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BACKGROUND

Field

[0002] This application relates generally to wireless communication and more

specifically, but not exclusively, to improving communication performance.

Introduction

[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] To supplement conventional mobile phone network base stations, small-

coverage base stations may be deployed (e.g., installed in a user's home) to provide



base stations may be deployed (e.g., installed in a

user's hone) to provi denore robust indoor wreless
W@onenzges t o nobile units. Such smal | - cover ageP@EES2008/084738

stations are generally known as access points, base

stations, Honme NodeBs, or fento cells. Typically, such

smal | -coverage base stations gre connected to the

Internet and the nobile operator's network via a DSL

router or a cable nodem [0005] Since radio frequency

("RF") coverage of snmall-coverage base stations may
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[ 0006] The disclosure relates to nanaging interference
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nonassocl a acces generating an
interfering signal. Wen gpgiviXeyf erence direction
has been determ ned, a conmunication controller
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sanpl e aspects of the disclosure will be described in
tnohidded@einadinges anterfticoce dindtibhef appeadedatdacoss tduainal
follow, and in the acconpanyi ng
generating an interfering signal. When the interference direction has been determined,
signals are transmitted and received away from the interference direction.
[0007] In another exemplary embodiment, an apparatus for communication includes
an interference controller configured to determine an interference direction of a non-
associated access terminal generating an interfering signal. When the interference
direction has been determined, a communication controller transceives (.., transmits
and receives) signals away from the interference direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] These and other sample aspects of the disclosure will be described in the

detailed description and the appended claims that follow, and in the accompanying

drawings, wherein:



draw ngs, wherein:[0009] FIG 1 is a sinplified block

di agram of several sanple aspects of a conmmrunication
wayabemeod 0010] FIG 2 is a sinplified bl ock dPeEmyUsans/084738

illustrating several sanple aspects of conponents in a

sanpl e communi cati on system [0011]] FIG 3 is a

flowchart of several sanple aigects of operations that

may be performed to nanage interference; [0012] FIG 4

is asinplified diagramof a w reless conmunication

system [0013] FIG 5A is a sinpl i fied di agram of a

8 TR AT A
ﬁﬂgﬁ @8{ H{ ent o nodes and access ter m naI S

ustratln nedati ve geonetries; [0015] FIG 6 is a

Fdolm | Tigd, diegtiamikibd YRk ald Fﬁnﬂﬁl\éﬁﬁﬁggese%ﬁﬁ@rﬁﬂé aspects of
Wi rel ess communi cation; [001 FIG 7 1s a flowch

edmpdicarsah a%a{npﬂe%oaﬁmﬁﬁmoﬁfsy@@ﬁr ations that may be
performed to manage interference through the use of
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peifdrordeod maoagrantgferdnne;er f er ence t hrough the use of

opti m zed reduced power |evels for an overhead
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communication;

[0016] FIG. 7 is a flowchart of several sample aspects of operations that may be
performed to manage interference through the use of beam and null steering;

[0017] FIG. 8 is a flowchart of several sample aspects of operations that may be
performed to manage interference through the use of optimized reduced power levels
for an overhead channel;

[0018] FIG. 9 is a flowchart of several sample aspects of operations that may be
performed to manage interference through the use of optimized reduced power levels
for an overhead channel;

[0019] FIG. 10 is a flowchart of several aspects of operations that may be performed
to manage interference through the use of frequency selective transmission to address
jamming and negative geometries;

[0020] FIGS. 11A-11B are flowcharts of several aspects of operations that may be
performed to manage interference through the use of adaptive noise figure and path loss

adjustment;



performed to manage interference through the use of
adaptive noise figure and path | oss adjustnent;[0021]
WO-R@@BI/01®06 s a fl owchart of several aspects of PCT/US2008/084738
operations that nay be perforned to manage
interference through the use of subfrane tinme reuse
techni ques; [0022] FIG 13 is sl ot di agram
illustrating time sharing anong fem o nodes that may
be perforned to manage interference through the use of
hybrid tine reuse techniques; [0023] FIG 14 is a
hart;~0 ever a S ts.of operation na
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interference as taught herein. [0026] In accordance

wichiiqespmon practice the various features illustrated

in the drawi ngs may not be drawn to scal e.

923} di AdGyl4 i hélodichen of saysrabfispebte of apératisnsfthatnoayes performed
may be arbitrarily expanded or reduced for clarity. In
tedunage mtederrceahrough thiy wsgion §sbmdhimpecusenpl i fi ed for
clarity. Thus, the drawi ngs rmay not depict all of the
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method. Finally, like reference nunerals may be used
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foaniresany bsarbitede sdenttdoratdasry fot ity aspeddisSord Reme of the
that two or nore of these aspects may be conbined in
damiggssnayalyssimpbficfcarplriey. Biusathpaitatings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

numerals may be used to denote like features throughout the specification and figures.

DETAILED DESCRIPTION
[0027] Various aspects of the disclosure are described below. It should be apparent
that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set

forth herein. In addition, such an apparatus may be implemented or such a method may



may be inplenmented or a nethod nay be practiced using
any nunber of the aspects set forth herein. In
WwW@adwoniwm such an apparatus may be i npl enment eBCDUS20&084738
a met hod maybe practiced using other structure,
functionality, or structure and functionality in
addition to or other than one or nore of the aspects
set forth herein. Furthernore,” an aspect nmay conprise
at | east one elenent of a claim [0028] In sone
aspects the teachings herein may be enployed in a
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[0029] A cell SSOC|ated wth a macro node,
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cell, a fento cell, or a pico cell, respectlvely I n

swire rblﬁﬁbamg@aﬂe@ Agy beacferreetd asrmmadaﬁ nbdé.t Aglode that provides
associated with (e.g., divided into) one or nore

sectaeove] DERdivelyrsnvalr dreu . gappitesidandep iy botréferred to as a femto
term nol ogy may be used to reference a macro node, a

hedet oA nodicthatgrowidpd @uyeragd everRorarescihiatils emabenthar omaomerrea and
may be configured or

larger than a femto area may be referred to as a pico node (e.g., providing coverage
within a commercial building).

[0029] A cell 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. In some
implementations, each cell may be further associated with (e.g., divided into) one or
more sectors.

[0030] In various applications, other terminology may be used to reference a macro
node, a femto node, or a pico node. 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.



referred to as an access node, base station, access

poi nt, eNodeB, nmacro cell, and so on. Also, a fento
woeee/onmye be configured or referred to as a HoPEI/Ne2e®B)84738

Hone eNodeB, access point, base station, fento cell

and so on.[0031] FIG 1 illustrates sanple aspects of

a conmuni cati on system 100 mh({e di stri buted nodes

(e.g., access points 102, 104,° and 106) provide

wi rel ess connectivity for other nodes (e.g., access

termnals 108, 110, and 112) that may be installed in
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pbihawed, 1@, act e&Smhpeomauaiatepoithdne @rmorneacaaakssdes (c.g., a
poi nt may be restricted in some other manner. In such

eentabegd etwerktcontro ket sadtessetwoikntodadddoto fatibtate wide area network
associ ated access termnals (e.g., access termna

mm@&cmﬁy’lnterfere Mﬁth ot her nodes in the system 100

such as, for exanp an unrestricted access point
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more detail in conjunction with the flowhart of FIG
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ot her operations discussed or taught herein) may be
Consequently, transmissions by that access terminal may interfere with reception at the
access terminal. As discussed herein, frequency reuse, frequency selective
transmission, interference cancellation and smart antenna (e.g., beamforming and null
steering) and other techniques may be employed to mitigate interference.

[0033] Sample operations of a system such as the system 100 will be discussed in
more detail in conjunction with the flowchart of FIG. 2. For convenience, the
operations of FIG. 2 (or any other operations discussed or taught herein) may be
described as being performed by specific components (e.g., components of the system
100 and/or components of a system 300 as shown in FIG. 3). It should be appreciated,

however, that these operations may be performed by other types of components and

may be performed using a different number of components. It also should be



descri bed as being perforned by specific conponents
(e.g., conponents of the system 100 and/ or conponents
W@2008/0%0686 em 300 as shown in FIG 3). It shoul BCDHES2008/084738

appreci ated, however, that these operations nmay be
performed by other types of conponents and may be
perfornmed using a different nupber of conponents. It

al so shoul d beappreci at ed t hat’ one or nore of the
operations described herein may not be enployed in a

given inplenmentation. [0034] For illustration purposes
. i ¢ di , ‘ . . ‘
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access point 104, and the access termnal 110 in

baewrrdanbeappilicible heothedy pésng sspparises. orlappahtsdsdhigeire referred to

appreciated that the conponents illustrated for a

gl ptheniermmoldggse nodes al so may be incorporated into

ot her nodes in the system 100. [0036] The network node

100351 t hd1Ge 8 diustrpisp severad sampls goppangit basmp peinegrposated into
include tran jvers 302, 304, and. 306, respectively,

S OB RRE A1 (vl FHIOGIRERO99BROLSY t 196 Brmeat 164 nd the
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[0036] VerrmiBndetk nb8s 14/ ithdactb BNl 104 0d fhe dddes terminal 110
typi cal inplenentation, the access point 104

oy tiag lcB&rsd 020 304)@nd 8 06 38speetivelyl dbr dobinihidattgevieh cach other
nore wirel ess communication |inks and the access point
af¥wab othenhedds e Thavtrhisceiver 31 inolukdeqottenshiidend0& far sending
backhaul . It shoul d be appreciated

signals and a receiver 310 for receiving signals. The transceiver 304 includes a
transmitter 312 for transmitting signals and a receiver 314 for receiving signals. The
transceiver 306 includes a transmitter 316 for transmitting signals and a receiver 318 for
receiving signals.

[0037] In a typical implementation, the access point 104 communicates with the
access terminal 110 via one or more wireless communication links and the access point
104 communicates with the network node 114 via a backhaul. It should be appreciated
that wireless or non-wireless links may be employed between these nodes or other in
various implementations. Hence, the transceivers 302, 304, and 306 may include
wireless and/or non-wireless communication components.

[0038] The network node 114, the access point 104, and the access terminal 110

also include various other components that may be used in conjunction with interference



that wireless or non-wireless |inks may be enpl oyed
bet ween t hese nodes or other in various

WO ppbenens at i ons. Hence, the transceivers 302, PGDUS20881084738
306 may include wreless and/ or non-w rel ess
comuni cati on conponents. [0038] The network node 114,
the access point 104, and the access term nal 110 al so
i ncl ude various ot her conponeﬁis that may be used in
conjunction with interferencenmanagenent as taught
herein. For exanple, the network node 114, the access

Hl%b%e{xgegt as Al qltthhﬁel SR %r%gfeng]g %Jetv&;b]fg né@é/ 1 M’] %eua%gess point

erence Ters

[ &P RRG Eﬂe a%l:é’s tgrﬁﬁn ltlb g‘?a? 1Hcguélé11'il fe%n%@ Egnt?d"féksf ﬁO 322, and 324,

provi di ng ot her Tél at e unctlona ity as

hep&itifel PITR)@ iR fnoShRACRNEOM S Bt k%l(ﬁ@@thg%%latémﬁn&%ahty as
may i nclude one or nore conponents for perform ng

gkt Hekdin t YRet@feréntk @bhERS18 G20, RN AGRINEIN mayl helude e bKmore
node 114, the access point 104, and the access

tamponcats fadferformingupecitie tg@sot intaédreaie nconpeaédteTise network
326, 328, and 330, respectively, for managi ng

sodeniidi thatacoass paint 0% hé thernodess tamihal 0 0 pragvididegcommunication
other related functionality as taught herein. The

pratiRdleR 336dE281 aud 33hecsmectbsly. floyi managiwy, comauti¢rsions with other
termnal. 110 nay include timng controllers 332, 334,

BOAFs 336 forrpé%\ﬁ@@guov@rr yelated functipdalitnas Beehhherdmt 1 bnactwork node
h d di h I
b i e oD cghe °5%E$83¥1'ﬁmh¥%@8%%%&p£@s%%ﬁﬁwogmﬂers
#%g?%r ol ?qphﬁpefcg‘wlgv@” m[aa%%% C(%g]lﬁll%l{slec %%I}srv%% %tﬁgr nodes and for
@%&Rﬂ]?%?jthelt I%Eatédlnftugétto%raﬁtg/c %féﬁﬁ fl&Je e h%?o(t)he? ragmﬁg'gen?srlﬁustrated

Ver control €r co

JI{FI@" @%'1100% d&ﬁ%’é&%tbe%&lo‘éﬁfé thibEGEOt ati on may not
enpl oy al ese conmponents. Here, a hybrid

glﬂ)BWTBt 'P‘br ﬁlﬁﬁﬁ@ﬁoﬂs% bs, (AR fefc@i0t EolthRler STURRINEDMare
38 or 340 nmay provi functlonallty relating to HARQ

tepiaed acecldiigakl @aiscoagollau@hiponedtei . practReoidwder, a given
control |l er conmponent 342 or 344 may provide

fnopl emeta@dn tngy ned aubplogall of thesmemponpotee Hepr, @thiybed eutomatic
recei ve attenuation operations as taught herein. A

tapre gt @tesicdhiRQ) tantrotlongrompmien3HS w348 48:yragvige duictienality
functionality relating to tinmeslot portion_operations
edating g A KQ ﬁl@i@ﬂaceme@ﬁp%%ﬁdawﬁ hesi. ed PESHP eorrrllegsgmponent

or 352 may provi functlonallty relating to smart
342 or 344 rnay pr0V1de unctlonahty relating fo transmit power profile or receive

attenuation operations as taught herein. A timeslot controller component 346 or 348
may provide functionality relating to timeslot portion operations as taught herein. An
antenna controller component 350 or 352 may provide functionality relating to smart
antenna (e.g., beamforming and/or null steering) operations as taught herein. A receive
noise controller component 354 or 356 may provide functionality relating to adaptive
noise figure and path loss adjustment operations as taught herein. A transmit power
controller component 358 or 360 may provide functionality relating to transmit power
operations as taught herein. A time reuse controller component 362 or 364 may provide

functionality relating to time reuse operations as taught herein.
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(89@ aﬂ?e'?ffae%ncé hiflgation ! Elrsfoﬁfeed@ﬁ@ctmﬁe'sg @ﬁér@t'i’@ns mhdy QO ployed on
aspects, these operations may bé enployed on an upl |ni

angplatk Hid/or o Qudnilikk @ mitfi ddt It @ fordticer (reg@RER; orkeldr more the
general, one or nore the techni ques described by FIG

f&cm&;{uéa;eieecrmiedyo@cFIan e eenelepddn theanorpberitaimplempstations
that are described in conjunction with FIGS. 7-14

thet owdesderbee in ayurptiopestd16S. ¢ldbetow. Hérme, for purposes of clarity,
descriptions of the nore specific inplenmentations may
Astdesremtionpel thpewee specHis igpésnendaiions may det déscribg thoserfechniques
As represented by bl ock 202, the network node 114
%%“@Hlfﬁ%e interference controller 320) may optionally

F’@ 1 e MoieBsshn o Plngl @Eﬁeé?etwa%a%@e”ﬁ?é (6 ﬂ{éﬁtgﬁee?
SRRt 2 RRSIREORAR Fhbsol Pollr METRETaE Pien ket paremeters
%.(hed??cfcltiﬁgooh% E§§ aﬁﬁ/of‘ {ﬂte ée%g Dfhal"® \%‘tammebers may take

nr or na SUC par ane ‘ers

daRakieDad Ky, @J@ﬁ@ %@bﬂne %gf%ﬁﬂeh{énﬁﬁsnﬂhH RELRR nBid T4 may

FIGS. 7-14. In some aspects, the definition of

HERIth seaﬂqleeﬂ%ﬁ&%&{afgeﬁ@m ih o hNeh. deia@ﬁm%mcmpwaﬁ@ters
al l ocate one or nore resources. For exanple, the

aflebali¢seribedin drocktal®iowain doamkcen tehimMGRg7-how an

al l ocated resource (e.g., a frequency spectrum etc.)
[d2pbe dhnsomedspeptsf the defimabn ofialterfarersoe patamesetsl ntay amyolve

the definition of fraction reuse paraneters may '
fletormnivmgdovretorallntatg onwov moshressurdehe Fatt ¢xeowle tha esmions of
(e.g how many HARQ i nterl aces, etc.) may be used by

hlegk 6%m@y uavogxéq dedmingchaye an @léqqq resougpe (¢.g., a frequency spectrum,
etc.) may be divided up for fractional reuse. In addition, the definition of fraction reuse
parameters may involve determining how much of the allocated resource (e.g., how
many HARQ interlaces, etc.) may be used by any one of a set of access points (e.g.,
restricted access points). The definition of fraction reuse parameters also may involve
determining how much of the resource may be used by a set of access points (e.g.,
restricted access points).

[0043] In some aspects, the network node 114 may define a parameter based on

received information that indicates whether there may be interference on an uplink or a

downlink and, if so, the extent of such interference. Such information may be received



restricted access points). The definition of fraction
reuse paraneters also may involve determ ni ng how nuch
w@Rowepesour ce may be used by a set of accesBCPUBWD$084738

(e.g., restricted access points). [0043] In sone

aspects, the network node 114 may define a paraneter
based on received information that indicates whether
there nay be interference on 4 uplink or a downlink

and, if so, the extent of such interference. Such
informati on may be receivedfrom various nodes in the

?rX%tVearlll]ogg n<9de’s i ﬁl%% &E:Irﬂ(tle rét %Ccaelggl {3015%%%&%? g?cegg t%l%laﬁa and in

I'n varil ous

QM?Just\xﬂﬁe og ’ o@éi]q b%gklﬁm ov[:LO@l%Aalr 5 sexpmpl e, in sone

cases O nore access poi nts (e he access

ounf 1G4} By lmﬁ'sbﬁ‘l% cadds URé bmﬁo?enéycﬁs pRifowY. 'tﬁg a8l point
send an indication of interference detected on the

UPd)irid; @Bkt and@VAk kidlot OdéhRlinkeindaekd aomdichidn (Lintrference
on a repeated basis or upon request). As an exanple of

tisrecté domere updiske and/bed@ed ko plod mitwdldnoaay 14 &.g.ubah ecpeated

the signals strength of signals it receives from

hésiasr dnyupac cepsst).eAramakanplbaf therfermatcases dwcicatse gownit fl 64 may
ék served by) the access point 104 (e.g., access

t:asle tq éh@lgm@s ﬁngtilloz")mgmm it gpores Tomacudy epecshsrmals that are

node 114. [0045] In sone cases, each of the access

pefiastesiated WHB (%g/sﬁeéﬁ%%}g) ﬂgf‘efi’FéP%ftP@lr& 103 412+ pgrcesaierpinals 108 and

@%wné?eenyow%w %te%é”r e 1T e of. ot Caxandi e
ooy sl eSS b B TRt PO G B s SEBMREY pspegpte a oad
RARYAOL LABRLC SRRk Aendil, REBRSS, 1981 REaTBY SHANSh btlcition may

ormati1 on asso
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to the network no . via the back

E Q@G in 3epPe oﬁﬁﬁ&%th&%ﬂ%le M RAGCRRTFerltRnal sf&@ﬂlafno an access
e.g., the access termnal 110) nay nonitor downl i nk

péign@hys sedcthB oA eidnnth afs Bddctife darsesd ta@thitidlivia a downlink.
noni toring. The access term nal 110 may send such
Hofveverasuchnnfoomitiver Aacasyg bpeinnto thodefvenrkynpdanhidcfe. graia the
forward the information to the network node 114) or to
bénkhamd).wor k node 114 (via the

[0046] In some cases, one or more access terminals (e.g., the access terminal 110)
may monitor downlink signals and provide information based on this monitoring. The
access terminal 110 may send such information to the access point 104 (e.g., which may
forward the information to the network node 114) or to the network node 114 (via the
access point 104). Other access terminals in the system may send information to the
network node 114 in a similar manner.

[0047] In some cases, the access terminal 110 may generate measurement reports
(e.g., on repeated basis). In some aspects, such a measurement report may indicate
which access points the access terminal 110 is receiving signals from, a received signal
strength indication associated with the signals from each access point (e.g., Ec/lo), the

path loss to each of the access points, or some other suitable type of information. In



access point 104). O her access termnals in the

system may send information to the network node 114 in
w@2@vmaidee¢ manner. [0047] I n sone cases, the aRCEHES2008/084738

term nal 110 may generate neasurenent reports (e.g.,

on repeated basis). In sone aspects, such a

nmeasurenent report may indicate which access points

the access termnal 110 is reéii ving signals from a

recei ved signal strength indication associated with

the signals fromeach access point (e.g., Ec/l10), the
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RAHOR P e cﬁ SPRIhindBY le%GéIUQFVlh OfgLRhL on relating to

any Poad I ndi cat1 ons t e access term nal” 110 recei ved
W(ﬁs? domlﬂefwork [118@@@14 g tIRALML e iARARaddiHiFRYonk b8 fhore
use the information fromone or nore nmeasurenent
reRQirdrhcrt @cpdets @6 BEteEnink ahbdkr thiacass psist PP 4Hd/ckQHe access
and/or the access termnal 110 are relatively close to
enatnaét 1 hadeclétvdy closdttdnethcasedss.ghainotheoiccasi@ss or access
termnal). In addition, the network node 114 may use
tehinmal )nflo ndditiomthe¢ uctdetkenaticrid 4 wieet use thia mfomfation és determine
nodes interfere with any ot her one of these nodes. For
ehethpl any affikesaapdsrirtcrowevith annetciduecaf fase npéase iFvé@Ixample
Si gnal strength at a node based on the transmt powe

e ngtwrsh@od, 3%4 mpy Aeiinping geached siggakitengiiat £ hadg Sﬁd on the

KERBULHR A A3 0! T rae ek B M TOh e Ve these

|n |cat|ve of the signal to noise ratio (e.g., signal
1nterference to noise ratio, SINR) on a downli nk.

?ﬂg l ' nflgr ?s%s rfﬁ ef‘rﬁﬁal fl%rrn lra(:t\e ﬁf&{ﬂﬁaﬁgg Ithat 18

ty 1 n I'on dat'a c on
[ |
B A\ i Ot ST il G isqzatio, SINR)
§€RUohvaliflheSREGRHI MR Mhayt @&m?ﬁ'é% threxAapR SRR udiftd

may forward this information to f he network node 114
fodicatis® (I0QIN Y aetatStaenoatroRITRRE TS ivdi @pieh adrisoms .othdh seitdbie

aspects, the network node 114 may use such information
indordetion Mmemheistse thit domnation imtydrefsenten glee @xees point 104 and
downlink or to determ ne whether interference in the
theweatdsp Roing 1 04vmre feyivaryd s idéemetien tathe network node 114 for use in
interference management operations. In some aspects, the network node 114 may use
such information to determine whether there is interference on a downlink or to
determine whether interference in the downlink is increasing or decreasing.

[0050] As will be described in more detail below, in some cases the interference-
related information may be used to determine how to mitigate interference. As one
example, CQI or other suitable information may be received on a per-HARQ interlace
basis whereby it may be determined which HARQ interlaces are associated with the

lowest level of interference. A similar technique may be employed for other fractional

reuse techniques.



[0050] As will be described in nore detail below, in

sone cases the interferencerelated information may be
wais@d/orwoget erm ne how to mtigate interferenckCT/BS20081684738

exanple, CQ or other suitable information may be

received on a per-HARQ interl ace basis whereby it may

be determ ned whi ch HARQ |nter%aces are associ at ed

with the | owest |evel of intefference. A simlar

techni que may be enpl oyed for other fractional reuse

techni ques. [0051] It should be appreciated that the
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ways SOI’TE cases
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presente the network

&g&nggegrnmﬁﬂﬁwgggpgnlcatlon controller 326) sends the
defined interference managenent paraneters to the

DseEs PO bredéided Bisblotk RohehchswbssRslicel v ., tHe d@ffRunication
cases the access point 104 uses these paraneters and

tontedior3 1y sesdsttheddtrd ssteoichide thddhot men@ragkendttidse the access
paraneters to the access termnal 110. [0053] In sone
paisef)4. tAewrkbavdisdussmideldvl.4n sarye reseate dentse pbet éO vsds hese
the system by defining the interference managenent
pareastseang in goe cisse themgcesapoint 1 Faswasly dlacs¢ pargmeters to the
access p0|nts and/ or access termnals) in the system
ﬁﬁﬁ“@ﬁ%ﬁ%ﬁ%l tn the case of a fractional reuse schene,

hﬁl?é& | %é&l@? ggﬁe%it ¢ PTRRPY %Qﬂgdﬂ'é‘frﬁ%ﬁ%&% mtgraafﬁa?ﬁe%b%system
B aCE LR B BRI JPPEFRRL P b b
%g%t eb:%gs)s d)oﬁ’ﬁs %cﬁ&ea%%% FrlTell 11? th ts&?teﬁlﬁtﬁw re%éarﬂ]gg thﬂ'e% casec of a

Iace e acces

ﬁgélo%aﬁrea%%cﬁanﬁltﬁ@ﬁa%rm 1124 Q68 differliife 8CGRRGlly

poi nt 106 S way, communi catiion at one

BRIV G 1R 6 f@E RS ARG EMEntFAYaniQErs SHRS ERSYringlakYess pomts (e.g.,
interfere with conmuni cation at the other restricted

AReSSFoile tHat arc[ddi¥o4hoith thRtRSRIN Reriye Rithoke 206ther) has a
access point 104 (e.g., the interference controller

§r2ificchatmphy, thesictwidrkmbde ¢ mapassageatint HAR Qimatrdacs to the access
that it nmay use or that

point 104 and assign a second HARQ interlace to the access point 106. In this way,
communication at one restricted access point may not substantially interfere with
communication at the other restricted access point.

[0054] As represented by block 206, the access point 104 (e.g., the interference
controller 322) determines interference management parameters that it may use or that
may send to the access terminal 110. In cases where the network node 114 defines the
interference management parameters for the access point 104, this determination
operation may simply involve receiving the specified parameters and/or retrieving the
specified parameters (e.g., from a data memory).

[0055] In some cases the access point 104 determines the interference management

parameters on its own. These parameters may be similar to the parameters discussed

above in conjunction with block 202. In addition, in some cases these parameters may



may send to the access termnal 110. In cases where

the network node 114 defines the interference
worevagasent paraneters for the access point 10BCT/URI088/084738

determ nati on operation may sinply involve receiving

the specified paraneters and/or retrieving the

specified paraneters (e.g., froma data nenory).

[ 0055] In some cases the acced poi nt 104 determ nes

the interference nanagenent paraneters on its own.

These paraneters may be simlar to the paraneters
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addition, I'n'sone cases €Se paraneters naybe
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DRC) fromthe access terminal 110. In addition, the

2d6RE5nIPRI d¥terdddd tHBYhtEmBEEAR o chPIihRK TAOE¢RESs foint 104 also may
downlink to determine the interference on such a |ink.

ndoabcetet ppammekd4 al so may randomly select a
paraneter. [0056] In some cases, the access point 104
6L oode same casics thoascsy paimtr 4 ondyesoopcmeessitiponaorsmom other
determ ne an interference managenent paraneter. For '
aocasproents fndgemune as wderfaiency creag gt RRrar@ETrEYr example, in
communi cate with the access point 106 to deterni ne

Y FRspaihg rescsy BOIAT Hyany eoduaicply wiHkthg @eesspeyas Hio to

A AL RS 3 1 B R SR oy st
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lxzﬁth%ﬁothglerﬁd.(fé%.%t, Palddiod ¢ @I RPES RANRARRERL tﬂﬁraﬁ?@kleﬁo?ie is using
to mtigate such potential interference. [0057] As

5 eRbeee R RY, e ks 28iferbhe Iﬁﬁ?ﬂh%%ﬁleﬂtq;aﬂ%mét% td Brifgate such

t he communi cation controller 328) may sen

poresidl eiterfigendsanagenment parameters or other rel ated
Information to the access termnal 110. In sonme cases
fU053] | nfAw mptesanediay bloek 20% thoaquoswgoimd it (©f., (he.communication
specifies uplink transmt power). [0058] As

c@prodlsepito dndyyschdl odéréeran@ naandgoment patrencaers essthpioickited

104 may thus

inforrnati)én to the access terminal 110. In some cases this information may relate to
power control (e.g., specifies uplink transmit power).

[0058] As represented by blocks 210 and 212, the access point 104 may thus
transmit to the access terminal 110 on the downlink or the access terminal 110 may
transmit to the access point 104 on the uplink. Here, the access point 104 may use its
interference management parameters to transmit on the downlink and/or receive on the
uplink. Similarly, the access terminal 110 may take these interference management
parameters into account when receiving on the downlink or transmitting on the uplink.
[0059] In some implementations the access terminal 110 (e.g., the interference

controller 306) may define one or more interference management parameters. Such a

parameter may be used by the access terminal 110 and/or sent (e.g., by the



transmt to the access termnal 110 on the downlink or
the access termnal 110 may transmt to the access
WQEoian70st on t he uplink. Here, the access poiPCT/LS208/084738
may use its interference managenent paraneters to
transmt on the downlink and/or receive on the uplink.
Simlarly, the access termnal 110 may take these
i nterference managenent paranéﬁers i nto account when
receiving on the downlink or transmtting on the
uplink. [0059] In sone inplenmentations the access
Eoer{nqqlaﬂlglltlojhlc%n@rgllgf 330§ po thi relE r E&S{] 6 n@ ntf‘élo ugee({uri%g% link
i Rt erference

&g{ rs. Such a paraneter may be used by the access

rn1na 110 and/or sent (e.g., by theconmunication
fRBb[ o |P§G 3%@5&5@5 L RErd&s %§1§nﬂﬁicﬁﬁot§-%te@f?4@ﬂ 1cof11‘i’%uré’c§%
during uplink operations). [0060] FIG | lustrates a
WippBHeSfintRABERNCER I Which Yisd REIARLE, heOn ﬁiaglll)l‘eeﬂpteﬁlented The
support a nunber of users, in which the teachings
hereeh A0 vhies bdimhﬁmltl@dfor Tinatisly stlésd 020 8udhrasyfiodl esample, macro
comuni cation for nmultiple cells 402, such as, for
el Pl A 4026 mothorakh selibdng 432iGed by & lhomesphndief khedees mayle 404
serviced by a correspondi ng access node 404 (e.g.,
e edrseagdes 441514%&4%506)1%8 showaHoWwhGi 4 aEeess teamingbcdlifs(e.g., access
term nal s 406 S , access term nals 406A-406L) may

mabspf’&%e@o %rhedia@er&?é at Yaipus thﬁaaa@ﬂntamugh% the System over

m over tine. h access termn
s\ THB R e EE &lﬁ&yﬂsgr A s nodes 404

m@BWPﬁ‘&‘S ) (R RBe R 38 ed BT e ol YL fliso
?récg’!]r# B0 RO link HEPFIEL DR HRAM AR S RSGRTRer the access

handaf hoe 1S%Et1@(ﬁm1?ethe-mﬁs% St ﬁa?ﬁioﬁofﬂ?‘é%rﬁﬁ%' SIS ereless

system 400 may provide service over a |arge geographic

EQBin@Ricatidt sy8aIEmayT B RlcGehic ARRAMARL dﬁéé)h fon@ F
feM/b|gng ?ﬁ a nelg%borhogd f0061] As s%% , a ggne o

eXan0€ ahdcz® el RCIVRASA(RU} fiby CHRIr alfe® bl SRS iICOMEERgRhSvLer
arelatively small area (e.g., a residence) nmay be

[0dbd) r edAd watad, asnoide ot ocalizbe. acBdsSpomAthal prosideatesrame over a
exenpl ary communi cation system 500 where one or nore

fodativelyroatdkared & glepieoylencenitaliibe referred tooaske femid nederdilG. SA
P%t(l:‘élltgsl gnaéie%iplgr? ecor%}rlrfutmecg]ugg (s)yslter}g I’58(()-j Sv?lelgu olntelo? Imeore femto nodes are
deployed within a network environment. Specifically, the system 500 includes multiple
femto nodes 510 (e.g., femto nodes 510A and 510B) installed in a relatively small scale
network environment (e.g., in one or more user residences 530). Each femto node 510
may be coupled to a wide area network 540 (e.g., the Internet) and a mobile operator
core network 550 via a DSL router, a cable modem, a wireless link, or other
connectivity means (not shown). As will be discussed below, each femto node 510 may
be configured to serve associated access terminals 520 (e.g., access terminal 520A) and,
optionally, non-associated (alien) access terminals 520 (e.g., access terminal 520F). In

other words, access to femto nodes 510 may be restricted whereby a given access

terminal 520 may be served by a set of designated home femto node(s) 510 but may not



fento nodes 510 (e.g., fento nodes 510A and 510B)
installed in a relatively small scal e network
wWe@povooeaent (e.g., in one or nore user resi dePCEES2008/084738

530). Each fento node 510 may be coupled to a w de
area network 540 (e.g., the Internet) and a nobile
operator core network 550 via _a DSL router, a cable
nodem a wireless |ink, or ot Aer connect|V|ty nmeans
(not shown). As will be di scussed bel ow, each fento
node 510 may be configured to serve associated access
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tosideneral ) Anirtdniser @sidenaedi3kBe Avease rmantals Bifée 520 adelpgrmitted to
the fento node 510A and fento node 510B are
pssepaietand sppimdapatpyedh famtaapdhbtiA.iyt neterith fsitdapdeS510B.
530A and user residence 530B. Access termnals
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assocl a e or conmmuni
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20F a access termnal 520G may be associ at ed

H&I‘erlﬁ afi6thbr REGASKR (H@tdsﬁo@ﬁp (FIG 5A), or another fento
node i n another residence (not shown). [0063] In

0968 pnnad uhplahedfotto Adde Aeplcployriths witlt Restiiegddrabgicedions (i.c.,
associations (i.e., an access point may not be all owed
toa@sswiistreaymdt fhe aewtd toosesdiate fetitthe Ndoesifemiodiaig providing
the nost favorable signal quality), janmng and

theganst (eyorpbbmegnadl gsaldah jdvemogrand meg@olegepmnigics oan be common.
address these negative geonetries will be further

Jolytipnrsste @dgisppiese negative geometries will be further discussed below.

[0064] FIG. 6 illustrates an example of a coverage map 600 where several tracking
arcas 602 (or routing areas or location areas) are defined, each of which includes several
macro coverage areas 604. Here, areas of coverage associated with tracking areas
602A, 602B, and 602C are delineated by the wide lines and the macro coverage arcas
604 are represented by the hexagons. The tracking areas 602 also include femto
coverage arcas 606. In this example, each of the femto coverage areas 606 (e.g., femto
coverage arca 606C) is depicted within a macro coverage area 604 (e.g., macro
coverage area 604B). It should be appreciated, however, that a femto coverage area 606

may not lie entirely within a macro coverage area 604. In practice, a large number of

femto coverage arcas 606 may be defined with a given tracking area 602 or macro
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600 where several tracking areas 602 (or routing areas
w@eroboOT®mdé on areas) are defined, each of whi chPCTUR2008684738

several macro coverage areas 604. Here, areas of
coverage associated with tracking areas 602A, 602B,
and 602C are delineated by th& wi de lines and the
macro coverage areas 604 are @presented by the
hexagons. The tracking areas 602 al so include fento
coverage areas 606. In this exanple, each of the fento
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gi ven tracking area 602 or nacro coverage area 604.
fqabkjof Rpémting hothag aiaprot anviEbBBentS And B, snaller soate(e. mfresidential)
fenmto node 510 may subscribe to nobile service, such
agworloenvitpamshte, IBahabyprds, dapendiag on dreraairisat lopatipngh the access
the nobi | e operator .core network 550. In addition, an
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corre I ng ‘user residence 530). For exanple,

fUbskddeBrOA) SHEeK RisHSUIALS aﬁﬂ’@ﬁateﬂ €hdt S fSRIMRAICBY0 #nay be
standard macro access node (e.g., node 560) and whén

bivkwatbsghipdeidlc with ailsﬂitﬁg”medseemﬁnag s¥@d by a fento

node (e.g., node 510A). Here, it shoul d be appreciated
ft0a6] a fAefinomode 5 52 Mhaphy dbgobpatkwasidgledrogatidyloe, withd

exi sting access termnals 520. [0066] A fento node 510
altyn g cdepmoltede iequensicn gDepdndiguertby patticulancantiguration, the
alternative, on nultiple frequencies. Depending on the
ﬁ;gg]p,f@gpg}cy@é R$ GUmAaL] Qrthe iple frequencies may overlap with one or

more frequencies used by a macro node (e.g., node 560).

[0067] In some aspects, an access terminal 520 may be configured to connect to a
preferred femto node (e.g., the home femto node of the associated access terminal 520)
whenever such connectivity is possible. For example, whenever the access terminal 520
is within the user's residence 530, it may be desired that the access terminal 520
communicate only with the home femto node 510.

[0068] In some aspects, if the access terminal 520 operates within the macro cellular
network 550 but is not residing on its most preferred network (e.g., as defined in a
preferred roaming list), the access terminal 520 may continue to search for the most

preferred network (e.g., the home femto node 510) using a Better System Reselection



single frequency or one or nore of the multiple
frequencies may overlap with one or nore frequencies

W@ z@domso@ macro node (e.g., node 560). [0067]PCHUSHNE 084738
aspects, an access termnal 520 may be configured to
connect to a preferred fento node (e.g., the hone
fento node of the associated access term nal 520)
whenever such connectivity islﬁossible. For exanpl e,
whenever the access termnal 520 is within the user's
residence 530, it may be desired that the access
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services to cer aln acces oyne
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given access term nal may onl y be serve € nacro

61 bf: 5RRAILER . DAL WerKs sttutidBf pagth, §1e§erﬂﬁef em 0 nodes
(e.q. gliL‘gther%femo nod2§9510 tﬁgt reside within the

[0B70E S PAndoing astwefs, 4 Asiriesice B3 (alith)FOM® node (which may also
I mpl ement ati ons, a node may be restricted to not
be oferckel, tofagn (AdscdSabscrieeGrmghelorat Nodeald}t is one that provides service
signaling, data access, registration, paging, or
ey 1ebicisted[PdOViOpnddises ohaccasspenisals.aThig setrmay kteoporarily or
foreign (allen) femto node (which may al so be referred
poymaacHlyédad siipecessape rince B gseste 2 Ndereg)SupseribaeGroup
hat provi des _servi
E“CSG grnay be defined as t%e set of access nodes (e.g., femto nodes) that share a
common access control list of access terminals. A channel on which all femto nodes (or
all restricted femto nodes) in a region operate may be referred to as a femto channel.
[0071] Various relationships may thus exist between a given femto node and a given
access terminal. For example, from the perspective of an access terminal, an open
femto node may refer to a femto node with no restricted association. A restricted femto
node may refer to a femto node that is restricted in some manner (e.g., restricted for
association and/or registration). A home femto node may refer to a femto node on

which the access terminal is authorized to access and operate on. A guest femto node

may refer to a femto node on which an access terminal is temporarily authorized to



to a restricted provisioned set of access term nals.
This set may be tenporarily or permanently extended as
wWomewenmmne. | n some aspects, a C osed Subscri bRCT/G8290$084738

("CSG') may be defined as the set of access nodes

(e.g., fento nodes) that share a conmon access control
list of access termnals. A chgnnel on which all fento
nodes (or all restricted fentd nodes) in a region

operate may be referred to as a fento channel. [0071]
Various rel ationships may thus exist between a given
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does not have permssion to access the restricted
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for exanple, such as 9 11 calls (e g., an access
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1 CO

sup%ort communication for multiple wireless access terminals. As mentioned above,
cach terminal may communicate with one or more base stations via transmissions on the
downlink (forward link) and uplink (reverse link). The downlink refers to the
communication link from the base stations to the terminals, and the uplink refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out system, a multiple-in-multiple-out
(“MIMO”) system, or some other type of system.

[0075] A MIMO system employs multiple (N7) transmit antennas and multiple (Nz)

receive antennas for data transmission. A MIMO channel formed by the Ny transmit

and N receive antennas may be decomposed into Ng independent channels, which are



node may be restricted, a honme pico node may be

defined for a given access termnal, and so on. [0074]
womproaicess nmul ti pl e-access communi cati on systROT/IBR008/084738

si mul t aneously support conmuni cation for nultiple

Wi rel ess access termnals. As nentioned above, each

term nal may comunicate with gne or nore base

stations via transm ssions on!?he downlink (forward

link) and uplink (reverse link). The downlink refers

to the comunication link fromthe base stations to
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reverse lin cha IS ena he access poil nt

LQ . @xhéBRtstdtioans MbitallbRMtd NsbiG veldi e ORosRE WhQWEkiidHKto which
when nultiple antennas are avail able at the access

hobsthe s[rORCA 1idl9, ahatiad and Redafipé peviedribac witdhindh. In one
depl oynments with restricted association (i.e., a

outm & yshdbodonent Spatatly dbdooived it @naissoon atith BEMGt BB the femto node
"cl osest" base station to which

510A and femto node 510B are deployed in neighboring residences. Access terminals
520A-520C are permitted to associate and communicate with femto node 510A, but not
with femto node 510B. Likewise, access terminals 520D-520E are permitted to
associate and communicate with femto node 510B, but not with femto node 510A.
Access terminals 520F-520G are not permitted to associate or communicate with either
femto nodes 510A-510B. Access terminals 520F-520G may be associated with a macro
cell access node 560 (FIG. 5A), or another femto node in another residence (not shown).
Accordingly, such negative geometries respecting access-permitted femto nodes and
neighboring access terminals may result if various interfering or jamming conditions on

the uplink and downlink.
[0078] Uplink Jamming




it has the strongest link), jamm ng and negative
geonetries can be common. In one exenplary enbodi nent
wapawioaiehey descri bed in conjunction with FI G BGI/US1088/084738
femto node 510A and fento node 510B are deployed in
nei ghbori ng resi dences. Access term nals 520A-520C are
permtted to associ ate and coEréruni cate with fento node
510A, but not with fento node<%10B. Likew se, access
term nals 520D 520E are permitted to associate and
conmuni cate with fento node 5 10B, but not with fento
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fomite rifode | 7160 Ao reffcatival n dplakitgh thicosepdion t dfeaddpdsi tekmimald 520A-C at
downl i nk. [0078] Uplink Jammi ng[ 0079] By way of

texatnplode J1IOA. LAB thidB)plimkdjainfifgl Bjtuiteont lkeepalt hcdess serminal 520C
between fento node 510A and access term nal 520C and

Herayts at éts maxanusZDopovedbest theatseivad{C/hden dceesdermingt femto
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104 may becharagiaiacdest o i ts hone fento node 510B,
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OBBE R 6y eGtBligh S QePdiedd® sttt Soogss P the
glao'}%%etssc‘ te%tmﬂai 2(5‘@51! ag&%eoﬁl[ rmlé> g@gw IE%/G n%ggtjl\yee\galue due

or access erm na 0 no

@ﬂ{eaﬁlz%r {;@1&9 ng A3 Célllch( @%gﬁﬁ&lﬁaﬂn ]g@ &y od ‘?eféﬂ-&ia‘}o as a highly

I'n some exenpl ary
ﬁg%@gdéﬁﬁmksgeo%ggndl ng on the transmt power Ps, the
C/1 of access termnal 520C at fenmto node 510A may be
poser y IDdwadinkggainiivg val ue due to the |arge val ue of
LA . Such a configuration geonetry is referred to as a
[iogR] y risgdtily.en wok icrémplegn@hbodiment, Lys may be much larger than Las.

This implies that when femto node 510A transmits to access terminal 520A, it may
cause excessive interference (or jamming) at access terminal 520D, effectively blocking
the reception of femto node 510B at access terminal 520D. In this downlink jamming
situation, the received C/I for femto node 510B at access terminal 520D may be
calculated as follows:
C/1 (femtocell B at AT 5) = Pg — Lgs— (Pa— Las) (dB)

[0083] Again, the C/I of femto node 510B at access terminal 520D may be a very
large negative value due to the large value of Lgs. Such a configuration geometry is
referred to as a highly negative downlink geometry.

[0084] A further practical consideration includes addressing negative geometries
without necessitating modifications to the operation of deployed (legacy) access

terminals. Therefore, it is desirable in the present exemplary embodiment to address



[0081] Downlink Jamm ng [0082] Simlarly, in one
exenpl ary enbodi nent, LBS may be nuch | arger than LAS.

wapiog/orespd i es that when fenmto node 510A transnP@BUS2908/084738

access term nal 520A, it nay cause excessive
interference (or jamm ng) at access term nal 520D,

ef fectively bl ocking the receﬁﬁi on of fento node 510B
at access termnal 520D. In thts downlink jamm ng
situation, the received C/|I for fento node 510B at
access term nal 520D may be cal cul ated as follows: 1
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term nals. Accordingly, ative geonetrjes at the
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to an exenpl.ary enbodi nent discl sed el ow,
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1G5, 5aA 5B, operations relating to the use of
Béé’rﬁ&@%?slsng and nul | -steering to address janming and
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usi ng beansteering ard null steering in unpl anned base
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an exenplary fento node depl oynent scenari o, nearby

sifigo@l S phtiesid eddedr icatroiaERECe) BIpcidly Rofi pmriyig  situations,
nature which includes a strong directional conponent
sectorization may provide a desirable method for combating a strong Rician component
of interference.

[0087] As represented by block 702, a femto node 510 continuously listens (i.c.,
receives according to the various receiver configurations describe herein) for
transmissions from access terminals 520. As represented by query 704, the femto node
510 determines if an access probe (e.g., transmission) by an access terminal are directed
to the femto node 510. If the detected access probe of the access terminal is directed to
the specific femto node 510, then, as represented by block 706, no interference
mitigation is necessary since the access terminal is an “associated” access terminal with
the “home” femto node.

[0088] As represented by query 708, femto node 510 further compares a

characteristic (e.g., power level) of the access probe for determining if the characteristic

is of a sufficient threshold level to result in interference at the home femto node. When



and flat fading across the frequency band (due to the
smal | del ay-spread and nultiple reflected paths in

WO pwooTocenvi ronment s) . Especial ly for janm ng PCT/US2008/084738
situations, sectorization may provide a desirable
nmet hod for conbating a strong R cian conponent of
interference. [0087] As reprezgnted by bl ock 702, a
fenmto node 510 continuously |rstens (i.e., receives
according to the various receiver configurations
descri be herein) for transm ssions from access
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access termnal 520, the femto node 510 applies

hepsr h@r mMopgcificalfy, intdiERAEd AMGhg thAN BTSN @m received Radio
reception) antennas to steer signal's or |ack of

Bicgu@lcs (REF) Gignal thukch$ reduen stoblRtsnach as soai-aideeherload and A/D
access termnal 520 on the downlink and uplink. [0090]

Byscm@tyzavibn e alinpteesivireahich oesulta drofi jamminefamts hedesi kgyjthermore,
may be perfornmed using a sectorized or directional

gestagized gwi dicdes dndd eantgnnancoafigarations icgablattho odebok iapd duplink to
maintain the same directional component for use in both link directions.

[0091] As represented by block 712, downlink pilot and overhead transmissions, as
well as traffic channel transmissions if any, are transmitted according to beam-forming
such that minimal energy is directed towards a nearby non-associated access terminal.
Steering a transmission signal away from a non-associated access terminal results in
reduction in the negative geometry at the non-associated access terminal.

[0092] As represented by block 714, a directional null is steered towards the nearby
non-associated access terminal 520 using the antenna configuration (e.g., sectorized
antennas or null-steering with adaptive phased arrays) described herein. Therefore,

when an associated access terminal 520 attempts to communicate with the home femto

node 510, the associated access terminal’s access probe, as well as other traffic (e.g.,



herein for form ng a transm ssion signal beam and/ or
null or a reception signal beam and/or null

wep@eioficea@l |y, interference nulling may be pr oRCTES20081084738
a received Radi o Frequency (RF) signal thereby
reduci ng problens such as front-end overload and A/D
desensitization of the receiv 5 whi ch results from
jamm ng fem o nodes. Further e, sectorized or
di rectional antenna configurations enable the downlink
and uplink to maintain the sanme directional conponent
for ' ofn_ i L[ 1 QnRs. 9 repr
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Fﬁﬁﬁ} f orA4 @9 cRHRhcl fahe BERLIPBOinEBAPRYs itho q,bﬁaeré?tlte 8ftennas AP can
(0]

war ds a nearby non-associ at ed acceSs term nal .
DloaRéd thg AT LERRS Piods icBlirasic@fta)s caVWBYth ah@Aha. If it is determined that
non- associ ated access termnal results in reduction in
theestroagaiplivie topaomBkioy fadm tthe nonassesmhad aiced @anm@siSat one of the
termnal. [0092] As represented by bl ock 714, a
gitceesi dfakamuiin o8 saserie durttctiear (Bsarh hetcanmg) pd turn off receive
non- associ ated access term nal 520 using the antenna
Boafioy(nudtstasang komthat apdenner i zed ant ennas or
nul | -steering with adaptive phased arrays) described
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eonetri es. an exanp € access pOIht
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%ot If it

access probe characteristics on ant ennas.

hell d8d e6Mine bpbhdibn tigh ShhRfigecdBhdlNtkankmansidl S&diRd) af rOfFesented
t he non-associ ated access term nal at one of the

Brilesi 2. [ARcGadng undesttd siphalnssilt plebint bi B d@Amnd exceeds the
steering) and turn off receive function (nul

giresholdnag) represdritat bybloek 788, hoGeAio Wsler Hifr @aenjusd thentransmit and
query 716, periodically (e.g., once per second) the

faspivo spddiezaBi00 reilli tidaniagess tdpecsseied ox blogki7dfA, muthk dirgction of the
the receive direction to determne, as represented in
pidsekedrgm-assecipted agecpoiggninabed) r ed non- associ at ed

access term nal 520 has ,

[0095] The above-example with reference to FIG. 5B illustrates femto node 510A
steering a receive and transmit sectorization null in the direction of non-associated
access terminal 520D as long as non-associated access terminal 520D was present and
in an active call with femto node 510B. When non-associated access terminal 520D is
idle, femto node 510A would revert back to operating with omnidirectional transmit and
receive.

[0096] During periods when the femto node is steering a sectorization null in a
particular direction, if there are any associated access terminals 520 in the same

direction they would experience outage. Accordingly, an exemplary embodiment, the

femto node 510 steers the sectorization nulls (i) as long as the strong undesired non-



noved or termnated its communication. If, as

represented in query 704, the strong undesired signa
wha®diwappear ed, the fento node 510 can el i m PEE/ES1008084738

sectorization null and continue operation wth

omi-directional transmt and receive, as represented

in block 706. If the strong un%esired signal is stil

present or has noved and exceéds the threshold as

represented by block 708, the fento node 510 can

adjust the transmt and receive sectorization nul
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frection O e undesi red’non-
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ustrates ent 0 node teerin

FREREY @s anderhti AS A1 tqus§euog.i §1%hif91ﬂg nﬂ'lla{ ab&in obes from desired
directi on of non-associ’ated access terni nal 20D as

h3b@aRE HROEksasHRBLBLREuIACKRSE Heodhblalat 3BOBemBS node 510. With
present and in an active call wth fento node 510B.

Whetndeoto- Sk 0, atie dotad dles Setnear nvdvad 1 BR OBuldshdvdl e, need to steer a
fenmt o node 510A would revert back to operating with
gretirdnec nilbdiedvards ansnssocatd aw@esi eeminpDOBE) sidgrithg signal from
periods when the fento node is steering a

Beicaweeiaigt iaeeeshtarmitah 5204 &y ngt yaryattrog By Zﬁﬁem!m nodef 5 tOfestecrs such
are any associ ated access termnals 520 in the sane
#Spde4agan nHB JoRds aowﬁepna@ﬁ@écmtteda%nal,éé%r thersgetgrization null

an exenpl.ary enbodi the.fem o node 5 Eeers t he
BouldgFDRS Frowieeq & ?156da?§5q0&ﬁ’i %?§G%Sﬁ%fn§{1? ﬁé

HRG7E] | Yo RSP e el Flt o RRMRRL R R b At dedimine e
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stren e recelver as
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om eS|re associ ated access t€rm na woul d not be
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FIG 5B,it is noted that fento no 510B woul d have no

[0998] t 0 Rdf@eihgan®eCtboFi@.asi ol mudhl firehsardference to FIGS. 5A-5B,
non- associ ated access term nal 520A since the signa
bpcoanianemelasispl tht @sk aftapems zdtenm tahsbi2 @dwesomaoterk@dychannels to
strong. If fento node 510B steers such a sectorization
addressy owangsandoregaigeogioatetuksaeitldesdesenridnalm@e d@tailt Abe present
sectorization null would resulting an outage at

erecsiary asbpdanentagenpethods rad gpparptus 2g prevent jamming and negative

geometries using optimized transmit power levels on overhead channels in unplanned
base station deployments.

[0099] Generally, the transmit power gain of overhead channels and total transmit
power of a femto node are chosen based on the desired range of a femto node. In order
to allow access terminals to acquire a femto node in a location where the access terminal
is being jammed by a neighbor femto node that restricts association, the overhead
channels (e.g., common control channels such as pilot, synch and broadcast/paging)
may be time multiplexed. Various numbers of time scales and methods for time
multiplexing are contemplated. Furthermore, the overhead channels may be turned on

only periodically, for example at the slot cycle index of the associated access terminals,



[0097] As a general case of the described nethod if
the AP can not determne the direction of the

wo paoeofwpsence fromthe non-associ ated access tRCTUR08/084738
(e.g., very strong jamm ng that saturates the AP
receiver) it can try different directions for beam
steering and null steering to_paxim ze the received
signal quality from associ at ed> AT, [ 0098] Referring
nowto FIG 8 and with further reference to FIGS.
5A-5B, operations relating to the use of optim zation
n.tr rhead ¢ e - S
1Ll B Dot RRChooll BRI, P R Db e BONERT 1y o fute

iR lBR | rerdDROR RS Ab: ERA ﬁgﬁﬁgﬁgwm uses

and apparatus’to prevent and negative
ARA0B I IFeSwMSE MriaRbh BEEHRRA didcaRR B Hatd WAL fel, BYRE BnaQe no idle
over head channels 'n unpl anned base station
e yieatlsw a[ROXBbr e hadd the oppétinins fiie rR@WBIex §idd dverhead
of overhead channels and total transmt power of a
tleamh ol s feak@ingy situativos ecsubtageftoro negdie e gesincteds.r Angedioglyaan
fenmto node. In order to allow access termnals to
excquilary eenbodmbant destebesa method o1 aptinmbieg éranfreit powes®dr overhead
termnal is being jamed by a neighbor fento node that
plenals (g spitd syarhendbroaddst pagaehahaanadharivalteere és ag active call at
common contrql channels such as pilot, synch and

pigaiacrde prhidma gultplgxing of prshend  signglsds et Pregicrbus

foti | ds for, ti
BTBE,T a2 e T R B Ara B VB R h@Pinop g channel (e .
ver head | be. d,. | i odi cal |
R B R B R BB B Vet bbb bthysed on
?&o?ﬁe%ﬁ afn%fc%‘vaagéc&%trm%? FufeASR0%EALS 0%0&8&3 ents exhibit some
ermnrals may rec pagi ng g % @ rERer

elve nessages.
GRS Rk Bbes 3 HeB ThAPARH %o Hﬁl’ro?ﬂ_at:éé@@ aHd de?‘bérments. Various
signal at all. [00100] However, during an activé volce

8idbcken@bs Mafudet ransfer, there may be no idle periods

that allow a nei ghbor fento node the opportunity to

time mubti pd ednitddecorerigh e, ehaiieh Spattandss N@lues are much less in
situations resulting fromnegative geonetri es.

Accor di ngl yreasafe. e xattp) soryicalrbp tinme miod ckesonpdbabtoaareas (e.g., cells)
nmet hod for optim zing transmt power for overhead

si gnal s (esaqvicepby otacrosgahlcdecens dobeso@dr.a¥dBoagk neth loss compared
channel s) when there is an active call at a fento node

and time ni9 ¥40gBaniamgpcerccyler fedeymsedhal s is not

ractj caL. . . : .
P 2. The number of simultancously active access terminals are fewer in cells

serviced by femto nodes than in cells serviced by macro cell access
nodes (e.g., 1-2 users compared to 20-40 users);

3. As discussed above, due to the femto node restricted association requirements,
negative geometries can be common for femto node deployments unlike

for macro cell access node deployments.

[00102] These differences can result in very different optimal power settings for
overhead channels for femto nodes 510. Since a femto node 510 generally will have

few to no active access terminals 520, it would be desirable for the overhead channels to



[00101] For exanmple in IXRTT and WCDVA net wor ks,

overhead channel (e.g., pilot, page, sych. channels)
wW@2000/0%sb¢ | Ngs are adj usted for certain perforPERUS2008/084738

based on geonetry and coverage constraints.

Furthernore, fento node depl oynments exhibit sone

significant differences when gnpared to macro cel

access node depl oynents. Varioéts differences include:

1. Due to limted coverage size, nmaxi mum path | oss

val ues are nuch less in areas (e.g., cells) serviced
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nodes than in cells serviced by macro cell access
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di scussed above, due to the fento node restricted

assbe deihead cleguelsasertls, negati ve geonetries can be

common for fenmto node depl oynments unlike for macro

(8i1D3jac deske moneplaypinoyadenes, af 0ptlo2l traffiege-pilot (“T2P”) value for
differences can result in very different optiml power
Hietaapn gt afsorgloveicheal iedaterained fagrwilbas o der%@bspll’ﬂ@ower setting,

Since a fento node 510 generall will have few to nq
Eemqwemac%@% dowpliilnHpsvagd dink } POWELAOBBbreals in aedifd ratio of

over.head channel s .to i ntai ned. at.
RSO iy Pl TR B8PS &0 THITGHP iheeﬂe@?%ébvalue of total
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od ne ocuses on

9 eI oA d O Hb%W?éh%noHQ 8168 %&Hl%i@ eﬁt@ﬂ‘ ]thﬁ léﬁpcb ivSeh febhto nodes

er overhe channel s as wel In the

91@‘6}9& HeynEEIRH It nodNs WK isr@énshﬁt@ﬁlé 2€ ThIP pBivkPthereby creating
("T2P") value for the case of a single voice call is

thedresreicacldbr asavveln thapradetafkanipte, pisubiindtetonteeiitdBode S10A is
CJ)DEFAULT- When downlink (forward |ink) power contro
tremulittgigi a pdotoltinhileat & @hinolestl, Ecp, then the pilot signal-to-noise ratio
(SNR) can be written as: Ecp/lor max. According to the present exemplary
embodiment, it is desirable to find the optimal Ecp setting that results in lowest total
transmitted power from a home femto node 510A.

[00105] As represented by block 802, the pilot channel gain level Ecp is initialized to
Ecpperavrr. Thus, a default value of Ecp (Ecppzrarzr) can be determined based on a
reasonable load and path loss differential values expected in femto networks.

[00106] As represented in block 804, a traffic call (e.g., voice call) is set up between
the home femto 510A and an access terminal 520A with the power used on traffic
channel denoted as Ect. In one exemplary embodiment, the Ect value is determined by
the downlink (forward link) power control, as represented by query 806. Downlink

(forward link FL) power control is used to maintain the required quality of service (e.g,

packet error rate, PER). Downlink (forward link FL) power controls may either



traffic-to-pilot, the pilot power is adjusted so as to
mai ntain the small est value of total transmtted power

wa@rwomiees f er ence caused by the nei ghbor fent oPEDTUS2008/084738

[00104] By way of exanple, an access term nal 520A at
t he boundary of home fento node 510A and nei ghbor
fento node 510B exhi bits equal,_path loss to both fento
nodes 510 and the nei ghbor fedfo node 520B is
transmtting at full power thereby creating
interference, lor max. In the present exanple

gc?sﬁ%ﬁ'lleg%aa&? algg it ]figtn%) rla}gr n?e%ioﬁﬁl,lﬁ?é] ?’ne}lt n%g& in Ect as

nne at a galn

r:re"ggé%@ﬁt'e&B gwcﬁ%ma&r'ng C@l?@ be witten as: Ecp/lor

According to the present exen‘pl ary enbodi nent, it

[(ﬁ)lﬂﬂs' rableprdséhibd Hﬁqﬁeﬁ‘? 8OPL4 ﬁaémﬁﬁﬁloﬁle&ftth@ gaéﬂé@Error rate (PER)

results in [owest total transmtted power froma hone

fsarse® td et §14Rqudtd Gikas] quAsity epersant, edE Y isbledE kbwBABen channel
the pilot channel gain level Ecp is initialized to

&inbiEbAdudlity Midd degrdéd ahich willlresiltah vesplafde@ot DASAldp Tihcreases,
can be determ ned based on a reasonable | oad and path
tlowscldisfifneriempildimpraiaesd txpeqtied Hoh wik igb clomat wrvkeer, if Ecp is
[00106] As represented in block 804, a traffic call
yerydargey dicoechenndl jestimation quithevillemhigher Honethe aequired amount,
510A and an access termnal 520A with the povver used

hlclh(rj&‘lﬂi|Ib)tc4?§Hhé‘PYd@ﬁ@Fl’ede‘H§UE&tm Edt- orfeccaxdipgly aphen PER s
E d db

BB leal.uﬂfiﬁf Ctar%E B BB s e i e s ont 0

[ EEC S5 MR p i iy hoBR Bepg Rk Minimized,
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ower COI’]tI‘O a decrease

r &R ct as
E&%re nggdaﬁs&hﬁeqb%@ék%& ﬁ oy Qlk'a&reﬁﬂﬁ@ mfchlO?]

r 0 ange I n Ect
As re F@@D@M{Led A& ﬁ%ﬁ@;ﬁp é(f% a determ nation of the
packet error rate (PER) is used to identify adequate

si gnaln dfhied dptiyhal Eepedlad isyfound theCPirimizée totall tedismitp@ver where

channel estimation quality would degrade which wl|

resul tEC?ﬁf\(Eﬁg | arge Ect. As Ecp increases, channel

estimation will inprove and the required Ect will go

down. (Hevieraion f.J caadps determareyl thepugle offtine sinuitedione br tests.)

estimation quality wll be hi %her ‘than the required

amount hen, as represented by block 816, the optimal Ect value is determined as:
Ect oo = (ECP OPTIMAL )

[00109] As represented by block 818, the T2Popruz 18 determined as:
Top _ Ect oo ‘

ormiaL = o
EP oprivar

[00110] In another exemplary embodiment, simulations may be run to find the
Ecporrmur and Ectoprnur for typical channel types expected in cells of femto nodes
using, for example, flat fading models, either Rayleigh or Rician, with low Doppler that
can be tracked by power control. These optimal values depend, in one exemplary
embodiment, on the particular path loss differential of the access terminal to neighbor

femto node and the interference power received from the neighbor femto node (e.g., if



which will not result any further reduction in Ect.
Accordi ngly, when PER is inadequate, downlink (forward

WO R0WR/OFIGY6 power control adjusts the Ect. [0010BJT/B52008084738
the interference generated to other fento nodes needs
to be mnimzed, it would be desirable to have the
opti mal Ecp val ue that resulté in the mnimm
(Ect +Ecp). As represented by Pock 814, Ec OPTIMAL is
determ ned where: p OPTIMAL = rg mh e ipn[Ecp +
f(Ecp)] in other optiml Ecp value is found that

{”an“ic@i%ﬁﬁlg%%stédgﬁéép P iitlo ﬁggﬁbqg '%&'%1 fngégx%’d) t0hbA% femto,
2“%2"‘*@#% -ﬁg{w&*ﬁhsva)lu hﬁﬂud dtEUESE 3@3ka ock

Ect va uels eterm ne

L
TIPS p S CTIA COOMAt tagac £ B v

fbde-is tlabblit thalf SRS MR, thed -optifdal %hﬁ&Ec{%Q}}odl@ need to
anot her exenpl ary enbodi ment, sinulations may be run

bordduad by B=cHowdvdvdlscaumde Eat ops nddAderyf mractioaptocebange Ecp values
channel types expected in cells of fem o nodes using,
vay fexaoglyesinéd atdefeadineg thlkeide{f wundwics Réyhefagitogell. Thus, as
Rician, with | ow Doppl er that can be tracked by power
gioietls vldefaiesducopt FemIEsrakues) depdadictirminndebassd oplaaropsonable
enbodi ment, on the particular path loss differential
@@d@%p@éé@wlﬁf@ﬁméﬂaﬁlu%e%pépt@ﬁHbferrft@ﬁ%v%lé%e and t he
f erence. power eLved fromthe nei ghbor
t@aiil( o g icrrink o0y tarHicy XA On’ﬂa%al SBEA @rﬁaﬁ% with higher
Ss to n femtq co
VRS “aisBr iR 9 St de SO AR RS b oo SR o SPb e rn sPBadigen. e
Po\’ﬁo%ﬁ@ algorithm can be run for each of a plurality of calls occurring between a femto
node and multiple associated access terminals.
[00113] As represented by block 902, the pilot channel gain level Ecp is initialized to
Ecpprravrr for analysis of each voice call. Thus, a default value of Ecp (Ecpprravzr)
can be determined based on a reasonable load and path loss differential values expected
in femto networks.
[00114] As represented in block 904, the process is repeated for each call set up
between the home femto 510A and associated access terminals 520 with the power used
on traffic channel denoted as Ect. In one exemplary embodiment, the Ect value is
determined by the downlink (forward link FL) power control, as represented by query
906. Downlink (forward link FL) power control is used to maintain the required quality
of service (e.g, packet error rate, PER). Downlink (forward link FL) power controls
may cither designate a decrease in Ect as represented by block 908, an increase in Ect as
represented by block 910, or no change in Ect.
[00115] As represented in query 912, a determination of the packet error rate (PER)
is used to identify adequate signal quality. Accordingly, when PER is inadequate,

downlink (forward link FL) power control adjusts the Ect.



[00111] On the other hand, in an alternate exenplary
enbodi nent, if neighbor fento node is transmtting at
wh2000/0of60d or max, then optinmal Ecp and Ect val BEBUSZI0$/0B4738
need to be reduced by 3dB. However, also note that it
is not very practical to change Ecp val ues very
frequently since it deterninea t he handof f boundari es
of the femo cell. Thus, as stdted, a default val ue of
Ecp ( DEFAULT) can be determ ned based on a reasonabl e
| oad and path loss differential val ues expected in
net wWo 00112] f | n
E'Eﬁ‘l X nf*sopfﬁr%scin[tea" SR P el s | Beppnm
?L%%R%D n‘gmgﬂ?r% %ﬁhﬁ% s ?alFl ”fél\{lae?lﬁ*m)%ea%fr F%tﬁ%&g Z2P would be to

él‘&ﬁlnaﬁy srﬁzﬁ? Reddd fRicRIaHER frbﬂﬁ ok 2 |c§lc@1ﬁﬁb’ﬁ rEng abﬁfo\()ﬁl%naverage
a femo node and nmultiple associated access terni nals.

ﬁﬂ&lcjaﬁ]be%ed @(P ﬁﬁéﬁB&t%ﬂldchb‘}dMéS t8 ngptltée E@tF}L%RE& fﬁﬁﬂ r&b FILTERED
gain level Ecp is initialized to CSDEFAULT for
eRpdoyistly. of each voice call. Thus, a default val ue of
Ecp ( DEFAULT) can be determ ned based on a reasonabl e
[(Iﬂaldmanquaaaplnesbde inli fuber 829, aldeteahineore xpertedsita the value of
fent o networks. 00114£PAS represented in block 904,
TRRrprooesd TRRrrepeat 6aPdronueadh. Ban bs wpresapedit bleen922 Ecp is
the home fento 510A and associ ated access termnal s
mraiidtR t he power used on traffic channel denoted as
Ect. In pne éxéppkarg enmbodi ment, the Ect value is
det ermi ned by the obik: (forward |ink FL) power
control, as represented by query 906. Downl i nk
[G0dd8far AAY irepeedehded powguerg 09M4; ol detsrrometlort 0s midaet @i ithe value of
the required quality of service (e.g, packet error
T3P e, roRER) I TOBmnkimks T2Rmwend- e nthef gy rqpowented onblook 826 Ecp is
nmay either designate a decrease in Ect as represented
Bscrestsedlo 908, an increase in Ect as represented by
bl ock ,910, or| Hio,,¢ e in Ect, [00115] As represented
in qu F? dT?j:a det ef 2 PaL,i 0 é?E@ﬁé packet error rate
(PER) is used to identify adequate signal quality.

podi oyl efelRER bR JaRRdegualfic @anthhidn (fa& Waig ctc.
ﬁmﬁk]FL g%&g%gbogfrol Jjusts t he Ect. ﬂ%%llG]( g efc.)
I;iejﬁ{él'mEREDlé leif o bioe Kr&ﬁ&forhﬁﬁg vaite khilsTGREDR a0R. @its vocoders, they
would have same T2Ppprivar. However if there is another user performing data transfer

(e.g., 1IXRTT data transfer at 153kbps) it would require a different T2Poprpvar. Once
the T2Poprmvar 18 determined for given user (based on its traffic type), then the
algorithm automatically adjusts Ecp. The above algorithm is specified for one user. If
there are multiple users, then the algorithm may result in different Ecp values for each
user. However, overhead channels are common to all users and we can only have one
Ecp setting. Thus the algorithm could be generalized to a multiple users case. By way
of example, an “optimal” Ecp; for each user (i=1,...,N) in the system could be found as
described above and then an actual Ecp could be decided as max(Ecpy,..., Ecpn).

Another option could be to find the optimal Ecp such that total power transmitted as



ECPFI LTERED) is nonitored during the call. The purpose
of filtering T2P would be to elimnate snall scale

WO bweoumdé ons fromthe T2P cal cul ation. E. g., BCTHODS1008/084738
average filter can b e used to filter Ect and Ecp
val ues to conpute ctpi LTERED and ECMFI LTERED
respectively. [00117] As repr éented in query 920, a
determ nation is nmade as to t val ue of T2P' FI LTERED
If TIP FILTERED > P OPTIMAL + Di, then as represented
in block 922 Ecp is increased to Cp = E- " c-t

AT fFady 5B T g LRGP o
Edll—uiﬁﬁﬁ%f‘ﬁ X!SIEE LTERED < TIP OPTIMAL - D2 , then as

represented i. ‘oc 26 Ecp jis.degreased to ,r pr ) -
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[00119] T2P Opti MAL depends on particular traffic

fRNfsbgUr &t NGA thd finBocti0ATRYp@H6sc) of fM&ri@XBEIWhuld bd to climinate

two users are performng voice calls with sane rate
voglbdeils flutthatyons from the T2P calculation. E.g., a moving average filter can be
used to filter Ect and Ecp values to compute Ectryrzrep and Ecprurerep respectively.
[00120] The optimal T2P may be obtained through simulations and once the T2P is
decided, power control adjust Ect (which is part of standard 3G operation) may be
determined. Then the Ecp is adjusted to achieve/maintain optimal T2P. Specifically,
two algorithms may run together: 1) the power control algorithm adjusting Ect and 2)
the adjustment of Ecp described herein.

[00121] In the above algorithm, A; and A; are hystheresis parameters used to prevent
fast fluctuations of Ecp. Furthermore, in order to prevent abrupt changes of Ecp
equations above may be modified, in one exemplary embodiment, to let the Ecp
correction to be performed more slowly. Lastly, other overhead channels (e.g., page,
sych) can be adjusted based on the pilot power level (i.c., their relative power level with
respect to pilot power level can be kept constant).

[00122] Accordingly, exemplary embodiments have been described for reducing
transmit power for overhead signals (e.g., pilot, synch and broadcast/paging channels)
when there is an active call at a femto node by determining an optimal overhead signal
power level. The exemplary embodiment has been disclosed by way of example using
in the pilot channel as the exemplary channel, however, the analysis can be applied to
other overhead channels as well.

[00123] Referring now to FIG. 10 and with further reference to FIGS. 5A-5B,
operations relating to the use of frequency selective transmission to address jamming
and negative geometries will be described in more detail. As stated, due to unplanned

deployment of femto nodes, the received SINR for an associated access terminal can
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in one exenpl ary emboghieg]+8R-b ﬂghq Ecp correction
e i”ﬁoﬁe ) rmy_e n- glwéfnhlﬁ)sﬁld Yo sy B- Y E 038 866-o1n—41

hg[n] é[n]+e“é[n 2]+e]3é[n 4]=06[n]+(-0.5— j0.866)- Jn—2]+(-0.5+ j0.866)- Jn—4]

where exp(jx) = cos(x) + j sin(x).

[00125] An alternative choice is two impulse responses with coefficient from 2x2
DFT (N=2). The choice of transmit filter stays for a certain period, after which the
femto node 510 may make the selection again based on channel sensing.

[00126] With initial reference to FIG. 10, FIG. 10 describes method for interference
management in a wireless communication system transmit waveform selection. As
represented by block 1002, a set of NV transmit waveforms are allocated to femto nodes

510 for use in downlink transmissions. In one exemplary embodiment, the channel



sych) can be adjusted based on the pilot power |evel
(i.e., their relative power level wth respect to

w@rivn7@omer | evel can be kept constant). [ 001RQJ/US2008/084738

Accordi ngly, exenplary enbodi nents have been descri bed

for reducing transmt power for overhead signals

(e.g., pilot, synch and broadggst/paging channel s)

when there is an active call a femo node by

determ ning an optimal overhead signal power |evel.
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exa ing. i el | h e I .

SHETRIP YRR, ot 8l SorBRERTer BE 8 PGP A i cuct
X i Wt o

BEROGALERAIORLR T oL e OR3P0 gy,

Fﬂﬁﬁ@ﬁ!Qﬂ?mbﬁ%éhb&gymekh@OM%ﬁ&ﬁﬁoEb&ggﬁﬁ§¥a§§b%GﬁhM%mvdbnn

ransm ssion to address jamm ng and negative
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stated, due to unpl anned depl oynent of fento nodes,
tdndomengon,adn@miR dseipnahbasisondtabed o&el e$he defanit nadveform from
canbecone very |l ow due to interference froma nei ghbor

fhe st oo fg tlensmia tdovirdmk pwavdthirss. | Theddfaulewaecfdeg rsaidemlly assigned
control channel and traffic channel performance for

ahide ardesed rasmiltiatvesorh, da)Vaveésulmren-n out ages or
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selects transmt pul se shaping via chan sensi ng

00anvavald Rbl8cmey 8l QueB; 1008! tIRXRMS Bodd IRAtENE @Riveform testing
-tap channel waveforns, with each coefficient set

EydddTter aQtind€ Peri@oOT , teftowarofenmp gl Al &x pobdille Fadvefotms have been
this case each for a given access point, the

test@ds A tregresvatedf oy tloskul ( Obeéhd fdnttermede byl Oacdrumesictap with the
FIR (in addition to normal baseband filtering) with
adspeiated i agpess stermipslp 0 sing ethe cuednt wemsformne. ofha khssociated access
followi ng three wavefornms: o
terminal receives the downlink transmissions and generates a channel quality indication
in response to the signal quality. The channel quality indication is forwarded in the
uplink (reverse link) to the femto node 510.

[00130] As represented by block 1012, the femto node monitors the uplink to
determine the channel quality using the current waveform based on the received channel
quality indication. The femto node 510 may ecither form a table of waveforms and
corresponding channel quality indications, or compare the current channel quality
indication with any previous channel quality indications and retained an indication of
the preferred waveform.

[00131] As represented by block 1014, the waveform testing increments to the next

allocated waveform for continued evaluation. The exemplary waveform selection
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[00127] As represented by block 1004, a fento node 510
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achieved with the use of MMSE equalizer due to different frequency coloring of
impulse responses for the desired and interference signals. This mechanism is feasible in
a femto node configuration as the delay spread is significantly smaller than one chip
interval.

[00134] Referring now to FIGS. 11A-11B and with further reference to FIGS. 5A-
5B, operations relating to the use of adaptive noise figure and path loss adjustment to
address jamming and negative geometries will be described in more detail. The present
exemplary embodiment uses methods and apparatus to prevent jamming and address
jamming and negative geometries using adaptive noise figures and path loss
adjustments.

[00135] Generally, femto nodes are connected to the Internet 540 and the mobile

operator core network 550 via a wide band connection (e.g., DSL router or cable
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determ nation, processing returns to evaluate the
advardietly (ﬂd)&ﬂidrﬁeyfeﬁfto hbdes\$a0] TUB sprQstsonbk dldstraeSAFIG. 5B with
wavefornms. [00133] The present exenplary enbodi nent
redecrageso ihntrerféatoencle 5fl 0. Arand tassoagtadeicodss aarimgpl 520A.
interference energy due to orthogonality of the
F9dBYler Fearto esdwrd [0Bead onisaanterfeicyeratiotle ne tigpyupdink itHg(reverse

convol ution, at the expense of creating self-noise
link RL)) and in the downlink DL (forward link FL) of cells serviced by macro cell

access nodes 560. For example a femto node 510B installed, for example, near a
window of a residence 530B can cause significant downlink DL interference to the
access terminals 520F outside the house (i.c., non-associated access terminal) that are
not served by the femto node 510B. Also, on the uplink UL, the associated access
terminals 520 that are served by a specific home femto node 510 can cause significant
interference on the macro cell access nodes 560.

[00138] On the uplink UL, non-associated access terminals 520F that are served by
the macro cell access nodes 560 can cause significant interference on the home femto

node 510A.
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of inpul se responses for the desired and interference

signals. This mechanismis feasible in a fento node

configuration as the delay spread is significantly
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figure values need tao be adjusted
RoT = flloc + lor + NO)/NO ,

where
lor : Total received power received at the femto node from all wireless devices
for whom femto node is in their active set
loc : Total received power received at the femto node from all wireless devices
for whom femto node is not in their active set

No: Variance of the thermal noise including the femto node noise figure (NF).

[00141] For stable system operation on the uplink UL, RoT needs to be controlled.
Typically, RoT is controlled to be around 5dB and higher. High RoT values can cause
significant performance degradation. For example, in FIG. 5B for the two neighboring

cells formed by femto nodes 510A and 510B, high RoT caused by access terminal 520D



accordingly for hone fento nodes 510. This situation

is illustrate in FIG 5B with reference to hone fento
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(alien) femo node 510A. [00140] For exanple, on the
slpdrnatkyeabuldDAo wmaredse e postenook syl sy sizeronghatplinkt YL and
load is usually determned by the netric: rise over
tdneyed frgmddne fangonddedd0ago associated access terminal 520C. However,

there are usually upper limits on the power control step size imposed by the
communication standards since other system degradations occur when a system operates
at very high power control step size. Thus it is desirable to control the RoT level at the
femto node 510.

[00143] In order to prevent an abrupt jump in RoT due to sudden increase in
interference created by non-associated access terminals (e.g., interference created by
non-associated access terminal 520D at femto node 510A), the noise figure NF can be
increased or the received signal can be attenuated by adding some path loss (PL)
component on the uplink UL. However, such an operation is performed at the femto
node experiencing high levels of interference. For example, in the scenario shown in

FIG. 5B, if both femto node 510A and femto node 510B increase the noise figure NF or
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node 510A. [00142] To e e sudden drop in SIR
in the described scenarlo, one

where Ec; is the total received energy per user i.

[00145] With initial reference to FIGS. 11A-11B, FIGS. 11A-11B describe a method
for interference management in a wireless communication system using adaptive noise
figure and path loss adjustment to adaptively adjust path loss for controlling RoT. It is
noted that the adjustment factor can be applied either to uplink UL attenuation or the
noise figure NF of the femto node.

[00146] As represented by query 1104, the operations described herein may occur
periodically, such as upon the occurrence of a subsequent time slot #. By way of
example, at every slot n, the femto node 510 may perform the following method to
provide interference management to a communication system. As represented by block

1104, various signals are measured and levels are computed. Specifically as represented



alternative could be to increase the power contro

step size on the uplink UL as conveyed from hone fento
Woowe/0HBOA t 0 associ ated access term nal 520C. PEOUE2008/084738

there are usually upper limts on the power contro

step size inposed by the communi cation standards since

ot her system degradati ons occg when a system oper ates

at very high power control % size. Thus it is

desirable to control the RoT |level at the fento node

510. [00143] In order to prevent an abrupt junp in RoT
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R8s %0l B 610 e Rltab] o ALRELCEEDET
SRS G OO, AL | ML o o
RenteHBACRSRtheASactivRt{ n) = [l oc(n)+ lor(n) +No(n)]/No
E()r(]))149] As represented by block 1114, the out-of-cell (non-associated access
terminal) interference level loc , which is the total received power received at the femto
node from all wireless devices for whom femto node is nof in their active set, 1S
computed. The computed out-of-cell interference level can be expressed as:

loc(n) = lo(n) — lor(n) — No(n)
[00150] As represented by block 1116 the received out-of-cell interference level to
the thermal noise figure No(n) ratio and maximum filtered received pilot chip energy
Ecp(n) to interference plus noise N#(n) ratio among in-cell access terminals are
computed. As represented by block 1118, the access terminal signal-to-noise ratio

measured as the received pilot chip energy Ecp(n) to interference and noise Nt(n) ratio

for all in-cell access terminals are filtered, by way of example, according to infinite



and lor(n) = Ec (n) ielnCell where Ecl is the total
recei ved energy per user i . [00145] Wth initia
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or the noise figure NF of the fento node. [00146] As
RERLES RS iR E0e 10 it BSn@ROFA L RURAHPRARLER S luc among

odi'ca

per suc

Q&%ysrt[éﬁﬁﬁgls ®br BnGiH %H%‘hoc# 15’?1 ﬁlleﬂtacpvdp é:kfpressed as:

exanpl e, at ever

perform the fol |(ofinte) et hod, o pr ﬁlteﬁé

rence
managenent to d (copmn ca&%@nmayﬁﬁ §Eented
by bl ock 1104, varlous S|gnals ar e nmeas re | evel s
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, a total received signal strength l'o(n)

RAS @shondhEIRPFifbrinLmahy 88 doh@anal Tift doat@kdd du%ﬂ)cem Enon-
the total received power received at the fento node

figsottu@l lacouss ehﬁﬁﬁl)@@mabeﬁncﬁsmamb@m bestpresiadias:is in

their active set and SS deV|ces for

whom fem o node is n{?zggaﬁ Zﬁiﬁ%}set

represented by bl ock \14¥4@) the | J@éh) (associ at ed

access termnal) interference level lor , which is the
[09162] r eceicpesealky bloele 132 theadx ctddefrecdiedrdef-telbmterference
all wireless devices for whomfento node is in their

beytond ¢hesadtowddS tacgatparb@dht withevloolmfhetcothniumigagiioh system can reliably
interference | evel can be expressed as: lor {n) = Ec

opprate and the maximum excessive received pilot chip energy to interference and noise
ratio among in-cell access terminals are determined. As represented by block 1124, the
excess amount for received pilot chip energy to interference and noise ratio can be
expressed as:

E.
EcpNt _excess = max Eep(m) | EcpNt _target
Nt(n)

with the above allowed threshold EcpNt target having the units of dB.
[00153] As represented by block 1126, the excess amount of the out-of-cell received

interference level foc_excess can be expressed as:

loc(n)

No(n)

with the above allowed threshold /oc_target having the units of dB.

loc _excess = ( ] —loc _target

[00154]  As represented in block 1128, an amount of additional path loss (PL_adjust)
that needs to be applied is computed. As represented in block 1130, the candidate path

loss adjustments are determined. The candidate adjustments can be expressed as:



ielnCell [00148] As represented by block 1110, a

received pilot chip energy Ecp(n) to interference and
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devices for whomthe fento node is in their active

set. [00149] As represented by block 1114, the

out-of-cell (non-associ ated acSess tern1na|)

interference level loc , whi cAlis the total received

power received at the fento node fromall wrel ess

devices for whomfenmto node is not in their active
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t er m nal($) Porcosdpand P& &ent, aradadignedtd quickighdjustahé PE based on
set can be expressed as: Ecp(n) ECpl(n) max max filter
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represented by block 1120, the signal-to-noise ratio

of the dtInfasebpth Fapddianddod are defonr dlvoeedilimied, Rlocaadds

the thermal noise flgure No(n) are computed. The

si gnal - t o- Agsigwed teslpyly wduses@esayy Phesuch that & mew, thwumegﬁssanly
of exanpl e ﬁccordlng to finite inpul se response (FIR)
filtering hight he dB dommin. The conputed out - of - cel
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1122, the 8%80?1%131119{1?150 s?r?de\fgoq" 9091ttroi)fneglﬁnllsrﬁsndth%5(flf Eda&fitrol the
RoT level. So in the case when there is only one active user in the
system, loc_target can be set to a very large value.

[00155] As represented in block 1132, the appropriate path loss (PL_adjust) can be

applied according to the upper and lower path loss PL adjustment limitations expressed

as:
i If (PL _cand > PL _adjust max )
PL adjust(n) = PL_adjust max
elseif (PL_cand >0)
PL adjust(n) = PL_cand
elseif (PL_cand <0)
PL adjust(n) =0

[00156] As represented in block 1134, the uplink UL attenuation (or noise figure) is
increased by PL_adjust(n). It is noted that in an actual implementation, hardware

limitations may require quantization of PL_adjust(n) to the closest possible setting.
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interference and noi se rati o anong in-cell access
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510A to be silent. Such methods of synchronization and scheduling approaches find
application to systems that permit time division scheduling, such as IXEVDO. By way
of example, since the 1XEVDO control channels are time multiplexed, neighbor femto
nodes 510 can be organized to use time re-use of these control channels.

[00159] However, as discussed next, this does not work with air interface
technologies that do not permit operation with scheduling and time division
multiplexing, for example, technologies that use CDM control channels, including, for
example, 1xRTT, WCDMA and HSPA. Design details for sub-frame time reuse are
described in detail in embodiments below.

[00160] In one exemplary embodiment, sub-frame time reuse is applicable to
technologies where hybrid time reuse cannot be applied. In many cellular technologies
such as cdma2000 and WCDMA, the base station transmits a continuous pilot and other
CDM control channels (e.g., synch, paging and broadcast, etc.) which the access
terminals use for a variety of purposes, including initial scanning and acquisition, idle

mode tracking and channel estimation. This continuous transmission of pilot and
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So in the case when there is only one active user in
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adjustnent limtations expressed as: If (PL_cand
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possi bl e setting.[00157] Referring nowto FIG 12 and
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relating to the use of subfrane tinme reuse to address

framyiindivaled imte gatdonepogeo nwttral geoups (PCGE). despringedqiisition of the

nore detail. The present exenplary enbodi nent uses

pibotisignal, arfenctiom af he pdot andsethend cl;¥ el thapsafglonds geisé off.

t amm ng and negative geonetries using subframe tine

00462, [\Mahasﬁerwe dAFIEx el fampo élﬁ%%.lﬁémtranwmm ig associated

interface p time.division
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impate tine. with ne onet

FLAASTRGS oMo TouRAL, 88 alirotPla, pofs SE8EE 20D, JB Byrier-to-

I 0
b R R ok ﬂ%%%g%ﬁ“f %O%E%‘%;i%?nfb?;ﬁ“@é% degparically

Wﬂﬂb %@fi@d Wt Rerh @ T 3908 i9 %Q@d off, permitting acquisition of the pilot
and synch channels from femto node 510B at access terminal 520D, in spite of the
highly negative geometry at access terminal 520D.

[00163] In one exemplary embodiment, these gated on-off periods are scheduled to
be non-overlapping. Thus, femto node 510A and femto node 510B can use non-
overlapping sub-frames (or power-control groups). In one exemplary embodiment, by
gating off (i.e., not transmitting any FL traffic) a fraction 1/2, 2/3 or 3/4 of the sub-
frames, for example, a time division reuse pattern of 2, 3 or 4 may be created. If the
pilot and overhead channels have sufficient redundancy, for pilot acquisition as well as
decoding of the overhead channels, this would have an impact of 3-6 dB, for example,
on the link budget of the pilot and overhead channels. However, this can be easily
compensated by increasing the transmit power of the femto node 510, since in the femto
node 510 deployment, the arrangements are not limited by transmit power.

[00164] In addition to the pilot and overhead channels, the same gating method may
also be applied to the voice or data channel transmissions. In one exemplary

embodiment, the femto node 510 gates a fraction of each frame transmission off. If, for



during a period where non-associ ated access term na
520D i s schedul ed by fento node 510A to be silent.
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approaches find application to systens that permt
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described in detail in embodi nent's bel ow. [00160] In
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applicable to technol ogi es where hybrid tine reuse
tamnatsidiewap ghicé ff. | Mormmoid theldeudssity b€ khowingahes gidaletrics and
as cdna2000 and WCDVA, the base station transmts a
snhndlill'rngdlhssepidnedwedappiog lgeted CHMimon tthaofolloharmmiethofles disglosed to
synch, paging and broadcast, etc.) which the access
pisveitiamsing end eddrgss nireing atl neghiiess geomdtriey wdng gubframe time
initial scanning and acquisition, idle node tracking

B8 -channel estimation. This continuous transm ssion
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By way of exa OO fra
Bowérentid0 WRiu fp§ qPEGe) td E)Qﬂdﬁlsa (RESO- 5/160 dresihttof sixteen PCGs to
acquisition of the pilot signal, a fraction of the
pbthidta st (f\2er head channel transm ssion is gated off.
[00162] Wth reference to FIG 5B, fento node 510A,

{00d66]m tThenptihg sapsoci mbe te abases $n bwthm way 8s B20A@]ze the cross-
transmts such gated franes (i.e., during gated off

pardlgam beowedn paiwsfdfi gating sequenegsi freredptenfiplly interfering femto nodes
non- associ ated access term nal 520D, the

S Ht-r iAsrrepesseited pErtdecke 1204, each femto node 510 sclects one of the gating

sequences. Although the femto node 510 may attempt to choose a gating sequence that

is non-overlapping with neighbor femto nodes, general selection does not necessarily
result in a non-overlapping arrangement. However, the exemplary embodiment
provides a mechanism such that a non-overlapping gating sequence can be identified
and selected.

[00167] As represented by block 1206, an access terminal 520 establishes an active
connection with a femto node 510. In response to establishing the connection, the
access terminal 520 provides a “fast” per-subframe downlink (forward link) power
control feedback allowing the femto node 5101 to select a desired non-overlapping

gating sequence.
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fract frame transm ssion off. If,
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format (RC3) uses a rate 1/4 convol utlonal code,
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even thou hal f of the packet transm ssion was gated

ﬁlfdfcateTQha’thndot hlcn6¢es siloyldfindeopel thg ta@dt power for specific
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initial reference to FIG 12, FIG 12 describes_an
Eordbgskdrgpm access terminal 520D will indicate that femto node 510B should decrease
the transmit power for specific subframes.

[00170] As represented by block 1214, the sub-frame downlink (forward link) power
control feedback provided by access terminal 520D to femto node 510B indicates which
sub-frames at transmitted by interfering neighbor femto node 510A are gated on and
which are gated off. Accordingly, such an indication allows femto node 510B to select
a gating sequence (pattern) that is non-overlapping (complementary) with the gating
sequence (pattern) chosen and in use by interfering neighbor femto node 510A. The

exemplary embodiment finds application for the gating sequence (pattern) chosen by

interfering neighboring femto node 510A.
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patterns) are identified with each gating sequence
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[ 00166] The gati ng sequence may be chosen in such a
way as to minimze the crosscorrel ati on between pairs
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nodes, general selection does not necessarily result
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exenpl ary enbodi nent provi des a nechani sm such tgat a

imehrdo whibbsipg igatng at¢quegccs qRutestos) thaninbespot@nthiokteee sofd’ periods
sel ected. [00167] As represented by block 1206, an

bawess shtogtenthadn "gRO0ds t Sindhi & besidamtiao tayercdarenephttom downlink
wth a fento node 510. In response to establishing the ,
dorrrad tlinkh channel esticwnsion tagd rehpriicl Rdity ferdbdels cyimatiggtmethods in
per - subf rame downl i nk Sformard I i nk) power controg

needbiie egRcy dagoaty tarmEnat. e khes, fefokanDer: 17 @ caw whgn gight sub-frames

desi red non-over| appi n ati.ng, sequence. [ 00168 } )
Qi FXIES) PIF %BA i r@% B heornercs 5@@&5% é,sLlﬁi‘etmgoaltematmg
nQde 510B.transnits eries of frames on, for
%@é Jpgs 1o pe F%/({]/C%?T}figgai%%el to the access terninal

Wi t I 0 traol P t
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engaged i n comunicatio access termnals 520A-

RNl T SAFE caRideRbiohS GhE QURE . foP CkESPlet IHELMMCDMA femto
20D will observe interference on a subset of the

sodek rsa0ese nbt sesp@AsRd! dngakasteinp ARG Bindsdi@itat BY non-synchronized
interfering neighbor fento node 510A. Furthernore,

fote s®dee 6 b, naste &P ODalvdrhdte ansdt ghtse suefranet itemag bbseheficial to
of subfranmes where no interference from

have all or many of the gated-off subframes be contiguous, as well as all or many of the
gated-on subframes. For example, in the case of a WCDMA system with fifteen
subframes over 10 ms, or thirty subframes over 20 ms, a beneficial method may be for
cach femto node 510 to gate off nine contiguous of the fifteen subframes and gate on six
contiguous subframes. Alternately, using a 20 ms frame, the femto node 510 may gate
off sixteen contiguous subframes and gate on fourteen contiguous subframes out of
thirty subframes.

[00173] In alternate exemplary embodiments, other methods to address this situation
and improve downlink C/I involve femto nodes 510 configured to gate-off pilot and

overhead channel transmissions when there are no access terminals associated, and to

turn on pilot and overhead channels periodically and/or at very low power only at times



nei ghbor fento node 520A i s observed when nei ghbor
fento node 510A is gated off during that subset of
weuwbozses. [ 00169] During the subfranes in whP€hUS™ng/aB4738

node 510A is gated on, the access term nal 520D wil|
observe, for exanple, |ow Eb/No. As represented by

bl ock 1212, the downli nk (formard link) power contro
feedback from access termnal 620D wi Il indicate that
fenmto node 510B should increase the transmt power for
specific subfranmes. Simlarl y, during the subfranes
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lSth) power contr ol feedback fromaccess term nal 520D

i ndicate that fento node 510B shoul d decrease the
[0037$M (RIFAWRE nbRTto FRES! f3-64 SMPH (R TRSher E&@rl:ﬁ&i to"lﬁGS 5A-5B,
represented by block 1214, the sub-frane downli nk
op@atveik Qe hiintkto tROWRS ofGBEid Bincfreada alidies el Byd negative
access termnal 520D to fenmto node 510B indicates
péunediri s I ieadeseritadd ih fraons dethil e Thbdyresdrit ek raplarygembodiment uses
nei ghbor fento node 510A are gated on and which are
gatheds afd appactortdipngieyt jasumihg amd adiiéss adrnmmgadndowegative
fento node 510B to select a gating sequence (pattern)
géramctiies wrone loibeid| tappicnss (eloriguesnent ary) with the

ating sequence (pattern) chosen and in use by
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choosing gating sequences (patterns) that intersperse

sdhediled sy fénabinope 51 @Blso Agttaanitshor t ened "on" peri ods.
Such a consi deration may reduce inpact on downlink
[G0a76lar dnlanrk¢mplagnerebodsitntnatta lobridntne teasnslethpdad downlink DL
feedback estimation nmethods in use by the |egacy
tiemseussiorers dividdd inthibsse skparategaongisen timg: a case when
ei ght sub-franes

1. Synchronous Control Channel (SCC) transmission period

2. Limited HARQ Interlace Tx. Period

3. Unlimited HARQ Interlace Tx. Period
[00177] FIG. 13 illustrates an exemplary downlink DL timeline including three
different time periods during each synchronous control channel (SCC) cycle period of
256 time slots. In one exemplary embodiment based on time sharing of the resources
during “unlimited HARQ interlace,” there are three different femto channels defined. As
described in more detail later, it is desired that neighboring femto nodes 510 pick
different femto channels so that they do not experience interference from other neighbor

femto nodes 510 (i.e., cach femto node selects a primary femto channel different than

the neighbor femto node 510). If there is no interference from a neighbor femto node,



out of sixteen are gated off, there may be benefici al

reasons for selecting alternating sub-frames to be
w@aied7wHé and gated on. [00172] | n anot her exe@IIs2098/084738

enbodi nent, gating sequence selection may apply

di fferent considerations for deploynents where

nei ghbor fenmt o nodes 510 are qot synchroni zed. Such

consi derations may exist, for %xanple, when WCDVA

femto nodes 510 are not synchronized. In one exenplary

enbodinent of non-synchroni zed fento nodes 510,
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MM s SERM Wi th fifteen subframes over 10 ns, or
thirty subfranmes over 20 ns, a beneficial method may
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of the fifteen subfranes and gate on six conti guous

siabidearrs . inAkt evirbisel gommshiogiocn 20stem Lisiagehylrhie timrtouse, in
node 510 nay gate off sixteen contiguous subfranes and
gavelanpe Wobrah esemplent ¢rgbmlnsestu Ffsrrapresenoed byolochi 442y at the initial
subframes. [00173] In alternate exenpl ary enbodi nents,
pewierrumer pibessynehittetes of hifemts nagdst 3 1n tl@n%mtcprp@dﬂ/ 810 performs
downlink CG1 involve fento nodes 510 conflgured to
Haesyasiropztn Wi ty Brr@at cAUWRE (a8 aMemiOses low@ewmﬁi e 560).

there are C erm nal s associ at ed, d to tur
Of THIFSHE iy Bogk ﬁ%%‘é UHER A PERTOBEF L] Wﬂéhw@ﬁmaﬁe” access
en %%SOC i ate

Y sk B8 e, FBey 3 S o RRRN S RS AR Schannel (sCO)

it BRI By v

SPd atgReH toﬁ thd %&%&e&fen@m ol ﬁ\m hﬁﬁ@sdg éﬁét%rred HARQ

janmi ng and negative geonetries descri béd

medrRiceeligl the [EHR iRfcESRAte eb?éeﬂéplle@én\fecf-‘B?Q%dl(emowsﬁspreferred slot
nmet hods and apparatus to prevent jamm ng and address

HEBT( PR ik d e fighfirdrvi @h gremifidd rasfetisdl FIARY britedadel me
reuse techniques. [00175] In an exenplary enbodi nent,
[(0139] aiAs teptoserftad e plocknl 43N, tiprenaty fersioochannel is selected. By way
of example, on exemplary selection process may follow the following algorithm:
If mod(PSO-MSCCO,4) = 1 then Femto Chn. 1 is picked as primary Femto
Channel
If mod(PSO-MSCCO,4) = 2 then Femto Chn. 2 is picked as primary Femto
Channel
If mod(PSO-MSCCO,4) = 3 then Femto Chn. 3 is picked as primary Femto
Channel
where Chnl, Chn2 and Chn3 are described in Figure 13.
[00180] Once femto channels are determined, femto nodes 510 may transmit traffic
in the downlink (forward link). Transmissions by femto nodes 510 are timed to reduce

interference with macro cell transmissions and other femto node transmissions. A

femto node transmission protocol for the various macro cell transmission periods, SCC



mul ti pl exing (such as I xEV-DO), then transm ssions may

be scheduled in such a manner as to elimnate tine
wW@2nodsoe t h negati ve geonetries. Thus, fent oPCDUS2008/084738

510B can conmuni cate with associ ated access term nal

520D during a period when fento node 510A i s not

transmtting. Simlarly, assocjated access term nal

520C nay communi cate with fenf® node 510A duri ng a

peri od where access term nal 520D is schedul ed by

fento node 510B to not transmt. [00176] In an
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syts) & g pansafiss2@boft dnnSCE lobisat. (¢ ko) fosted 2est@ppt aveyy SCC cycle). In
enbodi ment based on tinme sharing of the resources
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different fento channels defined. As described in nore
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nodes 510 pick different fenmto channels so that

th ey
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rranagerrent in a wreless communi cati on syst e€m usi ng
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enbodi ment. As represented by bl ock 1402, at the

amd MAAT clpowels solthadthest flennsly nahomanatz atdcossfidfy. a f ent o

node 510, the fento node 510 perforns

[00183] As represented in block 1412 and with reference to FIG. 13, during a limited
HARQ interlace transmission period, the femto node 510 is allowed to transmit
downlink (forward link) traffic on the HARQ interlace of PSO and delay sensitive
traffic is given absolute priority over best effort traffic. With reference to FIG. 13,
limited HARQ interlace transmission period gives a transmission opportunity for each
femto node so that delay sensitive traffic (such as VolP etc.) does not suffer too
excessive delay. In one example, during limited HARQ interlace transmission period, if
requested DRC is null, then single user packet type of 38.4 kbps may be used. If DRC is
null or erased, then compatible packet types such as single user packet (SUP) 38.4kbps
or multi user packet (MUP) of 256/512/1024bits may be utilized (similar to DRC

erasure mapping).



time synchroni zation with the macro cell network

(e.g., macro cell access node 560). As represented by
whk@ek7bd04, during tinme synchroni zati on with PE¢EURNOS/G84738

cell access node 560, the fento node 510 neasures

secondary synchroni zati on channel (SCC) offsets

(MSCCO) used by the macro cell access node 560 and

nei ghbori ng fem o nodes 510. B3sed on the nmeasur enent ,

the fento node 510 identifies a preferred HARQ

interlace with the | east interference as represented
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primry Femt o Channel where Chnl, Chn2 and Chn3 are

caslpr dlloeated to PHiguané MAC ch@0E80Pr Orcessfig wperatdraointbbs channels.
are determned, fenmto nodes 510 may transmt traffic
[0918Fle dusnripiresknted opwelpek 117k jand Twidh sefcssicone H(. flémdgring an
nodes 510 are tiped to reduce interference with macro

prlimited: AHARE swicslage Ar@sispien Pf‘émdo thip demior BpdaPdQjigrpdlowed to
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cycC e.g., sl OtS 'ow transm ssi on
ouRbe ﬁ’é‘eﬁsﬁhe (@ccﬁ}servﬁﬂlx'?esﬁre&%to? loek i 1@1\{1ﬁrUR§(;§:requested by the

cycle). In one exenplary enbodi nent, two sub- peri ods
hd0fc afll 3OS camaingedf mﬁtﬂmtbaSHAR@m['%B& transmission period, femto node
510 can transmit compatible packet types (multi use packet or 38.4kbps single user
packet). Also, femto node downlink (forward link) scheduler can keep track of
previously requested DRC values and maintain DRC values from last transmission
periods and HARQ carly termination statistics to decide on what data rates can be
decoded by access terminal 520.

[00186] 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.
15 depicts several sample components that may be employed to facilitate
communication between nodes. Specifically, FIG. 15 illustrates a wireless device 1510
(e.g., an access point) and a wireless device 1550 (e.g., an access terminal) of a MIMO

system 1500. At the device 1510, traffic data for a number of data streams is provided

from a data source 1512 to a transmit (“TX”) data processor 1514.



interlace: preferred slot offset and non-preferred

slot offset. [00182] On HARQ interlace with the
wpe@berwed sl ot offset (PSSO, fenmto node 510 tPENERING084738

SCC information. This allows reliable transm ssion of

control channel information and enabl es associ ated

access termnals 520 to hand-in and hand-out from

fento node 510. During HARQ i APerl aces on non

preferred slot offsets, fento nodes 510 do not

transmt any downli nk (forward Iink) traffic (DTX FL
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[00183] As represented in block 1412 and with

pvRIceaed 8. Fl1 G 13, durlng a linmted HARQ interlace
transm ssion period, the fento node 510 is allowed to
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priogessed st pvpempoir ghd mey he usehuesiancoypiem lasstipate the
for each fento node so that delay sensitive traffic
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I'n one enbodi nent, nei ghborl ng femo nodes 510

&&Mpdiféﬁtstdﬁltlﬁe dvigerisace as well (i.e., no protection

agai nst interference). During HARQ i nterl aces of other
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(forward link) traffic (tinme re-use) however a
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all ocated to pilot and MAC channel s for successf ul

O5EM: i Bie BX MIMQ dredsasendp30 then provides Ny modulation symbol streams

to Ny transceivers (“XCVR”) 1522A through 1522T. In some aspects, the TX MIMO
processor 1520 applies beam-forming weights to the symbols of the data streams and to
the antenna from which the symbol is being transmitted.

[00190] Each transceiver 1522 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 1522A through 1522T
are then transmitted from Ny antennas 1524 A through 1524T, respectively.

[00191] At the device 1550, the transmitted modulated signals are received by Ng

antennas 1552A through 1552R and the received signal from each antenna 1552 is



[00185] As represented in block 1414 and with
reference to FIG 13, during an unlimted HARQ

WO pioeor@ee transm ssion period, the fento nodePGI/0S1088/084738
allowed to transmt downlink (forward link) traffic on
all of the four HARQ interl aces. At the begi nning of
the period, downlink (forward_|link) transmt power can
be ranped up slowy to |et thélaccess termnal rate
predictor to ranp up. In one exenplary enbodi nent, to
further increase the ranp-up of DRC val ues, DRC | ength
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pil ot data using OFDM techni ques. The pilot data is
dgpécHi0y a known data pattern that is

[00194] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message is then processed by a TX data processor 1538, which also receives traffic data
for a number of data streams from a data source 1536, modulated by a modulator 1580,
conditioned by the transceivers 1554 A through 1554R, and transmitted back to the
device 1510.

[00195] At the device 1510, the modulated signals from the device 1550 are received
by the antennas 1524, conditioned by the transceivers 1522, demodulated by a
demodulator (“DEMOD”) 1540, and processed by a RX data processor 1542 to extract

the reverse link message transmitted by the device 1550. The processor 1530 then



processed in a known manner and may be used at the

recei ver systemto estimte the channel response. The
worenoviopleexed pil ot and coded data for each dat BCHUS®AS084738

is 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 synbol s. The data Pate, codi ng, and

nodul ati on for each data stream may be determ ned by

i nstructions performed by a processor 1530. A data
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foslzernvaethandeviede gs slesice 1 5 &) saughhaginh Simiarte aminterference
provi de one or_nore anal og signals, and further
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Each transcei ver 15 conditions (e.g., filters,
pisotdsfng&ompaneht g onde teshin@iohesfatithe/iatdResicy echtrol

signal, digitizes the conditioned signal to provide
sanpirest 1 @2dintuid precesporolddéses t he sanples to provide

a correspondi ng "received" synbol stream [00192] A

H9d87lv e Themxachingahercpr mee b orconp®dcd meémvarassitxpss oand
processes the NR )
communication systems and/or system components. In some aspects, the teachings
herein may be employed in a multiple-access system capable of supporting
communication with multiple users by sharing the available system resources (e.g., by
specifying one or more of bandwidth, transmit power, coding, interleaving, and so on).
For example, the teachings herein may be applied to any one or combinations of the
following technologies: Code Division Multiple Access (“CDMA”) systems, Multiple-
Carrier CDMA (“MCCDMA”), Wideband CDMA (“W-CDMA”), High-Speed Packet
Access (“HSPA,” “HSPA+”) systems, Time Division Multiple Access (“TDMA”)
systems, Frequency Division Multiple Access (“FDMA”) systems, Single-Carrier
FDMA (“SC-FDMA”) systems, Orthogonal Frequency Division Multiple Access

(“OFDMA”) systems, or other multiple access techniques. A wireless communication



recei ved synbol streans from NR transcei vers 1554
based on a particul ar recei ver processing technique to
WEe@dsONT "det ect ed” synbol streanms. The RX BIEE/HS2008/084738

processor 1560 then denodul ates, deinterl eaves, and
decodes each detected synbol streamto recover the
traffic data for the data stream The processing by

the RX data processor 1560 i s onpl enentary to that
performed by the TX M MO processor 1520 and the TX

data processor 1514 at the device 1510. [00193] A
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reverse |ink nmessage may conprise various types of

inefudest-COM A egd 1 dwnQhipRate OTaRY).c &h¢ cdmad00R techdodlopy covers IS-
the received data stream The reverse |link nessage is

200 IpPO erd §285hytardatds. da TN AoceszbmayS8Hlendit emadib s o
receives traffic data for a nunber of data streans
feclmlegytuich as Glohab S18@8 fordabilat eanpyicatip(iG&MD. An OFDMA
1580, conditioned by the transceivers 1554A thgo%gF .,
HIRRK MaR {MPILHRE fefidcerorogysuehe BelyeeUTIBAE-UTRA”), IEEE
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ROGHERAPE. ditlanbRoPHLL SGEP | R, TEHEESSLIGR L ITRS] 8fom, an Ulira-
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determning t eam’form ng wei ghts then processes

DVETSat aeh EAUTRAS ahoulpA @di@4h afceis oFPhAdiS@osure may be described

illustrates that the comuni cation conponents may
4164 BORP afithitslogR fitsis EOPPORRASod thad thp &tiEinge herein may be applied

interference control operations as taught herein. For
e Rcl1Qh, Ratse Reed,Red &) (cChidlddy, 43 webbas BGPPZ 0o nxEV-DO
1590 may cooperate with the

RelO, RevA, RevB) technology and other technologies.

[00198] The teachings herein 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.

[00199] 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 cordless telephone, a session initiation protocol

(““SIP”) phone, a wireless local loop (“WLL”) station, a personal digital assistant

(“PDA”), a handheld device having wireless connection capability, or some other



processor 1530 and/or other conponents of the device
1510 to send/receive signals to/from anot her device

W@ 2009/07060evi ce 1550) as taught herein. Siml arPgr/usawos/084738
interference control conponent 1592 may cooperate with
the processor 1570 and/or other conponents of the
devi ce 1550 to send/receive S|gnals to/ from anot her
device (e.g., device 1510). | #*shoul d be appr eci at ed
that for each device 1510 and 1550 the functionality
of two or nore of the described conponents may be
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requency Division MiltipFé Access syst ens,

£ aQoRRRunidbtioh By ferBC SBSSart KEBH e %ayﬁgrwlﬂ@ | f88&ample,
comuni cat i onsystem enpl oyi ng the teachlngs herein may
bshndestignetot © a Ml e Blg., ANeide areadetyvsk sidhedsdBe Irderast or a
as |1S-95, cdma2000, IS—856, W CDMA, TDSCDMA, and ot her
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t echnol ogy such as Universal Terrestrial Radi o Access
QAceoringty, at des2008le nory enehle appther nededhigolap gycestBRAINal) 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.
[00202] Also, it 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 (¢.g., electrical or optical interface
components) to communicate via a non-wireless medium.

[00203] 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 area network or a wide arca



i ncludes WCDVA and Low Chip Rate ("LCR'). The

cdma2000 technol ogy covers |I'S- 2000, 1S-95 and | S-856
wat@pdzwas. A TDVA network may i npl ement a radP@I/US2008/084738

technol ogy such as d obal Systemfor Mbile

Conmuni cations ("GSM'). An OFDVA network may i npl enent

a radi o technol ogy such as Evalved UTRA ("E-UTRA"),

| EEE 802.1 1, |EEE 802.16, |EBE 802.20, Flash- O-DM(r),

etc. UTRA, E-UTRA, and GSM are part of Universal

Mobi | e Tel econmruni cati on System ("UMIS"). The
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Rel 5, Rel 6, Rel 7) technol ogy, as well as 3GPP2 (I xRTT,

movaidth KeinGltipksindy, scRevB). A edivhak agde @agthak helude appropriate

technol ogi es. [00198] The teachings herein nmay be

corgponsosdt.ed airnbtorfie@spto, esiabpshearsintoptmumitdié miagme or more wireless

perfornmed by) a variety of apparatuses (e.g., nodes).
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i mpl enented in accordance wiith the teachings herein.
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cellular t ne, cordl ess tel ephone, a session
tepldsbbd 89a RirRE Q€ fltertel BbETuncRESN BlocRs Winf ShRSSpéRChb

| oop ("WLL") station, a personal digital assistant
funPlAality ef thesedhedkd ntigVicCmplisvdnfgl aM o beS Sing QYNIaS inddiding one
capability, or sonme othersuitable processing device
compeqgirectst@ campon@lte sk sondenpechctho fdictighality ofitheser blocks may
nore aspects taught herein nmay be incorporated into a
phompdethentgd usiag.def ¢xaimple, phlvast agrorigenaefi onstow medre irdegrated circuits

conputer (e.g., a laptop), a portabl e conmunication
thesi BASK )pakt d;gguésed herein, an integrated circuit may include a processor,

software, other related components, or some combination thereof. The functionality of

these blocks also may be implemented in some other manner as taught herein.

[00205] The apparatuses 1600, 1700, 1800, 1900, 2000, and 2100 may include one or
more modules that may perform one or more of the functions described above with
regard to various figures. In some aspects, one or more components of the interference
controller 320 or the interference controller 322 may provide functionality relating to,
for example, a interference receiving/direction means 1602, interference
comparing/determining/updating means 1606, overhead channel power means 1702,
transmit waveform means 1802, channel quality means 1806, interference determining

means 1902, path loss means 1906, gating sequence means 2002, reuse pattern means



conmputing device (e.g., a personal data assistant), an

entertai nment device (e.g., a nusic device, a video
wWa@leavOMe0Or a satellite radio), a global positPORUSZP08/084738

system devi ce, or any other suitable device that is

configured to conmuni cate via a wireless nedi um

[ 00200] An access point nmay cqpprise, be inplenented

as, or known as a NodeB, an eRbddeB, a radi o network

controller ("RNC'), a base station ("BS"), a radio

base station ("RBS'), a base station controller
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conmuni cate via a non-wi reless nmedium [00203] A

Y§02671eS STHARESS JKRY irCAEAHRI AL Bnder@arRBat0hfohBoAdEli @8%s may
communi cation links that are based on or ot herw se
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such as those dISCUS%
particles, or any combination thereof.

[00208] Those of skill would further appreciate that any of the various illustrative
logical blocks, modules, processors, means, circuits, and algorithm steps described in
connection with the aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog implementation, or a combination of
the two, which may be designed using source coding or some other technique), various
forms of program or design code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software module”), 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



herein (e.g., CDVA, TDVA, OFDM OFDVA, W MAX, W-Fi,

and so on). Simlarly, a wireless node may support or
W@rdwenwese use one or nore of a variety of PCT/US2008/084738

correspondi ng nodul ati on or nultiplexing schenmes. A

wi rel ess node may thus include appropriate conponents

(e.g., air interfaces) to estaplish and communi cate

via one or nore wirel ess conmifi cation |inks usi ng the

above or other wi rel ess comunication technol ogi es.

For exanple, a wireless node may conprise a wreless
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dygslbanei ncl udi ng one or nore processor conponents. In
sone aspects the functionality of these bl ocks may be
(4030 %rre nthed atigsidlustrasive dxgieg |b¥0,ckatm¢®éﬁ§t angl genuitp gescoped in
one or nore integrated circuits (e.g., an ASIC). As
eRnS eficnewith eaispectsadisgloged e may be dpplemeatpdivithiy gepgformed

. .software, oth | at ed ,
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offe aspects, one Or nore conponents
bathForleBisCE16&ri6ARbIMPbh&ts, dBRRc LotPEndni, BlctB4ngAE Bomponents, or
controller 322 may provide functionality relating to,
f10r corAangtl 0B, th@rebMie8ighed R wefoi@aRt RindGbrh de8&ribed herd®Aad may
1602, interference conparing/determ ni ng/ updati ng
oeante cb6Or instarcheatthatrasidelvithowbe 1Gpansdddie IC, or both. A
transmt waveform neans 1802, channel quality neans
4866 purpose Prcesscemde be p migioptpcasan Sutl @GRS alpandtiveoths processor
means 1906, gating sequence neans 2002, reuse pattern
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2106. In sone aspects, the .. : )
processor may also be implemented as a combination of computing devices, ¢.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.
[00210] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,

and are not meant to be limited to the specific order or hierarchy presented.



comuni cation controller 326 or the conmunication
controller 328 may provide functionality relating to,
WO a009e¥mdpl e, transceiving (transmtting/recei RETHH2008/084738
means 1604, 1704, 1804, 1904, 2004, and 2104. [00206]
It should be understood that any reference to an
el ement herein using a designa%ion such as "first,"
"second," and so forth does né generally limt the
quantity or order of those elenents. Rather, these
desi gnations may be used herein as a conveni ent nethod
[Sti ' ' . { . n
oL o lohg  SRLEE Reh Y iRl B B RIRRY, Rityere
A 3RCQNh SloRIBRN S, 408 B infRaRcrt X BAWKLL IR functi
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manner. Al so, unless stated otherwise a set o
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Those of skill in the art woul d understand that
torhmnnizh i@nmadid iisolgtiag snynmydins thegrhal endsechnif®t ofja edryputer
of a variety of different technol ogies and techni ques.
pograax fopl @ pdatdy anotBer U stomgs madonmey tis any available media that
information, signals, bits, synbols, and chi ps that
prybarecesse@be mcemputar. By henof exrnplpond nebBethipen, swchgpmputer-
be represented by voltages, currents, electromgnetic .
wadede medigrren icemprizg RANHROMy EERROM. GRRQM orfqtlgr ggtieg! disk
articles,.or.ﬁn conbi nati on thereof. [ 00208] Those )
ragki PHEREG iR PSS olsh RensH oS d WASFS ot qu@ther medium
arious illustrative |qqi.cal bl ocks, nodul.es ) )
RLEBR ohoat WiaRior SEory 6N ER prr® P PR 131 ofjustructions or
i [ C [ .
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pipfiy cFmEl flcbbul MR AP RU AN, FALARRIOT he soffware ks
BEnsAaatORER dUSETTe SRHICE &r o8tk RANGE sRBBuSANE Eoaxial cable, fiber
techni que), various forns of program or design code
biOdaply, abistag paitsdipitdltstieyesibénivieqD SIBYorbeirdlefs @sdhadloi s such as
herein, for conveni ence, as "software" or a "software
mbduddetadjo, and enadoivaat,itharstho todxadl eablEofiledr @atit yable, twisted pair,
illustrate this interchangeability of hardware and
DOLt olmweclessae¢tmoetogies 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. In summary, it should be appreciated that a computer-
readable medium may be implemented in any suitable computer-program product.
[00212] The previous description of the disclosed aspects is provided to enable any
person skilled in the art to make or use the present disclosure. Various modifications to
these aspects will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects without departing from the

scope of the disclosure. Thus, the present disclosure is not intended to be limited to the



illustrative conmponents, blocks, nodules, circuits,
and steps have been descri bed abovegenerally in terns
w@poovlariens f uncti onality. Whet her such functi onBCT/U§2008084738
i npl enent ed as hardware or software depends upon the
particul ar application and design constraints inposed
on the overall system Skilled artisans nmay inpl enent
the described functionality i A varyi ng ways for each
particul ar application, but such inplenentation
deci si ons should not be interpreted as causing a
r e th | SG ur.
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FRALbIES ancPlil oF i %fcﬁsc@@s%&%%gﬁ in connection wth the
spect I scl ose erein may be inplenented within or
perfornmed by an integrated circuit ("IC'), an access
term nal, or an access point. The IC may conprise a
general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit
(ASIC), a field programmabl e gate array (FPGA) or

ot her programmabl e | ogi c device, discrete gate or
transi stor 1 ogic, discrete hardware conponents,

el ectrical conmponents, optical conponents, nechanica
conponents, or any conbination thereof designed to
performthe functions described herein, and nay
execute codes or instructions that reside within the
IC, outside of the IC, or both. A general purpose
processor may be a m croprocessor, but in the
alternative, the processor nay be any conventiona
processor, controller, mcrocontroller, or state
machi ne. A processor may al so be inplenented as a
conbi nation of conputing devices, e.g., a conbination
of a DSP and a m croprocessor, a plurality of

M Cr oprocessors, one Or nore m Ccroprocessors in
conjunction with a DSP core, or any other such
configuration. [00210] It is understood that any
specific order or hierarchy of steps in any disclosed
process is an exanple of a sanple approach. Based upon
design preferences, it is understood that the specific
order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the
present disclosure. The acconpanyi ng nmet hod cl ai ns
present el enents of the various steps in a sanple
order,



and are not nmeant to be limted to the specific order
or hierarchy presented.[00211] The functions descri bed
woreapoo@edéepl enent ed i n hardware, software, firPUEDE2008084738

any conbination thereof. If inplemented in software,

the functions may be stored on or transmtted over as

one or nore instructions or coge on a conput erreadabl e
medi um Conput er - r eadabl e medPY incl udes both comput er
storage nedia and conmuni cati on nedi a i ncludi ng any
mediumthat facilitates transfer of a conputer program

P t@. another. A storage nedia may be any
g&%&rggﬁgfggflalghat can be accessed by a conputer. By

way of exa 4. tat i - such
coﬁ‘pu}i'er r eggj‘éﬁ‘f‘%@?rgcu a g%%%%h’%é@@éﬁé \M ROM EEPROM

CD- ROM &imiftnbeh iRRHECate ditios bP A8 assBBEARA kb &esl te$Hinal
storage or ofher magnetic storage devices, or any
séleedtingdiinaifbiat sig@d;, @ used to carry or store

desired programcode in the formof instructions or

dat a shisdeivingesgnaichviaeton dre iberfacnes decttioy. a

conmputer. Al so, any connection is properly ternmed a
conmput er -readabl e nedium For exanple, if the software
Is transmtted froma website, server, or other renote
sour c@& usi hbc methodf glairadpwésren drsermapng @n efpuference direction
twi sted pair, digital subscriber line (DSL), or
#PRI%¥8s t echnol ogi es such as infrared, radio, and

m crowave, then the caaxH3% cabl e, fiber, optic cable,

twi st EGCYHIg AN HSITCripg Sighld[ER & NPREATOSIALsE: A85CSS (I gd:

i nf d di 9, d. i . ded | ,
ot 2 S ol PRl G OB S b
el . ' e . S
o i I g SAERR iR Figbign SRR AL A G Lk ERp LR,
gggﬁn ek exdic-gkgUsdaldiy reproduce data magnetically,
whi | e

i scs reproduce data optically with | asers.

Conbi nati ons of the above should al so be included

within the scope of conputer-readable nedia. In

sumuaBy, | Théhethod dfelaappRy ebe@iretle thathctaristic of an interfering signal
conput erreadabl e medi um may be inplenented in any

sul trabnéssoaspatver lepelog phtie pritodferdig sigii0212] The

previ ous description of the disclosed aspects is

provi ded to enabl e any person skilled in the art to

make or use the present disclosure. Various. o
nodi f fcat i hemethodipd skirgdplrthsr gemprishee pasipdiqally determining if

apparent to those skilled in the art, and the .generic
the non-associated access terminal continues to generate the mterfering signal.

5. The method of claim 4, wherein periodically determining comprises:

ominidirectionally receiving transmission signals from a current non-associated
access terminal; and

updating the interference direction toward the current non-associated access

terminal if an interfering signal is determined.

6. The method of claim 4, wherein periodically determining comprises:

eliminating a null in the interference direction during reception of the signals;



princi ples defined herein may be applied to other

aspects w thout departing fromthe scope of the
waele@elowus e. Thus, the present disclosure i s nRET/US2008/084738

intended to be limted to theaspects shown herein but

is to be accorded the w dest scope consistent with the

princi pl es and novel featuresﬁﬁhsclosed herein. WHAT | S

CLAIMED IS: 1. A nethod of co ni cati on, conpri sing:

determining an interference direction of a

non- associ at ed access term nal generating an

the | oee P Bl on e P SR P BB e Rinal

rein determning an interference direction
conprises: receiving an interfering signal froma
non- aﬁ'j%"d%@ihgttlfeqnfb?&?eiée HREHON 3w ard IRP&IrtdAdnén-associated access
characteristic of the interfering signal with a
tmeshol d; and designating an interfering direction of
the interfering signal when the characteristic exceeds
the threshold. 3. The nethod of claim2, wherein the
characteristic of an interfering signal is a
t ransii ssi dhsmpthedrofkckuell, wbemwmin trénscéining sigarismgmprises:
signal. 4. The method of claim1, further conprising
per i offirmangd 3 sigedl drapsmissign beam fea Hapsraisdiscstian agt aekysiys of the
term nal continues to generate the interfering signal.
mterfegenchigefiPoend| ai m 4, wherein periodical ly
deternining.co rises: gninigjrectionall recei ving
t r ansPsnginedngsignals mtBarigndl fransmissioBA4s oci at ed
access termnal; and updating the interference
direction toward the current non-associ ated access
term gal i ' f.eeing. S [ S ' :
The ot hod 5 Mg Har o 5T b e S bR Wmphises
det er mini , : o it i '
ot or oo QRS on B R0 adfeith splichilPwith the
FtGR e ld8eion; agd t ransm ssi on signals from any
current non-associ ated access termnal; and

receiving the signals in a receive direction not inclusive of the signal reception

null.

9. The method of claim 1, further comprising omnidirectionally

transceiving signals when the interfering signal is determined to be non-interfering.

10.  An apparatus for communication, comprising:

an interference controller configured to determine an interference direction of a
non-associated access terminal generating an interfering signal; and

a communication controller configured to transceive signals away from the

interference direction.

11. The apparatus of claim 10, wherein the interference controller is further

configured to determine an interference direction, is further configured to receive an



updating the interference direction toward the current

non- associ ated access termnal. 7. The nmethod of claim
waooezeed n transcei ving signals conprises: f oPEi/NR088/084738

signal transm ssion beamin a transmt direction not

inclusive of the interference direction; and

transmtting the signals in tgg signal transm ssion

beam 8. The nethod of claim wherei n transcei vi ng

signals conprises: formng a signal reception null in

a receive direction coinciding with the interference

gltgr?e nlgg:? ﬁlg &0 Ia}/sls@ogat%cp ?(h%ésgtntq}ll% lI %Jr? g%haYrgCtFTIStlc of the

Irec |nc USIVG 0] rec

gﬁer %ﬁ'g% let 1 tl‘ftjeﬁiona Ind f(19§1% al?gll%?fﬁg 'agrteﬁtéon of the

omi ona Iy transceivin

I &iringTsidhdl whaN@k ch§ra&@ﬁﬁ{crexe@éastﬂ?e fAeshold.
non-intertfering. 10. An apparatus for conmunication,

conprising: an interference controller configured to
determine an interference direction of a

non- as3.o0ci @hedpmeaesst danm lNathegdmtheahamngteastic of an interfering
interfering signal; and a communi cation controller
signdliiga frecsntissionsgroscelovel ©ianlzd inteafeayg igoah t he
interference direction. 11. The apparatus of claim10,
wherein the interference controller is further

configured to determ ne an interference direction

furth&t cohPf gRRaEduL o Crl?é@elQ/é"hﬁFﬁHhth@rllfl’fé?fpl’rﬁ’@c%‘?(@lﬁﬁiler i further
assocj ated access termnal, co
6?113}“:3&&%9 .pgfl?@% Ao e Qg e rminal continues o
r§ ﬁ? (80 dqsl nate an interfering direction of
?ﬁ§‘1% H?SF W §¥YHal when the characteristic exceeds

the threshold. 12. The apparatus of claim11l, wherein
the characteristic of an interfering signal is a

transm SS' TH@ h@ﬁ s &Y G 12 wikrdiDhelifteREAREd &Qltroller configured
si gnal . apparatus of clalm 10, wherein t

td’ﬂe@lﬁ)ﬁﬁﬁﬂﬁ @@ceﬁﬁ’lﬁé tinpBSesitife ftbirfcR@ice controller conﬁgured to
omnidirectionally receive transmission signals from a current non-associated access

terminal, and update the interference direction toward the current non-associated access

terminal if an interfering signal is determined.

15. The apparatus of claim 13, wherein the interference controller configured
to periodically determine comprises the interference controller configured to eliminate a
null in the interference direction during reception of the signals, receive transmission
signals from any current non-associated access terminal, and update the interference

direction toward the current non-associated access terminal.

16. The apparatus of claim 10, wherein the communication controller
configured to transceive signals comprises the communication controller configured to
form a signal transmission beam in a transmit direction not inclusive of the interference

direction, and transmit the signals in the signal transmission beam.



configured to periodically determne if the
non-associ ated access term nal continues to generate
W@ b@fomiees f eri ng signal. 14. The apparatus of BCEHUS2008084738
wherein the interference controller configured to
periodically determ ne conprises the interference
controller configured to onnig%rectionally recei ve
transm ssion signals froma clfrent non-associ at ed
access termnal, and update the interference direction
toward the current non-associ ated access termnal if
an interfering signal is determ ned. 15. The apparatus
of claim 13, wherein the interference controller

confi gyredrf,0 %@ﬁﬁtﬁ’ﬁd WCalihy1 I GHRER AR SRMRHIGESn Egr?troqer

interference controller configured to elimnate a nu

EdhfidiRod B h@h{ @IRAEMall R is@Nthe ¥bRn[RESPEIRRIICF cdnfBured to
signals, receive transm ssion signals fromany current

RRAr 26 508 k@ forARI ERS febdind diddctionBEinbieas with AR interference
interference direction toward the current
dioertian Sodliratcet the saslsties ncoddke.dirtonlive idgpavedfitbe gifnal
claim 10, wherein the conmmunication controller
coafticgurutld to transceive signals conprises the
conmuni cation controller configured to forma signa
transm ssion beamin a transmt direction not
inclusive of the interference direction, and transmt
the si@nal $he ponapsuseighaim G ahstain thegampanygation cqpfgoller is
ar at of, cl ai m.10,. wherein the.co icati.on . . ) )
F emreddR ot 1@&*%”&&%@&%%%@5% € SHpifsrdngsignal is

§$§ﬁ§ﬁ&ryg%%%%gogﬁgontroIIer configured to forma

I'"in a receive direction
coinciding with the interference direction, and
receive the signals in a receive direction not

inclusyve af a@?@raﬁk 9o BERPH R NodMrlsingl 8- The

appar at us of aim 10, wherein the co ni cation

cont r Rleh@ fol SetbihihM@ranGRRFfLRHECHrdcBioR BN dbhi-agbtanaladcyess
transcei ve signals when the interfering signal is

et Baniarehting adentoaringdigidflemdng. 19. An apparatus for
communi cation, conprising: neans for determ ning an

i nt er fnreafoetrehscactngaignals avaydrom sisaoicafeetcadoason.

20. The apparatus of claim 19, wherein determining an interference direction
comprises:

means for receiving an interfering signal from a non-associated access terminal;

means for comparing a characteristic of the interfering signal with a threshold;
and

means for designating an interfering direction of the interfering signal when the

characteristic exceeds the threshold.

21. The apparatus of claim 20, wherein the characteristic of an interfering

signal is a transmissions power level to of the interfering signal.



term nal generating an interfering signal; and neans

for transceiving signals away fromthe interference
wa@lgeeoticon. 20. The apparatus of claim 19, wheP&i/nS2008/084738

determining an interference direction conprises: means

for receiving an interfering signal froma

non-associ ated access termnal; nmeans for conparing a

characteristic of the interfepﬁng signal with a

t hreshol d; and neans for designating an interfering

direction of the interfering signal when the

charagteri st i ee .he res .2 Th ST

appar atus S1° SEARSE RS ARA SO Hnitle phif oy perggeicatty

. feri : : C oo '

el i Pl A e AR Rl [ BIRTL RIS LR Y Phorering

gkg@nle, further conprising neans for periodically

determining if the non-associ ated access term na

continues to generate the interfering signal. 23. The

apparatus of claim 22, wherein nmeans for periodically

det er 23.ni nGhe appardtsest clamels whercimmiith foepériaatiallllyydetermining

receiving transm ssion signals froma current

conpiseeci at ed access term nal; and neans for updating

the interference direction toward the current

non- aBas far eanaliicetsenatly rederang iransanssion sgrady frer a current non-

signal is determ ned. 24. The apparatus of claim 22,

Hreriaten aeeses tepaielieBe periodical |y deternining

conpri ses: ans. for elimnating a nul

e in the ,
" nt er FEHEHRB TR BE HhoRIEiTTnAG P S DBHP BHdGRe §Eent non-associated

Si nqlskr ]§ns.QO repeiv'p érans i ssion signals from
BV RLT RO B RL BTN ey i nal ; and

24. The apparatus of claim 22, wherein the means for periodically
determining comprises:

means for eliminating a null in the interference direction during reception of the
signals;

means for receiving transmission signals from any current non-associated access
terminal; and

means for updating the interference direction toward the current non-associated

access terminal.

25. The apparatus of claim 19, wherein the means for transceiving signals
comprises:

means for forming a signal transmission beam in a transmit direction not
inclusive of the interference direction; and

means for transmitting the signals in the signal transmission beam.



means for updating the interference direction toward
the current non-associated access termnal. 25. The
wappaneas of claim 19, wherein the neans for PCT/US2008/084738
transcei ving signals conprises: nmeans for formng a
signal transm ssion beamin a transmt direction not
inclusive of the interference direction; and nmeans for
transmtting the signals in t fie signal transm ssion
beam 26. The apparatus of claim 19, wherein the neans
for transceiving signals conprises: neans for formng
a sigpal r ' i n I ' recti TR
cor et ng iy RPpepe’ b R R S Rl Blhspeiing genat
fQhphigcei ving the signals in a receive direction not
|nc?u3|ve of the signal reception null. 27. The
appar alehhss Bf firn@idR difnal rttchRSK n@IPHY 1c84i08 dIFE@RS cbRfciding with
omi directionally transceiving signals when the
thatigefrefch &0disdc@ibal ands det ermined to be
non-interfering. 28. A conputer-program product,
conpr imshmfor oeupitgahe sigadabl £raredt dirca@impiot dichgiveadelse signal
for causing a conmputer to: determ ne an interference
dicegamirom. of a non-associ ated access term na
generating an interfering signal; and transceive
signals away fromthe interference direction. 29. The
comput er - program product, of claim28, wherein the
codes?f-or ERGEPNEREHR LYAPLR: Eyrthes coppEsing Awarmfor
interference direction c I se codes.for. causing the
RREHONADY MRRCEAL ST YBTT BRTHGTTSH el Fpremined to be
non- associ at ed access termnal; conpare a
E%EFggﬁgpﬁstic of the interfering signal with a
t hreshol d; and

28. A computer-program product, comprising:

computer-readable medium comprising codes for causing a computer to:

determine an interference direction of a non-associated access terminal
generating an interfering signal; and

transceive signals away from the interference direction.

29.  The computer-program product of claim 28, wherein the codes for
causing the computer to determine an interference direction comprise codes for causing
the computer to:

receive an interfering signal from a non-associated access terminal;

compare a characteristic of the interfering signal with a threshold; and

designat an interfering direction of the interfering signal when the characteristic

exceeds the threshold.

30. The computer-program product of claim 29, wherein the characteristic of

an interfering signal is a transmissions power level to of the interfering signal.



designat an interfering direction of the interfering
signal when the characteristic exceeds the threshol d.
W@009Ms0€ onput er - progr am product of cl ai m 29, PGITER®0$1084738
the characteristic of an interfering signal is a
transm ssions power |level to of the interfering
signal .31. The conputer-progrgg1product of cl ai m 28,
further conprising codes for usi ng the conputer to
periodically determine if the non-associ ated access
term nal continues to generate the interfering signal.
32. The conputer-program product of claim31l, wherein
the codes for causing the conmputer to periodically

deter g ne ¢QOp (Frjrw@ﬁ @%g bdGAYT 'cﬁgntﬁefu%gfé&aﬁﬁisﬁt% codes for

ommi di recti ona ransm SS1on sign

EHisInghe EQRp ASSO ‘f)'eﬁbﬁgalﬂﬁ@e%érﬁnﬁee{f MR- 2538 GatbP S & tthfinal
interference direction toward the current

befimassoGicatat e & serin grsrgn@al if an interfering
signal is determned. 3 The conput er - program product

of claim31l, wherein the codes for causing the
conmputer to periodically determ ne conprise codes for
causi By t h#he ommppitterprogranepriodiiet atf elazm 3di] Whéemintthe codes for
interference direction during reception of the
eduginglthe corepwente periedistHysddtarming epmapriscicoden fangausimertent
non- associ at ed access term nal; and update the
FRRHEEPence direction toward the current

non- assocj. at ed ﬂgcess termnal . 34.

conpu?@PldﬁFBté‘?nﬁ 5?%3&&@%6&@3.%%@ ﬁ%%PWWtPﬂB associated

ol e%efor cau ing the conputer to transceiver signals
% SO ELRa 4L £ o causing the conputer to: forma

Si gna{l &aﬁe&‘t'ﬂ?‘, rﬁ{xtgr‘cfér%ﬂ% f&'&hbﬁ‘to%tr& ﬁf%sc%rentqlorn ggéc?aﬂe(p&lcess

i ncl ush Ve o rence directi
terminal if an interfering signal is determined.

33. The computer-program product of claim 31, wherein the codes for
causing the computer to periodically determine comprise codes for causing the
computer to:

eliminate a null in the interference direction during reception of the signals;

receive transmission signals from any current non-associated access terminal;
and

update the interference direction toward the current non-associated access

terminal.

34.  The computer-program product of claim 28, wherein the codes for
causing the computer to transceiver signals comprise codes for causing the computer to:

form a signal transmission beam in a transmit direction not inclusive of the
interference direction; and

transmit the signals in the signal transmission beam.



transmt the signals in the signal transm ssion

beam 35. The conput er-program product of clai m 28,
woL@peTwos he codes for causing the conputer toPCT/US2008/084738

transcei ver signals conprise codes for causing the

conmputer to: forma signal reception null in a receive

direction coinciding wwth the jnterference direction;

and receive the signals in a Pécei ve direction not

inclusive of the signal reception null. 36. The

comput er - program product of claim 28, further

conprising codes for causing the conputer to

omi directionally transcei ve signals when the

intergering,s E%ﬂﬁlteﬂ-ﬁrogﬁ%ﬁﬁhﬂ&%f £RiR®S, wherein the codes for

non-interferin
causing the computer to transceiver signals comprise codes for causing the computer to:

form a signal reception null in a receive direction coinciding with the
interference direction; and
receive the signals in a receive direction not inclusive of the signal reception

null.

36. The computer-program product of claim 28, further comprising codes for
causing the computer to omnidirectionally transceive signals when the interfering signal

is determined to be non-interfering.



