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cells and may be used to provide nore robust indoor

Wi rel ess coverage to nobile units. Typically, such

smal | - cover agebase st at ipQekfofNinected to the
Internet and the nobile operator's network via a DSL
FrRud er or a cable nodem [0005] In a typical macro

cel lul ar depl oynent the RF coverage is planned and
[0002] This application relates generally to wireless communication and more

specifically, but not exclusively, to improving communication performance.

Introduction

[0003] Wireless communication systems are widely deployed to provide various
types of communication (e.g., voice, data, multimedia services, etc.) to multiple users.
As the demand for high-rate and multimedia data services rapidly grows, there lies a
challenge to implement efficient and robust communication systems with enhanced
performance.

[0004] To supplement 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



managed by cellul ar network operators to optim ze

coverage. Fento base stations, on the other hand, may
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in an ad-hoc manner. Consequently, fento cells may

cause interference both on the uplink ("UL") and

downlink ("DL") of the macro cells. For exanple, a

fem o base station installed near a wi ndow of a

resi dence may cause significag} downl i nk interference

to any access term nals outside the house that are not

served by the fento cell. Also, on the uplink, hone

access termnals that are served by a fento cell nay
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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
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 (e.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.



aspects of the disclosure. [0010] The disclosure
relates in sone aspect to determning transmt power
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signal strength allowed by a receiver and based on a
m ni mum coupling loss froma transmtting node to a
receiver. In this way, desensitization of the receiver
may be avoided in a systemwhere there is a relatively
smal | path | oss between these gonponents (e.g., where
the receiver may be arbitraril’y close to the
transmtter). [0011] The disclosure relates in sone
aspects to defining transmt power for an access node
(e.g., a fento node) suchgihpiisrgorrespondi ng out age
(e.g., a coverage hole) created in a cell (e.g., a
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techniques may be employed for coverage holes in adjacent channels (e.g., implemented
on adjacent RF carriers) and in co-located channels (e.g., implemented on the same RF
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



RSSI) nmeasured at a macro node |evel. [0014] The
di scl osure relates in sone aspects to defining
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an access node may comrence operation with a default
transmt power (e.g., pilot fraction value) when it is
installed and |l ater dynami cally adjust the transmt
power based on DRC/CQ feedback from an access
termnal. In sone aspects, if yequested DRC over a
long tine period is always very high, this is an
i ndi cation that the PF value may be too high and the
access node may elect to operate at | ower val ue.
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[0016] The disclosure relates in some aspects to adaptively adjusting the downlink
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



the use of a centralized power controller. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0017] These and ot her
wa200plozsssspect s of the disclosure will be descPCTEs20081072676

the detail ed description and the appended cl ai ns t hat

follow, and in the acconpanyi ng draw ngs, wherein:

[0018] FIG 1 is a sinplified diagram of severa

sanpl e aspects of a comunication system i ncl udi ng

macro coverage and snaller scal e coverage; [0019] FIG

2 is asinplified block diagram of several sanple

aspects of an access node; [0020] FIG 3 is a

flomchart of several sanple aspects of operations that
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several sanple aspects of operations that may be

performed to determne transmt power based on one or

nore channel conditions; [0022] FIG 5 is a flowhart

of several saBRIEFIENCREPBION 8 AHIHPRAWANGS Sy be

Ferforned to determine transmt power based on total
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[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;
[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 is 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 arcas 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;



performed to adjust transmt power in response to a
request from another node; [0028] FIG 11 is a

wapeplo2¥ssed di agram of several sanple aspects BET/EHS2008/072676
conmuni cation systemincluding centralized power
control; [0029] FIG 12 is a flowhart of severa
sanpl e aspects of operations that nmay be perforned to
control transmt power of an access node using
central i zed power control; [0Q30] FIGS. 13A and 13B
are a flowhart of several sanple aspects of
operations that nay be perforned to control transmt
power of an access node using centralized power
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W rel ess comuni cati on systemincluding fento nodes;
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several sanple aspects of comruni cati on conmponents;
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of several sanple aspects of apparatuses configured to
perowiudiea fpowesteoomtudingasntraizgh power eintrol;l 0034] I n
accordance with conmon practice the various features
[0028Kt r dtled 12 i a frewehastifngecrafppmplstaspectipfaansrations that may be
Accordlngl , the dimensions of the various features
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sh be apparent "that t teachi ngs herel n may
ﬁﬁhﬁﬁh mtdndde de variety of fornms and that any
specific structure, function, or both bei ng di scl osed
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herein one skilled in the art shoul d appreciate that
eom@aspeetion 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 illustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method. Finally, like reference

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

DETAILED DESCRIPTION
[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.



di scl osed herein may be inplenented i ndependently of
any other aspects and that two or nore of these
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an apparatus may be inplenented or a nmethod nmay be
practiced using any nunber of the aspects set forth
herein. In addition, such an apparatus nay be
i mpl enmented or such a nethod nay be practiced using
ot her structure, functionality, or structure and
functionality in addition to or other than one or nore
of the aspects set forth herein. Furthernore, an
aspect nmay conprise at |east one elenent of a claim
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In nore detali he access node
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frequencg carrier. For exanple,

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).

[0037] 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
arca 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



when the nodes 104 and 108 are on a co-channel (e.g.,

usi ng the sane frequencycarrier), the coverage hole
woreapozassespond to the coverage area 110. ThusPCT/HS1008/872676

case the access termnal 102A may | ose macro coverage

when it is within the coverage area 110 (e.g., as

i ndi cated by the phantom view of the access term na

102B). [0039] When the nodes 104 and 108 are on

adj acent 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 fromthe access node 108. Thus,
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cellular network would be to nove the visitor access

tretans foak ALMangsteer whare thetransmitghowenoEthe actuss adjati®nk 0 dBm,
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[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



operator may be using the carrier used by the fento
node. Consequently, a visitoraccess termna

W@e®oormsed with that other operator may suffePCT/D82008/072676
t he coverage hole created by the restricted fento node
on that carrier. [0042] As will be described in detai
in conjunction with FIGS. 2 - 13B, a transmt power
val ue for a node nay be defined to nanage such
i nterference and/ or address ogﬁer simlar issues. In
sonme inplenentations, the defined transmt power may
relate to at |east one of: a maxinumtransmt power,
transmt power for a fento node, or transmt power for
hdRASEIhihhNGsidéd Rtth $haBfHer bferSror ma$ shffdh focth @tk ¥ eRge hole
pilot fraction value). [0043] For convenience, the
trehic@ bl gk desictcl MaBodSde @HShA cemREl 0s where transmit
power I's defined for a fento node depl oyed within a
[edd2p netswwilkbeedvgerlmane dttail e cenjutiduen tvethnFIGSC 26 1380 e transmit
refers in sonme aspects to a node that provides
povenade fovenode mey bt ilefaied tb aragegayueh intdithiech@ramdfog atidress
node refers in sonme aspects to a node that provides
eboeyimger owes. I saneaimpleansntatias| the definqddrapsmitgpower may relate to
residence). A node that provides coverage over an area .
U835t PRC Qg MaiMuRAFRNEMHREIST: ARBSMH REWFRIOH @ fempiegipds, or transmit

fent y be.ref. dt . [ d . 0.,
LSO heRe b SOk L ' B e e P e

d i at t.the teachi h [ b .
AL Tos BRI, BB L RS0, DS EY . o B
RS8R 10, BB O s TR PN YOSy

frlg%gtﬂe%m?nﬁhfoftg)ﬁg %fel(sgn ome h@c08%d a ﬁQd'eeﬂlQQ&o@%i@@coverage over

a pico node may be restricted, a pico node may

Pec|asRBLlaftaflcaM THY 1O fiito HOHE rdT&REn JiRESP S FdTA AddSthat
and so on. [0044] In various applications, other

i idch obagyzcrdyr Declatbet, imall ate(enceraidehed) 0 Anasdie tha provides
fento node, or a pico node. For exanple, a macro node
omerdpe ovondn groa that srsnadéethae d ntaorcascamdlacges thanademto area may
base station, access point, eNodeB, macro cell, macro
DotéBrd tyBa picoarde o g ontovalispcovgrdgentithime demmeycidduilding). It
configured or referred to as a hone NodeB ("HNB"),
eaepaiated hatic irsichingp hersingnat bownpleraented with|various types
apd SO qy. : .
ot nodes and systems. For example, a pico node or some other type of nod may provide
the same or similar functionality as a femto node for a different (e.g., larger) coverage
arca. Thus, a pico node may be restricted, a pico node may be associated with one or
more 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 so 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



Al so, a cell associated with a macro node, a fento

node, or a pico node nay be referredto as a macro
w@e000/0238Tent o cell, or a pico cell, respecti vRCHUSI008/072676

some i npl enentations, each cell may be further

associated with (e.g., divided into) one or nore

sectors. [0045] As nentioned above, a fento node may

be restricted in sonme aspects. For exanple, a given

fento node may only provide s§6V|ce to alimted set

of access termnals. Thus, in deploynments with

so-called restricted (or closed) associ ation, a given

access termnal nay be served by the macro cel | robile

Redswohlcra 06,3 ohfd tad o§ £bicefcell 80RcARIE ST Knk impl G Rations,

nodes that reside within a correspondlng user

i AR MS)be 1ABGGksothecd @Eh (.61 eididet AvbP oG tnstsc@brs.

access termnals associated a restricted fento node

(0B h Maymahtimct ebsef efferatd Hode amydcCtosedd Bdosardspedts. For

G oup Honme NodeB) nmay be tenporarily or permanently

exangiidediven ﬁ@mt@ss@may omly poredaspdact ©, a Bmdtdse df access

Subscriber Group ("CSG') may be defined as the set of

wraewd. ddyesn deplgyments vk seoudsy qumeds(ﬁaﬁlés%i) @Wﬁt@ﬁon a

access control list of access termnals. In

EIYBN aFRSAY ISEMIBAkManPe sqrese By wsa@@rq el mpbilg @éwkc%nédl limited set

eﬁgﬂﬁ%m it e vty ey Beviad R SodihsPo i Pt S ltenco).

il e #fsss{l%te%’?foa%’i‘%ﬁ?%eﬁg &29%2&6"%%?%%&0%%8%%éesgﬂcted
E%%B&% %vy 1 ngll%§ a1 lb% ’reifefr?ﬁn[ot e!}ea @@'ée?'cpﬁﬁ}sbﬁﬁf Q';r{)lgl&Home NodeB)

access an o ento no

FRHO (R8Ra T}Ngtoli‘ 8919n2[n% n%b)&%&f&da:ﬁ $0&s&r{ Ofh sofhe aspecﬁs a Closed

restrlcted node y refer to a fento node t

B8bscABE G1ohf ¢CIGIMB, TRIUTREd 6E1hG set dfastdsk abad (. gr femto nodes)
associ ation and/or registration). A home fento node

thay shaef € corhMoA ab@PY condll Bst@T avduss ferinialsada 861ac rgplddAdations,
is authorized to access and operate. A guest fento

alb entormpdeseoenll tastractddefietno nodts) mre oo m@roectess a designated
termnal is tenporarily authorized to access or

dpanel whichma beaiefdredito anthddemipychaefidr to a fento node

on which the access termnal is not authorized to

LA TS o\faft%‘é red@t@nslélp& eq@v bﬁéiﬁﬁp@r pripecrehiss istrdyfemto node and a

sj tuations 9 L
gIiven access terrmna For exarnple om the perspective of an access terminal, an open

femto node may refer to a femto node with no restricted association. A restricted femto
node may refer to a femto node that is restricted in some manner (e.g., restricted for
association and/or registration). A home femto node may refer to a femto node on
which the access terminal is authorized to access and operate. 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



[0048] Fromthe perspective of a restricted fento
node, a hone access term nal (or honme user equipnent,

WO RgB02358my refer to an access term nal that iBCT/US2008/072676
aut hori zed toaccess the restricted fenmto node. A guest
access termnal may refer to an access termnal with
tenporary access to the restricted fento node. An
alien access ternminal may refer to an access term na
t hat does not have pernissionlﬁo access the restricted
fent o node, except for perhaps energency situations
such as 9 11 calls. Thus, in sone aspects an alien
access term nal nay be defined as one that does not
E@%% thB st @ARRIHAhSIOrA @ﬁésﬂhéo%bsot@rrhﬁafﬁgy &r&'to \é'htaEbess
the restricted fento node. An access termnal that is
fuhiRNWitY téBsdratyCiceshs (@thg restebd 6Entd8¢688 SAn Y eaccess terminal
restricted fento cell nay be referred to herein as a
wiag ir¢for toancessss teminah dlat ddesvios hivar poamse®a td ecdrsithk revaycted
thus correspond to an alien access term nal and, when
Entoinode, iescapo forgictiome dneeguestuaboessh aed hi eadls. Thus, in some
[0049] FIG 2 illustrates various conponents of an
apeels 9n abeeaczo® temeindanayebe ¢dated peang Bakdocs ant lva depecredentials
200) that may be used in one qor nore inplenmentations
%pqrglas(ﬁmn R EFLASET w%pheéisé%p@ fenérpfnpgq; e,ﬁp access terminal that is

conf uratlo éﬂgfﬁ%mgH%% ? e?%%?“% %%gggaggm¢§%g§e%arm
ﬁrec iated t

d
’P?ﬁ%‘l den e%t%f R N e AT eI

&l?éﬁpa%ggsg tté‘{nqr?aﬂ 'aﬁ% %énrkeﬁ% 18 %om gxgzdbgs] %Qéspg ess tlsrrmnal

ment I ons a no

Fﬂﬂggf | t s, ’Q‘?lhgﬁtaﬁﬁ %@&s@o%ﬁhéﬁﬂ%f IR s noHQQ@G hefbafter

node may enpl oy nost or all "of the conponents depicted

teflertddGo a2 ferh@@odl 260) 184t ay b@cl @b NAASr2RBIdntGtHERS as

a transceiver 202 for connunlcatlng wi th ot her nodes

{a@ gl herdif.CBSiScxadipls, dHf@gnt chhgdritdis O itheadonddchth dépickes in FIG.
a transmtter 204 for sending signals and a receiver

2 dGryfherenipdeyeiddonige sliffiredtexamples bERIGES. 3odS B2 00 sledusdthus be
includes a transmt power controller 208 for

aigreqiaticch thagint soaresimiplcrpenfiasion @ ngds mamxbimaemperbsad of the

power) for the transmtter 204. The fenmt o node 200
wmlpqme@ dgpictrin A€ at MOHE EuRiheompésmentagions (e gmivhgicrigiode uses

nnTnlcatlons ith other nodes and. for
Itiple algorithms to determine a maximum transmit power) a node may employ most

or all of the components depicted in FIG. 2.

[0050] Briefly, the femto node 200 includes a transceiver 202 for communicating
with other nodes (e.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



providing other related functionality as taught
herein. The fento node 200 includes one or nore data
woreevnriss7 212 for storing various information. PATES2008/072676
fento node 200 al so may i nclude an authorization
controller 210 for managi ng access to other nodes and
forproviding other related functionality as taught
herein. The other conponents illustrated in FIG 2 are
descri bed bel ow. [0051] Sanple operations of the
system 100 and the fento node %00 will be described in
conjunction with the flowharts of FIGS. 3 - 6, 9, 10,
and 12 - 13B. For conveni ence, the operations of FIGS.

Brovidiag @therjiglaté%inﬁnét?on’aht%/?’a@ tAuht BEHnO TR o tIRR %Sﬁbb&ﬁ’@s illustrated
di scussed or taught heréin) may be described as being

REFTE R edl d &y iSRSl dW C conponents (e.g., conponents of
the fento node 200). It should be appreciated,

[0B&e) er ,Sahipdd opdnaoms op drcatystoms] O0ayid ble: feertd oodeeD0byill be

ot her types of conponents and may be perforned using a

déscfibedeimtconmbigon with denfionaatts of FIGRB3sd, Shbyladd Be - 13B. For

appreciated that one or nore of the operations

@mlsy@meb% theeapstatiopngf HELS. Be Ceftpl byad) 12 n 13B gonamy other operations
npl enent ati on. [0052] Referring |n|t|aIIy to FIG_ 3,

fhﬁ@JSéﬁ?ds%Il taught ety sayde desaiied ap dpiapst 9@1%14731 eHgC

arRaoat RorambSic iRt ”%fr?ttaﬁlﬁé%ﬁﬁe? SR TR,
li b h d

By &ek My %%gegﬁa%e i e SRR ok ei"ﬁmea EEGfirEhes and

Hf B Bef L R aﬁﬁ%f@n??ﬁrﬁﬁ‘&%f‘é@& Sndhid Ao LidThd p

mum perrTormance s

%ﬁ@&?&t@d tHat Hi?%r‘ﬂi&?e (R GRS dciﬁ?atﬁhg Béécn%&{ ﬁé}gﬁlkhlé( )nlployed in

a receiver be specified as - 053]

ggﬁkﬁmﬁ @ﬁﬁhmﬁ@ﬁlons (e.qg., enploylng fento nodes), an
access node and its associ ated access term nal may be

FOOBR| r arRdfytriak dsigallotodf1€. ANt declostikesieRy ipaingdspadth 36
creating relatively high signal |evels at the

defoBny gansmissandrigr 4 tamonettedasgl e anmakmium necsspds@halotrength
of 20 cm between the fento node and an access

oka receiabr andreminimum coupling loss between the transmitter and a receiver.

Here, an access terminal may be designed to operate within a certain dynamic range
where a lower limit is defined by a minimum performance specification. For example, a
maximum 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).



m ni mum path | oss, al so known as the m ni mum coupling

loss ("MCL"), would be approximately 28.5 dB. This MCL
W@ 2000023587 much smal | er than typi cal MCL val uesPObES200&072676

in macro cell deploynents (e.g., because the macro

antennas are typically installed on top of towers or

bui I dings).[0054] If the received power | evel exceeds

the sensitivity range of a receiver, internal and

external jammers and bl ockers,of the receiver may

suffer and, as a result, inter=nodul ati on performance

of the access term nal may degrade. Miyreover, if the

received signal strength is very high (e.g., above 5

] actipale B Faaos 8 BRBOS BRI tREEMEitidlty Yeﬂ%e RE G X River,
ermnal . For exanple, an RF duplexer or"a SAWfilter

Bdnileinp K RBNE Rnknicrd an@BRAKkdrH of thieSe s malyQQFSe] and, as a result,

Accordingly, in some aspects the maxi numtransmt

poswanoduPdY fdBrihammeyflte aefdsnathimed mayhdaraddB Mor8IWdE if the

MAX = (MCL + RX_MAX). As an exanple, assumng MCL is

geciscd Bgpal dtrRxgthvidydrg highd e gBrabotchie dBeny actush hpodvesre dhimbge may

may be transmitted to a hone access term nal (PHUE

nOdy af the ap@sstermpel. For pxgmplgnen KR dpplesereor a fipgm may-be

1.5 dBmin this exanple. [0056] FIG 3 illustrates

pevBPraNtoheraged Hhdiv 488 nay be performed to determine

mt, power based on the maxi numreceived signal

0B8R Gt 1 BPREn gl 2aB R Ssprdbs MR GRS PRbe T iax ) may

I 02,,the fento node_ de ' he nmaxi num .
Peivads dynaroet PaRgET | ICkOR R PHUShnk S BB psuming

u [ . des] r 8\% ' -

KA PP 80, SRR BRI by b i
R LNdmé Q&%Qs)t_errﬂ_iﬁér'ls(PH&%EﬂE)%:'ES@T 3dr-s1 ¥ ABYe T‘i‘?e)fei%ke'mklxx HNB < -
I nvolve retrieving a correspondi ng value 216 fromthe -
(at@mmMiYexamdle. | N sonme cases, the nmaxi numrecei ved
signal strength nmay be a configurabl e paraneter. For
03ep! e F1des éltustraics ge et optiatisectBatvagy 5¢ gortdrmsd ked@tdhine
may i nvolve the node (e.g., the receiver 206)
trecenit/povgerdasddnh thanaamurh rédeevedaignalistrength of a receiver and MCL.
As represented by block 302, the femto node 200 determines the maximum received
signal strength (RX MAX). In some cases this value may simply be a design parameter
that is predefined (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



recei ved signal strength from another node (e.g., an
access termnal). [0057] As represented by bl ock 304,

W@ b@9/02358D node 200 determ nes the m ni num coupCT/H§R008/072676
| oss. In sone cases this value nmay be a design
paraneter that is predefined (e.g., when the fento
node 200 is provisioned). Thus, determ ning the
m ni mum coupling | oss nmay involve retrieving a
correspondi ng val ue 218 fron1ﬁge data nenory 212. In
some cases the m ninmum coupling | oss may be a
configurabl e paraneter. Forexanple, determ ning
m ni mum coupling | oss nmay involve the fento node 200
Eainthle, deRemiBREMYRMuAL&UpliBE BIsY Y bV E ¢3hiodddeh00 (c.g., the
t he 'm ni nrum coupling | oss from anot her node (e.g., an
Ae6iR8S2068 FdbecRahg an Indicadsh bf BB mihitH® BBuLAS &Sss from another node
determ ning m ninum coupling | oss may involve the node
(ceg.gan acacsaeplinaly/ paidditions s sdeatcetapisnieter@ang minimum coupling
calculating the m nimumcoupling |oss (e.g., based on
wss megiivedvesthg nade ©tg.engtupling/pathtioss deimadr 22@malculating the
anot her node such a hone access termnal). [0058] As
ey preseerueling |osh (Gekbaed on phecciwdisignabyieengthorepat gpeeived from
the transmt power controller 208) determ nes the
proshar pode prsRey hamsisgessricieallraxi mum r ecei ved si gna

BloSEES" P e b GET SRR feie a2 0r v B RN power
PonRbe Aot Q%?f%ﬂ?%“ﬁf%@ 058 s PP RR LS signal
S S 9, 0 S O
gggxﬁﬁﬁﬁn%ﬁﬁgﬁ Sweg@qﬁﬁ&ﬂﬁﬂmﬂﬁg%nﬁ%@ﬂﬁ?%t eisher

algorithns (e.g., i scussed bel ow) det erm ne

gn»sbﬁl Mh k3RS Bhdes, ARMB ANl piFerVaIS-deteFifMBt block 306 isTHht one
VR based on other criteria. The fento node 200 may

bheresbhacimdnh @ahwviepéwafvatiee detetained by pedemt@nsdd 200. For
power val ues as the actual "maxi muni transmt power

vadmpde, thorfepoomodad@bmay biep bhgtothariaigtitions @fg. 1 dsidiscussed below) to
"maxi munt transmt power value also may be subject to
dgeminaimaxgnwh transrin pereen alesgerizt, THEORBYR vial ud XDRPWRNN) based
(e.gk, to ensure that the fento node 200 provides .

e pihice prétgria.c Bhefeaye npds 200 may, e seleeldBe loveshefithess)detepygined
an ahsol ute . .

transmit power values as the actual “maximum” 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.



maxi mumtransmt power value TX MAX. As illustrated in
FIG 2, the above transmt power paraneters 222 may be

W@ @PeeBs8h the data nmenory 212. [0060] As reprRCEOSMA8/072676

by bl ock 308, the fento node 200 nay then conmuni cate
wi t h anot her node or other nodes by transmtting
signal s constrai ned according to the determ ned
transmt power. For exanple, a fento node may |imt
its transmt power to renmain hel ow a determ ned
maxi mum val ue to avoid desensitizing any visiting
access termnals that nay cone in close proximty to
the fento node. [ 0061] Referring nowto FIG 4, the
08| 0S W Ferkiah AbRSo IFIGSHNE: &SAB&IS rdifedRf doRicNGpects to defining
ransmt power based on one or nore channe
Gomdiit pONS . badsl o dile d2endit SEAISSESbNdRIONDr B s Ghell Bk ldiso@dsedvin more
exanpl es of such channel conditions nmay include total
daci¢ byvled, stapmdts lsuelnghdanclreaditioas pial ddcledertetabidocivadsignal
channel quality. [0062] As represented by bl ock 402,
strengtneccens gslotigteapth, mad clonndfqualignsmi t power for an
access node may be invoked due to or may be based on a
HW62E i s icpresetied byablaeld 403, 4n peme casoy eetergainattanzpfdransine power
access node, For_ exanple, the fento_ node 200 may el ect
{5 ap @St podaraax hﬁ‘emfvgﬁqdodue tg of PN LRSI AR dgtaynationghat a

HEEOSE § 6PV AT acsergder Rt Sheg g Lo TSEBodr00 may
{ d the f '

PR Qe Bt PRaTF Br BB 50 (il cdrgarorqhe ov ) £

%%\%\121&11&1@% t?gtleat 1110312&% 550@&%%1{1&3%\%2 a(n%dg that k%uﬂ%?fz&?go? r%ta%g‘\ccess)

erm nes visitor access

h& @itered R e OQveritt RR%I 28 9ddifbn, 4L ARG GEESI00 Ry clect to

entered 1ts coverage area. To this end, the fento hode

ZROLBTRY iisthsdR paweP@e:. dsldesee tRE ok B if inBegh & thhtNevisitor
whet her a particular type of node Is in a given

SQ¢ey tageinalr(eg., thAQ63dt aAshorieqt fs dntaadcdsy) Hak @fteretiGe, covBrage
the event the fenmto node 200 elects to calibrate its
areariBonhis eud, (he fgmto noplo20p avagrinelpde paodeodbiteradri2Z4 tioat may
response a trigger such as block 402), the fento node
ggemmay whether aparécdaktype ofmoeds is frengierkn covetidgeianess. Such

a channel condition may take various forns. For

H083h| e As tigpessepsed by block 404, in the event the femto node 200 elects to
calibrate its transmitter (e.g., upon power-up, periodically, or in response a trigger such
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.



i npl enentations a signal strength determ ner 226 may
determne a total received signal strength val ue
W@ 2009/023587 r ecei ved signal strength indication, PGREBB$)008/072676

In sonme inplenentations a received pilot strength

determ ner 228 may determ ne a signal strength val ue

associated with a pilot (e.g., received signal code

power, RSCP). Sanple techniques relating to these

channel conditions are descri@gd in nore detail bel ow

in conjunction with FIGS. 5 and 6.[0064] In sone

i npl ementati ons a channel quality determ ner 230 may
deternmine a channel quality (e.g., a channel quality

P]MHF atig @@m@gnﬁlem-gﬂiaﬁoﬁsh@m%hel%ﬂlﬁhﬂytdétéﬁheﬁr Qh@hﬁytd@termme a
or exanple, the quality of downl i'nk channel at”a

BoiBelaf AR cleg abhamol qLAAS Exldlééalbh 00QI). MthiCetah A1 uelity may
channel quality nay be enpl oyed in accordance with the

tedac h, Iﬁ@SexbmpR:! the dualityeofardomalink lohamel atqUiinid accemyterminal.
relate to a sustainable data rate (e.g., data rate

Had} ol Vaﬁﬁ@); indicwwhs ofkchgomad!] iquylityfmaydreing@oyed in accordance with
signal -to-noise ratio (e.g., SINR where the noise may

thedeaghmes hersiih Jtog ﬁwraplleyck@em-l uglétyinpayeticfags toriceiptaingple data rate
sone ot her quali ric. Channel quality also may be

e34t3 Fréicqngiol, \}%#‘Pb dewpiinlequadity ehscrvies: §lgélalcw -npise %? (c.g.,
cont r.ol nnel

Sb‘iﬁﬁv@%@ tgﬁ ﬁﬁ%%‘m%%ncﬁ%& %guﬁﬁ%ﬂﬁgw coﬁlpgﬁq lle}fer ey pPlme
0066] T

Re o REReE50 RN Bai g hnaarOREAR f i bmes of

l?a%hglg§ é’f{aa)/ss for %%mﬁ)é a%?%lt% ﬁha{nﬁells 9 %Em]ln{gtﬂl C%Hﬁglt %tdhﬁ)en an overhead

orna ion relat anne

EIRGREY & aélﬁé’_@haﬁ%@lt Q?Eloﬂ&ﬁﬁn& Corth broédéa&%aﬁfe@ ess

term na his information may take the formof, for

f088P! €. THRRhasidghalRP aBeghingt2I0 thyy H&eingiaé tRIMnel quality in
I nformati on that may be used to generate a channe

Carduls twayk NHbcaahie, il MM ImpAsmerpias eifoadatinn feladial to channel
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Increased in

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



response to a decrease in channel quality or if the
channel quality falls below a threshold | evel
W@0v9e238T y, the transmt power nmay be decr easedr/Ug2008/072676
response to an increase in channel quality or if the
channel quality rises above a threshold level. As a
specific exanple, if requested DRC over a long tine
period is always very high, this nay serve an
indication that the transmt power val ue may be to
hi gh and the fento node 200 may therefore elect to
operate at |lower transmt power val ue.[0068] As
represented by block 408, the fento node 200 may
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200 may thus select the | owest of these determ ned
heraimsorisbmp over algatithes of @itgria). TkePMRtd nade 200 miaX tRWReNct the
stored in the data nenory 212) as the actual "nmaxi muni
tovantefi thespalaerminal trenssit gewer vabew (algoue iPAWRohj unlX ilMR_N
with FIG 3. [Ooﬂmi In sonme inplenentations the fento
ot In0® daga gemoryhel %) raaﬂ@mctuab OReLmggnttraas M Pope8yalnays
deternine (e.g., adjust the transmt power based on
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determned transmt power. For exanple
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interference with a visiting access termnal is
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power up to the |owest of the maxi num val ues

grettirrmode dr athetdagiek byl 68nsnpi@0igkjgnAls doeptraseEintcectding to the

bl ock 412, in sonme inplenmentations the fento node 200
detyrmpipgbEsdliypqrearf donexamplafil atbemalpoing in madhy femponede 200
calibration operations (e.g., as

determines that interference with a visiting access terminal is unlikely, the femto node
200 may increase its transmit 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



opposed to sinply determning the transmt power a
single tinme upon deploynent). For exanple, the fento
Woowe/ 02387 may use a default transmt power valRET/WbzN8/072676
it is first deployed and may then periodically
calibrate the transmt power over tine. In this case,
the fento node 200 may perform one or nore of the
operations of FIG 4 (e.g., acquire or receive signa
strength or channel quality ipgormation) at sone other
point(s) in tinme. In sone cases, the transmt power
may be adjusted to maintain a desired channel quality
over tine (e.g., to nmaintain a m ni mum DRC val ue or
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visitor access termnals to , ,
[0073] I?macro access terminals that are not associated with the femto node (e.g.,

visitor access terminal) enter the coverage region of the femto node, the macro 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.



anot her carrier frequency. Although this technique may
reduce the likelihood of call drop or service outage
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frequent interfrequency handoff events for nobile
macro access term nal s passing through the coverage
hol es which, in turn, may cause service interruptions
and high signaling |oad on nacro cell access nodes.
Thus, in sonme aspects it nmay ? desirable to m nim ze
the size of coverage hole created by the fento node on
the macro cell. [0074] On the other hand, if the
transmt power |evel of the fento node is set too | ow,
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node or on a co-channel fento node.

Beb2hdnhel WhE tIQPRHAS heks of FIG 5 involve deternlnlng
the maxi mum all owed interference that a fento node can

[00gaf e Bridlyy iteidperatiseceSH Q. liNdtad ddtaadiiad titd matine@gslowed
of a coverage hole. Here, the maxi num al | owed

indrénréreceint @ foraio deledef creew ang viser adcassnaminalqucatatat an edge
Ecp/lo (e.g., received pilot strength over total
plecedvergediodiicrstthemgrimun gHowed ingdsfescneaoray alefinedis the
operation at the visitor access termnal on a given

eraAwal requiied Redlong s dpscoveddiion steaniey @vee éotptergedhecd signal

gt?ernlgth% %{OJ rref)ablé pneacge (?osvynrh%ﬂ operation at the visitor access terminal on a given
channel. 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:



received pilot signal strength (Ecp) fromthe best
macro cell on the carrier, the neasured total signa
w@Reeneask? (1 o) on the carrier, and the m ni nuNPCETBI0& 2676
Ecp/1 0. The maxi mumtransmt power for the femo may
t hen be derived based on the maxi num al | owed
interference and the path | oss between the fento node
and the edge of the coverage hole (and the adjacent
channel interference rejectio?0 if applicable). [0077]
For a predeterm ned downlink transmt power PHNB of a
fento node (e.g., hone NodeB, HNB) and a correspondi ng
adj acent carrier interference ratio ("ACR') of, for
exanple, 33 dB at a distance "d" fromthe fento node,
a visitor access termnal (e.g., user equipnent, UE)
may expativepde=irmisr herRn@a f06) t he fento noHQIASTION 1
hi gh as: RxvuE(d) = PHNB - ACIR - PLFREE( d) EQUATION 1
[0078] where PLFREE( d) is the free path | oss between
the transmtter and the receiver equipnment separated
WP78] di stteneBL; RdE("d)amdlet&mtpaﬂldysmtwadndht ammmwm dmdtthe
formul a: PLFREE(d) = 20logi o(4pdf/c) -
FCRIATY mlpznctrm oTyatedhley @ dfstange {the apdihat may f0¢ é@iguzlﬁ@ with the
%e g, , = 2 GHz), and G and GR are respective
qﬁﬁkﬁitter and recei ver antenna gains (e.g., G = GR
= -2 dB). [0080] To Iimt the interference on the
visitor access termnal, the fento node adjusts the

downl in tran 0 N by nmeasuring the

si gnal ?’ i%@ g@@%ﬁ% further detaﬁﬂﬁggf¥N§2
In some |nplenentat|ons, the fento node neasures the
following quantities in an adjacent channel (e.g., the
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macro cell in the adjacent carrier. RSSI MACRO AC

[0080] To limit the interference on the visitor access terminal, the femto node
adjusts the downlink transmit power Pyng 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) or a co-channel:

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

cell in the adjacent carrier.

RSSIpacro 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., RSSI) on the visitor access terminal’s channel. The signal strength



= Total interference signal strength value (10) in the
adj acent carrier. [0081] Accordingly, as represented
whooblozssk? 502 in FIG 5, the fento node 200 of PEA/GS2088/072676
(e.g., the signal strength determ ner 226) determ nes
the total received signal strength (e.g., RSSI) on the
visitor access termnal's channel. The signa
strengt hdet erm ner 226 nay deternine the signa
strength in various ways. For ?xanple in sone
I mpl ementations the fento node 200 neasures the signa
strength (e.g., the receiver 206 nonitors the
appropriate channel) In some inplenentations
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measurenent (e.g., froma node that neasured the
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determ ne a pilot strength value. [0083] In sone
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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
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.



(e.qg., estimated) fromthe total received signa

strength obtained at bl ock 502. This determ nati on may
wWhe00basxss7 on, for exanple, a known or estinat eRlCT/US2008/072676

rel ati onship between the pilot strength 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 menory 212. In such an inplenentation, the

signal strength determ ner 226,may conprise the

recei ved signal strength detern1ner 228.[0084] As

represented by block 506, the fento node 200 (e.g.

the path/coupling | oss determ ner 220) determ nes t he
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signal” strength report received from an node such

a&difor]) %rﬁ@@e@s§§dé‘c&hﬁhlﬁg|path'°t§ssam§5pﬁ%lfvb @heefémh@de 1008 g., the
pat h 'oss to an edge of a fento node's coverage

pabdaslingteys deerohiice 200 nattuamgdhoputh hds| Bt example path loss may
measurenent report (e.g., reporting the strength of a

b¢ detedminaCkdsed dn b ramversigfabsitamgthodpgrt rezesicd dédnf armthea node such
honme access terminal before it perfornms a handoff to
anohéree aceseisaninald eds Heneeificaxampku thstpatnlopsly dnedgadea femto
that the access term nal may be near the boundary
Bodececavgrngg dewrdary mamiba drtergingdbagd anHbg st measprgmeppeeport

ases the fenmto node 200 may. deternjn
e.g., reporting the strength o(% a sizgnal 1recelvec({e }rommne ?ernto node) received from a

home access terminal before it performs a handoff to another access node. Here, an
assumption may be made that the access terminal may be near the boundary since the
access terminal is doing a handoff. In some cases, the femto node 200 may determine
multiple pass loss values over time and generate a final path loss value based on the
collected path loss values (e.g., set the path loss to the maximum value).

[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



mul ti ple pass | oss values over tinme and generate a
final path | oss val ue based on the collected path | oss
W@ 200003358E. g., set the path |loss to the nmaxi nuPET/EHE208§/072676
[0085] As represented by bl ock 508, the fento node 200
(e.g., an error determ ner 234) may optionally
determ ne one or nore error values relating to the
deternmination of the total received signal strength
and/or the received pilot streagth. For exanple, the
error determ ner 234 may receive total received signa
strength and received pilot strength information from
a node (e.g., a hone access terninal) that measured
{hESeN hHES 18katibas imehp@l@tcb%ﬁ d Dbt A8 & mibMBde 200. The
coverage area of the fento node %OO The error
gedredoiriigicr 234 nra?»théﬂwﬂn@mageevaﬂﬁ@smn/@impom@values
correspondi ng val ues neasured at the fem o node 200
mcagredvaltieenayod 2. Haraetbrcsngdhdslsedtt@mitdiebased on the
di fference between correspondi ng sets of these val ues.
{liffesamoe betases corrdspendpe ses phtheseamaliany &l seencoistw dtis pgeration
error information over tine, and defining error val ues
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RTT systens, pl ot and control channels are code
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transmtted at full power (e.g., Ecp/lo < 1.0)
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nei ghboring nmacro cells are not |oaded, the total
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be | ower than a correspondi ng value for a case wherein
divesigneingltipbrxicd gy itheteatiac ed 4rs nat wansmitted 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 RSSIyiacro ac may be
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 RSSIyiacro 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/Io)rnear = RSCPgest macro Ac 1iNar/(RSSIviacro Ac 1iNeAR T IHNB 1INEAR)

EQUATION 3



| oaded. I n one exanple, considering a worst case

scenario, the fento node nmay esti mate system | oadi ng
wWarwaehsest t he RSSI MACRO AC val ue to predi ctPE€TES2008/072676

value for a fully | oaded system [0088] Ecp/lo

(P-CPICH Ec/No in 3GPP term nol ogy) experienced by the

visitor access termnal may be cal cul ated as fol |l ows:

(Ecp/10) p NEAR =

RSCPBEST_MACRO_AC_LI NEAR/ ( RSSLMACRO_AC_LI NEAR + | HNB

LI NEAR) EQUATI ON 3[ 0089] wheré all the quantities have

linear units (instead of dB) and | RNB LI NEAR

corresponds to interference created by the fento node
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?)?gz'gl ewlgérém ni%uqfrﬁn reqetji rgéd géal ble %‘)@%]te( II(Ejl(%P/dl )ﬁdlplﬁ}:NK INEAR

t@r@PpSisQo atérEirb@del eVl the Mkm@RRId3 kLt BB visstor access terminal.

(ECP/ITOMN LINEAR , then the fem o node conputes a

[poanet df, as adiccahpleea @ininne myxiredvaled fooWeb/10) var to ensure a

interference that it can induce at the visitor access

tedipblicdlaivn Imlicipetahiat it ieplesut tiandz, theh the famte hedendompwtana

di stance is equal to (ECP/IOMN, as follows: j _ Jxo

parameRESHiNCRY the qaxinenR! lpvetmtegigengsxhaiit @pgmiuce at the

LINEAR ~ T/ r \ LL ML CRO ACLINEAR (Ecpllo) MN

VIPNEARCEss ggyminglosuch thef/dg reediRno@ yeatthy mimimpehiipree is cqual to

=RSSI . MA A C LINEAR - 1 (Ecpllo) MN LI NEAR

ﬁ%@ﬁ?}@q%???m] As represented by block 512 of FIG

5, the fento node 200 (e.g., the transmt power

controller 208) determ neg épe maxi mum transmt power

based on, the allowed inteff mrcecrd he pakrh p@ss and,

opt i onal {W?W“ﬂﬁ[’#]@@r t heEdemby,, nogde, 200,  As*Hro-AC LN

menti oned above, the operations of FIG 5 nay be used

for limti ngéég? cover age (Hdice/ nueid hernan adj acent

channel or a‘co-‘ehanrel=4\n tie,f gyner case R may

be a predefined value (e.g', dependéht”6H the’design

paranmeters of the system). In the latter 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 cither 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 is 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 Inng max arrowep 18 achieved. For example, if the allowed coverage hole

radius around the femto node is dung ac coveraGe HorE, then the corresponding path



case, ACCRis 0 dB. An ACIR value 240 may be stored in
the data nenory 212. [0092] In sone aspects, a fento

wooee/orag’ t hus convert the cal cul at ed naxi num BCT/O82908/072676

interference value at an actual or hypotheti cal
visitor access termnal to a correspondi ng all owed
transmt power value, such that at a predeterm ned

m ni mum di stance | HNB MAX ALLOWED i s achi eved. For
exanple, if the allowed covergge hol e radius around
the fento node is dHNB AC COVERAGE HOLE , then the
correspondi ng pat hl oss value PL can be calculated with
the above fornula, i.e., PLFREE SPACE (dHNB AC

B MAX
LoD b b e e A e mAdE )

(G R FRUAT! N ab®093] The transmit 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 fento node (e.g., corresponding to an
edge of Fancomerdderhohe),= Wintthoat atiodad y restricting

the operation of the fento node's hone access

t er mi nal s. PEouns eguetthing ac icoviray:_becpodSilkl e f or BQUATION 5
the visiting and hone access termnals to operate
effectively near the edge of the coverage hole. [0094]

(R RIS 'bgidﬁﬁe@oﬁ%g%é@% i fiblgs operation
o€ Bt a3 IRmirtF S GeRSHTRE! dyrih diftenS eopp a e node
?eréﬁtaco%es X Jgﬂtaﬁ e:ag% g{ MGAJSE%QWOE% \L{%ﬁﬁt ﬁgdulwgsﬁictﬁg the

@%éém (;ﬁﬁmeﬁﬁb S0828 fibRE apééss( fridinalsO 'Co%s&fél%ﬁ‘?} )it thly be possible

se macro access termnals are not be a

handef the VRittM@ntNEhR H0ELS el Proddpersd Effti®fly near the edge of

associ ation requirenment. The follow ng paraneters wl|

e cos@dgd holehe di scussion: EcpM\NB UE Received pil ot
strength (RSCP) fromthe best macro access node (e.g.,

M| by Whik theexbowoe acmesls add@rionahadnsfdergions ditir(g th scenarios
linear units).

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 arca 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.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:

Ecpvng uvr: Received pilot strength (RSCP) from the best macro access node

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

Ecpvns mns: Received pilot strength (RSCP) from best macro access node by

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



EcpM\B HNB Recei ved pilot strength (RSCP) from best
macr o access node by the fento node (e.g., HNB) (in

wo pevear3sghits). E CRNB UE Total received si gnal PGI/D820g8/6172676
(RSSI) fromthe fento node by the macro access
termnal (in linear units). (A so known as RSSI M\B
UE) - E CRNB HNB : Total received signal strength
(RSSI) fromthe fento node by the macro access
termnal (in linear units). (%so known as RSSI M\B
HNB ) - [0095] As the macro access term nal gets close
to the coverage of the fento node, the desired
behavior is for the macro cell to nove the access
term pgl,t.Q: 75! REEIVERLIEhA streSutH (RSYH $i9th ABIMSto ddde by the
CDMA systens, this trigger is based on the ECPHNB
UE/ | Omadoue cg9itdrehiiadd piviindaicifs Ri(Alsb kABWn B RESHGL r).
value. In one exanple, in IXEV-DO the interfrequency
handoff trigger would be: ECPHNB UE/1 O > T ADD, where
an exanple value for T ADD = -7 dB (T_ADD LI NEAR =
0. 2) . EGnawstihe: Botakbrecéiaedisignal sinGRMARYS & the édnatoinpde by the
signal strength with respect to the best macro cell is
t ypi cElaFip ageesd tamingh finglinegiganits). €tsodsawplae RSihers mns).
ECPHNB UE gets within a certain range of ECPMNB UE
EcpMNBj j E - EcpHNBjj E = D HO BOUNDARY, and D
HO BOUNDARY may take val ues around, for exanple, 4 dB,
but the 3GPP standard all ows for each individual cell

[ReSfac B & %%?%Oe?CEF%t%%ﬁﬁilr%%%%i% &9 PrsBLEEE8ER Lo node,
BRI LB R e
BUESEIsQ dbavihet tei EGRMYE ) W {r@géfcﬂ/s :ba%%natﬁ@ ]E?%L;\%%Eﬁo value

certarn mninmum threshold (e.qg., omn =

%iu&h%' hbdve d Serdtif SCAEBD {HRcsABRINIALe. AAbRE 8Xampietin BISV-DO, the
indicate the total received signal strength

{n€er@equehy himdotrheigpacreulabeesdute Hlnall, ASE,|witbreign thenple
interference fromthe fento node. Then, at the handoff

bdua tharly ABD FOO AR (TWADR nacFried)p dhdidie othet hand, at MICDMA
femto node transmt power val ue divided by

systems, relative signal strength with respect to the best macro cell is typically used as
the trigger. For example, when Ecpung vk gets within a certain range of Ecpyng ue:
ECPMNBfUE - ECPHNBfUE = AHOfBOUND ARY » and AHOfBOUND ARY rnay take Values around, fOI'
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
Ecpvns vr/lo value approaches a femto node which is fully loaded (i.e., 100% transmit
power), then one question is whether Ecpyng ur/lo will degrade below a certain
minimum threshold (e.g., Ec/lo_min = -16 dB) until it is directed to another carrier. Let
RSSIyvacro 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:



the pilot power value (i.e., lor/Ecp). [0098] For

| XEV- DO systens, for exanple: T ADD EcpHNB UE | RSSI
WORER02358EQUATION 7 (\- T _ADD LI NEAR ) [ 0099]Parntis5008/072676

exanple values T ADD = -7 dB and a= 1. CP M\B J JE |

RSSI MACRO E CPMM NB UE | o | xEV-DO EQUATION 8 1.25

[00100] In another exanple, for WCDMA, assum ng

DHO BOUNDARY= 4 dB and a 10: T7 |1 j UE' - MMCROL T T
LTTLI Tf E@WBUEO%:LL(I7- =T1T 1 r
EQUATION 9 | + 4(Ecp HNB UE | “RSSI MACRO ) [00101] As

descri bed above, for an interfrequency handoff-based
mechanism the rela lye degk§ tion of a macro access
term TE@ M@ /h&_haiaéﬁﬂb@wﬂ;@ﬁﬁa% be tol er BQIBATION 6
Next , di'st ande (af Ethivs . B8 seeuency handof f
boundary fromthe edge of the fento node is addressed.
In some aspects, if this distance is very large, the
utilization of the same carrier by the macro access
{0897 nalwheay o berrespoydsstorhd tofa Speoi raldE yrandmit hewer aule divided by
| arge nunber of femto cells in a macro cell). In other
therrdlet pewer viahtedr.€.5 Bgtienty handof f mechani sm may wor k
wel | (independent of the fento nodedownlink transmt
Bm&}) diva LG aetens feraxamplel s may operate reliably
outsi de fento node handoff boundaries. However, if

| arge femo node transmt power val ues are used t he
handofg, bounmzc{s»l ices ext edd #BWards the macro cg A?ﬂ%N7

the regl 8t e“c8- qmarrneJqD@]g%ﬁrAp) access term
operate effectively may be very limted. In the

[0099] and for example values T ADD =-7 dB and a. = 1:

Ecpyps UE / RSSIycr0

EQUATION 8
1.25

ECpMNBﬁUE 10| v po=

[00100] In another example, for WCDMA, assuming Ano sounnary =4 dB and a =
10:
Ecp s vn ! RSST,yer0

Ec /1o = = EQUATION 9
Prwg_ve wepMA = L AECP g v ! RSSI0r0) ¢

[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



exanpl e descri bed above, it is assunmed that the hone

node may effectively neasure Ecp and RSSI val ues
wepentssced by the visitor access ternm nal beREIES20081€72676

visitor access termnal is assuned to be very close to

the fento node at a predeterm ned distance (e.g., a

few neters). However, when the macro access term na

is outside the fento residence, ECPVMNB UE and ECPVNB

HNB nay take different val ues,oFor exanple, EcpM\B HNB

may experience penetration | o0Ss, while ECPVMNB UE may

not. This may lead to the conclusion that ECPM\B UE is

al ways greater than ECPVMNB HNB - However, sonetinmes

H&ﬁnlﬁrﬁdﬁﬁs&% Iﬂ%ﬂé‘c‘%o géRH @ﬁnﬁa@liﬁﬂ%e%‘té Reably outside

wher eby ECPM\B | ower than ECPMNB 'HNB (e.g., "the

fe@ritb @om@ﬂﬁldbsfﬂo@ﬁ@dr&@ ble)wwan1faaﬂga$érﬁtoame&anmdpo@advalues

a macro access ternminal). In one exanple, the

ghicfubed, elncleandeff\veaindadrice cttend wandhethd estromtirand Bopregions where

measur enent and macro access term nal best macro Ecp

oealsannelmatro atcesherhembiafperdoeffetavglyingay 12 very limited. In the

ECP_NMEAS_DI FF_HO BOUNDARY = Ec E M\B UE EcpMNB HNB

eauwte dectibed doved} isSissHnesk thyt the heme npdeman edcdieriyeaensure

macr o, RSSI neasurenpents at the fento node and the

ReR e %%%Ie%aéuqs@ﬁmrﬁalpeda?y thee/ iR aesces tsBamakhraysgyhggsitor

calculatg%ras foIIo RSS %ﬂ | FF BOUNDARY =

RESSINRIBIOR 18 aﬂ%@leﬂ/ﬁ\% ?—ﬂ@yé ﬁﬁ‘r b 8} 2 iy glfrained

ARG oh ety P el TRtve I R dnderens et lormiagh s outside the

ﬁ%ﬁgg% Y ﬁ@@%%ﬁ%ﬁ&i’?ﬂ i B Bample
%@y extpgﬁelﬁg gghétﬁlﬁoh G Sxmlﬂe E%Erﬂ]@% Uﬁg I?1'1'!l§u?i)ot Ofrhis tfl?ay lead

fe 0 node ‘may be deci ded based on c raints

fe56 coR@eiddthdet @ N{N 5 AR WAWLPs GreatcFRUAECHAS; &Ba%v@ver
npl e

wherei n, for exa ACIR = dB, S|nce in th

m@lmdshﬁe ROQ696dé ﬁ‘sfdﬂeﬁt&] cré@edWihadow affcady @it EcpMNB UE 18
channel, but it is on a co-channel with the fento

hode IhaarR‘bpM]@ el . PLHRREMISRACE is(IdedNR] BEwCoVa Blré@GRccess node
HOLE) is replaced by a desired path |oss

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:

Agcp MEAS DIFF HO BOUNDARY = ECPMNB UE - ECPMNB HNB 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:

Arssi MEas DIFF HO BOUNDARY = RSSIvng Uk - RSSIving HNB EQUATION 11



val ue to the co-channel coverage hole. [00105] In sone

cases, a fento node may be | ocated next to an externa
w@00b/02as8™i ndow of a residence. This fento nodeCHH§2008/072676

create a maxi num anount of interference to the macro

cell on the outside of the wall/w ndow. If the

attenuation due to the wall/wi ndow is PLWALL and, in

one exanple, for sinplicity DHNB MJE MEAS DIFF = 0 dB

and DRSS _MNB_MUE_MEAS DI FF =,Q dB, then: EcpHNB UE(

- PLFREE(d) - PL WALL, where e total fento node

downlink transmt power (P HNB ) is decided based on

the constraints described above. [00106] One nethod to

[Gﬂi Bge th %o&@‘éﬁ—‘ﬂe@@&h@@ BB eAt @thf¥e terfR MBrRAdR deScribed

o reduce Ecp/lor for the fenfo node. However, it may

nsdvehevdeskoabl e to reduce the fento node Ecp/lor

arbitrarily since this may bring the handoff boundary

[l0a84r tRustden peot measachencanga rage of asloessoul @berappdiled for

performance may degrade significantly if the fento

Aagderhspiroas esnoMor. ebvear in anepradpleethridowalink riamumit foyper (Prxg)

| evel may be defined for successful operation of

akibe sgmtogiogy ﬁailysbeudﬁ;cudh@ bﬁS@f’rp@ cenyeinigecsCebel in detralrabere (c.g.,

estimation, etc. allow themto hand in to.the

Eevationg dyad ay &h@?% fraernie A ClRgy 8148y émccrﬁﬁ éhls P%estéﬁéccess

cases,a hybrid t hod, ma Ienent

mwa% PR AR AT ST %acw e Vet %@a%node
b d dt |
PSP e Geiote on e arorrri oS By 2 S il oss
(Iéﬂﬁe {I)at% (80 %ﬁéﬂng | &yl &te%gle In other words, t he transmt
usted baséd on whether a node is in

E)I o05!']I C 'IH '5515116 Qgseg rhefeflﬁ(ﬁl@deqﬁgfbélﬁ)cgﬂeé AESSE69n @Qt%ﬁﬁl @hll or

ck 408. 107] For a hone access termnal, Ecp may

Rendoal s @gla@hoas The ee hodeChBp &eate RHNBimES Ikt of interference
PLHNB, where PLHUE corresponds to the path | oss from

tdtic hewtacehlagheht outside ofi By s easiDw df icndtenudtidd HA8}o 1he
sone cases, there is no interference from nei ghbori ng
aalimasddve st Ingd; s and, in one example, for simplicity Auxg mue Meas pirr = 0 dB
and ARSSIfMNBfMUEfMEASﬁDIFF = 0 dB, then: Ecpung ve(d) = (Ecp/lor)Puyg - PLpree(d) -
PLy 411, where the total femto node downlink transmit power (Pyng) is decided based on
the constraints described above.

[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



and all interference is comng fromthe macro cell and

the thermal noise floor. One of the inportant
WP200ae3seT s i n the above equation is PLHUE- A RPONB2908/072676

nodel used for indoor propagation is: PLHNB (d)

=20l og(”) + 20l og(d) +T WEQUATION 12 ¢ , [00109]

where WL; is the penetration | oss through internal

wal | s. [00110] Referring nowto FIG 6, in sone

i npl enent ati ons the maxi num t B?nsm't power defined by

the fento node 200 may be conStrai ned based on a

signal -to-noise ratio for a honme access term nal

| ocat ed around the edge of a coverage hol e. For

A0 B othér WHAs ThORMsnliPpdVRir$Lay lféte% &1 s @68 whB@Br a node is

st
expected at a hone access term na at is located

e eicidisy craNefoage nb@d & discussddadbedattlokdgs. t hi s nmeans
that the coverage hole may in fact be nmuch | arger than

[8407]ed.FoAa hances tidsk teronivchlleE dphey becandacdrayfoblews: Ecpyur =

I nposed on visitor access termnals near the intended
ComerBgpdoed by, 0b0EEIRLTheonespohdsortkee path ise sroomths derato node
aspects to reducing the transmt power if the
tﬂfgﬁépﬂlﬁ@c%ﬁi%nmgi o at the hone access ternminal is

hi gher t han expected. The follow ng paranmeters are .
[M0488] n Ip semgicaerdhsrs s RhEterfesencs WON) exighbasing|access terminals

o | ey T € Ptk it T BT TS oor. Oneor
deBs) in the ab f the.fe de (in i
g Gekrdy B Qoo UG it S g B ed for
%ﬁgo%ﬁ%@%ﬁﬁs termnal fromall other access nodes
e.g., ro

and fento access nodes) in the system(in
linear units). P L H\NB edge Path loss fromthe fento
node (e.g., HNB) tg@he honme access term nal at the

cover &de, €dye 20lop(dB-untleg(d)FOO¥WL2] Wen a fEQUATION12

is not transmtting received Ecp/lo by a nacro access

[00109] where Wi; 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-noise 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:



term nal may be: EQUATION 13 [00113] Wen the fento
node is transmtting, received Ecp/lo by the access

W@ 2009028587 may be: | 7 / j Ecp MNB UE Ecp Jl o HMBI/US2008/072676
transmtting J __ 7 UE ¢ HNB_UE EQUATION 14 [ 00114]
The paraneter is defined as the mi ni num required
Ecp/l1o for the nacro access term nal to have proper
service (e.g., as discussed above at FIG 5). Assum ng
the macro access termnal is the edge of a fento
node coverage hole and the coverage hole is limted to
a certain value (e.g., P L HNB edge = 80 dB), then one
mayi npose the foll ow ng condition for the fento node
downl jqpk: T&Xi RN & MsterR@NED) b}Pth'éM@nMcés@t&mma‘l@e g., UE)
mai ntain [Ecp/lo]lmmfor a macro access tern na
HNB nBymlddl dcc@ssimbbds EQ@UANIINs L thOMsthde SHithd fe@[tb )ﬁodé (ih linear
a home access termnal (e.g., a hone UE, HUE) that i s
servioet)b v the fento node i s |located at the edge o
f the fento coverage, the SNR (the term SINR e.g.,
including interference, will b e used in the follow ng
di scussi o ﬁﬁexperl enced b y the hone access termn nal
may blangekualirpeadvadssigEQurenetiNIaeby @@h@@]@ apgess tpiinal from all
cases Equation 16 may yield tqQ relative | ar ge
t r ansPiher %F@?\%;Srnoldéi/@}gs’ o ppg f %ﬂ@@c%a@%@mnéﬁ ¢ ppyem (in linear
result .in unnecessarily high SINR HUE - This may nean,
for eXdiple, that if a new fento node is installed in
the vicinity o f the old fento node, the new fento
node may end u p receiving a high level o f

e PELSnce  PIATAIEPIRYLAP NI B3t ALBH AThSnORGRs:

As a redue; e ne I'ns it o nod

conf | pelirkPaint QYRFad:/ADS hupARMEY. | evel and may not
provi de sufficlent NR'for i1ts
[00112] When a femto node is not transmitting, received Ecp/lo by a macro access

terminal may be:

Ecpyns UE

Ecp/[0|HNB _ not _ transmitting = [0
UE EQUATION 13

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

may be:

Ecpyns UE

lo + E€iny o EQUATION 14

Ecp/Id| =

HNB _ transmitting

[00114] The parameter [Ecp/I0]min 1s defined as the minimum required Ecp/lo for the
macro access terminal to have proper service (e.g., as discussed above at FIG. 5).
Assuming the macro access terminal is at the edge of a femto node coverage hole and

the coverage hole is limited to a certain value (€.g., PLing cdee = 80 dB), then one may



honme access termnals. To prevent this type o f effect

an SINR cap may b e used for the hone access term na
wa@eoovizssetdge o f its hone access term nal covePEESHE8/072676

[SINR] max t HNB edge- Thus, one may provide a second

constraint for the PHNB max as: Pr HNB_max < r L SN >(

Rl VIlmax_at HNB edge -1IlnU UE .\1r Lol 10) E

CyUUATllTO u N 11 7/[00117] To apply constraints as

descri bed in Equations 15 and,47 one may neasure

EcpM\B UE and | QUE at the edgé of desired HNB coverage

(PL HNB edge)- [00118] Since professional installation

may not be practical for fento nodes (e.g., due to

fhRB Ao 116Q@ Nt doRHbA Yor the F@htbRoBO d&wARK ﬁﬁlhﬁ%{ Ransmit power:

t hese quantities by its own neasurenents of the

BN/ (Y. cloandiglain [FRp//6) A MOl @matidact@st@miede my make

measur enent s: EcpM\B HNB and I ORNB to estinate EcpM\B

UE and | QUE respectlvely This scenario is discussed

in nore deta|I W in gonju ctlon mnth Equation 19.
Si nce the,fent T@%ﬂf@%t—l[@&jl w0 +éPent t hEQUATHON 15
access term nal|\IlB@at/Pon /t herd may be some error in

t hese neasurenents. [00119] If the fento node uses its
own neasurenents for adaptation of its own

[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:

P

HNB_max

SINR,,,, =

(P LiNg  cdge / 10)
loy; 10 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 SINRyyg. 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 HNB edge- Thus, one may provide a second constraint for the Pung max as:

P Jo,, -10\Emn-esl0) EQUATION 17

HNB_max

<[SNR]

max_at HNB edge



transmt power, this error could result in | ower or
hi gher transmt power val ues conpared to optinum As a
wWEe@enrysst nmethod to prevent worst cases err orBCT/US2008/072676
certain upper and lower limts may b e enforced o n P
HNB max a s P HNB maxjimt and P HNB.mmjimt (e.g., as
di scussed above) . [00120] In view of the above,
referring to block 602 FIG 6, a transmt power
adj ust mrent al gorithm may thus3§nvolve identifying a
home access term nal near a cOvVerage edge of a fento
node. In the exanple of FIG 2, this operation may be
performed by the node detector 224. In sone

[(mi hge Vﬂt(ﬁéﬁpﬁn&)nsﬁﬁﬁts@@ Yedcdr®ad af E&Jh‘ﬁoﬁ@ s ar?d: PES® may measure
erm nal may ‘be determ ned based on path |oss

mr&%ﬂﬂ%m&mebhﬁemmQMa%ea(PmHQ@Ld and t he
fento node (e.g., as discussed herein [OOI2i] At

[0at8 6M®incetprefckgoiad imadiati@Othay @ogbe practic@NRrdeher midoefe.g.,
242) may determ ne SNR values (e.g., SINR) associ ated
it fo firhecihbemmstagoes s femtanatizimayl estisatethesspentitidsiby itspwvn

i nvol ve receiving SNR i nformati on fromthe home access
mepsvireragnty ef the downlink elrvanele|Foroeamnly, the frate nede gay make
measurenent_report). For exanple, the hone access
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| cul at.ed SNR information.to the fento.node
EBiec et deryssihih Grotaer Bl BBy PEaN By e A Sgition'19. Since

d
PSR ER G Bp AR RERPbAF IR 6P rfhitat ¥eafol g may be some
Lo e <QHﬁe the femto node 200 may derive SNR from
receive anné? quallty i nformati on. [00122] As

[ﬂhg"i 9on qgt&%ﬁ) ncﬁi%tﬁés”ﬂt%vl}‘lgm%ﬁ‘su%ﬁn‘@fdﬂ %d%ﬁé(tldnrbﬁ{s\b%vn

fento node 200 aut ononously cal cul ating the

Mahsagt S SGEUSERSoMaeiul in flerer AEHcLirashiCASAS VRS €
the fento node 200 perforns the neasurenent operations

ednpdred @Veptiniuie Ae atpBachiosleEndtBéd BtV dht tvoddt keyscheretsl &rtain
EcpMNB HNB Total received pilot strength from best

nper andbees sinnaeaydlye dnfiercédon Bi0de as Prng max timit a0d PHNB 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
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

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



| OHNB Total received signal strength (l1o) by the fento
node fromall other access nodes (e.g., macro and

wo 200002358tdes) in the system [00123] The fent oPCUS2088072676
may then determ ne upper power limts: Ecp MNB HNB i |
(PL HNB g / | q) LHNB max 1 [Ecp Uo] n HNB EQUATI ON 18
p NBrmx 2 -~~- 1 Tn .I1Q r HHNB | EQUATION 19
[ 00124] Here, Equation 18 relates to the maxi mum
transmt power determned in simlar manner as
di scussed in FIG 5 and Equation 19 relates to
determ ning another maximnumlimt for the transmt
power based on SNR. It may be observed that Equation
Ay b8 cSir8lkded r(e g0b§g UAbiva rﬂelgﬂorﬁﬁfﬁ? & arf S/R vlafuel 6F the home access
nmeasured at the fenmto node. Thus, Equation 18 al so
RE@iball eBhishthe FORRS HaRlie 200 fnih@ztdehk}@ SNINRrérh rédtevodaneniedfuality
be greater than orequal to a defined maxi mum val ue
[forgnatioa. SNR val ue 244 stored in data nmenory 212). In
both of these equations, the determ ned transmt power
[091B2]s e Asometiaprd labovee dgemnadingtantiR felot onapoateolantdic demto node
the path |l oss to the coverage edge based on the
A0GrHpraEnquslit wécvéaig@)the BB a&tdlswmg hewé. gforer@npls, in
the fento node 200 5 the transmt power ,
e VBPICARC fzm&? n (H)e@eémnﬁ éhetrﬁ%aswfeaﬁ@ﬁmerﬁm N pis Q3. the

g@gthe ﬁ&lned by Equations 18 and 19. In
pAPgh 0y bHaE 4 Bove t he final maxi mum power
val ue nay b e constrai ned by absol ute m ni nrum and
maxi mum val ues:

Ecpvns mns: Total received pilot strength from best macro access node by the

femto node.

Iopng: 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:

Ecpyns mvm (P /10)
P — _ —Io QY e e
HNB _max_1 |:£ [ ECp / [0] HNB

min

EQUATION 18

P = [SINR]manﬂiHNBiedge . [OH]\/B . 1 O(PLHNB,EdgE/IO)

HNB_max 2

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 lo is measured at the femto node. Thus,

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



P HNBJotal = maX [P HNB_.nm | t mn (P HNB_macl P
HNB mac2 P HNB mac | t )J EQUATION 2 0 [00126] As an
we@x@aptsspf Equation 20, P L RNB edge nay b e BEBUBI00€072676

to b e 80 dB, PHNBmax | mnmay b e specified to b e
20 dBm P HNB mm hntmay b e specified to b e - 10GdBm
and [ 7 Jmax at HNB edge and particular air interface
technol ogy in use. [00127] As nentioned above, the
teachings herein may b e inplggented in a wreless
network that includes nmacro coverage areas and fento
coverage areas. FIG 7 illustrates an exanple of a
coverage map 700 for a network where several tracking

aqBRR  dirld &na][xﬁﬁﬁﬁl%hﬁr(@%., a@INR Qflat oM sBFRas h_a@rrﬁeénory 212).

defined. Specifically, areas of coverage associate

M Bdih bf Brekd siEafédathe H32Aminéd2EnsaN dowe21s bakel on signals received at
delineated by the wide lines in FIG 7 . [00128] The

g Stmato prdovandes thd pagh &8s tocthoouviregd ddge (v g.abawel bh pheedistance to
cells 704 (represented by the hexagons), such as, for
teadpt)e, macro cells 704A and 704B, with each cell

being serviced by a corresponding access node 706

(135],° ek GRRRET 1606 Ahe Froaapdc 20 Griovific AmnRGHOWst
access termnals 708 (e.g., access termnals 708A and
cgief leralf) ey et pestas traRsnyih ppwserapest et thgmapximums defined by

ELougout.t e Nluork atoa given ol at oo Line, E8Ch e
355 57 2R SR ' et sht e B gudior

whet her the access termnal 708 is active and whet her
it is in soft handoff, for exanple. The network may

proyi de servijge over a.l@grge geographjc regign.
ox oot s U e o el U Pro 40 Vwe@@gjﬁ%@v@ﬁ I BTN 20

in a nei ghborhood. To reduce the conplexity of FIG 7,
only a few access nodes, access termnals, and fento
nodes are shown. [00129] The tracking areas 702 al so

b A6 ueprecosuttest g Lnplos pmgue o o,
PRUELRYE, BhiEBe fpEOlledt& be 20 dBm, Prxg min 1imit may be specified to be -
10dBm, and [SINR]max at HNB edge a00d [Ecp/I0]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 areas and femto coverage areas. 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 areas 702A, 702B, and 702C are delineated by the wide lines in FIG. 7.
[00128] The system provides wireless communication via multiple cells 704
(represented by the hexagons), such as, for example, macro cells 704A and 704B, with
cach cell being serviced by a corresponding access node 706 (e.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



depicted within a macro coverage area 704 (e.g., macro
coverage area 704B). It shoul d be appreci ated,
whowenzasg7 t hat a fento coverage area 710 may nRCT/UE2908/072676
entirely within a macro coverage area 704. In
practice, a |large nunber of fento coverage areas 710
may be defined with a given tracking area 702 or nmacro
coverage area 704. Al so, one or nore pico coverage
areas (not shown) nay be defi ggd within a given
tracking area 702 or nmacro coverage area 704. To
reduce the conplexity of FIG 7, only a few access
nodes 706, access terminals 708, and fento nodes 710
@ﬁ & feraydiink CFL3PInddG regerbé 1ﬁl§€ ﬁ@}) @Pa giveR trrYMi‘ﬁéﬁt &Qgendmg
where fento nodes 802 are deployed in an apart
bt Wheétber tRPecietd temhihyl 708 i edthve aR@thehcBRZA i§ | sd»ﬁniaa&@@ for
in apartrment 1 and a femto node 802B i s deployed in
apatileehhe 2etivorkt inkg pexadepkesriceldhver b éarpo geopaehBOi2Aions For
the home fento for an access term nal 804A. The fento
eradepl§ 0Bmasrotcals Hdhmay eova séaraldocks oes seigkbarhed. To reduce
804B p&O(‘)li%l As illustrated in FIG 8, for the case
ety o€ Frl. 'honbsa Bozecardogdon Beegseterarlsi andefgmto nodes
each access termnal 804 may only be served by its
HS$BeYVAt ed (e.g., home) fento node 802. In sone cases,
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uch a situation may thus affect the covera

ﬁﬁgﬂolb‘é)vé&ragélﬁ@a t7be freprh&idR0s Rur @07t ofMUngtB c8fcrage arcas 710 may
associ at ed access term nal 804 may initially acquire

bhecfiedtvath agidet @aEKiNg S0NNET beMato coh@agysten4.[ ARG e or
Referring nowto FIGS 9 - 13B, the disclosure relates
morspine caspeptscdsgnatdapivnvhy badgfustiwighit p gnenittackingerca 702
(e.g., maxi mumdownlink transmt power) of neighboring
acweds caodfege aroa 4.i tareduscdn aoinpgxaﬁ ohElat’l, vely a few access

geonetries. For exanple, as
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 1 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
femto node 802A 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



menti oned above maxi numtransmt power may be defined
for overhead channels that are then transmtted as

wo b@o233ef ault fraction of the maxi mum access POHES2008/072676
transmt power. For illustration purposes, the
foll owi ng describes a scenario where transmt power of
a fento node is controll ed based on a neasurenent
report generated by an access term nal associated with
a neighboring fento node. It should be appreciated,
however, that the teachings hérein may be applied to
ot her types of nodes. [00133] Transmt power contro
as taught herein may be inplenented through a
fHingth hbBUB GO BRYRHJEIQRAEAbreSFHRERBC IR RMHcEL s Arnfi® 804B.
fento nodes and/or through the use of a centralized
POMEL sif@tibh Blal elius dffect he cd iR radias eround pHesitAbdheded02B at
transmt power may be acconplished through the use of
whiphainiasg cheddveesssnanghd @04 ngryfieiiay nages thesygtem fahtemain
nodes associ ated with the sanme operator). Such
sormgreted tythamystme. acconpl i shed, for exanple, through
t he use of upper |ayer signaling (e.g., via the
HMd RPaulBefering ppwdptil@bed r i.che dwplosianrdates i some aspects to
| atter case nentioned above, adjustnents to transmt
pREY cly rABISHRS EHNSPELRQV S 6R18-» s IpEm JewaHpr framsayt Rever) of
si.gnal i ng between fento nodes.and. a centralized pover
E?&g]{‘homgglf?esf BO9e8 4] MHiEts RTINS SSSURG/ESPMElfes. For example, as
central.ized power controller may utild ze.nmeasurenent s
FERlnRa bRl AR Bt PRI LA TR AT S CTREHGRT RBRets tha
SRRt Gt B P SR gnomit
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owering Its transmt power tis able to maintain

{36\%&%&%@&%&@% BéntRMidd bhscdloh 2A88R6HAtRHPERGSHRerated by an
ermnals would remain in good geonetry conditions.

8830338 IminhIGss@ideb with hesighbutn@lcnap abéd. | 10 Bisoul @batppreciated,

to an inplenentation where nei ghboring fento nodes may
howper.ahd thotecednigsdicranenagrbetapphiédtotatiaansypes op ovdsrs.

Here, various criteria may be enployed to determ ne

{9d83ler Tirarmmsinpewgeneirolals taughe hgrhinomaynbaiendémented dheough a

adj usted. For exanple, in sone aspects a power control
gqug&upqdmgweﬁyontrol scheme implemented at the femto nodes and/or through the
use of a centralized power controller. In the former case, adjustments of transmit 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



attenpt to nmaintain a particular coverage radi us

around the fento node (e.g., a certain CPICH Ecp/lo is
woreioanzissed a certain path | oss away fromthe PERNUS2008/072676

node). In sonme aspects a power control algorithm may

attenpt to maintain a certain quality of service

(e.g., throughput) at an access termnal. Initially,

the operations of FIGS. 9 and 10 will be described in

the context of the fornmer algqgithm The operations of

FIGS. 9 and 10 will then be déscribed in nore detail

in the context of the latter algorithmas well.

[00136] As represented by block 902 of FIG 9, a given

fseam&o@%ﬁainmtst do%llage ﬁﬁi‘ius' dnd 1f ﬁ@é}é@aﬁte@ QURSs t‘éﬁnﬂﬁlfs'vﬂﬁﬂjd

val ue. For exanple, all of the fento nodes in the

Ensdie M Joad geﬁinbtryllcbrydlﬁ@ts their respective transmt

power to the maximumtransmt power that still

[0dBHlat Gt hecicnibeoghwetal operations evletigg® dndhsenantaion where

macro coverage area. As a specific exanple, the

teignsming fpowerodes mag cheprrae todmtwhyndanagletr's sensigpowbie Here,

CPICH Ecp/1o of a macro access terminal at a certain
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above a certain threshol d (e.g. -18 dB). In sone
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more of the .al rLt ns descri ed abo conj unction
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ei ghbo eport 1 ncluding, for exa

BSERcfipdd BlthStdRad o iheGbrdraldRhANUE op éﬂaﬁo&%f@ﬁt;@sﬁ&’nd 10
of all fenmto nodes in its neighbor list, and the RSSI

@ill thee bo@escaibed ¢h tafecctdilid 1BSonktdkt DO TR 1@@@ atlosithreag ell.
access termnal may performthis operation in response
{09136]r e Asxsprebemed byt blobloA@2 €D Ineoderen Fantoarodmulivallyaset its
given femo node may maintain a |list of neighboring

fremsnot podado tiefncd alue figs examplesalhafithe oge gedes in the system may
termnals. This neighbor list my be supplied to the

metiglly ssbideir ﬁeyspgﬁlqgﬁ@@pm;twypr '&tb@ ggingym gygasmit power that still

mitigates the introduction of coverage holes in a macro coverage arca. 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 is
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



fento node may populate the list on its own by
nmonitoring downlink traffic (provided the fento node

WO p@b02Bs87 appropriate circuitry to do so). TheP¢BO$2908/072676
node may repeatedly (e.g., periodically) send a
request to its home access termnals for the neighbor
report. [00139] As represented by bl ocks 906 and 908,
the fento node (e.g., the transmt power controller
208 of FIG 2) determ nes mhegger signal reception at
each of its home access termnals is acceptable. For
exanple, for an inplenentation that seeks to maintain
a particular coverage radius, a given fento node "i"
81 Dihe d}qmﬁ Riodp oBall HEANB od BB i8sfcigmbelidt! h&d@ﬁ’é QSISI of the
Ecp/lo i of a given associated access termnal "i
Ofer@ing ti@@e user equi pment, "HUE") assuming the access
terminal "i" is a certain path loss (PL) away fromthe
fodnB®] nddeorht 4spicetsgeach assigsricngiriahmal; peddino thine@@sationdn
by the fento node "i" wll not change nuch). Here
fspdriso ta a fezqmestt Hienatsbese fantoinedt. For'examples p gieplfernto ndde may
=- HNB HUE i g HUE , [0014OL In some '
mapitame diskef Imt@boang Eavnte nederethptdt ends fohiés lsgrgmageess terminals.
strength determ ner 226) may_determ ne RSSI on behal f
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mreasure RS at the fento node and the rece

BowENGh oG OR IBf FEG. A2BtdMhcIBAS ufe@mg@ﬁﬁ? e@ptibih 8t efaeﬁbplts home
node. [ 00141] The femto node "i" may determ ne whet her

epid tornhinklS id &86pthbian For cxaipdd, féraanantpiiresitalod tha seeks to

det erm ne whet her coverage for the access termnal "i"
mein0 o epheltubr coferapvediage giscrafcasphadd &) (d.fnehome Node B,
operational flow may return back to bl ock 904 where

{HAB”) may estimate the CPICH Ecp/lo i of a given associated access terminal “i”

(e.g., home user equipment, “HUE”) assuming the access terminal “i” is a certain path

(I ”

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

femto node “1” will not change much). Here Ecp/lo i for the access terminal “i” is
Ec .
Ecpllo ==L i i
Onur i

[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.



fenmto node "i" waits to receive the next neighbor

report. In this way, the fento node nay repeatedly
woremwoozasstonditions at its home access tern nabGI/OYMN8/072676

time. [00142] If coverage is not acceptable at bl ock

908, the fento node "i" may comence operations to

adj ust the transmt power of one or nore neighboring

fenmto nodes. Initially, as represented by bl ock 910,

the fento node "i" may set itgytransmt power to the

maxi mum al | oned val ue (e.g., tP1e maxi mum val ue

di scussed at bl ock 902). Here, the transmt power of

the fento node "i" nmay have been reduced after it was
14 he m&ma&l vemal dokagike A8shef BE/BXRMPLS thid or equal to
he femo node "i" had obeyed an intervening request

b epeRhal el dgfemienghdtiRiFicovaREefok ehel RES erilifal tIdR 86dcbtable. If
power. In some inplenentations, after increasing the

tovanseiit aquopeble, thheptmtidml ﬁlod/emay feturapadetodrioakn®4 where the
whet her the coverage for the access terminal "i" is

frovio aode{at’ atzlite to fefeiso thet et npelrtatr irepoat. Irf thosw app yher fetnie node
back to bl ock 904 as di scussed above. If not, the
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bel ow. I n some inplementations the fento node "i" may
A mif P@Vef%ﬂe%wtﬁgcw&&lea% Rloek 08 Hsdemeceade; hgmﬁ}ﬁe
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eéhﬁfa#ﬁ % ég?%pm&yl‘f% S SR LA Sp—
R MEAREEH Red PRAEGER: ?ﬁhﬁ}%@ﬁ%‘*@ﬂ’émﬁ block
9@2)3 Rredhd t?aﬁsﬁf?t FRER FBITGE YitcPd e “Sm g& hlwebfeeﬁi b SMSS Sifkr it

bel'ow, the operational block 912 may e any

Rat gy i nfue W Qudadgodhial, Raexsapl, ﬁtﬁ\éﬂf%td) Rode “i”” had obeyed

response to a request to reduce transmt power and

whit@vénihg regueAsivHaca atighboMnigeintatodNACKeduas ith atnsysit power. In
expi red. [ 00144] As represented by block 914, the fento

sonieiniplémématgons, 4fhe inareassg the pemseait pondrr tikelfemto2@ly “i” may

sel ects the strongest interfering neighboring fento

Agdmifie wcthef rricovaraghefor flit)acessd tatminal m e sow ycerpiabia i so, the
that fento node should reduce its transm:t

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

“ 2

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 “i” (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.



power to maintain a given Ecp/lo for access term nal
"i" at the designated coverage radius (path loss). In
W@ 09/0285pECct s t he anobunt (e.g., percentage) of PEDWE2008/072676
reducti on may be represented by a paraneter al pha_p.
In sone aspects, the operations of block 914 may

i nvol ve determ ning whether Ecp/lo i is greater than
or equal to a threshold as di scussed above. [00145]
Next, the fenmto node "i" (e.g,y the transmtter 204

and the communi cation controll'er 210) sends a nessage

to the fento node "j" requesting it to |lower its power

by the designated amount (e.g., al pha_p). Sanple

gLt | onsSrehRantéd 8y bIBBK 914 eKtefenito nBEY-iPES.§ O HRSRIt power
recei pt of such reduest are described below in
EQMoUBELOK) Relbkt thdstiongds@inté GleihSofiBPFDH6 Mbesl(dy, femto
bl ock 916, the fenmto node "i" (e.g., the receiver 206
anit ‘tihend aereuninea by bowaouthrtbit femt2ddie sholld redeeiity eadsmit
nessage fromthe fento node "j" in response to the
peyergs mapitainl aogikerOliep/Io for advesseteemnal ‘héatf tbertlesigrathel coverage
elected to reduce its transmt power by the requested
mdBrpathdere). flarspaicrieprsts the agopt (e &s peredntase )i @operisdyetion
wi th an acknowl edgnment (ACK). In this case, the .

BYR PaFsIrRENtcA by NREAMGtet AlPlH_Po [Ihpepkaspeuts.dhe gearationsf block

BEP G OBbhrk SASETE s S0 R e B S ot
noun&tl}he fento node "j" will respond to the request

PYH 4 %éﬁ%tive acknomAeng?nt (NACK). Inits .
AR IR0 g b 20 0l b plbasin

BMRIT1PY1 () s@$8 M ERIRIT, theRmtd Rad: &P ?eiulgﬁﬁl%%{ ®dower its power by

anount. In this case, the operational ow may return

the debighke PdRowigE 8., hipBa FieMSampRASHerdtion et e fE@itknddB€j” may
fent o nodes in the neighbor report according to the

RS mERaut&iptyf stidtercacsesis desdribet dklow in cojugctiord@BEEIG. 10.
on a newy received nei ghbor report). Here, however,
{(od46]entAs repatsert¢d bywlotk BES, execfeude doda ‘Gin(d.gi therreevkien§06 and
as longas the tiner associated with its NACK has not
theomedinicitien epesralter dhQ) woil bt aeksmedsage froouthh f@1® nedy ™ in
thus be repeated until the fento node "i" determ nes
taspense fretheapguest of block 914. In the event the femto node “j” elected to reduce
its transmit power by the requested amount, the femto node *j” will respond to the
request with an acknowledgment (ACK). In this case, the operational flow may return
to block 904 as described above.

[00147] In the event the femto node “j” elected to not reduce its transmit power by
the requested amount, the femto node “j” will respond to the request with a negative
acknowledgment (NACK). In its response, the femto node *j”” may indicate that it did
not reduce its power at all or that it reduced its power by a given amount less than the
requested amount. In this case, the operational flow may return to block 912 where the
femto node “i” may re-rank the femto nodes in the neighbor report according to the
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RSCP measured by the access terminal “i” (e.g., based on a newly received neighbor

report). Here, however, the femto node *j” will be excluded from this ranking as long



for the access termnal "i" is at the target val ue or
has i nproved as nuch as possible. [00148] FIG 10

WO R009®92358t es sanpl e operations that may be perPCrO80081§72676
a femo node that receives a request to reduce
transmt power. The receipt of such a request is
represented by block 1002. In an inplenentati on where
the node 200 of FIG 2 is also capable of performng
t hese operations, the operatig s of block 1002 may be
performed at least in part by The receiver 206 and the
comruni cation controller 210, the operations of bl ocks
1004 - 1008 and 1012 - 1014 may be performed at | east
hthB&hfer stotclﬂ?edt\ﬁlﬁﬂﬁm I CROMBnof BxiFRl ITee O%QI%UOM Hl&&s 912
operations of blocks 1010 may be performed at least in
Pasughty 8they thuabsrptdted uRfl4h@fehtb ABdE amauRtMiRks Bat the Ecp/lo
controller 210. [00149] At bl ocks 1004 and 1006, the
feentioadcagacdandr i is asthshaberalwordna geproocd anaudr aspassble.
home access termnals wll be acceptable if the
1004 A8Imi tF1pone rlvstataslpansitle dpastiorsdha shayche Foformgdihyp b égmto node
the fento node "j" may evaluate a request to |ower its
thabreseiives prodeest toredpgshizansml 1By eTx Thetecdipt ef sichiaggquest is
whet her each of its access termnals nmay pass a test

EprRseried by blagk 10@&t Ing igpdemsniadtpnayhasg Eb@@éeéoo pEFIG. 2 is also
oSl opaPened égé%‘ o E“oﬁ%raﬁ@eéé*%%*@a%%y' °ao%£fomed
sy Pty G P Sl BB Bk il 5 Tisba ' ehoperetons
bEAHTOHR 0 TS, 113 A OB AL U by e i
&confbl1d 208 kanh%@ opcééQ@oﬂ‘sQﬂ‘ﬁo%cﬁQ 10 ﬂnay B@g@@(ﬁﬁl%dta?least in

he request wth The oper at i onal w may then

p&t by Phelttnbinaek 20@@&1 waebaminidadoh esitHIRPIE) pr ocesses
any additional requests to reduce transmt power as

tooay9jar eAtteckisMO04 ahd 00(B] thel fmeov@Ica@eringncl ®thether coverage for
acceptabl e at bl ock 1006, the fento node "}"

diet @rmonedentearecess cdrmitalsreill boaweeptabls if thameninhit poweris adjusted
such that the test of bl ock 1004 passes (bl ock1012).
#Hercquesiad. dlooakamile, the fmetoinatle o trivat cvialnatroams quess tslowierits
fento node "j" may elect to not reduce its transmt

peneatt pawer|te alpha p*HNB_Tx_j by determining whether each of its access
terminals may pass a test similar to the test of described at block 906. Here, the femto
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node “j” may determine whether the Ecp/lo of an associated access terminal at a
designated coverage radius is greater than or equal to a threshold value.

[00150] If coverage is acceptable at block 1006, the femto node “” reduces its
transmit power by the requested amount for a defined period of time (block 1008). At
block 1010, the femto node “j” responds to the request with an ACK. The operational
flow may then return to block 1002 whereby the femto node processes any additional
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



[00152] At block 1014, the fento node "j" reduces its
transmt power by the anpunt determ ned at bl ock 1012,
w0 poogfppdsstabl e, for a defined period of tine. H¢I/ES2008/072676

anount may be represented by, for exanple, the val ue

beta_p*HNB_Tx_j. [00153] At block 1016, the fento node

“I" wll then respond to the request with a negative

acknow edgnent (NACK). In its response, the fenmto node

"i" may indicate that it did t reduce its power at

all or that it reduced its power by a given anount

(e.g., beta p*HNB Tx j). The operational flow may then

return to block 1002 as descri bed above. [00154] In

015, H@&! AERBEIA e APPreclal@ thATH oMOERes the AR ¥R “fefhPelect to

node "j" maintain respective tiners that count for a

ﬂ@tfrbdme iR@fanQdit hbwer atraliconj unction with an ACK or a

NACK. Here, after its tiner expires, the fento node

[G0152ay Atadedk 1G4, the deratmi fodp Gjlardinas ks trandnihie pgwentiyals amount

level. In this way, the fento node "j" may avoi d being
peoaingdea blockt W8 2eN epplideble, fogrtdefinedigeriad of tiass. iiduednount may

L00155] Al so, in sone cases each femo node in the

emmspntﬁﬁby,sfpb@@mme theevdug egteit™SINR. Ik j. t he nei ghbor
eports) that it received froman access termnal the

(it r@ Rk HHeetws feratorpadal’s c\aslrhlrfaet @épwdttﬂ thaygapeshivigh 2

e event no ss te mna S

de. | .
Bkt Pt 1%%3@?3&@%@%& h Wésr?oeﬁ?a iAo hodfo Jt By dndicate
t t
BEER B %056% & étngWg‘i ar'?-a L AR s OV B OR HiBunt (e
FQETJO [, 1 jl)g 51%%1’?15 tﬁegl 1z lrn{eedl ﬁf()'2rhg described

ce t eir r canno
ngjatain the deS|red coverage at the speC|f|ed
coverage radi us, the fenmto node may cal cul ate how nuch

g]o MR RoMkE hrﬁf;leﬁféﬁﬂaﬁbmﬂ gRASMEEnRR NSRS EhdhRME <
|ts efault level to reach the target coverage. The

fafmtgin Ragectiv@tinidiethat edune fdrhelclinad périvdl tirhe int Sonfidctbdn with an
power accordingly (e.g., within a preset maxi num

nélKuer) a NO@IG 7Herdnafitarpls ementeapirasnthicHamtautdde i F emayreset its transmit
scheme such as the one described above to nmaintain a
povertage ta dipueyiormyevchuln thes wae thetfomed fiedst |V elay aseit being
transm t ower values in

penalized in the event the femto node “i”” has moved.

[00155] Also, in some cases each femto node in the network may store the
measurements (e.g., the neighbor reports) that it received from an access terminal the
last time the access terminal connected with the femto node. In this way, in the event no
access terminals are currently connected to the femto node, the femto node may
calculate a minimum transmit power to ensure Ecp/lo coverage for initial acquisition.
[00156] If the femto node has sent requests to all neighboring femto nodes to reduce
their power and cannot yet maintain the desired coverage at the specified coverage
radius, the femto node may calculate how much its common pilot Ec/lor needs to be

increased above its default level to reach the target coverage. The femto node may then

raise the fraction of its pilot power accordingly (e.g., within a preset maximum value).



a network. For exanple, such a schenme may set a | ower
bound on the geonetry (and throughput) an access

W@ 200ad0zasB7 Wi | | have if it is within the desi gne@EUS2008/072676
coverage radius. Mreover, such a scheme may result in
power profiles being nore static whereby a power
profile may only change when a fento node is added to
or renoved fromthe network. In sone inplenentations,
to elimnate further CPICH ou aoe t he above schene nmay
be nodified such that the CPI Ec/lor is adapted
according to neasurenents collected at the fento node.
[00158] A given fento node may performthe operations

018¥oC K@n %%emer%atl&l et utdlzbs #cheh® sass QSCt'h@toﬁQ d&etiB&Pabove to
ermnals. I'f nore than one access termnal is

AafRgh atcatertéd Rdaus et thudiRdesed th effé@iRtly sBOgkehsiRtypoRRAGtalues in
a request to an interfering fenmto node whenever any
anetwolk.i Far cxaspti, aichdh thees mayaet loales boundhaei thg geometry (and
interfered with. [00159] Simlarly when eval uating
thinetghpnt) an apass teommekwdhiavieof @ iy egieshe devignetbdeeverage radius.
transmt power, a femo node perforns the test of
Mosed o1.60¢h § stheaicimaytrsssisqomar erpldesdwens merertaiis %hereby a
The fento node may then sel ect the m njinmum power
DRV RipilcARRYeRN Y Ahange SpeRB| @m@etrqu Ahegied tQ o rémovr:ql §r0m the

POROE Togamr i im0 Ruphabr Ches CREILokhelwe %Qe
f<Heme xR e S B3R e ﬁgaﬁﬁ? B SRR LGB nER”
PRIGLRe SHES RIRTLb PRUET or MRy recelve a request

roma nei node to reduce transmt power. The

%eﬁ%n%%fde hﬁgtﬂéﬁ%ﬁn ARESRLARAS of 15‘10@1& 904 - 918 for all

asynchrongus manner wt respect to one anot her.

b0 B1dciASd hRREY AR RD dVBorel tRarSOBRAct &R &R & 496 Gatdd with a
quality of service criterion (e.g., throughput) may be

e ayes thofctrd abdd mey vhdtdhequdsoto adteefcting iSifotnop@WhEnever
of a fento node. Such a schene nmay be enployed in

agdorta afntstassopratédsteaderafindlhs lebpvetesfetedmait].00162] | n

a simlar manner as discussed above, RSCP ij is

o PPled Samilathe wiph CFluating whether or not to respond to a request to reduce

transmit power, a femto node performs the test of block 1004 for all its associated
access terminals. The femto node may then select the minimum power that will
guarantee an acceptable performance to all its associated access terminals.

[00160] In addition, each femto node in the network may perform these operations
for its respective access terminals. Hence, each node in the network may send a request
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.



RSCP of fento node "j" (HNBJ) as neasured by access
termnal "i" (HUEi). RSSI i is the RSSI as neasured

Wh00902358% termnal "i." Ecp/lo_i and Ecp/ Nt _iPCT/US2008/072676
respectively, are the CPICH Ecp/l1o and the CPICH SINR
(signal to interference and noi se ratio) of access

termnal "i" fromits associated fento node "i" (HNB
i). The femo node calculates the foll ow ng: RSCP i
(Ecp/lo i) = = RSSI _i EQUATI 2 1 SINR1=- RSCPI
RSSI i - RSCP_i/(Ecp/lor) EQUATION 22 [00163] where

Ecp/lor is the ratio of the CPICH pilot transmt power

to the total power of the cell. [00164] The fento node
bRt a8 atshﬁﬂdiq&a(dner st dlgdmgséa%svél%@s i ljeg @MmRl ak thd ¢PICH
were at the edge of the fento node coverage

RECPRFPEND fdde tP RINELNad B8&uRdd ULt s camanage” (HEGD ). RSSI i
) -1 ro Caverag r © P /1(J _UHNB Coverage RSSI i
E@B\KBSI\hSZ{ﬁea[SO&H&@] acedye te@mRBOPLT HcbNB iGoddcpid i, sespbeively,
received pilot strength at access termnal "i" from
aeshoGRIGHE kcp/Im ankbthe iICPIEH $INR @dpel ofinteherchegriral mwsteratio) of
"i" coverage. The edge of coverage corresponds to a

preess temaigal( 1Bl fropyrisrmssareatedfpno ﬁ@%%“ e §ddB_pL AR femto node
Coverage and RSCP_i i HNB Coverage = HNB Tx_i *
caterted e fploNg: Cover age EQUATI ON 24[ 00166] Let

(Ecp/lo) _Trgt A b e a threshold on the CPICH Ecp/lo
preconfigured in the fento node. The fento node checks

t he f@i%pqm RBERYI 1 0 i) HNB coverage >

(Ecp/lo gt RSBIEQUATI ON 25 [00167] If the E&%‘Q@fldl\?zl
YES, the fento node does not send a request to‘reduce

RSCP i

SINR i= : :
- RS SI_l - RSCP_I/ (ECp/ IOI') EQU ATION 22

[00163] where Ecp/lor is the ratio of the CPICH pilot transmit power to the total
power of the cell.
[00164] The femto node estimates the Ecp/lo of the home access terminal if it were at

the edge of the femto node coverage corresponding to a path loss of PLung coverage:

RSCP i i

HNB_Coverage

RSSL i EQUATION 23

( ECp/IO_i) HNB_Coverage =

[00165] where RSCP 1 ixNB coverage 18 the received pilot strength at access terminal

“ 2 (13421

“1” from its own femto node “i” at the edge of the femto node “i” coverage. The edge of

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

RSCP _i g coversge = HNB_Tx_i*(Ecp/lor)/PL

HNB Coverise - EQUATION 24



transmt power. If the answer is NO the fento node

sends a request to reduce transmt power as descri bed
whei0ome3s8h addition, or alternatively, the fenkP@I/nsMe8/072676

may performa simlar test relating to throughput

(e.g., SINRi). [00168] The fento node sets its power

to the maxi num al |l owed by the macro cell coverage hole

condi tion. [00169] The fento node "i" ranks the

nei ghbor cells in descendi ng géder of the honme access

termnal's reported RSCP. [00170] The fento node "i"

pi cks the nei ghbor cell femo node "j" with the

hi ghest RSCP value, RSCP iJ . [00171] The serving

foorbe N QSE@ (Edp/1o§ argt rab s (o R thE @N@H"R@ﬂo pkeconfigured in

needs to lower its transmt power such that the

perftatdmitiee Tat firh® rRae ebsckt efefollalvingt * | nproves. Let
(Ecp/l1o) _Trgt A b e a target CPICH Ecp/lo for the hone

access tern1na| that is preconfigured in the fento
node. This fgriget Ecpl] an | ghesen such that hone
access t ﬁ1na‘§méY%Wno ?ng%u{ It can al EQUAHON 25
nore aggressive to guarantee a n1n|nun1geonetry of the
hone access termnals to maintain a certain data

oughput or perfornmance criteria. The desired RSCP

[(]0 1671gt TEBwenpyerde d&ss thedemigyagderqoes P?to‘ﬁ%%ifimﬁﬁﬁo reduce

fenta node

Y B dbthe st N} B B0 gt e ransmi
f)oviveHrI\all%-dggcori\f)%cri BelBw® In addition, or alternatively, the femto node may perform a
similar test relating to throughput (e.g., SINR 1i).

[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 “j”” with the highest
RSCP value, RSCP i j.
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[00171] The serving femto node “i” calculates how much femto node “j”” needs to

lower its transmit power such that the performance of its access terminal “i” improves.
Let (Ecp/lo) 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

(9521

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

(Ecp/lor) * RSCP_i_iHNBic(nge

RSCP i j Trgt=
- (Ecp/lo) Trgt A

— (Ecp/lor)*RSSI i+ RSCP i j

EQUATION 26



ee _ (Ecp/lor) * RSSI i + RB CPiJ (Ecp/lo)_Trgt_A
EQUATI ON 26[ 00172] In addition, or alternatively, the

wo 200002358tde may performa simlar test relati nBCT/US2008/072676
t hroughput. The fento node "i" calculates the ratio
al pha_p_j by which fento node "j" should lower its
power as: alpha pJ = RSCP_iJ Trgt/RSCP_iJ EQUATI ON 27
[00173] The femto node "i" sends a request to fento
node "j" to lower its transnih power by a ratio
al pha_pj. As discussed herein zhis request may be sent
t hrough upper |ayer signaling (backhaul) to a
centralized algorithmor sent to fento node "j
directly fromfento node "i." [00174] The fento node
"j" evaluates whether it may respond to the request of
foanry®) nadeaddition y aleilnbiigely tthe fohatb SioHE mag perfoliNB sifilar test
new = alpha_pj HNB Txj, where HNB Txj Is set as
adkaing.to timosgimat.i Tipd fmemhadd ‘Ohsaltiietct drtratimelgka ' | by which
checks two tests. [00175] Test 1: This test is based
tamto meds Yl ehaulplevirogpoyedescri bed for FIG 9. The
CPI CH Ecp/lo of an associ ated hone access terninal,
which is away fromthe fento node "j" by the coverage
radi us, j oxe er t ag hol d (Ecp/10)_Trgt B.
Thi s te§¥§?§prb Sgg?a{‘§g§¥%§§P§Fg own UE havE TION 27
accept abl e performance within a certain radi us around
the fento node and anot her registered honme access
A R SR 2B 0 S QR Pl s amsi

. r L~ .
el LA Ry S I
iy ] . ) gy

Bt g Rnna el YR i DL REERS' ety
el tbintdhédni»The test is

[00174] The femto node *j”” evaluates whether it may respond to the request of femto
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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/lo 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 guarantee 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:

RSCP_.]_.] HNB_Coverage
RSSI j EQUATION 28

(Ecp/ IO_.] )HN'B7C0verage =



(E P/l QJ)HNB coverage > (Ecp/l1o)_Trgt_B ? EQUATI ON 29
[00177] Test 2 : The CPICH SINR of HUEJ is greater

WO b@n/0zB858Ertain target to maintain a certain PCT/US2008/072676
performance criterion (e.g., quality of service such
as throughput): SINR newd > SINR Trgt ? EQUATI ON 30
[00178] where al pha _pj* RSCPJJ SINR newJ = RSSIJ -
RSCP J J/(Ecp/lor) EQUATION 3 1 [00179] If either or
both tests pass (dependi ng on4ghe particul ar
i mpl ementation), fento node "j" lowers its transmt
power to b e al pha_pJ*HNB TxJ and sends an ACK to
fenmto node "i", given that the new power is above the

Eig{iz&]? m\ﬁle'r@wslgl j‘ ﬁn&RSCPég.é 88the REOPLRORSECP r&oRte@by HUE j at

ests fail,” fento n "j" does not lower its
thea0sefage RANB T of @héMesd BttlafcdbyHRNBE}) td RBit8@adde i’ before
cal cul ates how much it can lower its transmt power
whishotpormiadificdtion. f@e tst ivance. | n ot her words, in an
i mpl ementation that uses both tests, the fento node
may calculate its new transmt powers such that both

Test 1 qﬁgﬁggﬁs 2 pass, @g/bpPwegsSpits transmt power

to the hig of "t A&t wo. However, if with thEQSUYFIEN 29
fento node "j" power settings either test fails, then
fento node "j" does not lower its power. The fento

sq | Lr r..to a .
IR Aetestiiaes SRR SARR orBRYET i refies tu e cariauesiyo

In.al.l these cases, fento node "j".may report . a CK
PR s RaeS R er E PO E Fantashiy se 8PP by ticlighpury
[00181] The al gorithns di scussed above allow fento

nodes to adaptively adjust their transmt powers in a

col | abor at SUNRf ashijorbINRhdsg al gori t hm have nREOYATION 30
paraneters which can be adjusted (e.g., by an

operator) such as, for exanple, Ecp/lo_Trgt A,

Coverage radius, Ecp/lo_Trgt B, SINR Trgt, and the
100ne8]s. wlkec al gorithnms may be

alpha p j*RSCP_j j

SINR new j= - _—
RSSI_j-RSCP_j_j/(Ecp/lor) EQUATION 31

[00179] If cither or both tests pass (depending on the particular implementation),
femto node *j” 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] If 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
current femto node “j” 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



further refined by making the threshol ds adapted by a
| earni ng process. [00182] In sone aspects, the tiners
woreaposzsssari ed (e.g., independently) to optin RE/EYyRDEN2676
performance. |If an access termnal "i" is not
connected to a fento node "i," and fento node "j" is
already transmtting to access termnal "j," access
terminal "i" may not be able to acquire fenmo node "i
due to its |l ow CPI CH Ecp/ | o. Iﬁe above al gorithm may
then be nodified such that each fento node tries to
mai ntain a mninum CPICH Ecp/1o within a certain
radi us around the fento node. A disadvantage of this
stﬁndal?@itzedﬂﬁmgfwgn a88RE8Sed RSN all thed®YsREfcRROALAZGA may
while fento node "i" has no access term nal associ at ed
Wipbit aiNACKaoav@icchaee i’ Wil us Fijtalppnak satings. nei ghbor
fento nodes, fento node "i" will send in its request
[0®18E) ghtieraldeeitiias decdeséd dboan allowifeato et toatdaptivedy adjust their
request is for initial acquisition. If fento node "j"
fresspohpisvdry i ov@labogtive saspiowe Theset alg@itbmaay ¢ nany aammeters
femto node "i" sets a larger tiner. The fento node "j"
which cep deerdjupted (¢.anByrin opieler) sueh ps, Sorgepmple Eopiladret A,

after its tinmer expires but fenmto node "i" will not
Serdgagms ey EP@/&MQ@_& OINR nirgt. and thedimas + Thsplgqrghms may be

b P Ry ki b el Aoty R R BBy
TRt TR G KU AR
ti : obbor | . ; .
SRR LB RSO 106 o .
Reds %oéce?”fi‘sr ﬁreﬁ%/ t&ﬁﬁﬁﬁﬁ? tb!a}fceltsp?erliltnlra?‘?"jgez?ctc SS t%rér]lina_lll_(;‘i” may

Interferers Its access térmnals w see.[%Ol
At RULRL 18 abErd Rirltd AbdAGUHLSIol itsABwRITRIEERYp/RE CRRSbove
termnals may al so be allowed to canp in idle node on
flgbdihiaomiai theh dietraodifictesuchitiidy ctidtefciaeBodd bk tdinaihtién a minimum
access termnals may read the neighbor list on the

caqid dcpaotathnod ecredim cldiuvsmyoundrihatemtd heds cA @atlvangage of this is
code and timng of its owm fento node. This can put
thaeneigldms gcqess ermanal ‘Gt neay tedeanlized evhiledemencapger i nigpsinosiceess
fento node at negative geonetries. [00184] Referring
froninabasspaged pithit. 1 Beavqigsertinuaudy perndizingaeighbpr tpynte nodes,

entralized . . , o :
emto node “1§ will send in its request to neighbor femto node ““4”” an indication that this

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

322
1

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

322
1

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

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

(13421

node “i” expires. An issue remains in that femto node

322
1

may have to estimate the

322
1

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.



power controller to control the transmt power of
fento nodes are described. FIG 11 illustrates a
W@ 200902358 st em 1100 i ncluding a centralized coP€¥/051008/072676

1102, fento nodes 1104, and access term nals 1106.
Here, fenmto node 1104A is associated with access
term nal 1106A and fento node 1104B is associated with
access termnal 1106B. The centralized power
controller 1102 includes a trgqscei ver 1110 (with
transmtter 1112 and receiver "1114 conponents) as wel |l
as a transmt power controller 1116. In sone aspects,
t hese conponents nay provide functionality simlar to
[:(ﬁ'ﬂ giuncitd nalakd the ‘i’&tlﬁlrh‘:ég&‘sﬁbh Ed e ATREL s GQIRRNE RS aRb be
IG 2. [00185] FIG 12 describes various operations
biraed@Ycamd iR allé ol dn inBighABori Pl Néd ivdth thb S4ree RLMN_ID.
fento node (e.g., fento node 1104A) sinply forwards
Theadvessphhminals ingty read the maighbor list o @eaiavgsd femtmnods which may
associ ated access termnal (e.g., access term nal
dar@@AYhd syravhidingenetle ahd dechgavisrovaofetmto hbdr. THiORan pithiéhe access
centralized power controller 1102 may then perform.
spaimat ﬁtmﬁsadgmwgeawhqrbaoah@@@ igdemid I!%é ah BeRAEVE Beqragiliest

a fento no ent o node (1104B) that is in the
{ﬂﬂé?ﬂu t %%?Hma é‘O’FVéﬁtFéGﬁoble 11311)41;&13{6816#1@&9%%1&% gnploy a ‘Centralized

R e e e
904 206

?‘%atﬁ o MBES TP Bk thnect SR Onﬁfgﬁe 102 ppgffodes
L, B R R A 106 e RekGRod oDl LSRR gy peces

{Eﬁﬂﬁnﬁ?l { (%I%e%{cﬁfénﬁ’@né‘der £1oubaL Qs%%béte(i%ﬂr acc@s%%xﬁﬁhél%b&l% The

whenever the fento node 1104A receives a neigh

E@RAlited fowbrlcBRraIke 9362 RN tradstOR4 1 1[1@Q$&E]traﬁ§mltter 1112
represented by block 1208, the centralized power

sahiceeil ¢relrl 12 102 pomntd) @s eiclas aitfinbralt poiveosaniollen] F160 Mh some
other fento nodes in the network. At block 1210, the
apratts aheseedmponatrts man praovfideefundtididlityesymillieto tiefuhotionality of the
operations simlar to those discussed above (e.g., at
pholeky 99@rd rompencatsiiidGuwhet her a fent o node shoul d

{060? gg]e FIG. 12 describes various operations that may be performed in an
implementation where a femto node (e.g., femto node 1104A) simply forwards the
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 (e.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 1104 A 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



its transmt power. In sone aspects, the centralized
power controller 1102 may nmake a power contro

Welew9eLI587 based on information it receives rel BET/ORIDY072676
conditions at nultiple fento nodes. For exanple, if a
given femto node is interfering with several other
fento nodes, the centralized power controller 1102 may
attenpt to reduce the power of that fento node first.
[00188] At block 1212, the ce@ﬁrallzed power
controller 1102 sends a nessage to each fento node
that the centralized controller 1100 determ nes shoul d
reduce its transmt power. As above, this request may
bz%% ? SetiBaicABGRARNE R fehtand&S] maal Rekilad &1@%@ report
shoul d reduce its power. These operations may be
so th@kcdess hginapeIoaial ons of bl ocks 912 and 914.
[00189] The centralized power controller 1102 receives
[084 BTN s &'ss deprseritéeby Blotlo 1 208 dse @htrbliedlpok2id dontidler 1102 may
represented by block 1216, if no NACKs are received in
reesiyo @ lar anfoimeatroadues bther Ssntedodes ibltlorhketw k2 Atttheck 1210, the
operatlonal flow for the centralized power controller
qentyalizesk parvyes corfredles d k021 peB thenarceforth @petepnsaimyaitto those
contro|ler 1102 continues to receive |nfornat|on from

fhesrehityvastiesat oo i dﬁs?rvemawhﬁféﬁlf o page ﬁmreduce
G B e 7 BT bbb b e
ek S 2%103%? S 5 udroBiieR fonfit e S RO HURRS he
In%ltml elﬁ%t& ?\gjges}"’%g? gpfcel‘@e Cl?gg[v%h é”ﬁ?) n%ﬁgh{ g érfé'f n% 3 several

0 nodes 't

5@1@1‘ fen{té ﬁ@c‘f’e@ fhe RO Z8H goxkl&e%nﬁsp&sl i) tmageal emp to reduce the

pomercontro nmessages. aln, these oper

€9¢@ﬂdﬂmgﬂkﬂﬂdq%h§f9§2 and 914 di scussed above. [00191]
| GS. 13A and 13B descri be various operations that nay

09188 f oxtrickki 12 1anthc kphtedeed pdwarcontieng 1d 0L 8efds anaek8age to
(e.g., fento node 1104A) identifies a neighboring
tehtfomtooctele (tkat ghe cehentizdrodeollst(48) detambinshdwutl redaeeaes

its power and sends this

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.

[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 NACKSs are received in response to the
requests issued 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



information to the centralized power controller 1102.
The centralized power controller 1102 nay then send a
WO 2903358t 0 the fento node 1104B to reduce it sPCT/HRRA$/072676

power. [00192] The operations blocks 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 ker 1102. Such a nessage

may take various forns. For exanple, the nessage may

sinply identify a single femo node (e.g., fenmto node
1104B) or the nessage nay conprise a ranking of femto

BRARS nfe@sa%es RSaif ecﬁgs@o%@ﬁna&om ¥ By B¢ sﬁ%{lfa@ to Bds 9] 1§%ﬁ 934

l'ist also may include some or all of the neigh

diepakdd ddoeef emt o node 1104A received fromthe access

term nal 1106A. The operations of blocks 1302 - 13 14

[e 9ble rEAGSat 24 and 1 3B deguibaratiasi gpefagiogs that may be performed in an
peri odi cal ly) whenever the fento node 1104A receives a

meplghbantiorewbert affemm ndve (age dostotradmil h@d A Nido@Aics a neighboring
00193] As represented by block 1316, the centralized

Eﬁ‘@%@ nogo g ofemée nadeobl thag sheuldrogdied itspoviaifand sends dhis

fromother fento nodes in the network. At block 1318,

phMadian Fcamez:é@trﬁm poweintongp|ler 119207 hﬁﬁgﬂ%@@i e controller

b oS : St TR B e
T8, e BBl ISR SRRR) Wy o
@focl@ Eﬂﬁk- 9’11%203%&;4?:8 388%1 &Y Bléﬁgkﬁ%\gﬁ{ f&ﬁﬂ) d[(e SAhg {)414 L0fis a

a message to eac t ha

ﬁl%EHa a deﬁﬁfw‘%‘zﬁk ?&hﬂo%dél@&fﬂﬁ} @k %&%Zé&ﬁ%%& doBtroller 1102.

reduce its po As above, this request y indicate

Stiéh ARg§age My tKcGRribiefofas| E&aéx@ﬂl fce Hen &R mAPUh Ly identify

reduce its pomer [00195] The centrallzed power

g sinpledbingr nddb(2 gf, €atiovRslc N e4BNSake meapd hay tembase a ranking of
nodes at block 1322. As represented by bl ock 1324, if
feontbIACKS (arge as deeribedlabaverneblook §&2)t Guthe liseqsembtyg include some

i ssued at bl ock 1320, the operational flow for the

et ofahe neighbuweport b tferoto rexde 110A rescived $ronpthiglagedss terminal

1316 where the centralized controller 1102 )
1106A. The operations of blocks 1302 - 1314 may be repeated on a regular basis (e.g.,

periodically) whenever the femto node 1104 A receives a neighbor report from the
access terminal 1106A.

[00193] As represented by block 1316, the centralized power controller 1102 may
receive similar information from other femto nodes in the network. At block 1318, the
centralized power controller 1102 may determine whether it should make any
adjustments to any requests for reduction in transmit power it receives (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.



continues to receive information fromthe fento nodes
in the network and perforns the power contro
W@p®pMaeisehs descri bed above. [00196] If, on theCDUk®N8/072676

hand, one or nore NACKs are received in response to

t he requests issued at bl ock 1320, the operationa

flow for the centralized power controller 1102 returns

to bl ock 1318 where the centralized controller 1102

may identify other fento nodeg,that should reduce

their transmt power and then Sends out new power

control nessages (e.g., based on a ranked I|i st

received fromthe fento node 1104A). [00197] In view
0195 AR\Bnirdli BN BHNEr RAHBAR BORaERM & hadhoh RS from the femto
eachi ngs herein nay provide an effective way of

A& gt bigclk 13075 M repBite®@by BRCKNBDY, iifigh NACESSard edesred in

For exanple, in a static environment downlink transmt

eparss tothetrbmchte idsochaddsckne? 0 btc ag¢rusded flow far gicatnttalized

val ue whereby service requirenents at all access

peweri qoatrsllgralyl 0B ectsians its bioekl 13 Wowberq ulentdnyralizadaiongoller 1102

solution to be conpatible with | egacy access term nal s

eoninucsiol reesheminlrmatien fremnthe fupgsiogestia the egiweils anddpeafiorms the

constant powers. In addition, in a dynam c environment
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are In a networ envi ronne

RRE6 nbliGahitshot 1B SediXs LR tilaﬂlgglitifﬂ)%leﬁ" A8 Il kLA RoBit A& HOwer
nodes 1410 (e.g., fem o nodes 1410A and 1410B)

Ediﬁfo@hie@ﬁgéﬁ&e@g.,r&lséf bV £ bk EdBbt re &SRS MO to node 1104A).
envi ronnment €. g., In one or nore user resi dences

(0039)) Hachew entho abodat oLl beyppbeigaliphetic techings l&cin may
area network 1440 (e.g., the Internet) and a nobile
peidatanreficotiv weayt abmknapdfransmitgioSter pHntighhormgeaatdse nodes. For
modem a wireless link, or other connectivity nmeans

¢xreompls howslatic Agvidigeans dewinley wanymitgaoovers eintho femigeoddsipay be
may be configured to serve associ ated access termnals
adipgieq © ystatiqrabeswherebnsangice 1gpopmerin gt albgrcperaimipals may be
ot r access

satgged. 8onsequently, such a solution to be compatible with legacy access terminals
since all channels may continuously be transmitted at constant powers. In addition, in a
dynamic environment transmit powers may be dynamically adjusted to accommodate
the changing service requirements of the nodes in the system.

[00198] Connectivity for a femto node environment may be established in various
ways. For example, FIG. 14 illustrates an exemplary communication system 1400
where one or more femto nodes are deployed within a network environment.
Specifically, the system 1400 includes multiple femto nodes 1410 (e.g., femto nodes
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

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



termnals 1420 (e.g., access termnal 1420B). In other
wor ds, access to fento nodes 1410 may be restricted
wob@pemssa gi ven access term nal 1420 nay be sPCT/ES2008/072676
a set of designated (e.g., hone) femto node(s) 1410
but may not be served by any nondesi gnated fent o nodes
1410 (e.g., a neighbor's fento node 1410). [00199] The
owner of a femto node 1410 nay subscribe to nobile
service, such as, for exanple5436 nobi | e service
of fered through the nobile opérator core network 1450.
In addition, an access termnal 1420 may be capabl e of
operating both in nmacro environnents and in smaller

E@ﬁl Butcl agrablerrﬁ&ieﬂff‘ At idddss ml%kv\ﬁrdfh& R¥hEQAVRP hRand (Elot shown)
ot her words, depending on the current |ocation of

Ac dRSHsst@heeatachdeiito Adi 1AC0 88 HeRboRTipakd ﬂcﬂs%@vmyod@ﬁed
served by an access node 1460 of the macro cell nobile
aseweknihdis Q400 (dy., aryssaceniod] 1d2684) aaf, opeorablynatesaccess

1410 (e.g., the fento nodes 1410A and 1410B that

reewinde M201¢.9., acesy icaBpehti208) ubeotheresods rreecst 43 Gmto nodes
For exanple, when a subscriber is outside his hone, he

141 Osrapy belrastyiciedswhanehyr aigivar me@ﬁctéég@ahb’@@ niay, kg, serveddy a set of

1460) and when the subscriber is at hone, he is served

éﬁ;ﬁl%pafeélr(ﬁ«s heme) featg node{slikst 19 bppmpy npbeseryad byrasy|ngn e
@%ﬁéﬁf airatosahs i Ehg dedher Steimed 850

%"Q@g enc f %vqlte?ﬂ ﬁee tél%%')g? m lggy g%ﬁc%ed Soh él% servu% such as,
fd’r%g%ﬁlr%lafé md%?l@%@r%&%ffépec# ﬂttﬁé I?IU!)I"PJO eeraotcr)r core netwfork 1450.

con the sin enc or o

H‘aﬁid’[ﬁﬂnt hiPh&eld t%ﬂﬁ%@ﬂ@% XL 25151@ Bf %érQn tﬁ’ in MREB

frequenci es used by a nacr 1460) .
ERRRRAMenAnAGE §E 81 dr 8E4TE ﬂe@@@nﬁﬁi)/né@'@'oﬁ@éhfvirgﬂﬁl@ﬂst fh other
conmuni cate either with the macro network 1450 or the
verdspdépeddiag bA 1k cuvteht M)Qﬁtldiﬂ(Bﬂ‘thé hatubd tammeianisi420, the access
addi tion,an access term nal 1420 being served by a
feeminal MiPemdylbOsaragd byodn doecismode $464 oftha dmerr ceditradlale network
with the macro network 1450. [00202] In sonme aspects,

b lagrdusmytone 0f aadt of farotormmged &4 lddiefa ghe Bento oodenldé8A and

{o a
1410B that reside within a corresponding user residence 1430). For example, when a

subscriber is outside his home, he is served by a standard macro access node (e.g., node
1460) and when the subscriber is at home, he is served by a femto node (e.g., node
1410A). Here, it should be appreciated that a femto node 1410 may be backward
compatible with existing access terminals 1420.

[00200] A femto node 1410 may be deployed on a single frequency or, in the
alternative, on multiple frequencies. Depending on the particular configuration, the
single frequency or one or more of the multiple frequencies may overlap with one or
more frequencies used by a macro node (e.g., node 1460).

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

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



preferred femo node (e.g., the honme fento node of the

access term nal 1420) whenever such connectivity is
w@omeirdser For exanpl e, whenever the access t ePei/n81008/072676

1420 is within the user's residence 1430, it may be

desired that the access term nal 1420 communi cate only

with the hone fenmto node 1410. [00203] In sone

aspects, if the access term nal 1420 operates within

the macro cellular network 14 but is not residing on

its nost preferred network (e’g., as defined in a

preferred roamng list), the access term nal 1420 may

continue to search for the nost preferred network

Lifa&ess tEHﬁnE’lr rheverd sbeRl By 'aqgﬁtolﬁge@)l 446 it Beld £oft

System Resel ection ("BSR'); which may involve a

R&1do0et stats Gathnhdgadb rewadrkadb@ systems to deternine

whet her better systens are currently avail able, and

p928Ziqudntomt hgices, irma@ssacindha M20 Imaytelvopfigired recbnnect to a

systenms. Wth the acquisition entry, the access

pefariaddbmiciRglerayg., theniamd feents eadadf thoacespeteithingl RAYwhenever

and channel. For exa the search for the nost

prchfcennesdvity i nassihlsy régé exaspriatviEngeetitheiacsass tormigplod 20 is

di scovery of a preferred fento node 1410, the access

VPR thgpseiaz%ﬂ%e@%é‘t%) fitreax e desirpd that the pacosy Fermiiehi Hg
within its are % 41 The teachi ngs herein
regmBics any win R hfe%@lt S0 pi o acoess

RN dhepen a?p%#snﬁ“tte BreSurpudda2y Bede B RIRR figucro
€é§1u'iﬁ%{v9&ﬁ‘i4§6’&¥t‘%§ ?ﬂ%nd&g {Ar anﬂg]yef&?éﬂ%%%t(gg a8 Befined

ne or nore base s I ons SS1ons on

fror \A#]l@fe‘ijreaqgarﬁﬁ &is f?ethl? B3 temﬁlaf Pﬁfmgy .l:dlﬁlllﬁué %] searﬁ:h for the

link) refe o the communicationlink fromt

réfebd ARSI (d fetht ?Eé’ﬂ:ﬂéﬂ femtéAédd ha o? 8MBE & Bettbinkystem
(or uplink) refers to the conmmunication [ink from the

Regdicriah $BSR’HehioAsyshadli©fperiddic sca@ o b edlabRkystems to
link may be established via a singlein-single-out
dgtsineng wacthat batiel eystamsart tugpéralyowhil{B1dMalDsibssysdne affods to
sone ot her tﬁpe of system [00205] A M MO system '
assptiatggvithuduch pradertdd Jystermsn SHith theracewmpition anidy.rthé 2dcpsseerminal
R
$420) may limit the search for specific band and channel. For example, the search for
the most preferred system may be repeated periodically. Upon discovery of a preferred
femto node 1410, the access terminal 1420 selects the femto node 1410 for camping
within its coverage area.
[00204] The teachings herein may be employed in a wireless multiple-access
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-



recei ve antennas for data transm ssion. A M MO channel

formed by the NT transmt and NR recei ve antennas nay
wheoodezssposed i nto Ns i ndependent channel s, WETHS20&072676

also referred to as spatial channels, where Ns

nm{ Nt , NR . Each of the Ns independent channels

corresponds to a dinension. The M MO system may

provi de i nproved performance (e.g., higher throughput

and/ or greater reliability) it .the additional

di mensionalities created by the nultiple transmt and

recei ve antennas are utilized. [00206] A M MO system

may support tinme division duplex ("TDD') and frequency

H-Mh S0t SRI% I{u'ilFiEE-'i)lfmﬁlﬁpﬁé-o-ﬁpp‘mmt)eﬂlysﬁeﬂﬁ ok 95hebher type

and teverse link transm ssions are on theé sane

bf sauancy region so that the reciprocity principle

allows the estimation of the forward |ink channel from

[09208levex SEMO sista@hampidys nilitiplc €NAataasmithatcaaasessl multiple (Vg)

point to extract transmt beamformng gain on the

feoeiwa protehnaskfondrmm trandntisgpdre AMIBMOad amred famad baltheNatransmit

the access point. [00207] The teachings herein may be

e r proeiae eptenprsanay brodrsomposgd intg Meapdenpshdawghanpiclgwhich are

various conponents for conmmunicati n% with at |east one

tlepEsferstie as spatial geanggls; whare Msvapia Vet £3brpSY s
bEiRdR BaRET esgiecpardRap f fimemian” TBERTINIOESp@anay provide
b8y SLRrBRYPES qasdifr rou R EEREa PR oo o
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sOW.ge 1512 to a transmt ("TX') data processor 1514.
[ 00208] In sone aspects, each data streamis

100206M tA AN Y stén MESRBFHdrY Bk [dAASBH théﬁl_ei enmBD”) e fibfuency
data processor 1514 formats, codes, and interl eaves

tivesidn @fpldxc(“HBOR).f br £8DD Watlca, Hicr foanard age everke dink transmissions
particul ar codi ng schene selected for that data stream

tre oorthy sashee Topedeydapan Joa 0] retipeodityhenicighid @dldvworthe egtimation
data stream may be nmultiplexed with pilot data

of the forward link channel from the reverse link channel. This enables the access point
to extract transmit beam-forming gain on the forward link when multiple antennas are
available at the access point.

[00207] The teachings herein may be incorporated into a node (e.g., a device)
employing various components for communicating with at least one other node. FIG.
15 depicts several sample components that may be employed to facilitate
communication between nodes. Specifically, FIG. 15 illustrates a wireless device 1510
(e.g., an access point) and a wireless device 1550 (e.g., an access terminal) of a MIMO
system 1500. At the device 1510, traffic data for a number of data streams 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



usi ng OFDM techni ques. The pilot data is typically a
known data pattern that is processed in a known nmanner
waeeaedsshe used at the receiver systemto estPEBEUS20081€72676
channel response. The multi pl exed pilot and coded data
for each data streamis then nodul ated (i.e., synbol
mapped) based on a particul ar nodul ati on schene (e.g.,
BPSK, QSPK, M PSK, or M QAM selected for that data
streamto provide nodul ation nbol s. The data rate,
codi ng, and nodul ation for eaCh data stream may be
determ ned by instructions perfornmed by a processor
1530. A data nenory 1532 may store program code, data,
@d%ﬂ dta@rleainHaQdGH 4 PR Jind RBRE 9I8GSPTor HRd@at@ stream to
ot her conponents of the device 1510. [00210] The
pmwe@bu@mdaynbol s for all data streans are then
provided to a TX M MO processor 1520, which nay
fo8R09er Trcaodsddithérraciuliat stocans yap bk sauleplgxed Wik pilot data
OFDM). The TX M MO processor 1520 then provides Nt
noag DEDM tecbywped. Btermptrdata as fypicall pasoewn dats patto@WRit s
1522A through 1522T. In sonme aspects, the TX M MO
prosessed bra kB mawiar esd n@ahﬁwcfﬁtﬁ@e iReFiyPI sy stem tofgstimate the
synbol s of the data streans and to the antenna from

G\hﬁnéﬁl TEHRONSS i mpliplsard iletand saded dude for gegndata stegam is then
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recei ved by NR antennas 1552A through 1552R and t he

c@apinead ofitlgndvideridnpeach antenna 1552 is provided to

a respective transceiver ("XCVR') 1554A through 1554R

2Ol r diteceodudatibhS4mbolsdot albda (tecamns, aré theh gravided to a TX

anplifies, and downconverts) a respective received

MlmprOCdssgr 1320 whidhemayotaihei proeess ghegmadul attonpyyonbiotie(e.g., for
anpl es, and further processes the sanples to

OFDM) The TX MIMO processor 1520 then provides N7 modulation symbol streams

to Ny transceivers (“XCVR”) 1522A through 1522T. In some aspects, the TX MIMO

processor 1520 applies beam-forming weights to the symbols of the data streams and to

the antenna from which the symbol is being transmitted.

[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. Ny modulated signals from transceivers 1522A through 1522T

are then transmitted from Ny antennas 1524 A through 1524T, respectively.

[00212] At the device 1550, the transmitted modulated signals are received by Ng

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

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



provide a correspondi ng "received" synbol stream
[00213] A receive ("RX") data processor 1560 then

WO 2®e23587 and processes the NR recei ved synbol PGI/D82NE072676
fromNR transcei vers 1554 based on a particul ar
recei ver processing technique to provide NT "detected"
synbol streans. The RX data processor 1560 then
denodul ates, deinterl eaves, and decodes each detected
synbol streamto recover the g&;ffic data for the data
stream The processing by the data processor 1560
is conplenentary to that perforned by the TX M MO
processor 1520 and the TX data processor 1514 at the
@?54' &Rdikhd (e &. ogg&g,] arrﬁslﬁfe@ CRAMD WSS rBE FRFUCERE tebeived signal,

determ nes which pre-coding matrix to use (discussed

bieltred the thadipoasrsigtdl tdproVideQampleatHd farth@\ped@eseh ithtksamples to
nessage conprising a matrix index portion and a rank
p@lvide aporicsmding ‘dedcived® spnol s&é@mmay st ore program
code, data, and other information used by the
18223 s ok rebBiF0 (RXV) duea prooessamksiod shavf recdrecscandipeaccd S5 the Ni
[00215] The reverse |link nessage nmay conprise vari ous
toppiaed ambalsyearas from Yalgrnserivgs € et basatron 2 particolar rqealyer
and/or the received data stream The reverse |ink

POsSRHE trdniqysio prayides¥e dletrgted” symbeltsireping c Eis B X dfé%@rocessor
TR NN AR T T
R ks 0 6 ks SRS o e T B REE B g Beddessor
%?6’0015 cbi 8%?1%11 a@? 1 A& &?ﬂ)&l‘@g%ﬂ‘gﬁl% TX Iﬂfﬂ\}f@g)y(%c%gs%g 1520 and the TX

ghal's ron1 devi'ce Fe recei ve

ngﬂgggogﬁgﬁpmqgg@gﬁdéng@ by the transceivers 1522,
dul'ated by a denodul ator ("DEMOD') 1540, and

procme]sse@ pRte @0 A3cRioRIcAltE 8&eFmiASAWhIcR pRXEdded mhftk to use
reverse I|nk nmessage transmtted by the deV|ce 1550.

(digupcaders9r Thd 3tbckirendstiefonhiRts Witedtsdlirtk edhgcomprising a
matrix to use for determ ning the beamform ng wei ghts
thagix jpdecpstes ande ranktvahetpedione 4 dge memory 1572 may store program
code, data, and other information used by the processor 1570 or other components of the
device 1550.

[00215] The reverse link message may comprise various types of information
regarding the communication link and/or the received data stream. The reverse link
message 1s then processed by a TX data processor 1538, which also receives traffic data
for a number of data streams from a data source 1536, modulated by a modulator 1580,
conditioned by the transceivers 1554 A through 1554R, and transmitted back to the
device 1510.

[00216] At the device 1510, the modulated signals from the device 1550 are received
by the antennas 1524, conditioned by the transceivers 1522, demodulated by a

demodulator (“DEMOD”) 1540, and processed by a RX data processor 1542 to extract

the reverse link message transmitted by the device 1550. The processor 1530 then



[00217] FIG 15 also illustrates that the
comruni cati on conponents nmay include one or nore

W@ ivpoessst s t hat perform power control operatiRPCBEUSZ08/072676
taught herein. For exanple, a power control conponent
1590 may cooperate with the processor 1530 and/ or
ot her conponents of the device 1510 to send/receive
signals to/from anot her device (e.g., device 1550) as
taught herein. Simlarly, a p r control conponent
1592 may cooperate with the processor 1570 and/ or
ot her conponents of the device 1550 to send/receive
signals to/from anot her device (e.g., device 1510). It

ghieihie POLRR Bfeeé‘d(f?ﬁgeﬂafrﬁﬁb ub©for 9 in ey o% he b@eﬁﬂ-@oﬁﬂﬁ% weights

1550 the functionality of two or nore the descri

ﬂ@ﬁ@ﬁﬂ@ﬁk§ﬂﬁ&%n@@e@ﬁ@mmg@d by a single conmponent. For
exanpl e, a single processing conponent may provide the

f092tT] oG 1y aled iltuseateeviat the@dpinhalni&oop co@pdnchEXayindlude one
the processor 1530 and a single processing conponent
oo cwipdectth ghaf peréerimoprad dricpniod] aphatipowey taggimthein. For
conponent 1592 and the processor 1570. [00218] The
xearine. g wee eentrol vappecnt AeY} ey aeentratnvathvhe progessor 1530
ﬁ s of communi cation systens and/or system
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D vi si on tlp Access systens, Miltiple-

Esh drﬁhts(ﬁ@ﬂ%e( r ,smP{edét?r%b@elﬁD%r éﬁiéﬁﬂ Sidgle processin
Hi gh- Speed Packet Access HSP. HSPA+") syste&% P £

thrgponSpendy Pawidd thk filfecsedlity\6L®s pole ﬂ—ﬁﬁﬁﬂl $orfpie8NB590 and the
Tinme Division Multiple Access ("TDMA'") systens,

piroecpsentiB ORind iassirgghe plokesspigeotporas n{ayFDMAGY theyfst@ivmality of the
Single-Carrier FDVA ("SC-FDVA") systens, O'thogona
Poweuentgl @mposirinl SHEland Hleepraessnsd ST0.OFDVA")  syst ens,

or ot her nultigle access techniques. A wreless

tWOZHBIni cldweitershings heieinempy by inggrnokaed into various types of

communication systems and/or system components. In some aspects, the teachings
herein may be employed in a multiple-access system capable of supporting
communication with multiple users by sharing the available system resources (e.g., by
specifying one or more of bandwidth, transmit power, coding, interleaving, and so on).
For example, the teachings herein may be applied to any one or combinations of the
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



teachi ngs herein nay be designed to inplenent one or
nore standards, such as |1S-95, cdnma2000, |S-856,
WOR@EDNESSSTDSCDMVA, and ot her standards. A CDVA PEI/WBs20k8/072676
may i npl enent a radi o technol ogy such as Universal
Terrestrial Radio Access ("UTRA)", c¢dma2000, or sone
ot her technol ogy. UTRA includes WCDVA and Low Chip
Rate ("LCR'). The cdma2000 technol ogy covers | S-2000,
| S-95 and |S-856 standards. A JDVA network may
i npl enment a radi o technol ogy such as G obal Systemfor
Mobi | e Conmuni cations ("GSM'). An OFDVA networ k nmay
i npl enent a radi o technol ogy such as Evol ved UTRA

6thEr éaccéﬁ%@eh%ﬂﬁleé— Awit &bl cg&%l&%atlbﬁ%%téiﬁ’% Hidying the
Fl ash-OFDMr), etc. E-UTRA, and GSMare part o
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The teachings herein nay be inplenmented in a 3GPP Long

daman 080 olISH8 360 W -COME, TSy, amdotbkt stardvbilsi 142CDMA network
Broadband ("UMB") system and other types of systens.
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certain aspects of the disclosure nay be descri bed
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ure re erre 0O as an acce
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"RNC"), 'eNodeB, base station control base

Mo%ﬂé q%le\é&hnﬁlh@tan@ms&s"t&ﬁ *I)IMItsr ANBELieY@indsUREdh By be
("TF"), radio router, radio transceiver, basic serV| ce

BilehcBESI 3 3@RP ¢Eg FcAREYbREOR e‘tL'l(E’E§§§'tém, dnaditf-Yabite
station ("RBS'), a fenmto node, a pico node, or sone
Btdudbartde(f ‘biMIBT)agytem| 8GP&@0B¢r thpesadfdisteras, LAR iag ocdsse of UMTS
term nal as discussed herein may be referred to as a

that uses E-UTRA. Although certain aspects of the disclosure may be described using
3GPP terminology, it is to be understood that the teachings herein may be applied to
3GPP (Re199, Rel5, Rel6, Rel7) technology, as well as 3GPP2 (IxRTT, 1xEV-DO
RelO, RevA, RevB) technology and other technologies.

[00219] The teachings herein may be incorporated into (e.g., implemented within or
performed by) a variety of apparatuses (e.g., nodes). For example, an access node as
discussed herein may be configured or referred to as an access point (“AP”’), base
station (“BS”), NodeB, radio network controller (“RNC”), eNodeB, base station
controller (“BSC”), base transceiver station (“BTS”), transceiver function (“TF”), radio
router, radio transceiver, basic service set (“BSS”), extended service set (“ESS”), radio
base station (“RBS”), a femto node, a pico node, or some other terminology.

[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,



nobi |l e station, user equipnent, subscriber unit,
subscri ber station, renote station,renote term nal

W@ 2®p/0238™T nal , user agent, or user device. |nPGDOE2008/072676
i mpl ement ati ons such a node may consist of, be
i mpl emented within, or include a cellular tel ephone, a
cordl ess tel ephone, a Session Initiation Protoco
("SIP") phone, a wireless local |loop ("WL") station,
a personal digital assistant %EPDA"), a handhel d
devi ce having wi rel ess connection capability, or sone
ot her suitabl e processing device connected to a
wi rel ess nodem [00221] Accordingly, one or nore
ASRRE tSmirAU IR (BeRBLINuIR Y GRNT SEr RvicePEn boé BRARBHLEMations
within, or include variety types of apparatuses. Such
lthapfde alayScon®iyt OB ESementeh@nRin( 6r @clud@acelldlel @lcphone, a
phone or smart phone), a conputer (e.g., a laptop), a
particadictphomya iSicesadr iitiadieviPeatpcal (P8IPE pyhome cowpralesigeal loop
device (e.g., a personal data assistant), an
EWEL D)aitativant peteariat digftel gpsistaat (FBBIAC),or hanidbidd ddevé baying
or a satellite radio), a global positioning system
waglesecongectiymcapetibiy, epsomethergaihle prasassitgsdevice connected to a
configured to conmunicate via a wrel ess nedi um
PoekEsOMOdEM Nt i oned above, in sone aspects a wirel ess
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ermnal) to access the network or

hddnednt )0 bt ainhBnReicki(©B,, aintusih@tWigborRvarpéaciaadlgd radio), a
that one or both of the nodes nay be portable or, in

glob® puakeaingrsgbtaii déelcy, iy Pick sitadle MAviw, thattis sddlguekd to
be appreciated that a wireless node (e.g., a wreless
deuiaoericatalvéoa wixglebemedipabl e of transmtting and/ or
receiving information in a non-wreless manner via an
H9322pr i 4t metmrd abeat ingoniaaspedtae wirckesgnodeviay eprprisedn
connection). [00223] A wireless node nay connuni cate
IGCESSTINEC -2 Bl ACGRPST RLRIY 0@y aationsyStem. Such an access node

may provide, for example, connectivity for or to a network (e.g., a wide area network
such as the Internet or a cellular network) via a wired or wireless communication link.
Accordingly, the access node may enable another node (e.g., an access terminal) to
access the network or some other functionality. In addition, it should be appreciated
that one or both of the nodes may be portable or, in some cases, relatively non-portable.
Also, it should be appreciated that a wireless node (e.g., a wireless device) also may be
capable of transmitting and/or receiving information in a non-wireless manner via an
appropriate communication interface (e.g., via a wired connection).

[00223] A wireless node may communicate via one or more wireless communication
links that are based on or otherwise support any suitable wireless communication

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



links that are based on or otherw se support any
sui table wirel ess conmuni cati on technol ogy. For
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wi th anetwork. In sone aspects the network may
conprise a local area network or a w de area network.
A W rel ess device may support or otherw se use one or
nore of a variety of wi reless comrunication
technol ogi es, protocols, or s%indards such as those
di scussed herein (e.qg., DVA, OFDM OFDIVA,
W MAX, W-Fi, and so on). Simlarly, a wireless node
may support or otherw se use one or nore of a variety
ﬁétw%ﬁi rl%%@ﬁf%%ﬁ&tﬁﬁg H&t%k)'rl@ﬁla9 cofptitd PloR¥l A28 RENEAEST-a Wide arca
w rel ess node may thus include appropriate conponents
h@work. Aiwirdl®k @edioc sty stshorsdralhdrivive ABE oROBMBIc@R & aricty of
via one or nore wreless conmmunication |inks using the
alrolees armmtihiestion teenofgiGopistotbBadi wandaasincd aghes:. discussed
For exanple, a wireless node may conprise a wreless
heramdc gi, WdPIMW, IO NMA s OE DM, cF DVe SWiNI AL, VAR, aetwi amor Similarly,
conponents that may include various conponents (e.g
& Malisiass pedvanax SHPHOH P otichiiar upy Gses srare i & Napcty of corr68p0nd1ng
facilitate conmmuni cation over a wireless nmedi um
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|l emented in.a riety . Referring. to FIGS.
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using, for exanple, ' east d portion of

Mepdb3taad sﬁghﬁl%bée%sdr@ tHat. fa@Nta S dRmuMiSat nSHEB & wﬂreless medium.
erein, an integrated circuit may include a processor,

ﬂmlezm]ar eLhe@ohponérts adsedbabipeinemnlyShe iBipl&adiied in a variety of ways.
conbi nation thereof. The functionality of these bl ocks
Refeainmy HIESI hip} é9mppadtuses Kdbe 1000 erc mepresmtedas o atighof
herein. I n sonme aspects one or nore of the dashed

itaehated inEli@sl biogks. MGomeaspgstd thadinctipgdzg 6f thgpeblocks may be
appar atuses 1600 - 1900 may i nclude one or nore

mrolementcd Ant PYPAGSSIE Y8 IBFIEABE O PEMEFC PIRECSSYITROMRPASNTS. In

descri bed above mn h regar various fi S.
some aspects the ﬁmctlona ity of these %loclgs may be 1rnplern%nte using, for example,

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



For exanple, a maxi numreceived signal strength
determ ning neans 1602 may correspond to, for exanple,

W@ 2®0HeEB7 st rengt h determ ner as di scussed her BCTIUSA08/072676

m ni mum coupling | oss determ ning neans 1604 may
correspond to, for exanple, acoupling | oss determ ner
as di scussed herein. A transmt power determ ning
nmeans 1606, 1704, or 1804 mamy correspond to, for
exanple, a transmt power con ?oller as di scussed
herein. A total received signal strength determ ning
means 1702 may correspond to, for exanple, a signa
strength determner as discussed herein. A received
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f, ?(fr%&%rr{%)fe PAYES d&QRd: a@ldlls%ﬁsséé hgt'eﬁlc ug §i%ﬁalht%r1ﬁ‘)|1§% ratid determining

trans I ng neans 1906 nay correspond

%A1 786 o 180@1@@?105&@?013@ tolfGCamprt, B@fgﬁhlnto d&&%@@a détbrminer
shoul d be understood that any reference to an el enent

hedisdulsadsicign aAddahg gtialan dsiehingsy médnsSi8)2 mageoavghond to, for
and so forth does not generally limt the quantity or
avanhgrle, af chhined quaite metetrsineRast disnussedhesen. dAsegmahg areans 1902
may be used herein as a conveni ent nethod of

thiag cpmeposh fm dorttreamplen a reegiver andis@isedddreesin s Aoridentifying means

i nstances of an elenent. Thus, a reference to first

A wax evreeseprhionfos ed@féﬁlen%)tfaﬁﬁ@ﬂhPQWfﬁtcoé‘iﬁ@Fftaﬁvdlscussed 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

EE Y

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



el ements may be enployed there or that the first

el ement nust precede the second elenent in sone
WOoraiwnee3ssAl so, unl ess stated otherw se a set 0PCT/US2008/072676

el ements may conprise one or nore el enents.[00227]

Those of skill in the art woul d understand that

i nformati on and signals nay be represented using any

of a variety of different technol ogies and techni ques.

For exanple, data, instructiopg, commands,

information, signals, bits, synbols, and chips that

may be referenced throughout t he above description may

be represented by vol tages, currents, electromagnetic

J2eF, "BRRELS kill irtthe SrtQroul@hhdFdtSR (hPhi kALt gldga s may
particles, or any conbination thereof. [00228] Those

bé repldsthtcdvasthg ahylst Hedrictpor @ffehetctt@flogieyarftedih@ques. For
various illustrative | ogical blocks, nodul es,

pranges siatas jnstreatitgs, @infraands sinfametion, glgnlatshhﬂtﬁ tyapbols, and chips
descri bed in connection with the aspects discl osed

thet miay beregfelsrcddrtptoaghaitelte dwveldestipton mahde deyaesented by
(e.g., a digital inplenentation, an anal og
VolsigesmsHETants.acctiomagnetisriivieat megnes e figkls of m’twlm apticateields or
be .desi gned usjng.source _codi ng or sone ot her
P@Eﬁﬁﬁdﬁé?ycvabmé@@lﬂﬁﬁﬁﬁ of progran1or deS|gn code

D5 pf”%'ﬁe” Smﬁk%ﬁ%ﬂﬂqiwﬁ%%?ﬁ St Vil fliative
(Bt Fodis, Rog P Ehiatt s el fls. 4 flePRlay oy dpseribed in
g’cﬁféltﬁif\?tgnewltﬂ ﬁ{e agt)'escté JhL(ﬂgged%teerﬁgl\%g%E ﬁ%&énteﬁ!a%%%%ﬁ nic

r cul steps SCri ove

gaagnRl %)Cgt Iarhlélﬁ{l R Efnehﬁﬁbﬁ afntéﬂﬁltog %Bieh{eﬁtaum &ri&%ombination of

such f l1ty 1's I nplenmented har dwar e or

#Rftiveak RicH eRSNRSIHRAN 448 RAdd &ddir@ror@@ﬁbloqﬂ:tr k@AnRANE), various
deS|gn constraints |nposed on the overall system

Btinks lo€ Brogidn SRS gBdode logrorating ineniteiday (wakich may be referred to
functionality in varying ways for each particular

hgypini fratcbovenidnae, as fedftwarpt enetrofitiacnmdéde’d)l onsonsthoatiots of
not be interFreted as causing a de 8 rture fromthe
batbpdoaiearlyallystrateethis inicshhagabidity pOORP9Ire Bhé sefawirouearious
illustrative Iog|cal bl ocks, nodules, and circuits
dlstEatiisec@mpanents, 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



connection with the aspects disclosed herein may be
i npl emented within or perforned by an integrated

W@ 208023587 " 1 C'), an access term nal, or an accRGEUS2008/072676
point. The I C may conprise a general purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or
ot her progranmabl e | ogi c devic di screte gate or
transi stor | ogic, discrete hardware conponents,
el ectrical conponents, optical conponents, nechanica
conmponents, or any conbination thereof designed to
PRt LR MBIO R AUNGHIOBS cRSHd BaehnRRIR I dhic, A& rdi@Nardware
exeécute codes or instructions that reside within the
témpanehs] eectfitaltcbMpbientQophied] BomPoGans frbhanidab 6s@ponents, or
processor may be a mcroprocessor, but in the
ayt @miiahation, thérbel qusipaed gogerfory the fimoyiomsates@iticd diogdin, and may
processor, controller, mcrocontroller, or state
erecchicvedesorpnaneseny thataysidé wathinethe i) enedd eftha$C.eor both. A
conbi nati on of conputing devices, e.g., a conbination
genczl DEPosh Brogesiptmay po e ayeioprocgsspr, pain thy alggrative, the processor
m Cr opr ocessor.s, one Oor nore [ croprocessors in ,
BN PEABY P Ctiens] Arassisop sprirolsy, misjocentgiicrsefcyate machine. A
configuration, [00230

_ L It is ugdetsto d t hat any.
REPSEISPY mapplge be Plﬁ]fné fsfewc lg%g%o wrrényma.%ﬁ%g%s&,a
ess i . B
EreagR g o) 8 AL mieropioleRAE H el RS TR ey Pircor
R S R

oesént Igiisstﬁlh&%%g tha-{ﬁﬁy 3%%%8&&1 d?@liéi‘?rtcﬂggfs é;t%%: ig%ny disclosed

present elenments of the rrous steps in

0l is AekaRi e B4 sdAOhpirBadhe Baséd ifsh deRighRefeRABE! itGs
g{der or hie#grchy presé%{ed. [ 00231 Thegﬁgﬁctions

oekestbhetiatmy sheifiogden@ti@drchi ohaephvartie pootdsvmey be
firmvare, or any conbination thereof. If I nplenented
raarrsdddwelri ke, retnmidgwahinahs saopy obthepraserttiarosore. The
transmtted over as one or nore instructions or code
agvompenyipg tsthodadins @raveti alemenCoaithe sariousatipblirea papla order,

i ncl udes both conputer storage nedia and conmmuni cati on
ke nPh@Pyditg be Hpytediitha specniag ofacen hierarchy presantsd.er

of conput er program from one place to anather.

033 tige ThedHactipay Teserbe May BF aBBHSE A TRRE. software,
firmware, or any combination thercof. 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



can be accessed by a conputer. By way of exanple, and
not limtation, such conputerreadabl e nedia can

W@ 0opi23se7 RAM ROM EEPROM CD- ROM or ot her ope¢TEE2008/072676
di sk storage, nmagnetic di sk storage or other magnetic
storage devices, or any other nediumthat 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 conputer. Also,6 ny connection
I sproperly ternmed a conputer-readabl e medi um For
exanple, if the software is transmtted froma
website, server, or other renbte source using a

ﬁ%éﬂlﬁ{er&@@h%o ht*éﬁfea@!%lb ﬁle‘dﬁfﬂh eFor Wil F)Fed ifRR¢ Software is
di gi tal subscri l'ine or wreless

trechiiatdgbes \Séb?sﬁe A8rveh, fdr @ﬂﬁ:@l rerh@d sGurc@niéingrh e6BME\table, fiber
then the coaxial cable, fiber optic cable, tw sted

p@tia cabRStwistet pairy diped subecibadimegiDSt ) serohirdsssitedhhalogits such as
radi o, and m crowave are included in the definition of
méiradnradid, akd andodiase, thasthe seakifl ernblie nfibar wptic dade, twisted pair,
conpact disc (CD), |aser disc, optical disc, digital

DSEsar wireles tsehnologivs sueh apipfrattidstedion andbmicrewgvasre encluded in
wher e dj sks usual | re roduce data magnetically, whi
theglelinitigp o a@éémaa i @ﬁfi idisgy a5y herenadistugles compact dise D,

. PRELeBpa el CERp Fg?s‘c’ibgf&ibﬁépn?i@%@gﬁcﬂﬁu wTay dise where
glq

oul,d be a d 1 hat

SRoaDy a%%%@ﬁca dia Gy L hiTe g e Fematies dpagpically with
Pdgél‘g a%t)ﬁlb HBH& (()afr th@ E&W %m%lﬂa gfjsucbte 1nélg@e%%hlﬁ I&E:I scope of

evi ous descri scl osed aspec

%rﬂﬁ{dtgex‘%a&ﬂ)lé?ﬁ@@ﬂ e I@E\Mmﬁl%’ys R@h&hh Ipks %@3&%&:’8 fhRalcohfputer-

make or use the present di'Sclosure. Various

raRditit 6REIGSaY Be ik E%&eﬁ&ﬂ@&ﬁ@ wldable%nma@@ﬁkogram product.
apparent to those skilled in tthe art, and the generic
o2d2) pl e pdefibnadtstrgitdnrof thydibdoppkpee it providedrto enable any
aspects wi thout departing fromthe scope of the

pérsa skslirdein tHdhars fo mhlee s et pricaclisdasuee.i ¥anads modifications to
intended to be limted to the aspects shown herei n but

thesa sspbes welt be thadily hgpanénd és thosegpldedciorbe sit.emtl thd gdnctipe
princi ples and novel features disclosed herein. WHAT | S
oringiNEDdgfged herem m@y lbe @PRIfediip PEIcE 8ees ithentégnaging from the

conpri.sin det er channel qual.ity
scogg of ﬁle d?sclosure Thus, ﬂg present dlsclo%ure is not’ 1ntenged to be limited to the

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

principles and novel features disclosed herein.



determining a transmt power val ue based on the
determ ned channel quality. 2. The nethod of claim1,
WoL@Pe2358T he determ nation of the transmt poweCT/Us100&072676
conprises adjusting the transmt power val ue based on
a change in the determ ned channel quality or based on
a conparison of the determ ned channel quality with a
threshold. 3. The method of claim1, wherein the
determ nati on of the channel %yality conpri ses
receiving an indication of channel quality froma
node. 4. The nmethod of claim1l1l, wherein: the transmt
power value is determined for a first node; the nethod
i ANes (QUPAEISES: | dentifying a second node that is
substantially near an edge of a coverage area of the
first node; the nmethod further conprises determning a
signal -to-noise ratio associated with the second node
basedlon t AencthdEofnwireldsscdoamneicaionl cdryprisamyd t he
transmt power value is determ ned based on the
det er détermainmigghanne qualty,sedr ati o and a defi ned maxi mum
signal -to-noise ratio. 5. The nethod of claim 4, '
wher efl¢femnhainge: teangingomsn vaiic bared ondreadeteramingst danneduality.
conprises receiving signal-to-noise ratio information
fromthe second node. 6. The nethod of claim4, wherein

the identifjcatio f the second, nade conpris .

ot er 7 i ngnE AGHHONISE Cl dnd PiGEF QCCTBRRGo PEiRe e power

t he edge.based on ath . oss be en the first.and .

s KRR 38O e PR WL 08 BT o S ehdal g detormine
e]o) val u :

RO Y s Y Fed R Sh DR sk B RARE) 4Ly n o

si-9Mmalg ng, data access, registration, paging, and

service to at | east one node. 8. The nethod of claim

1, wherein: the transmt power val ue conprises a

transmt power value for a common
3. The method of claim 1, wherein the determination of the channel quality

comprises receiving an indication of channel quality from a node.

4, The method of claim 1, wherein:

the transmit power value is determined for a first node;

the method further comprises identifying a second node that is substantially near
an edge of a coverage area of the first node;

the method further comprises determining a signal-to-noise ratio associated with
the second node based on the determined channel quality; and

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 comprises receiving signal-to-noise ratio information from the second node.



control channel; and the determ ned channel quality
i ndicates quality associated with the commobn contro
w@bh@anzdss7 9. The nmet hod of claim 1, wherein theCT/US2008/072676

transmt power value conprises a downlink transm t

power value for a base station. 10. The nethod of

claiml1l, wherein the transmt power value conprises a

maxi mumtransmt power value. 11. The nethod of claim

1, wherein the transmt pomer6galue conprises a first

prelimnary maxi numtransmt power val ue, the nethod

further conprising: determ ning at | east one other

prelimnary maxi numtransmt power value; and

det er gi ni ngh@nﬁﬁféﬁ'@f@la‘irﬁaﬁ%‘ffbﬁeu?@@@denﬁﬁkéiﬁ)nbﬁ%ﬁ@se@@n@node

m ni num of the first and at |east one other

rﬂ;%1 J% Qe i tHatthé §R0BAMEPIOWEstandible Beak Zhe ddpe based on a

od of claim1l, wherein the channel quality and the

pathhegibbtwaeweic firat arel secenddetdes.m ned on a repeat ed

basis. 13. The nmethod of claim 1, wherein the transmt

power value is determned for a fento node or a pico

node. 14. An apparatus for w rel ess conmunication,

conpr 7 si ngThameHed oé IClaquelL hgreinethe tansveit pewer vagus i detegmined

determ ne channel quality; and a transmt power

tBRmoge that isdssiricigd iardetss Oléee?@hﬁgf%lpéoﬁl%fﬁgrﬁft sigealgg. data

val ue based on the deterni ned hannel uality. 15. The

a5y feiragien. deging Al schyies ‘Quaﬁ ﬁté’“&é‘tog? i nation of

the transmt power value conprises adjusting the

transmt power val ue based on a change in the

det er gi ned I tyy sed on a conparison of

t he dglernFﬁgﬁﬁﬁﬁgﬁﬁgﬁlh&alB%fﬁﬁnth a threshol d. 16.

The apparatis pecvepbﬂh&&rﬂprls‘é@ & 1@hdnit BEwEEl B ToP & b@fhon

of the channel
control channel; and

the determined channel quality indicates quality associated with the common

control channel.

9. The method of claim 1, wherein the transmit power value comprises a

downlink transmit power value for a base station.

10. The method of claim 1, wherein the transmit power value comprises a

maximum transmit power value.

11. The method of claim 1, wherein the transmit power value comprises a
first preliminary maximum transmit power value, the method further comprising:

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

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

and at least one other preliminary maximum transmit power values.



qual ity conprises receiving an indication of channe
guality froma node. 17. The apparatus of claim 14,
wob@pe2Iss7 t he transmt power val ue i s determ neCI/U82008072676
first node; the apparatus further conprises a node
detector configured to identify a second node that is
substantially near an edge of a coverage area of the
first node; the apparatus further conprises a
signal -to-noise ratio determp §r configured to
determine a signal-to-noise ratio associated with the
second node based on the determ ned channel quality;
andthe transmt power value is determ ned based on the
det er pp nedTfé ﬁfaﬁiodto%m%qewheﬂehpth@@Ha@eﬁ&daﬂhﬂe&hdm kRt
signal -to-noise ratio. The apparatus of ‘claim 17,
phesianctdie deteinsinad Glatalrép&at@ﬂ bhie Si gnal -tonoi se ratio
conpri ses receiving signal-to-noise ratio information
fromthe second node. 19. The apparatus of claim 14,
wherein the transmt power value is determned for a
node i1hat ke meghodiof ckdnflowherasthe tarsnoift power gilwup determined
consisting of: signaling, data access, registration,
fragifagto rofe asemidaoodeo at | east one node. 20. The
apparatus of claim 14, wherein: the transmt power
val ue conprises a transnit power value for a common
contr % channel ; t he det erm ned channel qégllty

i ndi c é‘PP?rﬂtué %ro‘ﬁﬁr%lFséc?omr?Wl?%@nc‘iﬂ%ﬁ ntrol
hannel t

Cransi leangswaﬁ‘@a?eﬁ%ﬂe@%%?fl AR B R R 16 anc
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B&@&oﬁ&h@de@érﬁﬁnéa%ﬁnnéﬁualﬁp apparatus for wireless

conmuni cat1 on, conpri sing:

15. The apparatus of claim 14, wherein the determination of the transmit
power value comprises 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.

16. The apparatus of claim 14, wherein the determination of the channel

quality comprises receiving an indication of channel quality from a node.

17. The apparatus of claim 14, wherein:

the transmit power value is determined for a first node;

the apparatus further comprises a node detector configured to identify a second
node that is substantially near an edge of a coverage area of the first node;

the apparatus further comprises a signal-to-noise ratio determiner configured to
determine a signal-to-noise ratio associated with the second node based on the

determined channel quality; and



means for determ ning channel quality; and neans for
determning a transmt power val ue based on the
waleqenmssed channel quality.24. The apparat us PET/TE2081072676
23, wherein the determ nation of the transmt power
val ue conprises adjusting the transmt power val ue
based on a change in the determ ned channel quality or
based on a conparison of the determ ned channel
quality with a threshold. 25. ,The apparatus of claim
23, wherein the determ nation of the channel quality
conprises receiving an indication of channel quality
froma node. 26. The apparatus of claim 23, wherein:

the t R&MkhitPOWRF valad MictPmRH DhidNRAhE QEteAnihbd Sibnal-to-noise
node; the apparatus further conprises neans for

tahonhi faydefifle Bms gigngd sippd@oinbak ritfo. subst anti al Iy near

an edge of a coverage area of the first node; the
apparatus further conprises neans for determning a

signal -to-noise ratio associated wth the second node
basedl®&n t ke agtaeatnd ofediaiohbh mdleraguthicidetermanton héthe signal-to-
transmt power value is determ ned based on the

Heiperatio semPEpepriasciYiog Aighsleorpiscaatim thiermyaph foen thespeaicnode.
signal -to-noise ratio. 27. The apparatus of claim 26,
wherein the determ nation of the signal-tonoise ratio

rom {he sCEoMPHBGLS! FHM e My e GEBH PEST FTED
g RL o T 2o LR ap 3RS R TeCon SR B e Shyinls
onsi St | oY ) t . i an,
aRnD! bRaRes, S AIALAT e BAGEASE Y TAEhIGR"
apparatus of claim 23, wherein:the transmt power

val ue conprises a transmt power value for a conmon
controb. chapoghparandoftMbndet emdidred channel quality

indicates quality associated with the comon
the transmit power value comprises a transmit power value for a common

control channel; and
the determined channel quality indicates quality associated with the common

control channel.

21. The apparatus of claim 14, wherein the transmit power value comprises a

maximum transmit power value.

22. The apparatus of claim 14, wherein the transmit power value is

determined for a femto node or a pico node.

23.  An apparatus for wireless communication, comprising:
means for determining channel quality; and
means for determining a transmit power value based on the determined channel

quality.



control channel. 30. The apparatus of claim 23,
wherein the transmt power val ue conprises a nmaxi mum

W@ e@no2dss7 power val ue. 31. The apparatus of clBECHUERNS/072676
wherein the transnmt power value is deternmined for a
fento node or a pico node. 32. A conputer-program
product, conprising: conputer-readabl e nmedi um
conpri sing codes for causing a conputer to: determ ne
channel quality; and determ neg,a transmt power val ue
based on the determ ned channeﬂ quality. 33. The
conput er - progr am product of claim 32, wherein the
deternmination of the transmt power val ue conprises
adjusting the transmt power val ue based on a change
in the determ ned channel quality or based on a
conpapd . sonThé appacataed eyl e whidasinele ddtbamirdayiotof the dransmit
threshol d. 34. The conputer-program product of claim
Bawerwharesiomprides diglseihgithatr-ansmitqiowidn @ alab dasvdlongualanh$eyin the
conprises receiving an indication of channel quality
fetomiachduanc]3pialityhoe besmdput conraoigoant the ddiwonined clednaichquality
32, wherein:the transmt power value is determ ned for
withjartBieshddle; t he conput er-readabl e medi um f urt her
conprises codes for causing the conputer to identify a
second node that is substantially near an edge of a

ol ULt ur ERCRPREBH Y P é@efe&f 1 5 R OF B e
Coa L er rt% detlev maelg %grhafl a g aet rfat gnode
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determ ned channel quality; and the transmt power
val ue is determ ned based on the determ ned

Si gnabg t o- i gfparatus of claim 23, wherein:

the transmit power value is determined for a first node;

the apparatus further comprises means for identifying a second node that is
substantially near an edge of a coverage area of the first node;

the apparatus further comprises means for determining a signal-to-noise ratio
associated with the second node based on the determined channel quality; and

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

ratio and a defined maximum signal-to-noise ratio.

27. The apparatus of claim 26, wherein the determination of the signal-to-

noise ratio comprises receiving signal-to-noise ratio information from the second node.
28. The apparatus of claim 23, wherein the transmit power value is
determined for a node that is restricted for least one of the group consisting of:

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

29. The apparatus of claim 23, wherein:



rati o and a defined maxi mum si gnal -to-noise ratio. 36.
The conput er-program product of claim 35, wherein the
wa@leaoenedssat i on of the signal -to-noise rati o coPgF/USHE8/072676
receiving signal-to-noise ratio information fromthe
second node. 37. The conputer-program product of claim
32, wherein the transmt power value is determ ned for
a node that is restricted for |east one of the group
consi sting of: signaling, datg access, registration,
pagi ng, and service to at | east one node. 38. The
conput er - progr am product of claim 32, wherein : the
transmt power value conprises a transmt power value

for ath%QfEHQlet ?@%f Auebanneles a afsthit BoWet vl Red common
channel quali indicates quality associated with the

e bh4@6E bed channel . 39. The conput er - progr am
product of claim 32, wherein the transmt power val ue

conpr theestcamimad ichuimet q@lisyrindi Qaaseuaisglasecéfed Wilethe common
conput er - program product of claim 32, wherein the

cordrod mhannplower val ue is deternined for a fento node or

a pi co node.

30. The apparatus of claim 23, wherein the transmit power value comprises a

maximum transmit power value.

31. The apparatus of claim 23, wherein the transmit power value is

determined for a femto node or a pico node.

32. A computer-program product, comprising:

computer-readable medium comprising codes for causing a computer to:
determine channel quality; and
determine a transmit power value based on the determined channel

quality.

33. The computer-program product of claim 32, wherein the determination
of the transmit power value comprises 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.

34. The computer-program product of claim 32, wherein the determination

of the channel quality comprises receiving an indication of channel quality from a node.

35. The computer-program product of claim 32, wherein:
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the transmit power value is determined for a first node;

the computer-readable medium further comprises codes for causing the
computer to identify a second node that is substantially near an edge of a coverage arca
of the first node;

the computer-readable medium further comprises codes for causing the
computer to determine a signal-to-noise ratio associated with the second node based on
the determined channel quality; and

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

ratio and a defined maximum signal-to-noise ratio.

36. The computer-program product of claim 35, wherein the determination
of the signal-to-noise ratio comprises receiving signal-to-noise ratio information from

the second node.

37. The computer-program product of claim 32, wherein the transmit power
value is determined for a node that is restricted for least one of the group consisting of:

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

38. The computer-program product of claim 32, wherein:

the transmit power value comprises a transmit power value for a common
control channel; and

the determined channel quality indicates quality associated with the common

control channel.

39. The computer-program product of claim 32, wherein the transmit power

value comprises a maximum transmit power value.
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40. The computer-program product of claim 32, wherein the transmit power

value is determined for a femto node or a pico node.



