WO 2012/ 021613PCT/ US2011/ 047243 METHODS AND APPARATUS TO LIM T REPORTI NG OF
NEI GHBOR CELL MEASUREMENTS FI ELD OF THE DI SCLOSURE [ 0001] Thi s di scl osure
rel ates generally to measurenent reporting and, nore particularly, to

nmet hods and apparatus to limt reporting of neighbor cell neasurenents.
BACKGROUND W@ AZdsir ent |y, nobi l e communi cati on net weichk/igpei/@btnass perform
drive tests, often

METHODS AND APPARATUS TO LIMIT REPORTING OF NEIGHBOR CELL
MEASUREMENTS

FIELD OF THE DISCLOSURE

[0001]  This disclosure relates generally to measurement reporting and, more

particularly, to methods and apparatus to limit reporting of neighbor cell measurements.
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. 1is a block diagram of an example 3GPP communication system capable
of supporting the methods and apparatus described herein to limit reporting of MDT neighbor

cell measurements.

[0004] FIG. 2 is a block diagram of an example UE capable of limiting reporting of
MDT neighbor cell measurements in the 3GPP communication system of FIG. 1 in accordance

with the methods and apparatus described herein.
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[0008] FIG. 6 is a flowchart representative of an example process that may be
performed to implement MDT measurement configuration and 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 limit reporting of neighbor cell 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
periodic downlink pilot measurements to be performed by the UE. Periodic downlink pilot
measurements are one example of logged MDT measurements that can be performed by the UE
during idle mode to enable coverage monitoring. The configuration information received by the
UE from the network element includes an upper limit on a number of neighbor cells for which
periodic downlink pilot measurements are permitted to be reported. The example method also
involves the UE performing the periodic downlink pilot measurements in the mobile

communication network in accordance with the configuration information.

-0



reporting limts for MDT neighbor cell nmeasurenents in the 3GPP
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limting of MDT nei ghbor cell measurenent reporting in the UE of FIG 2.
[O008]FIG 6 is a flowhart representative of an exanpl e process that may
be perfornmed to inplenment MDT neasurenment configuration and processing in
the network element of FIG 3. [O009]FIG 7 is a block diagram of an
exanpl e processing systemthat may execute

[0011] Insome examples, the upper limit included in the configuration information
can correspond to a total number of neighbor cells for which periodic downlink pilot
measurements are permitted to be reported. In some examples, the upper limit included in the
configuration information can correspond to a maximum number of neighbor cells, in a specified
absolute priority layer, for which periodic downlink pilot measurements are permitted to be
reported. In some examples, the upper limit included in the configuration information is a first
upper limit on a first number of neighbor cells, among all absolute priority layers having higher
priority than an absolute priority layer of a serving cell of the UE, for which periodic downlink
pilot measurements are permitted to be reported. Additionally or alternatively, the configuration
information can include a second upper limit on a second number of neighbor cells, among all
absolute priority layers having lower priority than the absolute priority layer of the serving cell
of the UE, for which periodic downlink pilot measurements are permitted to be reported.
Additionally or alternatively, the configuration information can include a third upper limit on a
third number of neighbor cells, among all absolute priority layers having priority equal to the
absolute priority layer of the serving cell of the UE, for which periodic downlink pilot
measurements are permitted to be reported. The absolute priority of different frequencies and/or
RATS to which the neighbor cells belong can be specified in the received configuration
information or obtained separately, such as via other information signaled by the network to the

UE to configure cell reselection.

[0012] At least some of the example methods and apparatus described herein can
provide substantial benefits over prior logged MDT measurement techniques proposed for
inclusion in the MDT framework. The MDT framework supports immediate MDT
measurements and logged MDT measurements. Similar to measurement reporting performed
during normal UE operation, immediate MDT measurements are triggered by the network during
connected mode, and cause the UE to reply with the requested MDT measurements. In contrast,
logged MDT measurements correspond to MDT measurements performed by a UE during idle
mode when the UE does not have access to radio resources to transmit MDT measurement
reports to the network. For logged MDT measurements, MDT measurements to be performed by

the UE are configured by the network during connected mode. The UE later performs the
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greater than, less than or equal to) the absolute priority of a UE’s serving cell. At least some of
the example methods and apparatus disclosed herein also enable offsets to be configured to
adjust the MDT measurements of specified neighbor cells to bias their inclusion in the MDT
measurement logs when constrained by one or more configured limits on the number of neighbor

cells for which MDT measurements are to be logged and reported.

[0014]  Turning to the figures, a block diagram of an example next-generation 3GPP
communication system 100 capable of supporting the MDT measurement techniques described
herein is illustrated in FIG. 1. The communication system 100 includes an example UE 105

served by an example current (or home or serving) cell 110 implemented by a network element
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110-125 is depicted as being implemented by a separate network element providing base station

functionality, some or all of the cells 115-125 may be implemented by a common network
element. Furthermore, although only one UE 105 and four (4) cells 110-125 are illustrated in

FIG. 1, the 3GPP communication system 100 can support any number of UEs 105 and cells 110-
125.

[0016]  In the illustrated example of FIG. 1, the UE 105 performs one or more MDT

measurements as configured by the network element implementing the current cell 110.
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link failure report, radio environment measurements, such as those mentioned above, as well as

location and cell identification information are reported when a radio link failure (RLF) occurs.
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i denti fi cati B98I Jr AREFaBIRIeimplemenationsd thitcammumication 5ystgmy KOG SUPPQiiRg ( RLF)

occurs. bRt PR A6 dREHURAD B 11348 edt DDk &HQFbrrf«%@-W b€neighbor

i npl ementation, the UE 105 is confi gured to perform periodic downl i nk pi | ot
(PDP) nealitlenghaud beonging taparagiiar Eequencynd(oaRAS laver @rFwdlanes Wh e ser vi ng

cel | 11Qbscanép@iRy YecifiBI By AE ndNELN$B0RRbn SR tiSn pkRnetdd orddsuldrent © €nabl e

configuration, verification, optimzation, etc., of one or nore parameters
used by HlRBandsEissTleckPn efciyae eRplaXRg by he nepyaskrsrronfigurs ahsolpieipeipiidsy foray er
for celleen pRegbgieh | %méa@mgﬁérﬁﬁﬁ& B cBhjufdién %ﬁ?gt 152@?&*&6 o@%'egﬁwuﬁﬁ%gl ute
priority was introduced to enable a network to s eC| frequency and radio
access tPAERRGISotPpCilRATY! it enniditionssa PBysueleds|the Bk ¢ ésttp m@asumﬁe@&@mpl e,

net wor Ks.eSdi Slat £ ?gyfg y P Rel ease
8 can spgm f?altﬁ : r%g% |esbrg‘?;&%%2m§ ﬁ#oedraelil%%ece@f??{lgﬁanepn%m ‘P’C‘E"gfs and/ or
one or rtheat emtwmwﬁthd eopbguration pepgieters define homar Ugnsugh ee@célﬁtwgemex ally

t hr ough (¢ d nessage
sent to%gigcst% Q&HM % thell m?esglﬁét Oﬁé&%ﬁ S%P%/H%thg(&é Tsfor%etgeﬁégjﬁglg& gr group of
f r equendieaeencnimd/ce ReNT lsywh HRaMples of configiration edametexbéoramblemylamg abgtutevhi ch an
ab SO! uj[ }'B’Hﬁe?rf& ¥l %e%elé%i thego umcatl})nhseyst? t‘ﬁBmclu%Q e]:(1:e| Ofl "§ore B lo{eI ties for
speci fi oHayersma i'cat e e priori may espeC|f|cto
t he receriviitydayels, SPer:detatmmofqmunt:mlaﬁeslpcerclef, BI&iZbrIRA'ITsh@e&ySIOEBmfiSEIﬁ artrat i on

gfzglrrél g%Pﬁ%?léolr%\% L Qe :_]ts K Ecel 8 assgcx%g%&qt% ope %:gl?agg}fz%ﬁaigbgoﬁm OL?YOI18 I n an



absolute priorities for cell reselection, the UE 105 selects a target cel
fromthe set of neighbor cells 115-125 and belonging to a particul ar
frequency and/or RAT |ayer in accordance with the absolute priority
specified by the network. Various configuration paraneters for neasurenent
rules and Ggghbospsehection criteria are enployed by tRBerRRIMOEK4EO
configure absolute priorities for cell reselection. The neasurenent rules,
in conjunction with at |east sone of the configuration paraneters, specify
under what conditions a UE, such as the UE 105, is to neasure nei ghbor
cells on particular frequency and/or RAT | ayers. The cell reselection
criteria, in conjunction with at |east sone of the configuration
paraneters, define how a UE, such as the UE 105, is to select a particular
target Gglbr hAk HrE&REEEkd PR AIRNER: Ble ARl SRDRI pFiBlitySayeR hlie rval uat ed
frequency and/or RAT |ayers. Exanpl es of configuration parameters for

i npl emensddyy tabYB tadaerpimeayhietheiste ppibermaeselecrienste pagighk celhassgsiatedgimi cat i on
system Jp%cmwbea&e PREQ iyl FRRHL Hh&s BELQEE Widh ayee(fr%qo%aoﬁ@ma@d in terns
of particular frequenciées and/ or RATs, one or nore offsets to be applied to
measur ersbypluge leﬂtx:]@Wls angefo be et & thei {Fhtoskistmine whether paparfogn rgeledivs &t ut e
priority nga,x@&;a%asmggmhoz%aﬁ&c%fq bSROMEKRALZA,oNe or more thr eshol ds

associ at e ne or nore particu ute prlorlty | ayers and to be
used by the s LhEE b RoBELLR b @& Gty @Prd @ Benei ghbor
cell associ at% C}%tng ‘%ﬁ?ﬁ \ggﬁar absof ut e p%l orolﬁ? ﬁ”f; %loné or nore
timers assloctioat seldhw thpsegneribed apove isparfoinedlaan pabsiohdie eetprmkmlanwlclt@yer s and
to be u e..Mmhethe to a

nei ghbor%gégn%)% a‘i@dé‘ii%%%@a% ‘?afq{{p&ﬁgrtl Ec%f’glfgttog%‘g@feﬁc é‘mé)’?ﬁe}?ﬁt %l[sgg;er, etc.

[ 0019] C@mténdgdlbﬁthlemdwofk qmraanre(}emesallymhb eeeniki apgratb sy uttendgen WEsitty | ayers for
cell resel.ecti escr.i bed abov part of
radi o nétwo fOI ﬂlégelse&lon f{o(r)n 1é)ﬁvg’uar é(qfl tﬁg{lmﬁﬁgayF Iesgoeﬁbh l%?sgﬁ]tgn@{()@a}%h%lcel S

bel ongi wg:etvensi raep}mmrmd}y latbno in tRATetivenke IFsr examples 1erauledt1zﬂﬂﬁ lﬁTiéAINet wor k

operat org (ener a t he ntwor oper |nte ei form
cel | rese‘f 18 Fflené}‘? #‘%/éoﬁ?”f’% OLHE ef’h@@ ﬁrbﬁ?} ’i(f‘ééu Q Oyﬁ%ﬁlgrsmgsol ute
priorit ynd ayeBSUTRANgEs Mey Beegwcﬁta petet atﬁblllu&rpl1bﬂ(yalian@bslodat¢dtlm13ﬂ*ét wor k. For

exanple, in an - UTRAN d 0 th e conmuni ¢ stem 100,
Tt Ao g Sy N T
glven a Qb &9 e (57| € astapot i rs e

105 approacheslone of these hot 3 I?1e net wor k .operator intends for the
UE 105 €M PHEEHBE0uR 5 d U RANECER FesT PR RRTAEHYCT RSP BEGE Yo enj oy
hi gher eaipelitialE 005 daf Qay idta@s-loddRWEMBRIAN tdil 1bhper Ged txpe@sd|Ieais wbturs,

configuration rs are not set properly, th E 105 may stay in a
co- | ocatt@c?b@fmgﬁ%lh"cgﬁll P irgesss fhﬁénUE%ﬁg ‘g&e p1°f“dF?1ug5étLd6@8’iﬁp§tm e ability of
the UE LBRyddo (RE62&Sy, hie BEUDRMNv&aRVhE epd@rtﬁa/mddﬁak Byeritbemboihtes PRk tiray be
del ayed. Conversely, as the UE 105 | eaves the hot spot, .the twork

oper at ofVEvHY 9 Frsalpd g ago-loppied JETH O celh Hewavep dthe ??lldeSEBquQS‘CC&? TYPRAN cel | .
However paafefeRGrd st ket 'i)?o%@zll)e &l (o womy GAY 18 HeaNURRANERN rSedhd dApdctedet
properly, the UE 105 sta%/ in the E-UTRAN cel |l |onger than expected,
pot ent i @Pqeyﬂqﬂégfewktmagl tiﬂﬁUfEH@ ?Jﬁ)eme@n@xp@@ﬂlélﬁ@ilwg OF ¥ 1Be FYK¥I¥Eai | ure or

causing 1&&?&&&&Mﬁhéﬁt@tﬁﬁﬁ€£lp%phéﬁxem€otﬁeh@?@ﬁ&' cell inplementing the hot
spot. [0020] To enabl e configuration, verification, optimzation, etc., of

one or nore R)%E@”Etl%re%awé%ﬁbylaﬁ&? vESBINEN, SRtrhieionyed. ENoRO8 the | NP enent
active priority layers for céll reselection, the comunication system 100
conf i guPagmeige used trydh@cqnggum@a@mssa@nt W8 tQmpigment pcivp BRETSY e fy&dll NDT
measur errﬁFQlts§1onSM9borﬁrﬁurﬂc%ll<)9 s nP'RWE'oh &'o‘n@& M&%%}Hseﬁ@mﬁhe of 108ighbor

cel |l s bel ongl ng priority, higher priority and/or equal priority
| ayers pedfem lvgeti d P haeasur ements such as penod1c downlink pilot measurements, of neighbor

cells belonging to lower priority, higher priority and/or equal priority layers relative to the



WO 2012/ 021613PCT/ US2011/ 047243 priority layer of the UE' s serving cel
(e.g., the serving cell 110). MDT neasurenent reports containing the | ogged
MDT neasurenents for these neighbor cells can then be used to evaluate the
correctness of the network parameters inplenenting active priority |ayers
for cell rg;glection and to perform any adjustnents of these(garaneters.
Furt her mor €' O eHE A confi guration information provi dB§TH2HHE et work to
the UE 105 to configure the periodic downlink pilot neasurenents (or, nore
general ly, any other MDT neasurenents) to be performed for the nei ghbor
cell(s) can specify one or nore limts on the nunber of neighbor cells for
whi ch periodic downlink pilot neasurenents are to be | ogged and reported.
For exanple, one such |imt can specify a total nunber of neighbor cells,

. | ut fority | . for whi i odi ¢ _downl i nk pil ot
sy oD L TaE R e STLE € Pt e BT Moo b P an cach

speci fy cantainic mheto Jped VDT @Easti@ngitb i tHe6d desghbbriteBs GpERh b edd absaludtee
priority. | aﬁrer, fgtr whi ch_k eriodic dlovvnl ink pilaot, asurenents are

per mi t t 60f CECHRSH ¥ PBt HOrk RYAE R ARP PP eI AP T PRIE D VRFY for Il E5Hiecti®R anpl es
t he MDT aadnf jegfuihadnyQajubitfegis 0BdhtRMakdBtelsN ¢ LM OB EhOMD TR i @fratlch) a first
upper limt to spegi f%/}1 a first nunber of neighbor cells (e. anong

: . . 2| | 9. ,. NH),
al | absdMGERIAR PGYIESLY Gy B EokdR bA Y lgreroniiers thepyrisdiadrralinapdyl ute
priorit Yndagiy@hen®f (ol ABreSRhothiRg aLlther MIOT BkasuREeME 388 perf@heddl @l peri odic
downlink pilot peasurenents are permtted to be reported; (2) a second
upper | iMfEEDB ACTHS) Sar BREDMIRIOE MOoBTinH S og Msatmbe) qf geigkbog cellsiprywhighong al |
absol ut ?eﬁdi@ddvﬁnﬁpﬂ; AR ERadiAlend ateQYBE lo%éd%h&l 1‘%0&&1@@{0? HanpRselut& priority
| ayer of the serving cell 110 of the UE 105, for which ?erlodlc downl i nk
pi | ot ndEYLABARSAE S forad npebeiiof redghbeireBe amapoilt daoluandpiy 1ygy. far whick d upper
limt  onedodididwdhiUERE melirddthG BRYerfifld & b Fepdried. ther eRARAGIA]H cagbSOl UL €
priority |layers having priority equal to the absolute priority layer of the
ser vi ng €& specify @ ngsgxinyenuyeber ofneighber oghls, &ha (pesifiesthibeolde mipritm keypi fost
measur engihSeddde Lt b - 0. B OATEy: es, the UE
105 ranks t ?{3 pe r%{fg}:ﬁ féllgﬁi\/\/llql%eigsﬁ1 E&Ibe:hﬁgﬁr ﬁﬁgglgﬁir g)r%é %%plg fh];cg r@ﬁtg?ﬁgl\ﬁ}g%ru at ed
nei ghborlteredtively(ia sgme exauiples the MDT e@ifizaration infosmationrsan neludberslonmergnfi ority of
each of hheghel : ; ] . r ) the
measur er(re)nt s 1 ggbl? lg%tégtgée(l::ﬁ %ﬁﬁgg{n@e}gg@éﬁ#ﬂ% th S&%bﬁ%‘?’gaﬁl}oég a%g?sﬁiﬁlgegr cel |
report i mgouity hyers havieg highen ppédrésy thaf peabsplatkiriegtyisiegbishe secehd @lidéd oftge ng to a
parti cul ' i OF t . f Y Lority.-hayers having
P aher . oag; o Rcbirtlc b MAGHol Ao 8GR S p e, B B A Y2 i g
cel | 1059cond pppeiJiEnil Oba beogrsl rRDMenwasighlameeitsge.f oNL), hmomgedlpdblsante pabiits havi ng
the hig ta {1 y 012/.021 /047243
i ¢ (S5 ph AR TRARH GIRRE Bt BohBitas Mo SR T W Lo lE Bkanp! o
het er ogénedich pdepliodaverink pildt meeaturaumsis asspennitpd were refortaand/oc@) & third s
differe g . i: r).than the transmssion r .of fent pi co and/ or
rel ay cgkE%ﬁ?%@Fﬁgggﬂﬁﬁhﬁﬁg%ﬁ%%%%Fﬂﬁ%%%?ggg8ﬁﬁ?£§%§m?ﬁ?gugpé%gﬁﬁssion power
di f f er ehoengyrenty eokite the PhisluteaBuiryelagn o the adrdinp estaligef the tiR105pfoc0 and/ or
relay cell ve r abs e co-located macro

celI's, 1eCﬁ ﬁ)/%]la%(i:cgaﬁ) inbLE\I? ’%Poﬁg’ﬁaﬁuﬁe?%%%%e:op%h’%%%%ibtﬁE‘T%BHI%J?One or nore offsets to
spect i ea. by PRt PERSFERRHAET B i R MR riseeinar Sp R RS Gyl cer )
prior t éortlerekalingedurighbagglling. gafcellshia 51me f)sant eaeddton.the absolute priority of each

of the neighbor cells, determines whether to store (e.g., log) the measurements for a particular

cell based on the configured neighbor cell reporting limits. For example, after ranking neighbor

cells belonging to a particular active priority layer (or range of active priority layers having

higher, lower or equal priority relative to the priority of the serving cell 105), the UE 105 logs

PDP measurements for the neighbor cells having the highest ranked measurements up to the
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[0022] I n sone exanpl es, the MDT configuration information provided by the
network to the UE 105 includes an indication (e.g., or flag, bit, etc.)
speci fyi ng whet her received signal strength indication (RSSI) is to be

| ogged or neasured when the UE 105 perforns public | and nobil e network
(PLMN) scaRph 20839 |s often used to detect a frequq,@Qwsghfu,mﬂ}NN
because, unlike other quality nmeasurenents such as RSCP and RSRP, know edge
of the specific code sequence of a cell in a PLMNis not required to
determne the cell's RSSI. However, under sone circunstances, good RSSI may
not correlate to good cell quality (e.g., neasured using RSCP, RSRP, etc.),
wher eas under other circunstances RSSI and cell quality may be correl at ed.
To enabl e a network operator to evaluate whether RSSI is correlated with
nei ghbon; gl |spé3}fﬁ:h '1r¥ the Mblacogﬁglh hi€o! iAo RRh OMB AL exdni}fe Malo&addul gur at i on
information provided by the network to the UE 105 can cause the UE 105 to
per f or miRASIMansa g frapssngsionpawerdd imaciorrellos difsrent (§er higbaw thynihed peri odi c
downl i n t

st t abl o pa) onTREEIRE: fes Sl RIS Onq T WETraes 10 SEIREPRN bl
and t he tigusatipsion pofver m&exe@mp@dn mnlﬂ@e PPP mpasuserpeatsi sl bpcappeiemit @icomnddesr f or s
PLMWMN sc I nt, alist of
ol ; dont) ey K aheEihiht prdhic BERNEIE Yo o) g FERRMEETES | oggect

[ 0023] Th@wmﬁmm@mﬁmaswwﬁpm&ﬁnwcnof@frplt@ye apledto theofIeP t echni ques f or
prOV|d| ration i nf or | : . le, the
servi ng%%’él%\@-[ﬂ%gs S fﬁ%n nh - Eﬁ% Eg 5 egcﬁ%?d bﬁ§%¥1 (%)Ja% g%%%n foglg%%oﬁgg&glti on
|nfornatclasermttypetoheelll)lﬁud1051anl€mg amklagphgqf themepnreetted node a radi o resource
control (RRC) connection exists between the UE WO

2012/ 021613 PI0022)S2 04 donipicx2dBled, Gis MPd cbrlrt"gusaeipwimﬁ‘grrxamri prévifed tarie RRC

nessages ur.ement . cont r ol ratd on a can be
ised ©o s MR BN ERESHHRTE I ubRE Mo pri B PR BE RS saTRe O
105. Addighalomaigilyindicatah (RS STatsity/ed Iyggetihemssnmdw@enéﬂelUElnw pedormspeblisser pl ane
si gnal | negld bsie ngwg/ll-g P]Sl?[% ur1atl Illsn (]; enrlrlg'et to gete& atfr%euelr%E (%ITO aSlDLI\EIQr exarrpl €
dynam c ovETThe " al'y ?P%n Si'hg one of hore SH nessage service
(SMB) nmessagesnlike neelo{ualmrnﬁ:amfmndn& sucine RECPm @SBlPalﬁioB@dw 6frthe gecifonal

denti f t t dt NDT
cont i queS BT P gt M P Th e s ib iR AU EEY. Pl b ace o
| ogged Mile tiRassh@RER0sd RSSIGTayant tdieldpenigost elidainy (X, pedsatd magsur enent s,

the MDT t fi t t ter t E 105 |
connoct BTCRRt i oS I BB IATER R N 68l F8TDRESCETO8ED per for m

t he MDT ToRasily ﬁmrﬁ oﬁéﬂitbﬂl@ evalhfe WhElBer RBQ] Isabedlate€ROR heipitor tlig@aitty in
measur enents when th E 105 re-enters the connec dﬁgg éxf:ate nd esq bl i shes
§ % ajthe

a radi oa@@ﬁ‘ﬁ‘élé‘tqe@ﬁywrttﬁ MO Tseon{gighiaadpiprmpasiop provy \?F‘r“i’@ {

Sim | ar 109cdnheusditfel (@ enH to heredin BB Snchiiens@fdh AgHiddd ko @Rl tintibined
information to the UE 105, the UE 105 can use control plane si gnal

(e.g., RREdfelosagesyl o4 AgpsyFeisatsy oyl expmpleehendhesUl d03campspa sytabls gell

emai | s, gRIDE msfﬁ%g6§me§shfed)asts@va{1§a@% &etéch&elmm%dw qUIBRSIHIRMEBAbS& dn0 t he
net wor k. E 9? am of an exanple inplementation of the

UE 105 6%l phesmatively wiey the UEpedfrmpsLpfigscanning, aBLMN jideptigt 3 Gewsnoyott i ons of

the UE £Q87 assehdtediwot &llq@é%h&ué bé?lgquéﬂ? RETJP B A PIAGY &ty MDT
measurements in accordance wth the exanple nethods and appar at us descri bed

herei n. loggesse portions of the UE 105 associated with other functionality
are omtted for clarity. [0025] Turning to FIG 2, the illustrated exanple
i npl ement at i @A2Ys  {The ceymnmygetion system 100 can employ one or more techniques for

providing MDT configuration information to the UE 105. In one example, the serving cell 110
uses control plane signaling to send MDT configuration information to the UE 105. For

example, in connected mode a radio resource control (RRC) connection exists between the UE

-10 -



i ncl udes an exanpl e neasurenent configuration processor 205 to receive, as
descri bed above and in further detail below, MT neasurenent configuration
information including one or nore limts on the nunber of neighbor cells
for which MDT measurenents, such as periodic downlink pilot measurenents,
are permtt reported (e.g., also referred to as_nei ghbor cell
reporting |‘|9§12§1§’)°£?‘3ne or nore offsets to be applied tPgT/luﬁﬁ’gwgs“ﬁrenents
and/or an RSSI indicator to indicate whether RSSI is to be nmeasured al ong
with the other configured periodic downlink pilot nmeasurenents. The UE 105
of FIG 2 also includes an exanple periodic dowlink pilot (PDP) WO

2012/ 021613PCMIS2011/ 047243 neasur enent processor 210 to perform and | og
periodi c downlink pilot nmeasurenents for neighbor cells in accordance with
the neig [ Ll reportin ibmts, offsets, RSSI indicator(s) and/or other
confi gurati rcl)dn{(l;'lgﬁ %P?ra“:?li g ’aggé{z{ir@\)g%fb%ﬁs’ t“ﬁ:ﬁ HESEHERRTELSSF i gur ati on

pr ocessaecodfipuratiachdssa@esatdnybe utddeo tdnd HaMDT corifiguraflon infirmiatem fem @xanpl e

gl obal nayi [ llite system (GNSS) processar 212 (or simlar

o ocessaE B BTV E AT A dl TR B PRSI0 e binT Hothe nor
conf i gursignaling tb sdnd MIBT t@ifighi@G& MBENANON tdfe MEADE BSFRRAm SO Hyh gl atdron
processoy 205. .-The UE 105 of FIG. 2 further |ingludes neasurenent | ogging
st or age téﬁgl FORTIEYRLGIds S oneqrapqse hertanessase feE‘GT%\(g O FITEERECSMIT OhBS%ur enent ( s)
det er m nedilyné HandPBlERSHERSR0ha] RIAERS 8T nudblr @N 1A¥ssdo@s aici, 0 be
measurenent s deter n})ned y t,he,rg\lss_processor 212. The neasurenent | oggi ng
st or age WaEOsHH M ?ﬁP%‘{?ﬁé‘fﬁ tiap infapagondrp thy petwsrk thediE Ly For BF 558

t echnol agYogged D TaseatbReman®, alch hEMEBEREY: déW Bl HboOhedshiemBRS ShesipTAgE devi ce
730 of the processing system 700 illustrated in FIG 7, which is described

in greatBPSUBRAN FOHERBIN PREFIS 6T e Uid OMsTvarsarnsstehataandsaresidle ocat i on
neasur ernkdateswiieggasled @ teNes MBAS Yeei¥BNte M@qghéagn-éa&ﬁsa&%néxﬂa% mbd&nE 105 of
FIG 2 includes_a neasurenment report |¢1éagrocessor 220. anpl e

i npl enertiEt PRSI IREed prsast e isorhep e Sup-epiaisthecemrecigt saiabh processor

205, t hes@bRnéRaaus SIRRIoR WaE &S S in2dd): (e &t e RVPR: PUPLOS Shildde thet hE
measur enent Ioglgl ng storage 215 and the neasurenent reporting processor 220
b

are il fferent sqhnigres foy sedive MDT pepligestiomigfosaationithée UEn 0§y thaUBrl0gleana |

bel ow. EOGAGE sBnllng Ko dkRELRAMAGs) £/ X&TBlafe MELIMA ke Llqpent 300 that
may be dlgee(aonﬁyq%hesé"gl Ing‘il'b’ of FlI Gacls)tooconf Sure ayrf% %rggcess VDT

measur erfgfitages emiils| RISk messages, ptg.) Kl ieporgthe pggeddBipreasurqoigatsiie thegev ol ement 300
can be inplenented in or by a base station, such as a node-B or eNB,

i mpl ement i ngl®RY cet Plogkidiagrapy phanrgample rtemaitation ef the URJOR o&FIEeit 300 of
the ill uslstbEA FaETNNE, b HEbHARS0ABMP TP | dUHER kAN BFESSAL aRPS O
prepare and send MDT configuration information, including one Or nore

nei ghboregeninglagasd MG messricments o fcewdancawith ReSkanpieiinethedsrapd pprdeasisr i bed
above angsclifedcRa SfnotSldidns BEOWE 109 adshablEwilPRner iR DRENPE nt 300
al so inclsucdle.s aen NDTO?eg%ortnisng pp,ocgggor %F%Lagwto P%-(:F@?\t/lgﬁk}#l)' rr%rgis“gérgrrent

r eport s/fPrsdpsity.r om t he UE 105 via, for exanple, neasurenent reporting, RRC
signaling, etc. The network elenment 300 further includes an MDT measur enent
post - pr ocess@02315 Tumitoe FiF ¢, thedluyDTedrxamplednplamertitigof thedd 108d fr om one

i L et e

' or further processi ng. anpl e
i mpl emenndinifeither detell eghar, MDD measfurenivet dyDizwdivhinfomatipmincipdiog essom®@e5, t he

MDT rep q’ﬁrhtg Bg thgrngxglgé%? Bei@%o T ?e'ﬁg e %ic ﬁ%?%({aeg@ﬁ,t sublf §st p_eggcgcg ? oy cfirnE 315 are

illustrated 1 n subsequen I gures an escri great'er el ow.
pilot measurements, are permitted to be reported (e.g., also referred to as neighbor cell reporting
limits), one or more offsets to be applied to the measurements and/or an RSSI indicator to

indicate whether RSS1 is to be measured along with the other configured periodic downlink pilot

measurements. The UE 105 of FIG. 2 also includes an example periodic downlink pilot (PDP)
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[0027] Wil e exanpl e manners of inplenenting the UE 105 and the cell 110 of
FIG 1 have been illustrated in FIGS. 2-3, one or nore of the elenents,
‘processes and/or devices illustrated in FIGS. 2-3 may be conbi ned, divi ded,
re-arranged. omtted, elimnated and/or inplemented in any other way.
Further, tRgoexapRk8 nMeasurenment configuration processerdORi0dile exanpl e
PDP neasurenent processor 210, the exanple GNSS processor 212, the exanple
measur enent | oggi ng storage 215, the exanple measurenent reporting
processor 220, the exanple network el enent 300, the exanple MOT
configuration processor 305, the exanple MDT reporting processor 310, the
exanpl e MDT neasurenent post-processor 315 and/or, nore generally, the
exanple UE 105 of FIG 2 and/or the exanple cell 110 of FIG 3 may be

l”D'e”EﬂhﬁgnQMahﬁ%Q%@ﬁQJO§H%HM@HQKH$M @%@k%o@ﬂﬂ&ﬂ%b@ﬂ&m&é%ﬁﬂd@%'0” of
har dwar e, software and/or firnmare. for exanp iﬁﬁf t he exanpl e

measur ergi#hbe Galts iparcardpess “B%WPOIZGQ repoFiag @W@e@@ss aeEhent
prOcesSQﬁd@#&hm%&%ﬁﬁﬁﬁ&?ﬁ%w@%§ﬁr&k@%@%?gﬁr%%gﬂmﬁgﬁmﬁﬁaﬁgﬁﬁuﬂﬁﬁ§ﬁfenent

| oggi ng sto , the exanpl e nmeasufrenent reporting processor 220, the
exanpl e A&t Hédikonallp iy E 3000f He2 inrladslaa eMuplegalfal gm@tlp@wtqéhteésémr 305,
t he exa h

post - pr CanSS N ey 8PS DAL ERSER Ol e AR ARREEETD, ¢ e
exanpl e va@ilthe MDJ avoliguwiative mfmmaememmbdby ﬂmeea@memmrt eodiguetipy proyessor

progra | 8, {.ear r S)
(Ao IR ERTRICS) ueRBRERE P RRE e SRR Flof Y G0 3 o
| ogi c dewnB@ﬁ@#M@&ﬁhﬂ@@@?nmamcmwhmﬂabwhma@ﬂnsbmﬁDExaﬂpkmmnanEMEntHM|ons
at | east nc?/nxelogat Em asifedt ts%etg'%u%egi% t%ﬁNg%‘ ange ssm%‘l:'#, Tllo asurhe (?xarrpl €
measur effent. cont | gura ron processo Re feasur enent

pr ocessadrg gmgetoretglaélﬁmmplmpﬁis&qommg@sg Ofpe Bﬂxﬁczmcbﬂyex etmagqaﬂeémnhgg,unm nt

exanpl o P SR A0 Br BN BTGt oo By belbsor | 305,
t he exampheuwrmlﬂ@pbmmumgs@ﬁ@ﬂﬁ&ﬁg@eﬁ&@bﬁﬂdﬂ@w.Eb&mexampMBTNDT measur enment

ost - processor re hereby ex sl |ned to include a t
P ot et g e B Bt TR SR S iSaako b Per pmeydfastiE s 3Ll Rovp)
conpact UH HI§ 0€€E) 2 ifdledes asieaunidﬁgnslupdmﬁ@;ﬁlbmgoe2andix@mpfehmﬁmael&anoﬁurt her

still, exa UE 105 of FlI WO 2012/021613 / US2011/ 047243 2 and/ or
t he exa r?f)‘f nF gtf@ m§gsupement @nﬁwa‘m@r%%%ﬁ%’ %? E’%F&?asé'Feé’FFé‘hﬁ"gfessp?F ocesses

and/ or de@lltlﬁIeEISNS&pxﬁﬁkikdl 0n tﬁd)nea@tﬁreh&&ﬂ@@ﬁg@fmag&hO‘Sﬁ!ditM Medstiaiest i n Fl GS.
2-3, and/or i nc Igﬁe. re than one of any or, all_of the illustrated

el enent §ep°ﬁF‘§cPé°§§"é%r gredaustiated in ‘[“éf?ﬂ%‘]"lt:f‘%%"r?é?flgqc'r“?ﬁr‘%§’é’ﬁ‘?h‘§"1“’xﬂe of exanpl e
processaslotvhat may be executed to inplenent the exanple UE 105, the exanple
cells 110-125, the exanpl e neasurenent configuration processor 205, the
exarrp: e PDP me2sur @(Tiﬂﬂék cﬂi@ﬁﬂSﬁMexZﬂ;glngth@ﬁ@éIaﬁ@k @(l)oﬁhh?a&ld@rb@@aﬁs;@rm&l& t he
exanpl e ur ng storage the exanpl e measurement reporting
pr ocessﬁfma g@@f%ﬁé e SAMBIE RS PLRGTR MIP EmstrLregisats i iHustated iple- foffor -

conf i guERdnhg) RIREREIS AEM&R 300 EADe EXARERIMRL: bRPBAst kidgor? 5&{4%5%@3310 and/ or
t he exanpl e NDT measur enent SOSt processor 315 are shown in FIGS. 4-6. In

t hese e?hﬂﬁ?é%mkﬁﬁgnﬁﬁHﬁ@gél eprBBe it BY- Byheartwork iclmenalop ofdy ilpstrated

i mpl eme g Lehid¥cINAR A MIFPESHE ﬁl@%rﬁﬂﬁce@m@fl t%'pﬂﬁbm%ﬁ@béﬂ@ MIS REHBlsEration
instructions for execution Er ocessor, such as the pr Ocessor 712 shown

in the &ferRtien pchdingonggr @9@ trogeliieaeting baity effens and RSShindicrtosn wi t h
FIG. 7. BehflnBbioush vn oibdif BRI bEBw PG BE1S. THAGKAMIaRMI 360 AGY i Ons

t hereof | npl ementing one or nore of e processes represented by the

f | owc hatichides anfVIRE repprtig pose o Ogx @mvewu’}“ymeascrewmeemﬁw&gs fromrhet he
process ( I n devi ce)
e e e e R U T R s i e
AS| C, afumhp; m@lndelimMDHms:@p@mnﬂP@gtrmocee&OCS)S tOMrmldtm\MDTr more of the
process ' e o F 458, e re

Port 1 on( 5y fRARAR Sbeltl OR ch BHAUR LR oo BRUEC 050G Rl %, e
exanpl e processes are described with reference to the flowharts
illustrated in FIGS. 4-6, many other]@échniques for inplenenting the
exanpl e net hods and apparatus descri bed herein nay alternatively be used.
For exanple, with reference to the flowharts illustrated in FIGS. 4-6, the
order of execution of the blocks may be changed, and/or sone of the bl ocks
descri bed may be changed, elim nated, conbi ned and/ or subdivided into
mul ti pl e bl ocks. [ 0029] As nentioned above, the exanple processes of
FIGS. 4-6 may be inplenented using coded instructions (e.g., conputer
readable |nstruct|ons) stored on a tanglble conputer readable nedlun1such

/R A o P —



WO 2012/ 021613PCT/ US2011/ 047243 information is stored for any duration
(e.g., for extended tine periods, permanently, brief instances, for
tenporarily buffering, and/or for caching of the information). As used
herein, the termtangi ble conputer readable nediumis expressly defined to
|nclude an conput er readable storage and to agatlng
si gnal s. ﬁ%é |%ﬁ§{ y or alternatively, the exanple p?é@gggggﬁégpFlGS -
may be inpl enmented using coded instructions (e.g., conputer readable
instructions) stored on a non-transitory conputer readable nmedium such as
a flash nenory, a ROM a CD, a DVD, a cache, a random access nenory (RAM
and/ or any other storage nedia in which information is stored for any
duration (e.g., for extended tinme periods, permanently, brief instances,
for t e”%@%&r { by fu%{& 1<§ée£‘s%1 9411% m‘é A e%%%*&'ls”ag.dg el oF REQRHRL I ON) . As used
herein orl- transi t of ut PE™ vedi Um'i's expressly

defi ned cbnﬂgumubm @ecasw 3ﬂ§/[ﬂ® MDT(ranafpmg@rocesmacBab el thee MDMmeasdretmentexst ude
propagatin

and " ma cphcicgqqullrgg &aeb{lu%.tra%& gl suo ro]:lgjgeﬁg ugers%ag deecﬂ)ed n olgaﬁer dC 81% ! er readabl e”

Ur Ve eht" Rt ess 4 nartat ed

ot ement NP RUasuf Bt 88 ARt SO RERRFAE e [ElorgRY upeeFEAFHERS |

i |1 ustrdthede baan HluG@ratedl. in WE 2r3eber e noee éfohd diamaprsepedisseg afid/guieesss t he pr ocess
400 of H £xec tion.a l. ck 405 at asyr ement
confi gur" ‘fGtr 3R B&geégs S o?la}ég%colrw&eé’dgv Ahrep AN g5E: %gap 8@8‘“

conf i gurimplementedihanyrathéromyf Forthel, s example agamednientchfigiraiongniceabr J05ane

signali and/ o ser pI ane si e bed ab At bl pck 410,

the. meadtr@RBRE PRE ARy ATT Hﬁc\‘%?%%@ s e B PR R B BeB per b odi ¢
dOW:’ll ijnléndaj;dr@%enmb@glﬂg QH?QH 2 Ipatha BRipleSmeaSiteiierd gepbhig ﬁﬁaéslslér@glﬁﬁhe periodicity,
i ncluded i n  the conf ation i rmatfion receive t ock 405. At

bl ock 4f§dmR‘%%e‘YENEfB?eEﬁQg1 5%?XéE‘PEr¥8’B§B%‘81gH‘PB°WP‘&?P?°f 3 ﬁa Q‘f@?‘%‘“ff Bbr cell

r esel ectMON repbihg ppba&péle,lo ithe dx@inpe MIST ﬁlum%khtqgstqb&&bsdt ElSpfnti/@i’ infoye | ayers,

each fre uency or uenci es, and_ e a layer for
Whi ch o FoHBUS! Bt S BRTE 045 9 E TGl B <SP Sl At WP a SR B y of
parti culi@ple@ediéd uyalatdmpe detvRrdIanRdar ind/fien pRs@irtion B hadividid/ sbfayee (€. 9.,
frequency and/ or to which it belongs. The absolute priority

confi guraf/ Plcfﬁﬂi“ﬁfeorTﬁﬁ% 51X pRlf-iRBUPbE aemBlesrgesuersent caqfi lg\ga?@dé?%?@al in system

i nf or matpe hdyxadpic 2HP n%ﬁﬁé’rﬁén't%o&é%&gm”'%texﬁrhﬁe GRSk pickBssond/@e i n a
dedi cat ed nessage sent to the UE 105. Additionally or alternatively

absol ut E*PRAIGTFIYreEEHPagneatortss 2l hitks Frarple eadrrIsat PR HUAIRBC§7r P%Re NDT

conf i guRR @Ik AE QLRI S0BCHRE ¥RchpR! MPITQek: ABmioR P cis& B0 Yhd d8mpO
2012/ 021613P(ﬁ'/ US2011/ 047243 neasurenment contfigurati on processor 205

conf i guMPBifEoHRE RFESUBSGItha cxapple MPT peastipaiert ogrPraTohRsufEe pur pos es
(e.g., %y&%ukjh@y%n;pk%@lﬁoslﬁéfo& fhe @%m[ﬁ@&ﬁﬂ 1@@&&% SRS BY BiorPriority
for cell resélection). [0031] At block 420, the neasurement configuration

pr OcesS@Olezggu@(@hpw@@rr@gabgrpmcessm(s) apphcatmn spemﬁc integrated circuit(s) (ASIC(s)),

programmable logic device(s) (PLD(s)) and/or field programmable logic device(s) (FPLD(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 PDP measurement
processor 210, the example GNSS processor 212, 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.
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upper limt on a total nunber of neighbor cells (e.g., anong all absolute
priority layers, if configured) for which periodic downlink pilot
measurenents are permtted to be reported, if such alimt is included in
the MDT configuration information received at bl ock 405. At bl ock 425, the
measur enen n ation processor 205 configures an L t(s) on
nei ghbor C3Vfahéggﬁéenent reporting that are rel ated %gygﬁgblﬁﬁg&prlorlty

| ayers, if such limt(s) are included in the MDT configuration information
received at bl ock 405. For exanple, the MDT configuration information can

i nclude one or nore upper limts, each such upper limt associated with a
respective, specified absolute priority |layer and specifying a nmaxi num
nunber of cells in the specified absolute priority layer for which periodic
downlin 0 ] e j t onally or
al ter na Py e B L s B et @ e B, B Ge bR ey v e of
(1) a fidegeesuppiditioniteviot insteaksgedpieyllatrhted tFlGGMarand/or mey ghlbde meslthas (e. g.

{. h ty th
abol ot Sneeay pP SR Bl b YRS e A6 e LE 105 1 or whi ch

periodi c do Kk ed; (2) a
second upperﬂbmﬂltggh&%mgiggg%ﬁgg (§F 6@ﬂ9§5&%%§?ﬂ%g@¥9§?&$RQHENL) anong
all abs mhpiteleexptthemxmnyle K@y@ﬁsthhwmga debw\lalr() 1@61 tbe exaynptelragastrbiverabsol ut e
priorit er. o vin 0] iodic
downl i n%onfa eratlorllﬁr%locessm %g%ttfée alae le PDJP r?eta Lger{xen Brlglcz‘esém?;_l? t@%ex\gﬁhfﬁ 3) a
third ug)meessbnmlth@WMptmmaslmﬂuernggmg stoeig ghlfonhecaehmlsle (eagremehlE) , anong al |

absol ute rlor it haV| rit 0 th solute r|or|ty
aver ore B gkt BLs SRR R it GBY e b bl S D E R o | T
pi | ot n@aﬁuﬁeﬂmauﬁea@ﬁmnemnwhﬁﬁﬂn@@mﬁﬁwbﬁn@mmaﬂLm@aﬂ@Q$AMDHIock 430, the

nmeasur enent confi %_II’ ati on3 SOI’ %?é é} ]:“ ur es an% Qﬁasureement

of f set ( SR ULRAPINCTHE P G EIAT i St HErP S P& Ved at bl ock
40F| ?ngi rép@esaeecamabieﬂowglaﬂa{ajy@éﬁrﬁpldﬁml | d tytonpiot mbl-emsamk seamptisng or 3 peci fied
ce S Far e nmore cells in a networ I‘I‘SOI’] to

pi co, fé‘??F‘B“%‘rea‘fagﬁdﬂ}s“&‘éT‘i“é ?‘t‘ CATFEHE™ BY ARYOSEESOf éb\g’ras;f)'%?\/@é?ce%/sﬁhﬁ csg bt ed

Macr o CedelexamplB pod€bin@ ¥@emal B, dibssed bS&Y intyindgorsPRICFIC. ed Aaadatas,syom at ed
with a WO 2012/ 021613PCT/ US2011/ 047243 partj cul ar cel | iden ity (or type
or cl asdhesPiiedregyam gf RIRSRS Y Pafiony B alEE S Qe BEEIbEFc” downl i nk

pi | ot MBARE:QTEBIERnkOby the@lo&Bhdits BF FITIS. 1@ coald kb Becawd by 988ida@tHenthag cor dance
wi th any specified nelghbor cell reporting limts. At block §§WﬁFthe

measur e tRSOESAT T igus-& Pk app %@gwnﬁé’esanwﬁfer SRl dedse) gpe/er e WK pil ot

nMeasur el sre bPdddialed ReaReel (. IE AN EIRALS an IS 1@ PLISliak BPLOMNidcRtPBELOr M RSSI
nmeasurenents is included in the NDT conflguratlon i nf ormation recei ved at

bl ock 40%,)- ElecNEios most oftihtepresesseplearepingddy shegigyvahpig af BR§s4-6. orone 9190331 An
exanpl e Rk OGREch(I s @%ay’@ym?@m@%&?ﬁlﬁxﬁglﬁ Ordr{#BY, SIRALL MPLxdMRAS ur ement
processing in the UE 105 -2 is 1llustratedin FIG 5. Wth

r ef er en@ecessestredaseriee oith geferepgrie e flowehasis dlusgatedsinFlgs. 49.@ang ohglyi ns
exeout | gk Dbacky BBl (N Ehol i ROEIRGRUE BPBAL RACERSAL 210 | ncl uded

inthe UE 1 det erm nes per1 odi wnl 1 nk | ot nmeasurenents have
been t r kiggyestizely be ugpd, Fbagempbnw@&pﬁmgwpsnm@ﬂowdmﬁh@pﬂwgvumﬁKﬁ frédatiar emrent
period g N ion). If
Por i odi SO ohE MBI e kE iR I UleBke B 8 B0y ¢ hen
at bIockmﬁgﬁibhemE©Pan@smden%mﬁummuéﬂbm@mmgmﬂeb@d@orns or obtains (e.qg.
from existing nmeasurenents al ready taken for cell reselection evaluation)
any confi gur@2fer iAsdnantidepdrrbovek thp exasipleprasassee nERIGS. ¢-6.nepy be smplhmerdedRSCP,
RSRP, e hbor ¢ | £ 515, the
pop roacbiedSd ndFABRAE o° ShiyPul T ERe ol UEreon el cRUREE 21 "hi ock
510 by masiabtmnédlgu sedh ashhg@idiskidoive, arflasts pempdyi 2ctadrenly oo c@®UM), ¢€Dg. , based
on previ ecel ved MDT conflig Jafar 5 520, the
PDP neas(g);@ﬁéﬁ?c Sr%lglésos%?ccﬁfdmrl%n Q%IHZ neclngﬁl g%”? 1% S dgsleg’%gﬁ t he val ues
of their respective downlink pil ot neasurenents (adjusted by any offsets),
according to any configured absol ute griority | ayers. At bl ock 525, the PDP
measur enment processor 210 | ogs the urenments in the neasurenent | ogging
storage 215 for the ranked nei ghbor cells according to any configured upper
limt(s) on the nunber of neighbor cells to be reported. The absol ute

priorities and cell identities for the neighbor cells whose neasurenents
are | ogged can also be stored in the neasurenent | ogging storage 215 for
| at er reporting. [ 0034] For exanple, at blocks 520 and 525, the PDP

measur enent processor 210 can rank (if needed) all eval uated nei ghbor cells
based on the values of their respective downlink



WO 2012/ 021613PCT/ US2011/ 047243 pil ot measurenents and regardl ess of any
configured absolute priority layers, and then | og the neasurenents for the
top ranked nei ghbor cells up to a configured upper limt on the total
nunber of neighbor cells for which periodic downlink pilot nmeasurenents are
permtted to be reported. Ranking may not need to be rformed if no

of fsets hav¥® &R ¥pecified and the measurenents haveggppgggﬁuggén r anked
as part of the UE's cell reselection evaluation processing. As anot her
exanpl e, at bl ocks 520 and 525, the PDP measurenent processor 210 can rank
t he eval uated nei ghbor cells in a particular absolute priority |ayer based
on the values of their respective dowlink pilot neasurenents, |og the
measurenents for the top ranked neighbor cells up to a configured upper

limt on the total nber of .nej ghhor cells in th articul ar. absol ute
o or i £ ynpagD? o S e doviterare gt Pt iR BB G e por it t ed
to be repantedior eMgolRbuffepfaind/diifa cﬁﬂﬂ%ﬁﬂﬂfe&nfbﬁﬁatiﬁ&i ghsheed leedih, she N one or

more, or all, other confiqured absolute pri.orjt er. In yet another
exanpl e, Bty ec‘koénpf’s‘%reé?’?%veg%i}““[‘ ﬁé’xﬁﬁiﬁbﬁ‘{?g%‘?ffr%?{%mg ﬁ?yoté%es%fﬁPmQ%ﬁ can rank
t he evalehahiResthRbonaes exeRidt SropRAGRDsigRlst RRINBhANIGS: Bferiaiedly, tiespepki ve
downlink pilot neasurenments, in all absolute priority |ayers hgxﬁng hi gher
pri ori t PracRErs THE DA ORI §e ippleniraicd Biing sgeciBrtuc A (o EntPItRYl TR

nmeasur enph&ich®storddntaGon LAk R8IpSRPREdER ik stcB adta M harbigd upper
limt on the total nunmber of neighbor cells @gggﬁgall absolute priority

| ayers WRENg i gAER: el p rapdemasreaTmemyy K%fﬁ. KRy 9Pt stcdithe
ser Vi ng j¢ Ghich hkQndfio i Soldk fk ARy di@ioniBi:C Por BREAGRE tifhe dONWAL | Rk PEABL
measurenents are permtted to %e reported. Additionally or alternatively,
at bl ocseBipganserd {05 smpoaily tiiering asdierdpibsehipg ofbsistrmain) cANFARRC Ithe
eval uat afk B ARRRRSIRE LohpuRRARAG ML KakiesAlenhlieb ind@sagchpyer downl i nk
pi l ot nmeasurenents, in all absolute priority l'ayers having l'ower priority
t han t heoppiterpadgblomedinm aséfagxalydepopagating sighald. Pog, ashecdhsedufferigiss for the
top r ank‘?&n f?ér%%xgﬁﬂe”ca {ilﬁadﬁﬂletr&dﬁfl?oﬂé LAUEEL: URRGIen! drlst inBRaklie total
nunber o el ghbor cells, anong a absolute priority layers having | ower
prioritthehwpe.an absolute priority layer of the serving cell 110 of the UE
105, for which €eriodic downl i nk 5i|ot measurenments are permtted to be
reported. AdH0BGlonain sxamplegiacess 489 thpiengy begreqyleddksnBomenaWlPT525, t he PDP
meas ur eAk, RRAEERHBEradln GRIUE A¥OrERSS. |
the values of their~respective downlink pilot neasurenments, in all absolute
pri ori t yhd pigeedisg Favengic@eqseds 469 POFICE § beainstereqution attbirsk 487 ytivléchdkd | 110, and
| 09t he (R AIERNSubOn iR AR WGl URORS rBALSMI dofii iR | OUT ed
upper Iimt on the tota nunber  of nei ghbor cells, WO o
2012/ 02 1603RETH (IS0t $¢reiag 2Bl [Qrvimgyntdll plaab sighaling apsl/row¢rtpjant sigealiveifavi ng
equal priordi t AV N o 2§ 0L ng eriodic
domnliném%%r%¥ﬁ%§%§%$g%gﬁ¥§%gf%%%g?%%gfggk%gﬁggﬁgég§¥t@gfm 6§Bn.t bl ock
530, t heeRDP pei@iiLdosmink pipt ocessnrenPifentkidre syrhnre SewtresthienenPpdydstanni ng i s
bei ng perforne LIVN scanni i f or C bl ock
535 e ubeTEt MR T SRl UGty REL A R st R s T B 2000
was confcbufiguesd alvyalisbietepeiogiy Vayersibiicell ontlegion aforamampit,on metwods suppartiagdi ti on
LY Ahlile M AYGE LR ke OYRbLY R Bbic T RAPUERIRA Snlo ahyer RSP

for which an absolute priority is specified. The absolute priority of a particular cell is then

q\ézi'ii:s Uk ede G I RO Wi ckSencPRsed on

determined by the absolute priority layer (e.g., frequency and/or RAT) to which it belongs. The
absolute priority configuration information configured at block 415 can be received in system
information broadcast generally throughout the cell 110, and/or in a dedicated message sent to
the UE 105. Additionally or alternatively, absolute priority configuration information can be

included in the MDT configuration information received at block 405 and used by the

215 -



[ 0036] At bl ock 540, the UE 105 determ nes whether it has entered connected
node and a radio link has been established with its serving cell 110. If
the UE 105 is in connected node (bl ock 540), then at bl ock 545 the

measur enent reporting processor 220 included in the UE 105 reports the MOT
nmeasur enents, bgeResi N the measurement | ogging storagq,C égﬂﬁg@@mﬂ via
control plane S|gnaﬁ|ng user plane nessages, etc.), escri bed above. At
bl ock 550, the measurenent reporting processor 220 also reports any
configured absolute priority layers. For exanple, if the UE 105 received
absolute priority layer configuration information via dedicated signaling,
the network may not retain the absolute priority layer configuration for
this particular UE 105. Thus, at block 550 the absolute priority layers

configu %JSJLQnénbgonHEmJJQoﬁl Op?&%s %FﬂBrtB @Qlﬁogxe%@gl foR": 99%%6 151{311%5 B &l /b ion of
the MDT neasurenent$ repor tef . Then, the UE 105

cl ears tMaT msegyirenmest papdses heemmgbﬁéﬁE 1Q§ggnqﬁgor§tg@xeégeusmssohé¢1d t he

exanpl e 95*&Q§%ﬁﬁggd5§§ﬁﬁt [0037] An exanpl e process 600 that may be
executed tO°i measur enent configuration and processing in the

serving cel | C?b%ﬁ Of p¢fp 0%42(51' tl%qgeag’mérﬁerft L(lnﬁ*ﬁ{uaﬁzi %o&e@so'r: hés cfrigd S ref erence

to the preceding figures, e process 60 begi ns execution at
bl ock 6®§p@tﬂmmncahotahelHW@Tofc@tghbcgm:llsst(c @nalmltwél@bmlut@%mitn@waeﬂ in the

network el enent 309 g@ &wnpg{{,jmm%@éu mﬁegx Aﬁqg&toﬁngﬁepggg@r@shc}pe“ odi ¢

downl i nk pﬁ1ot measur con ration i n |on
measur emgimit ip@rciuded m|t1ueyMDTr¢omﬂmudﬂDT m"@nfatlgulreaftwednt blndlof(PatAt bleck 2%e sent to

the UE %QeSmeaé&rexg«L:rR%g ﬁ@r%paho r%%%%;{g %{r)lgl f&ny%?i)eq rhg)?tgﬁ 30 561;5190%r EJJP' udes any

configuration p I"ayefFs, such as one
or nore msmmnnapghbgmameé telatedipo ntisolug: grioniist Isyeam df/sach lnﬁﬁ(s)atltslndlesmﬁrln bed

above, as nfigurati.o 2012/ 021613P 11/ 047243
absol ut Zh ph\rﬁ\iﬁlgrcf)f?%ufaé&%}n? ﬁo I Ceﬁ‘feg ? ]F}g‘f%(sesvggl PP lte]TE Cong Tgirat i on
i nf or natinformatidi cdol indide®hb or hére upfsr limixs feadisuait i:pqxal lpmme@ssﬂed @ﬁl‘.ﬁal ncl udes an

indication i.n uration information .to indicate whether RSS
510 be el PR RN e AR A e T DR AR R SeRB0% 1 he wDT
conf i gurkpdcified apyottes ity BRD faartich fefiedid/Bdwnlink pilot measurements are permitted to

be reported. Additionally or alternatively, the MDT configuration information can include one

or more of (1) a first upper limit to specify a first number of neighbor cells (e.g., NH), among all

absolute priority layers having higher priority than an absolute priority layer of the serving cell

110 of the UE 105, for which periodic downlink pilot measurements are permitted to be reported;

2) a second upper limit on a second number of neighbor cells (e.g., NL), among all absolute

priority layers having lower priority than the absolute priority layer of the serving cell 110 of the

UE 105, for which periodic downlink pilot measurements are permitted to be reported; and/or (3)

a third upper limit on a third number of neighbor cells (e.g., NE), among all absolute priority

layers having priority equal to the absolute priority layer of the serving cell 110 of the UE 105,

for which periodic downlink pilot measurements are permitted to be reported.

[0032] At block 430, the measurement configuration processor 205 configures any
measurement offset(s) included in the MDT configuration information received at block 405 and
to be applied to periodic downlink pilot measurements for specified cell(s). For example, one or
more cells in a network may correspond to pico, femto or relay cells transmitting at lower power

than co-located macro cells. In such examples, an offset may be specified and associated with a
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configuration information to the UE 105. For exanple, the MDT configuration
processor 305 can send the MDT configuration information to the UE 105

usi ng control plane signaling (e.g., via one or nore RRC nessages) and/or
user plane nessages (e.g., SMS nessages, enmils, PIN nessages, etc.).
Sonetinme later, at block 625, the MDT reporting processor 310 included in
the networ KY@PUHI¢13300 i npl enenting the cel |l 110 recBFVESLONIH Mbasur ement
|l ogs fromthe UE 105 that were generated in accordance with the MOT
configuration informati on sent at bl ock 620. For exanple, the MDT reporting
processor 310 can received the MDT measurenent reports fromthe UE 105
using control plane signaling (e.g., via one or nore RRC nessages) and/or
user plane nmessages (e.g., SM5 nessages, enmils, PIN nessages, etc.).

[ 0039] In her exanpl hbor cel | measurenent reporting for MDT
can be P ‘c‘lé‘a‘:eﬁy‘/&e%téé‘?‘ft%eﬁ’gle’ﬁé’? - AT PR e QURsRT8HCt 0 i ncl ude

conf i gurd@atvhiaik palbt ﬁl&ﬁuxﬁiﬂ&&&lfo@ﬂ@ raélspﬁc@ tdl@nlhﬁ)gzgﬂdo g8leGRa@Srdaie Wikasiir ement
obj ect (fr gencgttOl its priority a m nunber. of cells fromthe

measur er?B‘”r‘ff BFigRter Gl 181’10‘?5%1411“5‘& I%@b’é‘ﬂ‘ml H‘CWéWr%?F“é‘i@&ﬁ%‘Pém“tHﬁ@ei‘F@hsur ement

quant i t 0k Soxffio&@ dridbicliegaag M&Tm@a@\ﬂexﬁ&ﬂsstb?fﬁcﬁld@izsb%&sBSBE’nt@ﬁﬂanRSRQ for
E- UTRAN, both RS& and Ec/No for UTRAN and Rxlev for GERAN. In the

pr ecedi ARfiEakigIRsoRS S Ianeasurerpeatss BRbRd ipHjc Mt SRRy pHREsME absol ut e

Priorit YedeA¥®ht' o%ﬁ4@§%e&[tf%¥bpﬁi§le¥adb‘?€ﬁb&ss 4099QlfdsG 7 is a block diagram
of an exanpl e processing system 700 capabl e of inplenenting the apparatus

and net hods goss! ose@ﬂaxmm@mcesm@ dﬂﬁﬁﬁz@rﬂﬁ'eﬁ&u@&%ﬁ@eﬁ@% M@rr be, for
exanpl e, a server, personal conputer, ersonal %It assi stant (PDA),

a smart @Pfaﬂ%eme&hplp?ﬁsgvgn@tfhealﬁ)%ﬂ@SaqchéGS d- bwi ystrafgrein FIG SopVish sfesence & di gi t al

vi deo r ggQdeling BoRE, ﬁl@%ﬁJces\é'Sg@Qf FIECOPIEL ex&ut@&tat HRPK Bt whlch 3Pprsit her type
of conputing devi Ge. he system 700 of the instant exanpl e includes a

process @Fea$19n%lﬁﬁﬁceé§3l al @@ﬁéf#eélm parodé dptp@gn%srwm@@epeﬂp@é dewilink pitpe

Pr 0CeSS Qfca dlandnRGaidESn BicbQERte. JTRHRE Y¥n EdiftratiG ) 2 tHer having a measurement
2012/ 021613PCI/ US2011/ 047243
period specified by previously recelved MDT configuration information). If periodic downlink

pilot measurements have been triggered (block 505), then at block 510 the PDP measurement
processor 210 performs or obtains (e.g., from existing measurements already taken for cell
reselection evaluation) any configured periodic downlink pilot measurements (e.g., such as
RSCP, RSRP, etc.) for neighbor cells detectable by the UE 105. At block 515, the PDP
measurement processor 210 adjusts the measurements determined at block 510 by any
configured offsets for any specified neighbor cells (e.g., based on previously received MDT
configuration information). At block 520, the PDP measurement processor 210 ranks the
neighbor cells, based on the values of their respective downlink pilot measurements (adjusted by
any offsets), according to any configured absolute priority layers. At block 525, the PDP
measurement processor 210 logs the measurements in the measurement logging storage 215 for
the ranked neighbor cells according to any configured upper limit(s) on the number of neighbor
cells to be reported. The absolute priorities and cell identities for the neighbor cells whose
measurements are logged can also be stored in the measurement logging storage 215 for later

reporting.

[0034]  For example, at blocks 520 and 525, the PDP measurement processor 210 can

rank (if needed) all evaluated neighbor cells based on the values of their respective downlink
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executes coded instructions 716 present in the local nmenory 714 and/or in
anot her nenory device. The processor 712 nmay execute, anong ot her things,
machi ne readabl e instructions to inplenent the processes represented in
FIGS. 4-6. The processor 712 may be any type of processing unit, such as

one or nquyéahg&ﬁgﬁ m croprocessors fromthe Pentlunﬁ%ﬁnﬁgﬁh&yusthe
I[tanium(r) famly and/or the XScale(r) famly, one or nore mcrocontrollers

fromthe ARMr) and/or PIC(r) famlies of rnicrocontrollers, etc. O

course, other processors fromother famlies are al so appropriate.

[0042] The processor 712 is in conmmunication with a main nenory including a
vol atile nmenory 718 and a non-volatile nmenory 720 via a bus 722. The
volatile nmenory 718 may be inplenented by Static Random Access Menory

(SRAM, NALEQRANSs IMNaTkdesRBNAY L AL RIS LMRID York dﬁ%ﬂﬁsm& Random
Access I\g;ar;‘}orys(DRAl\/S) RAVBUS Dyngm ¢ Random Aclcs:leosls ry RDR/‘B\t and/ or

any ot heﬁeawﬁéﬁn@rfwammmr&e@;@@@bﬁéws yp @emoe‘égqun@mdﬁmm é@ rqwé menmory 720

may be iRh&WEAL oPXeuf rdShi sa{c aaeiak ﬁ&h&&ﬁ&ﬁen@eﬁé }Eé?ﬁhdeb{ R)eonf menory
device. Access t0 the main ne 718, 72 8 iIs typically controlled by a

menory cereried| Rasking may nghusaho. be[p@@%]eir&fewmff@@ewp meenspesifeahanddeal so
i ncl ude r b f I i may be
R g R T R G e T M
i nt er f ageqeessingn iy enahdr esmplelat Hocks CUBBY, 52arthld QPP metshiemgnigeeressat 216n

i nput / Ogg&%é%k Eh%g/aggl ?051{)63‘ glls 1L191$ ]é\é?aq a.‘]g lute 1[18' ty glggtbage? lge u%?ofar e

connect éte clrrcui vice pernlt a
user totbmhemadabdowmqumnnaﬂdmemnﬁﬂk&hmnmmmmemsmsﬁﬂﬂ&imﬁh@mﬁmpuhhmevice(s)
can be i k board,. a us uchscreen, a

Cr ack. pat B 1E ke wbh i hTpEihy S R B e oyt o

[ 0045] Oabsodnte pmmey ngmpﬁmtwldm/pemed;lc aaﬁnlmk@ilaﬂ 1ﬁ@smanm¢redemmmﬁh@ba ntei face
circuit 724. exanple by

Gi S ay 0 8T B e (Rl Ry R kb @Ry T ube i 2pl ay
(CRT)), cbyfigargdrabsolha¢ prasrdy mpelbyn S @i Sxanips af Klboke HZLMdGRS,ahd RDF 24, t hus,
typical lereaisurr]grrllelillg&%ce%soq I:?,%) Qaln(ignkdt é f\a/v%[uat%g Iilglghbor cells, based on the values of their

respective downlink pilot measurements, in all absolute priority layers having higher priority

than the priority of the serving cell 110, and log the measurements for the top ranked neighbor

cells up to a configured upper limit on the total number of neighbor cells, among all absolute

priority layers having higher priority than an absolute priority layer of the serving cell 110 of the

UE 105, for which periodic downlink pilot measurements are permitted to be reported.

Additionally or alternatively, at blocks 520 and 525, the PDP measurement processor 210 can

rank the evaluated neighbor cells, based on the values of their respective downlink pilot

measurements, in all absolute priority layers having lower priority than the priority of the serving

cell 110, and log the measurements for the top ranked neighbor cells up to a configured upper

limit on the total number of neighbor cells, among all absolute priority layers having lower

priority than an absolute priority layer of the serving cell 110 of the UE 105, for which periodic

downlink pilot measurements are permitted to be reported. Additionally or alternatively, at

blocks 520 and 525, the PDP measurement processor 210 can rank the evaluated neighbor cells,

based on the values of their respective downlink pilot measurements, in all absolute priority

layers having equal priority to that of the serving cell 110, and log the measurements for the top

ranked neighbor cells up to a configured upper limit on the total number of neighbor cells,
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[ 0046] The interface circuit 724 also includes a comuni cation device such
as a nodemor network interface card to facilitate exchange of data with
external conmputers via a WO 2012/021613PCT/ US2011/ 047243 network (e.g., an

Et her net C@P9§ﬁk£ﬁn’ a digital subscriber line (DSL), m1&herhene |ine,
coaxi al cabl'e, a cellular tel ephone system etc.). [0047] The processing

system 700 al so i ncludes one or nore nmass storage devices 730 for storing
software and data. Exanples of such nass storage devices 730 include floppy
di sk drives, hard drive disks, conpact disk drives and digital versatile

di sk (DVD) drives. The nmass storage device 730 may inplenent the

nmeasur enent | oggi ng storage 215. Alternatively, the volatile nenory 718 nmay

i npl enent the neasur e Qgai:Ng ' g 4 aglbve to
o e TETRLATRC o A AERRARRD 18 MBARI o ameistne
which periodic downlink pilot measurements are permitted to be reported.

[0035]  Atblock 530, the PDP measurement processor 210 determines whether PLMN
scanning is being performed. If PLMN scanning is performed (block 530), then at block 535 the
PDP measurement processor 210 measures RSSI, if RSSI measurement was configured by the
received MDT configuration information, in addition to any other configured period downlink

pilot measurements (e.g., RSCP, RSRP, etc.).

[0036] At block 540, the UE 105 determines whether it has entered connected mode
and a radio link has been established with its serving cell 110. If the UE 105 is in connected
mode (block 540), then at block 545 the measurement reporting processor 220 included in the
UE 105 reports the MDT measurements logged in the measurement logging storage 215 (e.g.,
via control plane signaling, user plane messages, etc.), as described above. At block 550, the
measurement reporting processor 220 also reports any configured absolute priority layers. For
example, if the UE 105 received absolute priority layer configuration information via dedicated
signaling, the network may not retain the absolute priority layer configuration for this particular
UE 105. Thus, at block 550 the absolute priority layers configured in the UE 105 are reported to
enable proper interpretation of the MDT measurements reported at block 545. Then, at block
555 the UE 105 clears the logs stored in the measurement logging storage 215, and the example

process 500 repeats.

[0037]  An example 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 includes any general periodic downlink pilot measurement
configuration information, such as the measurement periodicity, in the MDT configuration
information to be sent to the UE 105. At block 610, the MDT configuration processor 305
includes any configuration parameters related to absolute priority layers, such as one or more of

the neighbor cell reporting limits and/or offsets described above, as well as any configuration of
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herein in a system such as the processing systemof FIG 7, the nethods and
or apparatus descri bed herein may be enbedded in a structure such as a
processor and/or an ASIC (application specific integrated circuit).

[ 0049] Final | y, although certain exanple nethods, apparatus and articl es of

nanufacturqy?g¥9mg&gn descri bed herein, the scope of GEYREAYEHMzthis

patent is no Imted thereto. On the contrary, this patent covers al

nmet hods, apparatus and articles of nmanufacture fairly falling within the
scope of the appended clains either literally or under the doctrine of
equivalents. Wat Is Cainmed Is: 1. A nethod for a wireless device to store
measur enents of neighboring cells in a nobile conmunicati on network, the
met hod conpri sing: processing, at the wirel ess device, configuration

| nf or ML af @‘im{t’fﬁg&%s cfng@m lefHc1Pdsl Al TR WM o ilorRic Aibocky ¢ he

Wi rel ess configuration informati on hHaving an upper limt on a
nunber &fl5. kg Mﬁﬂ‘@pnf{z@hatenﬁ?@pes‘&m%h ingldesoali indiehtiwm ini theMpYT] contigredtionr ement s are

per M £t Gkl BR S hALEI AL RIBPILERk mMBLLU b MMIPRERihd M 15 @ first

upper er of nelg anong al |l absolute

priority | aygigghayiag. W&&%&oﬂﬁéﬁﬁjﬁc}énﬁ o 206l SRt by | aver of a

serving cell the wreless device, for- periodi ¢ downlink pi
measur emenftgragpe inf@maiicn te thet G beS. Mepeormptt, tha MD Iafighmtienocsesaf 3ur at | on

i nf or mat !1 s%ngi ﬁlefl\’fﬁfs{‘ hgnﬁoaxsaﬁgn 1nﬁ;[ 1%9(10\9{' tg the UE 105 using control plane signaling (e.g.

via one or more RRC messages) and/or user plane messages (e.g., SMS messages, emails, PIN
messages, etc.). Sometime later, at block 625, the MDT reporting processor 310 included in the
network element 300 implementing the cell 110 receives MDT measurement logs from the UE
105 that were generated in accordance with the MDT configuration information sent at block
620. For example, the MDT reporting processor 310 can received the MDT measurement
reports from the UE 105 using control plane signaling (e.g., via one or more RRC messages)

and/or user plane messages (e.g., SMS messages, emails, PIN messages, etc.).

[0039]  In yet another example, neighbor cell measurement reporting for MDT can be
limited by specifying the MDT measurement configuration to include configuration of the
measurements to be logged, such as the measurement object (frequency), its priority and the
maximum number of cells from the measurement object which can be logged. In such an
example, the measurement quantity is fixed for logged MDT and consists of both RSRP and
RSRQ for E-UTRAN, both RSCP and Ec/No for UTRAN and Rxlev for GERAN. In the
preceding example, the term “measurement object” corresponds to “absolute priority layer” as

used previously herein.

[0040] FIG. 7 is a block diagram of an example processing system 700 capable of
implementing the apparatus and methods disclosed herein. The processing system 700 can be,
for example, a server, a personal computer, a personal digital assistant (PDA), a smartphone, an
Internet appliance, a DVD player, a CD player, a digital video recorder, a personal video

recorder, a set top box, or any other type of computing device.

[0041] The system 700 of the instant example includes a processor 712 such as a

general purpose programmable processor. The processor 712 includes a local memory 714, and
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a second upper limt on a second nunber of neighbor cells, anong al
absolute priority layers having |lower priority than the absolute priority

| ayer of the serving cell of the wireless device, for which periodic
downl i nk pil ot neasurenments are permtted to be reported; and a
third upper_limt on a third nunber of neighbor cells, anong all absolute
priority | aQy8F¥¥M¢ng priority equal to the absol ut e PEFUSIIVMAyer of the
serving cell of the wireless device, for which periodic dowlink pilot
measurenents are permtted to be reported; and storing, at the

W rel ess device, the periodic dowlink pilot neasurenents in accordance
with the configuration information. 2. A tangi ble machi ne readabl e storage
nediun1conprising machi ne readabl e i nstructions which, when executed, cause

a machine to at rocess t a wireless deV|ce in a nDblle
communi ¢AT9"6h C?Féf‘mwcuoesoﬂﬁpg%?'ﬁffi %ﬁl"Fﬂf‘]&ﬁ‘WW&rﬁ“‘F’B‘r InFEPHFAREGonnl i nk

pi | ot neRsiuE. ETRMPEEedsor 11 ndilyRk&dteDymdna@ ot ﬂhmoes&cﬁtﬂwe@@,bletlmuemﬁ kgur ati on
|nfornat|og haV|n an upper limt_on a nunbe nei ghbor cells for which

peri odi ¢™8GRAM thaat Pfeps6t e SRt dh Bl Ds 44r éfh?)%ﬁo?ﬁ*foé 24 P8 By eel and

repor t egrocefigig@hil, shdteasRPEI mbik Mebl® Bic@plobdssdrs HBRUMe PehMA® (Pzﬂm@f fh'er st number
of neighbor cells, among all absolute priority layers having higher

priorit yRpREP fé’l"i‘ﬂéb%dé‘?ldlﬂeex\?ﬁale@rflﬂmw |08y B MeyE nHCreEOnlplifgs fean FheeffRM e wrel ess

devi ce, h@br MOERCAMARS baficfocSMNElk e, R BhrsdTBASME SRR S @ SmBshahik! ed to be
reported, and wherein the configuration information is further associated

with: arealsoapproprigie.second upper limt on a second nunber of nei ghbor
cells, anong all absolute priority |layers having lower priority than the
absol ute pri B0ty |Thyerocessor{Ti isdp eommpnieaipn wih a i MERQsy BsBidingwi ce, for

\émnijc h P&biaARinfendOpWIgi dnk a RbA-P81atIEASHES RIS BE 7P Lbefe rrrf%mla[?y figpor t ed;
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).

[0043]  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.

[0044]  One or more input devices 726 are connected to the interface circuit 724. The
input device(s) 726 permit a user to enter data and commands into the processor 712. The input
device(s) can be implemented by, for example, a keyboard, a mouse, a touchscreen, a track-pad,

a trackball, an isopoint and/or a voice recognition system.

[0045]  One or more output devices 728 are also connected to the interface circuit 724.
The output devices 728 can be implemented, for example, by display devices (e.g., a liquid
crystal display, a cathode ray tube display (CRT)), by a printer and/or by speakers. The interface

circuit 724, thus, typically includes a graphics driver card.

[0046] 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
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athird upper limt on a third nunber of neighbor cells, anmong all absol ute
priority layers having priority equal to the absolute priority |ayer of the
serving cell of the wireless device, for which periodic dowlink pilot
measurenents are permtted to be reported; and store, at the wreless
devi ce, theypsnbedis downlink pilot neasurements in agegidang@msth the
configuration information. 3. An apparatus to perform nmeasurenents
in a nobile communi cati on network, the apparatus conprising: a processor

to: process, at a mobi | e station in the nobile comunication
network, configuration information for periodic downlink pilot nmeasurenents
to be stored by the nobile device, the configuration information having an
upper limt on a nunber of neighbor cells for which periodic downlink pilot
measur e rﬂ@tWo?k @€ ak Eﬁfg}nts@ &ndcRoP 8 dsi@r £6scRBd 1€ Q@S’L)ezdteleﬁlﬂﬁie line, coaxial _
store, at the nobile station, the perlodlc downl i nk pi measurenents in
accordaﬁé‘ée»\mcﬁlﬂiﬂmhéeni’@mfiygfﬂma%ti? on information, wherein the upper linit is a
first upper limt on a first nunber of nei hbor cells, anong all absolute
priority | ayE047Ihavihagrasesgiesyssm Hi0 alsp ipahugdss e o4 TS Sfﬁrap%ii?‘ﬁ?s F¥fer of a

ser Vi ng fG&ldring E&Hwa‘ﬁ@érﬁimaﬁe@k%ﬁlgs &le hidk stQ}aLé’&ev[E%@‘ﬁWlﬁéIﬁ‘d%tfﬁ)p?}F Gsppermtted
to be reportea wherel n the conf |(?Urat|0n information i s urt her

associ atdeﬂesvﬂlatrqhdﬂve disks, campest @iskl diiysp erd dizitgl veremiledigde@OAd daititthdihe 8RShei ghbor
cell's, anpngd.alil. AB grpag%gl]@ﬁéﬁ%é hhsdrB8Y%ET S #ﬁ“'s@gaog YT AIRIBLAIL Mhd han the

absol ut & priority’l e serving cel ch periodic downlink
pi | ot mabule@mrmsﬂéirreaypmplmenfew mgasmmueetpi@geumwl@mdﬁ

[0048]  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).

[0049]  Finally, although certain example methods, apparatus and articles of
manufacture have been described herein, the scope of coverage of this patent is not limited
thereto. On the contrary, this patent covers all methods, apparatus and articles of manufacture
fairly falling within the scope of the appended claims either literally or under the doctrine of

equivalents.
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athird upper limt on a third nunber of neighbor cells, anmong all absol ute
priority layers having priority equal to the absolute priority |ayer of the

serving cell, for which periodic dowlink pilot nmeasurenents are permtted
to be reported; and a nenory to store the periodic downlink pil ot
measur enent s. 4. An apparatus as defined in claim3 wherein the

configuration infolination further includes absolute priority |ayer
configuration informati on, and wherein the nenory is to store the absolute
priori {uhat BYEhiQNi gur ation information. 5. An apparatus as
defined 1n claim3 wherein the configuration information further includes

an offset teo adjys kodi ¢ [ i<} Qt i m’@gl@(;lnvx,itha
speci fied ng’l ghb%{r&l%tg?‘? .%qul &Hé{&\évfaexfr%ggg%g%ar{lﬁ%ﬁ%&sﬁ eﬁ%ﬁ%&@iﬁn claim3

wher ei antddile comfrivgivadbdn astwiorl, diemttihod comptisieg: i ncl udes an indication

i ndi cating whet her received signal strength.ipdication (RSSI) is.to be
measur ed whBIPCBSHIZod e WHRIFST ARVISH F%‘ié% O f‘téorhﬁ%ép%)%?‘ﬁﬁ%i%ﬂh%ri ng

publ i Cp{l&%eﬁ%“eﬁ}ﬁ@%@%(g%&%h%%gHE\HQ@, IR nREEbA ifheniHoadRsHer 1S to

| og at | east one of an asurenent, a frequency, a PLMN identity or a
| i st ofin agper lindeot & hivaberfadmemhbiet eetls dat WhiNMNpéedodihdowmldikgalot oreasureiness es
RSSI is to be nmet hgd as ef.'.neq.gi n_cl ai rein the

. asured. 7. n cl |.m1vw}e

conf i gEFFaHeFrBWCHE‘P g‘? statedsnd reporiedy Whefein [Re upner UBYLS & THG UpPFL Wit Q) st

conf i gpgabL YT nkiphBb @15 Atnong all absolute priority layers having higher priority than an
absolute priority layer of a serving cell of the wireless device, for which periodic downlink
pilot measurements are permitted to be reported, and wherein the configuration information 1s
further associated with:

a second upper limit on a second number of neighbor cells, among all absolute
priority layers having lower priority than the absolute priority layer of the serving cell of the
wireless device, for which periodic downlink pilot measurements are permitted to be
reported; and

a third upper limit on a third number of neighbor cells, among all absolute
priority layers having priority equal to the absolute priority layer of the serving cell of the
wireless device, for which periodic downlink pilot measurements are permitted to be
reported; and

storing, at the wireless device, the periodic downlink pilot measurements in

accordance with the configuration information.
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8. A nmethod as defined in claim1l wherein the configuration information
further includes an offset to adjust periodic downlink pilot nmeasurenents
associated with a specified nei ghbor cell. 9. A nethod as defined in
claim 1l wherein the configuration infoimtion further includes an

i ndi cation indicating whether received signal strength indication (RSSI) is
to be neasured when periodic downlink pilot neasurenents are perforned
during public |and nobile network (PLMN) scanni ng, and wherein the nethod

further conpriseg {900k MhcAner&RBHIANEa S maNluBon YhRRRRreadhbld €qUeENcy,
a PLMWN ide?’i ty or Iggq?ll st co eée I iedenétl%rinesuf or g?%%t%ect ed PLMN if the

i ndi cainistractiond whathe s/ hRS8tecu:ds caubea magkine twat least: 10. A nethod as defi ned
in claiml1l wherein storin thedgeriﬁqic domnliﬁk %Iot HEQ§urqq§pts in
accor dance RoPFStHé ‘?5‘6‘?][?5153{‘??"&?? AMORT B FRTBI ?fh%f WEEKs PR 6 i 0di ¢
downl i mformallﬁl% fé’ﬁ%?ii%f%%%ﬁn@ﬁﬁé‘trrﬂbﬁgrehfénkh@ beRRREd by fhetwitdlesk eviselnier of

S

nei ghbor ce . . A tangi bl e machi ne readabl e storage nedi um as defi ned
i n cl acenfizumttion éiformitenduvirigpuruppeoiimit ohernvattes af feightios cellnior e an of f set

;[,]gi gﬂ{)gqsr}oggqe A\)\(/)rﬂ{n?( qu())\{\”r'r'xleiasnu& ierltg grenp%%rslf'f'treg ThE SoRA%R8 ir&to?tgdwvﬁg}eiﬁ dipeci fied
upper limit is a first upper limit on a first number of neighbor cells, among all absolute
priority layers having higher priority than an absolute priority layer of a serving cell of the
wireless device, for which periodic downlink pilot measurements are permitted to be
reported, and wherein the configuration information is further associated with:

a second upper limit on a second number of neighbor cells, among all absolute
priority layers having lower priority than the absolute priority layer of the serving cell of the
wireless device, for which periodic downlink pilot measurements are permitted to be
reported; and

a third upper limit on a third number of neighbor cells, among all absolute
priority layers having priority equal to the absolute priority layer of the serving cell of the
wireless device, for which periodic downlink pilot measurements are permitted to be
reported; and

store, at the wireless device, the periodic downlink pilot measurements in accordance

with the configuration information.
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3. An apparatus to perform measurements in a mobile communication network,
the apparatus comprising:
a processor to:
process, at a mobile station in the mobile communication network,
configuration information for periodic downlink pilot measurements to be stored by the
mobile device, the configuration information having an upper limit on a number of neighbor
cells for which periodic downlink pilot measurements are permitted to be stored and reported,;
and
store, at the mobile station, the periodic downlink pilot measurements in
accordance with the configuration information, wherein the upper limit is a first upper limit
on a first number of neighbor cells, among all absolute priority layers having higher priority
than an absolute priority layer of a serving cell, for which periodic downlink pilot
measurements are permitted to be reported, and wherein the configuration information is
further associated with:

a second upper limit on a second number of neighbor cells,
among all absolute priority layers having lower priority than the
absolute priority layer of the serving cell, for which periodic downlink
pilot measurements are permitted to be reported; and

a third upper limit on a third number of neighbor cells, among
all absolute priority layers having priority equal to the absolute priority
layer of the serving cell, for which periodic downlink pilot
measurements are permitted to be reported; and

a memory to store the periodic downlink pilot measurements.
4. An apparatus as defined in claim 3 wherein the configuration information

further includes absolute priority layer configuration information, and wherein the memory is

to store the absolute priority layer configuration information.
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5. An apparatus as defined in claim 3 wherein the configuration information
further includes an offset to adjust periodic downlink pilot measurements associated with a

specified neighbor cell.

6. An apparatus as defined in claim 3 wherein the configuration information
further includes an indication indicating whether received signal strength indication (RSSI) is
to be measured when periodic downlink pilot measurements are performed during public land
mobile network (PLMN) scanning, and wherein the processor is to log at least one of an
RSSI measurement, a frequency, a PLMN identity or a list of cell identities for a detected

PLMN if the indication indicates RSSI is to be measured.

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

includes absolute priority layer configuration information.

8. A method as defined in claim 1 wherein the configuration information further
includes an offset to adjust periodic downlink pilot measurements associated with a specified

neighbor cell.

9. A method as defined in claim 1 wherein the configuration information further
includes an indication indicating whether received signal strength indication (RSSI) is to be
measured when periodic downlink pilot measurements are performed during public land
mobile network (PLMN) scanning, and wherein the method further comprises logging at least
one of an RSSI measurement, a frequency, a PLMN identity or a list of cell identities for a

detected PLMN if the indication indicates RSSI is to be measured.

10. A method as defined in claim 1 wherein storing the periodic downlink pilot
measurements in accordance with the configuration information comprises logging periodic

downlink pilot measurements according to the upper limit on the number of neighbor cells.
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11. A tangible machine readable storage medium as defined in claim 2 wherein
the configuration information further includes an offset to adjust periodic downlink pilot

measurements associated with a specified neighbor cell.
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