FEMIO CELL SYNCHRONI ZATI ON AND PI LOT SEARCH METHODOLOGY C ai m of
Priority under 35 U S.C. 119 [0001] The present Application for
Patent clains priority to Provisional Application No. 60/979, 797
entitled "FEMIO CELL SYNCHRONI ZATI ON AND PI LOT SEARCH METHODOLOGY"
filed Cctober 12, 2007, and assigned to the assignee hereof and

her eby expressly incorporated by reference herein. BACKGROUND Fi el d

[0002] The pre oJ N Y,

communi cat | ond EXHEORGRLL, ﬁggﬁ&m@m TRRARCH
enabl e synchroni zati on of accessVIEIHOPAEQGAt i ons or fento cells
and pil ot searching techniques. Background [0003] Wrel ess

communi cation systens are w dely depl oyed to provide various types of
comuni cat Cbvm(of Ryigrityoinsler 3841.3.C. §h12 i nedi a services, etc.) to

mul tiple users. t eman or.. hj.gh- Itimedia

servi ces rapidl WAEII'} J&E Hrﬁséapg‘% ?aggrbhé %ﬁﬁ‘ﬁ F%‘m Wrﬁ’é}ﬁttoe;‘of?‘e?ltgml
and robust COMBpl@@hbﬁ”N&Y@I@TEB?QM bR tRAhSEAt OP S 9 RENCEHRORPRATION
recent years, users have started to regl ace fixed |ine communi cations

with nobile corfdi AILOThSELRCHAMETHOPEILHGYT yfikdridetvder gleat007oiand
quality, reli ab!isglg%g(i Yd ﬁl%’asﬁgf?eel foedt an%%e‘reby expressly incorporated by reference

herein.

BACKGROUND
Field
[0002] The present application relates generally to wireless communications, and
more specifically to methods and systems to enable synchronization of access

point base stations or femto cells and pilot searching technigues.

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 miniature base stations are generally known as
access point base stations, or, altematively, Home Node B (HNB) or Femto
cells. Typically, such miniature base stations are connected to the Internet and

the mobile operator’s network via DSL router or cable modem.



[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 hongoandelz@vi de indoor wireless coverage to nmobickfsYikhss:
usi ng exi sting broadband Internet connections. Such personal

m ni ature base stations are generally kd@own as access point base
stations, or, alternatively, Home Node B (FINB) or Fento cells.
Typically, such mniature base stations are connected to the Internet
and the nobile operator's network via DSL router or cable nodem 2

BRI EF DESCRI PTI ON OF THBRIEA/PRESRIDOUSNNCIHE PRAYEINGS es an
exenpl ary Widoghess GEMTHALEAL AEHShEid 0RAEh R Reatun LSt rat es an
abl e deploynment 0

exenpl ary c ni cation systemto e ccess point
base stati oh®vi t hifiGa hetilvstrktcenwi r oemphitry FOOQBLEdHEn 3yittrhusd r atabk

a net hod of syncgr nization of femto cel.l wi.th macro cell by placing
2 forvard |ink T SUOTER pHCs Ran e Stens iR Bar B iontedist r at os
pi | ot phase [ggNNi MIGCH AldstratbHP HHol GF sPnohtdnitstisabeRmo 6ANGRRPmaefo cell
search windows. [0011]FIG 6 jllustrates a nethod of Legacy MSis in
idl e state. y placing a forward link receiver into the femto cell.

[0009] FIG. 4 illustrates pilot phase planning chart.

[0010] FIG. 5 illustrates a concept of search windows.

[0011] FIG. 6 illustrates a method of Legacy MS is in idle state.

[0012] FIG. 7 illustrates a simplified block diagram of several sample aspects of

communication components,

[0013] FIG. 8 depicts an example block diagram of a system 800 in accordance with

additional aspects described herein.

SUMMARY

[0014] The preferred embodiment relates to methods and systems to enable
synchronization of access point base stations or femto cells and pilot searching
techniques that substantially eliminates one or several disadvantages of the
related art.

[0015] In one aspect of the preferred embodiment, there is a system, method and
computer product for synchronizing of a femto cell with a macro cell, the
method comprising: (a) receiving by a femto cell a macro cell transmission
timing; (b) synchronizing the femto cell transmission timing with the micro
cellular network transmission timing during deployment of the femto cell in
reliance on a forward link receiver signal.

[0016] Each femto cell may have an antenna gain that is superior to that of an UE
(a.k.a. MS), and is able to acquire the macro system even in radio reception
conditions when UE not. In one embodiment, implementation of the forward
link receiver within the femto cell adds to the femto cell cost only moderately,
due to the modern zero-IF receiver technologies, which are well known to those

skilled in the art.



[0012]FIG 7 illustrates a sinplified block diagram of several sanple
aspects of comuni cation conponents. 10013]FIG 8 depicts an exanple

bl ock di aggam®@fpsdosystem 800 in accordance with addit |P@rmjs <fi‘)§/9‘?9§§15
descri bed herein. SUMVARY [0014] The preferred enbodi ment Fat es

met hods and systens to enabl e synchroni 2ati on of access p0| nt base
stations or fento cells and pilot searching techniques that

substanti al lipp1 | mm@%ﬁa@eas ef S QY GERLd aﬁ&ﬂﬂﬂﬁﬁttﬁ%% QE stdhe rﬁe%ﬂlo%ta%%

art. [0015]1In one aspect of the preferred enbo fer e

system nmet hod aﬁ@nﬁé?fmy@f@ﬂt&ré@rwg fefrgp C@i/pﬂédilpbaﬂez,lﬂrmm@tfaoaccﬁremsmg:éa)l
with a macro cel IS ) Ly nge

cell a macro cel PW fé%lgg &tg F}ri‘:%{)n i[']r?b?'((gfylﬁéﬁig Az nag%(h@ ]mg%%lgg a
cell transm ssi oplutalutm v@femm phas@effmtxzmngehéaucb phiasaeffm kvhiefein&dzh $&hton

f the. f f
ik Pecel ver si BIAY ONbOTAIEAL R RaH brodtceTla Sr Do n s i g

that is superi OI’sﬁa@m@haﬁtrdlfedarﬂoﬂe-r@ﬁcﬁlnﬁerﬂbyl‘d@arani%'f&il kh§w%9k’&(§"9 INC Ec)
acqwre t he macro syst m even in radi o reception conditions wh

not. In one embofiEfE: the SApe appheratt wablsflemipeandonage gelf Ph%ercé@éﬁsvéﬂhe
within the fenm onggbl Add&ithE thdgahe %ﬁﬁb&ebf u&BR!L fORb %n@%?@%ﬁi ﬁ;hasvc\:n

due to the nodern zero-I|IF receiver technol ogies, which are wel
to those skil | edoffsety fasthgr tcompgsing: decrementing PILOT_INC while leaving macro

phase offsets at even numbered increments of minimum phase spacing, thus
creating odd-numbered increments of phase spacing for PN Offsets for femto
cells.

[0018] In one embodiment, PILOT_INC is lowered by a single digit from the
macro-only configuration that had been used prior to deployment of femto cells.
This effectively opens up as many PNs for femto cells as there are for Macro
cells.

[0019] Additional features 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 leamned by practice of the invention. The advantages of the invention
will be realized and attained by the structure particularly pointed out in the
written description and claims hereof as well as the appended drawings.

[0020] 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.
DETAILED DESCRIPTION

[0021] 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



[0017] I n other aspects of the preferred enbodinent, there is a
system nethod and conputer product for setting femo cell pilot
phases, tRgohmblagdeconprising: (a) dividing 27r phase $pag&2dudhRsé
plurality of macro phase offsets; (b) inserting a plurality of femo
phase of fsets anmong nacro phase offsets4 wherein each fento phase
offset is inserted between two adjacent macro phase offsets with the

phase spaci ng coplygd %iﬁlﬂe U QNETNIAR Motk BIRRBRA HDMAOYOASMA)

PILOT NC, (c) creating the same nunber of usable fefto and macro cel’l
phase of fsets. ThdwakshdineddCerientiNgA KECIEM AN undbeerkef cigsablle fomso
and macro cell ph A sat. »h S nme,

PI LOT_I NC whil e {}geg\g?rg;g an@c?%gt&h%saggo?[ ? %%ééi %1 eveéegﬁghbjgpé%g A network
i ncrements of i mamimplphase Bzriimc‘uecigmldglywsclc relhivagaloDarentiabBadid Access

i ncrements of ph agi_ng for sets, f 0 11
one enbodi nent, &?f%%o ‘fik? % 0y St\ﬁlel\{é@%w‘%{ugﬁsqéﬂg@g dgqlﬁﬁlfa‘r g‘%(%lﬁlgé% and
macr o-onl y conf i gmmhhpmattemﬁmha@hmeoou@@eb mr-z(mo 1500 el 18Y9FE Htanirds.
fcmo cells. This effectively opens up as PNs for fento cells as

there are for Mabr'dP¥é| I}f’%worf‘@%ﬂ ampleaicnt W&!O tF@&P'@BIééuc'&ﬁ‘é Glelph iy igye for
of the inventionlit ceﬁ.nﬁﬁica&&fst(hsm tALOHBREL hawoﬁomw %%Eakﬁt%%dm

and in part will be apparent fromthe description, | ear ned
by practice of tﬁéhnmmwbmb E\WéveédUERﬁa@eETBﬂ)I I“%EH ﬁO%M,l BiEEMS02.1Ge

realized and att t p0| t out in
the witten descrf;léiﬂteg%f)y0 as éﬁ#@# ﬁg%gv\ﬁjrﬂé é;c%gﬂedﬁ%lé’art of
drawi ngs. [ 00ZOUnivbrshISMbBﬂéJEelblcwﬁﬁﬁlﬁhmdn Seatmb@MT)heLdngr @@l Bdlution
general descriptiqon.and the foll ng.detail ed descr,ggéﬁl Qn_are

exenpl ary and ex{gt'dndt 8} JPinGF aﬁ%?%%@&ﬁ that wes bridgEpul{ g, E-UTRA,
expl anation of tgemM, nungng 'aﬁH‘L@E a6d @somld iRl ARl %%b? EhiMion named

[ 0021] The word "exerrgJ ary" is used herein to nean "servi ng as an
exanpl e, i nstance3fdo eneptigat Partriesship’ Proigete rBolP e nedm@8el iip algstidedi in

as "exenpl ary” L?ocgﬁ?n@% @B%Xlz&%nﬁe qnstd ég&rﬁﬁ)aWaﬁL%% eig(i’ﬁ(ggct.?’

advant ageous ov er e techni'ques descr rein
may be used for @4&APEUsTIwise edrems raclantetimiobrids and stemdmi'elase ok insheGode

Di vi sion Multinle Ac es net wor k Ti me vision Miltip .
nccess (TOVHlet wiff RS Sssbaianegi o 500t S AR iy e Cub & Rl
net works, O t hogRgl arcbMbey( 66l WO Lk@acrSi Mgt &vfﬁhri In@ﬁe Mrovides

(SC-FDI\/A) networks, etc. The terms netvvorks and "sy ne" are often
used inter change‘&B’IeVgeR"Wlaﬁé? WSFR 1 g (Ptgplaerﬁ%‘ﬁ?nc%) rf‘%)ﬁb%r@cf‘é?ﬂﬁlﬁﬁlaééy

such as Uni ver SafemT@hB@eStIf éh%{lldl%% e@iﬁﬁé@%t (M%?un ﬁ]é?agg%gbe%bﬁhcable

UTRA i ncl udes W deband- Ela

cdma2000 covers 1@@@@@5801:@6 smﬁhqthplsty@%ogﬁwmmseauprwmmlé@mpmo
I t .

ggmh mpl ement a ( \?%%’rﬁa} ﬁgg@m E@& a%qﬁﬁ i %a;e? @ﬂaﬁloar mQQB'aLe% and

t echnol ogy such asgeE\ﬂndm/ed‘emtbR@re@ Ee gLTRderageEﬁﬁh&OQ Cﬂ)ﬁlmelcEiEEJlﬁﬂﬁlglfS In

| EEE 802. 20, Fl ash:- OF are part o

Uni ver sal Mobi | evﬁué%ﬁ%%néa?tp%’negﬁqlggﬁ Wlﬁ%}‘se% '8 e‘?&?#@\?gﬂ?ﬁ)%n

(LTE) is an upcoatengoheldsasethef ackd/hSint-igt ntéls For &ibRpIc, Witdbro dodb/iiZA,
GSM UMTS and LTE are_descri bed %P docunents from an or gani zati on

named "3rd Gener 8% COMIPEE ABrERTy B 6 Bt accpi iy, dainidione apess point,
described in dOCéW@d%BS rﬁarcﬁﬁbélf‘ A ARNbZ AtAIQ)) aNRERE nodt cha E(ﬁltf' d or
Part nershi p Project (3GPP2). These various radio technol (oIs]} es and
st andards are knmﬁﬁrqdﬁo tapa Hgme 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



100221 In the description herein, a node that provides coverage over
arelatively large area may be referred to as a macro node while a
node that ppaydodeseeoverage over a relatively small ar garhRafhsnioRs1
residence) nay be referred to as a fento node. It shoul e

appreci ated that the teachings herein nay be applicable to nodes
associated wth other types of coverage areas. For exanple, a pico
node may provi dencayehA06 @4fSyedtn 3 RBwdRakil RvsBRLLELibd @ FARALL 0
area and larger than a'fento area (e.g., coverage wthin a comerci al
bui I ding). In vaFI@ud aagplications, other terminology may be used to
reference a ro e, ot h ccess point-type
nodes. For g@gﬁpl e,rﬁg' n’iag%ﬁéﬂr% egkpngeé ‘C’%‘gfa?’on‘ﬁ%ﬁ’ e%onérpu@%%ué’}lr %SP% laoé)
an access node, baggusiaté osupp@c cessunt@y Ndf, B’deddB, whinhr atelk| diselogkd

so on. Also, a fento,.node be confiqured or .referred as .a Hone
Noden, T, eNouEBISURRS e YRcts BR b SHREmsRed A gvodn FIGah dIahort
I n some i npl ementainidd) Systén 106! BrotRs Bn@AsSeioAtSanWipR tBs 02 sudh ¥d, d&d

into) one or nore cells or sectors. A cell or sector associated with
a macro node, a FPERE-nsder selln IWRedZpdwithayathe cebf beipgdserycads by a
macro cell, a feppe&ldine Rbcsd nlinf PABE hoitERRE Sl e ¥r ¢ i Mlp fined
exanpl e of how fent Sﬁ 5 odes rgay ge )gJép?lmél S:_gﬁi’ ﬁ&cqal\ég’eftxflxgr \%\Adrﬁpsnlggvg
be described wi t h04gef Badinmacre gelIn@S. bd Amdier2divided 28p FinG.or Inark |segons dhals

an exenplary wr ni.cat i on em 100 conf,i gur su
a number of user gﬂﬁlﬁ]ﬁ %r%ﬂ ch e\r/g%“glulsn Fglyj:?ﬂ oS8 %Cﬁ%%&?r%%%aﬁgAiﬁﬁevégegg@%’s
may be inpl emrent edludig AToWbak H6ElaEo Khowhyinteajiagfeally aspbe, cqiipaicanfiiino

provi des communication for multiple cells. 1 such as, for exanple,
macro cells 102a9r1®g2‘6‘$b‘_1ﬁ %tﬂwa&@ﬂgﬁ:éar 38 Beé’inmj‘?é%"r‘%’c’@ﬂy B digpersed at various
correspondi Ng acEREForR AhiBhgHobPIheQfstBRl Mash WK 1065 e caSmubiRhte QXA R cCor
APs 104a-104g. Each macro cell may be further divided i nto one or
nore sectors (nofOEhARAL04 A8 ¢ ferpvawh Linh Gl and/arjagevarse ligk (BL3 ahe @iees
termnal (AT) deyjges: HBendiiClpttl PoehTsnd 068106, o s in s

i nt erchangeabl y ag useér gecrl][uii rréirill’t ‘?I—!E or as }?D%ﬁgdségﬁeg{r%gww,wgr
as termnal devi basloffmisr trampies Jdie swicclets opamiwitibo cpdiéno N0t hao uoptvadst
the system Each_ATL 0 icate with, one aor, nore AP 4 a
forward |ink (FL?@H%% g?r”%}'ag evggr%gl pﬁ?nﬁggl\é\fﬁl ;ﬁoétexgmﬁlfvrélﬁcrﬂocﬁ@%ﬁgza'ﬁﬁg
dependi ng upon whay beverbhly AEwildodks twithén andghidodtidog for kdveiad squaresSaflés in a
handof f, for exanple. The wirel ess conmuni cati on system 100 may

provi de service BUEEIKINGE geographic region. For exanple, macro

cel l's 102a- {fd2g NMBFIGOY Alus@itbyarPexbRMab) QEuNtdidh Ryderh & GRBRIHAPBImER:
several square mles in a rural environnment. [0024]FIG 2 illustrates

an exenpl ary confURIEQnPEs dyasknowm o femibealls dagsrsyieit thasst stations)owithin a

des, al k : I i Rt t A i1 b
nodes, al s0 knowpdsul B8Rkl sa{ a665SH 8] 0 uRaseeRL A ANSIELIbR

a network environment. As shown in FIG 2, the sy 0 1nclu
mul tiple fento nEuddepodss, on m thheltahdtvenfamity eslisf matse pot base sttioms Slome

poi nt base stati I—@;Rﬁ% No B.(HNB). unit.s S r.exa s
HNB 210, each beﬁﬁge Fn a )Iuenggimﬁc}laastgo)rrreé%mp%lﬁ’dﬁﬁghzr@f g%cIm\c]f)&ug kS leﬁ mna
cover age networ kcergpsrainge pdativelyc bmals cof@igee xamplie envifongfeat, Qfuclek e for
sites 230, and such as, for exanple, bei onfigured tqQ serve
associ ated user Eih erré‘h?“%é‘.lor%géeﬁ_%ng%é%%%éxmﬁﬁéﬁgFBHWd to
further configuregdvd s6QBaNsE RipHiear 20M HRHATRB NOLMY Ko cSIRY @BSand
the Internet 240, and tq any node on the Internet, including a nacro

mobi | e operat or E6iE REfiRpER togEIPReHE ¥igfioyide drog aorly sughprsehe Internet
network"). [0025 I t I ] i

Lorninol bay, 1t Far ot Soum P IR b BRRICEER BhuRA dThEd pibbfe diilor core
appl i ed not onl ynetyodGRP (¢iRekfdredRe hba “Red BwW&E7, etc.) technol ogy,

but al so t o[ﬁ%?PZ (Alélgl-ll-gh et EYmEX ] '?fgslcgbeﬁﬁ&éh uscfa5 3GPP terminology, it is to be

understood that the embodiments may be applied not only to 3GPP (Rel99, Rels5,
Rel6, Rel7, etc.) technology, but also to 3GPP2 (1xRTT, 1XxEV-DO Rel0, RevA,



RevB, etc.) technology, as well as to other known and rel ated
technol ogi es. I n such enbodi nents described herein, the proprietor of
the HNB 2100 Rd@hlo61bscribe to nobile services such aspehRi,@%e¥R: €
30 nobile services, offered through the nacro nobil e operator core
net work 250, and the UE 220 mi ght be capabl e of operating both in a
macro cellular environment and in an HNB-based snal|l coverage network
environment. Thu ﬂé@m% 1 t :
conpatibility w ?\ﬁfﬁe{%'em st %m@%&%fwftggé%%@gfp?%%23%%&%0&1%& In
described in det sich drebodimendd dessribed Werew, ebs porpmietoni afathe FANB 210 might
specifically to: ti [N nchroni zatio f e nmo cell

dgri ved from a n%% %{bge Irﬁoalﬂ%%ﬁ%?égggﬁﬁ%gé%ﬁgﬁ%ééﬁe%#] n&?ﬁgﬁ% Sctvices, offered
constel | ati on of thi@mghahcmhirs mdbile 2pE@ntarc GetworlSYHE nd MicZ@E 200 might be

[0028] I n sone conmmuni cation.technol ogi es, nto cell needs t e
synchroni zed w tﬁapfiﬂgo P:‘Wf‘“@&ofqh’lna?rg?f‘é? \ﬁﬂ[ i ePWf%Wéen&%’daiaﬁ@mbB,-based
fecnto cell synchgfdli &dieta@® nB@oribenReaRER! THIRE theTYNB PC O MRSk Al dAGptad RS

receiver into the fento cell. Use of the GPS receiver for
synchroni zat i on Bickpael coapeidbibiey) wity aytexisipg UBRAZ8I cal pl acenent of the

femto cell, I[@_E@i LUyl eGhbddtm e RsaNENNR a0 calbe (AL ﬁf‘am?él?s
intall buildings). The GPS receiver 1 nplenentation also can sl ow He
initial timnmng acyunwhitdtons,(weglicallyon: Ppsten -tuphg cimdtheifation of dked fgmto

especi al Iy i ndoor_,i hst ion.tvpical, f.0r sfento cells ere S
signal is weak [6%12‘86fw$anhgltrl?ea %an%écl) ?lFrr%nﬁjt gl%ft ePIrlr%SS R genéeﬁgﬁ]%%?tf%fo&n&
may be acconpl i sfeedo ballsi ncorporating el enents of a forward |ink

recei ver int% the fento cel]l. Each fento cell nmay have an antenna
gai n t hat i&“%ﬂper'hmg—ﬁﬁmwt £ CIHoniZAtoR or MS, and is able to acquire
a connecti opogé)t h tHhGoABCHAMBMZLEIN RBholbERs! tenft@kelt hOLK 188E isyRthtdized
(synchroni zation). In one enbodi nent, inplenentation of the torward

link receiver wi tHRnthehdMipant Sctdpn neguerkt o 1heomee mnePodisngnt,c demtoprell
nmoder at el y, due : rQ-lEi: [ (o] JcTeY :
y, due pochBiMRAeh 3&&04&511&%8 %k\ﬁg(ifor;%oﬁ%k}%ei | 8% ggeinggﬁgmm

forward |ink recé€iver may I nprove refectio
si gnal by tuni ngfemie eeb. cldsa pethef GBY uermyer fse dymwhiopizsijort € theabmuo bale

station, which i J the fento cell it f.
[ 0030] | ncor por at ?C(S)t&llla%& hg‘l’]?%%\%g?rg&}%i%g E‘%rffglg‘éol ci’/eil P aﬂ“ﬁf G2 AEYE A S T EYpnna
al  ows nore fl exai dabley(forexghyls ircall bpildiagsyeThe GPS theivheiflert@itdtiof fako

exanpl e basenent, low floors).. The forward |ink receive | so_al | ows
for fast tining ‘?‘%it{‘? %t‘%ﬁlml% PR O0e(elEs }IP%BOW%&%&O% the fepato cell,

receiver also becys@syt @d6c MstAlfieh tfy?ﬁmofofl@hﬂ@@&rs, Wheétt EPERRGAIAs ARsk .
femo cells), assist in PN offset setting, and determ ne geographi cal

| ocation of [WRY f ert oneembodimeat, figmigapel! pinckropizatény ey eyacapsplished gy
unusual interfer ﬁe&‘ﬁoraﬂgg gﬂz%ﬁfs Ya Riatd iHEL %{}uﬁg P Pell.  Each

pl acenent in the househ Further, not a na e station nodem
(MBM is needed feoro t¢embphavarad ahienka gem thiat/ig syuperiou® thet df sn &FoetM&rand
choice compare tR z;brlléa togg%uqrgce? icc\)/n%'éétion with the macro system and use it for clock
derivation (synchronization). In one embodiment, implementation of the
forward link receiver within the femto cell adds to the femto cell cost only
moderately, due to the modern zero-IF receiver technologies. The forward link
receiver may improve rejection of the femto cell’s own signal by tuning into a
carrier frequency used only by the macro base station, which is than the one
planned for the femto cell itself.
[0030] Incorporation of a forward link receiver into the femto cell allows more
flexibility in physical placement of the femto cell (for example basement, low

floors). The forward link receiver also allows for fast timing acquisition by



[00311 FIG 3 illustrates a nmethod of synchronizing a fenmto cell with
a macro cell by incorporating a forward link receiver into the fcnto
cell. I'n SypRodRdehne forward |ink receiver contained igy 00s B8,
cell tunes to a frequency where only macro cells operate, an(f
searches for macro cell signal. In the process of doing so, the
forward |ink receiver may integrate the signal for a long tine
(several seconds { : il 0 i i
activated, thus E%n?tﬁggg%?fé}ktfgﬁw et g%lgﬁﬁc%lk‘ge%égr?ﬂ%fljsgweo cso?lggllgie If%%tlralglle{é?%%rs
are weak (very | boisEgtagio. ahdy fSmep c8lis), nspestfionPy offbdt wieingctasd tdegermine

Macro Cellular n . 1Ssion timng. |In Step 306 the fento
cel | synchroni zeggﬁgﬁf%rﬁr&%&[@%ﬁﬂ M fs%ré}?()o??&lt Fr%lie %&“W‘E ﬁnli 11%861%5?38 also il
cel I ul ar net wor k uhusasiSimesBicoce, bhdpasgiblyStié psdaeidining opiyure Gsemeiiih B
initial activation o ower. on_of e fento cell 210 educed nupber
of steps or nodi ?‘éqﬁl/[“ﬁ@pﬁ’éﬂ?eét &Y asélﬂﬁgomlﬁft%@n ﬁ%@ﬂ’é‘o@fﬁd) tsﬁﬁemfﬁbﬁ@
of maintaining SYdGRFANkZSdHRA thRNER adkkd A6He BmpHEHI EIEPS ¢&ktvelST NY
the forward |ink receiver. (0032] Fento cell can is nore accurate
than a UE i d0%8ki vifly- & yhestipishp zeathasnolapachaetizpgriedemty ¢ellswittoa aactoncell
fromthe macro cegll; t L S A€, C , :
system and sync hrgi(gr?iwg géor%%flgeaiemglﬁhmrt@(h%g%hrgﬁgggtg% %%I%ﬁ{ao(“t(ﬂ?wﬂlm% (t)hc
above a given t hfawhil [tk reqeérer cont@hdd ip dnplemiberdl tuedsyo s Gaqeheswhar only
Perto cel | 1 ocat PATre phekt YHaERhEs Ry o Rl Heily o bR iges oF doing
searching for pibatthe 6frwael Gikbrcéing mRC infegeat s spchl ifer € @nattinig (SSRIVR
signals even fromve ak pilqots, Battery ljimtation is not an

i ssue here, si ncé“P’é‘i\%H)\A@eé‘?qt Ptiaé&{e)}‘_ﬁ‘?ec'gF %%7“?66&%%5&?14%9(9%??@(@613&8\%@1@
grid and has fewssdRpgtchai shcWhndl éditiohs BRI @K YvdPRder BP1d)S In Step 304
required. Further, an antenna configuration with a higher gainis
used by the fent &edemfo eebindeigcisdthaiMasraEelerarmiuork 250 33 smisapetiming. In
enbodi nent, purs t 1 Ry 1.1s. logatd on - Q) . al s
reports to the q%% a?’tofégtgg%% r%%ne?!s%}%g%r?%ﬁ%b %gi%@%ntar%%gﬂ%ﬁge&&mg ith the
Provi si oni ng (0OAMREY &}igiae mepidriotiraPiniSifis ¢itrgng ritepseduwitiney may i wvurgdnfng
t he detected maclQ,. . V&P t em kng [LON, of the.macro
cells and perfor {Irrlgtlatksftg‘%é% %Ii‘?%“éhﬁerf) %%ﬁglteg?%égn%n?ﬁ@%%%%ﬁ Bl of peps or
fento cell. In onedirtadiceitd stdhe AVEP sa¢aéd s @Rdpuldes/ bOMaintaining
information to the subject femo cel]. An alternative approach is to
performa LAT/ LN I"IC@BR{?SI% grctAHamn ‘M}%?hﬁg‘?mt&fﬁﬁ ag8e thsSpmardhnk recerver.
term nati on b2l i Xg@ms eA0BANY nsRE BQSEAOhhn aNUE G LS APRReRehESidROM4d
be used as check of consistency, resulting in a nore robust
procedure. [ 0034§teraypies its Apcatien Gamtthermagrodetilpewysigm. t Frmte spll detews the
fromthe macro c f ' [ js ' [ ' u .
propagati on del a?a Jf;rf o%bt e%ﬁ%{%@g& ut§1 r%ﬂgﬂ#l{ut% eesfmfe]:l)i{ fgﬂlé tE e’etrsr%r{;)@gre%c@llo&ewﬁh
Thi s del ay nust b&/leebowect@dnthrestbldndiemtp ¢discosipradnsvily saiches foi pilatg

at the fento cel cordingly. .Th agation d can be ut ed
fromthe |ocati o%ns(fi%afsq{l %bl%ct? JoEE EF} fogﬁ‘ﬁgﬁﬁgwpgmeéb@{(’el }TaﬁfmtBS?’ﬁ?ﬁmn 18
whi ch are known figed, Heis @ANWEPsEyd tadon ofaBneeseptcalngefth koY 6f @ghys atd
Step 308. [0035]F o Ce Pilo ase Pl annin 0036] Fent o cell s

[ ] [m |1 Pjl % ﬂ [ ] I
al | ow t he oper at 875t 8y Bifqergiing CRMA SHAls P SToh SR ek gieH alBattery

manner, W th thelRusRers abt AehR Kl IsthcdlerhBXel i Of P pdd QB Bom fixed
relatively small number in initial years, to a dense depl oynent of

many fenco cel | sPRFErnasibanthham Eawr sprttaing ol siewrifl Patitry bapl-hptis Faquired.
Phases are used kgREnal fhéhnk Q0 Larlohiad b HALS R LYEEN BHERROK!
| 'ude I a € 0

cells, which will have to inclu ento ce i nTan vance Sta
depl oynent, i . e. comyesd witlel/Eemfesta.i n | arge nunbers and are very dense

(not only hgrizontal l t .alsp vertical in.multi-store
bui | di ngs. Hoad°p; ?%t°¥ﬁﬁ%ﬁglsfréen§|i’é‘ﬁ%‘?ﬁg% elgriping it el??ﬁtt‘PE}’ o Grbdseo
reports to the Operation, Administration, Maintenance and Provisioning

(OAM&P) system pilot PN Offsets and relative timing of the detected macro



that the fenmto cells are separated frommacro cell pilots. This

all ows the network operator to continue the planning practices for

t he macr o wyskwMapehanged. Specifically, the operator pghridb

have to change existing nmacro cell Pilot PN Ofsets at thgﬁt@%@%seln‘[o
depl oynent conmences. Additionally, ope®ator should be allowed to
continue growing the macro network by taking Pilot PN Ofset froma
pool of Ofsets that bavigpdyleh fdwi LRI/ITRG' &R &€l e
themto newy deployed macroyce_l | (process known as a?:%? ?ngsp??(???[ﬁ%%g
9 [00381l n one ehisoadlatkantto detenyige e lpeatiamef the fepit CFlL | INOnk smbsdithetipthe
manage the const gl,hat i 4 Il - PN. OF fsets.. .For
illustration pur goAé\g%?OSgStgfgcsr%g&I:Ie’%qﬁé(gﬁslﬁfté)wgﬁnotﬁ tﬁ? fgbl?ﬁ(‘% fgglltol %elltlsé“&
i n enbodi nents delsenativedpproacties ai perfoeh @A XL OB upViond e phgsical aydtLm

parameter given {o.the M5 receiver. to.reduce the search effort.

Sear chi ng over aE‘Wl“’ﬁ We@n%&bgﬁgﬁsﬁ&ﬁf@%@ FRNpBtILY gﬂplflgiecwgc@ahqu
propagation. In gypd Bcaﬁseaﬁ@aﬂchbf@ﬁl@iufeﬁégr)res,@r&ﬁlg RS mokabhit AoSediHCh
snmal l er than the 125 kmallowable in the 64 cell constellation, for

exanpl e. HeH9&4 t hSvaduprirrtian Senive eatrse acha finjto celliffemdhe mecrp eelbfoyeprds
search effort. Dy tiond REnBRASH Bideidhy %&Sﬁrgﬁ%g%{i%ﬁ@%éﬁ@orﬁ%—%@&g tr%sg_;fitter

fenmo cells (house to house or floor constel lation
pil ots nust be ptovhedéemiosweeivert fEs alebyl nsistdbn' ¢oriented r e radvasictnly the

each other. 10039]l : i Pl L INC.i s | red by at .| east
T Cone) 1+ om ¢ he et BREiRETEAP AL o il pichinely PEERSHedofhotnr®,
depl oyment of f ebt coreglttds froibhihs lefafient ofvhak ynepeod]! wpl #hs femrycdANsothasf
fcmo cells as th re arkefor C‘ﬁ e]JJbIS. AIte%atiq\i%lpy PILOT | NC can
be | owered by 2, Wgichare né?f”&toﬁe 1843(%5‘ PO 28 PIRFIGCRI0EC pHLEIEVEin SBPs
for fento cell uggs. [0040]FIG 4 illustrates a pilot phase planning

chart. For sinplified illustration, total constellation of 8 phases
for macro cé%d is ell PilopBhasePlanningt wor k, constel | ation size of

64 or 128 ifyoaRre -tF’éHlit&@‘lrlﬁe’ W ehé Bg&at‘aﬁ R GBI 4 @goe?élis% ahl}{%rg?{er&'dl

the phase space a is divi into macro phase o ts in exanple on
FIG 4 results imagresawiththofudberdefi fembmatlls depiayed edrdbwinisffs@t s relatively

inserted in bet of . igi.nal , 8 offsets. For ex le, f.
of fset s ML30 ¢ hr S RACerandhBR) Bl e b istens of e A prls n
throught fP, aremphegieaakl seetedn ladr veent PilGeN BhaspO44 hdddas sepasdiplotward
upon decrenent ng,.Pl LOT cro PN

I NC, PN.Xfsets may .co j se 64 .
O fsets at 2n/ 12%51@?@%?@9815%%@1% igp %{%@e(‘é% figre celds ipN

O fsets) and W t by &fvahi@idtare BNIESIERRES, i@, Widh1RE, éxiﬁtf%h tékye G@EEkrs and are

nunbered PN Offsets). Initiall K cat |ow density of fentos, a subset
of odd nunbered PNV dprsedngt apdy heyizontelly. bul alserartenlly 4p anultinytorse buildings.

explicitly inclu b t i |.i r
T the System Par ek oo WEngg nnaige Re oFieaRARR esliod BFd REMRLFElch
hi gh, new f ent o- dwas depByménts. Ahvdepeen ofited Bdot BNOfmts domh wiatlbwinge

entire set of fe sets without their explicit incklusion in
t he nei ghbor | S%%I?y 8#699; For%emto celtls,

[0037] In one embodiment, Pilot Phases (PNs) are assigned to the femto cells such
that the femto cells are separated from macro cell pilots. This allows the
network operator to continue the planning practices for the macro system
unchanged. Specifically, the operator should not have to change existing macro
cell Pilot PN Offsets at the time femto deployment commences. Additionally,
operator should be allowed to continue growing the macro network by taking
Pilot PN Offset from a pool of Offsets that it used for existing macro cells, and

assigning them to newly deployed macro cell (process known as cell splitting).



[0042] I n one enbodi ment, the search wi ndow for femo cells reduces
search effort by a LIE or M5. Due to phase shifts caused by

propagat i GRe 2hdofRapef erence at Ms, through delivered f rHRas8079ss1
Station (BS), is different (delayed). FIG 5 illustrates a concept of

search windows. FIG 5 shows that the ti9ne at BSl, BS2: t. [0043]Tine
at Ms: t - dlI/C, where C = 3e5 km's (speed of light). [00441Phase Lag

= (d2-d1)/C [605@2 Pith %Be \éfnbl)diﬁ‘l@ﬂteﬂrsﬁém MBrafel R PR PYINC s Sis l%srﬁa Q the

[ 0045] Maxi mum Lag = => Search ndow. [0046] This searc W 'S
conservative, si n@e’feﬁszowzq ofilen PlbéPN@ffEﬂt% Ko ilgistypficn mmmsemrm@ro cell

until MS is somedi, %?EQ%GSIW 6 [Isoﬁ%ﬁ‘?ﬂ' eﬂmé{ﬁ'\{ ﬁ{s d[egcgﬁg%%'ﬁgt'aﬁ Relo¥. A

needed for addition ay caused
enbodi ment, decr e&&mﬁwn@oﬁl 1&@1315&& paaragtet giverato theMg ira®isek to reduce the

i ntroduction of fento s not change a macro s ar e h vvi dovvs..

Phase spacing of efagg“ ??gﬂc‘* %5 ?gg (& Haf nEEHe 1§3ﬁ°§gsaﬁ’eﬁi‘ ¢ SRt
be smal |l er than E@Qéd)byl@ mh big th@ibﬂ&ftbérh@tnsﬁﬁfb@b{ sét@néyrcblh@&% much
coverage of the reference 0048] For exanpl e:, [ 0049] Pi | ot

Period T = 215 =small e?éhﬂﬂcﬁﬁp%%(lga aélevalhlé)m ﬂ[lfoé’é@]ﬂeﬁpbﬂ@@iﬂ%dfmr@xmpie
1/'1.2288 ins = OpRi&k W% scarch window considerably reduces the receiver’s scarch cffort.

Due to the possibility of overlapping coverage of femto cells (house to house or
floor to floor), a constellation of pilots must be provided, so that femto cells
don’t interfere with each other.

[0039] In one embodiment, PILOT_INC is lowered by at least 1 (one) from the
macro-only configuration that had been used prior to deployment of femto cells.
This effectively opens up as many PNs for femto cells as there are for Macro
cells. Alternatively PILOT_INC can be lowered by 2, 3, ... etc, opening
progressively more phase offsets for femto cell use.

[0040] FIG. 4 illustrates a pilot phase planning chart. For simplified illustration,
total constellation of 8 phases for macro cells is shown. In an actual network,
constellation size of 64 or 128 is more typical. By virtue of decrementing
PILOT INC by 1, the phase space 2z is divided into 8 macro phase offsets in
example on FIG. 4 results in creation of 8 additional femto cell offsets inserted
in between each of the original 8 offsets. For example, if offsets MP, through
MP7 are PN Offsets for macro cells, then {P; throught {P; are phase offsets for
femto cells.

[0041) For example, upon decrementing PILOT_INC, PN Offsets may comprise 64
macro PN Offsets at 2x/128 * 2i, where I ranges from 0 to 63 (even numbered
PN Offsets) and with 64 femto PN Offsets at 27/128 * (2i+1) (odd numbered PN
Offsets). Initially, at low density of femtos, a subset of odd numbered PN
Offsets may be used for femtos, and may be explicitly included in the neighbor
list broadcast by the femto cell in the System Parameters Message. 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 without their explicit incklusion in

the neighbor lists.



[ 0051] D = Nei ghbor Cell Distance: 10 km [0052] PILOT INC = 3
m croseconds, Macro-Macro PN O fset Distance = 512 chips; Mcro-Fento

= 256 chi ggo 200983dSearch Wndow. D/ (CTo) = 41 chips; pk@RR%40¥7&AW
as percentage of m ni num Macro- Macro phase shift: 41/512 = 8%

[ 0055] W ndow as percent age of Macro-fent phase shift: 41/256 = 16%
[ 0056] PN O fset and search wi ndow pl anni ng shoul d be such that search

wi ndows do pls2jovent 8Re ethBrAbdtUht REHEPY Bido M Feldi Il rBBRePsearch effort
relatively strict tolerance. The concept of search wi ndows relies

upon this strictbYphihgr MSenPue tephase phifthgausedh by erapapation edmp sefergnemat

R L e

is used. It is uniustpoest anondepvefl eatch WATEWONFIG. D blicwsnihel, the.tome at BS1,
BS2: t.

[0043] Time at MS: t - d1/C, where C = 3e5 km/s (speed of light).

[0044] Phase Lag = (d2-d1)/C; BS2 pilot will appear at MS delayed by this phase
lag

[0045] Maximum Lag = D/C => Search Window.

[0046] This search window 1s conservative, since BS2 will not be visible or
significant to MS until MS is some distance away from BS1. However, some
cushion is needed for additional delay caused by multipath.

[0047] In one embodiment, decrementing PILOT INC parameter at the time of
introduction of femto cells does not change a macro search windows. Phase
spacing of the macro cells remains the same. Femto windows may be smaller
than macro, but must be larger than delay to furthest coverage of the referenced
macro cell.

[0048] For example:

[0049]  Pilot Period T = 2'° = 32,768 chips (26.667 ms);

[0050] Chip Period Ty = 1/1.2288 ms = 0.814 ms;

[0051] D = Neighbor Cell Distance: 10 km;

[0052] PILOT INC = 3 microseconds, Macro-Macro PN Offset Distance = 512
chips; Macro-Femto = 256 chips;

[0053] Search Window: D/(C*Tg) =41 chips;

[0054] Window as percentage of minimum Macro-Macro phase shift: 41/512 = 8%,

[0055] Window as percentage of Macro-femto phase shift: 41/256 = 16%,;

[0056] PN Offset and search window planning should be such that search windows
do not overlap.

[0057] Furthermore, CDMA timing has a relatively strict tolerance. The concept of
search windows relies upon this strict timing. Femto cell timing can be adjusted
based on knowledge of femto location, even if GPS is not available,

[0058] In one embodiment, femto cell latitude and longitude (LAT/LON)
knowledge is used. It is unimportant how femto LAT/LON is obtained, e.g.,



11 address dat abase | ookup, triangulation, or other nmeans. The
identity and | ocation(s) of one or nore of the neighbor macro base
stati ons iwoab®msdedpwWn by the system (al so uni nportant ppgwsagmgdidsad) -
[ 005911 n one enbodi ment, QAMBP system conputes distance(s) D(i)

bet ween macr o nei ghbor BS(s) and fento tkll, and correspondi ng phase
delay(s) AT(i) = D(i)/C, where Cis speed of light. [0060] Fento cell
nmeasures phase shidréssdiddREENISRIS) triah ﬁm el dther HelHs, B QRPN
its own determ ne absol ute phase Shlf% The phase shift(s) are
provided to the faspiqu( ﬂﬂ@fpﬁ%ommmfé%lte&hbq m@@m]bmmoswtaﬁﬂmb@awn by
erform necessar advance cause y
Bropagati on del agl,e%gmt(?%do%&?ﬂ&ﬂnf%@gg%du%g}?o BS - AT(0). OAM&P can
convey t hi s [@8065%i ng IndnarmeebodomanheOARED sg@tih. coiﬂpete[s eiisttmce(e} D(Bdjetigécn

13 10Tl g B BEhANE 08 A6 (0P SR ST A LTS

mul tiple nmacro Bﬁ@)mﬁyzha@mﬁgggedmh@tt hat this is one-tine operation
prior to commencing fento forward |ink transm ssion. 0062 Pi | ot

Search Met hdWéPlogy tieades) Wesswighplnse shibetqrenretnd s b, bt ncannot
order to support n :
o Sibset of et 3 copl Ui Fap i RAEBERE nl TREBESS %fi&? HepebRbLE
initially assigntd f@mtOfWﬁh@OAM&BSMt to support I egacy VBs.

Addi ti onal | ei g and every mac e, st.ation i s
augnent ed b¥°°39d| ng® ‘%&1 S’Etefone(“taE %eogrglcrilecﬁg?ry C?ﬁlfpgta 1%“3@%@% éﬂ’r“ig advance
because these | egags mﬁﬁrob@gaeom@elay\@rgemmh@fclofs@mxﬁcz@qis SAT@Rd 03L& P
search for femo pilots as if they were macro pilots. ;0064 IG 6

illustrates a metdfotPofy fiydeynaveivarcy o thefemior eplle. Thenfegnie cell adjusts its
enmbodi nent, LeQaﬁﬁ‘nﬂgﬁ‘efe?eﬂc@ b}r QH@anélfngtt}?e 1%@619&9%% etftﬁﬁ‘@'ﬁjﬁ d pegh.ates
onfrequency FF , Is also used for fento ce sassownln fep
602. In additi onTt(G) ﬁact"f(@) caltbrnpiivedst, sveigheddgdfvbmlge lfiost ma]nmm mm:b B8e sag

subset of fento pil | of er for eration. VB
detects fento plﬁ d? &\gorsfr‘? aﬁthgtlf’ecﬁ'ﬁt E%/f’pfff%t T B9 % C%*asncmg femto
denodul ati on of fcﬁWﬁtﬁI@lﬁltﬂanﬁﬁls,s‘idsmvm in Step 804, then MS detects new

s shown _in Step 806.
SIDFINIDE ag) @2hown i Stolh RPhodology Legacy MS Support

[0063] In one embodiment, in order to support MSs with legacy searchers (un-aware
of femto cells), a subset of femto cell constellation (LS —~ for Legacy Set) is
initially assigned to femto cells meant to support legacy MSs. Additionally,
neighbor list of cach and every macro base station is augmented by adding the
complete Legacy Set. This is necessary because these legacy MSs have no
awareness of femto cells, and must search for femto pilots as if they were macro
pilots.

[0064] FIG. 6 illustrates a method of Legacy MS is in idle state. In one
embodiment, Legacy MS is in idle state on macro network and operates on
frequency Fr , which is also used for femto cells as shown in Step 602. In
addition to macro cell pilots, Neighbor List also includes a subset of femto pilots
reserved for legacy MS operation. When MS detects femto pilot of dominant
strength it begins idle mode demodulation of femto cell as shown in Step 804,
then MS detects new SIDy/NIDy as shown in Step 806.

[0065] In Step 608, MS completes femto selection and sends registration message to

femto network. In Step 610, macro network tries to determine if MS is



[0065] I n Step 608, MS conpletes fento selection and sends

regi stration nmessage to fento network. In Step 610, macro network
tries to dedpesgionaei f M5 is 12 authorized user. Aut hokirggdad¥okd;!
be registered and served there as shown in Step 612. [00661lt shoul d
be appreciated that the teachings her eil may be inplenented in
various types of comuni cation devices. |In sone aspects, the

t eachi ngs her ei NaR)tizBE ubdfPASIBRLAMSE Rvilbk BdBiGeAaYd S8R dithat a8bwhein
depl oyed in nultj pI e access comuni cation systemthat may

si mul t aneously s®§P&!% communi cation for nuitiple wireless access
term nal s. e r: .
access points @| a ?{r:gahr?gﬁ{?s?@rg&%%dt gt:?g(gl S\,Mecfh}? ev rbgém@{][%ged‘llﬁe
forward |ink (orvaowbipakpf cceaﬂlewgcattmntdhetccsorﬁmninca‘speots thie ndachingsrhdrbie

fefers Lo the comhfs AR maAest ARAESYEE Ry e S5 it Pl aooss
poi n][ s. This c;)nmmnmatatmn dysialan ttlﬁy e ﬁﬁiu&ﬁieraﬁﬂjafkuppcﬁt @?mnh}lumcanon for
single-in-single-out, system a multiple-in-nultiple-out ("

system or sone ’@Pﬁ‘@ ‘%;57 ESSGeCasy Eray ls[ W%]eachﬁeﬁﬂ”ﬁé @9%?%%?%&4%%&

mul tiple (NT) transed ﬁm@ruc@és@%u@marﬂﬁhgmi@h@ns(&Hhcrf@ﬁ@dﬂ%n@%v%ﬁeqms
for data transm ssion. A M MO channel forned by the NT transmt and

NB recei ve ant enhbgsforegrdhiak dercdompbaiedeienitte thacommimiration Hek Gparhedosess
which are also r red t : e 251 Ent /
NR}. Each of theﬁgl\l{s%rslﬁjdepegr;[ r%?ﬁ%hgﬁra\dne sal-(g:Q}CI):'sr?éreeshpnlée)’{r}g)[r t ab)< H?ggnstlycl)}r}\l.e
The M MO system mnmnmnodelmhprﬁ@vedthpeteﬁmnmwe (te. gu;ceshi piets.  This
t hroughput and/ oL great el,i abi l.it e addi tj anal

di mensi onal i ti es“CFeat's: OByhr%l%glame %%ﬁb 151}efia‘ﬁ1§rﬁ pingledn-single-qut, system, a

antennas are utimuliptt-infrHQEEAUM ‘n@l\/&y%wﬁm s&ﬂ@@ﬂaéﬁtypct my@&:ml sion
dupl ex ("TDD' %) and f]&ﬁ enc di vi SI on dupl e>35
system t he ®8Hwar & emplppanpltigled téarné‘i‘i%t a&T"én"ﬁrfm@ W@I%Fé?réNR)

frequency regi onges&ivd a@&m{dbqof 8%th RfaQGhik Mol IANGATRI cﬁidnemrﬁ@@b the Ny
estimation of the forward |ink channel fromthe reverse |ink cﬁanne .
Thi s enabl es t helr#sesands §xriecaive é@@?lﬁr&étm%‘r baglerempnsedniftorif n@elgﬁaldm’f
on the forward |ipk,soem;mbL %}I: b t

access point. [00691]l The1 te%c %oﬁé er el n ylgcég'?dﬁgsbbg%[r%a]tv Eimnl{NT’a
node (e.g., a deMa}ce)Ea@ms)ﬂ thylh‘sgmd@endﬁns cm:uplercent@oﬁdsrtocmdmmmomt iThhg
with at |east on node, ever a I

conmponent s t hat lrér%ly 8 Sé(?rnﬁ m%yegn}“def g@}rﬁ‘feﬁ %félaﬁ?ﬁﬁnﬁec%tnﬁéﬁefb@{%wf
nodes. Speci fi caiddyor fefber ZFeliabillspt tfat}ﬁSacmMnﬁeldﬁﬁalsdﬁMﬁﬁe@ ofddded yJthe
an access point) da wrel e%s devi ce 750 ., an access termnal)
of a M MD syst en#ple RnsmH andjesppixg antgipas g %11”‘?51 data for a nunber of
data 13 [0068] A MIMO system may support time division duplex (“TDD”) and frequency

division duplex (“FDD”). In a TDD system, the forward and reverse link
transmissions 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.

[0069] The teachings herein may be incorporated into a node (c.g., a device)
employing various components for communicating with at least one other node.
FIG. 7 depicts several sample components that may be employed to facilitate
communication between nodes. Specifically, FIG. 7 illustrates a wireless device
710 (e.g., an access point) and a wireless device 750 (e.g., an access terminal) of

a MIMO system 700. At the device 710, traffic data for a number of data



streans is provided froma data source 712 to a transmt ("TX') data
processor 714. [0070]1n some aspects, each data streamis transmtted

over a respeabionwgs2hr ansmt antenna. The TX data processeiuéldhsiorosst
formats, codes, and interleaves the traffic data for each data stream

based on a particul ar coding schene selktted for that data streamto
provi de coded data. [0071] The coded data for each data stream nay be

nul tiplexed W t hstpdahtis pidtRled Slof0a GG e PIY ﬂ%@ansﬂaﬂe{“?xi’)oéatzgﬁ&)@esbo?
typically a known data pattern that is processed in a known nanner

and may be used At*the receiver systemto estimate the channel

response. Thg7aul t 'Iﬁ) |s§1¥1§%s@l:ﬂs acﬂrﬂgta %‘%%%ase ﬁsn{lﬁéd 8\?&?@ r‘é%‘eé‘m?et 4R

is then m)dul ated (1.e mappe on a part
modul at i on scheneat¢mmag TheBREKata msow P’Sfé;‘m@hs M ANd sedretrasdhé anffic

t haj[ data str eaz}ié’c? fat'e ﬁ ggca R a'IJn Beﬁse&) s Say art1c ar c%cgn% 8¢ mss%&te%§or that

codi ng, and nodulation or each dara s
instructions per fiaa peginby provideomndsd ddta. 730 A data menory 732 may

store progr ode, . dat nd ot he nf ol mati on used b the rocessor
730 or ot he?dyg é’ﬁt"éﬁ%q* %?tﬁeﬁ'”dé cetey gigeant gy eTREtiRlasH fgdﬂo’f data

synmbols for all %OEDMiﬁ:Bﬁn@[e@ tFB@BﬂchaiéhQ%ﬁag%@kI&@vMQ@pE’c’E&E%?Qr
720, which may furt process the nodul ation sy

OFDM) . The TX M NMOCpBstiagdapwi apnagand ma@s\bﬁ@e@ memeaﬁysmm toyastiohte
streams to NT trapsaeinvef o§1§cx rﬂui’g Egcga-ata ke é%hrrc%%ta sttream

aspects, the TX M MO proc ssor eam orm ng
t he synbol s of thethdiatraocmlat%hﬁm ,aslsdnHOd) m&we@)nb@mhaonf acpnrlvdmiamhnbd\ﬂatzon

sybol 1 o1 g Lygam L LABESLY BOE oIRGB L 22 8RS
pconver t5) the gnaloq:signal g Lo pravide a modul ated <\ gnal suciable
upconveits e anal o

for transm ssion %%%tf %FHBQW?‘?\% @H’é‘ﬁﬂ&y in§fpetiong BrEpEpddy grapesssor gaR- A
transceivers 7224tk Heptégh77221y dbf ﬁrﬁ%@mt doRB S, hﬁéoﬁléﬂm&%dﬁ% 8R035
724A through 724T, respectively. [0074]At the dévice 750, the

transmtted nodut §@WG§PQW§O§%°@@W0@GfW dReaftdennas 752A

brovi ded ¢ oty Pespags 1 iert HER FhPOS ol MR BT FE IR B LB k0 T

transcei ver 754 NoM@) prioogssor(B0gwhich imayd?nsher@mmbésfthemoda!aﬂon symbols (e.g.,

Somoonverts) o ESERTGHL YA BESILAS a0l B A8S nuEan Lglse

provi de a cor r esgmians hgN;y rewsebivad (“>egVROl 729Ar @@iEh 722T. In some aspects, the
TX MIMO processor 720 applies beam-forming weights to the symbols of the
data streams and to the antenna from which the symbol is being transmitted.

[0073] 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 7227 are then transmitted from Ny antennas 724A
through 724T, respectively.

[0074] 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
transceiver 754 conditions (e.g., filters, amplifies, and downconverts) a

respective received signal, digitizes the conditioned signal to provide samples,



[ 0075] A receive ("RX") data processor 760 then receives and processes
the NR received synbol streans from NR transceivers 754 based on a
parti cul arwo emeisee7 processi ng techni que to provi de NTrldassos/endssi
synbol streans. The RX data processor 760 then denodul ates,

dei nterl eaves, and decodes each detect elf synbol streamto recover the
traffic data for the data stream The processing by the RX data
processor 760 i samiofiphepesicssey tHeGanplet togbiide aRcrdypoidigy T¥cdWdDsymbol
processor 720 and the TX data processor 714 at the device 710. [0076]
A processor 770 PBfdi cal |y determines which pre-coding matrix to
use (di scusamdsibel WreceilB g RXOCEES ProcéskBr 760 MihAESvA dnBViRb&8sds i thK Ny
nmessage conprising a nmatrix index portion and a rank value portion. A
data nenory 772 a§vVet rdobitsgms fosbtletransaeisers Aptibasehen a patisrlABiCcFBYEL
used by the proc : 0REL5. 10f i.ce
100771The rever s@?&%ﬂgzn%gggggttﬁ%@%n@% se \*?/eéir is%%gat%%gﬁs‘&ofﬂé%x data
i nformati on regapwiesgort e cmmmdemebdaten deintdrleavesUand tdeeodes cmiclv ebttadtia

stream The revers i,nk nessage is.then processe a data .

ot bcessor 738, i aPa BIRARSLLE AR BERE RS e HhPR5Roina ey
streans from a dabarRX¥odukLgrotSBor MBI adaplchyntarynmdthhabeifordB0, by the TX
condi ti oned by t@@\#gansggi vg S J 4A_t hrough 754R, and transnmitted
back to the devi EMPAROCTHB7, beds & 2ot RBoorsy, /1¢ AehAdEnirat Ld
signals fromotdle devipEReskeO 780 Pehibh&ilyeidMidedavialt BROGIing2Aatrix to use
conditioned by the transceivers 722, denodul ated by a denodul at or
("DEMOD') 740, affdpcpietdsoan. bylhe mycegspr a7 1o vegkigs g4ovearss Erle magstage
the reverse link ' : ' AT r
730 1 hen det er m S St aAE Sk pEffoRied AMEHAE Sodisl: 4106 BERGREAS
t he beam f or m ngmaesigtet [gogtamncode,olzés sed othheinforirbat exd g skagecessor 770
[ 0079] The teachings, herein nmay .he jnco rated into various types of
comuni cati on sy%‘%@%cgwa?lﬁ%so)@lce €6 @nents. In some aspects, the
t eachi ngs heoern naye bevespllinkethessaga nvyl torpitscacaRas gyst eMmisfapadioa
oty R TS TR CTE A AT AGE I, N
bandwi dt h, transpiit mBAUWE is tEAdirésset By art e At PooceRBH 750 whibh: aldoOceives
exanpl e, the teachi n%s erein may be applied to any one or

conmbi nati ons of trH&cHatafend ngnies ehewt sigraeys frogpe datpsared Gy, Motlelpisd &y a

W deband COVA (" TPRIARE y oo TR EAA, (b, T MEgBNeh 1548, oy

systens, Tinme D triusimgtedMatk foghedideeds. (" TDMVA") systens, Frequency

(" Scroum ) M eers AR bR e uBhE] S BT dbn et o
("OFDVA") systenthe afterobh a4 Mubidiiined d8C 8RS trhRebinegURS, demotiflelkests; a
oI nont"oneSeRChGE CERYS ARSI oS

W CDMVA,  TDSCDVA, c:ang: @k heVertialdatdsze ttnbhMRd DStWO R i BY50) rfﬂlee{rﬁ_sess&
radi o technol ogy such as Universal Terrestrial "Radio Access ("UTRA)",

cdma2000, or sonmdbipedeterengiorbigly praspmg Mty de gso/foCorpmaints teb@i-p
Rate ("LCR'). Th r - 0, 1S-95 and
| S- 856 st andards&@%@%@%?@gﬁ%Fﬁp %ﬁ%gﬁg%ggdi o technol ogy
such as d obHIP9]Systldm faachiMpbi heeeitomamynibe atincon®rate¢dsShto) . vatiouOFPWE  of
network may i npl Ceman%1 .aatgoadi otet ecgr%ggro% such_as E%/ol éed UTRA is. th
("E-UTRA"), | EEE"BOBYITAION sEpteB5 2 0" PREE! S69PIHISH A8 HOBRDMPFy'S: the
et f: UTRA, E- UTRAachaid Ksbdthahey par émgbyddniny ﬁhﬁﬁl&ipiﬁ@dbds@ systembcapable of
Tel econmuni cation System ("UMIS'!). The teaching erei n may be
i npl enented in aSBPEPBIESH 81‘3%1%\/8?@5’?‘5 6}€ '“Eefﬁiy skarngdhs aggilable system
U tra-Mobile Broadhand M1( 2UMBspecRYink 88 0@ankcdf B&ldwWidRESanShit DY EL BBding,
LTE is a release, of UMIS that uses E-UTRA. Al though certain aspects
interleaving, and so on). For example, the teachings herein may be applied to

any one or combinations of the following technologies: Code Division Multiple



performed by) a variety of apparatuses (e.g., nodes). In sone
aspects, a node (e.g., a wireless node) inplenented in accordance

w th the tweachiorng®oherei n may conpri se an access poi nt pgrN&BBQDRESIS
term nal. [0081] For exanple, an access term nal nay conprise, be

i mpl emented as, or known as user equi pmht, a subscriber station, a
subscriber unit, a nobile station, a nobile, a nobile node, a renote
Zt ation, a renot dctas (riGIHMA”}aslyls&&Is, M&Hiﬁidﬂ@irriexalcﬂm (“DYBOIDM AX),WFRIeband
evice, or sone &, nol qgy...l.n_sone i epent at j ons an _access
term nal may congﬂig‘é Ee‘wf‘?‘ﬂﬁa? @}b‘%g‘;?ag% 1‘%‘?08%? ci!I %g%‘b% el Bphote,
a session initiakys@sPr oiRC Pivikiod! Rultiofgessd (WHRIALS Ssyk@mal Hr@fBncy
("WLL") station, a personal digital assistant ("PDA"), a handheld
devi ce havi ng wi P&Yiges Meliplsciress gD tsystesy, Sisghe-Gertirsr FRMA 4186
processi ng devi C?DW&QGC%QWJS,O @)rﬁﬂb%&!a?s%éﬁ:ﬂ . 6&9{9{51‘9' W[H Ieonﬁccggs
nore aspects taught hérei'n may be 1ncorporated”into a phonelze.g., a
cel lul ar phone of‘GHRYA pruystetns, ar cohputettile. geess ateblapguep) , A wireless

portabl e communi ¢gation device, a portable conputi devi ce .Qg., @A
personal data asg?nsufn%rrll %fonasﬁmeerrﬂ 3’?’?&9’ Hlﬁe‘?ﬁlf tafg@if{%@ 0 .n}ayabéwﬁgg@ed to
device, a video deplement ot oamsat sedndhide, suatdhOl, 93 c@haivat, ISESis! WOODNA,
system devi ce, o her, suitable devjce that is confjigured to
comuni cate via ED%%@?‘%’S%“%tg?rﬁﬁndf‘%82&&p%c%€§‘§°r§dp?ﬁ mgigment a radio

conprise, be i NS huaSas OhivikAWRrasria IREEBecc & “8MRAFBcaRaIRE &
network controller ("ANC'), a base station ‘%"BS"), a radi 0 base

station ("RBS'), Sengasher seehnplogycoMol | iapludesBBECPMA yrdsbow Chip Rate
transcelver staty @f&”}BT%'hE’ccﬁ'na%b@d‘stgﬁlh}%?%f&%{s' %"%@QIFIS)% And Al Q6
a )

transcei ver, a radi o fouter, asl ¢ servfite se an extended
servi ce set ("ESSa)dardsr AsOhdlontteorksingy ingrerhen mirabé GghnoldH831anGhbae

aspects a node (e.4g. n CEes oi nt)..may.. i s ccess nade
for a conmuni cat s%néﬁsly8¥ é\%?cbl%u@?fg%mﬁ%@é@s( ﬁggﬁn& mdge?et%’ﬁ{ may
exanpl e, connect imvplenterftox rm:’(i? ltt@chﬁolﬂgjr Wack l'zlé %x@l\aedaUmRﬂlg(“@L@aRAejl, WBEK
such as the Integnet or t wor yia a wred or wireless
comuni cation |i %&{bqﬁﬁg Sﬁgll@é!ﬁ%% 8&?8@?@?%@58% eie ce$84nbdél Tryand
enabl e anot her nEEe1 4@ part of BAABEEFBLALT AR Q1iBE 6 T NATYOY krir
some other functionality. In addition, it should be appreciated that

one or both of tKacliegsdigraiminaybe joplempited tra IGPP bongTeasBeplution (“LTE™)
relatively non-p I ) S804l h he ecia
W rel ess node m&sg%gc%pégﬁg%bﬁ%rgwgﬁa@i ﬁ%gl %&%Hécaglld Bt%gr %%g &

vIin
i nformation in asystmswi E€Eess rebmsepf (BMES thatiwea EWITRA. cAlh@phi @rthin

Thus, a receiver _and a-trapsmtter as discussed | n_may, i nclude
appropri ate comTﬁSﬁF%%f) i‘c%)hr? ﬁ%?aéﬁea%aé’ @%ﬁ?&%‘é Wi g&(gﬁ,ggf“é%ltog?”cléfs t8ybe
optical interfacendeonqantat thl ttahB@IMBRITCAe beéi Gphed @N3GPP €REBB, Rels,
medi um [ 00851 | rel ess npde may communjcate via one or pore

wirel ess cormuniAggH’ g?ﬁﬁl%] e mﬁ‘i’%’t’ 25 e lyass 49 o (BRI el WiRQ RelfppRetA,
any suitable w rgbmeﬁﬁm@phmth@negﬁgmggg.ogy. For exanple, in sone
aspects a wirel ess node may associate with a network. In sonme aspects

t he networ k [98Y confheitepshings berain may be incorporated into (e.g., implemented within or
performed by) a variety of apparatuses (e.g., nodes). In some aspects, a node

(e.g., a wireless node) implemented in accordance with the teachings herein may
comprise an access point or an access terminal.

[0081] For example, an access terminal may comprise, be implemented as, or
known as user equipment, a subscriber station, a subscriber unit, a mobile
station, a mobile, a mobile node, a remote station, a remote terminal, a user
terminal, a user agent, a user device, or some other terminology. In some

implementations an access terminal may comprise a cellular telephone, a



17 area network or a wide area network. A wireless device may support
or otherw se use one or nore of a variety of wreless conmunication

t echnol ogiwe 2opme2orol s, or standards such as those di ecuasedshesal n
(e.g., CDVA, TDWA, OFDM OFDVA, WMAX, W-Fi, and so on). Simlarly,

a wreless node nmay support or otherw st use one or nore of a vari ety
of correspondi ng nodul ation or nultiplexing schenes. A wirel ess node
may thus incl udecappsofelcphdie, eaogpidneamtistidneprgtocolaf SIPNplednk AL @6klebDlocal

establish and co i.cate, via one or .6 W reless _conmunicatio X
ks usi ng ¢ he. SEBMVAL bEAGH™ v BePadst BAERER ook Det HRET6E dayice
For exanpl e, a WhiehEe&sclRSd@niBYiok QAMbLIEE o s¥hb 8lHRS SuilabRIBERENES dideh
associ ated transmtter and receiver conponents that nmay include

various conmponenf@negedio a wirglas| mesisie rifcerdingln @ne pymale aspestsaaeabt byrein
that facilitate gQUNLEHLLLRIANG o & ' I

depi cts an exanpl egnl;HIéOCk I agr aml%o%ic ﬁggﬂgyggg,rfggigﬁ%rﬁﬂggégagggﬁg v(\)nn%h 2
addi ti onal aspectenpliderc(é-ped: Heptep)n.2a Ipsiullm 8DOmpricatiode dedce, appaurables

that can facilit fenta cell synchronization. .Specifically, system
500 can i net ude. O PRUTRESE e rhHiTa bR iR B G el pe !
exanpl e, synchr onnmisiegleneansviddddcvicec e ¥ sagdlifrradis), 8 Ahbalpositdnfg FE3MAS
830, inserting ans 840, creati n% rr&ans %6530' each connected to a.
cormuni cati on | i ARIEeST 20k QUHSE S L Y itothebimipaigwed icoRmppisale via a
nodul es or nmeanswa¥REs medIyni cation |ink 805. 100871 While the
specification describes particular exanples of the present invention,
t hose of or d%8Hry sﬁa4@6&5@9}@@%%@%?&m@wedﬁwrﬁm@émaNodeB, an

i nvention withou | 4 i hMe JQk
e teachi ngs. herssteRo i BIE ool N e BARRER (RN SRR e
are equal |y appl stetadsl €'RES“packase-sqation chetolbo (EBSC e b wesk tradse¢reat sation

[ 0088] Those skil . LNt art will.un tand .t hat informtj.on and
signal s may be rt:%&ess n {e}%mﬁ%?'%\é\#ugﬁk nog%gs)vgrﬁag]f)ytr%lﬁced‘fef’f g router, a
t echnol ogi es andbisacdeniicues(BEST), exanglded sahailca set i( TEIS Y @F kfkSother similar
commands, infornmation, signals, bits, synbols, and chips that may be
ref erenced throu@ﬁﬂ@f’logﬁe above description may be represented by

vol tages, cyosgNt S.In 8bBE hiRABARBHE (e YNEMLECeTRORS! hsy Edr§irils aRlaccess node
particles, optical fields or particles, or any conbi nation thereof

[ 0089] Those ski | fasd qommcasipp syitern. Sueh we pcogpsprasieiraaveporide, fonexample,
. Tl ustr at . | . ; g
various illustratdye.da9iGal oh A6kSrk ({éﬁ;‘.’,‘é Wide al%%%%g)g}k;siucﬁrg Jﬂggiﬁﬁr%gt or

al gorithns described I n"connection w t he exa scl ose erelin
may be i npl ement edelhdar ne8vork) via a wired or wireless communication link to the network.

Accordingly, an access node may enable another node (e.g., an access terminal)
to access a network or some other functionality. In addition, it should be
appreciated that one or both of the nodes may be portable or, in some cases,
relatively non-portable.

[0084] Also, 1t should be appreciated that a wireless node may be capable of
transmitting and/or receiving information in a non-wireless manner (e.g., via a
wired connection). Thus, a receiver and a transmitter as discussed herein may
include appropriate communication interface components (e.g., electrical or
optical interface components) to communicate via a non-wireless medium.

[0085] A wireless node may communicate via one or more wireless communication
links that are based on or otherwise support any suitable wireless
communication technology. For example, in some aspects a wireless node may

associate with a network. In some aspects the network may comprise a local



el ectroni ¢ hardware, conputer software, or conbinations of both. To
clearly illustrate this interchangeability of hardware and software,
vari ous i IwQgemwati2zoe conponents, bl ocks, nodul es, circwicraszomoivesis
and al gorithns have been descri bed abOVf generally in terns of their
functionality. Wether such functionali 7y is inplenented as hardware
or software depends upon the particular application and design
constrai nts i nposed netwdrkeorow evidd Iaresymm Sla Muetbsardteinsammmmpport or

i npl enent the desgribed functionality i.n v s f.or, eac

part i cul ar  appl | VIO SBARE BB dh e AT BiFoa EE T SPURS oG opeloRiss
be interpreted agrotRul| 8O standieRagichirg thaserdidchses tere ofg.! CBMALTEMA,
i nvention. [009 The_vari ous |IIustrat|ve | ogi cal_ bl ocks, nodul es,

and circuits desPFPHEPTIAMAe YWEAK W 1138 tsﬂén)ex%}ﬁ“ﬁﬁaél& i Eelegsgege may

herein may be i npi,8pR R} BfheRlisd8del R MR bha & A%Em
processor, a digi tgl Si gng ;q)r ogessor (DSP)El %ﬁgﬁ%ﬁ@gﬁn sp(éccl:ull tmn

i nt egr at ed circupt nuiGlleying gchamesd pr ogredassraiode myat ¢husr madpd¢ F@@@pm&e
ot her programmable. r.et r tranS| st.or

di screte har dvvaré c:Il 0%%t8é9§ b?%}tergdr??/ﬁggn%fl %’la(l)lg C?ﬁ‘renrmeuo %P%en‘gfdn?rc?
performthe f unctmolnss cﬂbﬁmurmdmﬁ'dn hekeusing Be gbmeralotip wiekes pirmnesisaion
may be a m cropr ces in the aI ernative, the. processor may be

any conventional ?0 ot %FIVQFE CSHNRYBBHIAHIISE p Wiksless fraggsectver

machi ne. A pr ocea&@rasmmteal @@smetrmheéwn*eﬁdor%%m@nmﬁa@lrﬂ@}in@md@fvanous
conputing devices, e.g., a conbination of a and a m croprocessor

a plurality of FRIRRIEWE € for SIENYN GENSFAIARSr Bdisignal DERCEseEy sthpy facilitate’

conj unction wi t o BDER-4RR Sver? wkl¥ssQddfin. Such configuration.

[ 0091] The met hods or al gorithnms descri betﬁni n connection with the
exanpl es di §¥Bdsed Hier Bilepictngn Grampiiddtketagtimef & bystinm S¢aindweordanck with
sof t war e nodul e nation . of.the
two. A software ?%igt?ci’ﬁtafa%gp&s ﬁcsgéﬁ)&ieﬁc%%i'\;ﬁ[en{ §O(jipr £y 2t appa a}u %\ﬁan
menory, EPROM nefwilijate E&ﬁiﬁ@ﬂlr@ndtrymzxtmgl s$mﬁicalﬂ5ars§istdmsaﬂo @n include a
renmovabl e di sk, any ot her for of stora medi um kno
inthe art. A st@%@%?%’rﬁsrﬂyﬁn%gs Shehhie rtedca‘fﬂﬂg’ ﬁ%ﬁ@@%@ﬁ‘ﬁ r%?i’@f’l\gn@
that the processgtei¢iag nicas 320)doidBg nRand $30MNinsafitly Wickh£340) CRLAME in@hs
to, the storage nedium In the alternative, the storage medi um may be

integral to the Ptloc@¢Bofonnyeied ﬁPoée@%@PﬂI&?ﬂiioﬂhEﬂ%tfiﬂ5ag@dné@lP&nﬁ%yfo
reside in an AS| &)mmﬂ-rgca]tggrﬁg%{ﬂ&r ﬁ’l@@ul@&r orrﬁ?éaﬁs S%E@Bhﬁaﬁ}fm%mq (BRL S,

the functions describ 'emented 1 n hardware twar e,
firmware, oif008Hy cd‘frlﬂilmaht'r cﬂnemﬁ@ﬁhe@f desprfibas nphrowat edamples offt Wer @restite
functions may be; d 1 d, over .one.qr. nore, . :
instructions or Iggéfgfo‘ﬁ thgpecgfrrr%g{ng&ségggé%b?%‘%@%ﬁ%ﬁgl%segﬁrrlpetﬁrgsrep? BYLSFe
medi a i ncl udes bwithout deputier freh eliegigeemizd cancapid Forosxamipled dicitemshingdhdein
i ncluding any nedi.umthat. facilitateg transfer of a conputer program
from one pl ace t‘i?feé?%tcﬁ%?t's gch%Pga’B%?@ﬁ?‘%f“ Va1 Yggéiqaélﬁlt%p%%‘@?a
that can be acceggiefiedordaifi abRStEElemBis Way of exanple, and not
limtation, such conputer-readabl e nedia can conprise RAM

ROM

EEPROV, CD- H8Rflor dipssrskylsdiie s aaf wil wadsrsingd thatirfmedtion and riggels may de
or other magneti gpsEQra0Ridew Q)‘?%w&ﬂé%%@&ff&éﬁﬁecﬂﬁﬁ?%gg Jnlaacrechﬁﬁlﬂegjef“or
used to carry or store desited progra in

instructions or @f@m@l@sﬂﬁtacmm@@oamomh@nd%aﬁom@nammsbdbm spmbols, and
conputer. Al so, n i p - readabl e
medi um For exarr%l?%, Q%ﬁl @%% ]Ss)e f%raelr;}gee(&l gﬂr% hgﬁ'gtm & gr%mp{/\%[bsm%ye%
server, or ot herrepa&mfﬁl bpu@ﬁegeu,scurgzna; (emamzahgmadalv&,vesf irb@he@:pﬁblas or

cable, tw sted pal ubscrl er l i ne rel ess
t echnol ogi es suc’?f‘1 e? ﬂ Eﬁﬂﬁs ‘?réﬁft &nﬁc%‘%g\%%f@ tg?rﬁﬁn t he coaxi al
cabl e, fibefoospti c Taakl ﬁmileIdV\ilnSth@dﬂﬂﬁilllr ﬁmﬁEfLapp@armaw el essvatiseNNRLeAes

such as infrared, radio, and mcrowave are included in _the definition
logical blocks, modules, circuits, methods and algorithms described in

connection with the examples disclosed herein may be implemented as



1. A nethod of an idle hand in, the nethod conpri sing:

operating a | egacy nobile station ("M5") in idle state on a macro

cel l ul ar neowwek4dr a frequency on which fento cell s arerdsplogymesl
detecting by the legacy Ms a fenmto pil of signal of dom nant strength;
denodul ating a signal froma fento cel 1§n ide node; detecting a new
femto systemnetwork identification; conpleting a fento cel

sel ection; and sendiong Jaardwgtstamﬁdt@momgaage cobindtiwns nettodd @b aidaslym

1, wherein the ho dIe nd .i.n rthe

Fegistering an alunoRT Jhs EchierulR g hrdbis M GORRr Dy ipgetive
authori zed M5 oncdrh@né@st Blol, | modhlesA cEromRY tridthdds Ogidam Tg@ﬁthﬁidchave been
conpri sing: conputer. readable nedlunlconpr|5|ng codes causin

conputer to: opeflestabed pRAYSCEEREHY| B &rms i ntherMamytiqnglityy ewg?t%ﬁfes‘%‘}ﬁ

a nmacro cel lular ﬁﬂ@t‘id‘iﬁ[1!§; ﬁpfeﬁﬁgﬂeenw hgfavml op sfo%mafé Qi@g;énas al%%n the
depl oyed; detect by the egacy a femo pilot signal of dom
strengt h; 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.

[0090} The various illustrative logical blocks, modules, and circuits described in
connection with the examples 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.

[0091] The methods or algorithms described in connection with the examples
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. A storage medium may be
coupled to the processor such that 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.



denodul ate a signal froma fento cell in idle node; detect a new
femo systemnetwork identification; conplete a fento cell selection;
and send aWOa¢iogE8 i on nessage. 4. The conput er - pr ogr @aTSeEE/019581f
claim 3, wherein codes for the idle hangd in further conprises codes
for: registering an authorized M5 on the fento cell; and servicing
the authorized M5 on the fento cell. 5. A apparatus for an executing
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| egacy nobil e st " Ln 1d e state on a macro cellula
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nmode; means for O&t ScPPHgMETHERNT BNt Qs EPRPEiSrIaLlcHBstig; Eampuis:-

readable media includes both computer storage media and communication media
including any medium that facilitates transfer of a computer program from one
place to another. A storage media may be any available media that can be
accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or store desired program code in the form
of instructions or data structures and that can be accessed by a computer. Also,
any connection is properly termed a computer-readable medium. For example,
if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line
(DSL), or wireless technologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such
as infrared, radio, and microwave are included in the definition of medium. Disk
and disc, as used herein, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of
computer-readable media.

[0093] The previous description of the disclosed examples is provided to enable any
person skilled m the art to make or use the present invention. Various
modifications to these examples will be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied to other examples
without departing from the spirit or scope of the invention. Thus, the present
invention is not intended to be limited to the examples shown herein but is to be
accorded the widest scope consistent with the principles and novel features

disclosed herein.



nmeans for conpleting a femo cell selection; and neans for sending a
regi strati on nessage. 6. The apparatus of claimb5, wherein the neans
for the idle hand in further conprises: ans for registering an
aut horized Ms on the fento cell; and medths for servici ng the
aut horized M5 on the fento cell.

CLAIMS

1. A method of an idle hand in, the method comprising:
operating a legacy mobile station (“MS”) in idle state on a macro cellular
network on a frequency on which femto cells are deployed;
detecting by the legacy MS a femto pilot signal of dominant strength;
demodulating a signal from a femto cell in idle mode;
detecting a new femto system network identification;
completing a femto cell selection; and

sending a registration message.

2. The method of claim 1, wherein the method of the idle hand in further comprises:
registering an authorized MS on the femto cell; and

servicing the authorized MS on the femto cell.

3. A computer-program product, comprising:
computer readable medium comprising codes for causing a computer to:
operate a legacy mobile station (“MS”) in idle state on a macro cellular network
on a frequency on which femto cells are deployed;
detect by the legacy MS a femto pilot signal of dominant strength;
demodulate a signal from a femto cell in idle mode;
detect a new femto system network identification,;
complete a femto cell selection; and

send a registration message.

4. The computer-program product of claim 3, wherein codes for the idle hand in
further comprises codes for:
registering an authorized MS on the femto cell; and

servicing the authorized MS on the femto cell.

5. A apparatus for an executing an idle hand in, the apparatus comprising:
means for operating a legacy mobile station (“MS”) in idle state on a macro

cellular network on a frequency on which femto cells are deployed;
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means for detecting by the legacy MS a femto pilot signal of dominant strength;
means for demodulating a signal from a femto cell in idle mode;

means for detecting a new femto system network identification;

means for completing a femto cell selection; and

means for sending a registration message.

The apparatus of claim 5, wherein the means for the idle hand in further
comprises:
means for registering an authorized MS on the femto cell; and

means for servicing the authorized MS on the femto cell.



