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BACKGROUND
Field
(0002} The present application relates generally to wireless communications, and
more specifically to methods and systems to enable identification of femto cells or

access point base stations with passive assistance from a macro cellular wireless

network.

Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication (e.g., voice, data, multimedia services, etc.) to multiple users.
As the demand for high-rate and multimedia data services rapidly grows, there lies a
challenge to implement efficient and robust communication systems with enhanced
performance.

[0004] In recent years, users have started to replace fixed line communications with
mobile communications and have increasingly demanded great voice quality, reliable
service, and low prices.

[0005] In addition to mobile phone networks currently in place, a new class of small
base stations has emerged, which may be installed in a user’s home and provide indoor
wireless coverage to mobile units using existing broadband Internet connections. Such
personal mimature base stations are generally known as access point base stations, or,

alternatively, Home Node B (HNB) or Femto cells. Typically, such miniature base



[0005] I n addition to nobile phone networks currently in place, a new
class of small base stations has energed, which may be installed in a
user's hongoapdpy;9vi de indoor wirel ess coverage to m%&:lrﬁlskﬂaklﬁﬁsss
usi ng exi sting broadband I nternet connections. Such persona

m ni ature basesstations are generally known as access point base
stations, or, alternatively, Honme Node (HNB) or Fento cells.
Typically, such mniature base WD 2009/049197PCT/ US2008/ 079568
080016 2 st amtiossracencueheche thitrocttane thenhelireatpernd’striieevarkbiad BSL router
operator's network via DSL router or cable nodem [0006] One of the

i ssues vvithoﬁf)%%rgO T™4tions and fenmto cells is how the Mbile Station
(M5) (squumt) mes al STheGAkHedskubls@flth BRYIlPLEREYNs andfemt® tel AGERSH thEsBiRal -
AT) finds a _fento cell when it is ogerating on a nacro-cel |l ul ar

networ k. TheiepiMe) Spmeliges sl aed Hier£anpasaenel. difcesdsimipplanAShe
used by the ghent Rnikdil wildsit fs%%r?tnt?%&ﬂ a ARVl RHSS: RRGoR TREMBLAL station

avai l abl e carrier frequencies. e nobile is not on that very
frequency wie baspadreahacyddtesent dlah ghansed dy oy femta ¢elindibe dertoss!! tiag
fento cell, _and contin er.at e.on the a._cel l. |t hough it is
within the 5%%?%9@%%@%&8{’%%% E:Cgpfg&uck&%f'trﬁ gl{r?a ﬁ%)}ﬂc Iser\ilogr?n?}fa?tg Fére is
a way to fi fidqantewhen oddd the mabiol cellmaynatodrkbie wauldhmiss the deniito calt,aads it

(access may be.restricted). The problem can.be further conpljcated by
e Tact T habTinug G G Shine Susrlel P iogib e Tt ko ame
[ 0007] Cur r eqéll. yARLARARSEvER fukdro S wisLofind AtfeRARANSGOBIR MdyditAbe ON

ot her frequencies the presence of the fento cell on the frequency
used by fenfeiheseddo aceRisdt @pssphman bhieesirigtedb akivaseblema sanbelurtheradds t o

i nterference,Qpidha bc}ttﬁgefa?tftﬁ@[qlu%%ﬁ,sﬁeugﬁa%lt RArPRASA! St B Gliade

constant periodic search for femo cell Ich can hurt battery

life. AMHSYIdi ngl y, Gumsnidy propesed eeltions ustpildbeadons torsignil @ atkarifregsertcies
be able to

e fe it iLve assistance, from macr .
cellular w lrt ecpgésé’gm%e \/\kger%%us%&m% %g%%bﬁlyrlﬁgé% geglg?ltc allsh\;@ﬁtdlpgrr?d& has
rel ates to asveakizysbemusanichdds neihfeeftreha drohabeafréqbiicesc €therwrdposals
passive assistance frompmacro cellul ar wirel.ess networks t.hat
subst ant i al I”%Fli AR Berlr)% CS(S’PICE&}%PIETO_ V\I)li’e‘(ﬂ\}%}ﬁa_&g‘é’\é\%@?cqhg" rel at ed
art. [0009] larcamgBs Rl is @heddi thouemnt hdBild BRi®s toShetabRys I6vtie BRI Qs
and conputer product for a nobile station to |locate a fcnto cell, the

net hod conpMiGingpiveEayistaracdion mrerg cPiulanyaraliss petwork. st at ut ory state,
wherein a degree of nobility can be eval uated by estimting total

pi |l ot phase excursions over a period of tine; (b) performng a fenmo
cell frequency scan by the UE, (c) &3Md¥ARYg a search for Pilots PN

[0008] The present invention relates to as a system and a method to locate a femto
cell with passive assistance from macro cellular wircless nctworks that substantially
eliminate one or several disadvantages of the related art.

[0009] In one aspect of the invention there is a system, method and computer
product for a mobile station to locate a femto cell, the method comprising: (a)
determining if the UE is in statutory state, wherein a degree of mobility can be
evaluated by estimating total pilot phase excursions over a period of time; (b)
performing a femto cell frequency scan by the UE; (¢) conducting a search for Pilots PN
Offsets reserved for femto cell use; (d) finding the femto cell; () determining if the
femto cell is authorized to use; (f) registering the UE on the femto cell.

[0010] In other aspects, the WCDMA pilots use synchronization codes which
uniquely identify a base station (Node B), which are called “Gold Codes”. In WDCMA
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af or ement i oRGERYHY abtis sactoxiyplay asound thyl femieepifen netypridDvmnatsheyribg |
conducting L@t%ﬁc {;1* th® Haaro gﬁé}’é %ﬂ)uﬁiﬁ) hetf@rﬁtopc!ell of batsQ %tt%%@%es t{l% o

identified in the arorenenti ase. In cas
search i s f basctsktiof Eroba Piothet ceFPE\{rr@fmfceteﬂ}; baggrsthtion lettheleamﬂaélemfheVRMof

g, R SR B L TR 5B B BT, 120,

this purgsesie. [00141HAdetets maﬂch,ftaahglﬂﬁmmpadﬂﬁdlﬁlageﬁnt@fcem fequency

I nvention \Ms Iolrcd n thc arfor]::1(131(r:1§t{<])n£:(§1 da&eﬂs%sa, taking a sample segment of CDMA signal,
conducting femto cell pilot search for the pilot that is also identified in the
aforementioned database. In case in CDMA2000, the search is for the femto Pilot PN
Offsets, and in the case of WCDMA, it’s for the Gold Code used by this femto cell
pilot. In other radio technologies, there are may be other parameters that are searched
for this purpose.

[0014] Additional featurcs and advantages of the invention will be set forth in the
description that follows, and in part will be apparent from the description, or may be
learned by practice of the invention. The advantages of the invention will be realized
and attained by the structurc particularly pointed out in the written description and
claims hereof as well as the appended drawings.

[0015] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.
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[0020] FIG. 5 is a method for a user equipment (UE) to locate a femto cell,
according to one embodiment;
[0021] FIG. 6 is another method for the UE to locate a femto cell; according to an
alternate embodiment;
[0022] FIG. 7A illustrates result summary of exploratory search impact on UE
battery life;
[0023] FIG.7B illustrates a simplified block diagram of several sample aspects of
communication componcnts;
[0024) FIG. 8 depicts an example block diagram of a system 800 in accordance with

additional aspects described herein.

DETAILED DESCRIPTION
[0025] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment described hercin as “cxemplary” is not
necessarily to be construed as preferred or advantageous over other embodiments. The
techniques described herein may be used for various wireless communication networks
such as Code Division Muitiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Division Multiple Access (FDMA) networks,
Orthogonal FDMA (OFDMA) networks, Single-Carrier FDMA (SC-FDMA) networks,
etc. The terms “networks” and “systems” are often used interchangeably. A CDMA
network may implement a radio technology such as Universal Terrestrial Radio Access
(UTRA), ¢cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and Low
Chip Rate (LCR). ¢dma2000 covers 1S-2000, IS-95 and 1S-856 standards. A TDMA
network may implement a radio technology such as Global System for Mobile

Communications (GSM). An OFDMA network may implement a radio technology
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[0026] I n t hesTeresesrd peiro Ao rétmic nedasd ethehercessmovitdms U@é%rﬁ?@éxwié% ag

relatively Largenode may be configured or referred to as an access node, base station, access
point, eNodeB, macro cell, and so on. Also, a femto node may be configured or
referred to as a Home NodeB, Home eNodeB, access point base station, femto cell, and
so on. In some implementations, a node may be associated with (e.g., divided into) one
or more cells or sectors. A cell or sector associated with a macro node, a femto node, or
a pico node may be referred to as a macro cell, a femto cell, or a pico cell, respectively.
A simplified example of how femto nodes may be deployed in a network will now be
described with reference to FIGS. | and 2.

[0027] FIG. 1 illustrates an exemplary wireless communication system 100 configured
to support a number of users, in which various disclosed embodiments and aspects may
be implemented. As shown in FIG. 1, by way of example, system 100 provides
communication for multiple cells 102 such as, for example, macro cells 102a-102g, with
each cell being serviced by a corresponding access point (AP) or points 104, such as, for
example, APs 104a-104g. Each macro cell may be further divided into one or more
sectors (not shown). As further shown in FIG. 1, various access terminal (AT) devices
106, including ATs 106a-1061, also known interchangeably as user equipment (UE) or

as mobile stations (MS), or as terminal devices, may be dispersed at various locations
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following information: - Carrier frequenc NB - Location

(1 atitude/ | bergmesaerglof tageiacy Eoamolclly oo walt hm@cmeautmnzanpn so that it
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vicinity of )na Egeﬁm@h&?iﬁﬁt ﬁgitr Vi Cl EI ty l?E{:}er&E)c(ly\la\gir% &f e &Vér[hon
power expr esnshdeas 1m1bmp€tbh@ﬁgyp¢@%ﬁ<wl - lamgody hmnmmmlsrqxeramoﬁdlau)omatlc
above a gi ven t hr esh ent g .acc S t used/acquired by
Thre R So0bPigtERE R s U PGt R RE RS, ae Syetam 1D for
the fenjmsgel |, Netotding td Emb&fimbite deRiibéd Geddtail Bisly, RaeiUE im:ﬂiqair@g&y
used by the fcmo cel ]j(r)o(?ﬁzgéjln one errbﬁd i ment each entry of th

dat abase ci KBSt ARLVise a3t HINge it fepye ?qﬂbél%ml‘fdﬁlwé@ofﬁwhdt UE

coordinate gy® mmamm& is@ste@bn RROTO 2@@ .0 %laWu‘fthie?o@éacﬁ A&t cemz@o the
| ocati on (vmth quall ing mninmmEdlo ), thé phase delay of each

pilot, and & oimzationn ar oGAdict h fCQH@FWnan pHse ay. \Waeation
the dat abas d I dqt

gate fento ag?% f.°ﬁ§m¥f. s GAFLORALD) tuedie, b BPRARIEPS 0 of
conduct s searncte col C]E‘MﬂrﬂﬂytS\Mé mhaslaeﬁéets 91 dciday abhs HNmmdnlmh ih thap R@inity

enbodi nent, ., t he dat bas enment s _include macro offse

which are. sl ot ROE ol RV ER Bsten s SRacRyer ‘Dl ingpig:Enee gt Eoflo
moni t ori ng alﬁbvtemegwdi treshelt e Datb gastoRideat ol ased/zagaraYybthe UM 22he
UE in the cg(lgiﬁse of. _routi e operation |n idle st and the UE does

not have to tlﬁ?éﬁ@nm PrRAtigns SUGh 23 Pyt i f?rstﬁ%?eég? s¢hsietweric i for

Then the UEino\0n@008/ SAFXIEPICH:ANSR08A By ARGEnRAANLE 8 220 starts
scanni ngqpsor the HNB or fento cell 7210, which is on a different

f requend®32per al Age erbedingyt el epley] 9 dhp aletabasy circamserthes a femto cell
100331FI G r

i seovery ol B Rh b TRy 0yt QMATRLE oA 6 YEDATLARE e che
dat abase (FEDjtodowmrien (with gadifylug minminyiEidial)l ;hc phage Hagabf eavhafilog and

fento cell S ns_of t|v rise f macr

syst em par aﬁ@ “ée;%s&e“a%toﬁl % g‘f“ﬁe%ﬁtr g(gm&gg Bﬁf" B tiet a?t?]?ﬂﬁe (“Bé&eaéi&
C, in whi ChaﬂllhblbaneMﬁEEJEdZZd’IﬁEGSdﬁUédjudEdttbCgatéeféfrﬁﬁ sdarchaipd MRy @/FpPzs6n B
within tolerance Q Al| these ararreters ar asured with little or

no change of CHHSUA Phed thF’éCO(IWd pte SEFChn Fran Bét” gpierers A datapgsg yajgh. | In

cost practiga Eﬂibcmi’lh@ﬂtn&e'dﬁta%@sfer@e@én@ﬁﬂ:ﬁﬁé ynabfof SilARPY Qﬂ'fse?ser“\@@crhkarb'%ﬁ
in contrast to e.g. A-GPS geo-locati on net hodol ogy. 100341° FI G

i 11 ustrat esviiblebt heddf P26 enmdnteei awtyiar eis PEDitotie it the mlgﬁtateheTHeéﬁni’H
cel I i n FCD1$rEXRLESSEMe k8 1R (RO Bl B0ROBRLuBROEH RGN SHE SRR 2D fhe

UE does not have to do anything different until there is a database match. Then the UE



[ 0035] Fento cell may performbetter than a UE in deriving its
| ocation froma macro cell, since fento location is fixed. Thus the

fento cell a lot of tinme searching for pilot .
nei ghbor i %%3’359%% | s, integrating CDVA signals even%F?)éTﬁ%@gm?”%eak
pilots. Batbgsy |limtation is not an i ssue here. The antenna

configuration with a higher gain is useg, further inproving macro
pilot detectability. Femto tunes on a macro frequency known to

contain onl SZZ(DTBithS)S&thh% for@BTINBI6t 66itS chine 1 CRMACIS kSdreanidReknt frequency.
synchroni zes itself with the strongest pilot (with Echo above a given

t hr eshol d) . Op&TIBS thénptsendiisdwrebptiax 4ré4g8 for additional pilots,

whi ch i teeaul d df’f@.@tiliﬂ&ra?es‘i*@ﬁﬁénleﬁ%@fﬁr@moﬁ?Qﬁd)c&lo?lﬂzédeﬁﬂwotuéﬁto? 8
Qperati on, ‘Adm ni stration, M ntenance and Provi sioni ng ( CAMEP)

syst em pi | otclPNawi flginos epnignt ef Zantoeconstellatign qapba®] ( Ptared fie gednbis

LAT/ LON of t : ocC rf i an i t t erm

the Tocari ol IR’ ofhe, Tadfiph REA BB, Sl AEUL B atF LF Flves
i nf or mat i oncomoptised of nixcectystenjavancetts. wilinin ahd aradéscrieedappbaasiatios (BS)
LAT/ LON | ookup~.fromt he_ address  (poi.n term nation of fixed c
br oadband cOfnGet S TS et JRRHIRS HAo bietlatad S8 Bivechbegs P within
consi st ency tolér@sdd! O NGILithesa paRkR O BtéShedest Ohith (i8R ddNclnge of CDMA
enbodi nent, each of the fcnto cells in the nobile's database contains

the fol | owi REPPHFDIMA POACVE Gtrt] henor ShoRpill epdinmaticatlynprthingfin terms of
mobi | e s dab,ahas &remifof nerVafk B! % BAARE oGa). ALEBY Lad ARBidhetHB6!

m
entries is M5 menory. The very first entry can bg reserved for ‘{%t
mobi | ' $088dine f eFt® LidpstratgsEOERIFERUTCRBANDNCIRIE D Bhnehtich af thevibatoecell

oo ot gyec LORLERNT 0 M SHRT DR IS L8
[ 0042] FEMIOdbdirer ofNetuvacy- It dndy udcheo faersardhalg for feiild 34IFENAGng Wiektion of
St Technglogy esep by e, Lo o el LSO FRMO RAGE LD e,
Par anet er s hrssagomdR4; byl Q04hdIEEM Qol SthersBas edifficalk i 19 ndekadt) il eHighly
(BASE LAT) t[))re?c%ga%ﬁ—:sfgiloitsndéﬁggd E‘ci'nglgPI%%Llcllio %.::():I}l/lnology. Block 402 shows trajectory of
UE 220 approaching a femto cell 412 which is in that UEs FDC. Block 416 illustrates
trajectory of UE 221 without that FCD entry. The femto cell search begins at block 404
(UE 220 enters the FDC described perimeter) and ends at block 406 (UE exits that
perimeter). Block 408 illustrates that femto cell is found, i.e. UE 220 is close enough to
the femto cell 412, so that when it searches for it, it detects the femto cell pilot of
sufficient E¢/lo. Block 410 illustrates that “Stationary” UE 222 upon conducting
exploratory search discovers a new femto cell and puts it in FCD upon authorization
check. Block 412 illustrates the femto cell. Block 414 illustrates how FCD describes
femto perimeter.  The solid lines represent “trajectory” of non-femto UE and
“trajectory” of a femto UE. The doted line represents an alternative trajectory of a UE
that enters the perimeter described in the FCD, but does not approach the associated
femto cell close enough to be able to detect it. 1f the UE 220 detects a femto cell not on
its FCD, it may choose to evaluate it and eventually place into FCD. Generally, a femto
is fit to be in FCD if the UE 220 can register on that femto. When on a femto, UE
routinely monitors femto pilot, evaluates signal strength, in case Hand Off (HO) is
needed. This monitoring can be used to update FCD, e.g. to adjust femto perimeter as it

was shown in Block 414.



[ 0046] FEMIO LONG Base Station Longitude (BASE LONG broadcast in the
femto cell SPM [0047] FEMIO PN: Pilot PN O fset used by this fento

cell; 100481MACRO SID: SID of the macro system around the fenmo;, WO
2009/ 04919¥B1PI€I180s/ 079568 080016 10 [ 0049] MACRO NI DPCRUS2Pp/0195€8

macro systemggiound the fento; 10050] MACRO BASE _ID: BASE _ID of the
"mother cell", where [0051]"Mdther Cell'y is the macro cell nobile is
connected to in the idle state, when within the coverage area of the

femto c 6(%%8 100524VRCRD BfySferte ‘bebt@t thid 8 @I Oh &epi@iﬁ'gqﬂtlbﬁﬁioﬁ%]oh;é macro

[ 0053] BASE_LONG "Longitude of the "nother “cell™; [0054] MACRO

_ PN_ VECTORelLpiegsefesee logatipmas dixpd-| ofhws ibaferiiontadl mey |spendsianlgt phitisne

Bpg(s:iesgfty | g%agé}g%%ﬁagguggﬁ%@g&iwgﬁo RERX L4 it LODRE S Slgnh 6 WS HBHE
very weak pilots. Battery limitation is not an issue here. The antenna configuration
with a higher gain is used, further improving macro pilot detectability. Femto tunes on
a macro frequency known to contain only macro cells. Femto detects the CDMA
system and synchronizes itself with the strongest pilot (with E¢/lo above a given
threshold). Femto comprehensively searches for additional pilots, which it could detect
at a very low E¢/lo. Femto also reports to the Operation, Administration, Maintenance
and Provisioning (OAM&P) system pilot PN Offsets and relative timing.

[0036] OAM&P system knows LAT/LON of the macro cells and performs triangulation
to determine the location of the femto cell. OAM&P system sends LAT/LON
information to the subject femto cell. An alternative approach is LAT/LON lookup
from the address (point of termination of fixed broadband connection). This approach
could be used as check of consistency, resulting in a more robust design.

[0037] In onc embodiment, cach of the femto cells in the mobile’s database contains the
following information;

[0038] FEMTO_ORD: Ordinal number if mobile’s database entry. The only practical
limitation for maximum entries is MS memory. The very first entry can be reserved for

that mobile’s home femto cell;

[0039] FEMTO_BAND_CLASS: Band Class where femtos deployed;

[0040] FEMTO_CHAN: Channel number where femto cell deployed,

[0041] FEMTO_SID: System ID for the Femto Cell;

[0042] FEMTO_NID: Network ID for the Femto Cell;

[0043] FEMTO TYPE: Radio Technology uscd by the femto cell;

[0044] FEMTO_BASE_ID: Base Station Identity (BASE_ID) broadcast in the femto
cell System Parameters Message (SPM);

[0045] FEMTO_LAT: Base Station Latitude (BASE LAT) broadcast in the femto cell
SPM;

[0046] FEMTO_LONG: Base Station Longitude (BASE LONG) broadcast in the
femto cell SPM;

[0047] FEMTO_PN: Pilot PN Offset used by this femto cell;

[0048] MACRO_SID: SID of the macro system around the femto;



[ 0055] Access tinme, acquisition date/time counters. This is used to
rank entries in the database and drop off infrequently/not-recently

used ones en mobile runs out of nenory allocated to
[ 0056] FI GW(?/” 20044 ates a nmethod for UE 220 to Iocatepg%@gﬁﬁ%&%ﬁgl.
In step 5024455220 on macro frequency Fm nonitors macro BS pagi ng

channel and knows parameters: SID (systgmID), NID (Network |1D), BASE
| D, BASE LAT, and BASE LONG In step 504 UE 220 initiates search of

fento dajafjase. m&(@mﬁﬁﬁl\lﬁoﬁtﬂgnﬁ%k?h&ﬁaﬁdﬁiﬁd%tf@rnhﬁse for match:
SID = SID; ND = MACRO NI D; BASE MACRO BASE | D; BASE LAT =

MACRO BHSEOILAT: HASRQ dMSE: IDAGSIRABRS froNicothe 6918} FheRe syst em | D
mat ches [O%éﬁt em | B@fnet &gl’nﬁctﬁ@ rr%}ﬁ% &N ASIRNY bt cf8M & g@t Iljlle SH?@ when

net wor k mat ches net wor k he Macr o system aroun
cell, base wﬁlhmh@bie@ragherebaﬁélelfﬂntofceﬂhe 'not her cell", base Iatl tude

mat chesg}opﬁdl ati %cteR@fBAﬁgfL@t ?gt ofltl%e ‘an'i]&her 13- | ongi t ude mat ches

the I on e of cel chis fourd in step 508,
then i n[@sgp 510MUERAMBASPEONG: ﬂ.bﬁgtlﬂﬂ@?thEF‘mtt(eFEMPQ BAND CLASS,

FEMIO CHA I whi ¢ S and t he Channe er._whe e
fent o o0 lep| OVEAOdRQJe&f TEROR B e g 2oE S St
si gnal and n?%@lg@ttlﬁ 1 FOb, SBaNG Rl gsugE%M&%Ewtc( Btéﬁﬂfenffb\'ngré §@blbaﬁe&d

by this femo cell) in step52 However, no mat is found and
220 ret ur ns'egCcHFIPR(CREEr o cel | frequency). [0057]1n one enbodi ment the

VCDVA p'[d(ogé)]s useA%%’d% hq%”h&ﬁsﬁtfbﬁec%%‘ﬁﬁi: \3@1“9 5. um@mlsxd kdﬂﬁaﬂk'ehﬁleénbaée

station are ca nol ogy
a nobile st elatabﬂselamtainas off m&ntnt@nﬂﬂhd)t-rbgcndmmd@rbpmsg véies eznbalh oy owt] of

pilots using Gold des.r rved for fento cell use. WO

2009/ 04919736?7085%‘%@7%%%2 4%80016 11 [0058] Further, if no FEMIO PN

of suffigisent EcAIG.foUREkrdtes S method td, UBE22826 lacateur &ﬂltdi oclEnTn $enedeUE

i f pllot of Sé,lffICI ent Echo found in ste 514 U (P@g ornms idle
i ably

Handof f 87 PRSI TGN M MRSy BECTS B S0

denodul at es Siﬁ f(?,;@teﬁﬁid), lemgnméﬂ@? B AR megﬁsﬁyﬁmnhaamsgt@omc In
Message (SPM of the fento cell 220 confirms E?grameters SID, N D,

BASE | D, et &tcpf dFE pRVInGsiatiseprsh of &mtp Mafbpsct Ha sicprill WaPpy scartpsthe
NI'D ( Net wor atjaq? sQrfcn; Bﬁtéﬁ?@iﬁ f_ogﬂ&sc 6%‘&’0 I@ﬁ?":' ll\B& e_gllﬁ?é?%_ ent

the UE's F confirmation UE encount er
fento than tMACBEE BASED; aBmSIEgL{Aa"r )— MRE B.’AISEnb&Tat B@rﬁﬁ LONG =

199,58l On RERTASETONE ek ! SHRDT s S8 Y5 bR
step 520 UEspdén hﬁ)uﬁ@ﬂ&ﬁﬁmtwcdﬂegieﬁieaforb D trvgcHee fétarodelD of thi Aterot dyetem
0 N D Pl ko SETE, B ab5,208 00 JLET, Ltac oSOt
descri be howdidhcpaRUba8e bhﬁlcd%{cﬁlh;@%@li" hifebdse 1dngitOMematches the longitude of
the “mother cell” If match s found in step 508, then in Step 510 UE 220 tunes to
frequency Fy = (FEMTO_BAND_CLASS, FEMTO_CHAN), which is the Band Class
and at the Channel Number where femto cell deployed. Next the UE 220 takes a
sample segment of CDMA signal and conducts pilot search for FEMTO_PN (Pilot PN
Offset used by this femto cell) in step 512. However, no match is found and UE 220

returns to Fyr (macro cell frequency).
[0057] In one embodiment the WCDMA pilots use synchronization codes which
uniquely identify a base station (Node B), which are called “Gold Codes”. In WDCMA
technology a mobile station locates a femto cell by conducting a search for all pilots

using Gold Codes reserved for femto cell use.



enbodi ment exploratory searching for femo cells is conducted. The
pur pose of exploratory search is to discover new fento cells of

i nt er est 20,. to supplenent its internal database. |t is not
very prodb@??@gﬁé}?"‘ an UE to continuously conduct expl SFQlUg'?‘{?S"M%GB

searches, nggmky to re-tune to a carrier frequency where femo cells
are depl oyed, and to scan for pilots atjpffsets reserved for fento
cells. The battery would be drained in an accelerated fashion. If the
UE 220 ii@s8pVi ngrakhey,8Dhe FEMTE PER ASsuftMen B, idunbiinstsp 814, @1 20G8kukns
210 which it is authorized to use, it's not going to be worthwhile
for UE 220 {®Fmediasteser, dhpijot of peifisisabErilo faungd ipaemihiVE 288 pedwanadle
for a very lgfahggff?%jtgqheo{fmﬁg@iilnggbglgmen it isin a stationary or
ate

near stationary s (wth small excursions around a fixed | ocal e,

e.g. wi tMSA a rebi dendéy,, UE220idemobielatap ferhbatvcll pagiog chimeeUBnd 26 tSpstem
explore for i e e n..Fl f cell 210.
enbodi nment PF %}en%%E %ﬁ%ﬁ)@?@ %fgi;l]e ﬁegleto 5:‘§Fo?tp2}%gsc%gf Vi Bt ong® gﬁb ’?rlgﬁ)r’o

cells to evaAsE &Dj tts. mhiah FRNITODBID i(§ystenk D efoit the, Feirhe CJE), FZAMTONTDIP
does its routine operatiaons, searchi for piJots in its neighbo

oo o S T B bR 260 ERMEo) BASELDE:  chred @ BbE Rl
nobil e to debgirHafién fails (RDDEl dntdtmsdréf £diffOREF Rt fhafBRIdnk iSRS for),

eval uated by estimating total pilot phase excursions over a period of
tinme. [0062fE €E 280 may aéenat tegegster ahiidrnelvmie felbieglesaingiy itdnalfatred

In Step 602 - ' te. In Step 604 the
UE 220 dete?émgtﬁgésslﬁf %ﬁ}'f?‘%(%:' ﬁ’%‘%??ﬁ%ﬁn@?% %{?‘}state. In Step 606

it tuned00s®l t he I siepudt/Ewidrie fireed o regibtesomthe fdmp cfledince IO SID, NID
2009/ 049197PCT/ US2008/.079 080016, 12 .t akes a signal  sanpl e
conducts a gggrlsc ogg%ergaa N agg% ot W%LF% et prr%vsf%‘%d eﬁ?gFgr"f%er%a ro(a:ilﬁ’ NID
use. In Stepaig08, if it finds a fento cell 210, it tries to determ ne
if it is t horized t se it jn Step 610. Generally, if the 20
s all ol o 1 eéﬁ%ﬁ@&‘ﬁﬂlewﬁ@#&n?%c low {4 PpRultie ﬂéu@%ﬁ%%aﬁezg&% o
it as shownemBo@h®mt Glporaldry tdagrchiby 280 fedionbiisald Q¥RFhckd. MR SikSdse OSF

the fento cell, the UE 220 returns to nonitor the macro system

[ 0063] Dur i n§xRlpratory prasiais & iseesgr aew fermie qsls pleinierest &1 HEj 2 0nforypplement
conpar ed 1 0;895@R| hsth$isBPAR i$ GA Ch MHodli¢d sqann e A¥ial

Expl or at orylsear cﬁ IS ccs)nductleg fo(%}ygg? Plhfgc:t&PN %Ef @e?@\l@{égggrv%%d%%
fento cell wasgoralhe ssaccshnaniad bowretnade absrrarfrequedy vdsrdEnidCeldoes

not general Ly know it.s 0 | ocati.o and canpo st i ropagatij.gn
el ay whi oh SEAPTRCed S it AER A Dol e fANRP kB kbl he BRI SRR
cel | . Thoughkrdifvdse af acdeturgedriaaliion. hHtthé UE 2204ds clviek faotdhidutarispesigased if

relative to.idl e node s hing,. .unlike idl e nmde, which occurs once
every sever &41figdse ﬂﬂefg,ce@ﬁ)‘f 8:115:86?19 a’é"b%ﬁ‘@ﬂ e &S O8heRies Bderprtiwhile for

e.g. once eva 3030 rdBifst @Sit, RENELit AR bR ALET ¥s doVRasE firs veBVbricf period of
[ 0064] For exanple: [0065]Pilot Period T = 215 = 32,768 chips (26.667
ms); [0066] Efep PelyivhenTp is=inig stapomgy pE nearplagipnarytaty GOy porlk excursions
Nei ghbor =~ Cello,bh 948RE focaftOe §MyichilAGRLEATT il Wit 15 WortMGE S MRE UL W +
Offset Distance = 51% ccﬁlljcbg',g NAcr o- Fent 091125g ghl%s; © °
cxplore for potential presence of an HNB or femto cell 210. In one embodiment, the
UE 220 mobile can use pilot phase deviations of macro cells to evaluate its state of
mobility. Here too, the UE 220 simply does its routine operations, searching for pilots
in its neighbor list. This raw information about the pilot phases can be used by the
mobile to determine its mobility state. Degree of mobility can be evaluated by
estimating total pilot phase excursions over a period of time.
[6062] FIG. 6 illusirates one embodiment of exploratory search. In Step 602 the UE
220 evaluates its mobility state. In Step 604 the UE 220 determines that it is in the low

mobility state. In Step 606 it tunes to the frequency where femto cells are deployed,



[ 0069] Search W ndow. D/ (C*TO) = 41 chips; [0070] Wndow as percent age
of m ni mum Macro- Macro phase shift: 41/512 = 8% [0071]andom1as
ercent ag f ro-fenmto phase shift: 41/256 = 16% [00721Sa

Paken forq¥ﬁém35%6§ted search can be reused for the puPES@@”@W'mmw
expl oratorygggarch. TIE 220 nust take additional signal sanples for
exploratory searching, if located in ansarea other than those
identified inits fento database. HE 220 can and should do any

of f - f r equenes 2 AaMNERMpIcNld USh M tLX HaBdhefoP N Pttt PRQUIHscRIrSRHAY t& femto
page, i.e., exploratory sear.chi ng should be outside the page wake

cycle. Wi | eelkpsgnaln Semgfls Hdt ﬁ%dScﬁofﬁ@thQellF?ﬂO i§ Eas dh doprarieg ifoins aetheridsd
carried out t&&gmly§t%fsggf%H§rgll%gt§ NBolif 286 t@?eﬁvsﬁe?{ag?ﬁe %Hl'ioeé*e% if

over several wake c contlnues to e nmacfo
system [O00#3} mihormé tpusepbseshofvnes Stapeti2n gf x RIER2AY ismyt abaredhd nggister

| npact on b er I fe, e the fol | assunp tions: WO
0b63 049107 Bt Bl s BE S shaE ¢ $o %ﬁﬂﬁg‘ﬂﬁ%ﬁs S macr o
nei ghboiee3] 15; DOATSHINupREatedy exiph, the thiterl idsdieds ﬁﬁxﬂﬂr@oﬂ@h@hb@rnoﬁhia

= 5; [0076 nber, of neighpbors in the fento nei ghbor |jst =
[0077][ Macr]o %M%SW%&?WB s gy Gavqt @mﬁﬁ%ew spafﬁhﬂ%?og?étl%ﬂ foailo

search = 13pghims Oflés P@,eﬂv&&otﬂeﬂitdﬁaeuefbé Ofrhe schRA AAARRY E£Rbt B ndrlo®Rq t41e
mobile is on_the fento:
UE 220 does not generally know its own location, and cannot estimate propagation

delay which shifts its sense of system time from that of the femto cell. Though these
factors mean that the search effort is increased relative to idle mode searching, unlike
idle mode, which occurs once every several seconds, exploratory searching is conducted

rarely, e.g. once every 30 minutes, hence the battery impact is low.,

[0064] For example:

[6065] Pilot Period T = 2"° = 32,768 chips (26.667 ms);

[0066] Chip Period Ty = 1/1.2288 ms = 0.814 ms;

[0067] D = Neighbor Cell Distance: 10 km;

[0068] PILOT_INC = 3, Macro-Macro PN Offset Distance = 512 chips; Macro-Femto
= 256 chips;

[0069] Search Window: D/(C*Ty) =41 chips;

(6070] Window as percentage of minimum Macro-Macro phase shift: 41/512 = 8%;

[0071] Window as percentage of Macro-femto phase shift: 41/256 = 16%,;

[6072] Samples taken for the targeted search can be reused for the purpose of

exploratory search. UE 220 must take additional signal samples for exploratory
searching, if located in an area other than those identified in its femto database. UE 220
can and should do any off-frequency searches (including exploratory) without missing a
page, i.e., exploratory searching should be outside the page wake cycle. While signal
sampling is done at Fy, search operations can be carried out upon UE 220 return to Fy
and if need be, can be spread over several wake cycles while UE 220 continues to
monitor the macro system.

[0073] For the purpose of estimating exploratory searching impact on battery life, we

make the following assumptions:



100801Percent of time nobile is on the nother cell = 5% [0081] Sl ot
Cycle Tinme 2.56s; [0082] Exploratory Search Period = 30 m nutes;

[ 0083] Si z PN constel lation = 64. [0084] Resul t__J j.zed
in FIG 79“’?&?%%&3 7 illustrates that prior to fem %Chgjﬁ?ogd%%@
(all-macro eghks) the search effort equals to 100% w th total
correlation conputations per day equal {p 101 mllions. The search
effort goes down as fentos are depl oyed (using nmacro-only search as a

basel i ngyo741dr oppNOGbEDL Adiclé AedshbbRgary nobiles with total correlation
conput ati ons per da}g ec%ual_s_to_74 mllions, and to 57% for
fent o- al¥78 nobi Ne@beh el gxpliithy ikt eatorsighorBipat %t i ons per day
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oper at i &#P11 00881 A Of tRE RER IS S AYMEHRT ¢5Lh 9 Fhe expl oratory scans
are nostpoggef ul slot COMemabé b6y, condi tions, though they can occur in
principle any tine in ldle State. Degree of nobility can be eval uated
by esti #¥?ing t oEsplopstaryBeqssinBaiodycifl Bingies: over a period of tine.

[0089] | tyoghyoul d BE. APRILRS PRIGHLINAL ERG. t eachings herein may be
i npl emented in various types of conmunication devices. In sone

aspect s [008#le t eaBhsutigs sisemaized wuhihd. i npl emented in wirel ess devi ces

that may,dag dep! eyed; il Il bRl rBCESR3nE ATIHORER! (il LA LA LR
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baseline), dropping to 73 % for legacy mobiles with total correlation computations per
day cquals to 74 millions, and to 57% for femto-aware mobiles with total correlation
computations per day equals to 58 millions.

[0086] Exploratory searching has miniscule effect on the overall search effort of a
femto-aware mobile (adds only 0.5% in the example).

[0087] While idle on macro system, UE performs exploratory scans of femto pilot
phase space (must tune to Fp), with these objectives: maximize possibility of
discovering new femtos not in the FCD, and cope with network configuration changes
in both femto and macro network (e.g. new macro cell placed in operation).

[0088] As it was mentioned ecarlier, the exploratory scans are most useful at low
mobility conditions, though they can occur in principle any time in Idle State. Degree
of mobility can be evaluated by estimating total pilot phase excursions over a period of
time.

[0089] It should be appreciated that the teachings herein may be implemented in various
types of communication devices. In some aspects, the teachings herein may be
implemented in wireless devices that may be deployed in multiple access
communication system that may simultaneously support communication for multiple
wireless access terminals. Here, each terminal may communicate with one or more

access points via transmissions on the forward and reverse links. The forward link (or



14 downlink) refers to the comunication link fromthe access points
to the termnals, and the reverse link (or uplink) refers to the
comruni caw(ggﬂ )B_Fhli romthe termnals to the access points.

communi cat P may be established via a single-in- é)f:ﬁﬂﬁs%m’%'fg’“s
system a myetkpl e-in-multiple-out ("MMJ') system or sone other
type of system [00901 A M MO systemenp oys nultiple (NT) transmt
antennas and nultiple (NR) receive antennas for data transm ssion. A

M MO channelodflidk) esfedYo tRQoMNmunicafs itk R thY ﬂcés‘%‘fﬁin‘t’ﬁo%@ éﬂﬂﬁﬁ‘; T
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provide i rrp?ove perf or ; mance b Iszl'kql?n %@%&8%5&‘%% ater

reliability}yystdm,ateultpldin-oodiic- dmtrféMéM@th%tenesr mrmmmfd time df Iaystem.

mul ti pI jansm v r i . 1009

system %/6supp01r§‘t ; dg}ple\[/l} gl %fz)yduplﬁltse@(1 ((ﬁ’iyljf?‘ t#&%ﬁ%%WMp%D(NR)

di vi si on dupiceixe @hieREas)for ata arafrmsmst amulmmecﬁaﬁnaabmean@ 1he MG 18fismit
ns are on the sa ncy region so that the

link transm s requ

et pr ool Ty i VAR SARTUGTDHE GepMAE GHOGY: IHPORER WGP, Mibich arc
channel froaké hefere¥absR Liaakl chanfs! whdli §; enabh o8, w}? aEQ&ﬁ%fRﬁ’é N
to extract transmit beamformng gain on the forward nk wh

mul tipl e antiéapradenirchannely seirsRondt @ Redimensians Fhe MIM(P @mggpm@ provide
t eachi ngs hgp&hid )érf&‘?nah@&gEgorﬁ%ﬁg 'tl‘ﬂé tngg(%or( %T&terl ?Bllg?Y]hﬁg)f the

enpl oyi ng vari ous conponent ommm ng Wt eas

ot her node. adﬂl‘@ﬂﬁVBﬂMplpmimesmrewbys‘énnpmdtlplortmsmmtasdtrmivemyenbﬁ are
enpl oyed to f]?ZCéI I itate communi cation between nodes. Specifically,

FIG 7B illUstTates a wirel ess device 710 (e.g., an access point) and

a wirel gsiidevi ca VIBQ( eysiem nay App&s Simeedivisival aupqﬁx @ TMOMY a8y SteRlRncy
700. At the devic ;el ‘(ﬂb]égffl c a for E unber of data streans.is
provi ded fr g liplex 793 TP sysfeyagiopwird pnd yevgre dink frapsaussipns
714. [0093] kit chORBsASPREfuSncyeREN @@tﬂﬁt e8P0k Sy bﬁ@c?ﬁ@‘a%ﬁsdthg‘éﬁfmaﬁ‘lon
respective transmt antenna. The TX data processor 714 formats

codes, and Phiheforeaiidénkhantcl APR ‘fbe et fok o dhisenghlpschprnisassawinn

S B oLt SRS ko4 Pl ST BB,

mul ti pl exedawaileble pi thoecadst moinisi ng OFDM t echni ques. The pilot data is

YB1cal i K108 R 5L BRSSP TR RS e

response. Thaiom chmpér&ned'opbdrmhuﬂﬂﬁmgaﬁﬁdatdaisaoﬁ@btheraﬂdﬁed&ﬁ@ BI8 IdEFibls

I's then mdgév%}a sampvi\é)cc%nqgogr{egt%%&a%;iy /eléglzp cgfseé 907 3%1 gatg g{())molgflgm%e?tzon between
nodes. Specifically, FIG. 7B illustratcs a wircless device 710 (e.g., an access point) and
a wireless device 750 (e.g., an access terminal) of 2 MIMO system 700. At the device
710, traffic data for a number of data streams is provided from a data source 712 to a
transmit (“TX) data processor 714.

[0093] In some aspects, each data stream is fransmitted over a respective transmit
antenna. The TX data processor 714 formats, codes, and interleaves the traffic data for
each data stream based on a particular coding scheme selected for that data stream to
provide coded data.

[0094] The coded data for each data stream may be multiplexed with pilot data using
OFDM techniques. The pilot data is typically a known data pattern that is processed in

a known manner and may be used at the receiver system to estimate the channel

response. The multiplexed pilot and coded data for each data stream is then modulated



(i.e., synbol mapped) based on a particul ar nodul ati on schenme (e.g.,
BPSK, QSPK, MPSK, or M QAM selected for that data streamto provide
nodul ati o The data rate, coding, and nodul ati C

dat a stregﬁﬁ#@}afﬁgg determ ned by instructions perforneJ%EQJSgd’[}S/S%ag
processor 738qsA data nmenory 732 may store program code, data, and

ot her information used by the processor530 or other conponents of
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filters, anplyappiss bewndfcdmmecengles tosthe symledpeidhé data ste&amswe@tosﬂlg aﬂabxma
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vers /54
based on a PdMGcUra’ ”i“?éf%ép ‘é%*’lﬁ? 2o “ElPBﬁ‘fsdgth\W and

"detected" sycQbrtsyikeAPog sIHRIS l‘ﬁi@'&l@e PhREAR&A sigh0stifdBR for transmission
denodul at es, dei nterl eaves, and decodes each detected synbol stream

to recover CHE the MMQ chpngl. fi¥r mordatga signals foaMramspEvyss $ae draeghnl22T
the RX dat aa&r@&?@a%eﬁmza@gmﬁwm %m@fh}‘ougﬁ 7tzlmatre@%£t v%hﬂed by the

TX M MO processor 720 an e TX data proceSsor 714 at t devi ce
710. [ O0®ITIA prodésborde7ird 1Hér |tlmj|t®a$rh19tedjemeiulﬂt¢de51gmﬂsdne pctemeddlb}ng\f;e
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reverse |ink wessage co CFT % S
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devi ce 750. digitizes the conditioned signal to provide samples, and further processes the samples to
provide a corresponding “received” symbol stream.

[0098] A receive (“RX) data processor 760 then receives and processes the Ng
received symbol streams from Np transceivers 754 based on a particular receiver
processing technique to provide Ny “detected” symbol streams. The RX data processor
760 then demodulates, deinterleaves, and decodes each detected symbol stream to
recover the traffic data for the data stream. The processing by the RX data processor
760 is complementary to that performed by the TX MIMO processor 720 and the TX
data processor 714 at the device 710.

[0099) A processor 770 periodically determines which pre-coding matrix to use
(discussed below). The processor 770 formulates a reverse link message comprising a

matrix index portion and a rank value portion. A data memory 772 may store program
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[ 00106] I n sone aspects a node (e.g., an access point) may conprise an
access node for a communi cation system Such an access node may

provi de, \?6 HAMLe, connectivity WO 20091049197PCTlLl;%%.p[%gé?(gé25%?211
e

080016 18 for or to a network (e.g., a W de area networ

I nternet or osoel | ul ar network) via a wired or wireless comuni cation
link to the network. Accordingly, an ac¢ess node may enabl e anot her
node (e.g., an access termnal) to access a network or sone other
functi onal i tradio lievhaeldgy swh, as EvalbaiuUTRBe(@pPTRAMRIEHEd011 10 MEERR0DA6N
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OFDMA, W MARCTRRmertiby) arigriely cSripparguss| (Bl yode). wiltk 89ress gsm@s:tea mﬁy (e.g.,a
support or %&fersw& #561cRBfeR In HRbRILR fle @m;/%{e £ dlgs h&%{nt 2PN ller?s% 40
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above df Gther wiPeidd® s ShALTRTS ?al-t‘m%r%n%é’ccﬁ%f‘ 06 Lplprgpty 'éno“ﬁl as
W rel ess nod&rrmlmpﬁmﬁpral aSbsaibet stelies s :hibmﬂneleuﬂiﬁra Wiobile ataﬁ&glaaﬁlsl@he, a
transmtter a e| ver cgﬁ%onent s that mai; i ncl ude, vari ous

conponent s PE’ c no ‘i » GEMOGFEPRL F LR EFRiNgh § USR EBRaly A dpCri aggRt. a user

faci litate @evwBeiMGah QfheP ¥@imdIophyT GhasSe qﬁglemanaﬁ&@%%c&,k Qrmfnal may
depicts an exarrpl e bl ock diagramof a sgqptem 00 in accordance wth

addi ti onal &¥ppdEs GHlker teb?évaorrsfeaémdles benegoeespion il asonarotagpp £1HP s
that can fagjhid atvﬁfél&g%afap%og (f‘wm@ Clidn, SPEGbI ((flg'hzhyas%@%lﬁt(gﬁbﬁo)oa

can include a pfura ul es o means, eac nnec
comruni cat i dandhikdk dseae; tamigc mrelommonicctive sapalilityt her somd uities  auitable

means over cation lin 05. [001101Thos ill in the art
woul d under g?%&lghagef tcf hig %I}eﬁ%fi §%n %‘kgesglnb%ﬁps Cﬁrcglégli}"e%ecgéﬂ?r&ﬂmpeds
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descri ptiondemye Re:. LRH@NeNdRIaRitant), an entertainment device (e.g., a music device, a

video device, or a satellite radio), a global positioning system device, or any other
suitable device that is configured to communicate via a wireless medium.

[00105] An access point may comprise, be implemented as, or known as a NodeB, an
¢NodeB, a radio network controller (“RNC*), a base station (“BS*), a radio base station
(“RBS*), a base station controller (“BSC“), a base transceiver station (“BTS%), a
transceiver function (“TF“), a radio transceiver, a radio router, a basic service set
(“BSS"), an extended service set (“ESS®), or some other similar terminology.

[00106] In some aspects a node (e.g., an access point) may comprise an access node for a

communication system. Such an access node may provide, for example, connectivity
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scope consi sﬂc&imteswmhartsmemmmmpdasen Bnid8Gtovel features discl osed

herein. [00110] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by



21 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: |. A et hod
for a user's equipnent (UE) to locate a femo cell, the nmethod

I ncl udi ngw@eswhiiéd Nng by the UEIf it isin a Iom/nnb@bmhmm@m@hyg
wherein a degree of nobility can be 5eval uated by estimating total

pi | ot phaseotsxcur si ons over a period of time; tuning to a frequency
where fento cells are depl oyed; taking &9signal sanpl e; conducting a

search for all Pilot PN offsets reserved to fento cell use; finding
t he fento cupltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.

[00111] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

{00112] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
compornents, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MICIOProCessors, One oI more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00113] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such the processor can read information from, and write information to,

the storage medium. In the alternative, the storage medium may be integral to the



10determ ning by the UE if the fento cell is authorized to use; if
so, registering the UE on the fento cell; and if not, returning to
moni t or a w@eswosdsi em 2. The nmethod of claim 1, whepeipiistdigotdss
uses pilot phase deviations of a plurality of macro cells to

15eval uate Pg®s6state of mobility. 3. The nethod according to claiml
or claim2, wherein the UE searches for2bpilots in its neighbor Iist
fromthe macro cells, gets the raw i nformati on about the pil ot
phases, basBEPCeWoRhTehprpeesenstand thenderaga medinmi mat iesisle an en ABGC. Zhe AFEC
et hOd aC.CO E@%Il&GQH%%eI‘O@I%’uH& (ﬂ't ergiteljna{i% :f’he (?ers I’q &E}%spcggéeqngcﬁum
sanples wt 00Si Nng pages on the macro em qna{l e

noni t ors. ﬁxay”fetseiermtihadteoiorrmbacm’namauabﬂemzmlt he sanpl es taken for

ppar attifio. T ocat a4 Preafts efibion fpEER 0 ds opged o cnabl
det er mi ni ngapy pteh;en Ukkilidd id thes akt t@ thake/ 6DRisé ithy FéREUSHveW@®I. €1 Vadous
degree of nobi estimating total pilot phase

{ij can be ev at ed %
excur si ons BWEHICINS 1 Higspem ‘? entg oykhh 45 &caflly apRiginh & ‘chﬁseaSIGFlllf‘é‘qﬁéle‘th
wher e fent o,gpihk %c@errf% ﬁ'ﬁ@ﬂpﬁz\é %@ﬂndﬁ‘%?b?n hfag bE %@Nf&q tgo&bgaﬁtom&m Siithout
means for conducting a search for all Pilot sets reserved
fento cel | denarting e dep sofidt drewors @fethp inventies Tlos, ﬂnetmanmtnnmtlby ume
LIEif the In‘?e%ﬁdgd f\t)q}el Egﬂu%edgg ttﬁ-éoerrﬁb%ﬁgn&ﬁ)s H3&n hg’l%ln but B 10 b€ gézc%&‘c?ed tﬁ'@wfdes%
LIE on the tento cell; an

scope consistent with the principles and novel features disclosed herein.



if not, returning to nonitor a nacro sgstem 22 7. The apparat us of
claim6, wherein the UE uses pilot phask deviations of a plurality of
macro cells to e ' E%t[s ﬁwﬁgi, ' 1§E f us
according to cl a;i%h%é%gmﬁzll m h@vaﬁfe]:{r ern %lﬁgﬁj@é sea’-?r%ﬁ(e)gﬁ or§‘pi lots
in its neighbor 5list fromthe macro cells, gets the raw i nformation
about the piyl Rha N ' ' ' h1s. ility
state, o, " o uBnBEe R DO Mt s KELFLR BFRcbbE iRy

wher ei n t he dgEminiReby da bl ibi isih & eumobibiyishatspeltpesn oriegrdeef mability ey ¢ em
that t Lt O . r grding to any one of

cl alsnsla%#ge d9m? %\%&%@ﬁ&aﬁ%&%&%{éﬁoﬁsﬁ’a ggér% gjre&tﬁ%} éle ed search can be
reused to fimdhgiewiteueney whekd fomtolcells arAdemdonpdit er - pr ogr am pr oduct

i ncl udi ng: l dabl e nmedi um i ncl udi ng codes for causing a
conput er to?ﬁﬁ%mﬁggta%@% ne by the UE if it isin alownobility

st at us, whereldnctizdegrdefonsll Fish PNioffyetemrerird tefealtaadlede;by esti mat i ng
total pilot zﬂﬁiﬂéﬁe%&%éi-ons over a period of tine; tune to a
frequency ere"fento cel'ls are depl oyed; take a signal sanple;
20¢®nduct adetemrieing bothe 318 if @i Faptto P i fuftbarized foeser ved to fento cel |

use; find t tﬂ%o,f @@Lt@rlrfgqhé VE on the femto cell; and

if not, returning to monitor a macro systen.

2 The method of claim 1, wherein the UE uses pilot phase deviations of a plurality of macro cells to

15  evaluate its state of mobility,

3. The method according to claim 1 or claim 2, wherein the UE searches for pilots in its neighbor
list from the macro cells, gets the raw information about the pilot phases, based on which it determines
its mobility state.

20
4, The method according to any one of claims 1 to 3, wherein the UE takes samples without loosing

pages on the macro system that the UE monitors.

5. The method of claim 4, wherein the samples taken for targeted search can be reused to find new

25 femto cells.

6. An apparatus to locate a femto cell, including:
means for determining by the UE if it is in a low mobility status, wherein a degree of mability
can be evaluated by estimating total pilot phase excursions over a period of time;
30 means for tuning to a frequency where femto cells are deployed,;
means for taking a signal sample;
means for conducting a search for all Pilot PN offsets reserved to femto cell use;
finding the femto cell;
means for determining by the UE if the femto cell is authorized to use;
35  if so, registering the UE on the femto cell; and

if not, returning to monitor a macro system.



determne by the UE if the fenmto cell is authorized to use; if so,
registering the UE on the fento cell; Znhd if not, returning to

tor a ; i i |
T Wi o n e PR STUaiy, vhéwy e RS ALPEAUIEHIT bE frdth B

macro &ePvekateds egiglofmelliivi s state of nDblllty 13. The

conput er - program product according to claim 11 or claim 12, further

i ncludi ng codes for 30causing a conputer to: search for pilots
in its8nei gAborPPRIagE agqopskingthelaime poclel 7, whergitthe Wi seaephes fof milotsein itoneighbor

aboyt  §ifGroR hOhaBPRSESgerLBS AL 19f3r1'}MHoﬁ By dut ¢ %gft ;mga@ %aée? on &E}Eh tl de¥ermines

state. 14. The conpufer-progran1pro uct of

i ncl udithgobibtyesats.or causi ng a conmputer to 35take sanpl es without

| oosi ng pages on the macro systemthat the UE nonitors. 23 16. A
user equi pment (UE) incl uding: a processor that determnes its
| ow m§| | i t yheerpeasis aggeeting ta aey eregf elaimsfo tadbvieraiy the AIE thies eapilesatitduiby

est | Maidsag pb ik Bh iRl Bl HAAT BfHE VEShARSOVer a period of Lime: Sa
receiver tunes to a frequency where femo cells are depl oyed;

sail®l processor takes a signal sanple, conducts a search for all Pilot

PN of f 3gts Ags %fp!ﬁgls ta&:@f tQ aff}ecl)ﬂe oft §1§1msf6' H9Switdin 1 @n@pl&%ﬂen for targeted
ce %

determnes if the fent i's authorized to use,
i t sel f s@FFhicAR DS Ehicd tcz:féndl rseWafﬁlato cells.

11, A computer-program product, including:
15 computer-readable medium including codes for causing a computer to:
determine by the UE if it is in a low mobility status, wherein a degree of mobility can be
evaluated by estimating total pilot phase excursions over a period of time;
tune to a frequency where femto cells are deployed;
take a signal sample;
20 conduct a search for all Pilot PN offsets reserved to femto cell use;
find the femto cell;
determine by the UE if the femto cell is authorized to use;
if so, registering the UE on the femto cell; and
if not, returning to monitor a macro system.
25
12. The computer-program product of claim 11, wherein the UE uses pilot phase deviations of a

plurality of macro cells to evaluate its state of mobility.

13. The computer-program product according to claim 11 or claim 12, further including codes for
30  causing a computer to:
search for pilots in its neighbor list from the macro cells, get the raw information about the pilot

phases, based on which it determines its mobility state.

14. The computer-program product of claim 31, further including codes for causing a computer to

35  take samples without loosing pages on the macro system that the UE monitors.

15. The computer-program product according to any one of claims 11 to 14, further including codes

for causing a computer to take sample for targeted search for reuse to find new femto cells.



if not, returns to nonitor a nacro sysbem 10 17. The user equi pnent
(UE) of claim 16, wherein the UE uses pilot phase deviations of a
plurality of macro cells to evaluate its state of nobility. 18. The
user equi pnent (UE) acc dJrll to claiml16 or 17, wherein the UE

sear ch fg?“ﬁ?rle&‘t‘ mF‘H(ﬁtE%m g?fﬁg'ghbor list fromthe nacro cells, gets
the raw i nf eproass@ihat Battiniddd @s Pivl QEbIRN GRS, wiRASEHdQRe\Whinehilitytcan be evaluated
determnes. its nDH’fLDIt%a state, 19. The user equipment (UE) according
to any bRETEHERLPR POt RIEST GOTBIonHNeF @ PSiioARER t akes sanpl es wi t hout

| 008i ng pagesecoiRerthe niBCHa feysdneywhitatentibeelEemepbiar s. 20 20. The
user equi prrenéi éUE% accordi ng to any one of clains 16 to 19, wherein
the sanpl es TAREIFSIG X e YEPeRmOEarRAvEHhsepieh fag gl Bot Y 9ifsad rovened erferato

cel | s. cell use, finds the femto cell, determines if the femto cell is authorized to use,
if so, registers itself on the femto cell; and
if not, returns to monitor a macro system.
10
17. The user equipment (UE) of claim 16, wherein the UE uses pilot phase deviations of a plurality of

macro cells to evaluate its state of mobility:.

18. The user equipment (UE) according to claim 16 or 17, wherein the UE searches for pilots in its
15 neighbor list from the macro cells, gets the raw information about the pilot phases, based on which it

determines its mobility state.

19. The user equipment (UE) according to any one of claims 16 to 18, wherein the UE takes samples
without loosing pages on the macro system that the UE monitors.

20
20. The nser equipment (UE) according to any one of claims 16 to 19, wherein the samples taken for

targeted search can be reused to find new femto cells.



