| MAI NTAI NI NG AND SEARCHI NG SETS OF CELLS IN A W RELESS COVMUNI CATI ON
SYSTEM CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0000] The present
application clains the benefit of U S. Provisional Application Patent No.
60/ 572,912 filed May 19, 2004. BACKGROUND 1. Field [0001] The present
invention relates generally to comuni cafion, and nore specifically to
techni ques for making signal quality nmeasurenents for cells in a wrel ess
comuni cation system H. Background [0002] In a wireless comunication
system a wireless device may conmunicate wth one or nmultiple "cells" at
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cells. A serving cell is a cell that the wireless device is in
communi cation with or is designated to receive nessages from A non-serving
cell is acell that is not a serving cell. A "neighbor" cell is a

non-servi ng cell that IS i | ei ved by the
wi rel ess devi ce. [0003@?&%@%@%%@éﬁ%e}#ll‘%ggxc%wlﬁ%wg§si gnal

qual ity nmeasurenents for the serving cell(s) as well as other cells in the
system The kes these

irel ess device asur e s_in order tQ determne
whet her t her[ﬁlb@ﬁeﬁiﬁwrﬁsgm EPRAIRlGY, c@%@@n Pgﬁfé Reovisiongl Apphiqatign Thi s
may be the os@u Nob00/s70090! Bed Mayi D00k €l ess device is nobile and noves

about the system If a better cell 1s found, as indicated by the
nmeasurenents, 2 then the wreless device nay be handed fromthe current
serving cell(s) over to the bettmﬁj&; i woul d t hen becone the new
serving cell. [0004] Cell neasure rtant to ensure good

performance for the wreless device and achieve high systemefficiency.
However, these neasurenents
L Field

[0001] The present invention relates generally to communication, and more
specifically to techniques for making signal quality measurements for cells in a wireless

commupication system.

II. Background

[0002] In a wircless communication system, a wireless device may communicate
with one or multiple “cells” at any given moment. A cell can refer to a base station or
the coverage arca of the base station, depending on the context in which the term is
used. The cells in the system may be categorized as “serving” and “non-serving” cells.
A serving cell is a cell that the wireless device is in communication with or is
designated to receive messages from. A non-serving cell is a cell that is not a serving
cell. A “neighbor” cell is a non-serving cell that may be near a serving cell and may be
received by the wireless device.

[0003]  The wireless device periodically makes signal quality measurements for the
serving cell(s) as well as other cells in the system. The wireless device makes these
measurements in order to determine whether there are any cells better than the current
serving cell(s). This may be the case, for example, if the wireless device is mobile and

moves about the system. If a better cell is found, as indicated by the measurements,



consune val uabl e resources (e.g., battery power) at the wrel ess device.
There is therefore a need in the art for techniques to nake cell
measurenents in an efficient nmanner in order to conserve resources. SUMVARY
[ 0005] Techni ques for nmaking cell nmeasurenments in a wireless conmuni cation
system are described herein. A wrelessadevice categorizes cells whose
identities are known to the device into nultiple sets. The wirel ess device
may obtain these cells from the systemvia signaling and/or detect these
cells via s ") 1y S e Lfe It
different | %éﬁgggs?:e%s%fgr an%:né&?%?%a?@e{%&)ﬁlh%ﬁgg%?% SO eq‘%%%]'gg) ‘(gji‘fe}‘mft%?leent
anount s of petter eald iwigelf wouldées beeomenths nevasetving celh. Each set is associ at ed
with a particular surement rate, ,which y be sel ect ed based on _the
characteri st['?dééf‘ 0 e{ﬁh_ﬁle@f\rmm aE%(é‘??B‘P ,tggl e & PP °IH’_ém?Forf@ thepor t ant
(e.g., servigise dbdcovkhd actibieChigh R9stvh ' Shisiefoyd eMbe v Ot healuRenfr cell's
that are good candidates for. serving the wrel ess device) are neasured

mor e fr equesensymecwinablejesonsees: (-gxebatisns ppipdrat dhe Wittlas slevieequlhere ivor e
processing eilf{iﬁ%ﬁﬂéeﬁ% g aﬁ‘tefgg techﬁﬁ{lésftto%m &ﬁkﬂgﬁg:eﬂemcfnﬂ%q?gésfﬁcieﬁe asur ed

| ess frequen e "wreless device'pertorns searches an

measur enent snahoer ih belectw dopserve esimlceset at t he nmeasurenent rate sel ected for
that set. [0006[ Various aspects and enbodi nents of the invention are
described in further detail below BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007]
The features and nature of the presgﬂwpﬁ&gﬁ‘mi on will becone nore apparent
fromthe detail ed description set for el'6ow when taken in conjunction with

the drawi ngeogsp Wieehhiludsefor ahakigeell easnraheaits ih denieleys conmmampama ngl y
t hroughout and wherein: [00Q8] FIG 1 shows a w_rel ess conmuni cation

system [ 00G¥fteryprs descrhederein.s v idrelradivinn ineorizes cellx whpiealdsatiiiss sreof
Five cel | oo Ko gl e e s hO o
the cel |l s i het $ystefi vie sigpeking arjddg kiziectthGe &lls voanwsearhes. oDefEwerft gets wliicelisai ni ng a
set of det e%‘ﬁa?r e %Ll;slogiﬁted with different levels of importance (e.g., for handoff), require
different amounts of processing for measurements, and so on. Each set is associated
with a particular measurement rate, which may be selected based on the characteristics
of the set. For example, cells deemed to be more important (e.g., serving cells with
which the wireless device communicates, or cells that are good candidates for serving
the wireless device) are measured more frequently. Cells deemed to be less important
and/or requite more processing for measurements (e.g., cells with unknown timing) are
measured less frequently. The wireless device performs searches and makes
measurements for the cells in each set at the measurement rate selected for that set.
[0006]  Various aspects and embodiments of the invention are described in further

dstail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]  The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify cortespondingly throughout and
wherein:
[0008]  FIG. 1 shows a wireless communication system;

[0009]  FIG. 2 shows a state diagram for five exemplary sets of cells;



[0013] FIG 6A shows a frame structure used by W deband- COVA (W CDVA) ;

[0014] FIG 6B shows a primary conmon pilot channel (CPICH) and a

synchroni zati on channel (SCH) for the downlink in WCDVA; and [0015] FIG 7
shows a bl ock diagram of a wireless device. DETAILED DESCRI PTION [0016] The
word "exenplary" is used herein to nmean 3 serving as an exanple, instance,
or illustration.” Any enbodi nent or design described herein as "exenplary"
is not necessarily to be construed as preferred or advantageous over other

enbodi ment s rofyfy desins o LOOAEh iFof Sl borfla S ERS: dERODLAUER, descr | bed

herei n may or “various wreless co on systens such as Code
Di vi si on Mul[001]e AFIGedshqvaMxpcess fatperfermidg searches/fos iherceMintthpfies Bacess

TDVA t Di vi si .Ml tipl DVA t . A
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TDVA system may i npl enent d oba ystem f or bil e Conmuni cations (GSM or
sone ot her Ti RATFIGY @Bvehasrsd aGprimare cogusey itiletl ¢haneidc (GRIGTD Bndm a

consortiumn d "3 n ' P er shi i U (3GPP). c¢dma2000 is
described in %%%aﬁgggﬁapg%a(gbéﬁg%rgﬁ @ot%%ﬁjé%égf 8?3@!\, a(1.§«§*1nerat i on Partnership
Proj ect 2" ([BBRP2) . FIEGPhanth BeRPRagasiofantiflas deviied! i cly avail abl e. The

cel |l neasurenent techniques may al so be used to neasure cells for one or
multiple wireless systens. For clarity, these techni ques are described bel ow

for a W CDVA system [0018] ' conmuni cati on system
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100. System 100 includes a . 0 Stations 110 that support
conmuni cat i qoofe)r aTKHWORT “Oemplart &S GseddiRdifi 66 MR “s%n}ﬁ?@s ghadxa@Plel S a

fixed station used for comunicating with the wireless devices and my also
be call ed a ing&cesr(iipstmiipn.t cpAmy pubestigirnt of desige describedchsreinas “exemplasy” ( BTS)
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fixed or 4 ordbsigms. A wireless device may al so be called a user equi pnent

(UB) (W CDMA[(}OI'T] The cell measurement techniques described herein may be nsed for various
wireless communication systems such as Code Division Multiple Access (CDMA)
systems, Time Division Multiple Access (TDMA) sysiems, and Frequency Division
Multiple Access (FDMA) systems. A CDMA system may implement W-CDMA,
cdma2000, or some other CDMA radio access technology (RAT). ¢dma2000 covers IS-
2000, IS-856, and IS-95 standards. A TDMA system may implement Global System for
Mobile Communications (GSM) or some,other TDMA. RAT. W-CDMA and GSM are
described in documents from a consortium named “3™ Generation Partnership Project”
(3GPP). ¢dma2000 is described in documents from a consortium named 3
Generation Partnership Project 2” (3GPP2). 3GPP and 3GPP2 documents are publicly
available. The cell measurement techniques may also be used to measure cells for one
or multiple wireless systems. For clarity, these techniques are described below for a W-
CDMA system.

' [0018]  FIG. 1 shows a wireless communication system 100. System 100 includes a
number of base stations 110 that support communication for a number of wireless
devices 120. A base station is a fixed station used for communicating with the wireless
devices and may also be called a Node B (W-CDMA terminology), a base transceiver
station (BTS), an access point, or some other terminology. Wireless devices 120 are

typically dispersed throughout the system, and each wireless device may be fixed or



term nol ogy), a nobile station, a user termnal, or sone other term nology.
[0019] In FIG 1, a solid line with arrows on both ends indicates active
conmruni cation between a wirel ess device and a base station. A dashed |ine
with an arrow on ene end indicates reception of pilot by a wireless device
froma base station. A wireless device may comruni cate with one base
station (e.g., wireless device 120a) ot nultiple base stations (e.g.,

wi rel ess device 120g) on the downlink and uplink at any given nonment. The
downlink (or forward link) refers to the comunication link from the base
stations tanétiR. WAr #hSss deWdcCREy aM0bd balednd btk dyafpricAY QUBP (WLOBMA efers to
the comunication link fromthe wireless devices to the base stations.
[0020] SystierHingosHadmobide sielionanser teamingl, opppspecotherdeminglogy. r ef er to a base
station angomy. [Uh GRMCIA0L B Wi GBR3 OPVIGE FRY Afickils Akly
comuni cation With oné " of multiple serving cellTs 1h a cONNect ea  or

"dedi cat ed"commuimication petwatn arnwirelése device ahd s asbeatitivn. i yasgHed dineevittean gnat ed

to receive nessages (e, 9., pages), fromone or | tiple serving cells while
in an "idl TR é{‘da‘%?"%tﬁ_%&"e toa Q%Apﬂ%qn@é%“@@{;?%ée%ﬁ%abéﬁﬂ Hali@. r ecei ve
signal s fromyatehas d68td ﬁaf@&hﬁ!ﬁﬁicit@%vi&edn\égﬁ%o sggidnl(_%)g:, wittlles€ bavitd ¥20a} he

follow ng description is Tor the connecte . wever, the description
al so genercxinultiplp bhsectations (etgrevireless devide 12(0g) 02 fhe davwnlincanbuplinkved lahy as many

Senrches. § ARG che ol o otk g Bt B R cosnte oo 0 e  °5 2
found, thenhé basewstatidhe s6theavitales Aaba anb theipliak (adreverbdlifik)asRrscelthé to

informthe system of the device's presence and, if _necessary, to set up a

cal | . Via tqsmununigalion link Fomlhe wirgless dewigesfp thy hagestaliapsce obtains (1) an
active set ai ”fwﬁn? I I :

perti nent p[g?%ﬁr]ret e§s o?‘@? ﬁéy EH;%@S nﬁkfég%ﬁhg%?h&ge i%e?tﬁ{]%bgggﬁaflé% set.
The act i ve adior itayovarageadren. ofavitaess idgviceenhy be in YetiSBvpmnilineatie Wih one t he

active set are typical.ly selected by the system based. on.inputs fromthe
wirel ess deVi %Elh\plpe[m C‘Tlﬁse%vflr g?laégte%eﬂcge’ﬁ%}e%glr%deoﬁ 8?‘%‘%5’5 i i © of

nei ghbor cekiréless\davieh nafyenlsochd designbRl toPeceive niRsupey Gk Pyaged)orroth bfié 66S
device. This list may be called a neighhor list, a nopnitored set, and so
on. 1 n W Conmltiplerserviig epllpyhie i ax Gdlgsmode  Weany eptss theivateless deviesnagbe he | st
to the wre €L,Ces Vi ' . NGk ' Q%-ﬁjl' i up to
32 "int ra-falrbzeaﬁoe%%ﬁ’g%le#%lg %dg%?)g{el% %gnsoﬁ&t eg%iégge geéggé?igg% {:%%!r{]li éltﬂ%s t he
serving following description is for the comnected mode. However, the description also

generally applies for the idle mode.

[0021] In W-CDMA as well as many other wireless systems, a wireless device
performs initial acquisition and searches for cells when the device is first powered on.
Xf any cells are found, then the wireless device exchanges signaling with these cells to
inform the system of the device’s presence and, if necessary, to set up a call. Via this
signaling exchange, the wireless device obtains (1) an active set containing one or more
cells to use for the call and (2) pertinent parameters for the radio link for each cell in the
active set. The active set may contain one to six cells in W-CDMA. The cells in the
active set are typically selected by the system based on inputs from the wireless device.
[0022]  The wireless device may also obtain a list of neighbor cells, which are cells
that may be received by the wireless device. This list may be called a neighbor list, a
monitored set, and so on. In W-CDMA, the serving cell forms the neighbor list and
sends the list to the wireless device via signaling. The neighbor list may contain up to
32 “intra-frequency” cells operating on the same frequency channel as the serving

cell(s), up to 32 “inter-frequency” cells operating on frequency channels different from



cell(s), up to 32 "inter-frequency" cells operating on frequency channels
different from5 the frequency channel of the serving cell(s), and up to 32
inter-RAT cells of different radio access technology (e.g., GSM. Each cel
al so broadcasts a list of neighbor cells for that cell. The wirel ess device
may then forma neighbor list for itself based on neighbor cell information
obtained fromall serving cells. In any case, depending on how the system

i s operated, the neighbor |ist obtained by the wirel ess device may be (1)

fairly conpmglRgeénty chfthel BEHEderviRRBENQY, ikl upoh fzzg)ﬁteaml* BaiRlorueglor cells

that may be received by the wirel éss device or sonmewhat i nconplete and

onit some peic aceess techadlgap (re.cEBMa. Enthecslf aled lroedodely ndist oftneighhoscallst ect

nei ghbor ce}l t, 1N ' ' EHRFEI 2 The

Wi rel ess de@’@é@?}' g%l';&f‘g{r%%e%s &%ﬁgaysglg?gﬂ%} g%{ggﬂggﬁ h%totﬁ} itﬁ%Pg?‘Sgé@ﬂce of a
cel |, det ermgigibot loell drefbimagiohiobtagd feondl aliBlaeingpeetisr &any chel dégeadiaglon. This
full search 1s dependent on the system desjgn, e.g.., .on _how pil ot and
synchr oni zab96 e SysigR B pespied, tﬁlqnegkgbgr]gtgb@ngﬁgmetwlﬁs; dgviggmarbe (Dn t he
system An ﬁ@m ER M ASHiflapRd;l I nost
systens including \J/:\#éheg'lkik‘‘l,J theﬁlgg?%lgé%ﬁa& I'S ﬁconpﬁ?%%n%%ﬁnmtagﬁgi ve. In
addi tion, frceivedbpthe whelesseddviseion (Rhsomepdiabincomyletseandopeit atrec pertinent
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asynchr onoug thexé litthe wirel ess device would need to ascertain the timng
of each individual cell. [0024] The wireless device ma%/ performa "list!
‘search to HORE medbewdislest devine may neglorm anBLle seqreh togletest fon tharpressnqernd

wi el ess de¥bae aeiifinb i oSG dadhae SISARAHEN AR, TR BiflgS! on bu

is typically T'dss conputationa Intensive than t searc
exenpl ary | isstepesiantodn the systenCOrAer, ©.20 emdombpitbt laed synchibhizatiorsinfermatioy can

"ascertain changes in th |1 tim nd_di scoyer._new si gnal t.h hat may
nave been RaPeesrmuaten v st SHES BRGvERD" TAR Selledl 1 euBB S Wre

wirel ess degDngA Be téserb&icbdldw. "L obEsyStdins iMidind W-COMASBE il Geatdl k(S) as
wel |l as non-serving cells in order to deternm ne the best cell(s) fromwhich
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for the cel
timing, which may be different from the timing of other cells. For an asynchronous

system, the wireless device would need to ascertain the timing of each individual cell.
[0024])  The wireless device may perform a “list” search to make measurement for a
cell whose timing is known to the wireless device. The list search is also dependent on
the system design but is typically less computationally intensive than the full search.
An exemplary list search for W-CDMA is described below. The list search can
ascertain changes in the cell timing and discover new signal paths that may have been
formed since the last measurement for the cell.

[0025] - The wireless device periodically makes measurements for the serving cell(s)
as well as non-serving cells in order to determine the best cell(s) from which to receive
service. The wireless device may perform either a full search or a list search to make
measurement for a cell, depending on whether timing for the cell is known. The terms
“search” and “measurement” are thus related in the context of cell measurement and
may be used interchangeably. The wireless device may be able to quickly and easily
make measurement for a cell whose timing is known. The wireless device may need to

perform a full search in order to make measurement for a ceil whose timing is not



"search" and "measurenment"” are thus related in the context of cel
measurenment and may be used interchangeably. The w rel ess device nay be
able to quickly and easily nmake neasurenment for a cell whose timng is
known. The wirel ess device may need to performa full search in order to
make nmeasurenent for a cell whose timng is not 6 known. The w rel ess

devi ce may thus expend different anounts of resources to nmake neasurenents
for different cells. [0026]'Tab|e 1 shows an enbodi ment of five different
sets of celugwhNathe Y108 de 'tﬂﬁ%x?éhdt (ﬂﬁ'el‘éh{ ﬁi: gﬁéb&ﬁces {5k 1 Cell
Set Description Active set nta ns serving cell at have assi gned

dedi cat ed ﬂ&%@@ﬁ@@SSEQHhﬂhEmMEHEIess devi ce. Cbntalns cells fronlthe Known

Ti m ng Nei S he Can ate n.i-st ed set. a |ch

strongly rg@%edeg§bq€ﬂeéWF@Pee Hlé%t gtﬁvgr#éﬁe% ‘éfﬁir)ﬁgttgq ghbor
cel I s for whiififained®y Bierwireiess dodvd.ce has tim ng Nei ghbor set |nformation.
Unknown Ti m ng Cont ai ns nei ghbor cells for which the wrel ess device does
not Nei ghbor set have timng infornmi)n Contains cells that are detected
by the wirel ess device but are not bes1 ed set specified as neighbor cells
by the net) in this set are alsao called "detected" cells.

Each cel|l fhat CelBetentiflied by the wrel emsdﬁvﬁ(me may be categori zed |n
one of thefTetrt——sers 11

/o
different tell ggisseray Eﬁoﬂ@lﬂ?(rj [éﬁé’g’%gecgﬁﬂthﬁw?ag’g Eg%&gﬂe{i ﬂ?ﬁcﬁt?ﬁe“’%‘l’:‘&?”m eét‘bf t he
N

i nvention. | For exanpl e, ﬁWWEFIESS%YI%e ‘may be forned for cand| date cells

with different received |(gﬁggmsqgég4frgmthe[ngy,@Ng exenmpl ary
Shate O 50] AMCRRgkptal N Bl o H@iety eﬁéﬁ aﬁg ng' ess
Sfeiol s an

devi ce obtains a set S nel fromthe
systen]for acall Thegsch|ng cells are plnrnd |nf1hp APtIVP an ?10, and

t he Known Timing | Contains neighbor cells for which the wireless device has timing
Neighbor set information.

Unknown Timing | Contains neighbor cells for which the wireless device does not
Neighbor set have timing information.

Contains cells that are detected by the wireless device but are not
Unlisted set specified as neighbor cells by the network. The cells in this set
are also called “detected” cells.

Each cell that is identified by the wireless device may be categorized in one of the cell
sets listed in Table 1. In general, fewer, moré, and/or different cell sets may be defined,
and this is within the scope of the invention. For example, multiple sets may be formed
for candidate cells with different received signal quality.

[0027]  FIG. 2 shows an exemplary state diagram 200 for the five cell sets shown in
Table 1. The wireless device obtains a set of serving cells and a list of neighbor cells
from the system for a call. The serving cells are placed in the Active set 210, and the
neighbor cells in the neighbor list are initially placed in the Unknown Timing Neighbor
set 250. The wireless device may perform a full search to detect for each neighbor cell
in the Unfmown Timing Neighbor set. The wireless device moves each neighbor cell
that is detected by the full search to the Known Timing Neighbor set 230. In the process
of performing full searches for neighbor cells, the wireless device may detect other cells

that are not included in the neighbor list but are nevertheless received with sufficient



nei ghbor cells in the neighbor list are initially placed in the Unknown
Ti m ng Nei ghbor set 250. The wireless device may performa full search to
detect for each neighbor cell in the Unknown Tinting Nei ghbor set. The

wi rel ess devi ce noves each neighbor cell that is detected by the ful

search to the Known Ti m ng Nei ghbor set7230. In the process of performng
full searches for neighbor cells, the wireless device may detect other cells
that are not included in the neighbor list but are neverthel ess received
with suffi céigat %&litﬂb i@ hwihiladk dbvicddYTHeralisk AbASSpIHE% 6Re ddRGedbdRhESS
device places_these detected cells in the Unlisted set 240. [0028] The
wirel ess ddbe Falisied 3b@#Qal |y nakes nmeasurenents for cells that have been

det ect ed by, dewi ce. . Leh: L ' | .S kn to the
device. T (e)ﬁiv?r e%%i%g%%cg%n%%&nﬁo@é&g%eé %Ie? %%ng%&ﬁeﬁs%\ﬁl@?’%hbor set
and Unl i st étes detectbhby thye davidei anid dfod wWidch tigting if@ination &6 Igiosin @uhd déwicet 0 t he
Candi dat e t 220. The wirel ess evi.ce_may _al so _se measur enent reports to
inform t hesﬁﬁﬁé’i"@i‘?sﬁ e‘flﬁ%’g;l@yWﬁﬁ%}g@éﬁe‘;{m“éﬁmw&%‘«&‘%o{' ped and Hrdsted ssh £ r om
the Known TiafingGufiictl %E\ghsx%é iPUCkidAPqdhity DURE CaRYidark el 29, 'i%?e]ts set may
be tri ggereda p;g/ event syl : lcfl 1D,lérgn% 1I¥,. whi ch a{r% %Iejsﬁ?r Ff%gg'} e %w.
[0029] The dsyise araynalse espd ancaswrpmeaepostsite infivam st §ystemsef thbsesstning kells.

measur enent ' devi ge. w_cell .0., in the
Candi date SoF W%%ﬁ%g}%%&o% gg{nhvﬂéé &%‘?Aﬁr\%g’mslg &%?k%%rs%%tﬁ%bgﬁgﬁlﬁe# ve set
update (ASW the demdidete Sodrmaade drifgerdd bpdderts AR, 1CHYNNEr &=l VE, ®bichelé serving
cells in th Arﬁat“ﬁgl set may be renoved by performng an active set update
procedure fHFTPSEPEOV: nk renoval . The active set update procedures for

W CDVA are [desqri begt sfteh E}%?Ll{ﬁ% tRCELTIs iR 1R 438 ot Babdd! G 'éﬁﬁﬁmggf/ ot ocol

Specification,™ which’is p i Cl'y available. [0030] The wreless I ce may
al so pl ace repdrissentthatthérwirelessedavive] Weleels eegvon e Candidare $ef) matoaddedt i nto

t he Candid t . Thi $.i.S.because the wirel devi.ce s.recently in
conmuni cat ﬁ%ﬁhe\?\nﬁ % %@’g pceglgjgmgr?a H%é%e F‘i%elﬁpﬁﬁszAﬁfjg t?é?cefl‘ilrﬁeel{’\%a Ff’gl?dﬁlg!? t he

Wi rel ess deaiditienc OCBRNERHY, i et édivinfieels aelHes Abmvet ftf thayt BE @emd il WY r el ess
device may npve cells in the Candi date set, back to the Known Tim ng

Nei ghbor s ERerfgpmpg én g,q:ﬁqessptelﬁpdageé)goqeflurp i rpdie dink semasal n Bhe % st ypdalt t hese
cell's i's nofroclinks frafidMA 48 defcfibedth QY ument 3GPP TS 25.331, entitled “RRC

Protocol Specification,” which is publicly available.

[0030] The wireless device may also place cells that have recently been removed
from the Active set into the Candidate set. This is because (1) the wireless device was
recently in communication with these cells and (2) there is higher likelihood of the
wireless device communicating with these cells in the future. The wireless device may
move cells in the Candidate set back to the Known Timing Neighbor set or the Unlisted
set if the received signal quality for these cells is not sufficiently high. For W-CDMA,
the transition from the Cundidate set to the Kmown Timing Neighbor set and the
Unlisted set may be triggered by events 1B and 1F, which are described below.

[0031]  The wireless device may report the detected cells in the Unlisted set to the
system by sending a Measurement Control Message (MCM) to the serving cell(s). If
the system adds these detected cells to the neighbor list, then the wireless device moves
these cells to the Known Timing Neighbor set. Conversely, if the system removes cells
from the neighbor list but the wireless device continues to receive these cells with high
received signal quality, then the wireless device may move these cells to the Unlisted

set, If the system does not select cells outside of the neighbor list as serving cells, then



the transition fromthe Candi date set to the Known Ti m ng Nei ghbor set and
the Unlisted set may be triggered by events 1B and IF, which are described
bel ow. [0031] The wirel ess device may report the detected cells in the
Unlisted set to the system by sending a Measurenent Control Message (MCM
to the serving cell(s). If the systemgadds these detected cells to the

nei ghbor list, then the wireless device noves these cells to the Known

Ti m ng Nei ghbor set. Conversely, if the systemrenoves cells from t he
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[0034]  Table 2 lists an exemplary set of events that may trigger transition between

the Candidate, Known Timing Neighbor, and Unlisted sets. A cell in the Known Timing
Neighbor set or the Unlisted set may transition to the Candidate set if the received
signal quality for the primary CPICH for that cell is (1) higher than the reporting range
constant (event LA), (2) better than the primary CPICH for a serving cell (event 1C), (3)
better than the primary CPICH for a previously best cell {event 1D), or (4} higher than
the absolute threshold (event 1E). A cell in the Candidate set may transition back to the
Known Timing Neighbor set or the Unlisted set if the primary CPICH for that cell is (1)
lower than the reporting range constant (event 1B) or (2) lower than the absolute
threshold (event 1F). The wireless device may send a measurement report to the
serving cell(s) whenever any one of events 1A through 1F occurs. The wireless device
may also periodically send measurement reports for cells that triggered events 1A and
1C. Events 1A through 1F are all based on received signal quality and are described in
the aforementioned 3GPP document 3GPP TS 25.331.

Table 2



constant (event 1A), (2) better than the primary CPICH for a serving cell
(event 1C), (3) better than the primary CPICH for a previously best cell
(event 1D), or (4) higher than the absolute threshold (event 1E). A cell in
the Candi date set may transition back to the Known Tim ng Neighbor set or
the Unlisted set if the primary CPICH for that cell is (1) [|ower than the
reporting range constant (event 1B) or (2) |lower than the absolute
threshold (event 1F). The wirel ess device may send a neasurenent report to

the servipg CE%I#H) WRENever any one of ﬁv . [ A through IF-occurs}y The
ksehitio
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cell s in the—Acttve—set—may be—deened—thenost—nportant—sinece—they are the
ones with which the wirel ess device communicates. The cells in the

Candi date s 35]Hy Bﬁteddﬁ bbe dXEhoWaSin eR@@slhg bicraddhyCof Yixgdas adefls J0Od
candi dat es servi ng W rel ess device. The candidate cells m be

sel ect ed ba@@alf@ﬁ 1?3h§4°r WB‘G]FFSeﬂ?V“‘ree@eS v Based jognsignaling | frqwy the ﬁmmﬁa Istatus
(e.g., asr | d/ r t he
Known Ti m nlggﬁe Fws@% vﬁlﬁéi sg)ﬁlgw nI ?get gﬁbﬁgt&%bﬂt@e ggﬁee %’sb?rrportant
since they dlramdrthe; most lmﬂmtant pihes thop aos thecmnesemﬂawﬂmh thaoﬂzmﬂessrdevmet he

Candidate s ec;[mmumézl\ge\:é:e "The ceﬁss & i€ CJandqutZ st may be deemed the next most important

since they are good candidates for serving the wireless device. The candidate cells may
be selected based on their current received signal quality, their past status (e.g., as recent
serving cells), and/or other factors. The cells in the Known Timing Neighbor set and the
Unlisted set may be deemed less important since they have not met the criterion or
criteria for inclusion in the Candidate set. However, these cells may grow in
importance, e.g., if the wireless device moves into the coverage of these cells. The cells
in the Known Timing Neighbor set and the Unlisted sct may be deemed to be equal in
importance, ag shown in FIG. 2. Alternatively, the cells in the Known Timing Neighbor
set may be given greater importance than the cells in the Unlisted set, e.g., if the system
only selects cells in the neighbor list for the Active set. The cells in the Unknown
Timing Neighbor set may be deemed to be least important of all the cells identified by
the wireless device. This is because not much information may be available for these
cells except for their identities,

[0036] The wireless device may make measurements for different cells at different
rates. Cells deemed to be more important may be measured more frequently, as
indicated in FIG. 2. Cells that require more processing for measurement (e.g., for a full
search) may be measured less frequently. The rate of measurement for each set of cells

- may be determined based on various factors such as the importance of the cells in the



| nportance, e.g., if the wireless device noves into the coverage of these
cells. The cells in the Known Ti m ng Nei ghbor set and the Unlisted set may
be deemed to be equal in inportance, as shown in FIG 2. Alternatively, the
cells in the Known Tinming Neighbor set nay be given greater inportance than
the cells in the Unlisted set, e.g., iflothe system only selects cells in
the neighbor list for the Active set. The cells in the Unknown Ti m ng
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[0038] In gmessmfdment dytedTd@sthecfimntell aite imdIGhE may:d:oﬁibhuetacme oelidwiagt . The
measurenent rates for the five cell sets in FIG 2 may conformto the

fol | owing gudefme; Ra2 By 2R,RR 2R3 As papecifis exanaply, @gémeﬁqS& deviethPeE, t he
wirel ess device may _ perform searches for serving cells at _a rate of 50
sear ches peperg@@@ﬁgc]Q@ggl) seryingcells pt a rataqf 50 searches per second (sps), Le.,, R, =

sps, which is one search in every measurement period or interval of F, =20 milli-

seconds (ms) for each serving cell. The wireless device may also perform searches for

candidate cells at a rate of R, =50 sps. The wireless device may perform searches for
cells in the Known Timing Neighbor set and the Unlisted set at a rate of R, =R, =12.5

sps, or one search in every measurement period of P, =P, =80 ms for each cell in these
sets. The wireless device may perform searches for cells in the Unknown Timing
Neighbor set at a rate of R, =3.125 sps, or one search in every measurement period of
P, =320 ms for cach cell in this set. Other measurement rates may also be used for

these cell sets.

[0039]  FIG. 3 shows an exemplary timeline for performing searches for cells in the
five sets shown in FIG. 2. In this example, the wireless device performs searches for
the serving and candidate cells at the same rate, so that R, =R, and P,=P,. The
wireless device also performs searches for cells in the Krown Timing Neighbor set and

the Unlisted set at the same rate, so that R, =R, and P, =P,. At time T, the wireless



sps, which is one search in every neasurenent period or interval of P, = 20
mlli- seconds (nms) for each serving cell. The wirel ess device nay al so
perform searches for candidate cells at a rate of R2 = 50 sps. The w rel ess
device may perform searches for «cells in the Known Tim ng Nei ghbor set and
the Unlisted set at a rate of R3 = R4 3112. 5 sps, or one search in every
measur enent period of P3 = P4 = 80 ns for each cell in these sets. The
wirel ess device may perform searches for cells in the Unknown Tim ng
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of the ot heglis @t fhe five sets shown in FIG. 2. The wireless device receives the active set and

the neighbor list from the sysiem and initializes the Active set and the Unknown Timing

Neighbor set with the cells in the active set and the neighbor list, respectively (block
412). The Active set and Unknown Timing Neighbor set may also be initialized in other
manners. The wireless device may initialize the other three cell sets to null or empty.

[0042] The wireless device thereafter performs measurement for the cells in the
various seis at the rate selected for each set. If the time for making measurements for
the Active set has arrived (as determined in block 414), then the wireless device makes
measurements for the serving cell(s) in the Active set (block 416) and then proceeds to
block 434. If the measurement time for the Candidate set has arrived and this set is not
empty (as determined in block 418), then the wireless device makes measurements for
the candidate cells (block 420) and then proceeds to block 434. If the measurement
time for the Known Timing Neighbor set has arrived and this set is not empty (as
determined in block 422), then the wireless device makes measurements for the
neighbor cells in this set (block 424) and then proceeds to block 434. If the

measurement time for the Unlisted set has arrived and this set is not empty (as



[0041] FIG 4 shows a flow diagram of a process 400 for perform ng searches
for cells inthe five sets showmn in FIG 2. The wirel ess device receives
the active set and the neighbor list fromthe systemand initializes the
Active set and the Unknown Tim ng Neighbor set with the cells in the active
set and the neighbor |ist, respectivel $2(block 412). The Active set and
Unknown Ti m ng Nei ghbor set may also be initialized in other manners. The
wireless device may initialize the other three cell sets to null or enpty.
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based on the peasurenment_results for these cells (e.g., as showmn in FIG
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cell inforﬁ’at‘ila:!m (e.0., %1 neS active set or gei ght])ﬂé)? l'ist) has been received
fromthe multiple sets. Block 412 initializes the cell sets. Blocks 414 through 432 categorize the

cells in the system and perform measurements for cells in different sets at different rates
selected for these sets. The cell measurements may also be performed in ofher manners
different from that shown in FIG. 4. Block 434 updates the cell sets based on the
measurement results.

[0045]  The Unlisted set contains cells that are not included in the neighbor list but
are nevertheless detected by the wireless device. For W-CDMA, there are 8192
possible scrambling codes, of which 512 are primary scrambling codes. The number of
detected cells may potentially be large. To reduce complexity, the Unlisted set may be
limited to L detected cells, where L may be any value, e.g., L.=10.

[0046]  FIG. 5 shows a flow diagram of a process 500 for maintaining the Unlisted
set. The wireless device initializes the Unlisted set to null or empty (block 512). The
wireless device then waits until the next measurement period for the Unlisted set or the
Unknown Timing Neighbor set (block 514).

[0047]  When the next measurement period arrives, the wireless device performs

searches and identifies at most L detected cells for this measurement period (block 516).



system (bl ock 438). If the answer is "yes', then the wirel ess device returns
to block 412 and reinitializes the cell sets. Oherwise, the wireless
device returns to block 414 and continues to nmake cell neasurenent. [0044]
FIG 4 shows a specific enbodinment for perform ng cell measurenents wth
multiple sets. Block 412 initializes the cell sets. Blocks 414 through 432
categorize the cells in the system and3perform neasurenents for cells in
different sets at different rates selected for these sets. The cell
measurenents nmay al so be perforned in other manners different fromthat
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[0049]  As an example, the wireless device may sort the cells in the Unlisted set such
that the latest detected cells are at the top and the oldest detected cells are at the bottom.
Cells with the same detection time are sorted by their received signal quality, with cells
having higher received signal quality being placed on top. With this structure, the
wireless device may sort the cells (if any) detected in the current measurement period
based on the received signal quality for these cells, e.g., from highest to lowest. The
wireless device then removes cells currently stored in the Unlisted set that are also
detected in the current measurement period. The wireless device then purges as many
additional cells as needed, starting ﬂ'orﬁ the bottom of the Unlisted set. The wireless
device then places the detected cells for the current measurement period (sorted by
received signal quality) at the top of the Unlisted sef.

[0050]  The searches performed by the wireless device are dependent on the pilot
and synchronization information transmitted by each cell in the system. Exemplary list
and full searches for W-CDMA are described below.

[0051]  FIG. 6A shows a frame structure used by W-CDMA. Data is transmitted in

frames. Each frame has a duration of 10 ms or 38,400 chips, where each chip has a



identifies the cell(s) to purge based on the detection tine and/or received
signal quality for the L cells currently stored in the Unlisted set (bl ock
522). The wireless device then purges the identified cell(s) fromthe
Unlisted set (block 524). After purging the identified cell(s) or if
purging is not needed, the wireless devidce stores the detected cells for
the nmeasurenent period in the Unlisted set (block 526). The wirel ess device
then returns to block 514 and waits for the next neasurenent period. [0049]
As an exanplwratidgihef 260rene secotdy (8E Bach feamid istfhehe glatiitioned ke 1 38bisshad set

such that the, |l atest detected cel re at the top_and the Idest det ect ed
cells are af™®EHen r??b Sq’s daﬁhglﬂﬁhaééﬂgraa@PQQQ P ORSIOL 8! %"hépssorted by
their recei ypg2 Igmb gHakbiY theWrahBnisgibh %ftﬂé%‘fhélﬂoﬂ £HOR ohkrf %ngcqg aggnal

quality being placed on top. Wth this structure, the wrele evi ce may

sort the cefhegpritiary &RYGHdwtthe dewnlink b}h@ﬂcbwﬂﬂeﬂﬂlerﬁéﬁmcmﬁemappmmﬁﬂHbased on

the receive fo t e est _to | owest.
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devi ce then purges as, many addltlo al cells as_needed, st grti ng fromthe

bot t om of tﬁ@s%meﬁyﬁn@@‘? therggme fiS %ecqygﬁyﬁﬂﬁ@ﬁww ent dab-giipect ed
cells for the Ff@% t t |

quality) at the top o theﬂﬁlﬁ%t(ggégg@e%%ggtﬁg ezgéegr h\eégg%%rg&r med by
the wirel esgnejﬁ'mn@eFa’tesnddﬁﬂmﬁCsam tded fori thotf ﬂeandlotswfaimsdranmaand)ﬂne

i nformati on sm tt ch.cell in th | ar I|s and full
sear ches fo?’éé\la%bﬁﬁfrh laégle%ia%gamb@% f%o‘gfyfé% ‘é‘if@ﬁ %

structure us@@hdenlwsﬁgwmoﬂaqiaﬁemwussssmcmesthﬁbSSGpitﬁmfoEﬂﬁheéoﬁa@ has a
duration of 10 nms or 38, 400 Ch'cgss’;s where each chip has a 14 duration of 260

nano second$ {'Irfé’;eachéfﬂ#lef r e’ Gp1 MESChh prej depesived 1 o dopment3GRR T8hat  are
gi ven i ndi ngfﬁﬁle%ﬁégB@ﬁ%Qcél@lﬁﬁ?éﬂqaﬂﬂ of TEMIEERY Cltinilts ol Prijficdlr 2560

chips. [00 ows the transm'ssion of the synchronization channel
(SCH) and Chmqslsi(EBD),”@mhm—ispubhcheavdﬂahhi nk by each cell. The SCH i ncl udes

a primary S e ndar CH. The pri rr| aflx 256- chi
pr Pmar y y @ﬁ?ﬁ éfﬁ‘éﬁ éé](eggﬂj p’%@ﬂfﬁ%ﬁ’@ﬁ%ﬁlﬁg f?(lag SFT%F@EI 2of eachIO
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carries a different 256-chip
arranged into 64 groups, and each group contains eight scrambling codes. Each

scrambling code group is associated with a different SSC pattern. The 64 scrambling
code groups are associated with 64 different SSC patterns. Each cell transmits a.
continunous pilot on the pﬁmary CPICH using the primary scrambling code assigned to
that cell.

[0054] The wireless device may perform full searches to detect for the presence of
cells and ascertain the timing of these cells. The full search for W-CDMA may be
performed using a three-step search process.

[0055] In step one, the wireless device searches for the PSC by correlating the
received samples at the device with the 256-chip PSC sequence at different time offsets
(e.g., at every half-chip, or at 5120 different time offsets in one slot). The PSC is
detected for each time offset in which the correlation result is sufficiently high (e.g.
exceeds a predetermined threshold). The wireless device uses the PSC to detect for the
presence of a cell and to ascertain the slot timing for the cell. If the cells in the system

are asynchronous, then the PSCs for these cells may be detected at any time offset.



secondary synchroni zati on code (SSC) sequence in the first 256 chips of each
slot in one franme. Fifteen different SSCs are used for the fifteen slots of
one frame, and the SSC for each slot is selected fromanong a set of 16
SSCs available in the system Each cell is assigned one pattern of 15 SSCs
and uses this SSC pattern for the secoridary SCH for each franme. The PSC,
SSCs, and SCH are described in a docunent 3GPP TS 25.211, entitled

"Physi cal Channels and Mappi ng of Transport Channels onto Physical Channels

(FDD), " whi gbsé]s pﬂpit Wb, ﬁié%\rﬁe?&k Aevibd@RF iR UE Sotkin dIEREUGHeARE

primary scranmblin e selected fromanong 512 primary scranbl’ing codes
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per form f ul WhRR AT REs ﬁé&d%ﬁ et sIHOT Th R irB@SE&RER dblaint B bSC@BEEd%P@St ain the
timng of these cells. The full search for WCDVA may be perfornmed using a

t hree-step Wﬁvﬁlmeg‘be 64 posible ISC patiepns armselected svihr thitawSHepdtism isear ches
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or at 5120 Bed‘aﬁwcﬁ‘rthmq:rdpert?,fthsmlessmeei&e csl @cdrtain iwmcﬁﬁ‘ﬁe loSthedsat;ﬁ@diiﬁel for
each tinme offset in which the corrfl atiog esult ii.s sufficiently high (e.g.
exceeds a pred®pshY Wat trepulebbassd orle iﬁ@éﬁ%@gtgda%m@ §oRssCHiE SISE t o

detect for YRewirPERIRVIE o8 dderifld friiithilg 336 Gols@amiblifiecileYroup dibd ' f OF the

cell. If the cells in the system are asynchronous then the PSCs for these
cel |l s may bthedeli baseddn the dgiepted SRE pofidrset . 15 [0056] I n step two, the

W rel ess dey deternm nes the pattern.of b or which
thes pac hastioS, S bt 5l 2R thE wilehf B adrintnd 3FE pobmBR packriska b9 " e
16 possi bl ecaabGrllvWes whivheihe 880 piittepi Gils BEenlfetartdds eSitce \acks BOC pattdhieis 16
possi ble SSCs and the PSC are orthaogonal _to one anot her. The wirel ess

devi ce can #¥erated Wi papesific graun elsish) aeambling wdes Hie viireloss devies eluget h each
of the 16 pQRficPlfe epitSschabiik €6d8sS determine which one was used by the cell. For

this evaluation, the wireless device correlates the received samples with each

scrambling code, accumulates the energies over some number of chips, and compares
the accumulated energy against a threshold. |

[0058]  The full search described above can detect for cells whose identities are
known to the wireless device (e.g., sent by the system) as well as cells whose identities
are not known to the wireless device. Cells detected by the full search and included in
the neighbor list are placed in the Known Timing Neighbor set. Cells detected by the
full search and not included in the neighbor list are placed in the Unlisted set.

{0059] A signal iransmitted by a given cell may reach the wireless device via one or
multiple signal paths. Each signal path is associated with a propagation delay and a
compiex channel gain. The wireless device typically employs a rake receiver that
includes multiple (M) demodulation elements (which are often called “fingers™) and one
or more searchers. The searcher(s) search for strong signal instances (or multipaths)
from cells in the system. The M fingers are assigned to demodulate and process vp to
M strongest multipaths for the serving cell(s).



whi ch SSC was used for that slot. The wirel ess device obtains 15 SSCs used
for 15 <consecutive slots. The 64 possible SSC patterns are sel ected such
that no SSC pattern is a cyclic shift of any of the other 63 SSC patterns
or any non-trivial cyclic shift of itself. Because of this property, the

wi rel ess device can ascertain which onel®f the 64 possible SSC patterns was
transmtted based on 15 SSCs detected in any 15 consecutive slots. The

Wi rel ess device can determne frane timng and the scranbling code group

used for theogp! | haseekien debﬁe%@&‘&ﬁ{sqgt &%Eéh@@wﬁ&&hfy[tﬁfpgﬁng a’H‘H% three,
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frequency downconverts) the received signal, digitizes the conditioned signal, and

provides received samples. A demodulator (Demod) 718 processes the data samples
and provides demodulated data. A decoder 720 then deinterleaves and decodes the
demodulated data and provides decoded data. The processing by demodulator 718 and
decoder 720 is typically different for different radio access techmologies. For cell
measurement in W-CDMA, demodulator 718 may perform the list and full searches for
serving and non-serving cells. For example, demodulator 718 may process (1) the
* primary SCH to obtain slot timing of a cell, (2) the secondary SCH to obtain frame
timing and the scrambling code group for the detected cell, and (3) the CPICH to
measure the received signal quality for the detected cell. For data demodulation in W-
CDMA, demodulator 718 may perform descrambling with the primary scrambling code
assigned to a cell being received, despreading with orthogonal variable spreading factor
(OVSF) codes for the channel being processed, data demodulation, and so on.
[0062]  On the uplink, data (e.g., measurement reports) to be transmitted by wireless
device 120x is processed (e.g., encoded and interleaved) by an encoder 740 and further
processed (e.g., modulated) by a modulator (MOD) 742 in accordance with the



time offsets, which may be sel ected based on the known timng for the cell.
The wreless device perforns the |list searches for the serving cell(s) at
every neasurenent period of Pi ns to identify up to M strongest nultipaths
for the serving cell(s). The wreless device may then assign a finger to
each of these nultipaths. The wi rel essi7device perfornms |ist searches for
non-serving cells with knowmn timng to determ ne the received signal
quality for these cells. The received signal quality for each nei ghbor cell
may be det efpiin®eh Aliol fA6ess WHhATePYEL., W-LDMAY | RatlsmAet Bhit EAMTRY 7&:?6 cel I
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742 in accor
the measurement resulis obtained for these cells and may generate measurement reports,

as necessary. Timer 734 may maintain a timer for each cell set and provide an
indication whenever the time for the set exlﬁires, indicating that measurements for the
cells in that set are to be made. Controller 730 may direct searches for cells in each set
whenever the timer for that set expires, as indicated by timer 734.

[0065]  The cell measurement techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof, For a hardware implementation, the processing
units used to perform cell measurements may be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
herein, or a combination fhereof.

[0066] For a software implementation, the cell measurement techniques may be

implemented with modules (e.g., procedures, functions, and so on) that perform the



applicabl e radi o access technology (e.g., WCDVA). Atransmtter unit (TMIR
744 conditions the nodul ated data to generate an uplink signal, which is
transmtted via antenna 712 to one or nore base stations for the serving
cell(s). [0063] A controller 730 directs operation of various processing
units within wireless device 120x. A m@nory unit 732 stores data and
program codes used by controller 730 and other processing units. [0064] For
cell neasurenent, controller 730 mai ntains various cell sets, nanages
transition gtk ld8scRBRBerbil e Sithe S8 W are@R8esth kP Bd &oa%ﬁeiﬁ%hﬁén&?runﬁ% bs at the
appropriate rates and tine. Controller 730 may inplenent processes 400 and
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system (e. fron1decoder 720), timng information for the wrel ess device
(e.qg., fro oW, and so on. Controller 730 may popul ate the Active
set  and t hgosnknopse gfemoﬂgdéyeﬁﬁi&q;ft&%samswem@mﬁeﬁth%Isrewﬁs@toaéﬁamxe set
and the neighbor Iis respectively. Controller 730 may nove the cells
anong the vayi pmomeskﬂleﬂameﬂwonrt tohanalve agrupesndhet preseat] inyentismai n\é«'mq‘uar t hese
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time for theédshé genefic pifciplen defortihegid ﬂnay berestied esrethésenitydithéits wﬂEdﬂts in
that set are to be made. Controller, 730 may direct searches faor cells in

each set \AfPARIRG fronp ghespirlorseepe af fhe Gwentionn Thus, the resentitavention Hnati mer
734. [0065] i fiGed!He 1HIRRAEYS ﬁ.@%ﬁﬁoo&ﬁ&h@'sﬁmh&aﬁwm&#b@%c%faadmnhsst

i npl enent ed y various neans. For exanple, these techniques may be

i npl ement edscope ¢rasidieat with the piinvigles andmoval feamtss disclossd tekrin.eof . For a har dwar e
i npl enentation, the processing units used to performcell measurenents may
be inplenmented within one or nore application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing

devi ces (DSPDs), progranmable |ogic devices (PLDs), field progranmable gate
arrays (FPGAs), processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to performthe functions
described herein, or a conbination thereof.




[ 0066] For a software inplenentation, the cell neasurenent techni ques nmay be
i npl emented with nodules (e.g., procedures, functions, and so on) that
performthe 18 functions described herein. The software codes may be stored
ina menory unit (e.g., nenory unit 732 in FIG 7) and executed by a
processor (e.g., controller 730). Therg menory unit nmay be inplenmented within
the processor or external to the processor, in which case it can be

comuni catively coupled to the processor via various nmeans as is known in
the art. [0067] The previous descriGlitAlMSof the di scl osed enbodi nents is
provided to enable any person skilled in the art to nake or use the present
invention. Various nodifications to these enbodinents wll be readily

appar ent t o] t hosgn gliatdt@dinialvitdles dbhmunRBbr YSteREDShp§siY: | NCi pl es defined
herein may be applied to other enbodi ments wi'thout departing fromthe

spirit or stégeodyfatertnpeiativein pesterm Feanehes tdetest Exesalls indbesysteon and not
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di scl osgtbnh)etosd the ddtBctedCbeNsMba $et, Ad pupgRadedlt hsthé Bet Aif wWedded as SintoReRikeat i on
system conpr.isjng: a denodu] ator operative to perform searches to detect
for cePredetprgninginuanher ghdletegted cellsont rol | er operative to identify cells
detected by the searches and not signaled by the system store the detected
cells in a set, and purge cells in the set, if needed, to limt the set to a
predet er mi n2d nuhieappahtudef elained, wiedr¢is theonifbider dpfuathed aperative od ai m 1, wherein
the controller i.s further

operatiye to deternjne whether to rge any cells
currently stesBYg ‘tht]FFé_t%B'fr%P ﬁn%‘f%lét"u'irﬂl%ﬁé?{’éégr Bdhs $bim Ofé%thﬁ%s?m in a
PurrePEdﬁQ@&H&@HﬁQ&mRﬁfh@gnw@ﬂﬁnb&kQEhkﬁ are to be purged fromthe set,
identify at |east one cell to purge based on last detection tinme and

recei ved si ifuells ageital hetppurgedrirann theesel, idenidfyrat ksastiope selbtoguirgebaseborslast. 3. The
| er fur erative to sort

the corEeRs iyl alefrine g 1620 balusiai 4b BEbeB on 1 e anc
received signal quality for the cells,
3. The apparatus of claim 2, wherein the controller is further operative to
sort the cells currently stored in the set based on last detection time and received signal
quality for the cells,
select cells for purging starting with oldest detection time, and

if multiple cells have equal detection time, select cells for purging starting with lowest

received signal quality.

4, A method of maintaining cells in a wireless communication system, comprising:
performing searches to detect for cells in the system;

identifying cells detected by the searches and not signaled by the system;

storing the detected cells in a set; and

purging cells in the set, if needed, to limit the set to a predetermined number of detected

cells.

5. The method of claim 4, further comprising:

determining whether to purge any cells currently stored in the set in order to make room

for cells detected in a current measurement period; and



select cells for purging starting with ol dest detection tinme, and if
multiple cells have equal detection tine, select cells for purging starting
with lowest received signal quality. 4. A nmethod of maintaining cells in a
Wi rel ess communi cati on system conprising: performng searches to detect
for cells in the system identifying xells detected by the searches and not
signaled by the system storing the detected cells in a set; and purging
cells in the set, if needed, to limt the set to a predeterm ned nunber of
detected cdétdls.ardto bﬂpargeﬂtftmdthefsetcidaﬁtifyiﬁg af lendtloae c@lbﬂ‘mm’rgi baged @el@r m ni ng
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be purged fromthe set, identifying at | east one cell to purge based on | ast
detection tine and received signal quality for the cells currently stored in
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to make room or ce etected In a current measurement perio nmeans
for, ideteddcsllare to be purged fromthe set, identifying at |east one cell
to purge based on |ast detection tinme and received signal quality for the
cells currently stored in the set..8. The apparatus of claim1, wherein the
controller 4s fume%f,argﬂ%g&lhm%tfgnw@gﬁ ﬁﬁh% in the set, if needed, based
on detection tine for the cells in the set The apparatus of claim1,
wher ei n t hemeaatoralelesminiieg Whethérde peqge pay tells cugernplyrsipred i the setiimondpitoset |, i f

neededmaEea‘roo fgr cells%gtlegt%&] IHSEII g.lr}laelnt glléli?slll}'et GDI I(D)errmtd ndcel I's in the set.

means for, if cells are to be purged from the set, identifying at least one cell to purge

based on last detection time and received signal quality for the cells currently stored in the set.

8. The apparatus of claim 1, wherein the controller is further operative to purge cells

in the set, if needed, based on detection time for the cells in the set.

9. The apparatus of claim 1, wherein the controller is further operative to purge cells

in the set, if needed, based on received signal quality for the cells in the set.
10.  The apparatus of claim 1, wherein the cells in the set have asynchronous timing.

11.  The apparatus of claim 1, wherein the wireless communication system is a Code

Division Multiple Access (CDMA) system.

12.  The apparatus of claim 1, wherein the wireless communication system is a

Wideband Code Division Multiple Access (W-CDMA) system.



10. The apparatus of claim1, wherein the cells in the set have asynchronous
timng. |It. The apparatus of claim1, wherein the wireless conmunication
systemis a Code Division Miultiple Access (CDVA) system 12. The apparatus
of claim1l, wherein the wireless comunication systemis a Wdeband Code
Division Multiple Access (WCDVA) system 21 13. A nethod of perform ng
nmeasurenents for cells in a wireless conmuni cati on system conprising:
perform ng searches to detect for cells in the system identifying cells

det ect ed byli he Aewmtleided parformmiog meagurahantk foy cdllsen s ystebrs corsmonicatipnt he
detected cells i.n a set; and purging cells in the set, if needed, to limt
the set’t8%5°BPRYR% er ni ned nunber of detected cells. 14. The nethod of

claim13, wWagfoRiihg!B8chists daectasl defls iftht BRt®t conprises purging cells in
the set, if needed, based on detection tinme for the cells in the set. 15.

The met hod entifyimgeetsdetegirsbai the sagechgiang nof sigealedby terskgemet conpri ses
pur gi ng cel ] i ded, based on received signal quality for
the cells iér%grtnlhéthég??ag{%(?ﬂsﬁ\%gg%b%gat us in a wireless comunication system
conpri si ng: purgiag selioin tpeset, of maetel, ekt higsset © Optdotdérniingd mualbesof detdected system
means for identifying cells detected by the searches and not signaled by the
systenfeﬂsrreans for storing the detected cells in a set; and neans for
purging cells in the set, if needed, to limt the set to a predeterm ned
nunber of detected cells. 17. The apparatus of claim16, wherein the neans
for purgi ngl&el | '$hd methbdobdsim L ryheregethe paiging dells imthe ggtrgmpssdss in t he set,
i f needed, based on detecti.pn ti fqr the cells in the, set. 18. The

appar at us oPurg'Inﬁicﬁﬂﬁ’gsﬁ%ﬁéﬂgﬁl‘?‘?ﬂ?ﬁaﬁgé?Héietf"f)tfonptﬁ?% o ghegflp i é’ﬁ SEélf‘ne set
conprises neans for purging cells in the set, if needed, based on received

signal quality for the cells ) ) ] )
15 The method of claim 13, wherein the purging cells in the set comprises

purging cells in the set, if needed, based on received signal quality for the cells in the set.

16. An apparatus in a wireless communication system, comprising:

means for performing searches to detect for cells in the system;

means for identifying cells detected by the searches and not signaled by the system;
means for storing the detected cells in a set; and

means for purging cells in the set, if needed, to limit the set to a predetermined number of

detected cells.

17.  The apparatus of claim 16, wherein the means for purging cells in the set

comprises

means for purging cells in the set, if needed, based on detection time for the cells in the

set.

18.  The apparatus of claim 16, wherein the means for purging cells in the set

comprises
means for purging cells in the set, if needed, based on received signal quality for the cells

in the set.



in the set. 22 19. A processor readable nedia for storing instructions
operable in a wireless device to: initiate searches to detect for cells in
a wreless comunication system identify cells detected by the searches
and not signaled by the system direct storage of the detected cells in a
set; and purge cells in the set, if ngeded, to limt the set to a
predet erm ned nunber of detected cells. 20. The processor readabl e nedia of
claim19, and further for storing instructions operable to: purge cells in
the set, iflneedegrocbnse@dadidlciatds firoring Wtrhctions bperakik liSa iMreleBedeitle. 21.
The processor readable nmedia of claim19, and further for storing

i nstrul®ions operable to: purge cells in the set, if needed, based on

recei ved signate @hdhdsity dbREt HH&IEH 4 HirtkRsd dsardhication system;
identify cells detected by the searches and not signaled by the system;
direct storage of the detected cells in a set; and

purge cells in the set, if needed, to limit the set to a predetermined number of detected

cells.

20.  The processor readable media of claim 19, and further for storing instructions
operable to: _

purge cells in the set, if needed, based on detection time for the cells in the set.

21.  The processor readable media of claim 19, and further for storing instructions
operable to:

purge cells in the set, if needed, based on received signal quality for the cells in the set.



