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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
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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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Lehce from a pl'anned access point to an
aSSOC|ated access ternlnagU“ﬁgggiy I n anot her
exenpl ary enbodi nent, an apparatus for comruni cation
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determne a first gating sequence froma first
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access point. A second gating sequence is selected based on the first gating sequence,
wherein the first and second gating sequences are non-interfering. The method further
transmits signals according to the second gating sequence from a second unplanned
access point to an associated access terminal.

[0007] In another exemplary embodiment, an apparatus for communication includes
an interference controller configured to determine a first gating sequence from a first
unplanned access point and to select a second gating sequence based on the first gating
sequence, wherein the first and second gating sequences are non-interfering. The
apparatus further includes a communication controller configured to transmit signals

according to the second gating sequence from a second unplanned access point to an

associated access terminal.



according to the second gating sequence froma second
unpl anned access point to an associ ated access
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These and ot her sanpl e aspects of the disclosure wll
be described in the detail ed description and the
appended cl ai ns that follow, gpd i n the acconpanyi ng
drawi ngs, wherein: [0009] FIG® 1 is a sinplified block
di agram of several sanple aspects of a comrunication
system [0010] FIG 2 is a sinplified block diagram
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system [0013] FIG 5Ais a sinplified di agram of

Wakeh®SHFheRMIUNI cati on systen1|nclud|ng fento nodes,
[0014] FIG 5B is a sinplified diagramof a specific
po0ange Gt 1 of a fimpli6icthblbek dagehnaof «ssral exmploasicts of a
illustrating negative geonetries; [0015] FIG 6 is a
sommplhicataeh gYiswgr,am i | | ustrati ng coverage areas for

W rel ess communication; [0016] FIG 7 is a flowchart
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including femto nodes;

[0014] FIG. 5B is a simplified diagram of a specific arrangement of femto nodes
and access terminals illustrating negative geometries;

[0015] FIG. 6 is a simplified diagram illustrating coverage arcas for wireless
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;



for an overhead channel;[0019] FIG 10 is a flowchart
of several aspects of operations that may be perforned
wo oosmrmye i nterference through the use of fr ePCBEN82008/084743

sel ective transm ssion to address janm ng and negative
geonetries; [0020] FIGS. 11A-1 IB are flowharts of
several aspects of operations that may be perfornmed to
manage i nterference through t e use of adapti ve noi se
figure and path | oss adjustnent; [0021] FIG 12 is a
flomchart of several aspects of operations that may be
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are described below. It should be apparent
[0024] FIG. 15 is a simplified block diagram of several sample aspects of

communication components; and

[0025] FIGS. 16 - 21 are simplified block diagrams of several sample aspects of
apparatuses configured to manage interference as taught herein.

[0026] In accordance with common practice the various features illustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings 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



that the teachings herein may be enbodied in a w de
variety of forns and that anyspecific structure,
w0 eveviwm) or both being disclosed herein i s nMeCEU§2008/084743
representative. Based on the teachings herein one
skilled in the art should appreciate that an aspect
di scl osed herein may be inplenented i ndependently of
any ot her aspects and that two or nore of these
aspects may be conbined in various ways. For exanpl e,
an apparatus nmay be inplenented or a nethod may be
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[0028] In sonme aspects the teachings herein may be
sapboyagdichientd e b wisthod hay be pektickeusimcmg naabkeof the aspects set
coverage (e.g., a large area cellular network such as
forthGenat wbr &&ljtidny piahadn| apparfus mnacbe impérsm@ltﬂhmsmch elncthod may
networ k) and smaller scale coverage (e

beplagerrdaisivgsler girugiuich SHnggonsdise @ ﬁ@mwle end functlonahty in
environnent). As an access_term nal ("AT") noves
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referred to as a macro node. A node that provides

COVREY) agRcOtRSugh such ahbtwarl, theidcessae@ainglemgy be €rved in certain
resi dence) may be referred to as a fento node. A node
tokati orprby\icckss noduser Alye” )ahigpravidamaerotdoaitrags whitatHeerccess
than a macro area and larger than a fento area nay be
reehanal edy bo searscdatpither logadiony by gecessprodes tiahprovsleemaler scale
within a comrercial building). [0029] A cell
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node may be
mcremental capacity growth, in-building coverage, and different services (e.g., for a

more robust user experience). In the discussion herein, a node that provides coverage
over a relatively large area may be referred to as a macro node. A node that provides
coverage over a relatively small area (e.g., a residence) may be referred to as a femto
node. A node that provides coverage over an area that is smaller than a macro area and
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



referred to as a macro cell, a fento cell, or a pico

cell, respectively. In soneinplenentations, each cel
woregoo®eiur t her associated with (e.g., divi dedP@HUS008/084743

one or nore sectors. [0030] In various applications,

ot her term nol ogy may be used to reference a macro

node, a fento node, or a pico node. For exanple, a

macro node nay be confi gured referred to as an
access node, base station, access point, eNodeB, nacro
cell, and so on. Also, a fento node nay be confi gured

rreferre 0 deB,.
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= wd lustrates sanple aspects of a conmuni cation
sfgétsee%nolgoo where distributed nodes (e.g., access
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connectivity for other nodes (e.g., actcess termnals
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may roam t hroughout an associ ated geographi cal area.
toficrsqin® aaapecdess nddecbae casisn, potesk poihd2NoloB, maerd clltnd so on.
may communi cate with one or nore network nodes (e.g.,
Alsweatanatoinpdd mgthecpifigoed onicfaredsaeha donmeatoveBs HooteeNodeB,
114) to facilitate wide area network connectivity.
p@OS)OIXNbase seggn.goin cdluend gsomccess poi nt 104 may be
restricted whereby only certain access termnals
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, another restricted access point (e.g., access
Bt 2Rk w okl cohtrsl| @SHEE bt @FoAGRRAS I 14 Ll ThdlBtak WRIcHAroa network
access termnal 112). For exanple, the cl osest access
p&inBttiviey. gi ven access terninal may not be the serving
access points for that access termnal. Consequently,
{0032k m S arsssppidtiath acowess poart iDhalayrbeyedtritted fvbeeby only
W th reception at the access termnal. As discussed
bartag accessrtenpuianls ye.g e asess thmeigalehldy axealllowell yeaccess the access

point, or the access point may be restricted in some other manner. In such a case, a
restricted access point and/or its associated access terminals (e.g., access terminal 110)
may interfere with other nodes in the system 100 such as, for example, an unrestricted
access point (e.g., macro access point 102), its associated access terminals (e.g., access
terminal 108), another restricted access point (e.g., access point 106), or its associated
access terminals (e.g., access terminal 112). For example, the closest access point to
given access terminal may not be the serving access points for that access terminal.
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.



transm ssion, interference cancellation and snmart

antenna (e.g., beanform ng and null steering) and
W@rdwen7teechni ques may be enpl oyed to m ti gate PCT/US2008/084743

i nterference. [ 0033] Sanpl e operations of a system such

as the system 100 will be discussed in nore detail in

conjunction with the flomchart of FIG 2. For

conveni ence, the operations of FIG 2 (or any ot her

operations di scussed or taught herein) may be

descri bed as being perforned by specific conponents
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so shoul d be appreciated that one or nore of

eperiBdd Aeimeseforhed b SfRifit demyponsits g ea&hmdtsldfﬂae system
given inplenentation. [0034] For illustration purposes

VEU arclisr cvapeatigs of a bfyeend 8T hosvmna iIMFIG. e Tddsald tregppratiated,
the context of a network node, an access point, and an
boeess, thg@rthésaaberahans manhepéréatmed iy totheo tygpcanbtdreponchts and
shoul d be appreci ated, however, that the teachings
ey &F nerfayndsaisingpt difatsnenyrabestof epmpgprass. gt alag bses
or apparatuses that are referred to_ using othe
@Imr?ﬁl%qi 8y onq @oBge of fhs opgrationg, é@%b@kh%r@méw m& dsmeloyed in
gponents that may be incorporated into the network
g0 {Aplepen@lion.s  a4i o net work control | er) t he
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Iven one nodes I NCOr pora
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4, the access point 104, and the access term nal 11

h&@ﬂnliﬂ@y bd Aprie1Y & SthdUgpesdfth ﬁ@ﬁs&%,ap?ﬁﬁﬁ%&hé’@ké’ referred to
for communicating with each oﬂ%er and wi th ot her

fagaesthedfReminopscei ver 302 includes a transnmitter 308

for sending signals and a receiver 310 for receiving

HI0g8R! s .FIGh2 illusaates edweerl s@igleciconipuneass that mapnbenitcbgrorated into
312 for transmtting signals and a receiver 314 for
theastwarkgod¢ divaless., artadio network controller), the access point 104, and the
access terminal 110 in accordance with the teachings herein. It should be appreciated
that the components illustrated for a given one of these nodes also may be incorporated
into other nodes in the system 100.

[0036] The network node 114, the access point 104, and the access terminal 110
include transceivers 302, 304, and 306, respectively, for communicating with each other
and with other nodes. The transceiver 302 includes a transmitter 308 for sending
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.



transcei ver 306 includes a transmtter 316 for
transmtting signals and a receiver 318 for receiving
wGar@nare1q 0037] In a typical inplenmentation, tPET/HSWOHE34743

poi nt 104 comruni cates with the access term nal 110

via one or nore wreless comunication |inks and the

access point 104 communicates with the network node

114 via a backhaul . It shoul d e appreci ated t hat

wirel ess or non-wireless |links my be enpl oyed between

t hese nodes or other in various inplenentations.
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rel ess and/ or non-wi rel'ess co I'cat1on componénts.
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i nterference managenent as taught herein. For exaine,

thhewiele¥dsinonodecldhbdinkt RtyaecagloRaibdiwckd4hesaAdddshe other in
access termnal 110 may include interference

caidus dinplenenBfions. F2&hceathd trd@dkeiveaINRcE04 @hy 306 oray include
mtigating interference and for providing other

wekksethd amoniwine bistopmarsunt Gitigh compomdnts. The

interference controller 320, 322, and 324 may i ncl ude
HW88br iheactrsaadant 54, ftleg agsesstnotntilAd, anddle sdcessttgymaigal 110

of interference nanagenent. The network node 114, the

alse sluds ypripusighicr contpopeits Hebwax be upsd iREPNIDEfqgyith interference

i ncl ude communi cation. contro]lers 326, 328 d 330, .
m&g%&epg%itwg t reﬁ‘h_ i%@fﬁ%nﬁ’ﬁ ﬂle‘[%[g}( ?ﬂ‘ie Héf}&e&%gﬁs point
PGRS ARchebs e Tuf thsd it et EOSARREIG Y5 na 324,
ot P b Py BE AR AL 0P pRRIL AR kT huRonaliy as
gtrﬁgl\?/t?igﬁgn.c@ .r%%ﬂcg RanibIid 386 heh npdes, rﬂﬁ‘;dinfcﬁfde one or more

Ing other related functionality as taught
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be di scussed 1n the sclosure that foll ows.
&30, fheractdsh psint 804, @nd tHeWc PSS esmirdhe 10 Riaglificid@enmunication

control l er 320 and 322 are depicted as including
sevmilats 326N328 khhe B3 & oegpoctentys forl mampgagtdocenuicweve withather
given inplenmentation may not enploy all of these
nadepené frprovding other gliied durmtiveaidy petanghgdwtein.e fesetwork node
HARQ controll er conponent 338 or 340 nmay praovide
théhd aseagsipoint 104, and the access terminal 110 may include timing controllers
332, 334, and 336, respectively, for managing communications with other nodes and for
providing other related functionality as taught herein. The other components illustrated
in FIG. 3 will be discussed in the disclosure that follows.
[0039] For illustrations purposes, the interference controller 320 and 322 are
depicted as including several controller components. In practice, however, a given
implementation may not employ all of these components. Here, a hybrid automatic
repeat request (HARQ) controller component 338 or 340 may provide functionality
relating to HARQ interlace operations as taught herein. A profile controller component

342 or 344 may provide functionality relating to transmit power profile or receive

attenuation operations as taught herein. A timeslot controller component 346 or 348



relating to HARQ i nterl ace operations as taught
herein. A profile controller conponent 342 or 344 may
W@e@vhdw1d unctional ity relating to transmt poOREF/US2008/084743

profile or receive attenuati on operations as taught
herein. A tineslot controller conponent 346 or 348may
provide functionality relatin%&to ti mesl ot portion
operations as taught herein. antenna controll er
conmponent 350 or 352 may provide functionality

relating to snart antenna (e.g., beanforning and/ or
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[0040] FIG 2 illustrates how the network node 114,
tdndrodlecesspqueniiS81PH60 amy proedafwessnalgy ndlatalg td i@nsrany power
interact with one another to provide interference ,
paaigpnyen taughbt kpreing At teng squsp eentraller epmpaneit 3G2rors¥értnay provide
aspects t hese operations nay be enmpl oyed on an uplink

B @tra lishrelptigim HMeReYSs ORpiatigag 2 twﬁhé heStence. In
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RGrREb e el S RO e TR BRI ot o
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(e.g., the interference co tro er 320 y optionally

f&@ﬁmq&esmﬁcrﬁfedw@@ n ryfb%r & caBA ﬂ&aﬁ&@tsp@@ﬁ@msl@ﬁ@matmns
for the access point 104 and or the access term na

thhOare Yusdhibpairaetal@icsoMRythiFKS . vauribelesy.fRewe., for@urposes of clarity,
exanple, in sone inplenmentations the network node 114
theydesteiptioes diythe moné spentferigiamoeativan aggmendescribe these techniques
i nformati on. Exanpl es of such paraneters will be
adeaecmdetdl.i n nore detail below in conjunction with

FIGS. 7-14. [0042 ! In some aspects, the definition of

[00dd] erAesnr@greﬁg),t klpgk AR tlilq—]wwgldﬁ node 114 (e.g., the interference

controller 320) may optionally define one or more interference management parameters
for the access point 104 and/or the access terminal 110. Such parameters may take
various forms. For example, in some implementations the network node 114 may
define types of interference management information. Examples of such parameters
will be described in more detail below in conjunction with FIGS. 7-14.

[0042] In some aspects, the definition of interference parameters may involve
determining how to allocate one or more resources. For example, the operations of
block 402 may involve defining how an allocated resource (e.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



determining how to allocate one or nore resources. For

exanpl e, the operations of block 402 may involve
waledovmrewg how an al |l ocated resource (e.g., a fPEQUVOY084743

spectrum etc.) may be divided up for fractiona

reuse. In addition, the definition of fraction reuse

paraneters may invol ve determ ni ng how nuch of the

al l ocated resource (e.qg., homﬂﬁny HARQ i nterl aces,

etc.) may be used by any one of a set of access points

(e.g., restricted access points) The definition of
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eomttddiccal Poinitd). so, the extent of such interference.
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termnals) and in various ways (e.g., over a backhaul
weeived hndoraiation dlred imiiCM)whe[tlm4mqre ﬁmy bexetayitrencd on gowdink or a
cases one or nore access points ( t he access .
govrtinkiagw) ifsaytherexticntont saeh mqtﬁrfeﬁwcan gn@h inforggiiph mal baneceived
send an indjcation of |nterference detected on the
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points in the system may generate a load in tion

PR ortpBY r&uste X RS hh 8RGhME of Heabi@! Msd) it ct&3PoRNY 104 may
Such an indication nay take the formo for exanple,

Galbusty thy dignals demvthl¥Dsighalsel Rbives fsra rmbaﬂb? aBdse$ terminals that are
("RGCH') in 3GPP, or sone other suitable form In a
carsenridtahalth $egnsmval bygnhaacespopailit (erpy acestetringls 108 and
information to its associ ated access termnal via a

tB3wand meportbisge dre, netwetlk node di4at i on al so may be sent

to the network node 114 (e.g., via the
[0045] In some cases, each of the access points in the system may generate a load

indication when they are experiencing relatively high loading. Such an indication may
take the form of, for example, a busy bit in IXEV-DO, a relative grant channel
(“RGCH”) in 3GPP, or some other suitable form. In a conventional scenario, an access
point may send this information to its associated access terminal via a downlink.
However, such information also may be sent to the network node 114 (e.g., via the
backhaul).

[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



backhaul ). [0046] In sonme cases, one Oor nore access
termnals (e.g., the access termnal 110) may nonitor
waelomMmio7asko si gnal s and provi de informati on baseRCHS1008/684743
noni toring. The access term nal 110 may send such
information to the access point 104 (e.g., which may
forward the information to thi network node 114) or to
t he network node 114 (via the tcess poi nt 104). O her
access termnals in the systemmay send information to
the network node 114 in a simlar manner. [0047] In
U Co%?tel%zl).t %e??ccc%%sstett'n?ﬁlgl]s rfr?{he]sla H&X%}Igseeﬂg Fﬁ%ﬁnaﬁon to the
neasurenent “reports (e. g., on repga?e aS|sf. n sone

ASRBAL SodeSHGMn 8 SHRATMATENt report may indicate which

access points the access terminal 110 is receiving

fioanp! s Theme cikch 8RChARE RHBIRAI 1 1D hANH Rt O He&RE Rt reports
associated with the signals fromeach access point

(€. Gon repédtéddasid) hen fdidashess sueh £arlspémé@cRECASH indicate
poi nts, or sonme other suitable type of information. In

shivh acase poiatdrhascoceneirhinaepldris revaivingipgntdefrom, a received signal
information relating to any | oad indications the
stomgdsintenmomasisoddtod metbehe/ sdnals fom chohvatdeskpoifitl@48]Ec/1o), the
The network node 114 may then use the information from
bt loss torerch ofglissagcesyninty, @p seme other getablerty preofinformetion. In
the access point 104 and/or the access term nal 110
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I'n sone cases, the access ter 110 may gen

{chhRamBh dditiB@tthd SetivBld SRl M8 nely dsBehi§ iFB@hatiod t6'@btSAnine
ratio (e.g., signal and interference to noise ratio,

ShiiRyr 41y of tiawnbidsknteBoehwitinhioy seBéd i oftlyese aoqysi For example,
for exanple a channel quality indication ("CQ"), a
thatnatwak @aodont4 mhy (ORI réadicd atgnelnstreagthswaodt biesed on the
tsrglllstnf}tb Il)oewer of a node that transmitted the signals and the path loss between these
nodes.

[0049] In some cases, the access terminal 110 may generate information that is
indicative of the signal to noise ratio (e.g., signal and interference to noise ratio, SINR)
on a downlink. Such information may comprise, for example a channel quality
indication (“CQI”), a data rate control (“DRC”) indication, or some other suitable
information. In some cases, this information may be sent to the access point 104 and
the access point 104 may forward this information to the 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.



information. In sone cases, this information may be

sent to the access point 104 and the access point 104
woreapofoomard this informati on to the networ k nRCEUSA8/084743

for use in interference managenent operations. In sone

aspects, the network node 114 may use such information

to determ ne whether there is_|nterference on a

downl i nk or to determne whethér interference in the

downlink is increasing or decreasing.[0050] As will be

described in nore detail below, in sonme cases the
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baeWhérusy Maayle Rphawadviied HARE@Inté 264 ireAddocia@ldSeith the
techni ques. [0051] It should be appreciated that the
loatesnle kel vd decrtdrdndvalA sigfilan ecphaitaseiag bs chnployad if@usher fractional
ot her ways. For exanple, in sone cases the network
reosetetiind quay randon1y sel ect one or nore paraneters.
hHPSZ As represented by bl ock 204, the network node '
81| e. dt shoukkebaanprshitechthrbihe aefvarbnpds 1 132e3y é@“m@atmters in
defined interference managenent paraneters to th
&%re,%@ Sthssmiays. 11001, exapig 1 soaee @pesdhe Beoleness, 11|4r1n%>’oli~’1‘ﬁd0mly
ses the access 30|nt 104 uses these paraneters and

“§8H%OE%§§§M¥ﬂB Scess point 104 forwards these
t to th 10, 3
@’3@2 ke hBoT SR BRER 245 R haamisei e 27 kel B 08 ypication
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or exanp , Inthe case of a fractional reuse schene,
pdremBREVIdkn ROHE cdské RN c&E PHindlil 64 RIr®Btds (858 parameters to the
mutual |y exclusive) interference nmanagenent paraneters
t@cnab@hipelrilog access points (e.g., access points that

are cl ose enough to potentially interfere with one

H9S8her )In sémc aasspahe hiétoodxamiel 1d 4 mdyemaeteeontkrfaode ihtde system

may assign a first HARQ interlace to the access
by defining the interference management parameters to be used by two or more nodes

(e.g., access points and/or access terminals) in the system. For example, in the case of a
fractional reuse scheme, the network node 114 may send different (e.g., mutually
exclusive) interference management parameters to neighboring access points (e.g.,
access points that are close enough to potentially interfere with one another). As a
specific example, the network node 114 may assign a first HARQ interlace to the access
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



poi nt 104 and assign a second HARQ interlace to the
access point 106. In this way, conmmunication at one
WO e@wo7wied access point may not substanti al | yPCT/US2008/084743
interfere with comunication at the other restricted
access point. [0054] As represented by bl ock 206, the
access point 104 (e.g., the iﬁéerference controller
322) determnes interference nagenent paraneters
that it nmay use or that may send to the access
term nal 110. In cases where the network node 114
' t hei renc enen ters .t
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Aaiea PRI (c.f OBeRla ddta RRABrPases the access point
04 determ nes the interference nanagenent paraneters
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paraneters di scussed above in conjunction with bl ock

2érameters @dith dwinThésh paametgasas bk Resitar patiemataicesdiscussed
be determned in a simlar manner as di scussed above
altovbliw cémj@i2ion Fath Wren2e, Intadditiag cesempahses tHld pamyneters may
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bRrE&jtemmined ntesimdgemenncs psrilisewssadigbove gt blaek 2% nkorteample, the
access point 104 may. nonitor an uplink and/or a
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g%ﬁ&giimkkpa§%?ﬁw%%ses the access point 104 may

conmmruni cate e access point 106 to determ ne
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and reby sel ects different paraneters)

ARIQ fotS td Mlerfife M infhirfdh@1c8 MankLerBlent pAldhdé®r] Yor example, in
excl usive) paraneters. In sone cases, the access point

ddMe carys thetadady pEintRE ey corhmimiate Mie the hecess pdint 106 to

anot her node (e.g., based on CQ feedback that

detcincat ehidhiyatananat her baiohesed Hyuld amges poag d06 €a)d thadby selects
if so, define its interference managenent paraneters

didfendnt parametest)on tpoegotinicdhe usstod diféeremde.g., mutually exclusive)
parameters. In some cases, the access point 104 may determine whether it may interfere
with another node (e.g., based on CQI feedback that indicates that another node is using
a resource) and, if so, define its interference management parameters to mitigate such
potential interference.

[0057] As represented by block 208, the access point 104 (e.g., the communication
controller 328) may send interference management parameters or other related
information 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



[0057] As represented by bl ock 208, the access point
104 (e.g., the comunication controller 328) nmay send
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information to the access termnal 110. In sonme cases
this information may relate to pomer control (e.qg.
specifies uplink transmt pom€ [ 0058] As
represented by bl ocks 210 and élz t he access point
104 may thus transmt to the access termnal 110 on
the downlink or the access terninal 110 may transmt
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account when receiving on downlink or transmtting

poesohe uplsomk impRRRAatibik e AEcckdMR@ARNT A (e Shé herference
access termnal 110 (e.g., the interference controller
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paraneters. Such a paranmeter may be used by the access
parmeteamay bo uagttbyothe secuss (cemgnal 1 Hyandier seonfagnibyahé on
controller 330) to the access point 104 (e.g., for use
eRmmpgicaiin eatroPer B0 enihy ac¢eappapt Hldge. 4 fpr isggturiag aplink
MAreIess comuni cation system 400, configured to
QRRSHES)-a nunber of users, in which the teachings

| ement ed. The s st.em 400 vi des
il i R BeisTR teﬁﬁl“f“f 8 Ce@mug 21590 Sxsisen 10§ copfigured to
th.each
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DEREP 200 B85 Pomntutitiion (08 RN L Jpthuych s 366 ERBople. macro
B8sdips Ref(ded wath ek béﬂjﬁelhg 6@l icedBy b QBQ&’%HRM%%EE‘C%SS node 404

system over tine. ess term nal

b HoBedM 04 904G PTA S8R ndh FBS S4, NRERS t&&i‘na@sm% (e.g., access
downl i nk (DL) (al so known as forward |ink (FL)) and/ or’

fmitalsi 406 ACAIOL ) hadysie K§Rewed asvaridug Ieatiend thidagh&lit)the &lstem over
a given nonment, dependi ng upon whet her the access

time mEnell act0$6 tesniaglt406enancbnwvhedibee with dns or mosofdcess nodes 404
handoff, for exanple. The w rel ess comruni cati on

ey 8 dewndgo(a)(apyp dwp e as érviakliny@il) harlddrrge upboly(dph(atso
lrifogv!n? Qé a r':eggrse link (RL)) at a given moment, depending upon whether the access
terminal 406 is active and whether it is in soft handoff, for example. The wireless
communication system 400 may provide service over a large geographic region. For
example, macro cells 402A-402G may cover a few blocks in a neighborhood.

[0061] As stated, a node or localized access point that provides coverage over a
relatively small area (e.g., a residence) may be referred to as a femto node. FIG. SA
illustrates an exemplary communication system 500 where one or more 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



exanpl e, macro cells 402A-402G may cover a few bl ocks
in a nei ghborhood. [0061] As stated, a node or

WO owal7®wed access point that provides cover agePGU/ER2088/084743
relatively small area (e.g., a residence) nay be
referred to as a fento node. FIG S5A illustrates an
exenpl ary conmmuni cation systerln 500 where one or nore
fent o nodes are depl oyed wi t hil a network environnent .
Specifically, the system 500 includes nultiple fento
nodes 510 (e.g., fento nodes 510A and 510B) installed
e e S Flh 18P e R RtRE ! RRUCOIIEN o0

nore user resrdences ernt o node
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ot her connectivity neans (not shown)
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access terminals 520 (e.g., access termnal 520F). In
wrhawl (i osy basaessby o sétertosi gumdashdiOfomiy nbée(s) 510 but may not
restricted whereby i ven access term nal 520 may be
besayeed byyany Imtde@rgneitég iferaiendalidig semtogipdes hidhe(ss)a ®ighbor’s
but may not be served by any non-desi gnated foreign

feartp8ade PHht o nodes 510 (e.g., a ne| ghbor's fento node

BORL il Oe S Al o 2nast ChtTe s 13116@ PR semeiey of Multiple
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FRIITh O 39 Ao iAo RGi dBh & 5[3@B”N:Ee%g tetrﬁn?aﬁsﬁ@)'AaSﬁ%@m r‘[[)l[errmtted to

communi cate with fento node 5 10A, but not

BQE8aR ah@PBomhiukRiMSKith AGRE RS STOR Nk n&2Pih Rintlo ABELSFB.
term nal 520E are permtted to associ ate and

Ckenige] st tatniiRalfl 20Dandedecss tekhal BROE BRtpewhitied ft@Mdsociate and
node 5 10A. Access term nal 520F and access term nal
&mGniaate widt fepeeo nodd DB, butass e ithabmt@nodearidni Aakes terminal
with either fento node 510A or fento node 510B. Access
b 2thandedccsB o mama 538 €esrs npepariniisdd t8 26:Gcrmtyormmunicate with
associated with a macro cell access node 560 (FIG

gfycr fgptogyede AEPA Pefango node 510B. Access terminal 520F and access terminal
520G may be associated with a macro cell access node 560 (FIG. 5A), or another femto
node in another residence (not shown).
[0063] In unplanned femto node 510 deployments with restricted associations (i.c.,
an access point may not be allowed to associate with the “closest” femto node providing
the most favorable signal quality), jamming and negative geometries can be common.
Solutions to address these 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
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of a coverage map 600 where several tracking areas 602
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vironnents and in snmaller scale (e.g., reside
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current location of the access term nal 520, the

REDERS 52 Y 403éss 3N 520 enaseiewet clbyan adce86de8eof the macro
560 of the macro cell nobile network 550 or by any one
ofll mobigd nafvofkeTi0corrbycag 0bd Of § ect@f ferhtoenoflent ) (eadeake femto
510A and 510B that reside within a correspondi ng user
nedsis §éNsand 300B tiro resedeaniplie 2 catrespoadisghisarriesidence §30). For
outsi de his hone, he is served by a standard macro

& when a subscriber is outside his home, he is served by a standard macro access
node (e.g., node 560) and when the subscriber is at home, he is served by a femto node
(e.g., node 510A). Here, it should be appreciated that a femto node 520 may be
backward compatible with existing access terminals 520.
[0066] A femto node 510 may be deployed on a single frequency or, in the
alternative, on multiple frequencies. Depending on the particular configuration, the
single frequency or one or more of the multiple 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
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For exanple, a given fenmto node may only provide
secdlkidnesectvd Gesldsod emsdciitionag gess ateesnicraingl mhyonly be served
depl oynents with so-called restricted (or cl osed)

b $eanard o¢l] mabidé vewodcowssdafmedisetall feratp rodey (cge, the femto
served by the macro cell nobile network and a defined

gedes §10 ﬁl@ﬁf@ld@d@ggn the qgrrespandingaiyeioresidence 530). In some

implementations, a node may be restricted to not provide, for at least one node, at least
one of: signaling, data access, registration, paging, or service.

[0070] In some aspects, a restricted or foreign (alien) femto node (which may also
be referred to as a Closed Subscriber Group Home NodeB) is one that provides service
to a restricted provisioned set of access terminals. This set may be temporarily or
permanently extended as necessary. In some aspects, a Closed Subscriber Group
(“CSG”) may be defined as the set of access nodes (¢.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.
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[0073] For convenience, the disclosure herein describes various functionality in the
context of a femto node. It should be appreciated, however, that a pico node may
provide the same or similar functionality for a larger coverage area. For example, a pico
node may be restricted, a home pico node may be defined for a given access terminal,
and so on.

[0074] A wireless multiple-access communication system may simultancously
support 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
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di vi sion duplex ("TDD") and frequency vi si on dupl ex
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transm ssions are on the sanme frequency region so that
dleenrtbe sgmotequengy tegeinpoghalthomsiptdoetygsincipid alws the estimation
of the downlink (forward link) channel from the uplink (reverse link) channel. This
enables the access point to extract transmit beam-forming gain on the downlink when
multiple antennas are available at the access point.

[0077] As stated, in unplanned base station deployments with restricted association
(i.e., a mobile station is not allowed to associate with the “closest” base station to which
it has the strongest link), jamming and negative geometries can be common. In one
exemplary embodiment spatially described in conjunction with FIG. 5B, the femto node
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



of the downlink (forward |ink) channel fromthe uplink
(reverse link) channel. This enables the access point
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point. [0077] As stated, in unplanned base station
depl oynents with restricted aaaociation (i.e., a
nobile station is not allowed“to associate with the
"cl osest” base station to which it has the strongest
l'ink), jamm ng and negative geonetries can be common.
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situation, even if access term nal 520C transmts at
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access termnal at fenmto node 510A may be

HO8Phct dnisermd exsmplary embodiments, depending on the transmit power Ps, the

C/1 of access terminal 520C at femto node 510A may be a very large negative value due
to the large value of Las. Such a configuration geometry is referred to as a highly
negative uplink geometry.

[0081] Downlink Jamming

[0082] Similarly, in one exemplary embodiment, Lgs 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)



C/'1 (AT 520C at fento node 510A) = P3mac- LA3 - (Ps -
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The present exenplary

using beamsteering and null steering in unplanned base station deployments with
restricted access.

[0086] In an exemplary femto node deployment scenario, nearby signals (desired or
interference) may be Rician by nature which includes a strong directional component
and flat fading across the frequency band (due to the small delay-spread and multiple
reflected paths in indoor environments).  Especially for jamming situations,
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
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with restricted access. [0086] In an exenplary fento
node depl oynent scenario, nearby signals (desired or
interference) may be Rician bé nat ure which includes a
strong directional conponent Ad flat fadi ng across
the frequency band (due to the small del ay-spread and
nultiple reflected paths in indoor environnents).
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receives a sufficiently strong (i.e., greater than an
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strong uplink transm ssion fromthe non-associ at ed

H¥Y98k s tByr wiapalf cs2@plet heanmdenmihg i, beam-steering) may be performed
using a sectorized or directional (e.g., switched beam) antenna configuration described
herein for forming a transmission signal beam and/or null or a reception signal beam
and/or null. Specifically, interference nulling may be provided on a received Radio
Frequency (RF) signal thereby reducing problems such as front-end overload and A/D
desensitization of the receiver which results from jamming femto nodes. Furthermore,
sectorized or directional antenna configurations enable the downlink and uplink 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.
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results in reduction in the negative geonetry at the
RUhEsesBler 4P Earel haxiweEr IV 850F8]As 1 epr esent ed
ock, 714, a dir ional nul| is steered towards
e eary hssalloihs 8% Bod eoBiokh PSP St dpfGnes AP can
: ' ' 2. d. i zed @n :
O HE AN E 6N, b RhiDliRi o REE SREHERS I SWREmined dha

%%Sﬂohgqgnhﬁ (i BmisToR IR the n¥AERoRRIRASRAE!HRHindC GESR of the
termnal "520 attenpts to comunicate with the hone

hepimshage canl Qurmnt bE RSB MRHAACEESE & THgNandSturn off receive
access probe, as well as other traffic (e.g.,

ioicted dalla}ectiopnamihaedntama. i s not janmed by the strong
transm ssions fromthe nearby non-associ ated access

{0894} nalss feawsaged @gqdry & 1 eperetdidadlg.(c g0 ©88¢ pésscaond) the femto
exanple, if the access point enploys tw separate

aordee A slimmatesnthepseictovizatidre nT imdbe gecepyeoigection to determine, as
characteristics on both antennas. If it is determ ned
tapaasertad inshlpeln §02 pf thastrengwadesised wan-gssegintedaccess terminal 520 has

non- associ at ed access term nal _at one of Jhe
moved or terminated 1ts communication. If, as represented in query 704, the strong

undesired signal has disappeared, the femto node 510 can eliminate the sectorization
null and continue operation with omni-directional transmit and receive, as represented
in block 706. If the strong undesired signal is still present or has moved and exceeds the
threshold as represented by block 708, the femto node 510 can adjust the transmit and
receive sectorization null steering, as represented in block 710, in the direction of the
undesired non-associated access terminal 520.

[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



antennas, AP can turn off transmt function (beam
steering) and turn off receive function (nul
wG@e@eniwy) on that antenna. [0094] As represent@dUB1908/084743
query 716, periodically (e.g., once per second) the
fento node 510 elimnates the sectorization null in
the receive direction to determne, as represented in
bl ock 702, if the strong undesfred non-associ at ed
access termnal 520 has noved or termnated its
conmuni cation. If, as represented in query 704, the

ﬁlt %gy%i’g %91?%&'11 hlef%m% 90 &lé ?ﬂfﬁ RRRRGS Eo%iaté({] %cfegsn%gninal 520D is

¢an el i'm nat sec orizatron nhu
Faki
%@%Z%I@@OS‘E %égér@@éﬁévﬁﬂfbﬁatf%@&%%%%ﬁ# RISl dhaffhumit and
desired signal is still present or has noved and
exceeds the threshold as represented by block 708, the
fop9bp Nal@idpl PerdRl WiinUek fehifo hoadsdTsicedid ar RE@EY&ion null in a
sectorization null steering, as represented in block
paficulain dirbetiod, ri€ahéronrofanyhessucidedi acecksnemanBos2@tiedthe same
access term nal 520. [0095] The above-exanple with
diedatiorribey wouldl GpebBice|duteper aA@srdiegly pamexkmba§Aembodiment, the
steering a receive and transmt sectorization null in
fameto diode Stl P giecof thaowctaszdvinandly (Aceselosg aerths plagngsREidsired non-
as long as non-associ ated access term nal 520D was . .
b%see@ﬁg agesat ieraaheq peactyg ng(ipe Hithe Hedesired fygsmission from
en non- as ciated acc term.nal . 520D i.s idle,
G s DR S G Cho T D 2 £ G5t i ﬁg?adtsrrﬁag@t%fﬁshold at the
i ona ei ve,

0 [ .
A L wgrﬁhﬁé R L Hom desired
SSGUREIZELLONCRL JoRaPRE Rl e d hadSTE Wit

access termn

F@f&‘éﬁée' t%nFI@%!B Pouhoteg g rfbﬁfbcﬁocféuﬁ AL wollkCRIW r{b%ééd Hg steer a
an exenpl ary “enbodi nent, the fento node 510 steers

SREIr2hiigRhlPRowardh %oﬁla);soéﬁltédo&%eﬁstehﬁﬁaﬁ 52 Gince the 51gnal from
undesi red nonassoci ated access termnal 520 is active,
adrdadsbeipte@ntyess fermbinl 820N MR Getyr Atdapl $fedifo hédw3 t0Mesteers such
non- associ ated access term nal 520 exceeds a high

s sgmalizasibn anlyttéwarlls esiessdciatedtaoecss eaaiinegd 15204, the sectorization null
determ ned at query 408, signifying that access probes
ool rdegiingth agsgoitdtatdasgesded @mcpisnaingnald@ll. not be

decodabl e at the fento node 510. Wth, .
[0097] As a general case of the described method if the AP can not determine the

direction of the interference from the non-associated access terminal (e.g., very strong
jamming that saturates the AP receiver) it can try different directions for beam steering
and null steering to maximize the received signal quality from associated AT.

[0098] Referring now to FIG. 8 and with further reference to FIGS. 5A-5B,
operations relating to the use of optimization in transmit power on overhead channels to
address jamming and negative geometries will be described in more detail. The present
exemplary embodiment uses methods and apparatus to prevent jamming and negative
geometries using optimized transmit power levels on overhead channels in unplanned

base station deployments.



reference to FIG 5B,it is noted that fento node 510B
woul d have no need to steer a sectorization nul
w0 oMadw1non- associ at ed access term nal 520A sPEIYES100$084743

signal from non-associ ated access term nal 520A is not
very strong. If fento node 510B steers such a
sectorization null towards non-associ ated access
term nal 520A, the sectorizat#on nul | woul d resul ting
an outage at desired associ ated access term nal 520E.
[0097] As a general case of the described nethod if
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signal quality from associated AT. [0098] Referring
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roadcast/ pagin may be tine tipl exed. Various
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mul tiplexing are contenplated. Furthernore, the
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for exanple at the slot cycle index of the associated
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termnals may recei ve pagi ng nessages. In a further
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ignal at all. [OOlOO%THowever, during an active voice

Sl
Hli'ﬂpllor Foaexarnplams 1 6k TT apé WCIAMA petwirsks; eiyashead channel (e.g.,

pilot, page, sych. channels) gain settings are adjusted for certain performance based on

geometry and coverage constraints. Furthermore, femto node deployments exhibit some

significant differences when compared to macro cell access node deployments. Various
differences include:

1. Due to limited coverage size, maximum path loss values are much less in

areas (e.g., cells) serviced by femto nodes compared to areas (e.g., cells)

serviced by macro cell access nodes (e.g., 80dB max path loss compared

to 140dB in a macrocellular deployment);



peri ods that allow a nei ghbor fento node the
opportunity to tinme nultiplex the overhead channel s

WO 200040708161 t uat i ons resulting from negative geRPCBEURI008084743

Accordingly, an exenplary enbodi ment describes a

method for optimzing transmt power for overhead

signals (e.g., pilot, synch and broadcast/ pagi ng

channel s) when there is an actfve call at a fento node

and tinme nultiplexing of overhead signals is not

practical. [00101] For exanple in IXRTT and WCDVA
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(e.g., 8OdBrmeacrpethadcessiododgaopdertts 140dB in a
macrocel | ul ar depl oynent); 2. The nunber of
simul taneously active access termnals are fewer in
ceIIs serviced by fento nodes than in cells serviced
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by fento nodes 510 and cells serviced by macro cel
actbeaovedded clhiiclsias ecll. assum ng co- channel

operation). By way of exanple, one exenplary

[00103] In the exemplary embodiment, an optimal traffic-to-pilot (“T2P”’) value for
the case of a single voice call is determined as well as a default pilot power setting,
Ecpperavrr. When downlink (forward link) power control results in a modified ratio of
traffic-to-pilot, the pilot power is adjusted so as to maintain the smallest value of total
transmitted power and interference caused by the neighbor femto node.

[00104] By way of example, an access terminal 520A at the boundary of home femto
node 510A and neighbor femto node 510B exhibits equal path loss to both femto nodes
510 and the neighbor femto node 520B is transmitting at full power thereby creating
interference, lor max. In the present example, assuming the home femto node 510A is

transmitting a pilot channel at a gain level, Ecp, then the pilot signal-to-noise ratio

(SNR) can be written as: Ecp/lor max. According to the present exemplary



enbodi nent focuses on pilot channel optim zation,

however, the analysis can be applied to other overhead
w@bannzlesdo as wel | . [00103] In the exenpl ary enPCHUN®OL/(084743

an optimal traffic-to-pilot ("T2P") value for the case

of a single voice call is determned as well as a

default pilot power setting, SJ)DEFAULT- When downl i nk

(forward |ink) power control ésults in a nodified

ratio of traffic-to-pilot, the pilot power is adjusted

SO as to nmmintain the smal | est val ue of total
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10A and nei g FTento node 510B exhibits equa
Pﬂ’tl bs] 0S4 1te rRGHtE bk BOtiaRe pil& c‘BQﬂheﬁ B&inN&IY E@ﬁ Is 1n1t1a11zed to

nt o node ZOB is transmtting at full power thereby

BEgaking TRLErf @rancealud of EﬁprcﬂdMUb@ dah Q)%Qf&ermmed based on a
exanpl e, assum ng the honme fento node 510A is

taasombictloadgndepaph loss di¢feeoniniel vadcsaxpadted indvmto ndEe@prks.

then the pilot signal-to-noise ratio (SNR) can be

{h0i1p6len Assrepiespittdm ask 80 adraffingalt (.g.heoipr edbns set up between

exenpl aryenbodi nent, it is desirable to find the

thethaves f@ate Sk iand anHaseessetstmingl p20A ovithsther pavegr used on traffic

transmtted power froma home fento node 510A. [00105]
nrl%lﬁ%e@g@ﬁtaé&bthwew@ry erdogimeat, t%%gﬁ"n@megléldﬁtemmed by

\Y; n ized to ) DEFAULT- Thus,
f‘ng&%@a aa# thE@pp?ﬁefAfsﬁrﬁ reegﬂﬁerﬁ%d @twm ARy Downlink
easonabl. e 0SS d|

R R e PRR A ot AR RO R N SR g R oF Rhvice e
égcfﬁ%f Bt ?Qtel EE% bo@gﬂ{ﬂﬁ atfch”("’%];(f flﬁkclé‘i% Eé‘%ﬁg cgnt¥&§ Ctﬁay either

I's set’ tween ento

@is?%ﬁge taeﬂégr&"'é‘& n2P4 W trg%tje&%tegowrbl @keq%ognaﬁrﬁ&felage in Ect as

denoted as Ect. one exenplary enbodi nent

EpeesEmbd BRblRK 830 AR tdrdRbmRAn et t he downlink (for war d
I i nk) power control, as represented by query 806.

Powot] nkay feprosanited b keri-8) 2 pow@Erntionidnodf ths pud@e ctror ratec (PER)
maintain the required quality of service (e.g, packet
srusod ta aleeti fyRER)uatOsignili qukalifyf oGeverallyl, ihKcHs)vepo sy, then channel
controls may either designate a decrease in Ect as
essmration queldty byoudd degradoghichrwillmeyudtas eciynlafstEcas As Ecp increases,
represented by block 810, or no change in Ect.
channel estimation will improve and the required Ect will go down. However, if Ecp is
very large, then channel estimation quality will be higher than the required amount,
which will not result any further reduction in Ect. Accordingly, when PER is
inadequate, downlink (forward link FL) power control adjusts the Ect.
[00108] Since the interference generated to other femto nodes needs to be minimized,
it would be desirable to have the optimal Ecp value that results in the minimum
(Ect+Ecp). As represented by block 814, Ecpoprmur 1s determined where:

Ecpoprprg = arg r%l}gl[Ecp +f (ECP )]

in other optimal Ecp value is found that minimizes total transmit power where
Ect=f (Ecp)

(The function f{.) can be determined through offline simulations or tests.)



[00107] As represented in query 812, a determ nation
of the packet error rate (PER) is used to identify

wW@odwgoaeer si gnal quality. Generally, if Ecp i SPUED§2008/084743

| ow, then channel estimation quality woul d degrade
which will result in very large Ect. As Ecp increases,
channel estimation wl| inpro&g and the required Ect
will go down. However, if Ecp<Ps very large, then
channel estimation quality will be higher than the
required amount, which will not result any further

fedUC&hfglp | oG AT WRFRAAER b RISARL e

downl i ‘ower+ contr ol
Ect. 0],9;1 =St (reg 5 he ) |nterfer ence generated to other
fento nodes needs to be mnimzed, it would be
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c OPTUNR,. .S € d where: Ecp OPTIMAL = rg mh e

i pn[ Ecp + f(Ecéf)C]?oAmALot her optimal Ecp value is found

that mnimzes total transmt power where Ect = f(Ecp)

(00 &0f uriot drotiter ) cxceapldre weiodimeniediniiateanghmey flid nen to find the

sinmul ations or tests.)Then, as represented by bl ock

EmpwneambEctnaszcfpr {aticab channgb teneicnpertedsin ealls) of femto nodes

OPTI NAL ~ CP. OPTI MAL ) = [00109] As. represented
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cran can be

1SRl teﬂﬁﬁélehag FSHB”I@és el NS tFRASIS: férﬂt Jb?n&}‘é%f@ Me femto,

then the optimal Ecp and Ect values would need to increased by 3dB).

[00111] On the other hand, in an alternate exemplary embodiment, if neighbor femto
node is transmitting at half of lor _max, then optimal Ecp and Ect values would need to
be reduced by 3dB. However, also note that it is not very practical to change Ecp values
very frequently since it determines the handoff boundaries of the femto cell. Thus, as
stated, a default value of Ecp (Ecpperaurr) can be determined based on a reasonable
load and path loss differential values expected in femto networks.

[00112] Referring now to FIG. 9, to maintain optimal operation for cases with higher
then expected load and path loss differential, in one exemplary embodiment, the
following 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
Ecpperavrr for analysis of each voice call. Thus, a default value of Ecp (Ecpperavrr)
can be determined based on a reasonable load and path loss differential values expected

in femto networks.



enbodi nent, on the particular path loss differentia
of the access termnal to neighbor fento node and the

WO paoenfwsience power received fromthe nei ghborPEBIE2908/084743

node (e.g., if the nobile termnal has 3dB | ess path

| oss to neighbor fento conpared to hone fento, then
the opti mal Ecp and Ect value3 woul d need to increased
by 3dB). [00111] On the other ﬁand, in an alternate
exenpl ary enbodi nent, if neighbor fenmto node is
transmtting at half of lor max, then optinmal Ecp and
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renreseurd bieblock 9 I‘:’QwE‘PNBEI‘!g@lerE%énaI ysis of each voi ce

Thus, a default val AUL ca
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di ff rent

bl bRin Rt SEREEEI G ARG RolE! PR g diddcauate,
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enbo he Ect val ue | ern ne

Hemnlik 1sf aomesred ldufkg ko cROVEe &‘Pbﬁeobf fifi€ring T2P would be to
represented by query 906. Downlin forward link FL)

plvkiatcCanill Qtalé FludtRdodsOfroR thical 2P thiculagioni F.ed djtlvidgyaverage
of service (e.g, packet error rate, PER). Downli nk

{iftar cwarte dsedko Fltpr Paverd Kapntalwdszo mrampeict Ketqaesi gnatEeprreren
a decrease in Ect as represented by bl ock 908, an
fospeciasly. i n Ect as represented by bl ock 910, or no

change in Ect. . S
[0011 As represented in query 920, a determination is made as to the value of

T2PFILTERED . If T2PFILTERED > T2POPT]MAL + Al, then as represented in blOCk 922 ECp iS

increased to

Ect /
EC — FILTERED X
p T2P0PTIMAL

[00118] As represented in query 924, a determination is made as the value of
T2PFILTERED CIf T2PFILTERED < T2POPTIMAL — Az ) then as represented in block 926 ECp 18

decreased to
_ Ectpy rerep
Ecp = max[ T2P, 0 yECp pprainr |-

[00119] T2Poprmvar depends on particular traffic configuration (rate, coding etc.).

For example., if two users are performing voice calls with same rate vocoders, they



[00115] As represented in query 912, a determ nation
of the packet error rate (PER) is used to identify
w@adwguaeer si gnal quality. Accordingly, when PBRCT/ES2008/084743

i nadequat e, downlink (forward |link FL) power control
adjusts the Ect. [00116] As represented by bl ock 918,

the FILTERED (e.g., “FILTERED b CPFILTERED ) is

nonitored during the call. Thé pur pose of filtering

T2P would be to elimnate small scale fluctuations
fromthe T2P cal culation. E. g., a noving average

fil d fil . ; .

Cbl AP 50 L 1 BB AR s st
[0 LSRR AL A B I i PR IRl Onc
thePTERLLMAL i3 dbterillRA 8% FiOBK Qﬁ@rngt%ged fbnblitht{‘afﬁéo%}i@Pthen the

is increased to Cp = -*"ct FILTERED / T

HEbMhkn h@hiBialhsadiery B§ENMRGYoRe gu@Fiyhrd 24 spaRified for one user. If
determ nation is made as the value of TIP FILTERED If

thieke &k lnTERED userl] Rcfiid Mbrithm mih essultSn défifsrestdidpechluds for cach
bl ock 926 Ecp is decreased to Ecp = max Ect FILTERED

usEr. IPow&ep, dverhead . chaniGTaiv donmon: to" al DEEFeAURAd (0G24 nly have one
T2POpt i MAL depends on particular traffic configuration
Eemsating ddiua ghaetleonithnrenulé ke gpiasalizef fto pvpultipleruscrgregse. By way
perform ng voice calls with sane rate vocoders,

phespile dnhapemalarkepTop cepTiAL=1 .- HOWeD dhe systanhegudd ibg found as
gensgltri ee a gv%r at?cF rtﬁe%r 5.?:1 %gtugﬁ%%ptcro?lpds fbg rdecided as max(Ecpi,..., Ecpn).
Another option could be to find the optimal Ecp such that total power transmitted as
overhead and traffic to all users is minimized. This would mean a modification of the
calculation of box 814 to:

Ecpopnys = agminlEcp + f(Ecp, ) +..+ £ (Ecpy )]

for users 1 to N in the femtocell. The purpose of filtering T2P would be to eliminate
small scale fluctuations 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).



(e.g., IXRTT data transfer at 153kbps) it would

require a different T2P OPTIMAL - Once the T2P OPTI MAL
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type), then the algorithmautomatically adjusts Ecp.

The above algorithmis specified for one user. |If

there are nmultiple users, then the al gorithm may

result in different Ecp val ues!for each user. However ,

over head channels are common to all users and we can

only have one Ecp setting. Thus the algorithn1could be
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and A are Rystheresis parameters used to prevent fast
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abrupt changes of Ecp equations above may be nodifi ed,

tidclosl IRxanpld@eiceopations ié improve tie gelfordmaiie 06 bk aedekDidrminal
to be performed nore slowy. Lastly, other overhead

ohanpk igerfecnce, argragehout the need to change legacy access terminals.

[00124] Generally, the exemplary embodiment introduces intentional frequency
selectivity in downlink transmissions by orthogonalizing the transmit waveform among
neighboring femto nodes to minimize interference. As an example, each femto node
510 selects transmit pulse shaping via channel sensing from available waveforms, for
example, from three 3-tap channel waveforms, with each coefficient set from a given
row of, for example, a 3x3 DFT matrix. In this case each for a given access point, the
transmitted waveform would be filtered by a three tap FIR (in addition to normal

baseband filtering) with filter impulse responses selected from one of the following

three waveforms:



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

w@rivn7@oner | evel can be kept constant).[ 00128¢T/US2008/084743

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.

The exenplary enbodi ment has been discl osed by way of
exanpl e using in the}ﬁW}oﬂﬁkﬁgﬁng}“%@ the exenpl ary
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oper ati ons relatlng to the use of frequency selective
transm ssion to address jamm ng and negative
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selectivity in downl i nk transni ssions by
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nei ghboring fento nodes to mninmze interference. As
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the set of NV transmit (downlink) waveforms. The default waveform is initially assigned
as the preferred transmit waveform, TxWaveprererep.

[00128] As represented by query 1006, the femto node 510 transmits on the downlink
using the preferred transmit waveform when a call is initiated. Call setup with the
associated access terminal 520 occurs and includes channel quality indications (e.g.,
Channel Quality Indicator CQI, Data Rate Control DRC) determined by the access
terminal 520 and forwarded to the femto node 510 on the uplink.

[00129] As represented by query 1008, the femto node initiates a waveform testing
cycle for a time period of T test waveform until all the possible waveforms have been
tested. As represented by block 1010, the femto node 510 communicates with the

associated access terminal 520 using the current waveform. The associated access
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where exp(jx) = cos(x) + j sin(x). [00125] An
alternative choice is two inpul se responses with
coefficient from 2x2 DFT (NZZ?Z» The choice of transmt
filter stays for a certain pe ?’od, after which the
fento node 510 may nake the sel ection again based on
channel sensing. [00126] Wth initial reference to
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according to a defined selection process (e.qg., '
eerrsperiding icbpnnct aabiy \ndasdivgheer bympdre theteuickt channel quality
etc.). The default waveformfromthe set of V transmt
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initially assigned as the preferred transmt waveform
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waveformuntil all the possible waveforns have been

tedite detodminagipn esetlicedsdiyctdal ag kthd Qdbferethetrdmamtito waed@rm which
510 communi cates with the

provides the best channel quality in the presence of interference from negative
geometries associated with deployments of other unplanned base station deployments.
[00132] As represented by block 1018, the preferred waveform may be periodically
updated based upon various factors including a specific time period, call termination,
channel quality degradation threshold or other channel conditions know by those of
ordinary skill in the art. Upon an update determination, processing returns to evaluate
the channel quality of the various possible transmit waveforms.

[00133] The present exemplary embodiment manages interference from strong
neighboring interference energy due to orthogonality of the Fourier series on the
dominant signal energy during convolution, at the expense of creating self-noise

through ISI and thereby limiting performance at high geometry. Further gains could be

achieved with the use of MMSE equalizer due to different frequency coloring of



associ ated access term nal 520 using the current
wavef orm The associ ated accessterm nal receives the
wQeloMmlo7asko t r ansm ssi ons and generates a channePCTjUu81008/§84743

indication in response to the signal quality. The

channel quality indication is forwarded in the uplink

(reverse link) to the fento ngge 510. [00130] As

represented by block 1012, thé®fento node nonitors the

uplink to determ ne the channel quality using the

current waveform based on the received channel quality
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wavefornms. [00133] The present exenplary enbodi nent

nlinedes i nterference from strong nei ghboring

interference energy due to orthogonality of the
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convol ution, at the expense of creating self-noise

560 are designed to operate in a certain dynamic range. In cells formed by femto nodes
510, a home femto node 510 and an associated access terminal 520 may be arbitrarily
spatially nearby, thus creating very high signal levels beyond the sensitivity range of the
respective receivers. On a downlink (forward link FL), such a configuration can
saturate the receiver of associated access terminal and create degraded demodulation
performance. On the reverse link, such a configuration can create very high noise rise
(RoT), also known to create instability at the home femto node 510. Thus maximum
and minimum transmit power levels and receiver noise figure values need to be adjusted

accordingly for home femto nodes 510. This situation is illustrate in FIG. 5B with

reference to home femto node 510A and associated access terminal 520A.
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of i npul se responses for the desired and interference

signals. This mechanismis feasible in a fento node

configuration as the del ay spread is significantly

smal l er than one chip i nt ervap? [00134] Referring now

to FIGS. 11A-1 IB and with further reference to FIGS

5A- 5B, operations relating to the use of adaptive
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case, the strongest signal (in terms of RF signal strength) from a femto node 510 to an
access terminal 520 may not necessarily be the associated access terminal’s home
femto node due to restricted association requirement described above. Such a scenario
is illustrated in FIG. 5B where on the downlink DL, femto node 510A may cause
significant interference (e.g., low SINR) to access terminal 520D. Also, on the uplink
UL, non-associated access terminal 520D may cause significant interference (e.g., high
RoT) to foreign (alien) femto node 510A.

[00140] For example, on the uplink of CDMA wireless networks, system stability
and load is usually determined by the metric: rise over thermal (RoT), also know as

noise rise, at the femto node. Rise over thermal (RoT) indicates the ratio between the

total power received from all sources at the femto node and the thermal noise:

RoT = (Ioc + lor + NO)/NO ,



accordingly for hone fento nodes 510. This situation
is illustrate in FIG 5B with reference to hone fento
wooee/0HbOA and associ at ed access term nal 520AP¢D0387§/084743
Fenmt o nodes 510B can cause interference both on the
uplink UL (reverse Iink RL)) and in the downlink DL
(forward link FL) of cells seryiced by nacro cel
access nodes 560. For exanple3é fento node 510B
installed, for exanple, near a w ndow of a residence
530B can cause significant downlink DL interference to
%ﬂgﬁaccess term nal s 520F outside the house (i.e.,
non-‘associ ated access termnal) that are not served by
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assocl ated access term nals at are served by a

SDGCiﬁﬁQﬂﬂ@ﬂRmﬁ@ﬂB&:ﬁqgﬁuﬁigﬁG@&ncause signi ficant
interference on the macro cell access nodes 560.
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near by resi dences 530, a fento node 510 install ed near
separating two residences 530 can cause

| |

E‘lﬂ\éﬁl}f i digwptaplersyptemrapgredion 9n shavenl gk oy Ryl nesst & brogratrolled.
10, i dj t i d 0. . th

Tiistile B0 T3S hRolt s B aane poiband highdt Hhieh Bt Hgpause

f.ent 510 ¢t . t i 0 | )

Fen BE e b BB BBl A G Ry M gpianboring

é&mﬁ?mge%gfy %Hﬁo h8ds83bAI 5l 8 0BSHRE R clgﬂseﬁ%g%cggsg‘?&ﬁlinal 520D
escri bed-above. uch a scenario”“iIs illustrated in

B EnteRMA0R RILHE P%@amegd adafti%Htf?r RSO SR B Y rminal
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(alien) femo node 510A. [00140] For exanple, on the
prokimiky)cit fdabivihode 604 s & comtlingik durisy Bige mats dataiuplihly Udnishirsts
load is usually determ ned by the netric: rise over
froeravadss teRofMal 5301 othk RoWi aagemto node ST0A goes above 20dB.

Furthermore, the uplink UL power control mechanism in CDMA systems (e.g.,
CDMA2000, WCDMA, 1xEV-DO) is design to combat this type of interference
scenarios. However due to excessive variation in RoT, the mechanism may take some
time for femto node 510A to power control associated access terminal 520C to
overcome the interference caused by non-associated access terminal 520D. Meanwhile
the signal-to-interference ratio (SIR) of associated access terminal 520C falls below
required levels resulting in consecutive packet errors on the uplink UL from associated
access terminal 520C to home femto node 510A.

[00142] To minimize the sudden drop in SIR in the described scenario, one
alternative could be to increase the power control step size on the uplink UL as

conveyed from home femto node 510A to associated access terminal 520C. However,



noi se rise, at the femo node. Rise over thermal (RoT)
indicates the ratio between the total power received
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BotRBtest RrinfHa®l $20CeRERcERS k@minl R0 A3eSeGil@iRhigh RoT
access termnal 520C falls below required | evel s

p@dlnt ba@riny adnaeciuidese0pdsketre@ediods on the uplink
UL from associ ated access term nal 520C to honme fento
[08d44]51 0¥ccording to an exemplary embodiment, the femto node exhibiting high
RoT, femto node 510A in the present scenario, increases its noise figure NF or
attenuation level while femto nodes not exhibiting high RoT, femto node 510B in the
present scenario, keep their noise figures NFs constant as long as they are not
experiencing high levels of out-of-cell interference. Thus, a method is provided to adjust
the noise figure NF or attenuation when there is high level of out-of-cell interference at
a particular femto node. According to an exemplary embodiment for managing
interference in a wireless communication system, RoT at a given time slot # can be
expressed as :
RoT(n) = [Ioc(n)+ Ior(n) + No(n)]/No (n)
and
lor(n) = ZECZ- (n)
ielnCell

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



[00142] To mnimze the sudden drop in SIRin the
descri bed scenario, one alternative could be to
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as conveyed from honme fento node 510A to associ at ed
access termnal 520C. However,there are usually upper
limts on the power control %gp si ze inposed by the
conmruni cat i on standards since”dther system
degradati ons occur when a system operates at very high
power control step size. Thus it is desirable to
control the RoT level at the fento node 510. [00143]
In order to prevent an abrupt junmp in RoT due to

Eﬂﬂ?} gin 'Wﬁfl‘ﬁﬁ rkf%rén%?df’ﬁfseq(fﬁ Pﬁ?%@g Pa-118 descrlbe a method

assocl ate access termnals . 9., interferen

fIreabastcRYe @ E?ﬁ%ﬁﬁh%tv@igelés% %8%&11%&%& Hst@R g@ngtadaptlve noise
fento node 510 the noise figure NF can be increased

fipuehad pemeabssedjsirgd o saptibey atifusipht RAs Ryt casdblngg RoT. It is
some path loss (PL) conmponent on the uplink UL.

higtag Ve thesudiRtnadsnt Ggpeorashn OB apsliqdedithor torghliak ULhetcheation or the
node experiencing high levels of interference. For
podsarpgee Nihofithe factemadé.o shown in FIG 5B, if both

fento node 510A and fento node 510B increase the noise
fA0ddole M spreagntechibiaguasy 194, thropssationa degrbed hdrein may occur
result is larger uplink UL transmt power |evels for

Btas icalle cwsh po RpREE @cqu@c%ﬁﬁa sheepent @ppslebr. Byomy of

As a result, the RoT | em occurr.i .
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s constant as long a hey are not experiencing hlg

{reMBd ISk ftte Bb A0 &l the Wi ficE 8F BRABermhDES se RcRBINRAH: fdnto node
provided to adjust the noise figure NF or attenuation

whienfipite(®F).s hi gh I evel of out-of-cell interference
at a particular fento node. According to an exenpl ary
HOb 4T mekd reprsemahiagblogk il & kitetnlrcavedsignastrelghls & () is
comruni cation system RoT at a given tine slot n can
teaaxgt eBwddtahgeceived signal strength lo(n) is the total received power received
at the femto node from all wireless devices for whom femto node is in their active set
and from all wireless devices for whom femto node is not in their active set. As
represented by block 1112, the in-cell (associated access terminal) interference level lor
, which is the total received power received at the femto node from all wireless devices
for whom femto node is in their active set, is computed. The computed in-cell
interference level can be expressed as:

lor(n) = ZECZ- (n)

ienCell

[00148] As represented by block 1110, a received pilot chip energy Ecp(n) to

interference and noise Nt(n) ratio is measured from all wireless devices for whom the

femto node is in their active set.



RoT{n) = [loc(n)+ lor(n) +No(n)]/No (n) and lor() = Ec
(n) ielnCell where Ecl is the total received energy
wW@eroasto i . [ 00145] Wth initial reference toPEI/GR008/084743
11A-1 1B, FIGS. 11A-1 1B describe a nethod for
i nterference managenent in a wreless conmunication
system usi ng adaptive noise figure and path | oss
adj ustment to adaptively adjuég path | oss for
controlling ROoT. It is noted that the adjustnent
factor can be applied either to uplink UL attenuation
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{%%ﬁfap 1%¥fel%?8é"fevﬁ%k O@hﬁ‘ﬁ'lé the toc‘tHfllgcg%(fﬁE&%rtrg&ived at the femto

occurrence of a subseguent tine s f

BSRRYR allaﬂqre@é/s@ HEVl%ésot%r Mhota Bt AR i§ %Iﬁn&_?ﬁ&r B¢ set, is
performthe follow ng nethod to provide interference

B@ﬁ%\ge@eme éd@n@tmlc@mﬁt@ﬂfer’éﬁ{&t 1ev81 cAsbé epresented
| ock 1104, vari ous S|3Kals are neasured and | evel s

are conputed. Speci factal ¥ Jo(as—iefres&ntad by bl ock

1106, a thermal noise figure: No(n) is nmeasured at the
f(lﬂrlﬁfb] notereprbBentdhiey blleek irhl6 toi reecivédgont@foll miterfgendedevel to
variance of the thermal noise including the fento node
githermial priseligwFE Vo ()oatiad 7)d mex inuym ﬁﬁ@rﬁg é@ewd tplllgtcr«lnp energy
1108, a total received S|2nal strength 1o(n)

kealiogaterfprace puanoise Mg BHIOARRg m@f«‘ﬂ é?@ﬁ%teﬁ@’(nﬁ5s S
the total d at the fent
FOTBRHIGH I wrfq%g?%'ségg BEDlackd 11 the pisisry ermiBal Ee t%n?lﬁe ratio
B sl ot Bt PP Pur TR SRR nefle wiow o
fo?%{qu? %?I gtgcepsy ?‘Lﬁgéeﬁlﬁﬁere& I'f:) %}re(?fee{xlamg%saﬁc%hﬁﬁg 9) 1tngln1te

access erence

hﬂ;}lﬁée e gy@@km%fn R AR vﬁ@oﬁ&nt% &sﬁh&n{lﬁﬁ&eg KRk among

35 devi ces °f or mfenmto node is in their
é’&teés\/t@rrﬁlﬁﬁls forSwRATIE Bhto 1O i§ AR Q6tivd et 8dd be expressed as:

interference le be expressed as:
Ecp(n) | [ p, (n)ﬂ

max max filter
Nt(n) zem—cell access terminals Ntz (n)

[00151] As represented by block 1120, the signal-to-noise ratio of the out-of-cell
received interference level loc and the thermal noise figure No(n) are computed. The
signal-to-noise ratio is also further filtered, by way of example, according to finite
impulse response (FIR) filtering in the dB domain. The computed out-of-cell (non-
associated access terminal) signal-to-noise ratio can be expressed as:

e )
[00152] As represented by block 1122, the excessive received out-of-cell interference
beyond the allowed (target) amount with which the communication system can reliably
operate 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:



ielnCell [00148] As represented by block 1110, a

received pilot chip energy Ecp(n) to interference and
WwWo009070d1 n) ratio is nmeasured fromall w rel eBGI/US2008/084743

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 whomfento node is not in their active

set, is conputed, The conputefcmu) of - cel

interference FERSH_ C4RSbeMBXpresSe @@e 56PN _g8($%f =1 o(n)

- lor(n) - No{n) [00150] As sented by block 1116
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erm nal's are

&‘?&Pér'&fc@ lev%?IJceE’fc%%%h%@ RregGk: 1118, the access

termnal signaf-to-noise r asured as the

recei ved pil ot Ch'c% e&grﬁgl Hep(m ) tlgcl patg%fer ence and
noise Nt (n) ratio access°termnals are
filtered, by way of exanple, accordlng toinfinite

Wﬂﬁ%é@oo&@%ﬁ&@é@tb@s‘&ldﬁb& L&f, gef‘ﬂaxﬂlﬁg fhBenASo in. The

maxi mum f tere val ue arong access termnals for whom
[(ﬁ'ﬁ siiE]e erit€d inMbl&drel 282%it AiSurs OF a&BRole pEKRRGRIPE adjust)
cpi) 1(n) max max filter Nt(n) n}ceIF access
thaf madatabdNiphlied is doddfuldd. Ass repirs@sahingdodkyl 300G cddd@ate path
the signal-to-noise ratio of the out-of-cell received
lost edjhemencard dvemihal Hrdahdidathdiuvmentodandefxpreseed as:
No(n) are conppLedandhe Birgrabst 0-noise ratio is also
further filtered, by may of exanple, according to
f|n|te|rmulse£p?&9 FIR) filkering in,Qhé&cdBr _excess
domai n. The conpute 2out BtpNrehded( NAINassoCi,Bk edpANC Ccessss
termnal) signal-to-noise ratio can be expressed as:
[00152] As repPesétidhd=byLmagdkr 1122, Pk néredewtsi ve

recei ved out-of-cell interfer
L _cand = max&gkc cand,, PL_cand,, PL_cand.,)

Regarding determining the candidate adjustment values, the candidate values may be
based upon various characteristics or rules. By way of example, various points can be
expressed as:

(1) PL _cand; and PL cand, are designed to quickly adjust the PL based on
high Ecp/Nt or loc values exceeding a high threshold.

(2) In case both Ecp/Nt and Ioc are below allowed limits, PL cands is
designed to slowly reduce (decay) PL such that it won’t be unnecessarily
high.

(3) If there is only one active user in the cell there maybe no reason to
directly limit foc since RoT control mechanisms already can control 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.



beyond the all owed (target) anount with which the

comruni cation systemcan reliably operate and the
woreooTsiexcessi ve recei ved pilot chip energy ROI/US2008/084743

interference and noi se rati o anong in-cell access

termnals are determ ned. As represented by bl ock

1124, the excess anount for rigeived pil ot chip energy

to interference and noi se rati'o can be expressed

as: ECpNt excess target with the above al |l owed

threshol d EcpNt Jar -get having the units of dB.
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fs represented in block 1128, an ampbunt of additiona

path loss (PL adjpst) thats peegds, tonRe japplied is
conmput ed. As reprezghred i? br%?ﬁ 1130/ t he candi date

path | oss adj ust ment s Pr eédgef et hetf/usthBatandi dat e
adj ust ments can BRe#XPr asngd @s: PL _cand | =

| or _excess PL cand = I, 0Q. >Ecpl excess 2
[ EcpNt based PL _step fgﬁQgﬁgg&rb%LE%@éss PL cand 3 =
PL_cand(n -\) - PlsestBpjaedrx PL cand = nPw{ PL_candx,

PL_cand 2, PL_cand 3) JRegarding gleterm ning the
candi dat e adj ust nent égiggggb?haycandidate val ues may
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[mdsre (Rig&am) nBly 8 W0, 1hald with Wathet rdf&rchitNBFRSSas AL,
operations relating to the use of subframe time reuse 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 subframe time reuse.
[00158] In one exemplary embodiment, if an air interface permits time division
multiplexing, transmissions can be scheduled in such a manner as to eliminate time
periods with negative geometries. Thus, femto node 510B may communicate with
associated access terminal 520D during a period that femto node 510A is silent.
Similarly, associated access terminal 520C may communicate with femto node 510A
during a period where non-associated access terminal 520D is scheduled by femto node
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



high. (3) If there is only one active user in the cel

there maybe no reason to directly limt loc since RoT
w@owwogleimechani sns al ready can control the RoACT/E92908/084743

So in the case when there is only one active user in

the system | ocjarget can be set to a very |large

val ue. [ 00155] As represented in block 1132, the

appropriate path |loss (PL adjﬂgt) can be applied

according to the upper and | ower path | oss PL

adjustnment |imtations expressed as: If (PLjcand
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the 'uplink UL attenuation (or norse figure) is

JOeHBapRdRY iRlen®SisdintdYelow! IS noted that in an
actual inplenentation, hardware |limtations may
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possi bl e setting. [00157] Referring nowto FIG 12 and
wichiolbgics waererhgbad emcerctie FEnGS. bbAphiBd. dpmaay cehdar technologies
relating to the use of subfrane tinme reuse to address
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nore detail. The present exenplary enbodi nent uses
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[00161] In one exemplary embodiment, the first step is to address the outage
situations when the desired femto node 510 pilot and overhead channels (e.g., synch and
paging) cannot be received at the access terminal 520. By way of example, a cdma2000
frame is divided into sixteen power control groups (PCGs). To permit acquisition of the
pilot signal, a fraction of the pilot and overhead channel transmission is gated off.
[00162] With reference to FIG. 5B, femto node 510A, transmitting to associated
access terminals 520A-C, transmits such gated frames (i.e., during gated off periods no
FL traffic is transmitted). At non-associated access terminal 520D, the carrier-to-
interference ratio, C/1, for transmissions from femto node 510B improves dramatically
during the period that femto node 510A is gated 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-



Simlarly, associated access term nal 520C may

communi cate with fento node 510A during a period where
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femto node 510A to be silent. Such nethods of
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application to systens that p £n1t time division
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[00162] Wth reference to FIG 5B, fento node 510A,
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transmts such gated franes (i.e., during gated off
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[00165] With initial reference to FIG. 12, FIG. 12 describes an exemplary
embodiment for interference management in a wireless communication system using
subframe time reuse. As represented by block 1202, gating sequences (or patterns) are
identified with each gating sequence gating-off, for example, either eleven of sixteen
power control groups (PCGs) to obtain a reuse of 5/16, or cight of sixteen PCGs to
obtain a reuse of 2.

[00166] The gating sequence may be chosen in such a way as to minimize the cross-
correlation between pairs of gating sequences from potentially interfering femto nodes
510. As represented by block 1204, cach femto node 510 selects one of the gating

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



FL traffic is transmtted). At non-associ ated access
term nal 520D, the carrier-tointerference ratio, C1,
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dramatically during the period that fento node 510A is
gated off, permtting acquisition of the pilot and
synch channels fromfento nodg 510B at access term na
520D, in spite of the highly égative geonetry at
access termnal 520D. [00163] In one exenplary
enbodi ment , these gated on-off periods are schedul ed
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code, the access termnal 520 will be able to decode
ith apesk edrmiese o oughghalbifrahe fdithgracioedues, access terminal 520D

transm ssion was gated off. To avoid the necessity of
wilbveobsgrveheégerfgenmeioni es sesdt sthddulsibigarhésese response to gated
non-overl appi ng gated off times, the foll ow ng method '
iranseiissiorosedintasfepng werphbpafenita godn 1@kl dtastbeinzared avgess terminal
and negative geonetries using subfranme tine reuse.

520D will also observe another subset of subframes where no interference from
neighbor femto node 520A is observed when neighbor femto node 510A is gated off
during that subset of subframes.

[00169] During the subframes in which femto node 510A is gated on, the access
terminal 520D will observe, for example, low Eb/No. As represented by block 1212,
the downlink (forward link) power control feedback from access terminal 520D will
indicate that femto node 510B should increase the transmit power for specific
subframes. Similarly, during the subframes that femto node 510A is gated off, access
terminal 520D will observe high Eb/No and the downlink (forward link) power control

feedback from access terminal 520D will indicate that femto node 510B should decrease

the transmit power for specific subframes.
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gating sequences (or patterns) are identified with

each gating sequence gating-off, for exanple, either
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obtain a reuse of 2. [00166] The gating sequence may

ROAZAOS A LD SUR By WRYK 4514, 9nd'y 'Elufu@ dbPBlink (forward link) power

corre |on ween pai’rs o sequ

E&ﬁ’f@l P&Hﬁeg% 1@1)471 T)d E')E(%c%% ﬂeﬂﬂm&lﬁﬂ@ f&ggﬁ% R 5108 1Pdlcates which

represent 4, eac node 510 se

Qnefrdhed Qtetr%hhﬁ&i BEIMEAEES: n &\Fﬁmq%té h&dd gm& aRO@8ed on and

510 may attenpt to choose a gating sequence thatis

Rarcheye BB BIM A Wotdingl¢] @lkan if@edtdnnOdes ferg@N@dal510B to select
sel ection does not necessarily result in a

aQptiny 8cdueppd (gittar) ahgeisavh-ovddugpieg (cdnydcexeagyl) aviph the gating
enbodi ment provi des a nmechani sm such that a

saomemnee(phigp) nigosgatand gn sieg by noterfeamg beighblenfieinto eddaAtOA. The
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520D wi || observe interference on a subset of the
obfardrimg) cimnnels poinstioh and ahechet qasigpifesibacis edvymation methods in
interfering neighbor fento node 510A. Furt hernore,
necsthetlegagy medess terminal. Thus, for example, in a case when eight sub-frames
out of sixteen are gated off, there may be beneficial reasons for selecting alternating
sub-frames to be gated off and gated on.

[00172] In another exemplary embodiment, gating sequence selection may apply
different considerations for deployments where neighbor femto nodes 510 are not
synchronized. Such considerations may exist, for example, when WCDMA femto
nodes 510 are not synchronized. In one exemplary embodiment of non-synchronized
femto nodes 510, instead of alternate on-off gated subframes, it may be beneficial to
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



520D wi || al so observe anot her subset of subfranes

where no interference from nei ghbor fento node 520A is
Wo@beenwst when nei ghbor fento node 510A i s gatRCI/U85008/084743

during that subset of subframes. [00169] During the

subfranmes in which fento node 510A is gated on, the

access termnal 520D w |l observe, for exanple, |ow

Eb/ No. As represented by bl oc 61212, t he downl i nk

(forward |ink) power control feedback from access

t erm nal 520D\MII indicate that fento node 510B

BGOSR, OEGACTT CRLFBATRE o o
0S4 i, PP TSRO s o o

99%@§ﬂg@ﬂkgol f eedback from access term nal 520D w ||

cate that fenmto node 510B shoul d decrease the

[o0ans|m tin Qﬁ@@ﬁtefd&%mﬁpﬂ?ﬁ bfnbedigieafst afesmcthody & adi¥Sess this situation
represented by blo 1214, the sub-frame downl i nk

g ingrodle Idowki)inlp @A invobiet foatto hedetbatk coifuraiet Pyte-off pilot and
access termnal 520D to fento node 510B i ndi cates
whirbd¢ndsablpnifial arapsmassions svbsmithdre drdoyo iandess feemimadp associated, and to
nei ghbor fento node 510A are gated on and which are ,
tyan ed pdot andapisdicad sianpclsqgeindigally st/ etsativery 1@ rsweer only at times
fento node 510B to sel ect a gating sequence (pattern)

hai apsecidtsd-asoess | tapHng S@Q@ﬁw@?@tg%i skpHNg e the femto node
gﬁilng sequence (pattern) chosen and in use by

rnterfering nei ghbor fenmto node 510A. The exenpl ary

AP T kb SR A S ot M G BE R RSB oaa-sB.
?ée(gﬁ r%?&&tﬁ%%o%@ﬁ&dd 85]‘[ ereﬁs@’tl)?l seﬁ% I&]%?nedr I}ﬁgﬁnge

her consi era I oNns may

Qﬁnétﬁpse\%llp% %@Eﬂm in A GES. @H@glteg&ﬁ %)(ergﬁlﬁ%éﬂtiﬁ(ﬁﬂent uses

or this su rame gating techni que. Further

fleihols hRDAHHrAGT8 Pevieht AMahs afd £ddORY@h RIS anldNRgative
gati ng being done on the downl i nk (forward 1ink),

Sddmedtri €Ok g baildi tinsrciEytcbithiquas) | ed to incl ude
choosi ng gating sequences (patterns) that intersperse
HI9a75lendd dmfekerpplaiyo@mbbéinvenenifsivoraire neekficonPerpetsi s . division
Such a consideration may reduce inpact on downlink
ugiphening [($usk) asc hanWdPO B sthemetanomisaiods ahanbel schediléd yn such a
f eedback estimation nmethods in
manner as to eliminate time periods with negative geometries. Thus, femto node 510B
can communicate with associated access terminal 520D during a period when femto
node 510A is not transmitting. Similarly, associated access terminal 520C may
communicate with femto node 510A during a period where access terminal 520D is
scheduled by femto node 510B to not transmit.
[00176] In an exemplary embodiment of a hybrid time reuse method, a downlink DL
transmission is divided into three separate groups in time:

1. Synchronous Control Channel (SCC) transmission period

2. Limited HARQ Interlace Tx. Period

3. Unlimited HARQ Interlace Tx. Period



use by the | egacy access termnal. Thus, for exanple,
in a case when ei ght sub-franes out of sixteen are
w@au0ed70id , there nay be beneficial reasons foPCT/US2008/084743

selecting alternating sub-frames to be gated off and
gated on. [00172] In another exenplary enbodi nent,
gati ng sequence selection may apply different
consi derations for deploynent§7mhere nei ghbor fento
nodes 510 are not synchroni zed. Such consi derations
may exist, for exanple, when WCDVA fento nodes 510 are

t n oni,zed. . |1 .n e_exenpl a od t.0f . .
720 nabE s By Ao FATRY ok ERCE S RCLR: dpelugine tiree
PR RGP RUATERD M PO RP e AR U el (RO period of
256 WRlel si@ts. |l éneoéxeﬂﬁﬁl‘a\f}r ol fn GRbEEI0sh ﬁﬂﬁfﬁﬁﬁ% of BRI resources
exanple, in the case of a WCDVA systemwi th fifteen
gutfgd ‘ambimiey eTARQ ifeslad!” thbiclaky thsetdiFforsasfcame thaPeRefined. As
a beneficial nmethod may be for each fento node 510 to
dascabaf in mare deanlt lagipitsisodestrb thdtfiegghbosiup fie@mme sodesd510 pick
gate on sixcontiguous subframes. Alternately, using a
iffermt fenatioehanreds foghataheyodiend k3 pemgncg atterfothcesfrorh @8er neighbor
conti guous subfranmes and gate on fourteen conti guous
fupp medes S Bl ti.cofeaghifemtp nndofselgats st primary78Inte ghannel different than

al ternate exenplar¥ enbodi nents, other nethods to
Hgdreighdor frnafodiodg gt PhAf Hiser 1Sy Biateaka fTamk 2 @ejghbor femto node,

i nyolve fento nodes Q configured to gate-off pil ot
o 1P6?/g‘inﬁ8éf a 3%@%@%}%5%@ ERALY T8 %t'ﬁ pe) ﬁbb%kssed by one

BoaF Rt TR SRR Bty PPlclinh Gt B iy T operation

olel ti mes when associ ated access ternm nals
@%@§%#%H£¥%g%ted to be scanning for the fento node

Fﬂﬁ’?ﬂ[ OGH#ftkniRaf efetdiad (8Ms 119, FICT4 dkSeriifes @%jeﬂ%cf for interference
urt her 5

reference to FIGS. 5A’5B, operations relating

manddiencbeinOh RylRIdsgl ddniBukieMeR Pstaddugias hyid Rn@nNduse, in
negati ve geonetries wll be described in nore detail.

ddverdaneseith afxeemplarycrebdidctmre is rap@scni®l hoblsclamMD?2, at the initial
apparatus to prevent jamm ng and address janmr ng and
pegatuper geonginchesizgomgf hyftmiodnddent Or éwesfemto node 510 performs
"[:il’?lg hsgilghligsi.zation with the macro cell network (e.g., macro cell access node 560).
As represented by block 1404, during time synchronization with the macro cell access
node 560, the femto node 510 measures secondary synchronization channel (SCC)
offsets (MSCCO) used by the macro cell access node 560 and neighboring femto nodes
510. Based on the measurement, the femto node 510 identifies a preferred HARQ
interlace with the least interference, as represented by block 1406. A preferred slot
offset (PSO) is defined from the identified preferred HARQ interlace.

[00179] As represented in block 1408, a primary femto channel 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



[00175] In an exenplary enbodinent, if an air
interface permts tinme division nmultiplexing (such as

WO 2EBY0DG)) t hen transm ssions may be schedul edPCTIUS200$1084743

a manner as to elimnate tine periods wth negative

geonetries. Thus, fento node 510B can conmunicate with

associ ated access term nal 520%) during a period when

femt o node 510A i s not transni'Pti ng. Simlarly,

associ ated access term nal 520C may conmuni cate with

fento node 510A during a period where access termn nal

520D i e 0 1 tg .not trans

C0o17H]™ ﬁﬁ&g@i@n@ § > 6 i) G 2 lﬁ;}%cmga% fghary Femto

reusecqgifapd, a downli nk DL transm ssion is divided

into three separate groups in tinme: 1. Synchronous

Contrgl iy RMIREY)) & 3B $einR) CRA! BQQF%keB'e{E‘ ﬁrﬁary Femto

HARQ I nterl ace Tx. erlod 3. Unlimted HARQ Interl ace

TX. Pena@@] 00177] FIG 13 illustrates an exenplary

downlink DL timeline including three different tine

per i odéec@uHnm gChaX inds¢mchurodesesibed it Figlrecl3annel ( SCC)

cycle period of 256 tinme slots. In one exenplary

H9380i nednce faser cloamnelis mee détamningd, dEmtdherodes A (me#stransmit traffic

during "unlimted HARQ interlace," there are three

i the dpentink Eerward hiakhe T sngaissioasl by femigewndes hEQaterimaet @ reduce

detail later, it is _desired that neighboring fento
Patsseseow iR dracHp forl rigHsIissiang WHA0the fenyg Iquiat tr%qﬁéysswns A

? not .experi.ence |nte|ifer nce.from ot hg@ nei

B Gorlp HBTTERGOT PIogcol SCRE P TR CebaRYEHon periods, SCC
fent t, th th

Pt St Tedo AR FAr ah PSR B s SPRGigted HARQ

ngé&glfa?%n{n%g%ﬁegé}go al@ﬂe%érﬁleﬁ oh ﬁ)gg o channels (in

I'tron ento channel) can be used by
g]em@s R @seﬁég 1nDSf0@k| £108f aRNSi8X RIFBLALY to FIG. 13, an SCC
enmbodi nent of hybrid tinme reuse operation is

Q@%ﬁflbﬁ&g}%&ﬁid@@02 97 Yk bdgitintin c?an)f &Bh SRNER1d 0304 (c.g., 256

FIG 14, |G 14 describes a netho or interference
SIBRAGEARIN triviknéssién & RSSCC oMtk ¢atfirarB2sy&t enMewsy 8EC cycle). In

hybrid tine reuse, in accordance with an exenpl ary
embadcineat . criodiregrtesensubdpdriodsl 1606 BO82yre dtfitdiebased on HARQ
}nrt]elr}alceazl preferred slot offset and non-preferred slot offset.

[00182] On HARQ interlace with the preferred slot offset (PSO), femto node 510
transmits SCC information. This allows reliable transmission of control channel
information and enables associated access terminals 520 to hand-in and hand-out from
femto node 510. During HARQ interlaces on non preferred slot offsets, femto nodes
510 do not transmit any downlink (forward link) traffic (DTX FL transmission) so that
minimum interference is caused to neighbor macro cells and neighbor femto node SCC
transmission. On these slot offsets, a fractional of downlink DL power is used for Pilot
and MAC channels so that these channels can operate successfully.

[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



power up or other synchronization of a fento node 510,
the fento node 510 perforns tine synchronization wth
w0 b@esi® cell network (e.g., nmacro cell acceRGI/NRNE8/084743

560). As represented by bl ock 1404, during tine

synchroni zation with the macro cell access node 560,

the fento node 510 neasures siéondary synchroni zati on
channel (SCC) offsets (MSCCO) "dsed by the macro cell
access node 560 and nei ghboring fento nodes 510. Based

on the nmeasurenment, the fento node 510 identifies a

B 5B AT BPLBES A S5 LR LSRR i 1
HERE) LR OB FRirs B TR oBf S48 IRy for cach

RinktBB e f @it CRBNN&Isiise SRIREt(Ghh BY Wy @f.) &TRbE suffer too
on exenplary seleCtion process nay followthe

Edchowd ddayaligont thumhple fduimd (RSERINBLRQ #hicrfacd trhik@ilssion period, if
Fento Chn. 1 is picked as primary Fento Channel | f
rad¢RIPDRBGECaHR,) then nglbencranka tyghrof 38.4 isbppintdgest wsd. If DRC is
primry Femto Channel |If nmod(PSO MSCCO 4) = 3 then
Fahboer@sad, tinicompiatible padset pyferangh FHevmgle Gharmeket WBEPe38.4kbps
Chnl, Chn2 and Chn3 are described in Figure 13.
poondo]usah pecket VB BDhein A&6/8 1 K @24béts enay %émtllﬁédrt(@mllar to DRC

nodes 510 may transmt traffic in the downlink
PROFGAI@PIRAK) . Transmi ssions by fento nodes 510 are

LU 3{033 §§§ﬁéﬁ§?ﬁéﬁéﬁ&‘é§ﬂé§3§$ ?%ﬁg%ﬁé&ka fafficgmay also be
By PERE FARRS P GOV e B R C AR B fomeo
LAY RS GELBEE PP 9L BDBRL Gl 08 renc). D
3 Se0) ?i%ﬂa%s' MothEL QB WrrhR, TERICREINS Edh Bt lafGHit 23 Odownlink

and_ Wthr erence to FIG 13, an SC_C transm ssi on
aer2d 1hRPRaffS (BRtiraask)Howehe PRIt TAoRh s eBrwief link) power

cycle 1304 (e.g., 256 slots) to allow transm ssion of
&dh 5eCM00htES & pi(®@ .a8d MAC Iciinn3B Bt Qlcsessful @p@tiiorS6iGhese channels.

fﬂ);)(igse]). Alsnrepresented in block 1414 and with reference to FIG. 13, during an
unlimited HARQ interlace transmission period, the femto node 510 is allowed to
transmit downlink (forward link) traffic on all of the four HARQ interlaces. At the
beginning of the period, downlink (forward link) transmit power can be ramped up
slowly to let the access terminal rate predictor to ramp up. In one exemplary
embodiment, to further increase the ramp-up of DRC values, DRC length of 1 slot
should be used. Due to conservative predictor behavior, if null DRC is requested by the
mobile at the beginning of unlimited HARQ interlace 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.



one exenpl ary enbodi nent, two sub-periods 1306, 1308

are defined based on HARQ interl ace: preferred sl ot
w@Rdogeroeand non-preferred slot of fset. [00182] PCRUSIBKDS4743

interlace with the preferred slot offset (PSO, fento

node 510 transmts SCC information. This allows

reliable transm ssion of contrg channel information

and enabl es associ ated access-”ternmnals 520 to hand-in

and hand-out from fento node 510. During HARQ

interlaces on non preferred slot offsets, fento nodes

AR BRI BT BB LY i . i
Erﬂ{aﬁk@?ﬁpf)ﬁsé n&%‘éﬁ‘@%é QOnlthdBRA vﬁﬁ?&?eé&ﬁbﬁéotﬁ%ode FIG.

ento transm ssion

@§ aa%@ se@raﬁrs fﬁle%ﬁi oﬁéntéj@l\émnh?is welo faélhlth?t@d for
| ot and MAC channel's so that these c annel s can

&ﬁﬁﬁl@hﬁaﬁ&pwﬁééﬂhdcﬁés §RRIE3]1ly ASIG. epliasaatced wirtldk de¥ice 1510
1412 and with reference to FIG 13, during a limted

fARQu avcesslpaar) dndensirelesd daviqeesb0¢e.gt eadcesdt tornmiaalg 054 MIMO

is allowed to transmt downlink (forward link) traffic

systanh €5 MARY thatlevibatel OpfrafPi@agnitr d @bvnper of data streams is provided

sensitivetraffic is given absolute priority over best

ﬁfpﬁld?{ daty paurd b5 12vp elirapgnis(elme e dat rp@ssard 51 mi t ed
interlace transm ssion period gives a

Eqﬂé i J8POMC BHIsEIt SRsh dptersgranat harsanites! oisae repeethgtransmit

del ff h Vol P
Siri gd butaeeonlr ik %mﬁtggwgg%ﬁaﬁﬁr@eaaaﬁ g gattic data for
[ t
el B R RS PRl A Sh e S Sl et dgtg sty to
ﬁﬁw&b%% §RY be used. IfDRC is null or erased, then
atl e packet types such as single user packet

E(félljﬁ’ﬁ 38 1tkBAS @lta mfletafh Yk Etr&%hl%z bé Mﬁ%ﬁed&?ﬁ{ ?ﬂ-ot data

24bits may be utilized (simlar to erasu

HBRPOPOM tdcARLAA. THE ARE d8% YRbRANyY & KReWh E[Etﬁtpattern that is

downlink (forward link) traffic may al so

broaessed fnl £kthowh MARQr afd 8laly de @ saf atwﬁ&i@&whrsy@tﬁﬁl to estimate the
enbodi nent, nei ghboring fenmo nodes 510 nay use this
chninecl ragpenses el thulfiplezed priat qod ebéat dabnforgadindsdta stream is then
interference). During HARQ i nterl aces of other sl ot
wioflgleted (1.6 esynabah oteped baswitont & partieriler mogulaomrdcherke (¢.g., BPSK,
forward link) traffic (time re-use) however a
SRK: MyRSKs o QLWQAM,)(SG octpdiar dat datkytrggsperprovide modulation

symbols. The data rate, coding, and modulation for each data stream may be
determined by instructions performed by a processor 1530. A data memory 1532 may
store program code, data, and other information used by the processor 1530 or other
components of the device 1510.

[00189] The modulation symbols for all data streams are then provided to a TX
MIMO processor 1520, which may further process the modulation symbols (e.g., for
OFDM). The TX MIMO processor 1520 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.



can be allocated to pilot and MAC channels for
successful operation of these channels. [00185] As

wo epeedeni ed in bl ock 1414 and with reference POI/BS1808/084743
13, during an unlimted HARQ i nterlace transm ssion
period, the fento node 510 is allowed to transmt
downlink (forward I|ink) traffli‘ on all of the four
HARQ i nterl aces. At the begi nA ng of the period,
downlink (forward |ink) transmt power can be ranped
up slowy to let the access termnal rate predictor to

[(ﬁ)g?ﬂ gFS)éEa{cﬁ ér%ﬁsjcewé? i‘ﬂzﬁf M%ﬁ DL &E%ﬁé??sfé)%tivlges&pb?l stream to
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period, femo no 510 can transmt conpati bl e packet

byd@else KIMIO thause PaGKSdulQEd S8nAK B t8dndedieerti$SI2A through 1522T
packet). Al so, fento node downlink (forward |ink)

schieduresmitsd fkae v taneokaof52dAatitongs (1§24 B aepstedDRC

val ues and mai ntain DRC val ues fromlast transm ssion

K Pbids Zetrible HHARG b0l thettensmri@t inolusttet dignalcae raveived by Nk
deci de on what data rates can be decoded by access

pierianadpoBR dlrpughls‘éPRmé thereepiv pdsighd fesinn emwntf@na 1552is

i ncor orated into a nod
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V|ce traffic data for
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source 1512 to a trans data process

[LeH8d lyﬂlﬁbl%ﬁgﬁnﬁﬁ%@vﬁra@é‘&%@ @S§4 Bdse@8Muiparticular receiver
transmtted over a respective transmt antenna. The TX

piatessppacenipie td piobidearmaletecteddd@abolandamint €hd RAVESa processor
the traffic data for each data stream based on a

p26(t thew Hanodudates) gemanieavess &l dedricadb sfoach tdtadtedisgtnabd tstremmto

to provide coded data. [00188] The coded data for each
taovershe walinc aia fhethmdatal spieare d haiptdeegingly hatRaX data processor
1560 is complementary to that performed by the TX MIMO processor 1520 and the TX
data processor 1514 at the device 1510.

[00193] A processor 1570 periodically determines which pre-coding matrix to use
(discussed below). The processor 1570 formulates a reverse link message comprising a
matrix index portion and a rank value portion. A data memory 1572 may store program
code, data, and other information used by the processor 1570 or other components of the
device 1550.

[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,



usi ng OFDM techni ques. The pilot data is typically a
known data pattern that is processed in a known nmanner
war@aeslbe used at the receiver systemto estPEEUS20081684743
channel response. The multi pl exed pilot and coded data
for each data streamis then nodul ated (i.e., synbol
mapped) based on a particul ar dul ation schene (e.g.,
BPSK, QSPK, M PSK, or M QAM égFect ed for that data
streamto provide nodul ati on synbols. The data rate,
codi ng, and nodul ation for each data stream nmay be
et er m ned ' Juct i rfo e
ek TS B RS M A SPS aBBLET 7R, Bl BB Bk e
r information used by the processor 1530 or
%?ﬁgfk?ghponents of the device 1510. [00189] The
[edysat | ANhSYERQ! 55 100the@hdduliAb PsiSAdIE RO tRE BcliB€1550 are received
provided to a TX M MD processor 1520, whi ch nay
by tHeh@tenREOLEAS codtidied bl Alld ©ihsca ol 521 defiodulb@H by a
OFDM). The TX M MO processor 1520 then provides N T
datodwddtoo(TDEMODI’) $340e aidpoocedby & RIS dah pricsssO’ MEAZRO extract
1522A t hrough 1522T. I n sone aspects, the TX M MO
theacessdmkli5eBagpipdnsmsttdidanthe devica §5 Mei Pletrgotassari &30 then
synbol s of the data streams and to the antenna from
detpemingshehisl prsotoding mairngo upafes dictermauifbe dogmfamping weights
transcei ver 1522 receives and processes a respective
greeses dgprtractpd BIPPWES-one or nore anal og signal s,

At
s l”é‘ﬁ?@i 1?:%139 hisRs b fhaicoPipinicaion ﬁa&‘a&#%%%’p@?&%mde
' ' nsmj Ssi M .
SR Rero ikt Beraern SR G EoF Pt Pardbat /s ggin. For
AT PP BT RY boh TP R it
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ecel ved by NR antennas 1552A t hrough 1552R and the

{oRE6h \uBEthSt @Rade (Biz0Mepirs N5 50V la8 AR@hdRReini SilNaW, d8ehtberence
a respective transceiver ("XCVR') 1554A through 1554R

Eatil torapsat VEI2 rhhpdodperitd With fige (récd@sor 15170 afd/65 other
anplifies, and downconverts) a respective received

sorgpalentsaif gha dexes 1568 te omdirtdotveedgmil giodtont anggthandedee (c.g.,
sanpl es, and further processes the sanples to provide
deviar Fe9polidhagd be epmiveidd they fdyalack tevaear 510 and 1550 the
functionality of two or more of the described components may be provided by a single
component. For example, a single processing component may provide the functionality
of the interference control component 1590 and the processor 1530 and a single
processing component may provide the functionality of the interference control
component 1592 and the processor 1570.

[00197] The teachings herein may be incorporated into various types of
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



[00192] A receive ("RX") data processor 1560 then
recei ves and processes the NR recei ved synbol streans

WO e@ai0MNR1G r anscei vers 1554 based on a parti cul BE€T/US2008/084743
recei ver processing technique to provide NT "detected"
synbol streans. The RX data processor 1560 then
denodul ates, deinterl eaves, an? decodes each detected
synbol streamto recover the affic data for the data
stream The processing by the RX data processor 1560
is conplenentary to that perforned by the TX M MO
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val ue portion. A data nenory 1572 nmay store program
Sy@etens, BalgaencYDivaidEVuitpioAbRkE OFDMAT) H¥tehileSingle-Carrier
processor 1570 or other conponents of the device 1550.
FDOMA4]SCFRBM AV)esystems] Okhaogss Bifre quioayy ©ovipion Mulviple Adesss
types of information regarding the conmunication |ink
GTIYIAL* h gy stemase bw etti cidiat i p&t aceesntechhauee vA vaeeldss mkmmunication
message is then processed by a TX data processor 1538,
sistaeh craboingdbe fopelings kerr¢in anaydrealcpignedtonmphbancnd pnejar ore
streanms froma data source 1536, nodul ated by a
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processe a processor 0 extrac

bk . o
Zrﬁ()é)?ﬁS‘ 95 hh@ks-H56 $aeEirdd %ﬁ‘fﬂhﬁk%t\%&\%ﬁtﬂ?@hﬂgy}fé&ﬁ%& é‘?ﬁ‘g‘)

processor 1530 then determ nes

Ayt QicH 8 Gldal S@dt6rh THM1BBild USmhﬁﬁ[Baﬁ@ﬁs‘%‘G@M@ A GFDMA
then processes the extracted nessage. [0019 FI 15

adtsork mhiyishplainest 4 Adio ttitholopyuch SAEVENcCOTRANERLISTRAY), IEEE
i ncl ude one or nore conponents that perform

Bof. er, fIEEERO2. 16 piHOS 020}k Féish €MD BIR), tetu TR AcEdI'MR A Faard GSM
are part of Universal Mobile Telecommunication System (“UMTS”). The teachings
herein may be implemented in a 3GPP Long Term Evolution (“LTE”) system, an Ultra-
Mobile Broadband (“UMB”) system, and other types of systems. LTE is a release of
UMTS that uses E-UTRA. Although certain aspects of the disclosure may be described
using 3GPP terminology, it is to be understood that the teachings herein may be applied
to 3GPP (Re199, Rel5, Rel6, Rel7) technology, as well as 3GPP2 (1xRTT, 1xEV-DO
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.



exanpl e, an interference ("INTER ") control conponent
1590 may cooperate with the processor 1530 and/ or
woehen7wonponent s of the device 1510 to send/ rBCEUS®08/084743

signals to/from anot her device (e.g., device 1550) as

taught herein. Simlarly, an interference contro

conponent 1592 may cooperate Mﬁth t he processor 1570

and/ or ot her conponents of t he*devi ce 1550 to

send/ receive signals to/from anot her device (e.g.,

devi ce 1510). It should be appreciated that for each
b&E 50 t t f [ re
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1530 'and a si ngl e processi ng conponent may provid he

b unetdeving| drtsyme btHeh & riniMosdye e R6@e @rﬁﬁl‘éﬁféhtaﬁ@ﬁ@@ﬁﬁﬁéss terminal
1592 and t he processor 157 [00197] The teachi ngs

hay ebmptisya bglularedeponat aed)rd]ms}te}\ephdn&u 8 s¢sgipasnitifition protocol
comuni cation systens and/or system conponents. In

€ GIE’) phpec agyirdlére lo@bbiop gy L&)y sihmomapetreondmpgioy esbistant

a multiple-access s sten1ca abl e of supporting

€ BN chandbeldevige ﬁwmg ml@ ags eprcpijorstaRability, pheome other
avai | abl e system resources (e.g., by specifying one or
srotakl edfroqféﬁgg\pg‘flpp cqnseedhia a b(g\ﬁ}@ﬁs megn n@ccordlngly, one or more

i nterl eayvin r. exanpl e, the teachi
RS ﬁ'ﬂ'ﬁﬁ he%@naw t?eéacq 0%—‘3 B9 IONE by ?18?1 1@ hs?e or smart
D vi Si gn

thef | t(egggiatpg | esm&?egtfo‘gnm@ﬁ,tfo& G&B'%a portable
é%c c c%:]fecgg! ? El%%% W’M@[g( ,&ﬁ%szegﬁéga e%‘?ﬂ%qce (68 music

%&héé Q'v?de'%‘%l%@ﬁé dr QMﬁ'{t radll t§%¥§>baf;]]5c%ﬁ{b%ﬂgspﬂeﬂf &%‘v% or any

Mil t17pl'e Access syste ngl e-
bthSGsutR dbviY ﬂ{a@ [5500n ﬁﬂé@ 4 Bhmih RENEY w@'eléh§ﬁ1_@@1um.
Mul tiple Access ("OF ") systens, or other nultiple

fB2e6)s tAachricguRint ayddn®rls sbciaipldmdmat 4spor sysired a NodeB, an
enpl oyi ng the teachings herein may be designed to
eNpdaBiyantdiometwanrk nodtepllet EIRMNC OS2 baeclhatias (TES’95g radio base station
cdma2000, 1S-856, W CDVA, TDSCDVA, and ot her

€ R aradzse sa@pMontel ol BSERY airapd wansaciver statihing “BTS”), a
technolqg such as Uni versa

transceiver function (“TF”), a radio transceiver, a radio router, a basic service set
(“BSS”), an extended service set (“ESS”), or some other similar terminology.

[00201] In some aspects a node (e.g., an access point) may comprise an access node
for a communication system. Such an access node may provide, for example,
connectivity for or to a network (e.g., a wide area network such as the Internet or a
cellular network) via a wired or wireless communication link to the network.
Accordingly, an access node may enable another node (e.g., an access terminal) to
access a network or some other functionality. In addition, it should be appreciated that
one or both of the nodes may be portable or, in some cases, relatively non-portable.

[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



Terrestrial Radio Access ("UTRA)", c¢cdma2000, or sone

ot her technol ogy. UTRA includes WCDVA and Low Chip
W@R2100/0706LICR" ) . The cdma2000 technol ogy covers PGHUID0L)84743

| S-95 and |1 S-856 standards. A TDVA networ k may

i npl enment a radi o technol ogy such as G obal Systemfor

Mobi | e Conmuni cations ("GSM'). An OFDVA networ k nmay

i npl enment a radi o technol ogy Sdich as Evol ved UTRA

("E-UTRA"), IEEE 802.1 1, |EEE 802.16, |EEE 802. 20,

FI ash- G:Dl\/(r) et c. UTRA E- UTRA, and GSM are part of
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system an "ot ertpeso

dRnR) (Rl R@AEniSftc Wraﬁlénh@{rellé%erﬁecﬁum RA. Al t hough
certain aspects of the disclosure nmay be descri bed

[00208] 3R itcRSShoR] Y corhiuhiSatt &iddéhclitdRdrs aRMk sk bethmunication
the teachings herein may be applied to 3GPP (Rel 99,

ReltssthatRed BascReh 6) otheohivo bugpyyrt adg swwedbllc afrcldRd2nrlingEAEbn

| XEV-DO Rel O, RevA, RevB) technol ogy and ot her

teelpiriodyo dff e sxafpio 1 @S Pnithepiceac Wirnlgss imeicanay asegeide with a
incorporated into (e.g., inplenmented within or

PPPBEY nladomp aseeolsdhe aetyvosk map samarissselpcgleren netwodedy)a wide arca
In some aspects, a node (e.g., a wreless node)
nﬁwpélﬁefhtvzéw%ﬁ dgeeHMER HERPOR Qripthgryise dise ﬁlilen@rsmwé@é aryaricty of

ng%e/ &Pr I g@i%gﬂnqtc SE%EEOI lr;rtQ O%rgﬁag%%%@gﬁfﬁg}lﬁt} #ethogegdjscussed
Bt nf“é' EnCOA TR @Eﬁ‘ﬂ@f@% pEf. IR qu. gimitary.

QPRI & AR Ih%pSl%pé {{%p h%rw@e H‘S-)é)(grle%r QI?(Q’S of Qvﬁr?e%’ Le correspondlng

stat1on,

ﬂlg)ﬁﬁ‘ltano@?%ﬁft tp@&‘(ﬂgcs%her%s 519 %re@ésg ﬁ5det ﬁﬁ%lﬂl@ Ilﬂb%/de alp roprlate
sone | nplementati ons an access term nal may Con‘prl

E8thpotledts (£.8l, aRMRBHAcR) ©UsHbESSaddeloRRN@Nate RiaSRS Bt ﬁﬂ)re wireless
initiation protocol ("SIP") phone, a wireless |ocal

t@epubickida inkstusinigahc alivp ek stidalvirdicgd ¢ahmasisatidnadéhnologics.
("PDA"), a handhel d device having w rel ess connection
Eapaxdaimipld, ¢ withless ande mbh eomprisd alirelepy tomBssvargvideasse@ated
connected to a wireless nodem Accordingly, one or '
trmsmla@]cﬁeldtrscemm gbmpommés thatrragy ineluida cor@usrcatmpdnénis . @, signal
phone ( g a cellular phone or smart , ,
generators and signal processors) that facilitate communication over a wireless medium.
[00204] The components described herein may be implemented in a variety of ways.
Referring to FIGS. 16 - 21, apparatuses 1600, 1700, 1800, 1900, 2000, and 2100 are
represented as a series of interrelated functional blocks. In some aspects the
functionality of these blocks may be implemented as a processing system including one
or more processor components. In some aspects the functionality of these blocks may
be implemented using, for example, at least a portion of one or more integrated circuits
(e.g., an ASIC). As discussed 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.



phone), a conputer (e.g., a laptop), a portable
comruni cati on device, a portable conputing device
W@ 2009/070680 per sonal data assistant), an entert aPCIERL008/084743

device (e.g., a nusic device, a video device, or a
satellite radio), a global positioning system device,

or any other suitable device that is configured to
conmmuni cate via a wirel ess medfum [ 00200] An access

poi nt may conprise, be inplenented as, or known as a
NodeB, an eNodeB, a radio network controller ("RNC'),
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ot her simlar term nology. [00201] In sorre aspects a

ORI IICE3TD or tA m@rf@&&em@hmuer FRY n&QTHRGVigE fidiatiaedi®s felating to,

node for a communi cati on system Such an access node

foayex panpie] dnterfaaence xeveplisy/deanioe clidavis 1 §0X, dnterdereiice a

network (e.g., a wide area network such as the

torhparmgtdetarmanicg/bpdatiag nmanwde06), ovérheal ahianead power means 1702,

W rel ess conmuni cation |ink to the network. o
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(e an access termnal) to access a network or sone
ﬁ@rl%anmth Knamegys 1906, gdidietseauence meakoif0d. fsase pattern means
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WI r e wl neiﬁttfn t? f&?_%w‘%ﬂl%ltr?l’égceel{@gg'&fangrﬁltg?%/re\éél@lr%() means 1604,

#7041 86419964 J0Bh &1nd HTRY, | ncl ude appropriate
comuni cation interface conponents (e.g., electrical

02001 | agbhoult B drRIERISIRAITRANARNSthrdh S ROMUShEANSreW Bsifg a
non-w rel ess nedium [00203] A wirel ess node nay

SNALDLE Bl a4 i“ArdNe s@ondDasd ¥ f@thediRs aongaabiatiatiindnthe quantity
links that are based on or otherw se support any

st e fehoderobdnesss. cRathernihesd deasignheatsmodyolgyuseéderein as a
exanple, in sone aspects a wirel ess node may associ ate
eprvinignineethod RE distingovhenglsyiectnstwones mee wsnientreyy instances of an
conprise a local area network or a wi de area network,
alenicpte| Ty, @@ﬁr@@eﬁaﬁr% apstcond elegrensrdpes ot yseangha opty two

nmore of a vari ?
elements may be emp

oyed tLere or that the first element must precede the second
clement in some manner. Also, unless stated otherwise a set of elements may comprise
one or more clements.

[00207] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by

voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



wi rel ess communi cation technol ogi es, protocols, or
standards such as those discussed herein (e.g., CDVA

wa D7 @FEDM OFDVA, W MAX, W-Fi, and so on). PCT/US2008/084743
Simlarly, a wireless node nay support or otherw se
use one or nore of a variety of corresponding
nmodul ation or nultiplexing schenes. A wirel ess node
may thus include appropriate é%nponents (e.g., air
interfaces) to establish and comuni cate via one or
nore w rel ess conmmunication |inks using t he above or
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nore of the ns descri

AReMEnANt [ VedAs %a&@fdf%ﬁé@;%’a’iﬂédl%p@ﬁcatﬂoﬁ BRYBcRSRAEhSntation
one or nore conponents of the interference controll er

delsions shbeldinat B fngdrpriee] Seatdind b Gspadidze e ths Qobel ef the present
functionality relating to, for exanple, a interference
declesure.ng/ di rection nmeans 1602, interference

conpari ng/ det erm ni ng/ updati ng neans 1606, over head

H920%lel Tdewerionsidlustratize 2ogical vt tmadbnest ardweirmimdescribed in
1802, channel quality nmeans 1806, interference

emeetiamy i heespects dindoscd dierein ey baimplsmeod Wit phperformed

ge quence ngans 2002, reuse pattern neans
y an integrated circuit (“IC”), an access terminal, or an access point. The IC may

comprise a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, electrical components, optical components, mechanical components, or
any combination thereof designed to perform the functions described herein, and may
execute codes or instructions that reside within the IC, outside of the IC, or both. A
general purpose processor may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontroller, or state machine. A

processor may also be implemented as a combination of computing devices, ¢.g., a



2102, and synchroni zation/offset/timng nmeans 2106. In
sone aspects, the conmunication controller 326 or the
w@mvariet@at i on controller 328 may provi de funckCDN81008/§84743
relating to, for exanple, transceiving
(transmtting/receiving) neans 1604, 1704, 1804, 1904,
2004, and 2104. [00206] It should be understood that
any reference to an el enent hePei n usi ng a desi gnation
such as "first,"” "second,"” and so forth does not
generally limt the quantity or order of those
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bidRes38s ANk BIREBN sdniplS O ofTRNBYsed MhdilesignlpesBreat &l R
otherwi se a set of elenents may conprise one or nore
ehdneaddsthaf A0 L] ficTdrdseordficratchl bof btopd ineh@piocyssed way be
understand that information and signals may be
reepresdnvielt rasiamgn@withiofthasopae béthe podseuli difcdosant. The
technol ogi es and techni ques. For exanple, data,
pesompaeying methodederms oscsentrelamends oidhe variguaateps itbi sample order,
synbol s, and chips that may be referenced. throughout
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B@ ife ﬁjﬁﬁﬁﬁgﬁaﬁ% Brdigapie g Plemsﬁ@ n fgrdigys, software,

i nati on th%

P ERe: O8] 8o k%qreoggﬁf iesRely 5 Sghgzare W Functions may
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ori escri
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I mpl enmented as el ectronic hardware (e.qg.,

ESRMAARAGGH media iflu@ARLBIMEMRIEABYh&ita@R tradbfePof a computer
combi nati on of the two, which may be designed using

PR frootdidp e t6 andhel estofape MYdia)y by atiy Hraslable mitklia that
of program or design code incorporating instructions

Canbecdrcemayd bea camputee dBY ovahef examplé,amdconliminthtns suchasomputer-
"software” or a "software nodul e"), or conbinations of
trotdble Tedel cencbmpiibd RAM, /@Mt REEROM CRHOYecsithdrtoptioh] disk
har dware and software, various

storage, magnetic disk storage or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if the software is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes compact disc (CD),

laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where

disks usually reproduce data magnetically, while discs reproduce data optically with



illustrative conmponents, blocks, nodules, circuits,

and steps have been descri bed above generally in terns
w@poovlaziono f uncti onality. Whether such functi onBCT/U§2008084743

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 shoul d not be interpreted as causing a
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performthe functions described herein,
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machi ne. A processor nay al so be inplenented as a
conbi nation of conputing devices, e.g., aconbination
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
waele®enilsed may be inplenented in hardware, sofPUEDE2008/084743

firmvare, or any conbination thereof. If inplenented

in software, the functions may be stored on or
transmtted over as one or nore instructions or code

on a conput erreadabl e medi um nput er - r eadabl e nedi a

i ncl udes both conputer storage nedia and comruni cation
medi a i ncluding any nediumthat facilitates transfer

WHgqul&%ﬁEﬁﬁggr am from one place to another. A
i

storage nedia nmay be any avail able nmedia that can be

accesged b)&rﬁetﬁﬁ&@f‘éo‘?ﬁmuﬁ%at Y (?‘Ie‘lplml e, and not

limtation, such conputerreada can conpri se

RAM  RCBmiERBR@t Sdin WRhcOtrb8ra MARE dripBnndd 8kcess point;
storage, magnetic di sk storage or other nmagnetic

St or agfediiay iaGeSondatiaf Yo basBHbiIRc thétgatAR sdRctt&e Gherein
to carry or store desired program code in the form of
thedtrstimt isesumid @atin@t@usides atetfoasin@n@rihfiaindcan be
accessed by a conputer. Al so, any connection is

pr opetrhnsntigmgseznalsaongdingrte theastady degatmpgd isermenéawirom a second
exanple, if the software is transmtted froma

weiained acepss peint togin agsdseated aagpisdersbbglce using a

coaxi al cable, fiber optic cable, tw sted pair,

di gital subscriber line (DSL), or wreless

t echngl ogi such as jnfrared, radio, and._m crowave,

then the. ¢ OB MSIOgRDE il bgﬁﬂ%mm@l%%w&bhéwg%aﬁwe
air,.. r wreless technol ogi.e ch as infrared, .

Petarsiondrom ooy s bt S of AR BRI T B Bl s Epppinat.
medi um Di sk and di sc, as used herein, includes

compact disc (CD), laser disc, optical disc, digita

versag| l e @héﬁleghlrc}l}{?fclaﬁ&@é’@z)ﬂel‘ég?&eté}ﬂgniﬁ ldTﬂrﬁy%aq{lgg%%ule%ce

wher e di sks usua reproduce data magnétically,
flirhepcoBpieguce data optically w thlasers.

Conbi nati ons of the above should al so be included

Wi t hi fraddaditthigapgpml o epubifeimdsefdaddceivarestinctidto the associated
summary, it should be appreciated that a

saeputenineladabl e nedi um may be i nplenmented in any

sui tabl e conput er-program product. [00212] The

pr evi tgsivihgseminpink pawef caniel tedbdchdemn Hspestcstidaccess terminal
provi ded to enabl e any ?erson skilled in the art to
elicating injeréerents of thesegnal an oagsorftheall whfiapigs corresponding to the
godiflcations to these aspects wll be readily
Ph&#EIE e Chose skilled in the art, and the generic

4. The method of claim 1, wherein selecting a second gating sequence
comprises:

identifying a complementary sequence to the first gating sequence; and

selecting the second gating sequence from at least a portion of the

complementary sequence.



princi ples defined herein may be applied to other

aspects w thout departing fromthe scope of the
waele@elawuwr e. Thus, the present disclosure i s nRET/US2008/084743

intended to be limted to the aspects 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 a first gating sequence froma first

unpl anned access point; selecting a second gating

sequence b@ﬁg gleﬁl%dt E%lalr% fS! hgr%h{ &%o?ﬁé‘ g%@co%d g\Qﬂ% ?equence

the first and secon sequences~ar

ﬂﬁ@e{ Eﬁngé%% LG in@Mhk (Jdcahs g%tfng &k gﬁgﬁnﬁ Qs -g;grrreﬁtlon

secC gatil ng-sequence SEC unp anne

@gﬁe§§ﬁﬁpgﬁﬁ@ﬁ@mﬁﬁcgssoc|ated access termnal. 2. The
nmet hod of "claim 1, further conprising establishing an

active connection fromthe second unpl anned access

point to the associ ated access termnal. 3. The nethod
of cl & m 2Thaethedf direrimvhtiet sldcting thegatonigzating sequence
sequence further conprises: transmtting a signal on
flrthes ahprasee sclodtinghlee socond eequomeda incbrlctsbottéred gated on and
associ ated access term nal; and receiving downlink
dowsnedenied off pedtback from the associated access
termnal indicating interference of the signal on ones
of the all subfranes corresponding to the first gating

sequepce. d of | ai m e|n sel ectin
a gec nd giﬁl‘? ﬁlgge ;nsg ectlpa qe?(g}}drﬂjitlgg sequence

I h f
R TR, el%fﬁ%‘éﬁﬂei%ﬁé%%%qr%ﬁ@éer@t AR M RRENF S pno
PPLE QR$f the conplenentary sequence.5. The nethod
g# F D 3 wherein selecting a second gating sequence

further conprises sel ecting the second gating sequence
to mnimze cross-correl ation

8. The method of claim 1, wherein selecting the second gating sequence
further comprises selecting the second sequence to include at least one of contiguous

gated on subframes or contiguous gated off subframes.

9. An apparatus for communication, comprising:

an interference controller configured to determine a first gating sequence from a
first unplanned access point and to select a second gating sequence based on the first
gating sequence, wherein the first and second gating sequences are non-interfering; and

a communication controller configured to transmit signals according to the
second gating sequence from a second unplanned access point to an associated access

terminal.

10. The apparatus of claim 9, wherein the communication controller is
further configured to establish an active connection from the second unplanned access

point to the associated access terminal.



with the first gating sequence. 6. The nethod of claim
1, wherein selecting the second gati ng sequence

wo eoovlezge1conpri ses sel ecting the second sequenREI/US2008/084743
i ncl ude shortened gated on and shortened gated off
periods. 7. The nethod of claim6, wherein selecting
the second gating sequence fur&her conprises sel ecting
t he second sequence to i ncl ud@ alternating gated on
and gated off periods. 8 The nethod of claim1,
wherein selecting the second gating sequence further
conprises selecting the second sequence to include at
| east one of contiguous gated on subframes or

conti gy OUSTQ@EQ%S‘%%; of SR ATRhereth t@'&oﬂfﬁﬂﬁﬁ@a&iﬁﬁ cb Foller is

conmmuni cat 1 on, rising.: an interference controller

aRMLE 3HRHrddQo @8h&hTL RENA dd 415Sub@@hicD8f R AUENCE&hEQBNA0 the
first unplanned access point and to select a second

3btinEGd sesteRefinaPSRoeBcdiviaddwilik padiet BshtE EleaPLR, from the
wherein the first and second gating sequences are
anoeibet acdoss icnginahindicatiegimifir@at iob theosdgial oh begs of the all
configured to transmt signals according to the second
gafiangs segespoodng tothe dirseponglsequpha@nned access poi nt

to an associ ated access termnal. 10. The apparatus of
claim9, wherein the communication controller is

further configured to establish an active connection

from the sEBofrpaiaip el Aodhesdn gisiipterfegeneqgontroller is further
associ ated, access termnal.11. The ratus of claim
‘i‘Hl,sng\}bFFertB A9FnEf4 COMRISHICRADT Siuenside 1o a5 galing grqueage and o
confi,gured to.transmt si gnal, on al | bf ranes o
SR UREnd S 3R TRt Bodil MRt o i kb HR e lary
%%@'}Qal and to receive downlink power control

ack fromthe associ ated access term na

indicating interference of the signal on ones of the
all subframes corresponding to the first gating

sequenge. FRe apfaeatdPeRlAMS viter&h o hrfelnBE BblirdlBEis further
interference controller is further
configured to select a second gating sequence further comprises selecting the second

gating sequence to minimize cross-correlation with the first gating sequence.

14. The apparatus of claim 9, wherein the interference controller is further
configured to select the second sequence to include shortened gated on and shortened

gated off periods.

15. The apparatus of claim 14, wherein the interference controller is further
configured to select the second sequence to include alternating gated on and gated off

periods.

16. The apparatus of claim 9, wherein the interference controller is further
configured to select the second sequence to include at least one of contiguous gated on

subframes or contiguous gated off subframes.



configured to identify a conplenmentary sequence to the

first gating sequence and to select the second gating
wGeewaemse from at | east a portion of the conplRCEOS2N§084743

sequence. 13. The apparatus of claim9, wherein the

interference controller is further configured to

sel ect a second gating sequence further conprises

sel ecting the second gating séguence to mnimze

cross-correlation with the first gating sequence. 14.

The apparatus of claim9, wherein the interference

controller is further configured to select the second

sequence to include shortened gated on and shortened

gat edof f [ ey fcl aim 14,

wher elnril)' t hgﬁiah?%??lé %(Zrncg e coﬁ%@?ﬁeﬁ@il}%ﬁr t her

confi gidp ol Qete@hiRfly o M8t SARPREIRAALEORS: St 1!1%3@1&&@@ access

alternating gated on and gated off periods. 16. The

poiparatus of claim9, wherein the interference

controller is further configured to select the second

sequemneend for sdiadtinde satorideasihg setpicnde e0ed drgthe Ui stgatieg scquence,

on subframes or contiguous gated off subfranes.17. An

wppamathe $irft@nd sanond ghtoey sequgncepapmiosiimgrfemezmnsd f or

determning a first gating sequence froma first

unpl amsarb fae rerssnigvigstgnalsegeey dingrto ghel sseendgptiag seqvsner from a

gati ng sequence based on the first gating sequence,

frereipplpmiedpreass PRIREOBASIRE I 15565SSegIBHees ar e

non-interfering; and nmeans for transmtting signals

according to the second gating sequence froma second

DT e N T ——
gé%ﬁrzB rcbﬁﬁe%ﬁoﬂﬁ%ﬁﬁh@ 9{co‘ﬁﬁ‘u L hSdy 48 ﬁ&oﬁw‘? %d HE 2SORRRG L8
romthe secon unpl anne access porn o the

aAssAGl ated access termnal. 19. The apparatus of claim
18, wherein the neans for determining a first

19. The apparatus of claim 18, wherein the means for determining a first
gating sequence further comprises:

means for transmitting a signal on all subframes of the active connection to the
associated access terminal; and

means for receiving downlink power control feedback from the associated
access terminal indicating interference of the signal on ones of the all subframes

corresponding to the first gating sequence.

20.  The apparatus of claim 17, wherein the means for selecting a second
gating sequence comprises:

means for identifying a complementary sequence to the first gating sequence;
and

means for selecting the second gating sequence from at least a portion of the

complementary sequence.



gati ng sequence further conprises: neans for
transmtting a signal on all subfranmes of the active
W@ waetteildon to the associ at ed access term nal ; PERUS2008/084743
means for receiving dowlink power control feedback
fromthe associ ated access term nal indicating
interference of the signal on gnes of the al
subfranmes corresponding to th&8%irst gati ng sequence.
20. The apparatus of claim 17, wherein the neans for
sel ecting a second gati ng sequence conprises: means
for identifying a conplenentary sequence to the first
gati ng sequence; and neans for selecting the second

gating; seqygn atraftﬁ%iaélghleﬁﬁ twh@re'?l?{hteirﬂ&ng’ff?rtsgﬁgiir}% ei s7econd

conpl ement ary sequence. 21. The apparatus o

WhelaHudnbe fARRP SothPHiscs e foR 9elBetRRGRN LA btthe sequence to
Sequence further conprises neans for selecting f%e

ERGATNEL G8dslddBrcRRiH Sildaht ArdTighiind #Quédcess- correl ation

with the first gating sequence. 22. The apparatus of
claim 17, wherein the neans for selecting the second
gati ng sequence further conprises neans for selecting

t he s2ZondThegpendes ofoclaimc] Lddicshmthceneds fatseldctarg thndecond

shortened gated off periods. 23. The apparatus of ,

gataigree@uencofisther pomprascrepans fossclsetingdhe pryondhscagiercsrig include
ating sequence further conprises neans for selecting

phesteaeterier Quefifeorcrey! gatkd ffieetigdser nati ng gat ed on

and gated off periods. 24. The apparatus of claim17,

wherein the neas for selecting the second gating

sequence further co i ses ns.for selecgting the
secont® sequBnil N N AR AN oG fegRangfors kel hagecond

g%{n%%eg&nﬁj ?Ir[h%{rgoc'mﬁtriseg %tagégfb? léélegtﬁ%ecge Qgct)n(§ y&furefi'&e[g include

. onput er - program product, conpri Sing:

99&9&&1Q@&%Q%%Eh%a%%QEH&kﬁﬁgpriSing codes for causing
a conputer to:

24.  The apparatus of claim 17, wherein the meas for selecting the second
gating sequence further comprises means for selecting the second sequence to include at

least one of contiguous gated on subframes or contiguous gated off subframes.

25. A computer-program product, comprising;:

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

determine a first gating sequence from a first unplanned access point;

select a second gating sequence based on the first gating sequence, wherein the
first and second gating sequences are non-interfering; and

transmit signals according to the second gating sequence from a second

unplanned access point to an associated access terminal.



determne a first gating sequence froma first
unpl anned access point; select a second gating

WG wWaemee based on the first gating sequence, RIEUS1008/084743
the first and second gati ng sequences are
non-interfering; and transmt signals according to the
second gating sequence froma second unpl anned access
point to an associ at ed access%erminal . 26. The
comput er - program product of claim 25, further
conprising codes for causing the conputer to establish
an actjve ect i r e p n ceess
poi nt 2o i bl rob R by ARE Bt 2RPhOF R codes for
B A R B Ry S LT NS Pl planncd
SRUUSIES tb Wd NSScindIksackadss for causing the
conputer to: transmt a signal on all subframes of the
active connection to the associ ated access term nal;
and receive downlink power control feedback fromthe
assoclat edThe casputteprioprad pioddit@dtclang 26 vkeert@rtee celodicausing
the signal on ones of the all subframes corresponding
the cotmpufer tadetgratinng fise gatenrequ@Be filitker compuserodps tygrcaming the
product of claim 25, wherein the codes for causing the
eampuieeP: t 0 sel ect a second gating sequence conprise
codes for causing the conmputer to: identify a )
conpl BAEHE? figedQiahcubirgmenefl the pgtvesanngrgon &y)thegewciated
and sel ect the second gating sequence fromat |east a
e tormigpl f‘”i’fg conpl ementary sequence. 29. The

- d f im.25 . wher ei h :
Coas o PLRTAMR KR Ehindl e &l EHER wipRBldfs tominal
: furth ; Lo
R ROLE 0GR T SR T 15, AR D SRR e
AlRbMAScqiqRs- correlation with the first gating

seqtience.

28. The computer-program product of claim 25, wherein the codes for
causing the computer to select a second gating sequence comprise codes for causing the
computer to:

identify a complementary sequence to the first gating sequence; and

select the second gating sequence from at least a portion of the complementary

sequence.

29.  The computer-program product of claim 25, wherein the codes for
causing the computer to select a second gating sequence further comprise codes for
causing the computer to select the second gating sequence to minimize cross-correlation

with the first gating sequence.

30. The computer-program product of claim 25, wherein the codes for

causing the computer to select the second gating sequence further comprise codes for



30. The conput er-program product of claim25, wherein

the codes for causing the conputer to select the
waewondegat i ng sequence further conprise codesPCT/US2008/084743

forcausing the conputer to select the second sequence

to include shortened gated on and shortened gated off

periods. 31. The conputer-pro%ran1product of cl ai m 30,

wherein the codes for causing bhe conmputer to sel ect

the second gati ng sequence further conprise codes for

causi ng the conputer to select the second sequence to

' I [ of f '

LSl BhER D s L s D e SO RS wBREA e pn and

Eﬂﬁmﬁ%ﬁ e&ggpgg&%[ng the conputer to select the

secon %gtlng sequence further conprise codes for

causi ng the conputer to select the second sequence to

i nclude at | east one of contiguous gated on subfranes

Or COBL.i QUDHS c@ApRE-FobrapiiPlodadt®S claim 30, wherein the codes for
causing the computer to select the second gating sequence further comprise codes for
causing the computer to select the second sequence to include alternating gated on and

gated off periods.

32.  The computer-program product of claim 25, wherein the codes for
causing the computer to select the second gating sequence further comprise codes for
causing the computer to select the second sequence to include at least one of contiguous

gated on subframes or contiguous gated off subframes.



