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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



[ 0003] Wrel ess communi cation systens are w dely depl oyed to provide
various types of communication (e.g., voice, data, nultinedia

servi ces, Ve 200y/0t0606mul ti pl e users. As the demand for hirgiuszogosans
nmul ti medi a data services rapidly grows, there lies a challenge to

i npl ement efficient and robust communication systens wi th enhanced
performance. [0004] To suppl enent conventj onal nobil e phone network
base stations, snmall- coverage base stations nmay be depl oyed (e.g.,
installed in a user's honme) to provide 2 nore robust indoor wreless
coverage to nobile units. Such small-coverage base stations are
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group) requirenent. ThuS, there is a nee I nproved I nter nce
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relates to managi ng interference through the use of antenna
supported for small-coverage base stations. Lastly a mobile station may not be allowed
to communicate with the access point which has the best RF signal due to restricted
association (i.e., closed subscriber group) requirement. Thus, there is a need for
improved interference management for wireless networks.
SUMMARY
[0006] The disclosure relates to managing interference through the use of antenna
steering techniques. In one exemplary embodiment, a method of communication
includes determining an interference direction of a non-associated access terminal
generating an interfering signal. When the interference direction has been determined,
signals are transmitted and received away from the interference direction.
10007] In another exemplary embodiment, an apparatus for communication includes
an interference controller configured to determine an interference direction of a non-
associated access terminal gencrating an interfering signal. When the interference
direction has been determined, a communication controller transceives (i.e., transmits
and receives) signals away from the interference direction.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] These and other sample aspects of the disclosure will be described in the
detailed description and the appended claims that follow, and in the accompanying

drawings, wherein:



steering techniques. In one exenplary enbodi ment, a nethod of

comuni cation includes determning an interference direction of a
non- associVe® aW24eéess term nal generating an interferi RETZSYG8DI4738hen
the interference direction has been determ ned, signals are
transmtted and received away fromthe interference direction.

[ 0007] I n anot her exenpl ary enbodi nent, an apparat us for conmmuni cation
i ncludes an interference controller configured to determ ne an
interference direction of a non-associated access ternm nal generating
an interfering signal. Wen the interference direction has been

det er mi ned, [(008P MMFIG CBisiaGiinSIEdNd ok @liagtdn@ BE@eEdBSnple Bpectddfansm t's
and receives) signals away fromthe interference direction. BRI EF
DESCRI PTI ONc@dRmTiHE:tDRAWMINGS [ 0008] These and ot her sanpl e aspects of
the disclosure will be described in the detail ed description and the
appended cl H10H)] t h&1Cs disiasinrleivd bloskidingrane H i mgisesrd sampla gspects of
wherein: 3 [0009]FLG 1 is a singlified bl ock di agram of sever al
sanpl e aspefBPYENLS L3 FARAIF COPPBNCLPLSER™ 0010] FIG 2 is a

simplified Rek difdgr iy ddviibd BF NG PRYSIAp SR SoARRRGHS 12l be

performed to manage interference;

[0012} FIG. 4 is a simplified diagram of a wireless communication system;

[0013] FIG. 5A is a simplified diagram of a wireless communication system
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 areas for wireless
communication;

[0016] FIG. 7 1s a flowchart of several sample aspects of operations that may be
performed to manage interference through the use of beam and null steering;

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

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

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

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

adjustment;



conponents in a sanple conmunication system [00111FIG 3 is a

fl omchart of several sanple aspects of operations that may be
performed WO 20824485 i nterference; [0012]FIG 4 is a si POTIUS2®6/084738

di agram of a wireless comunication system [0013]FIG 5A is a
sinmplified diagramof a w rel ess comunication systemincluding fento
nodes; [0014]FIG 5B is a sinplified diagramof a specific
arrangenent of fento nodes and access termnals illustrating negative
geonetries; [0015]FIG 6 is a sinplified diagramillustrating
coverage areas for wirel ess communication; [0016]FIG 7 is a

fl owchart off2eyer diGsENiphdloashcbdBseodralinpscds df@Psratibiatthd@yayde performed

to manage interference through the use of subframe time reuse techniques;

[0022] FIG. 13 is a slot diagram illustrating time sharing among femto nodes that
may be performed to manage interference through the use of hybrid time reuse
techniques;

[0023] FIG 14 is a flowchart of several aspects of operations that may be performed
to manage interference through the use of hybrid time reuse;

[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. 1t should be apparent
that the teachings herein may be embodied in a wide variety of forms and that any
specific structure, function, or both being disclosed herein is merely representative.
Based on the teachings herein one skilled in the art should appreciate that an aspect
disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set

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



performed to manage interference through the use of beam and nul |
steering; [0017]FIG 8 is a flowhart of several sanple aspects of
oper at i onVORUP/OHEYS be perforned to manage i nterfer enc@CERSYI8PR4TI8e
use of optim zed reduced power |evels for an overhead channel;
[0018]FIG 9 is a flowhart of several sanple aspects of operations
that may be performed to manage interfergence through the use of
optim zed reduced power levels for an overhead channel; [0019]FIG 10
is a flowhart of several aspects of operations that may be perforned
to manage interference through the use of frequency selective
t ransm ssi obe pactkeduesg ojhammueord fthaiegdity, ve stpeanetnd Bactignax @l FI GS.
11A-11B are fl owcharts of several aspects of operations that may be
perfornmed teddiaeraiger picethie prneranerh ooiiglastehts setdferty hergitla Fuithesmars, se
figure and path | oss adjustnent; .
aspect may comprise at least one element of a claim.
[0028] In some aspects the teachings herein may be employed in a network that
includes macro scale coverage (e.g., a large area cellular network such as a 3G
networks, typically referred to as a macro cell network) and smaller scale coverage (e.g.,
a residence-based or building-based network environment). As an access terminal
(“AT’") moves through such a network, the access terminal may be served in certain
locations by access nodes (“ANs™) that provide macro coverage while the access
terminal may be served at other locations by access nodes that provide smaller scale
coverage. In some aspects, the smaller coverage nodes may be used to provide
incremental 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 arca 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
implementations, each cell may be further associated with (e.g., divided into) one or
more sectors,
[0030] In various applications, other terminology may be used to reference a macro
node, a femto node, or a pico node. For example, a macro node may be configured or
referred to as an access node, base station, access point, eNodeB, macro cell, and so on.

Also, a femto node may be configured or referred to as a Home NodeB, Home eNodeB,

access point, base station, femto cell, and so on.



[0021]FIG 12 is a flowhart of several aspects of operations that
may be perforned to nmanage interference through the use of subfrane
ti me reusévoawbiiigies; [0022]FIG 13 is a sl ot di agralCirfususs/psrisng
time sharing anong fento nodes that nmay be performed to nanage

i nterference through the use of hybrid time reuse techni ques;
[0023]FIG 14 is a flowhart of several aspects of operations that may
be perfornmed to nanage interference through the use of hybrid tine
reuse; [0024]FIG 15 is a sinplified block diagram of several sanple
aspects of comunication conponents; and [0025]FIGS. 16 -21 are

sinplified plogek diFaGr Bimistedtessemplealsp&aTlaomsRARhSoOdysRRPRAHIESS
configured to nmanage interference as taught herein. [0026]1n
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the for other nodes (e.g., access terminals 108, 110, and 112) that may be installed in or that
may roam throughout an associated geographical area. In some aspects, the access
points 102, 104, and 106 may communicate with one or more network nodes (e.g., a
centralized network controller such as network node 114) to facilitate wide area network
connectivity.
[0032] An access point such as access point 104 may be restricted whereby only
certain access terminals (e.g., access terminal 110} are allowed to access 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,
[0033] Sample operations of a system such as the system 100 will be discussed in
more detail in conjunction with the flowchart of FIG. 2. For convenience, the
operations of FIG. 2 (or any other operations discussed or taught herein) may be
described as being performed by specific components (e.g., components of the system
100 and/or components of a system 300 as shown in FIG. 3). It should be appreciated,
however, that these operations may be performed by other types of components and

may be performed using a different number of components. It also should be
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cell may be further associated with (e.g., divided into) one or nore

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

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

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



[0030] I n various applications, other term nology may be used to
reference a macro node, a fento node, or a pico node. For exanple, a
macr o nodévoredesesaonfi gured or referred to as an accegsTmSedg/ cdIATE
station, access point, eNodeB, macro cell, and so on. Also, a fento
node may be configured or referred to as a Hone NodeB, Hone eNodeB
access point, base station, fento cell,fgnd soon. 6 [0031]FIG 1
illustrates sanple aspects of a conmuni cati on system 100 where

di stributed nodes (e.g., access points 102, 104, and 106) provide

wi rel ess connectivity for other nodes (e.g., access term nals 108,
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associ at ed geographical area. In sone aspects, the access points 102,
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access termnals (e.g., access termnal 112). For exanple, the
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to mtigate interference. [0033] Sanpl e operations of a system such as

t he system @39 | |F0bﬂlu@1r8ﬁ>bl§§1ﬁﬁodeﬁl, thomerfeindd Lond! 16BN UAE B2 DareW t h
the flowhart of FIG 2. For convenience, the operations of FIG 2
(or any ot hdepidpersintlodisg divsol ssemller congugtrtts. Narpeichye, iayete, dgsor i bed
as being perfornmed by specific conponents (e.g., conponents of the
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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
may provide functionality rclating to timeslot portion operations as taught hercin, An
antenna controller component 350 or 352 may provide functionality relating to smart
antenna (¢.g., bearnforming and/or null steering) operations as taught herein. A receive
noise controller component 354 or 356 may provide functionality relating to adaptive
noise figure and path loss adjustment operations as taught herein. A transmit power
controfler component 358 or 360 may provide functionality relating to transmit power
operations as taught herein. A time reuse controller component 362 or 364 may provide

functionality relating to time reuse operations as taught herein.



7 appreciated that one or nore of the operations described herein may
not be enployed in a given inplenentation. [0034] For illustration
pur poses VHP :W087088pect s of the disclosure will be desEETHEZISPB4TIRe
context of a network node, an access point, and an access term nal
that communicate with one another. It should be appreciated, however,
that the teachings herein may be applicaple to other types of
appar atuses or apparatuses that are referred to using other
term nol ogy. [0035]FIG 3 illustrates several sanple conponents that
may be incorporated into the network node 114 (e.g., a radio network
control |l er) [00dbe aCi@sxsillpstiands hbO4he agtdotkhedac thsis dcets@iptiat 104] Gnd the
accordance with the teachings herein. It should be appreciated that
t he conponemndcsssiteimisgl (140 ayy firgeraet withame apetbep pravedeaniedtesceahgugemsntbe
incorporated into other nodes in the system 100. [0036] The network
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signals. The transcei ver 41n transmtter

transm tti nghapirgdadchibaie conjuRGRnAh BG4, 194 bERGSIHENES f&H BIRR)sSs of TREity,
transcei ver 306 includes a transmtter 316 for transmtting signals
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term nal 11Qarious 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
many HARQ interlaces, etc.) may be used by any one of a set of access points (¢.g.,
restricted access points). The definition of fraction reuse parameters also may involve
determining how much of the resource may be used by a set of access points (e.g.,
restricted access points).
[0043] In some aspects, the network node 114 may define a parameter based on

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

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



al so include various other conmponents that nay be used in conjunction
with interference 8 managenent as taught herein. For exanple, the
net wor k nd¥i@ 200847068the access point 104, and the access PCEMUSPGISDS4IB0
may include interference controllers 320, 322, and 324, respectively,
for mtigating interference and for providing other rel ated
functionality as taught herein. The integgference controller 320, 322,
and 324 may include one or nore conponents for perform ng specific
types of interference managenent. The network node 114, the access
poi nt 104, and the access termnal 110 may incl ude conmmuni cation
contr ol | er s{id@dbyarideBpodanth tBSEsteP@RE Gt éasehoints aod/oNFaegitdtthinals) and in
comuni cations with other nodes and for providing other rel ated
functi onal i vyricas vtagsifghg., dver ebackhFheovaetheeikamiodenl14, the access

poi nt 104, and the access termnal 110 rmay include tining controllers
332, 334, aHf44Be, Freepenis Meiofe qess ona ABHPIFFCEWHRtRAISEaE: BISScost point
ot her nodes d for oviding other related functi.onality _as taught
herei n. The | BOREH TaHsg R iR S anpeE e Aoyl agd ertd angndiytion it Tiertdeiie e
in the disc . : ' ' r t he
interfer encg&g%{%f?%ﬁ%gpﬂ% Qﬁgo%ggﬁ%#e%ﬁ #e%%%é%aggif@%’&giaﬁg g%ser al
control I er eeP@NRBh fequbdl). AR dxERPIRPIRMBFmer da@l 18 AcdelP)RRrRDE &alyON
may not enploy all of these conponents. Here, a hybrid automatic
repeat requesdtul¢tcldRQigrabrtrendth of sigaiyioresivesIB8n acarBdibcaBterpiiold et are
functionality relating to HARQ i nterl ace operations as taught herein.
A profile contasgiciagd widnfsancatvedhp) the a@4sk peiny 1P# Gvg. cescésa trrminglsall 0B tapd

relating to transmt power profile or receive attenuation operations
as taught hét®idnd repoptithis & e neEies Bdedi4conponent 346 or 348 may

provide functionality relating,tq.tincslot. portion operations a
Caught her eft3hn AhPRREsStnAtrar M- CeonponBat sy Gh s sefae BIeh e
functional i tyy; ! : na: Le. i

Ul st cori g CERERRRLE aTTRRARRE NIREE it 10RBRE SN R Ao
control |l er ememRRhoBIr REm3RE: FRY bRIIAVXER-DOINGEI 8RSt kktthERlcRt i Ng tO
adaptive noise figure and path | oss adjustnent operations as taught
herei n. A t (&GEOHT) ip8GEP, @cnine othcesuinblefane nin a3%58vartiodt Gcamanjo, an avdese
functionality relating to transmt power operations as taught herein.
A tine reus®o@bmey sinkddhis guprHento IMSWM@%@C%W@#I@W% downlink.
functionali rel ati to tinme reuse operations as taught herein. 9
[ 0040] FI G oY o 1A THRTRGARA 8 THECRONK (BB ace ?“‘%‘%eﬁéé"c%s?aﬁ’tﬁ nt
104, and th%acfag%gﬁ s termnal 110 may interact with one another to
provi de interferefice managenent (e.g., interference mtigation). In

some aspect $g0461eS8n QAL BdsbO DR FBNoR GcRIPlANRMs 0 e HRbdWermRRE/196) ON
a downlink to mtigate interference. In general, ©ne or nore the

techni ques @eyaidaedddwniink Gignals BBY plaeide MFb@y.Lidn bisetl B tHPfOnS@REG fThe

i npl enentations that are described in conjunction with FIGS. 7-14

bel ow. Henceg¢ceternpnaigd§ esmystndduah ittfyrmatihe tadths ecdept odrtd 0éfe. ¢ rehin may

specific inmplementati ons may not describe these techniques again in

det ai | . forward the information to the network node 114) or to the network node 114 (via the
access point 104). Other access terminals in the system may send information to the
network node 114 in a similar manner.,
[0047] In some cases, the access terminal 110 may generate measurement reports
(e.g., on repeated basis). In some aspects, such a measurement report may indicate
which access points the access terminal 110 is receiving signals from, a received signal

strength indication associated with the signals from each access point (¢.g., Ec/lo), the

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



[ 0041] As represented by block 202, the network node 114 (e.g., the
interference controller 320) nmay optionally define one or nore

i nt erf er eN 2 HGENEeNnt paraneters for the access poi nPCTAS204B0H4038
the access termnal 110. Such paraneters nay take various forns. For
exanple, in sone inplenentations the network node 114 may define
types of interference management inforngtion. Exanples of such
paraneters will be described in nore detail below in conjunction with
FIGS. 7-14. [0042]In sonme aspects, the definition of interference
parameters may involve determ ning howto allocate one or nore

resources. foifie @& PMheasuichRnOREs e iel@db ilfbeedtiod 0datimio ki by €
defining how an all ocated resource (e.g., a frequency spectrum etc.)
may be di vi oelcbatipnsftbe adcessderimoma (110 sgsiged Vimaddantinlon, t he definition
of fraction reuse paraneters may involve determ ning how nuch of the

al 1 ocat ed r 448} ce The ngtworlpppgentd fynapalen ysp therinigeaationdiqn ynapiyndse used
by any one of a set of acce oints (e.qg., restricted access

oo nt ) - ThRRFRE ROADP G e gt L8 e St e St B BRR vl ve
determ ni ng r S . S
cot o 0L O RTN Pl GR0Y SRS el BeaChoiflq aBtices
net wor k node bRy adifdn) Bede RARIBIEN 40058 de Als @R &GHol dfeahiBt | On
that indicates whether there may be interférence on an uplink or a
downl i nk an¢khethtr 89 0f thege eodeeititerfife ®ith Any sth@rdne bethes: noBuE For example,
information may be received 10 fromvarious nodes in the system
(e.g., accetds nsvrak sodmdMonayadsteamnetreqemied ales}l stmeith at anzade bassdwaylee
(e.g., over a backhaul, over-the-air, and so on). [0044]For exanpl e,

in sone casBanNWHEDYYET gt Bodethudranyitad thesigng's and fis raikidesdeprsenthese

nodes.

[0049] In some cases, the access terminal 110 may generate information that is
indicative of the signal to noise ratio (¢.g., signal and interference to noise ratio, SINR})
on adownlink. 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.

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

reuse techniques.



104) may nonitor an uplink and/or a downlink and send an indication
of interference detected on the uplink and/or downlink to the network
node 114 (WO Qux/0Ti@a repeated basis or upon request). ASTAIS2@R0%¥DI%
of the forner case, the access point 104 may cal cul ate the signals
strength of signals it receives fromnearby access termnals that are
not associated with (e.g., served bhy) t?g access point 104 (e.g.,
access termnals 108 and 112) and report™this to the network node
114. [0045]1In sonme cases, each of the access points in the system nmay
generate a | oad indication when they are experiencing relatively high

| oadi ng. Sugjpsan i nelhealdiveRpp@Yiafedlifyt tRQef@ith@le 114 @fay@XANPPRameRES Y
bit in IXEV-DO a relative grant channel ("RGCH') in gGPP, or sone

ot her sui t abhdofsetinr whys. ot exangiit,iionahe eseths n@ywodmode ¢ ebsapaindbmivay
send this information to its associated access termnal via a
downl i nk Howleasone eppreipafagietas i on al so may be sent to the network

de 114 ol ia the b haul ) . 046] | , [
roce 114 (e g v 8, Une beckieul ) fodgolln sorsceree, eneer Tore
Lo S B LR LA, PR R T 555
whi ch may fopuaieh tAE il @Belb®, EmB SAWOTHE ABALE i H04AesliResk NE
g lh t 104). O her a £ S

network nodé 114 (via the access poin ccess term na

in the syst gmaf@krS@dGn ka8 thoscckd doli 10LMEgs fRstepatdifeté® tdthe
simlar manner. [0047]1n sone cases, the access termnal 110 may

gener at e neasusememnalridports (e.g., on repeated basis). In sone
aspects, such a neasurenent report may indicate which access points
the access (#¥5H nalln same pases, geaictasly nadeyhidirsay muige interfeeesicy &vths pyptran
strength in%ica i.on asso%iated with the signals from each access

point (e.g. > _é&ffhrﬂas (e gRErIFEIYT PHEETRT BERRCGE [ R Uspd C¥d¥C BbIMAESI0%6Y

Sors et SLLILR Rl L FRSAA0s by YUPEAR g o

i ndi cat i ons flaRgorALRESSchehd etk nb&C EiMBL, géh@d@feiﬂé_aw.%’.,r}hutuauy

[ 0048] The network node 114 nmay then use the information trom one or

nor e exclusive) interference management parameters to neighboring access points (e.g.,
access points that are close enough to potentially interfere with one another). Asa
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 paramcters that it may use or that
may send to the access terminal 110. In cases where the network node 114 defines the
interference management parameters for the access point 104, this determination
operation may simply involve receiving the specified parameters and/or retrieving the
specified parameters (e.g., from a data memory).
[0055] In some cases the access point 104 determines the interference management

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

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



measurenent reports to determ ne whether the access point 104 and/or
the access termnal 110 are relatively close to another node (e.g.,
anot her ad@2WIPHIdt or access termnal). | n addition, PCRESHE (HI7I8
node 114 nmay use this information to determ ne whether any of these
nodes interfere with any other one of these nodes. For exanple, the
network node 114 may determ ne received §i gnal strength at a node
based on the transmt power of a node tf11at transmtted the signals
and the path | oss between these nodes. [0049]In sone cases, the
access termnal 110 may generate information that is indicative of
the signal bOdAGERdiAkisiNi(@ nBinnersk gRaAlss@bol Oi@ERODC Boll RaMPieSe
rati o, SINR) on a downlink. Such information nmay conprise, for
exanpl e a chanssgioimubd iy récatie defbinoriof (€E) theasusentat @pordd, €Qd dDR Epfrom
("DRC") indication, or sone other suitable information. In some
cases, thi stherfesnigimipal Wby Dhadditer, thegeeasepeibicidd snayanonitor axupling apger
access point 104, forward this informatiop to_the network node 114
for use in PAPERYRH He@nwaﬁgﬁémﬁfr%%wm nk.| Fhegsfiss aglﬁbﬁ}%a?sotw
net wor k nod S information to determ ne whether there
Erdd RS GaR:

is interference or to determ ne whether interference in

;he downl i anOisﬁ i nql’i%ﬁééhges‘?fhe%&%@ﬁoﬁhﬂ@ﬁ ma{y%éi%sﬁé withlohe BemgRsfidr bed
in nore detail below, in sone cases the intérference- rel ated

i nf or mat i onad¢vays famtiisakdtd-Rindah eitoifdendievinbgenint pgaheel MoeeteiRanie. As
one exanple, CQ or other suitable informati on nmay be received on a
per - HARQ i ns@nd cees thasicgssoart 8By may commubigatd etitbring aveebs phint h0GHARQ
interlaces are associated with the | owest |evel of interference. A

similar techeFEHBEe Waifh paraBsisToyR BeinprscgLhéhe qopese PPiBhHIO (ped hareby selects
t echni ques. . éz 0051] It . shoul d be reciated that the network, node
114y det HETAPERETERLST i ASTRGUEY BReHE (e RO BAMBIUsEh some
cases the n tgn%l L4 LBY ]E)q% I - Qr_ N . .
par amet or . POBEST ALY okt sthe SORSORN. A5 - PRBR B may oy
(e.g., the GemMIHAK&AIHE . £0RkEDH €1 Be@ack eRdmdlcBRs Rl Addar node is using
i nterference managenent paraneters to the access point 104. As w |
be di scussed r@yelow, andnif sorteficasastetfhenacafmgepaitphrakBdrus esititheseh
paraneters and in sone cases the access point 104 forwards these
par anet er s pefenifpd imgréssenset er m nal  110.
[0057] As represented by block 208, the access point 104 (¢.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 (¢.g., specifies uplink transmit power).
[0058] As represented by blocks 210 and 212, the access point 104 may thus
transmit to the access terminal 110 on the downlink or the access terminal 110 may
transmit to the access point 104 on the uplink. Here, the access point 104 may use its
interference management parameters to transmit on the downlink and/or receive on the
uplink. Similarly, the access terminal 110 may take these interference management
parameters into account when receiving on the downlink or transmitting on the uplink.
[0059] In some implementations the access terminal 110 (e.g., the interference

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

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



[ 0053] I n sone cases, the network node 114 nay nanage interference in
the system by defining the interference managenent paraneters to be
used by twooeoonte® nodes (e.g., access points and/ or RCTASI008/084738
terminals) in the system For exanple, in the case of a fractiona
reuse scheme, the network node 114 may send different (e.g., nutually
exclusive) interference nmanagenent paraggters t o nei ghboring access
points (e.g., access points that are close enough to potentially
interfere with one another). As a specific exanple, the network node
114 may assign a first HARQ interlace to the access point 104 and
assi gn a seg@fgumiR{on Bhesla880 J&@tﬁe%c@@ﬁ&ﬁﬂd@% Bt HQ8e dirthgldplifik Wy,
conmmuni cation at one restricted access point may not substantially
interfere wopdrattmeyruni cati on at the other restricted access point.

[ 0054] As represented by block 206, the access point 104 (e.g., the

i nterferencé006Bht r dllGet 11132tza)tesolae\tﬂe¢lmswemmuntcemne&yemmemﬁam@ememo
paraneters that it nmay use or, that may send to the access termna
110. In cas é@mﬁ@rnémbﬁreofﬁéﬁrﬁdﬂkvmﬁbdée o R B IRIERFRe TS
managemnent his, det.erm n t|on

f th
S8 R e R L s SRR g S I A
and/ or retr §'409At4aaasgﬁﬁ'eza (guBeal ”@&EEéb £cdronbll Rodhie ao

menory). [00551I'n sone’ cases e ac ess pol m nes t

i nt erf er ence. FRARERMBHs 4AAAUTRGE! As SHdwnlif FIONY, 1 IRESRNALISIBE &S, a!ﬁf@éés
be simlar to the paranmeters di scussed above in conjunction with

bl ock 202. lemmacdti40bar06i.nmap e dcpses d hates pendimttieosghvaythe ddtdaeover
determined in a simlar manner as discussed above at bl ock 202. For
exanpl e, thémgc Eedsageeisitrmiigd 49mpay eqrainyeicitn Wk Pae POMOCECepss node% 404

measur enent report fro t he c term nal . 110.
Tod Ll one 't AB SdpwaRi @Mfﬂsm SNt B G sl awa;kdm(also
downlink to dete m ne th1e szerence Qn

n"fky S

u
poi nt 104 aFEEEATA Pl ] ARl e By R Be R BB,

the access PO 46%4s ﬁ?%e%ﬁ@%&t%ﬁtwlﬁ RoPRGdBFF, fAPES: rr;ﬁ{lééffhe%?&&%

p0|nts to determne an I nterference managemnment " para

exanpl e, incoaARncATRASYHBA 480 GRS DreoddHerdlovenY 126 Biapiat eeghdnl MFok he

access point 106 to deternine which paraneters are being used by the

access poi nexdife,(eavdd tdile Feby-462G entysodirfaffew dhickparamighbodipodr t o

negoti ate the use of different (1e@% mut ual | y excl usi ve) paraneters.
9

In some cas&061} he Asceaed aﬁé@‘?ﬁr Z¢fpaFCes PRIhihALD Akt RoveTRgE Pigy a
terf t h.apoth f

i cates 1 AR ENOTHEHOGE- HEe T T SRR SAdeTorodt. e

Its interf ehﬁﬂf}&emp&%ﬁxﬁ?} AN ATEH RN Ry diGn 5b8 kAL S8 HERoRIE G Hods are

interference
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 (¢.g., in onc or more uscr residences 530). Each femto node 510
may be coupled to a wide area network 540 (e.g., the Internet) and a mobile operator
core network 550 via a DSL router, a cable modem, a wireless link, or other
connectivity means (not shown). As will be discussed below, each femto node 510 may
be configured to serve associated access terminals 520 (e.g., access terminal 520A) and,
optionally, non-associated (alien) access terminals 520 (e.g., access terminal 520F). In
other words, access to femto nodes 510 may be restricted whereby a given access

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



[ 0057] As represented by block 208, the access point 104 (e.g., the
comuni cation controller 328) may send interference nmanagenent

par anet er W@RIBONEI6 rel ated i nformati on to the access PETHISH@E/08413.
In sonme cases this information may relate to power control (e.g.
specifies uplink transmt power). [0058] As represented by bl ocks 210
and 212, the access point 104 may thus Egansnlt to thc access
termnal 110 on the downlink or the acceSs termnal 110 nay transmt
to the access point 104 on the uplink. Here, the access point 104 may
use its interference managenent paraneters to transmt on the

downl i nk and¢ eivddageiny fofdedifiitddFbielin. (2 RnYFdn®b hipdestsn @ (@€ coBsiRER nal
110 may take these interference managenent paraneters into account

when recei viamgo ondd 5id).downl i nk or transmitting on the uplink.
[0059] I n sone inplementations the access termnal 110 (e.g., the

i nt er f er enc®9dht r 519 1B Bostyaterenmensideigdediewef npastisc EW&%@ n‘@lélple
managemnment arane ers. Such Ler be used by th

ter m'gnal n&ﬂ ('}?’é)eﬁ 3§%ﬁ‘fceﬁséeﬁmgﬁ nﬁ’l‘}é’l neT'nyrE SPPH{WW&’E ?lqi’ﬁmgﬁfﬂ}cyr | er
330) to the

ope% ations) f%ﬁggg(gﬁ :g%é ng]fgf} ungtdgg Oé He r%/\%n%g 'Ivglrg glo m h lgpb%'hngsuf t em
400, confi guiRENdC38HRRA hger@ebmmp@m@f AUSRE %rminﬁls%b& *szb@%ret

herein may be inplenmented. The system 400 provi des comruni ca on

mul tipl e cehdsseid@dnd Sathudiate vixh fax@mpHes 10 GuOnd lithSFetdANd4026B. W t h
each cell being serviced by a correspondi ng access node 404 (e.g.,
access node&ikt@iss, B0 ermirl §2Hvind avcsk Grminal 3 dems perenitddialassodig® and
(e.qg., access term nals 406A-406L { be di spersed at various

I

| ocati ons t FOTBRIYREHE Withdematpdrodey wﬂhé@@w node 85%A éﬁ%ﬁ@nnm@lﬁ
may connunlggggagtrlope or, access 5%%5 404 on a downli DL)
(ol so known 20 elegeg il TG RGP ar QA PR CLEYRATSHE Kifbun
as a reversgld ﬁ%ﬁég %3 &% pe
access term Inae IB%E) %lg)th @e@%ﬁﬁ{bﬁm@erm gI %Hﬁﬁnla%o ?%ﬁd @%QS{TFH‘
exanmpl e. The20@ kRl 88 85s60ARH RIihalhRo 8NISIc8s AGR JFRNFIE.BW) AR 86W¥! Efito
over a | arge geographic region. For exanple, macro cells 402A-402G
may cover anddvinbhabdsedidenac (ot giobal.hood.
[0063] In unplanned femto node 510 deployments with restricted associations (i.e.,
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 covcrage arcas 604. Here, areas of coverage associated with tracking arcas
602A, 602B, and 602C are delineated by the wide lines and the macro coverage areas
604 are represented by the hexagons. The tracking areas 602 also include femto
coverage areas 606. In this example, each of the femto coverage arcas 606 (e.g., femto
coverage area 606C) is depicted within a macro coverage arca 604 (e.g., macro
coverage area 604B). [t should be appreciated, however, that a femto coverage area 606
may not lie entirely within a macro coverage area 604. In practice, a large number of

femto coverage areas 606 may be defined with a given tracking area 602 or macro



[ 0061] As stated, a node or |ocalized access point that provides
coverage over a relatively small area (e.g., a residence) nmay be
referred tWO3494Q7968Mt 0 node. FIG 5A illustrates an ex@®gpllaraps/084738
comuni cati on system 500 where one or nore fento nodes are depl oyed
within a network environnent. Specifically, the system 500 includes
nultiple fento nodes 510 (e.g., femto nqdes 510A and 510B) installed
inarelatively small scale network environnent (e.g., in one or nore
user residences 530). Each fcnto node 510 nmay be coupled to a w de
area network 540 (e.g., the Internet) and a nobile operator core
net wor k 550 cyverage aB3l608 0 Wl onetor@eddt pictosamageardsh (i Sifosvn) infdly be @Efined
ot her connectivity nmeans (not shown). As will be di scussed bel ow,
each fento N@@él5@@ﬁﬂ&¥kbgdﬁ@ﬁmaguHBQDKDV@@$ME&G§@OCiated access
termnals 520 ge access termnal 520A) and, optional

aH

non- associ al 43} 1@%ﬁ§§b“ﬂﬂgﬁlﬁﬁﬁg @2@“@@“§afﬁﬁﬁvéﬁé5ﬂ%ﬁﬁ¥na
o SN R IR S PRI B R

d ted t
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femt o node 2dfible dfOP& by Kath RBnidrd b&%ﬁ{oﬁﬁl@&s andBshadat @Ak &do. Vﬂeﬁﬂ’erﬁfal)

negative geonetries of multiple femto nodes and access term nal s
within a netemokk envitbiaateni otlEp eoids, dakhding binthefcantn ([aaden stliidarsst
fem o node 510B are respectively depl oyed i n neighboring user

resi dence 530minghd20sdwraceass tetvingbS20308. be/sstied by pre aetcsraliode 5604 t52 61@cro
are pernltted to aSSOCIate and comruni cate with fento node 510A but

not with feftlbMAbnNebTeNs S SEPRW%OHG&é gegof tgf'é‘ii%nﬁ‘éﬁ* 539 dg-athe f %mfeess

| 20E
hots naop. B RoR G R Rt RS el S A Bug ﬁ%‘é@? rsfeaabh By O
access ter %%&lé%@w&a@%@s&ﬂ%r iP tmié fu@ﬂ dIIﬂQ g%g%& a%anﬁm &%%g%

with eithe 0 no A or ento no Acc SS ternlna

and access h@dchg%alno&%) BRY whén M6 SARbR e hbRe heTREHR IR o feRELRRIS
node 560 (FI G another fento node in another residence (not

shown) . [0068&1mxhd@Dﬁhﬁﬁdeﬁeﬂmomdmd@mﬁm@&demmmﬁmﬂh&@d@%lﬂhﬁﬁ%ﬁr|cted
associations (i.e., an access point may not be allowed to associate
wi th the "cbedagrd comstiblernddicxpiipy pefesrgernhealyd2t f avor abl e si gnal

SRR I NN AT e HOr NS TR
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 frequencics 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 nodc (c.g., the home femto node of the associated access terminal 520)
whenever such connectivity is possible. For example, whenever the access terminal 520
is within the user's residence 530, it may be desired that the access terminal 520
communicate only with the home femto node 510.

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

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



[0064]FIG 6 illustrates an exanple of a coverage map 600 where
several tracking areas 602 (or routing areas or |ocation areas) are
defi ned, &¥@R00BPTH# ch i ncl udes several nmcro cover age PETES2008084738
Here, areas of coverage associated with tracking areas 602A, 602B,
and 602C are delineated by the wide |ines and the macro coverage
areas 604 are represented by the hexagons. The tracking areas 602

al so include fento coverage areas 606. I'n this exanple, each of the
fem o coverage areas 606 (e.g., fento coverage area 606C) is depicted
Wi thin a macro coverage area 604 (e.g., macro coverage area 604B). It
shoul d be apBRC),attech mipineviee a ptialic afirng of Sailgylageteaiseadaddingy
not lie entirely wwthin a macro coverage area 604. In practice, a

| ar ge nunbewhether it sysioms prgrrraribasy addte, wny sWscqieht affots i dskoatgivitbn
tracking area 602 or nmacro _16 coverage area 604. Al so, one or nore
pi co cover afReharEgEeq sysemeh Hify thepspussiogenirydbe dhcessiteminad pymay limit

Lo FI G, SATBEcereh B ot bR 4 ERa T B g ey Setmicer NeEe gt e
service, s ugﬂte@éma gé re@éﬁ@}}(&?&%&l{ﬁ@%&&e isct;%(/éltjy%‘? a p%%r?erdqgm{omoﬂgg the

nobi | e operdator co net wor It1on; an access term nal '520
nmay be capablcec@dss Rpamal 320GcRek el fAmiBRHe 58N AMPRALSLANE dofeifBrter
scale (e.g., residential) network environnents. |In other words,
dependi ng odshE cuy feend nodeaady lenredficttd saaeass:ctse IFoT examphe? @ givieh @emto
access termnal 520 may be served by an access node 560 of the macro
cel | nobi | enedt g }IBBOVISE cojeinprviepsdo gertain gesessgmfingls. olnrisploymste with
(e.g., the fentp nodes d(E;éOA and 510B,that_ reside within a

cor r espondi P@C%}gelmfr&? h@@SﬂBm@?mﬁ&m REARHRGESIFTENNS May o8k heparved s

outside his, hame, he i.s served by a, s dar Cr.o _access node (e.q.,
e 560, ahd e p g Rle SRy af PhRASh PR n8GE TR 8 o PRI ulol o 1
node (e.g., : T ! : 2] fento
node gZﬁna?%%@%%%ﬁﬁ%ﬁ%gﬁ %@%@h@?f%?%lﬁﬁcggggsy?&ggﬁ nal s

520. [0066] AnplemtRatinde: he niigbe beudenl ©Y8penida 5 A%Was JHeQaUERENaT |

inthe alternative, on nmultiple frequencies. Depending on the

particul ar condfi ggnaingoduta dchess siegighaiohs gpguenacyseoricecone or nore of the
encies may overlap with one or nore frequencies used by

mul tiple frequ / _ :
2 macro nod @Al g In pRITRABEY  rUDBT arorime b éats noda(idhesay 4iso

term nal 5286 p&ére%eto Goa ‘E:io%é{{ §Lgssgr?be(r: rr]c?u%c or%g NgdeB) 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 (e.g., femto nodes) that share a
common access control list of access terminals. A channel on which all femto nodes (or
all restricted femto nodes) in a region operate may be referred to as a femto channel.
[0071]  Various relationships may thus exist between a given femto node and a given
access terminal. For example, from the perspective of an access terminal, an open
femto node may refer to a femto node with no restricted association. A restricted femto
node may refer to a femto node that is restricted in some manner (e.g., restricted for
association and/or registration). A home femto node may refer to a femto node on
which the access terminal is authorized to access and operate on. A guest femto node

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



preferred fcmo node (e.g., the hone fcnmto node of the associated
access term nal 520) whenever such connectivity is possible. For
exanpl e, WWRAMPE6PGhe access terminal 520 is wthin t h&CHSER008/084738
residence 530, it may be desired that the access term nal 520

comuni cate only with the honme fento node 510. [0068]1n sone aspects,
if the access term nal 520 operates w thgn the macro cellular network
550 but is not residing on its nost preferred network (e.g., as
defined in a preferred roaming list), the access term nal 520 may
continue to search for the nost preferred network (e.g., the home
fent o node 5dd@)s arvpagteaonBet tostricSy ot fmeiRe &dlkercmannods fnaly tBBR0)s, fembd ch
may involve a periodic scanning of avail able systens to determ ne
whet her bet fiede eyehighrtheaeesse isrrrianak ib potaptioriags te acenislorsapssitayue pxcept for
efforts to associate with such prefﬁrrqd systens. Wth the

acqui siti onp‘éri‘f‘l?sﬁmetrgf'é‘%élg’é@%mt(&ﬁmg Lralsyo may 1inmit the search for

i fi b d | .. .F | th f th t
orererred ohlah ndyoBaTrias e OB G R PERREEN an cttaly Shpome
preferred fegrteg @H}qgaﬁﬂzgz’hr_eﬁepﬁ) ACRERS tdrRHA] M au%ﬁ)gzé oe&#e%s [R8eq L

node 510 for canping wthin its coverage area. 01069 A Tento node may

be restri ct gdntomo8ONE ga&P eEkS tefn@fial @13 TcLlo 42 2@t NERTHRAL Wit REPoARY
only provide certain services to certain access termnals. In

depl oynent s agdesstosios esthibted fangs hoda t A dor(-essochtod &dlipn essas iaatimhmanrefer
given access termnal may only be served by the macro cell nobile
net wor k and {RaREEEsy thet dges ppidhane peBifsEngo acaekreh esirigted derele 9do

that reside vvith%n t he correspondi ng user reﬁide ce K30 I n some
o emont at FEREY ToR GRS TSR B ee PEG e GHOR AT QM (P8 spAccess

| east one n : e of: si lin y a,_access. . .
registrati o%?S‘b“éi‘g%hﬁlg‘%%g%@%ﬁ?‘g gFe%f%%%ﬁrlp%ﬁglgﬁéen té)srp%l%? [é‘f\llttzlithfr éeésp}ﬁt%dt ed
or foreign @@h!ltb%a%];etho node (which may also be referred to as a

Cl osed Subscri ber oup Horme NodeB) is one that provides service to a
restricted poorg] si divedosehictde, he dB8Bsire hefcinadeSoribEH$icse fiunbBonhalisy in the
tenporarily or permanently extended as necessary. In sone aspects, a
Cl osed Subseentpdof Gfaup npdCIGHouldlye dpprediafednledveasr, tHaga pied node mecess
nodes (e.g., fento nodes) that share a common access control |ist of
access t er nPHYIL. hosaEeianilag fungHprabtafor 2 faserr GovRsMaS S qao Fopgyample, a pico

oL ched LA QuRetesl i Surcaion persle M. be ol oLl 052
given fento,pode, and a given
[0074] A wireless multiple-access communication system may simultaneously
support communication for multiple wireless access terminals. As mentioned above,
each terminal may communicate with one or more base stations via transmissions on the
downlink (forward link) and wplink (reverse link). The downlink refers to the
communication link from the base stations to the terminals, and the uplink refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out system, a multiple-in-multiple-out
(“MIMO”) system, or some other type of system.
[0075] A MIMO system employs multiple (N7) transmit antennas and multiple (Vg)
receive antennas for data transmission. A MIMO channel formed by the N7 transmit

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



access termnal. For exanple, fromthe perspective of an access
termnal, an open fento node may refer to a femo node with no
restrict edVQ3WHPTO8S on. A restricted fento node may rePEF/USYIHOHESt o
node that is restricted in sone manner (e.g., restricted for

associ ation ancUor registration). A honme fento node nmay refer to a
fento node on which the access termnal j4s authorized to access and
operate on. A guest fento node nmay refer to a femt o node on which an
access termnal is tenporarily authorized to 18 access or operate
on. Arestricted or foreign (alien) fento node nay refer to a fento
node on whi glko tdf@rcdde esspatigrohmmals, whern &k <aut iy, NzpdE4dh odideegds or
operate on, except for perhaps energency situations (e.g., 911
calls). [ooméwéwtahqrr@@w%@béan%ﬂoﬁémﬁnglﬁnf &he MINKYesiser wpeprovide, an

associ ated or cess a refer, to an a s.termnal

t hat aut hor i“%‘?%ﬂve[ggje’?é%@'ge Een% nﬂP n1§etr tﬂ?re'%/?é]ﬂmf {05 BIF8lFETe lﬂ\b@f;@ éftetfl%lc cess
term nal t he
restri ot ed Pl ttn A AEEETRELTR S Sl IR AR Ry
refer to anyggegss termnal that does not have pennission to access
the restricted fento node, except for perhaps enmergency situations,
for exanpl e[00geich AsMIUD gafchsmiesu@port dife ABLLSBAipdIxNt TRD} didtfr<d oaky
not have the credentials or permssion to register wth the
restricted fiemicn dwpbs) FPO0O73} FOPeysteeniterformard fral rdvessd losutragshissienn
descri bes vari ous functlonallty in the context of a fento node. It
shoul d be apfrPadiarEg, i %BW@?E%‘OQ fodthatihgyiceiprogiy aringple slleys e e%tﬁ@t@ame

oi co. node. by sovRRt el i AT R YRR 8B ol vRERT 4,

gi ven accesg,ffl ‘E’He”a%kess g&?ht% bt tJaQsQ(? f‘ﬂaé%‘m"-‘fo"n%;n%?'ﬁm”&ﬂ th B x?nlﬁ&%ﬂ&ﬁ

comuni cati on system na 't aneou y support “¢ommuni catlion fo

nul tiple W rRlBNSaAGHESSe hefiAbRAL fie 18%s{FIMtd ONed above, each ternlnal
may comunicate with one or nore base stations via transm ssions on
t he downl i nk0GTor walvsdtaltddn k) unpletinedobdse kationedeplogemehts Rkth rddugotelbassddiztion
refers to the comunication |link fromthe base stations to the

term nal s, 6ied atriabilgplatipikismet dlosveddo adseciate mithrihe Tldsest” bisalstafipwin witieh
termnals to th% base st%%lons Th| communi cation | jnk may be

est abl i shed!\F4ing S&oTEgHdY }aJ“s‘PIﬁEﬁSe‘n %dgy%swetraﬂb can be common. In one

rsn;ls:i Ieﬁ]l e-1 nex%p ar? lel%b(())éjlmegut spatwgy)deséé n conjungt?oqlem 1 p 1%; SEy%e 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
femto nodes 510A-510B. Access terminals 520F-520G may be associated with a macro
cell access node 560 (FIG. 5A), or another femto node in another residence (not shown).
Accordingly, such negative geometries respecting access-permitted femto nodes and
neighboring access terminals may result if various interfering or jamming conditions on

the uplink and downlink.

[0078] Uplink Jamming



[ 0075] A M MO system enpl oys nultiple (NT) transmt antennas and
mul tiple (NR) receive antennas for data transm ssion. A M MO channel

formed by WRIRHWPGnsnit and NR recei ve antennas may BETFSZWHPHIB
into Ns independent channels, which are 19 also referred to as
spatial channels, where Ns < min{NT, NR} . Each of the Ns independent
channel s corresponds to a dinension. ThggM MO system may provide

i nproved performance (e.g., higher throughput and/or greater
reliability) if the additional dinensionalities created by the
multiple transmt and receive antennas are utilized. [00761A M MO
system nay $M3Pbrt By way of ekanpge, duphketdB) "dADI) (dBY be tleqpehdyss between
di vision duplex ("FDD'). In a TDD system the forward and reverse

li nk transnigaiPdade allA anl aasessdemmingl Sebl ené yeoesgemring oo 20Ratespestively. In

[ it i ncipl | 1 t tipati t he, d link (f
k) ehannERCR iR R o PRt AR B 1) TEHBrNEIT ST ] Q0D
doun i nk wnSAr S ST I8 b R80T, BEENA BRI, ARl o By o

[0077] As st adneid nod® sYOR! affeedeDanEciSiAtHORGEBH QY RS tdMrlidhis 520A-C at
restricted association (i.e., a nobile station is not allowed to

associ at e wddotdvde "5aDAS el thiDapnks faainmiag sit@atioh] 6¥eni if ftass ttéieninal 520C
strongest |ink), jamm ng and negative geonetries can be conmon. In
one exenpl atynsensaditreakingpaillk poivgr Basc thelveativied Wbfur aoess ®rminklt 4t fEhG.
5B, the fenm o _node 510A and fento node 510B are depl oyed in

nei ghbor i ng"P&s?198riaasbe RereEz¢dasi nal s 520A-520C are permitted to

associate and co i ith fem 510A, but pot w femo
node 510B. Likew sgj,?@?i@?ﬁtg?ﬂﬁoﬁag%gﬁ)g‘éﬁ%zeEla%(gbﬂn&%{ to
associ ate a [ ' f . e t - (o]
assoct et AROSPTURRAAL S il AR AGHE o3ARR 10 ke i Bl S0 e
or communi cayesfWeddss Rirhiner sooend: eentodiede SRy 08: véﬁ}%ﬁﬁ@n@%ﬁ{@ P Sdue
520E- 520G may be associated with a macro cell” accesS node 560 (FIG
5A), or anotdér hoptalirodeLin Sanothenfipeatice geendyois 19feoatd o as a highly
Accordi ngly, such negative geonetries respecting access-pernmtted

f ent o nodes negativhreplighizsemgigy-access ternminals may result if various

interfering or jamyng, conditions on the uplink and downl i nk.
[ 0078] Upl i n[(()@jgynm wnlink Jammin

[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/1 for femto node 510B at access terminal 520D may be
calculated as follows:
C/1 (femtocell B at AT 5) =Py — Lgs— (Pa— Las) (dB)

[0083] Again, the C/1 of femto node 510B at access terminal 520D may be a very
large negative value due to the large value of Lps. Such a configuration geometry is
referred to as a highly negative downlink geometry.,

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

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



20 [0079] By way of exanple, let LA3 (dB) and LAS (dB) be the path

| oss between fento node 510A and access term nal 520C and access
termnal SYBRP0O0WEMectively. In particular, 1_,A3 may BETHIENSPHTHer
than LAS. Thus, when access term nal 520D transmts to its hone fento
node 510B, it causes excessive interference (or janm ng) at fento
node 51 OA, effectively blocking the regeption of access termnals
520A-C at fento node 510A. In this uplink jamm ng situation, even if
access termnal 520C transmits at its maxi mum Tx power P - 3max| the
received C/1 for access terminal at fento node 510A may be

char act er i z&derfgence/mitigafpnFPONC nagative rgcometoide tHEQQ) medifisatimr prodes@s in a
P5- LAO (d [0080]I sone exenpl ary enbodi nents, dependi ng on the
'Eransmt éo ) 1o prp: et‘H@e'(‘ﬁ}dnolfeq&lé‘éés@oqlﬁ?‘}ﬂoﬁhlto FOeRSs Aerienkt o AvsarlimipA

may be a ver atl Iue e to the | ue, o

Sueh & cont PGt PORas bl Pk fud SFpu s s P edpy i dnsardir an
upl i nk geo gmng[OOSZ]Slmlarly in one
egenpl a?y e er 1%9&%&{%Mlé&§ nmuch | arger than LAS. This inplies
that when fgmse] no%fe?rll%nbﬁ/aﬂﬁm(tjs’/‘t £hdKG@S Rurfhr MBRhceo PAIGE! SEBE,
cause excessive interference (or jamm ng) at access term nal 520D

ef f ecti vel yopdraras ngattnigeo rieaspbdi Bampftedrmgtad notsteai}Bo aﬂdra&qaﬁﬁnng and
termnal 520D. In this downlink jam ng situation, the received |

for fento nBeRatisd oBometrigscwdls beedpicribe azomormyieml cHiec preatmwd eagnplary

fol | ows: . . . .
embodiment uses methods and apparatus to prevent jamming and negative geometries

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.

[06087] As represented by block 702, a femto node 510 continuously listens (i.e.,
receives according fo 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 {c.g., transmission) by an access terminal arc directed
to the femto node 510. If the detected access probe of the access terminal is directed to
the specific femto node 510, then, as represented by block 706, no interference
mitigation is necessary since the access terminal is an “associated” access terminal with
the “home” femto node.

[0088] As represented by query 708, femto node 510 further compares a
characteristic (e.g., power level) of the access probe for determining if the characteristic

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



Cl (fentocell B at AT 5) = Pu - LB5 - (PA- LAS) (dB) [0083] Agai n,
the Ca of fento node 510B at access term nal 520D nay be a very |arge
negative VEPA¥W4(% o the I arge value of LB5. Such a c&RTUGHIEPGAE
geonetry is referred to as a highly negative downlink geonetry.

[ 0084] A further practical consideration includes addressi ng negative
geonetries w thout necessitating nodifigations to the operation of
depl oyed (|l egacy) access termnals. Therefore, it is desirable in the
present exenplary enbodi ment to address 21 interference mtigation
from negative geonetries through nodification processes in a fento
node rat her thenzosessepjoba dery naddxeded ani otesferapcadlveshold, ¢lam pailrgpresented by
Accordingly, ne I ve geonetries at the uplink and downlink are
desirably aé@ﬁ%ggédmde BEEPFRyMItEALen BIERTFAY YRR ehARAeritic] thgsgess
bel ow. [0085] Referri.ng now to F 7 and.with further reference to

i GS she sarabaey dt Setr i i D10 Rl il i Fereat g anc

nul | -steeri pgghp adall 655.dAIMHY bIRRD BCYALL Ve HGAIRIHL SRAWishb (DR
descri bed igﬂknfe detéﬁfé The gresent exenpl ary égEo Fﬁ@g?%ugégﬁnmsa

net hods and s@ppiRfid stfonk 0i.P) SYRAHthdndMThidFednck HRSIANA)\Rc LS PIFBE bt Bfcrwise
usi ng beansteering and null steering in unplanned base station

depl oynent s stitghuptie’ transotiesitbnalome 8. non-associated access terminal 520, the home femto

node 510 applies beam-~forming (i.e., directional transmission and reception) antennas to
steer signals or lack of signals (e.g.,, nulls) toward the non-associated access terminal
520 on the downlink and uplink.

[0090] By way of example, beam-forming (i.e., 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 cnergy is directed towards a ncarby non-associated access terminal.
Steering a transmission signal away from a non-associated access terminal results in
reduction in the negative geometry at the non-associated access terminal.

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

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



[0086] I n an exenplary fento node depl oynent scenario, nearby signals
(desired rence) may be Rician by nature which includes a

interf
strong di %ngogﬁéqég%onponent and flat fading across th&CTEHIBMEA38

band (due to the snall delay-spread and nultiple reflected paths in

i ndoor environnents). Especially for jamm ng situations,
sectorization may provide a desirable nmeghod for conmbating a strong
Ri ci an conponent of interference. [0087] As represented by bl ock 702,
a femo node 510 continuously listens (i.e., receives according to
the various receiver configurations describe herein) for

transm ssi ofSict/dym eprpeycaionyismal Brsrd. byAke stepedwasmissionyfrepa dreyneaty,
the fento node 510 d&ternines i f an access probe (e.g., transm ssion)

by an accesZ3CT@PAfiAa aghess tgiriads By ing el reamsiisdde 510. If the
detected ac pr obe, O he acgess.termpal is directed tq the
specific f em‘%hodé@ Ss%éxah?een 11th11§ ar%%eps)? BEEht ”elaf"%g"b‘r 8%’[9”%%“?6%5 AP can
i nterferenc Wl @ata L S ! ]
Bseoci At 60 R A o RS R ot 1R K FiT IRy A

repr esent ed tHaysteug riplifld Gandn@ikbich NOMEthd hOnfabkotARH LD M rBSnad at one of the
characteristic (e.g., power |level) of the access probe for

det er m ni ngantenitahe APheamaotrerdfs tiagsmnis fadctian Sbédm ckeerihg)t hde siral df lrevedle
to result ininterference at the hone femo node. When 22 the access
probe does AUctigx@uldteanng)pndhat anterte t hr eshol d, then, as represented

by bl ock 70 interference mtigation.is necessary since the
c%ar acteri sfqet?ggf HCBERRE BB by PHOGRIWES-S 8RR Serend)he femto

ol o o BRI S 08l SRS LRSS Y oL, o
represented in block 702, if the strong undesired non-associated access terminal 520 has
moved or terminated its 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
in an active call with femto node 510B. When non-associated access terminal 520D is
idle, femto node 510A would revert back to operating with omnidirectional transmit and
receive,

[0096] During periods when the femto node is steering a sectorization null in a
particular direction, if there are any associated access terminals 520 in the same
direction they would experience outage. Accordingly, an exemplary embodiment, the

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



sufficiently strong (i.e., greater than an interference threshol d)
access probe or otherw se strong uplink transm ssion fromt

non- associ? dW4PE¥ss terminal 520, the hone fento nod@cgﬂ@z‘ﬁf@f“@s

beamformng (i.e., directional transm ssion and reception) antennas
to steer signals or lack of signals (e.g." nulls) toward the

non- associ ated access termnal 520 on the downlink and uplink.

[ 0090] By way of exanple, beamformng (i.e., beam steering) nay be
performed using a sectorized or directional (e.g., switched beam
antenna configuration described herein for formng a transm ssion

si gnal beannssacirted agnghd teigningl 528 cegtiverind (igrraly b dzemrdagired ﬁr&nsmssmn from
Specifically, interference nulling may be provided on a receiv

Radi o Fr equé??c%fm(ﬂi)"l ?5btt?f§’r1‘é"g>§29 S8ereEihg hrﬁho%érrehsfreaﬂhthaehold at the

eul 1ot r ol Rmin g efairge EGERT 108 eihuPe, hACa{ SR biREs fnf Yesired
di recti onal aﬁ@&%@%c%@gﬁt&%ﬁ% LROR Eaal geéoaan@%wﬁa mﬁﬁa%dgrgmnk\n&ﬂ

mai ntain the sane directional conponent use in bo

directions. rf@QRLLOFIGEBBESRMoRA M)t Rh@s KodelR,0BIRWMN inake Rb hedd dNdker a

overhead transm ssions, as well as traffic channel transm ssions if
any, are trassmzit@dnet eovaldsngort-osddacd haess tegnissci2OBhsabcenihaisigabl from
energy is directed towards a nearby non-associated access termnal.
Steering a nemASATisied aeread tgrainal 84 if nGmer srong-al Jemioade SHHR stses such

termnal results.in re ctio n the negativ eo t t he,
o hoa0c! oA SO EaBas SlL o MR AU BT Fa el SAPAr b6k zstion nul
di recti onal u t eer near by . non- i ated access
t er m nal SZW%UL(% reéu?tfrf% an Ouf %ntﬁgé{%g%f?%%crl% acces)é termm %?@Eori zed

antennas_or [gush| - SURES bORratch @%H&s%ﬁbé&%étﬁgd ?ff th@)l‘&’) caq%?ﬁbtgﬁﬁne the

her ei n. Therefore when an associ ated access termnal 52 tenpts to

communi cat e diskdtiantofiehdiansefefennt aomotie nbd Qssotibrd ascs:@meahﬁdl @CgilexﬁeSy strong
termnal's access probe, as well as other traffic (e.g

voi ce/ dat a) jaammgnhat attinatrs thesARotcejanmechnltyy differcat dlmgomsr fan bm steong
fromthe nearby non-associated access term nals having %ati ve

geomet ri es. apdUIBIiEging o BREFTEthe rercelr%mareéeeasll%ﬁpwasw VATt wo
separate am[(?@gjis 'ﬂ:c)aferrmg 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,

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

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



nonitor the AT access probe characteristics on both antennas If it
is determ.np t the strong uplink transm ssion from
non-assocﬂ%@gﬁ%gﬁ%%ss ternlngl gt one of the antennas, Pﬂﬁ“@ﬁﬁ”@ﬂ?ﬁ
off transmt function (beam steering) and turn off receive function
(null steering) on that antenna. [0094] As represented in query 716,
periodically (e.g., once per second) thesfento node 510 eli m nates
the seetorization null in the receive direction to determ ne, as
represented in block 702, if the strong undesired non-associ at ed
access terninal 520 has moved or terninated its comunication. If, as
r epr esent ed s thag kg psspoiated tageess tierptply MAB SR BagiEamepfages. [n a further
di sappeared, the fento. node 510 can elimnate the sectorization nul

and cont i nuECTHRIFEPTGHeR ‘F‘Pd&rﬁ’ﬁy 9F PSP SRR &R t and receive, as
represent ed d(ﬂﬂ@ovg-g)v]egg durm gacﬁ}tgr\pﬁ%rcéghgﬁ%ta %gms%ergtl?lere mavd b%tnlgi}dldle

present or g’ eX¢ as represen

bl ock 708, phgods ek 90 Reighfdr ¢akodBhE obﬁlﬁ-ﬂﬁﬁtg'fbsml& nﬁﬁ%lc{ﬁf{@ﬁye%ead

sectorization null steering, as represented I n block 710

di recti on othdnhels juneigiag eghtiDA reBE SRCT6rh @EgAE6 @8EmdtBEIT ARbrdme®;, an

[ 0095] The above-exanple with reference to FIG 5B illustrates fento
node 510A stxmplay cabpdioenivdesariats b metiswdifor aptiotizing Hattsnmirpaw:k foriomerhixal
direction of naon-assqciated access tel m nal 520D as |long a

non- associ afiglriaCobgulotsyrshan bepdeystipagingrdawnsts) ahen fhereadp ala@QﬁVQ ealtat| |

wth femo n de 51 VWhen non: associ at d access termnal 520D is
Ul 6, font o Rt TESt B e Are et R g ?%@rwalr

ormi dir ect T afabyt ' 3B Bl A 5RIG! K8 wEBIROMME IR G BRLA PR, L e

fem o node steering a sectorlza ronn n-a par

direction, pfiotf fg&gg Ssyh. %haﬁwsygaagetﬁﬁg%%@agm fb@éé%anqieﬁfoégé?wb Baskli6n

same direction y "woul d experi ence outage. Accordingly, an
exenpl ary epgbmbtyent cotdigefcendtaimg derhifngt dem® dode dghefridntZahibdome

nulls (i) as long as the strong undesired non- 24
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);

2. The number of simultaneously active access terminals are fewer in cells
serviced by femto nodes than in cells serviced by macro cell access
nodcs (c.g., 1-2 users compared to 20-40 users);

3. As discussed above, due to the femto node restricted association requirements,

negative geometries can be common for femto node deployments unlike

for macro cell access node deployments.
[00102] These differences can result in very different optimal power settings for

overhead channels for femto nodes 510. Since a femto node 510 generally will have

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



associ ated access termnal 520 is active, and (ii) only if the

undesi red 1 ssion fromthe non-associ ated access ] 5
exceeds a‘ﬁé%@g}sa]{%idal strength threshold at the recei V%?’f@g?o%lmsﬁs%
determ ned at query 408, signifying that access probes from desired
associ ated access term nals woul d not be decodable at the fento node
510. Wth reference to FIG 5B,it is noRéed that fento node 510B woul d
have no need to steer a sectorization null towards non-associ at ed
access term nal 520A since the signal from non-associ ated access
termnal 520A is not very strong. If fento node 5108 steers such a
sectori zati 6h TRIMRINES R b SUNGHIR PEWET S61EHE 4B YT 0o FHRIAWIC HPGATCRcA o

torizati | ] | d resul t] t. desi i at ed
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the non- assaaiaoey (o anutifty BRREhicP bR, Byie) B SLBCRAC ol

saturates tBRLATMERCTBENES dn pilot CIAnEINSptifhidatien Satve ! BE hmﬁ?s daBe !@?@f@d
y

steering and null steering to maxim ze the received signal quali

from associ at @berAlerhp@D@8hndRedserdil. ng now to FIG 8 and with further

reference to FIGS. 5A-5B, operations relating to the use of

opti mi zat i ofPGLA3It r dm & Qxemﬁ)ey ewhodmenth em dpichalrirdiis ta-ploa dGF 228} value for
e described in nore detail. The

bresent. oxeHis vy Ok RBBBITEAE® Gk dsrmgaY Srtelcfiph HeRHEPYe IPEveie,
R A e
[00991Gener ghirtuio G, WATRTbbwBNSH;L6RE Bo O (PHERNSRH. SHANARL 5188 rore

total transmt power o m o node are chosen base esire
range of a hehOtaDsever bild DEERFentOcabddy 86 GESELHO Bntb Rades to acquire
a fento node in a location where the access termnal is being jamed
by a nei ghb1pént Bynedeofichampleest accos seragsbd 26 hiche béindaig\wé hbmademto
channels (e.g., common control channels such as pilot, synch and

br oadcast / pagfntPAnmigd nsighbemfsminnadesil BR eyhibigaequelisatin ipgp tr botiofermtp sredes
scal es and ho for ti nul ti pLexi ng are.conteppl at ed. )
Furt her nor e gﬁi ﬁ'éddgk? Brng’l’fﬁ?l r’i‘Bﬁig 3 ﬁ% BT HR abﬁmo?ﬂ“iﬁr thereby creating
peri odi cal | X . he sl ) | e index,of th SSOQCI| d..
access ter m}/ﬁfc\%Fegé,ncg’Zlgp-g%&t ﬁ}étt ﬁet %%bse%tgésxélﬁgef gbc?mél%:n )étg% L?%? Frﬁm%% Inggen'g{/o% 1
recei ve pagiRghnR$sa08%0t dhanf] fu rag%ﬁ{ 15D THP YRR R pild GG &-RALE ABY
not transmt any signal at all. [00100] However, during an active
voi ce cal |l (BNRptcantbangiteh, ad:hBewiorayabe Bacdrding Rerho dsestRakxahilawy
a nei ghbor fento node the opportunity to tine nultiplex the overhead
channel s | apmbedimentt itas idonis:biegte firtdi thg optimah Bepgsettingethgfoosmdts rin dswest total
Accordi ngly, an exenplary enbodi nent descri bes a nmethod for

optim zi ng HAEHERE POGHREPTF Do fepkeerfiesilBfal s (e.g., pilot, synch

fento node. DHABE A ERERERe T RPeGRoRIEF st Eghi ovy Tpds Rlafized o
practical . EQ D%:QAH% ,'[:?ﬁus% ?lgﬂlgf; ghfﬁc k)ﬁ?r% éﬁ%%‘%‘g%%ﬁ ﬁagmmgyagwggq

channel (e.g., pi page, I'ngs ar

adj ust ed f ofcaS@HabRilehdRBE AL THR GETRATROV ML SRAIRINY FRRH nEQNREa0e
constraints. Furthernore, fento node depl oynents exhibit sone

si gni fi cant [(ilféler enaesesned icdblvpRRed i euffimeslbDieqeldoiReaksis setafebetween
depl oynments. Various differences include:
the home femto 510A and an access terminal 520A with the power used on traffic
channel denoted as Ect. In one exemplary embodiment, the Ect value is determined by
the downlink (forward link) power control, as represented by query 806. Downlink
(forward link FL) power control is used to maintain the required quality of service (e.g,

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



1. Due to limted coverage size, maxi num path | oss val ues are nuch

|l ess in areas (e.g., cells) serviced by fento nodes conpared to areas
(e.g., cea)oogerosacced by macro cell access nodes (e.gPrPCTR0ziBs/omER3S
path | oss conpared to 140dB in a macrocel | ul ar deploynent); 2. The
nunber of sinultaneously active access termnals are fewer in cells
serviced by fento nodes than in cells SSJ}Vi ced by macro cell access
nodes (c.g., 1-2 users conpared to 20-40"users); 3. As discussed
above, due to the fento node restricted association requirenents,
negative geonetries can be common for fento node depl oynents unlike
for macro cgldigmfCes®crade i eRl QY efksntddOBl Addckhese M ifceheneesEtsan
result in very different optinmal power settings for overhead channels
for fento nagesefddby Bocicel(aof ntlangoidd®ch10 generally will have few
to no active access termnals 520, it would be desirable for the

over head chHi¥@Tls the repesdntedrmmiqnerai®iede deteranindtion ol theprapkst ewret tatnPHR)
order to mnimze interference to neighboring cells serviced by fento
nodes 510 aldisedfq @egéwvﬁ%@tewgg%&%%@eﬁw YedEcndysyyden. then ghannel

' - channel t] . B .of | e, I
amhoai mant _Poraas T reol B B e ST BT waREs o™ Rirghtreases,

anal ysi s cap,, i : , .
Tt he. oxerarans BAhal L BhRFR O HlelFaA FARR] Jo Byl Phpwoigp At Bl i
val ue for theyaass, Bbn dhaiROERin¥@ILE QuERY | willShe IR AL theaR qWiRld| ardfund
default pilot power setting, EePDEFAULT. When downlink (forward I|ink)

power contr ehidhesill trot ivesult amdiffiitted rediction dh Edtaf fAccertimepi, |valien PBER is
pilot power is adjusted so as to maintain the snmallest value of total
t ransm t t edinpdemrteadaivilimkéfoieirdnink FEapewre dytrelhadivseitghidr fent o node.
[ 00104] By way of exanple, an access term nal 520A at the boundary of
hone fento HBﬁQSE 1GME A RETIGIBET EEiHY ot ﬁsmn%%%ﬁ fRds &0 Regumizst:n
|l oss to both fe ngdes, 510 and t he pei ghbor fem o no 520B i s.

ransmteing S00R e SEETRE PP Eu)e SRR RET ab e, BRE BF hgmom,

the present qgx ©as BHPUBLDBLL %C@%Eﬁﬁ%ﬁﬂqﬁgﬁe@ﬁﬁn‘“ﬁﬁ% oi ot

transmtting a pifot c a_nn_e}n.rg a+9€é,n [ ‘ev
si gnal -t o- noi se 5*?4”’&‘”@5!\?!52? aanthe Cipl)]t en as: Ecp/lor_max. According
to the present exenplary enbodinent, it is desirable to find the
opti mal Ecp sett innghdrivatimaleBayl tatueiinfoundvbat mindinédes tot resmintit provep owbere
froma hone fem% node S510A.
cr=f?Ecp
(The function f{.) can be determined through offline simulations or tests.)
Then, as represented by block 816, the optimal Ect value is determined as:

Ect ppppr = J° (ECP OPTIMAL )

[00109] Asrepresented by block 818, the T2Popriasar 15 determined as:
TP _ Ectopmpr

ormuiL = '
CPoprmar

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

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



[ 00105] As represented by bl ock 802, the pilot channel gain |evel Ecp
is initialized to ECoDEFAULT. Thus, a default value of Ecp

( EcpDEFAUMY) 2@na407d0e5 det er mi ned based on a reasonabl e | ead/Bnos/paris

| oss differential values expected in fento networks. [00106] As
represented in block 804, a traffic call (e.g., voice call) is set up
bet ween the honme fento 51 OA and an acc gS termnal 520A with the
power used on traffic channel denoted asS"Ect. In one exenplary

enbodi ment, the Ect value is determ ned by the downlink (forward

| i nk) power control, as represented by query 806. Downlink (forward

link FL) powRrmémiRttE@indl had S8l 1ds® mu&%@d ﬁbl%ﬁb%r FeStH ich@far gl &) malﬂe fatnto
service (e.g, packet error rate, ER) ink (forward |ink

power cont r ties timpyptieial Bey andidt 2008 W06 0GRET (o2 048/ a8 38 27
desi gnate a decrease in Ect as represented by block 808, an increase
in Ect as ré&fHéte ntcéldthb?fh?t bk, 81D, alf@mat@cﬁxemahgeembvdﬁmm if 66 glaboy fosto
represented in query gag %ernlnatlon of the packet error rate

g

(PER) is usefadetlahiaa%wft}nfgf’f Lor gnagy &wawpaffa E%ryand&cﬁé@iapq ";v‘omiifle@ctﬁ

Lesurt i n vy ARG RS R RTED AR IR Ror ko e TERS R Eb Ryt
| nprove andvé q:ré E%Hfg meﬁpaet&‘rﬂlllnebgf?e ﬁl W{f 1"6@%% f {he B éeﬁl. Vﬁru},( as

| arge, then channel eéstimtion quality Rer tRan

required anpeft, a \WBfaGh viuklof B (EESIEL AN by rd%f&ﬁﬁm&@@ﬂ&:ﬂ' M tddsdeable
Accordingly, when PER is inadequate, downlink (forward |ink FL) power

control adj istland hah kst diffedtitioBjalsk aqgecttién fenttendtevsmce generated to
other fento nodes needs to be mnimzed, it would be desirable to

have the optQ0i&?] EQsTarsngieow FakIG. 8ol mantain aptiamahiprstiom foesesmeif) highes

r:eglr’ Ssﬁ‘inﬁlfggﬁ +c?x|fpg(((: X gqu aerC %gt% loss" dlflfe?‘el’gl%f e&lr%rpeegxevr\f? ?ary emEbcc:Elrr%?lIl #:\l/llgl_
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 (Ecpprravir)
can be determined based on a reasonable load and path loss differential values expected
in femto networks.
[00114] As represented in block 904, the process is repeated for each call set up
between the home femfo 510A and associated access terminals 520 with the power used
on traffic channel denoted as Ect. In one exemplary embodiment, the Ect value is
determined by the downlink (forward link FL) power control, as represented by query
906. Downlink (forward link FL) power control is used to maintain the required quality
of service (e.g, packet error rate, PER). Downlink (forward link FL) power controls
may either designate a decrease in Ect as represented by block 908, an increase in Ect as
represented by block 910, or no change in Ect.
[00115] As represented in query 912, a determination of the packet error rate (PER)
is used to identify adequate signal quality. Accordingly, when PER is inadequate,

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



Ecp in other optimal Ecp value is found that mnimzes total transmt
power where Ed = j(Ecp) (The function./) can be determ ned through

of fli ne siwOkewionwss or tests.) Then, as represented by Poraske8as, 3¢ he
optimal Ect value is determ ned as: Ect OPTLII AL = f (Ecpopri nmeil)

[ 00109] As represented by block 818, the T2Poprma is determned as: T
2P_  Ect OPTI MAL OPTI MALA-, LieIIopristé9 [00110] I n anot her

exenpl ary enbodi nent, sinulations may bé”run to find the Ecpor mAt AL
and Ectornfra, for typical channel types expected in cells of fento
nodes using, for exanple, flat fading nodels, either Rayleigh or

Rician, witlodies Doppligfredchtl 6anvlask tSIRCKk@E PypHoVes @g,t r%mm%?@

opti mal val ues depend, 1 n one exenplary enbodi nent, on e particular
path | oss diEtherent) Bl mafitcrdiedatneds chiér Thanphrpbe srefilghhgrriewboldrade
and the interference power received fromthe neighbor fento node
(e.g., if 2Bminate small scale fluctuations from the T2P calculation. E.g., a moving average
filter can be used to filter Ect and Ecp values to compute Ectryrerep and Ecprrsrep
respectively.
[00117] As represented in query 920, a determination is made as to the value of

TzPF]LTERED U If T2PFILTERED > TzPOPTHtML + Al, then as represented in biOCk 0922 ECp is

ncreased to

Ecp = ECIFILTERED R
P OPTIMAL

[00118] As represented in query 924, a determination is made as the value of
T2Prirenen . M T2Prirerep < T2Popriacar — Ay , then as represented in block 926 Ecp is

decreased to
Ecp = Eet oy reren E
Cp = max T2P s LCP pepgnr |-
OPTIMAL

[00119] T2PoprmaL depends on particular traffic configuration (rate, coding etc.).
For example., if two users are performing voice calls with same rate vocoders, they
would have same T2Poprimar. However if there is another user performing data transfer
(c.g., IxRTT data transfer at 153kbps) it would require a different T2Poprvar. Once
the T2Poprivar is determined for given user (based on its traffic type), then the
algorithm automatically adjusts Ecp. The above algorithm is specified for one user. If
there are multiple users, then the algorithm may result in different Ecp values for each
user. However, overhead channels are common to all users and we can only have one
Ecp setting. Thus the algorithm could be generalized to a multiple users case. By way
of example, an “optimal” Ecp; for each user (i=1,...,N) in the system could be found as
described above and then an actual Ecp could be decided as max(Ecpy,..., Ecpy).

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



the nobile termnal has 3dB | ess path | oss to nei ghbor fenmt o conpared
to home fento, then the optinmal Ecp and Ect values would need to

i ncr eased Wy 2@dBjosed 00111] On the other hand, in an al PeTWaL®S/084738
exenpl ary enbodi nent, if neighbor fento node is transmtting at half
of lor_max, then optinmal Ecp and Bet val ues would need to be reduced
by 3dB. However, also note that it is n @ very practical to change
Ecp val ues very frequently since it detetm nes the handoff boundaries
of the femo cell. Thus, as stated, a default value of Ecp
(EcpDEFAbz, T) can be determ ned based on a reasonable | oad and path

| oss differgnirhal aaludes @dIEEERs ninfharHd0 TRRIWRIK Sieal 8 dck2ddReSEbF 1HRY
nowto FIG 9, to naintain optiml operation for cases w th higher

t hen expect edcillaao dibdx Pt tv: | oss differential, in one exenplary
embodi ment , A, oW @uiiizg) 0p(Edm can feprn for each of a
plurality of call’s occdirri ng between a fent 0" node and mul tiple

associ ated access termnal s, {00 13LA§ represent ed b% bl ock 902, the
pi | ot channé e Py & thedpmiosell-nilhs arpossrtiffterepBEr Agutd ppfo eliminate
anal ysis of each voice call . Thus efault val ue of Ec

(Eop omur 75 an eGP frel e gef R AH L B ARt megifoan G en be

| oss differ i i ETEQ: Net oy 001141, As:
representedﬁgﬁtgbg%ﬁh%gﬁ%Eﬁﬁgﬁ%§g%gg?;|s r%%g%i%gﬁ?g?kggﬁ'4%ﬁ€?n§g@
up between {dva2éoneht %ﬁﬁﬂaﬁﬂ@%ﬁﬂ@eébﬁ%ﬂ ArB G PG ERRS ok LA Jhé TrcSRLP is
with the power used on traffic channel denoted as Ect. In one

exenpl ary edtmdidmpower ¢dneroEedjustadiatiéwhish de pent nif nedddry 3Ch copdennmoh) nkiy be
(forward link FL) power control, as represented by query 906.

Downl i nk (f 8etoratiged. iThrn the) Egroiserdiustedt tp gchicse/migiatpin optirad nk2X) nSpasically,

required quality of service (e.g, packet error te, PER). Downlink

(forward I' RO Hge B\ﬁé‘i‘ayc%‘ﬁttéﬁﬂﬂ%r:n&}g‘éP‘t”‘ﬁ“érrcoél‘g%\rg%‘%fitgmé‘d)ﬂ’éell’%gétea“idnz)

Ect as reprgsen & Egyog%éy%g %%éd n.increase in Ect as represented by
C e iiih

bl ock 910, or n ange tn 151As represented in query 912, a
determi nati gmi18f] t 1 HRIGKEL 2186518, {x;&@ m%gm SR rdd RS rdnerdr 8IS Yrevent

adequate signal quality. Accordingly, n R I's i'nadequate,

downl i nk (f eswdlctubtionk dfLicppowarth@mitd, Oh éirust sretdhe abfifpt chaiges 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.e., their relative power level with
respect to pilot power level can be kept constant).
[00122]  Accordingly, exemplary embodiments have been described for reducing
transmit power for overhead signals (e.g., pilot, synch and broadcast/paging channels)
when there is an active call at a femto node by determining an optimal overhead signal
power level. The exemplary embodiment has been disclosed by way of example using
in the pilot channel as the exemplary channel, however, the analysis can be applied to
other overhead channels as well,
[00123] Referring now to FIG. 10 and with further reference to FIGS. 5A-5B,
operations relating to the use of frequency selective transmission to address jamming

and negative geometries will be described in more detail. As stated, due to unplanned

deployment of femto nodes, the received SINR for an associated access terminal can



[00116] As represented by block 918, the T2P FI LTERED
(e.g.,ECFILTERED | ECPFILTERED) is nonitored during the call. The
pur pose ofwd zdobericesy T2P woul d be to elimnate small sealras2008/084738
fluctuations fromthe T2P calculation. E. g., a noving average filter
can be used to filter Ect and Ecp values to conpute ECtFI LTERED and
EepFaTERED respectively. [00117] As repé?sented I n query 920, a
determ nation is made as to the value of " T2PFILTERED |f T2P FI LTERED
> T2P OPTIMAL + 41, then as represented in block 922 Ecp is increased
to Ecp =Ect FILTERED T2P OPTDI AL [00118] As represented in query 924,

a determi naBé&:ﬁle'v%r)m%@Qiu@% nRefeYakdigoffa nb&Rbh e de tllaflsrﬂ- &6, LiRED

< T2P OPTDI AL - then as represented in block 926 Ecp is

decreased t (htérEﬁ“érEb Hgﬁaﬁgfcaﬂﬁ?ﬁﬂrﬂﬁ dnd raffioehdntet perffrmbbleTor the access
terminal and may result in outages or decreased services. The exemplary embodiment
disclosed herein addresses operations to improve the performance of an access terminal
in a high interference area without 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:

h[n]=dn]+dn—2]+dn—4]

hz[n]—é[n]+ej£é[n 2]+e*f’—fa[n —4]=[n]+(-0.5+ j0.866)- 8[n—2]+(~0.5~ j0.866)- S[n—4]
hln]=8n]+e’ T qn-2]+¢> 8n-4)=d[n]+ (0.5~ j0.866) [n~2]+(~0.5+ 70.866)- S[n—4]

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

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

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

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



T [00119] T2PopTi mAL depends on particular traffic configuration
(rate, coding etc.). For exanple., if two users are perform ng voice
call s w t weaweoneaise vocoders, they woul d have sane T2POTWEImb&/084738
However if there is another user performng data transfer (e.g.,

| XRTT data transfer at 153kbps) it would require a different

T2Por nmAL. Once the T2PopTi mAL i s det erg}%ned for given user (based on
its traffic type), then the algorithmautomatically adjusts Ecp. The
above algorithmis specified for one user. If there are nultiple
users, then the algorithmmay result in different Ecp values for each

user. HowevRhvefOWR! REAhCHRABE [BnRbEHOERR bt &4 &ldp USSRl M WBthCafh
only have one Ecp setting. Thus the algorithmcould be generalized to

a multipl e uséfidetasdeinByleriegd fodm exporficapwan af DN IDET tafrtp, for each
user (1=1,...,N) in the systemcould be found as descri bed above and
then an act UMN2Hcp Asaepreschisd dedilabkd 084 anfemiEonqle, 510 s¢legis p Mefaulirvatvbform
option could be to find the optimal_ Ecp such that total power
transnitt edURE® NBLIZHNY (Fr6 08P TINI S2OUEI0EU 23t med golertnsaprogsty (.-
traffic to all, users is mnimzed,, This would an..a dification.of
the cal cul al TR R Po gt gisTeiebppfems ™o el e bl veefas) fiom
.o+ (EcpALle G5y rtS@ O & f e:

filtering Tt;h)clf)S b\?voul dacr%[eb to éﬁ?lm%dgh%ﬁnaﬁ' rﬁlgc%?gﬂﬁf Jl}’lggolré? i glﬁ% IilP %gbﬁ%rf%he

T2P cal cul aid @8 preford tradshi®VahodY, x88Rcfikik g can be used to filter
Ect and Ecp values to conpute ECtFI LTERED and ECPFI LTERED

respecti vel j0012§]01 28 repFtsentep by madry TRES, mheeyfeing wdak &il 0 @dndmiits@ughe downlink
simul ations and once the T2P is deci ded, power control adjust Ect

(whi ch is pasieg 8fc pekrddtgngut opaelarmo)ennmyalbés wdtatadni Gell setip avitht the
Ecp is adjusted to achieve/npintain optjml| T2P. Specifically, two

al gor | t hirs. RGP SF5bIHBINA! 150 PFRIpBHEMCLSRT PG Glint AR deing

Ect and 2) Eﬁgnn%fjb%gl%mlaicgtgr %Qﬁ, g% acfigtgeélonrt]r%[ %E{t) 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
terminal receives the downlink transmissions and generates a channel quality indication
in response to the signal quality. The channel quality indication is forwarded in the
uplink (reverse link) to the femto node 510.

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

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

allocated waveform for continued evaluation. The exemplary waveform selection



[00121] In the above algorithm Al and A2 are hystheresis paraneters
used to prevent fast fluctuations of Ecp. Furthernore, in order to
prevent akydposhenoes of Ecp equations above may be npdyfgkagsodifsgone
exenpl ary enbodinent, to let the Ecp correction to be performed nore
slowy. Lastly, other overhead channels (e.g., page, sych) can be

adj ust ed based on the pilot power |evel éi.e., their relative power

| evel with respect to pilot power |evel3zan be kept constant).

[ 00122] Accordingly, exenplary enbodi nents have been described for
reduci ng transmt power for overhead signals (e.g., pilot, ynch and

br oadcast / pal% Qﬂgl’[gltl%g (fniﬂ'S %ﬁ)let@ ?or %h 20ef Artx% Srmn?the
SI gna

node by det B ng an

exenpl ary eﬁ@ﬁ}ﬂhﬁeﬂﬁ t'H@%oH@%;Bmﬂhg %hﬁﬁ@id%&}* t))"@bﬂlc%or%%”%eﬁ rh'&'nﬂﬂ dthe
the pilot chann as the exenplary chan however, the analysis can

be applied tplimd hak represeheadbyChlatined %, ais p&f&red[@eﬁ&ﬂﬁh Redde tpdnnghanny
to FIG 10 and with further reference to FIGS. 5A-5B, operations

rel ati ng toqudlgy usermiafioreguemmy sdedtal b whe trefosed senomit twavatddmewbich
jamm ng and negative geonetries will be described in nore detail. As
stated, duePtayidgngharised chrapplogmeiny B the eprewsn AR @ sinterifEsnee FBINY aWSLIRR

e e T S e e eTBal S A b
| nuer { er encgylsgy adss GRUNGA! 0 SIBINR A ABRL G ShaNELy BETLarRGe

for the acc erm na out ages ofr

services. Th a?éﬂe%écﬂﬁ%/ neVQ?QJQ.'s %'fﬁrs ﬂicﬁfﬁh@sﬁgpéaﬁ'fceﬁrﬁe %g‘i’&?%@?%mnatmn
Oper ations to i nprove he per ormance of "an access termnal in a hi gh

i nt er f er enc ehahelagquaityhdegiradation fieetholdooc bhagehantg anyidisione Bisow & thasel of.
[00124] Generally, the exenplary enbodi ment introduces intentional
frequency setdémuy vhitlyn ithe atowdpomie erdatestri@wimtion pyossssipponed fozivalyate
the transmt wavef orm anong nei ghboring fento nodes to mnimze

i nterferencée C,bém‘&h‘l‘@*‘é}fﬁﬁfge Vaé%i’éhp‘?séﬁlﬁedmﬁé'&é VEYefoRBY-ect s transnit

Prant oy DhSE a8 e BB, T Bt e et  fdhepone
et rom a gLieih oW Al e REBIRE: wRoRoRITT, TRUEL Foukh LA GRTR

each for a grven ac€cess poilnt, transm ormwou

filtered by dgmifhegigh@Perdhdy Qihﬂn@@gh\tdhﬁfbnt Qt AR @ﬁﬂ)eﬂb@ﬁﬁb@émm;fg self-noise
filtering) with filter inpulse responses selected fromone of the

foll ow ng t kirewghwsY efidthesby inifing perSirmince4n high]gesmetiyn Fudherh@jns]could be
(200 +7 0. eayvedontih 18 unnoF SRS Faupzo s o) ikjene NPy [0DTRS] of
22 DFT ( NESPAIIGSRERE Bt iR s g gy S h e ffnll,-%%x %ﬁ?#bﬁé’m
Egglegd Ona](c:}[‘]%;fﬁl\gl? I I(%:(pdﬁ: OHglgurg}mn as %e d%l%y spre¥1d is sxgmtfcant eslmea Ind Pup
interval.
[00134] Referring now to FIGS. 11A-11B and with forther reference to FIGS. SA-
5B, operations relating to the use of adaptive noise figure and path loss adjustment to
address jamming and negative geometries will be described in more detail. The present
exemplary embodiment uses methods and apparatus to prevent jamming and address
jamming and negative geometries using adaptive noise figures and path loss
adjustments.

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

operator core network 550 via a wide band connection (e.g., DSL router or cable



[00126] Wth initial reference to FIG 10, FIG 10 descri bes nethod
for interference managenent in a wreless comunication system
transmt wayefionfs&el ection. As represented by bl ock 1802wustosedarf N
transmt waveforns are allocated to fento nodes 510 for use in

downl i nk transmi ssions. In one exenplary enbodi nent, the channel 32
waveforns may be formed fromcoefficients of an N-tap channel filter
with each coefficient set being derived3froma specific rowin an NxN
DFT matrix. [00127] As represented by bl ock 1004, a femto node 510
selects a default waveformupon initialization (e.g., power up)
according t fd. I, 16 j -

Fandom yas 2 SR SARHERE AR o RAERBIGRIO jrod: BRI ARHEER by e
the set of MNobfl@@sMibr doskONMbik)50 WRY 8¢ nt Sendgipal fochavighormM i s
initially assigned as the preferred trp(ap‘?lygifﬁn?t v%gvef oY?m TX\WaVe PREFERED
100128] As irepfeesraiseukshyaycuies ynldR@pproplide fredrfedenae detigalion ineeipdmes on

the downlink using the preferred transmt waveformwhen a call is
initiated. @alidedsetup with the associated access terminal 520 occurs
and includes channel quality indications (e.g., Channel ality

| ndi cat or 13¢5t dn Rataém@@ﬁwwmbm%ﬂéﬁ@mﬁlﬁ Al magie celbacsess nodes

t i | 52 d f ded to.the f de 51 h | i .
o i P S RSP KR P g
wavef orm t e§10,%ofr%%xﬁtofn%e ‘3‘%6 éﬂ?i%n%%o‘c%%d%fgceﬂ %ﬁhm‘é@éﬁ%&n‘?{ﬁeﬁ‘%&g ri@ |

t he possi bl e waveforns have been teste represente

1010, the f gyhiolyRcerd lifhs CRAMUNERLRE sidhiiNetdiehcdsEDGE MBHivAE ERES of the
term nal 520 using the current waveform The asSoci ated access

term nal reospactise tdaeivelowdhiandowhtisln&otvasd bisFia sucfjarvenfigiestich cahannel
quality indication in response to the signal quality. The channel
qual i ty i ndbadaeicdhe icecifgroparsaeiatcd acackidemphilnrd creat degraddd deloduletiethe

femto node 51Q. [00130]. As represented by bl ock 1012, the fcnto node
nmoni tors thBefg%T‘i[aﬁ‘?@' [%8 t%f‘ertelé?rﬁ%)’nr"é‘» BYFE A NBHBHERIQR P3P Crepte YETYSlh prise rise
current wav m ed on the.receiv nnel .qual i i-adi cation.
The font o nodesde wayapelR SRR uERENE Y b, R PRk

correspondi nigy GRARRS! trafl bt hbver 1868 CALIORRrer %isé:f?%m@(/zﬁués%e&Wlfe%ﬂ}usted
channel quality indication"wth any previous channel quality

i ndi cat i ons.@REif@Y &irMOshe@mioH@UE 100 ThidfsithiiRnps BlugFiem MBY SR Qi
[00131] As represented by bl ock 1014, the waveformtesting increnents
t o t he next redbenedb bdmedoreb apde F10A adnrsioniaed aeweas teaninehy20Fhe
exenpl ary wavef orm sel ection _ .
[00137] Femto nodes 510B can cause interference both on the uplink UL (reverse
link RL)) and in the downlink DI (forward link FL) of cells serviced by macro cell
access nodes 560. For example a femto node 510B installed, for example, near a
window of a residence 530B can cause significant downlink DL interference to the
acccss terminals 520F outside the house (i.c., non-associated access terminal) that arc
not served by the femto node 510B. Also, on the uplink UL, the associated access
terminals 520 that are served by a specific home femto node 510 can cause significant
interference on the macro cell access nodes 560.
[00138] On the uplink UL, non-associated access terminals 520F that are served by

the macro cell access nodes 560 can cause significant interference on the home femto

node 510A.



33 process iterates until the possible wavefornms have been engaged
for transm ssion on the downlink and the correspondi ng channel

qual ity i ndbeabioaodas been recei ved on the uplink. As pcgnrcemeniosk by
bl ock 1016, the preferred waveform based upon channel quality

determ nation is then selected as the preferred transmt waveform

whi ch provides the best channel quality _in the presence of
interference fromnegative geonetries associ ated wi th depl oynent s of
ot her unpl anned base station deploynents. [00132] As represented by
bl ock 1018, the preferred waveform may be periodically updated based

upon variou Tﬂ({:lgg]ﬁ]géﬂfs sjtzﬂgcl, ?é#xtg glgﬁ'es%@%idr{ cjilgo 1’6!&@ Rig,ﬁfglc% ’intﬁlﬁér!ence to each

term nation, quality gradation thres or ot her channe
condi tions kiRndkto hhﬁl_ﬁﬁie@fde?lbﬁh&ﬁf%r%ﬂrhﬂ)le iindaly BlillenchiP¥0, afptipdat e
determ nation, processing returns to evaluate the channel quality of
t he vari ous npdsSiihealtedarsm walhwypahtndsvo d0di3a] 530han pass eighificant
exenpl ary enbodi nent nmanages interference from strong nei ghbori ng

i nt er f er enc éntenfrsenpy ey acigbosing hugomati¢ 310 vfnrhiecemprasidercesePilasudre t he
dom nant signal ,energy during convol ution, at the expense of creating

sel f-noi se Cheolligatrgngeststenat Eeeeniof Ringignah §rensip SprehiEatepodsiSd to an
try. Furth i Id.b hi ith th f. E

TR LGt A S e RN LR )

for the desig naaéi?w&%s%?&%&ﬁgﬂgée@h-ellsﬂt%e BERY S slfthfa%@ﬁagke

in a fenmto node configuration as ay spread Is significan

smal | er thags 008643 iR FIG! 38 Wakre oh @RIBANIIRE DEY fnil nb RV 108 dRy@ause
11A-11B and with further reference to FIGS. 5A-5B, operations

rel ati ng t osighgicagentofferankaft gy wBINR) tb agueseteanidalfdOD. As.sonatg udindent
to address jamm ng and negative geonetries will be described in nore
det ai | . The (B ageatsogrisaptogsstoampd JLie may susy staniffreaisinigrigreagsasathish

to prevent jamr ng and address |j j.ng and negative geonetries using
adapti ve no??gy%Tgﬂ?%%@ﬁﬁgﬁﬁ&?ﬁkagggﬂ%djustnents. [00135] General |y,
fent o nodes o] e ln 4 n he, nobj_ | rator
cor e not wor 1000 VTS SRk Syt Bk RE CEM R s b i TRghiv g sPBS
cable 34 mgdehd isSisnA &ek@qnﬁléd@o9\a%nﬂaﬁc;q&sefo%mmemm@f&n‘é1£sd KhoWRs
manual |y optim zed by t'he nobil e’ operator core network 550 and

depl oyment insise €86 hbdhk Yerid nbOE Riseve OSBRI (R endien 8NEEratis SeteG eIy
arise unl ess appropriate interference mtigation nethods are
utilized. 10@d3®et recavedfrom adebirceset Worfkmtoande ssd the thrimal®iss20 and
macro cell access nodes 560 are_desi ne%_toépg ate in a certain
dynanic range. In cells forned %%FF %?d'ﬁbﬁ g , a hone fento node
510 and an associ ated access term nal 520 may be arbitrarily
spatial ly nddfBy, thus creating very high signal |evels beyond the

sensitivity r ang?01~0f'¥ottﬁq'ege§.§gﬁ3%wey %Céi@&?&t\‘:ﬁé f tQﬁot?e ﬂgmlliic)\p%elésfs%gmésd

link FL), such a configurati can saturate e receiver
associ at ed accesg gl Ralo ANl isieaticadrgsaded denodul ati on
performance. On the reverse link, such a configuration can create
very hi gh noi se fdcseTdtBad)civedl povekrovifed o the &mite nbistradidlli wivelads detiecs
home fento node 510. Thus maxi mum and mninumtransmt power |evels
and recei ver noi & Whogufemty addeasnatértheir@cties satlj ust ed accordingly for
home fento nodes 510. . This _situation,is illustrate in FIG 5B w.th
reference to homd°f ¥aiidics ghde SrmRaldoise daawtingine ferafe sedsnaiserfigursiNe).
520A. [00137] Fento nodes 510B can cause interference both on the
uplink UL (reverse link RI)) and in the dowlink DL (forward |ink FL)
of cells sermy I LS : I f.ento
AUGIQ?Fe 3&?61' Gleg}xrsqgn% ll)]é;ﬁ'&t?cﬁx on tHO ﬁné;g?\]/g(%oﬁot{eegg(tﬁ cgnt?oélgg.B

node 510B insta or exa near a a resi dence

can cause s r]g' ichlie Ratr isleydloliBktoDe akdiin@SHBRAMERLEOQ HiRBRAT GEIBSs can cause
termnals 52 outsi de the house (i.e., non-associ ated access

significant performance degradation. For example, in FIG. 5B for the two neighboring

cells formed by femto nodes S10A and 510B, high RoT caused by access terminal 520D



35 [00139] As stated, fento nodes 510 can al so create significant
interference to each other due to unpl anned depl oynent. For exanple

i n near by wessdeneas 530, a fento node 510 install ed neeaf/ugz008hdsrss
separating two residences 530 can cause significant interference to a

nei ghboring fento node 510 in an adj acent residence 530. In such a
case, the strongest signal (in terns of RF signal strength) froma
fento node 510 to an access term nal 52é6may not necessarily be the
associ ated access termnal's honme femto node due to restricted
associ ation requirenent described above. Such a scenario is

Ly strat edyl fnfd e SEAOSLE Arhel B HRYOLIBIG B or b6 01096 S Y

cause signiticant Inter rence access term na

520D. Al so, 520C.t Ofe sRbilfi0 kntblitoridRBer i 06duad VROREEDSr 48Tk RinaPED may
cause significant interference (e.g., high RoT) to foreign (alien)

fenmt o node bdAusty GRIIACTL Frofficexd pyiibits @rrly heshypplvienkevas ((NKB clakse el ess
networ ks, systemstability and load is usually determ ned by the
metric: riserogueity)eh@miahodRdPp, Axcerlinghodurire hgh sec datseplinktUL busts
femo node. Rise over thermal (RoT) indicates the ratio between the

total power TPBCSEFEEPIBhY D, thedtpToaidento node > Uheeesibere 2048 t he

th | i . RoT =06 f No) / No e f : t al i d
e ecoi Db e rent O shat PR o R e VA S e % o
pover 1 ecei VA IR FBlR: ik Gevi

o vegle, ChuR2SREWCIA, ¥ER POy iT Bsian ERbATEHNGE iR cy

node i s not sieRafidteHbwae: dutoscbesNoe viM@ltioANERoDf thé hecHahRfnMady R Stthe
i ncluding the fento node noise figure (NF). [00141] For stable system

oper ati on onntlfer fepts mide VDA Rofoweredstrdlasdoeiacdnteest feadinalBPpCcal | vy,
RoT is controlled to be around 5dB and hi gher. H gh RoT val ues can
cause si gni Preregrac e ifteisrenre sauied Paden-ruacialrd pccessdniptieal SLoD Aienvgde

for the twonelaboring cell s foLied: by Lort o nodes, S10ACAA, BI0%
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 S10A to associated access terminal 520C. However,
there are usually upper limits on the power control step size imposed by the
communication standards since other system degradations occur when a system operates
at very high power control step size. Thus it 1s desirable to control the RoT level at the
femto node 510.
[00143] In order to prevent an abrupt jump in RoT due to sudden increase in
interference created by non-associated access terminals (e.g., interference created by
non-associated access terminal 520D at femto node 510A), the noise figure NF can be
increased or the received signal can be attenuated by adding some path loss (PL)
component on the uplink UL. However, such an operation is performed at the femto
node experiencing high levels of interference. For example, in the scenario shown in

FIG. 5B, if both femto node 510A and femto node 510B increase the noise figure NF or



36 at fento node 510A results in performance degradation for

associ ated access term nal 520C. One specific interfering scenario
occurs wheyobewghlasy access termnal 520D has bursty uplciruis20b/084738
traffic and exhibits overly high power |evels (e.g., in close
proximty) at fento node 510A. Accordingly, during hlgh rate data
uplink UL bursts fromaccess term nal 520D, the RoT at fento node
510A goes above 20dB. Furthernore, the éﬁllnk UL power control
mechani smin CDVA systens (e.g., CDMA2000, WCDMA, 1xEV-DO) is design
to conbat this type of interference scenarios. However due to

excessive v Mech 11 f

fent o node %%%%%%gﬂj&QEEQ%gﬁ%gg' assgngggggmgﬁﬁégLﬁggﬁ?%E§E%é%%bfbr
over cone t hgofhnkes§ RIENER 5000 sRdadeYssNahn RS SO0D . ahed raGEakShiERATNAl
520D. Meanwhile the signal-to-interference ratio (SIR) of associated
access t er npridblenb@@Grringlak &nitehode T16AUE netdelnedied.s resulting in
consecutlveﬁﬁicket errors on the uplink UL from associ ated access

t er m nal 144 h@%ﬁémrdemtg 2 gxRINBATY AMbpAigTEs R heTomie neidaetubiting highdden

drop in SIR. |Red scenari o, one alternatlve could be to
i ncrease thgog 8 ‘%f}@;?"f‘s‘??‘itéc‘aﬁf‘f’ﬁé“ﬁﬁe? Hknaite figre R ey ed

from home fe 1 ass C|a a
Howover. the{‘énuate%ndla‘éeﬁaqﬁ*y TBupaR Rl i aRSERR: KER AR P R fuppe

size i ”POSegre*‘s’é/nt*s&%aﬁ&Wh%@hb@@ﬁ@ir@{'ﬂ?{ &ﬁlst%h&%%rfgta@% SYSigMm
degradations occur when a systemoperates at very figh gomer control
step size. Tthusiehding Bighl @Sklsabb@-dfQell @éf@énck MEnRambBYE]s padviddito hgjtto
node 510. [00143] In order to prevent an abrupt junp in RoT due to
sudden i ncr gaswiscfigumtlef deatenceioo vdat dobrdip hiphriead sbhwitaf-eedl mbwfessice at
termnals (e.qg., interference created by non-associ ated access
terninal 520 DAACUEBRINO ARsife ﬁmqm)ng te Bie CHRHNBEY rgodiEenHor BmanagEmg

i ncreased or_t e recei ved signal can be att t ed. by addi

path I oss (mr B he RIS CHEMEAR SR Bl 8128 G S MGRRPSt i on
i s performed, Lhe fenmto node experiencing high levels of
|nterferenc or exanple in the scenario shown in FIG 5B, if both
femto node 510A and fent o madé: B0&(k hcoe@ade Nohgl/ve(se figure NF or
37 attenuation by the sanme amount, the result is larger uplink UL
transmt powed |evels for both access ternlnals 520C and access
termnal 520D. As a result, 3 oblen1occurr|ng at fento
node 510A i s not renedi ed. [0014 rdlng to an exenpl ary

enbodi nent, the fento node exhlbltlng hi gh RoT, fento node 510A in

t he present wdeenky isthe fotd rgased cadrsy paiuse if i gure NF or attenuation

| evel while fento nodes not exhibiting high RoT, fento node 510B in
the present scenario, keep their noi se figures NFs constant as |ong

h i f )
Thus, 5 met WOB4E AT ke eidh el FHI A 1168 e et gpthe ShétS
tt ti f f
oSt on g S A b ot gt
nmanagi ng i n?%ﬁifeeah@'ﬂ% 1bs aé_]um‘d’eﬁ! t8 282t ERLAQ lﬁ@ﬁa‘tl@@s%?&ﬁﬁﬂo 1R -%cﬁ't Tfis

given tine ot n can be expressed as : 10c(n)+ lor

No(n) 11 No (@oddangtHeadjusthrecfatondan be applied elther to uphnk UL attenuation or the
noise figure NF of the femto node.
[00146] Asrepresented by query 1104, the operations described herein may occur
periodically, such as upon the occurrence of a subscquent time slot #. By way of
example, at every slot n, the femto node 510 may perform the following method to

provide interference management to a communication system. As represented by block

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



ictneell where Eci is the total received energy per user i. [00145]
Wth initial reference to FIGS. 11A-11B, FIGS. 11A-11B describe a

met hod f orwa Bloshfgseence nmanagement in a wrel ess comMmupceakiagosyst em
usi ng adaptive noise figure and path | oss adjustnment to adaptively

adj ust path loss for controlling RoT. It is noted that the adjustment
factor can be applied either to uplink UL attenuation or the noise
figure NF of the fento node. [00146] As3¥epresented by query 1104,

t he operations described herein may occur periodically, such as upon
the occurrence of a subsequent tinme slot n. By way of exanple, at

every sl ot bir:]%)%ﬂg?idée%%n%%m@ Jéa}(fo&? s rh@Ued E‘t[ethé ?elnlté?\%dbgsl'ﬁeﬁé’d

to pr ovi de | erence n'anageme a COI'TI’TUnI ca

repr esent edyRymilnecK fikkQoyat iRWsrsl0 0l tl?éh%al%ﬁ%%&ﬂhﬁg‘ﬂe k&8 nSde
are conputed. Specifically as represented

2009/ 070606 R6¥4 RO O8FN84738 38 by bl ock 1106, a thermal noise
figure: No(n) is neasured at the fento node 510. The thermal noise
figure No(nj00id7jt he\sxraprb@ntr;é byfblackd 19herotal reerdieslsignaimgdgthdofhis f ent o
node noi se figure QNF). [00147] As represented by block 1108, a total
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power received at the fento node fromall wireless devices for

fent 0 node i which it thetatal aateivee psetr, recesved anhe tfadto nbhe fromrgpiutiedess ﬁe\aedsl
interference | evel can be expressed as: lor(n) = EEc, (n)
for whom femto node is in their active set, is computed. The computed in-cell
interference level can be expressed as;
Tor(ny= Y Ec,(n)
ieinCell
{00148]  As represented by block 1110, a received pilot chip energy Ecp(n) to
interference and noise NVt(n) ratio is measured from all wircless devices for whom the
femto node is in their active set.
[00149]  As represented by block 1114, the out-of-cell (non-associated access
terminal} interference level Joc , which is the total received power received at the femto
node from all wireless devices for whom femto node is rof in their active set, is
computed. The computed out-of-cell interference level can be expressed as:
loc(n) = Io(n) — lor(n)— No(n)
[00150]  As represented by block [116 the received out-of-cell interference level to
the thermal noise figure No(n) ratio and maximum filtered received pilot chip energy
Ecp(n) to interference plus noise Nf(n) ratio among in-cell access terminals are
computed. As represented by block 1118, the access terminal signal-to-noisc ratio

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

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



EJI I CelJ [00148] As represented by block 1110, a received pilot chip
energy Ecp(n) to interference and noise Nt(n) ratio is neasured from
all wirel ags 26b0rees for whomthe fento node is in theipcraghdosessSst -

[ 001491As represented by block 1114, the out-of-cell (non-associated
access termnal) interference level /oc , which is the total received
power received at the fento node fromall wreless devices for whom
fento node is not in their active set, P2 conput ed. The conput ed
out-of-cell interference | evel can be expressed as: /oc(n)= /o(n)-

l or(n)- No(n) [00150] As represented by block 1116 the received
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are conputed. As represent | ock 1118, the ess
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ernlnm
p energy
Ecp(n) to interference and\ni(gk  Nigs r=gesgtiing alt, (ni)nFicel | access

termnals are filtered, by way of exanple, according to infinite WO
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the dB domain. The maxinumfiltered val ue anong access termnals for
whom t he f emdopivad deerfesernica lavhielve amtthe iermdtnotafighe Mxpres seahast. 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:
() el )
[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:

EcpNt _excess = max Eep(n) - EcpNt _target
- Nt(n) -

with the above allowed threshold EcpNt_target having the units of dB.
[00153]  Asrepresented by block 1126, the excess amount of the out-of-cell received

interference level foc_excess can be expressed as:

loc(n)

—loc target
No(n)

lfoc _excess = [

with the above allowed threshold foc_target having the units of dB.
[00154]  Asrepresented in block 1128, an amount of additional path loss (PL_adjust)
that needs to be applied is computed. As represented in block 1130, the candidate path

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



Eel ),(n)\-- Ec p(n) _ max max- Nt(n) ,,Lein cell access
termmal sNti (n) [00151] As represented by bl ock 1120, the
si gnal -t owwrmeotoadsi 0 of the out-of-cell received inteptenenggidiesel
Joe and the thermal noise figure No(n) are conputed. The
signal-to-noise ratio is also further filtered, by way of exanple,
according to finite inpulse response (FIR) filtering in the dB
domai n. The conputed out-of-cell (non-aggoci ated access term nal)
signal -to-noise ratio can be expressed as: loc(n)filter( loc(n)\
No(n))No(n) [00152] As represented by bl ock 1122, the excessive
recei ved out-of-cel | intdif-&8hce FEyB8RESthe all owed (target) anount
wi th which the communi cation system can reli ably opepatg. and th
maxi num excessi ve recei vétd piarés :CE}E j ]

;

y 470 j 0t epfs 2] ‘
noi se ratio anong in-cell access t ?Hjﬁglf%garﬂéa-dse er’pﬁﬁée MAE%
represented by block 1124 tdaedgexcesscaatount) + IL_kregelowed pilot chip
energy to interference and noise ratio can be expressed as: EcCpNt

_excess = max Ecp(n)\ Nt (n) PL_cand = max(PL_cana’l, PL_cand,, PL~cand3)
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 Toc values exceeding a high threshold.

(2) In case both E£cp/Nt and Joc 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.

j00155] Asrepresented in block 1132, the appropriate path loss (PL_adjust) can be
applied according to the upper and lower path loss PL adjustment limitations expressed

- If (PL_cand > PL_adjust_max )
PL_adjust(n) = PL_adjust_max
elseif (PL_cand >0)
PL_adjust(n) = PL_cand
elseif (PL_cand <0)
PL_adjust(n)=0

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

limitations may require quantization of PL_adjust(n) fo the closest possible setting.



EcpNt _target wth the above allowed threshold EcpNt _target having
the units of dB. [00153] As represented by block 1126, the excess
anount of wdeewtosesf - cel | received interference | evel Ilpot/exOEBSE7IBaAN
be expressed as: loc(n) Joe excess =lac target ,No(n) with the above
al l owed threshold | oc_target having the units of dB. [00154] As
represented in block 1128, an anount of additional path |oss
(PL_adjust) that needs to be applied i s4 onputed. As represented in
bl ock 1130, the candidate path | oss adjustnents are determ ned. The
candi dat e adj ustnments can be expressed as: 40

[00157] Referring now to FIG. 12 and with further reference to FIGS. 5A-5B,
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 onc 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 1xEVDO. By way
of example, since the 1XEVDO control channels are time multiplexed, neighbor femto
nodes 510 can be organized to use time re-use of these control channels.

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

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

mode tracking and channel estimation. This continuous transmission of pilot and



PL candi = for _excess 10,0 .._EcpNt _excess EcpNtbased PL _step
,0 < EcpNt _excess PL _cand3 = PL_cand(n -1) - PL_step_down

PL_cand =waz@Ph7eendi , PL_cand 2, PL_cand 3) Regar di ngcdaiseisdatizg

t he candi date adjustnent val ues, the candi date val ues nay be based
upon various characteristics or rules. By way of exanple, various

poi nts can be expressed as: (1) FL candi_and PL_cand2 are designed to
qui ckly adjust the PL based on high Ecpﬁ%k or /oc val ues exceeding a
hi gh threshold. (2) In case both Ecp/ Nt and /oc are bel ow al | owed
limts, PL_cand3 is designed to slowy reduce (decay) PL such that it
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the cell there maybe no reason to dir mt /oc since Ro

control nechathiagkvah vadihe@dhne aiive @hffichettBqdminevel . So in the case
when there is only one active user in the system !octal-get can be
set to a vefG01bHr gén ek uexemp0i SHjbodenang pthesfist ettpi 18 fol eddtest 1182, outdpe
appropriate path loss (PL_adjust) can be applied according to the
upper and | &{lsfionsaien thedesped fajtesedrer0 nilohandvednad ehapnads@en samch aofl

S .
(PL_cand gzlfgh?g J clélt?r}crrbg?é:e?ved 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-
frames, for example, a time division reuse pattern of 2, 3 or 4 may be created. If the
pilot and overhead channels have sufficient redundancy, for pilot acquisition as well as
decoding of the overhead channels, this would have an impact of 3-6 dB, for example,
on the link budget of the pilot and overhead channels. However, this can be easily
compensated by increasing the transmit power of the femto node 510, since in the femto
node 510 deployment, the arrangements are not limited by transmit power,

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

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



PL_adjust(n) = FL adjust max elseif (PL_cand > 0) PL_adjust(n)=
PL_cand elseif (PL_cand S. 0) PLadjust(n)= 0 [001561As represented in
bl ock 1134yo tdeerotepdsl Nk UL attenuation (or noise figurepcrastagosaased
by PL_adjust(n). It is noted that in an actual inplenmentation,
hardware limtations may require quantization of PL_adjust(n) to the
cl osest possible setting. 41 [00157] Rgé)erri ng nowto FIG 12 and
with further reference to FIGS. 5A-5B, erations relating to the use
of subfi-ane tinme reuse to address jami ng and negative geonetries
will be described in nore detail. The present exenplary enbodi nent

uses net hodsy Ak, IRPRERLHSe £ O 125 4 i tufRATFNG 1AR 1REAHE SRanhaINIHURG rakd
negati ve geonetries using subframe tinme reuse. [00158] In one

exenpl ary eqddforedibt, trhfisndsbicnl, rfor RkAnHlACEH pematd0s forwerddiivé Sbied packet
mul tipl exi ng, transm ssions can be scheduled in such a manner as to
el i m nat e t iramsnpssianecspaiculier vRgdari femgelist) nsessy rafFhiiks¢onfvelptionah ootts, the
510B may conmuni cate with associ ated access term nal 520D during a
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schedul i ng, paYER jASmingEMAQddBYs YamBl SMa¥RhBe SbRLRick R8ink HEVIR time
control channels are tine nultiplexed, neighbor fenmt o nodés 510 can
be organi zeetuk® use tinme re-use of these control channels. [00159]
However, as discussed next, this does not work with air interface

t echnol ogi efPMIASt JBithhopitigk ripferenop etoati@n 1% tHGs cRedlasaribes aand exdoapdary
di vi si on mul tipl exi ntg, for, exanpl e, technol ogi es that use CDM contr ol
channel s, i FEPYUMAY, TOF SHedaRss| BanageRERf 11 A FHRIES AN USROSk using

gﬁ{)gid! ?re];? ; s%éﬁgg{ﬁrt%lneere%iseryefksr r%:%?ees'\en L b}g FR&L ll%(,j gziitpngds%&uaénlcesi (gr 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 eight of sixtcen 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, each femto node 510 selects one of the gating
sequences. Although the femto node 510 may attempt to choose a gating sequence that
1s non-overlapping with neighbor femto nodes, general selection does not necessarily
result in a non-overlapping arrangement. However, the cxemplary embodiment
provides a mechanism such that a non-overlapping gating sequence can be identified
and selected.
[00167] As represented by block 1206, an access terminal 520 establishes an active
connection with a femto node 510. In response to establishing the connection, the
access terminal 520 provides a “fast” per-subframe downlink (forward link) power

control feedback allowing the fermto node 5101 to select a desired non-overlapping

gating sequence.



[00160] In one exenplary enbodi nent, sub-frane tine reuse is
applicable to technol ogi es where hybrid tinme reuse cannot be appli ed.
| n many c®0 zdoan7os@chnol ogi es such as cdma2000 and WCDRAT/UkTves/sa sl
station transmts a continuous pilot and other CDM control channels
(e.g., synch, paging and broadcast, etc.) which the access termnals
use for a variety of purposes, includin% initial scanning and
acquisition, idle node tracking and cha fel estimation. This
continuous transm ssion of pilot and 42 overhead channels fromfento
nodes nmay result in the above described downlink janm ng, even when
there is nojpagks)ve shefidally «adl ab RGrds@ERI bIbAOLRE] foiht® A6 LT RBL Rsdhits a
enbodi nent, the first step is to address the outage situations when
t he desi r edsérepbdfrvaclcon 16 dRiunple, Absla/Ovies bigadz1ahaRNRES:s (@mehal SEYNGAh
and pagi ng) cannot be received at the access term nal 520. By way of
exanpl e, a dtpa®e0CControhgeoups (BTG dgaded nt.o Ad xpesentpb e rbladntZ16] since a
groups (PCGs). To permt acquisition of the pilot signal, a fraction
of the pil obotapfipllyJpraEE eHheeicmie aodeid84is alrsady gagasgd §F gommunication
[00162]Wth reference to E B, fe node, 510A,. transm tting.t
hsoct at ed AUEASE ERHITISSLOASORIRE S EHEASE SHOH IS Bt SHRE 520D
(i.e., duri . of I 10 . rafflc s, nsmitted).. At
hon: assoo! ab o aEes hlcRRLE N, 30 e of el bE TRTH RO 1 ured
ratio, Ca, #snlidsANS @zmbﬂaﬁlgf ﬁe@%ﬂbﬁﬁf’é‘hﬁo neges fk0BrifRHAY¥RSaccess terminal
dramatically during the period that fento node 510A is gated off,
perm tting s@iuiwilt dlen cbfertdenphéotuaados gugtunoddawiat snd ioerfdrent ofrom
node 510B at access term nal 520D, in spite of the highly negative
geonet ry at ngightos semterneida H20529 Pbsehad18iBin naighbae faste mptiafJOA is gated off
enbodi ment, these gated on-off periods are scheduled to be

non- over | apf¥ig thatisilset ofesyblemesde 510A and fento node 510B can use
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and over heagheCdbhnak $fodam@ 15kh oGkl Béntioe dieaBaRCom faesPidrinal 520D will
acquisition as well as decoding of the overhead channels, this would

have an i npagiicaef ti3t GedB nbde HRBnpioald oncrédie the nkanbmitgpdwef fdrhepecific
pil ot and overhead channels. However, this can be easily conpensated
by i ncreasi #ipitamss.t Sapidasiyt dywethe srbframes fhatfonioowde 5104 1s pate offnaccess
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node 510 gaﬁﬁgﬁﬁgﬁﬁB&&&Qﬂrﬁ%dﬁ@gmﬁEhége transm ssion off. If, for
[00170] As represented by block 1214, the sub-frame downlink (forward link) power
control feedback provided by access terminal 520D to femto node 510B indicates which
sub-frames at transmitted by interfering neighbor femto node 510A are gated on and
which are gated off. Accordingly, such an indication allows femto node 510B to select
a gating sequence (pattern) that is non-overlapping (complementary) with the gating
sequence (pattern) chosen and in use by interfering neighbor femto node 510A. The
exemplary embodiment finds application for the gating sequence (pattern) chosen by

interfering neighboring femto node 510A.



43 exanple, the fraction (e.g., 1/2) that is turned off is |esser
than the channel coding rate used for that transm ssion, for exanple,
i n cdma20690 tawmawes | | Nk voi ce packet transm ssions, aPg&USRIDBMFATIS
standard format (RC3) uses a rate 1/4 convol utional code, the access
termnal 520 will be able to decode the packet, even though half of

t he packet transm ssion was gated off. Ig avoi d the necessity of
know ng these geonetries and schedul i ng 'these non-overl appi ng gated
off times, the follow ng nethod is disclosed to prevent janm ng and
address janm ng and negative geonetries using subfrane tinme reuse.
[00165] Wt ot i @epbfif! @ACEe titiplehdentalidn tEdhtolod? SBSCESRRRrABns may
exenpl ary embodinment for interference managenment in a wreless
conmuni cat i Gnthsy déteminsihe gypesbf gaig stquiRcds €parmsPbest epteg SeNthRGubYrame
bl ock 1202, gating sequences (or patterns) are identified with each
gating sequettow tgdmiqug- Exfrfhenﬁm excgrpdaey aeieshiermiphle wreerunofvasi oftthepating
power control group to obtain a reuse of 5/16, or eight of
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access term é 520 establ i an _active connection with a fento
node 510. |/ %‘B?ﬁf@ eﬁ@egg &B g%tﬁ‘i'ﬂ‘b t he connection, the access
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as represented 1 n block 8, 0 node 510B transmts a series o
frames on, kpichRxaspl eSucﬁ @aﬁlaémmr@em@ﬁ@maglfoi @xdrhiife, 2RRES WEBMA Mghto
520D with all power control groups (PCGs) gated on. As represented by
bl ock 1210, nsdascddarpodtesynclabiiyed. nineorfeerxemglane ergbditimedterfironsgnicraB i
is already engaged in comuni cation with access term nals 520A-C

usi ng sub- f feame ngdes AkY. frstsA iod gHernaig e geted silfEmes2 Dayi 9 besbBeiphte
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subframes. [00169] During the subfranmes in which fenmto node 510A
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EU/ No. As represented by block 1212, the downlink (forward I|ink)
power cont r obntiguedibaibiahes nleanasly, wsargd Maims 526D, thiclfemionide & @ ntab ate
fenmt o node 510B shoul d incr ease the transmt power for specific
subfranes. SHngixtasn gontiguousnybiramess ait paaes foHEeenf emtisugis debbames oy of
gated off, ﬁv&fﬁ@ term nal 520D will observe high EU No and the

downl i nk (f PP power control feedback from access terninal
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by access termnal 520D to fcnto node 510B indi cates whi ch sub-frames
at transm t besghdyd dhatret hﬁﬁqnnglmﬂlvg{ehaheré ard oo hads tbifiAalanssogiatcddaminte

and which are gated off. Accordin such an indication allows fento
turn on pilot and overhead channe s penodlcally and/or at very low power only at times



45 [00171] Dependi ng on the inplenentation technol ogy, other
considerations may further determ ne the types of gating sequences
(patter nswmewb/omaist ed for this sub-frame gating technPquas2008/084738
Furthernore, since | egacy access termnals are unaware of the gating
bei ng done on the downlink (forward |ink), other considerations nay
be applied to include choosing gating saguences (patterns) that

i ntersperse shortened "off' periods between shortened "on" peri ods.
Such a consideration may reduce inpact on downlink (forward |ink)
channel estimation and channel quality feedback estimation nethods in
use by the L@6RG¥%oAREEI8cchElRhMals 520MHS e:gi’e@t%d%@éfﬁéa%ningrfo@th%%&ﬁto}’\ﬁ’tﬁﬂé
ei ght sub-franmes out of sixteen are gated off there nmay be benefici al
reasons for3selecting alternating sub-frames to be gated off and
gated on. [00172] In another exenplary enbodi nent, gating sequence
sel ecti on niP1Zfpl Reéfirfiienento Hovsi Héd and wiik fifrther ey herliGS. dhes
nei ghbor fento nodes 510 are not synchroni zed. Such consi derati.ons
may exist, PRRTUSRS RIS QHEHsHe MR dnted egde addsasy jamming gpd negative
synchroni zed. 1n.one ex |.ary. enbodi ment., of non-synchronized fento
odes £10-  FiRTSIE Y SAIERrTE BB PP o Sheere ST PeAReLy SpSfigniiaee
benefi ci al v , . : £ S

conti guous, "Sog FippeSfus R g BAPRLRL IR B R
exanmpl e, i ngtdiRetG@sRing@thyBriY\CiaiesY &bRiyWst h fifteen subfranes over 10
ms, or thirty subframes over 20 ns, a beneficial nethod may be for
each fento [(WA@5510ntan gatelad fentbodenannifi guairsinadfatd@cfnifst émip division
subframes and gate on six contiguous subframes. Alternately, using a
20 s franmemulthdesing{sychod el EMDRay thgat teanshissiony magnbe seheilgedus such a
subfranmes and gate on _fourteen conti guous subfranmes out of thirty
subfranes. [GOIFEF (9 climnaterfiperiodhpiidmpeahcsrmeies  Thys Hemtapidsod §B

to address this situation,and i ove dpvvnl
erral

- [ [, . |
nodes 510 cot FRUPRCES U Ber FRb MG BHEraUR R A Bhg bl SALE femo

0]

transm ssi ofg aMigHat REf& ﬂE&nﬁ@ing{:%ﬁﬁﬁarI}ﬁrﬁE&?&t& ASROC ahfthl 00 hbuy

turn on pilot and overhead channéls peri’ddically and/or at very |ow
power only aéminuiRse with MARH na8s GCOARENDGGRSSd tviHiehd AabkS Rafindl 80D is

expected to be scanning for the fento node 510.

scheduled by femto node 510B to not transmit.
[00176] In an exemplary embodiment of a hybrid time reuse method, a downlink DI
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
[00177] FIG. 13 illustrates an cxcmplary downlink DL timeline including three
different time periods during each synchronous control channel (SCC) cycle period of
256 time slots. In one exemplary embodiment based on time sharing of the resources
during “unlimited HARQ interlace,” there are three different femto channels defined. As
described in more detail later, it is desired that neighboring femto nodes 510 pick
different femto channels so that they do not experience interference from other neighbor

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

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



[00174] Referring nowto FIGS. 13-14 and with further reference to

FI GS. 5A-5B, operations relating to the use of hybrid tinme reuse to
addr ess | anorzeng/ozoack negati ve geonetries will be descri lpedsuismosmssess
detail. The present exenplary enbodi nent uses nethods and appar at us
to prevent jamm ng and address jamr ng and negative geonetries using
hybrid tinme reuse techniques.. [00175] Iﬁaan exenpl ary enbodi ment, if
an air interface permts tinme division I tiplexing (such as
1XxEV-D0), then transm ssions may be schedul ed in such a manner as to
elimnate tine periods with negative geonetries. Thus, fent o node
510B can CORMKHIE Ainflo thinRe RIHORIAE Do BeGRESar) BioRBhnmeB ARk 94hEdA%yone
peri od when femo node 510Ais not transmtting. Simlarly,

associ at ed &aneasdd 10N Dalilsn20ke eRrynptoBRbbERER oflathibfi® e ravedepdpdidh
during a period where access termnal 520D i s schedul ed by fem o node
5108 to not istdeagrdwil belop00176] I n an exenpl ary enbodi nent of a hybrid
time reuse nethod, a downlink DL transm ssion is divided into three
separate gr M8l n Withyimitia] refegpngerip Heulsh BShtlAdiesadhanmarpthpgtarynterference
transm ssion period 2. Lim erlace Tx. Unlimted

Limted HA | nt .Period, 3.
HARQ | nt er | SERTEFRNbdP | &gV TelE7 Sy EpEicatios iWWEtP%‘EE’eQWEHd eXBfpichssy M

downl i nk DL fi LNe:.d ' i fferent ti ' i.0g,:,

each synchr S%d&g&s’a h%({)lﬁlttlrlgl? E%ﬂ%ﬁeg% %gaghtéyc rgﬁtﬁbeetrnlieggj y%fgc§gg§%’%ﬁ%1e%tldl
slots. In opewex& B &hdt SHLREHRIBh FasBdicPibdel 919, GBFEMRGRE 518Berforms
resources during "unlimited HARQ interlace," there are three

di fferent feéemeoyatinonedtiondeift thednachs celbaamobie@.d. nmamo ecldat@sd nddat 550).
it is desired that neighboring fento nodes 510 pick different fento

channel s soAsheanreichiey bidlenkt 1484 pdrringrives Hmchwohigrtemcwitlf thermasrdiecl] access

nei ghbor fento nodes 510 (i.e., each fento node selects.a primar
fento chann@?gedﬁgqséﬁ%rf?m%wet B RepgyEasotecranG SHISAONE RGN clllam@lhé@

0 T g Nl LS ot LIS LSS .
one fento ngge FH.Q.q BetR L@ ebngéélﬁbtg?g\é;vﬁ?%%%ifﬁgi@o%gﬁﬁg a.c’]{;riearnjabf%AﬂQ

time reuse operation Is descri I ni

reference tentéridee whth thEll€ast Iferfieart] ReeprsdRidB bigek 1406 1A Bf8RER slot
managenent in a wreless comunication systemusing hybrid tine
reuse, in aoffestd@8(ees defireddrmonetbe ifehtfigd mofeodd HARQ indslatrepr esent ed by
bl ock 1402, at the initial power up or other synchronization of a
fento node BMI79% hetsfigpicesnirgdde bBTR 148 fagirivgary ilgrato Phpraish Grselzeted.o By wiavh

the macro cel.l network (e.qg., macro cell access ho 560). As
repr esent edotvamp R0 § ,lg’é{ﬁ?lFﬁ@ntf’ir?f@”s‘?%fﬁ’ﬁBWitgﬁ’a%ﬁB Mgl i nacr o
cell access node 0,.node a es .secondary..
synchroni zati on %:fﬁ]g%% PFB%Eggbo@f_sgt%g%%g%O)ﬁﬂé‘sgd‘g Blf%f“ﬂgs ﬁﬁrc??lg E%Tﬂio
access node 560 apghnRei ghboring fento nodes 510. Based on the

measurenent, the fento node 510 identifies a preferred HARQ interl ace

Wi th the | east iM@cd@EOAISCCaK)-€pr @seFeeth 0Yin bt o€ kickdDBs pAmary Femto
preferred slot offset (PSO is defined fromthe identified preferred
HARQ i nter| ace. Channel

If mod(PSO-MSCCO,4) = 3 then Femto Chn. 3 is picked as primary Femto

Channel

where Chnl, Chn2 and Chn3 are described in Figure 13.
[00180] Once femto channels are determined, femto nodes 510 may transmit traffic
in the downlink (forward link). Transmissions by femto nodes 510 are timed to reduce
interference with macro cell transmissions and other femto node transmissions, A

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



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

sel ected. By way of exanple, on exenplary selection process may

fol | ow t havd adobowicesy al gorithm | f nod( PSO MSCCO34) = Pcrhemosiesatss
Chit. 1 is picked as primary Fento Channel |f nod(PSO MSCCO34) = 2
then Fento Chit. 2 I s picked as prirrary Fento Channel |f

nod( PSO- MSCCC34) 3 then Fento Chit. s picked as primary Fento
Channel where ChnI, Chn2 and Chn3 are dégcri bed in Figure 13. [00180]
Once fento channels are determ ned, fento nodes 510 may transmt
traffic in the downlink (forward |ink) Transm ssions by fento nodes

510 are ti %quﬁ&%ﬁﬁd'lﬁﬁi%‘erde?ARQ%teYl’aéeﬁrdﬁ%fq@loﬁ?Eﬂiodf, LANSTISRYIDERQ
and other femto node transm ssions. A fento node fransm ssion

protocol f ointérhi@e warishOsssonREDO, :eeddscriiedMeIBnsSi on peri ods, SCC 48
transm ssion period, limted HARQ interlace transm ssion period, and
unlimted HARMB1Int évsl epeestntedh smibdwkold Pemidoitharcéerdes cioi Béd LelaawsSCC
[ 00181] As represented in block 1410 and with reference to FIG 13, an
SCC transmission period 1302 is defined at the beginning of each SCC cycle 1304 (e.g., 256
slots) to allow transmission of an SCC offset (e.g., first 32 slots of every SCC cycle). In
one exemplary embodiment, two sub-periods 1306, 1308 are defined based on HARQ
interlace: 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
traffic is given absolute priority over best effort traffic. With reference to FIG. 13,
limited HARQ interlace transmission period gives a transmission opportunity for cach
femto node so that delay sensitive traffic (such as VolP etc.) does not suffer too
excessive delay. In one example, during limited HARQ interlace transmission period, if
requested DRC is null, then single user packet type of 38.4 kbps may be used. If DRC is
null or erased, then compatible packet types such as single user packet (SUP) 38.4kbps
or multi user packet (MUP) of 256/512/1024bits may be utilized (similar to DRC

erasure mapping).



transm ssion period 1302 is defined at the beginning of each SCC
cycle 1304 (e.g., 256 slots) to allow transm ssion of an SCC of f set
(e.g., fined2080mkmt s of every SCC cycle). In one exenpamg2008/084738
enbodi ment, two sub-periods 1306, 1308 are defined based on HARQ
interlace: preferred slot offset and non-preferred slot offset.
[00182] On HARQ interlace with the prefggred slot offset (P50), fento
node 510 transmts SCC information. This”allows reliable transm ssion
of control channel information and enabl es associ ated access
termnals 520 to hand-in and hand-out fromfento node 510. During

HARQ i nter| §RR8410N 1RBR: Q;Ee%{\gérrg%mbéhﬂknf?fdf@ﬁﬁﬁq fB%@iiﬂ%%ﬁéﬁﬁYQQo%t

transmt any downlink (for l'tnk) traffic (DTX FL transm ssfon) so
that m ni nurahsitiged 6n ENORQ | iftetladtseIMSTOTR| Ighber enitRiment ehdighbarifly femto
nei ghbor fem o node SCC transm ssion. On these slot offsets, a
fractional obdedonthinapksDhispoadaceias wel dick. frorprétiettan agmdstvie feheaehdhsingo
t hat these channel s can operate successfully. [00183] As represented
in bl ock 14¥AR{hdntgflagss odfashesndet efésers) Gemtpanodgs rdongptatranseritt &y doxmdink

g L R T N T
and el oy SIELL k] A Lol BB AR R RO Sl o B

transm ssi ofpgags)i Ok OicpRIcred [2 BRIk SI% #n@REAH titlichde {OFIRALY) d‘uﬁﬂé Qin
node so that delay sensitive traffic (such as VolP etc.) does not

suffer too exidessi VRARIRliayrladentrafimigicanpdridd, tw Faagol dodet B0 HARQwed to

interlace transm ssion period, if requested DRCis null, then single
user packet traggpet déwESkaA(frdwped hek) tetiogmdall bf tHORGUF FARQ linterlaces.adethe
then conpati bl e packet types such as single user packet (SUP)

n
38. 4kbps or bpginRing @§de periade HOVIIHY (felfwaz%ém@lzﬁmmwf@ paybep@mped up
utilized (simlar, to erasyre.mappi ng) .,. .49 [100184] In one

oxenpl ary. oHBB HRrE THoRtieni Ty D v IR i QTS Choel) S 6 gy
transmitted : i e of i r[ﬁ{¢

nei ghbor i nge%g?é;@gl%éé;tsf&yfgq%é%sﬁge% th |psﬁ$ﬁ?g%(gggﬁg§§ we Ilertgi&f 8? ,1 Srl{:())t
protection g@AIdSS udedlBEd R BAGRativOYFetiRbr HARQIdrNtr el RESisEquRitBE by the
slot offsets, fento nodes do not transmt any downlink (forward |1 nk)
traffic (ti mmbileaushe)egiomayef ualithitaCHAGK micridesmrbnsakss(dngrewad ofemtankgde
power can be allocated to pilot and MAC channels for successful

oper at i on of 1§ lsars &raptieih sethpatiblcODK8s] types (i aise peekdt jon 38146k sidgla uaerd
with referenc o FIG 13, during an unlimted HARQ interl ace
transmi ssi oR? ?Si odlsoy {emioe ppds H%‘Hal@lﬁof‘@%lll%&h%k’f r"éﬂg?ﬁeﬁ’ track of
downlink (forward. link). tr ic.on all of, the four. HARQ i nterl aces,
A the begi ARG i eRaer kb g3, MR A PRST deFn ey PanEHgon
power can bgeﬂ&fgpaﬁg HRRS! éé.\‘?g%eﬁrﬁne{t{%h tsﬁﬁsgggg'?%l@ciﬁgbﬁn Q?x!lt &aﬁat fates can be
predictor tO ranp up. In oné exenplary enbodi nent, to further

i ncrease t hgedodb®Pbicceds tbinaraboies, DRC I ength of 1 slot should be
used. Due to conservative predictor behavior, if null DRCis

request ed by018é] nolhicltechings feecib egiy niimegrpofatetiniond teeld (¢HARQI¢wItRr | ace
transm ssion period, fento node 510 can transmt conpati bl e packet
types (mul t emplowingaeriets eompgreidkiop sommugjraingsdth 3 dektemy othar sesle. F8it o

node downl i forward_lin schedul er can_keep track qf previously

T oquest od DRSRING S AT AR oBRE ) B 56 P Retlenen o on

peri ods and rl m nati Qn i St : i de. on 1

Pt s can b ADmAR il oRy SPeAhBIV B I BLERR R SRR, T84
herein may begi HEQLRRNBHEdnk amr@esyaaﬁge(%sg t(e.%.é\arfi@c\éesg%em%[mlc%w@mo

vari ous conponhents for comunicating wt east one ot hér node.

FI G 15 depkgitan $s00eralthsdsided 5¢orpoMmeditsiot Batmbanofidetasipinyie grdvtied
facilitate comuni cation between nodes. Specifically, FIG 15
from a data source 1512 to a transmit (“TX"") data processor 1514,



antenna. The TX data processor 1514 formats, codes, and interleaves
the traffic data for each data stream based on a particul ar coding
schene selest@dofoess t hat data streamto provi de coded dgatas2do8sLEs]
The coded data for each data stream nmay be nultiplexed with pil ot
data using OFDM t echni ques. The pilot data is typically a known data
pattern that is processed in a known manper and nmay be used at the
recei ver systemto estimate the channel 5ﬁ)esponse. The mul ti pl exed
pil ot and coded data for each data streamis then nodul ated (i.e.,
synbol mapped) based on a particul ar nodul ati on schenme (e.g., BPSK,

QSPK, M PSK M @MQT i '91%@'3;' ' :
modul at i on (};ﬁ 'Z)il s. T eéﬁg%gg’ ?g%hed,a{ad%%?tﬁéﬂ an %?ﬁﬁa%@gﬁeﬂért@g%ﬁ
dat a streamuimByhabaheetedatd nReckshy 16 D6 foretk] a8, PRl herleeds M tAffic data for
processor 1530. A data nenory 1532 may store program code, data, and
ot her i nf or pmhidata strsed biwed bhe pprtoclesawlingldBinoselwtdddor thanjparaenis tof

t he device 1510. [00189] The nodul ation synbols for all data streans
are then prpiaviegodes &gtaTX M MO processor 1520, which may further

process the | atj on synbols (e, q., for OF . The TX |

P ocessor  1HIB0Ho 1 PodtBe Rk Hifh sty HbBr NOEAnEP POohFte
transcei vers._.(" ' 522A [ O A522T. dn sone aspects,..the TX
M ND pr oces Sus SEUD eohRAES: SHERIT Qoo RO AR ER bt of
the data st pRANR-AAG InGwhHRinABlA0Ny e QRN i eldifr $YsiR o dsmBRiItAD
transmtted. [00190] Each transceivér 1522 recelves and processes a
respective sghdnaelregpbhi®amht endi0ssed @iloned @bdddnlaer fanedch datisgeh ,thand
further conditions (e.g., anplifies, filters, and upconverts) the
anal og si gnalodulaed fir@\dythbobmanpdd] Fsetorsd ppradulaumddabition fcheme (e.g., BPSK,
transm ssion over the M MO channel. NT nodul ated signals from

t ranscei ver 83752 ¥aPelh dgtRAND setecipdefor thahdats sirgamite pexyiderpduigtion
antennas 1524 hr.qugh, 1524T, .respgctively.. [00191] At the device
1550, the + Py A St SRRt ot GEB e sy RY Bt cnas
1552A throu ! I I r e q?% e IS
51 provi dedg. Sl%gﬁgd}s@g% |C\|[/l.§n5.{'$e gﬁé%%&ﬁ%%%@&@l&@%& . r(g’gg%ﬁi@éhl?
Each transcegiMSirodiamtodidial 4hdr & fBrmatibh b3, th@pmtdstdras30 8ther
downconverts) a respective received signal, digitizes the conditioned
signal to pcovpsiensaliheelsyicansiof urt her processes the sanples to
provide a corresponding "received" synbol stream [00192] A receive
("RX") dat al#iH88les ddw nkgeBtiohembobcior ¢iédata siteapseretbeeprovided MR TX

recei ved synbol streanms from NR transceivers 1554 based on a

pa:ﬂtj i ?:ul ar MR pecesspro@fsvhigh ey RHhguRopess Eredw%aﬂgarr syrgele Crtedor
T 560 tF .
ol nter eav CEPMh o Tde MM BEREGE 200 BR SyGr MEERRMA o Seb Y e
traffic dat & TQ {ra&sbé?vé#?g@((?\yﬂ’ﬁqgﬁQJ OL%rhol%g?ﬁ' ﬁ%gmé agﬁts%eq%ﬁ 0
orned by

processor 1560 is conplenentary to that” per e XM
processor 1326614208 ﬁ?@s%@é@f&hﬁ@?@&%ﬁts 1ohé sphbdIDef e hie StrbpnkQind to
[ 00193] A processor 15%0 periodi cally determ nes which pre-coding
matri x to use dinsefremechitdethow)mbd iebggaeassared1l570 fornul ates a
reverse |link nmessage conprising a matrix index portion and a rank
val ue porti 619N ddiagh renpeeiyerlis?2 ragaiyesandieoqspsey # sPOHe syralat afreagnie
ot her information used by the processqr 1570 or other capponents o
the device PENIC 6T &Fﬂggﬁh%&élﬁ’sﬂéél%ﬂlﬁ}?rﬁ%@é‘&&é(%ya% B4, b

various types_ of information regardi.ng th nicati.on.l i nk and/ or
the recei vedPedd StFelie At KPR MR TSR PUedins 5P eliteby

by a TX dat I . AWM ' fi
s R N i i RA e

nodul at or  12&0heiCedidintticdTReh Ny aidthigial 1 5033C@IoueH 35345 ABpddikeiygh 1554R,
and transmtted back to the device 1510.
[00191] At the device 1550, the transmitted modulated signals are received by Np

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



[ 00195] At the device 1510, the nodul ated signals fromthe device
1550 are received by the antennas 1524, conditioned by the
transcei vevg 20888 s0ddenodul at ed by a denodul at or (" DEMOBE Y/ ib20d60s4a33d
processed by a RX data processor 1542 to extract the reverse link
nmessage transnmitted by the device 1550. The processor 1530 then 52
determ nes which pre-coding matrix to u%g for determ ning the

beam form ng wei ghts then processes the-extracted nessage. [00196]
FIG 15 also illustrates that the comruni cati on conponents nay

i ncl ude one or nore conponents that performinterference control

operations ag,{RHHM rddRI Bl diradsOLivEXA@VRY) BR4ANLSLLEI SARE Facl g%g;&&ér

control conponent 1590 may cooperate with the processor 1530 or
ot her conponesu onditiohh@.gleMictiearhPlifkst MdTRAGLHRERYE) MGl rscet vl kiam
anot her device (e.g., device 1550) as taught herein. Simlarly, an

i nt er f er encdigntgms thelcobiiped eiznalld pRvitksamplepend fiether plocdshe the Goedsas
1570 and/or other conponents of the device 1550 to send/receive

si gnal s t o/ Piayificarfermwondiay | geciyed” gymbelsipae. 1510). It shoul d be
appreci at ed for each deyice 1510 an 550 the fungctionality of
Son or mor el BHBthe RsSEFT 6ER L srcrodr nel 158 RO BB o
conponent . r. , i [.0GeSsSSI onmpenent . provi de the
Funetronai i (e R e SR8 B BUBEETEH T RER b e
processor _1?1%%@& t€&hfigROEprVias 5 SddAd O TPANG UredIRY 1HE Q4 (82 E)H)@essor
functionality of the interference control conmponent 1592 and the
processor 15%36b thg08heotulaldeddigaddav g snd@icodd’ eaFyddiRtdd3ombplateime | nt o
various types of conmunication systens and/ or system conponents. In
sone aspect sscovdrdhet teaffb ety orhtley ditarstream. Hbe progessingdyithe BX data processor

mul ti pl e-access, system capabl e of supporting communication with

nul ti pl e usér@ ByOBplsMERgTyttAhahDerfarast by eshe MIME pigeesser 1680 gnd thg X
speci fyi ng qne or nor f @a dwidth, transmt power, coding,

i nterl eavi n§** RIRGEE" gsnl%at S e\?ﬁ%ﬁrﬁ%, the teachings herein nmay be

applied to ne 0 i I . | ol 1 o teg. | £S:
Code b1 vi si BIVIREN 't AEfrob R I320 pRRRly G Bl kDBl BFRDRIAR Bty
(" MCCDVA") hgdﬂﬂ@ﬁéé'ﬁ@lom&é;gwmg?ﬁ forEReoR 98- Lok BlesAGE BSfprising a
("HSPA, " "HSPA+") systens, Tine Division Miltiple Access (" TDVA")
systens, FreguenayexPorii@i @i alvhihit v4hheepoidae /s d{td koM 152 sheBore program
Single-Carrier FDVA ("SC FDMA'") systens, Othogonal Frequency

Di vi si on Mukedepiiaia.Apd ethsr (nfaompi Ysed Py thermsocessor of Heor other coppancasobths
techni ques. A wireless communication 53 system enploying the

t eachi ngs h&F¥sHI38y be designed to inplement one or nore standards,

such as | S d 000, 1$S-856, WCDVA TDSCDVA, .and aqther .
standards. MG AERROFIS b P Ee MM TR OO oY SR AR as
Universal T i j; 2 g‘g_:g% her
t echnol ogy. % a@%#\‘%h@ggm\%@%ﬁﬁﬁgﬁ%&ggg@ &%VS&%%{?(%@ 6%E)IIILC%"E:)r. elﬂﬁ(
cdnma2000 t eeltaRbeGY¥h&predeSse By 2000 dath Hrod8ssani3k Swidsibalsd AOEMEARITiAdata
TDVA network may inplenment a radio technol ogy such as d obal System
for Mobil e Goramunibcadf datesstici@SidN.a dm ORDYAS B nln ketaddy al mgduén@nits 88,
radi o technol ogy such as Evol ved UTRA ("E-UTRA"), |EEE 802.11, |EEE
802. 16, | EEFoBoned by Hiedrnseppi 15p4A shrpugh IRAR, snd gpRanitigd HaakImither e

part of Uni ver.sa{ bil e Tel econmuni cation System ("UMIS"). The
t eachi ngs h&F8fh!Hdy be inplenented in a 3GPP Long Term Evol uti on

("LTE") sys[deb n ULtra- [ Br o nd..("UNMB") ,system d_ot her
types of syi err%fl I#I’:ﬁel %Vgé% ﬁg:ugé%eemg%q%ﬁﬂ?%g?a#g% or}lugé%&gc&'i’ LA ?Cﬁlgﬁ%;h
certain aspgehs ffenhiiel 58k SEhATYER TTRNe REnsEESGE 1 DR U NG ER
termnology, it is to be understood that the teachings herei'n may be

applied to 3&RHUI(RSUIDEMEYY,15Rehad plRedséid beg RIXada@Oitocedsor Wehd toastract
3GPP2 (1xRTT, 1xEV-DO Rel0O, RevA, RevB) technol ogy and ot her
the reverse link message transmitted by the device 1550. The processor 1530 then



54 suitabl e processing device connected to a wirel ess nodem

Accordi ngly, one or nore aspects taught herein may be incorporated
into a phowe2fengsis a cel l ul ar phone or smart phone), @CTtQSPIOB/Es4738
(e.g., a laptop), a portable conmunication device, a portable
conputing device (e.g., a personal data assistant), an entertai nment
device (e.g., a nusic device, a video dgzlce, or a satellite radio),
a gl obal positioning system device, y other suitable device that
is configured to comrunicate via a mnreless medi um [ 00200] An access
poi nt may conprise, be inplenmented as, or known as a NodeB, an
eNodeB, a r @Qb@nlﬂ&t»‘fﬁlé B QBERE aBix Mrheteﬁnﬂﬁﬁ%@h@ﬁe@?ﬂ faﬁm(n Brights @
radi o base station RB% , a base station control % a base
transcelvertﬁ&@ﬁkﬁﬂw(mBEﬁnk&ﬁanéﬁﬁﬁscelver functlon ( TF ) aradio
transceiver, a radio router, a basic service set ("BSS'), an extended
service set [01B8S" FIGol5 deniugitaeitha ithrei dopmmungratomodnggyentf 602 dkfudeone
sone aspects a node ( an access point) may conprise an access
node for a EBﬁQﬁﬁP€§PP%%S@V§E ﬁFnSﬁﬁﬁ”@ﬁeé@ﬁé%gpﬂﬁﬁﬁsﬁﬁvuﬁﬁéﬁﬁﬂéIkFor

| e, t t et K d
cuch s t he ST aier e g Drer R R Dofat T GoBre e PatdRs
communi cal | i) 450 o 06- SRl BFon SRCHTH 0010 15T AERERSNOIGNIEY

enabl e anot node g., an access Yern

sone ot her {dinehiaAedb deice (g agldidel 1@5‘@) ds taupROndrdn DSInARRAY 8 ik Adchhat
one or both of the nodes may be portable or, in sone cases,

rel atively oeairaposthpdilest 11{99&%@2}30}5&8@w1‘{h&h@h6¢dsﬁ)r be7(}a¢1ﬂrce©tlat ed t hat
a wreless node nmay be capable of transmtting and/ or receiving

i nf or mat i oncempenen@ ! tierdevies $5 390 nerd/ ieecivp signaisdo/dromi ansthec davieedeigon) .
Thus, a recelver and a transmtter as discussed_ herein b%plnclude

appr opr i at e 4ofdMPL A slowld b awpresiated dbatlotent devies 1310 agg thcal or

OBt cal | LSR5 ORSE ik A, SHTNRLCE S U R BIRAS] S

wi rel ess CORBMPAAERE IR ks allie b6s0AS Bl AR Am Bl HELHE B8 § FRARBAI

any suitable rel ess co ni ca tec ogy exanp I'n so
aspects a Wof gkessfaode cﬂﬁ%l@ﬁr&?@ﬂeﬁ’é B590iahfl t1R Reder K530 eﬁnd%@{@eas pects
the network may conprise a |local area network or a wide area 55

net wor k. A wiacedsegsontipunanemapyrosidepls funciionalifyerf dicdstetferen@reniost nor e
of a variety of wrel ess comruni cati on technol ogi es, protocols, or

st andar ds sgempeasnt 93 andthsuersesdr heEtlei n (e. g., CDVA, TDMA, OFDM

OFDVA, W and so on Simlarly, a wreless node may
suppor t OMM% dde G%HQhIBﬁ?aheégm Y &¢ 8?“08’%?4 lgfcyvagzpusci@gpqsg po nd| ng

modul ation gtgm%htcﬁt&{ne%((% qgl?(p §tem co en?ssl? ‘%GQ%(%{? itheutg%c 1ng°,

appropri at e conpone PRCEPRLES

conmuni cat e > ng the
above or otRé%ﬁufﬁgfgggmggﬁﬁ%%?ggﬁﬁﬁﬁ&?ggﬁﬁgﬁgé?Q&(H%mﬁ% mple, a
Wi rel ess nodemfmicHRUIDIitIBRURIDIM Usels 8§ Shdrin@NBERlallglle Ystch REROE: #.e0by
transmtter and receiver conponents that may include various
conponent s (gctfyingongnaogenh bustvodts, aandmgipgwat, cpdiog, eéssibrasingf dratso on).
facilitate comuni cation over a wreless nedi um [00204L The
conponent s desexarpid thsdeashingnkgyeip andy hslaaphiadite dny encorgampagyonsof thay s .

f
ond* 2100 ar Pl edokE G LRI R Rphp oSt S Dl nbpe e
L OPKS it g CalR: RIMEYECPNNAC Y 03ha ERAPL (ISR D318 S ke

i npl emrented as a processing Sy fen1|n ng one or rocessor
conponents. AlcBes§ @fmm@e@s}w h%ysftélﬂ§ tri R0 &ividi¥n pfumaﬁ@ﬁ@ce@ ©¢lniAmy be
i npl enent ed usi ng, for exanpl é |'east a portion of one or nore

i ntegrated eystany, FRqiecy Division Mﬂ@le ABSesl (' FOREA Gy e Singl@Tarrier
integrated circuit may include a processor, software, other related
FDMA (*SC-FDMA”) systems, Orthogonal Frequency Division Multiple Access

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



2102, and synchroni zation/offset/timng neans 2106. |In sone aspects,
t he conmmuni cation controller 326 or the comunication controller 328
may provi oeo taespvetos@nal ity relating to, for exanple, tragswEeze0s/o83738
(transmtting/receiving) neans 1604, 1704, 1804, 1904, 2004, and
2104. [00206] It should be understood that any reference to an

el ement herein using a designation such ?s "first," "second," and so
forth does not generally Iimt the quan?'ty or order of those

el enents. Rather, these designations may be used herein as a
conveni ent method of distinguishing between two or nore el enents or

i nstances Ofysa &h@IBPRE the kbdsfin @hér@ﬁl%a‘%r%@etn@néd' tb ShpRRENtAE O Fore

el enent s does not nean t hat onFy two elenents may be enpl oyed there
or that thesthndasds, @lckaRM-95udinaPr0OCEdES & e CRACATDSCBREY tand Btheome
manner. Al so, unless stated otherwi se a set of elenents may conprise
one or nor estendndsnt’sCOMYO2€FprkTings 'Efﬂrd¢m@1tialr¢di¢ techrindogyrsuchw e versal
understand that information and sig may be represented u5|§%iany

of a variet ;Fe%?stltﬁlﬁﬁ%lpewe%éﬁ%% F‘E%azé?ﬂ@t o EXRRPIGEEEChRlDRY e WA RDY e

and-eni pa. 1 Haenng-SERPRRaH B R RRTEbohoue- TR a0 GneRerePiR ey

b .
flee{ggrgfegg@g)l BY0Y Ghd ROSK w L Th TDIASEH AURRY ShbEAARgTRINet | C

optic or particle any co mbi nat i on
t her eof [ 00ZQRINRSACREs SlobhilsysRi @y fMeblibesmaRReEdmeGIMat ANYFOMA
the various illustrative |ogical blocks, nodules, processors, neans,
circuits, and“aﬂgmayhmmMﬁm&p$mﬂ@B£hndngsudl&dhmﬁmﬁﬂﬂﬁbmrﬂhUﬁhﬁ?LIEEE
aspects di scl osed herein be inpl emented as el ectroni ¢ hardware
(e.g., a di§vi.al IEE@B@MﬂEéE@ﬁZ 28rFlashDIgMRhpice ER/ath- H’rJTRAoﬂmbGSM
conbi nation of th WO, i ch may be desi d usin codlng or
sone ot her FEJRHIO §H@)versahMPmquwwcaag%&%wéﬁé@g Eéﬁ‘}éhmgs

convent encel o TRl € IGPY oY 1k Sl O e
of \DOUN:  TONABEAbldISLIAY G cflss, ohbERERBRASADILAL YL B sR3Ediare

and software, various Illustrative conpone ocks, u es,
circuits, anu/sseRsuRaBAI RN AtBSEH RALnARRYE of thé cmssenﬁﬁzalnhay Dellledceiba®
of their functionality. Whether such functionality is inplenmented as
har dwar e or usiof 8GEP &mlmmhmysn iyro e tihderpard thetthateachbypls ihemtn roay napbplied
design constraints inposed on the overall system Skilled artisans

may i npl ene#t 3GHe(Rpd 82 rRdadR¢1GnB el 70 tehnalgey as wall 9s HePRealy sRT by 13RO

parti cul ar enent ati on deci sions shoul d not

3-6 i Int er pr e?‘@@ I Z:éagg‘f%e%ﬂa@(ég?"EC{%W?C&H? Bé&>-scope of the present
| sclosure. g{eﬁ%} lﬂlggea}éﬁﬁl%%%ih%r{ g%%r&%)ha\/?aﬁ&f)%oc@ & E&gﬁg’%ﬁitggg@iﬁn O

and circuit escribé onnec

herein may g@rfdnméh%W@%&f&%f%‘ﬁbﬂaﬂﬁeglﬁl@@f R5JEY Iméoxﬁé‘aép@&t@glﬁﬁﬁ@ g a
circuit ("IC"), an access ternmnal, or an access point. The |C fay
conprise a g.e:re&asﬁﬂxod@yrnmaﬁermdmesaﬁdancawdhglettedchsllggnabmpﬁ@aﬁﬁ@ﬁse an
(DSP), an application specific integrated circuit (ASIC), a field
progr anmabl ecagst wintor ay aqdeREAmingl. ot her programmabl e | ogi ¢ devi ce,
di screte gate or transistor logic, discrete hardware conponents,

el ectrical CUHS%Inetios cxaapls. GARCEESBRHENIEY GoEMHANIDE ANPIEBAYeHENeS, or
any conbina i on thereof . deS| ne frforn1 he. functlon descri bed

herein, and<RaY" EXEELIRRSRLS 8 Scflﬁ%‘t SFATER BHESTRET U e & FRRIGHE ™ t he
I C, outsi degft Qem&?%e n%ﬁe%%&lotep‘ta‘él%% ﬂtBLE&Pn%%a? ﬂsQPt%ﬁx%ﬂ@ Qﬂs)ér 9§en{3

ni croprocessor, “but ternative € processor

convent i onal, uRdrQeeRs ¥ so@@%éﬁ%hﬂﬁ@lo?ﬂ ClhQ6RB i MkmBiitatidds ad h@&% termmal
machi ne. A processor may also be inplemented as a conbination of
conput i ng denyeespriee Qeellulr etephomat cordiess tekphisie, asdsian Mmittatiop pat&ssor ,

a plurality of mcroprocessors, one or nore m croprocessors in
{(“SIP”") phone, a wireless local loop (“WLL") station, a personal digital assistant

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



process is an exanple of a sanple approach. Based upon design
preferences, it is understood that the specific order or hierarchy of
steps in twe2@powssses nay be rearranged whil e renmai ni rgTWISRdIB/M4TIZE
scope of the present disclosure. The acconpanyi ng net hod cl ai s
present elenments of the various steps in a sanple order, and are not
meant to be limted to the specific ordﬁr or hierarchy presented. 58
[ 00211] The functions described may be inpl enented i n hardware,
software, firmnare, or any conbination thereof. If inplenented in
software, the functions may be stored on or transmtted over as one
or more i NSkl PResPhig &AL BfhcRicd WP Wirlesd B8RP Kcd¥RAAM one or more
Conput er - r eadabl € nedi a i ncl udes both conputer storage nedia and
conmuni cat i aspeom diught Heedin tiap §e anryrpoReidimotadiond &ad.| 4 delitil@sphonans §gart of
a conputer programfromone place to another. A storage nedia may be
any avai | abbeonehdicamphiat (ccmur Iaptopk 6 peablc tomraugentipn device, Byoiehfe of
exanple, and not limtation, such conputer-readable nedia can

conpri se RARPMREHNE dEHIPROM.» AOISTIOM B2 a581pant).Gp e pinarRideyics f g e music
tic disk.st . oth | . deyi . th
Tedi um ¢ hat CEURF & 048 £ CEA TS Br SupbP &loReaR L e SRR Te T #% he
form of i nSLEUCLEONS 40 HRkAs §6I{flééﬁ¥eldrt8éo@gnikﬁgbgcda\girgﬁs agssed by a
conputer. Al'so, any connection I$ properly termed a conputer-readabl e

nmedi um  For j@2a0P! @n dckesk PEinSREY VRARideSbd ibpNeiBntddad, drikabvA ayeRBULES an
server, or other renote source using a coaxial cable, fiber optic

cabl e, tw stEddgBiaradidhgivbad contrblda (FRIEC") & hase 25 (“BS), wirddid B&S station
technol ogi es such as infrared, radio, and mcrowave, then the coaxi al
cabl e, fi bef Fop¥ ). heabstetiontoppiselied (FHG), alsbe transcairerstaties (BdSHRhel ogi es
such as infrared, radio, and mcrowave are ingluded in the definition
of medium BReEeHFuasior (HE) igadio fapsriven p fdie Bader Amsis SETVeset (CD)
| aser disc, . Qpid-cal disc,. digital.vgrsatile disc.(DV fl.oppy disk
and bl ur ay (GRS The Rk sl TS e ot SRt R mao RREY |
whi | e discs d ' | | ' he
above shoulgﬂgpgg gggFﬁ%%%gggs&?%ﬁ%%”?%ggfgﬂggﬁZ?a%gnp]?§%?8§§§§gpé

nmedia. In sg@mBiohminicaiBOslsenD eSiRP R B€det RAe HagthrévideO PR Bk ehipl eadabl e
medi um may be inplenmented in any suitabl e conputer-program product.
[00212] The cpmeviiotydod@do rinptwooin{eaf., 4 Wiele dics ckiveldsiwd pediedntesmeporavi ded
to enable any person skilled in the art to nmake or use the present

di scl osur e. c&igragavariodiis p warel engirelgssioqawamiggperctink igithy nghworkeadi | y
apparent to those skilled in .the ar ang the generic principles

Gor i ned. her AOTEY DR SEGEVITELE FoY GEA TR L5bRAS (5 AbUECHEPANATG fr om

t he scope of(;gf S/ Qﬁ@? g .or E%i g%%%§§e i t

e scone,Olghly Ahaghopit i Tl 681 SERlliS) RELGBAI sy

aspects showhe Begd b Btthodes nda bRBoRALO6AE oA 2 Vs deRtivas BBEportable.

consistent wth the principleS and novel features disclosed herein.

60 CLAI M5: [00202] Also, it should be appreciated that a wireless node may be capable of
transmitting and/or receiving information in a non-wircless manner (c.g., via a wired
connection). Thus, a receiver and a transmitter as discussed herein may include
appropriate communication interface components (e.g., electrical or optical interface
comporents) to communicate via a non-wireless medium.
[00203] A wireless node may communicate via one or more wireless communication
links that are based on or otherwise support any suitable wireless communication

technology. For example, in some aspects a wireless node may associate with a

network. In some aspects the network may comprise a local area network or a wide arca



1. A nethod of communi cation, including: determ ni ng an

i nterference direction of a non-associated access term nal generating
an i nt er f &0 My9/8106k%al ; and steering a sectorizat PORURLNIE/ 084788t he
i nterference direction when the interfering signal fromthe

non- associ ated access term nal exceeds a signal strength threshol d
that indicates that a non-interfering skgna from an associ at ed
access term nal would not be decodabl e The nethod of claiml,
wherein determining the interference direction includes: receiving
the interfering signal fromthe non-associated access term nal;

conparing an&fafkact @irkBtyd devizt ntdhQuppdiesfoterwige siethalor WotdbftahRriety of

t hreshol d; and designating an interfering direction of the

i nt er f er i ngwsklgssadomainericatitie techranl gtsepiogicdls, @steddds futk at thossdiedudsed 3.
The nmethod of claim2, wherein the characteristic of an interferin
signal is ah¥piakes: §§1%&5TIQMA@DF@\G&F%M&, NEM A eWiEr iand S%@Iﬁn§imllar
The net hod of . cla|n11 further includin erioduﬁgl\y det rn1n|q9
the non- assB&iy eé%n%é@é@“l?@“rﬁrr‘? reghtt r PoreRifetesely of fyresponding

interferi ngm%dgln@%l or%nulgfﬂgmﬁ%&m%%e? fAQJJH%'l ode tﬁusr%naegé 33%%’ ?ﬂa

det er i ni ng PRct Fectional 1y recer ving ss on
signal s frogadndhi 8., NPRAHE ?’t@é&?ﬂhﬁpﬁﬁ%mhﬁﬁlmd%avjm o} more wireless

updating the interferéence direction toward the current non-associ at ed

access ter ntdtanuhitatin [inké eifeiht Aebv@iog Bftker Wiecldgl@fmmundtion technologies.
For example, a wireless node may comprise a wireless transceiver with associated
transmitter and receiver components that may include various components (e.g., signal
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.
[00205] The apparatuses 1600, 1700, 1800, 1900, 2000, and 2100 may include one or
more modules that may perform one or more of the functions described above with
regard to various figures. In some aspects, one or more components of the interference
controller 320 or the interference controller 322 may provide functionality relating to,
for example, a interference receiving/direction means 1602, interference
comparing/determining/updating means 1606, overhead channel power means 1702,
transmit waveform means 1802, channel quality means 1806, interference determining

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



6. The nethod of claim4, wherein periodically determning includes:
elimnating a null in the interference direction during reception of
t he si gnalwoe@eeiosdng transm ssion signals from any cuPCEMIS2008/084738
non- associ at ed access term nal; and updating the interference
direction toward the current non-associ ated access termnal. 7. The
met hod of claim 1, wherein steering the5 ectorization null includes:
formng a signal transm ssion beamin a“transmt direction not
inclusive of the interference direction; and transmtting the signals
in the signal transm ssion beam 61 8. The nethod of claim1,

wher ei n st eeriNgnd §cEesAidnZ@tb@iny MeahElogd @S sonfOdspidagdr si gnal

reception null in a receive direction coinciding with the
I nt er f er enc ecdmueiciticnrtonaoltbr 32 i the ngninbeicgiograhisolien 32hmay poeidee
direction not inclusive of the signal reception null. 9. The nethod

of clai m 1, funghenadity iclaging i, ey cumblai trangeciana{tiapsmiftingdeesivingignesng helds

when t he in3$6{?§&ﬂq9&L%8&La£§2ﬂﬁfernined to be non-interfering.

[00206] It should be understood that any reference to an element herein using a

% o

designation such as “first,” “second,” and so forth does not generally limit the quantity
or order of those elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more elements or instances of an
element. Thus, a reference to first and second elements does not mean that only two
clements may be employed there or that the first element must precede the second
element in some manner. Also, unless stated otherwise a set of elements may comprise
one or more elements.

[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. |

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

illustrative components, blocks, modules, circuits, and steps have been described above



10. An apparatus for conmmuni cation, including: an interference
controller configured to determ ne an interference direction of a
non- associVe@ aWdidetss term nal generating an interferi RETASYESD84738nd
a communi cation controller configured to steer a sectorization nul
in the interference direction when the interfering signal fromthe
non- associ ated access term nal exceeds signal strength threshold
that indicates that a non-interfering signal froman associ ated
access term nal would not be decodable. 11. The apparatus of claim
10, wherein the interference controller is further configured to
recei ve t hegémtablyfie rdrng oSthgin &inctiomtitt WEhaber-sagshatiinelitydcgsenented as
termnal, conpare a characteristic of the interfering signal wth the
threshol d, hardwessir gotiw arc depcnat wrohdlrd prgticilar epplicetiorodndidesign nerefrhisrsi ng
si gnal mhen t he characterjstic exceeds the threshold. 12. The

appar at us of™RASE A % OVGIRR LT W‘é““’éjnad”ﬂ%?éﬁ By épplemet t%dqsﬁ’ﬂl??ﬁ‘f ering

The appar at DLGRaR dere Vi e 1 st prupunt LS PP ion

further configsRdnbfa n&ruquee téyasdc%&lg%a (palileoliifn BT BRSO &

access termnal continues to generate t erlng SI

The appar at gsclefure! ai m 13, wherein the interference controller
configured to periodically determ ne includes the interference
control | er p9269]guriid vidow nihisdatixedbgica didcks, hecialeyent canERId8 SO in
signals froma current non-associ ated access termnal, and update the
i nt er f er enceordicetmtwignthe ésmﬁd displesadiherabmman bhira srowited withiaoc pgfrmed
termnal if an i nterf rlng gnal is determined. 15. The_ apparatus

of clai m 130 ahifserHed ¢y ﬁlgr}sé?éﬁ@%ﬁ t&l@ﬁfl@rlo@na@@%wm@ur%el nay
perlodlcaII¥ %f rm.ne i ncludes the r.f erepce co
0

Bont 1 gur o aBehGal it Botih b el FEra ERe SO PSEL Fhapmlispiony
recept i on ofydkTE i 893k < EREEINE) WIRNA AN ARk, (AR

current non- aSSOCIa 62 access te
i nt er f er encgrogiahegdbloBglcAMRLE diRtEitd GMttanbigidr REEOGkAtR M AGGRS S

termnat. 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, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
moOre microprocessors in conjunction with a DSP core, or any other such configuration.
[00210] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The

accompanying method claims present elements of the various steps in a sample order,

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



16. The apparatus of claim 10, wherein the communication controller
configured to steer the sectorization null includes the conmuni cation
control | eW@aMHPOYGed to forma signal transm ssion be&ET{U§2048/084738
transmt direction not inclusive of the interference direction, and
transmt the signals in the signal transm ssion beam 17. The
apparatus of claim 10, wherein the conng?ication controller
configured to steer the sectorization null includes the comunication
controller configured to forma signal reception null in a receive
direction coinciding with the interference direction, and receive the
signal s i n {0{g1i]ecdihedudtiveoctcs@ibed atayibadhplsmestedin lahdvae,gofilvare,
reception null. 18. The apparatus of claim 10, wherein the

communi cat i &myaist proiny epmbiatiqiy thersel. dbrnleyuended! ingolbwredhe Boriionandyy

transcei ve ﬁignals when t he nterferin%E%ignal is detgrnined to be
non-interfe F‘B@d°f§?“ﬂﬁnaﬁﬁgwﬁfﬁ§”P6F FAPSRICEARS YrFodsT e ERIMPHYST

means for det 1 Ni ap. interference directio f a non-associ at ed
aocess ter i raroldisditel Comblicr-teuddbic fiodia iiclides bodt compdler Niotige dedia A

steering a g&abRhicAn RiMEhding ahP SrelithEhbEhE NGRS Fhuh @G lIraRoMPgE: t he

interfering signal fromthe non-asSsoci ated access term nal exceeds a

signal str epgigfunt Fo@NO bthct Radnothaedi & slotfickbbdla rhay ey umly A &lbRS théta that
signal from an associ ated access term nal woul d not be decodabl e.

20. The appammbamcobedlyad toni@iterwBg eyt tkenple and ndidimitkeibemacincogputdre
interference direction includes: nmeans for receiving the interfering
si gnal fronteHeblpBrdiasamenanrisg RaiddRGM; @ERR@%;CD&}%& of efheicanipeldityg a
characteristic of the.interfering nal with the threshold; and.

means for dSCTRAPIEISIGHSE HP@Et 8 oihg TeHERGHA THREGIEYict OF ARLSPRTIGim

Sl uen e L ST G USRS e UEIRL g F e o,

signal is adikIRsHSShRNBatRONBE adcB)Bd bPh cdifuth Nt LS 8hY AinSitRA -
properly termed a computer-readable medium. For example, if the software is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included within the scope of
computer-readable media. In summary, it should be appreciated that a computer-
readable medium may be implemented in any suitable computer-program product.
[00212] The previous description of the disclosed aspects 1s provided to enable any
person skilled in the art to make or use the present disclosure. Various modifications to
these aspects will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects without departing from the

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



22. The apparatus of claim19, further including neans for
periodically determining if the non-associ ated access term nal
continues‘Fézﬂﬁﬁ@W$ie the interfering signal. 63 23. PRE/USHIEOHIHS
of claim 22, wherein neans for periodically determ ning includes:
means for onnidirectionally receiving transm ssion signals froma
current non-associ ated access term nal; sgnd means for updating
the interference direction toward the current non-associ ated access
terminal if an interfering signal is determ ned. 24. The apparatus of
claim 22, wherein the nmeans for periodically determning includes:
neans for ehképectabdwghacinbhi is knbd dveorided the fréd@nwepdiansistehowitidthiei ng
reception of the signal; neans for receiving transm ssion signals
from any cuPﬁ@ﬁPehﬁﬁ“ﬁ@@d@ﬁﬁ@eéwﬁéﬁﬁégﬁwbrnlnaI and means for
updating the interference direction toward the current non-associ at ed
access termnal. 25. The apparatus of claim 19, wherein the nmeans for
steering the sectorization null includes: neans for formng a signal
transm ssion beamin a transmt direction not inclusive of the
interference direction; and



neans for transmitting the signals fph the signal transm ssion beam
26. The apparatus of claim19, wherein the neans for steering the
sectorization null includes: neans for formng a signal reception
nul | i ncaampgsei ve direction coinciding with the interference
direction; and neans for receiving the signals in the receive
direction not inclusive of the signal reception null. 27. The

appar at ys of achahdd dfRommufithRh, ihaeditdi ng neans for ommidirectionally
transceiving signals when the jnterfering signal is determ ned to be
non- i nt er f er PA§MIBIRE annfepfpisiteireios i apepiseRAirted actestietiging generating an
conputemﬂ&ﬂﬁggg%ﬁwqagiun1including codes for causing a conmputer to

performthe nethod of any one of clains 1 to 9. ) o
steering a sectorizafion null in the interference direction when the interfering signal from the

non-associated access terminal exceeds a signal strength threshold that indicates that a non-

interfering signal from an associated access terminal would not be decodable.

2. The method of claim 1, wherein determining the interference direction includes:
receiving the interfering signal from the non-associated access terminal;
comparing a characteristic of the interfering signal with the threshold; and

designating an interfering direction of the interfering signal when the characteristic exceeds
the threshold.

3. The method of claim 2, wherein the characteristic of an interfering signal is a transmissions

power level of the interfering signal.

4. The method of claim 1, further including periodically determining if the non-associated

access terminal continues to generate the interfering signal.

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

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

updating the interference direction toward the current non-associated access terminal if an

interfering signal is determined.

6. The method of claim 4, wherein periodically determining includes:
eliminating a null in the interference direction during reception of the signal;
receiving transmission signals from any current non-associated access terminal; and

updating the interference direction toward the current non-associated access terminal.

7. The method of claim 1, wherein steering the sectorization null includes:
forming a signal transmission beam in a transmit direction not inclusive of the interference
direction; and

transmitting the signals in the signal transmission beam.
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g The method of claim 1, wherein steering the sectorization null includes:
forming a signal reception null in a receive direction coinciding with the interference
direction; and

receiving the signals in the receive direction not inclusive of the signal reception null.

9. The method of claim I, further including omnidirectionally transceiving signals when the

interfering signal is determined to be non-interfering.

10. An apparatus for communication, including:

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

a communication controller configured to steer a sectorization null in the interference
direction when the interfering signal from the non-associated access terminal exceeds a signal
strength threshold that indicates that a non-interfering signal from an associated access terminal

would not be decodable.

11. The apparatus of claim 10, wherein the interference controller is further configured to
receive the interfering signal from the non-associated access terminal, compare a characteristic of the
interfering signal with the threshold, and designate an interfering direction of the interfering signal

when the characteristic exceeds the threshold.

12, The apparatus of claim 11, wherein the characteristic of an interfering signal is a

transmissions power level of the interfering signal.

13. The apparatus of claim 10, wherein the interference controller is further configured to
periodically determine if the non-associated access terminal continues to generate the interfering

signal.

14, The apparatus of claim 13, wherein the interference controller configured to periodically
determine includes the interference controller configured to omnidirectionally receive transmission
signals from a current non-associated access terminal, and update the interference direction toward

the current non-associated access terminal if an interfering signal is determined.

15. The apparatus of claim 13, wherein the interference controller configured to periodically
determine includes the interference controller configured to eliminate a null in the interference

direction during reception of the signal, receive transmission signals from any current non-associated
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access terminal, and update the interference direction toward the current non-associated access

terminal.

16, The apparatus of claim 10, wherein the communication controller configured to steer the
sectorization null includes the communication controller configured to form a signal transmission
beam in a transmit direction not inclusive of the interference direction, and transmit the signals in the

signal transmission beam.

17. The apparatus of claim 10, wherein the communication controller configured to steer the
sectorization null includes the communication controller configured to form a signal reception null in
a receive direction coinciding with the interference direction, and receive the signals in the receive

direction not inclusive of the signal reception null.

18. The apparatus of claim 10, wherein the communication controller is further configured to

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

15. An apparatus for communication, including:

means for determining an interference direction of a non-associated access terminal
generating an interfering signal; and

means for steering a sectorization null in the interference direction when the interfering
signal from the non-associated access terminal exceeds a signal strength threshold that indicates that

a non-interfering signal from an associated access terminal would not be decodable.

20. The apparatus of claim 19, wherein the means for determining the interference direction
includes:
means for receiving the interfering signal from the non-associated access terminal;
means for comparing a characteristic of the interfering signal with the threshold; and
means for designating an interfering direction of the interfering signal when the

characteristic exceeds the threshold.

21, The apparatus of claim 20, wherein the characteristic of an interfering signal is a

transmissions power level of the interfering signal.

22. The apparatus of claim 19, further including means for periodically determining if the non-

assocjated access terminal continues to generate the interfering signal.
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23. The apparatus of claim 22, wherein means for periodically determining includes:

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

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

terminal if an interfering signal is determined.

24, The apparatus of claim 22, wherein the means for periodically determining includes:
means for eliminating a null in the interference direction during reception of the signal;

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

and

means for updating the interference direction toward the current non-associated access
terminal.
25. The apparatus of claim 19, wherein the means for steering the sectorization null includes:

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

means for transmitting the signals in the signal transmission beam.

26. The apparatus of claim 19, wherein the means for steering the sectorization nuil includes:
means for forming a signal reception null in a receive direction coinciding with the
interference direction; and
means for recetving the signals in the receive direction not inclusive of the signal reception

null,

27. The apparatus of claim 19, further including means for omnidirectionally transceiving

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

28. A computer-program product, including:
computer-readable medium including codes for causing a computer to perform the method

of any one of claims 1 to 9.



