WO 2012/ 021614PCT/ US2011/ 047244 METHODS AND APPARATUS TO ACTI VATE LOCATI ON
MEASUREMENTS FI ELD OF THE DI SCLOSURE [ 0001] This disclosure rel ates

gener al | ywoaormsasasenent reporting and, nore particul arlpgr/useommeitreds and
apparatus to activate |ocation neasurenents. BACKGROUND [ 0002] Currently,
nobi | e conmuni cati on network operators performdrive tests, often
continuously or at least frequently, to collect network performnce
nmetrics. The Third Generation Partnership Project (3GPP) has begun
specifying a mnimzation of drive test (MDT) framework in which at |east
some drive test nmeasurenments can be collected from conmmercial user
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reliance on0ear 0B disigers Bl SonsallEio BiserRmeRt o EYs ik MRk be

achi evgfliculal§! ®Meth6&Udl aE?aljaﬁ‘ls % ShRAeQUSlRAB cas@bingh@ct i on. Furthernore,
t he T framéwork may enable operators to collect neasurenents from areas

that are typically not accessed during drive tests (e.g. such as narrow
roads, forests, private |and, honmes and office, etc.). BRI EF DESCRI PTI ON OF

THE DRAW NGS BACKGROUND

[0002]  Currently, mobile communication network operators perform drive tests, often
continuously or at least frequently, to collect network performance metrics. The Third
Generation Partnership Project (3GPP) has begun specifying a minimization of drive test (MDT)
framework in which at least some drive test measurements can be collected from commercial
user equipment (UE) operating in the network, instead of requiring dedicated drive tests.
Through the use of the MDT framework, the need for and number of rigorous drive tests may be
reduced, which could significantly decrease network maintenance costs for operators and also
decrease carbon emissions, thereby helping to protect the environment. Additionally, by
reducing reliance on separate drive tests, faster optimization cycles may be achieved, thereby
resulting in higher customer satisfaction. Furthermore, the MDT framework may enable
operators to collect measurements from areas that are typically not accessed during drive tests

(e.g. such as narrow roads, forests, private land, homes and office, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a block diagram of an example 3GPP communication system capable
of supporting the methods and apparatus described herein to activate MDT location

measurements.

[0004] FIG. 2 is a block diagram of an example UE capable of activating MDT
location measurements in the 3GPP communication system of FIG. 1 in accordance with the

methods and apparatus described herein.



[0003] FIG 1 is a block diagram of an exanple 3GPP communi cation system
capabl e of supporting the nethods and apparatus described herein to

acti vat e WDRo120nad1iHon measur enent s. [0004] FIG 2 ipsTaISbéiook72di agr am
of an exanple UE capabl e of activating MDT | ocation neasurenents in the
3GPP communi cation systemof FIG 1 in accordance with the nethods and
appar at us descri bed herein. WD 2012/021614PCT/ US2011/ 047244 [0005]FIG 3
is a block diagram of an exanpl e network el enent capabl e of enabling
activation of MDT |ocation neasurenents in the 3GPP comuni cati on system of
FIG 1 in accordance with the nmethods and appar atus descri bed herein.
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accordance with the methods and apparatus described herein.

[0006] FIG. 4 is a flowchart representative of an example process that may be

performed to configure activation of MDT location measurements in the UE of FIG. 2.

[0007] FIG. 5 is a flowchart representative of an example process that may be

performed to activate MDT location measurements in the UE of FIG. 2.

[0008] FIG. 6 is a flowchart representative of an example process that may be
performed to implement MDT location activation configuration and MDT location measurement

processing in the network element of FIG. 3.

[0009] FIG. 7 is a block diagram of an example processing system that may execute
example machine readable instructions used to implement some or all of the processes of FIGS.
4-6 to implement the UE of FIG. 2, the network element of FIG. 3 and/or the 3GPP

communication system of FIG. 1.

DETAILED DESCRIPTION

[0010] Methods and apparatus to activate location measurements are disclosed herein.
An example method disclosed herein involves a UE receiving configuration information from a
network element in a mobile communication network for configuring stand-alone location
measurements to be performed by the UE (e.g., for including location information in reported
MDT measurements). The configuration information received by the UE from the network
element includes one or more radio link failure criteria for activating a global navigation satellite
system (GNSS) processor (or other processor for performing stand-alone location
measurements). The example method also involves the UE operating the GNSS processor in

accordance with the configuration information.

[0011] In some examples, the one or more radio link failure criteria for activating the

GNSS processor include a first specified radio link failure frequency at or above which the
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performed to activate MDT | ocation neasurenents in the UE of FIG 2.
[OO08]FIG 6 is a flowhart representative of an exanple process that my
be perforwoadotam2idmpl emrent MDT | ocation activation confi goraiSe@n/oards VDT

| ocation neasurenment processing in the network element of FIG 3.
[0009]FIG 7 is a block diagramof an exanpl e processing systemthat may
execut e exanpl e nmachi ne readabl e instructions used to i nplenent sone or all
of the processes of FIGS. 4-6 to inplenent the UE of FIG 2, the network
el ement of FIG 3 and/or the 3GPP conmmuni cation systemof FIG 1. DETAI LED
DESCRI PTI ON [ 0010] Met hods and appar atus to activate |ocation neasurenents
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exanplgmerttie,AREoRE clBESle! GRERink RKGREIS! pb& sk 8idorihes waslkhaating the
configuration information involves activating the GNSS processor when a first number of radio
link failures counted during a first time period is greater than or equal to the first specified radio
link failure frequency, using the GNSS processor to perform a stand-alone location measurement
when a subsequent radio link failure is detected after the GNSS processor is activated, and
deactivating the GNSS processor when a second number of radio link failures counted during a

second time period is less than or equal to the second specified radio link failure frequency.

[0012] As noted above, the MDT measurement framework enables network
performance monitoring using commercial UE operating in the network, instead of requiring, or
at least reducing, dedicated drive testing. To pinpoint trouble spots in the network, MDT
measurements returned by a UE should include accurate location information, if possible.
However, in radio link failure scenarios in which network assistance for location determination is
unavailable, activating a GNSS processor (or similar positioning processor) in the UE that is
capable of performing stand-alone location measurements (e.g., without network assistance) may
take considerable time. This activation time may reduce the accuracy of the location
measurement as the UE may move away from the trouble spot’s location while the GNSS
processor is being activated. At least some of the example methods and apparatus described
herein can improve the accuracy of the location measurements by activating the GNSS processor
before the trouble spot is reached, or on the edge of the trouble spot. Additionally, at least some
of the example methods and apparatus described enable prompt deactivation of the GNSS
processor as the trouble spot is being exited to thereby reduce the impact of location

measurements on UE power consumption and battery life.



GNSS processor include a first specified radio link failure frequency at or
above which the WD 2012/021614PCT/ US2011/ 047244 GNSS processor is to be
acti vat edvoaddii@nal |y or alternatively, in sone exanplP€3/ushe1/047244
configuration information includes one or nore radio link failure criteria
for deactivating the GNSS processor. In such exanples, the one or nore
radio link failure criteria for deactivating the GNSS processor include a
second specified radio link failure frequency at or bel ow which the GNSS
processor is to be deactivated. In sone exanples, the second specified
radio link failure frequency can be different fromthe first specified
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element. Furthermore, although only one UE 105 and four (4) cells 110-125 are illustrated in



[0014] I n the communi cation system 100, the UE 105 may correspond to any
type of wireless device, nobile station, user endpoint equipnment, user
agent, etwo0,20euris1as a nobil e tel ephone device, a fixedPCalusptiongr2devi ce, a
personal digital assistant (PDA), a smartphone (e.g., such as Bl ackBerry(r)
smart phone), etc. Each of the cells 110-125 may correspond to any type of
cell, such as a GERAN cell, a UTRAN cell, an E-UTRAN cell, CDVA HRPD cell,
CDMA | XRTT cell, etc. (where GERAN refers to GSM EDGE radi o access networKk,
GSM refers to gl obal system for nobile comuni cations, EDGE refers to
enhanced data rates for GSM evol ution, CDVA refers to code division
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Mor eovep, sone or all of the ceI S 110 125 may be the same or different
types of cells. For exanple, in FIG 1 the neighbor cell 115 is a GERAN
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[ 0016] The 3GPP commruni cation system 100 enpl oys the exanpl e net hods and
appar at us descri bed herein to obtain UE | ocation information (also referred
to as poswoizeringeienf or mati on) for inclusion or associ aPCoUSaditiio4 DT
measurenents reported by, for exanple, the UE 105. To reduce power inpact,
t he exanpl e nmet hods and apparatus attenpt to activate | ocation neasurenents
(also referred to as positioning procedures, positioning nmeasurenents,

| ocation procedures, etc.) in the UE 105 when the UE 105 encounters a
probl em area or trouble spot, such as entering an area of no coverage
exhibiting significant radio link failures, and deactivate the | ocation
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frequency. [ 0018] The conmuni cati on system 100 can enpl oy one or nore
t echni ques [6617] pr A\ dicApt MInseRhatgENSS patedsifeairToalidr talien gheasdre@bnidi ng t he
one or nore radio link failure criteria for activating G\SS processing and
t he omEossPsimdinghe K 1 is artivatad auddaeadyite @eifarm icatiib@edsvEmeg whgsneeded,
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dynam c over - the air configuration using one or nDre short nessage service
(SM5) nessages, one or nore emails, one or nore Bl ackBerry(r) personal

i dentification nunmber (PIN) nmessages,-@tc., can be used to send the MOT
configuration information fromthe network to the UE 105. For the case of

| ogged MDT neasurenents, such as | ogged |ocation neasurenents, the MDT
measur enment configuration persists after the UE 105 | eaves connect ed node
and enters idle node, which enables to the UE 105 to performthe MOT
measurenents (e.g., including |ocation measurenents) during idle node and
Iater report t he Iogged neasurenents mhen the UE 105 re- enters the
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to the UE 105, the UE 105 can use control plane signaling (e.g., RRC
nmessages) and/or user plane nessages (e.g., SMS nessages, enmails, PIN
nmessages,wet201202t@4r eport the | ogged MDT neasurenents (@CE/US20inok12dé Ng

| ogged | ocation neasurenents) to the network. [0019] 1 n sone exanples, after
the UE 105 processes the MDT configuration information containing the one
or nore radio link failure criteria for activating GNSS processing and the
one or nore radio link failure criteria for deactivating GNSS processing,
the UE 105 then perfornms GNSS processing (e.g., by operating its GNSS
processor) in accordance with the MDT configuration information. For

XA e M AN A iRNER AT A8 (81 fron NS BRHLAY LA i & NS

processor i nk al ures cou

first U 0@5 pas bedctivated eaidetiodallgnr alterggiialy, i0sdoeedanipsds thp®DTi ed r ad| o
i nk fallure frequency. The UE 105 then trlq% gers GNSS processing tqg perform
one orORPBFEANIYLIR raﬁtl%a%qyr%ﬁém e(gk ¢ 05 ingdydsyong ar laelfqr@%}pé@ N8B BrisERs sor )

when goSHRsed %%Qg&%’%&céésﬂlg (Bﬁ'n%defjé gc?ﬂe?%&ﬁhﬁﬁtﬁﬁd alofle ?o%gﬁor?fé\@ké?ﬁentt he UE

105 deact 1 vat rocessi ng egactivating Its processor)
when apraecomg) inteeE 105. fradich ekample§,ahd oees mauamidid lidkfailhge eritsggford ti ne

period is. |ess equal to the secqnd s ified radio link failure
f r equéfityVEWRs 9&%@0%51 ¥ Fkinglide £ 5eeR HBeCrlﬁp‘F‘gliad?plélﬂﬁ fgﬁ‘éf& frequensyiat Rk
fai | ungid GAKBTNSS BcBRlRds W@actwated H302Rho 8, 1'?1' s@fh‘é &hﬁgﬁ:@rﬂl@gec%ﬂd
exanpl e i npl enentation of the UE 105 of FIG 1 is illustrated in

FI G 2pédifiedstadatlok fpdwieifmqeensly dahbe dEf108 fepss theifattegeafiedralot lnwlafauln@ and
per f or.m ng}fl ocation neasurenment in accordance with the exanple nethods and
appar aF°98Ndscri bed herein. Those portions of the UE 105 associated with

1 st r at ed0BK I The ShgrBiuntiar oiEre O el Hp RS8N ROTGENeR Sl ¢
meas Urp%‘iﬁd%é WT'cQHﬁ?}rht%h iRfQERESP(e. g’zoﬁcfuﬁn{g@cﬁ@bf{@@r Bsred8di6 ink g @bove and
in further detail below, MDT neasurenent configuration information

i ncl udritegiadneaasivatmg €NiSadirocessing afidaihie tsmne ormioteradm lindr faderteiovigariarfgr GNSS

Fadi o FrotRenss s HeffupPRorbRubdls b Re e Rohs MRSl wifolty ™" ©
deact |p‘l’zﬁt%\|?ahﬁ§to@é'§§l\m'9@&Mfrat?oh%forﬂiﬁﬁodﬁ thO UEf05FIFHGr eXar@pis Gini NCl udes an

exanpl e processor 210 to perform | ocation neasurenents 1 n accordance
wi t h tcRenagfod e 4 idicaresawice aanrpbER GOpcranagpon/cysobetyetha JE 105 and the

serving cell 110, and RRC messages, such as measurement control or reconfiguration messages,
can be used to send the MDT configuration information from the network to the UE 105.
Additionally or alternatively, MDT configuration information can be included in system
information broadcast in the serving cell 110. Additionally or alternatively, the serving cell 110
can use user plane signaling to send MDT configuration information to the UE 105. For
example, dynamic over-the-air configuration using one or more short message service (SMS)
messages, one or more emails, one or more BlackBerry® personal identification number (PIN)
messages, etc., can be used to send the MDT configuration information from the network to the
UE 105. For the case of logged MDT measurements, such as logged location measurements, the
MDT measurement configuration persists after the UE 105 leaves connected mode and enters
idle mode, which enables to the UE 105 to perform the MDT measurements (e.g., including
location measurements) during idle mode and later report the logged measurements when the UE
105 re-enters the connected state and establishes a radio connection with its serving cell (e.g., the

serving cell 110). Similar to the different techniques for sending MDT configuration information
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information received by the neasurenent configuration processor 205. The UE
105 of FIG 2 further includes neasurenent |ogging storage 215 to | og
(e.qg., stwoeoimn2ssiparti cular format) | ocation measur enerCfa)S2aewernd ned by
the GNSS processor 210 (as well as other NMDT nmeasurenents determ ned by the
UE 105). The neasurenent |ogging storage 215 can be inplenented using any
type of nenory or storage technol ogy, such as the volatile nenory 718

and/ or the mass storage device 730 of the processing system 700 illustrated
in FIG 7, which is described in greater detail below To report the MT
measurenents | ogged in the neasurenent |ogging storage 215 (including any

| ogge 0 i r t . f Fl G i ) neasur enment
repor 09 HEEH B8 EEPRLG TR eorkOF gl e s s RGBS e RadolF 4 he

meas U pgdie miescapab (el SMiSone Raas eahgils, PP mebdageSRBS tprapueshotogdgddMbdhe

measur enent | oggi ng. storage 215 and the neasurenent reporting processor 220
are i IMGIsuEReRY (5 8- Nishulbeilogeed logiflaadneasuregestsy {pda P dkeat er det ai |

bel ow. 0022] A bl ock di agram of an exanple network el enent 300 t hat
may be used0®A1t hdnseme exangples, afteighe VR H)Scmaedsersrtbe NHT perdigsationocat i on
measur. nts is ilhl. rated in Fl 3, [ _ex I he..ne | enent 300
can b IE Skt s g by o iy Fre L fTR Bu{ BE LR m TR

i mpl enmattienghetddenddekddid ik falluredritgrid for Bedativatind OB S8 vk kn €| tRsTERt103QRerof

the illustrated exanple includes an NMDT _configuration processor 305 to

pr epaPeriares GBRG PVESESEbnfS HubneResH nedtsdr Mad iPERTessoRdN 3t HeansaA &V ity theddHeT r adi o
i nk faj& L Cri i 0 L vat | { eQr nore
radi o TR o oo R PR e PR T e Ui
105. BhévatiepusGNES proeetsodGthealatorst mmhhed ©f ragiv il faileescdumed purbgestor 310

to receive T neasurenment reports/logs.(e, g., .1ncludi | ocati_on

measu ﬁmgﬁ It FISART Han OEeas PW&?H%%%@%&&%%%@, h%&ﬁﬁ@&%@ﬁ?nqyeaglﬁ%g, RRC
si gnaliiog ghen%ggerm@qssegr\s@ésgmg k& PERLBOR drithdrRedcatibs iddeSe@th VDL | IBas s enent
post - processor 315 to forward the MDT neasurenents/logs (e.g., "I ncluding

| ocat iaotivatebSSS reertesjory whei ¥ eubséquent ad® lonk fadnie iUBetedted. gln, soimeaixandpley. t he
UE 10 t t f f h ] i Ex I
b BB R BB e b RO R HP bbbt ¢ ne

MDT 1 ep&@ntindghbef &CA8RAMkIdPudfebunfel dishgBRssHdeTRE beRRBk 103k @A QHuadtd are
illustrated in subsequent flglzr es and described in greater detail bel ow

WO 201y e ypecifiedsada ink fapagfrequency Gpipgh mapiibe diféstantiian therfiist speeified

i npl e [P . | 110 of FIG 1 have been illustrated in
Fl GS. @é?lﬂgﬁéeln% Hg%lgeg%]%;ﬂﬁ{gﬁ%r)gﬁ%m& processes and/ or devices
illustrated in. Fl -3. may be conbi ned, .divided, -arr omtted,
el i m nat e (8 or & HSPEABRERLT 1 Qe peroay St P RR3TEgn e

nMeas unigigeitedGR MG QU BIG. QNI RER T2ond @P thet E 16X asBtiate@Ndth R4i0s@SSAld 210,

t he exanpl e neasurenent |ogging storage 215, the exanpl e neasurenent

r epor trergrping decstion MeRpIreme e reaeplaacowithdhkeampemethadoand sppaiesnpl e VDT
confi i 0CES repor.t | r SSOr t he
exarpr 5 s ReBLE PARSThordR: of ME LA RIR Soolly hR Rie, BhREBART TR ot
exanplfer dlzity05 of FIG 2 and/or the exanple cell 110 of FIG 3 may be

i npl enented by hardware, software, firmware and/or any conbination of
hardwar e, godzMar ervaids & FIG. DTWRN BustrbfddSoxainPle igpddhN Raticddf t&f UEhesexanpl e
measur ement configuration processor 205, the exanple GNSS processor 210,

t he exadiples apsaguplemasuicrgal srgliguatiayerozesor 2etoareniys), as Aesaybederhone
reportin r 0] 20, exanpl e .n rk.el.epgent .300, . the exanpl e MDT
cont guh REREEFIRLLEE: rsr o ENa P R PLBEF R o B bl G e e

exanplrgdid/Dhk FERSEQEED ForReE T at Pk ATNSS Pfoc3§sﬁl AR A, My, actDitihedBOENAS procdshe
exanpl e UE 105 and/or the exanple cell 110 could be inplenented by one or

nore GilPENdqreope op s eadiralitielagpiscad iy fos leackppine @GNS 8 pragsedng {ee2-i hit egr at ed
circui ) N b i i-C : ) qeld
progrgrﬁégﬁlag@ggi C 98%8%§%é€%]°&& ‘S}%} !ﬁe@t}r%(ﬁgs%) 1§§§%%§8ﬁ%ﬂ fgﬁnlf)%%

i mpl empestesdorr AhG to Etrfdrmdstationencakurtmentd xanqoedaoke ¥0b thd Md exanfipguentioal | 110,
t he exanpl e nmeasurenent configuration processor 205, the exanple G\SS
processor 210, the exanple neasurenent |oggi ng storage 215, the exanple
measur enent reporting processor 220, -tthe exanpl e network el ement 300, the
exanpl e MDT configuration processor 305, the exanple MDT reporting
processor 310 and/or the exanple MDT nmeasurenent post- processor 315 are
her eby expressly defined to include a tangible conputer readable nedi um
such as a nenory, digital versatile disk (DVD), conpact disk (CD), etc.,
storing such software and/or firmmvare. Further still, the exanple UE 105 of
FIG 2 and/or the exanple cell 110 of FIG 3 may include one or nore

e Y " -

o o



[ 0024] Fl owcharts representative of exanple processes that may be executed
to inplenent the exanple UE 105, the exanple cells 110-125, the exanple
measur enewo 20il2igur at i on processor 205, the exanpl e GN8ETSowi@dsn4 210,

t he exanpl e nmeasurenent | oggi ng storage 215, the exanpl e neasurenent
reporting processor 220, the exanple network el enment 300, the exanple MDT
configuration processor 305, the exanple MIT reporting processor 310 and/or
t he exanpl e MDT measurenent post-processor 315 are shown in FIGS. 4- 6. In
t hese exanples, the process represented by each flowhart may be

i npl enented by one or nore prograns conprising machi ne readabl e

: Rst r U&toh%?qn 1RLei GABGHL %ag}/r BeRL5A550hon éf%é@% fzdsh?n%ﬁ?@%? o Fifk2 shown

pr oces’si ng fem OW’'i n connection with
FI G Eurtwrﬁlmlm&ts In\/eﬁchmEﬁlelo ggih g merarge (o](]] acsnocgr(e R, o@iainsa pardé0ir foanit) ons
t her eof i.nplenenting one or t he processes represented by the

f 1 owc Hegagign afeawr@ent@) éefeemned Bé t@@%? P0%59308 24 (Asveelisygher B t he

proce nt ﬁ%g! | e devi ce)
and/ or%%ée%E rZélgmg%eQr m%H rﬂgésgrE 1 edi T:l&a?% %g har Ogg% S%rggelrzrr%l%ea&r}e%ﬁt ed by an
ASI C, 1mp1%h|3,ntedmsi¥iglalﬁy tﬁl@cﬁflmetrmorly@g eragettech)lolo,gb/sscmph antheoolatibs @embryt TS
process repr esent wchart  of or

porti &H?@f t}FH%arsééﬁ‘ora%ﬁ‘é@X‘SE t’lgﬂﬁ g‘ﬁ@ﬁ?@ﬁl%ﬁﬁéﬂm 700 fﬁ]b‘:sttrﬁ%‘? mnfglﬁo ﬁo{{(ﬁwﬁ%e
exanpl@sdiheg as @%&e@ﬁ&aﬂi BSI6H b[%dre%\bﬁ ﬁlerl\quqfrﬁ&%ﬁreh%nﬁshgg éédqmea%urement
illustrated in -6, man her techni ques for inplenenting the
exanplleggieg $todge ahij(laqdpémgtaus 1<Iggsd: kichiéeh mersaiamandy), ti {8 Hft 908Gy 2be used.

For wth referen e to harts.ilJustrated in F . 4- 6,
The oraTRS n bR bETeBR e s astenn ¢ b  SROR a5t B i o o1 s

bl ock sn&e&eﬁqlebe%nﬁgwa%n 91%@8@619'2053 ke GR8E pebocetRmi Mare ARMuEmEH sligyided
into nmultiple bloc [ 0025] As nentioned above, the exanple processes
of FI cBrage-2d Sy thempasyreamash rapariing nigcessi@ad0iapssillusigatedbinssubeeagent fresrgsut er
readaghggkgr éy§;$ggggd§#F5 on a tangi bl e conput er readabl e medi um such

as a har nDry, a read-only nenory (ROVM, a CD, a

n i ch i W0 Tat PRk CGEGT oA TOTRY: Al S 0 (5% SR BHARE O e

peri o@gil 1PebIBRE Nt to)ontgir€hnd ﬁﬁ)ﬁ:é‘d@Q&?&tloﬁ AieatBBRORRNY ilMsthidd RrAIGY3. apg/ or
for caching of the information). As used herein, the termtangible conputer

r eadalskampisdihg mi@rbﬁbmﬂ@ﬂ eaftierimglamentaddn wa by abpse vﬁ@noﬁucemaloée -B

r eadab] t

alter %at% N\%é%& g@ﬁ% e pdrjgguerg{s %ﬁ&éha&gl%?ﬁge 1 mp Zﬂrge%i teudsi ng
coded ekﬁ\:ﬁplreliﬁdlhm&‘an(l\&Dg cpnﬁ@dif’ﬁﬂd&rﬁprob@s@dﬁiﬂ%’to pYWpare and send MDT configuration

2012/ 021614PCT/ US2011/ 047244 |nstruct|ons) stored on a non-transitory
conputiseripaina Hicl dReensrAT raere Kadie ligk fql%%cmfe%f%r acvagoGNS TROCEsSND, a
cache, n which
o or S R TR e QB L Q8P e B e
pernaﬁ&ntkywmhekmkmtﬁ@ldmmﬁshxmmanbﬁﬁﬁnﬂanummnbuﬁkeﬁﬂﬁggKaamkmﬂDTor cachi ng

of the information As used herein, the termno ran r uter
r ead abPESHEECERHEP t%%?ﬁ? (XN IQC]&g]fnngd%‘amPB n?%éll‘rﬁ%mé Omﬁéeebgf 1)63

read al%k@rnﬁﬁdm!éé@u?éﬂi’entt Pep%%‘tﬁlgu ﬁ@\cpﬁgm&gt dPITRE E@t%ﬁ{ el@ﬂnéﬁ’t 30@%!41’%&%&]@&&' n,
the terns "conputer readable" and ¢hi ne readabl e" are consi dered

equi vahMDTumaee@menﬁpQsapene@phéki/\uosferward the MQO2BFasirenesudstiole (pg.ocess 400
t hat

oot i it ER Bl e EENeatin HRESURSIMEs foftinduiRkflup 08| #d' "

1-2 i g ﬂet\{létﬁfo?é{taﬁﬂ fbrnfuﬁh& préces\ih NEk &hple @RGRicAiBRs HEGRETN Jf it eUIVIEST t he
process 400 of FIG 4 begins execution at block 405 at which the

meas uceniggirataniogrssatIonths AbRd gepnr ting Brocas piudidpndrihe NED Umerpsemeaioftes MDT
confi [ 0 pl ane

si g nal%%C%EgO?g# Qlfeqﬁgéq}alte%Qn s{ll%@gﬁénl% f%ﬁlreg chg ggS%lé{P?Citl)l}l re{Jb@r de Pt tEe?(%)\?/ ock 410,

t he neasur enent conflguratlon processor 205 configures one or nore radio
link failure criteria, provided in the MDT configuration information

recei ved at bl ock 410, for activating GNSS processing to perform standal one
| ocati on neasurenents. For exanple, at block 410 the neasurenent
configuration processor 205 configureg.a first specified radio link failure
frequency at or above which GNSS processing in the UE 105 is to be
activated. In some exanples, this first radio link failure frequency is
specified in the MDT configuration information as a first nunber of radio
link failures (e.g., Ni) and a first time period (e.g., Ti) during which at
| east the first nunber of radio link failures (e.g., Ni) need to occur to
actlvate GN\SS proce55|ng [0027]At bl ock 415 the neasurenent conflguratlon

o o ~ N - -



WO 2012/ 021614PCT/ US2011/ 047244 configuration information as a second
nunber of radio link failures (e.g., N2) and a second tine period (e.g.,

T2) duri rgowhi2ahizié1ef no nore than the second nunber of rawius20tiOk72ft4i | ur es
(e.g., N2) occur, then GNSS processing can be deactivated. O her exanple
criterial/conditions for deactivating GNSS processing include, but are not
limted to, expiration of a specified activation period, occurrence of a
handover to anot her radi o access technol ogy (RAT), noving to another public
| and nmobil e network (PLMN), etc. [0028] An exanpl e process 500 that may be
executed to inplenent |ocation nmeasurenent processing in the UE 105 of

FIGS. 1- 2 I 6023' ! u%ﬁ?&%%gm{é)fle E}Iagiergo%wdﬂgnén%{n tﬁ 932 ltOg atha?heo {(e?lglgg HEIG

figures, e process I NS ex ron “at at Wwhi ch
the UH Hb% bekat igupt AesinifIeShess, bﬁreoﬂradﬂemfltheréqeﬂlattb qfr@ce@ifdsfaﬁdi/bﬁdéx@&es

activation of GNSSdfrocesm ng _has been net (e.g determnj whet her a
first dydatediinglGadi-6 mayhe Opmburafﬁedwdéau@ﬁévna% 0514 ¢4, ﬁhmlrt%e &dded). |f
the r t ]J*@% been
met (ahl%%lgl 505)13%*3%1@%%5 I%E:Illg?eélt éeﬁﬂ%%ﬁ{l %ﬂ%@%?tvate Its %@IS g%r océessor

210. Itie soupletdissl p&sgesﬂﬂ'tQIIOathe pgarhple nehiSSepriadesgong stdide 2hy,ohy esanggiabl i ng

(e.g., powering the GNSS_processor 210 t tte a location fix. After
a suc lrramevtofea‘?')ﬂaa PFReRssot 12,@6 GNS@“‘B}PJFC‘%?%’B’E T@e%ghpl %8@4@%@5@
sat el lcbh§suraich ReEdsost 3l hﬂé e%&&ﬁlWETerpo’%ﬁHglﬁ%eés@ﬁ@f@%ééx&%léﬂﬁ'ﬂqat the

next location fix (e.g., when a subsequent tadio |ink lure is detected)
can benaabtraimaeioposi- plwcmdu%bidaridétremcgp geﬁl@l@ﬂ&)} thﬂ esmlde éiEahQﬂ & F1G: Band/ione
reqU| d for.th S ess cati on

reasu P ST R G as o T BBl Mo Ty S, Tset BRI oY has

passe@oﬁﬂb(ﬂaﬁbn boMarfiRhret Sgtvidre a&ﬁomnmve%ﬁs H&exai@ld, asy of @eakamplef i X. In
ot her words, the activation tinme may depend upon how recent or stale is the

sat el IMGasUEHEDYGPafiRBILOR PrAcayol 21 tirerapmle GNSS pregesiosdl . rhe reanmiss

proce e%rsur%réﬁgnt&g%ﬁgggr é%’fﬁl tﬁ% Bxé IE rﬂ?eaglf}gﬁlgrﬁt reﬁﬁt &%EJ‘O%ESGSO ﬁi ﬁ{ la for

activation rocessi ng has en ne ‘her deci de

whet hekamplblmamrﬁ Rledient BEO, BNSS aptphe PESDEondikirdtion Ipe@];ielssl’oeGOS!,tthé é’b&im;ﬂd: me
(e .. because the information stored in the GNSS processor. 210 is stale
and MQ? re@%nmsesa%%lé% ghsrexomple DT m@@&r%enﬁra?% PrpGFEsAr ¢ 1 papd/ar: mose " col d

?;aét ) &511393%1% el‘@)staﬁdfo?ﬁ{éce‘%agfﬁl’geéellclq@%{?ﬂtﬂeq gf’e’ﬁ‘ijen%&l hptdery life

. ecause t e |n ormatl on store he GNSS processor O Is recent
and t Mrmlms)opﬂgmmaﬂle praegssior(ep apggstion speciecaegetdd cicai(speAslai(sm).a

"war mp%g%grgllr'naglre lo Z<?1(<?tde\§1tce rs)t ("I)LD(S)\{an%/grl g 8%%§g]f§nﬁ)nq£{)lg gglc% é\gléle(z) (%PLD(S))
etc. In at least some example implementations, at least one of the example UE 105, the example
cell 110, the example measurement configuration processor 205, the example GNSS processor
210, the example measurement logging storage 215, the example measurement reporting
processor 220, the example network element 300, the example MDT configuration processor
305, the example MDT reporting processor 310 and/or the example MDT measurement post-
processor 315 are hereby expressly defined to include a tangible computer readable medium such
as a memory, digital versatile disk (DVD), compact disk (CD), etc., storing such software and/or
firmware. Further still, the example UE 105 of FIG. 2 and/or the example cell 110 of FIG. 3
may include one or more elements, processes and/or devices in addition to, or instead of, those
illustrated in FIGS. 2-3, and/or may include more than one of any or all of the illustrated

elements, processes and devices.
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[ 0030] Next, at block 515 the UE 105 determ nes whet her another radio |ink
failure has been detected. If another radio link failure has been detected
(bl ock 5M8P,20teme1at bl ock 520 the UE 105 uses the GNSSPprarsesison72240
(which was activated at block 510) to performone or nore stand-al one

| ocati on neasurenents. In sone exanples, if the UE 105 successfully obtains
st and- al one | ocation neasurenents, the UE 105 can indicate the availability
of aradio link failure report containing the |Iocation information and
associ at ed nei ghbor cell neasurenent in an RRC connection setup conplete
nmessage sent to the network upon reconnecting with the network after the
radio |ink ur T n e | er

(G, enn 0, BRI B esaleh GG ISR RO PLET
(e.g. ,1mbrmidndthegxm’ﬁplellm a03,ahe d:)(ahqﬂéfeﬂlsqfl 04lnd, theieghihple n@@kﬂreﬂiﬁﬁlsur errent s)

by querying the UE 105 via, for exanple, the UE i nformation request

pr oc e dQRiSUTAEONPraeqsseg S, the exUEPIEEEN 9IS PEACRTSAB S Qniist SY@MPIHBEFSHERTRENE | nk

fail ur I h g., by
ot er T B A S B8 SR Pl TR
been rment 3®(btthceeocaﬁqﬂkeM)DT ténfigueatioagpiracebson 805 ah¢ exanme MIST irgpofting

deacti vation rocessi has been net bIock t hen | gck 530
t he U@rchgsoaégéﬁ@ B exqrap T ipgsweRght Pz)fb rocessor ?ﬁ%gil]m%"@ééﬁpﬁé
prOCG%ﬁIﬁ%@m&E@hqﬂ&yﬂQﬁx@&%§H&@%e&9d%gBh&ﬁﬁ%%dﬁ@ﬂhﬁ@@§ﬁﬁﬁ&ﬁ&ha§9?Bh@&Ha?'0“
and processing in the serving cel of FIGS. 1 and 3is illustrated in
FI G énorg\ptdgrares eonapreseng maghiee méabé@mﬁgwuoga fasxettionpyoquseesgd0swh aFl G 6
begi n executl % bl ock 605 af whi ch t he ND; 8nf| Hlon rocessor 305
el UBBTPIORC e RGP aBP Y Hednample e Hpe ahestt /ALIPHIRERTIOY 16 COmEETR nes

t he ragitorid. mk Al adivelye thetedfiteBprb Slambditgry@hin® And@br FAHESN PIheRBH HhP8mERir. |
descri bed above) to be included in the MDT configuration information to be

sent to9¢ PhEoLERTIbE proaesspt sekeseted by Hs fiaychadnet giliSat!i Geruit beesspied 395
det er ReDieg o %]1'3? L Spra!:&ls(orfﬂg ég s&Jh) Jsearé tr]z)ﬁér 8@9 éh¥ Bt ﬁﬂu%@f%

processi ng escrib bove e IAc]

conf i gud/@et bmbodiad by fili a8 o decb&t&ﬁlfdrdtv@ret(hg ipkfentedtbykinotKCHA PLD, he MOT
conflgyratlon processor 305 sends the MOT confl guration jinformation to the
UE 103 PLEL dissseiilorts; etcne AT OB® Af lin@{?r%ftth%mﬁ?%%@g@ﬁe@%bwﬁ floavegait RE VDT

conf i g3t 4 @no, dhfeQ)rr 'Pi?&ré BQRI‘&%%%SS e rddE AOPLHFhAEImMERRE FrQhqu NG thkd Q?hé%% ME

(e.g., via one or sages) and/or user ssages
ness aqlBSe,xampkt pwpes@td\ﬁrﬁﬁsssagais witbtrefejencSonbe ﬂnwchza“tseﬂustaitedbhﬁﬁs%ﬁ t he

MDT re rt|n ocess 0 i ncluded in the wor k el enent
i mpl e MR tt‘}Ef NGEFY 011161’ 69%1%%1 IF 6548R Z et ﬁ@%ﬁf%ﬂﬁtﬁa 6%08364 bsinnoT

meas U g{BHernakiRely Wdidey. | m%%hlﬂﬁlen%ﬁﬁ lf'éf@féﬁ@é & thé FIOWLhNR iR hER ihiFaGswer e
generatéd in accordance with the MDI configuration informtion sent at

bl ock 6Us. ort{i@@n@ 2]<@|u@pn 7t the bodik owly bélcagmmh @ﬁ/@momaﬁﬁieeblmlﬁ@@sgmg ngyst em
700 c H nting the ap s, di scl osed herein. The
proces ‘?gﬁg Ogﬁm%g’nﬁk¥ g@% F%Hlo ge gﬂ cks- per sonal conputer a
personal ssi st ant éPDA) tphone ernet appljance,
DVD pl ayer, [8@5& glrsd%‘"r tongd gbayiet e??i“B LS 8?1@ éé§l 4e$ et ‘g‘PlTEH’n & °
recor (iiﬁirng Bd&Ehst@RioRO. Oéon%ﬁ(er(}&{lﬁbletlﬁﬁﬁlcﬁf)nsg Qe 6rf‘9taggfbﬂé:@omﬂ19§33] The
system 700 of the instant exanple includes a processor such ‘as a

readable medium such as a hard disk drive, a flash memory, a read-only memory (ROM), a CD,

a DVD, a cache, a random-access memory (RAM) and/or any other storage media in which

information is stored for any duration (e.g., for extended time periods, permanently, brief

instances, for temporarily buffering, and/or for caching of the information). As used herein, the

term tangible computer readable medium is expressly defined to include any type of computer

readable storage and to exclude propagating signals. Additionally or alternatively, the example

processes of FIGS. 4-6 may be implemented using coded instructions (e.g., computer readable
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general purpose programmabl e processor. The processor 712 includes a | ocal
menory 714, and executes coded instructions 716 present in the | ocal nenory
714 and/ owoizn12zznedither nenory devi ce. The processor 712 may/UsSz@c0oiB44 anong
ot her things, nmachine readable instructions to inplenent the processes
represented in FIGS. 4-6. The processor 712 may be any type of processing
unit, such as one or nore Intel(r) mcroprocessors fromthe Pentiun(r)
famly, the Itanium(r) famly and/or the XScal e(r) famly, one or nore

m crocontrollers fromthe ARMr) and/or PIC(r) famlies of

m crocontrollers, etc. O course ot her processors fromother famlies are

o o SRREERLT G SEP TG RREA ol bR A OTTR-FE ety T,

bus 7ROMThE€D/@IVD| &caohsnd pnddiB-adedss Benidip kEABT)taﬁd/ob}lnySbtihbﬂ ﬂorﬁg@dﬁtﬁaACCESS
Menory (SRAM) ., Synchronous Dynam ¢ Random Access Menory  ( Dynam ¢
Rand o xRichsafoymaeny s stoedior apatiation(santos eﬁsﬁ%irﬂ%a@wswwwem

and/ ofy. gy, sah&%rfow%oq%rggt egfeg];/gf%pa P FAIRABN Mo GEi orrthORs (LA

menory /20 may be | menor y© and/ or any ot her deS|re§ type
of meni termd a\mﬂmnsdm;z esmptter tehéabi@meadinenis eypreddy det2iddits inchyiecal Itype of

controlled b confroller (not shown [ 0Q01] The oces |n system
700 aICQ{SlPPWE?I%a%‘gE Siediun ghg eExclude émpﬁgaf% s1§ﬁ4§ P 2f Yeed p‘ﬁ“’rlﬁ £ 794 may
be i ”Wk@rﬁ?ﬁk%ﬁ&a@a\bl@%dt‘m%hﬁé réAbset %%%oﬁ&éél@@é&hwaﬁbﬁ&hm@e%s Huidstdyer net
interface, a universal serial bus (USB), and/or a third generation

i nput IOdu?lrwut: (3d0) interface. WD 2012/ 021614PCT/ US2011/ 047244 [ 0035] One or
nore input devices 726 are connected to the interface circuit 724. The
i nput devi ¢@q2o) 7%&mnmlépmcmé00tlmtamtyéje edatugedatodmptmman VT nt o t he

processor 712. Th(fe ut .devi ce%slz can, be | n(glerrented by, for exa h
keyboaraf‘dtsuramﬁ%&f&é 1guratigh, dpclpdliag fonfi utr%t%lkofa% tloan%eﬁ%ﬁlﬁalvqact%lqns% ?nt

and/ orya | yPbEerIdE G OoRIi il @AY S FEE) 4. [@%@L@fbﬂﬁcmo R fecPlih P ou i VihE BRcé28 ar e

al so connected to the interface circuit 72
400 of FIG. 4 begins execution at block 405 at which the measurement configuration processor
205 included in the UE 105 receives MDT configuration information from its serving cell 110
via control plane signaling and/or user plane signaling, as described above. At block 410, the
measurement configuration processor 205 configures one or more radio link failure criteria,
provided in the MDT configuration information received at block 410, for activating GNSS
processing to perform standalone location measurements. For example, at block 410 the
measurement configuration processor 205 configures a first specified radio link failure frequency
at or above which GNSS processing in the UE 105 is to be activated. In some examples, this
first radio link failure frequency is specified in the MDT configuration information as a first

number of radio link failures (e.g., N1) and a first time period (e.g., T1) during which at least the

first number of radio link failures (e.g., N1) need to occur to activate GNSS processing.

[0027] At block 415, the measurement configuration processor 205 configures one or
more radio link failure criteria, provided in the MDT configuration information received at block
415, for deactivating GNSS processing to stop performing standalone location measurements.
For example, at block 415 the measurement configuration processor 205 configures a second
specified radio link failure frequency at or below which GNSS processing in the UE 105 is to be

deactivated. In some examples, this second radio link failure frequency is specified in the MDT
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The out put devices 728 can be inplenented, for exanple, by display devices
(e.g., aliquid crystal display, a cathode ray tube display (CRT)), by a
printer amo/lor2z/dyeigpeakers. The interface circuit 724, roualS2aigpially

i ncludes a graphics driver card. [0037] The interface circuit 724 al so

i ncludes a comuni cati on device such as a nodem or network interface card
to facilitate exchange of data with external conputers via a network (e.g.
an Ethernet connection, a digital subscriber line (DSL), a tel ephone |ine,
coaxi al cable, a cellular telephone system etc.). [0038] The processing
system 700 al so includes one or nore nmass storage devices 730 for storing

01 1 v A0SR SR P 8Bk R 953 URE AARLARLCOE 10 4065 d | OPPY

di sk Ve rives a vers
di sk (pENEY (ed¢.] VBsdurihlzevlitets sf sd mbﬁgﬁaﬂﬂl\élseﬁanafiﬁhnfmyof mioelnﬁrthﬂﬁﬂae (e.g.,
measur enent | oggi a storage 215. Alternatively, the valatile nmenory 718 may

i mpl eMERtoceHethg %h@ﬁ%ssm@g@v hg deacvalge @ﬂyr FU0BOFASTIAEOBIHIBPTEN i ve to
i npl efH%E&inEn%h@Is 5QdSin ?HM e, BY B\RF&% t48ni ggé@ﬁgu&%ted ekfied aSwkigM Such

as the processing stem e met or apparatus descri bed
her ei periay, doeuremoe dtl e andover tstamuthburaehcsaocéssaschaomgwEAﬁ“mrm@snnlg ar anatheAS| C

(application specific i ed circuit). [0040]In some exanples, the
radloPpﬁhkﬁpgpﬁﬁﬁ%r%???ﬁfﬁg&$% e%tctlvatlng GNSS processing in the UE 105
(e.g., such as the first specified radio |link fajilure frequency descri bed
above) and/A8928]he Ambgragls pecessidPY that aaythe eigc st todaptanaRalacAOTGNSS

roce f nk
PR S e e A e e e S R
bei ng tisd geeddacd hgurtshmambms K00 bhFKL Chhegiarpé@sion hhilocladiDad winkh frei Ukr e

O AL WVRbL T S0 i LSRSLLYBLL P SNSRI SESSS 10,2 B, e

conf i gt b OBy dakAnitiel Wik (RBAULRCIEEFRE rad®d BnK failure frequency has been met or
exceeded). If the radio link failure criteria for activation of GNSS processing has been met
(block 505), then at block 510 the UE 105 activates its GNSS processor 210. In some examples,
activating the GNSS processor 210 involves enabling (e.g., powering-up) the GNSS processor
210 to attempt a location fix. After a successful location fix, the GNSS processor 210 continues
to track satellites and periodically attempts subsequent located fixes so that the next location fix

(e.g., when a subsequent radio link failure is detected) can be obtained with reduced latency.

[0029]  In some examples, the time required for the GNSS processor 210 to be able to
make location measurements after activation depends upon, for example, how much time has
passed and/or how far the UE 105 has moves since the last location fix. In other words, the
activation time may depend upon how recent or stale is the satellite information, timing
information, etc., stored in the GNSS processor 210. In such examples, if the radio link failure
criteria for activation of GNSS processing has been met, the UE 105 may further decide whether
activation of the GNSS processor 210 is required at that time (e.g., because the information
stored in the GNSS processor 210 is stale and, thus, the GNSS processor 210 will need to more
time to perform a “cold start”) or can be delayed to reduce power consumption and save battery
life (e.g., because the information stored in the GNSS processor 210 is recent and the GNSS

processor 210 requires less time because it can perform a “warm start” or “hot start”).
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WO 2012/ 021614PCT/ US2011/ 047244 [0041] Fi nal | y, al though certain exanple
nmet hods, apparatus and articles of manufacture have been descri bed herein,
t he scopewofzoraeesiage of this patent is not |imted thePeraS2@n/oystres
contrary, this patent covers all nethods, apparatus and articles of

manuf acture fairly falling wthin the scope of the appended cl ains either
literally or under the doctrine of equivalents. WO

2012/ 021614PCT/ US2011/ 047244 What |s Cained Is: 1. Anethod for a
wi rel ess device to activate | ocation neasurenents, the nethod conprising:
receiving configuration information including one or nore radio |ink

fai lure crifhgig)a Hh, A HIRSH Sthe 185 838 RKinL ShnARLS HolleP ok AMCE AN
has been detected. If another radio link failure has been detected (block 515), then at block 520
the UE 105 uses the GNSS processor 210 (which was activated at block 510) to perform one or
more stand-alone location measurements. In some examples, if the UE 105 successfully obtains
stand-alone location measurements, the UE 105 can indicate the availability of a radio link
failure report containing the location information and associated neighbor cell measurement in an
RRC connection setup complete message sent to the network upon reconnecting with the
network after the radio link failure. The network (e.g., via a radio network controller (RNC),
eNB, etc.) may retrieve the indicated radio link failure report (e.g., including the location
information and neighbor cell measurements) by querying the UE 105 via, for example, the UE
information request procedure. At block 525, the UE 105 determines whether the radio link
failure criteria for deactivation of GNSS processing has been met (e.g., by determining whether a
second specified radio link failure frequency has been met or not exceeded). If the radio link

failure criteria for deactivation of GNSS processing has been met (block 525), then at block 530
the UE 105 deactivates its GNSS processor 210.

[0031]  Anexample process 600 that may be executed to implement MDT
measurement configuration and processing in the serving cell 110 of FIGS. 1 and 3 is illustrated
in FIG. 6. With reference to the preceding figures, the process 600 of FIG. 6 begins execution at
block 605 at which the MDT configuration processor 305 included in the network element 300
implementing the cell 110 determines the radio link failure criteria for activation of GNSS
processing (e.g., as described above) to be included in the MDT configuration information to be
sent to the UE 105. At block 610, the MDT configuration processor 305 determines the radio
link failure criteria for deactivation of GNSS processing (e.g., as described above) to be included
in the MDT configuration information to be sent to the UE 105. At block 615, the MDT
configuration processor 305 sends the MDT configuration information to the UE 105. For
example, the MDT configuration processor 305 can send the MDT configuration information to
the UE 105 using control plane signaling (e.g., via one or more RRC messages) and/or user plane
messages (e.g2., SMS messages, emails, PIN messages, etc.). Sometime later, at block 620, the

MDT reporting processor 310 included in the network element 300 implementing the cell 110
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operating the processor in accordance with the configuration information.

2. A nethod as defined in claim1 wherein the one or nore radio |ink
failure cwoterieidier activating the processor include aPspasedéliied2aadi o
link failure frequency at or above which the processor for performng
stand-al one | ocation nmeasurenments is to be activated. 3. A nethod as
defined in claim2 wherein operating the processor in accordance with the
configuration information conprises: activating the processor when a
nunber of radio link failures counted during a tine period is greater than
or equal to the specified radio Iink failure frequency; and using the

br 0ce350k o RBPLLQL M AeS! ATl OBl RRLLGRAGASHESTRL NN Sybs equent

radi o I ureis as de In claim?2

wher eigandrhted spaiofdaack wabitige MiDTKcdnflightarion finfofhi@vdysehtsat peeiclised as a nunber
of radio link failures and a time period. 5. A nmethod as defined in

claiml whepe32) t FRGCPIfd BBEREISAN & M dXBRipRIPrbetstingkydtéth 7u0despadResfor nmore
radio link failure criteria for deactivating the processor. 6. A
met hodmalsmeating g apparetugians Brefiieds disaloserehaspia. die pracessinadivsten HIO dagibieur e

criterda e%xfaglr lea%tsler\é%{, Iagagrstogael c%ﬁl%ﬁ%isaoéeﬁéo@lgi i Ralaasgilstllégtt(PﬁAf)cé ];rln Igphro%g,l & I nk
failure frequency a rabove I Ch e processor Tor performng
st and-laeaieReappdaatd, D Vb 3$die s HETD pldysr, helidenl arled Yadbadtr, Afdsonieviges t he one
or nore radio link failure criteria for deactivating the processor include
a secdPPrdgetiet (PP Paar ¥ th g Pfuroeputisgdeyiess at or bel ow which the
processor for perform ng stand-al one | ocation neasurenents is to be
deact i vat ed003e secsritiernp@liof thednstawticgamplekinéladdsuy pro¢aseaid Asyctbs g
different fromthe first PpecifiedT%adio Iingjgaii re {r uency.

géneral purpose programmable'processor.” The processor 712 includes a local memory 714, and

executes coded instructions 716 present in the local memory 714 and/or in another memory

device. The processor 712 may execute, among other things, machine readable instructions to

implement the processes represented in FIGS. 4-6. The processor 712 may be any type of

processing unit, such as one or more Intel® microprocessors from the Pentium® family, the

Itanium® family and/or the XScale® family, one or more microcontrollers from the ARM®

and/or PIC® families of microcontrollers, etc. Of course, other processors from other families

are also appropriate.

[0034]  The processor 712 is in communication with a main memory including a
volatile memory 718 and a non-volatile memory 720 via a bus 722. The volatile memory 718
may be implemented by Static Random Access Memory (SRAM), Synchronous Dynamic
Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS
Dynamic Random Access Memory (RDRAM) and/or any other type of random access memory
device. The non-volatile memory 720 may be implemented by flash memory and/or any other
desired type of memory device. Access to the main memory 718, 720 is typically controlled by a

memory controller (not shown).

[0001]  The processing system 700 also includes an interface circuit 724. The
interface circuit 724 may be implemented by any type of interface standard, such as an Ethernet

interface, a universal serial bus (USB), and/or a third generation input/output (3GIO) interface.
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WO 2012/ 021614PCT/ US2011/ 047244 7. A nethod as defined in claim®6
wherei n operating the processor in accordance with the configuration

i nf or mat iWO 2018 eS: activating the processor wrem/us2diitiogt24nunber
of radio link failures counted during a first tinme period is greater than
or equal to the first specified radio link failure frequency; and
deactivating the processor when a second nunber of radio link failures
counted during a second tinme period is less than or equal to the second
specified radio link failure frequency. 8. A nethod as defined in
claim 7 wherein operating the processor in accordance with the

confi gurat HB@}, nf %I{E%t I T fi rél Pgwc &R aresgo%nggtg Eo tﬁg Eﬂtglg%:er}?rcﬁtc 9%()3?1% when

at | east one a SpeCI I'vation perio ver to a

di f f eriggit devidé(9) Z0ECRSSittaasBNOleagy dafRARY ch@ﬁlaﬁd§lﬂﬂtd’ eld,pr@res Jo@1pr Ohempor has
noved to a different publjc | and nobile network (PLM). 9. A nethod

as defdeHise(si sAndredmplesnairiest by, forrarampler 3 kexjoard. pinaqyse.guioBchseisRN fatfackrRad,
f requengyid lﬁggﬁgéhpghﬁér &ééﬁio%HPaFés fo.radio link failures and a first
an speg

time perio ereln t secon I ed radlo link failure frequency

s f5pec' fi %gﬂgioa %Coc}n orn%n@e{d Vlcesagg grl I1§10k00fn L] e Bt q%r?ac% (I:rgulg7£4 e

perlod. I ne a|n1 ereln rocessor is a

gl Oba|ThIa€®\at}@1@.H¢\besS7&8 ehlh bt enplystet (f@@&)n;pé agei§My devices (e. g.la lifuidangi bl e
article of manufacture storing nmachi ne readabl e i nstructions whi ch, when
executctdtal dpaky. Hcpedsi e tyhs:display <CRfBéé1y\ﬂé>%¢rf@5@r by serrkeit dhsdnteidice

incl uding: @Ptﬂk g@&gn %Qmﬂwg %%Tone Glhiigteria for activating a

processor g stan ocatlon measur enents; and

[0037] The interface circuit 724 also includes a communication device such as a
modem or network interface card to facilitate exchange of data with external computers via a
network (e.g., an Ethernet connection, a digital subscriber line (DSL), a telephone line, coaxial

cable, a cellular telephone system, etc.).

[0038]  The processing system 700 also includes one or more mass storage devices 730
for storing software and data. Examples of such mass storage devices 730 include floppy disk
drives, hard drive disks, compact disk drives and digital versatile disk (DVD) drives. The mass
storage device 730 may implement the measurement logging storage 215. Alternatively, the

volatile memory 718 may implement the measurement logging storage 215.

[0039]  As an alternative to implementing the methods and/or apparatus described
herein in a system such as the processing system of FIG. 7, the methods and or apparatus
described herein may be embedded in a structure such as a processor and/or an ASIC

(application specific integrated circuit).

[0040] In some examples, the radio link failure criteria for activating GNSS
processing in the UE 105 (e.g., such as the first specified radio link failure frequency described
above) and/or the radio link failure criteria for deactivating GNSS processing in the UE 105
(e.g., such as the second specified radio link failure frequency described above) can be
configured in the UE 105 without being signaled by the network. In such examples, the radio
link failure criteria for activating and/or deactivating GNSS processing can be predetermined in

the UE 105 (e.g., via hardcoding, downloading configuration data during manufacturing, etc.).
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operate the processor in accordance with the configuration information.

12. Atangible article of manufacture as defined in claim1l wherein the
one or nowe 2oedi2oeiki nk failure criteria for activating Phe/UscacesRes
include a specified radio link failure frequency at or above which the
processor for perform ng stand-al one | ocation nmeasurenents is to be
activated. WD 2012/021614PCT/ US2011/ 047244 13. Atangible article of
manuf acture as defined in claim 11l wherein the configuration information
further includes one or nore radio link failure criteria for deactivating

t he processor. 14. Atangible article of manufacture as defined in
claim 13 hn t i fai crl r activating
t he proce!@ﬁﬁéi ncﬁﬁ§é hougﬁgé%%%gkééﬁgenﬂi %ﬁ%%ﬁéﬁ é%@ %?éguency at or
above ninuédetird ﬁa\wmaasmlbé@hexﬁmc flﬁrsﬂb[mgof&foaﬂdg@bﬁ)ﬂh&; ﬂaﬂﬁlalsl h lifkRAUr enent s
is to be actjivated, and wherein the one or nore radio link failure criteria
for ddbety A the coMeryribis Patear cqvises e\lﬂd@etaog%éwat%@& yitiglgs phperpsthre

failur I th r

ot anc o o aaiiBlhe 2ofsr ML Al it M cRGEIRARY OE R L i of
spe0|hqedakad|o link failure frequency being different fromthe first
specified radio link failure frequency. 15. Atangible article of
manuf acture as defined in claim14 wherein the machi ne readabl e
instructions, when executed, further cause the machine to at |east:
activate the processor when a first nunber of radio link failures counted
during a first tine period is greater than or equal to the first specified
radio link failure frequency; use the processor to performa
stand-al one | ocati on neasurenent when a subsequent radio link failure is
detected after the processor is activated; and

-17 -



deactivate the processor when a second nunber of radio link failures
counted during a second tine period is less than or equal to the second
speci fi edwopadi2m2iiéink fail ure frequency. 16. An appeaeratsasiie72act i vat e
| ocation neasurenents, the conprising: a first processor to:

receive configuration information including one or nore radio link failure
criteria for activating a global navigation satellite system (G\SS)
processor; and operate the GNSS processor in accordance with the
configuration information; and a menory to store | ocation neasurenents

determ ned by the GNSS processor. 17. An apparatus as defined in
claim tW@%ﬂﬁ&Qdi$? one or nore radio link failure criteria for activating
t he processor ‘include a specified radio link failure frequency at or

above which the GNS rocessor is to be actiyvated.
q. A met%oa fora erelress c?ewce to activate location measurements, the method

comprising:
receiving configuration information including one or more radio link failure criteria for
activating a processor for performing stand-alone location measurements; and

operating the processor in accordance with the configuration information.

2. A method as defined in claim 1 wherein the one or more radio link failure criteria
for activating the processor include a specified radio link failure frequency at or above which the

processor for performing stand-alone location measurements is to be activated.

3. A method as defined in claim 2 wherein operating the processor in accordance
with the configuration information comprises:

activating the processor when a number of radio link failures counted during a time
period is greater than or equal to the specified radio link failure frequency; and

using the processor to perform a stand-alone location measurement when a subsequent

radio link failure is detected.

4. A method as defined in claim 2 wherein the specified radio link failure frequency

is specified as a number of radio link failures and a time period.

5. A method as defined in claim 1 wherein the configuration information further

includes one or more radio link failure criteria for deactivating the processor.

6. A method as defined in claim 5 wherein the one or more radio link failure criteria
for activating the processor include a first specified radio link failure frequency at or above
which the processor for performing stand-alone location measurements is to be activated, and
wherein the one or more radio link failure criteria for deactivating the processor include a second
specified radio link failure frequency at or below which the processor for performing stand-alone
location measurements is to be deactivated, the second specified radio link failure frequency

being different from the first specified radio link failure frequency.
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WO 2012/ 021614PCT/ US2011/ 047244 18. An apparatus as defined in claim17
wherein the first processor is to: activate the GNSS processor when a
nunber ofwoadiam2iéiak failures counted during a tinme peripau/usgoigioerter than

or equal to the specified radio link failure frequency; and i nvoke
the GNSS processor to performa stand-al one | ocation nmeasurenment when a
subsequent radio link failure is detected. 19. An apparatus as

defined in claim16 wherein the configuration information further includes
one or nore radio link failure criteria for deactivating the GNSS
processor. 20. An apparatus as defined in claim19 wherein the one or

nore radi oA ink fail.ur rkteria; for. activati e r. ssor. 1 nclude
2 tirst spdei 11 utpigs Rl Rs PhattkelRnb UE RS RARNAeL "Guss
pr ocessar the sofiftloudgicadhforabech cangltisekirer ein the one or nore radio |ink
failure criteria for deactivati ng the GNSS processor include a secagnd

speci fi ed PEEYSNEIHKPIPEFH e whay By el s1dip Bl it s RuRRE JNES hrdcessor
I'S to.tilﬂ?e &?ﬁ‘)ﬁ% 1%Elt%fjthanto(r) _g(}ual R hBRRETs d'i'ﬁectﬂﬁiceig%i\rligs\%ﬂuﬂerheg{h@ﬂc@ e wher ei n

the first processor Is activate pr ocessor na first
nunber of dadgitvatingthefpaddesyoe svhenunt@oddunibaegofrafiiorlatk thilues pamitalddursmggr eat er

than or equal to.the first specified radio link failure %re uency; and
deact i® HPPEEQESS [5PHthas ngq%:lw%t?‘ﬁ s&Q8g ﬁHeCHE}E‘r?‘bréailod*n g ‘?YS(%WCHH “Yailures
counted during a second time period is |ess than or equal to the second
speci fied rgadi 0 A infdkhotiak eiged ih @BERAMCYherein operating the processor in accordance

with the configuration information further comprises deactivating the processor when at least one

of a specified activation period has expired, a handover to a different radio access technology

(RAT) has occurred, or the processor has moved to a different public land mobile network

(PLMN).

9. A method as defined in claim 6 wherein the first specified radio link failure
frequency is specified as a first number of radio link failures and a first time period, and wherein
the second specified radio link failure frequency is specified as a second number of radio link

failures and a second time period.

10. A method as defined in claim 1 wherein the processor is a global navigation

satellite system (GNSS) processor.

11. A tangible article of manufacture storing machine readable instructions which,
when executed, cause a machine to:

receive configuration information including one or more radio link failure criteria for
activating a processor for performing stand-alone location measurements; and

operate the processor in accordance with the configuration information.

12. A tangible article of manufacture as defined in claim 11 wherein the one or more
radio link failure criteria for activating the processor include a specified radio link failure
frequency at or above which the processor for performing stand-alone location measurements is

to be activated.
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13. A tangible article of manufacture as defined in claim 11 wherein the configuration

information further includes one or more radio link failure criteria for deactivating the processor.

14. A tangible article of manufacture as defined in claim 13 wherein the one or more
radio link failure criteria for activating the processor include a first specified radio link failure
frequency at or above which the processor for performing stand-alone location measurements is
to be activated, and wherein the one or more radio link failure criteria for deactivating the
processor include a second specified radio link failure frequency at or below which the processor
for performing stand-alone location measurements is to be deactivated, the second specified

radio link failure frequency being different from the first specified radio link failure frequency.

15. A tangible article of manufacture as defined in claim 14 wherein the machine
readable instructions, when executed, further cause the machine to at least:

activate the processor when a first number of radio link failures counted during a first
time period is greater than or equal to the first specified radio link failure frequencys;

use the processor to perform a stand-alone location measurement when a subsequent
radio link failure is detected after the processor is activated; and

deactivate the processor when a second number of radio link failures counted during a

second time period is less than or equal to the second specified radio link failure frequency.

16. An apparatus to activate location measurements, the comprising:
a first processor to:
receive configuration information including one or more radio link failure criteria
for activating a global navigation satellite system (GNSS) processor; and
operate the GNSS processor in accordance with the configuration information;
and

a memory to store location measurements determined by the GNSS processor.

17. An apparatus as defined in claim 16 wherein the one or more radio link failure
criteria for activating the GNSS processor include a specified radio link failure frequency at or

above which the GNSS processor is to be activated.
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18. An apparatus as defined in claim 17 wherein the first processor is to:

activate the GNSS processor when a number of radio link failures counted during a time
period is greater than or equal to the specified radio link failure frequency; and

invoke the GNSS processor to perform a stand-alone location measurement when a

subsequent radio link failure is detected.

19. An apparatus as defined in claim 16 wherein the configuration information further

includes one or more radio link failure criteria for deactivating the GNSS processor.

20. An apparatus as defined in claim 19 wherein the one or more radio link failure
criteria for activating the GNSS processor include a first specified radio link failure frequency at
or above which the GNSS processor is to be activated, and wherein the one or more radio link
failure criteria for deactivating the GNSS processor include a second specified radio link failure

frequency at or below which the GNSS processor is to be deactivated.

21. An apparatus as defined in claim 20 wherein the first processor is to:

activate the GNSS processor when a first number of radio link failures counted during a
first time period is greater than or equal to the first specified radio link failure frequency; and

deactivate the GNSS processor when a second number of radio link failures counted
during a second time period is less than or equal to the second specified radio link failure

frequency.
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