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[ 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] Thewprzessamios2 nventi on rel ates generally to commadToE2eGM1786nd nor e
specifically to techniques for naking signal quality neasurenents for cells
in awreless comunication system |1. Background [0002] In a wireless
comuni cation system a w reless device may communicate wth one or
multiple "cells" at any given nonent. A cell can refer to a base station or
the coverage area of the base station, depend3d§(n1the context in which the

termis used. VRAINTAININGAMNBISEAR SHTISOF €EIdkSvi ng” and

| n commumi cati on W1 M’Yﬁéﬂ@ﬁeﬁ%@l‘?ﬁ%@é@m@%&@ n Aot

non-serving cell is a cell that is not a serving cell. nelghbor cell is
a non-serving cell that maybe near a serving cell and naybe recei ved by the
wi rel ess device. [0003] The wirel ess device periodically nakes signal

qual ity measurenents fQ@ROBS-REIFERENCESA(O RELATEDAHPIACATIONS cells in the
system The w rel ess device nakes these neasurenents in order to determ ne
whet her there are any cells better than the current serving cell(s). This
may be the I dewi I ves
about the sg§§gﬂ1ﬁﬁ%lgé%m h@ﬂw#ﬁ g?%ﬂ%%fn ﬁagéayn categggm‘gﬁaﬂgnmpn
nmeasur enment sPatdAON300B5 121R2ANe PRy US2004/ 017809 2 then t he mﬁreless devi ce
may be handed fromthe current serving cell(s) over to the better cell,

whi ch woul d then become the new serving cell. [0004] Cell neasurenents are
inportant to ensure good perfor mpeecioGRAOENIY ! el ess device and achieve
hi gh system efficiency. However, these neasurenents

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

communication system.

II.  Background

[0002] In a wireless commumication 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 area 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,



There is therefore a need in the art for techniques to nake cell
measurenents in an efficient manner in order to conserve resources. SUWARY
[ 0005] Techni ques for nmaking cell nmeasurenments in a wireless conmuni cation

system areydescriRed herein. A wireless device categori ;@ﬁ,g%hg/aﬁwose

identities are nown to the device into nultiple sets. rel ess device
may obtain these cells from the system¥ia signaling and/or detect these
cells via searches. Different sets of cells nay be associated with
different |levels of inportance (e.g., for handoff), require different
amount s of P{th? %ﬁ&eésoaev%%w B@‘Eﬁﬁvﬁd AR tROcRFent E&@Bg%%ﬁ(sb SvaSRaas at ed
with a particular nmeasurenent rate, Ich may be sel ected based on the

char act er i st battsr celif whitk waetd theobecema tipl reyw septitgsceleened to be nore inportant

(e.g., servi el | ith which the. wreless Vi C onmuni cate [ cells
that are goo@]%g ndi ggﬁme@eqswmgggv?rﬁglmﬂoﬁgmvﬁr gﬁggés g@%@ipcego %@En%zrist fed nore
frequently. @Gablks @ReREMAd Al HRSS sjstiRO EffiRivhcy. albvaser, abitb MBcadixe@ents

processing for measurenents (e cells with unknown timng) are neasured

| ess frequenednyumer Wéluﬁblﬁéﬁ@éléceélgvgeémﬁ@wmﬂ“f?ﬁ) gletiiecwEglesinde visgk e dhere 1s
measur enment s.f I, | ed for
that sot . [ OBOGES JaerE i T B I RaRihuct o ke (PR SRTR L B By MR 2
descri bed i nmbtuict esrderde tansbrvibedsowmceBRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007]
The features and nature of the present invention will become nore apparent
fromthe detail ed description set- forth bel ow when taken in conjunction with
the drawings in which |ike referenWYers i dentify correspondi ngly
t hroughout and wherein: [0008] FIG™ 1 'shows a w reless conmuni cation
system [ O00Qfio05| G Teclmhpes for alaking chlageanrehentsl inve widen| ammattationf
cells; WD 20051115042 PCT/ US20051017809 A 3 [0010]. FIG_ 3 shows g .tineline
for perforni A§eabaedsasibedherce £ wieless devige paiegorizep gells vioge 0enifighe a
process for RedhbHd\ B3 MERNTIe borl Mhcifirdidhs ivibdal biBinSRES cond 2] FI G
5 shows a process for maintaining a set of detected cells;

the system via signaling and/or detect these cells via searches. Different sets of cells

may be associated 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 require more processing for meastrements (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

detail 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 correspondingly throughout and
wherein:

[0008]  FIG. 1 shows a wireless conumunication 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
wor d " exenploeogsiiisizused herein to nean "serving as an ExXEORhEs/0178mst ance,
or illustration.” Any enbodi nent or design described herein as "exenplary"
is not necessarily to be construed as preferred or advantageous over other
enbodi ments or designs. [0017] The cell neasurenent techniques descri bed
herein may be used for various wreless comunication systens such as Code
Di vi si on Mul [j0pdle AEKR Ssshév@Dbinelis/ ot performifigrearCihosifer the fiktitali sotse Access

(TDVRA) syste and equency Division . Miltipl cess (F systens. A
CDMA system @}lli ongréﬁ*»ﬁow éﬁ%\‘?ss CRrHIERBE s%fc%%é%t%g?%‘r%f 0 access
t echnol ogy ({8613} Cﬁﬁ%@ﬁ@w@@%ﬁb&s&"&mﬁﬁt@ﬁwa&eﬁ@@e@a&dcblﬁ-,95 standards. A
TDVA system may ‘i npl enment d obal System for  Mobil e Comruni cations (GSM

sone ot her TIONESIRATFIGASADIWS A dramsisirastare vaaskhsr Wisehand CEN W HERMA)om a

consortiumn "3 erat | Pm@ r shi roj ecly 3?@0 e 2000 is
descri bed in%@umﬁﬁ%%rﬁo%ﬁ@%gﬁn or %}gméér%r’%%lg ﬁ!\.)pg ¢ néelr t or?l)Par n%r ship
Proj ect 2" (3obtiidnizatdtRagell(SEEDHE: e dowminksn &-€DMA] andl y  avai | abl e. The
cel | measurenent techni ques |.so be used.to neasure cells for one or

mul tiple w r0&3s s?@-gﬁ@?’w‘i‘:gﬁ °8ﬁ9%aﬁa§{°ftaﬁfél§%esﬁé%?ﬁ'ques are described bel ow
for a W CDVA system [0018] FIG 1 shows a w reless conmunication system
100. System 100 includes a nunber of base stations 110 that support

comuni cation for a nunber of DEHFAIERED DESCRIBTION A base station is a
fixed station used for comunicating with the wirelegs devices and may al so
be called a (948 B Ty cond “essmnligt agyyed bergiaste MeanswETiNR@s 8t GBI, ( BTS) ,
an access poj 0 her, 1 f : i “g 20 A
typically di lsngttg?cseéér ﬁ]ﬁ?%a&% 'ou@%%él%*s)@s egﬁ]é{rc}j‘eg%ﬁ gg%%ﬁﬁgée%@g% evice’my be
fixed or WO RG0Sh&tHAAR 1668 CSR00D4OkFBAEA oradvadiagoeus dveniothet esbodimumitee may

al so be call glpldegigltljss:er equi prent (UE) (W CDVA

[0017]  The cell measurement techniques described herein may be used for various
wireless communication systems such as Code Division Multiple Access (CDMA)
systems, Time Division Multiple Access (TDMA) systems, 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™
(3GPP). cdma2000 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

Generation Partnership Project”

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 ecach 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
comuni cati on between a wi rel ess device and a base station. A dashed |ine
with an arrow on one end indicates reception of pilot by a wirel ess device

froma basesiadiienz A wrel ess device nmay comruni cat epant/iszoengrhase
station (e.g., wireless device 120a) or multiple base stations (e.g.

wirel ess device 120g) on the downlink arfdl uplink at any given monent . The
downlink (or forward link) refers to the comunication link from the base
stations to the wirel ess devices, and the uplink (or reverse link) refers to
the communimgahileon Al iviglely aenicchmawialel essalitdvi ass dqoiphieat KEBE (WHEADMNS.

[ 0020] System 100 may inc)]ude, many cells, where Q% le .mi%@(refer to a base
station ~andeBrnglogy) C%U’@P‘é"g%at%%useAtWF’é E5PMERHE S in active

communi cat i 0@0%9 th aneneor:, Ml iRl Gns ikl NBro®8! bs Both %ﬁ&@%ﬂﬁ%@%n%
"dedi cat ed" e of operation. The wireless device may al so be desi gnat ed

to receive nemwaydsatioe bgiweepagrisdless denice aed @rbaserﬁiﬂthnpl daghediling Wi b& whi | e

lgnal s 1 ronfrBengh obbrRCMGERRE mebetie Yol REe SEHFEp e o p By o' ¥

fol | owi ng deaGyitdisk @Bvit@mh cohfi@nieats RE @l Bﬁﬁi‘ﬁaﬂdﬂq\é@vemreiéshﬂeﬂ%m%})tl on
al so general |y aplgl ies for the idle nmpde. [0021] IE%EI\M as, well as many
ot her wir el edtgnulipledss staions (8- c¥gelawderige 1 PBrﬂi*Fequﬁfll d gplink &8y on and

searches for 9&”113 \gﬁtgss gﬁ“glﬁﬁkg ﬁvafrdﬁﬁﬁl gnigt{)eﬁge %hx%mhﬁatﬁaﬂﬁlnﬁﬁdﬁtgre

found, then e Wr evi ce exchanges Ing wt ese cel
informthe st;hstbam m‘ucmhm tewiceless deviess and thenglink omeeess hnk) refecs tahe up a

call. Via this nal exc e, r vi ce obtains (1) an
active set c?ﬂ’l’i‘%ﬁ“ﬁ Eﬁ‘ﬁn ﬁSWtHBWgeleiséfeV@eﬁtB% % Pi4%e call and (2)
pertinent pafasit er Sydi&h 100 thal Rebl@elrhddly b, whefehh &8l thay Rfdk Afa bae iavién Set .
The active set nay contain onée to six cellsS in WCDMA” The cells in the

active set apmsl/aryifsi C@Wagc et edtwicclesy deviee BIaY e in Beiye sommunipetiesWith 9n¢ t he

W rel ess dev%:rg&ulmcg g Tc*éﬁ?‘lﬁ‘lsr el ﬁﬁnfec%ﬁ"" ge‘dé‘cﬁé’at@cf’srg %@Bf‘ﬁgeré‘ndn St 9f

nei ghbor cel e receive W rel ess
devi ce. Thi swirtleis dmicehgaycabd Eﬂdwgﬁteghdswceivesﬁess@es (on) paye@dﬁ'mtone and so

on. In WCDWA, t servin eII forns,th ni hbor |ist. and sends helist
to the wi el BektaTEE Wi g g 10 5B, Mestirelgy deBfR notp o

32 "intra-fr t he
?(?é‘?{??é/cewﬁeshégﬁlsoﬂ?ﬁﬁ% Q:eﬂé‘ bEs*M‘es %ﬁé‘%er{rﬁggdéégg?y I%P%Mﬂi?} tHe

serving cel I nter-frequency” cel ing on frequency
channel s di f foflowntg flesoription 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.
If 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 chamnel as the serving

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



WD 2005/ 115042 PCTI US20051017809 5 the frequency channel of the serving
cell(s), and up to 32 inter-RAT cells of different radio access technol ogy
(e.g., GSM. Each cell also broadcasts a list of neighbor cells for that
cell. The wireless device may then forma neighbor list for itself based on
nei ghbor cwilol2eésnfismarati on obtai ned fromall serving celdca/us2msamgocase,
depending on how the systemis operated, the neighbor |ist obtained by the
wirel ess device may be (1) fairly conpr%hensive and include nmany or all of
t he pertinent neighbor cells that may be received by the wireless device or
(2) somewhat inconplete and onmit sone pertinent neighbor cells. The

wi rel ess devihedrequsney ishanngbote sereingivs ﬁ@ caf ug te Btntgr-BAdoeells g€ diffteant in t he

nei ghbor i st [00 T el e e to

et act for ¢ Torestiehigold (R BN o bR Ay dt el BEALES 1

measur ement fo@ [thdt Rell.C efHe. witéless detct ns@athel forisa dne;gahﬁelﬁut fonitdctfcbasys bem
design, e.g., .on ho pl|0t and sync%%;n ation | ormati on, ifwlan%, are
transnitted %%lglﬁ’&EﬁVﬁ:E} prvatiop |9gtaied ¢ ﬁel&%’grﬁ? fIRY FRSEdfPERIRGPI\W  CDVA
| s descri bed][ufw stExﬁ ﬁteélg%tdﬁ@bbﬂfsk Hethined C%{mﬁa@%dés@aeﬁw thay 6&@5Ch i s

conput ati ona en5| v t1on cells i n t he’ system
may be oper ﬁmmdccmchchmm mthlhyluémmw a&iazf Iﬂieqm‘thlem;elghbaneaﬂs thabmay be

downl i nk based .on ma different fromthe tipn ng of
~other cells. reﬁgyedahyigeng%?p e °§3@t ew?‘ﬁt InGerpplpts and o n}fic@n%‘ff Teed to
ascertain thgeifuyat BEl1sOThe &aRkIds 8 videdhtd theeddtect nélgwbemnaatwﬁtmaa@w ce
may performa "list' search to nake neasurenent for cell whose timng is

known to theindeasighihorliglyi ce. The |ist search is al so dependent on the
syst em desi g [ 0 i ' the full
search. An #)I af%l&?% %S%%%Jgh e'fSycP‘é Wl@ ée%tgr# eggﬁhg% \%vé& 0? | st
search can aseie ldeteimine lﬂ&r@ﬁés tirning hemnd oedke ntdastirergend diok te selbVEris ﬁ:élvuesnoly naI

pat hs that may have bee mﬁd .since the Iaf niasu nent for. the cell.
P095]  The widsPRMEa e St e i po R ok S DL OR R PP RE oy vi ng
cell(s) as w%b ﬁ%ﬁlﬁﬁnﬁ@ﬂ‘ﬂy%ﬂ?@éﬂﬁﬁh@ s?ﬁt&ﬁr A@eﬁeﬁﬁwmﬁ sbdt6h gsty-cel | (s)

fromwhich to réceive service. The wirel éss device ma o formeither a
g/hg- ¢

i

full search GDMAISs d@sceb@rhﬂbWanamst syeterss inshisking YWotD fulliegaeshds ng on
whet her timnp a a rement "
are thus rel a e%l%tmal?%e&g%lﬁ ext o &n\éﬂa@é@nen? gﬁfsdﬁ théEYten! Ti5 HE

operated asynchronously so that each cell may transmit on the downlink based on its
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 2
cell whose timing is kniown 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 cell whose timing is not



may be used interchangeably. The wirel ess device may be able to quickly and
easily nmake neasurenent for a cell whose timng is known. The w rel ess

device may need to performa full search in order to nake neasurenent for a
cell whose timng is not WO 2005/ 115042 PCT/ US2005/017809 6 known. The

W rel ess dewi6e@/m®y2t hus expend di fferent amounts of resuseeEs/BIake
nmeasurenents for different cells. [0026] Table 1 shows an enbodi ment of five
different sets of cells that may be mai Mt ai ned by the wirel ess device.

Table 1 Cell Set Description.Active set Contai ns serving cells that have ;
assigned dedicated resources to the wireless device. Contains cells from !
t he Known Tikiavg NBregtiselessslevica mpytihes expanhdifisreat ameuntypf ssagcesde make whi ch
are strongly L | ess device. Known Tim ng Contains

nei ghbor cel ﬁ%@gﬁ% f?%dlﬁwnyv&eggl ess device has timng Neighbor set

i nf ormati on. [ﬂam&]nomﬂaﬂlbrﬂi sgweoat attalimait giftfive diffedest fety ofvbélshthithmayvbe el ess

devi ce does not lT[ﬂf}gk\g@hﬁor,set dga,ve timng information. Contains cells that

are det ect edMByHA iReVEEEsSfEVicke but are not Unlisted set specified as

nei ghbor cells by the network. The cells in this set are also called
"detected"” cells. Each cell that is idgsiéfied by the wirel ess device may be
categorized in one of the cell sets listed in Table 1. In general, fewer,

nore, and/ofdif eiggi' Celf sers may be defi ecﬁ ANa TN S TS W|tn|n he
scope of the_invef Eo

candidate cglls wth differesiaineeelineetls i@nadve@btrct MedibA82kkodrédeto 2 shows
an exenpl ary a’ifé“’ﬂﬁe&grarr t%@@,u%ggsdelaﬁeflve cell sets shown in Tablell1l. The

W rel ess de\ﬁ,vcbl S ofF—serrHag—eetH-s—and—a—tst—of—retghbor] cel | s

fromthe sydtemfor a callj Cameinsesily fin @@Kﬂ@”’b@%ﬂﬁ@gﬁﬂﬁﬁtaﬁé%t i v set |
210, and the r&ndlaesecel @nlzmdsnMWM¢ strangty meadvadiivithavirgless! acep in
t he Unknown |Ti mi ng Nei ghboydevice.

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, more, 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 Unknown 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



set 250. The wireless device may performa full search to detect for each
nei ghbor cell in the Unknown Tim ng Nei ghbor set. The wi rel ess device noves
each nei ghbor cell that is detected by the full search to the Known Ti nm ng
Nei ghbor set 230. In the process of performng full searches for neighbor
cells, thewmwediwss2devi ce may detect other cells thatP@es20@t01786Z| uded in
t he nei ghbor list but are neverthel ess r7ecei ved wth sufficient WD

2005/ 115042 PCT/ US2005/ 017809 7 signal ‘quality by the wirel ess device. The
wirel ess device places these detected cells in the Unlisted set 240. [0028]
The wirel ess device periodically makes neasurenents for cells that have

been det ect etignslquatity ethe dreless deviee. \iFiecrTealgspilpkics Pipess Hease detested ¢allsihm to t he
device. Thezw ice may nove cells in the Known Tim ng Nei ghbor set
and Unli st edthé\%%t%g\gﬁtggdsuffi ciently high received signal quality to the
Candi dat e se0280. The widctost ésdce deriddivallyraneked swageerdente dsurelisgint haeports to

i nf th t f.th t | . For. .the t ition f
e known T: SR GORFG R Ghe dcecaRg for which it ptampion i R i RS sor may
be trigger edriyweMeRdsviddmat tovd Bellsaf the Biow s g N R/ LR 5 hd EHLHE) RW.

[0029] The system may update the cells in the Active set based on

nmeasur ement havingonfficiendlythighyreeeived signsl eupdityiothe £ondidele el 329. (Ihe gvirelash t he

Candi dat e set) . b ] . or 41 ive set
apdat e ( Asey Bt e FoR tpeheft 8504215 bl e RELPECROR ARRREMSYS PV
cel | s in t heFAOWiIOEMSE theteansition GenDite Andwyn Thend Nedghbay senamche Uelisel seupdat e
procedure for radio |ink renoval. .The tive set, update procedures for

W COMA ar e diostpi Gardidere ot BEY berrisesessh by s vaus ié\iﬁgnﬁ?st?@d?ﬁRw%cﬁmr%t ocol
Speci ficati ofuecripdineldw. S publicly available. [0030] The w rel ess device may

al so place cells that have recently been removed fromthe Active set into
t he Candi dat 0028t . The sysien meayaumslate(thy cellseinvihe elctivs sa dabaseonvarsasuresesaht |y i n

i cati Lt h t.h I ; t i.s i gheyr. . i kel i d th
W reless deviRE S OMARE afRlcs® TR MebbIE e o ¥ Ehfs SRR ol ess
device may oWe Afld setiby pdiforchpdindatiee s&tupdate K ASY)preceimevior Fidid gk

Nei ghbor set or the Unlisted set if the_received signal quality for these
cel I's i s notadsifon; c CoRY§rsplni wrent-grrvipg cellinin the, dofiven il mady Re e pyednly

Candi dat € SeferfoPnin3Gn SBAV Sl LifHaRth DGR 1adiB iinR P& The active set update
procedures for W-CDMA are described in a document 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 sef 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 orthe Unlisted
set if the received signal quality for these cells is not sufficiently high. For W-CDMA,

the transition from the Candidate set to the Known 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 fo 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



Unlisted set maybe triggered by events IB and IF, which are descri bed bel ow.
[ 0031] The wireless device nay 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 systemadds these detected cells to the neighbor list, then
t he wirel es® thewiesznoves these cells to the Known Ti npagubimbghibaw set.
Conversely, if the systemrenoves cells fromthe neighbor |ist but the
wirel ess device continues to receive thése cells with hi gh received signal
quality, then the wirel ess device nay nove these cells to the Unlisted set.
I f the system does not select cells outside of the neighbor list as serving
cells, then WOWRDESE daHGAR2aPETPUBR GoBLed 2eloin tBe Unbisind sell ingeaddefimedngay keep

the detected.cells in the |.isted set instead of noving these cells to the
St ol

Candi date sef®€[8 each cell transnits a continuous pilot on a
primary CPl Qgo321Thi B W-CDMA Seach@ell @lahsteith 4 eontiaidusqaion ahiazgithary<GRIgHa known
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If the timn e j t 1 S i per form
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measur ement fromarly Beramblma todguesbiptad tofthe bedl. pif et timingeifithel celbis kownpthemar y
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received pi | BF SUFESytHVICE Ak PeHRm A8 APIRBeGHN FPFaE 5P 5 Phy- per -
chi p-t o- t ot afestl@inBBngd) Hnl hdnERARNOhesdirefRARIOP tHSliorl gidlity Wf tHeONRBkecdived

w rel ess device may conpare the received signal quality for the prinary

CPI CH for a @t Wenpzapy ths tTheniscayednagnal \aplifg sis tadsoqgalied trageivedhdgnghial i t y
of that cell r : i rales I kgqﬁ] AR i ved

si gnal qual i%‘m o’rret%ﬁgé%:)éﬁt Shggggjlﬁn%%%@éggi%@ﬁg r rﬁlge coﬁgét?%r@gﬁ% by the
cel I, an absdiipHcetotdimeshoitid, (Et/Ne) oeeicodisr qentityal qual ity for a serving '
cell, and so [0034] .Table 2 lists an enpl.ary.sef of. events that may
Cr1 gger ¢ r anli083lon DB WS dayiee AN SOBARE TERTRP R SHAN gAY (R G Prg
Unlisted setepich €flal gitdh deerghimOVdhe br a8 valieyi 18 RBQkamahe Qhalfti 6f Al &3t ed set
may transition to the Candidate set if the received ;éﬁ?nal quality for the

pri mary CPl Ciprfexampleatheardless leyiey nigy ghiapare Wamtee¢ived dpel drally fetrife celtonst ant
E g;/ent LA Sg?a}nsp § Eép%{:ﬁntgqggget &%stgﬁti JRY lyy elcgﬁ,i Jnoe[bsglu&etﬁl\@isﬁo(id,ctﬁsl: lrecgl?fgf nt 10,

signal quality for a serving cell, and so on.

[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 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 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
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communicates. The cells in the Candidate set 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. HHowever, these cells may grow in
importance, ¢.g., if the wireless device moves into the coverage of these cells. The cells
in the Known Timing Neighbor set and the Unlisted set may be deemed to be equal in
importance, as 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]

rates.

The wireless device may make measurements for different cells at different
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



in the Knowmn Timng Neighbor set and the Unlisted set may be deened to be
equal in inportance, as shown in FIG 2. Alternatively, the cells in the
Known Tinting Neighbor set may be given greater inportance than the cells
in the Unlisted set, e.g., if the system only selects cells in the nei ghbor
list for 200811502 set. The cells in the Unknown Ti nRCHGSNOHYMIdr set may
be deened to be | east inportant of all e cells identified by the wreless
device. This is because not much infor ion may be avail able for these
cells except for their identities. [0036] The wi rel ess device nmay nake
measurenents for different cells at different rates. Cells deened to be
nor e i npor t a¢ft theeoyat pEprogessias nsededrtp pgifern Me measurement, @ad 60 onn Meg, 2.

Cel l s that spgnt (e.g., for a full
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for cells to add to the Candi date set. The wrel ess device may perform a
search for ealin thedltnawn Timang Neighhan st atien gvendesshlinanensaste of Rafp ook forl ess

cel 1 not | deRCHrSRg By bR o BBk B e Bl S ot Tt rate

may be used [6638] eadh gedkial,Saly. mmerexmasm enmnbe ugdde $orf gch tdalt det.velieel | sets
in FIG 2 may conformtothefllo ggtglg Eellne R4 >

R5. As a spé‘@,fiaF‘FEm%‘%dﬁﬁPJ‘:’rtﬂ]‘f‘e & My © %@?@o%e@ﬁ%’g for B
serving cel |5, 2 Iﬁa;R g SORS "’KCh§§ apﬁlrcmﬁﬁcegﬁlﬁ?l(eisﬁrta)mélfsgodiﬁv% may20 SPS,

which is ong search in éver%/’néasdr enent “perio erva
mlli- perform searches for serving cells at a rate of 50 searches per second (sps), i.e., R, =50

sps, which is one search in every measurement period or interval of P, =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 arate 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 each 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 Known Timing Neighbor set and

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



seconds (ms) for each serving cell. The wireless device nmay 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 =12.5 sps, or one search in every
measurenent period of P3 = P4 = 80 ns for each cell in these sets. The

Wi rel ess d¥f Wes/ta8A2per f orm searches for cells in the UMKHBWA0SHITchg

Nei ghbor set at a rate of R6 = 3.125 spg, or one search in every neasurenent
period of P5 = 320 ns for each cell in l1his set. Other neasurenent rates
may al so be used for these cell sets. [0039] FIG 3 shows an exenplary
tinmeline for performng searches for cells in the five sets shown in FIG
2. In this elexiepmerformpa(lilplscaches;fyitheseung splissingbs e setope cﬁ‘}&daéeervi ng
and candi dat gucg ¢1§ CBhdil Qsét?ﬂﬂ@néi?ﬁtﬁn cel ihlﬂ%tKr%wn_:Tiﬁ?nﬁvﬁgﬁorietp&d e
wirel ess device also pertorns searches for cells in the Khiown Tim ng
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[0041] FIG. 4 shows a flow diagram of a process 400 for performing searches for

cells in the five sets shown in FIG. 2. The wireless device receives the active set and
the neighbor list from the system 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
mammers, The wireless device may initialize the other three cell sets to null or empty.

[0042])  The wireless device thereafier performs measurement for the cells in the
various sets 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 420Q) 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



cells in the 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 list, respectively (block 412). The Active set and Unknown
Ti m ng Nei $HbWo5/BIé42may al so be initialized in other nREMEsW5/OIMROIW r el ess
device may initialize the other three CE%L sets to null or enpty. [00421
The wirel ess device thereafter perforns asurenent for the cells in the
various sets at the rate selected for each set. If the tine for nmaking
measurenents for the Active set has arrived (as determ ned in bl ock 414),

then the wi rdsteaninedimhlock 428kdken thewitlewfisrice makes mepswsmeyts & thedetectsd i n t he
Active set : Kk enent
time for th%@@%ﬁ]ﬁlﬁ%@@@@&@%ﬁ%@ﬁ@%ﬁ a%ﬁiﬂgs@gétl @émﬁg{uréngﬁ%ﬁ%?%i

det er mi ned ithe brbohndlifjng Ndighbot hat hat arived sndiiis sebisnmmk emptye(as detememids f or

t he candi dat.e.cells. (bl ock 420) and.the roceeds to.block 434. |f the
neasur enent tbfc}‘fk 41%8){’ %i‘ RW%&%WQ’“%%%&‘FG@@E ﬁ%stﬁ%?l?llg@éoﬁ cﬁﬁfdmt his set
I's not enpt \hik A& (bRek a82Y A8 Ghdnprideeditodlonk, 434N enthe Mecairtrab@ IEnIRY h6e Makes
measurenents for the neighbor cells in this set (block 424) and then

proceeds t o dtesctellasts has prrivad (asistesninedinbloelsfd 4 18, 4R 4%k 1 BY).4ban has
arrived andﬂ@%’ﬁ%%%tdfg%fB%%’%%EP‘%%O&@@SYD 2005/ 115042 PCT/ US2005/ 017809 12

determ ned inh e wreless device nakes neasurenents for
t he det ect ed00433! | s biodkhd ¥, et wirtlbssalevit2 8gceves nichamemend cesatis ahdmbkeck 434.

I f the neasuyenment ti for the Unknown Ti mi ng Nei ghbor set s arrived and
this set | o POETBRICYE ottt SPRPHEE Do Qs s henE By TP 6P L

devi ce makesegeas MARERIEGE 9, elb@iRoice 6Rb lgtndrites dddl nd&ahedslepelt 432)
and then proceeds to block 434. If the neasurenent tine for none of the

cel | sets haspas fviproprae delods fihe dhewirslese kevige then Jelgrmingpwhothes newnd 430)
then the Wd8laRimARY €% R 8GE S0y Qe B Atindotdisn B4Rk bRl Giont 3 ¢ e

Wi rel ess device recelve asurenent res S and ‘noves e I'T's anong t he
sets, as appyspni(blbek 438).s Etheomswheeisripas dhartke trirckesudevive fretnrmt elleckc412 s

(e.g., as shown .in FIG,_ 2 ng i rel.esg device al.so generat.e 'sends
measur enment an\ﬁgﬁ&“?gl,esiﬂf‘eé%lpsﬁ r%?@l% c"i@IeA‘?s‘"’é)d.ewﬁée%W*? Qaél@é‘ %g‘g‘?l@e t hen
det er mi nes VRREMRE id8Nke &8 deabiRbRé&fmtion (e.g., a new active set or nei ghbor
list) has been received fromthe system (block 438). |If the answer is

“yes', then [0¥]wi r8Gedshoies i srecifistambediment Hir petforming cell measurements with
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 other 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 nexi measurement period arrives, the wireless device performs

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



and reinitializes the cell sets. Oherwse, the wireless device returns to
bl ock 414 and continues to nake cell neasurenent. [0044] FIG 4 shows a
speci fic enbodi ment for performng cell neasurenents with nultiple sets.

Bl ock 412 initializes the cell sets. Blocks 414 through 432 categorize the
cells in twowystieomand perform measurenents for cells pawydidésaneny sets at
different rates selected for these sets. The cell neasurenents nay al so be
performed in other manners different fidm t hat shown in FIG 4. Biock 434
updates the cell sets based on the neasurenent results. [0045] The Unli sted
set contains cells that are not included in the neighbor list but are
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Unlisted set foniltell calslcarraalystaredlingire Unbstabwmt (e 538} | Thet wigeless divdce then

detected cells in,th re L. t he Unli st sejreaches the limt
of L. the wpFEroLs Hedfied Gl dRny it Tifutd Se R Tk A GRRREE i cel | <
fromthe setideftifRIadel(s} 6k if PRI OASTnEaled 1RYANeRE] @SiR G0 thedetdddaAR]ls | f
purging i s needed, as determned in_block 520, then the w rel ess device

i denti fies t¥e8 thompysygentest putagen shes i toh ledk &8)i dhe trilesadeien theecei ved
signal qual i fofns to block 514 and waits for the next measurement period.

[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.

iC

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
wircless 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
detecied in the current measurement period. - The wireless device then purges as many
additional cells as needed, starting from 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 set.

[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 ig transmitted in

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



for the L cells currently stored in the Unlisted set (block 522). The

w rel ess device then purges the identified cell(s) fromthe Unlisted set

(bl ock 524). After purging the identified cell(s) or if purging is not
needed, the wirel ess device stores the detected cells for the neasurenent
period i n wbeoddnhiost ed set (block 526). The wirel ess dedraes200801780y et urns to
bl ock 514 and waits for the next rreasur%gent period. [0049] As an exanpl e,
the wirel ess device may sort the cells i'n the Unlisted set such that the

| at est detected cells are at the top and the ol dest detected cells are at
the bottom _Cells with the sane §et cfion ti are sgorted by their received

signal qual i dupation; of 260 apma secandsi (y)- hagh &rmeds Hp%rﬁgwgﬂ 159245 §l9fs B8t ng
placed on tog, *Oé'dﬁ{hdtc*a;t. St Glnkdiph YA S Badtfot 4 & Blu8fich SRV4708s P50 R he cells

(if any) detected In the currént measurenment period based on the received

si gnal qual i 095¥or FHes@B cladvwssthe eragsmissionoefi the gimsbronizetidrovkesnel (F6H) and r el ess
devi ce then femves current Ly, stored i e l.isted set th re al so
detected in F.é’%ﬁﬁ@ﬁid‘i@ag‘i‘ﬁ‘i%%k é’relacgﬂ?elillhigwagl%@g&(ﬁeﬁ\ﬁr&WWpurges
as many addindi @nadcofiddry SS@H. NEEHde grimatyarSGH Geabi@Mat figed BS6QMAIO fprikdagy
Unlisted set. The wireless device then places the detected cells for the

current neastReeHeaR Gl R dseayngsin thetinst RocchinsgigpotdrfOioiip slefe Athe top
of the Unlisigd iéﬂl% -sy:[tgﬁﬁge] thy%gmé PIECHES _s&%h&é}gm OidEaitelfl BHSeVi ce
n the’pilot an oh in

are dependent o e synchroni zat i ormation transmtted by
each cel | i nsettmelagysnelmoniExtempdode YSIC)stequeme if tHel fise2A¥tctivgs dlozachEICDMA ar e

d i bed bel 00 Fl 6A by W . Dat
ot anam (& e e Sorah SPCSAE el R Wi Plerchetopr 08 Fremb g diop
chi ps, wher essab i YA sdiedlfd BIRTHE0AZ BETEUSRA0RAAIISA0 e beidhir at | on

of 260 nano seconds (ns). Each frane is further partitioned into 15 slots
that are giGach cplhin aseignegdrong petkerp bl 35Cs qud apesdhis SSkapstiernden the sesandsty 0. 67 ns

channel (SO A ARt e B e e, WP LS e b aokie AP B 5™
i ncl udes a p2i.2idy yutBEH “Physicah Chameldad WHGitg ot BapporihynSEHbnd@Physical a fi xed
256-chi p pripar L oni zat i code SC) sequence in the first 256 chips
of each 2560{{@#35@(@?? }XFPEI @%ﬂ@yiaﬁm{aﬁg. system use the same PSC. The
secondary SQdos3r r i Bachocetliif 58108 orRIRmed RorariBIBQ Ak Yel SHSCHER AindAE 5pN code

(SSC) sequence in the first 256 chips of each slot in
primary scrambling codes available in the system. The 512 scrambling codes are

arranged info 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. Fach cell transmits a.
continuous pilot on the primary 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 fhreshold). 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,



one frame. 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 secondary SCH for each frame. The PSC, SSCs,
and SCH amep ghesierspdzed i n a docunent 3GPP TS 25.211, eRETAPWESOHYYsi ca
Channel s and Mapping of Transport Channﬁis onto Physical Channels (FDD),"
which is publicly avail able. [0053] Each cell is assigned one primary
scranbl i ng code selected from anong 512 prinary scranbling codes avai l abl e

In the syst The 512 scr | i codes .are . , and
each group i@ﬁﬁhl ngné‘feaﬁ‘f’ égbwglg?srf%"%&}a%m %ﬂﬂ#f%usg %E‘oup i s
associ at ed Wil forqviadyf the PSOthasSSien Ridtetted, nTthhﬁel% ®6ica dbtkiniiges mdﬁoﬁ&u ps are
associated with 64 different SSC patterns. Each cell transmts a.

conti nuous (e Ht pessiblenBSEy wanrepeivm for cady efgl erasesufive plptss chhgntdl pasgibleode
assi gned to gr_sh‘? d fi€'Psc &99@@,0,0&_43 ‘?? e éﬁi&s ﬂl%‘%&e?es?ﬁé(w?ee aL%IFcPH% teSear ches

to detect f e presence o cel ascertain ese
cells. The fthd tecsiear sdrn;ﬂﬁrfoﬂ‘ét@fdﬂ shnwxﬂneeac]pef fier }@pbssmw@% tofﬁmﬁieep

search proc 5 te ohe, _t he rel.ess eV|c faor. the PSC
by correl at |"ﬂ’g’;°ht;{i|§8“fa]§ t@a{;ﬁﬁ? gﬁjﬁtwl’f sg‘é‘{}?ec Wins ﬁsgsgrs %isi‘ﬁllﬁ PSC
sequence at cQﬁsfe&ﬁfv‘é Riotd 'TH% 6@pr§5@51§ SSC?a&ms At seﬁé@@édysul?@hfat Lo Qtfeni‘{s 5120
different time offsets in oné sl ot is detected for eachtlrre

of fset in whaicyplia thilt ebenyedfdhe cherrﬁés%'ﬂq patterng of picheirivial Rydia Sb@t ¢ itself.exceeds

2o eaet et iegd B B3y, PASIMGPDETR SR MERal iyl U 3 (RpsE |

t he cel | s i BSCheatisys tveas tradkeitiad haeh roansuSSCs dewesriddhia zﬁﬁ@s a‘oﬁmecﬁﬂmes@otsel I s
maybe detected at_ anytinme offset 2005/ 115042 PCT/ US2005/ 01780
[0056] |n stidf "rsss deviceepde f@%@nﬁggp?;%%‘ reeemae 59 %%P?PWFS@CS used

by each celtﬁegegrbaygaloqlhhg&@e&%@g@ﬁm@ﬁlen detected. The wirel ess device
determ nes which one of the 16 possible SSCs was received for each of 15

consecut i ve [80551 s. IFtatep1iBragothsiirdess 98Tse detarmines feGormbling codegenedibyt o one
R R
used for thaksosiated withhespatifie geag ofl@ghiceraaling tsled, GhSlLslesssiedict @‘fahil@es

each of the eight scrambling codes to 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 accnmulated 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.

10059] A gignal transmitted 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

complex 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 up to

M strongest multipaths for the serving cell(s).



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 wireless
devi ce can ascertain which one of the 64 possible SSC patterns was
transm tt edolzassads;en 15 SSCs detected in any 15 consecuigmves2eds@imoo The

w rel ess device can determne frane timng and the scranbling code group
used for the cell based on the detectelf SSC pattern. [0057] In step three,
the wirel ess device determ nes the scranbling code used by each cell for
whi ch the SSC pattern has been detected. Since each SSC pattern is

associ at ed \M)Qd%] a shecvirdlessglewiap peforaisdist sestshesisl iderify desrong eultipatiel ess

devi ce eval C i gh [ C S e i ch one
has used by PheTe o Rudin btd! B0L e IS RO B0 4 QMESPAR RELSEI Sl ), OO
t he recei vedoselnpt & meu%deample veidr thehowigsceamlgingaodel forl et esll aidiffeestr gi es
over sone nupber of c S res . the agccunul.ated _energy. agai nst a
t hreshol d. s afifsoisn & q’l"ﬂﬂ ?nagg%frie%ng’gsb?ﬁ?db% %MW%F@C efcgll. cHi¢l s whose
identities &fiflesk BOWEE hidking (Y Hs@'s@é&ae@?&f'tﬁ@s&ﬁn@ cell(?ﬁ&lte\r@b& rh&@uﬁiﬁ%ﬁtem as
well as cells whose identities are not known to the wWrel éss device. Cells

det ect ed by petied p{iP1 msdaddantifinup tnd] sichagest mulwﬂ@lsnfér Greosrving eell(ar ellsl aced in

t he Known Ti_m . I et.ect ed ar and not

i ncluded in VYLHETE%S g@ 4llg%%%&l tlﬁgli ¥} 'J;'?mg eta HP%E%]?%'{I@% Set l%gﬁﬁis A

Si Ignal | t ransmilbé @ﬁffdﬁmsalsgie’dﬁﬁh echol lhoﬁrwvmgaem \i’llﬂekmtvﬁjé‘hm htde.weﬁﬁainwﬂﬁ one or
mul tiple signal paths ch_signa ath is associated with a propagation
del ay and a ™Gt ﬁglsﬁ“ﬂc %forég‘?sﬁ ce %W@Tlﬁ“s‘%mﬁ'@&l%@lw;ﬁ% R g‘fﬂ oys a

rake recei Vg;f 13 the defa%ﬂféﬁ%yrﬂa'éﬁ (o%r ﬂﬁ&’iﬁﬁfghﬁ& dEcted &11( WHech are

often called "fingers") and One re searchers. The searc er(s) search
for strong svighkab devist sac periomr arhst séquedt troye qiipldmnthanl b Jull weartte sisgsthem The M

fingers are . ess up to M strongest nultipaths
for the ser ng“%‘gﬁf'(hs%&%ﬁ%bgf%%og?a%/ US2005/ 017809 16 [0060] The
wirel ess dev[{mﬁ] perFis. msshowdta ek dibgamtad andaﬁfh‘oﬂﬁmant b wirelegsdpvitel IR0pAt hs

for cells wth _kpown @’l%gl‘f’ For _a, list searcr&glf given cell, the

wirel ess devHeh Scose S¥ireless dexices PFelilG ahp ot fp ik b apeRar Hp| | ng

code for that.prk hovaﬁmﬂasfl tsem&m b&ée@%ﬁ@ﬁs%ﬁ&éls)ﬂ@l‘;ﬁ:@wﬁ@sya Re-ivel Sahe based

on the known timng for t%% cel
a receiver unit (RCVR) 716. Recewer unit 716 conditions (e.g., filters, amplifies, and

..\_>

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 an.d decodes the
demodulated data and provides decoded data. The processing by demodulator 718 and
decoder 720 is typically different for different radio access technologies. 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] O 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 meodulator (MOD) 742 in accordance with the



wi rel ess device perforns the |list searches for the serving cell(s) at every
nmeasurenment period of Pl ns to identify up to Mstrongest nmultipaths for
the serving cell(s). The wreless device may then assign a finger to each
of these nmultipaths. The wireless device perforns |ist searches for

non- ser vi Yo e Eso4a t h known timng to determ ne the PeTESMOs0ITEYNal
quality for these cells. The received si'?gnal quality for each nei ghbor cell
may be determ ned by the summ ng over all nultipaths detected for the cell.
The wireless device can performa list search nore quickly than a full
search since the detection for the PSC and SSCs can be omtted. [0061] FIG
7 shows a bperileahle sagliqpscsss taphnelpsy dp-ge M-S r &) Eansmftayivelt (TMIER) 74dhi ch i s
one of the w ' I A5 o7 8_.@1%5 712
receives do&%@hﬁ ?llégjﬁlédgﬁ%?lo%abﬂgs%ené{agﬁh o@@ﬁ’ﬂ‘g%% I‘P@)Ch % pr o@%‘é% a
recei ved si gutennat7d2 ta@oncewenorebasastatiofsToVRy s tidg cblskei ver unit 716 conditions

ot zes t ARbACH rlrblersP] et SARERS TR OREL Rt U efcEhatge o o
denodul at or déRe k. AlBeRbRGEHSBS stdes @a@d?w@maod@mﬁewpwndenemwdul at ed
ec

data. A decoder 720 then deinterleaves and odes the denodul ated data and
provi des deé@dbetierasewssingi@iisy ocessi ng by denmpdul ator 718 and decoder 720 is

moasur enont Wy GSphCA EestiEnERs, Cah R Raon s VAL ON ol Hoplfp

sear ches f otransitionwifrgllsanabngdhess eety;iand dredd sarchesrfoeocdivpt the apeomilid mtesr 718

may process . the ri,m SCH.to, obtain slot, tim.nng of ell, (2) the
secondary S %lawob?%q%ﬁ?hﬁﬁ%m%’ﬂwpﬁﬁ%‘hﬁ%ﬁé@ss@ ) %ngclg[@g ér%@p%fpr t he
detected celdspecinbly(AN/dr behebBldebisbPror MBRRMARrdnhAt. T E68EIIRE 750 SRARkecgial ity for
the detected cell. For data denodul ation in W CDMA, denodul ator 718 may

per f or m desaruaus| tyhes Wi tinformatiqer ffieay pihee maeasking vade suclh s doreaxamla cel |
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(OVSF) codes annel tron, so on.
[0062] On t hiet seat bypkhe gatem (eog.gfromndzasder §26) tinieg dfbaativn foe tHerwinsledst t ed by

oncoder 740 SHFGE e & tHeadI0 Bl PEOT Compaier ZAe BPUSRIRAGPBA MoD)
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radi o access technol ogy (e.g., . Atransmtter unit (TMIR) 744
list, respectively. Controller 730 may move the cells among the various sets based on

the measurement results 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 expires, 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 desciibed 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 thereof.

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

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




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 nenory unit 732 stores data and
program code320085ed042y controller 730 and ot her processpagusmos/e7sofp0064] For
cell neasurenent, controller 730 maintaipns various cell sets, manages
transition of cells anpng these sets, ant directs searches for cells at the
appropriate rates and tine. Controller 730 may inplenent processes 400 and

500 in FIGS. 4 and 5, respectively, and/or other processes for cell
measur enent . ﬂ@éﬁ‘?ﬂs&eﬁ@bﬂ? bereivny Theotodiwgee coday mey e sipmsksingt memewt Wi e@n from

Cera .t om dishinh Pl 332 Y B0 D LR exBRIPh P prdlRAREIEET BhnedofiBl P33, e, 11 12
syst em (e. 0. mefmqnmdemaylee ﬂﬁlal)nzmhd raithin the boocessdl anexkianal tth chevproessssin devi ce
(e.qg., fromat mer % and sq on. Contgé)ll r 730 éeﬁgulatethe Active
set and theW@ (FE%Ht S EPINBIY PRSI FLY SOPPIGH forthe RrocEssPY UTNHEE PVE set
and the nei gRR®n inlthSkt. respectively. Controller 730 may nove the cells

anong the various sets based on the neasurenent results obtained for these
cells and naj00§eher dthe prﬁe’mﬂe&mnhon@ﬁb? disclosed smhedimsatiiy proYidadto aklermay

maintain a ti el t rQVi ever the
time for the etpeIeE")%%i g@g‘]‘l %}lc]il“caa& ng ﬂ‘g 81y g rerpéé{égﬂ %ﬂﬁehﬁ(ﬂ]e (fus i
that set ar enioﬂ1ﬂmeticﬁmcte.the€oambﬁﬂﬂneﬁts ﬁi]ﬂ)ba&;adﬂy Eﬁﬁten%&ﬁthﬁhﬁﬂcﬂladrmﬁ]ﬁ g in
each set er the tjne set xp| re i ndj by tinmer
734. [0065] e%ﬂw%%eawkﬁéﬁfmﬁtdgwﬁw a% ° galie .t%e@l%epéqq?rﬂ Wé@

i npl ement ed QYo% 4 fr&HsthérﬁﬁﬂtSer doBpe SXRERRntid) €BRus! B HéaMSEvdREYn Renot
inpl emented in hardware, ‘software, or a conbination thereof. For a har dwar e

i npl enent at i érendedhiéo Ty loidesktio ey emhﬂdneeuﬁsvédwnbeqwrbuérsﬁpbem:corﬁbdﬂﬁr@deﬂt s may
be i npl ement g I S tegrated circuits
(ASI Cs), digi %gpncéﬁﬂésﬁ%w’%]ﬁg% 555’1 %BS?E@*B&‘%%G&&? ; aﬁ%i:osésdl }geﬁ‘!élﬁ processi ng

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

i npl enentation, the cell neasurenent techniques may be inplenented with
nodul es (e.g., procedures, functions, and so on) that performthe



WO 2005/ 115042 PCTI US2005/ 017809 18 functions descri bed herein. The
software codes may be stored in a nenory unit (e.g., nmenory unit 732 in
FIG 7) and executed by a processor (e.g., controller 730). The nenory unit
may be inplenmented within the processor or external to the processor, in
whi ch case it can be communicatively coupled to the processor via various
means as is known in the art. [0067] IPhe previous description of the
di scl osed enbodi nents is provided to enable any person skilled in the art
to make or use the present invention, Various nodifications to these
embodi ments will be readily apparentttYMhose skilled in the art, and the
generic principles defined herein may .be applied to other enbodi nents
without departi ﬁﬁ‘app%?}?stlﬁéwérﬁﬁf‘si"?m m&%‘B’bg’gtﬁm W@ RFent i on. Thus, the
present i nvernbitaiici gentie to catégdrigrbliralitp ef deilywvitiLithotva tin 19612 PRIIIBNYSets hown
her ein blﬁs Ls.to be tacf;cgr ded.t he wifdest sc%ge consi%en with the
pri nci pressehiripeasodpted Wi fpatculsr wiq fgesforuneepsurggentiongeliisinthe sghandonar at us
in a wwietdsthe plomtityif sat df osllsSythtkesyn LiRp ik 34sbgatecbwigondlinalidy oF digfgestat i ve to
categorigeug éowga_l iigiy of cells with known timng into a plurality of sets,
each sel“BEINY 48€d8fated with a particular rate for perforning neasurements
for cells i dehedudadropanile toeefosh medsivempitsifoathi tylls Of casletes atalfic @klrsment t h known
timng gﬁré(% ?hssoci ated with a plurality.of different neasurenent rates; and
Gru r the set

a deno ator Operative to perform neasurenents for the cells in each set at
the neasurenent rate for the set. 2. The apparatus of claim1l, wherein the

cells in the system are, operated asynchrgnousl and wherein the controller
is further (?per a:rrl?‘s’/%ppf?l lgmcszgf%ag"gﬁf \g@eréélé%ﬁ%g#n @g?ﬁs@wqﬁeﬁﬁeﬁﬁg\ﬂﬁr?qoiﬁiﬁg into
at | eastl whereindletcontBillerTih Birthppacrativese afegartizzinaigihor vdlle with onkinben pinlng adto ity of
sets i”l%'sﬂ%%see% first set with at |least one serving cell, and a second set
of neig Bor "Célls with known ti ni ng. 4. The apparatus of claim 3, wherein
the controller is further operative to initiate nmeasurenents for the at

| east one servin I T r i ni.tiat asurenents.,f he
nei ghbor cel%l' S %hgﬁdpﬁrﬁ@\t%ﬁﬁ?ii‘hrﬁzﬁ%h%?}‘ gmgiél(r:agﬁb&rs eg lgatu A ﬁftg © “élglsa?k?siarffent
t han t rservingreslt, andd second et of ndighbat @linwisknowntming. f or

4, The apparatus of claim 3, wherein the controller is further operative to initiate
measurements for the at least one serving cell at a first rate, initiate measurements for the neighbor cells
with known timing at a second rate that is less frequent than the first rate, and initiate measurements for

the neighbor cells with unknown timing at a third rate that is less frequent than the second rate.

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

a controller operative to categorize a plurality of cells into a plurality of sets, each set being
associated with a particular rate for performing measurements for cells in the set, wherein the plurality of
sets are associated with a plurality of different measurement rates, wherein the plurality of sets include a
first set with at least one serving cell, a second set of neighbor cells with known timing, a third set of
neighbor cells with unknown timing, and a fourth set with candidate cells deemed to be good candidates
for handoff, and wherein the controller is further operative to initiate measurements for the at least one
serving cell at a first rate, initiate measurements for the neighbor cells with_known timing at a second rate
that is less frequent than the first rate, initiate measurements for the neighbor cells with unknown timing
at a third rate that is less frequent than the second rate, and initiate measurements for the candidate cells at
a fourth rate that is as frequent or more frequent than the second rate; and

a demodulator operative to perform measurements for the celis in each set at the measurement

rate for the set.



t he nei ghbor cells with unknown timng at a third rate that is | ess frequent
than the second rate. 5. An apparatus in a wreless comruni cati on system
conprising: a controller operative to categorize a plurality of cells into a
plurality of sets, each set being associated with a particular rate for
perform ng nmeasurenents for cells in the set, wherein the plurality of sets
are associated with a plurality of dif¥erent nmeasurenent rates, wherein the
plurality of sets include a first set with at | east one serving cell, a
second set of neighbor cells with known timng, a third set of neighbor
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t he cantle flatset.cel |ls at a fourth rate that is as frequent or nore frequent
than the second rate; and a denodul ator operative to perform neasurenents
for the cells in each set at the neasurenent rate for the set. 20 6. The
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perform ng nmeasurenents for cells in a wireless communicati on system

11. The apparatus of claim 2, wherein the measurement rate for each set is selected based on

amount of processing to perform measurements for the cells in the set.

12. A method of performing measurements for cells in a wireless communication system,
comprising:

categorizing a plurality of cells with known timing into a plurality of sets, each set being
associated with a particular rate for performing measurements for cells in the set, and wherein the
plurality of sets of cells with known timing are associated with a plurality of different measurement rates;
and

performing measurements for the cells in each set at the measurement rate for the set.

13. The method of claim 12, wherein the plurality of sets include a first set with at least one
serving cell, and a second set of neighbor cells with known timing, wherein the method further comprises
categorizing neighbor cells with unknown timing into a third set, and wherein measurements for the at

least one serving cell are made at a first rate, measurements for the neighbor cells with known timing are



conprising: categorizing a plurality of cells with known timng into a
plurality of sets, each set being associated with a particular rate for
perform ng nmeasurenents for cells in the set, and wherein the plurality of
sets of cells with known timng are associated with a plurality of different
measurenent rates; and perform ng neasurenents for the cells in each set at
the nmeasurenment rate for the set. 13.2The nethod of claim 12, wherein the
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the measurenent rate for the set. 15. The method of claim 14, wherein the
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pl ural
detected cells are made at a fifth rate that is more frequent than the third rate.

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

means for categorizing a plurality of cells with known timing into a plurality of sets, each set
being associated with a particular rate for performing measurements for cells in the set, and wherein the
plurality of sets of cells with known timing are associated with a plurality of different measurement rates;
and

means for performing measurements for the cells in each set at the measurement rate for the set.

17. The apparatus of claim 16, wherein the plurality of sets include a first set with at least one
serving cell, and a second set of neighbor cells with known timing, wherein the apparatus further
comprises means for categorizing neighbor cells with unknown timing into a third set, and wherein
measurements for the at least one serving cell are made at a first rate, measurements for the neighbor cells
with known timing are made at a second rate that is less frequent than the first rate, and measurements for

the neighbor cells with unknown timing are made at a third rate that is less frequent than the second rate.



bei ng associated with a particular rate for perform ng neasurenents for
cells in the set, and wherein the plurality of sets of cells with known
timng are associated with a plurality of different neasurenent rates; and
means for perform ng neasurenents for the cells in each set at the
measurenent rate for the set. 17. The apparatus of claim 16, wherein the
plurality of sets include a first sejpwth at | east one serving cell, and a
second set of neighbor cells with known. timng, wherein the apparatus
further conprises neans for categorizing neighbor cells with unknown tim ng
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cells with known timing are associated with a plurality of different measurement rates; and

initiate measurements for the cells in each set at the measurement rate for the set.



