| NTERFERENCE CONTROL | N AW RELESS COVMUNI CATI ONSYSTEM
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wa@p@biogwtsi on clains priority to U S. Provi si oneCT/B81066/009550
Application Serial No. 60/662,176, filed March 15,

2005 and is incorporated hereih by reference inits
entirety. BACKGROUND |I. Field [0002] The present

di scl osure rel ates generally to co jcati and

nore speci fi cAINVERFERE &S(ﬁﬂﬁ{ﬁh iT\B

wirel es ' ' OMMU THON PESL A

W rel esémgg- c%;(s:s comn$gg$on systlg\egﬁscan
concurrently comunicate with nmultiple termnals on

the forward and reverse |inks. The forward link (or
downlink) refers to the comunication link fromthe

pase stat | RASSREPERINCE O RELATEDRPPEICATION Nk

(or uplink)y refers 1o e communi cation link fromthe )
60T} nahis applibstidnad snstratorion®. Ul Préavidienal Petenh Appligasipn Serial

si mul t aneous|y transm.t a on the reverse l.ink .
NaPRbOR et e ezt o 2O R s arortaneel Firet B rsferege in it
?‘ﬁﬂ%ﬁyed by multiplexing the transm ssions on each
I'nk“to be orthogonal to one another in tine,
frequency and/or code domain. [0004] . On the reverse
link, the transm ssions fromterm nals comunicating
with different base st BAGKGROWN? cal Iy not
ort hogonal to one another. Consequently, each term nal
kay cRiekk interference to other terninals

nicating w.th. n y hon 0
FRAEYve i Bt AL ERE APPSRl and mor
pREitRAIRaCR@fer@Re Rofiteslih aalirdlss degrmdiedtiby systen.
interference fromthe other term nals conmunicating
W th other base stations. [0005] There is therefore a
Pﬁed Pgdé%guﬂ&t for techniques to mtigate

iterference In a wreless communication
50093EM SUMMARIEsE 0a6fiplFectess quesnfupicagent systdn ngan  concurrently

i nterference observed each,sector ,from .
communicate with mult?ple terrrtlll}{als on the FSrward and Teverse links. The forward

link (or downlink) refers to the communication link from the base stations to the
terminals, and the reverse link (or uplink) refers to the communication link from the
terminals to the base stations. Multiple terminals may simultaneously transmit data on
the reverse link and/or receive data on the forward link. This is often achieved by
multiplexing the transmissions on each link to be orthogonal to one another in time,
frequency and/or code domain.

[0004] . On the reverse link, the transmissions from terminals communicating with
different base stations are typically not orthogonal to one another. Consequently, each
terminal may cause interference to other terminals communicating with nearby base
stations and may also receive interference from these other terminals. The performance
of each terminal is degraded by the interference from the other terminals
communicating with other base stations.

[0005] There is therefore a need in the art for techniques to mitigate interference in

a wireless communication system.
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[0008] Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout.

[0010] FIG. 1 shows a communication system with base stations and terminals.

[0011]  FIG. 2 shows a process performed by one sector for interference control.
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[0019] A terminal may be fixed or mobile and may also be called a mobile station, a
wireless device, a user equipment, or some other terminology. Each terminal may
communicate with zero, one, or multiple base stations at any given moment.

[0020] The interference control techniques described herein may be used for a
system with sectorized cells and a system with un-sectorized cells. In the following
description, the term “sector” refers to (1) a conventional BTS and/or its coverage area
for a system with sectorized cells and (2) a conventional base station and/or its coverage
area for a system with un-sectorized cells. The terms “terminal” and “user” are used

interchangeably, and the terms “sector” and “base station” are also used
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[0023] Inter-sector interference may be controlled using various mechanisms such
as user-based interference control and network-based interference control. For user-
based interference control, the terminals are informed of the inter-sector interference
observed by the neighbor sectors and adjust their transmit powers accordingly so that

the inter-sector interference is maintained within acceptable levels. For network-based
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(% reports from the neighbor sectors (block 226). The rate at which the IS OSI reports
are exchanged among the sectors may be the same or different from the rate at which
the OTA OSI reports are broadcast to the terminals. Sector m regulates data
transmissions for terminals in sector m based on the IS OSI reports received from the
neighbor sectors (block 228). The blocks in FIG. 2 are described in further detail below.
[0027] Sector m may estimate the inter-sector interference in various manners. For
a system utilizing orthogonal multiplexing, one terminal may transmit data or pilot on
each subband in each symbol period. A pilot is a transmission of symbols that are

known a priori by both a transmitter and a receiver. A data symbol is a modulation
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performing data detection on the received symbols R, ,(k,n) with the channel estimate

béi mu(k,7) to obtain detected symbols, (2) deriving hard-decisions based on the detected

symbols, and (3) using the hard-decisions as the data symbol estimates. Alternatively,
sector m may derive the data symbol estimates by (1) performing data detection on the
received symbols, (2) decoding the detected symbols to obtain decoded data, and (3) re-
encoding and symbol mapping the decoded data to obtain the data symbol estimates.
[0030] Sector m may also perform joint channel and interference estimation to
obtain both channel response estimates and interference estimates.

[0031] The interference estimate I, (k,n) obtained from equation (1) or (2) includes
both inter-sector interference and intra-sector interference. The intra-sector interference
may be maintained within acceptable levels via power control, as described below, and

may then be negligible in comparison to the inter-sector interference.
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filter, or some other type of filter. Sector m obtains a measured interference T eas,m
each measurement period, which may span one or multiple symbol periods.

[0034] Sector m generates an OTA OSI report based on the measured interference.
In an embodiment, the measured interference is quantized to a predetermined number of
bits, which are included in the OTA OSI report. In another embodiment, the OTA OSI
report includes a single bit that indicates whether the measured interference is greater
than or below an interference threshold. In yet another embodiment, the OTA OSI
report includes multiple bits that convey the measured interference relative to multiple

interference thresholds. For clarity, the following description is for an embodiment in



[0033] Sector mmay also filter the average
interference power over nultiple synbol periods to

WO peovs4t he quality of the interference esti nBAEUSIN009550
filtering my be achieved with a finite inpulse

response (FI R) filter, aninfifite I mpul ses response
e of filter. Sector m

&\6][1%1 é sone ot her ty : .
e OFA LIS EPPry coveve iBe. MessUiRd: dptediarence relative to two
mﬂ&e@mﬁksmag od, which may span one or multiple

periods. [0034] Sector mgenerates an OTA CSI
I@éﬂ t bagagndwdihentnthaddF 4OSIneport schniee tw birany OSI bits, which

t.he ur i nt ence . i s quantized to
SERALTBEY bt TR £ o E Sgh i et telionied | 1
the OTA OSI report. In another enbodi nent, the OTA OSI
report includesya g pgl e;bIt t hat indi cates whet her
t he nosgwigd4 nt er f er'&iile "%t eater than or bel ow an Eq (6
interference l0'esifold,  IdT yet, another enbodi ment, the q (62)
OTA CSI report incl ud“és nul'ti pI e bits that convey the
nmeasured interference relative to nultiple
interference thresholds. For clarity, the follow ng
description i$ 'f'or i@ enbﬁpll nent i nwhich the OTA OSI
r epor OSIbdit2ey t he neastred®hterference relative to Eq (6b)
two interferepcd,tbi &shgl<dg,, [0P035] In an enbodi ment,
the OTA OSlI report includes tvvo binary OSI bits, which
are called OSI bit 1 and OSI bit 2. These OSI bits nmay
Wwhers el asisfaoddminal inthterenct tireshald, I & "R Kigh interference threshold,
interference threshold, I is a higﬁ i’'nt er f er ence
arir Bghptd,,, andOShht Pirdivated whe@h thd medsurédi hﬁéifé%énce is above or
whet her the nmeasured interference is above or bel ow

bethew riberinnminal mtterférenen deeshbide s ST dit DPdibités Fhether the measured
iiBPd' cates et her asured interference i s above

L6 ARV %}qutl‘h‘t’ ége 8teBnigteriersnss HaesholdoFor ithis embodiment,
ROLOH PMemedas MrefvB 1b% l1OW ;
interference if he Vrreasulgg I nt e?%@?éﬁ%a‘éﬁrleg 1pteristence is below
Lpomitigh interférenaet i€ teememmeed ihitoiforeno@asbet®en I, and I, . , and
interference is between InomlJh and | , and excessi ve -
dxa¢ssiveeneneence if the meastsdetdriiaict e¢ gﬂﬁﬁ:ﬂtﬁarg bEB§EM to I
than or equal tol g . OSI bit 2 my be used
OJldhit 2y deossbiodadicat ek fakien GReliatng Béhﬁg%ﬁé@@e@)ﬂy tkEsector.

h nbod he OTA Csi
PERBT Fhansssorib &R Te e /n(C0 Mhor e e single OST value
Haei\ﬁ%'tﬁree T&@ls@he‘(ﬁl%ldﬁ%a}bﬁe &?Es ﬁﬁ]]o(xfgl lows: J | meas,
i f

-~ higluh ' val ue = nmeas, m > | nopUh
Eq (7) The tr|-IeveI OSI val ue rray be transmitted

using a signal Zonsf 4] atxy having three
OSIvalue =9 1", if Ly o >Tm 2 Lon s Eq (7)
0, if I <I

meas, m nom_th *

high_th *

The tri-level OSI value may be transmitted using a signal constellation having three

signal points. For example, an OSI value of ‘0’ may be sent with a symbol of 1+ jO or
7%, an OSI value of ‘1’ may be sent with a symbol of 0+ j1 or €%, and an OSI value

of 2’ may be sent with a symbol of —~1+ jO or ¢’”.

[0037] Alternatively, sector m may obtain a measured interference-over-thermal

(IOT), which is a ratio of the total interference power observed by sector m to the



signal points. For exanple, an OSI value of 'O may be
sent with a synbol of 1+ j q or eJO , an OS|I val ue of

wa 20089994587 sent with a synbol of 0 + yl or ejp/RCT/US26/009550
an OSI value of '2' may be sent with a synbol of - 1+
O or eJp . [0037] AIternativeI?, sector mmay obtain a

asured interference-qver-fhermal (10T), which is a
Merinal Beist RaVent 0% (LA PISTISFISE ROWSF Tobs bF \iomBwed a5 desoribed

86O THR tHerhAiatdier Merr}ﬁhyg Be B&Yiﬁ{ged B?gultrﬁ’ﬁ%ahff C}he fransmitter and
i nterference power may be conputed as-descr
Tigasuringrthenoise as e peseyermdy s;bm1fe:s¢pelmingcpdmyt thay bé @:gected for the
] Lransm t e noi se_at the
Slstoat B AR Sl pORL AT G hhitals e Gl pisdessover evels
beavérhge. SHsivever, ﬁh@h&i}%fatﬁ@%foﬂﬁ'lﬁg a%QﬁIveﬁHp%‘isoﬂ Bk budget and
termnals to transmt at higher power | evels on
¥ rbggidesigahis, eFor & ghilegmepmuat irapnpbpeweinams] @ given data rate, the
c [ and esir
Rt Sl BRAC bt ot By Slsn oo de 16T Vori ek e operatng
paitieis altteumdﬂsﬂﬁlﬂb sinceaid spsmenp 3t bédsse MeGteearsJintitdd) which is a
i.ncr.easi | OT. A very high operating point is also
HHGEeR ¢ "ebys?‘rh LETEHR 18 JEDER ROV B eloshmot fierglfterteraseincrease in
byt @ GNTUNI s y r
N e v b, AOEREPDAN, 1ERIEEIFe Retinood o
$ysteat ne@bBR. InFanytdase, weater, mmayaeylthtrghvel@ma\talmtgasﬁblmm.
i ncreases the likelihood of systeminstability. In any

case, sector y set its tri-level OSI value as
fol l ows: 2' ipza’ldf% OIGIKmIaiighthOSI val ue =

T, | aljuh, > | th, Eq (8)
o , PS:IQ%IE)%E q qb ﬁ%i s{mh— weti } OT nonUh is EQ(8)
a nom nal 10T tmyeqﬁqkﬁrand W&F ghdh is a high IOT

threshol d. [0038] The Cﬂf“’blts ¥af"de may al so be
generated using hysteresis so that an indication of

e t t | e .
PHGEIOTY nﬁth RilhghAaner tﬂ&%ﬁ(ﬁ)lg%écé tegd! 1&%%@1{ RO Bl

[093§|Ur edhi NOST fb@t"s/‘%ﬁﬁa@ ﬁfé% ezﬁ&?‘ vk hged%fﬁg%}l R Sggté}egig 's0%hat an

first tinme duration Twl {e.g., | sec
ipgigatinn pleewessive ingirfegericy doks nbtetogplasun énéquemt]gfr fmeax@mple OSI

\Aiﬁl%k%e as%to hil 91-@% ét:::%g zrllqe%%%iacfi 8{%@6231%%%?{&3&% g lpglli theshold fora
fosd yimief durbgonTaqs Uegd Smtnﬁ!lfséé&fd@)e afX G88dBe @ege!t rtét‘Oh'on if the

threshold | and e‘?ﬁx thereafter be reset to '
RefsUIRE ARIGHREI his ébﬁ:blghéhnesh%@ ferva aacge@ <t.1mj: ¢urg1mn Twz. As

AnbBfes BRinthid W 143 ma%% sEt tb i"lgh%Hf thd nieadured interference exceeds a

first high threshold I, ,, and may thereafter be reset to ‘0’ only if the measured

interference falls below a second high threshold Liign o » Where L oy > Ty o -

[0039] Sector m broadcasts its OTA OSI report, which may contain the two OSI bits
or the tri-level OSI value, for user-based interference control. Sector m may broadcast
the OTA OSI report in various manners. In an embodiment, sector m broadcasts the
OTA OSI report in each measurement period. In another embodiment, sector m
broadcasts OSI bit 1 in each measurement period and broadcasts OSI bit 2 only if this
bit is set to ‘1’. Sector m may also broadcast OSI reports from other sectors to the

terminals within sector m for better OSI coverage.



[0039] Sector m broadcasts its OTA OSI report, which
may contain the two OSI bits or the tri-level OSI
WO 200d@9958Dr user - based i nterference control. SBCT/OR2006/009550
may broadcast the OTA OSI report in various nmanners.
In an enbodi ment, sector m brodfcasts the OTA OS|

i@g@&t i each measur.ement period. In another
' forgs A% sl fte 48 (&%k wpexsito he naighboresgetors for network-

BBRa
s S@%t?{f@l:égcdggn'tﬁg ?@Isgggfféﬁgﬁtﬁ n’g%h ak?ﬁ{ er%\gggﬂ%sl:{ltsdgta tri-level
Paportus, theomeasuteer ingefctancs quantied t ar pfedi‘éiéﬁmmd humber of bits, or

S35 bR Sl B REAE SBhr SEEAE IR rmen

paiowrdebaddif i dxeeysfver ﬁ%er&fé@tlﬁ OdbserVBE, !)1811?%(%{: eo?ﬁ’f{rt criterion is

may contain the two pits, the tri-1eve
satistipd a SAradker seeor fee ﬂ@ﬁc@scq teAuEstzeedior on do ewtids dDST repdrt if the

f ot her infor Sector m
RABRELS 9'sellot e BRPURY M et Vi D i o pethar m. Bach
sctarnisys te ISXOBE sdpotts ifftng keeh@ Ao r isSctORSBIb8Fol &ta itfansmissions

ne other crlterl on is satisfied. Another sector q
ﬁ:ﬁ thes HP]é’& el 1t Seqtey thymidgae hafer-Scs| intesfoance idt théimeighbor
ge%fdﬁ_nal S in sector q indicate that they cannot
receive the OSI bits fromsector m Each sector uses
[09d1]1 S OBitwpkplbastd iﬁﬂerfmehbte coiia oy bsehidved ti® various manners.
ontrolb%atatransm r(wjilfromthetermnalsmlts
P té?e

Qe SPbpdients YRy Blertsrenrs etob arsrriesctihedbslow.
f0e4hbomn 986 efbsdinkdP4ttioNGt WREKIBLREMinaLli ﬁrtgg E&cttSased on the

control may be achieved in various nanners

ISnSdii reReRtS reseiviedt fpmkthp amghhontsecrtbsr effoe ezampleplif ane or more
0042 ne e i ment, secto

SRR PELR B Rs PR hledaEnT IR oBObin PRE ety transmi

poeas tised Bﬁdisﬂ@x&nfdgem&rﬁﬁndﬂﬁirgigéﬂfr 1% 86 1Rft $hesErminals cause less

exanmple, if one or nore nei ghbor sectors observe

igig ¢ & pihee pecdtten dedisadiantaged tasminal ﬂmslarsmuaélanmaé gain (or a
1 r | ntaged term nals

LS oD M) S IR Rl 0 B vt
dregretol echeereea tghvent hgnalaembme&ndémdtfsl%d&eaﬁétﬁg €NR) at the serving

term nnel gain (or a large path
FHYL) I}E%F ﬁ‘@n%fﬂ %@iéﬁt @Plcgﬂﬂ I%@éscl@ssr fcg angtﬁhboraspctor and

tBe RighNtrRAQWET p&v@é&elkvélr}eQﬂQQB Hish AROLQUEL, %ggﬁﬁ%g%e tq,this neighbor

signal -to-nol se-and-interference ratio

S§@PK/| ng sector. The disadvantaged termnal is
ector, and the

caI ocated cl oser .to, a nei ghbor
[_f’]‘?/ Cr SHh 7 BT U e R Bub e i hitceet Satoey quality
mattiey ﬁwh%cﬁlah@eltgfélrﬁ piiet §id2h, Tafie?tto-noise ratio (C/N), channel gain

ratio, and so on. These quality metrics may be estimated based on pilot and/or other

transmissions sent by the terminals. For example, the estimated channel gain for a
terminal may be compared against a channel gain threshold, and the terminal may be
deemed to be a disadvantaged terminal if its channel gain is below the channel gain
threshold. Sector m may reduce the transmit powers used by the disadvantaged
terminals by (1) lowering a high transmit power limit that is applicable to the terminals,
(2) lowering a lower transmit power limit that is applicable to the terminals, (3)

assigning the disadvantaged terminals with lower data rates that require lower SNRs and



[0043] Sector mmay identify di sadvantaged term nals
based on various quality netrics such as channel gain,
W@ROBWISHT engt h, carrier-to-noise ratio (CfN), PChannes/009550

gain ratio, and so on. These quality nmetrics may be
esti.mat ed based on pil ot and/ ortlot her transnissions
ilent E%(Vthe termnals. For exanple, the estimated
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bdbadrs iobserPPbx eadiV € irt@fdrBifoel Blef1sBabSm &lgj} rédﬁ}é@ Eﬂ@ﬂl%rﬁ%er of active

lower transmt power limt that is applicable to

teaminaliainghe pepyordrys(lydemyng heces oagvaletaipels requesiingtestransmit on
A . da s that require |lower SNRs andhence | |
o e GO0 Gy BT Ran PR minais o0 Ssigning

tirmanikanizageaet elreddyabser Qramiat actdsansa aéiagﬁﬁniﬁg didddvantaged

usi n som(= ot her net hod or _conbi nation of nethods. _

Eﬁ‘@@w%}sa PR Nsgeseme RikTi adavissionsemtre} mathode s Thelrdte of derassigning

&PRtHa ! mh 2l bl | - ' ohsery

AR RS0 SERNE d RUnEhaRE B 15 O ieRARLRETRE Releibor sectors

{eed. g iz pbsewertdo irgerfdysmrey Eevelsy ethsi membert eff heishbee sedidre Nobserving

unber of active terminals in

sector . r edu the [ i
el ST P o keSSt Al i3 MBS Toading of the
SeR e Badednh thOTS OB dPokts Ydnt (he néfgﬁﬁéﬁs%cﬂoiré? k, (2)

denyi ng access to disadvantaged termnals, (3)

B042k s dniveipnogieriembpdimenatsetiane aatigeadyfifioebmgisiotteerminals
4) - igni.-ng _di sadvant dterminals, o .

L I R T I B

geatoes. OFortexafpid, @acH gct@mhayed SssiA¥d alseOoP@arfBdBamhels that it may

function of the IS OSI reports fromthe nei ghbor
BeUhAssigne teythe tepminglssiar (he ertere Maighhosiag| ssviors jnaytdiso share a

f ' . ' i .
R P S TR s o PRABRI BT HER Ul g apelg asigned

tadjagls tsedtbie  Hoawhi ngmake hhighbacdeotord abeveoaxdebvd StéBrence, then
reports fromth ei ghbor sectors. [0045] In yet '

SSHIT R P2 50dR e TR oD GRSEOF e PihCTERa Mhemss in the
doPnrh & sdt € MMAcB@lasaliPark PR d SELLiRAIs IV&Q)&I?% HRANGhsd fo %t%frf&%ﬁcee to the

inter-sector interference observe y the neig
neéghber sectgagrsinoealip| teaffie abhnredcinotheneomien ass kgneathagonal to the

it P Er BB hBebBR kT R, s may

tel s6ighbdnese of AMATRE ch&ine thaf &f hh¢ 26080 R6sEoh D ‘%mgﬁals that can
to the set of traffic channels assigned to

tg{ﬁ%ﬂhﬁg i%gﬁl?)\‘e.ls ok ingaréerencendf enmet gleboneiglipr segonhdseve excessive
iRRSAER AL Shdn leBlok 67 %9%.’%&1]? Qldadvantaged terminals in sector m with traffic
channels assigned to strong terminals in the neighbor sectors.

[0046] For clarity, much of the description above is for one sector m. Each sector in
the system may perform interference control as described above for sector .

[0047] User-based interference control may also be achieved in various manners. In
an embodiment, user-based interference control is achieved by allowing the terminals to
autonomously adjust their transmit powers based on the OTA OSI reports received from

the neighbor sectors.



sector mmay assign di sadvantaged termnals in sector

mw th traffic channels in the common set. These
wakeadysnt aged term nals woul d then cause no PCT/US2006/009550
interference to the neighbor sectors since the traffic

channels in the comon set areldrthogonal to the
t he nej ghbor sectors. As
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R&R ] [ es it ransmt power with a |
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report conveys the inter-sector interte serv
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- w,_ i and excessive. Process 300 may be
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[00509eneTeaiminilhemby adisst its (RAWRE: foWer b&edioidhe HTIWSPFeport from
reduced by a down step that is related to the

1) J ! . :
O%Fr&ﬁ FRulgple; netghbpe pestre. dissminabd iy estinate thghthannelegairofor each
sector based on a pilot received from the sector. Terminal u may then derive a channel

gain ratio for each neighbor sector as follows:

— gns.i(n)
= Fa )

where g, ;(n) is the channel gain between terminal u and neighbor sector i;

8,,(n) is the channel gain between terminal u and the serving sector; and



(e.g., larger down step for higher interference) when
the nmeasured interference is above a given threshol d
wan@bo995¢2) i ncreased by an up step that is i nRET/E81096/009550

related to the anpbunt of interference observed by the
nei ghbor sector (e.g., larger Jé step for |ower
interference) when the neasured interference is bel ow
t he ginken is heshbpmielzairpaiosios peighbaer saefer br t he
adjustnent rate nay al so be determ ned based on ot her
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§%fct 2% &% TR @I 6b) T gERnsgdqerahba sqq@rse&he@@ T21,(2)
t \V/ I,

E%%E"%i%ea"ﬁé%?*f; <l Sl LR oWyl lalifitbreshold, (3)

gﬁghbc(rrgectoss with ablaamed egaing aixnedsiigie eharinet whimathrasheldd (4) neighbor

nei bor ctor i.:,Qs n s .the channel gain
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In one enbodi nent, termnal U i dent ifies the strongest
h@e@rmehes@EﬁopSwr@pprtSh@omamgh@de oeighig| Seg‘mrsn ir ghei OSI set. For

SRS TR L I KRl v o
s cdtserves rhighn @t fﬁbes@ﬁfe Olﬁtemfdncet eARidhdthet eRBinpR, SednliBal 1 may

éransn1t ower based on the OTA OSI reports from al

YRS 2iUTnsR aop es adiustmep fanspehseishiey secdert iaithe OBY sqt and may
fhleh @B the h%ﬂ&ﬁf@nﬁs%f A Hei M}ﬁrsgctgrs n éb e 091 5184 QQLQ% an overall
sectors with ¢hannel gainr §t10s excee I'ng a chann

gaismit powe adfusséol d, (3) nei ghbor sectors with

ali ns ex eedln a chapnel gain threshold, (4)
ﬁ@?gﬂborl s%eéllebais? aﬂ% qr 2 uﬁﬁ’é‘?g’-h 5gr 1mte Qre%eoﬁ%%tmay be

PatfdriiRd SR CohfdcHRC vRh valbud BdwSOBhBl B&len®s O4Rr YUarity, a specific
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W@rcoﬁﬁobﬁﬁhﬁm ds desaribesbdlawe dFoo this Ipewefl' ¢or@®l schepa, ths transmit
nei ghbor ors n th set.. For
}é&%}]fp}% {r%lﬁ C cha e? ass%ag%£ eéﬁgﬁﬁsetd zﬁovver i f

any nei ghbor sector in the CsSI set observes hi gh or
excesPj Me) W A0 @@L, As another exanple, termnal u gq(10)
may determ ne a transmt power adjustnent for each

nei ghbor sector in the OSI set and may

where P, (n) is the transmit power for the traffic channel for update interval #;

P.:(n) is a reference power level for update interval n; and

AP(n) is a transmit power delta for update interval .

The transmit power levels Py, (n) and P, (n) and the transmit power delta AP(n) are
given in units of decibels (dB).
[0053] The reference power level P, (n) is the amount of transmit power needed to

achieve a target SNR for a designated transmission, which may be signaling sent by
terminal  on a control channel or some other transmission. The reference power level

and the target SNR may be adjusted to achieve a desired level of performance for the



then conbine the adjustnments for all neighbor sectors

in the OSI set to obtain an overall transmt power
wadjodspeament . [ 0052] I n general, transnmit powerPCT/US2006/009550

adjustnment for interference control may be perforned

in conjunction wth various poﬂér control schenes. For

clarit ecific p ontrol schene is described

ﬂ%?lﬁwtngH Sﬂiﬁﬁ%mbcﬁz\%r ?%Fol?ﬁc}gﬁl et falgePER)e If therdatd transmission on

RN affi 9rcnﬁnhé1afaﬁacth%h ﬁ@é? 1 HANGE er;qép

be exp#essed as: éﬂa 1%% 8@? Bt q%?%gén¥%“e and

wttenf@remttc fch@m)ttemstutsh etlmn a ﬂrcmrtcep\@de SNRr f(;rh ¢hd r&ftd | ®ansmission,

&ﬁkﬁ&e for date interval n; Pref (n) is a

Iéﬁlénﬁ% pstyaied ast or update interval n ; and

AP(n) is a transmt power delta for update interval n.

The tr, m t Pdch (n) and Pref (n) and

the t fhhi(fz) pgm{mr%j ‘ﬁ%f DP(n) are given in units of Eq (11)
deci bel s (dB). [0053] The reference power |evel Pref

100541 o DGR iprd TRty PRl AEETGE CatEmmiRic manner,

B rstaBNAtit rﬁQarﬁl@f‘ tor QMmE B '?ﬁelnﬁgr Qzﬁ]g& oRGRE A %r}g@r}s from the

or some other transm ssion e reference power

apighbdreseciary efThSNRmnmyt eveadhays be cddjusted o) @Vedlﬁferent amounts for
vel rfor nce f.or thedesi

ARG e Enogley PR e i Runidle polCarar ppERye: diferppigates for

difeperit rlﬁﬂ&ﬁfﬁieﬁéd: QéVeWu&H;? prdtabflistc (‘ahﬁl@ﬁ‘ﬁ‘ént ang dnfiffary deterministic

desi gnat ed transm ssi on observe sinmlar noise and

A girpkabditie HaRImiE tROMes t 3diustmentte schemss r areeflssedb@NRelow.  For

t .
glg{ ih?nigf’e%@ a@ll&‘%ﬁlgs%q?ﬁ]gﬁ% Jts§l\|ﬁtr%8£n%ﬂ%)&er ggéagxaefi)for an OSI bit
fe@@isdi,l froeortermiygivot sqpeswe rrhtte[bslanm@y b} OBAYitheorad] ust ed

probabi | istic manner, or

hﬁ ni stic nmanner
#n HehAEs apaecsss HP foﬁé ioTimadbe tepgoit Pewer offerminal u in
U&ﬁte@ﬁhﬂﬂﬁoﬁlaﬁﬁé‘rt 0 t1a11 18enfif SN ?c%rgé@g %n@fAb%)SI report from a

adj usted (1) At anmount erent
heigldor seetne éblbelvé[lg) ansd defenhaines wihaihst ile: @81 lh>$tt RENt 0010’ (block
s for . dif

NG TR LRGN e S——

BhedrREdtcd itslebfol ANEled k@RI L/ (ﬁ:ttérﬁnﬁésﬁﬂé 'ﬁﬁouﬂp&pfeductlon in transmit
adj ust nent schenes are described bel ow.

BIWEsl o1cd dgwvn step sfzel ABy§rm gbibek d22 )t AB(Q(H)Smﬁ}D be tetensititd based on
power adjustnment for an OSI bit received fromone
W@ut@ﬁ%ﬂ roveer glelta iy Sheasiorhindaieaintayeal OMP(fi-tl) ,lamsk a hannel gain

ratio for the neighbor sector, 7, (). Terminal u then decreases the transmit power delta
by AP, (n) (block 424). Conversely, if the OSI bit is ‘0°, then terminal x determines
the amount of increase in transmit power, or an up step size AP, (n) (block 432).
AP, (n) may also be determined based on AP(n—1) and r,(n). Terminal u then
increases the transmit power delta by AP, (n) (block 434). The transmit power

adjustments in blocks 424 and 434 may be expressed as:

AP(n—1)+AP, (1), if OSIbit='0", and
AP(n) = Eq (12)
AP(n~1)—AP, (n), if OSIbit="1".



[0055] FIG 4 shows a process 400 for adjusting the

transmt power of terminal uin a determnistic
woevwa®pes4t nitially, term nal u processes an OTRCTI852006/009550

report from a nei ghbor sector (block 412) and

detern1nes whet her the OSI bit s T or '0' (bl ock

0,57 B B S e B i
B 0 SIS U375 oy

(Ji) (block 422). DP n) nmay be determ ned based on the
transmi(npoiel, dat ajfor the prior update interval, Eq (13)
AP(n - 1) , and a Channel gain ratio for the nei ghbor

sector, rns (n) . Termnal u then decreases the

whares mPtm fpothve mioligthira trlaysoiPgowér delth hllowkbld 2dp the trafﬁc channel, and
Conversely, if the OSI bit is O, then term nal

det er APneds thraaKRILRL rapsmitRomes delt allopvabkester thegaaﬁ;c channel.

or an up step size up (n) (block 432). DPup (n) nmay
ng.ﬁrem;ngi @heetmnsmetjpcbmehltmfoﬂa(lrterm)lalam arsastof 1) w1th1n a range of

n_incr gases. the tran power . del
BN Hovtn) B84 35 B3 Rcin AapLlaR, UbBusR® abinsprefe snta-sector
1ﬂﬁerf&r&ﬁﬂé3mﬂﬁ14 aéd taﬁ%eﬁ@y Phe ﬁfflﬂﬁﬁl%?@gnsﬂﬁ {)&Qér%elté‘fAfe min May be
bl ocks 424 and 434, termnal u limts the transmt
pdinded behicanisgl(loep to endvee thiat bich ternsiaalgenafiea ltheowgbir@nents for a

U B o PRR oSS oot DA o ebinelonies*Mharfohitament Qo

&lﬁ@% ﬁ‘iaS/ bl @gﬁﬁteﬂ at Hl@fe?énlt PAROING/ dr it diFrede 59&%% Sizes.

channel DPmax 1's the maxi numtransmt wer del t

K05 Blna bl Terthinal  Higert copfiffuites théamnsrhit pGeas Py Alhifogthe hfafflc channel
transmt power deltas for all termnals In a sector to
basedhion the rtmgmltOPOWmmm AP@I)V\mId tel tefexrenaspob@wevelnP, ; (n), as
equation (13), can nmmintain the intra-sector

shevarin efeation (10X (hlaskaddp plebiimal wenat Bmit Thetransaiitpower P, (1) to
transmt power delta APlnJn nmay be adjusted by a

ReoWithig the mapmum pawer level Pats (bl’ﬁ@h 446, o fdlowsan meet t he
requi renents for a quallty of service (QS) class to

which the t mn for different QoS

cl assps (v béCthj us eéfh rEferent rates and/or with g (14)
differ ent st ap, si ze@thewgéﬂ Term nal u then conputes

the transmt povver Pdch (n) for the traffic channel

based on the transmt power delta DP(n) and the

Tefronad nosegtbeveandngv pbwelr Bf, (GNJor,dagStr&RaNdRidnbreflel hitR thannel.
(10) (block 444). Terminal u may limt the transmt

[PB%Ir  Piicin ¢mbodimetie thei ARy, () tane AR 4ropROME brd @YiButed as:
Prax (bl ock 446), as follows: f Pdch(") if Pdd" Pn"x

APy (n) = fi, (AP, ., AP(n-1), 1, (n), ky,) , and Eq (15a)
AP, (n) = f,, (AP, i, AP(n=1), 1, (n), k) s Eq (15b)

where APy min and APy min are minimum values for AP, (n) and AP“p (n), respectively;
kqn and kyp are scaling factors for AP, (n) and APup (n) , respectively; and

SO and f, O are functions to compute AP, (n) and AP, (n), respectively.



Pdh = u . Eq (14) P1113x , otherwise . Term nal u uses
the transmt power Pdch (n) for data transm ssion on
wo b@otowhf i ¢ channel. [0058] I n an enbodi nent, pehesoRadm9ss0
(n) and DPup (p) step sizes are conputed as: DPdn (")
/ dD(DPdn mn, DP( -1), rmlfn), kdn ) , and Eq
15a (AP11 111 n, DP(n-1), rns (n),
§0059 q (11%)10%&18 DreSh,bei de fafﬁ»‘é EJF!&!PﬂFﬁtnABJnén)mlﬁlmmd to both
val ues_for DPdn and DPu , respectively; kdn

Mdnrd) 28d &, §Pal I&ﬁgle!fgélé%%%ﬁ @bsqpmmlglm pr ex¥rgssOr Aptarference, then
pecti vel and /_dn and / up are functions
{]a Q:fjﬁ%ﬁgtcga irgal(n-r@f tléq]aelg%:‘efp sefiey resu ts in a larger AP, (n) and (2) a
velj L{?O 9; Funct i n / dn é may be defined
Dég %) gseliy % gt 4Ppbn E\n(qﬁlon Ly Oamay bmdefined
é?f%he'ihﬁlf a nei ghbor sector_ observes high or excessive

eEnde) it HAtsely) relptechiqybethcABGre]) grd . for 1fhﬂ.s1e neighbor

ne| e(?)or se tor results in a |arger APén) and (2)
% S?Fé(Fsu lovpnigspyronce; §hef1é§mt13§g¢rrphann rg@chr fomm@mn@glybor sector

Fééﬂﬁg i r (Ap T8 ag (%?%ﬁ?l%gr %ﬁe otfhﬁlfD 5e(sul)t§ jii’a smaller

I nverse y re at ed’ and
t ( )el ghbor sector observes |ow i nterference t hen
(A)P a larger channel gain for the neighbor sector

[@%Uy S FI@ a4 sshgaflsltlt%s i Q&H{g%jmof l%'ﬂg C%ﬁ)bﬂatijo%l glfe%Bf\‘égélbor sector. A

1) resul

Rk gar vhhﬁahmuy tichesedr fo€ 8B (A Whdn tHeenddBAboRi sectbf VBLRV& excessive
nei ghbor sector. A larger value may be used for A n

nthrfontren. t Aesmellag e syt b usdds €tV 8P, €XC&&RhWle neighbor sector
interference. A smualler value may be Used for A n %—I)
Orrerves héghnisiteyfenences dRifforent kiewn\seap fizgghmanbe bbmmd;:ezg by using

e obt ai ned,
AtehE QP S KER R £ ot o it Saia et Mpggively.
0061 X C I8, BeshbWt & ok &S for 8§RGELd the ltﬂinsrﬁl@g%]ar & tghmnal uin
5 shows a process §bo for adjusting the tran

%fpr@t@brhSﬁalm@neh aInﬁrdJifﬂaEﬁl‘Im@ﬂ |chrmn$$e$ an| @TA] asuyrpport from a

SRkt OREEST IS TR SHAL L AT RSP v

581) If thetOSI®it i§ bl QetenSdrdinall f ddiérenifEsl thBipfobabilily forldd8Rasing the
term nal u determnes the probability for decreasing

ttf%@trﬁﬂ’é% ﬂ’rdpw/eue g-.Fraged pn AP(ne 1Y and yaded (WockDP2). -Terminal u

@ rH_Q{TQ (bi é % Term naI u then randoml y
& SRROTLY VEICHE & VHEE vieRFIWEeD Odnendi 1§, Wi & is 4 mmdom variable
Jrﬁf&iﬁ%ls} Hﬁfﬁlﬁﬁ’écﬁbé{{ﬂlbérpb'@ dj'.l@t {bp}&w 8 be ﬁrles% Baf equal to

0 (bl ock 524) ess an or “eq uaI
Prdn (1), as deterrmned in block 526 then terminal u decreases 1ts transmlt power delta

by AP, (block 528). Otherwise, if x is greater than Pr, (n), then terminal u maintains
the transmit power delta at the current level (block 530).
[0062] If the OSI bit is ‘0” in block 514, then terminal u determines the probability

for increasing the transmit power, Pr, » (1), e.g., based on AP(n—1) and r, (n) (block

ns

532). Terminal u then randomly selects a value x between 0.0 and 1.0 (block 534). If x

is less than or equal to Pr, (n), as determined in block 536, then terminal u increases its
transmit power delta by AP, (block 538). Otherwise, if x is greater than Pr,,(n), then

terminal # maintains the transmit power delta at the current level (block 530). The

transmit power adjustments in blocks 528, 530, and 538 may be expressed as:



Prdn (n) , as determned in block 526, then term nal u
decreases its transmt power delta by DPdn (bl ock

w6 2@p/09Bherwi se, if x is greater than Pr 1(n)PCT/URENG6/009550
terminal u maintains the transnit power delta at the
current level (block 530). [008Z] If the OSlI bit is
"0" in block 514, then termnal u determnes the
pr obabi | i ty fAR (il r-ddsi ng ift BSIbitari$nANIbavePr, (Ry up (

: s on,DR(yc- | rm(n bl ock 532)
Term r&(hb r@%’l"ﬁ%a&% ifg)ggglhéa‘%bt %fb%‘w(ébﬂ 0.0 Eq(16)
and 1.0 (bl ac 3 If x than or equal to
Prup (n) , S&Pc@t é?fn ned |h§‘bk\g§§ 536, then termnal u
increases its transmt power delta by DPup (bl ock

238) andOnbe rrW’af‘Se tHelsathe Vi@ gt Brostdign. £ 8% ! oY ’an{i ﬁcz On) or may

term nal mel ntai ns the trafsmt power ta at
gyﬂfffé@éntlvgmgg (bl ock 530). The transmt power
ustnments in blocks 528, 530, and 538 nay be
%ﬁbsse@ft@rsb@&(siﬁ% 330, andF%) terniifial @Bimivs the%raiisxﬂN@oWer delta, as
bi t

DP = DP( 71 DP '
S M e L8 1S i el S PSS it power
P s, 8 G g8 7
A :ilﬁ)ﬁzvnblhl%qlﬁ&tl&lZ@lOR PA6ek s §r§§furﬁ1€f Iﬂnﬁ@lthé"tr%ﬂs f?(%\f/é}e%ch (n) to

transnit power delta, as shown in equation

Bel@)thinTibe manihum polven levelTRiiRst 1h%qtléitﬁﬁ\15('m; (W%E’dmmnal U
(n) based on the transmt power delta DP(r) and th

i Rger | aeu@ﬂ) for d4ta (rgypsmissien oh dhertraffic ekqmt:] on
é@g%—} bl.ock 544 21 further Iimts the transmt
PAB A1 e %f W%éhwrp hilitieserrpraQmpvigd poilowsevel |
as shovvn in equation (14) (block 546). Termi nal u uses
the tp L] nPprer P (1Y) f at a ansm ssi on on
t he tréf ic ]éhandﬁé'l". gfgl%lﬁf] r"f@r)’agd“zﬁb%] i ment, the Eq (172)
probabilities are conputed as follows: P n (P n , DP(

I-:|)o: PPS@@BgP('?rdn )AP(;P'“?, ?U(n()lﬁab Pr“p((”z)) \M/qe?e(g[ Eq (17b)

| and Pi up mn r mni rrumval ues for Prdn (n) and

WhHR R) i al{oelsigpenﬁnt Ar¥ %ngl&?dilﬁes]ig gj}‘lﬁ g{) Hgﬂ f’ (%5 erespectively; and

functions to conpute Pr

res pe?%g);/%d/ f! )Ogr)@%nfi%ﬂ§ d & uté:l yPIb ;j reﬂ)&c&yﬁly

such s relate
[E)n% . If a neighbor sector obser ves h| gh or excessi ve

Aer f eFendion 1HOnmey pe definedguch thatfne(n) gairslatbd o bote AP(n—1)
nei ghbor sector results in a larger Prdn (n) and (2) a
angr felp) - If a neighbor sector observes high or excessive interference, then (1) a
larger channel gain for the neighbor sector results in a larger Pr,, (n) and (2) a larger
value of AP(n—1) results in a larger Pr, (n). The larger Pr, (n) results in a higher
probability of reducing the transmit power. Function fu’p () may be defined such that
Pr,(n) is inversely related to both AP(n—1) and r.(n). If the neighbor sector

observes low interference, then (1) a larger channel gain for the neighbor sector results

in a smaller Pr,,(n) and (2) a larger value of AP(n—1) results in a smaller Pr (n).

The smaller Pr, (n) results in a lower probability of increasing the transmit power.



value of DP(n -1) results in a larger Prdn ( ) . The
larger Prdn ( ) results in a higher probability of

WO e@dop9sg7 t he transmt power. Function / up ()POBYSIE6/009550
defined such that Prup (n) is inversely related to
both DP(n-1) and rns (n) . If tlﬁe nei ghbor sector

ves [ nt erference, then a | ar ger channel
g&‘fﬁ%ﬁ forF J{Cﬁ\g BIPTRGESYRE Toreng) Q’%I Pt fxoma o |nexghbrprusg¢ctor A
(ar n%?@g%?uéﬁagalzé %15&13 Jﬁ_%v@ Sihgl]) lol;vh-QEQhe %1ﬁ§1§r g%eﬁ ri)SﬁI’VgS excessive
QWG Ere e‘?bab sﬁafééfr ggluh NG st %ﬁ' ddld thle B g’gﬁf;@élﬁen the peighbor sector

power . processf®

BbéerfdsaL® ﬁhﬁeﬁ@ﬂeﬁ&b0D1§é‘1€ﬁt°&ow1ﬁghﬂfa9ﬁ1‘he¥ 3hd ATy dlk?faerent rates of
used for Priln (né when t he nei ghbor sector observe
pvesaljysmenitraay be ehwmed/e. gntly Iuemg\pb;il’f@mnmlm@fa;nmsj Kan1 and Kgpo

ff&lfm%g’rhéxcgsswﬁlflffeéélge,l}?gg ct re ector o_bser ves hi gh

nt eyt erence abilities and hence

0e7Er enby getlefs, Qﬁn&@\’\ﬁﬁ]c@&isuﬁl‘ﬁm ufRY td BoABL@l @@SéP (n) and

e.g., by using different scali ng factors kdn

A (B) GlepasidesCXEE R 18, (M) 8Ad FHENRP protudARES! Vﬁsl ﬁ{mctlon may be
[05%7] In general , varTous functions may be used

deffiqedt aséd@n D@Qﬂ@ué a@&!ﬂer@@ﬂ(ﬁh bs’ %&&&Perﬁ't?a%mﬁ%\ﬁéi‘ethe current
Prdn (n) and Prup robabilities. A function may be

Hansoy H%%Fs‘éf‘étaoﬂie\f?élﬂe@ 9TpaPaheaperts pesiitchys XTA ST reports, channel

E
ggf‘%’g‘fﬂht %gfﬁg ?Qrcfé rﬁ}ﬁ%k r&rﬁav% 1??3&61? er@ﬁ%ct §>§1 (#Ro&i)ower control
clwpantctriﬁics: arhinzd thgajonsargemﬂ & dfinthe Eaabmit podler @djudByent and the
Baéfb g %fer ent n%a on vari ous gower contr ol
RUPPLEPR P WSOt RO tag ﬂ&%‘i‘ﬂ?@’rn@ i dhg systenyt Thegtep sizes and
%)foﬂﬁllﬁﬂhés BAELso 6%&%%@& ba%ed oh q@ol{jfrlg Fa‘Hc@ W 'bﬁ @oﬁg other r means.

ransmt power deltas for the ter s in
10968kt e I@It@@mmwr edjaisitient aneléorrtbey adghssioh eontrol descnbed above

m. ned tabl es . or ot he
L TS RGP RIS s koA B, Fo grampl,
2 il @Bln%%t SrAdrg Ry et R B1iEPY AP nl§ have hlgher priority
per forped based on QS class, uSer priority Class, and

@51 BAY bableadipiransmit peweri ah alfagier H@@i and/ enveithy ngey step sizes than

o] e hi.gher
SEEL 530 Bep°hL a8 Bele TR Sol AP LTl o
it posietr lat 4 sloger rasd apl/sd mﬁsSmMM s@pRpiegBl priority
anot er exanpl e, a termnal sending voice _
l]t.@g#]'f e d U 812t AR SR X tlﬁfomnn‘é't iy véhighpethe rtgpnamit power is

& ba‘%d Bn B OFA @SP&\}&E&@ ﬁeﬁelv[a&) R neﬁﬁﬂ& Q@Jtoﬂg %}/ example,

also vary the manner In Ic trans

t&ﬁ]n@glt ednasedcots nranemltqibwfﬂbly a epoictir rdewal szq:d s1fzr: @md/or at a
or.s.. For exanpl e, term nal duce

ﬁ’a{é h?l?fg’ir%es%m 2 Igjghbor foeiar %F%ﬁlvadmréfe@ﬁg &7§ gnay reduce the

R @ poer dy a larger down step size and/or at a faster rate if the neighbor sector

continues to report excessive interference. Alternatively or additionally, terminal u may
ignore the APp, in equation (13) if a neighbor sector reports excessive interference, or if
the neighbor sector continues to report excessive interference.

[0070]  Various embodiments of power control to mitigate inter-sector interference
have been described above. Interference and power control may also be performed in

other manners, and this is within the scope of the invention.



particular rate if a neighbor sector reports excessive
interference and may reduce the transmt power by a

wo arog@p9sdown step size and/or at a faster ratePCT/UB1086/009550
nei ghbor sector continues to report excessive
interference. Alternatively or18dditionally, terni nal

U may ignore the DPmn in equation (13) if a nei ghbor

Nt %@p@‘? tesnbodupany; gach secier breadsests dis OlA report to the
e ' c :

i nter e£neﬁ1%§e?%hgggg§dt%’r ?Sog%céﬁgcgé?%geﬁt ?ﬁ%pﬁ%m%srl feport may be

bontlcast with sofficiepatrendnnit powsretotaohievétherdesirahaseli@e én the neighbor

e B L P 6t LSUCRER o Rt Ol e

PikBinuLsonamss e | U @chRE gl tsgy o ppscion

rage e atsuffidienalysloinfalsecalarei grobebilisie c Misdetection defecy iobe fhilure to

Qve. A OSI report. may be broadcast with
B ORF o0 e, b sy oo ardmaled | Flelh defers o erromeous
aev@ionast d Beditial OS] Bib BPYal8& CROY skantpds if 4POBT BRks M ¥mitted using
receive the OTA OSI reports fromthe nei ghbor sectors

BREKpthsa aderminggpaialasp reaspisdi@S] bit t hesdher0'ti the detected OSI
G5} i 298 S 2 s
(Lt O 8122 S LB S il
A5 S < GELE Bk 4 R SBEARbSuti

adjnstingahe thegshdles usgdefoadetectminved OSI bit to be (1) a

i if the detected | bit is below a first

E(ﬁ?%jsholtla, AnGRICT gD TR, caplbysecioy gljo readgaie QY OFF reports
Blrer 84T BE Wt feifiiRectbRl 8SHOkGmifdN whihin &s $&tor. aﬂﬁch( sktor thus
a null bit othéerwise, + B1 > OSl bit - B 111 . The

2G¥ AiPEYY foaneighborcwgrions. t Thid emboflimding ¢en ensuiro that atdh terminal can

it fal ar, r bility b dj usting t .
Wiy BraTe ETT S ORERrorb i B i bR ety pectors since the
enhiod caniece eatRsS OTUOOSBleporth FRaftRsE Sk @cfdp! This embodiment
reports generated by the neighbor sectors to the

s sard T ansimmericreverk deplesioans ét whichisagioneaverage sizes are
%%ﬁalf. m!ﬂﬁ:’r%&g&fs ti@%ﬁlw a%%f]{ gt BURP gé&?ﬂfeev Rar&tﬁlg 'STA os1

at” each termna n rell y recel _
reppy boadeebiathest diyalich sediers gidyoiot beatltabiy sdcsived biehe terminals

] ' t OTA OS rts. fromthe )
bGP e STBb SR ORLl ek POt M heing eir OTA
OSY Bt bfoal@kVY the A6iRhBY R Abrd. N Whi ch sector coverage

Sl zes are
[0073] In general, a given sector m may broadcast OTA OSI reports generated by

any number and any one of the other sectors. In an embodiment, sector m broadcasts
OTA OSI reports generated by sectors in a neighbor list for sector m. The neighbor list
may be formed by a network operator or in some other manner. In another
embodiment, sector m broadcasts OTA OSI reports generated by all sectors that are
included in the active sets of the terminals in sector m. Each terminal may maintain an
active set that includes all sectors with which the terminal is in communication. Sectors
may be added to or removed from the active set as the terminal is handed off from one
sector to another. In yet another embodiment, sector m broadcasts OTA OSI reports

generated by all sectors that are included in the candidate sets of the terminals in sector



not equal. Smaller sectors typically transmt at |ower
power |evels, and the OTA OSI reports broadcast by

WO b@s@Isaal | er sectors may not be reliably receCTes200§009550
the terminals in the neighbor sectors. The snaller
sectors woul d then benefit fromPhaving their OTA CSI

reparts broadcast by the nei ghbor sectors. [0073] In
ang‘i‘%bl termging} pay mamkEg 2 GAnFsaterieh it insluder All ggttors with which the

ge;i‘q?ﬁ’ﬁél%n ashRbRdaRY KRB (r)éal He Aaq 30%; ?né}ﬁoxpefd dﬁ‘(l;l% the candidate

her sectors. In an e nt, sector Foadcast's
A e(5) basgsbons clgennelr ghind abg/os eoher stlieR Par@b@hHboIn yet another

SRR ST 2t Groairer Ol S RS BFREEd PY Al Ssp that are
erEned R He OSBRI the REARARAA LSTA. PRk (?esg%?fn fo? gach terminal may

enerated by all sectors that are inclu
e defjredsastdesasfbed laboveer mi nal s in sector m Each

} nal intai,n an _active .set that includes al
(7 e Al Bl i SRRk e oY Histcbifeed Sigrsarence control
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Eathi d%eﬁéet t hat .
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g@ﬁﬁ@ dntpaferenceseanttol onyuf esctssist snt@Tde@S isrobpaved The system may

rated by all..sectors that —are.jincluded jn the OS|
ST BREE: SR RERSRRe Lellin Prilrn osfeciog copgions
90805 t erFTIQ) &l showy aheweetomtel nkShalRss 0O atht ARYVR-used to adjust the
[0074] As noted above, the systemmay utilizé only

GSPL fora Erminab h2Qx iecivstenl 108 Tamninah d2hwoedmipasieates with a
int.erf c.ont 2, - ed i nternference tr.ol

KR CEASPER, SRR colSEHAREE LB SLGE ST bibyen 00
Pa@weri qvatrol aeclemisna 60® ineimies I(V) a NEéreRieKobpH2d that operates between

i nter ence control may provide inproved perfornmance
gl [ eBRue SEiCHOR a0 (her fegppblpoprda that operates between

SRR eI RIS se-EBr_?'%§Y(§:it t‘ﬁ%t@?ﬁfl@i. SRefdbdnkL for%glqﬁg)[]and second

user - based and et wor ased I n erence con
lppe 63@ maytdparate Gimeusgrstysmt meay tel walatetliak differers eatefasidtreference

i nt | at all ti i nvok
1030 $40 B R8QGrFRT biPundhaons Iaborobriy Splsie §36y6 shows only
thap@nﬂ‘oaroﬂm%siﬁsoemszw&@hdm% tSHFhLToRY al so invoke

each type of interference control for different
[0 ]t | %gfag@m:gilp@p) 080 adjusts the reference power level P (n) such that the

received SNR for the designated transmission, as measured at serving sector 110x, is as
close as possible to the target SNR. For reference loop 610, serving sector 110x
estimates the received SNR for the designated transmission, compares the received SNR
against the target SNR, and generates transmit power control (TPC) commands based
on the comparison results. Each TPC command may be either (1) an UP command to
direct an increase in the reference power level or (2) a DOWN command to direct a
decrease in the reference power level. Serving sector 110x transmits the TPC

commands on the forward link (cloud 670) to terminal 120x.



[0075] FIG 6 shows a power control nechani sm 600 that
may be used to adjust the transmt power for a

WO eoodiopeh7 120 i n system 100. Term nal 120k  PCT/US2006/009550
communi cates with a serving sector 110x and nmay cause
interference to neighbor secto?Z$ 110a through 1101.
Power control mechani sm 600 includes (1) a reference
[#57] 610At Hemiopler 30%s abdPhe sampand pmce&s,@t)(%i?ndietects the TPC

Sapards EE b hedoy b s HOSHT e B P C i Bhng. Bach TPC

Hé&ﬁoﬁ i gUsh ad 191 dedREbR ien el vea prmeomnaag @8énédPaPbe an UP
620 may operate concurrently but may be updated at

gommapemr & RQWN dpgision éf Sicerreaived o 6 Fommeandgis leemed to be an
ih ,

il coriifad ¢ AdeREERY GoM 8 Ryhont B BLERULEL e sofeictce power
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the reference power level Pref (n) such t
FC@Icisash SRlekfasd Pe, (R dly arivbacstdp fon easISBOWIN daision. A transmit

ref

neasured at serving sector HOx, is as close as
[])-33 ldh)ﬂaeprboestdfre66(lascm<is {BhIRlesiEpated efagsmission| tooph&El®,the reference

serving .sector estimates .th ecei ved SNR for the

P So d Crhizab RSRbs e Bhsierpled FBT S agr gigeecior 110x

pargpst Hhed @ﬁﬁ%s@\ﬂﬁﬁmgnﬁl(ﬂﬁl’ﬁﬁfpﬁﬁ?%ff&dt@'@)ﬁnﬂlé O link (cloud

control (TPC) commands based on the conpari son

6é@>u Mthsch tmamnusm@mmm amdesprsiallyt fee r(lqbﬂ%tﬁrrmmal the received
evel tﬁe ﬁ]’q‘ 618%1331 gscﬁonltl uélg? f[u% gegrgzisegerx\ﬁce loop 610

hﬁ)@npt@fte rrﬁa‘iﬁt@npmeﬁécélﬁa&SNR%r \the Qeﬁg@it@f trinission at or near the

transnits the TPC commands on the faorward |ink (cloud

gt SR incthgiprrspnceabehanggy iy thagevesseinkghanuebgonditiqsc

n_d ffé’cgﬁ(g?g‘o 6% % gltsec é%ra t?&r p?%g?ﬁfj?onrﬁ,érafﬁc channel

ran ervin sec

qg@gréa(a@%egm%ﬁ 20 PSudeBhSd g&wémvéméms lafh%g Z)bswble is used for

a receive C command I's deened to be an
dre @afbONadked iveiilenkaepinghieter-sedo mteriA@oe dnmaithn iasceptable levels.

d b d f
B BEPRR SR A e neEe: Selond 1PapErER: EBa o dethe roverse
nag ecktiatitdsBe Ter-8QEdSinRRRrentB icbs@4dd BRYhE RETBBSEsebioR from the

(n) by an up step for each UP decision and decrease
Preinanin Wea sqors, geegrafcorane@Eh OONepeitbssash on Ahe interference

G e e R R o et

SSi on |eve erence
To0801 nal Aﬂﬁ@ﬁnﬁﬁmﬂﬁt ahesd g@b@@sdrmﬂsmes\é‘ds ol @TA OSI reports
servi n? sect or 0078] Due tq path | ogss, fadin
hrpadeast by H@tnﬁl@rbpé&qc T$HAN Pr@vxdés/é@g@eqimrfnﬂﬂé&@aé@egnnt power

Y A0 [
\QQEaCFer%lg?t‘}r?Jnglﬁt 8?(?16 A él?agqln%leegﬁnﬁﬂ)q BAREEL s Yi1diOFrofh the serving
and neighbor sectors, estimates the channel gain for each sector, and provides the
estimated channel gains for all sectors to unit 656. Unit 656 determines the channel

gain ratios for the neighbor sectors and further adjusts the transmit power delta AP(n)

based on the detected OSI reports and the channel gain ratios, as described above. Unit
656 may implement processes 300, 400 and/or 500 shown in FIGS. 3 through 5. A

transmit power computation unit 658 computes the transmit power Py, (n) based on the

reference transmit level P (n) from unit 644, the transmit power delta AP(n) from



SNR for the designated transm ssion continually
fluctuates. Reference |oop 610 attenpts to maintain

wo b@oneesei ved SNR for the designated transm ssSPONUSL000009550

near the target SNR in the presence of changes in the
reverse |ink channel conditiong82 [0079] Second | oop
620 adjusts the transmt power Pdch (") for a traffic
utm'a 196] ans posgiiéy other fastorsnalX Ha@xprooeshor bl uges pbevtnansmit power
i s as hi h as .possible is used for the
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est i t he, channel sect and .

BRI B NUSREET nAT e alin, Blodf o, H5; Uy RBcomels and pilo
Eﬁnbkb’lls onfete IEHWCE s@nde bRl Sined pelieds; peABAhs OFDM modulation if
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apdh@&t@thaskHﬁl\uﬁnden of:l(ﬁxs 3nd heoeigles 52 révdrseamisii $ignal, which is
ower, conputation unit 658 conmputes the transnmt power
g teé)vﬁé'élé‘ateé‘ﬁa%@ reference transnit |evel Pref

;0@84 r or%%htmgﬁgfse stteﬁﬁm rl@f(‘ Sﬂhftllp@)éﬂﬁénnqg bsﬁ’)(aqg ough 752xt receive
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freocesso ﬂlnB@ﬁgmﬁeﬁomhferrnmahiiﬁxt apbwiher Rooinaln) Bache antenna 752x

data,transm ssi.on to serving secto

B ES A eCR D F By BB EONE RO B RO Eh At maireciver
88 9540 Eondii &sf (82 TR ARplifiks, fHedubhidyed SNEBneGRt ﬁl@d digitizes) its
may al so be perfornmed in other nanners and/or wit

tickived stgnap pesieme @medemh@dﬁlmﬁcapm@dblabm Prowdes received
F
LR A SR GRRR bR, Sl SRR on e

rebybld eymbels €rosi all r&elvkﬂﬁhits drdrprovided data s{hbolf Btiln@isks Nghich are
description assunes the use_of power control nechani sm

gBinaltoRh the, tpeitisd daspgymbels. ¢ i Rely dlatie PrqegReor a400x demaps,
BEO BN es 1 2K de@ddd K iilPlAa RYABEP SR maAd Lt pRASRSs decoded data for

terminal 120x and other terminals currently served by base station 110x.

[0085] The processing for a forward link transmission may be performed similarly
to that described above for the reverse link. The processing for the transmissions on the
forward and reverse links is typically specified by the system.

[0086]  For interference and power control, at serving base station 110x, RX spatial
processor 758x estimates the received SNR for terminal 120x, estimates the inter-sector
interference observed by base station 110x, and provides an SNR estimate for terminal

110x and an interference estimate (e.g., the measured interference I, ,,) to a controller



i nterl eaves, and synbol maps reverse link (RL) traffic
data and control data and provides data synbols. A
woadiogssar (Mod) 712 maps the data synbol s andP@i/list006/009550
synbol s onto the proper subbands and synbol peri ods,
perforns OFDM nodul ation if ap@Bicable, and provides a
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jver I; ' i.mat .
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SRS By oo 410V SR alr: U sy ahee i an Sk G gport anclor
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a forwa ink transm ssion nmay

sl bregdcagie s theeunialsvie thosystére. rEheefS OSIirepart Fiag be sent to the
. ' for the transm ssions on the forward and

1‘rPJel eﬁ’zééﬁq‘?fﬁkga LIEPET R Y %yfi ed by the system

[0088F] FHarteiringr 120x6Ra&nANd 15 Q¥ES vesOME MBlwar@tlinkedi¥hdl9 from the
base station HOx, RX spatial processor 758x estinates

foRENg @ed neighbasipss atiansapil pagvidezaeceiyed sigmad$o aheceiver unit 714.

' - t hnt e served base st at.i

TS, FecenBe Bnd: 3o SonBHENEF BEPERIGE 3 FERReh i, Iy and further

Iantcbsa?d bﬁtﬁ&td’lﬁ]’djﬁhl;:&ﬁ' @it dl?mﬁl(aﬁd%gh &M‘I@égélt@)&%él lﬁsﬁﬁj 7;14710( Processor
erference o a controller, . ntroller

%‘g‘nEPatd%% WerEPC shvng: PERt Weterving basoetrtihd 8RK & teqeinal 120x

a%HRh@@lT;MS? ré(@ﬁrsrgas@aéﬁ:gsrt Nl néig%zlokrﬂ)&ﬁt LS. %[\'&%1}18# estimator

Control ler 77 enerate an Feport  an
vaxthin Jemgulatan Ga2 esstsates tha chimmel grie féremelnbaseasttionniController 720

GRS TR dSSELE: b RO et n e
Tll_'Ill’.(Se d@BﬁgﬁQ nmﬁtg?llertm P adfBits HRPREIsniiPpoR@SHr A lrh@} channel
based or‘;Jl {l]]e (?TOX%SI rgports received from the neighbor base stations and the channel
gains for the serving and neighbor base stations. Controller 720 provides the transmit
power for the traffic channel assigned to terminal 120x. Processor 710 and/or modulator
712 scales the data symbols based on the transmit power provided by controller 720.

[0089] Controllers 720, 770x, and 770y direct the operations of various processing
units at terminal 120x and base station 110x and 110y, respectively. These controllers
may also perform various functions for interference and power control. For example,

controller 720 may implement any or all of units 642 through 658 shown in FIG. 6
and/or processes 300, 400 and/or 500 shown in FIGS. 3 through 5. Controller 770 for



OTA OSI reports for other sectors are processed by a
TX data processor 782x and a TX spatial processor

wQO 3ebs/09andi ti oned by transmitter units 754xa POT/O8G6/009550

754xt, and transmtted via antennas 752xa through
752xt. The 1S OSl report from B4se station 110k may be
sent. to the nei ghbor sectors via conmuni cation unit

pachbase sigion 119 mﬁ@ .H@m@menb%l&@r & peition ot propessai0RX FIG. 2. Memory
RARL P ERSCRE T AR SR R PP g 720, 70,
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Vorleld ArEsaRmRAD e eiemdtars (FPHS: debtispt gpniraliers, micro-
@&itfdl‘l@isesmfc r6QRE! e18@kdhid UevRES hoﬁﬁ@? %le%ﬁ@fu'coﬁmts 8631gned to

Control [er 720 detects the receiveéd TPC commands

ppduethetiections éc&mbed peraiy, of ewembtmsem tlemedfh & hEI%ﬁocessing units
eqgi.sions. Contr ol adjusts.the transmt iy

(618 BB O B onfD o ROpREL R a6 Oagticd within one

biER6fel SSTBEBISPE hrbdcasbrs, Re:chBhiliR0ichag@ ssbat | ons and

t he channel gains for the serving and nei ghbor base

0811 ondor gosafsie émplpognisiioni Tdiesnﬂeﬁerenefem@nﬁql teabisjues may be

(PRt el EaTos, RaLARST Ryl Tl 33k et e

Ayntiadssdebersiteed Hameih hehersafisimtd cqueveiayBe0stb@edn Rymemory unit (e.g.,
controll e 7 3 [0089] Controllers 720, 770k, and 7‘}]
HWETeEY m%lh Pat oSy &t Fifarh sad eppcrtasky HBrogesses ea:, controller

Y8&Y, 703 011"2’@31 ar"lqlebxﬁéﬁoﬁ; %‘f ]b"e%ﬁ%go e within the processor or

respectivel y.””These contr may ‘a
sxdemalue theprotéssors f or |nterference and povver control .

(OP52 6 - g e SRR i s PR GO rmel iy provided to enable
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) ntroller 770 foreach base station
mﬁéuﬁémvcs tg|thesg embogimantsowilbbe maddmspamu to rthcrsle@lqmd in the art,

NRRE Yeneric principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[0093] WHAT IS CLAIMED IS:



units 722, 772x, and 772y store data and program codes
for controllers 720, 770k, and 770y, respectively. A

wa@ekheadsar 780x schedul es term nal s for conmmuNPCHRUBZIING/009550

with base station HOx and al so assigns traffic

channel s to the schedul ed terni®al s, e.g., based on

the IS OSI reports fromthe nei ghbor base stations.

[0090] The interference co@iltAIMS$chni ques descri bed

herein may be inplenmented by vari ous nmeans. For

exanpl e, these techniques may be inplenented in

har dwar e, f or _a. conbi nati on thereof. For a
hard&gfe i%%ﬁ%ﬁ%%ﬁnggﬁ?mwﬁé processing units used to

per f oanredeives uh&r@RERIve @0 kdcelveat l@sDasCingdrithéiRB rBFOft BBm at least
i npl enented within one or nore application specific
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controll ers,, mcroprocessors, .electronic devices,

ot her AOBEPHGnPREAIHEL © FeWitnRia (mpBISFIOpmieH erminals in a sector
baealoh NS atdEAE bhDREEREERE Repo?! fréim SRRIOARL bl%f'néi %HEHO? Qctor.

The processing units used to performinterterence

control at a termnal may also be inplemented wthin

HARR o L I e e e

heiphisresatdt ificaté@héthéethe eleh®Br 6QMdT Msetves RREAMOS interference
may be inplenented with nodules (e.g., procedures,

giFater thon @ predetergvnesdrihreskRld. perform the functions

descri bed herein. The software codes may be stored in

a menory unit (e.g., nmenory unit 722, 772x, or 772y in

FIG 3) an@hexpparitas obylampl, otessn thd eorgrollet @Nbpe@htiverto control

720, 770¢, or 770y). Th i t be.
FpisefE AL Seipaln o HerEC BF BEBaHr erat dReLpainiarsrente report from

BeQf RaStUne nb8BE] sedfd® Previous description of the
di scl osed enbodi nents is provided to enabl e any person

skilled in the art to make or use the present
i nvengion. Various nodificatiqgns.to these enbodi nents
Wi ber oS POSURBEPERENE . oBEt e FRRRIFR Hrerae fo contol

afiflistibe dgapehinglsibi e ispies releidr Naded18h alsr ?ﬁMn’Bfeclass, quality of
applied to other enbodi nents w thout departing from

seeice (R hclags, g ageabiationdhdrenfent i on. Thus, the
present invention is not intended to be [imted to the
embodi nents shown herein but is to be accorded the

wi des$. scoPke eppesitas efitcladint b, wherepr ihecddptieBedtdof@MBle to deny
features di sclosed herein. .
access to the sector or to de-assign terminals already granted access to the sector if any

one of the at Jeast one neighbor sector observes excessive interference.

6. The apparatus of claim 1, wherein the controller is operative to control
loading of the sector based on the at least one interference report from the at least one

neighbor sector.

7. The apparatus of claim 1, wherein the controller is operative to schedule
the terminals in the sector for data transmission based on the at least one interference

report from the at least one neighbor sector.



[0093] WHAT IS CLAIMED | S: CLAIMS 1. An apparat us
conprising: a receiver unit operative to receive at

wo e@stowsae i nterference report fromat | east OPET/US2006/009550
nei ghbor sector, wherein an interference report for
each nei ghbor sector indicates2an anmount of
interference observed by the nei ghbor sector due to
transm ssions fromtermnals in other sectors; and a

controller operative to regulate data transm _ssions
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interference greater than a predeterm ned threshol d.
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one of the at |east one nei ghbor sector observes

excessive interference. 6. The apparatus of claim1,

wher el p thgng@g&ﬁﬁgkg&mh§ngperative to control |oading

of the sector "based on'the at |east one interference

r epor mepnofortrhesivng labdesst oneeintrefegérivo repat from at7leasTtome neighbor
apparatus.of claim 1, wherein the controller. is
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12.  The apparatus of claim 11, wherein the means for regulating the data
transmissions for the terminals in the sector comprises

means for controlling admission of terminals to the sector based on the at least

one interference report from the at least one neighbor sector.

13.  The apparatus of claim 11, wherein the means for regulating the data
transmissions for the terminals in the sector comprises
means for scheduling the terminals in the sector for data transmission based on

the at least one interference report from the at least one neighbor sector.

14.  The apparatus of claim 11, wherein the means for regulating the data

transmissions for the terminals in the sector comprises



9. The apparatus of claim1, wherein the controller is
operative to assign traffic channels to the termnals
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apparatus of claim1, further @dnprising: a
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one interference report from the at least one neighbor sector.

18.  The method of claim 15, wherein the regulating the data transmissions
for the terminals in the sector comprises
assigning traffic channels to the terminals in the sector based on the at least one

interference report from the at least one neighbor sector.

19.  An apparatus comprising:
a processor operative to estimate interference observed by a sector due to
transmissions from terminals in neighbor sectors and to provide an interference

estimate; and



i nterference observed by the nei ghbor sector due to
transm ssions fromtermnals in other sectors; and
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sector based on the at | east one interference report
fromthe at |east one nei ghbor Xector. 16. The nethod

of claim 15, wherein the regulating the data
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sector. 18. The nethod of claim15, wherein the
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sector due to transm ssions fromterm nals in nei ghbor
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2280, b9l S Py ARRER e

whetddndrintetferenod sspbariasatorntirdntesdrenye thgnB€cindrwhesein the second
belqgqw a first threshold, .is_between the fjrst

THPTELARACICRATHCYMREES MPre Artaidstuintprmation for é’éf_d@tftlf?éence observed by
gﬁg@ﬂgr&ﬁﬁg§hgkgkﬂggeﬂ£gg.apparatus of claim 19,

further conprising:

24.  The apparatus of claim 23, wherein the controller is operative to send the

second interference report to at least one of the neighbor sectors.

25.  The apparatus of claim 23, wherein the controller is operative to generate
the second interference report if the interference estimate is above a predetermined
threshold or if at least one of the neighbor sectors requests for the second interference

report.

26.  An apparatus comprising:

a communication unit operative to receive at least one interference report from at
least one neighbor sector, wherein an interference report for each neighbor sector
indicates one of multiple possible levels of interference observed by the neighbor sector;

and



a transmtter unit operative to broadcast the
interference report to the termnals in the nei ghbor
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controller is operative to generate a second

interference report based on tR& interference

estimate, and wherein the second interference report
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i.nterference observed by the sector than the
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wherein the controller is operative to send the second
interference report to at | east one of the nei ghbor
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sector indicates one of nultiple possible |levels of
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or, each nei ghbqr..sect or i.ndj.gates et her t.he
W RN 5l o Hsnda ks LLhE8TEE of flspifigace observed by the
gf Radt ©he héighbat sBétgget er mi ned threshol d. 28. The
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26, wherein the controller is operative to
31.  The apparatus of claim 26, wherein the controller is operative to identify

a strongest neighbor sector among the at least one neighbor sector and to adjust the
transmit power based on an interference report received from the strongest neighbor

sector.

32.  The apparatus of claim 26, wherein the controller is operative to adjust
the transmit power further based on interference reports received previously from the at

least one neighbor sector.
33.  The apparatus of claim 26, wherein the controller is operative to
selectively apply a low transmit power limit to the transmit power based on the at least

one interference report from the at least one neighbor sector.

34.  An apparatus comprising:



determne a rate of adjustnment for the transmt power
based on a user priority class or a quality of service
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adjusting the transmt power based on an interference

report received from

38. A method of controlling interference in a communication system,
comprising:

receiving at least one interference report from at least one neighbor sector,
wherein an interference report for each neighbor sector indicates one of multiple
possible levels of interference observed by the neighbor sector; and

adjusting transmit power based on the at least one interference report.

39.  The method of claim 38, wherein the adjusting the transmit power
comprises
adjusting the transmit power by different amounts for different levels of

interference observed by the at least one neighbor sector.



t he strongest nei ghbor sector. 38. A nethod of
controlling interference in a comruni cation system
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the transmt power based on an interference report

received fromthe strongest nei ghbor sector.



