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

specifically, but not exclusively, to improving communication performance.

Introduction

[0003] Wireless communication systems are widely deployed to provide various

P

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 the base stations of a conventional mobile phone network
(e.g., a macro cellular network), small-coverage base stations may be deployed, for
example, in a user's home. Such small-coverage base stations are generally known as
access point base stations, home NodeBs, or femto cells and may be used to provide

more robust indoor wireless coverage to mobile units. Typically, such small-coverage
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cell base station (e.g., macro NodeB).

[0006] Interference between the macro and femto deployments may be mitigated by

operating the femto network on a separate RF carrier frequency than the macro cellular

network,

[0007] Femto cells also may interfere with one another as a result of unplanned

deployment. For example, in a multi-resident apartment, a femto base station installed

s,

near a wall separating two residences may cause significant interference to a
neighboring residence. Here, the strongest femto base station seen by a home access
terminal (¢.g., strongest in terms of RF signal strength received at the access terminal)
may not necessarily be the serving base station for the access terminal due to a restricted
association policy enforced by that femto base station.

[0008] RF interference issues may thus arise in a communication system where
radio frequency (“RF”) coverage of femto base stations is not optimized by the mobile
operator and where deployment of such base stations is ad-hoc. Thus, there is a need

for improved interference management for wireless networks.
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5E carrier) and based on a minimum coupling loss from a transmitting node to a receiver. In this
way, desensitization of the receiver may be avoided in a system where there is a
relatively small path loss between these components (e.g., where the receiver may be
arbitrarily close to the transmitter).
[0011] The disclosure relates in some aspects to defining transmit power for an
access node (e.g., a femto node) such that a corresponding outage (e.g., a coverage holg)
created in a cell (e.g., a macro cell) is limited while still providing an acceptable level of
coverage for access terminals associated with the access node. In some aspects, these
techniques may be employed for coverage holes in adjacent channels (e.g., implemented

on adjacent RF carriers) and in co-located channels (¢.g., implemented on the same RF

o,

carrier).

[0012] The disclosure relates in some aspects to autonomously adjusting downlink
transmit power at an access node (e.g., a femto node) to mitigate interference. In some
aspects, the transmit power is adjusted based on channel measurement and a defined
coverage hole. Here, a mobile operator may specify coverage hole and/or channel
characteristics used to adjust the transmit power.

[0013] In some implementations an access node measures (or receives an indication
of) the received signal strength of signals from a macro access node and predicts a path
loss relating to the coverage hole in the macro cell {e.g., corrected for penetration loss,

etc.). Based on a coverage target (path loss), the access node may select a particular
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lower value.
[0015) The disclosure relates in some aspects to defining transmit power based on
signal-to-noise ratio at an access terminal. For example, a maximum transmit power
may be defined for an access node to ensure that the signal-to-noise ratio at an
associated access terminal does not exceed a defined maximum value when the access

terminal is at or near an edge of a coverage area for the access node.

[0016] The disclosure relates in some aspects to adaptively adjusting the downlink

P

transmit power of neighboring access nodes. In some aspects, sharing of information
between access nodes may be utilized to enhance network performance. For example, if
an access terminal is experiencing high interference levels from a neighboring access
node, information relating to this interference may be relayed to the neighbor access
node via the home access node of the access terminal. As a specific example, the access
terminal may send a neighbor report to its home access node, whereby the report
indicates the received signal strength the access terminal sees from neighboring access
nodes. The access node may then determine whether the home access terminal is being
unduly interfered with by one of the access nodes in the neighbor report. If so, the

access node may send a message to the interfering access node requesting that the
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its transmt power. Simlar functionality may be achi eved through the
use of a centralized power controller. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0017] These and ot her sanple aspects of the disclosure wll
be described in the det ARIEF RESCRIPTION (HhTHEMRRAPIN(GRd cl ai ns t hat
follow, and in the acconpanying drawi ngs, wherein: [0018]FIG 1 is a
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[0018] FIG. 1 is a simplified diagram of several sample aspects of a communication
system including macro coverage and smaller scale coverage;
[0619] FIG. 2 is a simplified block diagram of several sample aspects of an access
node;
[0020] FIG. 3 is a flowchart of several sample aspects of operations that may be
performed to determine transmit power based on maximum received signal strength of a
receiver and minimum coupling loss;
[0021] FIG. 4 is a flowchart of several sample aspects of operations that may be

performed to determine transmit power based on one or more channel conditions;

s
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[0022] FIG. 5 is a flowchart of several sample aspects of operations that may be
performed to determine transmit power based on total received signal strength;

[0023] FIG. 6 1s a flowchart of several sample aspects of operations that may be
performed to determine transmit power based on signal-to-noise ratio;

[0024] FIG. 7 is a simplified diagram illustrating coverage areas for wireless
communication,

[0025]  FIG. 8 is a simplified diagram of several sample aspects of a communication
system including neighboring femto cells;

[0026] FIG. 9 is a flowchart of several sample aspects of operations that may be

performed to control transmit power of a neighboring access node;



node; [0020]FIG 3 is a flowhart of several sanple aspects of
operations that may be perfornmed to determ ne transmt power based on

maxi mum r ' l.gnal strength of a receiver and m ni 1.Ng
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operations that nmay be performed to determ ne transmt power based on
one or nore channel conditions; [00221FIG 5 is a flowhart of

several sanple aspects of operations that may be perforned to
determ ne transmt power based on total received signal strength;
[0023]FIG 6 is a flowhart of several danple aspects of operations

that may be performed to determine transmt power based on
signal -to-noise ratio; [0024]FIG 7 is a sinplified diagram
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performed to adjust transmit power in response to a request from another node;
[0028]  FIG. 11 is a simplified diagram of several sample aspects of a
communication system including centralized power control;
[0029] FIG. 12 is a flowchart of several sample aspects of operations that may be
performed to control transmit power of an access node using ceniralized power control;
{ B [0030]  FIGS. 13A and 13B are a flowchart of several sample aspects of operations
that may be performed to control transmit power of an access node using centralized
power control;
[0031] FIG. 14 is a simplified diagram of a wireless communication system
including femto nodes;
[0032] FIG. 15 is a simplified block diagram of several sample aspects of
communication components; and
[0033] FIGS. 16 - 19 are simplified block diagrams of several sample aspects of
apparatuses configured to provide power control as taught herein.
[0034] In accordance with common practice the various features iflustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

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

DETAILED DESCRIPTION
[0035] Various aspects of the disclosure are described below. It should be apparent
that the teachings herein may be embodied in a wide variety of forms and that any

specific structure, function, or both being disclosed herein is merely representative.
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Based on the teachings herein one skilled in the art should appreciate that an aspect
disciosed 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.

[0036] FIG. 1 illustrates sample aspects of a network system 100 that includes
macro scale coverage (e.g., a large area cellular network such as a 3G network, which
may be commonly referred to as a macro cell network) and smaller scale coverage (e.g.,
a residence-based or building-based network environment). As a node such as access
terminal 102A moves through the network, the access terminal 102A may be served in
certain locations by access nodes (e.g., access node 104) that provide macro coverage as
represented by the area 106 while the access terminal 102A may be served at other
locations by access nodes (e.g., access node 108) that provide smaller scale coverage as
represented by the area 110. 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).

10037] As will be discussed in more detail below, the access node 108 may be
restricted in that it may not provide certain services to certain nodes (e.g., a visitor
access terminal 102B). As a result, a coverage hole (e.g., corresponding to the coverage
area 110) may be created in the macro coverage area 104.

[0038] The size of the coverage hole may depend on whether the access node 104
and the access node 108 are operating on the same frequency carrier. For example,

when the nodes 104 and 108 are on a co-channel (e.g., using the same frequency
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[0039] When the nodes 104 and 108 are on adjacent channels (e.g., using different
frequency carriers), a smaller coverage hole 112 may be created in the macro coverage
area 104 as a result of adjacent channel interference from the access node 108. Thus,

{ : when the access terminal 102A is operating on an adjacent channel, the access terminal
102A may receive macro coverage at a location that 1s closer to the access node 108
(e.g., just outside the coverage area 112).
[0040] Depending on system design parameters, the co-channel coverage hole may
be relatively large. For example, if the interference of the access node 108 is at least as
low as the thermal noise floor, the coverage hole may have a radius on the order of 40
meters for a CDMA system where the transmit power of the access node 108 is 0 dBm,
assuming free space propagation loss and a worst case where there is no wall separation
between the nodes 108 and 102B.
{0041] A tradeoff thus exists between minimizing the outage in the macro coverage

% while maintaining adequate coverage within a designated smaller scale environment
(e.g., femto node coverage inside a home). For example, when a restricted femto node
is at the edge of the macro coverage, as a visiting access terminal approaches the femto
node, the visiting access terminal is likely to lose macro coverage and drop the call. In
such a case, one solution for the macro cellular network would be to move the visitor
access terminal to another carrier (e.g., where the adjacent channel interference from the
femto node is small). Due to limited spectrum available to each operator, however, the
use of separate carrier frequencies may not always be practical. In any event, another

operator may be using the carrier used by the femto node. Consequently, a visitor
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the same or similar functionality as a femto node for a different (e.g., larger) coverage
area. Thus, a pico node may be restricted, a pico node may be associated with one or
mere home access terminals, and so on.

[0044] 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, macro
NodeB (“MNB”), and s0 on. Also, a femto node may be configured or referred to as a
home NodeB (“HNB”), home eNodeB, access point base station, femto cell, and so on.

Also, a cell associated with a macro node, a femto node, or a pico node may be referred
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I'n such a camae) Onefhé%sﬂidté?i%r&@&xoﬁé@i%ef@f%éés&ﬁehhh&b@raséa@ﬁa%Va‘?eée@d!écﬂ be
to nmove the V|S|tor access termnal to another carrier (e.g., where

t he adj acentersib andedwhioh sy dsehcefcicdm dsheClhaiSubneer Goup Frire)NodaBg
to limted spectrum available to each operator, however, the use of
separ at e camaybe tdumogudy of pemaantin exteadoday sedsesapr. do sowakspetts aPlpsed
event, anot her aqperator be u5|n the carrier used by the fento
node. Conse H]éqﬁfl Grgup,{° §,Sﬁ’)’} maybe dé ned as the set of access nodes (e.g., femto nodes)
that share a common access control list of access terminals. In some implementations,
all femto nodes (or all restricted femto nodes) in a region may operate on a designated
channel, which may be referred to as the femto channel.
[0047] Various relationships may be defined between a restricted femto node and a

given access terminal. For example, from the perspective of an access terminal, an open

N

femto node may refer to a femto node with no restricted association. A restricted femto
node may refer to a femto node that is restricted in some manner (e.g., restricted for
association and/or registration). A home femto node may refer to a femto node on
which the access terminal is authorized to access and operate. A guest femto node may
refer to a femto node on which an access terminal is temporarily authorized to access or
operate. An alien femto node may refer to a femto node on which the access terminal is
not authorized to access or operate, except for perhaps emergency situations (e.g., 911
calls).

{0048] From the perspective of a restricted femto node, a home access terminal (or

home user equipment, “HUE”) may refer to an access terminal that is authorized to



access term nal associated with that other operator may suffer from
the coverage hole created by the restricted fento node on that
carrier. 100421 w || be described in detail in conju I i {H
FIGS. 2 V%égmwA%ypansnlt power value for a node may bgghggﬂﬂ@%ﬁ §
manage such interference and/or address other simlar issues. In sone
i npl enentations, the defined transmt power may relate to at |east
one of: a maximumtransmt power, transmt power for a femo node, or
transmt power for transmtting a pilot signal (e.g., as indicated by
a pilot fraction value). 100431For convéhi ence, the follow ng

descri bes various scenarios where transmt power is defined for a

fent o node deployed wthin a nacro net wor k envi ronnent . Fbre the
term macro node SQme aspect s t hat rOVI

coverage ovATeS S e‘ie%{w%?%/ SIS R LT bR ol B PO EESs |
sonme aspect ?en‘h&a?w{dﬂig a&%&% des.Goued %ﬁﬁ‘o QYES Péheﬂf%h atdeVebninael |

area (e.g., a resi A node that provides coverage over an area
that is s rrahiagz keftMaAn acd@ecte@mammaa@b do@ hgRMpethigdotof Ledsotharedidiay be
referred to as a pico node (e.g., providing coverage within a

conmmer ci al Pt dodeg gxcept fos pohdpd ebmypgr ewhadneduthmt©11 halst dhohiimgsne
herein may be inplenented with various types of nodes and systens.

For exanpl e#spactpreelioncdessyrersimmrbmay b@@eﬁny%e% @te thas doererpt previeiercdangals

I f t lit de f di f f t :
rarger) cover e e Saiss T B fguEaR e bl igfco
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on. [0044]In var S appli i ons ernlno e used 't

reference angRerQ a6y aceds@Fhihal Oﬂ%sn%[: acdedd! t&ﬁ;}uﬁh@% tl'ﬁ%rcoP-rés%HPd & an@

macro node nmay be configured or referred to as an access node, base

station, aceesSacPah WrmirRNadieBhei®evice B abi allom@eOgubadetss tehiBa) , and
so on. Also, a femo node may be configured or referred to as a hone
NodeB (" HNBI0049hon#1@NbdleBratescresss @oipotcitasiansetss noile 208 fheeaftef |

and so on. Also, a cell associated wth a nmacro node, a fento node
or a pico nEdeTasey ap e pede 209) thebmay,beused iheRerQs TRAse JMplemedshogs as| | |
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aspect s.
appreciated that in some implementations a node may not incorporate all of the

components depicted in FIG. 2 while in other implementations (¢.g., where a node uses

multiple algorithms to determine a maximum transmit power) a node may employ most

or all of the components depicted in F1G. 2.

[0050] Briefly, the femto node 200 includes a transceiver 202 for communicating
with other nodes (¢.g., access terminals). The transceiver 202 includes a transmitter 204
for sending signals and a receiver 206 for receiving signals. The femto node 200 also
includes a transmit power controller 208 for determining transmit power (e.g.,
maximum transmit power) for the transmitter 204. The femto node 200 includes a
communication controller 210 for managing communications with other nodes and for
providing other related functionality as taught herein. The femto node 200 includes one
or more data memories 212 for storing various information. The femto node 200 also

may include an authorization controller 210 for managing access to other nodes and for



exanple, a given fenmo node may only provide service to a limted set
of access termnals. Thus, in deploynents with so-called restricted
(or closed) . .association, a given access termnal may b t he
macro cel | %ﬁ%?ﬁ@’ etwork and a limted set of femo n§8®®g¥§888¥m
femto nodes that reside within a correspondi ng user residence).

[ 0046] The restricted provisioned set of access termnals associated a
restricted femto node (which may al so be referred to as a O osed
Subscri ber Group Honme NodeB) nay be tenporarily or permanently
extended as necessary. In some aspects, 14 O osed Subscriber G oup
("CSG') may be defined as the set of access nodes (e.g., fento nodes)
that share a common access control list of access termnals. In sone
i npl enentations, all fento.nodes,.(or .al estricted fent des). . Ln a
Fegi on ey SRaREber 8 PSR e e o, B Sl ST RE R
as the fent g eabnal JedfQ4 6kNMar i ous rel ationships nay be defined
between a restricted fento nodée and a given access termnal. For
exanpl e, fromsihe pBempRephiavensf e byAEDs ahe thifaalo, node 2006l ent o
node may refer to a fento node with no restricted association. A
restricted flewtibedniodenjmetion efidrth¢ BoactaesbOFIAGEAS - bhtl 0] sndri@stiBBctFed i n
sonme nmanner (e.g., restricted for association and/or registration). A
hone fento AeyenigRsE: thePperationsef FEa-6 rfodel bandid chBh (o6 azcetbypperations

termnal is authorized to access, and ratfe. A guest_ fentg node ma

reter o2 OB e SR SR SRR o6 by RUTOTTE PRRHS 1y
ut hori zed to _acces r erat.e, i 0:,.N 3 to a

fent o node &A™ IFE%%?géaggégggbPgﬁﬁﬁﬁgh%?%;%g%'gﬁ@ﬁ%??%éﬁﬁ$%§%%cess

or operate, ,6xcRPULy HesPEIPARSs R %9?8@6&1’1}%@1 Y dtHePRPed & cBmpohls and
calls). [00481From the perspective of a restricted fento node, a hone

access ter muhglbe perforfiRi@sivg @difegett pUROEr, of chifonenyA Yt dl@fstoult be an
access termnal that is authorized to 11 access the restricted fenmto
node. A guesppragatedthat @emi naire afthe ppsfragions desanbeldeess mag noti ieaimphéyted in
tenporary access to the restricted fento node. An alien access

t erm nal na?gﬂ@ﬂ@mp¥@ﬁ@ﬁmﬁbcess term nal that does not have

i SSi th i fent d t f h
Grer goncy sAAL | onertipndetl 15 FEk s B8 el T AR ne finet S el ™
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credentials or permssion to register w e restricte

An access t gF ftaived hale rhifintuh EQUPIhY 15864tk & @6l trh@nBiter @R QEIVBECESS)
by a restricted fento cell may be referred to herein as a visitor

access t er mHead, an AccessSeringtial acyes slctignadi to aperamwithinisceainr dapoivdaige an

alien access term nal and, when service is not allowed, a guest

access t er miwlaie a bgeuigpiFisdefiged by ymirimumeporiarnapgs speoHisetinmtior efanae, a

access node 200 (hereafter . .

maxmmum received signal strength (RX_MAX) of a receiver may be specified as -30

dBm.
[0053] For certain applications (e.g., employing femto nodes), an access node and
its associated access terminal may be arbitrarily close to one another, thereby potentially
creating relatively high signal levels at the receiver. Assuming in one example a
minimum separation of 20 cm between the femto node and an access terminal, the
minimum path loss, also known as the minimum coupling loss (“MCL”), would be
approximately 28.5 dB. This MCL value is much smaller than typical MCL values

observed in macro cell deployments (e.g., because the macro antennas are typically

installed on top of towers or buildings).



referred to as fento node 200) that may be used in one or nore

i npl enentations as taught herein. For exanple, different

configura e conponents depicted in FIG 2 na d
for the d\#(?gqﬂglﬁiss '};anpl es of FIGS. 3 - 13B. It shoul d¥f:ﬂ%§%g§bﬁg7%
appreciated that in sonme inplenentations a node may not i ncorporate
all of the conponents depicted in FIG 2 while in other

i npl enentations (e.g., where a node uses nmultiple algorithns to
determ ne a maximum transnit power) a node nmay enploy nost or all of
t he conponents depicted in FIG 2. 10050iBriefly, the fento node 200
i ncludes a transceiver 202 for conmunicating with other nodes (e.g.,
access term nal s) The transceiver 202 includes a transmtter 204 for
sending sig recel er i Vi Signal s e fento
node 200 af SRl iefls NS TR Sl Rer IR Flul 988 FasiRe

det er m ni ”gmttérﬁél%ﬁh ExtDANGEmbRrsGng b[H%l%ér@Hth AR haPQURE knd, 98 a tf,

transmitter 204. The fento node 200 i ncludes a conmunicati on
control I er ZtQ-thefuldidAPEEEnaBONFIURE &bdsettnind] by Abdrede. Na@6veaid theor
providing other related functionality as taught herein. The fento
node 200 i nodcuigedsigme sioangios eegdtigh (@enwboesS $AB) dabral birdwereglamags weus
information. The fento node 200 al so may i nclude an authorization
control | er 2aqyr fighe ﬁﬁfﬁ@gfﬂﬁ‘gméc EersaxampleptthRF dppleres opm dAMG flterppay be
provi di ng ot her reé{a ctionality as taught herein. The other
corrponents PPMESEH H‘ag ﬁl}@ﬁc%eare descri bed bel ow. [0051] Sanpl e

per ations f(IOSSUAe th cttss{zlr%mg?}g %Iﬁ% dtbf)‘& st x1%1%tré%g1étvgokj8r Hﬁ deSC rxhgﬁ d

in conj unct harts
| 3B. For COBM@&E&HQWJAF%\QQ at | 2ns atLR B8 MAX), s a%,ex&tgplead@guﬁ@g
13B (or any other operations |Scussed or taught here| n)

descri bed asidieisns. JdE hray Reth A isspedBh, meemﬁmﬁrpbs/el(tﬁatgnay lfmmn@memtls
of the femo node 200). It should be appreciated, however, that these
operati ons meyhdnee pedsaerment] Buretie) ist3pes3bf -CodBondhtsfand waynbe -
per f or med u5| a_different nunber of conponents. It also should be
appr eci at ed 1M gniBisgramplee of t he operations descri bed herei n my

100 e ool Qg g% VERLBLETER &R OSSR TR e
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st rengt h of a receiver m ni mum co et ween

transmtter AgnghraschRe 8l bRk bR feio ACRS9S dEt@frﬂhélﬁhe ﬁﬁymhlen Q@&bé]ﬁed
to operate within a certain dynam c range where a lower limt is
defined by aigrilnstrength g-'exfMAmanh&oam&mbésltmamiommafampéymam&mgnq:drameter
maxi mum recei ved signal strength (RX_MAX) of a receiver may be

SpeCI fi ed aghatB@reds ed (e.g., when the femto node 200 is provisioned). Thus, determining

“ this value may simply involve retrieving a corresponding value 216 from the data
memory 212. In some cases, the maximum received signal strength may be a
configurable parameter. For example, determining maximum received signal strength
may involve the node (e.g., the receiver 206) receiving an indication of the maximum
received signal strength from another node (e.g., an access terminal).

[0057] As represented by block 304, the femto node 200 determines the minimum
coupling loss. In some cases this value may be a design parameter that is predefined
(e.g., when the femto node 200 is provisioned). Thus, determining the minimum
coupling loss may involve retrieving a corresponding value 218 from the data memory

212. In some cases the minimum coupling loss may be a configurable parameter. For



[ 0053] For certain applications (e.g., enploying fento nodes), an
access node and its associated access termnal nay be arbitrarily
close to qQne another, thereby potentially creating relat] h
signal | e\)’gﬁgo 902%%e r ecei ver. Assumi ng in one exanple é @ﬁ‘?ﬁ%@&?’
separation of 20 cm between the fento node and an access term nal,
the m ninum path | oss, also known as the m ni num coupling | oss
("MCL"), would be approximately 28.5 dB. This MCL value is nuch
smal l er than typical MCL val ues observed in macro cell deploynents
(e.g., because the macro antennas are typically installed on top of
towers or buildings). 13 10054]1f the received power |evel exceeds

the sensitivity range of a receiver, internal and external jammers
and bl ockers_of .t

Mt er - modul SERON AETERE TR pRaE Lol 8% AR tsrga i e
Mor eover, Peﬁ: LR f(ﬁZ?ég&@gl $th 9tdatish bEME hnikRmY &1l Q@% & onth&%}{@ 5

dBm actual e may occur at the access term na

exanpl e, an(&f, Ak efmdal)a S fidd, trbonPadsdd etehRemhinyurel aompasgd i n
this case. f 551Accord|ngly, in sone aspects the maxi mumtransm t
power ( PmAX IddNBly mlw&a&heﬂmﬁm@eg asoupﬁh@(}(athimﬁs detPhiukerNAK) Galc(mngme
RX_MAX). As an exanple, assumng MCL is 28.5 dB and Rx MAX is -30
dBm the namrmwpmmhng H@éﬁ(ergaﬁa@é Oﬁlraaﬁ@ﬁﬁedts@@aksae@gthmﬂa@c@@@é from
term nal (PneE MAX %8 5-30 = - ? dBm Therefore, PMAX HNB < -
1.5 dBn1|n Pﬁﬁgwéﬁgﬁﬁpg ?6@3@¥ﬁﬁ@ﬁn@alllustrates several operations
that may be L bq’etrgsedleed%rﬂ] cﬁfsbé A0S to R0 ase%exlgmbml?power

maxi num rec Ived si gna ren a recerver
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recei ved signal strength . I'n sonme cases this val ue may

sinply be asgagtigmdans ﬁ{ﬂiﬂn&ﬂh ob{mﬁingl 16ssp M digdeidaedlatioRe Ghis nveivdlalcfiaio
node 200 is provisioned). Thus, determning this value nmay sinply

i nvol ve retamﬁmkmgnaammﬁtmspdehn@th&u@ﬁBmﬁofﬁmﬂﬂmh@awamaxmennry
212. In sone cases, the maxi mum received signal strength may be a
confi gur abl @%a} amB &Yme f25eS, edrppall peeTSRHCHcRgREk P kﬁ@éeﬁ R gne

| st | ve t d
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(e.g., when the fento node 200 is provi si oned). Thus, defermmning the

m ni mum couphioftgr trixesa, Mehe femuoiode 20@ taay eienBglect tOkives PO thdbad:tatalined
218 fromthe data nenory 212. In sone cases the m ni mum coupling | oss
may be a comigut pbve vplirarssherctugtomaximum™ transmit power value. In some cases,

{ | the determination of this “maximum® transmit power value also may be subject to
constraints of a minimum transmit power value TX_MIN (e.g., to ensure that the femto
node 200 provides sufficient coverage for its home access terminals) and an absolute
maximum transmit power value TX_MAX. As illustrated in FIG. 2, the above transmit
power parameters 222 may be stored in the data memory 212.

[0060] As represented by block 308, the femto node 200 may then communicate
with another node or other nodes by transmitting signals constrained according to the
determined transmit power. For example, a femto node may limit its transmit power to

remain below a determined maximum value to avoid desensitizing any visiting access

terminals that may come in close proximity to the femto node.



14 exanpl e, determ ning m nimum coupling | oss may involve the fento
node 200 (e.g., the receiver 206) receiving an indication of the
nininun1cowgliﬁ% | oss from anot her node (e.g., an accegs }Srninalg.
I n additi oh0 24%%Me cases determ ni ng nininun1coup|in§ F&'ng%Vﬁﬁ
i nvol ve the node (e.g., a coupling/path | oss determ ner 220)

cal culating the m ni mum coupling |l oss (e.g., based on a received
signal strength report received from anot her node such a hone access
terminal). [0058] As represented by bl ock 306, the fento node 200
(e.g., the transnit power controller 208} deternmines the transmit
power based on the maxi mumreceived signal strength and the m ni num
coupling loss. As discussed above, this may involve defining a

[ i . be, | . 1.h f. th .
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at bl ock 30 aﬁﬁﬂp
determ ned by the tento node 200. For exanp ento node 200 may

enpl oy ot hegetail 8816{vt &Ep(E 08 such@BareBonaBieHs Mey Mohudt &t eERrvalH Bignal
maxi numtransmt power values (e.g., TX PAR 1 . TX PAR N) based on

ot her cri t estrengthl heeive pilot sonkgh, 200 civayicliquelitysel ect t he | owest of
these determ ned transmt power values as the actual "maxinmni
transmt pol#62)al e reprmscosipddy bipsk 02 tinsoraecasedatamingtionpf wapsyit power
"maxi munt transmt power val ye al may be subject to constraipts of
a mni mum t f%ﬁgﬁpeesg%%@ﬁnw eu%vc’%@ ﬁ)fq\ioeéﬁax%eg%seéﬁg BIgCRRRIHE et o
fiode 200 prayides sufficient verage forits ho%ﬁyggcess 173 }Qals)

and an absolti%e® NbXTRHEE Pk SR ARGHeIoWal e %P AL B d

in FIG 2, the: 3hodGoddeans o P BRmi P WATRL ST 8 i3 TR BeesStgred in
the data nenory 212. [0060] As represented by block 308, the fento

node 200 mayetehgiRecBimilidntakeesidminan@idhmoloda: 8huBbhex fBodkeadayss)
transmtting signals constrained according to the determ ned transmt

power. For éxampire] tha fémetoisconedg: aresy Ihiaddition, tse fememnsavict20p o elec oo
remai n bel ow a _determ ned maxi num val ue to avoi d desensitizing any
vi siting acéwghbrigifsitianinait poiar (pray tocdsrsaserihe poys) Witgletepnings that & yigitor
femt o node.

15 . . . .
access terminal {(e.g., that is not authorized for data access) has entered its coverage
area. To this end, the femto node 200 may include a node detector 224 that may
determine whether a particular type of node is in a given coverage area.

[0063] As represented by block 404, in the event the femto node 200 elects to

calibrate its transmitter {¢.g., upon power-up, periodically, or in response a trigger such

M
£

as block 402), the femto node 200 may determine one or more channel conditions.

Such a channel condition may take various forms. For example, in some
implementations a signal strength determiner 226 may determine a total received signal
strength value (e.g., a received signal strength indication, RSSI). In some
implementations a received pilot strength determiner 228 may determine a signal
strength value associated with a pilot (e.g., received signal code power, RSCP). Sample
techniques relating to these channel conditions are described in more detail below in

conjunction with FIGS. 5 and 6.



[0061] Referring nowto FIG 4, the disclosure relates in sone aspects
to defining transmt power based on one or nore channel conditions.
As will be discussed in nore detail bel ow, exanples of such channel
condi ti onVMEPPHtude total received signal strength, PRFEEEFYROBIT00t
strength, and channel quality. [0062]As represented by block 402, in
sone cases determ nation of transmt power for an access node may be
i nvoked due to or may be based on a determ nation that a node is in a
coverage area of the access node. For exanple, the femo node 200 may
elect to recalibrate the fento's transni® power (e.g., to increase
the power) if it determi nes that a hone access termnal (e.g., a node
that is authorized for data access) has entered the fento' s coverage
area. In addjtion, the fento node 200 may elect. to recalibra its
ransm ¢ polldHl e, g Stpe R p RS s fieh iRy T ol bET A R ek it oo
vi sitor acc I ( t hat, IS Ok ;

access) hasagﬁ?gﬁéghgﬁégégyg?ggéﬁg@géﬁh#%B%ﬁggﬁégg%%gﬁég?gﬁﬁ%qwghe
200 may i ncldgderR rhedansleReiRtlinleddh dNalinkBYand et s KbAE a3 gt tBefina.
particular type of node is in a given coverage area. [0063]As

repr esent ed[(®shbl oclarid@slindicatidne ef eheandl quliey freapibe chpibged Dhicedréaics with
calibrate its transmtter (e.g., upon power-up, periodically, or in
response a theitegpghingshartinagobd=eunipled dnnelgnelity ary gelaigdea aGGinale data rate
determ ne one or nore channel conditions, Such_a channel condition
may take vafSButsBRRontreloPREYANgmnk ayplisnaieserigs sppaiterishity (Sggnal
Strengt h determiner 226 .may, determne a total recei.ved signal
Strengeh vaPiut e Aol GLGHTb R el Bl bR IR PhaR o s

In some inp i . .a i j ] may
determ ne abgggﬂgﬁggﬁgéﬁg? ﬁﬁﬁkﬁéﬂgﬁﬁ%ﬁﬁgﬁgﬁﬁﬁ?%ﬂmg%%ﬁ%g%&fﬁﬁé%?
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t hese channel conditions are described in nore detail below in

conj unct i onchdnhél, Fpdghg dhaamd, Hpilot Einh€lO64] broadeastehdnnpl enent at i ons a
channel quality determ ner 230 may determ ne a channel quality (e.g.
a channel ql6pl y iThdickamplomaligdeiermipgr $30conantrstrogicadbpanel geality @ at e

to, for exanple, the quality of a downlink chanqel at a home access

t er mi nal various ways. For example, in some implementations information relating to channel
quality may be received from another node (e.g., a home access terminal). This
information may take the form of, for example, an actual channel quality indication or

information that may be used to generate a channel quality indication.

[0067] As represented by block 406, the femto node 200 (e.g., the transmit power

AN

controller 208) determines a transmit power value (e.g., a maximum value) based on the
channel condition(s). For example, in an implementation where transmit power is based
at least in part on a channel quality indication, the transmit power may be increased in
response to a decrease in channel quality or if the channel quality falls below a threshold
level. Conversely, the transmit power may be decreased in response to an increase in
channel quality or if the channel quality rises above a threshold level. As a specific
example, if requested DRC over a long time period is always very high, this may serve
an indication that the transmit power value may be to high and the femto node 200 may

therefore elect to operate at lower transmit power value.



[ 0065] Vari ous indications of channel quality may be enployed in
accordance wth the teachings herein. For exanple, channel quality
may relate to a sustainable data rate (e.g., data rate _control. DROC),
downl i nk dﬂ%???@z%¥75ervice, signal -to-noise ratio (e.ﬁ??mé ORI 208 e
the noise may include or substantially conprise interference), or
sone other quality netric. Channel quality also may be determ ned for
various types of channels such as, for exanple, a data channel, a
common control channel, an overhead channel, a paging channel, a

pi l ot channel, or a broadcast channel. [[0066] The channel quality
determ ner 230 may determ ne channel quality in various ways. For
exanple, in sone inplenentations information relating to channel

aual LY, T ] £ RS IROR i B ARG e,

actual chan ' 1.ndj ' [ ' edito
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406, the fertRinRY6meoRek fe@ithmidd Crifcti@N SIMetferROWMRHe S0UHMEPINE Eeletd the
determ nes a transmt power value (e.g., a nmaxi num val ue) based on

t he channel leandeftthandsrmikat traxmpoesr valuaie.pnPXeRFaR at. i oNXWWReN
transmt power is based at least in part on a channel qualit%{lg

i ndi cat i on, stored in therie mempowad 2heayhdrectyah Chedsen” itignineis porrs ealue ag
decrease in chapnel quality or if. the channel quality falls below a
threshol d | 8¢%ntedgpver<onipncignevi Bitsdi t power may be decreased in

fesponse to i ncrrease in .channel quality ar,if, the channel quality
rises above{@ﬂ?kregﬁgwangg% et mnég§§%8%fpge%¥ge‘”gPeglmygﬁﬁegfed

DRC over a kﬁ[ggylltef; mt) REYIdedrhiRe 8 Y Vogwi\sY)QHé/ trisEe potal BasBRYn RREHE: 1Ree

indication that the transmt powe ue may be to high and the fento

node 200 mays 4 iRk ef HEretlgs Gfealbod tHRFBMAL R IAROD. OFYR lex drhFIB.SRIdiscRR¥EAt block
value. 17 [0068] As represented by bl ock 408, the fento node 200 may
det er mi ne 0H62 ornsnor@vwat hey badxdreased trtbnpmidncpofveyisiting amsss(tengnal and
based on the algorithns described herein or sone other algorithm or
criteria). THeSHIEPAWST A e 2umeayed/intthe pressareelta ome 4cege srmprl.t hese

determ ned GBI L\ OUEL VAL LSy REUB TR N Storet L, he
descri bed al?a%’tﬁeri nddé gpétHé}%%H(%rby%a%Bnmn% sig?hals constrained according to the
determined transmit power. For example, if at some point in time the femto node 200
determines that interference with a visiting access terminal is unlikely, the femto node
200 may increase its transimit power up to the lowest of the maximum values
determined at block 408.

[0071] As represented by block 412, in some implementations the femto node 200
may repeatedly perform any of the above transmit power calibration operations (e.g., as
opposed to simply determining the transmit power a single time upon deployment). For
example, the femto node 200 may use a default transmit power value when it is first
deployed and may then periodically calibrate the transmit power over time. In this case,
the femto node 200 may perform one or more of the operations of FIG. 4 (e.g., acquire
or receive signal strength or channel quality information) at some other point(s) in time.
In some cases, the transmit power may be adjusted to maintain a desired channel quality

over time (e.g., to maintain a minimum DRC value or minimum downlink quality of



[0069] I n sone inplenmentations the femo node 200 (e.g., the transmt
power controller 208) may determne (e.g., adjust) the transmt power
based on whether there is a node in a coverage area of é\@i‘s%ﬁ 7@ ,}gode
200. For &%ﬁaﬂ?/ngsais di scussed at bl ock 402 transmt pB 1{/]3 &
decreased in the presence of a visiting access termnal and transmt
power may be increased in the presence of a home access termnal.

[ 0070] As represented by block 410, the fento node 200 nay conmuni cate
wi t h anot her node or other nodes by transmtting signals constrained
according to the determned transmt power. For exanple, if at sone
point in tine the femo node 200 determnes that interference wth a
visiting access termnal is unlikely, the fento node 200 may i ncrease
its transmt _power up to the |owest of the maxi mum val ues determ ned
2t bl ook aoter pog e PmsAteanieane B Rl g O RS riFhe

i npl enent at | 0 4 -Jqhe
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For exanple, the fenmo node 200 may use a default transmt power
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the transmt power over time. In this case, the fento node 200 ma
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receive signal _strength or channel quality, information) at so ot her
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performed on a repeated basis (e.g., dai so that a fento node may
adapt to vanb@ 100NspdratingRatheny ihednenentiSnghent Bayeied fdotjusa pawdimnt
unit installs a new fento node). In sone cases, such a calibration
oper ati on naynsoet pokap bedd bo inidcrgat eithiargamcanelo Wheaphdfcohangtsss i n
transmt power ée.t%é, t hrough the use of a hysteresis or filtering

t echni que) . lqcad 21 tRe edgerdf thy mesve edl. BF drakage e fgeighe oo podsensironpang g
transmt power based op total..received signal strength val ye an
eoeived pi 156 SR dryehm AL SRR REH D SRS ol TRt s A
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200) operating w nacro cel ironnent nmay nee
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When the femo node iS5 |ocated at the edge of the nmacro cell, RF

| eakage out sidigtyaff tidfemfoamide. node environment (e.g., a residence) nay
significantly reduce Echo of nearby macro access termnals since the
macro si gnall0d78y el df mraonygssciatthipaly ghayars mat dsseapiedreslethedéhtoagde(e.g.,
{*"0cati ons. As a result, there may be a relative |arge coverage hole
‘or mRcro adBEYKACEEs fRIREIAD i thseovsragsirgign of the femip drels, tegpeero cell

network may perform inter-frequency handovers to direct the visitor access terminals to
another carrier frequency. Although this technique may reduce the likelihood of call
drop or service outage for macro access terminals, it also may result in frequent inter-
frequency handoff events for mobile macro access terminals passing through the
coverage holes which, in turn, may cause service interruptions and high signaling load
on macro cell access nodes. Thus, in some aspects it may be desirable to minimize the
size of coverage hole created by the femto node on the macro cell.

[0074] On the other hand, if the transmit power level of the femto node is set too

low, then proper femto coverage may not be maintained within the femto environment.



[0073]1f macro access termnals that are not associated with the
femo node (e.g., visitor access termnal) enter the coverage region
of the fenmto node, the macro cell network may performinter-frequency
handover s WO2YPPEEY” the visitor access terninals to anSCHER2W8PTA%r
frequency. Although this technique may reduce the |ikelihood of cal
drop or service outage for nmacro access termnals, it also may result
in frequent inter-frequency handoff events for nobile macro access
term nal s passing through the coverage holes which, in turn, may
cause service interruptions and high sidhaling | oad on nmacro cel
access nodes. Thus, in sone aspects it may be desirable to mnim ze
the size of coverage hole created by the fento node on the nacro
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transmt power |evels may bé required to provide adequate Tento

cover age astcoh@ed Rehtd fodstichcated arhoedpedéa inticloaeh! atkoatiffefeat goge [wklsa
macro cell. Also, different power |evels nmay be specified in urban
envi r onnment say e gpecifigldan arbpe mdronogats (haywhere démtemotis nofpiemfsd b n
apartnents) than are specified in | ess dense suburban enyvironnents.
[0075] The digRlp¥sdup apargrentses thap grespprifiekindess dense susanear oHpniist i ng
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termnal that 1's operating on an adjacent c nel relative to

femt o node QfsiteiNacBess Rx@tANNElesibidiations 2@ BE empPRYE tolDEbHh&ated 1i¥itort he
operations of FIG 5 involve determ ning the naxi nrum al | owed

i nt er f er encecdebaternainileidt @s specking an ag ndjadeat ctangel vélstivieas thadem®xiode or on
term nal |ocated at an edge of a coverage hole. Here, the maxi num
al | oned i nt ecpehamebwinihepemigebinied as the mini num required Ecp/lo

(e.qg., receiyv pilot strength ove tal received . signal strength

for reliabl éﬂ(ﬁgl:r o Ryt A Rp%f}é}ﬂép? BIF S yahe e %@%%Pﬁ?‘ﬁ%ﬁ
on a given c¢hannel . .The XI all o interference. e derived
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macro cell @p,the %ie.emeré,hﬁfnﬁ%%%ﬂo&,?& ﬁker%&he@ha%é 8ol o d@) on

the carrier, and { e mninmumrequired Ecp/lo. e maxi mumtransmt
power for thenhemt @qiwed Edpdo (bg, tesivaestiod asadtodvet vl rsiveliszadl | owed

interference and the path | oss between the fento node and t he edge of

t he cover agetréngkle f¢rambhliheaaddaeeink qiatioebt thevsitdrecess ermajbot 4 gingn

5 appl | Cablcl?gn'nei. The maximum allowed interference may be derived from the measured
received pilot signal strength (Ecp) from the best macro cell on the carrier, the measured
total signal strength (Io) on the carrier, and the minimum required Ecp/lo. The
maximum transmit power for the femto may then be derived based on the maximum
allowed interference and the path loss between the femto node and the edge of the
coverage hole (and the adjacent channel interference rejection, if applicable).
[0077] For a predetermined downlink transmit power Pyyg of a femto node (e.g.,
home NodeB, HNB) and a corresponding adjacent carrier interference ratio (“ACIR”)

of, for example, 33 dB at a distance “d” from the femto node, a visitor access terminal

(e.g., user equipment, UE) may experience interference from the femto node as high as:



[0077] For a predeterm ned downlink transmt power PHNB of a fento
node (e.g., honme NodeB, HNB) and a correspondi ng adj acent carrier
interference ratio ("ACIR') of, for exanple, 33 dB at a distance "d"
fromthe MEMYRIRE a visitor access terminal (e.g., GSEUSEERIBHMEN,
UE) may experience interference fromthe fento node as high as: WO
2009/ 023587PCT/ US2008/ 072676 20 RxvuE(d) = RHNB - ACIR - PLFREE(

d) EQUATION | [0078] where PLFREE( d) is the free path | oss between the
transmtter and the receiver equi pnent separated by a distance "d,"
and that may be calculated with the fora¥l a: PLERRE(d) =

201 ogi 0(47cdf/c) -GI - GREQUATION 2 [0079]where f is the carrier
frequency (e.g., f=2 GHz), and GI and GR are respective transmtter
and receiver antenna gains (e.g., CI = GR = -2 dB).

Rxyue(d) = Prwp - ACIR - PLiggr( d) EQUATION 1

[0078] where PLprpr( d) is the free path loss between the transmitter and the
receiver equipment separated by a distance “d,” and that may be calculated with the

Tormula:

i

PLFREE(d) = 2010gm(4?'£df/0) - GT - GR EQUATION 2

{0079} where fis the carrier frequency (e.g., f =2 GHz), and Gr and Gg are
respective transmitter and receiver antenna gains (e.g., Gr = Gr = -2 dB).

10080] To limit the interference on the visitor access terminal, the femto node
adjusts the downlink transmit power Pynp by measuring the macro signal strength, as
described in further detail below. In some implementations, the femto node measures
the following quantities in an adjacent channel (e.g., the algorithm is run separately on

multiple adjacent carriers) ot a co-channel:

RSCPgsest macro ac = A received pilot signal strength value from the best macro

cell in the adjacent carrier.

RSSIyvacro ac = Total interference signal strength value (Io) in the adjacent

carrier.

[0081] Accordingly, as represented by block 502 in FIG. 5, the femto node 200 of
FIG. 2 (e.g., the signal strength determiner 226) determines the total received signal

strength (e.g., RSST) on the visitor access terminal’s channel. The signal strength



10080] To Iimt the interference on the visitor access termnal, the
fenmto node adjusts the downlink transmt power R m by neasuri ng t he
macro signal strength, as described in further detail bel ow. sone
i mpl ement Y9 3WY9238¥e fent o node neasures the follomnngpﬁagﬁyWWFagmln
an adj acent channel (e.g., the algorithmis run separately on
mul ti pl e adj acent carriers) or a co-channel: RS CPBEST MACRO AC = A
received pilot signal strength value fromthe best nacro cell in the
adj acent carrier. RSSI MACRO AC = Total interference signal strength
val ue (Jo) in the adjacent carrier. [0081] Accordingly, as represented
by block 502 in FIG 5, the fento node 200 of FIG 2 (e.g., the
signal strength determ ner 226) determ nes the total received si gna
on the visitor access.term nal' hannel .The

strength (e. -RSSI
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in various node
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access ter nmghalng.to fHeisgnaldu@hi A Qe MRytivid ke nd dnethkoidie ¢ ¢., & omexanpl e,
an actual signal strength neasurenent (e.g., froma node that

nmeasur ed t hersinghalThistinfengation noay tilef the frani cfpfot sramphayn beualswdaltsgength
determ ne a signal strength value. 10082] Al so, as represented, by

bl ock 504, fKaUEn(Ghedopeaodethgt me&tm@ﬁ'&%ﬁ%ﬂreﬁzﬁew lef%ﬁfgmﬁhaﬁ

eterm ner 228) determnines. the. re e|v d pilot strength (e.qg. RSCP)
‘of the bestn}?ﬁ F’Bbeﬁl(,l?,g‘g ”?1‘88%“@?1“ ¥¢ﬁ'tl%r access term nal "’
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504. The r e?ﬁbt\éadn@h hetenﬁhé@ag} cﬂbt&ﬁﬁ&"s cekeived PilbBireHEh €& 7 RSCPT&‘ the
received pilot strength in various ways. For exanple, in sone

i npl enent at best smathect@phodavadhe 2olorneassiteeainaectphha! Isdtheangirs, (. g. |
the receiver 206 nonitors the appropriate channel). In sone
i npl ement at signd sirerath abthe OﬁOtrSQI}althaN@gttb? lnlaleesmep@vedsﬂtlglehﬁjmgtﬁmy be
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strength Valféh‘?to node 200 measures the pilot strength (e.g., the receiver 206 monitors the
appropriate channel). In some implementations information relating to the pilot strength
may be received from another node (e.g., a home access terminal). This information

5 may take the form of, for example, an actual pilot strength measurement (e.g., from a
node that measured the signal strength) or information that may be used to determine a
pilot strength value.
[0083) In some implementations, the received pilot strength may be determined
(e.g., estimated) from the total received signal strength obtained at block 502, This
determination may be based on, for example, a known or estimated relationship between
the pilot strength and the total strength that is embodied in the form of information 232
(e.g., a function, a table, or a graph) stored in the data memory 212, In such an
implementation, the signal strength determiner 226 may comprise the received signal

strength determiner 228.



[0083] I n sone inplenmentations, the received pilot strength nay be
determ ned (e.g., estimated) fromthe total received signal strength
obt ai ned at bIock 502. This determ nation may be based on, for
exanpl e, FXHYUPH estimated relationship between thepﬁpp5¥m§qV@mgth
and the total strength that is enbodied in the formof information
232 (e.g., a function, a table, or a graph) stored in the data nenory
212. In such an inplenentation, the signal strength determ ner 226
may conprise the received signal strength determ ner 228. 22

[ 0084] As represented by bl ock 506, the £2nto node 200 (e.g., the

pat h/ coupling | oss determ ner 220) determ nes the path | oss between
the fenmto node and a given location (e.g., an edge of a coverage hole

The- pat b collj? o788l e 3o W B B I e SRR
var i ous vy bR RMIE 2SASERAAAS: BRI BSSMRY, SlTBhit 8. G fiPshar

paranmeter t i s predetine em o no

provi si onedjocidaltc Ehak e&é&%fﬁ%%rég%%lé@'al{@ca%@ﬁ 5?@9&1&91% e v%ltgpé/c%és@ge
hol e of a given size. Thus, determining the path |oss may sinply

i nvol ve r et fer@ibNgchanGdr E‘E&p&ﬂﬂﬂ’ddnd]ﬂng syl detZhBndrramizhelcdahiac drmparhyloss
212. I n sone cases, determning path |oss may involve the node (e.qg.
the recei ven @ﬁ@)s waseilvanyg ancsithelpatiatosomap sinphebpaddyigngegufetay mhat is
anot her node ( an access ternlnak% In addition, in sonme ca

det er ni ni nngﬁQ%fH‘efié%% whsn thefeanto @odeed Oz proyisimed Szdothe@h@pathﬂ%évalue
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teminal. specific ex 0oss to an edge
node’ s Cove§&ﬂaecal@ésuavé1&wmﬁ§)satta@os§e&a9ﬁﬂomh@mqegntﬂeh@cet@snom
nmeasurenent report (e.g., reporting the strength of a signal received
from the ferdevingde)ndiaten vedie hathriosa floanmodecasi (b.gr, an Aakssheahond). i lh
perforns a handoff to another access node. Here, an assunption may be
made that t hdliteue esoneepsns ﬁaﬂenmylgméthde%srmqujmﬁhdéfrrstogtpﬁfc%@&(hg the
access termn a han In some cases, the fe de 200
may det er i H@ﬁ)ﬁmrﬁwg ggs@lmf 01/%8#%%1“8\91&98{ ]H%S 5:5’8%(—%@% BAtl fogs ey
final path sed on.the o}
set the. pat R TaeE e teR e b el R e Baf ek 2ol Bt npfe S
bl ock 508, ?@hgmc@eﬁ‘?&% iaPO0AL 8 sfbcific¥RaMpleOfhe 9&%%&6‘&{ ed%gﬂ)a o
optionally determne one or nore error values felating to
determ nat i godeaf covBragd Bdullary @%gi béidtcBnB@based be ALkt ﬂfl@@du@d’mdnhﬁeport
received pilot strength. For exanple, the error determ ner 234 nmay
recei ve t ot &.g.sepativgethesirgrall ofst sigrad tdociaetirore tle femth ideptecavedeingh b
knformation froma node % .9.,.a honme access termnal) that neasured
hese 23 vhbmeaccass trannm beforoi aerfans aihandsdt tﬁ@a@fh@wceﬁév@éead@rfaraéa of
the fento node 200. The er%a% dgterniner.%§4 nﬁg t hen conpare th
val ues wi t hOBTPEHERPHEMEHAE® fhosis rREtal oy R ne e P Ry Siges (he
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correspondi ng ‘se es n it on may
i nvol ve col hﬁw@%s?ro%@&amegfo%ﬂﬁﬁé% ﬁ@:’éteta'ﬁlﬁi pa@lﬁ‘ﬂ)sg?afiﬁ%dﬁgd & ther
val ues based on the collected information (e.g., based on the range

of the col | esiteedd @hthasssivafues (@Rt ,iseithe pdth 1635 td thé aramiunOtal236

corresponding to the above may be stored in the data nenory 212.
[0085] As represented by block 508, the femto node 200 (e.g., an error determiner
234) may optionally determine one or more error values relating to the determination of
the total received signal strength and/or the received pilot strength. For example, the

error determiner 234 may receive total received signal strength and received pilot

strength information from a node (e.g., a home access terminal) that measured these



[ 0086] As represented by block 510, the fento node 200 (e.g., an
interference determ ner 238) determ nes the naxinun1al|omed
interference based on the total received signal strengt

recei ved pYP3at®9t¥8&hgth, and the nini num required Ecp/ISTfIE'r"mﬁ'(m676

visitor access termnal (e.g., a pilot-to-signal ratio). [0087]In
WCDMA and | xRTT systens, pilot and control channels are code division
multiplexed with traffic and are not transmtted at full power (e.g.,
Ecp/1o < 1.0). Thus, when the femto node perfornms the measurenents,
i f neighboring macro cells are not |oadéd, the total interference
signal strength val ue RSSI MACROAC may be | ower than a corresponding
val ue for a case wherein the neighboring nacro cells are |oaded. In
one exanpl e cons iderin war st _case scenari o,
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3GPP term nol ogy) experience Vi sitor access term

cal cul ated afafipld AV feﬁEPrﬂ!dteQbO ENEARes o3 @F&%@Eﬁ%@&sed on the
J, | NEARKRSSI MACRO AC LI NEAR IWO LI NEAR) EQUATION 3 24

difference between correspondmg sets of these values. In some cases, this operation
may involve collecting error information over time, and defining error values based on
the collected information (e.g., based on the range of the collected error information).
{ Error information 236 corresponding to the above may be stored in the data memory
212.
[0086] As represented by block 510, the femto node 200 (e.g., an interference
determiner 238) determines the maximum allowed interference based on the total
received signal strength, the received pilot strength, and the minimum required Ecp/Io
for a visitor access terminal (e.g., a pilot-to-signal ratio).
[0087] In WCDMA and IxRTT systems, pilot and control channels are code
division multiplexed with traffic and are not transmitted at full power (e.g., Ecp/lo <
1.0). Thus, when the femto node performs the measurements, if neighboring macro
cells are not loaded, the total interference signal strength value RSSlyacro ac may be
é ; lower than a corresponding value for a case wherein the neighboring macro cells are
loaded. In one example, considering a worst case scenario, the femto node may
estimate system loading and adjust the RSSIyvacro ac value to predict the value for a
fully loaded system.
[0088] Ecp/lo (P-CPICH Ec/No in 3GPP terminology) experienced by the visitor

access terminal may be calculated as follows:

(Ecp/To)uinear = RSCPgesT Macro ac Linear/(RSSIvacro Ac rwear + Inns_LiNAR)

EQUATION 3



[ 0089] where all the quantities have linear units (instead of dB) and
"H NB corresponds to interference created by the femo node at the

visitor access termnal. [0090]1f, as an exanple, a Lmum req]
val ue for WEMPE54u. - EAR to ensure a reliable down I i ﬁﬁT’HB@P%{? F@ﬁ | s
(Ecp/ 16) M NLI NEAR,

then the fenmt o node conputes a paraneter indicative of the maxi num
allowed interference that it can i nduce at the visitor access
termnal, such that the resultant value at the m ni numdi stance is
equal to (Ecp/lo)m N, as follows: RSCP REST MACRO AC LI NEAR | DN\B
_MAI _ALLOTTED LINEAR = ( Ecp | 10)M N LI NEARRSSI MACRO _AC _LI NEAR
(Ecp 1 10).1bicRo _Ac _LINEAR

[0089] where all the quantities have linear units (instead of dB) and Iynp 1ivear
corresponds to interference created by the femto node at the visitor access terminal.
[0090] If, as an example, a minimum required value for (Ecp/lo)iivear t0 ensure a
reliable down link operation is (Ecp/lo)mix_Livear. then the femto node computes a
parameter indicative of the maximum allowed interference that it can induce at the

visitor access terminal, such that the resultant value at the minimum distance is equal to

5 i (Ecp/Iodm, as follows:
RSCP,r e . NE
L inp _MAY _ALLOWED _LINEAR ™ B R0 AL LIBR RSS! MACRO _AC _LINEAR
(Ecp/ IO)MNWLWEAR
(Ecpl10)yucno_sc_ 1men
=RSSI - == -1
MACRO _AC _ LINEAR [ ( ECP / IO)MW EAR
EQUATION 4
[0091] As represented by block 512 of FIG. 5, the femto node 200 {e.g., the transmit
power controller 208) determines the maximum transmit power based on the allowed
interference, the path loss and, optionally, the ACIR for the femto node 200. As
£

mentioned above, the operations of FIG. 5 may be used for limiting the coverage hole
on either an adjacent channel or a co-channel. In the former case ACIR may be a
predefined value (e.g., dependent on the design parameters of the system}. In the latter
case, ACIR 1s 0 dB. An ACIR value 240 may be stored in the data memory 212,
[0092] In some aspects, a femto node may thus convert the calculated maximum
allowed interference value at an actual or hypothetical visitor access terminal to a
corresponding allowed transmit power value, such that at a predetermined minimum
distance Ipng_max_arLrowep 1s achieved. For example, if the allowed coverage hole

radius around the femto node is dung_ac_coverace nowe, then the corresponding path



(EcP I 10)AHN I INFAR =RSS | MACRO _AC LI NEAR EQUATI ON 4
[ 0091] As represented by block 512 of FIG 5, the fento node 200
(e.g., the transm t power controller 208) determ nes the nmaxi mum
transnit PHNRYBESEI on the all owed interference, the PSTASPB¥L725%qd,
optionally, the ACIR for the fenmto node 200. As nentioned above, the
operations of FIG 5 may be used for Iimting thc coverage hole on
ei ther an adjacent channel or a co-channel. In the fornmer case ACIR
may be a predefined value (e.g., dependent on the design paraneters
of the system). In the latter case, ACIRis 0 dB. An ACIR val ue 240
may be stored in the data nenory 212. [0092]In sone aspects, a fento
node may thus convert the cal cul ated maxi num all owed i nterference
val ue at an, actuyal _or ot hetical, visjtor. access rmnal to a
correspondiﬁﬁsgﬁP% 8“?&%%&Wf‘x§6Wk e@‘Pﬁé?”@ﬁ%ﬁﬁt%ﬁﬂ“éﬁwﬁz
predeterm ned m ni num i

? HNB AC COVERAGE HOLE), and:

Pumax_mne < Pvue ac max = (Inne vax acLowep +

PLrrge space (danp_ac_coveracs_Horr) TACIR) EQUATION 5

L
i

[0093] The transmit power may thus be defined in a manner that enables operation
of a visiting access terminal at a predetermined minimum distance from a femto node
(e.g., corresponding to an edge of a coverage hole), without unduly restricting the
operation of the femto node’s home access terminals. Consequently, it may be possible
for both the visiting and home access terminals to operate effectively near the edge of
the coverage hole.

[0094] With the above in mind, additional considerations relating to scenarios
where a macro access terminal (e.g., a visitor access terminal) that is not associated with
a femto node is at or near a coverage area of the femto node will now be treated. Here,

a femto node (e.g., located near a window) may jam macro access terminals passing by

e

(e.g., on a street) if these macro access terminals are not be able to handoff to the femto
node due to a restricted association requirement. The following parameters will be used

in the discussion:

Ecpavus ue: Received pilot strength (RSCP) from the best macro access node

(¢.g., MNB) by the macro access terminal (e.g., UE) (in linear units).

Ecpmns mvs: Recelved pilot strength (RSCP) from best macro access node by

the femto node (e.g., HNB) (in linear units).



di stance 'H NBED i s achi eved. For exanple, if the allowed coverage
hol e radi us around the fcmo node is dHNB _AC SO VERAGEHCOLE, then the
corresponding gath 25 | oss value PL can be calculated with the above
fornul a, WRIOBPSEREE SPACE OHM AC_ COVERAGEHOLE), aR§T/USKASOTARES <
PVUE_AC MAX = HNB _MAX ALL OAED P L. FREE _SPACE

( dHNBACCOVERAGE_HOLE) +ACI R) EQUATI ON 5 [0093] The transmt power may
thus be defined in a manner that enabl es operation of a visiting
access termnal at a predeterm ned m ni mum di stance froma fem o node
(e.g., corresponding to an edge of a co¢érage hole), w thout unduly
restricting the operation of the fento node's home access term nals.
Consequently, it may be possible for both the visiting and hone

access termnals_to operate effectively ne edge. of the coverage
ol 6 [ 0004] W t hEHe CHaE e e etk D Eomarmia Fdy the

relating to s CenALLiB%ceess terminal (in linear units). (Also known as RSShyxg ug)-

Ecung_nvg: Total received signal strength (RSSI) from the femto node by the

macro access terminal (in linear units). (Also known as RSSIyxg nns).

[0095] As the macro access terminal gets close to the coverage of the femto node,
the desired behavior is for the macro cell to move the access terminal to another carrier
as discussed above. In CDMA systems, this trigger is based on the Ecpung up/lo value
going above a certain T_ADD threshold value. In one example, in IXEV-DQO, the
interfrequency handoff trigger would be: Ecpuxng ys/lo > T_ADD, where an example
value for T_ADD =-7 dB (T ADDwgar= 0.2). On the other hand, in WCDMA
systems, relative signal strength with respect to the best macro cell is typically used as
the trigger. For example, when Ecpuxg v gets within a certain range of Ecpyws v
Ecpuve ve - Ecpung ur = Ano Bounnary, and Aup sounnary may take values around, for
example, 4 dB, but the 3GPP standard allows for each individual cell to have a different
offset.

[0096] In some cases, if the macro access terminal that experiences a certain
Ecpayr_vr/lo value approaches a femto node which is fully loaded (i.e., 100% transmit
power), then one question is whether Ecpyvp_cr/lo will degrade below a certain
minimum threshold (¢.g., Ec/lo_min = -16 dB) until it is directed to another carrier. Let
RSSIvacro indicate the total received signal strength (e.g., 10) by the macro access
terminal, excluding the interference from the femto node. Then, at the handoff

boundary:



where a macro access termnal (e.g., a visitor access term nal) that
is not associated with a fento node is at or near a coverage area of
the fento node will now be treated. Here, a fento node (e.qg., |ocated
near a w N¥BAAEY®) am macro access terninals passing B%T%%gﬂquﬁﬁ a
street) if these macro access termnals are not be able to handoff to
the fento node due to a restricted association requirenent. The
follow ng paraneters will be used in the discussion: EcpnNB ukE

Recei ved pilot strength (RSCP) fromthe best macro access node (e.g.,
M\B) by the macro access termnal (e.g.27UE) (in linear units).
Ecpyrya_iim: Received pilot strength (RSCP) from best macro access
node by the fenmto node (e.g., HNB) (in linear units). 26 ECHNB JJE:
Total received signal s?}epgtﬁkﬁﬁﬁﬁkfﬂﬁﬂbmh&he femto “%ﬂﬁn?ﬁch?%
macro access ter ?%W-%’r?7j4p@a@@agggg)gggﬁﬁé%g known as
RSSI NE, - BJJE). ECHNB_HNB: Total received signhal strength (RSSI) from
the femo node by the macro access termnal (in linear units). (Al so
known as RSSINE\-B HNB). [0095] As the macro access term nal gets
close to theoooyer agRraf cdrEpdnaEiche Afle ferhld@odeshlshot JoaRAVAIR! divRled BY
the macro cell to nove the access termnal to another carrier as

di scussed abevéot pawcCMAe yestleniBcp)t his trigger is based on the EcpaND
uE/ I o val ue goi ng above a certain T _ADD threshold value. In one
exanpl e, i n[00RBl- DEor EY -PRiseptemadoesxeprifandof f tri gger woul d be:
Ecpli NELUE/ 1o > T_ADD, where an exanple value for T_ADD = -7 dB (T
§DDLINEAR = 0.2). On the other haﬁg,ﬂkp WCDMA systens, relative

si-gnal strength wi.th re t tathe BE&.wmecro cell is ! used
as the trigger. %%ém%%ﬁﬁ% e Whed -HepDRY,.CP get s mﬁthﬁ%ygAggyﬁgin
range of Ecpmi N TB JJE ECNI NB_UE ECPHNRCI E = AHO BOUNDARYI and

AHO BOUNDARY may take val ues around, for exanple, 4 dB, but the 3GPP

standard all ows for each individual cell to have a different offset.
[0099] and for example values T_ADD =-7dBand a=1:

E /7 _ Ecpyn ue / RSST 0
CPramn vE! L 1mv_po = 125

EQUATION 8

[00100] In another example, for WCDMA, assuming Auo sounpary =4 dB and o =
10:

o

ECP;‘I!NBVUE ! RSST,iero
1+ M Eep g ye! RSSLyycro)

EcPypp e 10| yepyia = EQUATION 9

[00101]  As described above, for an interfrequency handoff-based mechanism, the
relative degradation of a macro access terminal at the handoff boundary may be
tolerable. Next, the distance of this interfrequency handoff boundary from the edge of
the femto node is addressed. In some aspects, if this distance is very large, the
utilization of the same carrier by the macro access terminal may be very small
(especially if there are a large number of femto cells in a macro cell). In other words,

the interfrequency handoff mechanism may work well (independent of the femto node



[0096] I n sone cases, if the macro access terminal that experiences a
certain Ecpm\B_L-Etto val ue approaches a fento node which is fully

| oaded (i.e., 100% transmt power), then one question is whether
EcpmNp_t : BYQ #%{P13F87degr ade bel ow a certain m ni mum t hr BSHEPOY2676
Echo nm = -16 dB) until it is directed to another carrier. Let

RSSI mAcRo i ndicate the total received signal strength (e.g., 10) by
the macro access termnal, excluding the interference fromthe fento
node. Then, at the handoff boundary: 27 [ 0097] where a corresponds
to the total fento node transmit power 2a&l ue divided by the pilot
power value (i.e., lor/Ecp). [0098] For 1xEV-DO systens, for exanple:
T ADDLI ai It

downlink transmit power) and macro access terminals may operate reliably outside
femto node handoff boundaries. However, if large femto node transmit power values
are used, the handoff boundaries extend towards the macro cell and the regions where
co-channel macro access terminals operate effectively may be very limited. In the
example described above, it is assumed that the home node may effectively measure

Ecp and RSSI values experienced by the visitor access terminal because the visitor

N
&

access terminal is assumed to be very close to the femto node at a predetermined
distance (e.g., a few meters). However, when the macro access terminal is outside the
femto residence, Ecpving_ur and Ecpayyg unp may take different values. For example,
Ecpwvs mnvg may experience penetration loss, while Ecpyng ye may not. This may lead
to the conclusion that Ecpyne us 15 always greater than Ecpyvvg_mvs. However,
sometimes the femto node residence creates a shadow effect whereby Ecpywg ve 18
lower than Ecpye_nns (e.8., the femto node is located between a macro access node
and a macro access terminal). In one example, the difference between the femto node
best macro Ecp measurement and macro access terminal best macro Ecp measurement

at the handoff boundary is:

Apcp MEAS DIFF HO BOUNDARY = ECPving e - ECPMNB nne EQUATION 10
[00102} Similarly, the difference between macro RSSI measurements at the femto

node and the macro access terminal at the handoff boundary may be calculated as

follows:

Arsst MEAS_DIFF_HO_BOUNDARY = RSS8Ivng vk - RSSIvng mvn EQUATION 11



Ecpmw uE | RSSI, Sf ACRO (1- 7° ADDLNEAR ) EQUATION 7 [0099] and for
exanple values T_ADD = -7 dB and a = 1: EcpAINB _UE | |oll AEV -DO=

EcpAnm uE | RSS| AnmeEO EQUATION 8 1.25
WO 2009/023587 PCT/US2008/072676
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[00103] In some aspects, these values may comprise the error information described
above at block 508.

[00104] Based on prior measurements, a range of values could be applied for

AEep MEAS_DIFF_HO_BOUNDARY. 1hen, in one example, the downlink transmit power (Ping)
of the femto node may be decided based on constraints described in detail above (e.g.,
Equations 4 and 5), wherein, for example, ACIR = 0 dB, since, in this case, the access

L terminal i not on an adjacent channel, but it is on a co-channel with the femto node,
and wherein PLrrrr spacke (dune_ac_coverace_norr) 18 replaced by a desired path loss
value to the co-channel coverage hole.

[00105] In some cases, a femto node may be located next to an external wall or
window of a residence. This femto node may create a maximum amount of interference
to the macro cell on the outside of the wall/window. If the attenuation due to the
wall/window is PLiwayy, and, in one example, for simplicity Amng mue meas pirr = 0 dB
and Agrssi mne MUE Meas_pirr = 0 dB, then: Ecpuwp us(d) = (Ecp/lon)Prxp - PLrree(d) -
PLyarr, where the total femto node downlink transmit power (Pyng) is decided based on
the constraints described above.

s [00106] One method to reduce the coverage holes created by the femto node is to
reduce Ecp/lor for the femto node. However, it may not be desirable to reduce the
femto node Ecp/lor arbitrarily since this may bring the handoff boundary closer to the
femto node and macro access terminal performance may degrade significantly if the
femto node is loaded. Moreover, a predetermined minimum Ecp level may be defined
for successful operation of access terminals in the femto coverage (e.g., channel
estimation, etc.) to allow them to hand in to the femto coverage from macro cell
coverage. Thus, in some cases a hybrid method may be implemented such that when
there is no active user served by the femto node, Ecp/lor may be reduced to a reasonably

low value, such that, for those periods of time, the coverage hole in the macro cell is



[ 00100] In another exanple, for WCDMA, assum ng Ano_BOUNDARY = 4 dB
and a = 10: EGinmp uE | 10lwcpnei ECRI EVB LI E RSSI MACI RO EQUATI ON 9

1+ 4(ECT EINE uE |. RSSI mAcRo) [ 00101] As described above, for an
interfreqd@ﬂ@@mﬁﬁﬁﬁ%ff-based mechani sm the relative d£§FéﬁaPW8H€@f a

macro access termnal at the handoff boundary nmay be tol erable. Next,
t he di stance of this interfrequency handoff boundary fromthe edge of
the femo node is addressed. In sone aspects, if this distance is
very large, the utilization of the sane carrier by the macro access
termnal may be very small (especially B® there are a | arge nunber of
femo cells in a macro cell). In other words, the interfrequency
handof f mechani sm nay work wel |l (independent of the fento node

limited. In other words, the transmit power may be adjusted based on whether a node is
in the vicinity of the femto node as discussed above at block 408.
[00167] For a home access terminal, Ecp may be calculated as follows: Ecpyyg =
Py - Ecp/lor - PLyng, where PLyyg corresponds to the path loss from the femto node
to the home access terminal.
[00108] In some cases, there is no interference from neighboring access terminals

{ B and all interference is coming from the macro cell and the thermal noise floor. One of
the important parameters in the above equation is PLyyr. A common model used for

indoor propagation is:

PL,p(d) = 20 1og(-4-ci) +20log(d) + D W, EQUATION 12
[00199] where Wj; is the penetration loss through internal walls.

[00110] Referring now to FIG. 6, in some implementations the maximum transmit
power defined by the femto node 200 may be constrained based on a signal-to-noise
ratio for a home access terminal located around the edge of a coverage hole. For
example, if the signal-to-noisc ratio is higher than expected at a home access terminal
that is located where the coverage hole is expected to end, this means that the coverage
hole may in fact be much larger than desired. As a result, undue interference may be
imposed on visitor access terminals near the intended coverage edge.

[00111]  The disclosure relates in some aspects to reducing the transmit power if the
signal-to-noise ratio at the home access terminal is higher than expected. The following

parameters are used in the discussion that follows:



28 downlink transmt power) and macro access term nals nmay operate
reliably outside fento node handoff boundaries. However, if |arge
fento node transm.t power values are used, the handoff boundarle
extend t otd? &P+ acro cell and the regi ons where co- Eﬁéﬁﬂ@ﬁ“ﬁﬁ@ro
access termnals operate effectively may be very limted. In the
exanpl e descri bed above, it is assunmed that the honme node may
effectively neasure Ecp and RSSI val ues experienced by the visitor
access term nal because the visitor access termnal is assunmed to be
very close to the fento node at a predeférnined distance (e.g., a few
neters). However, when the macro access termnal is outside the fento
resi dence, ECpmsm uE and Ecpn\NB_HNB may take different val ues. For

may ot -Eﬁip? ol oF LR R e eT R b1o| Nabe BepvARets e I Bap)
0 eat o5 2 Shadon DR SharES B Rk s O U, ShET e R AR

(e.g., the fentoyqage is located between a macro access node and a
macro access termnal). In one exanple, the difference between the
femt o node best macro Ecp neasurenent and nmacro access term nal best
macr o Ecp neasurenent at the handoff boundary is: Aap MBAS DI FF HO
BOUNDARY = ECPM\RuidE TotdtaRrsivifHsisNBEDt @ bhohe b@@@c}ce@i teriringl fipm 4lhe
di fference betmeen macr o RSS1 neasurenents at e fento node and the
macro access t er RREACCEE np %%nﬂﬁﬁpaggﬁﬁﬁaﬁyfﬁh B§‘%ﬁ?é&$§?é@ liggar
follows: 29 [0010§£ In some aspects, these values may conprise the
error informatiol"&&scribed above at bl ock 508. [ 00104] Based on
prior measurenents, a range of values could be applied for

AEcp_MEAS_ DI FFHOBOUNDARY. Then, in one exanple, the downlink transmt
power (Pm of therfento: PN 55 BYmhR: ﬂﬁ%ﬂ@ﬁ(@gsmmno aRMShdcALR:S
described in detail above (e.g., Equations 4 and 5), wherein, for
exanpl e, ACI R = @rdBal githcmmyenape ¢dee finclswnitsi. he access ternlnal i's not
on an adj acent channel, but it is on a co-channel with the fento
node, and wherein PLF, S FREPACE ( dHNB_ACCOVERAGE HCLE) is replaced by
a desired p val ue to the co-channel cover l e. [00105] In
some cases, ?@]#éht SW‘H%’oeefe CHRE/NGSS 15 BUARRENIHEg: reegY Z? 4%?‘103%

wi ndow of atgﬁl%a?ﬁlgcge This fento node nmay create a maxi num anmount of
interference macro cell on the outside of the wall/w ndow. If
the attenuation due to the wall/w ndow is PLWALL and, in one exanpl e,
for sinplicity AFINg m, T_ NEAS Dl Flz.= 0 dB and

ARS5| _WN13_MJE_MEASZQY/FE, = 0 dB_ thEFmELBnye UE(d) = (Ecpll00P HAT -
PLFREE(d) - FL WALL, wher e”?ﬁmm?gtal f@at o node domnllqkyyggngqug
power (PD) is decided based on the constraints descri bed above.

[00113] When the femto node is transmitting, received Ecp/lo by the access terminal

may be:

ECPMNB UE
10, + B,y uE

Eep/ 10|

HNEB _ transm :'m'ng

EQUATION 14

[00114]  The parameter [Ecp/I0]miy is defined as the minimum required Ecp/lo for the
macro access terminal to have proper service (e.g., as discussed above at F1G. 5).
Assuming the macro access terminal 18 at the edge of a femto node coverage hole and

the coverage hole is limited to a certain value {(e.g., PLuxg cgge = 80 dB), then one may



[ 00106] One nethod to reduce the coverage holes created by the fento
node is to reduce Ecp/lor for the femto node. However, it may not be
desirable to reduce the fento node Ecp/lor arbltrarlly since this may
bring t he WeAWSI#Boundary closer to the fento node andCAECIYSAREDss
term nal performance nay degrade significantly if the fento node is

| oaded. Moreover, a predeterm ned mnimum Ecp | evel may be defined
for successful operation of access termnals in the fento coverage
(e.g., channel estimation, etc.) to allowthemto hand in to the
fenmt o coverage frommacro cell coverage32Thus, in sone cases a hybrid
met hod may be inpl enented such that when there is no active user
served by the fento node, Ecp/lor may be reduced to a reasonably |ow

val ue, such.t hat t hose peri th overa e hole in the
roere ol " iP S e Bllod 05 2Sh R REhe RrpiondEs b T S e ase
S U Seuson g0 o 1BE g ffBa;iﬂ oG Rletatingh LS e Al
Ecp may be calculated as follows: EcputiE = P Imp - Ecp/lor - PLHNB,

where PLHUE corresponds to,t e pat:tL fromthe fento node to the
Z d a%

home access term nap, gt héte is UATEN ¢sence
from nei ghbori ng access t Hkpéhiw interference is comng from
the macro cell and the thermal noise floor. One of the inportant
paranmeters in the above equation is PLHUE. A comon nodel used for

i ndoor propagation is: PL,,(d)= 201og(4 )+ 20 log(d) +V ET C

EQJATl ON 12[00115] Similarly, if a home access terminal (e.g., a home UE, HUE) that is serviced

by the femto node is located at the edge of the femto coverage, the SNR (the term SINR,
e.g., including interference, will be used in the following discussion) experienced by the

home access terminal may be described as:

PI-L\’B max
SINRHUC = I IO[PL{NBJ@JIU}
Oug - EQUATION 16

[00116] In some cases Equation 16 may yield to relatively large transmit power
levels for the femto node which may result in unnecessarily high SINRyy:. This may
mean, for example, that if a new femto node is installed in the vicinity of the old femto
node, the new femto node may end up receiving a high level of interference from the
previously installed femto node. As a result, the newly installed femto node may be
confined to a lower transmit power level and may not provide sufficient SINR for its
home access terminals. To prevent this type of effect an SINR cap may be used for the
home access terminal at the edge of its home access terminal coverage as:

[SINR Jmax_at_INB_edge- Thus, one may provide a second constraint for the Pung _max a8

P}B\‘Bﬁmnx < [SNR]max at HNB edge [OUE ’ IO(PLHmm'dg(/m) EQUATION 17



[ 00109] where W; is the penetration |oss through internal walls.
[00110] Referring nowto FIG 6, in sone inplenentations the maxi num
transmt power defined by the fento node 200 may be constrai ned based
on a signAYtYPP¥e ratio for a home access terninal FEEEPH AP Nnd
t he edge of a coverage hole. For exanple, if the signal-to-noise
ratio is higher than expected at a home access termnal that is
Located where the coverage hole is expected to end, this neans that
the coverage hole may in fact be nmuch larger than desired. As a
result, undue interference may be inposéd on visitor access terninals
near the intended coverage edge. [00111] The disclosure relates in
sone aspects to reducing the transmt power if the signal-to-noise

ratio at th cess termmnal js high t han ex ed. The

ol ow ng pOARET e B colbirsiortie it iR AT o o ma Fesgpre
bug: Tot al eive fan . nge access term nal
(e.g., UE) F%%’Béfgngggrgém%%%ggg?%$§£?hﬁ2§aﬁg§?in Tﬁé@e'sence of the
fento node (jor1d]i N&aice BRIfEsSonalliRddMBtiond %?hoﬂ&%hdﬁ@ﬂ 1o R notke§ @NOL h
(Jo) by the hone access terminal fromall other access nodes (e.q.,
macr o and f e 10 fandssonadasy), d fenitd sodeysdyesstifbte thdsagaantitied Hysis own
PLHNB_cdge : Path loss fromthe fenmto node (e.g., FINB) to the home
access t er ninsajurenents ticodoamdink ceangel. (HonexiBiplmithesfpmto mogie 1y makhen a
femo node is not transmtting, received Ecp/lo by a nacro access
terninal majiepRirements: Ecpayme nxe and logng to estimate Ecpyng o and loyg respectively.

1 o This scenario is discussed in more detail below in conjunction with Equation 19. Since

the femto node location is different than the access terminal location there may be some
error in these measurements.

[00119] If the femto node uses its own measurements for adaptation of its own
transmit power, this error could result in lower or higher transmit power values
compared to optimum. As a practical method to prevent worst cases errors, certain
upper and lower limits may be enforced on Puxg max 8 PunB max timit@0d PuNg min timit
(e.g., as discussed above),

[00120] In view of the above, referring to block 602 FIG. 6, a transmit power

adjustment algorithm may thus involve identifying a home access terminal near a

Pt
o .\\

coverage edge of a femto node. In the example of FIG. 2, this operation may be
performed by the node detector 224. In some implementations, the position of the home
access terminal may be determined based on path loss measurements between the home
access terminal and the femto node (e.g., as discussed herein).

[00121] At block 604, the femto node 200 (e.g., an SNR determiner 242) may
determine SNR values (e.g., SINR) associated with the home access terminal. In some
cases, this may involve receiving SNR information from the home access terminal (e.g.,
in a channel quality report or a measurement report). For example, the home access
terminal may send measured RSSI information or calculated SNR information to the

femnto node 200. In some cases, CQI information provided by the home access terminal



ECPAINIIT EcP | _not _fransnilulng -UE JOUR EQUATION 13 [00113] Wen
the fento node is transmtting, received Ecp/lo by the access
termnal ma EcCP,IiNB LIE Ecp | IolRA B transmtting |og ECHNB
UE EQUATI (‘ﬂ@i%%{?’éﬁllﬂ The paraneter [Ecp/lolmn is dEFT’Hg%i’“ gnﬂﬁe
m nimum required Ecp/lo for the macro access termnal to have proper
service (e.g., as discussed above at FIG 5). Assum ng the macro
access termnal is at the edge of a fento node coverage hol e and the
coverage hole is limted to a certain value (e.g., PLEINB edge = 80
dB), then one may 34

may be correlated (e.g., by a known relationship) to an SNR value of the home access
terminal. Thus, the femto node 200 may derive SNR from received channel quality
information.

[00122] As mentioned above, determining an SNR value may involve the femto node
200 autonomously calculating the SNR value as discussed herein. For example, in

cases where the femto node 200 performs the measurement operations on its own, the

g: _;- femto node 200 may initially measure:
Ecpwmus ung: Total received pilot strength from best macro access node by the
femto node.
logng: Total received signal strength (Io) by the femto node from all other
access nodes (e.g., macro and femto nodes) in the system.

[00123] The femto node 200 may then determine upper power limits:
1 Ecp (PLua weef190)
% P =|| I g ST
HNB_max_l [ ECp / [O] . HNB
e EQUATION 18

PH‘\‘B _max_2 [S:{NR]max _at_HNB_cdge IOHN ) IO(PLINLMWILO)

EQUATION 19

[00124] Here, Equation 18 relates to the maximum transmit power determined in a
similar manner as discussed in FIG. 5 and Equation 19 relates to determining another
maximum limit for the transmit power based on SNR. It may be observed that Equation
18 is similar to Equation 17 except that o is measured at the femto node. Thus,

Equation 18 also provides the constraint that the SNR at the node not be greater than or



32 inpose the followi ng condition for the fenmo node downlink maxi nmum
transmt power: PHNB nmax (e.g., to naintain [Ecp/lolm, for a macro

access term : [0Ol1l15]Simlarly, if a home acces '
(e.g., a h@r‘gﬂ%ﬁgémHUE) that is serviced by the femo ES@E%HSQ?%@& ed
at the edge of the fento coverage, the SNR (the term SINR e.g.,

including interference, will be used in the follow ng discussion)
experienced by the hone access term nal nay be described as:
35

equal to a defined maximum value (e.g., a SNR value 244 stored in data memory 212).

In both of these equations, the determined transmit power is based on signals received at

the femto node and on the path loss to the coverage edge (e.g., based on the distance to

the edge).

[00125] At block 606 of FIG. 6, the femto node 200 (e.g., the transmit power

controller 208) may determine the transmit power based on the maximums defined by
£ Equations 18 and 19. In addition, as mentioned above the final maximum power value

may be constrained by absolute minimum and maximum values:

Ping 1o = max'.PHNB_mjn__limjt ) min(PHNBWmaxls Pioes maxzs Prg max simit )J EQUATION 20

[00126] As an example of Equation 20, PLing cdge may be specified to be 80 dB,
Pivg_max_timie may be specified to be 20 dBm, Puxg min 1imii may be specified to be -
10dBm, and [SINR]max_at_HNE_cdge and [Ecp/T0]min may depend on the particular air
interface technology in use.

[00127] As mentioned above, the teachings herein may be implemented in a wireless

network that includes macro coverage arcas and femto coverage arcas, FIG. 7 illustrates
an example of a coverage map 700 for a network where several tracking areas 702 (or
routing areas or location areas) are defined. Specifically, areas of coverage associated
with tracking arcas 702A, 702B, and 702C are delincated by the wide lines in FIG. 7.
[00128] The system provides wircless communication via multiple cells 704
(represented by the hexagons), such as, for example, macro cells 704A and 704B, with
each cell being serviced by a corresponding access node 706 (¢.g., access nodes 706A -
706C). As shown in FIG. 7, access terminals 708 (e.g., access terminals 708A and
708B) may be dispersed at various locations throughout the network at a given point in

time. Each access terminal 708 may communicate with one or more access nodes 706
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or macro coverage area 704, To reduce the complexity of FIG. 7, only a few access
nodes 706, access terminals 708, and femto nodes 710 are shown,

[00130] FIG. 8 illustrates a network 800 where femto nodes 802 are deployed in an

% apartment building. Specifically, a femto node 802A is deployed in apartment | and a
femto node 802B is deployed in apartment 2 in this example. The femto node 802A is
the home femto for an access terminal 804A. The femto node 802B is the home femto
for an access terminal 804B.

[00131] Asillustrated in FIG. 8, for the case where the femto nodes 802A and 802B
are restricted, each access terminal 804 may only be served by its associated (e.g.,
home) femto node 802, In some cases, however, restricted association may result in
negative geometry situations and outages of femto nodes. For example, in FIG. 8 the

fermnto node 802 A is closer to the access terminal 804B than the femto node 802B and

may therefore provide a stronger signal at the access terminal 804B. As a result, the
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[00132] Referring now to FIGS. 9 - 13B, the disclosure relates in some aspects to
adaptively adjusting transmit power (e.g., maximum downlink transmit power) of
neighboring access nodes to mitigate scenarios of negative geometries. For example, as
mentioned above maximum transmit power may be defined for overhead channels that
are then transmitted as their default fraction of the maximum access node transmit
power. For illustration purposes, the following describes a scenario where transmit
power of a femto node is controlled based on a measurement report generated by an
access terminal associated with a neighboring femto node. It should be appreciated,
however, that the teachings herein may be applied to other types of nodes.

[00133] Transmit power control as taught herein may be implemented through a
distributed power control scheme implemented at the femto nodes and/or through the
use of a centralized power controller. In the former case, adjustments of transnit power
may be accomplished through the use of signaling between neighboring femto nodes
(e.g., femto nodes associated with the same operator). Such signaling may be
accomplished, for example, through the use of upper layer signaling (e.g., via the
backhaul) or appropriate radio components. In the latter case mentioned above,
adjustments to transmit power of a given femto node may be accomplished via signaling
between femto nodes and a centralized power controller.

[00134] The femto nodes and/or the centralized power controller may utilize
measurements reported by access terminals and evaluate one or more coverage criteria
to determine whether to send a request to a femto node to reduce transmit power. A

femto node that receives such a request may respond by lowering its transmit power if it
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is able to maintain its coverage radius and if its associated access terminals would
remain in good geometry conditions.

[00135] FIG. 9 describes several operations relating to an implementation where
neighboring femto nodes may cooperate to control one another's transmit power. Here,
various criteria may be employed to determine whether transmit power of a neighbor
node should be adjusted. For example, in some aspects a power control algorithm may
attempt to maintain a particular coverage radius around the femto node (e.g., a certain
CPICH Ecp/lo is maintained a certain path loss away from the femto node). In some
aspects a power control algorithm may attempt to maintain a certain quality of service
(e.g., throughput) at an access terminal. Initially, the operations of FIGS. 9 and 10 will
be described in the context of the former algorithm. The operations of FIGS. 9 and 10
will then be described in more detail in the context of the latter algorithm as well.
[00136] Asrepresented by block 902 of FIG. 9, a given femto node initially set its
transmit power to defined value. For example, ail of the femto nodes in the system may
initially set their respective transmit power to the maximum transmit power that still
mitigates the introduction of coverage holes in a macro coverage area. As a specific
example, the transmit power for a femto node may be set so that the CPICH Ecp/lo of a
macro access terminal at a certain path loss away (e.g. 80 dB) from the femto node 18
above a certain threshold (e.g. -18 dB). In some implementations, the femto nodes may
employ one or more of the algorithms described above in conjunction with FIGS. 2 - 6
to establish a maximum transmit power value.

[00137]  As represented by block 904, each access terminal in the network (e.g., each
access terminal associated with a femto node) may measure the signal strength of
signals that it receives in its operating band. Each access terminal may then generate a

neighbor report including, for example, the CPICH RSCP (pilot strength) of its femto
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node, the CPICH RSCP of all femto nodes in its neighbor list, and the RSSI of the
operating band.

[00138] In some aspects, each access terminal may perform this operation in
response to a request from its home femto node. For example, a given femto node may
maintain a list of neighboring femto nodes that it sends to its home access terminals.
This neighbor list may be supplied to the femto node by an upper layer process or the
femto node may populate the list on its own by monitoring downlink traffic (provided
the femto node includes appropriate circuitry to do so). The femto node may repeatedly
(e.g., periodically) send a request to its home access terminals for the neighbor report.
[00139]  As represented by blocks 906 and 908, the femto node {(e.g., the transmit
power controller 208 of FIG. 2) determines whether signal reception at each of its home
access terminals is acceptable. For example, for an implementation that seeks to

[Tt
1

maintain a particular coverage radius, a given femto node “i” (e.g., home Node B,

“HINB”) may estimate the CPICH Ecp/lTo_i of a given associated access terminal “i”
(e.g., home user equipment, “HUE”) assuming the access terminal “i” is a certain path

LC13y
1

loss (PL) away from the femto node “i” (e.g., assuming the location measured by the

femto node “i”” will not change much). Here Ecp/lo_i for the access terminal “i” is
Eep,,.. ;
Ecpllo _i= Sl g e i
Opue 4

[00140] In some implementations, a femto node (e.g., the signal strength determiner
226) may determine RSSI on behalf of its home access terminals. For example, the
femto node may determine RSSI for an access terminal based on the RSCP values
reported by an access terminal. In such a case, the access terminal need not send an
RSSI value in the neighbor report. In some implementations, a femto node may
determine (e.g., estimate) RSSI and/or RSCP on behalf of its home access terminals.
For example, the signal strength determiner 226 may measure RSSI at the femto node

and the received pilot strength determiner 228 may measure RSCP at the femto node.
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some implementations, after increasing the transmit power, the femto node *i” may
determine whether the coverage for the access terminal “i” is now acceptable. If so, the

operational flow may return back to block 904 as discussed above. If not, the

operational flow may proceed to block 912 as discussed below. In some

(19 3}

o~

implementations the femto node “i”” may perform the following operations without
checking the effect of block 910.

[00143])  As represented by block 912, the femto node “1” (e.g., the transmit power
controller 208) may rank the femto nodes in the neighbor report by the strength of their
corresponding RSCPs as measured by the access terminal. A ranked list of the
potentially interfering nodes 246 may then be stored in the data memory 212. As will
be discussed below, the operational block 912 may exclude any neighboring femto node

that has sent a NACK in response to a request to reduce transmit power and where a

timer associated with that NACK has not yet expired.
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exanpl e, fong@Bej MFesRALAL a‘é@eﬁtib@é at%?d%l%slob@ tﬁ%&%@ﬁdﬁe% ’R@&Jcbé:fﬁ! ar
coverage radius, a givenfento 'node "i" (e.g., home Node B, "HNB")
may esti mat efamm W@Hyﬁ@@eh@sled@hoﬁnt@bl\/aedbfﬁﬁ@9ﬁioattcﬂ“dmﬁc(ﬁﬁﬁlsl@(BI) manal
“i" (e.g., home user equipment, "HUE") assuming the access term nal
"i" is a cebtwmkdOpatlhe femgsn((dl@u)” respapds to dhim redreest eitlt o AOHe Thie'bp¢ratignal
assum ng the | ocation neasured by the fento node "i" will not change
nuch). Here ﬂE&’p}W}btth fegHn ﬁm‘él()%lth@émeé@rbwlﬁaﬁemtq node prqeggses-piy adgdpgnalj
Ecp I To - o HUE ans as thev ¢

requests to reduce transmit power as they are received.
[00151] If coverage is not acceptable at block 1006, the femto node *j” determines

how much it may lower its transmit power such that the test of block 1004 passes (block



[00140] In sone inplenentations, a fento node (e.g., the signal
strength determ ner 226) may determi ne RSSI on behalf of its hone

access terpi r exanple, the fento node nmay determ or
an accessvﬁggﬁ$§%F§§ased on the RSCP val ues reported b%EEﬂﬁggggégk
termnal. In such a case, the access term nal need not send an RSSI
value in the neighbor report. In sone inplenentations, a fento node
may determne (e.g., estimte) RSSI ancUor RSCP on behalf of its honme
access termnals. For exanple, the signal strength determ ner 226 may
nmeasure RSSI at the feint node and the f&ceived pilot strength
determ ner 228 may neasure RSCP at the fento node. 40 [00141] The

fento node "i" may determ ne whether Ecp/lo_i is Less than or equal
t th h t ] f ,, i.nal
0% s acaont ot Beftt ST L. MARIIRL GRFIAREA Kl REGSRSEST. b PO

may return Backadde iPkesdmifRvarhesie the fenmto node "i" waits to
recei ve the next neighbor report. In this way, the fento node may

repeat edly ponstjor Aqotdktlddnshofemid Sodd Jfere@ReEEStrimmifipddkShoMe Embiike.
[00142] If coverage is not acceptable at bl ock 908, the fenmt o node

"i" may contepmenagbabaick dAE2, tipal§abky frheletinaglmenpd opomer Tk amnentaray
nore nei ghboring fento nodes. Initially, as represented by bl ock 910,
the fento nBYEDPIGentemBy, futexpmples theMalug g%m?‘@? Xthe maxi mum al | owned

{ranem ¢ poln S5 EEIT MRS BlReEen) Elime B0G el

Aas set the | I 2, far. _ i.f «t-he f.ent.

kﬁ"ode i haag%égye% é‘ﬁ,eyg‘?{" %%t\pglr}l ng ?rgﬁburgsé% ffﬁ%{%&ﬁg}dg&b{;?ﬁaﬁdﬁﬁ%ﬁ%o

node to redufitididhok FRNSTHS pRRYEH all driihal FTBICER]tE PR B 1 QRn afolif(c.g .,

increasing the transmt power, the fento node "i" may determ ne

whet her t hebetevetage Txoj). Theopaarms i@y mapdlen'tétiirni ts bivokv dEXapladibed

I f so, the operational flow nay return back to bl ock 904 as discussed

above. |f nebavet he operational flow may proceed to block 912 as

di scussed bel ow. In sone inplenmentations the fento node "i" ma

per f or m t he (403 P4lowil s sPrapisrpienesiiadions. trdfgmterder i g d thicfemtq wde b%/ bl ock

910. [00143 .Iepresent.ed bl o 91 the fento .nade "i" (e.q.,

the transm PoBBFRREREY b Paas st fonf o riod T B SR nstion Wipiha

nei ghbor re . L1 CRLL | &g : :
Rei oxbayNAﬁk. %Jr&%@%xf]{tsc’&mérr&k%eg, ﬁ’i:é f&ﬁthBtgig g%?gﬁt lgﬁ%raysmxt

nmeasured by the access term na A ran st o ent

i nterferi ngpoRgasclbhiByviciervie 1S tha e, iR fthe @ak & mEoRYiddbhg AS
wi |l be discussed bel ow, the operational block 912 may excl ude any
nei ghbor i ngpémahtal inddecvehiahe feago sedet“rahdNA@edn response to a request
to reduce transmt power and where a tinmer associated with that NACK

g]as not yet [Pl edilso. 1sqporaes|cagisicmiprais omthedietorb ey ktogelthe t he
fento node "i" (e.g.,, the transmt power controller 208) selects the
strongest i W@WM@&F@W@H@@@H@%B&@%@@ oM Fekit TS el o) _
and deter m nes, by QW IUER, Ak faRQ,A00e 3NARLA. NEHS Gl i il B0R o'
power to maimtalin a given ECp/i0 Tor access ternnal oGt e

desi gnat ed GQVUE!BGSnL186H LarréMBlnh QDo tHeFeRRIRIBIRERHR0 B(Eb% Adypunt
(e.g., percentage) of power réduction nmay be represented by a

par anet er aktfifidatp a nifinEGNRaREREIEr td dheure pRhad teRRgdforlhiaslkaclidtiomy

i nvol ve determ ning whether Ecp/lo_i is greater than or equal to a

t hreshol d a§00dp6lc uskibd fatowede fiB3Bdmt 5¢quisiex to, alk teéghberntmfemialgodes to reducg. |
the transmtter 204 and the comruni cation controller Zlg) sends a
nmessage to HSE PPREE Yrdrfgmrot Yt meinginese fesed covcrree ainbe spacich smearagsy t he

Gest a0 20 AUBAhe R Bl POUBRE PESHELY e e B L,
I n conj unct int%f&a%\ééfag.o@ &de%'gﬂt lgwpe(i’ go%%é%@ﬁe %agéé}[i ﬁ%\%ﬁhﬁ‘;@d THé/ feg‘lta? g&;degr&agr th&p e

fent o node e recelver a nmuni ca
raise the fraction of its pilot power accordingly (e.g., within a preset maximum value).



the requested anobunt, the fento node "j" will respond to the request
wi th a negative acknow edgnent (NACK). In its response, the fento
node "j" te that it did not reduce its power hat
it reducega¥yh&g% r by a given amount |ess than the rgghgg%kgehﬁ%
anount. In this case, the operational flow nmay return to bl ock 912
where the fento node "i" may re-rank the fento nodes in the neighbor
report according to the RSCP neasured by the access termnal "i"
(e.g., based on a newy received nei ghbor report). Here, however, the
femto node "j" will be excluded fromthf#$ ranking as long 42 as the
timer associated with its NACK has not expired. The operations of

bl ocks 912 through 918 may thus be repeated until the femo node "i"

determines izt hg\nﬁgfr% el Ron EAPUAREES Scil e TRl t%éo%nfgﬁ%scg%gg Bhye to

target valu has as possible

i1 ustrates 3amph ¢ c@%?e[g%trh(ﬁﬁ‘@mﬁ)hﬁlhs PRYscB BeLctiodiyad vidsiiit hEMrQamesa
that receives a request to reduce transmt power. The receipt of such
a request i g newprieSkteRenfily, SALIOS KchtDO Zhaylset Alowenpuaden tintdeometth@ne
the node 200 of FIG 2 is also capable of perform ng these

oper at i ons, tireshopé madcossgemiind vold havkOOR ismwithib ¢heplsiostedebvatagt edsss. i n
part by the recei ver 206 and the comuni cation controller 210, the
oper ati ons orevss ﬁ%ChlmhﬁmiG’@Bleéhlﬂ lrnmr pwf@%&e}?ﬁyn%e Stﬁtéff VhYERE at

| 1 t b 1
oper at| onb BPVBIEIE ey B Sy Be s BPIaPds & 4GS to FOBBRE figp e

ransimitter 204 ang Lhe Hgﬁggglpm& | 8008 A& CrAR ol 801Dt

bl ocks 1004"&n 0 no etermnes wh coverage for
one or nore shRAR MAEARRodiBEIdubR Rt Mk P18 Eeﬁslel@taa%@ dcf:orﬂffﬁg té _r ansmi t
power is adjusted as requested. For exanple, ento node "j" may
eval uat e a mhegiesherdiocdllowed at thsfehitansdd t power to al pha_ p*HNB Tx j by
determ ning whether each of its access termnals nay pass a test
simlar to (HE58kstA given trsue nbdedmalt pdsfoos khoqgratidey bl@‘-ﬂi@ et B nodlé
""" may determ ne whether the Eﬁ /Io of an a5500|ated ccess. t rnlnal
at a desi gn&f BYasseRiuphecsdemiRely df B}O%tpe‘"r OQ%ﬁeséFer’é‘Hﬁglls aﬁsé?c‘éte with a

h hol d | ck
fento node 1§ u%rnggﬁg%e R SR B BT AR Ful i S Rt o
a defined p% ﬁ'fnstalss%&a(egla %%tjeggﬁlléfﬁeu% Aekrdm t he fento node

"y responds request wt operational flow may

then return @ sbi ockmiIRO wHhiesaRytih@hdtREToR nﬂﬁd@esﬁﬁmtesse@emy reduce
addi ti onal requests to reduce transmt power as they are received.
[00151] |f ceweniapevérsa fentto acdegetfabhethatesbdfdddck1006 fortahiats hesotiatedode
"I]" determ nes how nuch it may lower its transmt power such that the
test of bl oekcesDBENipalssdbe {epitonnde My thenseject fgmeninium poveiltet pell
éppreC|ated that in sone cases the fenho node el.ect to not

educe 11 GRS ¢ bl o 33 AROGH REBIATIIONR f ont o
r e%"ﬁ%ﬁ] I tI%l a&éﬁ?&i rJ:Jact:h t%m\{\enoéyn h@ G RIRY ﬁlay perform these operations

for its respective access terminals. Hence, each node in the network may send a request

node

to a neighboring node to reduce transmit power or may receive a request from a
neighboring node to reduce transmit power. The femto nodes may perform these
operations in an asynchronous manner with respect to one another.

[00161] As mentioned above, in some implementations a quality of service criterion
(e.g., throughput) may be employed to determine whether to reduce transmit power of a
femto node. Such a scheme may be employed in addition to or instead of the above

scheme.



determ ned at block 1012, if applicable, for a defined period of
time. This anmount nmay be represented by, for exanple, the val ue
beta p*HNB, Tx | 0153] At bl ock 1016, the fento node .} W n
respond t%%ﬂgb/?zeséél}est wi th a negative acknow edgnent m&%‘lbéﬂf"tﬁ&?ts
response, the fento node "j" may indicate that it did not reduce its
power at all or that it reduced its power by a given anmount (e.g.,
beta p*HNB Tx j). The operational flow may then return to bl ock 1002
as descri bed above. [00154] In some inplenentations, the fem o node
"i" and the femo node "j" mamintain resfective timers that count for
a defined period tinme in conjunction with an ACK or a NACK. Here,
after its tinmer expires, the fento node "j" may reset its transmt
power back e A Vi . i e f e y
bvor d boi gl BLEHRHE Rt E ke ol ekl CE1C) s PhAAIEHE foicH™
[00155] Al SRscpraf%'e%Ens@éﬁ’s(rﬁas_f}%a@m&uﬁ%? abdtsd REMASTWOIHUIRY BQre
the nmeasurenents (e.g., the neighbor reports) that it received from
an access t grihd R8$I dshecabiasd b advesstidrtniget €S Scp/s rndEcpedn heedpedivalyt h
the fento node. In this way, in the event no access termnals are
currently caomiectRCH Bep/loenfl ghet CPIRBIIRINR (signdlgaiderfisetse pagnajsd wivatfe a
mninmumtransmt power to ensure Ecp/lo coverage for initial
acqui si t i onaccpBeamEaLf T HEn ﬁ%ﬁ&sw%@@nﬁ%@d&e it esti feptogpqde
nei ghbori ng fento no to reduce their power and cannot yet maintain
t he desi redcaéﬂg%Fsaffggg(gltS‘)Wf% speci fi ed coverage radius, the fento node
fmay cal cul ate how nuch its conmon pilot Ec/lor needs to be increased
above its default |evel e ch the target coverage. The fem o node
may then raise ttm:pﬂbg@t:i—en—ei its pilot power accordingly (e.g.,
within a preset maximum vBP%e). 44 [00157] An inpl enem@EIADION bat
utilizes a schenme such as the one descri bed above to maintain a
coverage radius nmay thus be used to effectively set transmt power
val ues in a net ng\ﬁﬁ,ilior exanp$@P_isuch a schenme nay set a | ower bound
on the geonetry t gh] ss termnal wl i L. it
is wthin the desi gnat—g%g%ﬁggirgg)é@g%??ﬁg Mor eover, sué}@gﬂm% may
result in power profiles being nore static whereby a power profile
may only change when a femo node is added to or renoved fromthe
netvork. I nigqes | RRIEIRIBE is MSratid B BE Cmmkﬁotft%grhﬁ o&R S ablapge
t he above schene nay be nodified such that the CPICH Ectlor is
adapt ed acceswéng thoxeffeasur ements col l ected at the fento node.
[ 00158] A given fento node may performthe operations of blocks 904 -
918 for all [W64]t s Ths soctoapdeesticress shet Eaprip vhihs homf apegsetetrhiaal ibhevere at
access termnal is associated with a fento node, the fento node may
send a requéstedgeoiihe fomia ppds GONgAERFRIGSHABE LM 8 AR) d9ss ShYLBimeconfesi t s
fassoci ated access termnals is being interfered with.
[00159] Similarly when eval uati ng wfgetPher, or not to respond to a
request to reduce (geiq j) _ RSCP_1 1y coversge

—"/HNB_Coverage

RSSLi EQUATION 23

[00165] where RSCP_i_inng coverage 18 the received pilot strength at access terminal

(135

from its own femto node “i” at the edge of the femto node

(2341 L )]
i 1

coverage. The edge of

coverage corresponds to a path loss (PL) from the femto node equal PLyng coverage and

RSCPmimiHNBMCc\'cmgc = HNB_TX_i * (ECP/ IOi’)/P LHNB_C‘ovemg,e EQU ATION 24



transmt power, a femo node perforns the test of block 1004 for al
its associated access termnals. The fento node may then sel ect the
m ni mum p t..wll guarantee an acceptable perfor

its assoc%éﬂﬁg@g&s@ss termnals. [00160] In addition, gg@ﬁg%ogﬁ?%yrﬁlode
in the network nmay performthese operations for its respective access
term nals. Hence, each node in the network nmay send a request to a
nei ghboring node to reduce transmt power or nay receive a request
froma nei ghboring node to reduce transmt power. The fento nodes may
performthese operations in an asynchrofidus nmanner with respect to

one another. [00161] As nentioned above, in sone inplenentations a
quality of service criterion (e.g., throughput) may be enpl oyed to

det erm ne mﬂﬁ r tq ducert r 1t r Cﬁfﬁ

schenme may eﬁgﬁplgﬁg Cpﬁg%gr'§¥§%Lp%g%§ﬁfﬁg§%§%{o ﬁﬁgﬂg§§$§§§%%ghe
45 [00162] | 8y indlit aEhRARSHoRThElS Bl iagRove, RSCP_i _j is
defined as the CPICH RSCP of fento node "jJ" (HNB j) as neasured by

access termnal "i" (HUE.i). RSSI i is the RSSI as neasured by access
termnal "i." Ecp/le@_.i;and Ecp/ } ctiyely, are the CPICH
Ecp/lo and the CPIé%qg{ mﬁ§Pgﬁ§%H%@HPﬁ§g§F%rénce and AYSETIRY D) of
access termnal "i" fromits associated fento node "i" (HNB_.i). The

fento node calcul ates the follow ng: (Ecp/lo_ i) = RSCP-i RSSI i

EQUATION 21 [{30§|6JI\IR IIf the answer is YES, the femto node does not send a request to reduce

%i transmit power. If the answer is NO, the femto node sends a request to reduce transmit
power as described below. In addition, or alternatively, the femto node may perform a
similar test relating to throughput (e.g., SINR_i).

[00168] The femto node sets its power to the maximum allowed by the macro cell
coverage hole condition.

{00169] The femto node “I”” ranks the neighbor cells in descending order of the home
access terminal’s reported RSCP.

[00170] The femto node “i” picks the neighbor cell femto node ) with the highest
RSCP value, RSCP i _j.

[}

[00171] The serving femto node “i” calculates how much femto node “}” needs to
lower its transmit power such that the performance of its access terminal “i” improves.
Let (Ecp/Io) Trgt A be a target CPICH Ecp/lo for the home access terminal that is
preconfigured in the femto node. This target Ecp/lo can be chosen such that home
access terminals are not in outage. it can also be more aggressive to guarantee a
minimum geometry of the home access terminals to maintain a certain data throughput
or performance criteria. The desired RSCP_i_j_trgt seen by access terminal “i” from

(19} ]

neighbor femto node “j” to maintain (Ecp/Io)_Trgt A may be calculated as:

(Ecp/lor) * RSCP_i_iHNBMCm,ng
{(Ecp/lo)_Trgt_A

RSCP i j Trgt= — (Bcp/lor)* RSSI_i+RSCP i _j

EQUATION 26



RSCP_i - RS Sl i - RSCP_i/(Ecp/lor)EQUATI ON 22 [00163] where Ecp/| or
Is the ratio of the CPICH pilot transmt power to the total power of

t he cell.ph?%égé%ﬁghe fento node estimtes the Ecp/lo 9§%@§§m OE .

access te it were at the edge of the fenmto nod ver age
corresponding to a path |l oss of PLHNBSoverage: (Ecp/loi)flNcfl -
rage RSCP_i _i

47

[00172] In addition, or alternatively, the femto node may perform a similar test
relating to throughput. The femto node “i” calculates the ratio alpha_p_j by which

femto node *“j” should lower its power as:

alpha_p j=RSCP_i j Trgt/RSCP i j EQUATION 27

AT,
! b

[00173) The femto node “i” sends a request to femto node “j” to lower its transmit
power by a ratio alpha_p j. As discussed herein this request may be sent through upper
layer signaling (backhaul) to a centralized algorithm or sent to femto node “j” directly
from femto node “i.”

[00174] The femto node “” evaluates whether it may respond to the request of femto
node “i” by making its transmit power HNB Tx new_j=alpha p j * HNB_Tx_j,
where HNB_Tx_j is set as above. In some implementations the femto node *j” checks
two tests.

[00175] Test 1: This test is based on the scheme previously described for FIG. 9.
The CPICH Ecp/Io of an associated home access terminal, which is away from the
femto node “j” by the coverage radius, is above a certain threshold (Ecp/lo) Trgt_B.
This test is to guaranice that its own UE have an acceptable performance within a

certain radius around the femto node and another registered home access terminal can

also acquire the femto node. This is calculated as follows:

(ECP/IO_J) s RSCPJ»«J HNB_Coverage
HNB Coverage R SSI_J EQUATION 28




BNB Cover age RSSI i EQUATI ON 23 [00165]where
RSCP_ i iti NB Coverage is the received pilot strength at access

ternlnal "Wo 2800RMsk1S own fento node "i" at the edge OEC&R@§EQP%§§

node "i" coverage. The edge of coverage corresponds to
(PL) fron1the femt o node equal PLuNuSoverage and 46

48

[00176] where RSSI_j and RSCP_j_j are the RSSI and RSCP reported by HUE j at
the coverage radius (or otherwise estimated by HNB_j) to femto node *” before

transmit power modification. The test is

(ECP/ IO__.j)HNB_Cnverage > (ECp/ IO)_TYgth ?

EQUATION 29
£
L [00177]  Test2: The CPICH SINR of HUE_j is greater than a certain target to
maintain a certain performance criterion (e.g., quality of service such as throughput):
[00178] where
SINR new j= alp I.“la_p J R_S_CP—J—J
{\ . [00179]  If either or both tests pass {(depending on the particular implementation),

40293

femto node " lowers its transmit power to be alpha_p j*HNB Tx_j and sends an
ACK to femto node “i”, given that the new power is above the minimum allowed (e.g. -
20 dBm).

[00180] [f one or both tests fail, femto node “j” does not lower its transmit power to
the required value. Instead, it calculates how much it can lower its transmit power
without hurting its performance. In other words, in an implementation that uses both
tests, the femto node may calculate its new transmit powers such that both Test 1 and
Test 2 pass and lowers its transmit power to the higher of the two. However, if with the

(13431

current femto node “” power settings either test fails, then femto node “j does not

lower its power. The femto nodes may also lower their power to a minimum



[00166] Let (Ecp/lo)_Trgt A be a threshold on the CPICH Ecpao
preconfigured in the fento node. The fento node checks the foll ow ng:
Ec /Io_(];@% > (Ecp/l1o) _Trgt A ?EQUATION 25 [0

gnse\er is §&’m;ﬁg&f‘eerr‘[o node does not send a request ?é@’%ﬁ’lﬂ%@%
transmt power. If the answer is NO the fento node sends a request
to reduce transmt power as described below. In addition, or
alternatively, the fenmto node may performa simlar test relating to
t hroughput (e.g., SINR O [00168] The fg(gto node sets its power to

t he maxi num al | owed by the macro cell erage hole condition.

[ 00169] The fenmto node "i" ranks the neighbor cells in descending
order of the hone access termnal's reported RSCP. [00170] The fento
node "i" pi r j RSCP
Val e, | ReCP e A P chree HH R aPLP e Moy
much fento rpee aNACKeeamtb GodcOWewith it5 fihd1306@t deuigeer such that the
performance of its access termnal "i" inproves. Let (Ecp/lo)_Trgt A
be a target [[0PSJH Hbphlgorithows disvesshbamvaelies erite mndlesad addpéately sdjust their
preconfigured in the femo node. This target Ecp/lo can be chosen
such that hbpsTEcROESss inarcallwraivg feshiost These@lgosigen have ey pataststase
nore aggres m ni mum geqnet of the honme_ access

terminal s tESY Pfglcfﬁ B‘??Ffir %%Ee(rgtegal " aEi&P%WPF?%B%Wpf% CE?mRJ%rETCBﬁM{@e

i
Tel ohbor 1 oEY aﬁﬁwpﬁ‘% A R R S
tas: (Ecp/| op)yfhBSERnéd 1 re&ho-ﬁ'bgﬁdp'ted Wﬁﬁ@m(n%‘ij%cjegy )* RSSI i+
RSCP i j (Ecp/lo) Trgt A E

|00182] In some aspects, the timers may be varied (e.g., independently) to optimize
system performance. If an access terminal “i” is not connected to a femto node “i,” and
femto node “j” is already transmitting to access terminal j,” access terminal “i” may
not be able to acquire femto node “i” due to its low CPICH Ecp/lo. The above
algorithm may then be modified such that cach femto node tries to maintain a minimum
CPICH Ecp/lo within a certain radius around the femto node. A disadvantage of this is
that neighbor access terminal “j”” may be penalized while femto node “i”’ has no access

terminal associated with it. To avoid continuously penalizing neighbor femto nodes,

femto node “i” will send in its request to neighbor femto node “j” an indication that this

£

request is for initial acquisition. If femto node “j” responds by lowering its power, it

sy !! (144 3]

sets a timer and femto node “i” sets a larger timer. The femto node *j” will reset its

transmit power fo its default value after its timer expires but femto node “i” will not

send another request (for initial acquisition) to femto node *“” until the timer for femto

‘5 ki “ ”

node “i” expires. An issue remains in that femto node “i” may have to estimate the
RSSI_i as there is not an access terminal associated with it. The femto node “i” also
may have to estimate the neighboring interferers RSCP_j. However, the strongest
interferers the femto nodes see are not necessarily the strongest interferers its access

terminals will see,



47 [001721In addition, or alternatively, the fento node nay perform a
simlar test relating to throughput. The fento node "i" cal cul ates

the ratio le-OY Which fenmto node "j" shoul d | oweri as:
al phapj i) ?’i“%‘ss_ﬁr gt / RSCP_i EQUATI ON 27 [00173] The pe SRRtk

sends a request to fento node "j" to lower its transmt power by a
ratio alpha_p j. As discussed herein this request may be sent through
upper layer signaling (backhaul) to a centralized algorithmor sent
to femo node "j" directly fromfento ngge "i." [00174] The femo
node "j" eval uates whether it may respo to the request of femo
node "i" by making its transmt power HNB Tx newj = al pha_p * HNB_Tx
where HNB Tx j is set as above. In sone inplenentations the fento

d wionm h t t . 1: . i i th
node "j" chegli§sft Warota@sdisite tﬁﬁéizgicalﬁgfon#EOQT%%&e%%mﬁaﬂg%%g}]s%e e

schenme previously described for FI Ecp/ 10 of

associ at ed hisREeda6 CRSE il idlethdatt on natihBbridgSfemt@yodet @ith tHrSane PLOMNADe

“j" by the coverage radius, is above a certain threshold

(Ecp/ | 0) _Tr ghe BceSBHermitasmay seatl thegueiphboit lese ot Hetcampesd fowato didchehieh may
acceptabl e performance within a certain radius around the fento node
and anot her cpgih Sheescenbiisgeodecied sinipgeivsrarn feap pedso Thisgan pe thheccess

fento node. This is c Iculat$F as foILow§: 4% , ,
terminal at an advantage when acquiring its temto node at negative geometries.

[00184] Referring now to FIGS. 11 - 13B, implementations that employ a centralized

éf o power controller to control the transmit power of femto nodes are described. FIG. 11
illustrates a sample system 1100 including a centralized controller 1102, femto nodes
1104, and access terminals 1106. Here, femto node 1104 A is associated with access
terminal 1106A and femto node 1104B is associated with access terminal 1106B, The
centralized power controller 1102 includes a transceiver 1110 (with transmitter 1112
and receiver 1114 components) as well as a transmit power controller 1116, In some
aspects, these components may provide functionality similar to the functionality of the
similarly named components of FIG. 2.
[00185] FIG. 12 describes various operations that may be performed in an
implementation where a femto node (e.g., femto node 1104A) simply forwards the

é\ neighbor list information it receives from its associated access terminal (e.g., access
terminal 1106A) to the centralized power controller 1102. The centralized power
controller 1102 may then perform operations similar to those described above to request
a femto node (¢.g., femto node 1104B) that is in the vicinity of the femto node 1104A to
reduce its transmit power.
[00186] The operations blocks 1202 and 1204 may be similar to the operations of
blocks 902 and 904 discussed above. At block 1206, the femto node 1104A forwards a
neighbor list 1108A it receives from the access terminal 1106A to the centralized power

controller 1102. The operations of blocks 1202 - 1206 may be repeated on a regular



[00176] where RSSI j and RSCP_j j are the RSSI and RSCP reported by
HUE | at the coverage radius (or otherwi se estimated by HNB j) to

fent o nodeyakn e transmt power nodification. The |

(Ecp/ 1o jﬁ%ﬁ?‘?@%ﬁ age > (Ecp/io) Trgt B 2EQUATI ON 29*8@%’7@?’0 &S
2: The CPICH SINR of HUE | is greater than a certain target to
maintain a certain performance criterion (e.g., quality of service
such as throughput): SINR new j> SINR Trgt ? [00178] where al pha_p
J*RSCP j j SINR_new j= RSSI _j- RSCP j &/(Ecp/lor) EQUATI ON 30
EQUATI ON 31 5

basis (e.g., periodically) whenever the femto node 1104A receives a neighbor report
from the access terminal 1106A.

[00187] Asrepresented by block 1208, the centralized power controller 1102 may
receive similar information from other femto nodes in the network. At block 1210, the
centralized power controller 1102 may then perform operations similar to those

discussed above (e.g., at block 906) to determine whether a femto node should reduce

A

its transmit power. In some aspects, the centralized power controller 1102 may make a
power control decision based on information it receives relating to conditions at
multiple femto nodes. For example, if a given femto node is interfering with several
other femto nodes, the centralized power controller 1102 may attempt to reduce the
power of that femto node first,

100188] At block 1212, the centralized power controller 1102 sends a message to
each femto node that the centralized controller 1100 determines should reduce its
transmit power. As above, this request may indicate the degree to which a designated
femto node should reduce its power. These operations may be similar to the operations
of blocks 912 and 914.

o [00189]  The centralized power controller 1102 receives responses from the femto
nodes at block 1214. As represented by block 1216, if no NACKSs are received in
response to the requests issued at block 1212, the operational flow for the centralized
power controller 1102 returns to block 1208 where the centralized controller 1102
continues to receive information from the femto nodes in the network and performs the
power control operations described above.

[00190] If, on the other hand, one or more NACKs are received in response to the
requests 1ssued at block 1212, the operational flow for the centralized power controller
1102 returns to block 1210 where the centralized controller 1102 may identify other

femto nodes that should reduce their transmit power and then sends out new power



[00179] If either or both tests pass (depending on the particul ar
i npl errentation) fento node's" lowers its transmt power to be

al pha_ p_| and sends an ACK to fenmto node "i" Fﬂ t he
new power Is"a %%/3188 the mninumall owed (e.g. - 20 dBn) Pg]f’ég%% ®one
or both tests fail, fenmto node "j" does not lower its transmt power

to the required value. Instead, it cal cul ates how nuch it can | ower
its transmt power without hurting its performance. In other words,
in an inplenmentation that uses both tests, the fento node nay
calculate its new transmit powers such Phat both Test 1 and Test 2
pass and lowers its transmt power to the higher of the two. However,
if with the current fento node "j" power settings either test fails,

55 [0 HER S TR R R e

di scussed hglsgjsggdabb{;b.all t hese cases fento node "J" may report a
NACK to fenmto node "i" with its final power settlngs [ 00181] The

al gori thns HiogeUs s EUGROGWeand! IBBWcE®ilt ard @petafiorddiap riay &k Yedohmedtin an
their transmt powers in a collaborative fashion. These algorithm
have many panaemsteatonowticeha ano bededdigy §tratd npds l04ADydeanfiomarcighdo)ing
such as, for exanple, Ecp/lo_Tr A, Coverage radius, Ecp/lo_Trgt 13,
SINR Trgt, Hsdop (etgrré"‘?lefo HP‘H'%IEQ%FW Hweldrfﬁéfuoeétwewewﬂ serssitied by

Tobects " RR S OB Gy éo%ﬁoﬁe”ﬁa@pﬁﬁeﬁ%ﬁ “'fl'y’)e IR FS
system perf?td?ﬂ%ttenaa BRES E IRk 1006 08k FOTRRHEFh 2

fento node read transm access
term nal J[ﬂOlﬂﬂce%ebﬁérﬁlﬁd?@'btockslm)l 1904 b@bﬁhﬁlatfa@@&s&a&en& gt o
node "i" due to its low CPICH Ecp/lo. The above al gorithm may then be
nmodi fi ed sublockdtdl -@a2 HistentdatioodeAt sloeks] A1d, thafenitainadeal IPYAl seads aCPl CH
Ecp/1o within a certain radius around the femo node. A di sadvant age
of this is mhseenideeipos teclomesnaderlid4iato the tentralizddeopencrniiplet MAZ e
femo node "i" has no access terninal associ at ed with it. To avoid
cont i nuous| JUPEiTae %S%geﬂaashet@tmeps fosme oF fsayeapler Bepssyge@ay pimply dentify

d h fe di
This request et P SRl Tal F rod sl SR e G
by | overi nggdnfs nB&%@% Obst dcgﬁtb%dgb(g\}erﬁ?ﬁio@l@glj)e%& DRGG1so 'mag%r‘?ctlt?de%ome ‘s

| arger timer. reset ‘its transmt power

defaul t val yealpdities nél%tﬂjot‘ kBt t}@@ﬂn&ﬁﬁodﬁuﬂ 042 FecOivaPREm the acdbds kerf@al
send anot her request (for initial acquisition) to femo node "j"
until the tih@A. fTe dpertionstddéocks 1302x i3l €may Aardpsstedon e nagiilas bashs (Elgat
fenmto node "i" have to estimate the RSSI_i as there is not an
access ter nptfétdlcééxbﬁhe@@e@ thei femtq rode Thed 4 exveiyesronegibor epe fivmythhave
§o estimte the ne agtim%g;g interferers RSCPJ. However, the strongest
int erferersa‘toﬁﬁf’ s see are not necessarily the strongest

I nt er f erer S[d01§fﬂfic5§§‘§pr£%5{yg%albfoc}mlb16 S centri‘:fme(# \;r'e8r3 tquler gi VI are

the initial “acq cctess te al'Powed

to canp in_idLige MG %ﬂﬁh&he%'oeert&%ao&ede&ewe%rt hgy BIBER131S, the
PLM\LID. The access termnals nmay read the neighbor |ist on

canped fent eendatigdyoencsmpll€an02intdy idBerbige wmedhbmgsmttﬁnmdmyl m ng of

its own fento node. This can put the access termnal at an advantage

when acqui r adjgstinests fosamygequuste f@atredvsgart inveingeio pevern iesceives (e.g., based on
other requests it receives requesting a reduction in power for the same femto node).
[00194] At block 1320, the centralized power controller 1102 may then send a
message to each femto node that the centralized controller 1102 determines should to

reduce its power. As above, this request may indicate the degree to which the

designated femto node should reduce its power.



[ 001841Referring nowto FIGS. 11 - 13B, inplenentations that enploy a
centralized power controller to control the transmt power of fento
nodes are i . FIG 11 illustrates a sanple syst
includingvgg%ga?gg ized controller 1102, fento nodes 1 gz&%gﬁswgg?ess
termnals 1106. Here, fento node 1104A is associated with access
termnal 1106A and fento node 1104B is associated with access
termnal 1106B. The centralized power controller 1102 includes a
transceiver 1110 (with transmitter 1112 and receiver 1114 conponents)
as well as a transmt power controller 2416. In sone aspects, these
conponents may provide functionality simlar to the functionality of
the simlarly named conponents of FIG 2. [00185] FIG 12 describes
vari ous ope{mygnsﬁ@e&mfmed%@%woﬁ@ﬂ‘ 109 8k Qb ge a

femo node (e.g., fento node 1104A) sinp orwar ds the nel ghbor 1i st
i nf or mat i onnbdes bEWIBIVER2f KAMIréena8 9 6iodk @8LAGGRISALEE MleRddeivel i9-
access termnal 1106A) to the centralized power controller 1102. The
central i zedrgspuse tecthetagobdteissued 82bloeky 1 320 ethe pperitamnal figye fatheoreatraizet | ar
to those described above to request a fenmto node (e.g., fento node
1104B) t hat ppwercgnigpiter {1 Q3 seiurgs toblackd 3 Hewhee Hedenttagapcangrotledidée its

transmt power. [00186] The operations bl ocks 1202 and 1204 may b
simlar to P%IHB{)*&P&?‘ielYﬁéQfg’fm%PB Tei G Sermidods 4n Hiediesk ancheipms e

bl ock 1206, _the. f Q.n 1104A § rds a neighbor list 1108A it
receives fr8%$§ﬁgg%@é’§§9 %?%gﬁg%d%%ﬁgA to the centralized power

control ler 53e) ThE oR PR hdr @R, B B @&%M@@ﬁm rdcRBd [BsRAsd BREAT ed
on a regular 51 basis (e.g., periodically) enever the ?ento node
1104A recei yegesdts Bgied Bblock B0/ the bp@nidnaEfl@E €R%IS: debfraliz@ podkdiQBAtroller
[00187] As represented by block 1208, the centralized power
control |l er 11@2retvans tp bloek V31 &whirt the demfaizoditantmollfr Id6P otak edenfifndtber
nodes in the network. At block 1210, the centralized power controller
1102 nay t héxnpapdesrihat shratdrervgedthair wansgit noyver psktBericsduis agw FpYoe
(e.g., at block.906) tao deternm ne ether a.f 0 node shoul d reduce
£t ans ESORBESeps Bl sBerLiket e e arm B8 Sunasde PR T or
1102 may ma po : 0, ISl . i.nf i Lt
rocei vos 1ol T ViR AL P R RARTHPAREL B ARG AR b ey
if a given bRMR anQectd wa@tomaﬁagliﬁ%trmm p%%%é%iaﬂei%hﬁoﬁﬁﬁg {28000 eS,
the centralized power controller 1102 nay attenpt to reduce the power
of that fenkxanydeén fistadt eni@h8@]dostlitihk Balsrmlhbierstdighecfemtd @ddez edy be
power controller 1102 sends a nessage to each fento node that the
cent r al i zedadivsied 9l d saticvalyo vdeteby némiws repioahdnts aidlicecdss termimalygmdytbe
power. As above, this request may indicate the degree to which a
desi gnat ed ﬁ@éﬁﬁ%d-n%%e%ﬁaﬂwu?he%ﬁ%%wiﬂﬁ% be erreratibleyatiecgrsy pegeoisEningly
be simlar to tﬁf ogeﬁationstof biqg%s 91§t?ng 91t4.t 0018%% %Pe
central i zed PO RO BrY Sty BRI L o AL ONEN PO BmP AL {2
nodes at bl gekanke iyiroihef ARHSAR BbR G Moy B hartiZdhfy acklsic 3o MK LR
gsue at ocC %, the

received in response to the requests
oper ati onal fd @uadify skl ©gMtdnRintsZFthd R¥BY inGRNdvkeln er 1102 returns to
bl ock 1208 where the centralized controller 1102 continues to receive
i nformati on[80188) t Henhentivoy fddsmiomaddh enviehwenkmaniet: @abfideddn vdr@us
power control operations described above. [00190] If, on the other
hand, one oiwatbriornerEedile. Fedluptaes anrexpaplsoreommunicatien pystpne 5109

i ssued at bl ock 1212, the operational flow for the centralized power
control Ler M WEOUITRE PBULIREKIESTROUHSH EhiR AECRRT FRITPBEEN

control | er #?&f&%ﬁ Tt&]g%geﬁﬁo%tirrfc 1rédse]; g:rgu{lt?plg egnet\?S)\r}\(tJe re%tmqu&fgl.,(%el%%dn% ees

their trans en sen néw p
1410A and 1410B) installed in a relatively small scale network environment (e.g., in

one or more user residences 1430). Each femto node 1410 may be coupled to a wide

area network 1440 (e.g., the Internet) and a mobile operator core network 1450 via a



52 control nmessages. Again, these operations nmay be simlar to bl ocks
912 and 914 di scussed above. [00191] FIGS. 13A and 13B descri be
various o i hat may be perfornmed in an inplene i e a
femo nod§§?2&252§¥tnto node 1104A) identifies a neigh%gﬁbﬁgﬁpgﬁgg
node (e.g., fento node 1104B) that should reduce its power and sends
this information to the centralized power controller 1102. The
centralized power controller 1102 nmay then send a request to the
femo node 1104B to reduce its transmt power. 1001921 The operations
bl ocks 1302 - 1312 may be simlar to the operations of blocks 902
-912 di scussed above. At block 1314, the fento node 1104A sends a
nessage identifying the fento node 1104B to the centralized power

control I er HE9ZoumigRade %ﬁéﬁ%ﬂ&){sstlg]\?,eor\@{ér Qbﬁleg‘gﬁ@%‘ﬁp (I}Dgﬁfbg}ﬁk‘gae

the message may sinply rdentify a single fento no

1104B) or thg diessairfiRyeaCPfgith 86dca 410 kel be cOffidued 19 sQ0EER0(ifed. . as
descri bed above at block 912). Such a list also may include sone or
all of the n@icghtborinalepét(cighecdeentoninddd2dAPdd, omaalive dihbr anedshe
access termnal 1106A. The operations of blocks 1302 - 1314 nmay be
repeat ed onteaminelfural (hasicsess éerginal pE0Bodincetheryyordin esressep farnie nbdest o
node 1104Ai el ve]? a nei %h or report fromthe access term nal 1106A.
[001931As r %r BB Ch GEIeOY 8 £en peressdemiipall 2R Bap BTV ddia 6F Pler

1102 iye siml AL i i ther fento. nodes in th
motvor k. A oy (G aRh T RTRUART UL el Bk PbP B O sy
det er mi ne M&%@ﬁfedifémé%ﬂéﬁ4@@&95‘?{6@?30%*2%%%8%%& pﬂc’az_y requests for

reduction in transmt power it receives ase n ot her
requests it [0088%i vahe begaastaifagtiomhode At mNsubBcrPRWE nobild set-he:, S,
femt o node). [00194] At bl ock 1320, the centralized power controller
1102 may t hén esenmple.3lneebibgertice effartd theough theoolebikelvatraton eore antwodt 1456d
controller 1102 determ nes should to reduce its power. As above, this
request mayln @it @ qoress fumined 1429 M kerrapiide eleerieriag dathfiemareronode
shoul d reduce.its Igtowecg. Sﬁ?l{ 0811?5%“ Thiﬁ centrali ﬁed .Power cl%gt ol I er
1102 recei vEEPBEHY SRS MR Hi& S { et TOHOYRY ehVHK SRropssts. gother
represent ed b : Ay i S e ived. i eto
ho. T equest SorsoBEAr g e b BE AR ESTRRY 1 B REPORRE
central i zedicpQiar 120Mdyels8fved 80 2n EQREMMRS: | A0RIFAUEKMAR BIWASEIR feffork
centralized controller 1102 continues to receive information fromthe
fent o nodes1459 drivg angtmosfa andf fperd dss1410€e pQuRIfeRYotded 14paraalli ons
descri bed above. [00196] If, on the other hand, one or nore NACKs are
recei ved i nl4d8gbrigesidowitia acegesponding swuedidancedidddk FoB@ympidevhen a

operational flow for the centralized power controller 1102 returns to
bl ock 1318 WPt HOUBKStY R §e BERTEGPY 8 standasd megrp acersnigdeyie-8s ede

'" d houl d hei ‘ dth d
it now poudI ISP febEREEr (T hOmt I Y hnlinoh 1SE. PBRei veo
from the femwéxppgiﬁm}&% d b {ad Yt S8 o g%at?(P&XfPéeEatcﬁQQM' d be

appreci ated t e teachings herein may provide an effective way of
nmanagi ng tr edisghiiblcnOdxifing A8l RRAhANY 18mecess nodes. For exanple, in
a static environnment downlink transmt powers of the fento nodes may
be adj ust ed|020y strafeinto naleud 1 ey bbeeredione sirgtpufré@bmsytos, iatheal |
access term nals nmay be satisfied. Consequently, such a solution to
be conpat i blEeritive dnggdiple dicaesnsics.ePapanding osithcrartidular chfignedtionrthy
conti nuousI%/. @e transm tted at él:\gtggtan . powers. In addition, in a
dynani ¢ enviiPERAEATEIEY GHAKHY M teﬁ*&b‘f’ TEARRRGG S Qredes) Wik ave 9o

S onmodat b 1AM Wed S YhiGohER eI TRAE Pah), 1 Ne nodes Tn the

[00201]  An access terminal 1420 may be configured to communicate either with the

macro network 1450 or the femto nodes 1410, but not both simultancously. In addition,



[ 00198] Connectivity for a fento node environnment may be established
in various ways. For exanmple, FIG 14 illustrates an exenplary
comuni caty < 1400 where one or nore fento node ed
within a Rgﬁaggéiéﬁg}ronnent. Specifically, the systenﬁfﬁé@mﬁg %@yes
mul tiple fento nodes 1410 (e.g., fento nodes 1410A and 1410B)
installed in a relatively small scale network environnent (e.g., in
one or nore user residences 1430). Each fento node 1410 may be
coupled to a wi de area network 1440 (e.%., the Internet) and a nobile
operator core network 1450 via a 54 DSP>router, a cable nodem a
wireless link, or other connectivity neans (not shown). As discussed
herein, each fento node 1410 may be configured to serve associ ated

access ter maﬁ‘@éc%ss}'téﬁxﬁnz(ﬁ49@ be ﬁ‘é;%e‘?‘%%a r%%od%ﬂ%?@nigg%egg%is&?al Ly,

ot her access termnals 1420 €e. - cess termna n ot her
wor ds, acce$gndofed £t Rithafetackdd@whiRy1486. restricted whereby a given
access termnal 1420 may be served by a set of designated (e.g.,
honme) fent o [00202] s)n tetiOadputts,mmyceesd tehrinslele thabpe avnfignedt-td esigeab ad
femto nodes 1410 (e.g., a neighbor's fento node 1410). [00199] The
owner of a PeRrrdieds mde (e graije boibs fmitb aodwofithbidcesssgminat 4203 wdinarsy
for exanple,{%Q nobil e service offered through the nobile oFerator

core net wor RUCTAEBNCHRDLE dPsin, Fofifxaraples¥hangystithraccasa Sumingl 1478 1s

bl f i Jbot ; ) . i qi g |
(275 ey AL PR TR SRR ER B R T
on the currentnhREAt bR Wih &Eﬁoxﬁg?e%ﬁé nb& M1gal 1420, the access

term nal 1420 nmay be sérved by an access node 1460 of the nacro cell
nobi | e net wite03y50n e6mdyspadty, iPMe afesste®ahal ab2( 6Fd:ReWlas kA2 €. 9. .
the fento nodes 1410A and 1410B that reside within a correspondi ng
user resi denddild48®ork FOT0 tex &mpk eesidivipem it rees pefdrivd meiveorlo (8 &, ad @efin!
home, he is served by a standard macro access node (e.g., node 1460)
and when t hé spiskeied peaminglig), theoreeess frsming! B20veay doptinucfte seaschniovte

de 1410A). , ld. b | at t hat fent d
(49 s 0l St bt Rh e, BB SELSLARL AN, ST 00
100200] A f ‘ . Of i.-ngle f ,
1002001 RILRAGO ) T 1 SR OGO By BLRGH LI RGHe

particul ar @EBfhigdathe betibngsehd Ble@ufrERGURREDI0 an PADsQuc VRO t he
mul tiple frequencies nay overlap with one or nore frequencies used by

a nmacro nodesspeiag.withnacleptfdR) systék2 Olrith A aagEsissn befyTiheakeckdidinialy

be configured to comunicate either with the macro network 1450 or

the fento noti¥smavidit thagearsh forspedific bamdland neamunsll For exumapdigittel soarch fds5

an access term nal 1420 bei ng served b% a fento node 1410 may not be
Y

in a soft hiKdBRAEPreiaied sySiFn ay ve repseled PeridiieHk. Yngndisjayenadp prafersesive

@spects, an_.acces r.rm,nal 1420 .may, onf red t ect to a
0B or red G TRk PG Secds BT 4P LTS AL nbfie AR LG e
term nal 14%9%11%%%&%@ SHeh connectivity is possible. For exanple,
whenever the access termnal 1420 is within the user's residence

1430, it naypgeedjdesine eshohigd hdrdlf nRAG 66 SmploFEAInAirdid tn Qs TMAIGAt €
only wth the home fento node 1410:
communication system that simultaneously supports communication for multiple
wireless access terminals. As mentioned above, each terminal may communicate with
one or more base stations via transmissions on the forward and reverse links. The
forward link (or downlink) refers to the communication link from the base stations to

the terminals, and the reverse link {or uplink) refers to the communication link from the

terminals to the base stations. This communication link may be established via a single-



[00203] in sone aspects, if the access termi nal 1420 operates within
the macro cellular network 1450 but is not residing on its nost
preferred ££.9., as defined in a preferred roam i t he
access ter‘?ngtrzl%[o%ﬁ% may continue to search for the mg'??%}rsg g’@ﬁé"(’?
network (e.g., the preferred fento node 1410) using a Better System
Resel ection ("BSR'), which may involve a periodic scanning of

avai l abl e systens to determ ne whether better systens are currently
avai |l abl e, and subsequent efforts to as gci ate with such preferred
systens. Wth the acquisition entry, theYaccess term nal 1420 may
limt the search for specific band and channel. For exanple, the
search for the nost preferred system may be repeated periodically.
Upon di scovey. . e fent Tatels 406 ; e (e
1420 sl oot P REC T BE e G R ot A O A5 o e
area. [00204fsykhen.t eachings herein may be enployed in a wireless

mul ti pl e-access conmuni cati on systemthat sinultaneously supports
communi cat i §0208F rPUMIME) systenT @hEews radapls V) eransmia kistennds amembiitipledd )
above, each term nal may conmunicate with one or nore base stations
vi a transni §¥FEAgNIgHas ke datsrigapmissing ANMehngkiormeathley the Mrdreasntil nk
(or downli nk efers to the co nication link fromthe base stations
Lot hot er nF Ll FECHRG AT BU6 8 LIRS QORI IR et GRS oy WG e
conmmuni cat i ' fr in t h stati A TNi S
comuni cat i gfr%o an edr%ﬁg} éhgis%hglﬁjrg?sé%é%e\]/\%a% %ﬁéﬁﬁz‘ﬁfé- %Qg@}?}?ﬁ;& ngl e- out
system a Wﬁidebé?ﬂdéﬁt'cﬁaﬂﬁ\éistcb%w%bf?détto & avhddoh. SHShAMO steﬁpﬁﬁ)ﬁy Plto'%f%l% ,
‘type of system [00205] A M system enploys rmultipl'e (NT)"transmt
ant ennas anthpioldéd prferbddc} (¢ gckiphe tabtgpotmdfdaradad ecliabiding i tgsi on. A
M MO channel fornmed by the NT transmit and NR receive antennas may be
deconposed addigorndb dimsds peatidientregbdibmnibe smultiie ohnsanieandlremiveaehennadcrd o
as spatial channels, where Ns < minfNT, NR}. Each of the Ns

i ndependent "dW#fnel s corresponds to a di nension. The M MO system nay

provi de inp per nce (e.qg., higher,.throughput, Qlé/or reat er
reliabil i tym\ﬁﬁ&t hé* &@W Dt i reng B i RO TED) o Batency
multiple tr o8 i Y, ! .
UL Pl e T RA AP (AN ATCAINARR I I 18 LOORAT Bl
di vi si on dupleesn the &bl requbitydegibocsthstiBiMechRRith PHNAPE 2BHYs e ¥&{SRion
link transm ssions are on tﬁe sane frequency region so that the

reci proci tyofthe fiepldlind dhame! frbm testelverad iidnchahnd] hhik efiakddsdhd dddkss point
channel fromthe reverse |Iink channel. This enables the access point
to extract toexient tranyadhednodonmeg gran on e fotward lorkwethah rhiltiRlewhtennas are
mul tiple antennﬁs are avail able at the access point. [00207] The

t eachi ngs ha¥raprhleshiie gecesiRitpor ated into a node (e.g., a device)

enpl oyi ' ts f icating wth I t.
‘other node. PRt IHRGRETE ool iy TEURBIB Rl MAE G ok i e
er node. "G 157¢ EVRPEY PSS at "Ry
PG 16 i 11 cereurba iSRRG R RELLRRR A R REBUEL AT K1

and a wir el esgelayk&eral ki€ CorfiponeB (IRAEHEP Be ERPIBYABb)a@lita® M MO

syst em 1500. Atldt he deviga?g) 151%;? traffi?g%ata Pg? a nunber of data
streans i s poomudiegidirietvandads. SpenifiellyFUG. 1 Hilstratenswirtle{s'dExce 18 a
processor 1514. [00208]1n sone aspects, each data streamis

transmi tt ed(Coedn 2cese ppabEang e vwireknss Agviced 3o @ (i, amasecsT rapinal of p dEdESor

1514 Tormat E}’rste(l:‘x??fo%’. ﬁ%‘e éeqrgc%rlg?&%%?ﬂct (i]a?a %o[’ 2 %&&ger%?tdgtagtcr)éams is provided

from a data source 1512 to a transmit (“TX"") data processor 1514,

[00208] In some aspects, each data stream is transmitted over a respective transmit

antenna. The TX data processor 1514 formats, codes, and interleaves the traffic data for



57 each data stream based on a particular coding schenme sel ected for
that data streamto provide coded data. [00209] The coded data for
each data y be nmultiplexed with pilot data usi

t echni quesvf%%iﬁgmpsl ot data is typically a known data pg??@% t 7a2'?76' S
processed in a known manner and may be used at the receiver systemto
estimate the channel response. The nultiplexed pilot and coded data
for each data streamis then nodul ated (i.e., synbol napped) based on
a particular nodul ati on schene (e.g., BP;K, QSPK, M PSK, or M QAM
selected for that data streamto provi de’ nodul ati on synbol s. The data
rate, coding, and nodul ation for each data stream may be determ ned
by instructions perforned by a processor 1530. A data nenory 1532 may
store progr@&@hf&ﬂ%ﬁegﬁb@%dgﬂq Qltt%@ﬂar waﬁ.plgsgzﬁérh 1445800l dig SLARESSOr
1530 or ot her conmponents o tt?e evi ce 10. [00210] The nodul ati on
synbol s for pakldcdatial &kd. eans are then provided to a TX M MO processor
1520, which may further process the nodul ation synbols (e.g., for
OFDM) . The T002MMOThe ocdxsisiota fi620h tie ntrgmomiag bs mMFiphadd vith ipdot dwanbol
streans to NT transceivers ("XCVR') 1522A through 1522T. In sone
aspects, thesiFXOFPMOeghmgeess dhe nisptgatgppiypissiibekiaviotatd priiendhgit s to
the synbols of the data streans gnd to th ntenna from whi ch the
symbol 'S BRIOESE BiQOPPERATIIGES T YeASH 4 AoRTSCe) F AT S Bt Yo

and process r ti | e Py OV
anal og si gng asfl,ﬁdarg%gﬁ%f t%gﬁ%%ﬁ%iefi i%g%tsa%?" é%’%’.d, Jagangﬁigafcﬁggt,a%{rfﬁm?{esﬁgfn and
é_«crpconverts.) doﬂ@laé%ﬁ%ﬁ.é?gstyﬁfbgﬂﬁbl\%eﬁﬂ)a%@é(ﬂ éj%gl_rﬁc RIRlLen Sé3RRl e s UBPSR! €
f-or transm ssion over fhe M channel . nodul ated signals from
transcei ver §)SPE2RAPS K| erugQASR 2dledsefof thenddtd areanitd pestidermasdubion
antennas 1524A through 1524T, respectively. [00212] At the device
1550, the t swnisls.t Tledlatrodiel aide, stdmeadidatamdor @ckilate dtrdayn By bt ennas
1552A t hrough 1552R and the received signal fromeach antenna 1552 is
provi ded t odgfereineblyt ingaictipnsseiormpest by 2 Mowregr 1536 44 detymeriphy 155mey
Each transcej ver 58 1554 condition e.gq., filters, anplifles,.and
Gownconver & SPTaPPERReCt. by e b Foliiih et ty 6 SeeSPRdSeb Ak bione
signal to pEQM.&%nﬁgvme%vicé‘%jlof urther processes the sanples to

provide a correspondi ng "recelved" synbol stream [00213] A receive
("RX") dat a[@ne6es @k rodfRtibh ﬁ!nlfc@ﬁ%k Y1 Qatd BekaRls Q6B &L Prol RA8d MR TX

recei ved synbol streans from NR transcei vers 1554 based on a

particul ar ™MD pacetOCRS SWhigh trag furitegtiprotess preavddihéntidl syrddlegiedbr
synbol streans. The RX data processor 1560 then denodul at es,

dei nt er | eav&FDNMhdTlgelco WEY @ pishesdert 1680 dugn pyaviiss Nemodalatiensymewbyieganshe
traffic data for the data stream The processing by the RX data
processor 15607 {rseRrsst eréntBry St o tiaitshpeet br egmsypsnasts. thi TRy MO
processor 1520 andlStzlae TX data processor. 051§lh4 at tQSftﬂg‘c’{i ce 1510

processor applies beam-forming weig ¢ symbol atd Stréams and to
the antenna from which the symbol is being transmitted.

[00211] Each transceiver 1522 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Nrmodulated signals from transceivers 1522A through 1522T
are then transmitted from Ny antennas 1524A through 1524T, respectively.

[00212] At the device 1550, the transmitted modulated signals are received by Ny
antennas 1552A through 1552R and the received signal from each antenna 1552 is

provided to a respective transceiver (“XCVR) 1554A through 1554R. Each transceiver



[ 00214] A processor 1570 periodically determ nes which pre-coding
matrix to use (discussed below). The processor 1570 fornul ates a
reverse |i e conprising a matrix index portion

val ue por?ﬂ%ﬁgﬁﬁg ata nenory 1572 may store progran1coﬁ§£ﬂ§§?gﬁﬁgﬁd
ot her information used by the processor 1570 or ot her conponents of
t he devi ce 1550. [00215] The reverse |link nessage may conprise
various types of information regarding the comrunication |ink and/or
the received data stream The reverse link nessage is then processed
by a TX data processor 1538, which al so’¥eceives traffic data for a
nunber of data streans froma data source 1536, nodul ated by a
nodul at or 1580, conditioned by the transcei vers 1554A t hrough 1554R,

and transm L t evi 510. At . device, 151
the modu at ot eoaaapy ¢ dReehdiet ot b RaRt oy e BB e Yt
antennas  15gdi-60Md bsid@nadd Byndl REplok ARIGEHILE hid ARBer prH&RRd ‘t'illeastaﬁ'n?lelé’l’o a
denodul ator (" DEMOD') 1540, and processed by a RX dd%a processor 1542
to extract peideavcorrspondink maseayeyhbsrsedn.t ed by the device 1550.
The processor 1530 then 59 determ nes which pre-coding matri x to use
for deternm HI0AEBIt hé lgears {BXM) dega procephtrsl 560 dren prosves seiprodessee dterct ed
message. [00217] FIG 15 also i]lustrates that the conmunication
conponent s TRESVEhEIMPRESE RS Somr Bansemyssn Eddassdan ansrticangseiver
control operations. as taught herein, For, ex le, a ontr ol
conmponent 1B86%HES tec?ﬁ%‘ﬂ‘é? %Pé%ﬁ% ]ﬁTt Eecﬁfio%@gﬁ?tréfg%p@%% AGRTRETSSOT
conponent s t i 5 Sen e, si . I ot her
Govt co. (e, g 002 ARERI ke Er i FERIL G GRELEA RIS
control conpesrRithckRPE: MY fof BRRAEAIGaW TThe hldeRinp o ARAX 44 PrRagdber
ot her conponents of the device 1550 to send/recerve signals to/from
anot her devi®® i§ eorgplemerewiyae thhbiddjormed by the TXIMbRICafpessord s 2artdvae TKor
each device 1510 and 1550 the functionality of two or nore of the
descri bed céstppiveerser IPa§ abibe peiss 8. by a singl e component. For

e processi conpaonent may provide the functionality

e, ' . .
g?a{rﬁ eepoae?dogg‘ht r 61 pre%ﬁ%ﬁgm Pergraliy, geteHunGs vEUE s Bcoding mag o gse

i ngl ' t ' the f ti |it f the.
sover contr BT HOR ST TRtk R fiatiates oy S rstdaciosyHie
t eachi ngs h&%ﬁfxrln&@%é)pcﬁ)n' A AR BLR Dok A/@th &Hﬁiﬁﬁy 398 nfy store progam,

comruni cati on systerns and/or system'conponents sone aspect

t eachi ngs hesde| dutdyaid bBceRRraYyRsh dstd By dlpkddebser BL0aS Bthsy &driineRPabine
of supporting conmunication with nmultiple users by sharing the
avai | abl e sgstemisesources (e.g., by specifying one or nore of

bandwi dth, transmt power, coding, interleaving, and so on). For

exanpl e, t hWREYchiThgevhise Enlhmeppeb@anpnired verousiypes abingrmation

conbi nati ons of,.the foll owi ng technol ogi es:. e Division Multiple
fonos e CioResing s temmtin U S e foornints HSAPMADS FQisa LBk
CDMA ("W ") Hi.gh- s (" HSPA.." " HSPA+" e
oA € oMk, Sl SRS RS Kt APRRRA 55 M TR o B SR
Mil tiple ACRS SufbddMiat sh¥sthEhBn althGAYEIE Y5 T )ﬂp)%ﬁl%d M i dRL B AG 585

("FDVA") systenms, Single-Carrier FDVA ("S systens, O'thogonal
Frequency Diodditionsd buihtitphReibes dS544 tHRIMASF418 yemtl @aBsmifed bRR tothder
mul ti pl e access techniques. A wireless comuni cation system enpl oyi ng
t he teachi ndgyidedi5éd.n may be designed to inplenent one or nore
standards, such as |S-95, cdnma2000, |5-856, WCDMA, TDSCDMA, and

ot her st anddi0dLs] AAtthodenise ot theayoduiaiidsignsts from dgidsviee EMdrorpyeiverch

o o<ty Bt SR 55 R S 2T e
cam2000 | MGLAREAMRCHTH200 1588 A1t TS PRIy

TDVA net wor | enent radi o y suc
the reverse link message transmitted by the device 1550. The processor 1530 then



RevA, RevB) technol ogy and ot her technol ogi es. [00219] The teachings
herein may be incorporated into (e.g., inplemented within or

per f or med ety of apparatuses (e.g., nodes). an
access noép&"@’ ?%%:‘}ussed herein may be confi gured or ?errg@%%%
an access point ("AP"), base station ("BS'), NodeB, radl 0 network
controller ("RNC'), eNodeB, base station controller ("BSC'), base
transcei ver station ("BTS"), transceiver function ("TF"), radio
router, radio transceiver, basic service_set ("BSS"), extended
service set ("ESS'), radio base stati on5?" RBS'), a fento node, a pico
node, or sone other term nology. [00220] In addition, an access
termnal as discussed herein nay be referred to as a nobile station,
user equi prBGbmiRsRSIREE ﬂ%rcoﬁ'lﬂgtman%y@%é Fdp Qb teithiRieQRk bcfaﬁﬂﬁ mgrv@eti%%@{"
61 renpte termnal, user ternrnal, user agent, Ig user devic I

sone i npl errﬂi&h@tdceﬂas ﬁlueiatra%tdmﬂ@sd‘g@y consi st of, be inplenented
within, or include a cellular tel ephone, a cordless tel ephone, a
Sessi on | ni {0024 7]on FPGotSod st i11(1$tﬁltd§'ﬂ)at reaosmmioniioetesmnkas alay irwbple one
("WLL") station, a personal ital assistant ("PDA"), a handheld
devi ce havi ﬁ@mwer‘r@m@@%er@dhﬁte@f mp@\a@"av@mr@lto;a;raaenswm@gb&hﬁ:@n skort abl e
processi ng deV| e connected to a w rgg(gss nodem 2;11] Accordl ngI Y,

one or nore® %tagﬁowgﬁgm{mhw%em Bf% F%‘ipe’@Fe CREICEHEnt !
wi thin, or 'arQEJ) ﬁer c&é‘négf{%tst&f'% C}el e 17 ﬂﬁﬁ%&#&%%ew%gl?als%ﬁ/ﬁa&? ano t s

may conprise a pho one or-s
conputer (ed8yiee @, %@1@@155@4%{1&@@5@1&%% -0 QBr (gﬁ%bp&)mp%nent 1592
portabl e conputing device .g., a personal ata assi stant)

ent er t ai nneptay deoticere (ith gne piacems il £700dndXor dEh@r EeMioRents @fthad@@éeei I5pte
radi o), a global positioning systemdevice, or any other suitable
devi ce t hat sing/re@mfe sigmesdo/fromcpnthandayidede.gi, deacon 518). ds shonildiewnppreciated
[00222] As nentioned above, in sone aspects a wireless node may
conpri se antRERES¥Eh{sYke @éi Qj’nd 1éﬁ0 %cfé%cél%%lt}ﬁﬁw rore ohthe ﬁ?qéﬁquon

syst em Such an access no rovi de for e connectl vit
for or to a‘HEPIMGPR Ma, apfm’ﬁ% 2 SIneleCimAangnty £ ﬂ%ﬁmgke £ HBZIE RTQseTERe

or a cellul gt ﬁcﬁ%eacc %r\swaeale%ﬁc%na H%ﬁéﬁﬁ& c%mg%@&ﬁémsdd 48 the

Accordi ngly, node nmay ena e , an access

termnal) tgrREeREeSS3IDRR BehRPoREs pBh&IR fnal/ %bﬂﬁﬁdeqﬂé‘h}ntzﬁ’onah@ of the
addition, it should be appreciated that one or both of the nodés may

be portabl epower dontrslasmpomsie $592r sl alid pretegsandb7or t abl e. Al so, it

shoul d be a?fgﬁem ated that a wireless node (e.g., a wireless device)
al so may belWap8lbl dhefearhiagsherein may bamgomoratetisionarigus tporofat i on in a
non-w rel ess manner .via an appropriate comuni cation interface (e.g.
via a w redc%ﬁﬁ’é‘&i‘tiwswflﬁ) Syﬁe%cP’é‘P%‘@tsné’aéO%%ﬁp%hﬁliﬁF%tnésV| a
)ne or nore,w.rel Sb i nks t

igt herw se sOBSSTe; aneymgju%egﬁ? %n}}\ﬁﬁ}p& UEESSEY ﬁ?%&ﬁ{e’ oﬁqu@gﬁ%l ogy. For
exanpl e, | N SOMEnRARAGHSh AuliblelsES By MR T ARSNE LR Mdufecd e, g,zby

specifying one or more of bandwidth, transmit power, coding, interleaving, and so on).
For example, the teachings herein may be applied to any one or combinations of the
following technologies: Code Division Multiple Access (“CDMA™) systems, Multiple-
Carrier CDMA (“MCCDMA”), Wideband CDMA (“W-CDMA?™), High-Speed Packet
Access (“HSPA,” “HSPA+”) systems, High-Speed Downlink Packet Access
(“HSDPA?”) systems, Time Division Multiple Access (“TDMA?”) systems, Frequency
Division Multiple Access (“FDMA”) systems, Single-Carrier FDMA (“SC-FDMA™)

systems, Orthogonal Frequency Division Multiple Access (“OFDMA”) systems, or



network. In sonme aspects the network may conprise a | ocal area
network or a wide area network. A wirel ess device may support or

ot her w se yi4§ 909 8s¢r nore of a variety of wreless conggg}l]gﬁgg/ 676

t echnol ogi es, protocols, or standards such as those di scusse erein
(e.g., CDWVA, TDVA, OFDM OFDVA, WMAX, W-Fi, and so on). Simlarly,
a W reless node may support or otherw se use one or nore of a variety
of correspondi ng nodul ati on or nultiplexing schenes. A wirel ess node
may thus include appropriate conponents ée.g., air interfaces) to

est abl i sh and communi cate via one or moP® wirel ess comunication

| i nks using the above or other wrel ess conmuni cati on technol ogi es.
For exanple, a wireless node may conprise a wireless transceiver with
associ ated bihansiipleQtcANRhRGRS Y Al witQiR BaRSickdR sy Se% e&rfof)%w&%ethe

vari ous conponents (e.g., signal generators and sighal procéssors)
that faciliteati@ngderainmnaabs desigheéto itpidnicat esssorimitt bmdafQ0AR4 ks Thes,
conponents described herein may be inplenented in a variety of ways.
Ref erring tedm288), 13656,19;Clapida TASEIBIA] §00ther 580 dards. eA CEMAsentozld as
a series of interrelated functional blocks. In some aspects the
functi onal i By grpleRee pdis éaebnelagy peh pniniveisalt earcsigalRagintessss ng
system i ncl udi one o re processo 0 s. .| pects
the. functi o ey ormerelE b B By Cheniiatibady ey MAgRd Low
exanpl e, at B i re.l r Cd ik S:ke. 0.,
an A8 ). AShREks CLERL (AR a0 R bR B Sl F 38 %,
(processor, sidaWRl & TOMPEfetivBHkahSOn AN S Rlddo teBino udORREIpRH I on
thereof. The functionality of these bl ocks also may be inplenmented in
sonme ot her SpswmeforddoliRuliniminteations (“GSMSY.NR nHIMN AheORk afay iplRmeht a

t he dashed bl ocks in FIGS. 16- 19 are optional. [00225] The

appar at usesrafiggechnegp sundyesiEvelved B T8Ae(“6rUTDA D), HEUS®s] 1t FRHE 84216,

per form one t he functions _described above with regard to

r re o a
Vari ous. 11 gUrdst0r s HEPM® ettralT Rk roiiidvisd M e pesof Shigersa
determ ni ng ns 1602 nmay .correspor w 1Qr . ex I .a _si gnal
Zt [ ength deMeBr%ﬂ‘? E%lrecoénin t aéﬁgéégerﬁgr@i‘ﬁg )A;%erji?ar?ﬁ%g%lgéﬁﬂpin%’qﬂeoss ;
et er m ni ng; LT Q. » gﬁé{éﬁ! ) upling
| oss deter rﬁ“ﬁ%?ﬂ%‘s“;“g. sc%?spe els3 ??%%‘)iht&% r%g{r%f powérgfl efae@%bﬁé)ng

nmeans 1606, Blo4@¥and @rUMBOYsy¥Ryn, 68 HBSAOPE of Bystdn@l 1EFBRRIEeasd of URNSIM t
power controller as discussed herein. A total received signal

strengt h detherwenEAJIRveandhdigh2erey agerts of henritclosyre ey bexiasgpibed using
signal strength determ ner as discussed herein. A received pil ot
si gnal st r efigthtegatneragy nit go e inderstquighstdle leenhings bersth mey, befapplied to

| e, i i | h ' ' d h in. A
R T e e s
(det erm ner ﬁaoqkﬁ&&ﬁ%@%%%@%&lggyo@de%?@e?teicgncﬁggvigsr age area determ ning

means 1710 may’corres xanp rnode detector as
di scussed hggig). AndedenihdeRtdid ¥h e MRaPSratelilifioqL. .1§ﬂﬁfﬁﬁr>f d withi
correspond F{), 9f]or exarrplleé,ji a rllode?d%t egl?olfa as (?i(as%ﬂssee e? e‘fvln.mg\r

si gnal - t 0- npirfemedby ) ek groNaphAgusEe 8g, AodeS. Tor 4.8aPldTaY aceésmRapend
to, for exanple, a signal-to-noise ratio determ ner as discussed
herein. A céiaswesid hgread inty beledndigmied ion geferesine ad 80& cosmpomd (BdFShdagt t o,
for exanple, a channel quality determ ner as di scussed herein. A

recei vi ng ni@i#s (1892, Nadek: sdieagiwpk coptrolies ( BaXGnpiNodeB, hase epiiay  as
di scussed herein. An.identifyi ng neans N correspond to. for,
exami o, FPRLH ¢ BRC Rk e Forihe { o G ebatrotver hpond T elio
transmtt'n ) 1 yrw I 0] 24l nf . I i :' er
a1 O30T 100, SBY bRALETRON RS, | 8L REATRLEL 18 (ARSI
reference tpasaftaBhBRBS")GGhI H88é, NGDid BR8] FRGhE BikeSkERndBey fi ISt "
"second," and so forth does not generally limt the quantlg{/ or order
[00220] In addition, an access terminal as discussed herein may be referred to as a

mobile station, user equipment, subscriber unit, subscriber station, remote station,



[ 00228] Those of skill would further appreciate that any of the
various illustrative |ogical blocks, nodul es, processors, neans,
circuits, Wwado@lesfdgt t hm steps described in connection Wkﬁﬂﬁéﬁioncm
aspects disclosed herein nay be inplenented as el ectronic hardware
(e.g., adigital inplenentation, an anal og inplenentation, or a
conbi nati on of the two, which may be designed using source coding or
sone ot her technique), various forns of program or design code
i ncorporating instructions (which may b% referred to herein, for
conveni ence, as "software” or a "softwa & nodul e"), or conbi nations
of both. To clearly illustrate this interchangeability of hardware
and software, various illustrative conponents, blocks, nodul es,
circuits, apdndtt RPRINARVSr RSRIMAILSE LbadyaRAVRvRENES @Heﬁm&&%ﬂeﬁfa@ns‘ﬁ
their functionality. Wether such functionality is Inplenented as
har dwar e or ssdfa et enaglepesia o1, bp dfplelmentp@nith@yubeinclagyd tddiatar @lephoitt, a
desi gn constraints inposed on the overall system Skilled artisans
may i npl emenerdicheteltpbenc 8ebsion huitiptemalrptogoli(YSIPArphiong aweiyedess Grcaldacth
particul ar qgﬁigcatipn, but such i npl enent ati on deci sions shoul d not
e

be interpref o SAi0E, ARpreonglepar aysistant ORPANS adepdhelbdevigsdappgsent
di scl osure. g‘[i0g2291Th§. vari @ﬂf%' | | usté&gti ve | ogi cal. bl.ocks, m)duJ es,
and ci rcui t $'GEEETIBEY P FHRE O PYRC Gt uihle BOpeeing dayIsciopasded o a
herei n may %eie@?#n@&%‘?t ed within or perforned by an integrated
circuit ("1C"), an access terminal, or an access point. The I C may

onprise a gEneipl AbRAES;, BhOSEASR aspcRtsdhiGht Rdreid lnﬁlz%nd%%ﬁ%%_sor
“DSP), an application specific integrated circuit (ASIC), a field
pr ogr ammabl énglatmented witlyin( drRt#Adcorariotyligpes o prarangkansichlag apR@itas may
device, discrete gate or transistor |logic, discrete hardware
conponent s, C@npiiser phane Gampowlnlasphoop ol sadrt plewpb Aepmsytene ghadipe), a
conponent s, conhi nati on thereaof desi %ned to performthe

or .an |

functions d@%{&arh?% THHEANAN daHee: AwfTiable cRMRIRE dedcoie g idiersgnalidans
that reside_within th C..outsi.de of the.IC .or bath. A eral.
pur pose pr O(a:%g‘ésgaéllr[)’ %ff/n?%leamén enn‘ilflgervé S §EedBpic %de%f’ﬁie‘t”ﬁ% °5P€E§‘Fe'ﬁ§tfﬁ%)8); 4
the processg,,nepbsihiEniah ¥y SANUSRL, BNy LRS! |

m cr ocontro?loe?[?}j)bglr rélt gt% machiiné. A" pr ocglgsgfr% d%@%‘fdg%cggﬁgum fo

i npl ement edc@&smanic@sianalirdsseieda@put i ng devices, e.g., a

conbi nation of a DSP and a m croprocessor, a plurality of

m cr opr oces §28?] ore ragntippdmbove i gmorepsty swirslessande may icompridetan a
DSP core, or any other such confi g_urati on. [00230] It is understood
that any spaicssnods ey angiccess epiat)dpia SIMBEEeion Aysétany. Schangsesds node
process i s an exar Iﬁ)of a sa Ie.aﬁﬁéoach. Baseg upon design

pr ef er ences M4y PrQVEiey {0 SFUPRIGFORIFSHYIDHOT OHOA HEFEork (Gigr 2 Brdor &gt of
steps in th r V, Whi remaining Within.the
§icope of t hguoglragghgeﬁﬁ Eg}eg% aoés)eﬁl}’l%?g#ﬁg&g?%oan\fﬁénd%rr‘ﬁmﬁf ﬁ%rgmg?lg‘iﬁf*?g lmﬂ'
present el enRpdrgingly, iB8cdbad A SaStcRRS e hibifer 30, Ak A6¢ess RAFna § not
nmeant to be Iim'Itngg to %he specia?i C ofr:der Sr hi g;%drchy E:[’;)gresegllt Zgj
[00231] Theadoassahé ansotkes comb e theriictmalityp e sid®d itisRo b Su@k &iated
software, firmmare, or any conbination thereof. If inplemented in
sof t war e, t Het énerasbothrid theayodbemsy be pattable @y intsoan sases, rdativelyerongsoriable.
or nore instructions or code on a conputer-readabl e medi um

Conput er - r e&diepit shapltibeanprreiatisidbatisorirless apdn €18 stvareese dersen) alsamay be

conmmuni cati on di a i g{}c#t.udi ng any .nediumthat.facilitates transfer of
a conput er Ef’rl’éig‘]%é’ﬁmrf"?s 18%3’“%?%%%“?% gikgpn ng %qn(—)\‘ygégssmpar Waj be
any avai | ab!&?pﬁ%%‘t@c(}%ni&@ien ﬂﬁerﬁa%gge;%gﬂd %i%d%%%ﬁ&{ ’ By way of

exanpl e, an imtation, suc er-rea ia can

conpri se RAMO2EGM ARRREEM nofPrRMbaufic e KiaQhik bf Alordl $MeR cBmaR8ication

magneti c di sk storage or other magnetic storage devices, or any other
links that are based on or otherwise support any suitable wireless communication

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



67 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A nethod of
Wi rel ess conmuni cation, including: determ ni ng a channel

qual ity asp@sdedbBgs™M th a channel between a wirel ess sypsgkidaShns76
term nal and a base station; and determ ning, by a transmt

power controller, a transmt power val ue based on the determ ned
channel quality, wherein the transmt power val ue includes a
maxi mum transm ssi on power |evel at which the base station is
permtted to transmt to the wirel ess sg?scriber termnal. 2. The
met hod of claim 1, wherein the determ nation of the transmt power
val ue includes adjusting the transmt power value based on a change
in the determ ned channel quality or based on a conparison of the

determ ned ghapaelmasat E§p¥ct¥"‘threhxeﬁv6ﬂbﬁﬁ§ Rk Frise a3ocal BRa | ggmoef widh @t

1, wherein the determ nation of the channel quality includes

recei vi ng anetivork, catvirelzsodevich enaghapyved or@tadwisy uferaddot heraiaslagists of
subscri ber termnal. 4. The nethod of claim1, further including:
i denti fyi ngwirakgss coemuricasibe tshmldges; plotacolseorsianddrd$ such eg tipezidiscussed
substantially near an edgTe of a _coverage area for the base station

wherei n t he Eeinde g kNSO A, MFDN NIV SEMAXy Wiib 2pd 59 o) fapilarly,

based upon an.estinmated di stzli_tnce bet ween the base f.stat.i on_.and the,.
edge of th R F%‘gogieér}agéuppo or otherwise use one or more of a variety of corresponding

modulation or multiplexing schemes. A wireless node may thus include appropriate

9 components (e.g., air interfaces) to establish and communicate via one or more wireless
comrnunication links using the above or other wireless communication technologies.
For example, a wireless node may comprise a wireless transceiver with associated
transmitter and receiver components that may include various components (e.g., signal
generators and signal processors) that facilitate communication over a wireless medium.
[00224] The components described herein may be implemented in a variety of ways.
Referring to FIGS. 16 - 19, apparatuses 1600 - 1900 are represented as a series of
interrelated functional blocks. In some aspects the functionality of these blocks may be
implemented as a processing system including one or more processor components. In

some aspects the functionality of these blocks may be implemented using, for example,

Ve
y

at least a portion of one or more integrated circuits (e.g., an ASIC). As discussed
herein, an integrated circuit may include a processor, software, other related
components, or some combination thereof. The functionality of these blocks also may
be implemented in some other manner as taught herein. In some aspects one or more of
the dashed blocks in FIGS. 16 - 19 are optional.

[00225] The apparatuses 1600 - 1900 may include one or more modules that may
perform one or more of the functions described above with regard to various figures.
For example, a maximum received signal strength determining means 1602 may
correspond to, for example, a signal strength determiner as discussed herein. A

minimum coupling loss determining means 1604 may correspond to, for example, a
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wherein the determ ned channel quality corresponds to a
signal -to-noise ratio associated with the wirel ess subscri ber

term nal ; ya®dygo/023587 Wherein the transmt power val ue i $cegkpibnesd
based on the deternmi ned signal-to-noise ratio and a defined naxi num

signal-to-noise ratio. 5. The nethod of claim4, wherein the
determ nation of the signal-to-noise ratio includes receiving
signal -to-noise ratio information fromthe w rel ess subscri ber
termnal. 6. The nmethod of claim4, wh gein t he determ nation that
the wirel ess subscriber termnal is |ocated substantially near the
edge of the coverage area for the base station is based on a path

| o0ss between the wirel ess subscriber termnal and the base station.

7. The met heglphe Ws@bdrnindRS ARERsddNRrdM I &tRE SIS POS& deRERint R ARG 1S
restricted for | east one of the group consisting of: signaling, data

access, regisa, ardoor 1§lEghaygorasdns e, Yorerathplead trirmsttpoasecon@dier as68

8. The nmethod of claiml, wherein the transmt power val ue

i ncl udes a HAasissadheraiandndtgkiconivadeiganl dteength datermihinghmeahe | Bidgwayst at i on
is permtted to transmt to the wireless subscriber terminal on a,
common cont FYTEsERdrfelor exmple. a signalgengh Aeteimungas dispyssrhceHanfdpoeived

quality i ndipﬁ(?fts?gsnaﬁs"flr%llétﬂ %et%ﬁgiggligatﬁe%gs W0t6hm£}yhc%rr%gpon ?0, %(%Q:E(grg;l)ie,c ahan nel.
received pilot strength determiner as discussed herein. An error determining means
1708 may correspond to, for example, an error determiner as discussed herein. A node
in coverage area determining means 1710 may correspond to, for example, a node
detector as discussed herein. A node identifying means 1712 or 1806 may correspond
to, for example, a node detector as discussed herein. A signal-to-noise ratio determining
means 1706 or 1808 may correspond to, for example, a signal-to-noise ratio determiner
as discussed herein. A channel quality determining means 1802 may correspond to, for
example, a channel quality determiner as discussed herein. A receiving means 1902
may correspond to, for example, a receiver as discussed herein. An identifying means
1904 may correspond to, for example, a transmit power controller as discussed herein.

A transmitting means 1906 may correspond to, for example, a transmitter as discussed
herein.

[00226] It should be understood that any reference to an element herein using a

k13

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

clement in some manner. Also, unless stated otherwise a set of elements may comprise

one or more elements.



9. The nethod of claim1l1l, wherein the transmt power value includes a
downlink transmt power value for the base station. 10. The nethod
of claim iyo¥WRehaksy t he maxi num transm ssion power | ev%hﬁ@ﬁq%ﬂ%ds
to a first prelimnary maxi mumtransmt power val ue, met hod
fiwher including: determning at | east one other prelimnary maxi num
transmt power val ue; and determ ning a maxi mumtransmt power
val ue based on a mininumof the first prelimnary maxi numtransmt
power value and at |east one other preli m nary maxi mnumtransmt power
value. 11.The method of claiml, wherei A*t he channel quality and the
transmt power value are determ' ned on a repeated basis. 12. The

met hod of claim 1, wherein the base station corresponds to a fento
node or a pjgae2nodenokr sk iR RRAAIIR liflerMldthf S5Fo Qﬁc?ﬁ L ma

i ncl udi ng: a channel quality determ ner configure eterm ne
channel quabé tepreaasabistigediy\if b Rardetg bodiffelentiet iR cS aid fe@lﬁrﬂ@lﬁzs For
subscri ber term nal and a base station; and a transmt power
control | er eonfilgdeatedinstoictensecormands, infoamstiort, sigoalg bity,alymbolbamd dhips
the determ ned channel quality wherein the transmt power

val ue i ncl uthesmay haseforensed F@m@%@hw%@d@@npwwpe gpiegtedy base

t.to the wrel subscri ber. term nal .
station is Qﬁga?est E:L?rgen%s, efe{:tzrign?ané‘netlc waves, magnet?c te 5135 or part?cles optical fr elds or

particles, or any combination thereof.

e

[00228] Those of skill would further appreciate that any of the various illustrative
logical blocks, modules, processors, means, circuits, and algorithm steps described in
connection with the aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog implementation, or a combination of
the two, which may be designed using source coding or some other technique), various
forms of program or design code incorporating instructions (which may be referred to
herein, for convenience, as “software” or a “software module™), or combinations of
both, To clearly illustrate this interchangeability of hardware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
disclosure.

[00229] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented within or performed
by an integrated circuit (“IC”), an access terminal, or an access point. The IC may
comprise a general purpose processor, a digital signal processor (DSP), an application

specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other



14. The apparatus of claim 13, wherein the determ nation of the
transmt power value includes adjusting the transmt power val ue

based on gy¢hanessén the determ ned channel quality or PE@/%@?O 5)1,5172?7
conpari son of the determ ned channel quality with a thresho 3 g

The apparatus of claim 13, wherein the determ nation of the channel
quality includes receiving an indication of the channel quality from
to the wreless subscriber termnal. 69 16. The apparatus of claim
13, further including: t he appara us further includes a node
detector configured to identify that theé“w rel ess subscriber termna
I's substantially near an edge of a coverage area of the base station;
a signal -to-noise ratio determner configured to determne a

si gnal -t o- ngj ﬁmﬁﬁibﬂ@lo%&&@@ﬂc@td%@re\% e &J}ﬁ‘anws%ﬁ o%ﬁ,s dRHPR BaidRAte
term nal base on the determ ned channel quality, wherein the

transmt powsnponahtyesldcaricdbtomminags dpass domporichs, edhefidalReshponents, or
signal -to-noise rati o and a defined maxi num signal -to-noise ratio,
wher ei n t heany comyratiop dweof deligned irspatforaitig fuectiohe desedbediass, Emfimyan
esti mat ed dlstance bet ween t he base station and the edge of the
coverage ar é’ﬁcuwf? esﬁﬁélsgbﬁéﬁnéflﬁéreé‘fie Bithintha K-, opsisiesf H1‘3t1ﬁe0f both. A

S gnal - o- noreet plpes TSRty 3R PrgiPierses Puitt 8% LEREkS B proscssor
termnal. 18, ,The, &ﬂgé{tﬂ]&'l r&fes ]?:gxﬁ%(?ﬂ%r MR gtlnt%flltep%r m{e%a%ﬁﬁe A

subscri ber termnal is rest east one
(consi sting processor may also be 1mplemented as a combination of computing dev1ces eg.a

combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such configuration.
[00230] It is understood that any specific order or hierarchy of steps in any disclosed
process is an example of a sample approach. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present disclosure. The
accompanying method claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hierarchy presented.

[00231] 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



signaling, data access, registration, paging, and service to at | east
one node. 9. The apparatus of claim 13, wherein the transmt
power val ugob@shides a maxi mum transm ssion power | evepclysWibgisishe
base station is permtted to transmt to the wirel ess subscriber
term nal on a common control channel, and wherein the determ ned
channel quality indicates quality associated wth the common contr ol
channel. 20. The apparatus of claim 13, wherein the base station
corresponds to a fento node or a pico ngge. 21. An apparatus for

wi rel ess conmuni cation, including: means for determ ning
channel quality associated with a channel between a wreless

subscri ber term nal and a base station; and neans for determ ning a
transnmit popehenpdettedns@thudn-rtdiebld etcanm. e crhiannar thdYahl i is

wherein the transmt power val ue includes a maximumtransn ssion
power | evel tramsmaftgdctiorh hevebsigesestat orather senpee mivkdeading@ dordalsoable, filgert he
W rel ess subscriber termnal, 22. The apparatus of claim?21, wherein
t he det er i RRiHG Ghleofvistpdpair: digstal subssoiper linggDSB), ion slingyesteetdiologias mechtdse
transmt power valye based on a change in.t t erm ned channel .
quality or BR2EY BA02 &}W%’Bﬁgﬁ tﬂ? ﬁ%axb"éf’g-}??n%ﬁéﬂom‘iéﬁﬂél twintid Rafty

with a thr eﬁgﬂ Slrwireless technologies such as infrared, radio, and microwave are included in
the definition of medium. Disk and disc, as used herein, includes compact disc (CD),

é : laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray disc where
disks usually reproduce data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included within the scope of
computer-readable media. In summary, it should be appreciated that a computer-
readable medium may be implemented in any suitable computer-program product.
[00232]  The previous description of the disclosed aspects is provided to enable any
person skilled in the art to make or use the present disclosure. Various modifications to
these aspects will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other aspects without departing from the

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

s
ks il

aspects shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



70 23.- The apparatus of claim 21, wherein the determ nation of the
channel quality includes receiving an indication of the channel

quality fromthe wirel ess subscriber termnal. 24. The apparatus of
claim 21, further including: means for identifying that the
wi rel ess subscriber termnal that is substantially near an edge of a
coverage area of the base station; means for determning a

signal -to-noise rati o associated with the wirel ess subscri ber
terninal based on %Wr%ﬂ@@%ﬁ%ﬁ%YE%UQNl ARE AS FOLLOWg§her ei n the

transmt power value is determ ned based on the determn ned

Si nal-t n0| nd a defined Xi mum si gnal -to-noi se rati o,
anrei n ‘$glﬁté?ﬁtcffwb%\?\éFownﬁ@mf’émﬁ%{%rm nedgfurt her based upon an
esti mat ed d| sdegngigind e thaeehqualite abagaedstitta dimnéenewkdae \aﬁkg& fbsciifaCierminal
cover age,ar.83e siadud: and '€ @pparatus of claim 24, wherein the

det erm nation otfa the signal-to-noise ratio i ncl udes recei vi ng

si gnal - t o- noi determpiping, &Y jarifapsnpteRovencoRraian, @ Henspitrroverswslius bissd o1 the determined
t erm nal chankBquallthe apparatus of claim 21, wherein the wireless
subscri ber term nal is restrlcted for | east one of the group

consi sting of YPEEGHGIFIGE Pord Aelurcipeludes @ magmuip tigpsission Ei%\‘ijf Hée alayiich the

Servi ce btae sdtioh Baatnited ® . to the wireless subscriber terminal,

2. The method of claim 1, wherein the determination of the transmit power value includes adjusting
the transmit power value based on a change in the determined channel quality or based on a comparison

of the determined channel quality with a threshold.

3 The method of claim 1, wherein the determination of the channel quality includes receiving an

indication of the channel quality from the wireless subscriber terminal.

4. The method of claim I, further including:

identifying that the wireless subscriber terminal is located substantially near an edge of a
coverage area for the base station,

wherein the determination of the transmit power value is further based upon an estimated distance
between the base station and the edge of the coverage area,

wherein the determined channel quality corresponds to a signal-to-noise ratio associated with the
wireless subscriber temminal; and

wherein the transmit power value is determined based on the determined signal-to-noise ratio and

a defined maximum signal-to-noise ratio.

5. The method of claim 4, wherein the determination of the signal-to-noise ratio includes receiving

signal-to-noise ratio information from the wireless subseriber terminal.

6. The method of claim 4, wherein the determination that the wireless subseriber terminal is located
substantially near the edge of the coverage area for the base station is based on a path loss between the

wireless subscriber terminal and the base station,

7. The method of claim !, whercin the wireless subscriber terminal is restricted for least one of the
group consisting of

signaling, data access, repistration, paging, and service 1o at least onc node.



27. The apparatus of claim 21, wherein the transmt power val ue
I ncl udes a maxi num transm ssion power |evel at which the base station
Is permtted to transmt to the wirel ess subscriber termnal on a
comon control channel, and the determ ned channel quality indicates

gqual ity associated with the common comrol channel. 28. The
appar at us of cI aim 21, wherein the base station corresponds to a
fento node or pi co node 29. A conputer-program product,

i ncl udi ng: coﬂ’ﬁ @? $&abl e nedi um i ncl udi ng codes for causing a
conput er to: wherein thél@inehrbsier e&lmneﬁdequmhiiwmasx&a&kia{ EkemictdN aBwhich the

channel E’:SE y‘%%r? is ?er\%t{eg lo ransmltltlci RE \I;vlre & %Es%nbr% %rémr&e?n a commoracogtﬁiqﬁ%r‘ep and

determ ne a ermne

quality, whemetherlw:rmhned Ghaaﬁbtmahty preivetes quality @sspairgdd Ul drstheacawanon wemnol
transm sgj,@p. power |evel at which the base station is permtted to
transmt to the wreless subscriber termnal. 71 30. The

conmput er - program product of claim 29, wherein the determ nation of

the transmt }}B\M%fhod/ai dkemi 1 @herke the aslskiB Hovg vAIREiIndHERNS BavinliROMREMIY Rwee
based on a Cf Eh?% i .t he determ ned channel quality or based on a
value 1o7 ascaa

conmparison o oy 'St ni ned channel quality with a threshol d.

10. The method of claim 1, wherein the maximum transmission power level corresponds to a first
preliminary maximum transmit power value, the method further including:

determining at least one other preliminary maximum transmit power value; and

determining a maximum transmit power value based on a minimum of the first preliminary

maximum transmit power value and at least one other preliminary maximum transmit power value,

il The method of claim I, wherein the channel quality and the transmit power value are determined

on a repeated basis,
12. The method of claim 1, wherein the base station corresponds to a femto node or a pico node.

13. An apparatus for wireless communication, including:

a channel quality determiner configured to determine channel quality associated with a channel
between a wireless subscriber terminal and a base station; and

a transmit power controller configured to deilermine a transmit power value based on the
determined channel quality,

wherein the transmit power value includes a maximum transmission power level at which the

base station is permitted to transmit to the wireless subscriber terminal.

14. The apparatus of claim 13, wherein the determination of the transmit power value includes
adjusting the transmit power value based on a change in the determined channel quality or based on a

comparison of the determined channel quality with a threshold.

15. The apparatus of claim 13, wherein the determination of the channel quality includes receiving an

indication of the channel quality from to the wireless subscriber terminal.



31. The conputer-program product of claim29, wherein the _
determ nation of the channel quality includes receiving an indication
of channel quality fromthe wireless subscriber termnal. 32. The
conmput er - program product of claim 29, further including: t he
conmput er -readabl e medi um further inclggdes codes for causing the
conputer to identify that the wirel ess subscriber termnal is
substantially near an edge of a coverage area of the base station;

t he conpuf-er - Fisaprapive ol idnfirherinslidinginc| udes codes for causing the

conput er to dgé syphbtBEfuahes indld@k » hokcIRERS c&fﬂ‘gﬁr@d RBIRAH, Aabefe Wrdidds LbRriber
W rel ess subscrib .Herm' nal bgsed on the determ ned channel quality,

er
wher ei n FREE SSHERIYRIY BRES cdgsiof ooy eagy arapithetas sBiSed on t he
det erm ned si gsigthl-tb-eiseontdaieteaiined carighral 16l @diénnmel a BiBaal-MHLRIse ratio associated with

signal -t gNALEE sn[b@é‘iibg’tcnainai baschgcecic{lm;hbeg cl%iil}:%lﬁ]i M4 pover value is

determ ned further based upon an estinate l{aﬁ’be_bepmeen the base
station and tHerddleragimit e eceles dgeminedeased 08 Sie ditrmincdsipwat temoiprragraadn
product abtefbdhaxindd siphes-8dis rilde det erm nation of the signal-to-noise

ratio includes, receiving signal-tq-noise.ratjo information fromthe
wireless substlf netrmfag‘?”ﬁ{ pr?g?’.Vg’“%ﬁSetefﬂﬁ‘“ﬁﬁﬁ’ifﬁffaé‘?d-uﬁ?"c?gﬁﬁﬁaiﬁﬁ’ giditree beyyecn
cl ai m 29thehkse station andiike edgerafthe sversgezsar i ber terminal is restricted for
| east one of the group consisting of: signaling, data access,

registration, paging, and service to at |east one node. _
9 17 Thre): a%para us of claim 16, wherein the determination of the signal-to-noise ratio includes

receiving signal-to-noise ratio information from the wireless subscriber terminal.

18. The apparatus of claim 13, wherein the wireless subscriber terminal is restricted for least one of

the group consisting of:

signaling, data access, registration, paging, and scrvice to at least one node.

19.  The apparatus of claim 13,
wherein the transmit power value includes a maximum transmission power level at which the
base slation is permitted to transmit to the wireless subscriber terminal on a common contrel channel, and

wherein the determined channel quality indicates quality associated with the common control

channel.
20. The apparatus of claim 13, wherein the base station corresponds to a femto node or a pico node,
21. An apparatus for wireless communication, including;

means for determining channel quality associated with a channel between a wireless subscriber
terminal and a base station; and

means for determining a transmit power value based on the determined channel quality,

wherein the transmit power value includes 2 maximum transmission power level at which the

base station is permitted to transmit to the wireless subscriber terminal.

22, The apparatus of claim 21, wherein the determination of the transmit power value includes

adjusting the transmit power value based on a change in the determined channel quality or based on a

comparison of the determined channel quality with a threshold.



35. The conputer-program product of claim29, wherein the transmt
power val ue includes a maxi mum transm ssion power |evel at which the
base station is permtted to transmt to the w rel ess subscri ber
term nal on a common control channel, and wherein the determ ned
channel quality indicates quality assoegiated with the common control
channel . 36. The conputer-program product of claim?29, wherein the
base station corresponds to a fenmto node or a pico node. 72 37.The
net hod of3-cl alt§reparapgpliclise 21 yhysein &¢ friprmination of theberaelmiatibrigeludesarteeiving an

Wi 1 el essingidifs b thharkn€llgBilifaton 1He WiRfead SplcietaRt i al |y near an edge of
a coverage area for the base station, wherein an estimated

di stance between the base station and the edge of the coverage area
for the Bhse Brapreehns éfslimsZdfurher oondingaicti on with the determ ned

channel qual ifnd @ Bakihb alemd Qﬁci@%bﬁ”@r te%ﬂzﬁ matts1§ %@ﬂarﬁ%ﬁez‘\r arl ethe ofd

whi ch the base station’iS permtted to tran ess
subscrlb@Fm?$Wﬁ?ﬁ5W”FWSBPﬂbr to reduce |nterference to coverage areas

of one or noreeafeiof BIPHInMG aBARA-1S Rk IrABSssociated with the wireless subscriber terminal
based on the determined channel quality,

wherein the transmit power value is determined based on the determined signal-to-noise ratio and
a defined maximum signal-to-noise ratio,

wherein the transmit power value is determined further based upon an estimated distance between

the base station and the edge of the coverage area.

235, The apparatus of claim 24, wherein the determination of the signal-to-noise ratio includes

receiving signal-to-noise ratio information from the wireless subscriber terminal.

26, The apparatus of claim 21, wherein the wireless subscriber terminal is restricted for least one of
the group consisting of:

signaling, data access, registration, paging, and service to at least one node.

27, The apparatus of claim 21,
wherein the transmit power value includes a maximum transmission power level at which the
base station is permitted to transmit to the wireless subscriber terminal on a common control channel, and

the determined channel quality indicates quality associated with the common coniro] channel.
28, The apparatus of claim 21, wherein the base station corresponds to a femto node ora pico node.

29. A computer-program product, including:
computer-readable medium including codes for causing a computer to:
determine channel quality associated with a channel between a wireless subscriber
terminal and a base station;
determine a transmit power value based on the determined channel quality,
wherein the transmit power value includes a maximum transmission power level at which the

base station is permitted to transmit to the wireless subscriber terminal.,
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30, The computer-program product of claim 29, wherein the determination of the transmit power
value includes adjusting the transmit power value based on a change in the determined channel quality or

based on a comparison of the determined channel quality with a threshold.

31. The computer-program product of claim 29, wherein the determination of the channel quality

includes receiving an indication of channel quality from the wireless subscriber terminal,

32. The computer-program product of claim 29, further including:

the computer-readable medium further includes codes for causing the computer to identify that
the wireless subscriber terminal is substantially near an edge of a coverage area of the base station;

the computer-readable medium further includes codes for causing the computer to determine a
signal-to-noise ratio associated with the wireless subscriber terminal based on the determined channel
guality,

wherein the transmit power value is determined based on the determined signal-to-noise ratio and
a defined maximum signal-to-noise ratio,

wherein the transmit power value is determined further based upon an estimated distance between

the base station and the edge of the coverage area.

33. The computer-program product of claim 32, wherein the determination of the signal-ta-noise ratio

includes receiving signal-to-noise ratio information from the wireless subscriber terminal.

34, The computer-program product of claim 29, wherein the wireless subscriber terminal is restricted
for least one of the group consisting of:

signaling, data access, registration, paging, and service to at least one node.

35, The computer-program product of claim 29,
wherein the transmit power value includes a maximum transmission power ievel at which the
base slation is permitted to transmit to the wireless subscriber terminal on a common control charnel, and
wherein the determined channel quality indicates quality assaciated with the common control

channel.

36. The computer-program product of claim 29, wherein the base station corresponds to a femto node

or a pico node.
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37. The method of claim 1, further comprising:

determining that the wireless subscriber terminal is located substantially near an edge of a
coverage area for the base station,

wherein an estimated distance between the base station and the edge of the coverage area for the
base station is used in conjunction with the determined channel quality to calculate the maximum
transmission power level at which the base station is permitted (o transmit to the wireless subscriber

terminal in order to reduce interference to coverage areas of one or more neiphboring base stations.



