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BACKGROUND
Field
[0002] This application relates generally to wireless communication and more
specifically, but not exclusively, to improving communication performance.
Intreduction
[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, smail-

coverage base stations may be deployed (¢.g., installed in a user's home) to provide
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to communicate with the access point which has the best RF signal due to restricted
association (i.e., closed subscriber group) requirement. Thus, there is a need for
improved interference management for wireless networks.

SUMMARY
[0006] The disclosure relates to managing interference through subframe time reuse.
By determining interfering subframe gating sequences, the transmission gating in a
home access point may be adjusted. In one exemplary embodiment, a method of
communication includes determining a first gating sequence from a first unplanned
access point. A second gating sequence is selected based on the first gating sequence,
wherein the first and second gating sequences are non-interfering. The method further
transmits signals according to the second gating sequence from a second unplanned
access point to an associated access terminal.
[0007] In another exemplary embodiment, an apparatus for communication includes
an interference controller configured to determine a first gating sequence from a first
unplanned access point and to select a second gating sequence based on the first gating
sequence, wherein the first and second gating sequences are non-interfering. The
apparatus further includes a communication controller configured to transmit signals
according to the second gating sequence from a second unplanned access point to an

associated access terminal.
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[ 0008] These and ot her sanple aspects of the disclosure will be

descri bed i ﬁ%"ﬁ’é‘“‘ﬂ@f@i%’gg’gdescri ption and the appended cl ai ns that
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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 1s 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 scveral sample aspects of operations that may be
performed to manage interference through the use of optimized reduced power levels
for an overhead channel;

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

for an overhead channel,



[O009]FIG 1 is a sinplified block diagram of several sanple aspects
of a comuni cation system [O0010]FIG 2 is a sinplified block diagram

i [ ustrat ig@.58¥a80 Sanpl e aspects of conponents in aré?ﬂﬁ%o‘ﬁsmwr 3
comuni cation system [O011]FIG 3 is a flowhart of several sanple

aspects of operations that nay be perforned to nanage interference;
[0012]FIG 4 is a sinplified diagramof a w reless conmunication
system [0013]FIG 5A is a sinplified didagram of a wirel ess

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 is a flowchart of several aspects of operations that may be performed
to manage interference through the use of subframe time reuse techniques;

[0022] FI1G. 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



and access ternminals illustrating negative geonetries; [0015]FIG 6
Is a sinplified diagramillustrating coverage areas for wreless

communi caty8Rapfo@RIPI FIG 7 is a flowchart of several §@an?ogégﬁ, S
of operations that may be perforned to manage interference %roug

the use of beam and null steering; [0017]FIG 8 is a flowhart of
several sanple aspects of operations that may be perfornmed to manage
interference through the use of optimzed reduced power |evels for an
overhead channel; [0018]FIG 9 is a flowhart of several sanple
aspects of operations that nay be perfornmed to nanage interference

Lhr ough. the obefic¥rudRle, Rndsh, bEELHE BoinD M8bscRehTis el epPe G fina
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 area may be referred to as a macro node. A node that provides
coverage over a relatively small area (e.g., a residence) may be referred to as a femto
node. A node that provides coverage over an area that is smaller than a macro area and
larger than a femto area may be referred to as a pico node (e.g., providing coverage
within a commercial building).

[0029] A cell associated with a macro node, a femto node, or a pico node may be

referred to as a macro cell, a femto cell, or a pico cell, respectively. In some
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flowchart of,sexenal aspects of operations that may be perforned
[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 (¢.g., access
terminal 108), another restricted access point (e.g., access point 106), or its associated
access terminals (e.g., access terminal 112). For example, the closest access point to
given access terminal may not be the serving access points for that access terminal,
Consequently, transmissions by that access terminal may interfere with reception at the
access terminal. As discussed herein, frequency reuse, frequency selective
transmission, interference cancellation and smart antenna (e.g., beamforming and null

steering) and other techniques may be employed to mitigate interference.
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drawn to scale. Accordingly, the dinensidons 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

depi f th ts of i t £.0.., devj,
o0 orbod Bloall , SRR aTRaRE Rt S siin s AROER WDatifl ol aafieidis®
li ke feat , L ficati i . DETAILED
DESOR! 1 OnTEGBEAHAREM 3G SRR RO URFRA (bR RniREI el =0
bel ow. 1t shpathghrber E]Q}Q@r(&néngrtdﬁ?& ohd8 B ARRLREPorN BBt RerSBYmBE be

enbodied in a wide variety of forns and that any
described as being performed by specific components (e.g., components of the system
100 and/or components of a system 300 as shown in FIG. 3). It should be appreciated,
however, that these operations may be performed by other types of components and
may be performed using a different number of components. 1t 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.
(0035} 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 1llustrated for a given one of these nodes also may be incorporated
into other nodes in the system 100,
[0036] The network nodc 114, the access point 104, and the aceess 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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MOr e Sect or fede 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 controllers
332, 334, and 336, respectively, for managing communications with other nodes and for
providing other related functionality as taught herein. The other components illustrated
in FIG. 3 will be discusscd in the disclosurc that follows.

[0039] For illustrations purposes, the interference controller 320 and 322 are
depicted as including several controller components. In practice, however, a given
implementation may not employ all of these components. Here, a hybrid automatic
repeat request (HARQ) controller component 338 or 340 may provide fimctionality
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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for the access point 104 and/or the access terminal 110. Such parameters may take
various forms. For example, in some implementations the network node 114 may
define types of interference management information. Examples of such parameters
will be described in more detail below in conjunction with FIGS. 7-14.

[0042] In some aspects, the definition of interference parameters may involve
determining how to allocate one or more resources. For example, the operations of
block 402 may involve defining how an allocated resource (e.g., a frequency spectrum,
etc.) may be divided up for fractional reuse. In addition, the definition of fraction reuse

parameters may involve determining how much of the allocated resource (e.g., how
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[0044] For example, in some cases one or more access points (e.g., the access point
104) may monttor 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 1XEV-DQ, 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 (c.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



[ 00381The network node 114, the access point 104, and the access
termnal 110 al so include various other conponents that may be used
I N CONj UNGH ¢ ; i nterference nanagenent as taught I )k
exanpl e, 5ﬁ29ﬂ2¥agﬁk node 114, the access point 104, a%g&ﬁﬁgmgggggs
termnal 110 may include interference controllers 320, 322, and 324,
respectively, for mtigating interference and for providing other

rel ated functionality as taught herein. lThe 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, . t access, termnal, 110 may incj.ude .
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mdication (“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.



[ 00411As represented by block 202, the network node 114 (e.g., the
interference controller 320) nmay optionally define one or nore

interfererggs@pagaeEnt paraneters for the access poi NtpedlRRR9H4.09.
the access termnal 110. Such paraneters nay take various forns. For

exanple, in sone inplenentations the network nodc 114 may define
types of interference managenent information. Exanples of such
paranmeters will be described in nore detldil below in conjunction with
FIGS. 7-14. 100421In sone aspects, the definition of interference
parameters may involve determ ning howto allocate one or nore

resour ces. xanpl e,,.the operations of bl ock 402 may i nvolyve
e i ng. hoWfUEAF ar PBcap ks aBet BandR gl velop ok s peoktiens o.
may be divi dafled!Redatibd Al bONRL § BUSRind KPRl indREART WlhE On
of fraction reuse paraneters nmay 1 nvolve eternlﬁlng ow nuch of the

al | ocat ed r esails €@ oor Gther 18Mble IFoBMON HINFBei rideBlcl 3R @Der-BIARQ infRMcde
used by any one of a set of access points (e.g., restricted access

poi nts). Thbase®hatly iomapbe fletatinahwitiel Ba Riainrat @rase aksdatedyith heol ve
determ ni ng_how nuch of the resource nay be used by a set of access
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[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.
10053] 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). Asa
specific example, the network node 114 may assign a first HARQ interlace to the access
point 104 and assign a second HARQ interlace to the access point 106. In this way,
communication at one restricted access point may not substantially interfere with
communication at the other restricted access point.
[0054] As represented by block 206, the access point 104 (e.g., the interference
controller 322} determines interference management 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 o SooooRBied repeated basis or upon request). pg ﬁ@ﬂﬁ%ﬁﬂﬁbe
of the forner case, the access point 104 may cal cul ate tﬁe signal s

strength of signals it receives fromnearby access termnals that are
not associated with (e.g., served by) the access point 104 (e.g.,
access ternminals 108 and 112) and repori3this 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
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may send th to its associ a cess termn via~a

downl i nk. HepeiRE patitheRrd @O H¥e: 4 @ta AkseryyRY be sent to the network
node 114 (e.g., via the backhaul). [0046]n sonme cases, one or nore

access ternf09&5s (& ghme dabes thcaess pbar hdhddterinl) tindiyiterforahéconarchgyméritnk
signals and provide informati on based on this nonitoring. The access
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generat e NMeaguiesRt 04 £RY tcRive information (e.g., measurement reports, CQI, DRC) from
the access terminal 110. In addition, the access point 104 may monitor an uplink and/or
a downlink to determine the interference on such a link. The access point 104 also may
randomly select a parameter,
[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
information to the access terminal 110. In some cases this information may relate to
power control (e.g., specifies uplink transmit power).
[0058] As represented by blocks 210 and 212, the access point 104 may thus

transmit to the access terminal 110 on the downlink or the access terminal 110 may

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



(e.g., on repeated basis). In sonme aspects, such a neasurenent report
may indi cate which access points the access termnal 110 is receiving
si gnal s f rnoghe@hReei ved signal strength indication as%‘fhf%tzﬁ)gmﬂ'fﬁ‘
the signals fromeach access point (e.g., Echo), the path loss to
each of the access points, or sone other suitable type of
information. In sone cases a neasurenent report may include
information relating to any |oad indicatldons the access terminal 110
received via a downlink. [0048] The network node 114 may then use the
information fromone or nore neasurenent reports to determ ne whet her
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[0051] It should be appreciated that the network node 114 nay defi ne
par anet ers kime. 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 cells 402A-402G may cover a few blocks in a neighborhood.
[0061] As stated, a node or localized access point that provides coverage over a
relatively small area (e.g., a residence) may be referred to as a femto node. FIG. 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



vari ous other ways. For exanple, in some cases the network node 114
may randomy sel ect one or nore paraneters. [0052] As represented by

bl ock 204 ¢ BsiopRicyor kK node 114 (e.g., the comuni cati @prgRMobMb8"
326) sends the defined interference nanagenent paraneters to the

access point 104. As will be discussed below, in sone cases the
access point 104 uses these paraneters and in sone cases the access
poi nt 104 forwards these paraneters to fthe access terminal 110.

[ 0053] I n sone cases, the network node 114 nay nanage interference in
the system by defining the interference managenent paraneters to be
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[0062] FIG. 5B illustrates 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.c.,
an access point may not be allowed to associate with the “closest” femto node providing
the most favorable signal quality), jamming and negative geometries can be common.
Solutions to address these negative geometries will be further discussed below.
[0064] FIG. 6 illustrates an example of a coverage map 600 where several tracking
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



i nterference managenent paraneters for the access point 104, this
determ nation operation may sinply involve receiving the specified
par anet er Sygngh@fsiet ri eving the specified paranmeters rs200808P152
data nenory). [0055]1n sone cases the access point 104 determ nes the
i nterference nmanagenent paraneters on its own. These paraneters nay
be simlar to the paranmeters di scussed above in conjunction with

bl ock 202. In addition, in sone cases tHRése paraneters may be
determned in a sim|l|ar manner as di scussed above at bl ock 202. For
exanpl e, the access point 104 may receive information (e.g.,
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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 (¢.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



14 interference managenent paraneters to transmt on the downlink
and/or receive on the uplink. Simlarly, the access termnal 110 may

t ake thesgyhRiBhiR{ENCE Managenent paraneters into accgpply Bs 4.
receiving on the downlink or transmtting on the upli n%. [8%@%?%4#3

sone i nplenentations the access termnal 110 (e.g., the interference
controller 306) may define one or nore interference managenent
paraneters. Such a paranmeter may be used’by the access terminal 110
and/or sent (e.g., by the comrunication controller 330) to the access
point 104 (e.g., for use during uplink operations). [0060]FIG 4
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node may only provide certain services to certain access terminals. In deployments with

so-called restricted (or closed) association, a given access terminal may only be served
by the macro cell mobile network and a defined set of femto nodes {e.g., the femto
nodes 510 that reside within the corresponding user residence 530). In some
implementations, a node may be restricted to not provide, for at least one node, at least
one of: signaling, data access, registration, paging, or service.

[0070] In some aspects, a restricted or foreign (alicn) 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.



core network 550 via a DSL router, a cable nodem a wireless |link, or
ot her connectivity nmeans (not shown). As will be discussed bel ow,

each fent gyhosisnmith My be configured to serve associ abegqRSH8aS743
termnals 520 (e.g., access term nal 520A) and, optionally,

non- associ ated (alien) access termnals 520 (e.g., access term nal
520F). In other words, access to fenmto nodes 510 may be restricted
whereby a given access ternminal 520 maylBe served by a set of

desi gnat ed honme fento node(s) 510 but nmay not be served by any
non- desi gnated foreign (alien) fento nodes 510 (e.g., a neighbor's
fento node

62] FI G.. BB.i || d iled vi f
negat i ve geBEAH i cSPL iR o R P bl b SebEL EmgRodeis Bven
wihin a neliiieBxl R0MBAmISRBA! I fallid dienbeloshads, atGanand

Very" depl byéd or

fenmto node 510B are respectl i'n neighboring user
resi dence 52 abek MELFIEres h GRNG6 Aod3REh ndCRRREdl8ianNah. SA P2t &RRGt 0

are permtted to associate and communi cate with fento node 510A, but
not wth fentde modefds kOBfenito kedd tha,is ssTierd it sonm madneb@0) ragidctad s s
termnal 520E are permtted to associate and comunicate with fento
node 510B, BPCIAHIN aplion regatatiomo dehBnoiamigpedssraytreicnioralfermspareand

access term';]la 20 G”are.n?t‘ %%m%ited to associ ate or comuni cate
with either “Pehie® #6Ers STHAL Srauionee! HEASSANIPPEIRETs < BRHICHU? nagsoF

d inal iat i th | .
node 560 ( ey TRt 370G IR o SpRARE S BbE Crnde BrlP e ibonii fror
shown) . [ 009&%%%565%@%?% fesiitRd epﬁﬁeigé&u%gg&golr@g&gn&wf@r {o&SkhlFt ed

associations (iI.e., an access polnt nay not to associ ate

wi th the "chedgastwhitieticacaed@rmihams dbingtHoged 0 St cek avaipankeors baRad for
quality), janmm ng and negative geonetries can be common. Solutions to
addr ess t hesghasgatergeacysomtonsi(eg., @il tallse further di scussed bel ow.
[0064]FIG 6 illustrates an exar{pl e of a coverage map 600 where
several tratld73h afeess aeoprigestordengiandemiorneds perspacEvraen evsosipied sy hame

defi ned, each oft whi %h incrlseudes several ., r’rﬁgro ov.er(gtge ar eas 604.
Here, ar eas®df>coVEragtYds bl B SR Eﬁﬁ“ﬁﬁ”ﬁ? LOEEDIRC resied
and 602C ar ?enqtg Inbﬁ‘se ak Egesp ch&glefer\qqirgﬁ nlagr &R r%%?l aEQ:gs {REHS \ffﬂ]v%ﬁ]%gr%ry

ar eas
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 on.

[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



16 604 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 FEamobio(e. 9., fento coverage area 606C) isﬁg%%ggkal 43
within a macro coverage area 604 (e.g., nmacro coverage area 6 4Bg.lt
shoul d be appreciated, however, that a fento coverage area 606 nay
not lie entirely within a macro coverage area 604. In practice, a
| arge nunber of fento coverage areas 6062 may 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 nmcro_coverage ea 604.. [ 0065] Ref.erring ,agai.n tq F .
SA 5B, the BURCIIGHoL TPRAD hESeCaton) psErfbent SRR bRt i Pee,
such as, oL fXANPLR lﬁ@fﬂgﬁpﬂlg%@ﬁ{a}é‘tﬁf@ne Hbd &Rt JﬁﬁiQU&Hmpﬁﬁg%mnke
operator core network 550. 1n a Ition, an access termna may be
capabl e of ghagbatd@dishQitia b finfRGH-Gin8RE HRIERA bl ilnaipld-6it scal e
(e.g., residential) network environnents. In other words, depending
on t he curréMIM@Qaystan, mfsombethacyesef dystem. nal 520, the access

term nal 520 nmay be served by an access node 560 of the macro cel

mobi | e net w5550 AcMIMQ sypymeie | afs muldpe (M) themibariedesaBiroulfipledVz)
the femto nodes 510A and 510B that, reside within a correspondi ng user
resi dence 5H67.YC BYFEX ﬁwﬁrﬁé raggreission. sy LM glemnpldomrddivdhe Ny ganigie,
he is serve t andar cro.access .node, (e, g. ode 560) , and
when't ho. sue¥y e £ 00GHE, BRE 00 R5FEAE 100 Fontieter el hob B gre

node 510A). alkl?fe%errédtt? shoulig cﬁ&r@iapﬁzﬁ&ie%%%h?ﬁ}, NG | %@h%gg}% 50520 may

be backward conpatible with existing access termna 066] A

fent o node mliGpeasnt GRanElEROYEHoRR t@a Sinlk@kien f TREMBMCY sy8fem hily pdGide
alternative, on nultiple frequencies. Depending on the particul ar

confi gur at i omprotddepesfonghnec fa g chighne yhroughpmteandfor gerier afiabiliey) ifithd | pl e
frequencies may overlap with one or nore frequencies used by a macro
node (e.g., adsbernabgiopensiomdtey qrentebethe splmstransmitaad sersive enfepirarres 20
may be configgégd to connect to a preferred fento node (e.g., the
hore fento H of the associated access term nal 520) whenever such

connectivi tyoofrg) POSSIINI® syb@h RATBh S B BRANG aupfi RSB ParkiSHALARY
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.e., a mobile station is not allowed to associate with the “closest” base station to which
it has the strongest link), jamming and negative geometries can be common. In one
exemplary embodiment spatially described in conjunction with FIG. 5B, the femto node
510A and femto node 510B are deployed in neighboring residences. Access terminals
520A-520C are permitted to associate and communicate with femto node 510A, but not
with femto node 510B. Likewise, access terminals 520D-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



17 is within the user's residence 530, it may be desired that the
access termnal 520 communicate only with the honme fento node 510.

[ 006811 n spgBp@pRRed S, I f the access term nal 520 oper f-grsWok/sHad he
macro cel lular network 550 but is not residing on its nost preferred

network (e.g., as defined in a preferred roaming list), the access
term nal 520 may continue to search for the nost preferred network
(e.g., the home femto node 510) using aZ2Better System Resel ection
("BSR'), which may involve a periodic scanning of available systens
to determ ne whether better systens are currently avail able, and

b ff i ith. . Wth th
2equ o 1 on @prpEes 1aRSIRE, X e MR HSAe D6 e e art meo
speci fic bapgd 9&3&%@%% ('FIdJ;qAé)e?)(IaJm{h%r fem‘?PécﬁQBﬁpotfln%{rebﬁ&ﬁc of ?hogvn).

preferred system may be repeat ed periodica pon scovery o

preferred fert@dngHesikh@egdtRe 8@ k§etlimptdcc&dPemalariemtd Rsiel efd 0
node 510 for canping within its coverage area. [0069] A fento node nmay

be restri ct ecighlormgreceasipaninsls nfagresaiaiplrioyus atagievieg of jenmionhaahditizay on
only provide certain services to certain access termnals. In
depl oynent s thgiuphink endedgvnditky estri cted (or cl osed) association, a

gi ven access_ termnal. may only be served by the macro cell nobile

net wor K andﬁgngbfiﬁgﬁmg§¥3%¥¥§ento nodes (e.g., the femo nodes 510

t hat reside w-thi n g he correspandi u resi de 5 : S

i mpl ement at il%”r?ép a éﬁ’o‘ﬁgy r(r’g;?x%eﬁ ?’eng?‘r‘%f@ %ngslrfdt(ggfg\e}ﬁgge}’at%‘g?ssglf%%ween
| east one nade, ndlic ljﬁﬁé?'én@&%eégftémﬁif%ggg? :Agd 18RS ARGESSOD, res%esc'ttiﬁcl& Iél q

regi stration, paging, or service. n some aspects, ar

or foreign pakicaa, Ienhey nedeuéiviredt may BlSThRE WRIERERS t@maRl 320D
Cl osed Subscriber G oup Honme NodeB) is one that provides service to a
restricted prowmisitonetoseferad nade &K, ftamnies akessilhingr&ehcerfoy jdn@ming) at
tenporarily or pernanentl&_extended as necessary. In sone aspects, a

d osed Subs&mpeloderd0p, eifessieely blagkinge theterensian 24 acerss samingls 52ke€sat
nodes (2.0 b, 0HEe) ol o comen accees conts ol LSt 4L
st o AAYRIESl | 8 A0 CRRE I g Sl .,
a given fenmgidwda ARAbAcHabRRAzZed as:
C/I (AT 520C at femto node 510A) = Pipax — Laz— (Ps— Las) (dB)
[0080] In some exemplary embodiments, depending on the transmit power Ps, the
C/1 of access terminal 520C at femto node 510A may be a very large negative value due
to the large value of Las:. Such a configuration geometry is referred to as a highly
negative uplink geometry.
[0081] Downlink Jamming
[0082] Similarly, in one exemplary embodiment, Lgs may be much larger than Las.
This implies that when femto node 510A transmits to access terminal 5204, 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
sitnation, the received C/I for femto node 510B at access terminal 520D may be

calculated as follows:

C/1 (femtoceli Bat AT 5) =Pp —Lps—(Pa— Las) (dB)



access termnal. For exanple, fromthe perspective of an access
termnal, an open fento node may refer to a femo node with no
restricteqy@sagptdld on- A restricted fento node may reng&?&%ﬂgogﬁﬁto
node that 1s restricted in sone manner (e.g., restricte or

associ ation and/or registration). A honme fento node nmay refer to a
fenmto node on which the access termnal is authorized to access and
operate on. A guest fento node may refeBlto a fento node on which an
access termnal is tenporarily authorized to access or operate on. A
restricted or foreign (alien) femo node may refer to a fento node on

shich (he afTE L SNl o7 Ry BU et A5 10858 hpBReALS, Sy
2 oSt CL el el LB NYBDSIARSFL Kol AR B hPT

access the r@§tddit6hednffiiReNAdRIowiANESmeAGCESS term nal may refer
to an access termnal wth tenporary access to the restricted fento

node. A nonf{s8sjoci a éeilealprer}alavasdaatier ficheks addtedsiecghiveafeodO®SS
term nal that does not have perm ssion to access the restricted fento
node, excepwithoyt peocksépdnge mmdifeatignssia it ioperstionf of dephnypd legseo hacgsss
911 calls (e.g,,, an _access.term.nal that does not have the

credenti al s EFNBEr nfheEsies. itds deyiabledp e prese exprarlam; Erlodime i) address
node). [0073] Fer_convenienc t he di sclosure herein scribes vari.ous
oot | ohal i LYCTETER Y BB OB PoEe e BRI S o fehs o arise Procctat it 4
appreci at edg..fig Yi.@rrathctzpéﬁlianafeghﬁﬁ NQG& LRGP QA8 161 SATE Rleordin ly,
simlar functionality for a rge? coverage area. For exanple, a p%co

node may benéQsitd bédntthicstat ARMPIAK GRd ARMAQINKRYe RRir8QY hik@6ksE@iccBrdiig/8hin
access termnal, and so on. [0074] A wireless nultiple-access

conmuni cat i exengyay embodiynent disdidsathédusl y support conmuni cation for

mul tiple wirel ess access termnals. As nentioned above, each term nal
may conmuni 88l wi Refaries eowntr FlGadeant atithofisther acfereaes i F3GENSA0TB,
t he downlink (forward,|i n@ﬁ and ‘LDJ(?I i nk (revgrs}g | i nk) TH‘EF downl i nk
refers to tARTAUES EdpiAP Lt YSB AT PraRks P Ohanhaulisseng ferdnRss Jpgmingesand

termnals, BOSLOCHBlLD L8l 96 R SOUII fRK ofd TRl Mgy

terminals to% Se stati ons. 1S conmmuni catron’lin

est abl i shede¥baigest 1948 ﬂfekﬂaﬁf :c\i%g%iﬁ'afh‘tﬁs 8pedveM jafhming and negative %?ometries

mul tiple-in-nultiple-out system or sone o% her type

system 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.
[6087] As represented by block 702, a femto node 510 continuously listens (i.e.,
receives according to the various receiver configurations describe herein) for
transmissions from access terminals 520. As represented by query 704, the femto node
510 determines if an access probe (e.g., transmission) by an access terminal are directed

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



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

formed by wheodlhrdsicansm t and Ns receive antennas nay berARSRERASAK
into Ns independent channels, which are also referred to as spati al

channels, where Ns < min {NI, NR}. Each of the Ns independent
channel s corresponds to a dinension. The M MO system nmay provide

i mproved performance (e.g., higher throdghput and/or greater
reliability) if the additional dinensionalities created by the
multiple transmt and receive antennas are utilized. [0076] A M MO

syst em may PROrL: T} | ML Sd,@n pl er(’"T ').and fr enc

di vi si on du%]%ei%% f{cﬁlgD%gF? q“o\rd;é aﬁl'@Dlﬂgeslillysat(g e rei;en%gdf H&g?cg Zﬂ% o, prdgence
li nk transm§si.008 iBicBesdity e RANRCdsS RAMBACYK hOU00Se %&!&{2 tn%rFﬁnal wit
reciprocity principle allows the estimation of the downlin or war
| i nk) channeie “homet foheo tiglel nk (reverse |ink) channel. This enabl es
the access point to extract transmt beamformng gain on the

downl i nk whé88LI t iAsl ecrarseendaby aneravidl) dbine abd¢ helladodses @onpates a
[0077] As stated, in unplanned base station deploynents wth o
restricted SRBYCTHIE G- (pover leval) wbBiciascass probe fpridsterpining) if hashameseristic
associate wit thﬁ.&icl se base statiaon to which it h t he

e
T onuast | e sufticictt ARCRi 10T b Rul! 0w e ops Temiafe. Mrpen

one exenpl a gg%g' n i escri N junction wt LG
5B, the fen%% no eqiﬁ%A&%eEg& % g%égxnagd%?%%%ﬁg%F%esggg g%/eéld % ﬁeprese&eg by
nei ghbor i ngpreR 70E %Qﬁtﬂl‘f@l@ﬁ_@ﬁsﬁit%ﬁﬁéﬂ RaHe8esPtP el € BB BEHY Irlifdad.Oss
associ ate and communi cate with fento node 510A, but not wth fento
node 510B. hidbeby se, “hameefmtd asds J1alr&suli2 MRcbadbl e riened.tted to
associ ate and communi cate with fento node 510B, but not with fento
node 51 0A. HY88ks tAs nipreskbnied 29 BIGROGIamdemdic penarfdnite chotlo 538 sacivas e
or conmmunicate with either 20 femto nodes 510A-510B. Access )
terninal s 5ECKHhGRRY (ife Beds thayBdnigiTeRne thigshodd)@esass probeawothewise

560 (FIG 5 oLl ngt her.ssf ent 0 node in an et hgre resi den 8 t(hg%me fomt
ahown) . AccBrEtalif ButEiHEgitn U8 eamer PR doross RRTA G0 emo
e e L CE L L R A
downl i nk. [ ©QASdiddalsi dtkad@dMifihls (c.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
heremn 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 thercby 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 wuplink 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 1s directed towards a nearby non-associated access terminal.



[0079] By way of exanple, let LA3 (dB) and LAS (dB) be the path |oss
bet ween fento node 510A and access term nal 520C and access term nal

520D, resReshidBioo | N particular, LA3 may be much lar ?@rrmrsﬂﬁﬁgﬂg%'

Thus, when access terminal 520D transmits to its hone femto no

510B, it causes excessive interference (or janm ng) at fent o node
510A, effectively blocking the reception of access term nals 520A-C
at fento node 510A. In this uplink jamihg situation, even if access
termnal 520C transmits at its maxi mum Tx power P3nax, the received
C/1 for access termnal at fento node 510A may be characterized as:
C'I (AT 520¢C at. fento node 510A) = P3mas - LA3 (P5- LAS) (dB .
[008(()] In soRE a3 ApTeaTlSufh SRy %ﬁe’ﬁ%'%@o"g"ﬁeq ﬂ‘?e?‘rfﬁﬁg'ﬁglt reyg iRl

P5, the T/ : ) ] e - . be a very
ar ge megat | oee 0 B4 B WhmapL B nd B PACG A TR,
configurati gmw]]eo MRfsr¥presente8 b9 IR 7118, AGretbi0hlly is"eQald ¥&ap teHearby
geonetry. [0081] Downlink Jamm ng [0082] Simlarly, in one exenplary
enbodi nent , nuBassowyted @corus kerinaag 620 tusiag thASntedii Sorifigntaties (&.patscortnesed
fem o node 510A transnmits to access term nal 520A, it nay cause
excessi ve i mutermagosmed-sfesring avith adgptive phased ggayseriesanisbd $2@M, Therefore,
effectively bl ocking .the reception of fento node 510B at access
term nal 520BFL i 2RGIaled achsS RN M FgcEPE (o comunicHs wibdae hege Enpto

o7 T © TR SRR R R AR, RS, SRR TR e
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.

[0094] 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 continuc operation with omni-dircctional transmit and reccive, 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 trangmit 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 scctorization null in the direction of non-associated

access terminal 520D as long as non-associated access terminal 520D was present and



21 [0083] Again, the C1 of femo node 510B at access term nal 520D
may be a very large negative value due to the |arge value of L55.

Such a CoRfhehbRidsgn geonmetry is referred to as a hi ghlyrRRIRLHYSs

downl i nk geonetry. [0084] A further practical consideration 1ncludes

addr essi ng negative geonetries w thout necessitating nodifications to
t he operation of deployed (|l egacy) access termnals. Therefore, it is
desirable in the present exenplary enbod#nent to address interference
mtigation fromnegative geonetries through nodification processes in
a femo node rather than requiring nodifications to access term nals.

Accordingly, negativ epnetrie he .uplink and downlink ar .
desirably aHﬁ?é%%@ﬁC@k%Hﬁggﬁa*F@egim%xgﬂﬁﬁawgﬁngﬁ ﬁgﬁ?53¥@ﬁﬁgggﬁ)“
bel ow. [ 008 I E 7 e ther ..r ef-er 10,
i o, 5h o Gpereiodh sk el G theP bty Wi Sl G Ryl Pond
nul | - st eeri pgef/® address jamm ng and negative geonetries wll be
described in nore detail. The present exenplary enbodi nent uses

met hods and[#9pRr athusink pefibéy ehen janfanmg nadd inegainsve sgeaimtiéd asll in a
using beansteering and null steering in unplanned base station

depl oynent sp#tickar digeqtiont édtharscerssany| 88861tcd ampese xtemphals 520 emt the nade
depl oynent scenari o, nearby sjgnals (desired qr interference) my be
Ri ci an by naFERUENRRYCHOWIA SRRRIRCOW S rcardiagly i naiemplsmp embefimafy the
flat fading.acraos f requency band e.to the spall del ay-spread
and mutti pr Se0TRs A SRR P araat M SrbeneS R bR FEF
jamm ng sit i A ' ; A j . :
et .o SO0 ESCLARASSANLIRY 5 I 7 RS EBl BLRSSh b
r epr esent edteynddl B6deiaf@Paccebs fraittimul 300 @x &8s & A SisaVSkehnglh SFBRAJ at the

(e receiver as determined at query 408, signifying that access probes from desired
associated access terminals would not be decodable at the femto node 510. With
reference to FIG. 5B.it is noted that femto node 510B would have no need to steer a
sectorization null towards non-associated access terminal 520A since the signal from
non-associated access termunal 520A is not very strong. If femto node 510B steers such
a sectorization null towards non-associated access terminal 5204, 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 steering to maximize the received signal quality from associated AT.

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

base station deployments.



recei ves according to the various receiver configurations describe
herein) for transm ssions fromaccess termnals 520. As represented
by query Wzoo%ﬁﬁ;efoemo node 510 determnes if an accegg ngn%btag%(‘e;sg
transm ssi on y an access termnal are directed to the Fe o0 nod
510. If the det ected access probe of the access terminal is directed
to 22 the specific femto node 510, then, as represented by bl ock
706, no interference nmitigation is necegsary since the access
termnal is an "associ ated" access termnal with the "honme" fento
node. [0088] As represent ed by query 708, fento node 510 further

Gotbem o ogMTEBRTL Cehhled b 1P ol € delind henpfls G ol Fewalt
to result 'ﬁodtvé}t errf e%%e@re éhpsen%%@(r 8%1;@&'?dn§g§§9fems nB&E 8 Srder

probe does exce an Interference res as represented

by bl ock 708, alle& dcBdsS idRIRANRGE atfulre dEhQ@MokiS uﬁ@l‘é@éﬁ)ﬁr%eﬁé tﬁgﬁc&g}ﬁermmal
characteristic of the access probe by the "hone" fento node 5

results in icbep gomed by er heipleie demfd0HER1ASt F@R{ceS aRbaatiday tlb:l @i‘dﬁhead
710 when the hone fem o node 510 receives a sufficiently strong
(i.e., greathannelhdngamoinmosrdosireindentds eatholsd)ildcemss apd dbmdorst/paging)
ot hervm se strong uplink transm ssion fromthe non-associated access
t er i nal SZWdYtWetI‘H‘Sr@UIF'EW‘%Si ny@OMG“@B§P|@§I%aW$bOFQﬁ Agthops dor, time

ok of o1 g B agie PO oo B PRE A A0 Eat FaT G fdeaued o

| ack of sig 0 ’ g o umed on

term nal 529nl 'fﬁeﬁ&:ﬁc VR ey @Qt @Ll'op&fcle[ﬁ OalfPl’Me é{cu%d g@é@srm!ar?mnals
(PR R s

beam f or mi ng anmt st e or e

sectorized ‘”;Htldlt rtlﬂﬁh%@ﬂ@tbd(a@c@s &erﬁl\MahC{‘h@ raewe %eﬂleesag&nf iR rakhe@n
described herein for ft:inning a transm ssr on sr gnal beam and/or nul |

or a recept torigsragoala fomemandiagmontidrsmitSpecighalaaklly, interference
nul l'ing may be provi ded on a received Radi o Frequency (RF) signal
t her eby red[i’&llﬂé pﬂweemd@mgrﬁnagtirerwcehdr date triuwsdad, therd nidyibe no idle

desensrtrzatro recejver, which results fromjanmn
nodes. Furt A&t qret al@)&% BriBbho fgto gpdethe Pwnﬁmoefrm%mem?%m %‘teﬂ}?ﬁ%

enabl e the aoRli i ARe sHBkbRKeL 0P 08 ALY D8 A ResTIAES iR hn

conponent for use’in
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);



[ 0091] As represented by block 712, downlink pilot and overhead
transm ssions, as well as traffic channel transm ssions if any, are

transm tt gy ageRrdigng to beamform ng such that mni mlpc%ﬂ%g‘g%méﬁ%
directed towards a nearby non-associ ated access term nal.

Steering a transm ssion signal away from a non-associ ated access
termnal results in reduction in the negative geonetry at the

non- associ at ed access terminal. [0092] A86represented by block 714, a
directional null is steered towards the nearby non-associ ated access
term nal 520 using the antenna configuration (e.g., sectorized

Il 5 i i th ti d descri bed
hor o Ther ot or 2 Th ek bt SpRaRiontS REEE Sl ottt dev e o
icate with th f he.assqei gt ST orece
S e attens. oy olaEed P IOfSce Hlon b CIRSSRFLA B nBERCR acosss

comuni cations is notpddegmeed, Y uddEcotigafido bOANHEASSi ons from the
near by non-associ ated access term nal s havi ng negative geonetries.

[ 0093] As an exanplAs disdusdeh @basag ésstopiod fintengale 0ysridtsbass@dAIoa r@uirements,
antennas AP can nonitor the AT access probe characteristics on both
antennas. If it is detaspivengegmenies cethbe semwag fardbintoknade aaplnywsitonnlike
fromthe non-associ ated access term nal at one of the antennas, AP
can turn of f transni tof BHEPICEH 2¢95eHAYE dBRPYRYYS-and turn of f recei ve
function (null steering) on that antenna.

[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,
Ecpperavzr. When downlink (forward link) power control results in a modified ratio of
traffic-to-pilot, the pilot power is adjusted so as to maintain the smallest value of total
transmitted power and interference caused by the neighbor femto node.

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



[ 0094] As represented in query 716, periodically (e.g., once per
second) the fento node 510 elim nates the sectorization null in the

recei ve diywgshbensi®® determne, as represented in bl ockefQRzg0khssbine
strong undesi red non-associ ated access term nal 520 has noved or

termnated its communication. If, as represented in query 704, the
strong undesired signal has disappeared, the fento node 510 can
elimnate the sectorization null and coifinue operation with

omi -directional transmt and receive, as represented in block 706.
If the strong undesired signal is still present or has noved and

ds th hol d as, I. by .block 708 the fent.o node 510
can ad ust  EREOTRaRe i € shEBl-CREM R Shme 5% e b bR 6T s

represent ed b0 QhQekwel Gro .;{‘hcﬁ?@f dits e&diapaof the undesired
non- associ att. élfg}’ access ter% na 5260. FOOQSPThe above-exanmple with

reference t gtibs 9B replestmitddaiyagodkemR ocho o6t chABAI Sdif RVEINELpas REiz¥Eto
and transmt sectorization null in the direction of non-associ at ed

access t er mEnplsrh200Ths, barfpublsraherfdspdEcpt-edrAcee bs determinehbasb@0D a
was present and 24 in an active call wth fento node 510B. \Wen
non- associ ategonabledessl andpeihrags dPaentiat vileisexpdosadiin fereld@esrols. woul d
revert back to erating with idirectignal transmt and recejve,
[ 0096] Dur | n@&(}}_@gﬁood&% Rmfgwiﬁlé@g%goﬁﬁd@fﬁg cglf e&«awgcea‘{aﬂ)s@tb‘&tﬂfpz‘mw
nut | in 2 partienl ar.diogation,, i LNer sl &A% AS30GlaLed . accetame
termnals 5 T he Same diTect Fomt ey wol experlé’nce outage.

Accordi ngly chfﬂiﬂeﬁ%@%? as ggie {IH%‘E[E: @?&ﬁpﬁa&%&bﬁ&%eﬂt, ROt @%ﬂe 4 &8EmidddSy

sectorization nu (1) ong as the“strong undesire

non- associ atiedd@adRgfdrean Met) s icBntedt! 4y fproddited by Jua@®l 3061 f DéR-ink
undesired transm ssion fromthe non-associ ated access term nal 520
exceeds a hiighwai ginklFL3 poeagtontrohs estiab dnaattain Hige reqaieddupiliyof service (e.g,
determ ned at query 408, signifying that access probes from desired
associ at ed #8¢€5sPeiHf-nBER) wdewnlak: (fpaveab dsliaiepawert sratplenmay ralier

510. Wth reference to FIG. Lt 1s noted that f o0 node 510B | d
nave no needSTBTE: el HHaNEdt dri 2k BRI oF OEHEOhoM: dUCHsT dhettt ™
access term6 LooR29 §f091g§1qg:agﬂgagﬁqgé%nfe]§r§_m non- associ at ed access

term nal 52 I'S not” very s 0 node 510B steers such a

sectori zati %mrov‘ | A&\@ﬁk@@é@ﬂﬂ-@é@%@% QbeAGRARD JRROTPARE AP Mute (FIER)
sectorization null would resulting an outage at desired associ ated
access ter migniaed 5@ Mentify 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, Ecpopriaz 18 determined where:
Ecpoprpia, = 18 ngci;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.)



[ 0097] As a general case of the described nethod if the AP can not
determne the direction of the interference fromthe non-associ ated
access tergh Bab4ogd- . very strong jamm ng that saturatPQ%UtSEtﬁ,M%.‘743
receiver) 1t can try different directions for beam steering and nul |
steering to maxim ze the received signal quality from associ ated AT.

[ 0098] Referring nowto FIG 8 and with further reference to FIGS.
5A-5B, operations relating to the use of8optinization in transmt
power on overhead channels to address janm ng and negative geonetries
will be described in nore detail. The present exenplary enbodi nent

uses net hods and parat us to .pr.ev j anmm n egat,ive geonetries
usi ng opti ni zed ?ﬁl %SrﬁePref)e(S\%ﬁéirb%’IbiQfglr%6btﬁe SW@ﬁﬂﬁgi’gﬁ‘gﬁﬁgﬁe@’gﬁ as:

unpl anned base stEai o dg‘r(EanFg‘m)s. 25 [0099] General ly, the transmit
power gain of overhead channels and total transmt power of a fento

node are chemgooPasedenBschiRe b BRIk S [ROULP 0,2 if &ithindg. | n order
to allow access termnal sgp acquire a femto node in a |ocation where

t he access terni &aP,i,s, berrdf8&med by a nei ghbor fento node that
restricts association, théfwerhead channel s (e.g., conmon control
channel s such as pilot, synch and broadcast/pagi ng) may be tine

mul ti pl exed[00A) oldg arpihsk cicerlany; prabadimends SpPRPEE HoRYs bF gun ttp find the

| tiplexi t | at ed. Fur.t th head,. ch I
e turned oRCBHTY Y DOPEaM Pr T GRANS Boat RIS ety th BT haed
P T O s s ST T

femto node gay bHEGkackddaBys FbiveraBohtBl. 9 MAkscAbptathd] - vah20 HePdnd HAVWBYE exemplary
during an active voice call or data transfer, there may be no idle

peri ods t hatmabdiowniaonehegbdoiiculdrgntiolonodiéfctdndaladpioy aaensst tyrriitaltto meighbor
mul tiplex the overhead channels jamm ng situations resulting from

negat i ve gedsretpmiods andhe dntaiiferghag, posiier eoceivpd o tberboghbmsdemgerde i(bes ifa
met hod for optim.zing transmt power for overhead signals (e.qg.,

pi | ot, syncFPedﬁﬁ"értB‘QHB%gW é%%il%p@hméq 89ighhee eRiA&PRPRIEd %hw fegnto,
call at a fento nhode dti | tiplexing of overhe ignals is not
practical . ?ﬁﬁ%ﬁﬁp%ﬁlgf?ﬁ aanr%ﬁcév?ﬁeﬁyg n%‘%dowdﬁjé/t_ ks, overhead

channel (e. 9p011pf ! Bn mBBFRr nUCHr snCRARE PRI AG i SiF BEighibor femto
adjusted for certain perfornance based on geongtry and cover age

const r ai nt s noflis e, at helirboIdi adex, diefal PyirRNES aERVhIusORBuld need to

significant differences when conpared to nmacro cell access node

depl oynent s be Vautcaily HiBf fRovervee 8lso nateuighe 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 (Ecpprrarzr) 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] Asrepresented by block 902, the pilot channel gain level Ecp is initialized to
Ecpprrayrr for analysis of each voice call. Thus, a default value of Ecp (Ecpperavcr)

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.qg., celkshingbiFed by macro cell access nodes (e.g. 6@ 3%,
path | oss conpared to 140dB in a nacrocel | ul ar depl oymgrcl'Er %E/gﬁz“

The nunber of simultaneously active access termnals are fewer in
cells serviced by fento nodes than in cells serviced by nmacro cell
access nodes (e.g., 1-2 users conpared £8 20-40 users); 3. As
di scussed above, due to the fento node restricted association
requi renents, negative geonetries can be comon for femt o node

?ﬁé"s o di f: t ot e%ﬂgepﬂ%%% Frbigef 04 e GRants BRERART IBbsesh GBL i s
or over eagf@ﬁg@g h?mfe%mifo%%ﬂ aiQ gﬁ%ci@ég aoC%%:bnt%ﬁniﬁalF 2565%8? %%?po\%egﬁfd

generally w ew to no active access term na

be desirabl enfteifid bRnaveiderd &hennahSonkexRRpHR} BinBbAIRENAthAEN FHILE
power setting in order to mnimze interference to nei ghborl ng cells

servi ced by déemiocedbyléde dddliakhfoeedrt dink @y ipoedr fyntohas tepeekhtcbg e@sry
nodes 560 (i.e., assum ng co-channel operation). By way of exanple,
one exenpl aPf6.eRpwlinkeliervrutlinkdd.)pawpi tatrotisamereto negthinitreatcnaired quality
however, the anaj%zis can be applied to _other overhead channels as
wel | . [ 00108] PHYICh&S-SxRaitrpr &ttbddienPowWainkoderd Lnk 519 peweocqsimlst
("T2P") value f the case of a sinhgle voic all is,determned as
wel | ab a obrusitherg?Raf Sadiede iRy BB Ho Syt Eoe o
(forward Ii %esgﬁg@ yGlBE!Eéfd, of:?oséﬂalhge ﬂg%c@ nodi fied ratio of

traffic-to-pi'lot, the pilot power usted so as to maintain the

smal | est valoa18f /0! @prebdntasfighérg®1poNBEteiIfation LB iSRRG R reAHSE (PHRY
t he nei ghbor fcnto node. [00104] By way of exanple, an access

term nal 52@GAust tbhdeidyrdaqyiteofigiad npalitgnt Accotisglp.l @heraRBRNBI igitaquate,
fento node 510B exhibits equal path |loss to both femo nodes 510 and
t he nei ghbodoyakiakd foryael | Jipewer eongad adjustighaEctf ul | power t her eby

BRI A R O G T e L
S A L T AR
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 Ectrrrerep and Ecprireren
respectively.
[00117] As represented in query 920, a determination is made as to the value of
T2Prirerep . 1 T2Prirerep > T2P oprisar + Ai, then as represented in block 922 Ecp is

increased to

Ect /
Ecp = ZCtrmrerep )
p T ZPOP TIMAL

[00118] As represented in query 924, a determination is made as the value of

T2Prrreren . I T2Peirrren < T2Popraar — Ag , then as represented in block 926 ECp 18

decreased to
— Ect gy renen
Ecp= max[ T2P,n ECD porannr |-

[00119]  TZPoprimar 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

S10A. [00%B8boods7dsfrr esented by bl ock 802, the pilot chaprRbeosedsiss
| evel Ecp I1s initialized to ECPDEFAULT. Thus a default value of Ecp

( EcpDEFAULT) can be determ ned based on a reasonabl e | oad and pat h

| oss differential values expected in fento networks. 1001061As
represented in block 804, a traffic calBO(e.g., voice call) is set up
between the hone femto 510A and an access terninal 520A with the
power used on traffic channel denoted as Ect. In one exerrpl ary

nmbodi d |
oy o wolfR g sl 1Eearty S HRLIVESE e if MR RS it AR5 Sameer
l'ink FL) poyet EQI@IET Qéta iiSnssed ltSQkIFEE% ﬂ‘tx@dl{"d Jﬁﬁg& ?Cﬂfffér@& : L}i‘g\%fél_) nce

service (e.Q, packet error rate forward

power cont I teSTPEYmGAL Iibeﬁetd@ﬁm@na&egiareld&@ézeaﬁ@ed Bn Bt tr@ﬁicr?gé)ef’z@éi‘it ad
by bl ock 808, an increase in Ect as represented by bl ock

change in Eelgorit[hﬁoal@&]latihally efjuss &ap.tha sbogel elggridir?is speclbtdforionatisanit
of the packet error rate (PER) is used to identify adequate signal
qual ity. GeReredreynuliifle gagss,itkenvibe plopalym mie resel i fiéferans Ermraaliesnfor cach

uality woul d rade whi.ch result in very |arge Ect
?ncr eages Wégﬁg‘i"e‘@étq T“b\#“\ml?i’ d‘l’enﬂffﬁ%‘ @rﬂﬁty‘fbﬁé“ “r“g dé‘o‘)ﬁ)ég‘“{iﬁ e

go d_ovvn. Ho P@Q\;%ﬂhngg ﬁ“ hu§; B’ﬁ’ 2 ngo;rllﬁlérx rc%ﬁa %g gglg rzﬁzze oaart] &ﬁut CH‘FS Bs'eﬁaéaﬁg By way

quality wl er armunt

result any f)f'éygaﬁﬁﬂe %ﬁdb'f}tﬁhegﬂlibﬁ] f(ﬁcetach fcrecdi Nghn tﬂ%@ﬁetﬁ%@ui’d%e found as

i nadequat e, downlink (forward 1ink FL) power contro adj usts the
[ 00108] Si nceesctibed lﬁc@efﬁﬁeﬂn@@ agedtﬁfaatB‘bﬁ doaldobd eecifi@ho mmml,neeg@hry 0

be mnimzed, it would be desirable to have the optimal Ecp val ue
that resul t &nbthet bitiom qoiultube (oEGUd- e iplimaé Ece pudbstbait otk Ipywhil oalsmBled, as
EcpommAL i Soggﬁéﬁﬂngﬁgﬁwgrzﬁl us%?spl(s)%lr{}cumlze:d %E}%n\lrgu[lcliz gl%al-lk afmc.(dﬁ(i:c!a|t10r|1E ((:) the
calculation of box 814 to:
Ecpopmma = a1g ngci;l[ECP +/ (ECpl ) +ot+ Sy (ECPN )]
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 Ectpyyzrep and Ecprureren respectively.
[00120] The optimal T2P may be obtained through simulations and once the T2P is
decided, power control adjust Ect (which is part of standard 3G operation) may be
determined. Then the Ecp 1s 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 Ect f (Ecp) (The function J(.) can be determ ned through

of fline sivigph@bpgsp Or tests.) 28 Then, as represent egeb)sh)o96d7.816,
the optinmal Bet value is determ ned as: Ect OPTI MAL =I f(Ecnopmm.).

[ 00109] As represented by block 818, the T213 oprinv, is determ ned

as: T2PEel OPTIMAL OPTIMAL i' CP OPTI I\/AI?;1

[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. 5A-5B,
operations relating to the use of frequency selective transmission to address jamming
and negative geometries will be described in more detail. As stated, due to unplanned
deployment of femto nodes, the received SINR for an associated access terminal can
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 neced to change legacy access terminals.

[00124]  Generally, the exemplary embodiment introduces intentional frequency
selectivity in downlink transmissions by orthogonalizing the transmit waveform among
neighboring femto nodes to minimize interference. As an example, each femto node
510 selects transmit pulse shaping via channel sensing from available waveforms, for
cxample, from three 3-tap channcl waveforms, with each cocfficicnt set from a given
row of, for example, a 3x3 DFT matrix. In this case each for a given access point, the
transmitted waveforin 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 Ecpopnf AL and ECt OPTI MAL for typical channel types expected
in cells giob@whasnodes using, for exanple, fiat fadin ,
either Rayleigh or Rician, with | ow Doppl er that can bgc?agcegﬁ“ﬁﬁ
power control. These optiml val ues depend, in one exenplary

enbodi ment, on the particular path loss differential of the access
terminal to neighbor fento node and the3Enterference power received
fromthe neighbor femo node (e.g., if the nobile term nal has 3dB

| ess path | oss to neighbor fenmto conpared to hone fento, then the
opti mal Ecp and Ect val ues woul 8teédl+driAordfastd by 3dB). [00111]

fOn . he ot he%ﬁhﬁﬂn]éq’i@@—@]hieéfﬂﬂf—a]% L@syjmb)q«;[hr@plt(m_iil jO!’S%B)%‘[Pgﬁ]
ent o node i,§ {r m&Li ng ag:hal . of- | or . pax 1en ) and
et val es JBO-ATIGEG 06 Be dlicha oy danS Tl -2 % Al
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 dehaubip(ivet we(xdf j fgR). (EcpnEr AULT) can be determ ned based
on a reasonable | oad and path | oss differential values expected in

femo net V\DLdlfﬁég[sO%nja%]ehﬁﬁ{ré;{]f%'%&q%%wg@%gg #e?ao gses L %f%éi I#I}TO%’Pé}éznal

operation f cases Wt then e oad and pa 0SS
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can be run for each of a plurality of calls occurring between a fento

node and nufdnitphededidotiyaneid the sdssion egaii Rakdon ERGANIEnsA. r epr esent ed
by bl ock 902, the pilot channel gain level Ecp is initialized to
EcpDEFAur f 810136lal yWittsingfial eefeienseoioddGe &0, FIGTh descabatahetbitd fov anterderedce
Ecp (EcpDEFAULT) can, be determ ned based on a reasonable | oad and
path | oss dMPPUECEIES B 2 JHielss coppuBicaton AySehtgnyel wevkiorm ssrcligpl 14)
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exenpl ary enbodi ment, the Ect value I's determn

(forward | i fvdfbimsPOie MheC RMhED frond ToéBIBRS STt A0 NOMp CHueknél H0€r with cach
Downlink (forward link FL) power control is used to maintain the

requi red queddffisicrofsctdeingideavddefrgm appskidt roerinan Nxat BFT Baf)x. Downl i nk
(forward link FL) power controls may either designate a decrease in
Ect as repr ¥dATled Asyemreated dodlockn (0hcr Bagenods Hotsclsts palsfaloraveldriy
bl ock 910, or no.change in Ect. 0?}15]@@5 represented in query 912,
a det er m nalPUh MBYAIEHEN ke PORE BP) REPHINEPERR ddingd sgleetpn awREsstig-2-

d . Tty di o P

Gownl k(1 A, i RE SLER0E b R el Beo® T REM Y Gistormy fom

repr esent ed Ryl OEarRh: (dbRRLIAS B/&Eéﬂo;;%?Eﬁe(cﬁf&it’m%lxﬁfgﬁﬁallb/ assi%ned
all. ITtering

ECPFI LTERED) is nonitored during the c The purpose o
T2P woul d bes the peifdrrad ahenis faldfoss atavdkuetial i ons fromthe T2P

calculation. E. g., a noving average filter can be used to filter Ect

and Ecp val [(8428]o donputen€CbFqLdtERED, lndfeEPide TERERnsnaspachd d@intink
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



[00117] As represented in query 920, a determnation is nade as to the
val ue of T2PEILTERED . If T2P FILTERED > T2P OPTI MAL -1- At, then as

repr esent agloimhohdek 922 Ecp is increased to Ecp EctF@@}ﬁB@&@m&”L3
T2POPTI MAL [00118] As represented in query 924, a determnation iIs

made as the value of T2PFILTERED |f T2PFILTERED < T2POPTLII AL - A2 ,
then as represented in block 926 Ecp is decreased to WO
2009/ 070610PCT/ US2008/ 084743 33

terminal receives the downlink transmissions and generates a channel quality indication
m 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 cither form a table of waveforms and
corresponding channel quality indications, or compare the current channel quality
indication with any previous channel quality indications and retained an indication of
the preferred waveform.

[00131] As represented by block 1014, the waveform testing increments to the next
allocated waveform for continued evaluation. The exemplary waveform selection
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,
channcl quality degradation threshold or other channcl 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



30 woul d have sane T2PopumAL. However if there is another user
performng data transfer (e.g., 1 xRTT data transfer at 153kbps) it
woul d requve @eesotlicid er ent T2PoP-nmAL. Once t he T2Pop- r ipgNushi®s/os4743
determ ned for given user (based on its traffic type), then the

al gorithmautomatically adjusts Ecp. The above algorithmis specified
for one user. If there are multiple users, then the algorithm may
result in different Ecp values for each3fiser. However, overhead
channel s are common to all users and we can only have one Ecp
setting. Thus the algorithmcould be generalized to a nultiple users
case. By wa " § oy s ). ach L= s

T the syst g G AR o e 1Rt R mecEhnog RO s R BT
Ecp coul d be degi fed RangasidaCRlhe delay SERMN is ?ﬂﬁbﬁﬁty%{an&nthﬁ%hg cfﬁg
to find the optimal Ecp such that total power transmtted as over head
and trafficittaval | users is mnimzed. This would nean a nodification
of the calculation of box 814 to: ECPOPTI MAL= argm n[ Ecp +

f (Ecm +. . . +[00134c pRefupng oow e EIGS.11 1401 NB iand iy fughtraefekdnce ThEIGS. SA-
purpose of fjltering T2P. would be to elimnate small scale

f1 uct uat i onsBf PREFAIORE reraipecty) thg hset of iapttyegiolse g Miigpadhy kise g ustmentelp

can be used, fi.lter Ect and Ecp values. to conpute ECtF) LTERED and
EcpFl LI ERED“‘Ekde)‘"%*Bé% RS “F@g‘ﬁé?"“ﬁ% ebo‘?S‘éli%q%b%ﬁ‘ﬁ FPa'Q?"‘F}eJe ilf dgesent

t hrough si mylatiig ; ' ' 9@@% jUSt
Ect (which is pdar?seg?a gltngér?llggﬁeﬁhg% %dgedrngt%@%agﬁg?/ pge &ag@{rﬁ%g@ Q%g%
the Ecp is ﬁ@hm eghd Qcp@iice yedmaia! disitgORdd AR RRRE! AldC &atty I
two al gorithns n%y run ?gggtﬁer: i) thegpomé?a%ontfoﬁéalgorit%ﬁ1 o
adj usti ng Eedjugsimgnt®) the adjustnent of Ecp described herein. [00121]
In the above aI%orithnl Ai and A2 are hystheresis paraneters used to
prevent fast0WPRict Genpiely fentomoges are permeetadtogthe InterastddP andbthp nobdnt
abr upt chanags of ECE eg%ﬁébons above n%¥ be. nmodi fied, in one

exenpl ary efBBHPHENE NeEr 0 i WELPapdrrEettiophc go DSE PRFTS<ARE mor e
slowy. Las t ad channel s (e.gnq, e ch). can.b

adj ust ed ba}sﬂe e%ﬁ $ﬁ%§e tg?%? gﬁega erO??%I@tgln()%? gV Iﬁ)cﬁg?a?w;l Iozi’%'E gp‘)’é’&}éer

level with FRSNEGHerdts: Rid AlwhRBD ah R tap 31
[ 00122] Accordingﬁﬁf exenplarngggoﬁyﬁg)ts ﬁg g ﬁgﬁ% esé%?%g%R or

reduci ng tr ainafiréncp @8&ds fiayrarioy eflbR agpispgata bferfRerde mi@g%a'ti@ﬁ mefbagieand
br oadcast/ pagi ng channels) when there 1s an active call at a fento
node by det etildedi ng an opti mal overhead signal power |evel. The
exenpl ary enbodi ment has been di scl osed by way of exanple using in
the pilot cHMAY d32meerosel ppiverks agseaniseninaly Sl ors macre eclbgratsy sipdescan

P P 20 L RS e, SO bl RSP SIS
| ati t f ' ]SS4 t d
a0, 2510 e o g ansnn Bl SRR S AL BT T

stated, duesg@andaaats @ﬁ@ﬂi@x"@?ﬁﬁigﬁfsigﬁﬁ%%is%gi&ﬁi' thé Elﬁalsﬁi@{ig tahgdoBhAR

for an associ ated access termnal” can becone very | ow due

i nt er f er enceespectne aeceietrghban demtiok Fockard hgnBN), sch@ronflfirgion can

i nterference degrades control channel and traffic channel performance
for the acceaswatcdhaepeiverafdssaeiyted ecgbst teining ahd greste degrddedrdeamdulation

services. The _exenpl ary enbodi ment di scl gsed, herein addresses .
oper ati ons PYTATHERGSy Entfrepass iintirhe copligiationcan srepte vaiviugh naiseaisgi gh

interfer encﬁ(oalr),e ae}sov\ﬁntorv]v%"{g c}egt% ix?s?sﬁ)ﬂitg % t%Q Qx%g fe!rr?tg %gXe 53‘1%0 %%S rtngpii%&a' S
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.



[00124] Cenerally, the exenplary enbodi ment introduces intentional
frequency selectivity in downlink transm ssions by orthogonalizing

t he transmvod 20@eelcor m anong nei ghboring fent o nodes t o pirhisBiIogBs4743
interference. As an exanple, each fento node 510 selects transmt
pul se shaping via channel sensing from avail abl e wavefornms, for
exanple, fromthree 3-tap channel wavefqrnms, with each coefficient
set froma given row of, for exanple, a33x3 DFT matrix. In this case
each for a given access point, the transmtted waveform woul d be
filtered by a three tap FIR (in addition to normal baseband

filtering) wg fil j ‘f??“ﬁf

follow ng t r{ggﬂwavﬁgﬁ%? frlrcfs@%g(%; F}@S(F?%zﬁ%ffﬁ]%%e@ﬁ%%?gﬁ - ](reh%Fen] =
c5lr d6[n - Bhk RL)) sadedihe dodhlimk BL/(fokward (mQ FD) of ds §46ked B Mdcrb v 5 -
/0.866). bin -4] h3 [i]. can] + e-fit bin -Zf + bin -4] b[n] + (-0.5
- /0.866) eofawssiRfdest5q0- BoSeamPle@GBntdGhdde 51 dB instrdied fexgxbmyle, reacos ( X)
+] sin(x). [00125] An alternative choice is two inpulse responses wth
coef fi ci ent Wildon Phexepponce REGH cawmése@p@aﬁ@nbﬁowmgﬁaﬁ inteffeteneg toghay s
for a certain period, r which the fento node 510 may npke the

sel ection agsich HHLEYS g%(}l:e ﬂ%ﬁ“’@%‘t‘%i(‘t‘l“g’.noﬁﬁéﬁf@@f@d\ﬁcﬁﬁs fﬁ‘i‘?“t“iaﬁlfhaf are

reference t gotlzsle%ed %g l’ttgeg enC%to 1%‘09:16 %?élg .rfglgéa Son rﬁ%{ 123?71]%{(@ tﬂenazss?c{%vergfeag(?%

managenmnent I'n a Wr S communl cat1 on Sys ransm

sel ection. ASmiRR £36Mk SR BXBLPaKy I AorR Sl Ride™1b E%{%%sri&niﬁcant

waveforns are allocated to fento nodes 510 for use in
transm ssi ofgerfdrtncene tiexammpb adlyacesRadisyesad, the channel waveforns may

be formed fromcoefficients of an NNtap channel filter with each

coef fi ci ent [&H88beilmythdeplinkeldL { moorassocpelcicEdss torminalss 26/ ik e BEETed by

matrix. the macro cell access nodes 560 can cause significant interference on the home femto
node 510A.
[00139]  As stated, femto nodes 510 can also create significant interference to each
other due to unplanned deployment. For example in nearby residences 530, a femto
node 510 installed near a wall separating two residences 530 can cause significant
interference to a neighboring femto node 510 in an adjacent residence 530. In such a
case, the strongest signal (in terms of RF signal strength) from a femto node 510 fo an
access terminal 520 may not necessarily be the associated access terminal’s home
femto node due to restricted association requirement described above. Such a scenario
1§ illustrated in FIG. 5B where on the downlink DL, femto node 510A may cause
significant interference (e.g., low SINR) to access terminal 520D. Also, on the uplink
UL, non-associated access terminal 520D may cause significant interference (e.g., high
RoT) to foreign (alien) femto node 510A.
[00140] For example, on the uplink of CDMA wireless networks, system stability
and load is usually determined by the metric: rise over thermal (RoT), also know as

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

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

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



[00127] As represented by block 1004, a fento node 510 selects a
default waveformupon initialization (e.g., power up) according to a
defi ned sel@edop/omospr ocess (e.g., random zation, randonpyrassicgoadizby
the network, etc.). The default waveformfromthe set of N transmt
(downl i nk) waveforns. The default waveformis initially assigned as
the preferred transmt waveform TXWAVePREFERED- [00128] As
represented by query 1006, the fento nod® 510 transnmits on the
downlink using the preferred transmt waveformwhen a call is
initiated. Call setup with the associ ated access term nal 520 occurs
and i ncl udegpghannel quality indications (e.g., Channel Quality

I ndicator CQ, Data Rate Control DRC) determ ned by the access

term nal 520 andif-oment erdivtd pbhe ket AaderelidnanR tdie alRbiteMs devices
[00129] As represented by query 1008, the fento node initiates a
wavef or m t est i ngfoc ybbm fEmfo reodt isme thp@rdcode wf Tt est _waveformuntil all
t he possi bl e wavefornms have been tested. As represented by block
1010, the fent o i6dd o84 eecebyndranw eraresivas &t o femtanedsdiam ell vdtebess devices
term nal 520 usig)gfvhhe current .wavef orm The associ ated access 33

term nal receive am BRI 199R AL &7t SCtand generates a channel
qual ity indicatign .1, ) i | .qual ity The.chann

qual ity indicat ijgglr} ‘li'ls}u?1 gf%ﬁ%%laﬁﬁ%rllhp ﬁ%ﬁlﬁ%:alﬂlﬁlfﬂz( 1%81\5%%{%%6 Ofbﬁkbguiegﬁtl: PTe
fem o node 510. [00130] As represented by block 1012, the fento node
monitors the uplink to determ ne the channel quality using the
current wavgiedm bEsedaldnsyisteen dpeiov od tiehahak [ULQRairinkydsith 8k eaitioted.
The fento node 510 nay either forma table of waveforms and

cor r espondi hgpiedynReT ispeatrolied th hdiawand 6t andniglonplagheR¢healeasroae nquse
channel quality indication with any_previ ous channel quality _

i ndi cat i onsSIERECAEPELfTEGN G oErRdrEt Forexampiehd HEepRd fqrghﬁ i ghbaging

0Tl e LRI PRk oACHE sy bR R EL Sl P RS BE0B
exenpl ar y wavehey {Bis S X kL0 ARG Rinkd SRR hlsolURa RORS! Rlifina
wavef ornms have been engage orp transm s<ion on t he downl Nk and the

cor respondi SEE k@ﬁﬁ”@)‘aciﬂb‘ﬂ{téﬁ%ng REknAd b rNASenRAMLECLBIsY BFma1A] §31D

uplink. As represented by bl ock 1016, the preferred waveform based
upon channehasquadty tplinitdiletrafficahd exhibiss dvhenhigkpewtcldvas(ctdidn ploss er r ed
transmt waveform which provides the best channel quality in the
presence of Pioxtreh) et EmtenddecriAe darordmelye dweta lighs ratssdarciing d) Inbrsts
depl oynents__of ot her unp] anned base station depl oynents. [00132] As

r epr esent ed B aﬁfeéﬁ?“%'i%, Opng‘e ‘gﬁéi‘f"%‘& “\ﬂé‘?/@?(gﬂ gralose08Br i odical |y

d db d i O i | ud . Lfi i i od,
ol ter m nediRRSey B hBHACUERD PG e BF Lt P R BEH e Gher
channel congdphi 25mokR@WBNIX, 183D ®fis NG tombi il fygg of mﬁg& foce Upon

an update determ nation, pfocessing returns to evaluate annel

quality of gdegariar HewsepassSiokke:stitat&itibn WORET  OlidMechhFOh3dy tlitSsome
present exenpl ary enbodi mrent nanages interference from strong

nei ghbor i ngtimntf@rftmtoernde 5&dve tgpovau eoritm] assbliegd aalkcss tyrnahaltSBECKouUr i er
series on the dom nant signal energy during convolution, at the

expense of eYespraife yegricrense s@sehpyoigihassasiaiethiroesideraingl PRHR.theagwhile

Phe use of rseradianPagrniia GT6! AR rrtueap b ot migoar
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,



34 inmpul se responses for the desired and interference signals. This
mechanismis feasible in a fento node configuration as the del ay
spread is w0gmwpoTesent |y small er than one chip interval pCrQQiddps4743
Referring now to FIGS. 11A-11B and with fin-ther reference to FIGS.
5A-5B, operations relating to the use of adaptive noise figure and
path | oss adjustnent to address janmm ng ;?nd negative geonetries wll
be described in nore detail. The presen? exenpl ary enbodi nent uses
nmet hods and apparatus to prevent janm ng and address janm ng and
negati ve geonetries using adaptive noise figures and path | oss

adj ust ment sm&@@éﬁéﬁ@n@@ahm oh S R wRPERBroREE) ﬁ%ﬂgﬁ&&i%yttﬁet he

I nternet 540 and the nobil e operator core network 550 via a w de band
connect i on ¢@ngupicidsn standirds sinde @hdrlsgsterm degrhdatiShieeut hikenRFsySemaspagees
of femo nodes 510 is not manually optim zed by the nobile operator
core net wor Rt BEOhigh goseoolyalstap sizs. déneit &l deyirable thgontra s Reil el at the
interferenc%iiﬂssuges may arise unless appropriate interference
mtigation R0 Hle utilized. [00136] In a macro cell network,
access termpals, 520 and macro cell access s 560 are designed to
operate i nnLdb?éﬁt ai%rﬁOr QT P %le@’ellnl 4 fcgﬂﬁrlr%ﬁldgf'/“ PEHES Hodes
510, a hone; 1d..an, i ) ] , y
o ar bi trar 115 ease Ay Thea By R gL 52 nlc e ety ™

| evel s beyongh-bR6cis@Msdckisbnindl 3DUS aPfendidBodeI DAY, ihiRideTRRAIMIF $an (1 2
downlink (forward Iink FL), such a configuration can saturate the
recei ver of izssedlatledcaiedsipnheranibaattcrangd by addisg steqy paleldss (PL)
denodul ation performance. On the reverse |ink, such a configuration
can create (&pRgosnghH thoplakils dqvReT) suchias @pipbeinis perfarmed atthe femto
instability at the hope f 0. naode 510. Thus maxj num and nj ni num
transmt potRde FEGIIETE A B JareRgre Forgpmplyeln (iessCREEIR Shevp &L

dj ust ed ' f f 10.Thi it uat i '

st rate P e G R PR B TS Reebomnitu BBl Bins e o
i at ed nt - i} fsti r

cause | nter Foranren G e Sl el R e B PRy R

t he downl i nkotBlacdebofewainals IS20K afd deceds e Blidas S3EY VAS e ebsbl, thBGiEPREE! |
access nodes 560. For exanple a fento node 510B installed, for
exanpl e, neambEnvwardoingaf femto esdedefdas B@FBnedied.cause si gni fi cant
downlink DL interference to the access_term nals 520F outside the
house (i.e. [00dH- adseeidiede anexagdary sphpdaient thedemigmedaethibitng bigh by

the fent d 10B. ) th link UL, the, | at
torm nal o 5307 Rar i T0a e et SpuBe ERORR B ot 810 can
cause Si gni f&aMon (B3E Wik BRGE nBiks TR K8 hoPCEERS1AR958E BORe

present scenario, keep their noise figures NFs constant as long as they are not

experiencing high levels of out-of-cell interference. Thus, a method is provided to adjust
the noisc figurc NF or attenuation when there is high level of out-of-cell interference at
a particular femto node. According to an exemplary embodiment for managing
interference in a wireless communication system, RoT at a given time slot # can be
expressed as :
RoT (n) = [Ioc(n)+ Ior(n) + No(n)]/No (n)
and
lor(n)= ZEcl. (n)
felnCell

where E¢; is the total received energy per user ;.



[00138] On the uplink UL, non-associated access term nals 520F t hat
are served by the macro cell access nodes 560 can cause significant

i nt erf er erfé@2¢8/0fl6e hone fento node 510A. [00139] As strawrakzoobesut
nodes 510 can al so create significant interference to each other due
to unpl anned depl oynent. For exanple in nearby residences 530, a
fem o node 510 installed near a wall se@grating two residences 530
can cause significant interference to a neighboring femo node 510 in
an adj acent residence 530. In such a case, the strongest signal (in
terms of RE signal strength) froma fent node 510 to an access

term nal 520 may not necessarily be the associated access termnal's
home fento node due to restricted associ ation requirenent descri bed
above. Such{#1d8endVitoinitsl rdférasdertaFEGS.i 11 AF1 IR, FERES WHa- Bl Botlestdile: a method
downlink DL, fento node 510A may cause significant interference
(e.g., |ow SrNmprierencgapagscnay i hyirelsepmnanistionsysterneusing ddaitiviglnoise

non- associ at.ed access . term nal 520D nmay cause significant | )
i nterferenc ggt‘r@ .35& ?atﬁ iR 2eyFmeptgo ﬁg‘?pé'i"ﬁlﬁ H?Jéﬂs‘i R loFseng epnotiededalt is

[ 00140] For l.i nk .of W rele t wor k sy.stem
srab 1ty ol e a0 bR S R DE P Ron R
thermal (Rojdise AhHONFMWLARMAPAGR. i se, at the fento node. Rise over
thermal (RoT) indicates the ratio between the total power received

fromall soyoues atAstrbgredcateddynaes 1204 thdepctdonIMsciidHereirRady ol OC
+ lot- + No)/No, 36 where for : Total received power received at the
fent o node perdhically, snilr & s tihenccwesict of a subeeubstriing: sietde Byswiyoft hei r
active set /oc : Total received power received at the fenmto node from
al | wi rel esS*amldbevenoilonin din feata tpda 4@ mey perdern the ftllsiningapethodtos et

No: Variance of the thermal nois including 1 he fentg node noise
figure (NF) provide interference management to a communication system. As represented by block

1104, various signals are measured and levels are computed. Specifically as represented
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]  As represented by block 1108, a total received signal strength fo(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 noz in their active set. As
represented by block 1112, the in-cell (associated access terminal) interference level Jor
, which is the total rcecived power received at the femto node from all wireless devices
for whom femto node is in their active set, is computed. The computed in-cell
interference level can be expressed as:

lor(n) = ZECI (n)

iemCell

[00148]  As rcpresented by block 1110, a reccived pilot chip encrgy Ecp(n) to
interference and noise Nit(n) ratio is measured from all wireless devices for whom the

femto node is in their active set.



[ 001411For stable system operation on the uplink UL, RoT needs to be
controlled. Typically, RoT is controlled to be around 5dB and hi gher.
Hi gh RoT WeP a8 cause significant perfornmance degr XELLUSHWS/0FG43
exanple, in FIG 5B for the two neighboring cells formed by fento
nodes 510A and 510B, high RoT caused by access term nal 520D at fento
node 510A results in performance degradgti on for associated access
termnal 520C. One specific interfering Scenario occurs when nei ghbor
access term nal 520D has bursty uplink UL traffic and exhibits overly
hi gh power levels (e.g., in close proximty) at fento node 510A.
Accor di ngl y[00dd9] nqAshepasahaddé®ydddok 10D, itkodtlofbell Glos-afdooimedGeass
termnal 520D, the RoT at fento node 510A goes above 20dB.

Fur t her nor e termiraDuptkiferknagl leysbiver, vdueit is die totelieagiveasimomer CoMecdatshefsito
(e.qg., CDI\/AZOS‘cg% WCDMA, 1xXEV-DO) is design to conmbat this type of

i nt er f er enc804lEa pll arclospdeicss Torrdionpleaie padsi iy Botym FiclRPHYE SohIRoT,

t he nmechani sm t.ake so ti for. f 0 node 510A to wer contr ol
associ at ed 3%18@%(‘11 erﬁoﬁg’lr&%g?@gg%%e?ldgtgﬁlﬁ%ﬂ%@%ﬁezC?‘h ee‘?"%ers%ﬁc?éz caused
by non-associ ated access term galn) 2200 —Mpappbibe)t he
signal-to-interference ratio (Sl ? of associ ated access term nal 520C
falls bel owgagy) r ed lep¥@intedbeDdki1NY6 it ©OASRCHE: LY 8 PR Blenss £G1$0 ON
the uplink UL from associ ated access term nal 520C to honme fento node
510A. [0014#e themal misd fzgnrd Ne(ng rdidend eagpuinn filtiR rateivbepitte shipicbady
scenario, one alternative could be to increase the power control step
si ze on t he £Zgpl} wkdinigrfergacapns/ryisedVi gatidronmefineelbagtosidersiams aro

associ at ed access t}grm’ nal 5 However, 37 there are usually. upper

0C. > ¢ C
limits on tREYFHGES %@ﬁfﬁﬁ?}}teﬁwelaméi LId 8; thp aecss tByrpH s eBslnameise &ticon

tandards si h t em.degr.adat | t .
oparat oo at TaryRt e RUSLERBE R PRk SRS PLE tiefE oo 135E M pumria
to control Ghe ReT.i syels t@ﬁniﬂd??arta%ﬂ‘él%d,%ﬁ#&&xa&g@;ﬁ%rdln iRkt ©

prevent an abrupt junp In RoT due to su increase In Imterference
created by napulassgohed @R)INEESSnIBE AB Aahsin( BhdmaximneiIfPsdORER among
created by non-associ ated access term nal 520D at fento node 510A),
t he noi se f aguesseteidkinda forlyéronmibie &aste dodr istihtheir ectiiewedcan ibgrapreszadhade
attenuat ed by adding sone pafh less (PL) conpone e uplink UL.
However, such an operat imii—scﬂgygaf:qr mestaat .F‘Fﬁh&;grﬁf‘g&ﬁ}oﬁe
experiencing high |evels of\ Mith/f éfelEs 8t exami:&) iln t he
scenario showmn in FIG 5B, if both fento node 510A and fento node
510B i ncr ea$®ifhe noirsprefentpdrby biiekdi 2@ tthesigrad tomoilyratitof thawet-affelint |,
the result is Jarger uplink UL transmt power |evels for both access
terminal s 550¢vahBteteass laveliag argd ths Sigpnal meisy figueeuYa) arpeompuied. Row®
probl em occurri at fent.o node, 51 is. not renedied. [00Q144]_ .
rcoor i ng. ¢ ek Eeisn S b BingeiersE b S b Foisie sedefls 1 iteni g
RoT, fento ¢ ' 80, j | Se
figure NF o%ﬂg’tﬁ%eg% atn %éﬁ&%le rﬁgh%lpf‘%%? Sd&mﬁ{oaﬁnhoc}{gs%%lgﬁég;ﬂ#%f%ep%aﬂi gh
RoT, fento pgadeiafed QB ckdtefMBalPsigRaNs-nsBORARLIE b&SRsiduals! noi se
figures NFs constant as |ong as—H‘r?-y—are not experiencing high |levels
of out-of-cell interference. Th MJ@};DQ%%@‘OW ded to adjust the
noi se figure NF or attenuation tr)t/her e | Nk | evel of
out-of-cell interference at a particular fento node. According to an
exenpl ary emdazremts epesameddgibhgpki INREtheseasaeirtteveiotiedfast interference
comuni cation system RoT at a given tine slot n can be expressed as

RoT(n) = [ bexond Yhe gligied (targri @rmpent weh vhiph thedommunication 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:



lor(n) =Ec (n) ielnCell where Eci is the total received energy per
user i. 38 [001451Wth initial reference to FIGS. 11A-11B, FIGS.
11A- 11B dewaeéobe7oaionet hod for interference managenent POT@SWI0s/Ed4RSS
comuni cati on system usi ng adaptive noise figure and path | oss
adjustnment to adaptively adjust path loss for controlling RoT. It is
noted that the adjustnent factor can be @pplied either to uplink UL
attenuation or the noise figure NF of t A fermto node. [ 00146] As
represented by query 1104, the operations described herein may occur
periodically, such as upon t he occurrence of a subsequent tinme slot

n. By way of exanple, C% )é“s 5°th Em(f’!?f "E?Aﬁ'o‘?c? r10 may perform
pt ovi-

the foll ow ng nethod to i nt er eneng agerreﬂ a
comuni cati on system As represented by bI ock 1104, vari ous signal s

are neasur egifmigk 08V lfova ehreHIRUESN: ¢ §rag)@§hafvsr@ahé YniBSfHUBPr esent ed by
bl ock 1106, a thermal noise figure: is measured at the fento

node 510. TH®1E3er malrepreicaed by dlock 1N, e dxsest browaiof direat-of-cdlheceived
thermal noise including the fento node noise figure (NF). [001471As
r epr esent ed igrisinge kevell/og exeest eandic oxprsedcded signal strength Jo(n) is

nmeasured. The total received signal fog@gah lo(n) is the total
j%%@?

recei ved power received at tlhe_&eatse tém _alitgeti r el ess devi ces
for whomfemo node is i n their acti and from all vvi rel ess

devi ces for om fem e in their active set.
r epr esent ed "By @8&6 tlﬂrﬁé‘ Cﬁ}oééf"fge(%%’é‘lﬁctp%&‘%ﬁ Oéélgess term nal)

interfer encg)é)llg%/]el A(s T Qres\@hkg 1%}01% pﬁSt é)r;[ e‘?l oun‘ta’ &dd%o p\/\%r e(f’ﬁ' ch t) at

the fcno n roma W rel'edeevitees e s

their activepfleds fosoecéﬁﬁrﬁ)éﬂit@gomﬂ_th@d CQMH&%tédQn%ﬁJck 1159, &l BRARSAE path

| evel can be expressed
loss adjustments are determmed. The candidate adjustments can be expressed as:
PL _cand, = Ior_excess

PL cand, = 0 02 EcpNt _excess
- EcpNtbased _PL _step ,0< EcpNt _excess

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 foc values exceeding a high threshold.

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

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

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



bor(n)=Eci (n) far:Cell [00148] As represented by block 1110, a
received pilot chip energy Ecp(n) to interference and noise Nt (n)
ratio i s MEASUPEIMHAt om al | wirel ess devices for whom t RETUSARIS/ 0HG e
is in their active set. 39 [00149] As represented by block 1114, the
out-of-cell (non-associated access termnal) interference |evel Joe ,
which is the total received power receiyed at the fento node fromall
w rel ess devices for whomfento node is not in their active set, is
conput ed. The conputed out-of-cell interference |evel can be
expressed as: /oc(n)= 10(n)- lor(n)- No(n) [00150] As represented by
bl ock 1116 {0M58keceisepresmutedan bloek I 132ntenhpopnae phtk @k (RIO atifag) thetaral
noi se figure No(n) ratio and maxinmum filtered received pilot chip
ener gy Ecp( applied apemrding tor thaoppep padlowei path Mis¢ ). adjastmentdimoitegionnexpedsbed
access termnals are conputed. As represented by block 1118, the
access ternfhal signal-to-ngjise ratio neasured as the received pil ot
chip energy Ecp(n) to interfef@né@bndingdisd Nexa) ratio for all
in-cell access termnals are filpRugdstiy- rByudfs: exanpl e, according

to infinite inpulse responsg_(4}R) filtering in the dB domain. The
maxi mum filtered val ue amnegsegf::@s%an_ e?ﬁ{r nals for whomthe fento node
is in their active set can be exPredBetr)asPL raxrd EcP(n))

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

[00156] Asrepresented in block 1134, the uplink UL attenuation (or noise figure) is
increased 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 geometries. Thus, femto node 510B may communicate with
associated access terminal 520D during a period that femto node 510A is silent.
Similarly, associated access terminal 520C may communicate with femto node 510A
during a period where non-associated access terminal 520D is scheduled by femto node
510A to be silent. Such methods of synchronization and scheduling approaches find
application to systems that permit time division scheduling, such as IxXEVDO. By way
of example, since the 1XEVDO control channels are time multiplexed, neighbor femto
nodes 510 can be organized to use time re-usc of these control channcls.

[00159}] However, as discussed next, this does not work with air interface

technologies that do not permit operation with scheduling and time division



max[( filter ein-cell access tainals Ecpl(n) N (n) N i(n) ]
1001511As represented by bl ock 1120, the signal-to-noise ratio of the
out - of - celWO0 2009/07061¢ PCT/US2008/084743
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multiplexing, for example, technologies that use CDM control channels, including, for
example, IxRTT, WCDMA and HSPA. Design details for sub-frame time reuse are
described in detail in embodiments below.

[00160] In one exemplary embodiment, sub-frame time reuse is applicable to
technologies where hybrid time reuse cannot be applied. In many cellular technologies
such as cdma2000 and WCDMA, the base station transmits a continuous pilot and other
CDM control channels (e.g., synch, paging and broadcast, 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.e., during gated off periods no
FL traffic is transmitted). At non-associated access terminal 520D, the carrier-to-
interference ratio, C/1, for transmissions from femto node 510B improves dramatically
during the period that femto node 510A is gated off, permitting acquisition of the pilot
and synch channels from femto node 510B at access terminal 520D, in spite of the
highly negative geometry at access terminal 520D.

[00163] In one exemplary embodiment, these gated on-off periods are scheduled to
be non-overlapping. Thus, femto node 510A and femto node 510B can use non-
overlapping sub-frames {or power-control groups). In one exemplary embodiment, by

gating off (i.e., not transmitting any FL traffic) a fraction 1/2, 2/3 or 3/4 of the sub-



received interference | evel be and the thermal noise figure No(n) are
conputed. The signal-to-noise ratio is also further filtered, by way
of exanpl &0 aW8BTEINNg to finite inpul se response (FlIR) PCITAUSZIOR/PEG743N
the dB domain. The conputed out-of-cell (non-associated access
termnal) signal-to-noise ratio can be expressed as: ( (loc(n) -
filter Joe(n)\ No(n)\No(n) [00152] As rg@resented by bl ock 1122, the
excessi ve received out-of-cell interference beyond the all owed
(target) amount with which the comuni cation systemcan reliably
operate and the nmaxi mum excessive received pilot chip energy to

i nt erferenc@amdy faod:aplaatitinAd®RPNi onRGlatterAGTSSS drelf b8k Sreafe@. If the

determ ned. As represented by bl ock 1124, the excess anount for

recei ved pi bt aptioperbersl dpyniteds have evffieiceneduraiacn firgelot adquaitears bell as

expressed acsie::coding 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 addifion 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 cach 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 scquences (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, cach femto node 510 selects one of the gating

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



with the above all owed threshold EcpNt _target having the units of
dB. [00153] As represented by block 1126, the excess anount of the
out - of - celwWor¢e870s8d i nterference | evel | oc _excess carChasecpoegsed
as: Joe excess =( loc(n)) Joe _target \No(n) with the above all owed
threshold | oc_target having the units of dB. [00154] As represented
in block 1128, an amount of additi onal Qgth | oss (PL_adj ust) that
needs to be applied is conputed. As represented in block 1130, the
candi date path | oss adjustnments are determ ned. The candi date

adj ustments can be expressed as: PL _cand = lor _excess 0,0 Ecpht

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

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



EcpNt based PL step ,0 < EcpNt _excess PL _cand 3 = PL_cand(n -1) -
PL step _down PL_cand = max(PL_cand FL _cand "
PL cand 3YORM§ATMEIng det ernmi ni ng the candi dat e adj ust REMUSBAOTZII

t he candi date val ues nay be based upon various characteristics or
rules. By way of exanple, various points can be expressed as: (1) FL
candi and PL_cand2 are designed to quickly adjust the PL based on

hi gh Ecp/ Nt or /oe, values exceeding a high threshold. (2) In case
both Ecp/ Nt and The are below allowed |imts, PL cand 3 is designed
to slowy reduce (decay) PL such that it won't be unnecessarily high.
(3) If ther ¢00130jonlAs romescacilibylorkel2 14,nhd hid-Rahd déheing (Prybd @) power
reason to directly limt ioc since RoT control mnechanisns already can
control thecqwml fesdleick pBided ytecasatseminhey20Drtefemionoda b {0 indicates which
user in the system foe target, can be set to a very |arge value. 41
[00155] As PepiaRenttdpes@itsd dykinerigong peghbys Sesisr Mﬁéeﬂaét #ic|g8igd on and

(PL_ad] ust) 530 2. ARPLEC BG0LH! 00,10 LHSURRRG. RSkid IR S B i8S
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 cight sub-frames
out of sixteen are gated off, there may be beneficial reasons for selecting alternating
sub-frames to be gated off and gated on.

[00172] In another exemplary embodiment, gating sequence selection may apply
different considerations for deployments where neighbor femto nodes 510 are not
synchronized. Such considerations may exist, for example, when WCDMA femto
nodes 510 are not synchronized. In one exemplary embodiment of non-synchronized
femto nodes 510, instead of alternate on-off gated subframes, it may be beneficial to
have all or many of the gated-off subframes be contiguous, as well as all or many of the
gated-on subframes. For example, in the case of a WCDMA system with fifteen
subframes over 10 ms, or thirty subframes over 20 ms, a beneficial method may be for

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



If (PL_cand > PL_adjust_ max ) PLculjust(n), PL_adjust_ nmax elseif
(PL_cand > 0) PL_adjust(n)= PL_cand clscif (PL_cand 0) PLadjust(n)= 0
[ 00156] AsVeeyredstt ed in bl ock 1134, the uplink UL at tPER(ISBRIOBHSI(45r
noi se figure) is increased by PL adjust(n). It is noted that in an
actual inplenentation, hardware |imtations may require quantization
of PL_adjust(n) to the closest possible,getting. [00157] Referring now
to FIG 12 and with further reference to FIGS. 5A-5B, operations
relating to the use of subfrane tinme reuse to address jamm ng and
negative geonetries will be described in nore detail. The present
exenpl ary entauowrdubiisass. ekdindsly anthapPRmaiftitnetl the Faaioaiiide Sa0iiap Gate
and address janmm ng and negative geonetries using subfranme tine
reuse. [ 00158] sixtecropentigrneyspivhfiymenhiotligere ron, fouftecancaitipudustsebframes out of
permts tinme division nmultiplexing, transm ssions can be scheduled in

such a nmanndfrtasBignesi ni nate ti me periods with negative geonetries.

520D dur ng (g  d ALEe FETRY Lo it SRE Fefipd RS e

associ at ed %&gﬁ%@@ﬁ%ﬂ%k e iy gf%ﬁg‘?i‘dﬂéscffoec%gpreégg‘g&teﬂo??Eilgtla%
I's

during a perio €re non-associ ated access termn

schedul ed byvérBeHdOchBARE trad@dsdichsBthcdl th@Blare RY edbeIRERRHSIs Absociated, and to
synchroni zati on and schedul i ng approaches find application to systens

that perm t furh e pdotvandiooarhsahednbdlsyprioditelly agl/draEVEX) 0By oweyordf at times
exanpl e, since the | xEVDO control channels are time nultipl exed,

nei ghbor f emthen agsdeigted pocasaitribmalsr YArire experied us be stamingdonthe foita hake
cont rol channgl s. [00159] However, as discussed next, this does not
work with aPtlinterface

[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
communicatc with femto node 510A during a period where access terminal 520D is
scheduled by femto node 510B to not transmit.
[00176] In an exemplary embodiment of a hybrid time reuse method, a downlink DL
transmission is divided into three separate groups in time:

1. Synchronous Control Channel (SCC) transmission period

2. Limited HARQ Interlace Tx. Period

3. Unlimited HARQ Interlace Tx, Period



technol ogi es that do not permt operation with scheduling and tine
division 42 nultiplexing, for exanple, technologies that use CDM
control chemp®pPAg7éincl udi ng, for exanple, 1 xRTT, WCDMRCHNG2U4SMAT43
Design details for sub-frane tine reuse are described in detail in
enbodi ments bel ow. [00160] In one exenplary enbodi nent, sub-frane
time reuse is applicable to technologie§7mhere hybrid tine reuse
cannot be applied. In many cellul ar technol ogi es such as cdna2000 and
WCDMA, the base station transmits a continuous pilot and ot her CDM
control channels (e.g., synch, paging and broadcast, etc.) which the
access ternjomly useGl 0B idustArdsedry efdmpath p@sasinki DL délng inbiublingl three
scanni ng and acqui sition, idle node tracking and channel estimation.
Thi s cont i ndidfesent tienesperiedd duvingfeaph bptchmndusoscatrhecunod 48G€E) sydie period of
fento nodes may result in the above described downlink janmm ng, even

when there 736 HEcaaty- Vo ope gremplag: crptipdipennbased quogns taring of dle resources

Tt ons grere B HARY Pese nBow st G RES trtudrietned. As
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si Xt een pOVRYrfeQi tdnth cBHRIR S0 (ﬁ%%' do 16k d2BEridnke REGFct KM Rfer hBBhbor
pilot signal, a fraction of the pilot and overhead channel

transm ssi ofenits ngdssedt 0006, cdDORMA] ndlict S3lee@faciringe fémtoFdhénncd Biffck@ftian
node 510A, transmtting to associ ated access term nals 520A-C,

transmts stiechmeighbedfehtameds §i0)elf thade isi myingafeedco frbmpendighidor fontBlnode,
traffic is transm tted). At non-associ ated access ternm nal 520D, the
carrier -t oi Rvdefeme shangels gin additog fo theiignarg A shanngthop ke gsaddyeone

510B i nproves dranmati.cally, during th erjod that. fe .node 510A is
cated off - GEPRIPH HY: desiel profhepTehEnbRiEr D a b PHE P Ha aregucon
fromfento pode. AlIB.@ access termnal 520D, in spite of the highly
negati ve geonetry at access termnal 520D. [00163] In one exenplary

enbodi ment, [60188E ORiethitod r@EEnRab FRYS 4ArRs Saiegvibedh £0thB& for interference
non-overl appi ng. Thus, fento node 510A and fento node 510B can use

non- over | appiangeesieht fin amesiréless pommunicatiinr @Ystgh Oy .hybrid ot@e reuse, in

exenpl ary enbodi nent, by gating off (i.e., not transmtting any FL

traffic) a figcoedanemwith 2n expnplay embadigknt He rsprigsented Dy block 1402, at the initial
power up or other synchronization of a femto node 510, the femto node 510 performs
time synchronization with the macro cell network (e.g., macro cell access node 560).
As represented by block 1404, during time synchronization with the macro cell access
node 560, the femto node 510 measures secondary synchronization channel (SCC)
offsets (MSCCO) used by the macro cell access node 560 and neighboring femto nodes
510. Bascd on the mcasurcment, the femto node 510 identifies a preferred HARQ
interlace with the least interference, as represented by block 1406. A preferred slot
offset (PSO) is defined from the identified preferred HARQ interlace.
[00179]  As represented in block 1408, a primary femto channel is selected. By way
of example, on exemplary selection process may follow the following algorithm:

If mod(PSO-MSCCO,4) = | then Femto Chn. 1 is picked as primary Femto
Channel



frames, for exanple, a time division reuse pattern of 2, 3 or 4 may
be created. If the pilot and overhead channels have sufficient

r edundancy¥O POt acquisition as well as decodi ng SCTURBRE+ead
channel s, this would have an inpact of 3-6 dB, for exanple, on the

| i nk budget of the pilot and overhead channels. However, this can be
easi |y conpensated by increasing the trggsmt power of the fento node
510, since in the fento node 510 depl oynent, the arrangenents are not
limted by transmt power. [00164] In addition to the pilot and

over head channels, the sane gating nethod nmay al so be applied to the
voi ce or data chHned(PEOaVISATES)oNS. them Feme Exenpliapickeirhodiinent Ferhiae
fento node 510 gates a fraction of each frame transm ssion off. If,
for exanple, theChsmmekion (e.g., 1/2) that is turned off is |esser
than the channel _coding rate used for that transm ssion, for exanple,
in cdnma2000 for erIHOCF(PgQ'M@f:@Qa@a:T:I%e‘PeIE Famin{Cha; dis pickedhay prisaryakemto
standard format &E%%) uses a rate 1/4 convol utional code, the access
term nal 520 wil elable to decode t he packet, even though half of

the packet ”answha%ic%m,mg{%gaﬁgag}{e d@&n‘%}é@in%%xﬂ@lﬁ‘.ecesa ty of

knowi ng these geonetries an C i ng these non-overl appi ng gated
of f times, {jmaspol Icnet TemRhBRlY Se deREhIASE ek RIIBY §1¥ mapMAhOS:t 88ffic
address janmm ng and negative geonetries using subfrane tinme reuse.
[00165] Wt n ihaidbivalink @beraedh i)t drérdsflissibBs b Fémto hddaeH Orardeded o reduce
exenpl ary enbodi ment for interference managenent in a wreless
communi cat i gver&yegce nwitts inrgros edf framamissions andusther fAmte epde Semnuishidng. A
bl ock 1202, .gati ng sequences (or patterns) are identified with each
gati ng sequéer’i’&té “@g? [rRRyIggston W%@C@fah%‘ff FarinsypFo gl bijRmEpion periedin SCC

trol qr P . i .of 5/ 16 I ght
Do oo e R ST AR B B SRl
be chosen i 'ihté&’a%@tr@ns‘ﬁ@é@iﬁﬁ%ehgdmré‘&lé&&ﬁedtb@%w?r035‘ correl ati on between

pairs of gating sequences frompotentially interfering fento nodes
510. As repr@Easnt echsbyephisaakd 12 Mockedrln heimaethnegeeftOosplects anscof
t he gati ng sequences. /Elthough the fenmto node 510 may attenpt to
choose a gatramgnissagueniod [B0Ats defided & thobeginnérd afpcm§CARicktic n@d4fehpr256
fent o nodes, general selection does not necessarily result in a

non- over | apploi tad loanigmymipsion ghwe ek, offshic(c @x gl 133 slpteofisaetyrii cycle). In
provi des a nmechani sm such . that a non-overl i at i uence can
be i dentif i 80° SFPaY sapadme bé‘!%‘f]lbﬂ%“qdédsggégﬁ% f%éﬁqﬁﬁig%egfééﬂf*%@

access term . i S AV n ion with a fento
node 510. r}\lﬂ‘?iaé: g%%esfglsr%cgaétﬁ%algﬁ "‘ingﬁf)ﬁ'éktfﬂgedgsgoﬁ r?gfg%ti on, the access
termnal S52¢h@geyi WH@\{{'{? astkriacB &YitS HRI a4 oW b (bEOT WBhe hddek9io
power control feedback allTowng the fento node 5101 to select a
desi red nonteangiitsafECnéhfgatating Taguemses rdlABL6GhnshRSain bf alohitolabighnasl
represented in block 1208, fento node 510B transmts a series of
frames on, fdemestiamshe enablaasmciatidceceh darmalals 520t therand-oess! haadmiuhfibm
520D with all power control groups (PCGs) gated on. As represented by
bl ock 1210, fantaceda Spbi &WP&&HR‘SG{I‘@WC@F OA GOR T pitish sletepffsstsn fraeo Hgdoy

usi ng. sub. £ PURAS 6o PR aekAeraLes Caes DGR, B B 2 hep ook e

interference; . _ I J

tr o ol ofiepy T A ERFnePL MIRaI RLEATE Ikt LSRN BGeA B Rk hoge sC
access ter miamiSADON thésealct 0ods ar ¥R i8R P 85 wSIHIRSBL pofeSiHREEPRIB Pilot
where no interference from nei ghbor fento node 520A i S observed when
nei ghbor f eahdMaalehanddlAso haghtsedhafnblsdut bpegatt badcessfubset  of
subfranmes. [00169] During the subfrants in which fcnto node 510A is
gated on, t heD183kes’ss repnesantedlin 5RO 142 andobigierefasence & Fi6k ddpdueingladunited

Eb/ No. As r%)rese_nt ed b)[/ bl ock 1212, the downli nk Gfo_rvvard i nk .
ARQ 1nterlace transmission period, the femto node 510 is allowed to fransmit

downlink (forward link) traffic on the HARQ interlace of PSO and delay sensitive



45 [00170] As represented by block 1214, the sub-frane downlink
(forward |ink) power control feedback provided by access term nal
520D t o f & YoHEWe10510B i ndi cates whi ch sub-franes at PEENSHI$ STy
interfering nei ghbor fento node 510A are gated on and which are gated
of f. Accordingly, such an indication allows fento node 510B to sel ect
a gating sequence (pattern) that is nonzgverlapping (conplenentary)
with the gating sequence (pattern) chosen and in use by interfering
nei ghbor fento node 510A. The exenpl ary enbodi nent finds application
for the gating sequence (pattern) chosen by interfering neighboring
fent o node GAMA.is [gDRA Abjollde peivdin gvarrbektheffarnphfire NWad i rofrdne€ ik 81©9Y3,
ot her considerations may further determ ne the types of gating
sequences (paittdHARQ beslace sl sfior parvd givuo- tramamissiga toppeytunéy Hoi cask.
Furt hernore, since |egacy access termpals are unaware of the gating
bei ng done &P HOdeiSRrRrhelr sywiivE ATk XSuchtaseY Olopis) diors b saloreipo

be applied to include choosin ating.se (patterns) that . ..
bt of Sper se SABNFE: T o aP o F g TR b Bien eBRhis g psiag. i
Such a consj 1906 r i i i .
channel est#egg%s?égn anmléﬁ%gﬁﬁéfga@ %%/ac%g g\ggkgggg é%ﬁ%%&ﬁétlﬁ%g Tn
use by the (@08CHaRACASS cIBpbRYackel BiRs sElas@XBMUsEr pdcRetASTRT 8 WEHA
ei ght sub-frames out of sixteen are gated off, there may be

benefici al oceamtthsisdropacke! @EUPNQr abe/81 00 4bas suly- e atilgedt (@inkikar gatiERIC
off and gated on. [00172] In another exenplary enbodi ment, gating
sequence sefrédire onappng)- apply different considerations for depl oyments
wher e nei ghbor fcnto nodes 510 are _not synchroni zed,  ,Suc

: : .Such
consi der at i 484y [ onesexempiry ghadiment, GRRRlinkcinr arklinls thidiedes pyo dee
not synchropjzed. In xenpl ar | rent _of .ngn-synchroni.ze
femto nodesg%Ile,lmidn%q g%g{(gfmtgﬁ?cg r%faf[geggj-‘ gﬁfona aef@&gm rEFEROG 9%9
be benefi ci : : = 0f f :
cont 1 guous, 4" oL RELE b FoMREKs QL IE AL Rl ao SR ATENRE During
exanpl e, | NHARE) Gas@acel o oMbt SYFEeRMfMhtbnddeed Bt &b&ﬂﬁmr@g @4ailink O
nms, or thirty subframes over 20 ns, a beneficial nethod nmay be for
each fento (foderdlitk)itaffaltemeotfuse) neceont frgtiousf dfwitling (forddrdéink) power
subframes and gate on six 46 contiguous subfranmes. Alternately,

using a 20 pah Heradlppated heilpemdMAGFbaBEl fanspcepasiul eferation gf diese channels.
conti guous angs and gate. op foyrteen, contiquous subfranes aqut of
thirty subf FTRg "%orfm%ﬁedam @Pﬁ%ﬁéﬁﬁ&eﬁmiﬁk {P%%fﬁ%dﬁon%%ﬁ- S, gereg an
met hods to S JS :Si tion and inprove d Lin i nvol v
fenmo nodes%g%&?oﬁtﬁrﬁg@r@%ﬁ #g té%‘tsré&g P ]fol IIog’_[ ﬁlaenp\{\nﬁc%)?/enf} E%adbc aérflﬁg & 1o
transm ssi opgnieBol A1 BIkEFENRrd AnlBCESRS dnelIMbN@leSHofs SR @ lifbilac@ Al fe
turn on pilot and overhead channéls periodically and/or at very |ow
power only Bégitdifesf Wreperkds acwAimkd(facaesd Snkefrisia fova?Qadle @xpedugd
to be scanning for the fento node 510.

slowly to let the access terminal rate predictor to ramp up. In one exemplary

cmbodiment, to further increase the ramp-up of DRC values, DRC length of 1 slot
should be used. Due to conservative predictor behavior, if null DRC is requested by the
mobile at the beginning of unlimited HARQ interlace transmission period, femto node
510 can transmit compatible packet types (multi use packet or 38.4kbps single user
packet). Also, femto node downlink (forward link) scheduler can keep track of
previously requested DRC values and maintain DRC values from last transmission
periods and HARQ 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
addr ess | aWORMNgHOAR negati ve geonetries will be descri [ReEd/USR00a084543
detail. The present exenplary enbodi nent uses nethods and appar at us
to prevent jamm ng and address jamr ng and negative geonetries using
hybrid tinme reuse techniques. [00175] Iﬁgan exenpl ary enbodi ment, if
an air interface permts tinme division I tiplexing (such as

| XEV-D0), then transm ssions may be schedul ed in such a manner as to
elimnate tine periods with negative geonetries. Thus, fent o node
510B can comussr atiheachingdSis@sih ata§ e McoffPatt € NaddeI20Da deiitd)g a
peri od when femo node 510A is not transmtting. Simlarly,

associ at ed aspkymgtericin@npdbROE foayorommivatingatich atildakt dne wther nadde FHG0A
during a period where access term nal 520D is schedul ed by fento node
510B to not 8 depistiiseverdl sgnmeomppnants dheé mol & ympleyediiorfesititaist a hybri d
time reuse nethod, a downlink DL trapsm ssion_is divided jnto three
separate gr S%Q“P‘ﬁaffqnﬂﬁfwefn ngdse f‘?’PB‘ﬁg%lyCﬂ@ Aol L@Wétﬁh%}"“r?% evice 1510

t i SSi ' L ted . [.nt Tx. Period.3 limi. t.ed
R0 i or | el T el oobh S RO M0 (Se ety oA iIRIb®

N AN . RPN
Qur i ng each e e e o L En o O K el O R 0%

time slots. filoh Dida SEEIISAL Yo £HRGHINETK " RR&Eesto3sdrilP® sharing of the
resources during "unlimted HARQ interlace," there are three

di f ferent f ¢Mtl87chdnnehsagetts, mech datsstobesds irbeschiftar! over eredpdctive trimtogtr |
it is desired that neighboring fento nodes 510 pick different femo

channel s so 2Bt§ge. { ey Xdédntapiocesspyddil ¢ frrmaisngasies, apd igeslepyes theorafBe data for

nei ghbor fent pdes 510 (,i.e., each fento node selects a primry
Femo. channBl iy WeuADats i S NAGT ghE0s hERt 5 o o518 (O FHeeRp o
isS no inter C a nei ghbor femo node, nultiple fento
channel s (i %?cgvc?f%ict%fi%{n@ 0 the primary fento channel) can be used by

one fento negpsBlO.THERbA datPlor ORE d@?&%ﬂ@ixﬁhﬁé{%mm&% wRih ;fi‘lloha{é?ef i d

time reuse operation is described below [00178] Wth initia
reference t asikf GFDM techhiGuesl Ahd eetrdabds tygioary badodwdath piteid @aeivce
managenent in a wreless comunication systemusing hybrid tine
reuse, in actwressathie kown namnexandpharhe weabgdhenentiverAgstere pr esientogic by
bl ock 1402, at the initial power up_ or other synchronization of a

femt o node SH¥NNCIREORIdICHyHEPISRG PHEt drarged darkios prdifedfirean isthewi t h
th | | t k . 0. | | . 560) .

Fopr eeont eq IR BRRE 1o papTeRns RekER L pRERMEOGITioR Sohere (e BRSE: o
cel | access 89K {)\J}?-S )g?i &%fo?%%&&%@a%ﬁ@gﬁqg%laﬁon

synchroni zat1 on 'channé sets macro cell

access node sHfol@Mhd\@itORR tddig:, e NeeeSoPddh IBASEEkOMal BE

measurenent, the fcnto node 510 identifies a preferred HARQ interl ace
Wi th the | edsterrhinedby estentiens gsforepd Bse ploeckstryl SB0.08kdatAdBEmor 1532 may
preferred slot offset (PSO is defined fromthe identified preferred
HARQ i nt er | &to#c 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

fol | ow t hav® iop/BTasieg al gorithm If nod( PSO MSCCOB34) = PCTRASHIOFNHT43
Clut 1 is picked as primary Fem o Channel 48 If nod(PSO MSCCO34) = 2
then Fenmto Chit 2 is picked as primary Fento Channel |f

nod( PSO- MSCCC384) = 3 then Fento Chn. 3 i.$ picked as primary Fento
Channel where Chnl, Chn2 and Chn3 are déscribed in Figure 13. [00180]
Once fento channels are determ ned, fento nodes 510 may transmt
traffic in the downlink (forward |ink) Transm ssions by fento nodes

510 are tinmudi1de r edcicearstdiedfopEReeivid dnh phaesses £ Blshectiv @f\aitos Stra@fsto
and other fento node transm ssions. A fento node transm ssion

pr ot ocol f oprovhie onapi mos amslog eigodh,land fiatientasitons freg.| oudific§Glers, and
transm ssion period, limted HARQ interlace transm ssion period, and
unlimted HAFRONV§itseHcRBelog pighdiosgpyae parivated sieaalsadails fo6 frapatigsipn

00181] As ted i | ock 10,and wi.th ref FI G
an SCC t 1 anGHFes BIMpepBT 1 S05or el PR TR0 HAAGBr AT
SCC le 1 . t &S] SCC
of f sg%lc( g. g%%"f?%nﬁga?\sggégﬁ%ﬂ sﬂ%?')teenbgsr ;ﬁé jé%@&%?i?ﬁ hegger?g('gg'grrpl ary
embodi ment, [Gw91S URRRY AR 1386 8he 3R itRH SndiBfatdagth iR SR 0vddARY

interlace: preferred slot offset and non-preferred sl ot offset.
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 Np transceivers 1554 based on a particular receiver
processing technique to provide Ny “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
(discusscd 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 (PSO, fento
node 510 transmts SCC information. This allows reliable transm ssion
of contr olWeRNA61G nf or mati on and enabl es associ at ed X€TEEL008/084743
termnals 520 to hand-in and hand-out fromfcnto node 510. During
HARQ i nterl aces on non preferred slot offsets, fcmo nodes 510 do not
transmt any downlink (forward |ink) tr%fic (DTX FL transm ssion) so
that mnimminterference is caused to néi 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 chatii@leg bgar tapedeiicss BYeaemshigd | 364R[ HILBIImAGd Hegk B3Nt ed
in block 1412 and with reference to FIG 13, during a limted HARQ
interlace tdavissri¥9i on period, the femto node 510 is allowed to
transmt downlink (forward link) traffic on the HARQ interl ace of PSO

. ) ) ! :
and del ay séMyPf} vert thodevicsloi @ thamgidulead siprady fiem therdegice S Gure recpived
effort traffic. Wth reference to Fl 13, limted HARQ interlace
transm ssi oﬁ'?yglﬁﬁnf)ean%ﬁ \%@g’ @n ’1118?1%3’5@? H?f‘%ﬂ%ﬁ%’ f“cifn%at B f ent o
node so tha bk naffi . nQ
node 50, L habeHEh MioSEREMONS, LRI G LRUERAE LR, Bbsdor 28R IRt
interlace t &m@mrmrﬂmn&@;gg%nsme& SRR DRY. iThe Prckusot 1430 1Rdnnal €
user packet type of 38.4 Kbps may be used. If DRCis null or erased,
t hen conpat idbleanipackieith pyepedinguedii-a® B figldetettiaimgnAC Kain-fobdi) weights
38. 4kbps or nulti user packet (MJP) of 256151211024bits may be
utilized (sitheinipagcessos DRExwactssiumessageppi ng) . [00184] I n one exenpl ary
enbodi ment, downlink (forward I|i nk%{gtraffi c may al so be transmtted

on HARQ i nt é00188k SiOnECRey ilpprassdhat thsserpppicatin copRRBENtH gay diplusic one
des 510 this | | Il (i.e., no.protecti i nst

ot erf or onc 8} OB RATHS AR arE o e Feneo b vartaidi ot Bl Moot
Lete i} Lo ! : .

o) none P S g A Ll e

al located t grde'bésalt 130AnMBCotBhidRApbacrkOf tBUGS ARSI Ub (ORRI/ACEQR sighal} hese
channels. [00185] As represented in block 1414 and wth reference to

FIG 13, duré/frgmanothed devict €elg HARGe I35@rdsanght lieagis b s acly, enicefdrentche
femto node 510 is allowed to transmt downlink (forward link) traffic
on all of tKeutredgempaRD | 3L erdyaeercratawithike yeepissonil AY) ofd/arletheper i od,

downlink (forward |i po slowy to et

tr 1t b d !
the access CEFRAMITAL q?ﬁ%eéie%%g &Sﬁ[’n g Pel%ﬁf%?eg%lg}’glsrt%%gh@%ﬁ%ﬁw%@r(y-g.,
ST e o A 6 T T B RS W F,

of 1 slot shou e’‘used. 0 conserv or,

nul | DRC i s af,RANRIELEE 1RY of BRwdBihd &es@ﬁbéd%%m?ﬁ%n%%ﬂ%eﬁ&oﬂ@é& IER % ﬁggle

HARQ i nterl ace transm ssion period, fento n can trans

conpati bl e pagk&tent. L ex{rifl,tl sigSEprBaskiat c@fipodatdkBNSowtd HeFurtEiBhality
packet). Also, fento node downlink (forward %i nk) schedul er can keep
track of preVihoustyeremguest@dobDRGional i9dsind e medesdoail SBIDRA awalgles from
| ast transm ssion periods and HARQ early term nation statistics to
deci de on WHEXCCHERSOMRORA! Bak PRy idsdioaetianplinet hegntedemigedonsolo. 50

component 1592 and the processor 1570.

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

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



[ 00186] The teachings herein may be incorporated into a node (e.g., a
devi ce) enploying various conmponents for communicating with at | east
one ot her Wodw/0mp® 15 depi cts several sanpl e conponeRCEUSHAS/0SIRIE be
enpl oyed to facilitate conmuni cati on between nodes. Specifically,

FIG 15 illustrates a wirel ess device 1510 (e.g., an access point)
and a wirel ess device 1550 (e.g., an aceess termnal) of a MM
system 1500. At the device 1510, traffic data for a nunber of data
streans is provided froma data source 1512 to a transmt ("TX") data
processor 1514. [00187] In sone aspects, each data streamis

transm t t edfedingettRsRels i C@letDiaRBAIMulapt &bas (TIBVAX) datethsPMARBESOr
1514 formats, codes, and interleaves the traffic data for each data
stream bas ed‘dmnr @DMA& (IMGCBMAGdWdebaich€d 4 EVe CildAP D Higlhced bcket
streamto pr ovi de coded data. [00188] The coded data for each data

stlreamdmay Becasr(’ ﬁSS:AF ‘Q@SEI\QMBSWQ%% HﬁQQi%@mMUGPMQCé&S{HTQ@{g%”) The
Phown manner s Rt Bidioui e sl CEBMA Souiiind Sl harer t he
channel 1 espaipe “g,ﬂ“ﬁ? »@gﬁ e%eemﬁ%%q% ﬁﬂ@; ggﬂgw il e &8 gh) data

streamis t ase icul ar
modul ation ?WA( PoyStems Bitther %Rﬁ&e M §|&chﬂiﬁué¥* @Mxel@&l c%ﬁﬁﬁﬁudcdﬂén
that data streamto provi de nodul ation symbols. The data rate,

codi ng, andsysesiutmapiogng tiertcamhs datia nsdyreamipmyd tb&nﬂ%@rﬁtrﬂnﬂﬁﬂmbbé
instructions perfornmed by a processor 1530. A data nenory 1532 may

st ore progr siandotiesucias B-9arndmal(08y IS-§feo WrEDIMA, TIBSTEDMA, ihdothencessor
1530 or other conmponents of the device 1510. [00189] The nodul ation
synbol s for¢ %favdardfatAaCQM%awoa% @ay REHepeG ¢ F%ﬁéfa’fe@l@w@gmum WO By Gedssor

oronh . "The TR BABES] 03 HERP @%8@23 e Bl o TE o

streans to ”

aspects, ¢ hiHERTRERHY SR Lo N Red P EERA T %ﬁ’@rﬁ%chm%gg%??ﬂv&
the synbol S20d0, 19195 gaf B-SerseanEdana oM AR radk ﬁﬁ?%nf)l'&ﬁh@ﬁt%@lﬁ the
symbol is being transmtted. 51 [00190] Each transceiver 1522

recei ves antcpicbegssesasGiobaSystinfer Islyshib@Commmemmdn@ (ESMTYI A rODRDBTA
nore anal og signals, and further conditions (e. anplifies,
filters, anactwpdm%emrée)mmé rmteelgl@qgjwatfsdb‘tliyo d\HTd’eﬂx 6’ EnddBAL), ¢EE

si gnal sui tg&{ e for %ran n.ssi on_over M_MO cha NT nodul at ed
signals fro FadSEEROR e LEED SU2.26, W@ﬂ%ﬂ@let&r @Tﬁﬂf‘e# VB Asaid g

bevi co 1nomeRE of PRNEh (B SR i GRBR ST v IR TG abnifg®
antennas 15580t AG g%ﬁéﬁ@d%‘gﬁiﬁﬁ Lofr ?Exsﬁ?ﬂvcﬁhﬁﬁa(ll’{‘ﬁ’gwrh&[gﬁr&-

antenna 1552 is provi to a respective transceiver

t hrough 1553RbilEBedudbArINSURIB/ B Eysidd4ne 6Me &y p@&NT s{Rorfh. . LTH fsta@biSase of
anplifies, and downconverts) a respective received signal, digitizes
t he conditi OMES thngusat EAGIRok oﬂﬂtﬂm@mheaspeatﬂ of fhadishlesurp nag@ssiesmbétb
samples to prOV|de a correspondi ng "recei ved" synbol stream [00192

A receive (e JORRampolessis rio bspudorsiead thidleq tpechings depingaastreappti

par L oul a1 RGBT R0S 51{948%% rﬁcérapi”&syégﬁo@m%?ﬁ%i TR EREs oo

synbol streﬁgﬁ) R‘gp dlg%gaﬁ%c%n&r %rjt%ﬁgol%gn denodul at es,

dei nt er| eaves, eac 0" streamto recover the

traffic dat ?Ofl% t M %Eiﬁngsll{e?@iﬁrhlair 'B@ iRbPeI& NG é@.gyﬁrgﬁe%tg@%ﬁhm or

processor 60 i's conplenentary to that perforne e TX M MO
processor 1paformed by evafidydetagpit0se $601 nddedyt Iatorhd@spelay iacedd &1L, a
[ 00193] A processor 1570 periodically determ nes which pre-coding
matrix to usecisi mdasisginpakaih acchiianpr witk §®drachiBZOhdrein malyabegrise an

reverse |link nessage conprising a matri x i ndex portion and a rank
access pom or an access terminal.



[ 00194] The reverse |ink nmessage nmay conprise various types of
information regarding the comunication |ink and/or the received data
stream THEOREATEE0 | i nk nessage is then processed by @CTHSAWBA84743
processor 1538, which also receives traffic data for a nunber of data
streans froma data source 1536, nodul ated by a nodul ator 1580, 52
condi tioned by the transceivers 1554A through 1554R and transmtted
back to the device 1510. 1001951 At the “device 1510, the nodul ated
signals fromthe device 1550 are received by the antennas 1524,
conditioned by the transceivers 1522, denodul ated by a denodul at or
("DEMOD') 1fv99pndropeanessad abitsatciindlahay @haeies valimplethentt@ag st r act
the reverse link nessage transmtted by the device 1550. The
processor 1580wn hemcdeugmmintassubderioér sptioa caodibsmyibamtmit, x mobileistetidnon
determ ning the beamform ng weights then processes the extracted
message. [ OBWH8F: apn@iellewd%asfémp'mswél@%aﬂtré@o{gﬁmnw,@ wehisIRHneat Pesh agent,
conponents cl ude one nor.e co nents that erform

o1 for ench BT & UP PGS HEIPRl GRoe BP ARG g ess opinel

I nt effefenc%g cl)l}lgFE% éeu APt 'ho,? ﬂ?&% tefeﬁﬁ&ggﬁ‘},’esﬁ"%g%a%"oﬁp}%t&!&;the

processor er c npohen

send/ recei ve: ﬁpgq%ﬁ?e td%ife'léamo@ﬂ%éiﬁ(r wWiav @b dq;epboﬂﬁmg%l kSRl as
taught herein imlarly, an interference control conponent 1592 may
cooper at e W'tHDANea pindbeid dovicelimithganisdl ek coiletioncapiiigndrsont otHee

devi ce 1550 to send/receive signals to/from another device (e.qg.,

devi ce 1510juitdbte prhesusing tevigmonessicdtted vitekess foderead beaddivgly conkt Gnoand
1550 the functionality of two or nore of the descrlbed conponent s may
be provi ded2HRECl t%igh‘gireéme 515 R drerrorassd ialesmpiions (%2-s3 syl phase &8 smig

conponent OV|de functjonality of the . terference nt r ol
Comronent 1R Felfhutel fest oL BbiBR &gt Gto gt @nme%saéﬁoﬁ@ﬁ
conmponent hﬁ& n
conponent T%é?&§%§%%ﬁﬁgg§% &ﬁﬁﬁ 5&%f%%Q§§% e§®%g£ éggé%gﬁgc
may be lnCOH@ﬁb@h&Q&b@Eﬂc&%&h@ﬂ&h&%ﬁﬁ§)@%k%@mﬁuﬁkﬁﬁa@9§mﬁﬂé%éﬁ%ran
and/ or system conponents. |In sone aspects, the teachings her ei'n may
be enpl oyedotirr avitablctdepethatic esiigiyst to coeapaizhte vof a sirgpamiddhgn.

comuni cation with nultiple users by sharing the avail abl e system
resources (&@00] hyAmgnsessioping ey Remprisenby enpodmardgdcni eitkinown pan dedeB, an

power, codi interl.eavin and so r exanp the teachin
herei n may gﬁjla ragjo ngwgrk copallg %%’Fb] ﬁgf‘%eéﬁ%‘%f H¥e arﬁopﬁels&%{aﬁg
t echnol ogi e e Di.vi.si-on ) S -

mul ti pl e- Ca?rl er ’dﬁ\%\ : tﬂfﬁ(ﬁﬂw l§erl?\§saéﬁ’an EER}RCG(‘WV\?‘SE%?%k ). a

H gh- Speed Pﬁﬁ%@ﬁefﬁﬁ&ﬁﬁ (THSPAdio tHREARe), aSYRb B8 Rer, albd: sg'dee%laton
NUItlpIe Access ("TDMA") ‘systens, Frequency D vision Miltiple Access
("FDVA") systREIss), abieR@h@dGaryidegtt FEBE) orSemE MR JinSMstRBololy.t hogonal
Frequency Division Miltiple Access ("OFDVA") systens, or ot

mul ti pl e act®91} edhnimeesgpectia nodaleas sin@orepiicta map nomysdcaimaene oydeng

t he teachings herein nmay be designed to inplenent one or nore
st andar ds, SRFHCORENYNGagn sysih 2980 2n |8510885@dcwmm’1 der BECRNAPIcand

ot her st andards et wor k enent a o te hnol o such
as Uni ver salcoﬁ*?f’?‘é‘%y$ %ﬁtoﬁé'awrlﬂ&ec%s%nw © GHgRAYtWor Ei mGFneEg‘yr?e

2000 1 ooriE st R HRE RS, BRI @HWP@]@E@F@% AR
TDVA net wor I Jagird tyahﬁa@cess fodE ﬁﬁ;;fénéb@&i}{%‘éﬂeﬁ?%(des(%!%h aﬁlﬁcc%sq@l%mﬁmt em
for Mobile Cbnnunlcatlons network may i nplenent a

radi o t echnatagya setebrkas s&\lx@ bikedfubliAality EIAAdMKign, it lsfbfid BO@hpiekiatd b
802. 16, | EEE 802.20, Flash-OFDMr), etc. UTRA, E-UTRA, and GSM are
part of Uni vee sabotivbbiht aodte Ineydewariddani, onsoByestasey elatikalEhpn-pditiable.

teachi ngs herein nmay be inplenented in a 3GPP Long Term Evol ution
100202] Iso, 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



[ 00198] The teachings herein may be incorporated into (e.g.,

i npl enented within or perfornmed by) a variety of apparatuses (e.g.,
nodes) . | €WV@YHBOHWSEWect s, a node (e.g., a w rel ess nodePCTHRI0eSEBHTEd
in accordance with the teachings herein nay conprise an access point
or an access termnal. 54 [00199] For exanple, an access term nal
may conprise, be inplenented as, or knogg as user equi pnment, a
subscri ber station, a subscriber unit, & nobile station, a nobile, a
nobi |l e node, a renote station, a renote termnal, a user termnal, a
user agent, a user device, or sone other term nology. In sone

i npl ement at ¢@msctRA). aTINB SSrebetdriand b taRMiGeMRIdissessad ketih wlagrindl@leephone,
a cordl ess tel ephone, a session initiation protocol ("SIP') phone, a
Wi rel ess | oggiroirptgrofinwmicayios ing¢rfaon corapquents 6ngl clditgeal at ossli istedade
("PDA"), a handhel d device having wirel ess connection capability, or
sone ot her SUTROABIE) 1B ICOREREICA Ve IWeVEeAdeedBint 0 a wirel ess nmodem
Accordi ngly ects taught her ei n n%% be. i.ncor por at ed

nto a phon0ghly A WRIEsARRG R ARG S e e hBHE) Mirele SR Bieation
(0.9 2 | 2R0R o8 R FRL SO 60K BN oA DO R en

conputing device (e.g., a perso a assista , an en

devi ce (. OtechrdIdByS iFor SEMHE in fomi MEQ 1A Ir88ss e Map BlsBtikie bBthr-adi 0) ,

a gl obal positioning systéem device, or any other suitable device that
i s confi gur edwbtk. dosImOhgpattetheinatwriningg ceaprisvadbenireh QSR0L] orAnvide a@s S
poi nt may conprise, be inplenmented as, or known as a NodeB, an
eNodeB, a radvorknet w@tksgntcpmawénpr(drm@tbemiae begme ot aoiand a(vaB8ypf a
radi o base station ("RBS'), a base station controller ("BSC'), a base
t r anscei ver VEEISHS GRINunEppgoy technglogigss prefagels, qrgadirdnsych w-thpse ¢squssgd o

servi o ot Mrapedl EohPR Fne R ORBIA, STPRI WiSynd pofBo R TRE.

ST POt SRR ot SR P TR B SRy,

node for a comuni cati o an access node rovi

exanpl e, coml@ghiiot drmfi@plehg themed) CA Yarfekes{ Bodd mayahid id@ud fRrdpehisor k
such as the Internet or a cellular network) via a wired or wreless
comuni cat i compdnakts {og.1 dieinkefaos) ka cshdtidr didrghynunaatecatceror nade wiralgss
enabl e anot her node (e.g., an access termnal) to access a network or
sone ot her fumaviieHEnilnygs udipg the gbavieen othier wispless| cambuinigspereicrolagiashat
one or both_of the nodes nmay be portahle or, in sone cases, .
relatively ﬁ%frﬁ%?{ﬂawg?lefsa%ﬁezaamp@al;lsq  WEHBHIUINIREVAD R 219t #Ed t hat

a wreless . I f . transmiting and/or receiying.
AR D R R N NS AL S
connect | on) genEhists ot £igGLhHELssARMNR AEAARTLSiARLIbRE USRI IR AL,
may i nclude appropriate conmunication interface conponents (e.g.,

el ectrical o204t i qat comp@ichidesceibaPRREnN i) Ye@mplemettad 6ad Giriéiyofavays.
non-w rel ess nedium [00203] A wirel ess node nmay comruni cate via one
or nore w r Bbegsggoihuhi léat?il orpphianisss 14081 1700 1 I94sED0 0000y and 2180 wics e
support any suitable wreless conmunication technol ogy. For exanple,
in some aspE®tscHcdisragicEgsoiiggacing] fupsonsdl hlosksyilp Horac #eedBHR. |1 n sone
aspects the,neLwor. C rise a local area network or a.wide area
mobwor k. A Rt R BB RSB b e e b s RN
of a variet i L el i i,an .t ec LTI o] LS. OF

OF 2 ot oL et LGS S ANENO! SN ASEINOR S8 B i 25 RS Bl
OFDVA, W MAY inflerfiéntedikeh S for @RAmpl Sl Nl ch@fal pbrticdh oMoh&bLSrc RS atTB ¥ircuits
support or otherw se use one or nore of a variety of corresponding
modul ation Qg jan ASI0N.eXks dcwshiciersn, af inkgeled sEanogdey dé hyscésned ude
appropriate conponents (e.g., air interfaces) to establish and

comuni cat esafiverapeheorelated eonionelts 95 seronenmticaion ter¢dfnKhe fisttmpakityet

above or other wireless comunjcation technol ogi es. For exanple, a
these blocks also may be implemented in some other manner as taught herein.



56 [00205] The apparatuses 1600, 1700, 1800, 1900, 2000, and 2100 nmay
i ncl ude one or nore nodul es that may performone or nore of the
functi ons We3eP{OHEE above with regard to various fi gur @€I/USROOSHIMIL3
aspects, one or nore conponents of the interference controller 320 or
the interference controller 322 may provide functionality relating
to, for exanple, a interference receiving/direction means 1602,

i nterference conparing/ determ ni ng/ updati ng neans 1606, overhead
channel power neans 1702, transmt waveform nmeans 1802, channel
quality nmeans 1806, interference determ ning neans 1902, path | oss
means 1906, [@R05ng Heapeinaascsead’s 12002800, @06k 2pad, aed D1 00aansindhbZoncadtd
synchroni zati on/of fset/timng neans 2106. In sone aspects, the
comuni cat i owreoaduled theim@2@riorm pvheocoonewd thedtnaions destrilpid dbova32sgh may
provide functionality relating to, for exanple, transceivVving

(transm tti FREAFEEPIPUIEUHS a fisSOIBOMpectsy oue orrperg compenentsah the migrfgrence
2104. [00206] 1t .sh d be. under st oo h any reference to an el enent
ner e n usi ngPHToUR TA iR RDERSE SR ot a2 B ol S PR el Sl et
does not ge@(ﬁfegllrjn le! d MlekfefdCe &U@gﬁ%ﬂé‘ga{?n%&% 1802, IRQAREL ement s.

Rat her, these desighations nmay erein as a conveni ent nethod
of di sti nguiceMpdithghRicHRRM YAl HBINE 1606 %&h@dd%aﬁd%%%%%aﬁi 188,

el enent. Thus, a reference to first and second el enents does not nean
that only twensbiewentfannmayarbd Se2rphoyediaignreaas 180taintdriveerce d&trmining

el ement nust precede the second el enent in sone manner. Al so, unless
st at ed ot hemgresel %42 snath lops mpangd ABG cating ssampet Bears?80reyso pettesh e1vemst s .
[ 00207] Those. of skil] in th ?rt_mpuld understand that information
and si gnal s 2h&y %@S%%P@%tm@& SEEHAGeARFIDFL 04 Jiapqnes 4PPeAts. dhof f er ent

bommanae)! § R ARt togitah p28 br ¥ B RSt ton kAR RS af R idtay. be
referenced iy QUQH rafting td':}ha&\é@aﬂpl%,ctgneéemsgg&xs&&g@@éﬁﬁ@trﬁ&n?¥604,
vol tages, currents,” el ectromagnetic waves, gnetic Tields™or

particles, opb4, cad4,fioed deonmanpargd, cl es, or any conbi nation thereof
57 [00208] Those of skill would further appreciate that any of the
various il | (@206l i Vveshoolgiteahdédbtook that mydefeesce praocesisnt ssreinasing a
circuits, and algorithmsteps described in connection with the
aspects di sépogugongychiap " Hecondp) adsa et doss sotasnerally bmi dlredwantity
(e.g., a di%it%% i IenFntati n, an anal o L&Ple ntatjon, or a
combi nat i onPbPTIFHY WG S Sh T S %Sf&’g'ﬁ% SHAYMY ST EE éddi ng or
some ot her ' i f ol f ramor i_gn. code
incorporati%%ﬁgﬁ%ﬁﬂﬁ%??%%%hgﬁﬁP%ﬁnggvgﬁgpéﬁggrfg§e¥%gﬁggﬁF%gn$%PfM1

conveni ence gjeflnt. Siub WatRren®E toffirs SRl VRN E RIS fods nd? eGP Laps
of both. To clearly illustrate this interchangeability of hardware

and sof t war eleméats infybeichiplisied dierd/a tBAMROMENY]Ener® kK Feced® thelseond
circuits, and steps have been descri bed above generally in terns of

t hei r funct elsnahi ingomranher Adsge hnlfassttddonizivisy aisst df ejshents maydoaprise
har dwar e or software depends upon the particul ar application and
desi gn consPRaPHPCHPSEBd on the overal | system Skilled artisans

may i npl ene e SCri functjonality in varyi ways for each
particul ar E(%)(B?)P]C a'(tj[?'ﬁﬁe, Ofg‘gﬁl Iggl& a1f W‘b‘ﬁg Hﬁ#ﬁ?ﬁd&ﬁatd%@ﬁ@?tl?ﬁsmg ﬁlﬁﬁfﬁﬂmﬁ%t
be interpre I:ng, £ure . e r nt
i sel osur e. o o508 Eh I AR oP kL bBCRBR YRkl BSFCS
and circuit %xﬁﬁﬁ@,@'&ﬁ?ﬁsﬂrﬁbﬁons, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



connection wth the aspects disclosed herein nay be inpl enented
within or performed by an integrated circuit ("I1C'), an access
termnal, Vg‘ﬂ@ﬂ’“@élﬁ’ess point. The IC may conprise a geRETAIS2098PHFEe
processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a ficld programmable gate array (FPGA) or
ot her programmabl e |ogic device, discreig gate or transistor |ogic,
di screte hardware conponents, electrical conponents, optical
conponent s, nechani cal conponents, or any conbi nation thereof
designed to performthe functions described herein, and nay execute
codes or i nfr0208jt i dissetdfakillvesild furthiet dpprectaeethbt@ny ofitheivdgowsfillddativeC,
or both. A general purpose processor may be a m croprocessor, but in
t he al t er natagice! blopls, peddes srocesyarp, Beangrijrceivh vecthtlperhin spapo desssbgd in
controller, mcrocontroller, or state nachi gg A processor may al so

be i npl emenfIUCHONFITLHEAISET JisclgpedisrRbl N §° HaRlaeded 4 dectronic o
2009/ 070610 / 8/ 084 8 C ination of a DSP.and a C

i cr opr oces BBHS (o? A4, TR R gy a8 0 Pup BpRReift e f gombination of
M Cr Opr 0CEeS RS ol Whi : :
configurati g{r%.t%f)’o‘gig%g] HS gpgﬂt}ﬁgﬁlg% g%ug%:ﬁg?{ggjﬁ;s/&é%?g%t%%ﬁuﬁ?g@us
hi erarchy oforgk @pgrogfinddtydediict cbRS8EbrPHrRGRSIEsthStiadd (FRNhE WRfreRrs@ip! e
approach. Based upon design preferences, It is understood that the
speci fi ¢ or teeinpfor horeraicntsy a0 fsofivaes of m“wofieraprmokds @ or vaybinations of
rearranged while remaining within the scope of the present )

di scl osur e. bqthe Tackerp diyirafg thieinkehapeeab iy prhasbrare adseimets, siriquhe
various ste in.a sanpl e order, and are not ant to be limted to
Uhe opeci 11 sk SRPRIBraPEry BRELeh et oo LD Mot it tgbove
descri bed P N, rgﬂ)"’%rﬁ of re. fi. [ I any
conbi nat i oggglﬁgaﬁigégp%@glg%?g %ﬁr%%lg%ll n so‘fwt%l %asru éﬁl\ﬁlfﬂ ﬁﬂeonﬁhﬁgﬁmopﬁeémg%ﬁ/aa Se
stored on OhalihaRIFsbARHc QYRhd@SHRANR: SrtidrSph Rkistiald R8Sn @6nsHaGs ON
a conput er-readabl e medi um  Conput er-readabl e nedi a 1 ncl udes both
conput er st anpged oethe dvaal spesmiuBkilled srdsungedly amplagkudhddesanlyedmedi um
that facilitates transfer of a conputer programfromone place to
anot her. A $&instierpditynedieeyirgyatsdongagh pacsivtlatspelicatidi.dut hish implemetation
accessed by a . conputer. By way of exanple, and not limtation, such
conput er - r e SerapPEs sHedf Botbsintehuged Secappiy @ fepvrturcemoiie sepperbiicgresent
ot her opti cgl 1di sk storage, magnetic disk storage or other nagnetic
st orage dev BESUTGy any ot her nediumthat can be used to carry or
store desir E{%&Bﬁ]ogrﬂ@ﬂv&? it 15&%5‘1:‘?5&5,%&&1&&%}dngd%ﬁc&fs dabBed in
structures and that can be accessed”by a conputer. S0, any

connecti on snrRE@RONHIYtht G5H¥EM dRcMTNEH mas 86 aRHIEmBREd Withinf® berformed
exanple, if the software is transmtted froma website, server, or

ot her renot by anuntaeatedscingitd ICTHxh atcesatbinginalf olx@racopt peinc atlled( rhay st ed
pair, digital subscriber line (DSL), or wireless technol ogies such as
infrared, raeinpiscargsneridronese erocessen 2 digttabvznel plocesaw (BSP.iabepplivptiorc

ble, twisted pair, DSL, or wrel t echnol ogi h i nf d,
Cai o ant B EAERE PHLARIES 4 74 HOSHBrIRIA e ArE% (ROGf b OBrek
d di , d in,, i | ud t dj di ,
o o o SBrORR R Rl P Ee ERTROB e s B TR 251 oy
di sc where gbéﬁ&e%%&tﬂca‘i ‘%E%@w ogggagscgag@%ts%%%mmoh@o%ﬁe%r

reproduce data optically wt I nati ons of the above

shoul d al soakecdriihdtide thamdfiabdigdcieo paranm B fmoiand dederibedEash Candestya.
In summary, it should be appreciated that a conputer-readabl e nmedi um
may be i npl enenteeddédsror arsyrustins dlak eesiclo npihirethe BT, aytsatn qitled s br bdtR0R12]
The previous description of the disclosed aspects is provided to

enabl e any PSP RULERFS Pragesiay MaydeArrpicrapropaseer bt indhe aligmapye dearprocessor

di scl osure. Various nodifications to thl?se as ectﬁ will be r%adi |y
may be any conventional processor, controiler, microcontroller, or state machme, A

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



60 CLAIMS 1. A nethod of conmunication, conprising: det er mi ni ng

a first gatingﬁse%uence froma first unplanned access goint, wherein
a gating YEREEREP!s 3 pattern of gated on-off transm $ETOR2HEPI4GHs,
and wherein an unpl anned access point is an access point that is

depl oyed ad hoc or in an unplanned manner; sel ecting a second
gating sequence based on the first gatingg sequence, wherein the first
and second gating sequences are non-interfering; and

transmtting signals according to the second gating sequence from a
second unpl anned access point to an associ ated access termnal. 2.
The met hod efmbinatiom of 2 ISR arermicopprcesson @ phytlith lof sidroygocmsas e er
connection fromthe second unpl anned access point to the associ ated
access t er nilpas MicEoprqysasonpinitoRuBstion i DSP Gprer @iany gderyush sprHiguidiien.

ot S Rl UEE LA NeL OSSR NS L 2 Slcnl on o |
S0 1 o LSRRI AOUGE SRR e SERROAL BRI s o,
e AU A ARG i gl gy seauence
sequence Comqikses whideahaibinigRgthin the 8qipe BR e prdscaidRBRe. Thet he first
gati ng sequence; and
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be [imited to the specific order or hicrarchy 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



sel ecting the second gating sequence fromat |east a portion of the
conpl enent ar uence. 5. The nethod of claim1, wherein selecting
t he seconévﬁzTﬁﬁgmgkquence further conprises seIectingPFﬁ@Sggggﬁ&B
gating sequence to mnimze cross-correlation with the first gating
sequence. 6. The nethod of claim11, wherein selecting the second
gating sequence further conprises selecgpng the second gating
sequence to include shortened gated on and shortened gated off
periods. 7. The nmethod of claim®6, wherein selecting the second
gating sequence further conprises selecting the second gating
sequence toldgfel Gaabaptiospitiengoyateddgodndncduicd vibirthpasopeds. 61
8. The nethod of clajml, wherein selecéi the second gating
sequence f uftHARYEES e§%§h%é$éEWFW@“Fﬁ mggéﬁﬁﬁnﬁﬁﬁﬁﬁgm§€aﬁgﬁgﬁ'to

i ncl ude at . Of L a . fr S_or_contiguous
gated of f sh%? ‘;rﬁjtai?r%g&m%f%e A g%?%fegs}ﬁ % Ig?&%%ﬁn?rg%?l SO e &I’nggl ng:
an i nterfer gpesContk hdyifs QAREbEIH Gdhd AsSEE 5B ifhrbilis 1o 3aiHIOsh
sequence froma first unplanned access point and to select a secoﬁh
gating sequeaesn fasddn €2 de nake 6f uGald fgsetCALREGR. WARLHEMBFb&idnk kSt
and second gating sequences are non-interfering, wherein a gating
sequence i sthespaptays wilbfec atiydipparentfitd thosaskslhddss itterurpeund thel geneand
wher ei n an unpl .anned. access point is an access point that is depl oyed
ad hoc or i ABHPIgh¢TmAadBereiamiydie; apakied to other agpegty withentdlaparerg from the
controller configured to transm.t signals according to.the second
gating sequ&i®é Og%ﬁpﬁltoé'gﬁ'oﬁgusuﬂlﬁlpéﬁ %lsﬁ@élé@és nbifended tabe Laitdap thee g

access ter ma.ﬂ)%l:ts shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



10. The apparatus of claim9, wherein the conmmunication controller is
further configured to establish an active connection fromthe second
unpl anned access point to the associated access termnal. 11. The
apparatus of claim 10, wherein the co nication controller is
further configured to transmt a signal on all subframes of the
active connection to the associated access termnal and to receive
downl i nk power control feedback frd&haMSassoci ated access terninal
indicating interference of the signal on ones of the all subfranes
correspondi to the first gating sequence. 12. The apparatus of
claim 9, mhgggﬂﬁﬁfﬁgoPﬂP@F?%Wéﬁg Pe8Mroller is further configured to
identify a &eomiQARATREEREMRANER RN RErdt uhSlhn@atdfds poE NCRIANDadiy
sel ect the second gating sequence fromat |east a portion of the

conpl efranenge §s o sated araofi Tarsnzipyben retigds, efid wherkimag unglpmned pepess point is
select]n h ond gatin equence further conprises selecting the
secondangzg:tc %Sﬁg“’g“gg‘&gﬁcﬂgp {ogec%dsn}fo%of & o ia-ntl:l%&r Irng???’i on with the first
gating sequehetng a dtond BRing@REAcadetSis@f oncthafifs SatingReqiehde, wherein the first and
interference controller is further configured to select the second
gat i ngseseRfleatiog sepiensss pONSRGFERMBAgat ed on and shortened gated of f
peri ods. oo f i My I AT=TRCY i

Cont rol i er TFspR AR AERELRE e ol Bt ool S AL R ENES
t 0 i ncpaidetoahtagsonatedngeegateedinen and gated of f periods. 16. The
apparatus of claim9, wherein the interference controller is further
configured to select the second gating sequence to include at |east
one of 2.cont Tigteeriodef ddmdnfisthbf doarpeising kstatdishing @o asive edrectioh firom the second

subf ranes. &7. An apparatus for connunica{ion, conpri si ng:
unplanned access point to the associated access terminal.

3. The method of claim 2, wherein determining the first gating sequence further comprises:
transmitting a signal on all subframes of the active connection to the associated access
terminal; and
receiving downlink power control feedback from the associated access terminal indicating

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

4, The method of claim 1, wherein selecting the second gating sequence comprises:
identifying a complementary sequence to the first gating sequence; and

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

5. The method of claim 1, wherein selecting the second gating sequence further comprises

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

6. The method of claim 1, wherein selecting the second gating sequence further comprises

selecting the second gating sequence to include shortened gated on and shortened gated off periods.

7. The method of claim 6, wherein selecting the second gating sequence further comprises

selecting the second gating sequence to include alternating gated on and gated off periods.



nmeans for determning a first gating sequence froma first unplanned
access point, wherein a gating sequence is a pattern of gated on-off
transm ssi on periods, and wherein an unpl anned access point is an
access point that is deployed ad hoc @r in an unplanned nmanner;
nmeans for selecting a second gati ng sequence based on the first
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an associ ated access termnal . e appar at us

f ur t hecontignyrsi geiedgiinmebitsmésor est abl i shing an active connection from
t he second unpl anned access point to the associ ated access term nal .
19. The apparatus of claim 18, wherein the nmeans for determning the
first @ati ngnsprusncer funnhecatomnpemngesig: means for transmtting

a signal on alII%ubfranes ?f th agilvg connectgpn to the ass?ciat%d
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and point that is deployed ad hoc or in an unplanned manner; and

a communication controller configured to transmit signals according to the second gating

sequence from a second unplanned access point to an associated access terminal.

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

terminal.

11. The apparatus of claim 10, wherein the communication controller is further configured to
transmit a signal on all subframes of the active connection to the associated access terminal and to
receive downlink power control feedback from the associated access terminal indicating interference

of the signal on ones of the all subframes corresponding to the first gating sequence.

12.  Theapparatus of claim 9, wherein the interference controller is further configured to identify
a complementary sequence to the first gating sequence and to select the second gating sequence from

at least a portion of the complementary sequence.

[3.  The apparatus of claim 9, wherein selecting the second gating sequence further comprises

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

14.  The apparatus of claim 9, wherein the interference controller is further configured to select

the second gating sequence to include shortened gated on and shortened gated off periods.



63 means for selecting the second gati ng sequence from at | east
a portion of the conplenentary sequence. 21. The apparatus of claim
17, wherein the neans for selecting the second gating seqguence
further conprises nmeans for selectinqpthe second gating sequence to

m ni m ze cross-correlation wth the first gating sequence. 22. The
apparatus of claim 17, wherein the neans for selecting the second

gat i nglseqUBRGepdramt bl aimddpwhaen ticiarsfefeate @atrelddrinfgrihdreostegmaito select
gating, sequence . to include shortened gated on and shortened gated off
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sel ecting the second gati ng sequence further conprises nmeans for

sel ecting the second gating sequence tog include alternating. gated an
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means for seléecting the second gating sequence to iInclude at |eas

one of gataldft gbdusmegat ed on subfranmes or contiguous gated off
subframes. 25. A conputer-program product, conprising: a
non-transitory conputer-readabl e nedi um conprising codes for causing
a conplt.er Awapparatus fodeinemmiceioa, ¢amsisingat i ng sequence froma first

unpl anned accesiﬁgpintd_mh ein.a %atin seg%gncelis Eattetn of .
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gat i ngprergsemseesswioar diat istdeployed &t hawrmd i svendanged magnaesequences ar e
non-interf Cheard fforasg'l(fj:cting a second gating sequence based on the first gating sequence, wherein the
first and second gating sequences are non-interfering; and
means for transmitting signals according to the second gating sequence from a second

unplanned access point to an associated access terminal.

18.  The apparatus of claim 17, further comprising means for establishing an active connection

from the second unplanned access point to the associated access terminal.

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

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

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

sequence.

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

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



transmt signals according to the second gating sequence froma
second unpl anned access point to an associ ated access termnal. 64
26. The conputer-program product of claim25, further conprising
codes for causing the conputer to establish an active connection from
t he second unpl anned access point to The associ ated access term nal .
27. The conmputer-program product of claim 26, wherein the codes for
causi ng t hemeonfurtselecting tikekermdigagng dequdnice bmgalehstg pseigu efitbe céruplementary
conprise codes for causing the conputer to: transmt a signal on al
subf r aff84“™6f- t he active connection to the associated access terninal;

and receive domnllnk power control feedback fromthe associ at ed
access_term.nal indic ng |nt fer nce of _the signal nes of the
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causi nthe fiine gatorgrgtiemce.o: i dentify a conpl enentary sequence to the
first gating sequence; and

22.  The apparatus of claim 17, wherein the means for selecting the second gating sequence
further comprises means for selecting the second gating sequence to include shortened gated en and

shortened gated off periods.

23.  The apparatus of claim 22, wherein the means for selecting the second gating sequence
further comprises means for selecting the second gating sequence to include alternating gated on and

gated off periods.

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

contiguous gated on subframes or contiguous gated off subframes.

25. A computer-program product, comprising:

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

determine a first gating sequence from a first unplanned access point, wherein a gating
sequence is a pattern of gated on-off transmission periods, and wherein an unplanned access point is
an access point that is deployed ad hoc or in an unplanned manner;

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

transmit signals according to the second gating sequence from a second unplanned access

point to an associated access terminal.



sel ect the second gating sequence fromat |east a portion of the

conpl ementary sequence. 29. The conputer-program product of claim
25, wherein the codes for causing the conputer to select the second
gating sequence further conprise cod%ﬁ_for causing the conputer to

sel ect the second gating sequence to mnimze cross-correlation with
the first gating sequence. 30. The conputer-program product of claim
25, wh ei Thehenguteprégram qaodich gf then dbmputier compeshg cbdeshier sewsompdthe

gating seguence rt her .conprise codes for causing, the conputer to.
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short epedsgatgdyof f periods. 31. The conputer-program product of

claim 30, wherein the codes for causing the conputer to select the
second gating sequence further conprise codes for causing the
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receive downlink power control feedback from the associated access terminal indicating

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

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

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

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

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

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

second gating sequence to include shortened gated on and shortened gated off periods.

31.  The computer-program product of claim 30, wherein the codes for causing the computer to
select the second gating sequence further comprise codes for causing the computer to select the

second gating sequence to include alternating gated on and gated off periods.

32.  The computer-program product of claim 25, wherein the codes for causing the computer to

select the second gating sequence further comprise codes for causing the computer to select the
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second gating sequence to include at least one of contiguous gated on subframes or contiguous gated

off subframes.



