instructions in memory 510 such as the last knownlocation unit 514.  

Means for receiving a location requestfor the user equipment when the user equipment 

is not connected to 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 instructions in memory 510 suchas the position session 

unit 512. A means for transmitting the location measurements to a location server (e.g.  

E-SMLC 110) with an indication that the user equipment is not connected to 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 instuctions 

in memory 510 such as the last known location unit 514. A means for receiving a 

responsefromthe location server comprisinga last known location for the user 

equipment may include, e.g., the external interface 502 aid the one or more processors
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504 with dedicated hardware or implementing executable code or software instructions 

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

1001561 An apparatus, suchas the network entity 500,.may itclude a means for 

receiving a location requestfor a user equipment (eg. U E 102) that is using 

Narrowband Internet of Things (NB-loT) radioaccess or Cellular Internet of Things 

(CloT).features, wherein the location request comprises location measurementsfor the 

UE and an indication that the UE is not connected to a wireless network; which 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 in memory 510 such 

asthe position session unit 512. A means for determining a last known location for the 

UE based on the location measurements may be, e.g., the one or more processors 504 

with dedicated hardware or implementing executable code orsoftware instructions in 

memory 510 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 

interface 502, 

[00157] An apparatus, such as the network entity 500, may include a meansfor 

engaging in a positioning session with a user equipment (e,". UE 102) that is using 

Narrowband Internet of Things (NB-IoT) radio access or Cellular Interet of Things 

(CloT) features to access a wireless network, which 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 in memory 510 suchas the position session 

unit512. Meansfor receiving an indication that the UE will defrperforminglocation 

measurements for the positioning session until the UE isnot in a connected state with 

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 in memory 510 such as the deferred positioning umit 516, Ameansfor 

sending a request for location 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 indication was not received may 

be, e.g., the external interface 502 and the one or more processors 504 with dedicated 

hardware or implementing executable code orsoftware instructions in memory 510 such 

as the deferred positioning unit 516 and the position session unit 512. A means for
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receiving the requested location measurements from the UE prior to expiration of the 

increased maximum response time 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 in memorys510 such as the position session unit 512,.Ameans for 

determining a location for the U E based on the received location icasurements may be, 

eg, the one or more processors 504 with dedicated hardware or implementing 

executable code or software instructions inmemory 510 such as the position session.  

unit 512, 

[001581 In one implementation, a non-transitory computer readable medium may 

have stored therein computer executable instructions executable by one or more 

processors to: receive alocation request for a user equipment (UE) that is using 

Narrowband Internet of Things (NB-loT) radio access or Cellular Internet of Thins 

(CloT) features, wherein the location request comprises locatonmeasurementsfor the 

UE and an indication that the UE is not connected to a wireless network; determine a 

last known location for the UE based on the locationmeasurements;and return a 

location response comprising the last known location for the UE.  

100159] FIG. 6 shows a process flow 600 illustrating a method of limiting 

positioning interaction with e aU( UE 102) when the UE is usingNB-lOT radio 

access or CloT features to access a wireless network (e.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 I18 in networkarchitecture 100, The process flow 600 may 

start at block 602 where the location server receives an indication that the UE is using 

Narrowband Internet of Things (NB-l') radio access and/or Cellular Internet of Things 

(CloT) features toaccess the wireless network, When the location server isan E-SMLC 

(e.g. E-SMLC 110). theindication may be received in a location request message (e.g.  

an LCS-AP Location Request) sent by an MME (e.g, MME 108), When the location 

server isanSLP (e.g. H-SLP IIS), the indication may be received in a location request 

messa(e.g. a location request message defined for the OMA Mobile Location 

Protocol (ILP)) sentbyan externalclient(e.g. externalclient 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. inan LPPa 

message). In 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 received (e.g. from the UE, an MME or an eNB) as an.  

identification of a base station or cell that is currently serving the UE: the location 

server may theninfer that the UE is using NB-oT radioaccess orCloT features based 

on an indication in the base station or cell configuration data, respectively, that the 

identified base station or cell currently serving the UEsupports NB-oT radio access 

[001601 At block 604, the location server limits positioning interaction with the UE 

in response to the indication that the UE is using NB-4OTradio access or CloT features.  

Limiting positioning interaction with the UE mayiIncludeat least one of using a reduced 

maximum positioning message size (e.g. for LPP or LPLPPe), using longer 

retransmission and response timers, using a restricted size of assistance data, or 

requesting a reduced number of location measurements from the UE, where each type of 

limitation is relative to positioning interaction for another UP that uses a non-NB-loT 

radio access and non-CloT features (e.g. such asanother UE that uses normal LTE radio 

access).  

[00161] To support the limited positioning interaction with the UE in block 604 the 

location server may be configured with one or more configuration parameters for NB

IoT radio access and/or CloT features. The configuration parameter(s) may comprise a 

maximum positioning message size (e.g. for LIPand/or PP/LPe), a maximum 

message volume, and/or a maximum expectedmessage transfer delay for a UE that is 

using NB-lOT radio access or CloT features.  

100162] In some embodiments, to support the limited positioning interaction with the 

UE in block 604, the indication received at block 602 may comprise aspects of NB-oT 

radio access and CloT features that are supported (e.g, by the wireless network) for the 

UE. 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 LP or 

LPP/LPPe), a maximum message volume, a maximum expected message transfer delay, 

or some combination of these.
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1001631 FIG. 7 shows a process flow 700 illustrating a method of determining a last 

known location for a UE (eg. UE 102) that is usingNB-1oT radio access and/or CloT 

features to access a wirelessnetwork (e.g. VPLMN EPC 130 and E-UTRAN 120). The 

process flow 700 may be performed by a servingMME for the UE (e.g, MME 108).  

The process flow 700 maystart at block 702 where locationmeasurementsare received 

by the MME for the UE. The location measurements may have been obtained by the 

UEimmediately prior to connecting to the wireless network or while connected to the 

wireless network,and may be received from the UE (e.g. in a NAS message as defined 

in 3GPP TS 24301) while the UE is connected to the wireless network. Alternatively or 

in addition, the location measurements may have been obtained by the UE and 

transferred toan access point such as a serving base station for the UE (eg. the eNB 

104) and/or may have been obtained by the access point (e.g. eNB 104), and may then 

be received by the MME from theaccess point (e.g. using LPPa) while the UE is 

connected to the wireless network or immediately after the UE is no longer connected to 

the wireless network. The location measurements may include a last known serving cell 

identity (ID) or last known serving eNodeB ID for the UE while the UE was connected 

to the wireless network. The location measurements may further include a received 

signal strength indication (RSSI), a reference signal received power (RSRP), a reference 

signal received quality (RSRQ), a signal to noise ratio (SIN), around trip signal 

propagation tine (RTT), a reference signal time difference (RSTD), or some 

combination of these. Block 702 may correspond to stages 201 and 202 and/orstage 

205 in signaling flow 200 in some embodiments.  

1001641 At block 704 in process flow 700, the MMEmay store the location 

measurements receivedat block 702 and a tinestamp. The tinestamp may correspond 

to the time (and date) at which the location measurements were received by the MME, 

the time (and date) at which the location measurements were obtained by the UE or by 

an access point if this was earlier, or the time (and date) at which the U E entersan idle 

state (e..if the location measurements comprise a last known cell ID or last known 

eNB ID). Block 704 may correspond to stage 203 and/or stage 205 in signaling flow 

200 income embodiments.  

1001651 At block 706, the MME receives a location request for the UE when the UE 

is not connected to the wireless network (as a consequence of a signaling connection
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release for the UE as at stage 205 in signaling flow 200). The location request may be 

received from a GMLC (e.g. GMLC 116) which may in tum have received the location 

request from an external client (e.g- extemal client IO) orfrom another GMLC(e.g. 1-1

G'MLC 148). The location request may include a request for a current or last known 

location for the U EBlock 706 may correspond to stage 207 in signaling flow 200 in 

some embodiments.  

1001661 At block 708, the MME transmits the location measurements to a location 

server with an indication that the UEis not connected to the wireless network. In some 

embodiments, the location server may be an E-SMLC (e.g. E-SMLC 110) and the 

location measurements may be transmitted to the E-SMLC as part of an LCS-AP 

Location RequestThe MME may include the indication that the UE is not connected to 

the wireless network if the UE is not reachable from the MME for positioning (e.g. if 

the U E is using e DRX or PSM). The indication that the UE isnot connected to the 

wireless network may insome embodiments be an indication that a last known location 

for the UE is requested by the MME or an indication that the U E is not currently 

reachable from the wireless network. Block 708 may be triggered in some embodiments 

by the UE not being connected to and not reachable from the wireless network 

combined with the location request received at block 706 including a request for a last 

known location for the UE (ora request for current or last known location for the UE) 

Block 708 may correspond tostage 208 in signaling flow'200 in some embodiments.  

1001671 At block 710. the MM E receives a response from the location server 

comprising a last known locationtfor the IE. For example, the location server may have 

determined (e.g. calculated) the last known location using the location measurements 

transmitted at block 708 and based on the indication 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 insome embodiments.  

[00168] Following block 710 (and not shown in FIG 7),the MME may return a 

location response to the source of the location 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 timestamp stored at block 704
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00169] FIG. 8 shows a process flow 800 illustrating a method of deferring 

performing location measurements by a UE (e.g. UE 102)until tie UE is in an idle 

state. The process flow 800 may be performed by a UE (e.g. UE 102) thatis asing 

Narrowband Internet of Things (NB-IoT) 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 widebandaccess or eMTC access) e.g. if a 

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

1001701 Process flow 800 may start at block 802 where the UE enters a connected 

state with a wireless network - e.g. as a consequence of obtaining a signaling connection 

to a serving eN B (e.g. eNB 104) and serving MME (e.g, MME 108), Block 802 may 

correspond to stage 307 in signaling flow 300 insonie embodiments.  

[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 session for the 

3GPP CP location solution for LTE, eMTCor NB-loTaccess as defined in 3GPP TS 

36,305; in this 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 definedin OMA TS OMA-TS-ULP-V2(013); in 

this case, the locationserver may be an SLP (e.g. H-SLP 118), In some embodiments 

(e.g for a positioning session foran MT-LR), engaging in the positioning session with 

the location server by the UE may comprise receiving a message from the location 

server (e.g. a SUPL, LPP or LPP/LPPe message) to initiate orstart the positioning 

session. In some other embodiments (e~g. for a positioning session for an MO-LR), 

engaging in the positioning session with the location server by the UE may comprise 

transmittinga message to the wireless network or to the location server (e.g.aSUPL 

NAS MO-LR, LPP or /LPLPPe message) to initiate or start the positioning session, In 

some embodiments, engaging in the positioning session with the location server may 

include transmitting an indication to the location server 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 performis 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 LP 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 UE and may be sent by the UE to the location server using an LPP or 

LPPILPPe Provide Capabilities message.  

1001721 At block 806, the UE receives a request for location measurements from the 

location server. For example. the request may be received in an LPP or LPP/IPPe 

Request Location Iforation message. The location measurements requested may 

include measurements for one or more position methods such as ECID, OTDOA, A.

GNSS, WiFi, sensors etc. and/or may include a request for a location estimate for the 

UE. Block 806 may correspond to stage 310 in signaling flow 300 in some 

embodiments.  

[001731 At block 808, the UE may defer performing the location measurements 

requested at block 806 until theUE is not in 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 location 

measurements while connected to the wireless network.  

1001741 At block 810, the UE enters an idle state wherein the UE is not connected 

with the wireless network,For example, the UE may: (i) wait until 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; 

(ii) release or suspend a signaling connection to the wireless network itself (eg. after 

some timeout period during which the UE detects no activitysuch as for data or SMS 

with the wireless network); or (iii) request release or suspension of a signaling 

connection to the wireless network from a serving eNB (e.g. eNB.104), aserving M ME 

(e.g. MME 108) or the location server. Block 810 may correspond to stage 311 in 

signaling flow 300 in some embodiments, 

1001751 At block 812, the UE obtains thlocatio measurements requested at block 

806 while in the idle state. Obtaining the location measurements while in the idle state
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may enable the UE to allocate more resources (e,g processing, memoryRF receiver 

chains) to obtaining thelocationmeasurements than when the UE is in a connected state 

which may improve measurement accuracy, reduce response time and/or enable use of 

certain position methods. Block 812 may correspond to stage 312 in signaling flow 300 

in some embodiments.  

[001761 At block 814, the UE reenters the connected state with the wireless network.  

For example, the UE may send a NAS Service RequestNAS Control Plane Service 

Request 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 reentry to connected 

state. Block 814 may correspond to stage 313 in signaling flow 300 in some 

embodiments.  

100177] At block 816, the UE provides the location measurements obtained at block 

812 to the location server. For example, the UE may send the location measurements to 

the location server in an LPP or LPP/PPe 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 UE (e.g. as at stage 315 in signaling flow 300), 

[001781 FIG. 9 shows a process flow 900 illustrating a method of supporting a 

location session for periodic and triggered location at a user equipment. 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 use Narrowband Internet of Things (NB-oT) radio 

access or Cellular Internet ofThings CloT) features to access a wireless network (e'g.  

VPLMN EPC 130 and E-UTRAN 120) but other UEs (eg. a UE with normal wideband 

LIE access) may also perform process flow 900.  

[001791 Process flow 900 may start at Block 902 where a LIE receives a mobile 

terminated location request (MT-LR) from a wireless network while the UE is in a 

connected state with the wireless network. The mobile terminated location request may 

comprise a trigger evaluation interval (e.g. a minimum ora. maximum trigger evaluation 

interval), a periodic maximum reporting interval trigger, and one or more location 

triggers. The mobile terminated location request may be received from a serving MME
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(e.g. MME 108) or from a location server (e.g, E-SMLC 110 or H-SLP 118).The one or 

more location triggers may comprise at least one of i) a fixed periodic location reporting 

interval; (ii) a change of cell; (iii) a change of Tracking Area; (iv) an entryinto, an exit 

fromoraremainingwithinageographic area defined according to a group ofcellsand 

Tracking Areas; or (v) a movement of the UE by more than a threshold linear distance 

from a previous location for the UE.  

1001801 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 die one or more location triggers whle the UE is in 

a connected state with the wireless network in some embodiments.  

1001811 At block 906, theUE re-enters the connectedstate with the wireless network 

when a trigger condition is detected by the UE or when the periodic maximuni reporting 

interval trigger occurs.  

1001821 At block 908, the UE initiates or re-initiates a location session with the 

wireless network after re-entering the connected state. For example, the Umay 

initiate a new location session, or may resume a previous location session, with one or 

more entities in the wireless network (e,. the MME 108, E-SMLC 110 and/or H-SLP 

118).  

100183] At block 910, which is an optional block and shown using dashed lines, the 

UE may provide location information to the wireless network. The location information 

may comprise location measurements, a location estimate, an indication of the trigger 

condition detected at block 906, or some combination of these. The location information 

may be provided toan entity in the wireless network such as anE-SMLC (e.g. E-SMLC 

110) or SLP (e.g. H-SLP 118).  

1001841 FIG.10 shows a process flow 1000 illustrating a method of supportinga last 

known location for a UE that is using NB-oT radio access and/or CloTfeatures to 

access a wireless network. The process flow 1000 may be performed by a location 

server suchas E-SMLC 110.
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1001851 Process flow 1000 may start at Block 1002 where the location server 

receives a location request for a UE that is using Narrowband Internet of Things (NB

IoT) radio access and/or Cellular Internet of Things (CloT). The location request may 

comprise location measurements for the UEand an indication that the UE is not 

connected to a wireless network. In sonic embodiments, the location request may 

comprise an LCS-AP Location Request and may be sent to the location server by a 

serving MME for the UE (e.g. MNME 108). In some embodiments, the indication that the 

UE is not wirelessly connected to the network may comprisean indication that: (i) the 

U'E is not reachable for positioning from the wireless network; (ii) a last known location 

is requested for the UE; and/or (iii) a location is requested for the UE based only on 

information 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 

accesspoint,suchasaservingeNB(e.geNB104),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 ID or a last 

known serving eNodeB ID for the UE before the UE was no longer connected to the 

wireless network. hI some embodiments, the location measurements may further 

comprise a received signal strength indication (RSSI), a reference signal received power 

(RSRP), a reference signal received 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] Atblock.1004of processflow 1000, the locationserverdeterminesalast 

known location for the user equipment based on the location measurements received at 

block 1002. For example, when the location measiremcntsinclude a last known serving 

cellIDor last known eNodeB ID, the location server may determine the last known 

location based on the cell ID position method. Alteratively, when the location 

measurements include one or more of an RSSI, RSRP, RSRQ or R TT measurement, the 

location server may determine the last known location based on the ECD position 

method. Alternatively, when the locationmiasureCmts include one or more RSTD 

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

209 in signaling flow 200.  

1001871 At block 1006, the location server returns a location response comprising the 

last known location for the user equipment determined at block 1004. income 

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

1001881 FIG. 11 shows a process flow1100 illustrating a method of enabling UE 

(e.g. UE 102) to defer location measurements until the UTE is in an idlestate. The 

process flow 1100 may be performed by a location server (e.g. E-SMLC I10 or H-SLP 

118) that needs to obtain locationfor a U(e.g U 102) that is using Narrowband 

Internet ofThings (NB-loT) radio access or Cellular Internet ofThings (CloT) features 

toaccess a wirelessnetwork (e.g. VPLMN EPC 130andE-UTRAN 120).  

[001891 Process flow 1100 may startat block 1102 where the location server engages 

in a positioning session with a UE (eg. U E 102) that is using Narrowband Internet of 

Things (NB-oT) radio access or Cellular Internet of Things (CloT) features to access a 

wireless network. In sonie embodiments, the positioning session ma. be a positioning 

session for the 3CPP CP location solution for LTE, eMTC or NB-loT access as defined 

in 3GPP TS 36,305; in this 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 locationsolution (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-SL 118) in some embodiments 

(eg, for a positioning session for an MTLR), engaging in the positioningsession 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 in the positioning session with the U E 

may comprise receiving a message sent by the UE or sent by an entity in the wireless 

network (e.g. anNIMIE) to initiate the posiioning session.For example, the location 

server may receive a SUPL, LPP or LPP/LP'e message sent by the UE to initiate the 

positioning session or nay receive an LCS-AP Location Request sent by a serving 

MME for the UE (e.g. MME 108) to initiate the positioning session.
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1001901 At block 1104 in process flow I100, the location server receives an 

indication that the UE will defer performing location measurements for the positioning 

session until theUE is not ina connected state with the wirelessnetwork. 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. Insome 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 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, 

1001911 At block .1106, the location server sends a request forlocation measurements 

to theUIE, where the request for location.measurements comprisesan increased 

maximum response time that is higher than maximum response time for another UE 

for which the indication was not received. For example, the location server may send an 

LPP or LPP/LPPe Request Location ifornation message to the UE containing the 

increased maimum 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 obtain location measurements 

while connected to a wirelessnetwork. The maximum response times for these UEs 

maybe related to particular position methods, to a location accuracy, to a location 

response time requested byan extemal client (e.g, externalclient 150), and/or to a 

location service or application, Tbe maximum response times may be higher for 

position methods for which location measurements typically take more time, where 

higher location accuracy is requested byan external client, where low response time is 

not requested byan external client, or where a location service or application has higi 

priority. As an example, when high location accuracy (e.g. an error of 50 meters or less) 

is requested for the A-GNSS position methodin association with anemeirgency call 

from a UE, a maximum response time of 20 to 30 seconds may be configured.  

Conversely, when lower location accuracy is requested (e.g. an error of 200 meters or 

more),for the ECID position method not in association with an emergency call, a 

maximumresponse time of 2 to 5 seconds may be configured.in the case of a LIE 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 forECD, a maximum response time of I 

to 2 minutes may be configured. The increased maximum response time sent at block 

1106.may enable the UE to wait until the UE isin 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 1.106 may correspond to stage 310 

in signaling flow 300.  

[001921 At block 1108, tie location server receives the requested location 

measurements from the UE prior to expiration of the increased maximum response time 

at the location server. For example, the location measurements may be received inan 

LPP or LPP/LPPe Provide LocationlInformation message sent to the location server by 

the U . i order to obtain the location measurements, the UE may first (i) wait until 

signaling connection to the wireless network is released or suspended by the wireless 

network; (H) release or suspend a signaling connection to the wireless network. itself; or 

(iii) request release or suspension of a 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, as illustrated for stage 311 of signaling flow 300. Following release of a 

signaling connection to the wireless network, the UE may obtain the location 

measurements requested by the location server while in idle state (e.g. as at stage 312 in 

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 

locationserverat block 1108. In some embodiments, block 1108 may correspond to 

stage 314 in signaling flow 300.  

1001931 At block 1110, the locationserver deternues a location for the UE based on 

the location measurements received at block 1108 For example, the location server may 

calculate a location for the UE using BSA data configured in the locationserver in the 

case of location measurements for the ECID or OTDOA position methods and/or using 

GNSS ephemeris and timing data for location measureients for the GNSS or AGNSS 

position method. I some embodiments, block I 1 10 may correspond to stage 315 in 

signaling flow 300.
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a UE 102 that is using NB-OT radio access and/or CloT features, suchas eDRX, PSM 

and/or CloT CP optimization, to access a wirelessnetwork such as VPLMN EPC 130 

and E-UTRAN 120. Some of the embodiments also assume that the 3GPP CP location 

solution is used to locate the U1 102 However, techniques similarto or the sameas 

those described herein may be used to support or improve support of location for a UE 

that is associated with or supports other types of loT features and/or other types of radio 

access including, for example, radioaccess according to eMTC, wideband LTE, GSM, 

WCDMA, cdma2000, WiFi or a future 5G standard. In addition, techniques similar to 

or the same as those described herein may be used to support or improve support of 

location for a UE using other location solutions such as the OMA SUPL UIP location 

solution, location solutions defined by IETF and IEEE, and a fure 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 is otherwise associated with features and 

limitations applicable to IoT and CloT, suchas power savings features, low resource 

limitation, limited battery power, limited message size and/or limitedmessage volume.  

1001951 Referencethroughout thisspecification to "one example" an example", 

"certain examplesor "exemplary implementation" means that a particular feature, 

structure, or characteristic described in connection with the feature and/or example may 

be included in atleast one feature and/or example of claimed subject matter, Thus, the 

appearances of the phrase "in one example", "an example", "in certain examples" or "in 

certain implementations" or other like phrases in various places throughout this 

specification are not necessarily all referring to the same feature, example, and/or 

limitation. Furthermore, the particular features, stictures, or characteristics may be 

combined in one or more examples and/or features.  

1001961 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 tern specific apparatus or 

the like includes a general purpose computer once it is programmed to perform 

particular operations pursuant to instructions from program software, Algorithmic 

descriptions or symbolic representations are examples of techniques usedby those of
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ordinary skill in the signal processing or related arts to convey the substance of their 

work toothersskilledintheartAnalgorithm is here, and generally, is considered to be 

aselfconsistentsequenceof'operationsorsimilarsignalprocessingleading toa desired 

result. In this context, operations or processing involve physical manipulation of 

physical quantities. Typically, although not necessarily, such quantitiesmay take the 

form of electrical or magnetic signals capable of being stored, transferred, combined, 

compared orotherwise manipulated It has proven convenient at times, principally for 

reasons of common usage, to refer to such signals as bits, data, values, elements, 

symbols, characters, terms, numbers, numerals, or the like. It should be understood, 

however, that all of these or similar terms are to be associated with appropriate physical 

quantities and are merely convenient labels. Unless specifically stated otherwise, as 

apparentfrom the discussion herein, it is appreciated that throughout this specification 

discussions utilizing terms such as "processing," "computing," "calculating," 

"determining" or the like refer to actions or processes of a specific apparatus, such as a 

special purpose computer, special purposecomputing apparatus or a'similar special 

purpose electronic computing device. In the context of this specification, therefore, a 

special purpose computer or a similar special purpose electronic computing device is 

capable of manipulating or transforming Signals, typically represented as physical 

electronic or magnetic quantities within memories, registers, or other information 

storage devices, transmission devices, or display devices of the special purpose 

computer or similar special purpose electronic computing device 

1001971 In the preceding detailed description,numerous specific details have been set 

forth to provide a thorough understanding of claimed subject matter. However, it will 

be understood by those skilled in the art that claimed subject matter may be practiced 

without these specific details. In otherinstances, methods andapparatuses thatwotuld 

be known by one of ordinary skill have not been described in detail so as not to obscure 

claimedsubjectmatter.  

[001981 The terms,. "and", "or", and "and/or" as used herein may inchide a variety of 

meanings that also are expected to depend at least in part upon the context in which 

such terms are used. Typically, "of" if used to associate a list, such as A B or C, is 

intended to mean A B, and C, here used in the inclusive sense, as well as A. B or C, 

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 should be noted that this is merely an illustrative example and 

claimed subject matter is not limited to this example.  

[00199] While there has been illustrated and described what are presently considered 

to be example features, it will be understood by those skilled in the art that various other 

modifications may be made, and equivalents may be substituted, without departing from 

claimed subject matter. Additionally, many modifications may be made to adapt a 

particular situation to the teachings of claimed subject matter without departing from the 

central concept described herein.  

[00200] Therefore, it is intended that claimed subject matter not be limited to the 

particular examples disclosed, but that such claimed subject matter may also include all 

aspects falling within the scope of appended claims, and equivalents thereof.  

[00201] The reference to any prior art in this specification is not, and should not be 

taken as, an acknowledgement or any form of suggestion that such prior art forms part 

of the common general knowledge.  

[00202] It will be understood that the terms "comprise" and "include" and any of 

their derivatives (e.g. comprises, comprising, includes, including) as used in this 

specification, and the claims that follow, is to be taken to be inclusive of features to 

which the term refers, and is not meant to exclude the presence of any additional 

features unless otherwise stated or implied.
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CLAIMS 

1. A method comprising: 

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; 

engaging in a positioning session with a location server; 

receiving a request for location measurements from the location server; 

deferring performing the location measurements until the UE is not in the connected 

state with the wireless network; 

entering an idle state wherein the UE is not connected with the wireless network, 

obtaining the location measurements while in the idle state; 

re-entering the connected state with the wireless network; and 

providing the location measurements to the location server; and 

wherein engaging in the positioning session with the location server comprises 

transmitting an indication to the location server or to the wireless network that the UE 

will defer performing location measurements for the positioning session until the UE is 

not in the connected state.  

2. The method of claim 1, wherein engaging in the positioning session with the 

location server by the UE comprises receiving a message to initiate the positioning 

session from the location server.  

3. The method of claim 1, wherein engaging in the positioning session with the 

location server by the UE comprises transmitting a message to initiate the positioning 

session to the wireless network or to the location server.  

4. The method of any one of claims I to 3, wherein the indication comprises an 

indication for one or more position methods that the UE performs location 

measurements for the one or more position methods while in the idle state.  

5. The method of claim 4, wherein the indication is an indication for a Long Term 

Evolution (LTE) Positioning Protocol (LPP) or a LPP Extensions (LPPe) protocol.
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6. The method of any one of claims I to 5, wherein deferring performing the location 

measurements until the UE is not in the connected state comprises waiting for a release 

or suspension of a signaling connection to the wireless network.  

7. The method of any one of claims I to 5, wherein deferring performing the location 

measurements until the UE is not in the connected state comprises releasing a signaling 

connection to the wireless network.  

8. A user equipment (UE) that uses Narrowband Internet of Things (NB-IoT) radio 

access or Cellular Internet of Things (CloT) features, the UE comprising: 

a wireless transceiver configured to wirelessly communicate with a wireless 

network; and 

at least one processor configured to carry out the method of any one of claims I to 7.  

9. A method comprising: 

engaging in a positioning session with a user equipment (UE) that is using 

Narrowband Internet of Things (NB-IoT) radio access or Cellular Internet of Things 

(CloT) features to access a wireless network; 

receiving an indication that the UE will defer performing location measurements for 

the positioning session until the UE is not in a connected state with the wireless 

network; 

sending a request for location measurements to the UE, wherein the request for the 

location measurements comprises an increased maximum response time that is higher 

than a maximum response time for another UE for which the indication was not 

received; 

receiving the requested location measurements from the UE prior to expiration of 

the increased maximum response time; and 

determining a location for the UE based on the received location measurements.  

10. The method of claim 9, wherein engaging in the positioning session with the UE 

comprises sending a message to the UE to initiate the positioning session.
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11. The method of claim 9, wherein engaging in the positioning session with the UE 

comprises receiving a message sent by the UE or sent by an entity in the wireless 

network to initiate the positioning session.  

12. The method of any one of claims 9 to 11, wherein the indication comprises 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, wherein the 

indication is an indication for a Long Term Evolution (LTE) Positioning Protocol (LPP) 

or a LPP Extensions (LPPe) protocol.  

13. An apparatus comprising: 

an external interface configured to communicate with a wireless network; and 

at least one processor configured to carry out the method of any one of claims 9 

to 12.
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