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BACKGROUND
Field

[0001] The present application relates generally to wireless communications, and
more specifically to method and system for storing information to locate a femto
cell.

Background

[0002] 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.

[0003] 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.

[06004] In addition to mobile phone networks currently in place, a new class of small
base stations has emerged, which may be mstalled in a user’s home and provide
indoor wireless coverage to mobile units using existing broadband Internet
connections. Such personal miniature base stations are generally known as access
point base stations, or, alternatively, Home Node B (HNB), or Femto cells.
Typically, such miniature base stations are connected to the Internet and the mobile
operator’s nctwork via DSL router or cable modem or other backhaul technologics.

[0005] One of the issues with mobile stations and femto cells is how to find a femto
cell when it is operating on a macro-cellular network. The mobile station may be on
a frequency different than one used by the femto cell. Alternatively, the femto cell
may reuse one of several available carrier frequencies. If the mobile is not on that
very frequency, it would miss the femto cell, and continue to operate on the macro
cell, although it is within the coverage of the femto cell. Additionally, even if there

is a way to find a femto cell, mobile may not be authorized to access it (access may
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comparing current RF measurements taken by the UE with the femto cell own RF
measurements to estimate proximity to the femto cell.

[0010] Obviously, this requires a protocol to communicate this information between
the femto cell and the UE. A simple alternative to a new communication protocol
would be for the UE to store the RF measurements to neighboring macro cell at the time
when it receives the strongest signal from the associated femto cell.

[0011] In other aspects of the preferred embodiment there is a system, method and
computer product for augmenting a user’s equipment (UE) database with information
processed at a back-end server based on a multiple UE reports from the multiple UEs
for locating femto cells, the back-end server is part of a macro cell network, the method
comprising: (a) performing RF measurements by a plurality of UE, wherein RF
measurements determine a location of a femto cell based on the UE’s location relative
to at least one macro cell; (b) sending the location information to the back-end server;

(c) processing at the back-end server the locations to average location for the femto cell;
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learned by practice of the invention. The advantages of the invention will be realized

and attaincd by the structure particularly pointed out in the written description and
claims hereof as well as the appended drawings.

[0016] It is to be understood that both the foregoing general description and the
following detailed description arc cxemplary and cxplanatory and are intended to

provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] FIG. 1 is a exemplary wireless communication system;
[0018] FIG. 2 is a an exemplary communication system to enable deployment of
access point base stations within a nstwork environment;

[0019] FIG. 3 illustrates a method augmenting a user’s equipment (UE) database
with information measured by a femto cell.

[0020] FIG. 4 illustrates refinement of autonomous and customized discovery of
femto cells.

[0021] FIG. 5 illustrates a pilot phase planning chart.



dat abase depending on the strength of the pilots. [0015] Additi onal
features and advantages of the invention will be set forth in the
description that follows, and in part will be apparent fromthe
descri pti o¥Q 209p/049835 be | earned by practice of the inveBCT/AR20099A515
advant ages of the invention will be realized and attained by the
structure particularly pointed out in the witten description and
clainms hereof as well as the appended dﬁawﬁngs. 100161t is to be

under st
foll ow

A%t a1 ca ety En sRan AERF M SRhbe Blist 2aB00my D ar o

I nt ended t odptleyt dah idfoinieibn rgpeReditiadacobnd fKever D¥LRObH G3poats fiomai med.
BRI EF DESCRI PT] OF THE DRAWNGS [0017]FIG 1 is a exenplary
wirel ess coMimicdEion system [0018]FIG 2 is a an exenpl ary

communi g@agion syst ety AnakdodePk fhe 915c@GCESISmMPRY BaSise with
e i BBReT e T () 088se wi

stations within a network environnent;

illustrates a

met hod augnBheTegompigsessedsat @dasipaishiereumsed ar epaseromutnliiple 8Esat i on
me fent , 4 i
Conombt2land cust i el ‘ol Seovar ot el Bidh Pl Ful BTN of

i || ustrat escanpihicitioplraspornsnni ng chart .

aut ono

[0025]

[0026]

[0027)

FIG. 8 is an alternate method for augmenting a user’s equipment (UE)
database.
FIG. 9 depicts an example block diagram of a system 800 in accordance with

additional aspects described herein.

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment described herein as “exemplary” 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 Multiple 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
such as Evolved UTRA (E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, Flash-
OFDM®, etc. UTRA, E-UTRA, and GSM are part of Universal Mobile
Telecommunication System (UMTS). Long Term Evolution (LTE) is an upcoming
release of UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are
described in documents from an organization named “3rd Generation Partnership

Project” (3GPP). cdma2000 is described in documents from an organization named
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In the description herein, a node that provides coverage over a relatively

large area may be referred to as a macro node while a node that provides coverage over

a relatively small area (e.g., a residence) may be referred to as a femto node. It should

be appreciated that the teachings herein may be applicable to nodes associated with

other types of coverage areas. For example, a pico node may provide coverage over an

area that is smaller than a macro area and larger than a femto area (e.g., coverage within

a commercial building). In various applications, other terminology may be used to

reference a macro node, a femto node, or other access point-type nodes. For example, a

macro node 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 (¢.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.

[0029] FIG. 1 illustrates an exemplary wircless 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 cxample, macro cells 102a-102¢, with

each cell being serviced by a corresponding access point {(AP) or points 104, such as, for

cxample, 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

throughout the system. Each AT 106 may communicate with one or more APs 104 on a

forward link (FL) and/or a reverse link (RL} at a given moment, depending upon

whether the AT is active and whether it is in soft handoff, for example. The wireless

communication system 100 may provide service over a large geographic region. For

example, macro cells 102a-102g may cover only a few blocks within a neighborhood or

several square miles in a rural environment.
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The. pr obl P Bert GHE REISTCBRRIS & PEleby e Fhete PRI TEH e regbase
celI's are puylemeftsORELA nRBreAbilott e dffseB, whith %8)alRdiéan 8gake UE LIS on
i nvention include: inprqoved battery perfornance | arogel y aut ononous

oper at i on aNtheEHESHELT & HrROvIEIngn My gk stare These PHjictheft ereasepspiblerig the
network dowpjpogdfe doQQ34kAGHREHHRGLP i TROHaltEBhS _tlfé:e?ﬁrdogﬂoﬂbﬁ‘avg% 3ol
bel ow, the UE 220 acquires (by l'earning or otherw se) a database of
HNBs or f emruytbiek|dife2dd untidhere dualiitzlmde faotcht Faen, Ui UEQ20 Flass dateibase
IS st or ed .Ot tltfﬁB%% fgrgzl%ce@qon\% ¢ Pscolnuaq gifffepelilt ﬁrg Cu@: E:ye.na)gergt?rlgl thizsjwoaytuhi
foll ow ng infornmati on: - rrier Trequency - oeaton

(latitude/| osgtd bediery deAthageON), or an alternative) - List of CDVA

Pilots a phase offsets . in vicini of the Hot Spot, with N
Dhove: alBogen & hr odtig: o 1aes o Brde BundingacShS covBner by Gutes,
thi s access wi@rinforabtic mbleud by a @nlie el damnt iféhieadellan oivaflaypBiliyokhve a

such as System I D for the fento cell, Network ID for the fento_cell,
radio that receives the Macro channels, in order to facilitate various configuration

objectives like synchronization, location, pilot PN planning, etc. Consequently, since

the Femto 210 in addition to its forward link transmitter, also has a forward link



a non-orthogonal coordinate system conprised of macro pilots visible
at that fento |ocation (wth qualifying m nimum Echo), the phase

del ay of each pilot, and all owed devi ati on around that nom nal phase
del ay. Whev0 elee/04bassabase i s al ready avail abl e in the UBC2282008/679686N
be used to reduce fento searching, (i.e., conduct femo search only
if there is a match in the database). The UE 220 on a frequency ot her
than FF conducts search on FF only when®there is a dat abase mat ch. In

one enbodi nent., the. d i ncl ude m of f set s,
ohich are areeyes foaRipU SoiefoB0 kYt fatiatu Bus aPiehSring gedro (Ehs
noni toring iavdreed iadlean® tcahfgurdtitas chabP iDtifseh& adactamCes FulRh@mbe:, thi
LIE in the course of routine operation in idle state, and the UE does

not have t oTWESUEGRANA Isnigkedly #F b5 gt anshiate sinrsrthe Femip Bk iisianatut a, can
Then, the Uk220Q & RASrScaRMvaPa i) r{kﬂ@d ENEmer ﬁferﬁean&@hé z?r%%end"@'l&h
IS onadlfferent frequency erat| his way w il reduce ttery
drai nage. [0D®8% SHaGhHQ fiot D’é@s p mghbarm@trmu Cal!rg mtémratmg @DMesigmls fiom
equi pnent ( e f ceI | .

The Fento cony *oTbPIAR T Aohub 2 ObRRES RS PR e SO D7 e
Macro chamel s, inrStey 8lEl, ttteCUE a0 d:onhattetowhﬁ Fmﬁs 2¢ O ridrithfigt ti@d The Femto

obj ectives || S roni zation, |ocation il ot | anni ng,.. et
Consequent | §10 SpREBSE B iRschaws P Duaicirbly fis VE<HBRRaRGSEP b ©
transm tter detainsifle RR&tIA §Om¥@skol denk WR ROASKAHRL AR R@bh@@ﬂﬂ&é&@@ﬁ@
8 receiver, it itself could neasure its RF environnment wthi

nei ghbor i ngFEEr 1 0cas $hownagvSipi 468, dh ctoh ARG fith @Hﬁﬁttlfﬁ?@uqﬁ@@@m with the
i nterferenceehRaugti Rl ngy{otégﬁﬁl%rlﬁ’pr(; AR YEATER) dsShbl K & e 915

quite accurate since the Femto 210 sta¥| onary can avera
measur enent $higves a ﬁu‘th@hgivpeiﬁgmtﬂafdf th@lUﬁ'ZEOT drerFeschQH@nto 240 g gam éfoathe

o o ot e R AL 28 B R EE BR S 1.

perforns it teawor nﬁasasmemmt\sﬂhhe xﬁmmzaﬂac the Edf}Birfikor poidtiem tBé)Hemﬁohaao
0 210 for the first time. The Fento 210

UF 220 connec 0.t nt
downl oads |f§t[$n‘§’§é°ll}rnéaﬁ‘§§1§%3 YHPAPURRYFSs to the UE database in Step

306 to gasgr M nerlaatih @it irefilterch et Atdvhdous MiEfstonzdaeiicold IR tdio
UE 220 approaches the Fento 210 as shown in_Step 308, it can conpare

its current c§HSastiedreation ofia fymiprall paibs dgscailed bemgrtsgy prigitaes comprsed
its proxim t T,

further advg%%x{g&g éti‘ﬁgliﬁ i tﬁ%rgu‘%ﬁ%%gg%\@%? gg%llggd tﬁ %Gegaslge%é[t%ng%@ getac n111
(for the t thﬁlcthtﬂiln'é)cxccred rthrasheild Egfoevectod Dy ewd hayn phisa® witlen gé@@m Q i A8
as shown in e t LA Qi asu n

mnimzed, f}é&f aég%%%g%ss%oerﬁ ed({’)lllerné 9Vllﬁsl hr& em% % Efn Jfﬁ%\z{ J\ eclefljum\%t('n1
makes this ssytBtataa)piicce cHaystill hb%)&&]lﬁhictosﬂml tbimgsifrbattas erﬁmﬂi@ﬂ&m/orﬁf

aut ononous and, cust om zedégjc% over of fcnmo cells. The location of a
femo cell HEy WO HREE -8 § g§7ANENBY primitives conprised of macro

system pas@net er s: [G! Riiludbes pileapkles %[dlnﬂlﬂﬂ ¥t balsh@ (ﬁlhﬁtbh@ﬁpb ﬁﬁﬁ}en&et
C, in which Pilots exceed threshold Ec/lo vector have phase

wi thin tol efdican s VA densresiPp i P atd @@fseﬁ%ﬁmwétp sl ghg iﬂiltané
or no chang@pzqte RERCRH R0 Chigl qn%e @ﬁé-'te\ﬁ% §leA DS BEYs PN

ay b 3
wll have mnimal cost in terns of battery life and"ﬁy net wmyt use,
in contrast Ofisete 2y forAﬁl@?@cgléo This s be acf[i@»@ﬁgil [l @upls dflwayst (Iadegement

pi | ot phase f 0 ce e
very dense. ngﬁr buﬁgaﬁ(}ﬁ? cigﬁ%ﬁ&qb%m or ﬁtascfg{) %nét Ceh g&?Pé%d
f P2 are phasmgoin sets nﬁemro deﬁﬂlaﬂnﬁ@bikﬂny easdigrénd edigPN effmts tbheéreomy be
as many o PN O‘fse ro cel I Th i S chieved i
a coupl égog&t ways: %%@%rﬁé‘z{zs U'Ies}llfxlt’f‘ ?lgacﬁ éﬁen numbered)
odd- nunber eamP@m@M; 99T(3§1+f[}3&esflﬁrﬁh06$¢éﬂ1t% Plandffﬁ£§ (6&95@@13@8& IPAC (¥ fsets).
macro cellul ar network by re-assigning odd PN offsets to even ones.
Initially, at Iow dehsity of femtds, a subset of PN Offsets can be used for femtos
(explicitly in neighbor list). By the time femto density gets high, new femto-aware MS

will have been fielded and can deal with the entire set of femto PN offsets.



WO 2009/ 049155PCT/ US2008/ 079515 9 [0041] I n one enbodi nent, an
over-the-air protocol is required to communicate this information
between the Femo 210 and the UE 220. A sinple alternative to a new
comuni cafW@roopp#itcol woul d be for the UE 220 to st or @CTI820R¥079515
measurenents to nei ghboring macro cells at the tinme when it receives
the strongest signal fromthe associated fento cell. Since the
strongest signal is Iikely to correspon to the cl osest |ocation,
this mpjni.zes the err UE This ent .
bo. + ewt MOFIR oy el o badotes Shuat R PG L rialingddh SoFiisiiuE i
Fent o. [ 004férimadbl Petwichi shenBastdraoent thd UbhzoFeAt implelditciddivecena hew
used to trigger sone error conditions at an UE, if there is a w de

di ver gence PHRHRCHORIUPOAYNTRIL d5PE diF Ui 229 Bsiseith B mpasurgpynts to

those made ga¢; ﬁﬁ@)?mgeiﬂéc% cglﬁoé@ﬂl@r}%@%fheﬁ“ﬁ RLcBREd R {tRnBesP8Wnal from the
conmmuni cati on pr otocol is when the information is processed at a

back- end sefspeiathd&apfo sallt @@qquhet stmngew@gnélp@rlﬁgly telcgrespond [auie cinses

2 syst em USgRaddl WAUAIRMIDMA-HISY B 2044 BIBDL, CE). dALARAS Sl Al

i nformati on procésse a back server sed
reports. A prittembierytiot titeHEE hﬁ@le%opgmfstgnaﬁﬁtmé“am enment s

par - of OB i or GoHbY I RgBEPuCRER e B0 ot et Yo0dahd este SOk

measur enent srrgyedohitiths g ah O'H, ahéro 6ad Wi ddferddnes and ﬁhe&sﬁi‘e'meh@ tbptted by
back-end sever 610. The baﬁk end sever. 610 processes these |ocations

to average Phessped PEnanddhosereade @hihg Femio . The sever 610 downl oads

the pr og@sged aver agieP Calel Ry Ob hhedC %rﬁmﬁﬁkéﬂo‘nn?%t&&? Hatabase
of the UE 220 by using an application on th hat communi cat es

with the babKorgntos Brietessdeét a bik-andtservaebasedbie thsenujéple SiForeperssy F1G. 6
connect ed t gkl 1L ERARE 2400l BOALLELEe 8L SeRuldl HESOLALe o

illustrating a net or augnent I prren ase
wi t h i nf or natfororatipm pmesssaﬂatatbaakhath@feandbasadm@rmiﬂaﬁdeE)repmMEArpapamy

51015 paPt PO PERG T TR R RV 2B BS T S pTHoSE The

plurality Of)aleESld sARr Grori @wﬂt Rﬁhmswoenmac nehatiezsot ok e att sd
of a fento cel In Step 704 the UEs' 220 send these neasurenents

pertaining t [’E}f'ﬁen}e%]é‘i‘?% Rftatopg tp &b lgcation of the ferpte Cﬁ%&th@hacks@dvﬁsver

610. 1 n Steg;yO0fnd B&k%%ﬂ‘é@&el %1@ prc@é&%&%& bB&RAs W&%Hg@@ife %Qatﬁaﬁ%@&%
the location for the fento cel Step 708 connecting t

t he back- enfrgercolér Teagpvey @Osic&‘ﬁﬂqudg thetisogsatsd suprdssloeation fellthc fcm‘fo CCH
databace. 05 25007 OieEoEncl TEonn b7 b TE o SFulsaifH RnolE BE 2R
enbodi nent , cathinsnidges witht the ebpskiced amyvenewen ver httdraetai Thersetvec @10 tsays
connected to the Internet 240.
[0044] FIG. 7A 1s a flow diagram illustrating a method for augmenting a user’s
equipment (UE) database with information processed at a back-end server based on a
UE report from multiple UEs’ for locating a femto cells. The back-end server 610 is a
part of the micro cell mobile network 250. Tn Step 702 a plurality of UEs’ 220 perform
RF measurements related to a location of a femto cell. In Step 704 the UEs’ 220 send
these measurements pertaining to the location of the femto cell to the back-end server
610. In Step 706 the server 610 processes these locations to average the location for the
femto cell. In Step 708 connecting the UE 220 to the back-end server 610. In Step 709
the back-end server 610 downloads the average location for the femto cell into the UE
220 database.



comuni cate this informati on between the back-end server and the UE.
For this enbodi ment, an application is used, running over the
existing intenet protocols (e.g., TCP/IP) used normally by the fento
cell 210. WOaMe4%S5shoul d be appreci ated that the teacRCHyS206&9710513
may be inplenented in various types of comunication devices. In sone
aspects, the teachings herein may be |ni%l enmented in wrel ess devices
that nay be depl oyed |n rrul tiple access comrunl cation systemthat may

simulta sly supp ni ¢ an, for t.iple wireless access
Ferm nal @t o oaghoteGT A ey Ssrh i s i ket B orgttl o

access poi ntemmindicdte ahls rm&;smam benwbche tHeObashretld asatlef @uérite UH. nk®r tike
f orwar d Iink ({Bmgovmlln refers to the communication link fromthe
access poi nfBORYMEHeaR BRRHCALANSIS USH TREne eXre Aiecifting 1pigmetiprofasrls (e-2-

refers to thepgp m@h&@{aqig;@?,ltﬁewémtd@ymgqbe termnals to the access
points. This communication gthﬁ)e established via a

si ngl e- 10844); ngI e- odit sheyl kngppaecinigd thet tiej teackings ihptesr may be inplamepted in
system or $bt é&ﬁﬁ%ﬁurﬁéan%}{%ﬁg% [IP%&% asfﬁ%tmeﬁé'}ﬁ rﬂe?éﬂﬂn%i%e

mul tiple (A tr nsmt antennas an recel antenn

for data tramgengsgednn AviMliddD dhaceselthat om&gdbbydtﬂiayeﬁlT in ramﬁr]jlet aneks

NR recei ve antenna ec gsed.into Ns | endent . channel
Ty zone%stfarg tgis tslnéqtag?_logﬁlﬁeﬁugporgﬁ glumgatg) 0% {rﬁﬁlﬁple

whi ch are alComFaFeErs

NR}. Each of;vntlegs messrtdﬁ-mﬁﬂgieﬂ{er@h&ﬂkﬂ@drﬁm&@ﬁﬂa@mﬁﬁi&u@& ﬂritﬁldﬁerb‘ilrﬂcﬁke
er f or mance

The M MO systcm nmay provi de, i oV ghe
t hr oughput ~ 87511} TSV PR ﬁ%?ﬁfwafd %Were&faaﬁ klrakanghe ‘rward link (or

di nensi onal jédQmks r8at &pthl YomhRniEWidd IRlErdh aRsdFLdss @%tsﬁ@@l?e‘t\éﬁmnals and
antennas are utilized. [004 B%A M MO system nmay support tine division

dupl ex (" TDbeyrevany inkelguiuplink) aefoissp e epapnenicatiop bk fron fhegermimls to the
system the,doL rﬂq aﬁ‘ﬂmf& Lﬁl?cahbﬁ' ink 9S40 é&%ﬁ%@a;ﬁe% \‘%@g{eﬂg-sﬁ&fé‘?out

frequency regio e reciprocity’princip
estimati on sefstenhe Hﬁtdnpiaﬂrdrduittpke el AT IVEVIOP Y ontetnher soeneartise typiek swsteamnel .

This enghl.es the acc oint to extr nsmt.beamform ng. gai
on the ¥ard i i AR Mot RS b AN e i AR a R Sad e U
access poi nfccmiz@ QARAES ort ms: Rramgssder eArvIMY danideiRdrtat @ N Nt@sdit

node (e.g., evi ce oyi ng vari ous conpanents for connunlcatlng
with at Iea%‘%d &hé"%’t"%é‘?t" énay CCOBPRRE 'Hgtgévss}% paentelippels, which are

conmponent s Lis@trefdRY¥d B8 |MRaaMehahRelf afhékt B & mmm ti Esbhbsﬁ\eﬁeew
nodes. Specifi crgl ly, FI an?B il Iaus?trat es a %NI rel ess é\feﬁgl ce 710 (e.g S,

an access pdidpropde channids: winsspende s eclimemiqre. ghe MIMQ srses mar momp)
of a M MO o/ S2008(.0 1 0
device 710, \A&rg?& Qlﬁat a ? gJ ggr ﬁg{?}ggglt}tadg%@% a?o?sreg‘;%%}ﬁ)ge% the

froma dat aa@biumxabdﬁrl@smoalam m@n@m&y 1he Iipld ataasipit @oé sewive Zhtknnas are
[ 0050] I n sone. aspects, each data streamis transmtted over a
respective P é\ﬁ mt antenna. The TX data processor 714 formats,
codes, gmds)i nterl e&VBﬁW@bt@ﬁﬁlﬁlﬁy supgattainicodiveRaiugirk Q“mm’ﬁ)adﬂitib‘ﬁ:q&ﬁlcsm

&ﬁg&t Idgtj Lagiwgs?dlcﬂx%l (%” S? (;llD%:I S)]:s(t)erm tt aftorvggrgi%n E'ervggg:n 11}1[? tlargs(r)r}{és?o%s
are on the same frequency region so that the reciprocity principle allows the estimation
of the forward link channel from the reverse link channel. This enables the access point
to extract transmit beam-forming gain on the forward link when multiple antennas are
available at the access point,

[0049] The teachings herein may be incorporated into a node (e.g., a device)
employing various components for communicating with at least one other node. FIG.
7B depicts several sample components that may be employed to facilitate

communication between nodes. Specifically, FIG. 7B illustrates a wireless device 710

(e.g., an access point) and a wireless device 750 (e.g., an access terminal) of a MIMO



100511The coded data for each data stream may be nultiplexed with

pil ot data using OFDM techni ques. The pilot data is typically a known
data pattern that is processed in a known manner and may be used at

t he recei W0 2808495 t o esti mate the channel response. TPREUSMOPIIFEXxed
pil ot and coded data for each data streamis then nodul ated (i.e.,
synbol mapped) based on a particul ar nodul ati on schene (e.g., BPSK
QSPK, M PSK, or MQAM selected for that data streamto provide

nodul ati on d r-at.e j n tion for. each
data ot reamb iy 0> B R Y ra R Hilthor AAT R Y Bl s RS Mea
processor 780m sAdattadoarce@idtya E3RniElTEY alaex pocgscami¢.ode, data, and

other information ysed by the processor 730 or qt her conponents of .
t he devi‘%?égb 10. [03%2?%%5%%‘%& idBia UGB dt frapsgpitted T’Vea&trpgs@ﬁf‘@a%"éls‘&fte

then provi degtedi. ahEXXMINOPRICORESBIAN fortddls, cOldsC hdTaderibalict RItrBROGRS for
t he nodul ation synbols (e.g., OFDM) .. The TX M MO processor 720

for, )
t hen provi déaehNrtHEpamalasesho ¢ peticulsr peding sehgmrrpelepigh s dhtedatn stream to
("XCVR") 722A T 84af22T. I n some aspects, the TX M MO processor
720 appli esgbgamc or mang wei ghts to the synbols of the data streans
and t o {M&llant enna The aodethidgh foheachydatrobtrdas trey rhg mnléipkred tvatl. pilot data

[ 0053] Each tr.an lwer 722 recgives.a rocesses respective s ol
tream to prao g o eeg ke Bleabhy 0 RAEEAING ProbnBRe oalGr g
(e.qg. . anpl bi:jdc[&ed gﬂ 4 kedwen nﬁm@hrugft @mgzelfet wkd bheheabiag sﬁs'tgmdhsmmte the
provi de a nmodul at ed sign Ssujt or transm ssion over the M,

channel . mcwa& THEROES s geﬁ%f“é’hﬂ’?% ﬁ’}‘%@@e(f{\a%? date Forneqch dgiagiean Iy thepe
then transnidsigmich (0 NhaniesRasbabedon b prddabr f3dlatidneeResd (el BRSK,

[ 0054] At the device 750, the transmtted nodul ated signals are

recei ved by Q8RKar{ldivkasor75b@AM slgsted7 B2 Rhan date (érepiaclei pewids medilation

fromeach a 7 ISP i t i n i
(XOR) 7oA ounts JEARRE e, 2nd RFARARY, IR LR BAE KB may be

filters, angttefmieel bamdtrddims pacfemted)byaa pespwot 7k Aedzt wedosy Ghdiimay
digitizes the conditioned,signal to provide sanples, and further
processes t ﬁteresgrr?gﬁagls &Bage’ f)l%t%\/?%!eoéerc%rf?rg?%%rh3?3 g o ﬁfgc%‘f}?/eé?r 7??/ n(i’)"ocfﬂ'ler
stream WOc@Opshcod 91 BACTEUDA008/ 079515 12 100551A receive ("RX")

data processor 760 .t hen cei ves _and. prgcesses the AR recejved
synbol W5 ans f_ror#hRIF?l?c[“_iaﬁ’é’BéW‘é’PG @E&ﬁb@%&r%ﬁlwﬁé@ BiGM4Fd 0 a TX
receiver progegs gﬁ&eﬁsﬁﬁ hDo, uBick Qnagr" Ritelepiiiess 48 aplgdions WIS (.., for
streans. The RX dat aé{g}%ocessor 760 then denondul ates, deinterl eaves,

and decodes OFROW- dihedct MM migssssat 728 Alranso videsdVrapodubsion s bel strepsmssto
for the dat , Dearal [RBe55 p i

corpl enent oy 1ot har bas o red by Al o eiheRiBEas g 120 dubiio
TX data propwssser 72Mapatics bramdovhing Weights 141108 8yimbqls ofths slata s#EOms and to

peri odi cal | %eda%c-:%ﬂmr&%swh\%ﬂ t?l@ S}%Elbeo_l %sotgginr]ggcra%gﬁl{téeé. to use

[0053] Each transceiver 722 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Ny modulated signals from transceivers 722A through 722T
are then transmitted from Ny antennas 724A through 724T, respectively.

[0054] At the device 750, the transmitted modulated signals are received by Ng
antennas 752A through 752R and the received signal from each antenna 752 is provided
to a respective transceiver (“XCVR™) 754A through 754R. Each transcciver 754
conditions (e.g., filters, amplifies, and downconverts) a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to

provide a corresponding “received” symbol stream.



(di scussed below). The processor 770 fornulates a reverse link
nmessage conprising a matrix index portion and a rank value portion. A
data nenory 772 nmay store program code, data, and other information
used by t W0 pHBEEISOor 770 or ot her conmponents of the d@¢TAS20pE079515
100571The reverse |ink nessage may conprise various types of
information regarding the comunicati onlr# ink and/or the received data
stream The reverse |ink nmessage is therf processed by a TX data
process 38, whigh_ al I [ raf fi ta for._a nunber of da

B Feans W5 s dac & SA6HE4 558 iTabiibl 7ol R o U g £EME
condi t i onedrdeyivehaymbalnseaingefiam 784 Arahdieivagh7 25 diRed aid at paagisidrt ieedver
back to the device 710. 100581 tﬂ\”‘]‘g de%ci,,cemﬁlo, t he rrgdul at ed

signal s froRFPFHENGLIANRIGUS BOPTRVige Nac BF1oee! BYMPRkSIsATE N Alg ReAxupta processor
condi ti oned78y dAeddiNEeA] eheriéAs, SRMsishal esbhbyetd e SR a8im to
("DEMOD') 740, and processed by a RX data processor 742 to extract

t he rever seCPy fh@egéfﬁgéiatarfahm qataerirey. t Hie mesistes bpohe RKddapr eesssur
730 then de ' ' - ' Ll t 11

{he boam f of ) b5 udiant &ty B Bae BB TRy AT VIS, Rifedf 220 bR
[ 00591The t date hiosgssohBdeit theigyich@lG.ncor porated i nto various types of

comruni jon systens_and/o st.e 0 nents. l.n sone aspects,, the
t eachi ng@%ﬂer ein n%/p f)oé:eses%?%@éar Al ﬁcaglyg%%trfn&eg-\ggé}égge'%oﬁgge%a%léptgblfsg
of supporti (WsonssedBsiosdt Tha pwickdRofTiia fophaiates ersveby 1Hkanidsbgpetddmprising a
avail abl e system resour.ces (e.qg., by specifying one or_nore of

bandwi dt h, FRHRSRT RRIURT ?ndcao@ghd,a’ufﬁ RPEPP e AV MeRAEY §19 Ry Stotiegyrogram
exanpl e, t hgodeCathlingSHRL 1FbrhalBY uRA AR hRdesk® B0Yr QMR &mponents of the
conbi nations of the following technol 6gi es: Code Divi sion l'tiple
Access (" CDN®19e B\st ens, Multiple-Carrier CDVA ("MCCDMVA"), W deband

COMA (" YoSRVA') , H!I%P‘éi?&@é’ 1&?%@3@&5@%&5@6&@&? bt SYRBLE RN

Time Division Miultiple Access
2009/ 049155REH g2 he 860786 iEHdS lisly shéne theFrexueendya Broairsi Ghe Myktsk pink

Access ("FDMA') s ens, Single-Carrier FDVA (. SC-.EDVA') syste

O thovonal Beshee kb Ror SRt TRt Shradeti I5% RBIERARY T BLiRL gpta
ot hler mul ti E:lr&l Iamﬁmsh_ sfﬁaﬁhanm&ombw% @@&S?ijﬁ@ﬁﬂﬂd_ﬁiaﬁblatﬂy%n@&@f&i@m%,
enp oylngt e teac ngs ereiLn esl_gne to I 1 enent one r.
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known as user equi pnment, a subscriber station, a subscriber unit, a
nobile station, a nobile, a nobile node, a renote station, a renote
termnal, a user termnal, a user agent, a user device, or sone other
tern1no|od§02Wﬁm§BWE |nplenentat|ons an access ternlnaWCﬁﬂﬁﬂw@ﬁﬂﬁkse
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suitable processing device connected to a wireless modem. Accordingly, one or more
aspects taught herein may be incorporated into a phone (e.g., a celtular phone or smart

phone), a computer (e.g., a laptop), a portable communication device, a portable



[ 00661 The enbodi ment bel ow descri bes another nethod of augnenting a
UE' s data base. FIG 8 illustrates a nethod of augnmenting the UE 220
dat abase based on changes in mcro cell environnent 250. In Step 802
the UE 220V@eWPBeR1¥ fento cell's RF neasurenents to nePgHUS20SIRORECT O
cells at the time when the UE 220 receives the strongest signal. In

Step 804 the UE 220 perfornms RF neasurenents pertaining to a nmacro

cell phase offsets. In Step 806 the UE Jﬁ‘ZO data base gets downl oaded
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For example, a wireless node may comprise a wireless transceiver with associated



enbodi nents di scl osed herein may be enbodied directly in hardware, in
a software nodul e executed by a processor, or in a conbination of the
two. A software nodule nay reside in RAM nenory, flash nenory, ROM
menory, EPFORABHBFSY, EEPROM nenory, registers, hard diPSKUS2008/079515
renovabl e di sk, a CD-ROM or any other form of storage nmedi um known
in the art. An exenplary storage nedi urqg’ s coupled to the processor
such the processor can read informationfrom and wite information
to, the sto . ' . L.t er |.ve e sto medi ym nay _he
miegral ¢ o PRg gt Reshr o dieh el o P BB TR K iy
resi de in apepaBits adhagASbocamyrsy st fddliiate @mnsevication avadalwirelods péium.

alternatjve, the_processor and the storage nediu reside as_,
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descripti onvgk. FIE. gilschA&a0meRbOeH :ﬂ%ﬂieﬁtiﬂ%th@ U2 bedhtdbRsceadddl ¢ @aNges
person skilled. in the art to nmake or use the present invention.
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UE 220 database gets updated every time the UE 220 samples a stronger signal from the
femto cell. Finally, the RF measurements at the femto cell may be used to trigger an
error conditions at the UE 220, if there is a wide divergence in the measurements
reported by an associated UE, and those made the femto cell.

[0067] FIG. 9 depicts an example block diagram of a system 900 in accordance with
additional aspects described herein. System 900 provides an apparatus that can facilitate
locating a femto cell. Specifically, system 900 can include a plurality of modules or
means, such as, for example, performing means 910, connecting means 920,
downloading means 930, sending or transmitting means 940, processing means 950, and
storing means 960, cach connected to a communication link 903, and can communicate
with other modules or means over communication link 903.

[0068] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologics 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
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0069] 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 sofiware depends upon the particular



THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A nethod for

augnent i ng
I ncl udi ng:

a femo cell database of a user equipnment (UE), the nethod
receiving at the UE, froma fento cell, radio

frequency WRPO/APE¥ur enent s of macro cell 5signaling t BKEHSHYSAHNES

fenmto cell

that are indicative of a |location of the fenmto cell; and

storing the RF neasurenents taken by t femo cell inthe UEs fento
cell database. 2. The nethod of claim™, further including:

per form ng
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; R | 1, Si ld.ng by .t he UE;
A0 5 R R T PG s R SO
snREmdid nsadasc ehmEnfusctivholitgdn varyidgewdds' for tahtpartialar aggiicatiage

to estimate, a roxinitguof the UE to the fento ce

[0070]

[0071]

[0072]

but such implementation decisions should not be mterpretecli las' causing a departure from
the scope of the present invention.

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
components, 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
MiCrOProCessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

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 modulc
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 cxemplary 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
processor. The processor and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.

The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



3. The method of claim1l or 2, wherein the RF neasurenents are stored
as part of a location entry for the fento cell that includes macro
cell system paraneters within an area described by a base station
(BS) set CGYORMOWRMIEHh pil ots exceed threshold Ec/ 10 vect6il/US2008AWSHave
a nmean pilot 15phase vector P within tolerance Q 4. The nethod of
claim1,2 or 3, wherein the connunicatipp of the RF neasurenents
between the femo cell and the UE uses an over-the-air protocol.

5. The meth f LT 0, in.t R .
measur ement et i B30 o] ShiTRhesk i WD 14,05 hoordi e widg
det ect ed at stdpe comsitant egh lthd poaiplannindte]l &agirgnidcldsePiirabher f er ence
rati o above a threshold. 6. A user equipnent (UE) including: a fento
cell database for locating fento cells by the UE, and at

| east one processor configured to download, froma fento cell into
the UE's fento cell database, RF neasurenents of macro cell signaling
taken by the fenmto cell that are indicative of a 25location of the
femo cell. 7. The UE of claim®6, wherein the at | east one processor
is further configured to performcurrent RF neasurenents of macro
cell signaling and conpare the current RF nmeasurenments with the fento
cell's RF neasurenents stored in the fento cell database to estimate
a proximty of the UE to the fenmto cell. 308. The UE of claim6 or 7,
wherein the RF neasurenents are stored as part of a location entry
for the fento cell that includes macro cell system paranmeters within
an area described by a base station (BS) set C, in which pilots
exceed threshold EST vector D, and have a nmean pilot phase vector P
within tolerance Q 19 9. The UE of claim6,7 or 8, wherein the
communi cation of the RF neasurenents between the fento cell and the
UE uses an over-the-air protocol.



10. An apparatus for augnmenting a fento cell database of a user
equi pnent (UE), including: neans for receiving at the UE, froma
fento cell, radio frequency (RF) neasulenents of 5nmacro cel

si gnal i ERKARS BEARENG THPSEEATION AR £s FBfieAltve of a |ocation
P PG ED PEFEIEN

of the 0 ce neans for storing thé RF neasurenents
taken by the fento cell in the UE's fento cell database. 11. The
appar atus ofr redthgdfpr gmening lgdemio gell dajdbagy: of geam saviprneny &/ F)othainsghod
current, Bhingeasurenments of macro cell signaling by the Ug and 10
means for conparing the current RF neasurenents taken by the UE with
the fento cakteivingRrthedls fpamdamie csi.grdiel frpquendyd REBneasiremenss efghdcro cell

dat abage, fifle ek SRHE fedt @l bl n R atit 6 MheatiOn §MEe B Quegl! - 12.
% C 1, the R

The apparatus o aim110 or 1 ereln , measurenents are
stored as pattringtheRH resguenentetakanypyfigr femipece}l anthe UE&| femtoteall ditrhabaudes
macro cell system paraneters within an area 15descri bed by a base

station (BSrnsgkmbd of dhihl £hAnRidflaexceed threshold Ec/10 vector D
and have a nmean pilot phase vector within tolerance Q 13. The

appar at us ofPeePraing agrentRE measyromenthelmedcrp seHsisedingpitted{l:ord of the RF
measur enent g, %Arvi@eeﬁbhéug%m;mgas&%ém@@&n NI 2 Wl?tﬁﬁ'xe%tg\é@l[’é Rpe-air

t
protocol. 14. met hod_of augnenting a féento cell database of a user
equf presesuraEnts soprd ifvhe fEGs Boforel dapbrge to estimate a proxindy o Hig Uaigitls
frequepgye, C&F) neasurenents of macro cell signaling by a fenmto cel
that are indicative of a location of the fento cell; and

3. The method of claim 1 or 2, wherein the RF measurements are stored as part of a location
entry for the femto cell that includes macro cell system parameters within an area described by a
base station (BS) set C, in which pilots exceed threshold E¢/I, vector D, and have a mean pilot

15  phase vector P within tolerance Q.

4. The method of claim 1, 2 or 3, wherein the communication of the RF measurements

between the femto cell and the UE uses an over-the-air protocol.

5. The method of any one of claims 1 to 4, wherein the RF measurements include macro
pilot PN offsets of macro cells that are detected at the femto cell location with a signal-to-

20 interference ratio above a threshold.

6. A user equipment (UE) including:

a femto cell database for locating femto cells by the UE; and

at least one processor configured to download, from a femto cell into the UE’s femto cell
database, RI' measurements of macro cell signaling taken by the femto cell that are indicative of a

25 location of the femto cell.

7. The UE of claim 6, wherein the at least one processor is further configured to perform
current RF measurements of macro cell signaling and compare the current RF measurements with
the femto cell’s RF measurements stored in the femto cell database to estimate a proximity of the

UE to the femto cell.

¢ 8. The UE of claim 6 or 7, wherein the RF measurements are stored as part of a location
entry for the femto cell that includes macro cell system parameters within an area described by a
base station (BS) set C, in which pilots exceed threshold Ec/I; vector D, and have a mean pilot

phase vector P within tolerance Q.
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femto cell.

12. The apparatus of claim 10 or 11, wherein the RF measurements are stored as part of a
location entry for the femto cell that includes macro cell system parameters within an area
15 described by a base station (BS) set C, in which pilots exceed threshold Eq/ly vector D, and have

a mean pilot phase vector P within tolerance Q.

3. The apparatus of claim 10, 11 or 12, wherein the communication of the RF measurements

between the femto cell and the UE uses an over-the-air protocol.

14. A method of angmenting a femto cell database of a user equipment (UE), the method
20  including:
performing radio frequency (RF) measurements of macro cell signaling by a femto cell
that are indicative of a location of the femto cell; and
sending the RF measurements taken by the femto cell to the UE for storing in the UE’s

femto cell database.

25 15, The method of claim 14, wherein the RF measurements include macro pilot PN offsets of

macro cells that are detected at the femto cell location with a signal-to-interference ratio above a
threshold.

16. The method of claim 14, wherein performing the RF measurements includes performing
first and second RF measurements of macro cell signaling spaced apart in time, the method

30  further comprising averaging the first and second RF measurements to generate averaged RF
measurements, wherein the RF measurements sent to the UE for storing in the UE’s femto cell

database are the averaged RF measurements.
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15 20. An apparatus for augmenting a femto cell database of a user equipment (UE), the
apparatus including:
means for performing radio frequency (RF) measurements of macro cell signaling by a
femto cell that are indicative of a location of the femto cell; and
means for sending the RF measurements taken by the femto cell to the UE for storing in

20 the UE’s femto cell database.

21 The apparatus of claim 20, wherein the RF measurements include macro pilot PN offsets
of macro cells that are detected at the femto cell location with a signal-te-interference ratio above
a threshold.

22, The apparatus of claim 20, wherein the means for performing the RF measurements

25  includes means for performing first and second RF measurements of macro cell signaling spaced
apart in time, the apparatus further including means for averaging the first and second RF
measurements to generate averaged RF measurements, wherein the RF measurements sent to the

UE for storing in the UE’s femto cell database are the averaged RF measurements.

23. A computer-program product including:
30 a computer-readable medium including:
code for causing at least one computer to perform the method of any one of claims 1 to 5

or 1dto 16.



