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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. 1 is 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.
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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 I npl ement MDT neasurenent configuration and processing in
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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
RATSs 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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cel I 1dd¥ic becomes worse than the configured threshold. A measurement logging window (e.g.,
such as a “sliding window” in which collected logs are kept in the UE) is used to collect
information during a certain period before and after the occurrence of event. For the transmit
power headroom becomes less than threshold measurement, transmit power headroom and radio
environment measurements, such as those mentioned above, as well as location and cell
identification information are logged when UE transmit power headroom becomes less than the
configured threshold. For the random access failure measurement, details on the random access
and radio environment measurements, such as those mentioned above, as well as location and
cell identification information are logged when a random access failure occurs. For the radio
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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configuration, verificatfon, optinization, cC., one or nore paraneters
used bylet hed cdnesalectiahicatersyasd enplo@Ed bythemptverrkind cadiguweatppiugy prigritleayar s

for cel] reselectjon. In Release 8 of .the 3GPP specification, absolute

pri or i€y 'RESCHM r@&fd@‘éﬁ“’fegleé‘h e TCRETBPR MG 2§ (5adli SPE}lequé‘&ﬁFé)Hgﬁuréﬂan radi o
acces a0l Pty AL whkd QhbfiofSa UH, 6@l ds he®el ®6! 1590 meh@lre ﬁé‘i%@%re,

net wor ks, such as ‘the communi cation system 100, conform ng to 3GPP Rel ease
8 can cslpeen particdlar fequendyt arsldordiA'btayers: Thercellireselectidn enfadmdy coryeetionand/ or

. [ - RAT | i i nf. i b d .al |
i oughBut TersEte dng S B ol e Gl BB ore R Al R P £ Rl e
sent tseledt SPRGdTIAGadE: defl. O sesélB&iddRnIdhR)a seEaChei SHboR céllsemuBe 6Yal@dter OUP Of

frequenci es, and each such RAT, is considered to be a "layer" for which an
absol dregugneyanitoy RAST persi Exasplewabepnfigaration parakicspe trfimglenisnfing ppsolse f or

chec gh%ﬂuksﬁégé?h%} ke \A%lgcrtgoglghgﬁé @o%r?ﬁﬁ%ﬁ%% sglﬁtgﬁlelgio: @&P%&e&gey&%}{o@%b?o‘?&%' Ic to

cel vl rioritres spe steminformation
appl y pgierierlaldry speeifedd in s puridulay fedienbies aslt/asR AMg, @eldr mdrO0ff8dts o twn
exanpl e i nplenentation of the comrunication system 100 supporting absol ute

pri or i3pPEd tpgpeagrmepig do Gdlf peRciatedevitioneny raIF patticulyr phyodEe PEEIIY 1pyesn t he
set of neighbor cells 115-125 and belonging to a particul ar frequency
and/ or RAT layer in accordance with tlpe absolute priority specified by the
networ k. Various configuration paraneters for neasurenent rules and cel
reselection criteria are enployed by the network to configure absolute
priorities for cell reselection. The neasurenent rules, in conjunction with
at | east some of the configuration paraneters, specify under what
conditions a UE, such as the UE 105, is to neasure neighbor cells on
particul ar frequency and/or RAT layers. The cell reselection criteria, in

o, o - o o - o - o e N



WO 2012/ 021613PCT/ US2011/ 047243 one or nore threshol ds associated with one
or nore particular absolute priority layers and to be used by the UE to

det er m newotreter6180 performresel ection to a nei ghbor eeriusasisngizated wit h
a particular absolute priority layer, one or nore tinmers associated with
one or nore particular absolute priority layers and to be used by the UE to
determ ne whether to performreselection to a neighbor cell associated with
a particular absolute priority layer, etc. [0019] Configuration of
paraneters inplenenting absolute priority layers for cell reselection, such
as those described above, is performed as a part of radio network planning

L0 1oL e WAL bERQEREL Sk AN 53D A0 EELL S0 BELORGLAG 11 RaCY

and/ or’ eérs as inteéen opera

net V\Drukech@_;eﬂlatUE tddeyerhiicewbeth@rto lIJEﬁ"oﬁn@rdselléétﬁb’mﬂo(haieﬁghbeﬁ&ilmtsd)(ﬁzlitecﬂ wixnal ower
absolute priority layers to higher absolute priority layers, or vice versa,
at pam@ﬁwalaa@bqoaegpn%@ lpyers 1 4 dRRAB Flmerww%%awté OnF AT BTG PATHFWRAT E- UTRAN

depl oygEfhe! Piohgﬁlt &Wio%ds@&'biﬂ%@ﬂ‘t&@& | de o%¥ Qfecﬁslmooyed

in hot spot ese E- UTRAN | ayers nmay e gl ven a i‘gher a sol ute

pri or iatngighbancatlesk@adatddit/hRANIduby absolutdpribtiey laker1€6. appr oaches one of

t hese hot spots, the network operator intends for the UE 105 to reselect to
t he E- UTRAGWI]| iCwligo®eibh 0fpirh@etentinphaheritg abjddite hrighsrlagasmaiminat i on
data rates. However, if the cell reselection conflguratl on paraneters are

not sdeselscliprspch aythesedesaigisdpkgves dsgerfaimad apa pae af BdicumtrRkRlringRger
th Ki th
E TREPE VB UES hesclbcErolfi whitp hidBy SR bhdike BF rdfincanttht RATSERRSR. ' "2s the

UE 105nterdedéy thheethotk sjpoitor. t(ﬁmanﬁlwﬂrehae@pﬁkaiperatmay intead doif OEs tohe UE 105
to resel ect a co | ocat ed UTRAN cel | wever he cell resel ection

conf i FEHEER Sﬂ?f?é? IgcHiandram Jowerabsoluteprigripplayety to blﬁber salyte RAQIE [GTSi F ¢ he

E- UTRANGRE, llt%&?cfulatrhé’d&u@ﬁsoi%%@ﬂetw%& ey e%ﬁl})’lerﬁsﬂ ihitRPEITR AR UE 105
experiencing radio link failure or causing excessive interference in the

E- UTRAipretnlenu inpheerannimgatidnesysiom KJ9ot-UTRANeTlo rrearyéobld@pbacd inghot apaten,
ifi t t f. th
A G S N e R oY

resel egferOMAs thB @I 0O MiPr62heLENSH FhABThEODE 060 ifel BHL O O@Bﬁt&ﬁntﬁﬁ)c[sefop&fé such
as the UE 105, to perform | ogged MDT neasurenents, such as periodic

downl itk 1§ 10@1%%@&@%11@ reHT R Albeelhisnpjerentingehe Bottsepoiaghiny higherower priority,
hi gher. pilQfdati¥n ARdA Q5 eGERLveRT i Ble! dH b RYLLiSn LSkl Rn Rl ers are not set

properly, the UE 105 may stay in a co-located UTRAN cell longer than expected. If this occurs,
the ability of the UE 105 to access the E-UTRAN service provided by the hot spot may be
delayed. Conversely, as the UE 105 leaves the hot spot, the network operator may intend for the
UE 105 to reselect to a co-located UTRAN cell. However, if the cell reselection configuration
parameters are not set properly, the UE 105 may stay in the E-UTRAN cell longer than expected,
potentially resulting in the UE 105 experiencing radio link failure or causing excessive

interference in the E-UTRAN cell implementing the hot spot.

[0020] To enable configuration, verification, optimization, etc., of one or more
parameters used by the communication system 100 to implement active priority layers for cell
reselection, the communication system 100 configures one or more UEs, such as the UE 105, to
perform logged MDT measurements, such as periodic 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 neaswerneri®141er t hese nei ghbor cells can then be ugeu/useoigwaizaznt e t he
correctness of the network parameters inplenenting active priority |ayers
for cell reselection and to perform any adjustnents of these paraneters.
Furthernore, the MDT configuration information provided by the network 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 i.] o N e orted.
For - otappedh A UUEN R LR e RURE B0 1100 MBT RERGIRITRIRTC P
anong cahﬂanﬁiﬂi@thls b e MOT infeashrayeiits forf thesedai ghbopedlis @ah €hed (b\alﬁllketd’lﬂ@ ePhluate
measurenents are permtted to be reported. Oher exanple |imts can each
speci fije ‘éorf?ﬁ%eﬁ%ﬂﬁpth%Hﬁé’roﬂbparﬁ@ﬂﬁﬁﬂmpk‘é@m@g ativeprighidy fpypedongdlgreplestion
priori i RS

perm ta%lbefél(l rm Jn Y iﬂ% tﬁ&tg%ﬂlhtgélééﬁ aﬁé&@gr P dt?éer#lfr?l%% ivel y,je(lg[}r?l1tPl grr?g%gxarrpl es
t he Nmifocmatiorguoaﬂecbhy thefrerwakitorheddlf 105 od crobéigoreethe pemmtiedo#nl{ik) pibotf i r st

| t ot f t hb . 0.,,. NH),
o R B ey pe b M Y MPHEr oY o ehar iRt e
prior 'n%ighb@iyc‘%'ll(sgfcaﬁ B cF oUé BEIMOR! 1imikd On Qfe dubifbel b ﬂquhboir @éllsvi’@f GRicRer i odic

downl i nk pil ot neasurenents are permtted to be reported; (2) a second
upper peiipdit downhnls pidesmacasunetnentsafe todiedhpged a@élrﬂmﬂ(eé gor exmn)ple @mﬁvg:hal |
absol r|or| ers hav Iomer priorit n the.ahsol ut.e ority
ayer Tt P ey i doen YR P e e gee oY ety BRSHS RGN S aBAE ni
pi | ot peRaEY USWRAAIS piddtenddelidhich@drd ﬁbrﬂ@ttdd&@%’étr%rteandfﬂ%r ekshpR linkity @nupper
limt on athird nunber of neighbor cells (e.g NE), anong all absolute

pri or icsh $pggidy 8 nHaUNWY nyp1bst ph Reigdgareltsoin qr]@eal@@é btadutp prigRitlgydraiper of t he

Ser Vi Whi néérlojd;t:odo%nlﬁlﬂ%119511%95%561}(181rts X}Agltp(é‘% &F%BQ(Z)% r]céplg lA&'(htlQlll llg[or the UE

neasur ene are permtte e repor sore exarrp

105 r atl’tkﬁlatlhﬂy,ﬁﬁ rsmﬁel kCarfiislétihe MDidoofi gure@sLin€sraiatisn tat inthde exabdbechf
nelghbor cells (e. cells 115-125) and, based on the absolute priority of

each &b & Hest H@?e@ﬂf%?wc%emlfsv st @lﬂrﬁ«bfﬁé% njekberesells &5t YF qreong all ahsgpte he
measunei BIﬁﬁ@h@%ﬁ@%&%@w%han%&ﬁg eQPioki 1ag A LRI ng%é?'ﬁﬂ%f {e! |

reportp| ng r “exa ran ing rei or ce onging to a
parti i a®5 afcrtwlmeh peiiatic tiywh]an;lepﬂc(tmeaswmgentshreqmrmimdpo berépoyted:iaen s havi ng

hi gher, wer equal r|or| atlvet the priorit e servin
nerl pheond e it 958 s CadinnErt® b 3e L Shatd b an oy PESHAYY ng

the high ?ssﬁavﬁr?%‘%%@r PR rﬂ@iﬁﬁcﬁ& §b§é[hté Bribi§ 1ay8P02 thb26Q2PIBPGH RO/ 1@&7243

limt(s) specified In the MDT configuration information. In sone exanple
het er dgewkich peidedit dywelmlispilat meeasyramsnts 98 pmmptﬁdep bofepopted:candéir($) 4 third

different (e.q., .hi S r i co and/ or
Tl b BB i i p AN Rberi R AReh (8 el RS REA SR il iioRay RYER 130 O,
di f f ematige prbary éqakionBe MPBlUIRRSSH G NMBRE 6f thaRevRRCRUSE 0f MeOE DS Foand/ or
relay cells may have higher absolute pri orltgithan the co-located macro

cel | s, Whitfepaviodicdntnliglimalor @ﬁaﬁufﬁf@?%%rﬁ@ﬁff@étﬁ g iggertshe or nore offsets to
be applied to the PDP neasurenents of specified neighbor cells (e.g.,
speci fi ed 100! | Ihdent exdnogled, dre URf10P matkis dre peniddsrdostrdisk pdet myperaiencel | )

e Vst 06 AT IR PSR RPAT s B BT PR rhan T SRR RSy SR o=
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

-9.



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 orwoeasumed3when t he UE 105 perforns public | andPoohlist@1oet2wbr k
(PLMN) scanning. RSSI is often used to detect a frequency of a PLWN
because, unlike other quality neasurenments 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 some circunstances, good RSSI may
not correlate to good cell quality (e.g., neasured using RSCP, RSRP, etc.),
wher eas under other circunstances RSSI and ceII quallty may be correl at ed.
To en MOF t val ted with
nei gnion e EPEe e AR B b P e SRRl e BB ot o

i nf or r@plogmepts ove dadsniysidhpowat ofaiderd eellshedlleremEe ganighaygentthe UE 105 to
perform RSSI neasurenents in addition to the other configured periodic

downl itiRRSTBisPigR PAWERfrTEmEh tPico angfor édanfslls ingiidsd iprke 1atweds Topseumfoithis
suita 2L VN
and ¢ RaTfRiibn pblar ko W LARERIT R Ao B ke iied I
PLMN selannélisgnayahRieMiptied ebrolty priavityrteauda cy- locadeS&ro nelaas teevi®Xit, a |ist of

cell identities, .a cell qual etc., p det cte PL be Iogged.
[0023]‘:0‘1‘%@%%%}59@&{1?‘%%5 ft”@?r?‘ifb@r 10845 ng?ﬁﬁségl b ARP E?th}eﬁ%chm ques for
provi Qhélguﬂé@gnt% %@Ep&}f{eﬂtﬂeﬁhbbf‘ééﬂ% re@’gl %bciﬁbdtﬂi&eﬂﬁdéf@fflcaﬂléh PRSnRXsRABor t he
serving cell 110 uses control plane signaling to send MDT configuration

i nf or mbash OIntYPOOfml)lIJEOImHanlﬁog apd lorggling, of ithe morsnessments. node a radi o resource
control (RRC) connection exists between the UE WO
2012/ 0216136020 US2D $dihO 4x2dide<] @i NI ¢dmé1geeumn mgformition]piﬁ)vidahldy RRC

nessa es, uc sur enent . cont.r ol urati can be
used t %Mf Hif wdication Fﬂ‘%r Hltff SRRl ylﬁét %er‘??e{Vﬁ% UE
105. %_Qg%f ét&ﬂ@i‘h‘ 1Md1@£tld'i‘1| RSMAL 'td’@é Yog éch@r Iﬁ@isﬁfe'agxzﬁé%'the LEO (B fBRRs B#sHc pl ane
signaling to Send MDT configurati on |nf ormation to the UE 105. For exanpl e,

dy nanilandovebitchestaprk €oMN guratingnRESI n@fionesaltoretest sfioquennpstabMeer VI ce

I B
| dont (BN BNGER By e regeert a8 RSC TR EuAE SR oyt b B R

conf i gui@édq@nderarceRin @ PLIMNOM Adi eiabes HetbOnihdithe JEl1 %Q@SIFtHoineh@r @A&e Of
| ogged MDT rreasur enents, such as the periodic downlink pilot nmeasurenents,

the NDTMEEHSUREARISS. Z00A RS nyi noh coyeelate so goad eeirquakty (OR.. TOBsigd yais g

Connmas ¢ ér%}g: t gzﬂ%xu Essuﬂcfar hgng IMH &I ﬁ?ﬁbzlnﬁsceh %ugdqﬁ nlfjeﬁ b]eoc% dllepate%e rform

t he r|ng| ermean er report
neas urneable arenorkpetdbori®bvdleate %eﬁhsr RBSI ﬁ@ﬁﬁél@teﬁdmﬂi 2di ghtai delE@ﬁﬂM irshes
a radio connection with its serving cell (e.g., the serving cell 110

Si i a?rPaftéFui%éieHlPVlfﬂé?teﬂte MEd] rﬁ@ﬁ&&%@ﬂ%mf%}?@pﬁ @rwmedézynthp gtk rthe UE

i nfor %ER%?cMe ey E th?ﬁl I%sﬁ]rﬂéasﬁl%ﬂleﬂ?s% Ga th? 0 tﬁ’ié%%%r éb&}%&d’g
(e.g., nmessages r user plane nessages ) ssdges

emai | periddibldowsBeigpidot rmasur)errtemsr époetanifie WImgbdeED'DS reaps be renitable celt, he

net wor K. 0024 agra of n | e i npl enmentati on of the
U 108hpER0amdy P8 Hentiyed RESetiney ecnf pPEATEnS e e i srtnoe of
the Ugc1021@282064134@dn W @E%@HBM]LM@J s%'a%lﬁg rd B IN@ehR99EHedhcy, an
measurenents in accordance with the exanpl e nmethods and appar at us ‘descri bed
her ei RSSIheurpment ohist affcell identiiesl 05l gsdoy atte dparidetecot K& MNumagt iconal ity
are o%éegd for clarity. [0025] Turning to FIG 2, the illustrated exanple

i npl e tion of the UE 105 includes an exanpl e measurenent confl guration

processor o] ceive, as descri above and in further det bel ow,
VDT neasuriﬁ@% CGEHHGHOR ﬁ&f%?rﬁggﬁ) 6 FRRICH MR BRES EFh Wé?’ nits on

the nw&n?ﬁ\/lﬁ?'cgﬂ@ﬂra&&l inforh@fioNt B UYDT0ITBRASME GRRAPIS; the 's'@rbu@sceﬁqu[)()d' c
downl ink pifot measufements, are permtted to be reported (e.g., also

r ef er ek qontrakplaed :ggthablmg(t@sdndrl‘éparqounﬁguﬂahnm trgyrmatioe tothertdlr ¢0of F@et s to be
applied to the ne ts ,and/ or indicator to.in her
SAag SIS S NN A
pil ot nmeasurements. The UE 105 of FIG 2 also includes an exanpl e periodic
downl i nk pil ot (PDP)
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WO 2012/ 021613PCT/ US2011/ 047243 measur ement processor 210 to perform and

| og periodic downlink pilot nmeasurenents for neighbor cells in accordance
wi t h t he weixgtiiaieidel | reporting limts, offsets, RSSI ipadiusatiang=)3 and/ or
ot her configuration information received by the neasurenent configuration
processor 205. Additionally, the UE 105 of FIG 2 includes an exanple

gl obal navigation satellite system (GNSS) processor 212 (or simlar
processor) to perform/location neasurenents in accordance with the MT
configuration information received by the measurenent configuration
processor 205. The UE 105 of FIG 2 further includes neasurenent | ogging
stora to Oy i arti r.f t T _neasurenment (S)
deter noRSiT s ehTeisd Phonalt RRE DO ResBabth Y hBb iR o bt o

meas urressafigsraclet alesiaged clybd e d GNEdahe VHSE 06nflbiZatiohtigfofasel @smnhe | 0ggi ng
storage 215 can be inpl enented using any type of nennrg or storﬁée

t echndeByRrk tatheVERad03 naddigpaally o alteigiyely1Be sgiyingcell A0 AL Eedrei By devi ce
730 of; ' j : i ThsFl [ j cri bed
o g e loRERS P N BB (Ehe CE I o e famG (B Bh e S o
meas urkeyentenfigggea usingtdne orease slememtsshgggirvige 3MS pgessades, otche hikrel05 of

FIG 2 includes a surement repar.ting processor . Exanpl e

i npl o B 56 78 H}ﬁﬁgﬁﬁaﬁgﬁaﬁry ﬁewgﬁﬂéewgﬁg%?%'?eréﬁﬁ\gi%ﬁ%&eﬁrﬁﬁc'p‘ia&é@s sor
205, thes BRBnIBRMDE A R0AGE FFHMAibA frohlthe RS REOALRIFON 02 1Ror thd'8ase

measur enent | oggi ng storage 215 and the neasurenent reporting processor 220
are i lof leggedMAT imeasubmentaesuch i Gapegodindowakel pihedndanuigmeatsethe dEDE |

bel ow. 002 A .bl ock. di agram exanpl e net work el enent . 300 that
may  banstsugmg Y g b aripn B B UL 1 B ISP SR ol B g

meas UnggRMvhich enhblbietth@Ugdl 0510 pkforndtheMID TaX e BlethentshRiring id¥e odelagarent 300
can be inplenented in or by a base station, such as a node-B or eNB,

i npl engnt icpeyt thedoggad maasgrenpnisivheg the UE) 185 rg-entehethp spniisetedsfashanst 300 of

the il s le.l Nnf i OCES.SOr to
prepafgﬂgﬁﬁéégg%ﬁiggﬂgg%I?%ﬁ#ﬁ??%ﬁﬂ$g%g§%gf?%%gﬁﬁﬁiﬁﬂhﬁgg gﬁ%ﬂgggﬁgre

nei ghlklofferes! tbchh@es farngndihg@MIST corifi @edthonantbrin@Sdn dortblé TRt p5( the e $63 tdred
above and in _greater detail below, to the UE 105. The network el enent 300
al so iUseFAHEY Phe pistaling s BRC prestagevsnd®1 oser plang desssaeemisre me¥Sur enment

repor t5llags i A ﬁ%&%aééé?et&i) % re{pgft t%]{%%?écﬁMD“P&%?’s&%&ﬁs {oGROhLHWAG, RRC

signaling,” €tc. The netwo el énent 300 ther 1 ncludes an NMDT neasurenent

post - proce 31 r e ] Nt S r ezel om one
Do op IO 1 b SRS of D MRS b v 11
2012/ QRdsorh@RGT FUS2D) 1R 2 B dSraepeoad s of ee TBNDHessopiardesiti dgfighianmde

i npl enment ations and operation of the NMDT configuration processor 305, the

MDT r P5EPITIAG 198ese é@%‘g MeIFETERRRLS ith eoRrspnfe With tenermpkoRe thebrrksapprragss ar e
il usty [ - f | [ - ilhelow.
00271 e ek R Biohd St e oIS AR P e B TR AT R PR 16 o
FI G ZYohdwétybeen illustrated in FIGS. 2-3, one or nore of the el enents,
processes and/or devices illustrated in FIGS. 2-3 may be conbi ned, divi ded,
re- arranged002syi t tRéningkd Fithat ed inad/aesd dxaplpRepl@tentaioany e bEr ogay .
Further, the exanpl e nmeasurenent. configuration processor 205, the exanple
PDP miBEides 38 §KAUPPIS CRaas e MmN (ron{iguraliQm Rysicess iorgecdss 8 desgpibed dhovexanpl e

nmeasur, ' r - : '

ot oced o HhRER AP b e ST B P R I Il SR more
conf i dguristdinothe pnmbessorighbdy; cellk dorewdainip MD Vb aswepaetts,gclp popassiar daddinkt he
exanpl e MDT neasurenent post-processor 315 and/or, nore geperally, the
exanplPdOUBCHHETRANF S peghiff 1B e {HReresk At ds BT S fegh X C@‘l_ rijee

i npl enBits hrdYr AR AVALRs toBX doPpBEE10 the HIWAHEmANIART 0 ARYR SOMRERALE RN Of

har dwar e, “software and/or firmvare. Thus, for exanple, any of the exanple
meas uredreaic whothti §bb hisitohe preovessdon2@ih thehethexanperc®Deriodadoweamnpilot

processor 210, t S rocessor 212, the .exanpl e .nmeasur t
Pooq i srgrdys J5sBTR GefioraRheidite ot Enalarriiy BroLdE BN EE8)" ¢ e
exanpl e network el enent 300, the exanple MDT configuration processor 305,
t he exanpl e MDT reporting processor 310, the exanple NMDT neasurenent

post - processor 315 and/or, nore generally, the exanple UE 105 and/or the
exanple cell 110 could be inplenmented by one or nore circuit(s),
programmabl e processor(s), application specific integrated circuit(s)

(ASI C(s)), programrmable |ogic device(s) (PLD(s)) and/or field programmble
| ogi ¢ device(s) (FPLD(s)), etc. In at |east sone exanpl e inplenentations,
at | east one of the exanple UE 105, the exanple cell 110, the exanple
measur enment configuration processor 205, the exanple PDP neasurenent




processor 210, the exanple GNSS processor 212, the exanpl e measurenent

| oggi ng storage 215, the exanple neasurenent reporting processor 220, the
exanpl e nedwordn2edienent 300, the exanpl e MDT confi gurat Pom/ysc@ams=as 305,

t he exanple MDT reporting processor 310 and/or the exanple MDT neasurenent
post - processor 315 are hereby expressly defined to include a tangible
conput er readabl e nedi um such as a nenory, digital versatile disk (DVD),
conpact disk (CD), etc., storing such software and/or firmware. Further
still, the exanple UE 105 of FIG WD 2012/021613PCT/ US2011/ 047243 2 and/ or
the exanmple cell 110 of FIG. 3 may include one or nore elenents processes
and/ or v 0 S Fl GS.
2-3, angl% Ijeﬁl%ﬁtyﬂroce% oqr d’zg'o a!}]ncfolﬁgﬁ)gf: 9 dOV(g%dn‘Eaii ]?ﬂdtfnLet% ure;%%: (%I? at ed

el erremlb’p‘ghb@r@ﬂe&smoﬁiadc@wh c}&slqelg%ezfﬁe]lﬁlepmlhgnmq@tsr efisees mtﬂd\i@t(ﬂfs)ex anpl e
processes that may be executed to inplenment the exanple UE 105, the exanple
cel | s and/or gthsr quﬁ@uwlaﬁﬁm QWMP%% YClBRFIEG SN E R FORH SHALQLPIOSTSOT t he
exanplgs<P qug t he
exaon§5n§§gg§§§%% ogdpﬁgﬁfﬁgggﬁéﬁ@’ &Pé%eiexg ﬂqmﬁéagﬁggﬁéﬁﬁk é%%}ting
pr oces&OISS2 phcetshe2 Ex@mpinglan @t avesdor etb geefntm B@tion imawxa]mitsaml\ﬁordance
conflggr%% roc ssor 30 t he exangig T re orting rocessor 310 and/or
the eX4Hphe ?té‘?’f’elﬁ Orpglien e HINCIRESYCCSH TR G RIRN BECHOB. | n
these rgxampl €% 106 MGOS eSither GRIKRS RcatirBMeRA6LLiAL Q%@éQHS 'EBiISb Res., store

i npl enented by one or nore prograns conprising machi ne readab ?

instr u@ta|p@m§ulfaoforméd‘dDTdneaﬁyrealept(@)@@sgannedshycthe BBPtrh@aSplreU@ath@ﬁesm@ 19hown

th i t em 700 di d b i ti th
T S R o ER O B L B BB 851 e SRR o
t her eqbgd 1ﬂg3ét@mg@tzmaar%&nqalerﬁaft&1 &ing i) HPOLHERSY GRiEaLNee8hIYeyt heh

flowharts of FIGS. 4 could be executed by a device other than t he
pr oce$s die vpiatilg megory Sl pndier the B@ht Srt@uag@ﬁe\aseﬁﬂ»’&ofeth«gzp@pﬁ%mgsswt@@bm@ devi ce)

and/ ory & sgiﬁ%ﬂ' I?%I(EQEB;HI rd%sc?fbe? %&%%Fﬁet?x?ﬁgﬁr €rof Bpéh the' NPHeMent ed by an

ASI C, crete e or nore of the

pr ocess@suERPfie &ﬁdil’bﬁﬂ)cb)&ort ﬂneasﬁltmlmalbg ge&fin Elheﬁﬁieasﬁffﬁnerm fog@ie Wérafd kS, the
portiaon s& t her eof , may npl emrent ed. manual |'y. Further, although t he
exanpl& pPdoeleElied 1&?1%‘16‘&@5@?455@61% f%%@%@%@r £80+ FsamplgiRlemegtations

] Ushhéhggah tﬂ@me%s&em@iﬂ%gﬁ%ﬁ%% POLGURS, fh%rPDI‘TTﬁ'e %éer{ﬂg &ch&or

exanpl e hods and appar at us cri hereln may al t er nat e used
For exdfipthe GN&S lbroccfsﬁ@rm&letrmasmemfehdmggmg1ss)ragel211§tand1ﬂminearsut%lrr%t 4-6, the

order of execution of bl ocks C nd/.or, .sonme,  of the bl ocks
descr irﬁé)&tl%k}roﬁ%“‘&rh&r‘?gaéﬂl lusfrivd it aequéﬁhgg% gsoa“&rﬂaﬂ‘ gtbed i giedicgdeiin o
mul ti peRwo!l ocks. [ 0029] As nentioned above, the exanple processes of
FIGS. 4-6 may be inplenented using coded instructions (e.g., conputer

readabl e i 1o§7g{Ct L0DRK SLALATOI AT, g@@&h%&ﬁﬁ%ﬁ@@tg@é;ch

as a hard drive, nmenory, a rea y menory ,
DVD, a&eltdthef FHG.rlandontigaoe asd proees WMDIRMMsuenethoris dhwtratdhar FKL. 6r dgpe nedi a
'n Whle%z?mple the network element 300 can be implemented in or by a base station, such as a node-B
or eNB, implementing the cell 110. Turning to FIG. 3, the network element 300 of the illustrated
example includes an MDT configuration processor 305 to prepare and send MDT configuration
information, including one or more neighbor cell reporting limits, offsets and RSSI indicator(s)
described above and in greater detail below, to the UE 105. The network element 300 also
includes an MDT reporting processor 310 to receive MDT measurement reports/logs from the
UE 105 via, for example, measurement reporting, RRC signaling, etc. The network element 300

further includes an MDT measurement post-processor 315 to forward the MDT

measurements/logs received from one or more UEs (e.g., including the UE 105) to a network
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WO 2012/ 021613PCT/ US2011/ 047243 information is stored for any duration
(e.g., for extended tine periods, permanently, brief instances, for

t enpor ar iwg 2bfi2e618ng, and/ or for cachi ng of the inforneCiramspo11Ahg72uzsed
herein, the termtangi ble conputer readable nediumis expressly defined to
i nclude any type of conputer readable storage and to excl ude propagating
signals. Additionally or alternatively, the exanple processes of FIGS. 4-6
may be inpl enmented using coded instructions (e.g., conputer readable
instructions) stored on a non-transitory conputer readable nmedium such as
a flash rrermry, a ROM a CD, a DVD, a cache a random access nenory (RAM
and/ or nf or any

dur at |°8 Or%mm%lorprg gmgeg %ﬂlﬁrg Wgrl od 108%%5%{3& 1 t{O% O?t%l?el ng?nf nst ances,
for t eﬂﬁ@gtaﬁﬂldryprbbésfs@f 3050 the DT Qépdrﬁﬁg p@eéusam O] arfdhEe M‘IT)'D higadurengnt pést- used
herein, the termnon-transitory conputer readable nmediumis expressly

def i n@HOEEOF ALY g latiptadip subiedeaibigrier apddepsrbed Wé’d?%‘?ﬁ detndl kedo®xcl ude
propagatln 7&nals Al so, as used herein, the terns "conputer readable”
and "machi adaihiée e@mlfcmﬁsw@@%mé@mwmgém Ubnl0gsgd |thﬂj¢eé1a1t1@d>f FIG.

ot her 3 e e t 1 uted to

i npl e\r,rinehn Vekfﬁn lrlrlelcgitgag?cgllr[rle chgﬂg rglgeu? ati gnO%?}he eﬁ%mg% pf%%;é e?%&?/égﬁevigeﬁ IS

i 11 ustinanackdiin FEGS3 2-3 maWdeltondieedio fleti Oret dtRinped; oaditel) efim@iat@iSandtdie process
400 of FIG 4 hegins execution at block 405 at which the neasurenent

conf i gipkmesiedin 6&%@%‘6’? wopsFHRer ({Be 8X3npple Reatyrernes copligygiden ppgessor 205,

confi i I I

ot gnat gy P AR ki oY R N L ot So A i B0

t he nemsmememtlogglng Bt@wgamlﬁnhpemelslsmeaaﬁSmemn‘épcgungproaagsogmlﬂwl peri odi c

downl i nk | ot a ar arre such as. the neas nt periodicity,
i ncl u&é&tmﬁ? “Fh’éor ng%ﬁﬁf‘a‘t’iami’ ]S@%Tﬁ%[tthFﬁthé@é‘?“\?é%?r gb? gﬁ PlemRlS. At

bl ock Méﬁ,rqsct}enyﬁmt%opm HEWxG/p RMVIDADS A FSnddk b@srtlptré(ceks't‘)}{%ﬁ ah@br, afrd
resel ection. For exanple, in netvvor ks supporting absolute priority |ayers,

each fgﬁe‘qeﬂémﬂyc ool 196 off QG u2 nd/ ersthe amamplachll ﬂ?h(]‘of Kl4n 3beaybd ayer for

whi ch.an, abs t iorit lel The ab te r ity

o ¢ 1 daPlmRRGE by aRb sativafTRas ot i MMEsBrnatpr rER TRk e g

f r equengrr andivare. RALY, thPe MM ahy obBleQRES: le-lfﬂ&sﬁlléﬁféhu&ﬁlfﬂgﬁfaﬁbh fpYocessor

confi %ﬂr ation information configured at bFock 415 can be received in system

i nf or AP bR cxroRld ERSY mepsHeamant processeiugtb the expapleeiNSS pooceai bt tha a

dedi c 0 i

ooy Sk TERSRASRAT e ke 0l 0 O R DU SERREEL e

conf i gt @lanple hdrivorki@emenn J00cl ¢esple MDTeknARradditprdsadotBOSE the eXdnple

2012/ 021613PCT/ US2011/ 047243 neasurenent configuration processor 205 to

conf i P& reppatipg P%?%O%%%FhﬂeéaﬁlpieoMﬂ yMEFEGRETE BpstpscersOa Sy aREAL MK? poses

(eg ugh, AR, ry.ority
for cgleﬁ&glgystgll;%ctl ﬁ?eEq%géa%?{gtkﬁﬁ ock %hgl%gglrlrlgg)ggr E}rent ?ééit)gflr%udrratl on

pr ocessot cﬁ&ﬁt(s)oplfaggamnmsblaprostpﬁer(s) applicaton a)etrftcahtegmmienrcuft(sme‘k@]tibo)o cells

bsol ut | f copfigured) f
ber | odreeruapieRERrpuee RALEhalk e e Hhesrimbobls |De° BeVFRRLITERTI such

a | imec i3 at Raliuded ek%nbﬁ%m@ﬁ&%fohg% Pe%!st%e'o@ﬁi%@%ﬁ&b%]i%?'tH@Qxaf’i‘ﬁ 1bl ock
405. At block 425, the measurement configuration processor 205 configures

any uppkdl10,ithe cﬁ(asl)plemenmrgh@ti rconfeguratmmamuceﬁ@rﬂ% r dpoxanplg ADFameasuecmant at ed

cont | Ui PomI0-ARb TS AN PSR 20T kel s eniTgeane hfeats

conf i gkt @lanfple mBhREHRINt Bpos@ll pro€dsisie20N@ e @kaiple fetiiR klehieht 860, 1@ACh such
upper limt associated with a respective, specified absol ute grl ority layer

and s&enplgiMB Tontigimation pioseieer 15, thel axemple VIR repeiting ipeasestos 81 Qians/si i or i t y
| ayer t r 0 be
repor i X PR G A Bt ey R S P B B b o Ton
can i nalgisle computer reatbertﬂe mfedl(uﬂn) suahfas asﬁemmpe:hglltal Wetsatile qum\f]y) aohpacst

nunber of nei ghbor ce absol ute priority |ayers
havi ndi¥h Ghar St ptoFing W@w&ﬁwaw aaléé%lf{!itnévaﬁf‘r i %rrﬂtey silhyls ogmpisEEsib\nt %&Gcel |
110 of the UE 105, for which periodic downlink pilot nmeasurenents are
permtted to be reported; (2) a second3upper limt on a second nunber of

nei ghbor cells (e.g., NL), anmong all absolute priority |ayers having | ower
priority than the absolute priority |layer of the serving cell 110 of the UE
105, for which periodic dowlink pilot neasurenents are permtted to be
reported; and/or (3) a third upper limt on a third nunber of nei ghbor
cells (e.g., NE), anong all absolute priority |ayers having priority equal
to the absol ute prlorlty Iayer of the serV| ng ceII 110 of the UE 105 for



measur enent offset(s) included in the MDT configuration information
received at block 405 and to be applied to periodic downlink pil ot
measur enewo0f20n1apeci fied cell (s). For exanpl e, one or PeDfES2@elob=43 N a
network may correspond to pico, femo or relay cells transmtting at |ower
power than co-located macro cells. In such exanples, an offset may be
specified and associated with a WD 2012/ 021613PCT/ US2011/ 047243 particul ar
cell identity (or type or class of cell), with the offsets to be added to
t he periodic downlink pilot neasurenents for the cell prior to ranking and
| oggi ng i n accordance with any specified nei ghbor cell reporting limts. At
3' ock 4%%/0&1?6 X AR uce?lnﬁ%tof%?@fé% a 1 é%{e o%%orggle%n%% C&%f %sg & Sy dy er' odi ¢
omnlln 1ot e urenents to A an  ndi cation
to pe I‘dfe@ﬂ’cé@ inS34itiva as o efesidof ) tﬁosenﬁhufheai inIFIGH ezmn&@nﬁagmemﬂb @fore than
information recejved at bl ock 405. Execution of. the exanpl e process 400
t hen &Rgefany orall qfdbeéljus;r\ﬁe%s@aﬂ*ﬁn@ PPEREEIgEgVichat may be executed to
i npl enent MDT neasurement processing in the UE 105 of FIGS. 1-2 is
i 11 ust rat ed0938]1 F| Elowschavis répreseniatienelexamplaiproprseesehitigay bayeneedted the process
500 of bl egin t.which the PDP asur ement
process r%%TgmBegwngggﬁfﬁHi ésﬂﬁn¥@%8ﬁgﬂggﬁ9§émemﬁ WenkﬁgFF%’lc downl i nk
pi | ot cﬂﬁﬁgum&b'fﬁ[ﬁb&sh@\%fﬁbﬂﬁe@Xﬁl’ﬁpﬁgmfeﬂleé@rﬁgnent pasesonD] BXiE &akipdhGolsSa
ti mer having nmeasur enent period specified by previously received MDT
conf i g)m%ﬁﬁ%al? ﬁh%?mnleﬁlfaswm%ﬂ?w&:ﬁe@%?i/% |£hep¢>1aa‘tplwss%%%ﬁt s have
been rocessor
210 &&¥%?ﬁ%ﬁ%C&Q%?§§nﬁg@k?@@gﬁgP%%$2%?§¥??é@%gggﬁ# ment s @ﬁgﬁﬁﬁc@aken for
cell memhmBDﬁnhemaimﬁéMDITr@t@ytmgm’rbcegmré&dOpedﬁoomecexdmml MDK pi | ot

nmeasurenents (e.q., such RS , e for bor. cel |l s detectable
by t héne@@r%‘?x'gt B BrosEROB1E  arg %és&r%rleﬁmﬁ %ﬁ@%ﬁhezareceaj usts the
”EasUG&Q&Q&&d@%&%&?ﬂB@Q&ﬁQn@&9@hné%@wﬁ%d%?%n@Qﬁﬁbﬁyﬁﬁgmﬁkﬂ%ﬁb%mngr any
speci fi'ed nei ghbor cel (e.qg., based on previously received MT
confi gmcame@cadahlfe()nstmctloms)for gtecbtioTky B20cetshs sPOPasmtbagiacessent | pshosmsisor 210
ranks .t he neighbor cells on val ues of. t he especti v ownl i nk
e R N e I8 Sartha i A g N M
absol yheerfiré Prdgkam bﬂﬁﬁ%@ﬁamsﬁindhir@ﬁkloﬂgﬁwréoﬁ'@mﬁ@ﬁwﬁﬁ bhicesEAbreR @essor 210
Iogs t he measurenents 1'n the neasurenment lﬁgb storage 215 for the ranked
e

nei ghiporcesssh represeaisd &y e tlowehayts @Bﬁi(ﬁ@dkeéo |6X¢qurﬁdtl(ys=) deyicetdieerigber of
nei ghbor r%@.isf%i 49 (Q%[, sﬁ%&stae&ntrgﬁgr a%?o?'a% ‘Sth%F ﬁ{a‘ofe ﬁ%m%ﬂ‘%cﬁﬁjéb Bo‘a Gt es

for the e|g enent's ored in

t he rrEﬁﬁWamrﬂedidagsglmgjvsdre(@gemz;ﬂl&némd bﬁhl@lASII@,FkOPLDn@l F]PIOJDSdi];d?ete lexanpl e,
at bl ocks 520 and 525, the PDP neasurenent processor 210 can rank (if
needed|C-lal AlS@\PAF QAMSE Alethg RERSESEaPsesBAESRY dif Hoverhas of #4C8 - qne or

respech iy 'faogfc\ﬁ’&l) 'tﬁ'élfeof, may be implemented manually. Further, although the example

processes are described with reference to the flowcharts illustrated in FIGS. 4-6, many other
techniques for implementing the example methods and apparatus described herein may
alternatively be used. For example, with reference to the flowcharts illustrated in FIGS. 4-6, the
order of execution of the blocks may be changed, and/or some of the blocks described may be

changed, eliminated, combined and/or subdivided into multiple blocks.

[0029]  As mentioned above, the example processes of FIGS. 4-6 may be implemented
using coded instructions (e.g., computer readable instructions) stored on a tangible computer
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
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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 rankewoneizghbas cells up to a configured upper |i m PCoUSée/ 082U
nunber of neighbor cells for which periodic downlink pilot nmeasurenents are
permtted to be reported. Ranking may not need to be performed if no

of fsets have been specified and the neasurenents have already been ranked
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 .of i e >t ve l.] il o sur. S,.t0g the
roasun R 8 hob ol ol EH e Bl e ik s OB SRR s pper

i mt ifytarichs féat@bonvilkoerffafn cnaidihriror cetldgsofitie nhgmatdoh). AN @ed abedl, tee
priority layer for which periodic downlink pilot neasurenents are permtted
to be t?%@ﬂ%@@,comtqrﬁwag@mumhﬁ %Xpﬁ?sé]déic?gfl%d fodAcligs yhbigPe e6FA8PYE one or
nor e, || i PG V. D.y.e r
excarmor" S Blelsgral 10 SRS ARRELShRs PN oy BBlernatQel s FRRDE"
t he eypabaesdcedf REFSHbG®mMag éklispleb@atd wingtdoded/ mktragiond (¢ hecamprapeatablee

downl i.nk pi.l ot nmeasurenents, .in all absolute prjority |ayers havi ng higher
or 1 or i#YrEfR) ¢HE aowrt-gyalmt(){w%mrﬁ@afe@qgedﬂlaz kgt ﬁl@sﬁ} HEmory. a

meas urgyeinh &5, AV Hea t e 2RAKESM LG BRI E IR AMIRNERY 8nF OME} aed mdpRer
limt on the total nunber of neighbor cells, anong all absolute priority

| ayer $n Waidhrigfomingtiesr isptdreg for yny Hanatiom (ead siol axtengadi toné pgriddayparmefientlye

ing cel]l 110.0of the UE 105, f i.ch | i i | ot .
eas Ul eng S orop Ty b0 nt PR o BRhk S g SRR o R ubiheray
at bl gkk@rh20n-aRdsibgP cothpre IR ARAMEARIER lex et 8&fed4d thch@fd ah@MpetdFe

eval uat ed nei ghbor cells, based on the values of their respective downlink
pi | ot cABRYIGF erdahle mediynypid wisxelude erqpegangtsyenaky ¢¥lso, Ravbighargnehe grmer i t y

than L‘Q(Enégﬁtlerolreh(%%)leg’fantdr a%ﬁirngitr&gaﬁlg’l’ Llllz:;lc%gsid%g&ie ﬁgalfzﬁ%ngﬁg‘ﬁllﬂtq%%m s for the

top ran nei ghbor cell's up to a configured upper I'im e total
nunberntiaiwizei ghbor cells, anong all absolute priority |ayers having | ower
priority than an absolute priority layer of the serving cell 110 of the UE
105, for V\WO(‘BO]perArQ&da@n;ﬁ@ﬁ%Eés@lﬂOO'tHa@Ena@%@%blé&ﬁ@ﬂtbSmgI&ldﬁeMDTted to be
reported. Additionally or alternatively, at blocks 520 and 525, the PDP
meas uneasHemghigoasiseiation o ha Mk é@ﬁ@ftﬂ‘*\léyse\l/aﬂ igdiuwstratsdiig HKaord. cWithgeferpase® on

the val u £ their res i il . i absol ute
or or 1R ARl WESREEL) ¥l SO Nl eRboTBRRREBEE MO P asbilef e, 10 ane
| og t hecasBasuhessfigsration pidaessbOP0Y iabkeed mehgiboroscetdisesuyDilcoafigonatiogur ed
upper Ilimt on the total nunber of neighbor cells, WO ) )

2012/ ooEnaimeTieusdi savorced 3 18 vimepnaiol Plaps srudlesmier uess plapgstaalingiang

equal QL] (o] i . . I i, odi C
donnl (SR aloved ARoRRIN, B9 8ot Ay bBpgpdatupt s WO ERAL )

bl ock gb3éial fichedieldewntiak piletmpisupmene psome2i() sadt arthe messuwdnadi @eriGAliddy,

Chen et p e B in tip B TBRece block S btk | Rl U fikss
TeasUICBARALe YRSy ARRGIHCRRY DiekEr £RGELYEY ol DFoCOBHMIRhb ARl NLOFSREL O

in addition to any other configured period downlink pilot neasurenents

(e. g. abRSOP priv@RAay@s.cayh fIEQBB6Y At giohp ok freq@ncichendEadiOB Adetar b mlegemhet her
it has entered connect.ed node radi g link .has. been estalhl.ished with
s odpyhEh aappRRIE BB TR SR, e 38l ot bR el TRl 80y ¢ hen
at bl %&&%ab@%msm&mﬁty n@@p(etdg.n@ecpfeﬁ@;emr &0 donehitig®elongd. MendJE 105
reports the MDT neasurenents |ogged in the nmeasurenent |ogging storage 215
(e. g. absalate psiptipotonpicrisE o8 injaEndtieg conbgred pleckdlsegds reeeived)in sygem

descri. | f I: r. 220 al so
- epor t oA R padhu JRE ALY R drid BB RE' A0 RROUORANRRERERN 67 ™) O
r ecei vedUBDHE) widditinbldy b ytdrdateelyc atssolgel pabritg rohfif ottt informatian dedbe at ed
signaling, the network may not retain the absolute priority |ayer

conf i dufladsddn eV YInanfiguiafipp mfalfm%@nfe@.lveﬁmﬁélocwog PBERSSRY théie absol ut e
priority layers configured in the UE 105 are reported to enabl e proper
interpretation of the MDT nmeasurenentssreported at bl ock 545. Then, at

bl ock 555 the UE 105 clears the logs stored in the neasurenent |ogging
storage 215, and the exanple process 500 repeats. [ 0037] An exanple
process 600 that may be executed to inplenment MDT neasurenent configuration
and processing in the serving cell 110 of FIGS. 1 and 3 is illustrated in
FIG 6. Wth reference to the preceding figures, the process 600 of FIG 6
begi ns execution at block 605 at which the MDT configuration processor 305

~NNN S - A A N "



WD 2012/ 021613PCT/ US2011/ 047243 absolute priority |ayer assignnents

thensel ves, in the MDT configuration information. At block 615, the MDT
confi gur avpaenproaéssor 305 i ncludes an indication in tireTNSI0IcOW24ZuUr ati on
information to indicate whether RSSI is to be nmeasured during PLWN
scanni ng. [0038] Next, at bl ock 620, the MDT configuration processor 305
sends the MDT configuration information to the UE 105. For exanple, the MDT
configuration processor 305 can send the MDT configuration information to
the UE 105 using control plane signaling (e.g., via one or nore RRC
nmessages) and/or user plane nmessages (e.g., SMS nessages, emails, PIN

messages | I e rocessor
310 in cﬁaa‘éfgﬁl%“‘) cOtn Eglqi%é{)%rrolg&s?{ 205650 Cg hﬁ&ﬁe %ﬁ? i 'Lﬂtlal?enig%lgg]ﬁl{e Igr ?ﬁty T%Spsrfgg ei ves
MDT nmeaBUredmRtieneagsurpo@ed. figewdn tﬁ&fghtthaUBAmses gern@hfipedd thuacbosidence w t h
t he MDT conflguratlon information sent at bl ock 620. For exanple, the MT
reporﬁpﬁﬁﬁﬂpééérgﬁ?e§¥W»can recei ved the MDT neasurenent reports fromthe

UE 105 using control plane signaling (e.g., via one or nore RRC nessages)
and/ or used Qﬁldne Arfé%@%sgdéié) the r@easuravsntrﬁ@@ﬁagr@gon eﬂa&fsﬂsgr 2(B qeniigssages,

]?E):—: ?\/IB'PL q3n% 8 | | o ]tl?dq?l% %Ifngl rg%cgﬂs g%%)?n a(i soln?as orﬁg?afyl IS 3port| ng

can y USPEei y|ng P guration to

i ncl udenﬁgmédl)qw ahic@peaddit Aewarals pﬂ@tmtsﬁremntmré peggﬁ’t(ﬂad B e e@itet i€ such
measur enment O%H ect (frﬁﬁfn&/g its priority and the maxi mum nunber of

cel | s ¥lppitistinegufechigfhe svEatiopntopmation ety eshfddock|495s deblogk BRanpl e,

t he r th RSRP
and EE%*F%F%%E%E‘@"%%?@&%&&E%%Q9 Ay b B RN B R
t he pnmn@ﬂtmgn@m@mphgﬂmth&Itb&ﬂnba&amue@ﬂaﬁgdaﬁﬁedfmmhmmﬁqspnaﬂshkbdln
"absol ute |or1t as used pre 'o sI erein 0040 G. 7 1is. a

bl ock ¢ laq%f%ﬁq@rgu Oék‘éfrﬁﬁ%tl%‘r%%f‘é‘é A %ﬂi} bRl % f%g@mﬁ ng
the appRFaidth AAGndEI Qo hote hpﬁ&q!mmsr eich- suaﬁh@p;f& %ﬁtsa%g&gatéa'%ﬁ@ 700 can

be, for exanple, a server, a personal conputer, a personal digital
assi stra?pﬁct(%Dmemfadghmluq@ tpoingfy lagerl amﬂ@pmﬁylr@cﬁoﬂnaalmm nembyDPfgElyerthe a CD

pl aye;§p%ct1§1|%4, zg{s;%ée Q\;t:lfoq g}éﬁf f) Sﬁ%g\/}?e@g)%{cs or\])vahlliniéipcljl%%) mlégs%?ernqgltcé are permlttec? B box,
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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[ 0041] The system 700 of the instant exanple includes a processor 712 such
as a general purpose programrabl e processor. The processor 712 includes a

| ocal nmemwoyoi2lnzieland WO 2012/ 021613PCT/ US2011/ 047243 exeaistes/oended

i nstructions 716 present in the |local nmenory 714 and/or in another nenory
device. The processor 712 may execute, anong ot her things, machi ne readabl e
I nstructions 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 Pentiunm(r) famly, the Itanium(r) famly
and/ or the XScaIe(r) fanily, one or nDre m crocontrollers fromthe ARMr)

and/ or zzeﬁ thté/%glf alpne E} &Bgscocf%%ﬁ 1§1rtﬁe oﬁge(%s tocge a%?g%f}gTﬁ.ﬁ&l?&ﬁc

proceé%or romo es™ar e al’ $6 ap | ate. € processor
712 i sloivnliglo pmtnneaatmemnw fbhtha cam pﬂomrmﬂimng E]lﬁ'd 1@@ ping iRad@tdincd eithanpry 718
and a non-vol atile neno via a bus 722. The volatile nenory 718 may be

i npl ertBefifaes I&fgg@%fz?lkreﬂzﬁﬁ%dm& isIRErhIy thespeasy re@ph@#@ﬁ@a@n DYITSHICE
Randor, é%gﬁ%gglm i RN ’p 15%’ @{\%:Fe ?kdt‘ra%c‘}ﬁéfeeﬁ si\{ﬁ%h}’en(w RAMBUS

Dynam ¢ cess annry any ot er type o om access
menor yndleationeo pa'ﬂﬁmeEBSI/mleamlrdmenmmmqlucYeﬁﬁn mheeyMIDE" ¢anfilgermeinh @dobyatidnash

renor Jecpatsd 3y 55K a0t By oF ek Bp B o HER °Gont r ol 1o (not  shown).
[0043] The ?6(?3%?8 > IAnn(‘:]eXsa)r/nsptlee gr]ozgsg 586 ?I?at Irllggflblé%)eifszcu%erli tloq;[n%{efmae%tel\/l%lr" curt 724. The
measurement processing in the UE 105 of FIGS. 1-2 is illustrated in FIG. 5. With reference to
the preceding figures, the process 500 of FIG. 5 begins execution at block 505 at which the PDP
measurement processor 210 included in the UE 105 determines whether periodic downlink pilot
measurements have been triggered (e.g., based on expiration of a timer having a measurement
period specified by previously received 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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interface circuit 724 may be inplenented by any type of interface standard,
such as an Ethernet interface, a universal serial bus (USB), and/or a third
gener at i omoi2opudi@at put (33 0) interface. [0044] One or moOTAIS2OIPOLE72dBVi CeS
726 are connected to the interface circuit 724. The input device(s) 726
permt a user to enter data and comrands into the processor 712. The input
devi ce(s) can be inplenented by, for exanple, a keyboard, a nouse, a
touchscreen, a track-pad, a trackball, an isopoint and/or a voice
recognition system [0045] One or nore output devices 728 are al so connected
to the interface circuit 724. The out put devices 728 can be i npl enent ed,

for ¢ P gasuPéfne C%F%égﬂg Ecgfsan& cogﬁgurn d s%HBQP%H 3] eyersdlaﬁ.xllfl Ll %th%at hode

ray t nter ace

circu |nﬁeazliiémehﬂg s, thé Y Iaﬁlkddyneng*lfbbudas up tg h&l@hﬁg:t&ediﬁlbptﬁi Nlindaswlthe [t&@146] The
interface circuit 724 al so includes a conmmuni cation device such as_a nodem
or net™WBYRT Picdeibak eclisdprwhish patipdir dayalivk iR ApAsHEMGAE ArsParmitse e PRal

Conpu'(rgﬂo?tew ﬁaﬁkﬁ{\gn%@]n%fc Qeetfd %E"fyyfb{%?é?ﬁ%&? $frédShave been specified and the

measurements have already been ranked as part of the UE’s cell reselection evaluation
processing. As another example, at blocks 520 and 525, the PDP measurement processor 210
can rank the evaluated neighbor cells in a particular absolute priority layer based on the values of
their respective downlink pilot measurements, log the measurements for the top ranked neighbor
cells up to a configured upper limit on the total number of neighbor cells in the particular
absolute priority layer for which periodic downlink pilot measurements are permitted to be
reported, and then repeat this procedure for neighbor cells in one or more, or all, other
configured absolute priority layer. In yet another example, 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 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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network (e.g., an Ethernet connection, a digital subscriber line (DSL), a

t el ephone line, coaxial cable, a cellular tel ephone system etc.).

[ 0047] Thewprorarsilag system 700 al so i ncl udes one or nDPETBIG1DITARGE
devices 730 for storing software and data. Exanples of such nass storage
devices 730 include floppy disk drives, hard drive disks, conpact disk
drives and digital versatile disk (DVD) drives. The nass storage device 730
may i npl enent the neasurenment | ogging storage 215. Alternatively, the
volatile menmory 718 may i nplenent the neasurenent |ogging storage 215.
[0048]As an alternative to inplenenting the nethods and/or appar at us

descri gﬁra%&ﬂute rl%fll?}yl% grnhg\Hﬁg aglﬁal &;ﬂSnPy 0 Irxgg §, fqifle EJlEtG?r057 orl he

met hO&S escr el n-nay ure

such aghiéh lwrnﬁﬁs@cﬁvnlmkqﬁlet meisufshdnt{ @’B@btrﬁﬁtbdi tmch]&pGﬂtéd. c | nt egr at ed
circuit). [0049] Finally, although certain exanple methods, apparatus and

articles ofjoasmuf 2ok I3V RicPEENMERSEIMIR Prdeedsel 1o a&&Tﬁﬁé&R@h&ﬁer%\MNage
of this patent is not limited thereto. On the contrar this patent covers

al | meeHod is hpinamarfogned df BEMN pessnivR isrperidraned (bleck & O thef gt blpﬁQSW thRi n
the sehpe Ol td%RBRRILSH, f ALI%, & BIE! it R st iRl MeREni4PA8 kDG dBG Hd ne of

equi valents.
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]  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 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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WO 2012/ 021613PCT/ US2011/ 047243 What |s Clained Is: 1. Anethod for a
W reless device to performneasurenents in a nobile conmunication network,
t he net howocorpriEBng: recei ving configuration infPorrstéionsf2a3
periodi c downlink pilot measurenents to be perforned by the wrel ess
device, the configuration information including an upper limt on a nunber
of nei ghbor cells for which periodic dowlink pilot neasurenents are
permtted to be reported; and perform ng the periodic downlink pil ot
measurenents in accordance with the configuration information. 2. A
met hod as defined in claim1 wherein the upper limt corresponds to a total

nunber r.cell. i | I n ur, S are
paoe P BRRR G g oh WakSD BT oA OB SRR RERRLS, &
t he uppertht MIDT cooti guesiontscdsorad0faxdladeNan wndiedtioafin i gbdodon€ightationi n a
specified absolute priority |layer, for which periaodic downlink pilot
neasuﬁ%fﬁﬁﬁ%tsonépénca@%twﬁlﬁ@ar R3Shis t¢ by Brepayed during PLMNxcaritingd as def i ned in
claim1l wherein the limt is a first upper Iimt on a first nunber of

nei ghbor cd033] ar?fﬂxg aablodalé%ltm MISF portigugatioaypseessipa 0 p getils glweMQSFr iority
for waPAE AR AR RRh e RA ot R SR STy ShifudLaB BRg 8 ©
r epor tcad senﬂﬁﬁe ME?I“ ed)r[‘ﬁ guhzmoelquomgutﬁ@i fohe UM msrmtﬂgw@nfrwr plb@s sigmdinp des.,
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 wbeopanviiag cell of the wirel ess device, for weCTluSpanioontus
downl i nk pil ot neasurenments are permtted to be reported; and athird
upper limt on a third nunber of neighbor cells, anong all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell of the wireless device, for which periodic dowlink pilot
measurenents are permtted to be reported. WD 2012/021613PCT/ US2011/ 047243
5. A nethod as defined in claiml wherein the configuration information

furt et LE| SR ARSEINE 91 PPICLL LY ok aNES nRant W1 aldonoLaLALIBLES

as. de e con uration
furth Qll’evllcélc Tuelpﬁ)ces'som 2s@hy &xecad] agsbn goeuhémlmgs dﬁwlhhﬁdlieadubld)ihstﬁmsm gent s
associated wth a specified neighbor c . A nethod as deflned in

cl ai miMPIFFEHEThG PIOFEsEd FPIeGRise inbﬁIGSnf“o@ n@f“’r BigcessPt H@rmi‘Bthf yeyPa _
| ndi C%&acegglﬁ%%w ahdg aﬁag% e LREIR) MR p[?og&%rs Hoh PG Elnk (HEEIONNE RSSI) 1 s

to be ‘neasur when periodi c downlin | ot neasurenents are perfornmed
dur i ndtapiso® Carhidy ahdmtnthé é(Snelb@cfaiml(be.tM\d)r s@a mii:nmgontmﬂ&rmﬂnﬁnehmARhﬂ met hod

further es Jo ast one _of an RSSI neasurenent .equency,
a PLW“?@EEF(%?MBPIC& F’é O‘Eﬁmr(? s ‘?t&eﬁf FeYres offisF PoCaesPEdtan OFLEN%‘W]LC% he
i ndi catd gt hfpbsptes RSSI is to be measured. 8. A method as defined

in claiml wherein performng the periodic dowlink pilot neasurenents in

Gouni i nk Do o AR AL Stk P Ra T A Ao SRR or o1
nei ghbotatiteinksoryntl8uchech non-tdisile ma:hl@yl 720 viara buaf/7@2 n@hé eolatile 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).

[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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9. Atangible article of manufacture storing nmachine readabl e instructions
whi ch, when executed, cause a nachine to: recei ve configuration

i nf or mat iwo 2bwozp@si odi ¢ downl i nk pil ot neasurenents toPb@/ysertfionTeesl by a
wirel ess device in a nobile conmmuni cati on network, the configuration
information including an upper limt on a nunber of neighbor cells for

whi ch periodic downlink pilot neasurenents are permtted to be reported,
and performthe periodic downlink pilot neasurenents in accordance
with the configuration information. 10. Atangible article of

manuf acture as defined in claim9 wherein the upper Iimt corresponds to a

reacul BN & a7 BURIRP bafiRr 0 U iR BELBSLP SRS BB o) 047243

11. Achblagi BlelardlegHoae ofsterané.act ure as defined in claim9 wherein the
upper limt corresponds to a maxi mum nunber of neighbor cells, in a

speci fi ed bt ut ernRIpr&ekdiNe $AKEE 706 M50 Woiuahs BRY 6:9fbie r@WRlor1dk dRiicel 730
measurenments are pernitted to be reported 12. A tanql bl'e article of
manuf det fierengsoiiets psbdatn Bxampteoofiguel aiaps storage denieesi/S0andlpqesiloppysletk | i mi t
on a fjrst.n er. of nei gh . cel.ls, ng,all .abso riorjty |layers
v e W EORA B My P RARP A Sedioof SRR Bt PRt PP Rl Yo BHEL ) o
t he Wistoeh@sdevite 30 enayfiaipletiint thepfédsodhentRapiniRlorgde 2015, MaastatiesBNthe ar e

permtted to be reported, and wherein the configuration information further
i ncl ug@ktile memory 718 may implement the measurement logging storage 215.

[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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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 wbeopanviiag cell of the wirel ess device, for weCTluSpanioontus
downl i nk pil ot neasurenments are permtted to be reported; and athird
upper limt on a third nunber of neighbor cells, anong all absolute
priority layers having priority equal to the absolute priority layer of the
serving cell of the wireless device, for which periodic dowlink pilot
measurenents are permtted to be reported. 13. Atangible article of
manuf acture as defined in claim9 wherein the configuration information

furth i n offset to adjust periodic downlink pilot neasurenents
assocﬁg?%BQG#ﬁﬁggﬁépecified nei ghbor cell. 14. An apparatus to

perform nmegsurengnts i.n. a nobjle. co ni cati on network, the par at us
Bompr i si ng-a prbRdegilorpireless devicd 1o peffiun mia ety I APBH | nf or mat i on
for pebm@slinicatiennbiwdik Rhd MethdBEMpALMBL S to be performed in a nobile
communi cati on network, the configuratron information including an upper

limit on areasies cotfigneitighbeiormetiansior periadi eewiplari bt eeasupmetk tphd ot
meas ugagl%lg‘ﬁesd ‘t?yr ffie R es% tdg\(f:kfg ?hebc%nrfiggr%igg gﬁfoﬁng]zgion includipng a e?rlif I he
I'C aownl-l nE 0] SIn P% ? H

perio pI reasur enen accordance W configuration
i nf or matibenof wi¢hbar BEITHYwhizh peabdic dben ek pidstitead@amlehRlarddpdraiitted to be
measur enent s.
reported; and
performing the periodic downlink pilot measurements in accordance with the

configuration information.

2. A method as defined in claim 1 wherein the upper limit corresponds to a total
number of neighbor cells for which periodic downlink pilot measurements are permitted to be

reported.

3. A method as defined in claim 1 wherein the upper limit corresponds to a
maximum number of neighbor cells, in a specified absolute priority layer, for which periodic

downlink pilot measurements are permitted to be reported.

4. A method as defined in claim 1 wherein the 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 further
includes:

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.
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WO 2012/ 021613PCT/ US2011/ 047243 15. An apparatus as defined in claim
14 wherein the upper |imt corresponds to a total nunber of neighbor cells
for whi chwpenizdi@3downl i nk pi |l ot neasurenents are per nmPCTA$2410/002243

report ed. 16. An apparatus as defined in claim 14 wherein the upper
limt corresponds to a maxi mum nunber of neighbor cells, in a specified
absolute priority layer, for which periodic downlink pilot neasurenents are
permtted to be reported. 17. An apparatus as defined in claim14
wherein the limt is a first upper limt on a first nunber of nei ghbor
cells, anong all absolute priority |layers having higher priority than an

absolute prdority | r af.a seryi cell. fo i.ch perd odi I nk
oi ot measor emert Do s SRR Rt e h b i BB
conf i ghgladdsabsdlint @rioEty laterfoonti haatiomialfere@sion. a second upper limt on a
second nunber of neighbor cells, anong all absolute priority |layers having
| ower priority than the absolute priorjty |ayer of the serving cebl, for

whi ch peri &di ¢ PATIE 3@3@&1 IR leWRHES B eoPIgHAOR R OrBAHYE ERYT t ed:;

and  includeR ah Ve HRBRS: peidbiic R nBink Pi1bOmPHTRSentf asBREAEPREh %%Fééﬁe@rmng_
all absolute priority layers having priority equal to the absolute priority
| ayer nefghbbwecefler vi ng cell, for which periodic downlink pilot neasurenents
are permtted to be reported. 18. An apparatus as defined in claim14

'ayer conti/gur att BIRFOPRARCCR Taind e bR rodnbRER PRER G BL e

absol uh@ud¥siaflindiyationyedicamaiwitktiedtrd@ el Rfg@ANALeh O indication (RSST) 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.

8. A method as defined in claim 1 wherein performing 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

included in the configuration information.

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

receive configuration information for periodic downlink pilot measurements to be
performed by a wireless device in a mobile communication network, the configuration
information including an upper limit on a number of neighbor cells for which periodic downlink
pilot measurements are permitted to be reported; and

perform the periodic downlink pilot measurements in accordance with the configuration

information.

10. A tangible article of manufacture as defined in claim 9 wherein the upper limit
corresponds to a total number of neighbor cells for which periodic downlink pilot measurements

are permitted to be reported.
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19. An apparatus as defined in claim14 wherein the configuration

I nformation further includes an offset to adjust periodic downlink pil ot
measur enewo0groaBat ed with a specified nei ghbor cell. PCYWDS2011/047243

2012/ 021613PCT/ US2011/ 047243 20. An apparatus as defined in claim 14 wherein
the configuration information further includes an indication indicating
whet her received signal strength indication (RSSI) is to be neasured when
periodic downlink pilot nmeasurenents are perforned during public |and
nobi | e network (PLMN) scanning, and wherein the processor is to |og at

| east one of an RSSI neasurenment, a frequency, a PLMN identity or a |list of

cel | i dentiies { ppo A1 dgHaet? okl of ikl & 80HeRS GRLSSTRR 15 tO
corresponds to a maximum number of neighbor cells, in a specified absolute priority layer, for

which periodic downlink pilot measurements are permitted to be reported

12. A tangible article of manufacture as defined in claim 9 wherein the 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 further includes:

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.

13. A tangible article of manufacture as defined in claim 9 wherein the configuration
information further includes an offset to adjust periodic downlink pilot measurements associated

with a specified neighbor cell.

14. An apparatus to perform measurements in a mobile communication network, the
apparatus comprising:
a processor to:
receive configuration information for periodic downlink pilot measurements to be
performed in a mobile communication network, the configuration information including an upper
limit on a number of neighbor cells for which periodic downlink pilot measurements are
permitted to be reported; and
perform the periodic downlink pilot measurements in accordance with the
configuration information; and

a memory to store the periodic downlink pilot measurements.
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15. An apparatus as defined in claim 14 wherein the upper limit corresponds to a total
number of neighbor cells for which periodic downlink pilot measurements are permitted to be

reported.

16. An apparatus as defined in claim 14 wherein the upper limit corresponds to a
maximum number of neighbor cells, in a specified absolute priority layer, for which periodic

downlink pilot measurements are permitted to be reported.

17. An apparatus as defined in claim 14 wherein the 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 further includes:

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.

18. An apparatus as defined in claim 14 wherein the configuration information further
includes absolute priority layer configuration information, and wherein the memory is to store

the absolute priority layer configuration information.

19. An apparatus as defined in claim 14 wherein the configuration information further
includes an offset to adjust periodic downlink pilot measurements associated with a specified

neighbor cell.
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20. An apparatus as defined in claim 14 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.
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