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Field [0002] The present disclosure relates generally to comuni cation, and
nore specifically to techniques for sel ecting a serving base station and
perform ng other functions in a wireless comruni cati on network. 11.
Background [ 0003] Wrel ess comruni cati on networks are w dely deployed to
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A virtual noise figure is an indication of
[0002] The present disclosure relates generally to communication, and more

specifically to techniques for selecting a serving base station and performing other

functions in a wireless communication network.

II. Background

[0003] Wireless communication networks are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of terminals. A terminal may be within
the coverage of zero or more base stations at any given moment. If multiple base
stations are available, then it is desirable to sclect a suitable base station to serve the
terminal such that good performance can be achieved for the terminal while improving

network capacity.



a virtual noise level at a receiver and may be given by a ratio of the
virtual noise level to thernmal noise level. The virtual noise level is a
hypot het iwal2omi48@4| evel that may be higher than an act eralr/usoéwmd2evel at
the receiver. The virtual noise figure nmay be used for various functions
and may be especially applicable in a heterogeneous network with base
stations having different transmt power |evels. [0006] In an aspect,
virtual noise figure may be used for selection of a serving base station
for a termnal. The termnal may receive information indicative of a
virtual noise figure for each of at |east one base station. The information
indicative of a virtual noise figSUMMXRYE any information that may be
used to deternmne a virtual noise figure of a base station. Such
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that base station, a reference transmit power level, and an actual noise figure for the
base station. The terminal may select a serving base station based on the virtual noise
figure for each of the at least onc base station. In one design, the terminal may
determine a downlink received signal strength for each base station. The terminal may
also determine an uplink signal-to-noise ratio (SNR) for each base station based on the
virtual noise figure for that base station and other information. The terminal may then
select the serving base station based on the uplink SNR and the downlink received
signal strength for each base station. The terminal may also determine an uplink SNR
for the serving base station based on the actual noise figure for the base station. The
terminal may then select a rate based on the uplink SNR for the serving base station and
may send data at the selected rate to the serving base station.

[0007] In another aspect, virtual noise figure may be used for interference
management. A base station may determine a parameter indicative of loading at the
base station. The parameter may be an interference-over-thermal (IoT), a rise-over-
thermal (RoT), etc. The base station may determine a loading indicator based on the

parameter indicative of loading at the base station and a virtual noise figure for the base



paraneter indicative of |oading at the base station and a virtual noise
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a wireless communication network.

[0011] FIG. 2A shows downlink transmissions from two base stations.

[0012] FIG. 2B shows uplink transmissions to two base stations.

[0013] FIG. 3 shows a process for selecting a serving base station.

[0014] FIG. 4 shows an apparatus for selecting a serving base station.

[0015] FIG. 5 shows a process for supporting serving base station selection.
[0016] FIG. 6 shows an apparatus for supporting serving base station selection.
[0017] FIG. 7 shows a process for performing interference management.
[0018] FIG. 8 shows an apparatus for performing interference management.
[0019] FIG. 9 shows a process for performing power control by a base station.
[0020] FIG. 10 shows an apparatus for performing power control by a base station.
[0021] FIG. 11 shows a process for performing power control by a terminal.
[0022] FIG. 12 shows an apparatus for performing power control by a terminal.

[0023] FIG. 13 shows a block diagram of a terminal and a base station.



[ 0024] The techni ques described herein may be used for various wreless
comuni cati on networks such as CDVA, TDVA, FDVA, OFDVA, SC-FDVA and ot her
net wor ks.wolleo%ness " net wor k" and "systeni are often usedTiusc@vohenyeabl y.
A CDVA network may inplenent a radio technol ogy such as Universal
Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes Wdeband CDVA
(WCDMA) and ot her variants of CDVA. cdma2000 covers | S-2000, IS-95 and

| S-856 standards. A TDVA network may i4wpl enent a radio technol ogy such as
d obal System for Mbile Comuni cations (GSM. An OFDVA networ k may

i npl enent a radi o technol ogy such as Evol ved UTRA (E-UTRA), Utra Mbile
Broadband (UMB), | EEE 802. IDETAM-EDi DESICIEP'BDONL6 (W MAX), | EEE 802. 20,
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UTRA, which employs OFDMA on the downlink and SC-FDMA on the uplink.

UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢dma2000 and UMB
are described in documents from an organization named “3rd Generation Partnership
Project 2” (3GPP2). The techniques described herein may be used for the wireless
networks and radio technologies mentioned above as well as other wireless networks
and radio technologies.

[0025] FIG. 1 shows a wireless communication network 100, which may include a
number of base stations and other network entities. For simplicity, only two base
stations 120 and 122 and one network controller 130 are shown in FIG. 1. A base
station may be a station that communicates with the terminals and may also be referred
to as an access point, a Node B, an evolved Node B (eNB), etc. A base station may
provide communication coverage for a particular geographic area. The term “cell” can
refer to a coverage area of a base station and/or a base station subsystem serving this
coverage arca, depending on the context in which the term is used. A base station may
serve one or multiple (e.g., three) cells.

[0026] A base station may provide communication coverage for a macro cell, a pico
cell, a femto cell, or some other type of cell. A macro cell may cover a relatively large

geographic area (e.g., several kilometers in radius) and may support communication for



[ 0026] A base station may provide comruni cati on coverage for a macro cell,
a picocell, afento cell, or sone other type of cell. A macro cell may
cover a rebaviwvebes4l ar ge geographic area (e.g., several PKirlusc@wsrL0$ n

radi us) and may support communication fortermnals with service
subscription. A pico cell may cover a relatively small geographic area and
may support communication for all termnals with service subscription. A
femo cell may cover a relatively smald geographic area (e.g., a hone) and
may support communication for term nals having association with the fento
cell (e.g., termnals belonging to residents of the hone). A base station
for a nmacr croakls wirﬂnyselty@erse‘tﬁselript'em tAopiasced m'rafoqwerbasbtimljasrhdhgeograbla'se station
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and/ or uplink controll er. oupl 0 a set of base
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as an acce8&VigLafendtiop AT} base Halny @Sgﬁ%tﬁd Ensevos) ter@ﬂ@k@ﬁl thegdivpiight (UE), a
subscri ber aﬁ’d%liu lifk. Station, etc. Termnal 110 may be a cellul ar phone, a
personal @ﬁt aI assistant (PDA), a wireless nodem a wreless
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100. Terminal 110 may be stationary or mobile and may also be referred to as an access

terminal (AT), a mobile station (MS), a user equipment (UE), a subscriber unit, a
station, etc. Terminal 110 may be a cellular phone, a personal digital assistant (PDA), a
wireless modem, a wireless communication device, a handheld device, a laptop
computer, a cordless phone, etc. Terminal 110 may communicate with a base station
via the downlink and uplink. The downlink (or forward link) refers to the
communication link from the base station to the terminal, and the uplink (or reverse
link) refers to the communication link from the terminal to the base station.

[0029] In wireless network 100, a serving base station may be selected for a
terminal during handoff or initial access based on downlink and uplink received signal
strength (RSS) measurements. Received signal strength may also be referred to as
received power, received pilot power, pilot strength, etc. If base stations 120 and 122
have equal transmit power for the downlink and if terminal 110 measures higher
received signal strength for base station 120, then base station 120 may be selected as
the serving base station for terminal 110. If the downlink path loss is equal to the uplink
path loss, then higher downlink received signal strength for base station 120 at terminal

110 may imply higher uplink received signal strength for terminal 110 at base station



recei ved power, received pilot power, pilot strength, etc. If base stations
120 and 122 have equal transmt power for the downlink and if termnal 110
measur es Wogh@ri4n@sei ved signal strength for base stati @aTARR090I20S base
station 120 nmay be selected as the serving base station for term nal 110.
If the downlink path loss is equal to the uplink path |oss, then higher
downl i nk received signal strength for base station 120 at term nal 110 may
i nply higher uplink received signal storength for ternminal 110 at base
stationl20. In this case, selecting a serving base station based on
downl i nk received signal strength will also result in good uplink
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station transmitting at +30 dBm. The path loss for the macro base station may be 133

decibel (dB), and the path loss for the home base station may be 125 dB. The uplink

received signal strength for the terminal may be 8 dB higher at the home base station

than the macro base station. The macro base station with the better downlink may be

selected as the serving base station for the terminal. However, the terminal may be

closer to the home base station, which is a non-serving base station, and may have better

uplink for the home base station.

[0031] The difference in transmit power levels for two base stations may be

expressed as:

Arx = Prx high — Prx.ow Eq (1)

where Prx hien 18 @ transmit power level (in dBm) for a high power base station,
Prx 10w 18 @ transmit power level (in dBm) for a low power base station, and

Arx is a downlink transmit power difference (in dB) for the two base stations.

[0032] The boundaries of equal received signal strength for/at the two base stations

may be offset by the downlink transmit power difference Arx. One scheme to balance



[0031] The difference in transmt power |evels for two base stations may be
expressed as: DIX = Ptx ,h gh - Ptx,iow, Eq (1) where Ptx,h ghis a
transmt wowees/l4es8el (in dBm) for a high power base staPCoMUS2000:044203v i S a
transmt power level (in dBm for a | ow power base station, and DIc is a
downlink transmt power difference (in dB) for the two base stations.

[ 0032] The boundaries of equal received signal strength for/at the two base
stations nmay be offset by the downlink/ transnt power difference DTX. One
schene to bal ancet he downl i nk and uplink handoff boundaries is to apply

noi se figure degradation at the | ow power base station. Noise figure is a
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for the | ow power base station. 0033f] For the exanpl e described above with

Dtx = 13 dEcisEGwdmdtl Reishiugh thahits 1o fissieds Apadihigheit 3sdROwS he | ow power
base station may generate and add noi se to increase the noise level from
-169 dBm Hz to NRp6=aB[],HzaThe noi se figure for the | ow powergbase station
may then be i ncr eased by 13 dB. [0034] Noise figure degradation nmay be used
to bal ance the downli nk and. upl i nk handoff boundaries for base stations

with diffelefe NFnshe ngisgur @Ebdor fimAigh RV Frhesoviier @dnt r ol and

interference mmggvelmtnoﬁefﬁgﬂi%%mmtfé&he bhgoskonat s i nterference |evels
to a fewtimes the thermal noise level. In case of transmt power m smatch

bet ween bagg3sf at FgNfe kiif lg%éc%e& Qf‘ovg%ﬁle&;x' 9y @pOferh G hOWRANEr base
station by Dix dB nmay resu in matching the downlink and upllnk handof f

boundar i esldvwopowdrebakd gﬂatuamdthledvam)mr bizasatish amayogmeraﬁmndmddnmise tot he high
ﬁ,g;,/\e: r gra]': ﬁftfch%%el tﬁgagiaa%ﬁvélips mFiﬁ9§c£E?nT/§é9(oj 5%6 (?]_g'r(rjl/l—fzhefllle%vovls 1gure fgr t?le station

low power base station may then be increased by 13 dB.

[0034] Noise figure degradation may be used to balance the downlink and uplink
handoff boundaries for base stations with different transmit power levels. Many uplink
power control and interference management schemes control the signal and interference
levels to a few times the thermal noise level. In case of transmit power mismatch
between base stations, increasing the noise figure of the low power base station by Arx
dB may result in matching the downlink and uplink handoff boundaries for the high and
low power base stations. For example, the high power base station may transmit at +43
dBm, and the low power base station may transmit at +30 dBm. A terminal may
measure —90 dBm for both base stations. The terminal may have a path loss of 133 dB
for the high power base station and a path loss of 120 dB for the low power base station.
The low power base station may have 13 dB higher received signal strength for the
terminal than the high power base station. However, if the low power base station has
13 dB higher noise figure, then both base stations may have the same SNR for the
terminal. With noise figure degradation, the terminal may have the same downlink
SNR for both base stations when located at the handoff boundary and may also have the
same uplink SNR at both base stations at the same handoff boundary. The base station
with the best downlink may be selected as the serving base station, and this base station

would also have the best uplink for the terminal (assuming that the path loss for the



measure -90 dBm for both base stations. The term nal may have a path |oss
of 133 dB for the high power base station and a path |loss of 120 dB for the
| ow powerwbas@/gbati on. The | ow power base station may reTaS2®@90Bi20F gher
received signal strength for the termnal than the high power base station
However, if the | ow power base station has 13 dB hi gher noise figure, then
both base stations nay have the sane SNR for the termnal. Wth noise
figure degradation, the term nal may Have the sane downlink SNR for both
base stations when | ocated at the handoff boundary and may al so have the
same uplink SNR at both base stations at the sanme handoff boundary. The
base st ati downlinkhs ¢duel tbelsztpadokmﬂ ﬁonﬂleruraljfnlbeNs'eb Bgtredegsdatine negthus g base
station, and .t n the best | ink for the
Cerm nal (AedumbRgRE N RN B BB o RRGaR RS e TS P he pac

| oss for th@mdptmnmyvphmmﬁmmfngumewdegmﬂﬁaﬂm&mfmﬂymkhnsnbaﬁdumgdmbo bal ance
t he downli k and ﬁ@% handof f boundaries. However, the extra noise added
at the |0Ml REOIBH6n may result in | oss of uplink capacity and may
al so degraﬂm3&p|lmka@eﬁﬁmfﬁﬁﬂﬁﬂ1mk90@§ﬁehmwaﬂ:a&ﬂEEﬁanﬁijabsﬁmbﬁe figure

may be used for ser base station elec ion in ro neo s_.net wor k
to obtain BHAFHAREY? 8 PHRUSHI™ e ItP l??ﬁ?d’F‘Fd ﬂ)‘b‘ﬂﬂﬁ'grap gp %{@m di ng
upl i nk perB@Iﬂa&r@av}d@grv@dﬁgluank Pfonaindaliciiation. nguétaal%lsaﬁQ@\%fst ation
may be virtually degraded a suitable anpunt to obtain a virtual noise

figure forb %Sﬁétaﬁa%@agtb&twlﬁw¥yr®ar@9®rby f 1yeitabls; @eoupt fuekieipf YiHerl §ese stati on
i's not act gahkYordRObAASHEY HMERE NGndRet TRr\& BEbaskeBGS is d6QIaRAL 1 on in
uplink performance may b e avoi ded. The virtual noise figure nay e used
for servi ngedsgdsd bytinieftig P @ers-oAlcnsrd degradstipie i wrlnk psEermangpBeY brhe act ual
and virt uahvd?@édsefhfelvgwa%oge%og@e ﬁaays@ué%asf@r SRl OB MulkcRefnciRiossed as:
NFactual , (tm = Nactual, mN NFvut uai . actua i m+ dN F,m
, and E q eﬂmrmﬁpmmt N F virtual, (tn) N F actua |, m, E g (5 where No is
thermal noje B L NS o bR Mt Ul

noi se (in ase st
expressed as:

NFactual,m = Nactual,m - NO ) Eq (3)
NFVlrtual m NFactual mT 8NF m s and Eq (4)
8NF,m = NFvirtual,m - NFactual,m 5 Eq (5)

where No is thermal noise (in dBm) for an applicable bandwidth,
Nactual,» 18 actual noise (in dBm) for base station m,
NFactwalm 18 the actual noise figure (in dB) for base station m,
NFyirtualm 18 the virtual noise figure (in dB) for base station m, and

OnE.m 18 @ delta between the virtual and actual noise figures for base station m.

[0037] For simplicity, noise may be defined for an applicable bandwidth (e.g., the
bandwidth usable for transmission) and given in units of dBm. Noise may also be
provided as a density and given in units of dBm/Hz.

[0038] In one design, the noise figure delta Oxr,» may be defined as follows:

ONF.m = P1Xref — PTXm » Eq (6)

where Prx..r is a reference transmit power level, and



NFactuai ,mis the actual noise figure (in dB) for base station m N Fv
rtuai, mis the virtual noise figure (in dB) for base station m and dNF, is
a delta beOween4bdse virtual and actual noi se figures foPChaseowbaizddHn m
[0037] For sinplicity, noise may b e defined for an applicable bandw dth
(e.g., the bandw dth usable for transm ssion) and given in units of dBm

Noi se nay also b e provided as a density and given in units of dBnl Hz.
[0038] In one design, the noise figuré@ delta NF,"! may b e defined as
follows: dNF, m= PTX,ref - PtXm, E q (6) where Ptx,re f is a reference
transmt power level, andPtx,mis the transmt power |evel for base station
m The ref er encRrxd.riaths tratsnpopuever leevigbr braystiiom t.he transmt power |evel for
a macro base station, a predetermined transmt power level, etc. [0039] In
gener al , t lbe ndérseceftragemie poeért lavdNmay!berthy trive metepowen lamlyfos wirtabl kasval ue
equal to or, gre r.than ro . |f E m=Dix , then the downlink and uplink
handof f boﬂ%%g??ggdﬁgygggﬁﬁglgﬁggﬁ%mmf?k?'nay al so be set to other val ues
to favor s@08gfi o ghceglicidkcigae &itatignaay okt @xapphiableNkjuelequaty be set
as 0 dNFm <Dtx to favor selection of home base stations over nacro base
stations. Ther WiathehdEQe fIf qure=rfay: @ Bsnfanrdak padetrliok hamdothoi se
figure delta and the acgtyal nqise figure, as shown in equation. (4). [0040]
The path | i%]%‘gﬁ?rbﬁis %"é(é@%&té&‘fqdo Ny BEY 2S¢ BY Pt FPa‘PtE?fa‘S?luﬁ%to b?ré%@lﬂ)glé)g: PLm =
PTC, f11 - Burldth base &Mlichd) MUICEEmBIRC 50, $nal MR SQCRI yed PowRr fiorRase
station mat the termnal, and PLmis the path |oss for base station m P

RX,"J is akgetibebersdebdse s@ordshRedab btk ste6el Ved vwingnadisstigeaghp for base
station m [0041] The downlink SNR for base station mat the termnal may

be expr essBel ceaputeshpasgd opnthe pepsg figure fglisrang by actuak ngise dpuighay BONPR mai i s
noi se (in iﬁ?hm@ ythe terminal, and SNR DL, is the downlink SNR for base
0

station m 042] The uplink SNR for the term nal at base station m may be
expr essed 40] The path loss for base station m at a terminal may be expressed as:

PL, = PTX,m - PRX,m 5 Eq (7)
where Prx . is the received power for base station m at the terminal, and

PL,, is the path loss for base station m.
Prx  is also referred to as the downlink received signal strength for base station m.
[0041] The downlink SNR for base station m at the terminal may be expressed as:

SNRDL,m = PRX,m - Nterminal ’ Eq (8)
where Nierminal 18 noise (in dBm) at the terminal, and

SNRpr » is the downlink SNR for base station m.

[0042] The uplink SNR for the terminal at base station m may be expressed as:
SI\H{UL,m = PTX,terminal - PLm - (NO + NFvirtual,m) ) Eq (9)

where Prx terminat 18 the transmit power level for the terminal, and

SNRur  is the uplink SNR for the terminal at base station m.

Equation (9) assumes that the path loss for the uplink is equal to the path loss for the
downlink.
[0043] FIG. 2A shows downlink transmissions from base stations 120 and 122 to

terminal 110. Base stations 120 and 122 may have transmit power levels of Prx, and



SNR UL, = P TX,termnal PLm- (NO + NrFvlrtual,m , Eq (9) where Ptx,ternmai
is the transmt power |level for the termnal, and SNRu L, mis the uplink
SNR for twWe2evmesal at base station m Equation (9) aseoras2abats2ohe path
| oss for the uplink is equal to the path | oss for the downlink. [0043] FIG
2A shows downlink transm ssions from base stations 120 and 122 to term nal
110. Base stations 120 and 122 may have transmt power |levels of Ptx,i,
andPt x, 2, respectively, and may al so B@ve path | osses of PLi and PL2,
respectively, to termnal 110. Term nal 110 may obtain received powers of P
RX,;I , and P RX 2 for base stations 120 and 122, respectively. Term nal 110
may conput énchovwespeatikclNRsl oy SMNR Blve phthalloske SNRPDL a2d fPhs, gwetiatyatto ons 120
and 122, respectivel ¥, 2B sho upl i nkpt ransm, ssions. from

t er m nal 1%61% fngf L%logeq}l%rFL a?gﬁésmfﬁé) EH reﬁﬁéﬁs e“rfjerrﬁ ng)RXﬂ?Jn £ hfgrv%asa transmt
power | evektatidns PR, dndr IPApiespaedvainy mlrrﬁmalham;mpﬁtcbmpmssbs/nbﬁk BNRs aufid PL ,

respective S ons res t| veI y. Base stations 120
and 122 na%ﬁjh{alvﬂea"@%é ?Oﬁé'fls&ﬁta% ﬁ@@%?ﬁ\ﬁ???" W and NFvirtuai, 2,
respecti veloo44jTer FiGa2B @Hcﬂvsmynlhamma@idnmkroﬁl‘dasmﬁm 1$dNRLbdse bta@eid 1SNRU L, 2 at
base station 0..and ectively, which be obtai hed based on the
Trrtusl noRRBIFE TRBn I T Bas e PRI L P b GBEEY B0y [ 0045)
Each base siat bR BYs SENPLYVahd OMS, trydpesively, lt@f&ﬁmtdu@ﬁs t1b@tanaay22be used
for serving base station selection_and/or other oses. For exarrpl e, each

base st at i HiP§FHYeBr Bagesiens 129 and A4S mry hpswartual é%ff iptrss of NEvwgLig@ ual  noi se

figure NFaNfFU%aw,%spbétﬁfel‘fr' Frtt@hal Qb %ﬁyilh&ufpﬁnll\ENRE BMR&& ahd §Nﬁﬁﬂ2%§ figure
delta NF ," , other information, or conbi nation thereof. The transnmit

pover | evebasptsiatiopn|20apglol 33, @SR%Mﬁyab‘y ich anay diergbizaned besed o theorirteddnveyed in

ot her mannggs. fdh& o\f'NPtv yal, aﬁlPNFVm f1 aupeuifyl rtUai, may be conveyed by an
absol ute value, " a relative val ue ¥Fom the actual noise figure (e.g._, NF, " O
oi se

. a rel ati W945h| uEagh base atarigninansendoyasieus fygew & inforpationtbatvigyt beapise
figure may fcﬁls&’% feos%gf%}{‘ﬁge%n%ﬁ@o@&ﬂ%%hrp%’éss%oﬁ &S :Q% Mg ﬁ%hééas'tan%and the

transmt power used to co e noise figure
delta NF," mab@sadca@ntsardnmmowsﬂe‘reéﬁm tits actsatinbisp bgere NFewel., ifsO04@] | n one

design, a %oelge igure qugrmal 1 %Ef\llo}gee ﬁgﬁrgacldl?aa‘c?NF m,i 0 ﬂe(%rm rtnila%gn forr grrl?l ctijoar‘n Snation
thereof. The transmit power level Prx , may also be known by the terminals a priori or
conveyed in other manners. The virtual noise figure NFia » may be conveyed by an
absolute value, a relative value from the actual noise figure (e.g., dxr.n), @ relative value
from a nominal noise figure, etc. The virtual noise figure may also be conveyed by the
actual noise figure NFycuar» and the transmit power level Prx,,, which may be used to
compute the noise figure delta Onp» based on a known reference transmit power level
Prx ref.
[0046] In one design, a terminal may receive broadcast information from base
stations and may compute various measurements for each base station. The terminal
may measure the downlink received signal strength for each base station. The terminal
may determine the path loss for each base station based on the transmit power level and
the measured downlink received signal strength for that base station. The terminal may
compute the downlink SNR for each base station, e.g., as shown in equation (8). The
terminal may also compute the uplink SNR for each base station based on the virtual
noise figure for that base station, e.g., as shown in equation (9). The terminal may
select a serving base station based on the downlink SNR, the uplink SNR, and/or other

information for all candidate base stations.



stations and may conpute various neasurenents for each base station. The
termnal may neasure the downlink received signal strength for each base
station. Wbeottnnidnal may determne the path | oss for e&ch/usase/os42a5i on
based on the transmt power |evel and the nmeasured downlink received signal
strength for that base station. The term nal may conpute the downlink SNR
for each base station, e.g., as shown in equation (8). The term nal may

al so conpute the uplink SNR for each bhse station based on the virtual

noi se figure for that base station, e.g., as shown in equation (9). The
term nal may select a serving base station based on the downlink SNR, the
upl i nk SNRJ0047Ald/ ofn etdilear demfor arhbicomatfoormal belgandicdane bivasetion dbi ans. [ 0047]
In a.nOt her deSIPr}h 18 e851s% ‘?ﬂ %gle%{a‘u t{‘l note’\tgatnsn?‘ltg%rrt\{ll ﬂ%lsee}s resbu(f‘}nlaon for a
termnal . [AAFs eS| r% Re*Base 'st"at 'on nmay ot “fransmA @ Vit ual noi se
figure but usmiy mlemail}t m it ewnadalcylanan itd snakeva deallsmulragarmng taermadgebac deci si on

regardi ng a ser statjo r the ter he b ta n may use
o her 1 nfoR At Bk IR getERake TR BRF R PR ARt R SRR ok g
t he deci si GNR b0 8by THe@eratial iif ghakiag eheskeaitioon may be sel ected in various

manners. e d e base station with the best downlink (e.g., the
hi ghest doﬁ%"g}] %EP?GWB%E‘ES SREPILERLAC ST 1B VIS MAEReR- ﬂ ‘upl i nk of
the sel ect ad lkaa,@etaﬁb@twlfhnthle%eatbmlﬁkp(e%detherh heﬁchomlulﬁlsfmm @iy bs W thin a
predeterm ned range of the best uplink. This design may be used to inprove

downl i nk pé‘f?“é?rdn’ém@eafc@}’su‘taﬁ’é “ﬂ"’érthi’ Ralink of then sRlerdsd” prsssiion tinabpvesa st ati on

with the bggletiihdiKihte8hdd or Esheltmhglhﬁéaetaﬁhﬂea%a@ﬂf tHRyePepsAl eshigd, With a
constraint that the downlink of the selected base station Is above a

predet er ni ARE MARSRAFY tr impsovg dhynlink perferarenes firilritoraingle  BY anaeer best
downlink. Jhis GeSHAR BYn REHURE Bedt upﬂﬂl Dk %Hﬁgﬂe%tyuﬂlﬁk'swmt Ry pkn

general , the Sérving base station may be sél ected based on one or nore
criteria, whécd, Nva@l peongefinhthdt haslovnbnk af theagbestefl toet vetern dakavd ak and

upl i nk per . i -' i Nl tual SNR
obt ai ned b[gl g on ([él%\g/)hl%r%I 'F%vﬁ%&?{sée&%fl‘g%?l é%eafﬁ%gﬁo%?@%gtg ch}rnﬁ{ﬂﬁa#tg he act ual
noi se fi gud@lgmymNFbé Jsed i helinki qapacaty iSNRitedy [hgenasb dhd sarvigg basengptioas e

station sef %Ctﬂe%}ecf“ﬁ b%&d“@l Q é\‘ﬁb‘iﬁ’o'}e LR HPLADE nTBYod GerfiSh §5gNGd, based on
t he act ual ise ure and rmay be expressed as:

tradeoff between downlink and uplink performance.

[0049] The uplink SNR in equation (9) is a virtual SNR obtained based on the

virtual noise figure, which is higher than the actual noise figure by Ong». The virtual

SNR may be used for serving base station selection. An actual SNR for the uplink may

be determined based on the actual noise figure and may be expressed as:
SI\H{UL,actual,m = PTX,terminal - PLm - (NO + NFactual,m) 5 Eq (10)

where SNRuyL actual» 15 the actual uplink SNR, which is based on the actual noise figure
for base station m.

[0050] In one design, a data rate may be sclected based on the actual SNR and a
look-up table of data rate versus SNR. Data may be sent at the data rate determined
based on the actual SNR. This design may result in better utilization of the available
channel capacity. In another design, a data rate may be selected based on a virtual SNR
obtained with the virtual noise figure. Data may be sent at the data rate determined
based on the virtual SNR. If hybrid automatic retransmission (HARQ) is used for data
transmission, then the data transmission may terminate early since the actual SNR may

be better than the virtual SNR. In yet another design, an intermediate SNR may be



SNRuL, actual ,m= Pt X, termnal PLm- (N O + N Factu al,m , Eq (10) where
SNRuL, actuai, mis the actual uplink SNR, which is based on the actual noise
figure fowobaee4sdati on m [0050] In one design, a dataPCatusS200ai44205

sel ected based on the actual SNR and a | ook-up table of data rate versus
SNR. Data may be sent at the data rate determ ned based on the actual SNR
This design may result in better utilization of the avail abl e channel
capacity. In another design, a data rdte may be sel ected based on a virtual
SNR obtained with the virtual noise figure. Data nay be sent at the data
rate determ ned based on the virtual SNR |If hybrid automatic

retransm ssomput¢dH4REY on sinustednddorte daiba figuranwhick snayrhe sefvetedtthecddat a

transm ssi y ermnate early since.the actual SNR be better than
the virtualhg IPREL anbiy ” aBd T Rttt oll® 3T, BE 68comput ed
based on amH,/ e mgl 218, ROBE, f 1 DufagnayWiseh an®BYatdrae Getdrebic@dapased on a
tradeof f between capacity and reliability and may b e given as a tu , <

Fnt emredi at émirtediediatg SMR.m . Data nmay b e sent at a data rate deternined

based on tﬂ@syt EIiITEdI te SNR'T \[19 §111l qanat her gspec e Vi rtual noise
. er a; rtya 01se 1 ure mtay € us for inter erence
figure may used in erence mana et er ogeneous net wor k.

The net wor knanapgmiaiti 1h ahete@&l%bmneﬁﬁbrl%[]%e manwblﬂmmyomhee OBDMa@eSGGFRM. on may
det er m ne irtual , |l oT, .which be e Tvirt al, m=1ImN
O ual M B kR b e RO TR SRR v ™ B 4

1) where Imls t he neasured mterference (in dBm at base station m NV

rtuai, mis virtwaliwaeESe -NuR.04BM, atN.Lhase &t A+ Dn- @, +aNElid.0,) T Eq (ltiyai , m's
t he virtual IoT (in dB) for base station m [0052] The base station may

measure int ower nd_nai r ct uai , m observed by the
base stati On. ere ﬁig Ssur%dﬁn{nﬁ(g%cqqﬂl d}gnuga%%ﬁ S%T} " the base station may
determ ne the VNJ;HLIM,@.ES Virdia$ eoipoiived Blapa @dscomtivhe:, arasur ed/ act ual noi se power

and the noise fjqure delta y. he dependent on the transmt
power of the bafevigtatyt ﬁVI“Bal\féoﬂlﬁgﬂg}g%me PRU8Yyati on (6). The base station

may t hen dﬁ}oﬁﬁn ne. ta% LU | oT basercd; on the red interference and
the virtua se | PoREr a[f?{bmﬁyya‘%‘éasg‘ied{‘ﬁe HeMray s %&P "YREP N et | oT
agai nst anobsiivell by @rtabcktAind. Mye d&ignahow @ dq@atbni (ND) hatbee station may

determine the virtual noise power based on the measured/actual noise power and the

noise figure delta Onp,», which may be dependent on the transmit power of the base

station, e.g., as shown in equation (6). The base station may then determine the virtual

IoT based on the measured interference and the virtual noise power. The base station

may compare the virtual [oT against an [oT threshold and may set an overload indicator

if the virtual IoT exceeds the IoT threshold, as follows:

IF (IOTvirtual,m > IOTth)
THEN overload indicator = ‘1",
ELSE overload indicator = ‘0’.

The overload indicator may also be referred to as a loading indicator, an other sector
interference (OSI) indicator, an other cell interference indicator, etc. The overload
indicator may comprise one bit (as shown above) or multiple bits.

[0053] In another design, the base station may determine an actual IoT based on the

measured interference and the actual noise power, as follows:

IOTactual,m = Im - Nactual,m = Im - (NO + NFactual,m) ) Eq (12)



if the virtual 10T exceeds the 10T threshold, as follows: IF ( I T vilrtu

al,m>1 gTth) THEN overload indicator ="' 1', ELSE overload indicator =
'0'. The woentvadkdtndi cat or may al so be referred to as a&cCramdioag44208li cat or,
an other sector interference (OSI) indicator, an other cell interference

i ndicator, etc. The overload indicator nmay conprise one bit (as shown
above) or multiple bits. [0053] In another design, the base station nmay
determ ne an actual 10T based on the A®asured interference and the act ual
noi se power, as follows: | qT act ual, m=Im- Nact ual, m=Im~ (NO + N
Factual,m , Eq ( 12 )where 10T actuai,mis the actual 10T (in dB) for
base st ati shemloThe bastbe sttaali loih (hasiB}:()mkaseestatﬁtel act el babo Ttaggaimagt a

\élelr : ga|8 N::OT? tlg]al}cee h0| tlual IV\{J agams% ey rputaFIOq'qBrte%hml %aseqoeoc{]ehetrr?}lenﬁﬁgl S& f : gur €

nomt h + ()ﬁ\IFhe\nbrst:ﬁgaJedalta—SNNm,Fasa?anua l,m , Eq ( 13 ) where loT nomth is
a nonmnal 10T threshold, and |oT vI rtua i,th is the virtual 10T threshol d.
The nom nal |oT hresh ,gnma b e IoT eshol a macro._base station
and may b e equ]zf | vigugyth QLP "I‘TthéTéNF’Tﬁ a‘§‘e+ ttran y““%} an ov@‘ﬂf‘
indicator if the actual 10T exceeds the virtual 10T threshold. [0054] For
bot h desi gnseret e, g ds @fnomital W thttaholiGingd @oT k. QUr 8 thayirfugiSloT tthiesholdie base

station operati ng at smal | er act | oT, ich rOV|de nore margin
Sai net oy SheinT e Ay metEald el et s SRR D T oad
indicator tqual & gitald®. TRy PAsBdafiod haP&biddndererl6®l InGichBY ifftB€lu@ealtifei 1
transmt power if the overload indicator indicates high |IoT at the base

stati on. [GWS‘iSﬂ‘l%@“W’ét%thesh‘ﬁ?/ utilize CDOMA. In this case, a base station

nmay det er mMgg4p vw b@h daq@ls WRIGH oM BN ma@ﬁ&g@ﬁéﬁd@%reﬁﬂnww@ im= P
RX - Nvlrtua i,m= (NO + NFvirtua i 14) where RoT vilirtuai,m

is the virtiatgn Flléﬁfat(fllgnatdﬂBfm?l&ﬂr agtglelogy, a’t’hl‘éhm‘ﬁ’ r{rm@s]noqmlafga@@g@@%u on may
measur e th@ys‘fe%?ﬁlkt\éﬁiﬂtypomrbaﬁ’é?ﬁatmnm lSrBé‘chkQ'ﬂ?e%v@%‘ﬁiﬁn&i@&%&%'tm%@éls the base

station. The base station may deterrine the virtual noise power
Terminals in neighbor cells may reduce their transmit power if the overload indicator

indicates high IoT at the base station.
[0055] The network may utilize CDMA. In this case, a base station may determine

a virtual RoT, which may be expressed as:
ROTViItual,m = PRX,m - Nviltual,m = PRX,m - (NO + NFviItual,m) ) Eq (14)

where RoTyirtal» 18 the virtual RoT (in dB) for base station m.

[0056] The base station may measure the received power Prx » and the noise power
Nactua, at the base station. The base station may determine the virtual noise power
based on the measured/actual noise power and the noise figure delta dnp. The base
station may then determine the virtual RoT based on the received power and the virtual
noise power. The base station may compare the virtual RoT against an RoT threshold
and may set an overload indicator if the virtual RoT exceeds the RoT threshold, as

follows:

IF (ROTvirtual,m > ROTth)
THEN overload indicator = ‘1",
ELSE overload indicator = ‘0’.

[0057] In another design, the base station may determine an actual RoT based on the

received power and the actual noise power. The base station may then compare the



based on the neasured/actual noise power and the noise figure delta NF, "I
The base station nay then determne the virtual RoT based on the received
power andwolreowidndswal noi se power. The base station nayPComsare/og42es virt ual
RoT agai nst an RoT threshold and may set an overload indicator if the
virtual RoT exceeds the RoT threshold, as follows: IF (RoT vlrtua i, m>
RoTt h) THEN overload indicator ="' 1' , ELSE overload indicator = O .

[ 0057] I n another design, the base station nay determ ne an actual RoT
based on the received power and the actual noi se power. The base station
may then conpare theactual RoT against a virtual RoT threshold, which may b
e det er m nedud) dsddagamst herimod ReTf thigalradd, delitha mifF bl determined hasd @it thti on may
set an overl.oa the actual RoT excee ds, the virtua

Chr eahol d. MOOLEI Fhh Brer ol Pie SGT0T iy Sniareterrgub et MdEaile ot ati on
may b e takemcekcrbte@stﬁwl@tumthmh@bﬁolkﬁr an interference paraneter (e.g., the
virtual 10T or the virtual RoT). or, a corres di threshol d (e. q t he
Virtual | of9Bhk esHOEEICE. Hha ot Bois FRET fohiedH %7101% HRRy WSOt he base

station maycdauRas et af hecrRyRed pﬁ@lnéta%%a&wwh&m ﬁ@ﬂ'@ﬂtﬁ@{/ﬂualﬂtﬁ“)foﬁﬁm nals in
nei ghbor cells may reduce their transmt power if the overload indicator

i ndi cat es RPEPIEMEshretiolh eme theatirtyah éoTbtaseéh@@ alt ihe pirtuplgRpsiothreskoldletin anot her
aspect, Vi piuglse! n@ﬂe%sé gﬁ%ﬂenfa?yor@ad@asus@ov%ad)@lwat&qmtéﬁlmdm &he

het er ogeneous network. The received signal quality for a transm ssion may b
e given bytoRiRalsdameichborglly mepaedva he@ompsmi popeel -tho ovarioad indicelvce rati o
(dt1), or %E@teg)h%ﬁ%ﬂ%ﬂk&at%a Caliignd CI may b e expressed as: SNR
CtUal | = PRX m Nact ua (Ko + N F actua |, m , Eq ( 15 )
CoTact uai , BI05% C M yet ngthertasect, mrﬂiakponﬁe-ﬁg(lmonaybeuseda&ruaww,mtrql iFaq (16 )
C/ lactuai, Bl = + act ua
o g TeteDgbBlnchudn Tt MR duafin S ffmlsslTh s efity S0 0
term nal atSNBaserrst- avarﬂlmrml SNTR aarclalauo iBeifertie aob U&VD.SNRs¢me a8y for the

term nal abua%?i?? I?tdo?anarb/lma -E)eae():(f)rlésasledgs is the actual CoT (in dB) for the
at"base s hd

t erm nal ation
SNRactuat,m = Prx,m — Nactuatm = Prxym — (No + NF actuat,m) Eq (15)
CoTactatm = Cin — Nactwalm = Cn — (No + NFactualm) Eq (16)
Cllactuatm = Cin — (Ln T Nactwatyn) = Cn — (In + No + NFactualm) » Eq (17)

where C,, is the received carrier power (in dBm) for a terminal at base station m,
SNRctual» 18 the actual SNR (in dB) for the terminal at base station m,
CoT actual,m 18 the actual CoT (in dB) for the terminal at base station m, and

C/lactualm 18 the actual C/1 (in dB) for the terminal at base station m.

[0060] The actual SNR, CoT or C/I may be compared against a virtual SNR, CoT or
C/1 threshold, respectively. These thresholds may be expressed as:

SNRViItual,th = SI\H{nom,th + 8NF,m = SI\H{nom,th + (NFvirtual,m - NFactual,m) ) Eq (1 8)
COTVirtual,th = COTnom,th + 8NF,m = COTnom,th + (NFviItual,m - NFactual,m) ) Eq (19)
C/ IViI’[ual,th =C/ Inom,th + 8NF,m =C/ Inom,th + (NFvirtual,m - NFactual,m) ) Eq (20)

where SNRpomh 15 @ nominal SNR threshold and SNR yiralm 18 @ virtual SNR threshold,

CoTnom,n 18 @ nominal CoT threshold and CoT viralm 18 @ virtual CoT threshold, and



C/ | actuai,Bis the actual C1I (in dB) for the termnal at base station
m [0060] The actual SNR, CoT or CI may b e conpared agai nst a virtua

SNR, CoT w0 2@id140d3neshol d, respectively. These threshol esTrasgoos/oe42expr essed
as: SNR Virtual,th = SNR nOmth + NF,m= SNR n Onth + (NF Virtual ,Bi - NF
actual,m , Eq( 18) CqT Virtual,th = CqT nomt h + NF,m= C qT nomt
h + (NFvlr tual, mNFactual,m , Eq ( 19 ) Clvirtual,th = Clnomth
+ NF,m=C/l n Onth + (NFvirtual,(tdd NF actua l,n , E q (20) where SNR
nOmth is a nomnal SNR threshold and SNR virtuai,th is a virtual SNR
threshold, CoTnomth is a nom nal CoT threshold and CoT virtua i,th is a
virtual CoT thré8hak o, 2 mnd®@l CAohiestivld sndelC/Ranimiak voukl €/httesholdd and C/ |
virtuai,th is a virtual C1I threshold. [0061] The nomi nal SNR, CoT and /|

t hr eshol ds [0&Y] be TsenominklSNk| €k adl Q/éltluwoldﬂ'lnray\bie stitehly SNRed @alfieand C/ |

t hreshol ds h h al e | ds,
respectlveI§g¥ggg%$Nﬂh§?gémfaﬂJﬂgﬂlg t'a Nfﬁyakxgﬁwdgﬁﬁ éﬂ%hégﬁ' i on may
det er m ne theCadireshbldSNRpedtadly iy 164 hoifoofiguae dedtBinal based on the act ua

noi se power as shown in tlo 15 16 7). The base
station majl Oég]rrp |Ae PhRSEHET GRY Qeé‘fm%ﬂ\g%g‘g? ‘t&éllht)@rﬁlt?rﬁﬁ% SNR, CoT
or (1 thr@@s@@bﬁ’the&@ﬁaﬂﬁﬂse%w ake a@sﬁ@ﬁ%ﬁﬁ cGRNbK gls) qmmmnm)as“hé pdskows: | F
(SNR a ctual ,m< SNR Virtual (CqT a ctu al CqgT Virtual,th) O
(C/1 a ct UsPLioR @a-pemuarg thsaﬁptuﬂlh%N&aLW ﬁb@/éragélaﬁt%vmee}n%%op Y% ommand,

ELSE powerﬂﬁ@mglaoindqlmﬂ&amla@m&meﬁhmah@%ﬁ@ho\w anot her design, the
base station nmay determne a virtual SNR, CoT or based on the virtua

noi se figure NRd®&kg®al, m<g§ﬁg bass §RQMRQQ<Q§MH$ enpar e<ide, tua
SNR, CoT or | égalns? t he ngnazaﬁ R, C%pmﬁhres% : ?ngeneral
the virtual noise ff@ﬂ@%Iﬁﬁ@r%@U?QW@WWWHTU%@KWB%@ in elther the recei ved

si gnal qual ity (e. 0.51 8 GoVtr it IBan® DNl the cor  espondi ng

threshold (e.g., the virtual R, CoT or C/1 threshold). In any case, the
base stati qipesRY $eRbtD @esl?g?l"\ﬁl% baQkdi8h n&?rﬂ%ﬂ%mk 9 Vi@l §’rneseb: c/The
termnal may increase its transmt power if an UP command is received or

decrease i based ariBnivirtuploniye figure NHow-c obfivebfdc gtieregel v, conpeBatic The
term nal may, sedNik t(;*oﬁ&@ﬁi(gaﬁlsﬂﬁé!‘%mlh eSI gn Srecﬁc%hf%%o%? ﬁllr%ﬁgrﬁ glggr adati on

for the serving base stati I'n one e term nal its
transmt  virtual noise figure may be taken into account in either the received signal quahty (e.g.,

the virtual SNR, CoT or C/I) or the corresponding threshold (e.g., the virtual SNR, CoT
or C/I threshold). In any case, the base station may send the power control command to
the terminal. The terminal may increase its transmit power if an UP command is
received or decrease its transmit power if a DOWN command is received.

[0064] The terminal may set its transmit power level based on noise figure
degradation for the serving base station. In one design, the terminal may set its transmit

power as follows:
Prx1 = Prxz + A1p + OnEm » Eq (21)

where Prx is a transmit power level (in dBm) for a first channel,
Prx, is a transmit power level (in dBm) for a second channel,
A1 is a nominal power offset (in dB) between the first and second channels, and

ONE.m 18 @ noise figure based adjustment (in dB).

[0065] The first channel may be a pilot channel, a control channel, a traffic channel,
etc. The second channel may be an access channel, a pilot channel, etc. The transmit

power level Prx, may be for the last access probe sent on the access channel or some



power as follows: PTXI = Ptx2 + D12 + dNF, m, Eq (2 1) where Pcxi is a
transmt power level (in dBm for a first channel, Ptx2 is a transmt power
| evel (i rwoBm9/fs0634a second channel, D12 is a noni nal poaeruseddset208i n dB)
between the first and second channels, and dNF, is a noise figure based
adjustnment (in dB). [0065] The first channel may be a pilot channel, a
control channel, a traffic channel, etc. The second channel may be an
access channel, a pilot channel, etc. lGhe transnmit power |evel Pcx2 may b e
for the | ast access probe sent on the access channel or soneother transmt
power |evel for sone other channel. The nom nal power offset D12 may b e a
fixed val uethth@insméypolyerlekeldursohe dtiive chamal e nomisie powdoffséiel pase st ation

to the ter The noi se fiqure based adj ustnen b e determ ned
based on | it B FE ALY 0 S Do SHtA Soneiney Hhavb6 SREPT oF oot
between therhinast BRANGRC AR CRSINBY;SstABY 86 Bby DA @Serfindd 1oaddd on. [ 0066]
The terminal may recejve the virtual noise figure or a change in the

virtual nof¥empfighreecivediiomeass staliphg- bdde oxeral jogct brhecep dhprifiidlantray adj ust
its trans%&o?ﬁ&ﬁﬁnél%@?@%ﬁ&d@% ;gne change in the virtual noise figure.

For exanpl e e term na y increasé€ its transmit power level if the
virtual nol®eé6f i glihe tdriomat mey basiec dteatiitorh nbse ﬂggﬁa)decthar@.egn thethguathange i s

positive. -rll_glgﬁf geurr?]ﬁnalthe séprg%erls%as?a%oht %hé e?‘rpls a)pgdAestt F';[S Veslml foxx;err]e virtual
noi se figure Mpas e srarion roe S

negati ve. [e@@l@ia]sed\/orr thaa:lharrganﬁehef mguarlelorsa;ﬂghree Emeadarﬁpie thelte\rmngl bage station
selection, .interference man \gene tf E wer gontrll% @S des I’tl bed above.
Virtual noi"SE%S U@y ngS Be' JE%H“%“& N3 hHAENSURP SRR B PRI R esss
communi cat ﬂégitade[:lO&@B}heldhaﬁg’eas gesiign, Tiee Rad@alShat Uaficad@its atwealid peera vi rtual
transmt power.|evel for .the base station.. A virtual transm ower | evel
is a hypot i?Féf‘fﬂi ’(faﬂ? W%Eﬁ]s‘i‘ﬁlie e é%gﬁaset HafionnisymBroxed)i ¢4 ’eﬁ’ﬁrfﬁ1 IF)gi’eolﬁn (e.g.

hi gher thagpgga@ife.actual transmt power level at a transmtter. The vi rt ual

transmt povver | evel may reflect a virtual noise figure at the base
station. | W08k d&dityh, n%%eﬁwrﬁt@@r fer dardndQr proviee Haes efetigpgsclectif se figure

delta for interference management, and power control as described above. Virtual noise figure
may also be used for other purposes for wireless communication.
[0068] In one design, a base station may advertise a virtual transmit power level for
the base station. A virtual transmit power level is a hypothetical transmit power level
that may be different from (e.g., higher than) an actual transmit power level at a
transmitter. The virtual transmit power level may reflect a virtual noise figure at the
base station. In one design, the virtual transmit power level and a noise figure delta for

the base station may given as follows:
PTXﬁviItual,m = PTXﬁactual,m + 8NF,m » Eq (22)

8NF,m = PTXﬁvirtual,m - PTXiactual,m ) Eq (23)

where Prx acwal,» 18 the actual transmit power level of base station m, and

PTX virtual,m 18 the virtual transmit power level of base station m.

[0069] As shown in equation (22), the base station may have an actual transmit
power level of Prx actuai,» (In units of dBm) and a noise figure delta of Oxg,» (in units of
dB). The base station may advertise (e.g., to terminals and/or other base stations) a
virtual transmit power level of Prx virtua» (in units of dBm) instead of the noise figure

delta. The virtual transmit power level may be equivalent to the noise figure delta and



the base station may given as follows: P tX virtual,m= P tX actual , m+
NF,m, Eq (22) NPm= P tX virtual, mP tX actual, m, E g (23) where

Pt x_act uawQrenivgi40dse actual transmit power | evel of basePsTasS2@9/om20and P TX
v rtual, is the virtual transmt power |evel of base station m [0069] A s
shown in equation (22), the base station may have an actual transmt power

| evel of Ptx_actuai,m(in units of dBm and a noise figure delta of NF ,"
(in units of dB). The base station nmay’advertise (e.g., to termnals and/or
ot her base stations) a virtual transmt power level of P TX v rtual, (in
units of dBm) instead of the noise figure delta. The virtual transmt power
| evel nay mag beguéfviaherntysttm thitelonon@euppoguexelidebdvartaerderpf boiee figwtul in a
systemt ha1inféjroelsj not support explicit advertisenment of noise figure

i nformation. %] I n anot her design, a base station with an actual
transmt p@o&o] | evielnaherREXgacs bale, {titivn aild aa actnk eadsngup@valdbich o6f NF | "
may advert'hse a virtual t ans@ﬂt ggﬂwer | evel of P. T>ﬁ actual , (t + X and/ or
a virtual heisef i WK ¢t egRwp may advesfise g girtual tapsmil ppierdeyd ot val ue
of x . The,ease Of, X xanlor a dirfRY nfsCri@RPléaal 8y, - L), YortahQitRAs §rrsd at i on
advertises a noise figure degradation of zero or (ii) the base station does
not have capabif k.t Yhe easadiertirse nepyberopleebleiifQ)y de degrstedian pdvertanmdait is
assumed {0, € c7eLo DY deh Ayl Lo AALHSHIBALS, Alon g AIVERLI GEmbil L agsT !
power | evel"Bnd®h6i S8 I'gure 3egra tron Soy 3 factor oft'x & ma?/' b e
al | oned beedusectdgyndae figircaddeedbtimahlliaisi ansmedlt@atbedzaro yedafbuig cel |

| ecti , | j nk, Sl ti i f th i r | | d i nk
oadi ng_ pal PR gR SRSHRELIAR Bk e ER 0R Fite iy Bebl's) based
on measur ethcNRf ofiBandyarailyeed skownk ititl ddinghattect {aldklipndelated3o sdtomg a desi gn

of a process, 300 for selecting a servi base station in a. wreless
communi oat o SHERRGY kDI §INK sig & (Bh b o HBE BT W0 HBYS O3RRe | ons
havi ng di f hat@sir USRMKDT, btcpewiatibe et Son-RHRIELESs ) I Bs@ePSNR@FTEd by a

termnal or some other entity. Information indicative of a virtual noise
figure for2&sencdfovplinkgignsl one pase station may b e received (block 3 12).

Thi's inforguipn FRg. $HIRE a8sigofG prodce300i thit RLtINCI RBvild GWE Gaticd ifhange in

the virtual noise figure, an actual noise figure, a noise )
a wireless communication network, e.g., a heterogeneous network with base stations
having different transmit power levels. Process 300 may be performed by a terminal or
some other entity. Information indicative of a virtual noise figure for each of at least
one base station may be received (block 312). This information may comprise, e.g., the
virtual noise figure, a change in the virtual noise figure, an actual noise figure, a noise
figure delta, an actual transmit power level, a virtual transmit power level, etc. For each
base station, the virtual noise figure may be equal to or higher than the actual noise
figure. The actual and virtual noise figures may be provided in various forms, as
described above. For example, a virtual noise figure may be determined based on (i) an
actual noise figure and a noise figure delta, as shown in equation (4), (ii) a virtual
transmit power level and an actual transmit power level, as shown in equation (23), or
(ii1) some other information.
[0072] A serving base station may be selected based on the virtual noise figure for
cach of the at least one base station (block 314). In one design, downlink received
signal strength for each base station may be determined. An uplink SNR for each base
station may also be determined based on the virtual noise figure for that base station and
other information. The serving base station may then be selected based on the uplink

SNR and the downlink received signal strength for each of the at least one base station.



figure delta, an actual transmt power |level, a virtual transmt power

| evel , etc. For each base station, the virtual noise figure nmay b e equal
to or hi gheroediane3the actual noise figure. The actual amdTaiSze09Ak420DI Se
figures may b e provided in various fornms, as described above. For exanple,
a virtual noise figure may b e determ ned based on (i) an actual noise
figure and a noise figure delta, as shown in equation (4), (ii) a virtua
transmit power |evel and an actual tra®snit power |evel, as shown in
equation (23), or (iii) some other information. [0072] A serving base
station may b e selected based on the virtual noise figure for each of the
at | east ohembabégsﬁbﬂMQmM@bmoﬁﬂHB&hmh%tmmmﬂmkdenghﬁgmmWngmwndeceived

signal str e@g}tﬁsﬁf?{hate Pov%aagl%l\ﬁ{ e!sfl)orid ma seeiecgecf as tfé%servmg@ 10|nnk SNR f or

each base s ion e detarm ned Hase € Vi nolrse figure
for that bdse SBIRahresimlcamdy bt heredetefminebstbisolnte vEhe ¢ erviahg bhsahatiati on may

then b e sel ected based on the upl i e do Ilnk recej ved signal
Sl rongt b £ Brdgkding S pataronane P s Bk MBS he e SROREE T ne' Bace
station w 'Sibtldmﬁlthlt@‘lﬂlghesdﬂplﬁﬂld SKRr#dei y@chlmk goived tsighagithengihcthanis upl i nk
SNR that is above S hr old be sel ected as the servi.ng base
stati on. Tﬁ‘éOVSﬂlngP E‘r@?ﬁ‘ ?%ﬁ‘?jgmﬁ}y&e e e SR edipsoititon: 3&? f}%‘g%
relative vatkdmgthtthaﬁ:tshdl@ iy e edat&idinied sBicsitansee br @mIithe Jaivghrstis Wpl i nk
SNR. I n anot her deS|(gsﬁn, t he base station with the hi hest upl ink SNR and a
%C

downl i nk r BEEstgEHN] ¢ Sepdhgyhigheshdawnligk sepiyed Hengl @fFf‘égt stlhedgtiRet hr eshol d

may be sel 3£s1é‘§ﬁt1§t§mﬁ}hﬁs§§ers\éleeﬂd9§s§@oﬁB@f&l‘&ﬁerlaThe signal strength threshold
may be a predeterm ned absolute value or a relative value that is a

predet er m H¥d3Hi sariwdnk Pk fohéc Reryine Sescdifian mMak be deteinviaed! beseshed thet r engt h.
The servi ng.:haseiss tf%hfe%r RYsAHRPbRE BRLREEIE PAIed R %9% Llekgr i a.

[0073] An uplink SNR for the serving base station nmay be determ ned based
on the act beted poitwaipfing§N Hothe shrgingdesd sijiobablecksiidi.i Bata(ylydsksed1®) . A rate

my be sel ggtgy ggp@ﬁg\eqo steR ngg §§10§gﬁogko3rzoﬁ he serving base station (bl ock

318). Data may be sent at t ecte rate to the serving base station
(bl ock 320]J007#10074he Tﬂa@l@t’oesengtabuSenaeft ht i solectadybybéhes edrmoteb dakyd bhe

term nal DSt LALRLIRS hol AR KIS G GLILMR, oo et vod, 1T om

base stations and/ or ‘term nal erna The“t er mi nal
may send péy tthmtemhmalnfftitemlmttwdm, 11110 tegmlomb enay send pertinent information to a base

station, which may then select the serving base station for the terminal.

[0075] FIG. 4 shows a design of an apparatus 400 for selecting a serving base
station. Apparatus 400 includes a module 412 to receive information indicative of a
virtual noise figure for each of at least one base station, a module 414 to select a serving
base station based on the virtual noise figure for each of the at least one base station, a
module 416 to determine an uplink SNR for the serving base station based on an actual
noise figure for the serving base station, a module 418 to select a rate based on the
uplink SNR for the serving base station, and a module 420 to send data at the selected
rate to the serving base station.

[0076] FIG. 5 shows a design of a process 500 for supporting serving base station
selection in a wireless (e.g., heterogeneous) communication network. Process 500 may
be performed by a base station or some other entity. A virtual noise figure for a base
station may be determined, e.g., based on a transmit power level for the base station, a
reference transmit power level, and an actual noise figure for the base station, as shown
in equations (4) and (6) (block 512). Information indicative of the virtual noise figure
for the base station may be sent (block 514). An access request or a handoff request

may be received from a terminal, with the terminal selecting the base station based on



station, which may then select the serving base station for the term nal.
[0075] FIG 4 shows a design of an apparatus 400 for selecting a serving
base st atworoovMgpanat us 400 i ncl udes a nodul e 412 to re®ers2mder2omt i on
indicative of a virtual noise figure for each of at |east one base station,
a nodul e 414 to select a serving base station based on the virtual noise
figure for each of the at | east one base station, a nodule 416 to determ ne
an uplink SNR for the serving base std?ion based on an actual noise figure
for the serving base station, a nodule 418 to select a rate based on the
uplink SNR for the serving base station, and a nodule 420 to send data at
the sel ect é¢ virta noise fipree d@rthé bge bagen Makison. POY¥EY bFIIE tednisdans a design
i rol bss (B e R R PSR S e By SR el Ty e
performed biB)a base station or sone other entity. A virtual noise figure

tor tho- oalB78 ac FAT St &L Fra@fetep Riror SherBni A BBFual noi s

figure for statien M@aoﬁst Appaius 860 Hle0ides umncﬂquaallzqasde(eﬁinnaram&ﬁn)l npBkock 512).
I nformati o tive of the |rtual eflﬂd?ﬁ?“fforﬁﬁt_fge baestatlon may

be sent (brFll‘é‘(‘:rﬁ Y Apse skafiof A medy ‘?@q“d@@f“ P OEMHQ atiy @ "s‘t’“’t VOBe recei ved

froma termymalfor Vet Basd batidre raninb@llc $€6 €F kdcBige tah@icAs Geqabator @Nhdaased ont he
virtual noise figure faor the base station (bl ock 516). Data sent by t he

termnal atedgest &9@ aternapdl eWitlh e derminsl ﬁ%tla%flﬁ&ﬁserﬁeﬂt@é bpsed gpdheriialhe base
station mayikennRe Rl MRbaldNARK, 2d@)moduRBIELo febGve HuSRAVE, Be HERIngMNt0f an

apparatus 600 for supporting serving base station selection. Apparatus 600
i ncl udes aaﬁ%mﬂl@teémseﬁ@n@@taémfﬁ aseiguro oy e birgis@EoR. gure for a base

station, aigBap! erpgs 7t & Heng demgﬁ)rm &ebs”%(?%ﬂ Yerfmidd Sukdidddd! noi se

figure for the base station, a nbdul e to receive an access request or a
handof f r eq@e@emfentdmaaw@%m(mt hetvﬁogwe@Wé ceramphipiongetvexl.i AypcehdOhase

station b a%f b?%g%f%gﬁg)gta%se E'tgi!lﬁ‘le oglléro?ne]} %ﬁtlt?h% pl?tﬁ'ﬁ oA gﬁl% » foft
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(e.g., heterogeneou ion ne
loading indicator (e g., an overload indicator) for the base station may be determined

based on the loading parameter and the virtual noise figure for the base station (block
716). In one design of block 716, the loading parameter may be compared against a
threshold, and the loading indicator may be set based on the comparison result. Either
the loading parameter or the threshold may be determined based on the virtual noise
figure for the base station. The loading indicator may be transmitted (e.g., broadcast) to
terminals, which may adjust their transmit power levels based on the loading indicator
(block 718).

[0079] FIG. 8 shows a design of an apparatus 800 for performing interference
management. Apparatus 800 includes a module 812 to determine a virtual noise figure
for a base station, a module 814 to determine a loading parameter indicative of loading
at the base station, a module 816 to determine a loading indicator for the base station
based on the loading parameter and the virtual noise figure for the base station, and a
module 818 to transmit the loading indicator to terminals.

[0080] FIG. 9 shows a design of a process 900 for performing power control in a
wireless (e.g., heterogeneous) communication network. Process 900 may be performed
by a base station or some other entity. A virtual noise figure for a base station may be

determined (block 912). Rececived signal quality (e.g., SNR, CoT or C/I) may be



may be perfornmed by a base station or sone other entity. A virtual noise
figure for a base station nay be determ ned (block 712). A | oading

par anet erwQesgp/140@a | oT or an RoT) indicative of | oadi ngCatustéve/obess
station may be determ ned (bl ock 714). A loading indicator (e.g., an
overload indicator) for the base station may be determ ned based on the

| oadi ng paraneter and the virtual noise figure for the base station (bl ock
716). In one design of block 716, the20oadi ng paraneter may be conpared
agai nst a threshold, and the | oading indicator nay be set based on the
conparison result. Either the |oading paraneter or the threshold may be
det er m nedd@eseukdofor & hemnat butht bawi saiofi(gluckedfOr A hevdyasetrdtcatinend The

| oadi ng i ndi_cat or be trapsm.tted.(e. q.. broadcast) to termpals, which
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FIG 9 shows a design of a process 900 for perform ng power control in a

wirel ess (&egeceividsigndgaidnosic tesiheldi ¢ht POYFT ARIRO FRIMPHlgREkS s90id° nay be

perforned By @nlids$SviSdiAhd 0o Qr itS@MBmALORE 1I8RY hécxsfdn%w{b!ldcu@hg)noi se figure
for a base station nm eterm ned (block 912). Received signal quality
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signal qualrty and the virtual noise figure (bl oc one design, a
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recei ved signal quali may eterm ne ased on the virtual nolse
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agai nst th@o&lﬁﬁffh%eqe}n%nﬁeterm ne the power control command. The virtual
noi se figure nay BEGCEKEN i nto account in either the received si gnal
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wireless (e.g., heterogencous) communication network. Process 1100 may be
performed by a terminal or some other entity. The terminal may receive information
indicative of a virtual noise figure for a base station (block 1112). This information
may comprise any of the information described above. The terminal may determine its
transmit power level based on the virtual noise figure for the base station (block 1114).
The terminal may receive power control commands from the base station (block 1116)
and may adjust its transmit power level based on the power control commands (block
1118).

[0083] In one design of block 1114, the terminal may determine an offset based on
the virtual noise figure for the base station. The terminal may then set the transmit
power level for a first channel based on a second transmit power level for a second
channel plus the offset, e.g., as shown in equation (21). The first and second channels
may be any of the channels mentioned above. The offset may further include a portion
(e.g., a nominal power offset Aj, between the first and second channels) that may be

known to the terminal or sent by the base station to the terminal.



the termnal, which may adjust its transmt power |evel accordingly (bl ock
918). [0081] FIG 10 shows a design of an apparatus 1000 for performng
power corwoabos/1apgar at us 1000 i ncl udes a nodul e 1012 t oPdetuseonooe4285 vi rt ual
noi se figure for a base station, a nodule 1014 to determ ne received signa
quality for a termnal at the base station, a nodule 1016 to generate a
power control conmand based on the received signal quality and the virtual
noi se figure, and a nodule 1018 to seAd the power control conmand to the
termnal. [0082] FIG 11 shows a design of a process 1100 for perform ng
power control in a wireless (e.g., heterogeneous) comuni cation network.
Process 11(@8#ky bemmﬁﬁfdﬂnmdﬁmymhlﬂEVﬂwnaMﬁmﬂn@@mbwUDMeaCEn@bhymeThe
term nal tion.in e of. a,vi.rtu e figure for a
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| evel based on thf Vi rt noi se fi qur e for th Qagﬁlst t (Elock 1114).
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first channel based on a second transmt power |evel for a second channel
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[0087] FIG. 13 shows a block diagram of a design of terminal 110 and base station
120. Base station 122 in FIG. 1 may be implemented in similar manner as base station
120. Base station 120 may be equipped with T antennas 1334a through 1334t, and
terminal 110 may be equipped with R antennas 1352a through 1352r, where in general
T>1and R2>1.

[0088] At base station 120, a transmit processor 1320 may receive data for one or
more terminals from a data source 1312, process (e.g., encode and modulate) the data
for each terminal based on one or more modulation and coding schemes, and provide
data symbols for all terminals. Transmit processor 1320 may also receive control
information (e.g., information for actual and/or virtual noise figures, transmit power
level, etc.) from a controller/ processor 1340, process the information, and provide
control symbols. A transmit (TX) multiple-input multiple-output (MIMO) processor
1330 may multiplex the data symbols, the control symbols, and pilot symbols.
Processor 1330 may further process (e.g., precode) the multiplexed symbols and provide
T output symbol streams to T modulators (MOD) 1332a through 1332t. Each
modulator 1332 may process a respective output symbol stream (e.g., for OFDM,

CDMA, etc.) to obtain an output sample stream. Each modulator 1332 may further



the change is negative. [0085] FIG 12 shows a design of an apparatus 1200
for perform ng power control. Apparatus 1200 includes a nodule 1212 to
recei ve iwbaomaudea i ndicative of a virtual noise figur@CrarS2e9loaes
station, a nodule 1214 to determne a transmt power |evel for a termnal
based on the virtual noise figure for the base station, a nodule 1216 to
recei ve power control conmands fromthe base station, and a nodule 1218 to
adj ust the transmit power |evel of thé2termni nal based on the power control
commands. [0086] The nodules in FIGS. 4, 6, 8, 10 and 12 nmay conprise
processors, electronics devices, hardware devices, electronics conponents,
| ogi cal ci pmqi:ss Se g.nemwert wsanaleg.amplidy, ﬁantyamtmiobmttbmnoummrsauble site987] FI G
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control infor matl on ., Iinformation for actual and/or virtual noise

figures, tF&RYH tsalmie@eﬁnq éw furthgreprpeesy i eceiyet PyTRlEY fe-Hr f3eQEBM: 1340,

process t hepnmk QhdTRlol BRin RBLvVRI iﬂbgﬁ AONINION deRXIIP OB SD mdY @A Mitvid TX)
mul ti pl e-i nput nul ti pl e- out put rocessor 1330 may nultiplex the data

symbol s, t Hefe@digataathe ggeatyed sym %Iffﬁl’nl @FRSWP@OYSPH%M orem B¥dr iy f urt her
process (e, @Dlmmé)%gq)?aw&éﬁ@et&wdt g&b@%eg& &-xabggl%c@s@@l RHO a6 rdocQuihpUt symyaol

streans to T nodul ators 2a through 13321 Each nodul ator 1332 ma
process a d@sqs@hﬁym@lﬁamr@me éﬁgﬁﬁw dafe deraterrisalgl 10 foop darRDVAk CBRAanétc.) to
obtain an g%&fa‘étdeéo%@%o‘?m%fﬁfo?@h dﬁ%?%ﬁ%‘t‘lkﬁé{% sshid39gray furtherprocess
(e.g., convert to analog, { ter, nd upconvert) the output sanple
streamto 098 n &ndibovublimrkk astegmallal 110, detarfranmik d&iagsvales 13778 mmdrodattadt or s

1332a thr Oﬂg&nﬁaﬁaﬁ? t(e.g., information identifying a selected serving base station) from
controller/processor 1390 may be processed by a transmit processor 1380, precoded by
a TX MIMO processor 1382 (if applicable), conditioned by modulators 1354a through
1354r, and transmitted via antennas 1352a through 1352r. At base station 120, the
uplink signals from terminal 110 may be received by antennas 1334, conditioned by
demodulators 1332, detected by a MIMO detector 1336, and processed by a receive
processor 1338 to obtain the data and control information transmitted by terminal 110.
A channel processor 1394 may make measurements for parameters (e.g., downlink
received signal strength, downlink SNR, uplink SNR, etc.) used for serving base station
selection and data transmission.
[0091] Controllers/processors 1340 and 1390 may direct the operation at base
station 120 and terminal 110, respectively. Controller/processor 1340 and/or other
modules at base station 120 may perform or direct process 300 in FIG. 3, process 500 in
FIG. 5, process 700 in FIG. 7, process 900 in FIG. 9, and/or other processes for the
techniques described herein.  Controller/processor 1390 and/or other modules at
terminal 110 may perform or direct process 300 in FIG. 3, process 1100 in FIG. 11,
and/or other processes for the techniques described herein. Memories 1342 and 1392
may store data and program codes for base station 120 and terminal 110, respectively.

A scheduler 1344 may schedule terminals for transmissions on the downlink and/or



may be transmitted via T antennas 1334a through 1334t, respectively. [0089]
At termnal 110, R antennas 1352a through 1352r may receive the downlink

si gnal s fwormniyaitesgt ati on 120 and nay provi de recei ved PCHASBR@I0®4205
denodul ators (DEMOD) 1354a through 1354r, respectively. Each denodul at or
1354 may condition (e.g., filter, anplify, downconvert, and digitize) a
respective received signal to obtain received sanples and may furt her
process the received sanples (e.g., fé8 OFDM CDMA, etc.) to obtain

recei ved synbols. A M MO detector 1360 may perform M MO detection on the
recei ved synbols fromall R denodul ators 1354a through 1354r (if
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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.

[0094] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[0095] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed

by a processor, or in a combination of the two. A software module may reside in



and/ or other processes for the techni ques described herein. Menories 1342
and 1392 may store data and program codes for base station 120 and term nal
110, respwot2omel4ye34A schedul er 1344 may schedul e ter m n&CI/USEE09/044205

transm ssions on the downlink and/oruplink and may assign resources to the
schedul ed term nals. A conmmunication (Comm) unit 1346 nmay support

comuni cation with network controller 130 via the backhaul. [0092] Those of
skill in the art woul d understand thaf4information and signals nmay be
represented using any of a variety of different technol ogi es and

techni ques. For exanple, data, instructions, commands, information,
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gener al pur pose p oces M Cr Opr 0Cess ernatlve
t he proces Qmposm;on’qmter By Way of example, and not hmltatlon 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 means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[0097] The previous description of the disclosure is provided to enable any person

skilled in the art to make or use the disclosure. Various modifications to the disclosure



any conventional processor, controller, mcrocontroller, or state machine.
A processor may al so be inplenented as a conbi nati on of conputing devices,
e.g., a cvobzevaden of a DSP and a m croprocessor, a pl rcaluise§oomi4205

m Croprocessors, one Oor nbre m croprocessors in conjunction with a DSP
core, or any other such configuration. [0095] The steps of a nethod or

al gorithm described in connection with the disclosure herein nay be
enbodi ed directly in hardware, in a séftware nodul e executed by a
processor, or in a conbination of the two. A software nodul e may reside

i NRAM nenory, flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi st ers, wilhbel raiddk apmrane hothakd skilttidsik ,th@a€CDnROM gorriapyinoplhedeffrod m of

st orage medi um known An exe a nedi.um i s upled to
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aIternativpnnmmes@ﬂm@@ﬂﬁ@hu@nﬁumhaiEi@nage medi um nay reside as discrete
conmponents in a user termnal. [0096] In one or nore exenplary designs, the
functions described nay be inplenented in hardware, software, firmware, or
any conbi nggoogn t verkafis difaivpbasented in software, the functions may be
stored on or transmtted over as one or nore instructions or code on a
conput er -r eadabl e medi um Conput er-readabl e nedi a i ncl udes both conput er
storage nedia and communi cation nedia including any nediumthat facilitates
transfer of a conmputer programfrom one place to another. A storage nedia
may be any avail abl e nedia that can be accessed by a general purpose or
speci al purpose conputer. By way of exanple, and not limtation, such
conput er -readabl e nedi a can conpri se RAM ROM EEPROM CD- ROM or ot her
optical disk storage, magnetic di sk storage or other magnetic storage

devi ces, or any other nmediumthat can be used to carry or store desired
program code nmeans in the formof instructions or data structures and that
can be accessed by a general -purpose or special - purpose conputer, or a
general - pur pose or speci al - purpose processor. Al so, any connection is
properly termed a conputer-readable nmedium For exanple, if the software is
transmtted froma



website, server, or other renbte source using a coaxial cable, fiber optic
cable, twisted pair, digital subscriber line (DSL), or wreless

t echnol ogvexoeahe3as i nfrared, radi o, and m crowave, theaTiuseooooasensl

cable, fiber optic cable, twisted pair, DSL, or wireless technol ogi es such
as infrared, radio, and mcrowave are included in the definition of medium
Di sk and disc, as used herein, includes conpact disc (CD), |aser disc,
optical disc, digital versatile disc @OVD), floppy disk and blu-ray disc
where di sks usually reproduce data nmagnetically, while discs reproduce data
optically with lasers. Conbinations of the above should al so be included
within the scope of conputerreadable nmedia. [0097] The previous description
of the disclosure is provided to enable any person skilled in the art to
make or use the disclosure. VariouIhn@MS cations to the disclosurew || be
readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations w thout departing from
the spirit or spope‘QﬁwﬁggﬁqMﬁ&€§§aﬁﬁnmﬁgM§m(%Q@Hgdéclosure i's not intended
to be linmted to the exanpl es and designs described herein but is to be
accorded the vvi@e@tfing@d@r@a@@nmd@a@mof\mmuad heispfiguie fqlcech efrdiloagwak f eat ures
di scl osed ferel.fon:AP98] WHAT IS CLAIMED | S:CLAIMS 1. A nethod for wireless
connunlcatlon conprising: receiving information indicative of a virtual

noi se figure famksamha@ﬂvmgbweasmomhgwbaséuswamﬂmnmeagme§@ksdtDﬁ@ea serving
base statloteb S%ﬁ% Jhﬁhﬁ virtual noise figure for each of the at |east one
base stati on. Ethod of claim1l1, wherein the information indicative
of the virtual noise figure for each base station conprises the virtua

noi se figure, noi figure d Lt [ a Vi transmt wer. vel for
the base statio ?ﬁ$ Hé& "Bf ?ﬁ%?“@%g?@Whm?ﬁ@“@ﬁg eﬁﬂ??g
|nd|cat|venameﬁ@ﬁeﬁn@mm&hunmh&ﬁcbmgukeﬂkamm&aﬁ&ybagm;smameﬁgme@amr|ses a
factor of x, ere x i encg between a virtual transmt power |eve

and an act85?VTWﬁﬁ@ﬂ??iB%ﬂﬁﬂm@E$E@€ ¥ StHe"pase station or an offset froma

noi se figure delta for the base station

3. The method of claim 1, wherein the information indicative of the virtual
noise figure for each base station comprises a factor of x, where x is a difference
between a virtual transmit power level and an actual transmit power level for the base

station or an offset from a noise figure delta for the base station.

4. The method of claim 1, further comprising:

determining an uplink signal-to-noise ratio (SNR) for each of the at least one
base station based on the virtual noise figure for the base station, and wherein the
selecting the serving base station comprises selecting the serving base station based on

the uplink SNR for each of the at least one base station.

5. The method of claim 4, further comprising:

determining a downlink received signal strength for each of the at least one base
station, and wherein the selecting the serving base station comprises selecting the
serving base station based further on the downlink received signal strength for each of

the at least one base station.



4. The nmethod of claim 1, further conprising: determ ning an uplink

signal -to-noise ratio (SNR) for each of the at | east one base station based
on the viwouadd/ranidge figure for the base station, and wreraispomoes20&! ecti ng
the serving base station conprises selecting the serving base station based
on the uplink SNR for each of the at |east one base station. 5. The nethod
of claim4, further conprising: determning a dowlink received signal
strength for each of the at |east oneZbase station, and wherein the

sel ecting the serving base station conprises selecting the serving base
station based further on the downlink received signal strength for each of
the at | east one baskeshahodoof Gainil hewhetindhe efﬂeo(cihgithn &rvingh baseistmtivhe
selecting the servi baes tio ri.Ses ect.in se station with
a hi ghestg SRR ERE T B saf%gnalnths?ﬁ‘r St OW“ﬁ“ an up 1%%P§ﬁﬂg§bo@e a

t hreshol d alsulblhﬁS'NRakiongaﬁmholﬂtaathle@ﬂvmg basTEh;atlmat hod of claimb5, wherein
the selecting the serving base station conprises selecting a base station
wi th a highest uplink SNR and a downlink received signal strength above a
threshol d as the serficngeth@sef stiat 5.0wher8in tﬂ'&eelémh@(ﬂﬁb iniﬁg ahsnslatioh ur t her

conpri sing: receivin |nformat|on|nd catlv n ise. figure for
the servin§OBEEEs & ?i:gfl%ﬁbaﬁﬁ’egfaéltoﬁ“ﬁfhr?g ghestm PEI@@ @‘%’a"’r hr’i‘glrgcé“’tegtl 0 (SNR)
for the serghdgrhpgrabol@d ineRhdlasetie tvinpBasGlatiah. noi se fl gure; selecting a
rate based on the uplink SNR for the serving base station; and sendi ng data

at the selected rate to the serving base station. 9. The nethod of claim1,

wherein the at g;eastT@%tmﬁ%@cgrm|fgﬁh&@ggg5ﬂl§@gs mul tiple base stations
having different transmt power |evels. 10. The nethod of claim 1, wherein

the receiving iedviratnfomagian indicatisepben peigpl aokefignisglop disesesiting basA are
performed py;a.termnal. 11. The nethod of claim 1, wherein the receiving
information and the selecting a serving base station are perforned by one
of the at | east daeymiyag an yplitkj agnal-to-noise ratio (SNR) for the serving base station

based on the actual noise figure;
selecting a rate based on the uplink SNR for the serving base station; and

sending data at the selected rate to the serving base station.

9. The method of claim 1, wherein the at least one base station comprises

multiple base stations having different transmit power levels.

10. The method of claim 1, wherein the receiving information and the

selecting a serving base station are performed by a terminal.

11. The method of claim 1, wherein the receiving information and the

selecting a serving base station are performed by one of the at least one base station.

12.  An apparatus for wireless communication, comprising:

means for receiving information indicative of a virtual noise figure for each of at
least one base station; and

means for selecting a serving base station based on the virtual noise figure for

each of the at least one base station.

13. The apparatus of claim 12, further comprising:



12. An apparatus for wreless comunication, conprising: nmeans for
receiving information indicative of a virtual noise figure for each of at
| east onewbas@®@/=”b@ti on; and nmeans for selecting a servi RGTHSI@IDIEDF On
based on the virtual noise figure for each of the at |east one base
station. 13. The apparatus of claim 12, further conprising: nmeans for
determ ning an uplink signal-to-noise ratio (SNR) for each of the at |east
one base station based on the virtual 28oise figure for the base station,
and wherein the neans for selecting the serving base station conprises
means for selecting the serving base station based on the uplink SNR for
each of the at meaﬁﬁbmmmﬂmQSEgataﬂmbmgnmﬁoﬁbherapp@®ﬁﬂdsr@ﬁhof&wnul3,
further conpr.i Si a r.deter d Leceiy na
strength f g%)st eo{glleC Egsefsp?lﬂn gaste(? LU Se,[vn’(t)unen 1sc9fégur Po\t/rwﬁlentzase %flon an%dwﬁer%%e Means
for selectﬂmgmbmﬁ1bes&umggbmsamegﬂmﬁnmmmmpmMQQSemaams ﬁmmeﬁﬁhgcmbng t he

serving base statio ed, further e d i nk, recei ved signal strength
For each orine oh SPadtER e B aguclie R oS FT heplich 55 MEESEUATE) o7 55
further conprising: nmeans for receiving information indicative of an act ual

noi se figure for, the_servin S means for determ ning an uplink
signal-to-noiseﬂ%ati e@@Nﬁfgyg% ég§%P@?ﬁ§mB%%@gstatlon based on the

actual noise figume,fomBafmififd asRWaGAl RQeided bl Rasth &R dabieofipleisak SNR for
t he serving base station; and means for sending data at the selected rate

to the ser VPHPISA®se sptign gad whgreinfhemepas Apr sl qCBng Wer srdes bessmiatial cat i on,

conpri si NYeorfprisk® ARAnsORE sdIEBRE Mer\ﬁﬁ%%dsg ldfaﬁgn Bﬁ%eﬁ %ﬁﬁiey &n 1 @wHhk on
i ndi cative of a virtual noise @ﬁure each of at | east one base station,

and to sel &seived Ygnalstregethdercash aftthod lepakwg base stasenvi rt ual noi se figure for
each of the at | east one base station. 17. The apparatus of claim 16,
wherein the at | east one processor is configured to determ ne an uplink

si gnal - t 0- noi sel¥ at i Tdic@EppaRytuf grcleemdB, fpftharisemptisingast

means for receiving information indicative of an actual noise figure for the
serving base station;

means for determining an uplink signal-to-noise ratio (SNR) for the serving base
station based on the actual noise figure;

means for selecting a rate based on the uplink SNR for the serving base station;
and

means for sending data at the selected rate to the serving base station.

16.  An apparatus for wireless communication, comprising:
at least one processor configured to receive information indicative of a virtual
noise figure for each of at least one base station, and to select a serving base station

based on the virtual noise figure for each of the at least one base station.

17. The apparatus of claim 16, wherein the at least one processor is
configured to determine an uplink signal-to-noise ratio (SNR) for each of the at least
one base station based on the virtual noise figure for the base station, and to select the

serving base station based on the uplink SNR for each of the at least one base station.

18. The apparatus of claim 17, wherein the at least one processor is

configured to determine a downlink received signal strength for each of the at least one



one base station based on the virtual noise figure for the base station,
and to select the serving base station based on the uplink SNR for each of
the at | esiot2oemgodsase station. 18. The apparatus of cl aPeraB2000t0e42e5 n t he
at | east one processor is configured to determ ne a downlink received
signal strength for each of the at |east onebase station, and to select the
serving base station based further on the downlink received signal strength
for each of the at |east one base staBon. 19. The apparatus of claim 16,
wherein the at | east one processor is configured to receive information

i ndi cative of an actual noise figure for the serving base station, to
det er mi ne amcuwdtionk aigl gnadledt chnoirsmgriané ota(i@NRyscfl durthdreons érevdavglinkse
station based op..the actual noise, fi.gur 0 sel.ect a rate based on the

apt i nk SR oy e fGon AR SGpc e fong bR REEE gt a at the sel ect ed
rate to the serving base station. 20. A conputer program product,

conprising: ac ut.er-readabl e di C r.isjng. .code for causi.ng at

| east one conputer {ﬁwr@%ﬁng ?%E%Fﬂ;ﬁ%dﬁggﬂﬁfh%ting 1% RIPFP0A1 ™ noi se
figure for cedigbreafto aécelvedsforriidnlingieativt aff iapnctualnebiofikeird Gir thamsiiag t he at

| east one conputer to select a serving base stati based on.the virtua
noi se fi gug%*efSE?r“%a‘(?hdeEPFmt‘ﬁeana‘fpinéb‘éfl%étﬁéloﬁ%%msés )otﬁr ﬁ@ls.ewﬂl%%sﬁod for

Wi reless comidtbasat drOfe a@QITMbIsS FR@e, 15 SE16dt AGat BhRN BRkAplihOINRALI e of a
virtual noise figure for a base station; and receiving an access request or
a handof f F@YO8LICrRton. and torssichdata atihpselegiedraiato theicadng bige st hase stati on
based on the virtual noise figure for the base station. 22. The nethod of
claim?21l, wherein the information indicative of the virtual noise figure
for the base st#ti o EYRPHITPEREraMBIOPHIGH GAIPTIABE'se figure, a noise figure

delta, or a virfual, i39It RGN cohB¥ighef Or the base station. 23. The

met hod of claim 21, further conprising: determning the virtual noise
figure based on a t rcafAsfircaypoweat lqashaik chaputthie rpepses igfoamition iadiebtiaer ef er ence

transmit pgi"\ﬂmhﬁ‘ﬁ%{iegggg(g&};%gcﬂ*ﬁ‘a?fégst%eﬁds@%t% Sapgtherein the virtual noise

figure is determ ne rther on an actual "noise figure for the base
station. code for causing the at least one computer to select a serving base station

based on the virtual noise figure for each of the at least one base station.

21. A method for wireless communication, comprising;:
sending information indicative of a virtual noise figure for a base station; and
receiving an access request or a handoff request from a terminal, the terminal

selecting the base station based on the virtual noise figure for the base station.

22. The method of claim 21, wherein the information indicative of the virtual
noise figure for the base station comprises the virtual noise figure, a noise figure delta,

or a virtual transmit power level for the base station.
23. The method of claim 21, further comprising:
determining the virtual noise figure based on a transmit power level for the base

station and a reference transmit power level.

24, The method of claim 23, wherein the virtual noise figure is determined

based further on an actual noise figure for the base station.

25. The method of claim 21, further comprising:



25. The nethod of claim 21, further conprising:sending information

i ndi cative of an actual noise figure for the base station, the actual noise
figure bewogodoomes3st han the virtual noise figure; and r@ceivseeng/odadn sent
by the termnal at a rate sel ected based on the actual noise figure for the
base station. 26. The nethod of claim 21, further conprising: sending
information indicative of a transmt power |evel for the base station,
wherein the base station is selected B@sed further on the transmit power

| evel . 27. An apparatus for w reless comunication, conprising: neans for
sending information indicative of a virtual noise figure for a base
station; and nesnding dlrfomem.ielil izidivgti‘a%mfam@etslsl reegUesite or the bagndaion, thequest
froma termurllaei blseﬁ » gem Ewe %tvﬁ lrtlorfs%ztba§e St ation based on the
virtual noirse fi gur% For's Base Ssta BUThRE apparatus of claim 27,
further conpri Steugwngﬂataﬁielftdjy tﬁeteemnmhatnagratehﬂ&lwtedtbuﬂh anahs ecthdlgoise based on
a transmtf%V\@r vel tor the base station and a reference transmt power
level . 29. "BHE&TYSPAAT U_"Ss claim 27, further conprising: means for sending
i nformation indi catlve of an actual noi se figure for the base station, the
actual noise fi ,@g | .o f E the virtual noise figure; and neans
for receiving d ag@?dtq\ﬁea’tné ﬁmer&?m@“}%e sel ect ed based on the
actual noise fi@ﬁﬂlﬁg flﬁbrnﬁatm@n bageutist af lanhnsrﬁ@ ofeMRVH0™r tHRIbawt k@ligs s

communi cati on,  conprising:. determ ni oadi ng paraneter_ indi cative of

n
| oadi ng at WActisicthe basaptrint is srleciqdrapnd ﬁ‘gﬂlaer P%&mtwgsmlhm%f‘éﬂqyﬁ for the base
station based on the | oading paraneter and a virtual noise figure for the
base station; and transmitting the |oading indicator to termnals. 31. The
met hod of cl ai M3B0, ALFPRERS SImEFAlesh pREETAtRILIFOMGTEAS vi rtual noi se figure

based on a trangm fQP%Eh %‘%}{féhnit%h ﬁlﬁigatﬁz@%? SHRbAIIRN R FRTLhRECE

transmt power |evel he net hod claim 30, wherein the determ ning
t he | oadi ngtaipem anket er

means for receiving an access request or a handoff request from a terminal, the

terminal selecting the base station based on the virtual noise figure for the base station.

28. The apparatus of claim 27, further comprising:
means for determining the virtual noise figure based on a transmit power level

for the base station and a reference transmit power level.

29. The apparatus of claim 27, further comprising:

means for sending information indicative of an actual noise figure for the base
station, the actual noise figure being lower than the virtual noise figure; and

means for receiving data sent by the terminal at a rate selected based on the

actual noise figure for the base station.

30. A method for wireless communication, comprising:

determining a loading parameter indicative of loading at a base station;

determining a loading indicator for the base station based on the loading
parameter and a virtual noise figure for the base station; and

transmitting the loading indicator to terminals.

31. The method of claim 30, further comprising:



conprises determning an interference-over-thermal (l10T) or a

ri se-over-thermal (RoT) as the |oading paraneter for the base station. 33.
The met howoabosl4eé3m 30, wherein the determ ning the | oagCmgseevdiogeddr
conprises conparing the |oading paraneter against a threshold, the | oading
paranmeter or the threshold being determ ned based on the virtual noise
figure for the base station, and setting the |oading indicator based on
conparison result. 34. An apparatus féF wirel ess communication, conprising:
means for determ ning a | oading paraneter indicative of |oading at a base
station; nmeans for determning a |loading indicator for the base station
based on the | odatiirmipimatha vetuel nasedigarahastdual a moiseg poivguleeel ffarthe base base
station; a“&ﬁ&?%ﬁ%m&%&ntQ%%%Hhtt&gqe&fe | oadi ng i ndicator to termnals. 35.
The appar atus of “CI"arm 34, Fur Phey coripri sing: neans for determ ning the
virtual noise figure based on a transmt power |level for the base station

and a reference,fransmt power_ level.. 36. The apparatu f claim 34,

Wher e n the meals. f omR BT 4G DrEn e G S AT e B ERE reans for
det er m ni ngoraprisen i@t e inddtREenthrevdiherhphlaT)T) i adistios@-thstaiat (Rvan mal ( RoT)
as the | oadi arameter for the base station. 37. The apparatus of claim
34, mhereiﬁsggggﬁgﬁﬁ?aﬁﬁ?r SIS PRIt he | oadi ng i ndi cator conprises neans
for conparing the |oading paraneter against a threshold, the | oading
parameter or the threshold being determ ned based on the virtual noise
figure for the base dedpstine ofgitimelhavheshn bedeteryningdhy Wading §disitr cat or
based on cg, dkson result. 38. A nethod for wrel ess conmmuni cati on,
conprising: determning received signal quality for a termnal at a base
station; gener a¢dnmgriag gﬁvl@%dl%mr%rmterc%gmwwthwg@é, B ledBgrmapsiore 9T si gnal

qual ity angeqnHbidRingRic3Rinkd B4ELL BE viRE RASGicalcdh! AP bas@¥tion, and

setting the loading indicator based on comparison result.

34.  An apparatus for wireless communication, comprising:

means for determining a loading parameter indicative of loading at a base
station;

means for determining a loading indicator for the base station based on the
loading parameter and a virtual noise figure for the base station; and

means for transmitting the loading indicator to terminals.

35. The apparatus of claim 34, further comprising:
means for determining the virtual noise figure based on a transmit power level

for the base station and a reference transmit power level.

36. The apparatus of claim 34, wherein the means for determining the
loading parameter comprises means for determining an interference-over-thermal (IoT)

or a rise-over-thermal (RoT) as the loading parameter for the base station.

37. The apparatus of claim 34, wherein the means for determining the
loading indicator comprises

means for comparing the loading parameter against a threshold, the loading
parameter or the threshold being determined based on the virtual noise figure for the

base station, and



sendi ng the power control command to the termnal. 39. The nethod of claim
38, further conprising: determning the virtual noise figure based on a
transmt wowees/l4e68el for the base station and a ref er en®eTtusassmif20powner

| evel . 40. The nmethod of claim 38, wherein the determ ning the received
signal quality conprises determning a signal-to-noise ratio (SNR), a
carrier-over-thermal (CoT), or a carrier-to-interference ratio (C/l) for
the terminal at the base station. 41.32An apparatus for wireless

comuni cation, conprising: neans for determ ning received signal quality
for a termnal at a base station; means for generating a power control
conmmand based omednkdorrsettieg the doadingnadicatprdbscd yn apdpaisvn resdal noi se figure for
t he base station; and neans for sending the power control command to the
termnal. 42. The apparatus of claim4l, further conprising: neans for
determ ni ng t he3d i r tAlakthod f@evifelgueenasatdonromptisiapism t power | evel for

the base station and.a reference transmt paower |evel. .43. The apparatus of
claim 4L, wher it PR EECEAET e R0 I wEMPHE § BSEPOUI si gnal qual i ty
conpri ses mneansgdnefatiaked powdritongol @oMh@ndbast® om tHeSeceihvatl isizn{l SRty add a

carrier-over-thernmal %gpﬁ%, or a.carrder-to-interference ratio (C/1) for
the term n¥ituaknoisgdispider @e base §@toniand A et hod for wirel ess communi cation,

conprising: recgh¥ihheipdlverdmairblpdmndl &athe wemhl. a virtual noise figure for
a base station; anddetermning a transmt power level for a term nal based
on the virtual noise figure for the base station. 45. The nethod of claim

44, wherein thesd r angRigletRRWREIalne Y€ fudktr E@hprRidet F st channel, and wherein
the determning the transmt power |evel conprises deternining%an of f set

based on the vifateiEinipghihg irfiphyiise ffegre haped ek Eansmigiowar lexgd dorstbe baspg t he

transm t pOURL, dnQY%&lfefeREe fdAEmitbbelr IGhaNNel based on a second transm t power
| evel for a second channel and the offset. 46. The nethod of claim 44,

further conpri sing:
40. The method of claim 38, wherein the determining the received signal

quality comprises determining a signal-to-noise ratio (SNR), a carrier-over-thermal

(CoT), or a carrier-to-interference ratio (C/I) for the terminal at the base station.

41.  An apparatus for wireless communication, comprising:

means for determining received signal quality for a terminal at a base station;

means for generating a power control command based on the received signal
quality and a virtual noise figure for the base station; and

means for sending the power control command to the terminal.

42. The apparatus of claim 41, further comprising:
means for determining the virtual noise figure based on a transmit power level

for the base station and a reference transmit power level.

43. The apparatus of claim 41, wherein the means for determining the
received signal quality comprises means for determining a signal-to-noise ratio (SNR), a
carrier-over-thermal (CoT), or a carrier-to-interference ratio (C/I) for the terminal at the

base station.

44. A method for wireless communication, comprising:

receiving information indicative of a virtual noise figure for a base station; and



recei ving power control commands fromthe base station, and adjusting the
transmt power |evel of the term nal based on the power control comrands.
47. The mwOhloe/@be3sl ai m 44, wherein the information i ndipCaUSI@IOE42051e
virtual noise figure for the base station conprises the virtual noise
figure for the base station or a change in the virtual noise figure for the
base station. 48. The nethod of claim44, wherein the determning the
transmit power |evel conprises deternBhing a change in the virtual noise
figure for the base station based on the received information, and
adjusting the transmt power level of the term nal based on the change in

t he virtual noideermigey e tfapsmit Ipewbakeclsfoatitamina Dasclihen thet-hidehl abisel ai m 44,

wherein the determning the transmt power |evel conprises determ ning a
TRIE

]
change in RS eutglse%%tllosn‘e figure for the base station based on the

received information, increasing the transmt power |evel of the term nal
if the virtual ise.figure for .the base.s airion.'s degra e% and
decr oasi ng the Tt ancHECTHHet el SPOERATE SPRTHATTE THERVPEE OB noi se
figure for clidnagelpagevigtad he deteSnihii FiRMEsmit power level comprises

determining an offset based on the virtual noise figure for the base station, and

setting the transmit power level for the first channel based on a second transmit

power level for a second channel and the offset.

46. The method of claim 44, further comprising:
receiving power control commands from the base station, and
adjusting the transmit power level of the terminal based on the power control

commands.

47. The method of claim 44, wherein the information indicative of the virtual
noise figure for the base station comprises the virtual noise figure for the base station or

a change in the virtual noise figure for the base station.

48. The method of claim 44, wherein the determining the transmit power
level comprises

determining a change in the virtual noise figure for the base station based on the
received information, and

adjusting the transmit power level of the terminal based on the change in the

virtual noise figure for the base station.

49. The method of claim 44, wherein the determining the transmit power
level comprises

determining a change in the virtual noise figure for the base station based on the
received information,

increasing the transmit power level of the terminal if the virtual noise figure for
the base station is degraded, and

decreasing the transmit power level of the terminal if the virtual noise figure for

the base station is improved.



