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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
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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
assoclation (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 hybrid time reuse.
By determining interfering time reuse patterns, the transmission of optimal time reuse
pattern of the access point may be adjusted. In one exemplary embodiment, a method of
communication includes determining time reuse patterns of neighboring unplanned
access points and control channel offset of macro access point. Then optimal time reuse
pattern is selected based wherein the signal to noise ratio of the associated access
terminal is maximized.
[0007] In another cxecmplary cmbodiment, an apparatus for communication
includes an interference controller configured to determine time reuse patterns of
neighboring unplanned access points and wherein the signal to noise ratio of the access
terminals are maximized. The apparatus further includes a communication controller
configured to transmit signals according to the optimal time reuse patterns of unplanned

access points.



SUMVARY 100061The di sclosure relates to nanaging interference through
hybrid tinme reuse. By determning interfering time reuse patterns,
the transm ssion of optimal tinme reuse pattern of the access point
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conmuni cation includes determning tinme reuse patterns of nei ghboring
unpl anned access points and control channel offset of macro access
point. Then optinmal tine reuse pattern is selected based wherein the
signal to noise ratio of the associated access termnal is maxi m zed.
1000711 n anot her exenpl ary enbodi nent, an apparatus for comunication
includes an interference controller configured to determne tine
reuse patterns of nei ghiBRIDDESORIPMHIN OICTHE PRAWKNGHd wherein the
signal to noise ratio of the access termnals are maxi m zed. The
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100081These ,and ot her sanpl e aspects of the disclosure will be
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communication system,

[0010] FIG. 2 1s a simplified block diagram illustrating several sample aspects of
components in a sample communication system;

[0011) FIG. 3 is a flowchart of several sample aspects of operations that may 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 is a flowchart of several sample aspects of operations that may be
performed to manage interference through the use of beam and null steering;

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

[0018]  FIG. 9is 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;



100091FIG | is a sinplified block diagramof several sanple aspects
of a comuni cation system [O0010]FIG 2 is a sinplified block diagram
illustrating several sanple aspects of conmponents in a sanple

comuni catW@A8P&EsE 1 [0011]FIG 3 is a flowhart of s@CEUSRO08/BGHHIe
aspects of operations that nay be perforned to nanage interference;
[0012]FIG 4 is a sinplified diagramof a w reless conmmunication
system [O0013]FIG 5Ais a sinplified diggramof a wreless

comuni cation systemincluding femo nodes; [0014]FIG 5B is a
sinmplified diagram of a specific arrangenment of fento nodes

[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;

[0021] FIG. 12 1s a flowchart of several aspects of operations that may be 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
featurcs may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

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

DETAILED DESCRIPTION
[0027]  Various aspects of the disclosure are described below. It should be apparent

that the teachings herein may be embodied in a wide variety of forms and that any
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overhead channel; [0018]FIG 9 is a flowhart of several sanple
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t hrough the use of optim zed reduced power |evels for an overhead

channel ; 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
be practiced using other structure, functionality, or structure and functionality in
addition to or other than one or more of the aspects set forth herein. Furthermore, an
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
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[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.
[0031] FIG. 1 illustrates sample aspects of a communication system 100 where
distributed nodes (e.g., access points 102, 104, and 106) provide wireless connectivity
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 (¢.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 exarmple, 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.



to manage interference through the use of hybrid tine reuse;
[0024]FIG 15 is a sinplified block diagram of several sanple aspects
of communi cati on conponents; and [0025]FIGS. 16 -21 are sinplified
bl ock di aghaRe@ilssever al sanpl e aspects of appar at usePCERISRIGONEH t 0
manage i nterference as taught herein. [0026]In accordance with comon
practice the various features illustrated in the drawi ngs may not be
drawn to scale. Accordingly, the dinensipns of the various features
may be arbitrarily expanded or reduced for clarity. In addition, sone
of the drawings may be sinplified for clarity. Thus, the draw ngs may
not depict all of the conponents of a given apparatus (e.g., device)
or nmethod. HI0338] | y, SahiplksopeationerfaesystemnBued & thayysteer LHedithe dlenrédin
like features throughout the specification and figures. DETAILED
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bel ow. It shoul d be apparent that the teachings herein nay be
enbodi ed | nORSTAKYT O BT it §T 61 e ECTAFRISCRSYSShgr taught herein) may be
described as being performed by specific components (¢.g., components of the system
100 and/or components of a system 300 as shown in FIG. 3). Tt 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
appreciated that one or more of the operations described herein may not be employed in
a given implementation.
[0034] For illustration purposes various aspects of the disclosure will be described
in the context of a network node, an access point, and an access terminal that
communicate with one another. It should be appreciated, however, that the teachings
herein may be applicable to other types of apparatuses or apparatuses that are referred to
using other terminology.
[06035] FIG. 3 illustrates several sample components that may be incorporated into
the network node 114 (e.g., a radio network controller), the access point 104, and the
access terminal 110 in accordance with the teachings herein. It should be appreciated
that the components illustrated for a given one of these nodes also may be incorporated
into other nodes in the system 100.
[0036] The network node 114, the access point 104, and the access terminal 110
include transceivers 302, 304, and 306, respectively, for communicating with each other
and with other nodes. The transceiver 302 includes a transmitter 308 for sending
signals and a receiver 310 for receiving signals. The transceiver 304 includes a
transmitter 312 for transmitting signals and a receiver 314 for receiving signals. The

transceiver 306 includes a transmitter 316 for transmitting signals and a receiver 318 for

receiving signals.
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ore sector i(')de 114, the access point 104, and the access terminal 110 may include communication
controllers 326, 328, and 330, respectively, for managing communications with other
nodes and for providing other related functionality as taught herein. The network node
114, the access point 104, and the access terminal 110 may include timing controflers
332, 334, and 336, respectively, for managing communications with other nodes and for
providing other related functionality as taught herein. The other components illustrated
in FIG. 3 will be discussed in the disclosure that follows.
[0039] For illustrations purposes, the interference controller 320 and 322 are
depicted as including several controller components. In practice, however, 4 given
implementation may not employ all of these components. Here, a hybrid automatic
repeat request (HARQ) controller component 338 or 340 may provide functionality
relating to HARQ interlace operations as taught herein. A profile controller component

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

attenuation operations as taught herein. A timeslot controller component 346 or 348
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controller 320) may optionally define one or more interference management parameters
for the access point 104 and/or the access terminal 110. Such parameters may take
various forms. For cxample, in seme 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
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vari ous inplenentatigns. anﬁe t he transceivers 302, 304, and 306
may i ncl ude VHHS MRS SVt 2 WSk W PBES 2o RI%At i on conponent s.

[0044] For example, in some cases one or more access points (e.g., the access point
104) may monitor an uplink and/or a downlink and send an indication of interference
detected on the uplink and/or downlink to the network node 114 (e.g., on a repeated
basis or upon request). As an example of the former case, the access point 104 may
calculate the signals strength of signals it receives from nearby access terminals that are
not associated with (e.g., served by) the access point 104 (e.g., access terminals 108 and
112) and report this to the network node 114,

[0045] In some cases, each of the access points in the system may generate a load
indication when they are experiencing relatively high loading. Such an indication may
take the form of, for example, a busy bit in IxXEV-DO, a relative grant channel
(“RGCH”) in 3GPP, or some other suitable form. In a conventional scenario, an access
point may send this information to its associated access terminal via a downlink.
However, such information also may be sent to the network node 114 (e.g., via the
backhaul).

[0046] In some cases, one or more access terminals (e.g., the access terminal 110)
may monitor downlink signals and provide information based on this monitoring. The
access terminal 110 may send such information to the access point 104 (e.g., which may

forward the information to the network node 114) or to the network node 114 (via the



[ 0038] The network node 114, the access point 104, and the access
termnal 110 al so include various other conponents that may be used
in conjunction with interference managenent as taught herein. For
exanpl e, tWe 2080tk node 114, the access point 104, aRgT{U0088%iESs
termnal 110 may include interference controllers 320, 322, and 324,
respectively, for mtigating interference and for providing other
related functionality as taught herein. ;The interference controller
320, 322, and 324 may include one or nore components for performng
specific types of interference managenent. The network node 114, the
access point 104, and the access termnal 110 may incl ude

conmmuni cat i accesomtintdiOl e r@thd2Gcess B8miraldn 883Gy stespgeead/@Fgrmafiat to the
managi ng conmuni cati ons with other nodes and for providing other

rel ated funetivenanddeyl144n 2 sioglht migreei n. The network node 114, the
access point_ 104, and the access termnal_ 110 may include tim ng
control | ers(43] 33nsomsepsendic qoessp iseningk] AP, mespgenpgiedptasgement reports
conmmruni cations with other. es and for providing other rel ated
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conponent 338 or 340 may provide functionality relating to HARQ
interlace opeatisehsmassureaghieppriémaly mellepriofmytionaeatinedblaay loadnponent
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interferencggiidsti gation). In sone aspects, these operations nmay be
enpl oyed on an uplink and/or on a downlink to mtigate interference.

I n general, [@0] or IABsRe tdies, tiecttdss ueinde S hmbegenbytehihforma-iomiathe
enpl oyed in the nore specific inplenentations that are described in
conj unct i on indi¢ahivép38e signdl4o habomtio Hepcegna end pterfoesestoaise raiol, SINR)
the descriptions of the nmore specific inplenentations nay not

descri be t h88& dowahink sk infganation magapapyise, for example a channcl 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.



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

i nterference nmanagenent paraneters for the access point 104 and/or
the acces¥¥Q@&HMPHAI8 110. Such paraneters nay take vari 8GEUBHOHEEI7Hor
exanple, in sone inplenentations the network node 114 may define
types of interference managenent information. Exanples of such
paraneters will be described in nore detqil below in conjunction with
FIGS. 7-14. [0042]In sone aspects, the definition of interference
parameters may involve determ ning howto allocate one or nore
resources. For exanple, the operations of block 402 may invol ve
defini ng hopoat al |Agcetl®d desibett dendre dgtail béloWl mGUMB eyses the ditetftrene@t C. )
may be divided up for fractional reuse. In addition, the definition
of fracti onreﬂcé%igfqyma@mmey be vy ta dﬂt@min@ et tormifipate (ptdréorensacAs ofic t he
al | ocated resource ow 10 many RQ interlaces, etc.). may be
used by anyewl%ﬁ%l %etllebﬁfmfa@é&fgrﬂﬁi’é‘%f@y(bé regeived ga g PRicHAR! lét?é@%e
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net wor k node I ne ar anet er ase onr celved I nformati on
t hat |nd|ca&g§yﬁgﬁﬁ@@g there may be interference on an uplink or a
downlink and, if so, the extent of such interference. Such
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access points and/or access termnals) and in various ways (e.g.
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cases one or nore access points (e.g., the access point
select one or more parameters.

[0052] As represented by block 204, the network node 114 (e.g., the communication
controller 326) sends the defined interference management parameters to the access
point 104. As will be discussed below, in some cases the access point 104 uses these
parameters and in some cases the access point 104 forwards these parameters to the
access terminal 110.

[0053] In some cases, the network node 114 may manage interference in the system
by defining the interference management parameters to be used by two or more nodes
(e.g., access points and/or access terminals) in the system. For example, in the case of a
fractional reuse scheme, the network node 114 may send different (e.g., mutually
exclusive) interference management parameters to neighboring access points (e.g.,
access points that arc closc cnough to potentially interfere with one another). As a
specific example, the network node 114 may assign a first HARQ interlace to the access
point 104 and assign a second HARQ interlace to the access point 106. In this way,
communication at one restricted access point may not substantially interfere with
communication at the other restricted access point.

[0054]  Asrepresented by block 206, the access point 104 (e.g., the interference
confroller 322) determines interference management parameters that it may use or that

may send to the access terminal 110. In cases where the network node 114 defines the



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 (e.g., on a repeated basis or upon request). As an exanple
of the forW@r00QHEEI8 t he access point 104 may cal cul at e PCHR&SRI0pG
strength of signals it receives fromnearby access termnals that are
not associated with (e.g., served by) the access point 104 (e.g.,
access termnals 108 and 112) and reportythis 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. Such an indication may take the formof, for exanple, a busy
bit in 1xEVilDOference elaatgevengpanheted dmrted adctdRECHL § 04, thiS GREmimtioaome
other suitable form In a conventional scenario, an access point nay
send this i aporimansimply inwlissedyiag dy sacubersparamnaiein apd/of ratrigving the
downl i nk. However, such information also may be sent to the network
node 114 ( eSRFCfiediParapsErhiEdicHEm § At HSHOI)n some cases, one or nore
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net wor kK nodebgvk4n totljanctibe with bRk 203 SInReidon lil4dme EAsBEiheRGROESeters may
terminals in the systemmy send information to the network node 114

in a siml abedeamened hQGAT]drmaeesclasesed divee addesks20e For exainple] Ghemay
generate neasurenment reports (e.g., on repeated basis). In sone
aspects, sué¢ress priEdOf afymeccvEpBiPrmaHion (¢-admeatuecint eipots C84sDR6) frem
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report may ifiabsdescidel PpaRLLen relating to any load indications the
access termnal I10 received via a downlink.

[0056] In some cases, the access point 104 may cooperate with one or more other
access points to determine an interference management parameter. For example, in
some cases the access point 104 may communicate with the access point 106 to
determine which parameters are being used by the access point 106 (and thereby selects
different parameters) or to negotiate the use of different (e.g., mutually exclusive)
parameters. In some cases, the access point 104 may determine whether it may interfere
with another node (e.g., based on CQI feedback that indicates that another node is using
a resource) and, if so, define its interference management parameters to mitigate such
potential interference.

[0057] As represented by block 208, the access point 104 (e.g., the communication
controller 328) may send interference management parameters or other related
mformation to the access terminal 110. In some cases this information may relate to
power control (e.g., specifies uplink transmit power).

[0058] As represented by blocks 210 and 212, the access point 104 may thus
transmit to the access terminal 110 on the downlink or the access terminal 110 may

transmit to the access point 104 on the uplink. Here, the access point 104 may use its



[ 0048] The network node 114 may then use the information from one or
nore neasurenent reports to determ ne whether the access point 104
and/or the access termnal 110 are relatively close to anot her node
(e.g., andYPei28Wetss point or access ternminal). |n ad@CTUSHO8/H54ES4
networ k node 114 may use this information to determ ne whet her any of
t hese nodes interfere with any other one of these nodes. For exanpl e,
the network node 114 nmay determ ne recejyed signal strength at a node
based on the transnmt power of a node that transmitted the signals
and the path | oss between these nodes. [0049]In sone cases, the
access termnal 110 may generate information that is indicative of

t he signal imerfepéree maaigemeiepagametas gnddnsaftchnithd dovirging aadot @cdivd Gicthe
ratio, SINR) on a downlink. Such information rmay conprise, for
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or nore paraneters.
cells 402A-402G, with each cell being serviced by a corresponding access node 404

(e.g., access nodes 404A-404G). As shown in FIG. 4, access terminals 406 (e.g., access
terminals 406A-406L) may be dispersed at various locations throughout the system over
time. Each access terminal 406 may communicate with one or more access nodes 404
on a downlink (DL) (also known as forward link (FL)) and/or an uplink (UL} (also
known as a reverse link (RL)) at a given moment, depending upon whether the access
terminal 406 is active and whether it is in soft handoff, for example. The wireless
communication system 400 may provide service over a large geographic region. For
example, macro cclls 402A-402G may cover a few blocks in a neighborhood.

[0061] As stated, a node or localized access point that provides coverage over a
relatively small area (e.g., a residence) may be referred to as a femto node. FIG. 5A
illustrates an exemplary communication system 500 where one or more femto nodes are
deployed within a network environment. Specifically, the system 500 includes multiple
femto nodes 510 (e.g., femto nodes 510A and 510B) installed in a relatively small scale
network environment (e.g., in one or more user residences 530). Each femto node 510

may be coupled to a wide area network 540 (e.g., the Internet) and a mobile operator



[ 0052] As represented by block 204, the network node 114 (e.g., the
communi cation controller 326) sends the defined interference
managenent paraneters to the access point 104. As will be discussed
bel ow, in VwOAIEHSES t he access point 104 uses these pACAMSLWH/E842Hd
in sone cases the access point 104 forwards these paraneters to the
access termnal 110. [0053]In sone cases, the network node 114 may
manage interference in the system by deﬁgning the interference
managenent paraneters to be used by two or nore nodes (e.g., access
poi nts and/ or access termnals) in the system For exanple, in the
case of a fractional reuse schene, the network node 114 may send

di fferent (eodnetwodt 850 Viy a 8L 1dGiey,@)cabld h@¥ibB[ £WEeleHEARQE R
paranmeters to nei ghboring access points (e.g., access points that are
cl ose enoughotngcipatyentanal(toy shiomner Aemell b dibcussed belet, heh)femisnode 510 may
specific exanple, the network node 114 may assign a first

HA
interlace t 8¢ ¢odigardde serppisieciatehacseyy et G &e 6%5%%128%) e
toth .poj,nt 106. In thi i i t , i cted
hocess. por nEBHEY hdpTesissE i S TR Codh (- ComuTEa Db
the oth i i 4 206,
the access ShEhiOlfpcPas ERnRPhRls 5| CRIPHORERIIERLEH oy B

determ nes idMn@iaf SIPAGELIRPAAGTRNE: FIAIRLRS fontdRintd RodBRY 5 HPBut Yaytnbat
may send to the access termnal 110. In cases where the network node

114 def i nes bt bavedlld; dnytnenfdesigineel foafimgeia) terte maddtA0%e.£.04 néibkboaBCess
point 104, this determ nation operation may sinply invol ve receiving
t he specifi &mpardn®tlrs and/or retrieving the specified paraneters

(e.g., froma data nennry?. ) ) . . :
{0062} FIG. 5B iltustrates a more detailed view of negative geometries of multiple

femto nodes and access terminals within a network environment. Specifically, the
femto node 510A and femto node 510B are respectively deployed in neighboring user
residence 530A and user residence 530B. Access terminals 520A-520C are permitted to
associate and communicate with femto node 510A, but not with femto node 510B.
Likewise, access terminal 520D and access terminal 520E are permitted to associate and
communicate with femto node 510B, but not with femto node 510A. Access terminal
520F and access terminal 520 G are not permitted to associate or communicate with
either femto node 510A or femto node 510B. Access terminal 520F and access terminal
520G may be associated with a macro cell access node 560 (FIG. 5A), or another femto
node in another residence (not shown).

[0063] In unplanned femto node 510 deployments with restricted associations (i.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.

[6064] FIG. 6 illustrates an example of a coverage map 600 where several tracking
areas 602 (or routing areas or location areas) are defined, each of which includes several
macro coverage areas 604. Here, areas of coverage associated with tracking areas

602A, 602B, and 602C are delineated by the wide lines and the macro coverage areas



[ 0055] I n sone cases the access point 104 determines the interference
managenent paraneters on its own. These paraneters may be simlar to
the paraneters di scussed above in conjunction with block 202. In

addi ti on, W299p8618ases t hese paraneters may be det er nPABUSI0A8/6B4754
simlar manner as di scussed above at bl ock 202. For exanple, the
access point 104 may receive information (e.g., neasurenment reports,
CQ, DRC) fromthe access termnal 110..in addition, the access point
104 may nonitor an uplink and/or a dommglnk to determ ne the
interference on such a link. The access point 104 al so may randonmy
sel ect a paraneter. [0056]1n sonme cases, the access point 104 may
cooper at e Wsl4are Apraaentsdbethe hBeipofs CRigSrapitihf s ad 6020dod hdTdrefemifo

i nterference managenent paraneter. For exanple, in sone cases the
access poi ntove4e amys @bnrin i etampl, E@htdﬁéled"@mws@vp@gmarcm&(@g femto
determ ne which paraneters are being used by the access point 106
(and t her eb§OVEEIRR &ed 69@%1&?1%@%%5%@%9 cqyrmg@) aca §01 (- amifi@ use of
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paranmeters or other related information to the access term nal 110.
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specifies uplipk transmt power [ 0058] As represented hy blocks 210
and 212, E’ 053k e s Kefsgiing agf@lzto’ﬁ“i StﬁﬁréBtthaﬁwrtof@éerfméwa%é&@ay
ternlnal 110.0
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use its 14y mobile operator core network 550. In addition, an access terminal 520 may be
capable of operating both in macro environments and in smaller scale (e.g., residential)
network environments. In other words, depending on the current location of the access
terminal 520, the access terminal 520 may be served by an access node 560 of the macro
cell mobile network 550 or by any one of a set of femto nodes 510 (e.g., the femto
nodes 510A and 510B that reside within a corresponding user residence 530). For
example, when a subscriber is outside his home, he is served by a standard macro access
node (e.g., node 560) and when the subscriber is at home, he is served by a femto node
(e.g., node 510A). Here, it should be appreciated that a femto node 520 may be
backward compatible with cxisting access terminals 520.

[0066] A femto node 510 may be deployed on a single frequency or, in the
alternative, on multiple frequencies. Depending on the particular configuration, the
single frequency or one or more of the multiple frequencies may overlap with one or
more frequencies used by a macro node (e.g., node 560).

[0067] In some aspects, an access terminal 520 may be configured to connect to a

preferred femto node (e.g., the home femto node of the associated access terminal 520)

whenever such connectivity is possible. For example, whenever the access terminal 520



i nterference managenent paraneters to transmt on the downlink and/or
receive on the uplink. Simlarly, the access termnal 110 may take
these interference managenent paraneters into account when receiving
on t he dowdRekOT61& ransmitting on the uplink. [0059] | RCTAISEN08/084754

i npl enentations the access termnal 110 (e.g., the interference
controller 306) may define one or nore interference managenent
paraneters. Such a paraneter may be useq by the access termnal 110
and/or sent (e.g., by the comrunication zontroller 330) to the access
point 104 (e.g., for use during uplink operations). [0060]FIG 4
illustrates a wireless communication system 400, configured to
support a niaefin e &R &sidente YU, @Mndvhe desirahhNds RE&StddmiRY 510e

i npl enented. The system 400 provides comunication for multiple cells
402, such asgminonicgx aniglweth thebsoe taltd sodt0RA- 402G, with each cel |

bei ng serviced by a correspondi ng access node 404 (e.g., access nodes
404A- 404G) . [0A68k howmsarie #8pests, 4F the esassdemunalispd prergoswthin ghe mepse exdlilar

term nal s 406A- 406 may be di spersed at yarious | ocations_throughout
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over a | arge geographic region. For exanple, macro cells 402A-402G
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area (e.g., Sgehy P@%ﬁfétfmﬁa}‘g@ém aqaEisHion spBY.dBe gcopssiersingd §&0 mpy mits A

fem o nodes GBI oY Al RS wEPASEVISy B et losgiered eisfaryd
th t i i ol

510A and 5108 ReY S PR bR L P By  AEERD W bfahog LR RaDSTES
envi T ONTENt i o inBNENAEITIER MBI nd 31 IRHCERRAZ Wi FRELY LEIE fla

node 510 nay be coupled to a wi de area network e.g., the

| nternet) anbed] NN fent@pedcahor be rk&irictod & Joaic\wepdctsS F0r shtatnple, BSlven femto
router, a cable nodem a wireless link, or other connectivity neans
(not shown) nodsmai éiily broviiesetias ectvised fowertanetrefsamronsgdeo de EpOymagts bath
configured to serve associ ated access termnals 520 (e.g., access
terminal 526ny2leAdcsténitd Ghelpsard) asipratins paivar awrcisdeiuml niy Galysbe served

termnals 5 OI%P' . ccess ter 'na% épF . ln.other rds ccess to
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not be served Dy any non-designate orelgn (alren nto nodes 510
(e.g., a neirﬁﬁl@ﬁéﬁtﬁticfr@m zibd@%lﬁ b2 Fhkricted to not provide, for at least one node, at least
one of: signaling, data access, registration, paging, or service.
[0076] In some aspects, a restricted or foreign {alien) femto node (which may also
be referred to as a Closed Subscriber Group Home NodeB) is one that provides service
to a restricted provisioned set of access terminals. This set may be temporarily or
permanently extended as necessary. In some aspects, a Closed Subscriber Group
(“CSG™) may be defined as the set of access nodes (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.



100621FIG 5B illustrates a nore detailed view of negative geonetries
of multiple fento nodes and access termnals within a network
environnent. Specifically, the femo node 510A and fento node 510B
are resped0 xp/Y7068pl oyed i n nei ghboring user resi dencBCHEEMOSId7dser
resi dence 530B. Access term nals 520A-520C are permitted to associ ate
and communi cate with fento node 510A, but not with fento node 510B

Li kewi se, access term nal 520D and access termnal 520E are permtted
to associate and conmunicate with fento hode 510B, but not with femo
node 510A. Access term nal 520F and access teinmnal 520 G are not
permtted to associate or communicate with either fento node 510A or

fento node WHOB AcE6Ss ieRlibhsARs nhQfusaribt B eSS fiesmichad nkRQAGd Bawche
associated with a macro cell access node 560 (FIG 5A), or another

fent o node amesnanhesl. Fesixdepkeir¢maobe shspant)ve of 00 6&kssteumpdl amnapdn f cnt o
node 510 deploynents with restricted associations (i.e., an access
poi nt nay nEELH B NEESET {02 BEYe apdn withne festriged agsosigden "A fesifick digate

Deonet 1 . BaRS b AR TaR £4PhlH ook SeB e gaEl b
i i L f j. |
o oemabre e RYct Rt dag api G AR 6o b dBiea oo

routing aregicRlthd REAL QMR RAHhoALA H8ldBeMhd BRGR £ ARIShEishdides
several macro coverage areas 604. Here, areas of coverage associ ated

with tracki ngyaseas a68aw,n080aBwhihdn GORE @iineldb icnpateity Ayhdrhed wi de

| ines and the macro coverage areas 16
access or operate on. A restricted or foreign (alien) femto node may refer to a femto
node on which the access terminal is not authorized to access or operate on, except for
perhaps emergency situations (e.g., 911 calls).
[0072] From a restricted or foreign femto node perspective, an associated or home
access terminal may refer to an access terminal that authorized to access the restricted
femto node. A guest access terminal may refer to an access terminal with temporary
access to the restricted femto node. A non-associated (alien) access terminal may refer
to an access terminal that does not have permission to access the restricted femto node,
except for perhaps emergency situations, for example, such as 911 calls (e.g., an access
terminal that does not have the credentials or permission to register with the restricted
femto node).
[0073] For convenience, the disclosure herein describes various functionality in the
context of a femto node. It should be appreciated, however, that a pico node may
provide the same or similar functionality for a larger coverage area. For example, a pico
node may be restricted, a home pico node may be defined for a given access terminal,
and so o1.
[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 uplink (reverse link). The downlink refers to the



604 are represented by the hexagons. The tracking areas 602 al so

i nclude fenmo coverage areas 606. In this exanple, each of the fento
coverage areas 606 (e.g., fento coverage area 606C) is depicted

Wi thin a "QRWHHH age area 604 (e.g., macro cover age PETAA20BY4BY34 | t
shoul d be appreciated, however, that a fento coverage area 606 nay
not lie entirely within a macro coverage area 604. In practice, a

| ar ge nunber of fento coverage areas 60§9may be defined with a given
tracki ng area 602 or nacro coverage area 604. Al so, one or nore pico
coverage areas (not shown) nmay be defined within a given tracking
area 602 or nmacro coverage area 604. [0065]Referring again to FIGS.
S5A-5B, the owngunieitiod i@t MeGesesldionBls thaRERINLID N Ghdipdink ecfEe fo/ihee,
such as, for exanple, 3G nobile service, offered through the nobile
oper at or corenmehiwgide [HEGon the aohointalsan theamsagatams. This omalunS2footenk be
capabl e of operati ngi_ both in macro environnments and in smaller scale
(e.qg., resi 8wibrastyblishedigp R swaleripsieleraus systom ctpdHp Gor-dltinkpendi ng
on the curr(é I8®ati on of the access.term nal 520, the access
terminal 52 m SYSERVIFOBY oKt HPE8ESHBHe 560 of the macro cell

nobi | e net 50 0 o) f .
DI net WRlESPS0 S SMkaPRRRN AuRRl G kAT ARARE AR R
residence 53Q}ive ERXEnRX 3RIa8 traW8RsiBn S HAGIIO RBEN SroRHE SbyTiRe M, Sraf\RWTE .
he is served by a standard macro access node (e.g., node 560) and

when t he substn; beeive Sntainah @ be HeconhoselrinedVsdydepefdent chamatte whth@re
node 510A). Here, it should be appreciated that a fento node 520 may
be backwar dalsongfarddabes miatihl drirsts, wheradbeswing ¥y, MxhaEschsdlhe ¥0066] A
fem o node 510 may be dePI oyed on a sjingle frequency or, in the,

al t er nat i ve mdgpengeRtchyinglscpgipantsitad dimeisiondilhg NHM@/ REStRIMAY pIoVile

configuration, the single frequency or .on r nmore of. th tiple
f r equenci es ”Pr%%gv%cs%eﬁlo&ﬂaw {%g'oﬁgﬂ%¥hrﬂ’(ﬂ$h@uﬁr§% @ﬁe@?e&elﬁé@g’)w_hﬁ nacr o
node (e.g., a&‘cﬁff&gﬁs §RensibRRGIC LiRacS® th?%ﬂﬁtgpgé P‘ar?sﬂli%(dg&%'\le%ﬂ%ﬁﬁlarel520
may be configured to connect to a preterr enm o node te. g., the
honme fento ggeedof the associ ated access term nal 520) whenever such
connectivity is possible. For exanple, whenever the access term nal
520 17 is wWa7ke] n thMINERsysent @sy sppoee tibid@ivision dupleDETDES) areldrdgnadcy
the access termnal 520 communicate only with the home fento node
510. division duplex (“FDD”). In a TDD system, the forward and reverse link transmissions
are on the same frequency region so that the reciprocity principle allows the estimation
of the downlink (forward link) channel from the uplink (reverse link) channel. This
enables the access point to extract transmit beam-forming gain on the downlink when
multiple antennas are available at the access point.
[0077] As stated, in unplanned base station deployments with restricted association
(i.c., 2a mobile station is not allowed to associate with the “closest” basc station to which
it has the strongest link), jamming and negative geometries can be common. In one
exemplary embodiment spatially described in conjunction with FIG. 5B, the femto node
510A and femto node 510B are deployed in neighboring residences. Access terminals
520A-520C are permitted to associate and communicate with femto node 510A, but not
with femto node 510B. Likewise, access terminals 520D-520F 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



[0068] I n sone aspects, if the access term nal 520 operates within the
macro cellular network 550 but is not residing on its nost preferred
network (e.g., as defined in a preferred roamng list), the access
term nal BAD20§%9706B8Nt i nue to search for the nost pref ePCETSHEIWITH
(e.g., the home fento node 510) using a Better System Resel ection
("BSR"), which may involve a periodic scanning of avail able systens
to determ ne whether better systens ar ezﬁurrently avai l abl e, and
subsequent efforts to associate with such preferred systens. Wth the
acquisition entry, the access termnal 520 may |imt the search for
speci fic band and channel. For exanple, the search for the nost
preferred spsiemnd®ylhe s1eReateds Renmindliseal 530G WRome disseiate mithef méro
preferred fem o node 510, the access term nal 520 selects the fento
node 510 f ocelcangis ngdadGOHFHG.i34e, owmethagemar eale if @GS Aesidenteanniodiewnhny
be restricted in sone aspects. For exanple, a given fento node na
only provi dacewsdinglynsusk pegasing Seamatiatst eiPRC tHIEEE XSSPt o nades an
depl oynents with so-called restricted,(or. closed). association,..a
gi ven” acces8BHORNE a?ce%t?mb‘ﬁﬁﬁ?/ M3 r‘?égéf(e"&“B‘;}S Wg%%{%% TWERE GoppiieRs on
networ k and,a i . of femo nodes (e.g., the fento nodes 510
t hat resi deth\fcx,i ﬁ{ﬂ{n %ﬁdé)%vglﬁjlpg'espondi ng user residence 530). In sone
i mpl ement at @Ag; aUMBHE dRYinBe restricted to not provide, for at
| east one node, at Teast one of: signaling, data access,
regi strati o[o7ppoi My, woy of ekathile,. lef 0Q QB nddne (dBpectiss pah Nestietedead
or foreign (alien) fcnmo node (which may al so be referred to as a
C osed SubstmithepdGh Kipatdormecdsideled)al 5300 nad adrass movilfE§Ds mspdctecly.dna
restricted provisioned set of access terminals. This set may be
t enpor ari | yPHHCHES nfrendRY Ye eRidh dsgerathendees JARY . Whe aenets idpagt 9201
Cl osed Subscriber G0 ".CSG' e defined as the.set of.access
nodes (o 0. Turgsas o ias emEnbUhSi0E § it or st LT eies Gr TS eby
access term n | GE .
restricted n}g%%# gﬁordlg\ egé’ ?ﬁéc&&?lg‘éﬁlgﬁ&ézg% a{egéﬁr%gl;l/ %gg%?e§§ g"{mrngl& IlSt "cs)zoé% Ca&lE
fento channelmte nble [$1041] MatHiO Uslike]adinhiof ShiADnTBYer! FUgcAXit&niRetsneen
a given fento node and a given access term nal. For exanple, fromthe
per spect i vetafisndy ad e amsintidn Mk palver Bid..0 e redebretd C/hivd acaesytetreinelrat fonta
femto node with no restricted association. Arestricted fento node
may refer toode F@Moanlpddhatahtsrizédsasr estricted in some manner (e.g.,
restricted for assoqciation anchor registration). A hone fe&lﬁs node

h

may refer to a fentd Mogtl6rptitmieRotfel MYcesgnt drari-nhs— ) orized

t t A t fent d to.a fenm

node_on - wh S ad SeB e i S TRt AR £l W b BT b e
t . i i j -

Lo o Tento ShpfAsttichhheRoetu cAREIIR, b A ) ol ETLS LN RodiBle It Pluc

3(1: <1: essl IOr ) OREHRAL Rridval@X6ERL ;. fRIEh REENARSaBHe ZEaNGY &i deBidel QB Suis (Lhighly
calls).

negative uplink geometry.

[0081] Downlink Jammin

[0082] Similarly, in one exemplary embodiment, L.gs may be much larger than Las.
This implies that when femto node 510A transmits to access terminal 520A, it may
cause excessive interference (or jamming) at access terminal 520D, effectively blocking
the reception of femto node 510B at access terminal 520D. In this downlink jamming
situation, the received C/I for femto node 510B at access terminal 520D may be
calculated as follows:

C/I (femtocell B at AT 5) =Py ~ Lgs— (Pa— Las) (dB)



[0072] From a restricted or foreign fento node perspective, an

associ ated or honme access termnal may refer to an access term nal
that authorized to access the restricted fento node. A guest access
term nal may20ed®618 0 an access term nal with tenporar pCRESE®8084054t he
restricted fenmto node. A non-associated (alien) access term nal may
refer to an access termnal that does not have perm ssion to access
the restricted fento node, except for pgihaps energency situations,
for exanple, such as 911 calls (e.g., afi"-access term nal that does
not have the credentials or permission to register with the
restricted fento node). [0073] For conveni ence, the disclosure herein

describes vaggsgus fAGE HRNGH iof Yerhtd dobe s¢pmbexdceRitemih@soDnegebe 4 Very
shoul d be appreciated, however, that a pico node nay provi de the sane

or simlar faipchdgatied vilye Hor tatHednge rvatwevdriageSahencorfguradwa gpbrectriais
pi co node may be restricted, a home pico node may be defined for a
gi ven accesscfereaditp nabp highhyhegdtiverdowhioiy gdomeniyr el ess nul ti pl e- access
comuni cati on system nay sinultanequsly support conmuni cation for |
mul tiple w H@Séﬁs At dedlisr pErchrH o108sidNation: Hichidat AIBE, NSEAY BRMFIRS

TRY O G SR R R o bR S PRRE BRI
ot Mg R L) S O o st Ui
term nal s t gnitlh8eRaSEitiSitdnl BEE nedhtive LOABYRE Cabl@NmbiifkatiBAYprB&sses in a
established via a single-in-single-out system a
mul ti pl e-i nferubt nqaleeradiet thdnNtdgMdnp mydifieationoro soness dtinanald. y pecoofdingly,
system [0075] A M MO system enpl oys nultiple SNH) transmt antennas
and rmul ti pl acganiRy geometries at the uplink and downlink are esirably addressed according to an
exemplary embodiment disclosed below.
[0085] Referring now to FIG. 7 and with further reference to FIGS. 5A-5B,
operations relating to the use of beam-steering and null-steering 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 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 cnvironments).  Especially for jamming situations,
sectorization may provide a desirable method for combating a strong Rician component
of interference.
[0087] As represented by block 702, a femto node 510 continuously listens (i.c.,
receives according to the wvarious receiver configurations describe herein) for
transmissions from access terminals 520. As represented by query 704, the femto node

510 determines if an access probe (e.g., transmission) by an access terminal are directed

to the femto node 510. If the detected access probe of the access terminal 1s directed to



recei ve antennas for data transm ssion. A M MO channel forned by the
NT transmt and NR receive antennas may be deconposed into Ng

i ndependent channels, which are also referred to as spatial channels,
where Ns =Onta§DIDsIsNR} . Each of the Ns independent chaR@®IS2008/084754
corresponds to a dinension. The M MO system may provide inproved
performance (e.g., higher throughput and/or greater reliability) if
the additional dinensionalities created,by the nultiple transmt and
recei ve antennas are utilized. [0076] A M MO system nay support tinme
di vi sion duplex ("TDD') and frequency division duplex ("FDD'). In a
TDD system the forward and reverse link transm ssions are on the
same frequegyspeeific ORmSP noBats1bhehehe @l REMeichied Pby MedcR! PRI A0 WRerfdignce
estimation of the downlink (forvvard i nk?@channel fromthe upl i nk
(reverse |inijgadbaisnetessakhissicethablbess teheinalis es Sagppodintd’t weex tarmatal with
transmt beamform ng gain on the downlink when nultiple antennas are
avai | abl e athet"hemeiclersngsisi nt . [0077]As stated, in unplanned base

station deploypents with restricted assgociation (i a _nobile
station is H’é‘é 8lal I &ﬁe&epﬁe%f%é:ol&i e&ué"Ywi7 tfﬁ'éto“ @Péa%e%lp" fyythee mperesne
Egn\’\'{g;cgo%hha?asc ens t%,gpgnng aﬁyf}ll) 8¥( he c'irk £SS Fro ﬁ%%%{g\slg ?hgg:gﬁétens%%

conj uncti on;g Véﬂftdr};ﬁgic@nt trl‘l?bsh&hqe\feﬁmrgsMQ%tgx%d’ér&gth kAR RS0l ORnane

depl oyed in neighboring residences. Access term nals 520A-520C are

permtted tpecams@sippbe and ORREHRYE GAt @tetcidicd eitBoldend 4 feprdabited B
with fento node 510B. Li kew se, access term nals 520D 520E are

per m tted tbloas30ginatietcefdnaomnigaiicalt aewistdny fiopd the cbarectbil @i, of bhit aceeds
with fenmto node 510A. Access termnals 520E-520G are not permitted to
associ at e oProbphyithsi bame” {iintnneder 8 resulipinfasernérbirogiesiensnen- 5108B.

hode 560 (FIBAIEA) AbrPaH LY ko Molbet eapurh B dePe TR E<EHet &
shown). Ac €9 f? Li rgt#)y sr%o%gﬁ ;bg&@éeraﬁlealggﬁtggééﬁc%%xre o?%%&e@%i)rob? or otherwise

access-permtt oF i Ng acces
result if V?t?dng]q%hh@&ﬁ{sﬁﬁgsidﬁ@rd?ﬁ tﬂe%ma%cﬁ%Qbéés§ﬁ§mﬂQl §jﬂethe @lbin@ Iferﬁ‘ted

downl i nk. 1007 pl i nk Jamm ng 10079] By way of exanple, |et

and LAS ( dBpodees10hgpipstbbarh @ssnibetiwg ditectional transmission and receptlon) 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.c., beam-steering) may be performed
using a sectorized or directional (e.g., switched beam) antenna configuration described
herein for forming a transmission signal beam and/or null or a reception signal beam
and/or null. Specifically, interference nulling may be provided on a received Radio
Frequency (RF) signal thereby reducing problems such as front-end overload and A/D
desensitization of the receiver which results from jamming femto nodes. Furthermore,
sectorized or directional antenna configurations enable the downlink and uplink to
maintain the same directional component for use in both link directions.
[0091] As represented by block 712, downlink pilot and overhead transmissions, as

well as traffic channel transmissions if any, are transmitted according to beam-forming

such that minimal energy is directed towards a nearby non-associated access terminal.



femt o node 510A and access term nal 520C and access term nal 520D,
respectively. In particular, LA3 may be nuch | arger than LAS. Thus,
when access termnal 520D transmts to its hone fento node 510B, it
causes exoassioyerosist erference (or jamm ng) at fento noder/ASHg/084754
effectively blocking the reception of access term nals 520A-C at
fem o node 510A. In this uplink janm ng situation, even if access
termnal 520C transmts at its naxinun1%€ power P3max, the received
C/l for access ternmnal at fento node 510A may be characterized as:
C/'1 (AT 520C at fento node 510A) = P3max - LA3- (Ps- LAS) (dB)
10080] I n sone exenpl ary enbodi nents, depending on the transmt power

P5, the Ul gRE:iAfsemashREm @%hal@%@ag ﬁ&mfaeﬁﬂrpa@%eﬁe(ﬁa&@qqnﬁﬁmlﬂﬁ RsHBM M
| arge negative value due to the |arge value of LA3. Such

confi gur at i augRATRHehekivegbanhsedatttite Bm-Bsduiigdd Mcﬂ@%inirmﬁ upl i nk
geonetry. 10081] Downl i nk Janm ng 10082] Similarly, in one exenplary
enbodi ment , [00235 nedys rhpesentst bly ddaphr7 1¢hadirdcAShal Tihil & steepdd tewandk die nehdy
fem o node 510A transmits to access term nal 520A, it may cause
excessi ve |H?lé?$@91étﬁ‘éé°‘(eé$ traie RgY uétﬂ%at&%é%ﬂ%??ﬁ%&!ﬂﬂ%deg sectorized

Cer m nal 528D0Vh C L SRSURE TP TR NG G G Pt Pal vaderere

EREDIE Ve chE R et
node 510, the associated access terminal’s access probe, as well as other traffic (e.g.,
voice/data) communications is not jammed by the strong transmissions from the nearby
non-associated access terminals having negative geometries.
[0093] As an example, if the access point employs two separate antennas AP can
monitor the AT access probe characteristics on both antennas. If it is determined that
the strong uplink transmission from the non-associated access terminal at one of the
antennas, AP can turn off transmit function (beam steering) and turn off receive
function (null steering) on that antenna.
10094] As represented in query 716, periodically (e.g., once per second) the femto
node 510 eliminates the sectorization null in the receive direction to determine, as
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-dircctional 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



[ 00831Again, the C/1 of fento node 510B at access term nal 520D may
be a very large negative value due to the |arge value of LB5. Such a
configuration geonetry is referred to as a highly negative downlink
geonet ry. WwosdpAetsurt her practical consideration incl Bde¥sz2deEssi ng
negative geonetries w thout necessitating nodifications to the
operation of deployed (legacy) access termnals. Therefore, it is
desirable in the present exenplary enbog'nent to address interference
mtigation fromnegative geonetries thrdugh nodification processes in
a femo node rather than requiring nodifications to access term nals.
Accordingly, negative geonetries at the uplink and downlink are
desirably agdiesses cACGAh®#MG dole 30X WHh AbY-aSiabiegdt HBdtks #iembioRD is
bel ow. [0085] Referring nowto FIG 7 and with further reference to

FI GS. 5A- 5Bidlgfentatodn sl (etvatld negyettdhathe apemtiof witkamnsdieetiombtramncit and
null-steering to address janm ng and negative geonetries will be
descri bed irecamee detail. The present exenplary enbodi nent uses

met hods and apparatus, to prevent janm ng and.negative geonetries, .
usi ng beams {1035 ng D Mot IS FaEH mgﬁ? O BAT BT SCga gl in a
depl oynments_wi.th restr.ict access, [0086]1ln an | ar ento n
dopl oyment BRI BRGE: B RO wy BBkl ERFIFERL ShaT e oig
Ri cian by n i i on L i, ; d

Fl at 1 ad: ng e o e e B B AT B B
and nul ti pl enfigflod€ €0 sieak NBe kddtdrREQH mERVIY RNERNES Ihe HOREGh@sIryd het-
jamm ng situations, sectorization may provide a desirable nethod for
conbat i ng aasbeiod adticsd tarmiodri20 nestivefand il et eif eireciendedi®0 8Ahshsission from
represented by block 702, a fento node 510 continuously |istens
(i.e., recethgewnzstastatidnagcess termunal 320 srecedee dighetignab pifdngthr higsemid at the
descri be herein) for, transm ssions from access.termnal s, 52Q. As, .

r epr esent ed " B§VEUEF )ﬂe%ﬁfneghaé fushy &0 Oaﬁnﬁéﬂﬁg dBite prEESe BTOPES g‘ﬁ’“hé&%?él
probe (e.g.,. tr.ansn ssi . an acces 1.nal ecdi o]
fem o node gf ?igﬁeg atc?i%g gg%nélg%(seggﬁgdcg%sgep?%{?gl %ﬁ? a{ ﬁlée gg%ég%ﬁ?g;rl% n‘gdl?t%
I's directeddfbence to FIG. 5B,it is noted that fomto node 510B would have no need to steer a

sectorization null towards non-associated access terminal 520A since the signal from
non-associated access terminal 520A is not very strong. If femto node 510B steers such
a sectorization null towards non-associated access terminal 520A, the sectorization null
would resulting an outage at desired associated access terminal 520E.

[0097] As a general case of the described method if the AP can not determine the
direction of the interference from the non-associated access terminal (e.g., very strong
jamming that saturates the AP receiver) it can try different directions for beam steering
and null stcering to maximize the received signal quality from associated AT.

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

base station deployments.



22 the specific fento node 510, then, as represented by bl ock 706, no
interference mtigation is necessary since the access termnal is an
"associ ated" access termnal with the "hone" fento node. [0088] As
repr esent ado bgpoguersy 708, fento node 510 further conpaP€F/UA2008/084754
characteristic (e.g., power |level) of the access probe for
determining if the characteristic is of a sufficient threshold |evel
toresult in interference at the hone fgsﬂo node. Wen the access
probe does not exceed an interference tfireshold, then, as represented
by bl ock 706, no interference mtigation is necessary since the
characteristic of the access probe by the "hone" fento node 510
results in ﬂﬁr%pt altie@eraly ehé et@MGepo Q0B fSoveethe SR aRY tdhiogdhsmit
710, when t hone fento node 510 receives a sufficiently strong
(i.e., greapewertdfarfemm nait erd dosmcmstcorcthbdedied aoge o6 a ierobaode. In order
ot herwi se strong uplink transm ssion fromthe non-associ ated access
terni nal 520 allopeachesséermgiisgo ﬁmeaf@n@gmdp asa lsatianfvaion the a‘('iiefﬁtatei'mma1

di recti onal ansm SSI n and reception ntennas to steer nal s, or
lack of si gi?aL%ln% dargmod fy g §$1gtﬂeﬂx,a¢@f<t hednbial 26GiRY avetiatipgc die overhead
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described her&in for ng a transm ssion signal beam ancUor nul

or a recept h@ﬂnqﬁ@@ﬁgaareQeﬁtmngmeb’dorpmélhmr@p@@b\fdrmhIcuannbmtrﬁﬁwmﬂ@e on
nul ling may be provided on a received Radi o Frequency (RF) signal
t her eby r edoslyngripdicdlye fis esaropie astht slontycddniidevef the agodatdd Atdess terminals,
desensitization of the receiver which results fromjanmmng fento
nodes. Furt Kerthasrtee asseeipisdiagerss derminale sy onedivant@vhacswaes gl atfughy

enabl e the do | i nk aab% cP k to nmaintain the sa di recti onal
conponent f &GP U%‘éaﬁf)ﬂ PO 19 I{nad’ll}oéff?‘?sﬁ‘ﬂ%any[s@@@ﬂt ‘ represented by

bl ock 712, dspatib "adldvel afith AVRENEAHcL LA Thid $alltS:, R may be no idle

periods that allow a neighbor femto node the opportunity to time multiplex the overhead
channels jamming situations resulting from negative geometries. Accordingly, an
exemplary embodiment describes a method for optimizing transmit power for overhead
signals (e.g., pilot, synch and broadcast/paging channels) when there is an active call at
a femto node and time multiplexing of overhead signals is not practical.
[00101] For example in 1xRTT and WCDMA networks, overhead channel (e.g.,
pilot, page, sych. channels) gain settings are adjusted for certain performance based on
geometry and coverage constraints. Furthermore, femto node deployments exhibit some
significant differences when compared to macro cell access node deployments. Various
differences include:
1. Due to limited coverage size, maximum path loss values are much less in
areas (e.g., cells) serviced by femto nodes compared to areas (e.g., cells)
serviced by macro cell access nodes (e.g., 80dB max path loss compared

to 140dB in a macrocellular deployment);



well as traffic channel transm ssions if any, are transmtted
according to beamform ng such that mninmal energy is directed
towards a nearby non-associ ated access termnal. 23 Steering a

t ransm ssivom2@pgrials away from a non-associ at ed access PETUSHEB/O34754
results in reduction in the negative geonetry at the non-associ ated
access termnal. [0092] As represented by bl ock 714, a directional

null is steered towards the nearby non-gssoci ated access term nal 520
usi ng the antenna configuration (e.g., 2§ctorized ant ennas or

nul | -steering with adaptive phased arrays) described herein.
Therefore, when an associ ated access term nal 520 attenpts to

comuni cate W t hathge hemBef eMbigunee@udi} Qctitd18cRES @emahR0ardGeRssSin cells
termnal's access probe, as well as other traffic (e.g., voice/data)

comuni cati ons i s notscrasmtebly Bgmtbherdst tlamgint ccdls seviei dns macionedlhaccess
near by non-associ ated access termnals having negative geonetries.

[ 0093] As an exanpl e, nddes (v alc2 vspss gompareddppPd)eserel separat e

ant ennas AP can ni t.or the AT access probe characteristics on_ both
antennas. 1f it PerSARGAH AR &‘é‘-‘ttotﬁi"f‘ef%@ﬂ%r?ﬁSrF‘itWSF?%aﬁ’é’Pdf%%‘FS‘i‘?ems’

fromthe non-associ ated acces ermnal a ne. he nn APR.
e o T orane TRl B TR, o8 for St R AP RE (ice

function (null steerifgd).0l khatcAULP80h0094] As represented in
query 716, periodically fe.g., éﬁce pera%%%gnd3 the fento

[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
be maintained at a minimum power setting in order to minimize interference to
neighboring cells serviced by femto nodes 510 and cells serviced by macro cell access
nodes 560 (i.e., assuming co-channel operation). By way of example, one exemplary
embodiment focuses on pilot channel optimization, however, the analysis can be applied
to other overhead channels as well.

[00103] In the exemplary embodiment, an optimal traffic-to-pilot (“T2P") value for
the case of a single voice call is determined as well as a default pilot power setting,
Ecpprravcr. When downlink (forward link) power control results in a modified ratio of
traffic-to-pilot, the pilot power 1s adjusted so as to maintain the smallest value of total
transmitted power and interference caused by the neighbor femto node.

[00104] By way of example, an access terminal 520A at the boundary of home femto
node 510A and neighbor femto node 510B exhibits equal path loss to both femto nodes
510 and the neighbor femto node 520B is transmitting at full power thereby creating
interference, for_max. In the present example, assuming the home femto node 510A is
transmitting a pilot channel at a gain level, Ecp, then the pilot signal-to-noise ratio

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



node 510 elim nates the sectorization null in the receive direction
to determ ne, as represented in block 702, if the strong undesired
non- associ ated access term nal 520 has noved or termnated its
comuni caW@muoontigisas represented in query 704, the st iPORfySLMsiessized
signal has di sappeared, the femo node 510 can elimnate the
sectorization null and continue operation with omi-directional
transmt and receive, as represented inzplock 706. |If the strong
undesired signal is still present or haS noved and exceeds the
threshol d as represented by bl ock 708, the fento node 510 can adj ust
the transmt and receive sectorization null steering, as represented
in block 71Bmbbdimbieitds deGlabRnoGindt he opind@SEdediipnhassatisah eslvae &Rgs
term nal 520. [0095] The above-exanple with reference to FIG 5B

i 11 ustrat estrieuritedmoer 5bO/A Isteefemtgnaler5é@ai ve and transm t
sectorization null in the direction of non-associated access term nal

520D as | onif0d85Inorsasryewsniet & binsk 893, thepitatshannsben (geel Fspésaitialiagito
24 in an active call_wth f o node 510B. When_non-associ.ated access
terminal 528BPaE5Ry| Thusy éﬁ%%aa@e@?%(gm@%m be ejemmipes based on 2
operating w.th i, dir i | ansm nd. recei.ve. Duri ng
T gt ohoriateraBRIG A8 b AFEIHI ML LSRG Fomb BISET N

particul ar gjgigef i %’reénfes&ﬂzﬁriﬁb%ﬁ R0 BFROCAIRES] REERAR) & ST RSeen
520 in the sane direction they woul d experience outage. ‘Accordi ngly,

an exenpl ar yheelted famots ohhadf @mtaecsodanaiOsTie et theeosec isyd &atrhfie
nulls (i) as long as the strong undesired non-associ ated access

t erm nal 526hdngelatenoted as Betd I iohd exomiplary fembhéimend 8w Bt dalue andemdrssiedrby
fromthe non-associated access term nal 520 exceeds a high signal
strengt h t hitestordink (farprardy g npaier gantepdt ast feprepanead Bt quie 8064 08ownlink

si gni fyi ng at .C robes fram desired associ at.ed acces .
Cermi nal PR GEE BD) Bes eRni e b e MRS e et gy o service (c.
reference t I L i ot t | 5

neeq to ot eBikCenBlpld BEREOUSR PR (HRTIR AR o0 il s BE ofer

termnal 52QAisiRC8 §dfasd BNEct Fds ORPRAAIAS 5P HIGULCHORCHL Serd8E Th "B as
520A is not very strong. If fento node 510B steers such a

sectori zat i espresenhtbd bpatidsi Moenmasmags atiked access terminal 520A, the
sectorization null would resulting an outage at desired associ ated
access ter mHHP7520E. repRIARIAS quenyetldr alctomypatvh af e plekeranive diterEtiTod
if the AP can not determ ne the ) ) ,
is used to identify adequate signal quality. Generally, if Ecp is very low, then channel
estimation quality would degrade which will result in very large Ect. As Ecp increases,
channel estimation will improve and the required Ect will go down. However, if Ecp is
very large, then channel estimation quality will be higher than the required amount,
which will not result any further reduction in Ect. Accordingly, when PER is
inadequate, downlink (forward link FL) power control adjusts the Ect.
[00108] Since the interference generated to other femto nodes needs to be minimized,
it would be desirable to have the optimal Ecp value that results in the minimum
{Ect+Ecp). As represented by block 814, Ecpoprr is determined where:
Ecpoprpia = 218 ngj;l[Ecp +f (ECP )]

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

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



direction of the interference fromthe non-associ ated access term nal
(e.g., very strong jamm ng that saturates the AP receiver) it can try
different directions for beamsteering and null steering to maxim ze
t he recei WeQI2@p/gMais qual ity from associ ated AT. [ 0098PREUSRUOS/HRY7THOW
to FIG 8 and with further reference to FIGS. 5A-5B, operations
relating to the use of optimzation in transmt power on overhead
channel s to address janm ng and negati ve geonetries wll be described
in nore detail. The present exenplary en%odi ment uses net hods and
apparatus to prevent janm ng and negative geonetries using optim zed
transmt power |evels on overhead channels in unplanned base station
depl oynents.  25Th&020kpepatkdal Uyybloddsa 6} thaostirhil Reovéhic g determpthedner head
channel s and total transmt power, of a fento node are chosen based on
the desired rangé¢ofma Férr(igﬁ)oﬂmde).- In order to allow access termnals
to acquire a fento node in a |location where the access termnal is
bei ng j ammefB)%la Asirgripisptet Spdipckdde thhhiPoreriis dateymared@ei ati on, the
over head channel %e. 9., €onpmp. control channel s such as pilot, synch
and br oadcast/pazg @“P‘ffi#a“"ygﬁ time multiplexed. Various nunbers of
time scal es and methods for fifie nultiplexing are contenpl at ed.

Furt hernore over p{gﬁm Se ABY; t wned

peri odi cal | qul?@r \eigaaﬁg@gr gt t ?ysT ot (I:I%[F’egi ndel>?ﬁgfnq)%t}lht’efe e{g%é%ifg}deahe
access ter NEBgdps, . Stdt Babprhfie fRI$sIEd ahetheR 6§eS Sxpcelediinatiss HBENRE aBHse
pagi ng nessages. In a further configuration, a fento node may not
transmt anysisg.Joadxanipleaflht faflifg h®@ddisionbeRaylcdgr ongican, with loreDoppleoghat
call or data transfer, there may be no idle periods that allow a

nei ghbor f efttobpddekadhley apyerr eantioly Thesa prtmahiiatyep derendhén 69 creaRjary

channel s | ST Re2hd SR LSS D9, LI 1SAR S ACOTELLL O i
OPL 2110 LAY AREHE O RUSLIEPL, S0:5 xR ogBURED.

fento node gpdndiiBeMihdingd Sag NGs B;ith @d’s@'ichﬁééhb%i' b %oinﬁar@@%o home femto
practical. [001011 For exanple in | xRTT and” WCDVA net wor ks, over head

channel (e. ¢hen ti dpfilnal Bagend By ehluethand etsl)to grrdasaidiytIdBys are
adjusted for certain perfornance based on geonetry and coverage
const r ai nt s[00dt}t héimibe ethef bandoinnamdétetefyl aymphnscmiddihent, 1§ oerghbor femto
significant differences when conpared to macro_cell access node

depl oynent s nodg,is it pamigineras half e b lor TA®Y thfa:optimal Ecp and Ect values would need to

be reduced by 3dB. However, also note that it is not very practical to change Ecp values
very frequently since it determines the handoff boundaries of the femto cell. Thus, as
stated, a default value of Ecp (Ecpperinr) can be determined based on a reasonable
load and path loss differential values expected in femto networks.

[00112] Referring now to FIG. 9, to maintain optimal operation for cases with higher
then expected load and path loss differential, in one exemplary embodiment, the
following algorithm can be run for each of a plurality of calls occurring between a femto
node and multiple associated access terminals.

[00113]  As represented by block 902, the pilot channel gain level Eep is initialized to
Ecpperaver for analysis of each voice call. Thus, a default value of Ecp (Ecpperaurs)
can be determined based on a reasonable load and path loss differential values expected

in femto networks.



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., cells) serviced by macro cell access nodes (e.g., 80dB max
pat h | oss vwomead®dist o 140dB i n a nmacrocel | ul ar depl oy nBAT/US2008@4 254
The nunber of simultaneously active access termnals are fewer in
cells serviced by fento nodes than in cells serviced by macro cel
access nodes (e.g., 1-2 users conpared 5 20-40 users); 3. As

di scussed above, due to the femo node restrlcted associ ation

requi renents, negative geonetries can be comon for femt o node

depl oynents unli ke for macro cell access node deploynents. [00102]
These dif fefoenegs @@&effs@ssaltdd bY@ Y04)ithd proeeds iOREAARY HOWRh &El dot MPS
for overhead channels for fento nodes 510. Since a femto node 510
gener al | y wbdtivedrathe hbwwidnstodd0Aehd veodated seetsarmiing$ 2GR0k thetpowsuhatd
be desirable for the overhead channels to be maintained at a m ni num

pover setti pig tiafficophsenclrdsnpiedianitod ilntosefeasrmpler embebmgibdici by @biel i
e L B SR
one exerrpl a§(¥6 eﬁb\gﬂmn% orwa%clyniﬁ)%gggli Ao%r 1@%?&1%0 nﬁa%t% Iﬁ h\? P:’d qélallty

however , hé ana ySI'S Can over

vell. [ 00103& aérﬂcé @? g?ﬁ |eﬁ‘by rﬁ@%)”ﬁ%wnlﬁﬁ @RWaPPRlink FL) power controls
traffic-to-pil T% "y value for the case of a single voice call is

determ ned amy \%&lﬁdr dasigidtdeli@dabe Pl Hodbs RPMEntSII btk 90BCAPInEAMe Tn EWen
downl i nk (formard | i nk) power control results in a nodified ratio of

traffic-to- piprsegted breblpelt k0, ponvechange iadjcist ed so as to maintain the
snmal | est val ue of total transmtted ﬁamer and interference caused ﬁg
t he nei ghbot0%&Hk oA@d‘&@"e%gl@MM}lerBﬁl d@i@fﬂé&féﬁﬁ&é theaﬁ@¢5?§@€§§fa*e (PE
termnal 520A at th un ne f ent nei.

fent o node. B1687dRMIBIEL HOGUM PEtn TBL (e RarREperiy’ hiBos SH5dme

the nei ghbo &@mf&%@ﬁ&% )Pﬁw%xrc%?%g'atdﬁds&gth of Ul | pover ther eby

creating interference e presen exarrpl e, assumng the

hore fento Emi@e PLOA irSprideAREMH thiBEk 1R | Qe @mrm%_—pb%ga g&ich,L.evel/,

Ecp, then t pilot signal-to-noise ratio (S can be witten as:
Ecp/ | or _max Echaeass 1Igndrﬁtofdﬁ6dlﬁfng5tﬁﬂtcalem[ﬁ)b1&pyse M@iltering T2P would be to
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eliminate small scale fluctuations from the T2P calculation. E.g,, a moving average
filter can be used to filter Ect and Ecp values to compute Ectpurersn and Ecprurerep
respectively.
[00117] As represented in query 920, a determination i{s made as to the value of

T2Prireren . W T2Prirreren = T2Poprnpr + Aj, then as represented in block 922 Ecp is

mncreased to

Ect
Eep = —C"FILTERED .
p A 2P OPTIMNAL

[00118] As represented in query 924, a determination is made as the value of
T2Prireren . X T2Prrreren < T2Poprmcar — Az , then as represented in block 926 Ecp is

decreased to

FCE . prrse
Ecp = max[ 1-:1,1&1@% Ecp e, :|
P T2’ Poeraunr

[00119] T2Papmmar, depends on particular traffic configuration (rate, coding etc.).

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



27 enmbodinent, it is desirable to find the optiml Ecp setting that
results in lowest total transmtted power froma hone fent o node
510A. [00105] As represented by bl ock 802, the pilot channel gain

| evel Ecp W@200007068 | zed t o ECPDEFAULT. Thus, a def aul PCFAISYES/OF47HCp
(EcpoEFAnn can be determ ned based on a reasonable | oad and path | oss
differential values expected in fento networks. [00106] As represented
in block 804, a traffic call (e.g., voi gg call) is set up between the
hone fento 510A and an access term nal OA with the power used on
traffic channel denoted as Ect. In one exenplary enbodi nent, the Ect
value is determ ned by the downlink (forward |ink) power control, as
repr esent ed wyldHaes ¥an®0 G2P RO . iHYw el E10K Wafdis hhdiker bgr poEfd@ing Otk Br@hsfirS
used to maintain the required quality of service (e.g, packet error
rate, PER). (QpwhkRTK dfth srmefedatl 153kbiis) jt poué requon trdffeontel2Perther Once
designate a decrease in Ect as represented by bl ock 808, an increase

in Ect as r & 83Rmmed. By dprBRReB 10, Siven tsetc Kl o ritSEHﬁfﬁC[UB@D@?ﬂlenAﬁle
ted 812, 1 f th ket. 1

(PER) i © o algOr o adyS Eabo e Sibve hlsor iy Reabrtned ook Aol
| |

s very | ony Ahen GHANDGL.e3eITRLLABAUARLY Yol 6501 B gxgvms% b

result in very anne tro

i nprove andugé}eHéﬁa&& r&drifetd cwnhézb AR ERWHon IONEYELF dnufng% (')rﬁy %&FYone
| arge, then channel estimation quality will be higher than the

required ampdpettiid)iTtifs tiel digonivim cesit bt gamsralizad td e mul@del aderOthse.nBiGiay
Accordingly, when PER is inadequate, downlink (forward Iink FL) power
control adj afesmie aECoptifdD EOBforSianks gser e 1i. nfNIif greesemgentriatioechd ©
ot her fento nodes needs to be mnimzed, it would be desirable to

have t he opfif:w&be abpveatndethenap gl e Gl he dﬁﬁﬁ?%mﬂe@opﬁc p) Ecoagd
represent ed n\é bl OCk 8141(1 EC%( g:)%}lfe\ c:lg')@lbqall %cfaj%ﬁéi {nat togal power Ctransmitted as

- EcPor r nw.
overhead and traffic to all users is minimized. This would mean a modification of the

calculation of box 814 to:

Ecpoppin, =g rxgci;][Ecp +fi (ECPJ )"‘ o+ fr(Ecpy )]

for users 1 to N in the femtocell. The purpose of filtering T2P would be to eliminate
small scale fluctuations from the T2P calculation. E.g., a moving average filter can be
used to filter Ect and Ecp values to compute Ecteyprrep and Ecpryrerep respectively.
[00120] The optirnal T2P may be obtained through simulations and once the T2P is
decided, power control adjust Ect (which is part of standard 3G operation} may be
determined. Then the Ecp is adjusted to achieve/maintain optimal T2P. Specifically,
two algorithms may run together: 1) the power control algorithm adjusting Ect and 2)
the adjustment of Ecp described herein.

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

respect to pilot power level can be kept constant).



in other optinmal Ecp value is found that mnimzes total transmt
power where Eel = f (Ecp) (The function/0 can be determ ned through
offline simulations or tests.) 28 Then, as represented by bl ock 816,
t he opti nAYO BWP/03PalSue i s determ ned as: Eel OPTI MAL = PCTEE20P6/084754
OPTI MAL) [00109] As represented by bl ock 818, the T2POPTLM. is
determ ned as: Eel OPTIMAL T2POPTI MAL DCP OPTI MAL

31

[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.

100123] Referring now to FIG. 10 and with further reference to FIGS. SA-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
become very low due to interference from a neighbor femto node transmission. This
interference degrades control channel and traffic channel performance for 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 sclects transmit pulse shaping via channel sensing from available waveforms, for
example, from three 3-tap channcl waveforms, with cach cocfficient sct 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:



[00110] In another exenplary enbodi nent, sinulations nay be run to
find the Ecpopnmbit and Ectopnum for typical channel types expected
incells of femo nodes using, for exanple, flat fading nodels,

ei t her RayW@R@WHOTGS1I8RI ci an, with | ow Doppl er that can b&CTUZZI&EBHA
power control. These optiml val ues depend, in one exenplary

enbodi ment, on the particular path loss differential of the access

term nal to nei ghbor fento node and the nterference power received
fromthe neighbor femo node (e.g., ?%e nobil e term nal has 3dB
| ess path | oss to neighbor fento conpared to home fento, then the

optimal Ecp and Ect val ues woul e spd by 3dB). [00111]
On the other hand, in.an aIteLn }Q S@%ﬁgﬁage"ﬁb dinment, if neighbor

fent o node Ms[nﬂrﬁﬁbrﬁ’ié[ﬂnéheft B Aol HEr0-3rei0.860ha A — byt Gt /08P A4l
Ect val ues wguj-biajeed” sip—bp o Gjucae-by, 085 — omery. o 23+ 0.5 R90.86- bpt-4]

it is not very practical to change Ecp val ues very frequently since
it determ nes the handoff boundaries of the fento cell. Thus, as
stated, a default val ue of ECQ ( ECpnEFAULT) can be det er mi ned based
on a reason&ﬁ?@eﬂﬁéh‘%ﬁ@)béﬁﬁ oss differential values expected in
fem o networks. [00112] Referring nowto FIG 9, to maintain optinal
oper ation f g01e8s eAnMltemativgtiicetihevo enppése resgodsoadithnceifictdt frons3x2
differential, in one exenplary enbodi nent, the follow ng al gorithm
can be run P& @&eh Tot choipt erteﬁnsmy figter sgaisifer mtammengd t@%@w@nh thef ent o

node and nultlple associ at ed Ss. term pa 113] As represented
by bl ock 90%miprad f‘pﬂodf‘%ﬁélfﬁfg eg%ﬁttﬁnﬁ%% seiaan péiswsara zed to

2o ( Fopoer I R ki FERRCl Ol " 1Y PeeBsfiopRld gldfithee
path | oss d'n‘[ h%@%{gh{ ﬁl a%*rél@s% c%mﬁﬁo%qoﬁ ?fgtéﬂttging}ﬁft%d’vléﬁ)rm s%%cﬁ&p 1;%]

As represente n bl ock 904, the process is repeated f each cal

set up bet wegnestied BB CkaIVE) a0 Mmdnasis el dbee 2€ eRsatct e nﬁnﬁtalnSdes
520 with the power used on traffic channel denoted as Ect. In one

exenpl ary efbddomentin ddwelikk ttraughisgonss bhebrer menemhrja)erxﬁahémnbomnhé nkannel
(forward link FL) power control, as rﬁpresented query 906.
Downl i nk ( f otexeferms mel I forpsdefrore gretfisientssof aedN-tag chanigl Ailier rwigh cach

(Forward 11 RRERsssh S PGt 1ot b PG aFL o ecr oase |
ol ock 910, &f QZFSé%s@e?%@%%f%%adfgf ARG bl T R CREEIOB Y

det erm nat i Qﬂorpflmhmﬁzaﬁ@rp ke, %(v@f uF?ta@co(“cF ko 155 dfard steﬂech&he @Pdcfaéé (eg.,
adequat e signhal quality. Accor di ng when PER i s i nadequate,

downl i nk (f@'Iﬂ@@ﬁl@hdhblﬂk’dlﬁi@)ﬂljﬂ@yﬁgneﬁQi?tth@het&dﬂufe't@) t e Eehult VAREG] frde
represented by block 918, the T2PFILTERED (e.g., EC FI LTERED
the set of N transmit (downlink) waveforms. The default waveform is initially assigned
as the preferred transmit waveform, TxWaveprpreren.
[00128] As represented by query 1006, the femto node 510 transmits on the downlink
using the preferred transmit waveform when a call is initiated. Call setup with the
associated access terminal 520 occurs and includes channel quality indications (e.g.,
Channel Quality Indicator CQI, Data Rate Control DRC) determined by the access
terminal 520 and forwarded to the femto node 510 on the uplink.
[00129]  As represented by query 1008, the femto node initiates a waveform testing
cycle for a time period of T test waveform until all the possible waveforms have been

tested. As represented by block 1010, the femto node 510 communicates with the

associated access terminal 520 using the current waveform. The associated access



ECPFI LTERED) is nonitored during the call. The purpose of filtering
T2P would be to elimnate small scale fluctuations fromthe T2P
calculation. E. g., a noving average filter can be used to filter Ect
and Ecp vat@z@vsoeonput e ECt FI LTERED and ECPFI LTERED PES{YSEN08/ 84754,
[00117] As represented in query 920, a determination is nmade as to
the value of T2PFH. TERED . |f T2P FILTERED > T2PoplnL 41, then as
represented in block 922 Ecp is increasgg to Ecp =Ect FI LTERED T2P
OPTI MAL [00118] As represented in query 924, a determ nation is nade
as the value of T2PFILTERED |f T2P FILTERED < T2P OPTI MAL - A2
then as represented in block 926 Ecp is decreased to Ecp = max
Ect FI LTERED:clR BN, tie Povih ik kdansmissions 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 cwrent 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
process iterates until the possible waveforms have been engaged for transmission on the
downlink and the corresponding channel quality indication has been received on the
uplink. As represented by block 1016, the preferred waveform based upon channel
quality determination is then selected as the preferred transmit waveform which
provides the best channel quality in the presence of interference from negative
geometries associated with deployments of other unplanned base station deployments.
[00132]  As represented by block 1018, the preferred waveform may be periodically
updated based upon various factors including a specific time period, call termination,
channel quality degradation threshold or other channel conditions know by those of
ordinary skill in the art. Upon an update determination, processing returns to evaluate
the channel quality of the various possible transmit waveforms.

[00133] The present exemplary embodiment manages interference from strong
neighboring interference energy due to orthogonality of the Fourier series on the
dominant signal energy during convolution, at the expense of creating self-noise
through ISI and thereby limiting performance at high geometry. Further gains could be

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



WO 2009/ 070618PCT1US20081084754 30 woul d have sanme T2Por nmAL. However
if there is another user performng data transfer (e.g., 1 xRTT data
transfer at 153kbps) it would require a different T2POPTI MAL. Once

t he T2Pop WOf0opH6tset er mi ned for given user (based on PEEUBPRE/PJ4ES4
type), then the algorithmautomatically adjusts Ecp. The above
algorithmis specified for one user. If there are nultiple users,
then the algorithmmay result in differgat Ecp values for each user
However, overhead channels are conmon to all users and we can only
have one Ecp setting. Thus the algorithmcould be generalized to a
mul ti ple users case. By way of exanple, an "optimal" Ecp, for each
user (i =1, . impuNe respohdes faysd @Riredarddnieefeicatendorat:. TS atetlnmthnal dearibénid
then an actual Ecp could be decided as naxéEcpi,..., EcpN). Anot her
opti on coul d foatot wodf jcnufiguretionpasi thraldeBg ppsaclis siprificantly imafenidan one chip
transmtted as overhead and traffic to all users is mnimzed. This
woul d mean HU$Hli fication of the calculation of box 814 to:

n the om BUEM FrEHs B%‘%ﬁfﬁ‘% v (g SRATG BT Figsade
smal | scal o551 ek el Aol 0T e FERRGRLGHAUIAR ofs fs 1 TRMARGn: o

aver age fllte? can be use es to

ECt FI LTERED,@éks %ﬁglﬂi&@tmgé@ﬁém%@m bel dRGckRRd mTﬂﬁ@re%tdeﬂhemem

may be obtai ned through sinulations and once the T2P i s deci ded,

power cont r exengtiry smbadimdptbecshmetiodsaurd apparatuand preledGaopeng@tnd addrmy
be determ ned. Then the Ecp is adjusted to achi eve/ maintain opti nal
T2P. Speci f jacamhing, andyareadtiysr gedmariemmrsingn adapgee hevise figureeapbvpath loss
control algorithmadjusting Bet and 2) the adjustnent of Ecp

descri bed hé@éﬂﬁwnT00121] I'n the above algorithm Al and A2 are

h h f
mort hor mor o REARSE T CEEal? Sl ECHS Bnne 836 o b TR 20 3nPlne rihue
above may bg%érg[gf édr@ﬁetwak QiEX G Y oHHRAMNTER! DSt Gkt ordiere o

correction t performe nDre slowy. Lastly, ¢&ther overh

channel s ( enfbdempatifice thY RINcobaiodd fadioustiad lhaseas nﬁuﬂuill}ﬁ)lﬁhlrﬂiﬁd Hyamner
| evel (i.e., their relative power level with respect to pilot power

| evel can bedhépbdpaamstoantdiwork3B0[200 8@yt oratnerglly ad eocesgploas RF
enbodi nents have been described for reducing transmt power for
over head si gHerfaser(ce isgucs myyl BiSe UBIPHERDIDRAT B IBAGEBRsE Mybgitiag mendhales)
when there is.an active call at a fento node by determ ning an

opti mal ovet Ry si gnal power |evel. The exenplary enbodi ment has

been i ocloxlal oL o AR kLR, L0yl 20 L anaeleon b

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

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

reference to home femto node 510A and associated access terminal 520A.



[00123] Referring nowto FIG 10 and with further reference to FIGS.
5A-5B, operations relating to the use of frequency selective

transm ssion to address janm ng and negative geonetries wll be
descri bedWh2tippWedet ai | . As stated, due to unpl anned HEPUBHUIRITS
femto nodes, the received SINR for an associ ated access term nal can
beconme very low due to interference froma nei ghbor fent o node
transm ssion. This interference degrades-control channel and traffic
channel performance for the access terninhal and may result in outages
or decreased services. The exenpl ary enbodi nent disclosed herein
addresses operations to i nprove the performance of an access term nal
in a high ipoesfer e wdeas M dathusk igedfaettetbothoinang eplink JAC fre BERLS S
termnals. [00124] Generally, the exenplary enbodi nent introduces

i nt ent i onal lufilr Bfend yn the Hewnlinki Rl (forwatdnk Fhkoff qelnsmyissi prnsadoy cell
orthogonal i zing the transmt waveform amng nei ghbaring fento nodes
to mini m zedCRBaRHey ¥Ackor eagmply adgmiogiode S EHR HisiBen, dorfodfersarase| ect s

e P e U S AP ™
coefficient aEls t%ﬁ?m §5ﬁF %Ybic[eoc‘lﬁve %use E%r n%ﬁﬁ?%lcﬁted%c&ésste% gaﬁm

In this case eac iven access transmt vvave 6rm
woul d be fihéeRdd byth% f&rhfo%d& @POEF LABsd, bR tRAdibk 01, 1@ JBREARK abaseband
filtering) with filter inpulse responses selected fromone of the
follow ng tfﬂxﬁﬁak@/&ﬂ&ﬂﬂlﬁlﬁsew@&bf El];;%mfb[kmhie-lferbtolhodabl&éunrtaus%]&gnkﬁda]ﬁ
can] + ernlcan -2] + )2C. 61n -4 b[n]+ (-0 .5+ j0.866) bln -2]
+(-0.5- jO. ijeremébmthe@acnsoe[llm]cefssp es@b®. bpi -2] + eil chI n -4]
-cSIn]+(0 86621 [n (-0.5 + /0.866) om-!

exp(jx) = cB’é’(‘i%l +]0 %F&l)nk IEI@@BQ@P”AWCQIE‘F%S%@FPW@“é%@:@é res “?‘Wﬁi by

i npul se responses The choi.ce of
ransmit 11 RGP ot s EhE BincobBry Ghican) pisr Rren PRESTRATD®
node 510 nay, @@t he sel ection again based on channel sensing.
1001261W th mitié‘l reference to FIG 10, FIG 10 describes nethod
for interfe[@se MARAGLNE Mimtb Rodes\W § BLLAS> GONTUBhiEBIH: Clerft&ic8 M cach
transmt waveform sel ection. As represented by block 1002, a set of N
transmt wauthkodueso andamalet de;ﬁb;aﬂattﬁdremﬁmlaod@rlﬁjrasldannestﬁ@é a femto
downlink transm ssions. In one exenplary enbodi nent, the channel

wavef or ns nagdend Ofimtatisd nﬁ¢r@mékﬁ@mfﬁmgetﬁtogetb¢ena% ﬁﬂtcalpcmaﬁﬁ@ﬁcamt | ter
wi th each coefficient set being deriyed from specific n NxN

DFT matrix. 1“[‘?3’6’1@?]3 toA%ﬂ?l@Bwé‘g% 8 "BYe Hiodern e%mf f&sxﬁ@wrég%aéu
sel ects a dgz];s% g tron gstg EKF Ithrrllsnc;fIR"Pam ?gtre%gth ?I‘Ogl Oa( fe oY t%ode%% to an

accor di ng to & on pr OCGS om zZza

oot 1Rl SRt achay B el
initially asghgned & tb karRiaf8idcRdot Fanbthént Wascabar 48ovd xShavenuéfabRE0
is illustrated in FIG. 5B where on the downlink DL, femto node 510A may cause
significant interference (¢.g., low SINR) to access terminal 520D. Also, on the uplink
UL, non-associated access terminal 520D may cause significant interference (e.g., high
RoT) to foreign (alien) fernto node 510A.
[00140] For example, on the uplink of CDMA wireless networks, system stability
and load is usually determined by the metric: rise over thermal (RoT), also know as

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

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

RoT =(loc + Ior + No)/ No,



[00128] As represented by query 1006, the fento node 510 transmts on
the downlink using the preferred transmt waveformwhen a call is
initiated. Call setup with the associated access term nal 520 occurs
and i ncl uER2HAMEE quality indications (e.g., ChannePCTF&P0BAS4754
Indicator CQ, Data Rate Control DRC) determ ned by the access
termnal 520 and forwarded to the fento node 510 on the uplink.
[00129] As represented by query 1008, thg fento node initiates a
waveformtesting cycle for a tinme period of Ttest waveformuntil al

t he possi bl e waveforns have been tested. As represented by bl ock
1010, the fento node 510 communicates with the associ ated access
term nal 52@&hasi ng the current waveform The associ ated access 33
term nal receives the downlink transm ssions and generates a channel
qual i ty indi cati & :iTotal segstyad gower teprivas &l feqimhodeyfronThiB veirsdashdevices
quality indicatign is forwarded in the uplink (reverse link) to the
femt o node 510. %@Gﬁ@@?kﬁg)mﬁﬁﬂ%géﬁﬁéﬁuﬁ S¥l ock 1012, the fento node

om0t e U0 K g T SRR, G 8 s

n
current wavefor ase elrve qu

The fento node SED B, Rhtd\Rde O MPhER QLR QL Waver orms and

correspondi ng channel quality indications, or conpare the current
channel quality NpdV&aink@Bf the tHarrad YioRE el thE BANE ho@URldettisure (NF).

i ndi cations and retained an indication of the preferred waveform
[00131] As represented by block 1014, the waveformtesting increnents
to the next allocated waveform for continued eval uation. The

exenpl ary wi¥dfblr mFsestable systerpprseding onttey wnlek Wndoll nepds tp be spriroded.

\(I:Vg:r/re]:ag;gfldr A4 G Ref ToPUSA o RaE S hﬁ@hi?@a%?ﬁ%kg@%%éﬂéw%?ﬂa}sge
ibon channer S Ay Agie ot AEA0 For iR, B B 36 ANELRY DABRAR,
transmi t ey, GbmRNQUEASRA fi 105! piERRBTShusd B hicked Eniife 520D

presence of interferénce fromnegative geonetries associated w

depl oynment s aofemfd ile SU0RlranReth Rabenglicatt@alaton fauRbiatd abQed8dhindls
represented by block 1018, the preferred waveform nmay be periodically
updat ed baség0@pone srrifioudeffauigorenarinotadd wheranesghboi 4dcessttarminap82(dd,
call term nation, channel quality degradation threshold or other
channel con8itBusHE uRk Wb fratiisoad cgbigy eHer s highgwmer leyels fate, iaclose Upon

date det i i i t .to. luate th h I
ARG C TN S R e D
present exe%hﬁcX?sﬁ ROHaS5YD, R A onraBgy‘FeS%({q%”Q

nei ghboring interference energy due to orthogonaFity e Fourier
series on therlombram: u?iiﬂ@_@L RREF @it ink MEnKRANY CIDMIA QPsterAd (te_tg?,e

expense of creating self-noisé through 1ST and thereby |imting

per f or mance CEIMARQID, Sacidieftar, ¥ xE VIO hie dedi@ tootbatl this bgpead hitatechcai t h

the use of MNI SE equalizer due to different frequency coloring of 34
scenarios. However due to excessive variation in RoT, the mechanism may take some
time for femto node 510A to power control associated aceess terminal 520C to
overcome the interference caused by non-associated access terminal 520D. Meanwhile
the signal-to-interference ratio (SIR) of associated access terminal 520C falls below
required levels resulting in consecutive packet errors on the uplink UL from associated
access terminal 520C to home femto node 510A.
[00142] To minimize the sudden drop in SIR in the described scenario, one

alternative could be to increase the power control step size on the uplink UL as

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



i mpul se responses for the desired and interference signals. This
mechanismis feasible in a fento node configuration as the del ay
spread is significantly smaller than one chip interval. [00134]

Ref er ri ng wim2009/070F8GS. 11A-11B and with further refereRCHUISWIFISES
SASS, operations relating to the use of adaptive noise figure and
path | oss adjustnent to address jamm ng and negative geonetries wll
be described in nore detail. The presen 7exenplary enbodi nent uses
nmet hods and apparatus to prevent jannin% and address janm ng and
negati ve geonetries using adaptive noise figures and path | oss

adj ustnments. [00135] Generally, fento nodes are connected to the

I nternet 54 cange LAGIYRRIE BmPP 6h BlePowePERLBRItWIike iBfBsadi the W de band
connection (e.g., DSL router or cable nodem. Since the RF coverage
of fento nocesmbiditutios stiatardesine diyer optidntilegzatiaignd dveumnmininl sesysiprroptates
core network 550 and deploynment is generally ad hoc, serious RF

i nt er f er encet viegshigls poresy C&ﬁﬁf@éteﬂlmZés%h‘aﬁjpi’sdﬁgiﬂr@t@efo icpmteal thesrRadlclevel at the
mtigation pnethods are utilized. [00136] In a nacro cell network,
access ter mHP 80¢200and macro cel |l access nodes 560 are designed to

d
oo 2 e ORI Dt T ehf B mpk Bcfiin B T RE TR il e 8500,
be arbitrarj éff QR bkl bgﬁ@ﬁ Qééom&tl?&@%c%gﬁ@ﬁﬂiﬁlﬂs % Vinfalghn & 0ald b

| evel s beyon e sensitivity range of the respective receivers.
downl i nk (f %M@Jsé'czétbd‘ KecEds)ternBikg 526D GOl OMIdRS] OR), Sl mosRtflbh Al I9F szﬂJe
recei ver of associated access term nal and create degraded

denodul at i omcmasa‘d(mmmve@xignhlecanévaﬁ@maﬂeﬁ bk adding bonge wonfosgiPl.at i on
can create very high noise rise (RoT), also known to create

i nst abi | i t ycempanket angheuplisi . e verl @:ch T @gerracd inpesfarmed ¢ e fumio
transmt power |evels. and rec?i Ver noise {:I gure val ues need to be

adj usted ack cﬁxﬁﬁi?"‘%ﬂ“ﬂ%% YU GBS SF Y T am; 14 1S SopnfriosROYR In

illustrate

associ at ed Ekbeds (R I8 GTORGE 1B 1R8ES B Tha-IEHE RIS BN or
cause interf@rence Rohds/n atn}{tﬁmil I@Iie' r@&iHL*la@ée‘?YzEﬁ:ﬁ@UL 'tﬂaﬁsn@l—ﬁawé}n&eis%r
the downlink DL (forward |ink cell s serviced by macro cel
access nodesoth@beesf@FfmiaxiasRdE aﬁd zfo%@s@erﬁﬁkdi@Sﬁﬂm BAk B sdsalt,| tedhigh 86T
exanpl e, near a wi ndow of a residence 530B can cause significant
downl i nk DLpiqbtemdicezueimg@t feott hedeadd@ass noteemidhed.s 520F out si de t he
house (i.e., non-associ ated access termnal) that are not served by
the fento ndid4§10Bccppyg to an cxamplypemrdipent, thedergawds §’E@éﬁ‘&%@é§s

bauot o on ROTehimte RGeS NG e hefeRRE i noRR e R 560,
[00138] On gie&[ gtgdn 1081 White ﬁ%%&&%@é@e @@%@&Rw%@i&d@%ﬁga fat

are served macro cell access no can ctause significant

i nt er f er encgrQtht sk&8ah9 Weef BBk AoB@ALurSNFs cdndBd3]lordSs e la@notf ent o
nodes 510 can also create significant interference to each other due
t o unpl annedxsteiphdygiRiph levEiof extarfrbl iiterfarant ijhus esheot 8pHradded taadjust
fem o node 510 installed near a wall separating two residences 530
can cause sthgmiofscdigntc NIh meaticewna evhep theranis highovdl afout-efrcd! médsraeati n
an adj acent resjdence 530. In such a case, .the strongest signal (in
terms of RE2SPGREPT Sriensien )AGF?réiﬂgéO PR ATFNY emBedimen! faRmaRaRags

term nal 520 not necessar.i be .t ed. ac ermpal's
hon. fat o MERErTe ™ rEEn ot ueh SR SR Ear B RER I BEM Phoq
above. Such rgsgg(pgsri oisillustrated in FIG 5B where on the

downl i nk DL ent o node 510A ey cause S|(gn| ficant interference

(e.g., low SINR) to access Ro@{mi=nldbc(B20Br{n]N-80(n)NofMe uplink UL,
non- associ ated access term nal 520D nmay cause significant

interferencend{e.g., high RoT) to foreign (alien) fento node 51 QA
lor(n)= > Ec,(n)

ielnCell

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



RoT = (roc + br + No)/No, 36 where lor : Total received power
received at the fento node fromall wreless devices for whomfento
node is in their active set Joe : Total received power received at

t he fentowdawsnToer all wirel ess devices for whom f ent BCRAS2008/8347 Bt
in their active set No: Variance of the thermal noise including the
fem o node noise figure (NF). [001411For stable system operation on
the uplink LTL, RoT needs to be control B&d Typically, RoT is
controlled to be around 5dB and hi gher. "H gh RoT val ues can cause
significant performance degradation. For exanple, in FIG 5B for the
two nei ghboring cells formed by fento nodes 510A and 510B, high RoT
caused by access term nal 520D at fenmto node 510A results in

per f ormance degradation for associated access term nal 520C. One
speci fic i nffsr i NYitlsmemardfocnedu FEGWHeA-NE, gHBSr] 1 Aekidsdestrerd method
520D has bursty uplink UL traffic and exhibits overly high power

| evel s (e. gfor terferprpgangpagsmant 0 wiglefseamaunisgbomnssysiam yseRdaptiygnpise
during high_rate data uplink UL bursts from access termnal 520D the
ROT b 1 ent GEAGARS BB K] BUES Sy SRy B BRBYEO! (o TR
power contr ni_s:m..l t - (e

V- Doy i o it AP atbirBat R BBt M O ki e
However due;bQe 8XGENH Mehd/Ridkhdn in RoT, the mechanism may take
sone time for fcno node 510A to power control associ ated access
term nal 52000146 ovaregBRntcd®yignerifo4,encepctiosedtsbybad hBretsSOEb@iied
access termnal 520D. Meanwhile the signal-to-interference ratio
(SIR) of asgpoudditaly, sackt eswondraimairer52 00 fubb¢meitainmslote By edy ¢tfevel s
resulting in consecutive packet errors on the uplink UL from

associ at ed &&uwd af eyory wal 7 throfemiaonass rdl pekpet forgride Sllpaing pothasie To

mnimze the sudden drop in SIRin the descri bed scenario

Al ter nat i ve DY SEC R TP BB R RO P st o fPe s gy blfgk
upl i nk UL a3 GROYEYEd: L EORIANE. L MOLATR-THIAE. SRRARAES RARRERY

term nal 52
by block 1106, a thermal noise figure: No(n) is measured at the femto node 510. The

thermal noise figure No(n) is the variance of the thermal noise including the femto node
noise figure (NF).
[00147] Asrepresented by block 1108, a total received signal strength lo(n) is
measured. The total received signal strength fo(n) is the total received power received
at the femto node from all wireless devices for whom femto node is in their active set
and from all wireless devices for whom femto node is not in their active set. As
represented by block 1112, the in-cell (associated access terminal) interference level for
, which is the total received power received at the femto node from all wireless devices
for whom femto node is in their active set, is computed. The computed in-cell
interference level can be expressed as:

lor(ny= > Ec,(n)

icinCell

[00148] Asrepresented by block 1110, a received pilot chip energy Ecp(n) to
interference and noise Nt(n) ratio is measured from all wireless devices for whom the

femto node is in their active set.



37 there are usually upper limts on the power control step size

i nposed by the communi cation standards since other system
degradati ons occur when a system operates at very high power control
step si ze WOHWe070618) s desirable to control the RoT | evECTAS2008/e847dnt o
node 510. [00143] In order to prevent an abrupt junmp in RoT due to
sudden increase in interference created by non-associ ated access
termnals (e.g., interference created b 9non-associated access

term nal 520D at fento node 510A), the hoise figure NF can be

i ncreased or the received signal can be attenuated by addi ng sone
path | oss (PL) conponent on the uplink UL. However, such an operation
i s perfornmepoagolt hesfreprt@niea de bRxRe i 4 we digohtdh(nbevebsiael access
interference. For exanple, in the scenario shown in FIG 5B, if both
fent o node BtOkaBmgefaate lawetilcs H0Bhiinthe cetslactdnedpoiveeretdigudra thdFemto
attenuati onv\&‘/3 the sanme anpunt, the result is larger uplink UL
transmt poWede fraall wirlsss drotass e cdem feirpnads isnas Jpbel Aeivacele s

term nal 520D. As result, the high RaT prqblem qccurring at fento
node BI0A | SRS e Eief GO O ALCORaNG g teL i e SR BIFeRAY

enbodi ment, the fento node exhphi.d Lngrhl @b (BTvod:gnt 0 node 510A in
the present scenario, increases its noise figure NF or attenuation

I evel whil ejgogssio mda%emfedﬁ;mi&ktﬁmt@ iR but-bLAdiAnRAERn&UBR kD

the present scenario, keep their noise figures NFs constant as | ong
as they ar ethaaher@dbp®idceipaira o) glfiolary ehsinuin Bdredicegiedd pilonticp kesrgnce.

Thus, a nmethod is provided to adjust the noise figure NF or

at t enuat i onEgehtotiterference igptoidedegl) ragio ameng di-cdbddcessigravifaéramnce at a

particular fenmto node. Accordi nq to an exenpl ary enbodi nent  for,

managi ng i nE@RPEE rherepresentes tydtledks! 1d Brheipicessiteiainal yepdrip-npisyratic a

iven time slot n can be.expr. ed as : ROT(0-=[l.oc(n)+,]or + .

%o (n)]/ No Eﬁ?suéeﬁjcﬁsﬁl?)e r(eﬁcalve:dp%%ii; 1P|j:nqr@f ﬁ@éﬁ(to mt‘[:rferergce)and nmséﬂ)(n) ratio
for all in-cell access terminals are filtered, by way of example, according to infinite
impulse response (IIR) filtering in the dB domain. The maximum filtered value among

access terminals for whom the femto node is in their active set can be expressed as:

] Ecp.
ax EE‘E.(...?E..Z = max ﬁ[fer .....E_]z.f...g_’?_).
Nf(l’?) iein—cell access terminals Nf{ (H)

[00151] As represented by block 1120, the signal-to-noise ratio of the out-of-cell
received interference level Joc and the thermal noise figure No(n) are computed. The
signal-to-noise ratio is also further filtered, by way of example, according to finite
impulse response (FIR) filtering in the dB domain. The computed out-of-cell (non-
associated access terminal) signal-to-noise ratio can be expressed as:
[ Ioc(n)) =5 lter[ Ioc(n)J
No(n) No(n)

[00152] Asrepresented 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:



where Ecl is the total received energy per user i. 38 [00145]Wth
initial reference to FIGS. 11A-11B, FIGS. 11A-11B describe a nethod
for interference nanagenent in a wreless conmunication system using
adaptive WP 2WIPTIGIHr e and path | oss adj ustnent to adapPCUEBS003eH4TMt
path loss for controlling RoT. It is noted that the adjustnent factor
can be applied either to uplink UL attenuation or the noise figure NF
of the fenmto node. [00146] As representgg by query 1104, the
operations described herein may occur periodically, such as upon the
occurrence of a subsequent tinme slot n. By way of exanple, at every

slot n, the fento node 510 may perfor |l owi ng nmethod to
prOV|de interference nanggﬁﬂﬁ@km&p_gmggﬁﬁﬁﬁ¥}ﬁghgﬂ sygkem As
represented by block 1104, various sigoa¥é)are nmeasuréd and | evel s
are conputed. Specifically as represented by block 1106, a therma
noi se fi gur eithhNgy dbpve slovedsheddidbEciM eafeentayimpateunk®f dBhe t her mal
noi se figure No(n) is the variance of the thermal noise including the
femto node HWISH firgurmetehiR)l by bBBEA TTR¢heraxpese sumdt By dof-otkellit@ayeda
total received S|gnal stren th lo(n) is neasured. The total received
si gnal st r eHGEFTE6E fvel 4 §Cﬁ’i@‘35f gl Xaraied @ power received at the
fento node fromall wireless devices fprhomfento node is in their
active set and fromall wi rdPes&<cd®yi 0T /ehd#igeént o node is not
in their active set. As represented b ﬁ k 1112, the in-cell

(associ at ed es ter feren . ev. whi ch is the

t ot al recelvagg%aﬁﬂye?lcé%d%ﬁﬂhﬁ o' ‘@%”?f&ﬁﬂ§r| W rel ess
devi ces for gjem f e, 0, Q4R 4iiSploBk fh%' & 611 ¥ 6f fftionh %%k?’ﬁd diuls
conput ed i n- ce?ﬂllntéa%erencé eve? céﬁlﬁg é&presség é% ny?J £$
ZEct (n) m NERE heeds to be applied is computed. As represented in block 1130, the candidate path

loss adjustments are determined. The candidate adjustments can be expressed as:
PL _cand, = lor_excess

0 02 EcpNt _excess
EcpNtbased PL _step ,0< EcpNt _excess

PL _cand, = {
PL _cand, = PL _cand(n—1) — PL_step_down
PL _cand = max(PL_candl, PL _cand,, PL _cand 3)
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 Ioc values exceeding a high threshold.

(2) In case both Ecp/Nt and loc are below allowed limits, PL_cand;s 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 /oc since RoT control mechanisms already can control the

RoT level. So in the case when there is only one active user in the

system, Joc_target can be set to a very large value.



[ 00148] As represented by block 1110, a received pilot chip energy
Ecp(n) to interference and noise Nt(n) ratio is measured from al |

w reless devices for whomthe fento node is in their active set. WD
2009/ 0706 W8P 0W9/187M8081084754 39 [00149] As represent edPEl/UBI08H8475114,
the out-of-cell (non-associated access termnal) interference |evel
Joe , which is the total received power received at the fento node
fromall wireless devices for whomfentp node is not in their active

set, is conputed. The conputed out-of-cell interference |evel can be
expressed as: /oc(n)=/o(n)- lor(n)- No(n) [00150] As represented by
bl ock 1116 the received out-of-cell interference |evel to the thermnal

noi se fi gur @ONEE]N) Ak adprGembd intdadkmIB? ftht bgrediakesh ed(PRI hdihistcdin e
energy Ecp(n) to interference plus noise Nt(n) ratio anong in-cell
access t er mppikdapalingmlue woper o loepmetdnssdt]. dljudvherd kimithiidys axhesssed
access termnal signal-to-noise ratio neasured as the received pil ot
chi p energy®®Ecp(n) to interference and noise Nt(n) ratio for all
in-cel | access termnals arle AL ¢asded’Lisdiupbymet) exanpl e, accordi ng
to infinite inpulse response (BRL hijléen = kithendlB domai n. The
maxi mum filtered val ue armnegS aceess tggﬂi nals for whomthe fento node
isin their active set can D& e(xpfcézgge as: °?

PL_adjust(n)= PL_cand

clscif (PL_cand <0)
PL_adjust(n) =0

[00156] As represented in block 1134, the uplink UL attenuation (or noise figure) is
increascd by PL_adjust(n). It is noted that in an actual implementation, hardwarc
limitations may require quantization of PL_adjust(n) to the closest possible setting.
[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 one exemplary embodiment, if an air interface permits time division
multiplexing, transmissions can be scheduled in such a manner as to climinate time
periods with negative geometrics. Thus, femto node 510B may communicate with
assoctated 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 1IXEVDO. By way
of example, since the IxXEVDO 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



Ecp(n) Ecp max-max[filter(i(n)\ N (n)kin -cell acass term naLsAlt

1(n) " [O00151]As represented by block 1120, the signal-to-noise ratio
of the out-of-cell received interference | evel Joe and the thernal

noi se fi gi¥@20®0Wf1%are conputed. The signal -to-noi se r BETHS?0E8/8§43Y
further filtered, by way of exanple, according to finite inpul se
response (FIR) filtering in the dB domain. The conputed out-of-cell
(non-associ ated access term nal) signal 4%0- noi se rati o can be

expressed as: V oc(n)\ - filter( loc(n)) No(n)1No(n)
[ 00152] As represented by block 1122, the excessive received
out-of-cell interference beyond the allowed (target) anmount with

whi ch the comitiphixirat ferexsmpleenrivaogial thabisy (i rcatteol ahenrtelse inmhuxdingu for
excessive received gi | ot chip ener to interference and noise ratio
anong i n- cef¥amde ds& T e AR A ang EIS§AL ePpiigiedetaiisior sph-Ggmattary fppse are
bl ock 1124, the excess. anmount for ceived pilot chip energy to
interfer enc@eséﬁlée‘ﬁ&‘%féﬂ Ph?m]ﬁf’dé‘&?f‘t%ée P&pressed as:

[00160] In one exemplary embodiment, sub-frame time reuse is applicable to
technologies where hybrid time reuse cannot be applied. In many cellular technologies
such as ¢cdma2000 and WCDMA, the base station transmits a continuous pilot and other
CDM control channels (e.g., synch, paging and broadcast, etc.) which the access
terminals use for a variety of purposes, including initial scanning and acquisition, idle
mode tracking and channel estimation. This continuous transmission of pilot and
overhead channels from femio nodes may result in the above described downlink
jamming, even when there is no active traffic at the jammer.

[00161] In one exemplary embodiment, the first step is to address the outage
situations when the desired femto node 510 pilot and overhead channels (e.g., synch and
paging) cannot be received at the access terminal 520. By way of example, a cdma2000
frame is divided into sixteen power control groups (PCGs). To permit acquisition of the
pilot signal, a fraction of the pilot and overhead channel transmission is gated off.
[00162] With reference to FIG. 5B, femto node 510A, transmitting to associated
access terminals 520A-C, transmits such gated frames (i.¢., 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-



40 EcpNt _excess = nmax Ecp(n) Nt (n) EcpNt _target with the above
al l owed threshold EcpNt _target having the units of dB. [00153] As
represented by block 1126, the excess anobunt of the out-of-cel
recei ved M &0P/8MeKce | evel |oc_excess can be expresselCHYS2008/084754

l oc(n)

loc _excess = |oc _target with the above allowed threshold

| oc_target having the units of dB.
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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
example, the fraction (e.g., 1/2) that is turned off is lesser than the channel coding rate
used for that transmission, for example, in cdma2000 forward link voice packet
transmissions, a particular standard format (RC3) uses a rate 1/4 convolutional code, the
access terminal 520 will be able to decode the packet, even though half of the packet
transmission was gated off. To avoid the necessity of knowing these geometries and
scheduling these non-overlapping gated off times, the following method is disclosed to
prevent jamming and address jamming and negative geometries using subframe time
reuse.

[00165] With initial reference to FIG. 12, FIG. 12 describes an exemplary
embodiment for interference management in a wireless communication system using
subframe time reuse. As represented by block 1202, gating sequences (or patterns) arc
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 sixteen PCGs to
obtain a reuse of 2.

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

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



[ 001541As represented in block 1128, an anount of additional path

| oss (PL_adjust) that needs to be applied is conputed. As represented
In block 1130, the candidate path |oss adjustnents are determ ned.
The candi d%®2008487% %% nents can be expressed as: PL _can@CEFUS08/0%5ess
PL cand, = 0,0 EcpNt _excess EcpNtbased PL step ,0 < EcpMNt _excess
PL cand 3 = PL_cand(n -1) - PL_step_down PL_cand = max(PL_cand PL
_cand PL_cand 3) 44

1s non-overlapping with neighbor femto nodes, general selection does not necessarily
result in 2 non-overlapping arrangement. However, the exemplary embodiment
provides a mechanism such that a non-overlapping gating sequence can be identified
and selected.

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

[00168] Specifically and as represented in block 1208, femto node 510B transmits a
series of frames on, for example, a data/voice channel to the access terminal 520D with
all power control groups (PCGs) gated on. As represented by block 1210, since a
potentially interfering neighbor femto node 530A is already engaged in communication
with access terminals 520A-C using sub-frame gating techniques, access terminal 520D
will observe interference on a subset of the subframes in response to gated
transmissions by interfering neighbor femto node 510A. Furthermore, access terminal
520D will also observe another subset of subframes where no interference from
neighbor femto node 520A is observed when neighbor femto node 510A is gated off
during that subset of subframes.

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

the transmit power for specific subframes.



Regardi ng determ ning the candi date adj ustnent val ues, the candi date
val ues may be based upon various characteristics or rules. By way of
exanpl e, various points can be expressed as: (1) PL_cand, and
PL _cand2 ay@2q9e870gt%ed t o qui ckly adjust the PL based oRCHU§HOEIITMN
or /oc val ues exceeding a high threshold. (2) In case both Ecp/Nt and
/oc are below allowed Iimts, PL _cand3 is designed to slowy reduce
(decay) PL such that it won't be unnece§§arily high. (3) If there is
only one active user in the cell there naybe no reason to directly
limt /oc since RoT control mechanisns al ready can control the RoT
|l evel. So in the case when there is only one active user in the
system | oc[0012¢]getAsaamesRated dl blazka 2V4rtie hubtfene/ ddvittink (FoiwirdQihkppovas
represented in block 1132, the appropriate path loss (PL adjust) can
be applied eotwot tedopck pravived bypesesatsemina0Dpattmioowde PLOBddisstesrehich
limtations expressed as: If (PL_cand > PL_adjust_ max )
PL_adj ust ( n§1}b‘ mescdf fegnsmptigd by inferfering 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.
[00171] Depending on the implementation technology, other considerations may
further determine the types of gating sequences (patterns) best suited for this sub-frame
gating technique. Furthermore, since legacy access terminals are unaware of the gating
being done on the downlink (forward link), other considerations may be applied to
include choosing gating sequences (patterns) that intersperse shortened “off” periods
between shortened “on” periods. Such a consideration may reduce impact on downlink
(forward link) channel estimation and channel quality feedback estimation methods in
use by the legacy access terminal. Thus, for example, in a case when eight sub-frames
out of sixteen are gated off, there may be beneficial reasons for selecting alternating
sub-frames to be gated off and gated on.
[00172] In another exemplary embodiment, gating sequence selection may apply
different considerations for deployments where ncighbor femto nodes 510 arc not
synchronized. Such considerations may exist, for example, when WCDMA femto
nodes 510 are not synchronized. In one exemplary embodiment of non-synchronized
fernto nodes 510, instead of alternate on-off gated subframes, it may be beneficial to
have all or many of the gated-off subframes be contiguous, as well as all or many of the
gated-on subframes. For example, in the case of a WCDMA system with fifteen

subframes over 10 ms, or thirty subframes over 20 ms, a beneficial method may be for

each femto node 510 to gate off nine contiguous of the fifteen subframes and gate on six



etseif (PL_cand > 0) PL_adjust(n)= PL_cand elseif (PL_cand 5_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

not ed t hatW@ &00aR704t% ual i npl enentation, hardware |im t CTAR2008B84754
requi re quantization of PL_adjust(n) to the closest possible setting.
[ 00157] Referring nowto FIG 12 and with further reference to FIGS.
5A-5B, operations relating to the use ofjssubfi-anme tinme reuse to
address janmm ng and negative geonetries will be described in nore
detail. The present exenplary enbodi nent uses nethods and appar at us
to prevent jamm ng and address jamm ng and negative geonetries using
subframe ti sentigeoiseub{raadsd 84 kemaeie, wikenplamy famepdic fanio, nodé Sahmay ate
interface permts tine division nmultiplexing, transm ssions can be
schedul ed i affsixienacontigneys subfremeseidiataton foireenpemiigeiss wubflamesgeitti afe
geonetries. Thus, fento node 510B nmay communi cate with associ ated
access ter niay @ﬁ%mﬁﬂuring a period that fento node 510A is silent

node 5104 dliAg aparREae SRapEiR g te AP B BEDRCao ARy B
I's schedul eQn&MnﬁrSGé 80\919313( Ié/%QﬁVJlQe Fé‘?ntﬁelé)%} 51 SH)QI[Pi Bngﬁteq;ff ot and

synchroni zation ‘and sche g approac apprfi atl

that perm t obdrfi®@dinthrRl @8nseGOeshd W, thGbahe AS adotEMRhindY d%?&’ld@ﬁ dnd to
exanpl e, since the 1 XEVDO control channels are tine mul ti pl exed,

nei ghbor f eniroonedesind e dhencl gaemodeallst mdiset tvémpiow posiaentyf attthese
control channels. [00159] However, as discussed next, this does not
work with aihen asseripigd @ceess mnmln@@ 28 ahaxpedgd iobe ;s@anmng fopthedemennode
W th schedull&g and tinme division

[00174] Referring now to FIGS. 13-14 and with further reference to FIGS. 5A-5B,
operations relating to the use of hybrid 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 hybrid time reuse techniques.
[00175] In an exemplary embodiment, if an air interface permits time division
multiplexing (such as IxEV-DO), then transmissions may be scheduled in such a
manner as to eliminate time periods with negative geometries. Thus, femto node 510B
can communicate with associated access terminal 520D during a period when femto
node 510A is not transmitting. Similarly, associated access terminal 520C may
communicate with femto node 510A during a period where access terminal 520D is
scheduled by femto node 510B to not transmit.
[00176] In an exemplary embodiment of a hybrid time reuse method, a downlink DL
transmission is divided into three separate groups in time:

1. Synchronous Control Channel (SCC) transmission period

2. Limited HARQ Interlace Tx. Period

3. Unlimited HARQ Intertace Tx. Period



42 mul tipl exing, for exanple, technol ogies that use CDM contr ol
channel s, including, for exanple, 1 xRTT, WCDVA and HSPA. Design
details for sub-franme tinme reuse are described in detail in

enbodi mentO HP/6R618[ 00160] I n one exenpl ary enbodi ment PCEYB200%/084E54
time reuse is applicable to technol ogi es where hybrid tinme reuse
cannot be applied. In many cellular technol ogies such as cdnma2000 and
WCDVA, the base station transmts a congd nuous pil ot and ot her CDM
control channels (e.g., synch, paging and broadcast, etc.) which the
access termnals use for a variety of purposes, |nclud|ng initial
scanni ng and acquisition, idle node tracking and channel estimation.
Thi's conti n@ag7]t r BIGM 3Silgtraet 4 badmprard dvveiife a0l cradiinel Beldiam three
fem o nodes may result in the above described downlink jamm ng, even
when there differsot siukipegods dfringceaclt symskroparmmeniro] §@AG1 ($GChaele period of
exenpl ary embodinment, the first step is to address the outa

si tuati ons %fehmﬁ oty dB ione Gx ety HEWEInENd biser on tig shsviag wé%af resources

Cormnar so8ti e HaptRdleatts, Banain Bt P imer e ey el et As
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pi l ot signa Ion 0O and over

transm ssi op;ffefend e cRfnhels L@%%y ¥ hé e&ﬁérf‘éh@@ﬁ?erfe%n%é %m%%.erfn@igh&r
node 510A, transmtting to associ ated access termnals

transmts stoftogatiad or(@aesachi fedto nalldrselagts qir&ﬁhr@ffémtpa:rhams dﬁfmldﬁtthan
traffic is transmtted). At non-associ ated access term nal 520D, the
carrier-toi ficercighbentmte acdaod 100/ If thekors roriatesitionst bam 4 naghboe fengo mode
510B i nproves dranatlcally during the period that fento node 510A is
gated off, H\éﬁh}ﬁ & emr‘i‘g Clé?é’&?llt §1inﬁd6%106ft0 fh‘fé’“&ial%fe“&ﬂ&h%@‘ﬁ@ ¥R g Hifd by one
fromfemo ()e 510 e sterm 0 e of the hi
negat i ve. gedids Pot GAREEE F B ey rretingPEd By bt ne e sliod
enbodi nment , on-of f periods are scheduled to be

non- overlapSﬁE§§&$ﬁg&8gfento node 510A and fento node 510B can use
non- over | appyongs|s Uty ki Mives rdfeendQWeIG qqnpr@lmgie%ﬁés) a mbMo®@AR interference
exenpl ary embodi nent, by gating off (i.e., not transmtting any FL
traffic) a hmragiehent 11‘1 22 Rirdewr c@hrhunitatidne spuidn usd@ fhyarigstimé oreuse, in

exanple, a tine division reuse pattern of 2, 3 or may be creat ed.
|f the pil o@ccamnm/wln]@a@(e@mgmbomm@ Asfrepreseated bwéﬂén@hdé%w thi pitial

pil ot acquisition a s decodi of the overhead channel this
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node 560, the femto node 510 measures secondary synchronization channel (SCC)

offsets (MSCCO) used by the macro cell access node 560 and neighboring femto nodes
510. Based on the mcasurcment, the femto node 510 identifics a preferred HARQ
interlace with the least interference, as represented by block 1406. A preferred slot
offset (PSO) is defined from the identified preferred HARQ interlace.
100179] As represented in block 1408, a primary femto channel is selected. By way
of example, on exemplary selection process may follow the following algorithm:
If mod(PSO-MSCCQ,4) = 1 then Femto Chn. 1 is picked as primary Femto
Channel



[00164] In addition to the pilot and overhead channels, the sane
gating method may al so be applied to the voice or data channel
transm ssions. In one exenplary enbodi nent, the fento node 510 gates
a fracti oNWVQROUFAWRISt r ane transmi ssion of f. If, for exaRpFES200§@84754
fraction (e.g., 1/2) that is turned off is |esser than the channel
coding rate used for that transm ssion, for exanple, in cdna2000
forward |ink voice packet transm ssionsyga particular standard fornat
(RC3) uses a rate 1/4 convol utional code, the access term nal 520
will be able to decode the packet, even though half of the packet
transm ssion was gated off. To avoid the necessity of know ng these
geonetries and sifhaci{P$QgMEOESE) rol-thae FeappChy Dat pdkal fs primesy, Fdnite
following nethod is disclosed to prevent janmm ng and address janm ng
and negative geofkintles using subframe tine reuse. [00165]Wth
initial reference to FIG 12, FI G _12 describes an exenplary

enbodi ment f or iﬁt%?cf@%ﬂ\%\’%cﬁ%égmeﬁréﬁ?n Fryiig &m-e?f SsBickohintpap Bt
syst em usi ng sub& ame time reuse. As represented by block 1202,

gati ng sequences % a patterns) are identified with each gating
sequence gatl ”Q'QRére)c‘th, EH2 R4 %hn?br%*&@gcﬁgé@ﬁ?ggﬂé 1§l xteen power

control groups (PCGs) to obtain a reuse o , or eight of sixteen
PCGs to obt gjgns@ r @use f@htoZhadRGLE6 HetthEin@RIfENG HABY STIC R BNt traffic
chosen in such a way as to mnimze the cross-correl ati on between
pai rs of gati thg deeglirdn@esvafd kuk)pdrenmisaiohy by fengo heddsrig 0 faentimedodeduce
510. As represented by bl ock 1204, each fento node 510 sel ects one of
the gating véirsnee svithamapsuel frirsfisiang and duha 1fgmimpodg framsptissigns. A
choose a gating sequence that 44 is_non-overl appihg w th nei ghbo
oo nodes ARG SaR st Rt 40 o P ot dwsal Il Pt B, Scc
non- gver | apH-hﬁ]s%li?sﬁgnﬂ{éggqu}{xiﬁedlﬁxﬁéelﬁferla&et a%%‘ﬁﬂghr?g%o%”'&&dbx{l&med HAR
provi des a mechani smsuch that a on-overfappl ng At hg sequence ca
be identifi gf.80d sRLEGIRDerib®ALOlkARdiPBILGSENt ed by bl ock 1206, an
access termnal 520 establishes an active connection with a fento
node 510. | pOOI8EPONSErdps@stdM ibsdtknyt l0hend onfiertirare tbhEIGACes® SCC
term nal 520 provides a "fast" per-subfrane downlink (forward Iink)
power cont r ohnsmessitivarekiod |1 BQnisrig it ddeat fembeagimogeo52GM1SEGC cydk 8304 @.g., 256
desi red non-overl appi ng gating sequence. [00168] Specifically and as
r epr esent edslpwm%@w tyggissioa of an pbEOBedBeL DAt Shistods of cyaryi KL grele). In
frames on, for exa

| e, dat a/ voi h t h t i
[rames on. Lor SXatple,ydalaluel ce chamele Lonkle gesesstermanty
bl ock 1210, ;510166 . LENL dHhLdon ALELL LA HHADOr T ent o node 530A

is al ready engaged I n comuni ca access termnals 520A-C

usi ng sub- f [@TB2)9AANHARRS NEMHIE SwitlAGE G Sfelr&T Blon afrs® 25D Y thhtoORSRI 310

interference on a subset of the subfranes in response to gated
t ransm ssi onandmitsi BCET frdtiniagiome fghbaliovwse mlablodenshil@An bfirdohesintiaanel
access termnal 520D will also observe another subset of subfranes
wher e no i nirderfieationeed trabinsiesoglatsdractespritaminatied 2020 Aandinopsidrapdduiviien
nei ghbor fento node 510A is gated off during that subset_  of
subfranes. femto node 510. During Q interlaces on non preferred slot offscts, 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] Asrepresented 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



[ 00169] During the subfrancs in which fcnto node 510A is gated on,
the access termnal 520D will| observe, for exanple, |ow Eb/No. As
represented by bl ock 1212, the downlink (forward |ink) power control
f eedback MORIHEVEYs terninal 520D will indicate that PeMUS82MHHEH10B
shoul d increase the transmt power for specific subfranes. Simlarly,
during the subfranmes that fento node 510A is gated off, access
termnal 520D will observe high EU No apg the downlink (forward |ink)
power control feedback from access term nal 520D will indicate that
femt o node 510B shoul d decrease the transmt power for specific
subframes. 45 [00170] As represented by bl ock 1214, the sub-franme
downl i nk (f oaffimrid givenkdbsqotaeriorion brvol bebeefibhaokffipr oWitdedfencade #8G. 13,
term nal 520D to fento node 510B indicates which sub-franmes at
transm tt edlimyted FARQ drtprige ManyRbYen PEIAdEIVRYFelr SBURSIRR OPYaEty AT eitl
which are gated off. Accordingly,.such.an indicgtjon allows fento
node 5108 LETERIRE g B Tty Sl Al i Tpiapicy stos ot U to0
non- over | appij (C t ! t i . ; .
Chosen and FHeiit BB, BB AR o B IAARS (REGSRERSHRQR BLbL, e
exenpl ary ephyadiaEnkchid A6 tRRRINsfAkEOA KAty 3824 PIMEL BLIEREEIF DRC is
(pattern) chosen by interfering nei ghboring fento node 510A. [00171]
Dependi ng ofull beerused| BBk bérapdtible peRANAOgich Bishple Ganpicter(8UPYAS.4kiBs
further determ ne the types of gating sequences (patterns) best
suited for vhinsiliswiserf paiet GAUPhgf 266hh2/GUkdbitiumayhbs mblized (immibe tbBRCY
access termnals are unaware of the gating being done on the downlink
(forward |i Bi&yure sRARPEE onsi der ati ons nay be applied to include

oS R O BT S SR T TR
e mack Ukl ko A1 Lt SRS BRLLRLIOAN

access ter mhhdls 510 H4§ usd @fs i8KANGRIa8 wel M. &, m&emmg@;hghﬁteﬁa@née?.mg
out of sixteen are gated off, there nmay be beneficial reasons for

sel ecti ng aHAR@Mdhierigees wif-dthangst difsche fegatenbdes fdoamdl wakad o1y. downlink
[00172] In another exerrgl ary enbodi nent, gating sequence sel ection
may apply difofvearéfink)ceaise Gunatcrusashdwsiveirephadipmendewingr(forweaiddinshpower

fcmo nodes 510 are not synchronized. Such consjderatjons nmay exist,
for exanpl eCapfenlopreshia pﬂlémrtsi Mt%?e@w 'f§F wﬁ%ﬂg%%&oa sheef chepndhe
exenplary e Lent of non-synchroni.zed fent,0 nodes 51 i nst ead of
o ernat s olaRET"o A freati S HEERR g e e RIPEER.R Pio 1o R Ee %G,
many of thegﬁﬁkﬁgd ‘;[%%gtfeﬁ%e&a&%i&%t héHHAU She ?e?nthdeeZﬁOalsl alRfwedB3Y

of the gated-on su For exanple, in the case o system

with fifteepasdhit HaWBIsnkOMEvatd [iAR) trPffictdhl &Il Bf ShedfouAMESR Q@ ViBierl2dds NBt tHR
beneficial nethod may be for each fento node 510 to gate off nine

cont i guous bégitineg fof fihe pericsly ldbwalnds (farvdird dink) oanssiik pol§ @ontd goges up
subframes. Alternately, using a 20 ms frame, the fento node 510 nmay
gate of f si gosdn teolst itkfuGeerss uphiegtesitoa Repdigdare too farmp Ut d8n 0% FRETERIBIYS
subfranes out of thirty sub frames. [00173] I | ternate exenpl ary
enbodi ment s TBPHBIT IR HYHST (RFTEERS Lﬂﬂepml% be kA r i iﬁ?&cﬁw%g I slot
downl i nk O L YRl ¥&" S B 08des. 540 BRI SHLES. 9, IR BliLoRLERYy AR
over head channe ransn ssi ons en €re are no access term nals

associ at ed, pajfle ththEUb'é@inﬁhﬂgI%if'uﬁﬁmﬁ&ﬂﬂﬁ‘fﬁ]hﬁ‘éﬂc&h@rﬁﬂﬁésfon%ib@,dfeﬁ@d hdde

and/or at very |low power only at tines en associ ated access

term nal s 5300 au€ tRXPEE teEpitibld packenipenndlarust packee st asaebes Sidfle user
packet). Also, femto node downlink (forward link) scheduler can keep track of
previously requested DRC values and maintain DRC values from last transmission

periods and HARQ early termination statistics to decide on what data rates can be

decoded by access terminal 520.



[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
address janm ng and negative geonetries will be described in nore
detail. THEOBHREWA exenpl ary enbodi nent uses net hods BAHVAMSEPIHTIS
to prevent jamm ng and address jamr ng and negative geonetries using
hybrid tinme reuse techniques. [00175] In an exenplary enbodinent, if
an air interface permts time division gyltiplexing (such as
1XxEV-D0), then transm ssions may be scheduled in such a manner as to
elimnate tine periods with negative geonetries. Thus, fent o node
510B can conmuni cate with associ ated access term nal 520D during a
peri od when[f0dfé]o Mhdeabliifgs heseimoty be ansmotatédigto aSiade (ag.| ydevice)
associ ated access term nal 520C may conmunicate with fcnto node 510A
during a pefinB@yRE&rBOECOBPENaEY TR PraNMBRODNE 8vidics kegsfloael othgr Haslist 1Gode

510B to not transmt. 00176 I n an enpl ary enbo i t of a hybrid
time reuse rfFRIES SSYCHLIHIRIA I]Eﬁ_on‘?‘i‘téﬁ?ﬁ%%s%gml’@y t{?' Hdatnt o three
separate grqQup n neI

t r ansni ssmg ""'"mc%}mf%%we#nflggg Pz% &?é’ﬁqacggﬁuug@%esr%‘gﬁ&%% ¢ it oed
HARQ I nterl ace éﬁxaccé:@‘bbﬂg anéz “[ng%;géwdé 1©50 {30 1 4 d48dsE Alr@fmaPBDf a MIMO

exenpl ary downl | timeline including threg different time periods

during eachsgydme lﬂjaD)DQuShéldHﬂdeQBi(ﬁghﬁfﬁt&iah( BEChue Y& of dpe ir€hsaé peddhied
time slots. In one exenplary enbodi nent based on tinme sharing of the
resour ces dmimmgdatastiuiae 15¢2 tHAR@smnt(EF X Jcleta’prodessoe 1arde t hr ee

different femo channels defined. As described in nore detail |ater,
it is desir&fIBHat Iﬁé@rgw@ﬁqtﬁ@&q@ﬁaos‘ﬂﬁ@aé%trwmtfﬁdwem TePRECHBYR trangpito

nei ghbor T eREodde BB Mog L RFBH G Hou e LBaeres Perathagye for
T ent o .Channgichq:fa{a S Sﬂﬁ)asteﬁ%ﬂ agjﬁﬁlcﬂﬁ 9(2#?% Sﬁ%%‘% Qel&?e%%()ﬁst‘}lgt)data sftreflitg% €

is no interference froma nei

channel s (i BraddichiQnaL the primary fento channel) can be used by
one fenm o node 510. Details of one exenplary enbodi nent of a hybrid
time reuse QEEBSY I dheicsdediereriobedh deth ameant 0A} B8 mulpldxed Miithipalbt data
reference to FIG 14, FIG 14 describes a nethod for interference
managenment ksing Ok lesbs qesnifhnpidettdetns psekm kedwigddtypatieth thitre
reuse, in accordance with an exerrpl ary enbodi nent.. As represented by
bl ock 1402, pgtcebtb%mﬁrxomm%w aRYdie usecha thesigpriveT TSR Eq SHMAte the

o e, B 0B 0 Bl L S g o
represent ed iy Blgic Jsg,%%o SRl SURSRIATHIALLAD ekl S BFRR! O

cell access no measur es secon

synchroni zalgspr, snasredr MIGK) editset for (YBGEE) rddfad p hmdehﬁomm cel

access node 560 and nei ghboring fento nodes 510. Bascd on the
measur enent symbs.f Thed datavatbe cdlldy, natembd dletem far ek tien sechrHAR e Nt er | ace
with the | east interference, as represented by bl ock 1406. A
preferred sdeermynedis ingiRgOpny perfgemedisde propssserid3f.dareiafmertoryr 63 bmawd

HARQ i nterl ace.
RQ storc program code, data, and other information used by the processor 1530 or other

components of the device 1510.

[00189] The modulation symbols for all data streams are then provided to a TX
MIMO processor 1520, which may further process the modulation symbols (e.g., for
OFDM). The TX MIMO processor 1520 then provides Ny modulation symbol streams
to Nrtransceivers (“XCVR™) 1522A through 1522T. In some aspects, the TX MIMO
processor 1520 applies beam-forming weights to the symbols of the data streams and to

the antenna from which the symbol is being transmitted.



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

sel ected. By way of exanple, on exenplary selection process may
followthe followng algorithm If nod(PSO MSCCO34) = 1 then Fento
Chn. 1 is WPerel§704at primary Fento Channel 48 If nod( PEOTSEOEBMTS4= 2
then Femto Chn. 2 is picked as primary Fento Channel |f

nod( PSO- MSCCC384) = 3 then Fento Chn. 3 is picked as primary Fento
Channel where Chnl, Chn2 and Chn3 are degcribed in Figure 13. [00180]
Once fento channels are determ ned, fento nodes 510 may transmt
traffic in the downlink (forward link). Transm ssions by fento nodes
510 are tinmed to reduce interference with macro cell transm ssions
and ot her f @rt180Inodiach tramseivadisdhseceited @ripoocaadea taspatsng sentah stream to
protocol for the various macro cell transm ssion periods, SCC
transmi ssi ofrqyédeiocnd or Moy anelgg sIRRES, and dwthee eonditions (6.6 sivapl fiserfilises, anthd
unlimted HARQ i nterl|l ace transm ssion period, are described bel ow

[00181] As Fegseintiedapine sqgaéﬁfélnfﬂvgagalwlﬁﬁdrsgfl%lrséﬁéaée 196 TEREISSIoR,
an SCC transgl %ﬁe'eﬁg@e%g%é}g%gn)o'c@at%g‘;i;gr@fié’pa%n elSecRRA! 195 R BlaieAIT

scc cycl e 13074 5 OW transn Ssi-on

ot ey o b S LS Sl e sy o

interlace: pyabeyrred isd @vicefl1Es@thanthshardpiciRiddaghralsate REdieRlitby Ny
antennas 1552A through 1552R and the received signal from each antenna 1552 is
provided to a respective transceiver (“XCVR™) 1554A through 1554R. Each transceiver
1554 conditions (e.g., filters, amplifies, and downconverts} a respective received signal,
digitizes the conditioned signal to provide samples, and further processes the samples to
provide a corresponding “received” symbol stream.
[00192] A receive ("RX™) data processor 1560 then receives and processes the Ny
received symbol streams from Ny transceivers 1554 based on a particular receiver
processing technique to provide Nr “detected” symbol streams. The RX data processor
1560 then demodulates, deinterleaves, and decodes each detected symbol stream to
recover the traffic data for the data stream. The processing by the RX data processor
1560 is complementary to that performed by the TX MIMO processor 1520 and the TX
data processor 1514 at the device 1510.
[00193] A processor 1570 periodically determines which pre-coding matrix to use
(discussed below). The processor 1570 formulates a reverse link message comprising a
matrix index portion and a rank value portion. A data memory 1572 may store program
code, data, and other information used by the processor 1570 or other components of the
device 1550.
[00194] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message is then processed by a TX data processor 1538, which also receives traffic data

for a number of data streams from a data source 1536, modulated by a modulator 1580,



[00182] On HARQ interlace with the preferred slot offset (P80), fento
node 510 transmts SCC information. This allows reliable transm ssion
of control channel information and enabl es associ ated access

t er m nal s ¥RYPBAENd-i n and hand-out from fcnto node BEHUSISASAEH
HARQ i nterl aces on non preferred slot offsets, fcmo nodes 510 do not
transmt any downlink (forward link) traffic (DTX FL transm ssion) so
that minimminterference is caused to gei ghbor macro cells and

nei ghbor fento node SCC transm ssion. On these slot offsets, a
fractional of downlink DL power is used for Pilot and MAC channels so
that these channel s can operate successfully. [00183] As represented

i n bl ock l4ddhdaivdedby the trefieeiensd SH40A Fraighll3 S4RIAand mignanittedbdckdo tHARQ
interlace transnm ssion period, the femo node 510 is allowed to
transmit doW#vigenliél9forward Iink) traffic on the HARQ i nterlace of PSO

i tort. i1 ar ALY A tiedeiieahol s el A R e |0 g
effort traf S (1 416 TR ey E8)
node S0 1 hat? BEeaul 18P Gul AR T SRR (PpdcialniBgd 10T ©

suffer too gxgeR$hN]BEMDD”)1B4@RRd ﬁeseég@éa%g ARk 46 ar&c{z};go@@smg@mm

interlace transmssion period, if requested DRCis null, then single

user packet the¥perefinBBedsasb panswanedis; #is aekicd f55DRChe Srobeskdr 1380 eeased,
t hen conpati bl e packet types such as single user packet (SUP)

38. 4kbps or detentinesvgach packding (eliR) toake REOUBILRANLE 2icem-foayinp eveights
utilized (simlar to DRC erasure mapping). [00184] In one exenplary
enbodi ment , theBRITICESSRS the e¥tipsicd mM9ssaey traffic nay al so be transmitted

nodes 510 mip18e P o Mt el Gt RERp e T PO e s one

i nterf . : ¢ ,
nodes. do- nog” PP aelPin sl RE R s B oRicfonCly AEMY holcBT e
re-use) hoveyuglpi@ af (AGH:QR e efINdeRh Bkl bompaicd: 1990klayROVEIat6 Mk g
all ocated to pilot and MAC channel s for successful opération of these

channel s. [ pat85dr 1530 aepocsratcethporent diche dedibd 18NTtowkidireeal esigide t o
FIG 13, during an unlimted HARQ interlace transm ssion period, the
femt o node BiIorhgnathdraineige {eog. t deares i H0)do wghtriereif.-oBimalaty. anrikipriencedef i ¢
on all of the four HARQ interlaces. At _ the beginning of the period,

downl i nk ( f &Pk} EOMBORRY k5PA Fericeonsaie pith e pa%ceﬁ%éﬁ? WYEPHRIy to | et

emboa nont , “BMIRE AEP-FRAFE LU © PR O Bl e VAP TRC T BRE Pengt h
of 1 slot 598%@1598).'aﬁg&u%%%ﬁ%%icﬁ%ﬁﬂt‘fﬂéela%k?d&{c%'s% d Bapayd or, if

null DRC is requeste e at t egl nning of unlimted

HARQ i nt er | aGRtiblARSITIHNS bP hoRedt tRdest @t QoMpatenB ayCrhrbFi syl 4 single
conpati bl e packet types (nulti use packet or 38.4kbps single user

packet). Al sappdrent donodenpdgwsingitkprodessimgeampanakt)magoheddd te fornokatiep
track of previously requested DRC val ues and maintain DRC val ues from
| ast tr ansnpE8i drenreetice dentzn gomrpgRone B0 ywnd therprergsson hdraad astngles to

deci de on what data rates can be.deco]gied.bg.ac%%ss term nal 520. 50
processing component may provide the functionality of the interference contro

component 1592 and the processor 1570.

[00197] The teachings herein may be incorporated into various types of
communication systems and/or system components. In some aspects, the teachings
herein may be employed in a multiple-access system capable of supporting
communication with multiple users by sharing the available system resources (¢.g., by
specifying one or more of bandwidth, transmit power, coding, interleaving, and so on).

For example, the teachings herein may be applied to any one or combinations of the



[ 00186] The teachings herein may be incorporated into a node (e.g., a
devi ce) enploying various conmponents for communicating with at | east
one other node. FIG 15 depicts several sanple conponents that may be
enpl oyed V0 PA¥PI0PI8at e communi cation bet ween nodes. SpEETAUSEARIRHTS
FIG 15 illustrates a wirel ess device 1510 (e.g., an access point)
and a wirel ess device 1550 (e.g., an access termnal) of a MM
system 1500. At the device 1510, traffigydata for a nunber of data
streans is provided froma data source 1512 to a transmt ("TX") data
processor 1514. [00187]1In sone aspects, each data streamis
transmtted over a respective transmt antenna. The TX data processor
1514 f or mat &losadasshnalogics M aiclRizgma Nillgple iatéss ¢ avia’) sstcemcMulinda
stream based on a particul ar coding schene selected for that data
streamto pCWieHGDgféﬂéd\ﬂGfa“DMA [MW%%@}IHWQWM%C&E{I&’} Stigheapssd Fagist

oi 1ot dats Aoty pEEITY ‘%istﬁﬂntfiﬁ R A DAL MR e b Oo P o

known manner the
channel res‘%s%ggs % ugl% exe?iﬂﬁe fx‘z?%e%'é ﬁ%bﬁ%ﬁ)ﬁ%ﬁﬁ Siﬁlé ac%r dat a
streamis theyAP %‘dﬁb%g s@em @ytﬂegtlnanmwltyba%@hmuﬁalmwesscul ar
nodul ati on schene Py OSPK, "M PSK, or” M QAM) sel ected for
that data s{fGFEIMBAO) Wbﬁmbdﬁ dﬁmﬂﬁiuatpl@&csséﬁélﬁihﬁlueghﬁew&e& dotr@ynication
codi ng, and nodul ation for each data stream may be determ ned by

i nst ructi onsyspen foplopis bhe teachings éssmnneﬂﬁﬁoiesign@hmmpbmnwnm%momay
store program code, data, and other information used b the rocessor

1530 or ot heendadspsisans -85, Cﬁﬁ’éz%lsc@ﬁl@iﬁm[léo]i@iﬁi) Btion
mbol s f | t th i ded t
TSEREN N Yok e R

G:DM The C e ; V. oRrTRYToOl
streams to E?f%t%%@é%%é% RS (/S T A o AN
aspects, thecheMWNODRIRGRS B c%ﬁ?ﬂat@prm;@f) PRAGIAL000 ﬁghﬁ%%h;b%r& -
t he synbols of the data streans and to the antenna from whi t he
symbol i s beodoy [$-vaasdS-8#btandailis | AOTAIAERONork ey mplewent daRD

recei ves and processes a respective synbol streamto provi de one or
nmor e anal og t@hgwtag)ssucmfde@ﬁlt ystencion¥lobile femprangeationstfiE ¥k sAn OFDMA
filters, and upconverts) the anal 08 signals to C@r oVvi de mpdul |

si gnal sui t 4B BRY IPRIFBHTESIER GhRlohhwh Ve CHadnEr A @-UFFMM?EE
fromnT LL?Eh%i@qté%ﬁfeﬁ’r%Eé@zé HEHomERd, %ﬁﬁ%%ﬁ M bR
devi ce 1550, 5&&}%roug Mg)gl %Héﬁﬁ:ﬁ%édtﬁﬂ@ sterft ej vigd t@&éhlh'gs

ant ennas 15§ recelve rom each

antenna 1552cjeh REPY iﬁq%rﬁ@u@ ih @SEPPetione 'tteﬁﬁesr@mh&e(‘l(rﬁwaem A56HA-
through 1554R Each transceiver 1554 conditions (e.g., filters,

anplifies, afabild@sosibanvefTUdIB’Y syeapeamtioter typeeofisgstens.gnaE js eduegzasei ades
t he conditioned signal to provide sanples, and further processes the
sanpl es to pREVP thet uscs & YVER pordibaug!t qesteia)agpagts of Yhrasbsclastreangy be described

using 3GPP terminology, it is to be understood that the teachings herein may be applicd

to 3GPP (Rel99, Rels, Rel6, Rel7) technology, as well as 3GPP2 (1xRTT, 1xEV-DO
RelO, RevA, RevB) technology and other technologies.

[00198] The teachings herein may be incorporated into (e.g., implemented within or
performed by) a variety of apparatuses (e.g., nodes). In some aspects, a node {e.g., a
wireless node) implemented in accordance with the teachings herein may comprise an

access point or an access terminal.



[00192] A receive ("RX") data processor 1560 then receives and
processes the NR received synbol streans from NR transceivers 1554
based on a particul ar recei ver processing technique to provide NT
"det ect ed'W‘EWBT%B‘treanB. The RX data processor 1560 PRENS2008/084754
denodul ates, deinterl eaves, and decodes each detected synbol stream
to recover the traffic data for the data stream The processing by
the RX data processor 1560 is conplenengary to that perfornmed by the
TX M MO processor 1520 and the TX data processor 1514 at the device
1510. [00193] A processor 1570 periodically determ nes which
pre-coding matrix to use (discussed below). The processor 1570
formul at es HOA89%er Fer txaniplayws s@ge temmmp insiyvgmariseabe implemetdod 33001t | on
and a rank value portion. A data nenory 1572 nay store program code,
data, and ofMEY 45 iRgrfHIPIMEAL A selFchier slEoh rgrssEber upBpmepilegiiaion, 4
conponents of ,the device,1550. [00194] The reverse |ink nessage nma
conpri se vaP]IOB{]ﬁat é1§RB‘?G»FH‘?IB?*%Q?P%LF%%FF&?W& ST PRI AP b et

l'i nk and/ or [ d . ' '
then process i B5e: pisanf She Sk ag. ASuheKRNaRel S MR ahina
traffic datgal @smaridduiRehiaPllcHRIR, 8RB chpIM 2 dadich RAMKEEprbRIE)
modul ated by a nodul ator 1580, 52 conditioned by the transceivers
1554A t hr ougisIEs phdre, andrelcsalosdrilddpgiWnac Ksthont i perslenal digitdia3starft00195]
At the device 1510, the nodul ated signals fromthe device 1550 are
recei ved byt lendadd &2t hagiog diiteicohemnbstiontvapabrlinge edpraepther] 522,
denodul ated by a denodul ator ("DEMOD') 1540, and processed by a RX
data pr ocesgBfebleprocessingdavics coniepied ey wirelesy mofeneAwaingly. Hr8 AT 1PEd

by the devi 550.. The. 1530 .t h det i whi.ch
R N e T T A —
th t :

e P OC eSSl BRI L OG0B O AL 88 S,

conmponent s tdiaputR@HEAEM DA RMANGE LARKED|an CREAAhONScRBe A Hhusic
herein. For exanple, an interference ("INTER ") control conponent
1590 may codpeatat eideb titvitd)er psadissadio)l b ghbbalnasionniag kesient depaneniny of
the device 1510 to send/receive signals to/from another device (e.qg.,
devi ce 15509tharsuitabigHevidrcihatip cordighnicdde Fymmumicatovierafveraess cdomt.r ol
conponent 1592 y cooperate with the processor 1570 and/ or ot her
conponent s &029%(2 d\ACERSS fB@bm%O%wasﬁf%apfﬁ@e& ﬁ‘él%ﬁf‘%‘?”i‘ PoVatRS Her

devi . Q. i .1510) ., | L R g, b .
o 52 {8 BonpfB hEGdRAObes oo LS, FRRRSEU s e Bl
descri bed ngseratb%sémm%ﬁ&m g%dscbx aBhaSd s Ei R TRAAEABTSFPL

i .
exanpl e, a singlé processing conponent “may provide the functionality

of the interh@caneSuERiRdh (OIF5,QTRU0 &ahscdiv80 a 2athb toier PriRsieseelce &30 and
a single processing conmponent may provide the functionality of the

i nt er f er enc&BSAY, a0 kxtended coreine sdFORSHNbr strae pthecemdarterhbiidlogy. 00197]
The teachin%% herein may be incorporated into various types of
communi cat i 6W28ist dwrBoTBHRRPETS & Peded friZc ARPLSSESTIONT) INAY eWhRIIsg paeacss nadhe

t eachi ngs herein may.be enplo in a nultiple-access.system capabl e
of ;Fpg?ﬂu I SCOmRIeten SR fﬁwhgﬂl Beepraadary pw@ﬁﬁwnmﬁfe P
aval | a e S .

oot , “FLSOGIRGIF oLl 2 PRERIL YL 0ROy T3
exanpl e, t h@elfu@ﬁ%ﬁﬂuﬂ)@@ WEX §Bd BBYirDEss BRIk afioh BYioMEnRhork,

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

[00202]  Also, it should be appreciated that a wireless node may be capable of

transmitting and/or receiving information in a non-wireless manner (e.g., via a wired



53 followi ng technol ogi es: Code Division Miltiple Access (" CDMA")
systens, Multiple-Carrier CDVA ( IVCCDIVA ), Wdeband CDVA ("W CDMVA"),
H gh- Speed Packet Access ("HSPA, " "HSPA+") systens, Tine D vision

Ml tipl e ARQRWEOEIBOVA") systens, Fr equency Divi sion MECTIUS RS/ A& s s
("FDVA") systens, Single-Carrier FDVA ("SC FDVA') systens, Othogonal
Frequency Division Miltiple Access ("OFDVA") systens, or other

mul tiple access techniques. A wreless ggnmunicati on system enpl oyi ng
t he teachings herein nmay be designed to I nplenent one or nore
standards, such as |S-95, cdma2000, |S-856, WCDWVA, TDSCDVA, and

ot her standards. A CDMA network may inplenent a radio technol ogy such
as Uni ver sakorfecticedt This, 2 Radiver ahd adswsihittciiRAliscussed her2domy ioeludonme

ot her technol ogy. UTRA includes WCDVA and Low Chip Rate ("LCR'). The
cdma2000 t eemmemra@%%wwtuowﬁe@@e CPBPYBNLSA e sslfzgﬁsls-:ﬂémr apierat gerfape

TDVA net wor k enent a radi o technol o such as d obal System
for Mobile @{ﬁP%ﬁPtgg | GRS AV 2 PR VEE ork may i npl enent a

radi o techn C

02, 16, | EEBOY 5d° HPBsTH %&%%%5%@3‘0&%%@%whﬁﬁﬁe@%%&%ﬂﬁugﬁﬁﬁ
part of Uni vigksdht MOBIsk&ord SII QRGTRLFRE D) sHYblBMréledMERmunicdigh
teachi ngs herein nay be inplenented in a 3GPP Long Term Evol ution
("LTE") systehnolagy. Udregenhfilliih sorfdt apdhanditlebdMBd)y nayat@niateanth ©t her
types of systems. LTE is a release of UMIS that uses E-UTRA. Although
certain as pecmrloflntShme dbsels deurcsvorkynayeotpset 4 loed arngingvgicPra wide area
t er m nol ogy, is tqQ be understood that the t eachi ngs herein pay be
applied to 3@319“1( R POt lesdepce %@Pp%‘lﬁ()t ‘i‘"é’&qﬁr‘\‘é‘? Yologladl r%fge%\gﬂa”&? of
3GPP2 (1xRTT Rev

t echnol ogi e 1re?e6iﬁc§%1]mn|;ﬁ%{mf1 é%{:gxmﬁﬂg S ﬁg%t%(io 5 r@g%iq ﬁ%cg a8 Ol}og%- di cussg
(53 hone RN Mo DA RBESUTBAOIA, RiNAK, wlyj;loafndéeeaeaélﬁuﬁm

(e.g., nodes Sonme aspects, a no e.g., a wirel'ess no

i mpl ement ed aivirekGS A6EEANSLsupbéH of BiBerlv@RGRE HigtSorHeire b VaHEST IRt RN @Ry
access point or an access termnal. 54 [00199] For exanple, an
access t er nminmalulamay ocanipipies g sbiemarp Aenesits dodsmapthuk moinde alspru;x'ente
equi pment, a subscriber station, a subscriber unit, a nobile station,
a nobi |l e, acrobpicats{ode alrantferémss)éo stteltlish And eprimewieate Yie ORe panoreavitpsess
termnal, a user agent, user dagw ce, or so ot her .term nﬁ (ggg In
some i npl o EATETP LTSS S B8 ey BP Y St SR R HOR FCPQPEICs-

(s By " phons” e 3 LR B s TSt R Do R A B8 e
di gi tal assm%hﬁﬂlhel( anlal?éte)ver BohpaRg itht %Y a&ﬁd@@xﬂlag c\eangasae%gsqe g., signal
connection capability, or sone other suitable processing device
connect ed t Geferifofs@ing $EnAMONEIREsoA) GO Sclligdty corfmeniGationi e fsPeledsInedium.
taught herein may be incorporated into a phone (e.g., a cellular
phone or snd#¥20d¢horB)e, compowmﬂeecrﬂ(eé herein may bpitrppdmentedpo rtvailidte of ways.
communi cati on devi ce, E)ortabl e conputing device &&e&ﬁ a@(s)ersonal
dat a assi st &Eyringfp Tﬂﬁiﬁe @a?h#é?ﬁfatﬂ@\?llé@ 3%0% 1800, 1 P0Gy and 2ED0 aze

fevi co. or - SHERGR & ariaBl B Syl ookl plPawes He
communi cat © i FESS, SR LANRAG R, £GEEST ROk Mol

conprise, be’li nown as a

net wor k ContJr%dr@ﬁroeesBNG()}n oferiRA 98 s&h@ﬁép@&s (he%choncﬁlti @fjth@se@)@&ﬁb may
station ("RBS"), a base statlon control ("BSC'"), a base

transcei ver |gtijpleaienied Bdibg,)for @abipn sﬂasvepomum cf orror (idrd injegraed dins
transceiver, a radio router, a basic service set ("BSS'), an extended
service set (é gESSA)SICbrAsd)mmﬂhenermamnnlmraw@lmuﬁmwggcluqe@@@ar]ssom
sone aspects a node ( an access point) ma nprijse an access
node for a COHAIG %TQ?I' 6‘%‘@)}?@%%&“%%“0% cgppwad Orh ol hedRRRIPBRILY Py

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



connection). Thus, a receiver and a transmtter as discussed herein
may i nclude appropriate conmuni cation interface conponents (e.g.,
electrical_or optical interface conponents) to communicate via a _
non-wi r el &522H8Q47%H  100203] A wirel ess node may comuRFERSERHPY Yne
or nore wireless comruni cation links that are based on or otherw se
support any suitable w reless conmunicati on technol ogy. For exanple,
in some aspects a wireless node may assggiate with a network. In sone
aspects the network may conprise a |local area network or a wi de area
network. A wireless device may support or otherw se use one or nore
of a variety of wireless conmuni cation technol ogies, protocols, or
st andar ds sUtR03ls tlihe gppadgstases $6@ll 1 Ak ¢B0D, (200 20000mndA 10BDIAY, inchFitigne or
OFDVA, W MAX, W-Fi, and so on). Sinilarl¥ Wi rel ess node may.
support or SReGiEE thanginerighn s & eres %’?fw&ﬁyn‘ feserdief abpisrititth g
nodul ati on %ga%HI%L Hgéing:SEHQQﬁ%$A%QMr§%ess node na% gﬁystiqclude
appropri at e COPSNERLE HBETS: NS SRSy PACEIYOTE SOBRYIGRPOL Hic Apfgricrence
communi cat e oM@ IIe oy tiBhRritlch&] &REoRQTEY RaG Prdvelk &@%&ﬁm@é}ﬁm@h&

I or exanpleS~ a

above or other wreless comuni cation technol ogies.

Wi rel ess nodg eRdMple ARt BRnee WEEiGheaFedtionNsasd VEN, wdrassoci at ed
transmtter and receiver conponents that nay include various
conponent s ¢emppringsiegnainigénda@aigonsnandis vgerhdadphanessores mekinal 702,
facilitate communication over a wireless nmedium [00204] The o
conponent s Haaer| waiorayesans B2, keannplyluehiecads | $P6aintesferancs degemipipg .
Referring to FIGS,  16- 21, %ﬁgaé&%uses 1600, 1700, égoo, 1900, 2000,
and 2100 ar BP¥pPaSaiiie@ssaeays d 16, gatingrseqyanes medns 2002 FeHie prigiameans
bl ocks. In S95P, APRACHSnbARREHGEAB kY Aot Ress,PLocks yrey be

i mpl ement ed”as”a processing system:i & I'hg one or re’processor
conponent s. chRm3RRRIAIBEES IR BBCof HPEshANRLAN cgatrcslla?§?s a'ayg#s%m@y be
i npl enented using, for exanple, at |east a portion of one or nore
integrated @incGonalif; reRtifg to, &5t cADhELE, trabScetllisCHSaa ttheredddin@®ineans 1604,
integrated circuit may include a processor, software, other related
conponent s, 1604, $8ve 12 BlMabadRIMher eof . The functionality of these

bl ocks al so nag be implenented in some ot her manner as taught herein.
56 [00205] THRVGlppdrheudds urdgygrood thaipny 1gforncelio@ cleppotherdinysioga 80 may

i ncl ude one ,or. _npre npdul.es that ' performone or nopre.of the .
funct i one. A0SiePRUESEBGY okt ekl b o dogh SotRea La i fedgrmuior
aspects, on n i -fer 2 r er 320 or
aopects, oS BRI FATRRDLS0EL 0ol IEREREERE NG UL 320
to, for exapp@nicht héth& SRNSMGEHSKIRE 6 WeOHh Jretdrt OBMPRABSINdEGRRs of an
i nterference conparing/ determni ng/ updati ng neans 1606, overhead
channel powelemgramhud, A¢2ferdncarnsivstandas®ho & RinkrE d6cs B0 dearciharonty two
quality nmeans 1806, interference determ ning neans 1902, path | oss
means 1906, elgmeitn gag dg gepbycdrtiaresor2g the firet sdemqua trustrpmeasdaths s@b02, and
synchroni zatjon/ of fset/timng neans 2106. In sone aspects, the ]
communi cat i BIFTERIEFING BN 6 AGO. PIHESS SBHEAIHCEHIE 8 BCtObRIEMEN B1aY 3OBPTIEY
provi de functiqnality re!ating to, for exanple, transceiving
(transnitting’ PeCBrVIAG) “means 1604, 1704, 1804, 1904, 2004, and
2104. [0020 S . :

flo2b¥; EgU%edngﬁzllL{H ey 210864 hﬂ%féstﬁa%ﬂrm{st?%fﬁﬁﬁd?ﬁ)ﬁ a{u?mgﬁ'ael‘% may

el enent herel n usi sighation suc second,

forth does petepeRfRERhiNg dnyBrt vili@y dbdiffeichtcBinoRpH8 an@fecklIQSE. For

el ements. Rather, these designations may be used herein as a

conveni ent metnipde deta, ditaictingy cahmagdsbafoumetion, wignas, bioygmdbBadtchiper
instances of an elenent. Thus, a reference to first and second

el enent s doéut mey beeaicndsa threnghput pakave dessriptiorapabes wpysbanjesidbyt her e
or that the fjrst eIenen{ nmust pr.ecede the se?ogd element in s q&
manner. Al s¥°ltagRt SULCILY: SlegtorgRanatiouraws emagietip fields eima esn%[i}mé’offﬁé S%e

particles, or any combination thereof.



[ 00209] The various illustrative |ogical blocks, nodules, and circuits
described in connection with the aspects disclosed herein may be

i nplemented within or perforned by an integrated circuit é;IC' an
access t erh? AWPO79818 an access point. The IC may conpri SETASHERRMA
pur pose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmble gate array
(FPGA) or other programmabl e | ogic devige, discrete gate or

transi stor logic, discrete hardware conmponents, electrical
conponents, optical components, nechanical conponents, or any

conbi nation thereof designed to performthe functions described
herei n, andl[0M3)8lex dbosceofsbidiowouwd furthet appeciatmibatianzof theyadeusvillstiaiva he
| C, outside of the IC, or both. A general purpose processor may be a
mi cr opr oces &ical Blgeks; RogHes, BIOCE Pt NGRS, GRS Pt B S FMHEps Hescrprr 1n
conventional_processqr, contraller, . .m crocontroller r state
mechine. A STBSELGTTEs S5hPes dsgShipiiisih REL R e s matrdt R aRc of
conputing dﬁ%ﬁ’d%(%(e.g:,g'df%iél in‘gagerﬁéﬁ@cmoﬂ,aén' a%QEogfimﬁieB%a@&q of'a combination of
m croprocessor, a pturality m croprocessors, one or nore

M cr opr oces §¥ftfol Whiek Riali BE HésHiheubifp SouPRReddfipr séthe 8iRYr REMEJuch Welous
configuration. [00210] It is understood that any specific order or

hi er ar chy oforatsef srograramydedigs codesiechrpsrotesiastngtions (@hahphay efrefarrsdnpl e
approach. Based upon design preferences, it is understood that the
speci fi ¢ or deteingfor lgpicaicatpy apfsofwalss of i folievapy edid® dr warbisations of
rearr anged iler ining wthin the scope of the present .
disclosure.%h eTQ&@%ﬂﬁQhV&ﬁﬁ“H%Fﬁ%ﬁwﬁg%ﬁﬁﬁyﬁﬁhﬁﬁﬂﬂﬁ35FEW§%@§*8?“¥ﬁe
various ste pn. le. .o [ re not n 0 L, it ed. to
Uhe spec 11 Orspif SATRrEabORG pPRlsh e weB R rhR R Fr P hanb®
descri bed i (WopE q¥a$@ f : *ﬁﬂg@ﬁ
conbinatiogg%ﬁgggg?&hﬁ' ?%%?gﬁgﬁggﬂlfn sgP§a2$%?&ng&?uncti@ﬁ%aﬁgﬁﬂﬁe
stored on OhafdwaRsSdisbir@ste Q¥RIMdASPEANEe rtidM4reph NGHEM Sid BEn Qbnst@fies on
a conput er-readabl e medi um Conput er-readabl e nedi a i ncl udes both
conput er st onpoped neticavanl sgoemuikited iroranyediyampleoleudhadesanyednmedi um
that facilitates transfer of a conputer programfrom one place to
anot her. A $unstgppdityisdiary iy asdonspph aydrlamipelieasign.dbut pich inplsmsetation

accessed by ,a .conmpuyter,. way of exanple, and not limtatiaqn such
Conmput o - 1 SAUHDPE T 20T EUIEF SxciraRg & AR C segperabifgpresent
ot her opti c%kscgim% storage, magnetic di sk storage or other magnetic
storage devices, oOr any other nediumthat can be used to carry or
store desir T@hﬂ@?ﬁg rBRVERGR illfktdahi®e foRIAN 0EcKs NASIuUG! drNSrclis ’&drfbed in
structures and that can be accessed by a conputer. Al so, any

connecti on icsnieeiewitly the @ipeet discleiiiran nfagdd ahplemsred withinfod herformed
exanple, if the software is transmtted froma website, server, or

ot her renot &ysointegatad cinguit]“E3Menatcesatstneinalf piharacoess peint abledC mayi st ed
pair, digital subscriber line (DSL), or wreless technol ogi es such as
infrared, r&EMBUISCHEENARLPBIRG SToCCHEn aiitabeignal arocesasy ©SPy.jagaprlisgiion
cable, twisted.pair, L. or w.rele t echnol ogi es_suc infrared,
Fadi o and i SeialredeeRt AYEE ST hERRERR 5 S RRGA R OBk
and disc, a | i,nel i : L SC,
opti cal i oS G P Rl c R HUERe ERTRIRIn o TR AR 0y
di sc where dbsmksncigUabdtdcd BRNPEHIAR, SAlka BdnitS BlebBanicwhddnhodérig Sr
reproduce data optically with 59 |asers. nmbi nati ons of the above
shoul d al so ahecomaihattbadhaedfiliesigiddao padpe thé ficotipistdeseribedbabineamadiya
In summary, it should be appreciated that a conputer-readabl e medi um
may be i npl exeutewdpsprapsjrusionsdlt eeswe g thirethe pe omptudn @rlbdlis or b¢B0A1 2]
The previous description of the disc|osed aspects js provided to
enabl e any BEPEYPUEIOSE PRASSSE RS TICFRPTRRERON Hit trdhe Flismnagive dhggrocessor

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



60 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A nethod of
comuni cation, including: determ ning one or nore tinme reuse patterns
of respective one aor nore unplanned access points; selecting a
second ti W?%ﬂg@mﬁatter nthat is less interfering w tﬁcpﬂgzogﬂ@“ '
nore tine reuse patterns, wherein the second tine reuse pattern
corresponds to a HARQ i nterl ace of secondary synchroni zati on channel

of fsets of a macro cell; and transpgtting signals according to
the second tinme reuse pattern froma second unpl anned access point to
an associ ated access termnal. 2. The nethod of claim1, wherein

determ ning one or nore tinme reuse patterns includes establishing
ti me synchr emnbingtionef aDSPrad saeigivaragaispiaa nbaliy eERETHEPIeEsO, PRC @
macro cell. 3. The nethod of claim2 est abl i hingn

time synchr BRTRITRHOEHOMIEELIHREISH W%mggfgg(;{gm% PhemHehe ekl

channel” of 1 i S fils Wad A6 TRA.Ry §5lnc¥ebeoPRichhy e /1B P Bl 205
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.
[00211] The functions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the functions may
be stored on or transmitted over as one or more instructions or code on a computer-
readable medium. Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer
program from one place to another. A storage media may be any available media that
can be accessed by a computer. By way of example, and not limitation, such computer-
readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if the software is
transmitted from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where

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



selecting a second tine reuse pattern includes identifying a HARQ
interlace fromthe secondary synchroni zati on channel offsets that
exhibits the |east interference, identifying a preferred slot offset
fromthe MHRMAPPTEHE HARQ i nterl ace. 4. The nethod of EFE’iUﬁ?(@?’(’SH“
further including identifying a primary fem o channel based at | east
in part on the preferred slot offset. 5. The nmethod of claim 4,
wherein transmtting signals includes tgansmtting signals on the
primary femo channel fromthe second unplanned access point to an
associ ated access termnal. 6. The nethod of claim3, wherein
transmtting signals includes transmtting information identifying
the secondafyersyRembioniionsof v :bhrhenldeispdeineludsd idindbs sopaptd

ncl udi n

access termnal. 7. The t hod of cl ai |, further |

transmtti n@OTBPPt‘HTIF?ﬂ"‘bEHB?ﬁ%hQ SESP1ES &éﬂ]@#ﬁae ERPTE PG ihat aowﬂmilieé- time
reuse patterns..S.An apparat.us.for. co ni.cation, including: an
e P e ol ARRA B M ST b QB BEDH P o

reuse patt efgpgf rﬁ%@g&tdu\me&ﬂﬁﬁ&{om&a&ghagyae@ isalggﬁa&i BL IS 2N

to select a second ti reuse pattern that i1s I'ess
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
aspects shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



interfering with the one or nore tine reuse patterns, wherein the
second time reuse pattern correspondsset o a HARQ i nterl ace of
secondary synchroni zati on channel offsets of a macro cell; and

a comuni cation controller confl?ured to transmt signals according

t o t he THECGIMS HEFINEYS d BFNVENT IPNMREAS EOBh@Wpl anned access poi nt
to an associ ated access termnal. 9. The apparatus of claimS§,
wherein determ ning one or nore tinme reuse patterns includes

est abl #shi ng mathas oS perampwipdtizatindiding t he second unpl anned access
point Wi th acgRelioy GRlok morckfne rlile Mﬁrogwgﬁecate 8o Bl Mo un @fa ol lalliess
establishing time synchronization |ncIu es neasuring sec ary

synchr 8#hiat i on channel offsets used by the nacro cell and the one or
nore unpl anglﬁ&lznﬁ‘é:&&%&ldggﬁemcﬁe ARy that is less Qvgtth SR Hold 1R LaUse
pattern includes identifying g RQ I nter a ronlt e seconJary
synchr p#ierst Wisreie g serend @m ?@%@aﬁﬁ‘am@@smlﬁs t09 HARQlitertrce phreernfi@yence,
and 'dgﬁkh£M&ﬁﬁm%h£ﬁ9,?é&?&k§££%o&#ﬁéﬁi fromthe identified HARQ
interl ace . The apparatus o alm 10, wherein the interference
control | er iransmiffiegignasaatorgug edhe S@andélmelr@ye patiom i § secentt wmpkheednel
based Q&ceés%@ﬁlft to alﬂ a&%&he@gccgég?erﬂfngf erred slot offset. 12. The
apparatus of claiml wnerein transmtting signals includes
transmtting S|gnals on the prinmary fento channel fromthe second

unpl anped a?ﬁ@ﬁ&h@@bﬂ»‘ialﬁlq er8S IOGALEHRGE GRfe tFn‘?‘{ Sh %(%ﬁtemds]lgcluc{gpe

apparatus of claim 10, wherein transmtting signa
transn?ﬁﬂﬂﬁ@ngW@@ﬂﬁﬁ@?@ﬁ“m@éﬁh¢*@@ﬁgmﬂh@mé@%@ﬁd@m@wgmehmnﬁﬂtat|on
channel offsets to the associated access termnal. 14. The apparatus

of claim8, wherein the communication controller is further
confi géred Thempthpdefidaind, whargn: channel s corresponding to the one or

hore tinme reysfisfRd i fchronization includes measuring secondary synchronization channel
offsets used by the macro cell and the one or more unplanned access points; and
selecting a second time reuse pattern includes identifying a HARQ interlace from the

secondary synchronization channel offsets that exhibits the least interference, identifying a preferred
slot offset from the identified HARQ interlace.

4. The method of claim 3, further including identifying a primary femto channel based ai least in
part on the preferred slot offset.

5. The method of claim 4, wherein transmitting signals includes transmitting signals on the

primary femto channel from the second unplanned access point to an associated access terminal.

6. The method of claim 3, wherein transmitting signals includes transmitting information

identifying the secondary synchronization channel offsets to the associated access terminal.

7. The method of claim 1, further including transmitting on pilot channels corresponding to the

one or more time reuse patterns.

8. An apparatus for communication, including:
an interference controller configured to determine one or more time reuse patterns of

respective one or more unplanned access points and to select a second time reuse pattern that is less



15. An apparatus for communi cation, including: means for

determ ning one or nore tinme reuse paéterns of respective one or nore
unpl anned access points; nmeans for selecting a second tine
reuse pattern that is less interfering with the one or nore tine
reuse paTrfeEpRYith isepepngrpEms spishpptieinpevherisbe faenddine rewe paéPonds t o

a HARQchisFinkifms IPARG $RANEAH NSNS ERRASALARRA ERAANSKetObf SRt Qf1; &d
macro cell; and means for _transmtting signals according to the

second ti me?FeRgBniEReR eeniroflersantigusdde Hansyisizanh agoningde de pesopd timeregpe

associ ghieth RGH 83K ohEEIMANALD accRpoidiGo anlfiSoctiIRtAEMUSmAhalCl @i m 15,
wherein the nmeans for "determ ning one or nore tine reuse patterns

I ncl udes neans for establishing tinme synchroni zation at the second

unpl anged agGesspaitis Bt clitin &) whel@RGeRrEifInk one drinord e ARRASAEHMS L d&G! @i M
16, wherein: t he means for establishing tine sgnchronlzatlon

i ncl ud&¥absiipstimepynaheagvation gt Bewerndanylagizd apresion vith o meprasAk|

of fsets used by the macro cell and the one or nore unpl anned access
poi nts; and the neans for selecting a second tine reuse pattern
i ncl udé® nedhsamrarats gEHHMFY RgFeR HARQ i nterl ace fromthe secondary
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and neans for iden |fy|n? a preferred slot offset Tromthe identified
HARQ i qffesty ygedby the macro cell’and the one or more unplanned access points; and
selecting a second time reuse pattern includes identifying a HARQ interlace from the
secondary synchronization channel offsets that exhibits the least interference, and identifying a

preferred slot offset from the identified HARQ interlace.

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

a primary femto channel based at least in part on the preferred slot offset.

12. The apparatus of claim 11, wherein transmitting signals includes transmitting signals on the

primary femto channel from the second unplanned access point to an associated access terminal.

13. The apparatus of claim 10, wherein transmitting signals includes transmitting information

identifying the secondary synchronization channel offsets to the associated access terminal.

14, The apparatus of claim &, wherein the communication controller is further configured to

transmit on pilot channels corresponding to the one or more time reuse patterns.

15. An apparatus for communication, including:

means for determining one or more time reuse patterns of respective one or more unplanned
access points;

means for selecting a second time reuse pattern that is less interfering with the one or more
time reuse patterns, wherein the second time reuse pattern corresponds to a HARQ interlace of
secondary synchronization channel offsets of a macro cell; and

means for transmitting signals according to the second time reuse pattern from a second

unplanned access point to an associated access terminal.



18. The apparatus of claim 17, further including neans for
identifying a primary fento channel bgsed at |east in part on the
preferred slot offset. 19. The apparatus of claim 18, wherein the
means for transmtting signals includes neans for transmtting
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t ransmiatrorgl.i nf ormati on i dentifying the secondary synchroni zation
channel offsets to the associated access termnal. 21. The apparatus
of claim 15, further including nmeans for transmtting on pil ot
channellds cofhegpondks nficliim tthehade: or nore tine reuse patterns. 22. A
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of cl asyshibniGat@n cBannel offsets used by the macro cell and the one or more unplanned access points;
and
the means for selecting a second time reuse pattern includes means for identifying a HARQ
interlace from the secondary synchronization channel offsets that exhibits the least interference, and

means for identifying a preferred slot offset from the identified HARQ interlace.

18. The apparatus of claim 17, further including means for identifying a primary femto channel

based at least in part on the preferred slot offset.

19. The apparatus of claim 18, wherein the means for transmitting signals includes means for
transmitting signals on the primary femto channel from the second unplanned access point to an

associated access terminal.

20. The apparatus of claim 17, wherein the means for transmitting signals includes means for
transmitting information identifying the secondary synchronization channel offsets to the associated

access terminal.

21. The apparatus of claim 15, further including means for transmitting on pilot channels

corresponding to the one or more time reuse patterns.

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

any of claims 1-6 or 8.



