WD 2006/ 099548PCT/ US20061009551 1 | NTERFERENCE CONTROL | N A W RELESS
COMVUNI CATI ON SYSTEM CLAIM OF PRI ORI TY PURSUANT TO 35 USC 119(e)

[ 0001] Thi swaymptdiesss on clains is a continuation-in-par traafushoso09ss
Pat ent Application No. 11/158,584, filed June 21, 2005, entitled
"Interference Control In A Wrel ess Commlini cati on Systent and is
assigned to the assignee of the present application, which is

i ncorporated by reference_in its enti retﬁﬁ: BACKGROU _Field
[ 0002] The present di scl OSMEBEM a@Q/Nt i cation, and

more speci fically tgx'gm[mﬂ (ESE CONMUNICATTON SYSTHM cat i on
system [|1. Backgroun OOO%A w reless multiple-access comuni cation
system can concurrently communicate with nultiple termnals on the

forward and reverse | gl OFEPRROREr ¥ PURNUANT TR US0RNIsEf ers to

the communication |ink fromthe base stations to the tg}rm ngl Slf and
the reverse [§0Ak] Thip applicaie) clbpe ¢ tittdorgRThrtBrY St ARPIPEMH No.
the term nal 11A38 bge ﬁ%ﬁe:f&}eab'l,o%‘ﬁ)os,'\@ﬁﬁdeﬁ' OrrfRa| SolB Tn A Wireless
si nul taneousl'y ‘Transmt data on the reverse link and/or receive data
on the forwaChmmumicatidiniSystew” ehtldn aagricdvie dhi pssignieei ¢l &k ipaRperhepplication,

fo et RiEgT ol
{1 equoncy andPEn i BREPHBR N B0 PR STRe ever g6 1ink, the |

transm ssions fromtermnals communicating with different base
stations are typically not orthogonal to one another. Consequently,
each termnal may cause interference to other teimnals conmunicating
With nearby base stations and nmay BIACK(EREUVND nterference from
these other term nals. The performance of each term nal is degraded
by the interfferenggldromthe other term nals comrunicating with other

base stal] ons;, | 9005) Ther e bouterel one 2 needd N N Alkick . and more

specifically to interference control in a wireless communication system.

II.  Background
[0003] A wireless multiple-access communication system can concurrently
communicate with multiple terminals on the forward and reverse links. The forward
link (or downlink) refers to the communication link from the base stations to the
terminals, and the reverse link (or uplink) refers to the communication link from the
terminals to the base stations. Multiple ferminals 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
conununicating with other base stations.
[GQ05] There is therefore a need in the art for techniques to mitigate interference in

a wireless communication system.



a wreless comunication system WD 2006/ 099548PCT/ US2006/ 009551 2
SUMMARY [ 0006] Techni ques for controlling interference observed by
each sect or wiormoa/ivessghbor sectors in a wrel ess comuni Gait/@R0&HSI5€M
are described herein. A sector in estimates interference observed
fromtermnals in neighbor sectors and obitains an interference
estimate or related neasurenents. For network-based interference
control, sector in generates an inteSTHdMARY!S) OSI report based on
ort to the nei ghbor

the interfere estimate and sends the IS OSI re

sectors via afaafﬁr]ed %ﬁﬂ’@&‘f’% o, C@?‘Hﬁ”‘%\g BRfesERAS. °%€E“Legrb}’ rFagh sctor from
receives |'S GRlghbePakioss MrOMrélBR JARInGMRA o1 Sfated! SreABEETHEIUERINCSA k@
transm ssions for the termnals in sector in based on the received IS

CSl reports. SeREEE HiEtrEYCer arvat dromttarmipan Siringiahbers sesjorg nd obtains an
controlling qg@]ﬁ@h%sﬂﬁaﬁ%@’r&%eﬁ&%%ﬁeﬁ%té e%grq{chtd}]é-bfis%)i 1%’1’&%358%%'11{}91,
a ( schedul'i ng the

termnals that have already been mitted,
term nal s i n s%§&et wrgehmatehamintedier % CHdepet basedotf e ancdertaeetdydmate and

nei ghbor sect , i.ani the termnals in sector in
with traffic S%ﬁ%ﬁﬁ%ﬁ%b%%ﬁ%é%é@% et Sr‘?%k a7 & NS CEMRROh & & Atrapkhaul.
sectors. [O0GEtar: elis raspestls @sidrepnito fonethsneifhbbh ecctoiy @nd irgfulA¢sedata
[0008] The 1 odPiIPRESRHGoR B (FBTHR FHE B BLaRE FribeiRery 18 ¢ 1 Bbabmbcsior
nor e appar entm ifiaymepiiate ditairhieehidese iyl ) eontsting 8drhiBsibe bo WeWhEininals to
t.aken in conj unct]:uo&%\é%t h.the drawings In which |like reference

y

tharacters i d&APS PELPFHRICIYPS 113 BLGHéGedy begpedpitied; (31 sdnduiinedhe

comuni cat i ORerSWSAEM 8bibP DA S SInRE 10088 RetetiStAlN8 s n&@%@ lé(::kci%, afd/or
shows a process performed by one sector for interference control.

[0011] FI G 3 @naswienias heoernisalpan sesioree with tisffec chenmalntipt ¢agse less interference
i nterference gaRLEANL{LALZL] FIG 4 shows a process for adjusting

transmt power iIn determ ni sti c manner.
[0007] Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[C008] 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.

[0009] FIG. 1 shows a communication system with base stations and terminals.

e [0010] FIG. 2 shows a process performed by one sector for interference control.
[0011] FIG. 3 shows a process performed by one terminal for interference control,
[0012] FIG. 4 shows a process for adjusting transmit power in a deterministic manner.
[0013]  FIG. 5 shows a process for adjusting transmit power in a probabilistic mammer.
[0014]  FIG. 6 shows a power control mechanism suitable for interference control.
[0015] FIG. 7 shows a block diagram of a terminal and two base stations.
[0016]  FIG. 8 shows an apparatus suitable for interference control.

[0017]  FIG. 9 shows an apparatus suitable for providing interference control.



[0013]FIG 5 shows a process for adjusting transmt power in a
probabilistic manner. [0014]FIG 6 shows a power control mechani sm
suitable for interference control. [0015]FIG 7 shows a bl ock diagram
of a termnal and two base stations. [0G16] FIG 8 shows an apparatus
suitable for interference control. [0017]FIG 9 shows an apparat us
suitable for pr OVI di ng int erfer ence control. 3 DETAI LED DESCRI PTI ON
[0018] The word "exenpl ary" |SDE§"é(]LEBr]éE$1CRH’TM serV| ng as an

exanpl e, t-anc K N y..emhadi. e

descri be[gbﬁgrfe}{%n%ggdo %gfgﬁpﬁ§ %h%g{ lﬁ% lﬂntgc'gigés?arJig%;k tS bgl g% 16 Bfaucs, or
preferr e!iiusiratlaniiiaﬁnty&mﬂmdﬂnmer demg]edesammmaﬁ“@emﬁﬁw”gmﬁot Qe8] 1y to be

FIG 1 sh ess Cc ni cation m, 100 with nultiple base
stations’ OT\%S eﬁﬁapwﬁﬁ‘f 8‘?“? NiE (NSRRI O re %Bg’é%f’n?toéfjf’%ﬁwr s general ly

a fixed ®opiRG, mabwgerwewmsgeb@&umcbmﬁ Beteh100 ath mafisle Have ﬁétﬁﬁs B€0 and
cal l ed an gccess point Node B, or sone other term nology.

base st dPP'HHleltimlﬁﬁlé\hzeeé %%ﬂi‘ﬁp%aﬁ B@eré]dv%ﬁégbﬁﬁmn ﬁlaba@mmnm@tﬁs with the
geogr ap

oo S, 00,0200 800 AGEE 1B SRR 8.
whi ch tW@a“"er“ﬂ'm’oﬂdwwmumwmmvam ém%ppqmmiarygeoghphmmm 5121 1@2b, and

covera r e, artitioned into. mul le small er areas, e.q.,
S o6 IR oheTRn MEUP L R0 S Badeh ol ARl ok Biep Blea BFERIng Cadh eqptext
by a resipedtithy thehidse id 1RUSTEIiMBrove UPSYEtRPALBTEAE baddStali® Paver6 ta@a may be

can refer to a, BTS and/ gr its coverage area dependi ng on the cont ext
in whi cHPetHEned AP wuliplegsmatisy %eaéeﬁgerthlfedn@@ﬂ arep, 40T IP4pondyl p4e. Each

sect or s @falbhata Geldvedr ) 4 Y& seivgm b REATE Subd s frmlaldHn
for the cell. Aasystemlgyontr | er J%BOrcoup%esut gg% (eﬂ?a??e(s)ng ét(pr can
and pr oveiget ¢BdPdindat ite nomecamat depending ot thesentesisie vatielt theriem 1@@[@@0}301‘ a
Aterm | al.so

stat i onr@; folf¥ %ge’ss ﬁ% & Jfgg%ug?srgfggal}:%%‘lﬁttyp '6¥ ?y X ?118 %ﬁ‘lg (iR thé Base station
term nolfog‘ghe CEH.CJSI systenmi dﬁ&trolﬂmmwaﬁnjﬂm waliate WaﬁdithHK)Cand@ﬂ@ld@rcoordma‘[mn and
mul tiple baﬁ?f at i ons at any given nonent. [0021] The interference

cont rol PREHAPGHES BAESERTWEd herein may be used for a systemwith
sectori 7eghogel kemaRd nfyHESHLM W hbbitthakPebPhisdeR GALd § mddlle! ffion, a wireless
following déscription, the term"sector” refers to (1) a conventi onal
BTS and/®FichtauseheaippRtapicameaithes ieyinalesybach lseeinarhaxerreniigatendh zero,
(2) ac i /RE S coverage ar ea for a system
wth un%é?%@%gbg%ﬁﬁéﬁh%gﬂggmg teérnﬁn nal" and "user" are used

i nt er chdA¢RdaBhy, merfdrenh@ cbmmfsted}sweerdéscm’mdd "Heeedie nstyabé améd dorea ahsem with
used |ntercha geabl I’VI n base stati o ct or a base. .

atati on/ CHRTRR R At e i AR e A be G B igguethe term
st ati on/‘s@drOfefes @ (DRS oftaatib@d/IPES hitorvitd Eovehige rdahfer hegmlﬂabnu Sectorized
hot in COQTI‘UI’]I cation. [0022] The.interference control tec ues na

al so be Gleend @) 2\FaRYH emﬁmﬂﬁ PHENANOS dts COYRTHES Hea foo R S§§¢§‘Péﬂéh urEggctorized
exanpl e,cefiNa$e tdrRS PRIAHEE RYuBE” YaHed &Eer@haﬁ?éj@% Sﬁ LYd ﬂqul'rrﬁmsédt&;’ @nd “base

access (CDIVA) system a frequency division nu I'e access
syst em statipp’rraredilagi @ﬁd) rmtmghangpdﬂ?éy aﬁ@ets'wg(b‘ﬁsx\/pt)m@yww:ms ahaaarata‘mg/@cradar with

frequen v ces syste te

(1 oy e e bl e EATR RobER A R o0 el p e S i
mul ti pl ehaeaeias 1é ﬁ&hh/lc&)mﬁm&taem a quasi-ort hogonal mul ti pl e- access
system FIDMVA is cal | ed distrjbuted FDVA, . and LEDM A
is al so [@(243 die nidier SiBaRQCoT 2] NRCPBIIVET 403 Al howied ARr e g%lflelmaccess

utilizegoRktARge g
1 AL SOl R ek S0 e o

i nto rulacgess @CQW)@Y&tmmwuemyehweweyn@mibaMSS (FDhéAR subbands may
al so be called tones, subcarriers, bins, and so on. 0.14DMtransmts
nodul ati on synbol s in t he frequency domai n on all or a subset of the



[ 0023] As shown in FIG 1 each sector nay receive "desired"

transm ssions from termnals within the sector as well as
"interferingd necamsns ssions fromtermnals in other sectpomras2008@09551
total interference observed at each sector is conposed of (1)
intra-sector interference fromternminals 4ithin the same sector and

(2) inter-sector interference fromtermnals in other sectors. The

i nter-sector YHFEr AelBACEYISRR; BRIPS 2pces CRNIAY spiitrer 2w @sthegonal frequency
i nterference di{bh mul@ssbdcssd dopmMA i 5SS i t

bei ng orthogonal t(I)n tiﬁ% trasnssrri SSi Qﬁ?ysl{e%{?tﬁﬂleﬁ%%eﬁg@ g@%ﬁ%ﬁg?&%ﬁ’eﬂmﬁ%d
i nter-sector TIN&r (&AL sysirin.i ndpptal sidsion mulide heesnCOMAY systenl, ar gasi-
i npact on per T 1.tigated as i bed. bel ow., .. .
[0024] 1 n er - SeapPBrr Tl TRoksd Syllihy 8736 o1 HERRHA TR g S ar it ctisubured
mechani sms sUdhMas aud rFifged pht enflet encewicmdt FOMAaRM chetivar kphasedan
interference tr.ol . For.user-based interference control, the
terminals ar e%%t&n}ﬁmhtzﬁ%oﬁﬂfﬁgg?a??&ﬂ?e&Fy &r’(fsé?”f%‘l'ﬂé‘ﬁ SIngUPEPM GRPM,
t he nei ghbor TEBMAraddRDE)] affdctivdhe bartitibR tRbverdlOWeEs BeeRIEH e Youdéble
that the int EQMO%%?@HH ence I's majintained within acceptable

| evel s. For 8 IR Pbae dbRter sbbapdsc may edliobei ealled tones,

informed of tshigcalitr€Hiseeh@ ko idat %fﬁl@&&%n@@%ﬁ&dﬁ%o@ﬁ%ﬂﬁs qgit%%ﬂ?{lugpcy

sectors and regul ates_ data transm ssions for its ter al's su

the inter-sedPBRn g 2} ¢t Bibeet of sherfaibandie dERMMA iransattsopedaldtion [spmbéls in
The system maye Wik dcai Bh YeuHSREs LAk ont 49! '
net wor k- based i nterfer énce “cont r%?r?ﬁ%% %%%C%Hlﬁﬁgﬂ{l%ﬁ{egr%&é#sgr?(‘l:%%(’:%u%’@?%qs'
mechani snms, AABPMAdransmisriviodatation symbdy irbthei timé domain edd itypivailyi @usdiacent
manners, as dgsghibed bel ow. WO 2006/ 099548PCT/ US2006/ 009551 5
[0025] FIG 2 shows a process 200 performed by one sector in for

i nt er-sect or [0BBer f ekesioevnciorflGoll. caSe edotrr thay @s¢ivartd@ed NE-RRkIRERRAS Grom
observed fro rm.nal.s i n ot her ct,ors _and, obtains an interference
estimate (bl g%‘ﬁ“f@o‘}’&%&tﬁ Fr8haT ¥S 2% HUeHng, FRaRSIyFHiQys Mornicapingla dyjother

not be i nter bet@ncdhe sdthinmieeBrodBslotives @NSchtsHitbr 1sBWHBRIWFE MBS -sector
ai ned by sector Mfor the termnals of other

and, or, thrgﬁr}g ds g@t .S€ s )

sectors. [O00IBYHSTLCHIOM WHEEAISWithar the seRcEecks ARt @) intereseetor infasference from
gener at es antedvieiatst A€okl sl 1R8linkRRRtd: RRSEANQD WillG: 16 Lef&n
estimate (bl ock 212), The OTA OSI rlrégort cc;‘nvey'snt ﬁgﬁéﬁloﬁ’n%ﬁ%f:gﬁe% ifier
i nt er - sect or S§CHE epfesicEme (O9bereals o dba drndmisterd mayachesegiov et i being
various fornggh@enslasGhd - 9EC [ rogadcasts the OTA OS|
report to the to’egr%lrlri nal s ?%%{rﬁ%k%g%ﬁ%oétﬂ%e% Sgsoﬁl%%ﬁseﬂcﬂ)@e‘iﬁ%@%e and
term nal s neiptgdpeiet infarksiance havesaisrggipwerisorb asrfimencet dnd EIHALORitigated as
report from ggct | if necessary, to reduce the anmount of

i.nt er-sector %%%%dfﬂee%gﬁce observed by sector in. [0027] For

net wor k- base024it er fierstcier coaferaice 188ChoCOnN]IGEBEAAY QS8 Mechanisms such

i nter-sector | . report based on the interference estinmate
(bl ock 222) .aﬁ’%““? %@%@:5 1% C%‘?Fald ?‘FFE“%ST’Rﬂ se¢ %@%ﬁf@%ﬁé%ﬁ@- For user-
i nt er f er encebasep bntérferévatconmyl, faverhings S8 iSinedi Jif18E Gt r. OBl iSterERE
exanple, the IS %E report may be the same as the OTA OSl report.
Al ter nat i vel SPSSHRE OF §XCRFERROp Sratoriayd adiii their srngmit Bewre etordiaglatsedhat
to interfereng @qtéxtﬁe@t@hﬁltgsi%reﬂceH@h&ﬁfﬁ%%imﬁwagﬁﬁgtlévelsp%’9 nké%?osrf-%asgd

recei ved power fromterm nals of sector in nmeasured at ot'her sector
and/ or any OPIREFreRs ¢amiat.ieach septar israfprivel oftthe interdettar idetferonbaiebserved by
interferenc 1nal s, of . sector in and the othe
sector f rom%ﬁgeﬁg%cﬁ%écﬁog%gé‘f%{%ﬂ?%cdél?avg%}m%gébqnﬁ:}0‘7 HS W?@%ﬂ“‘i‘ﬁ@“l ige
CSl report tiotet-trstarenigiftrencesie atadmtainqaewitida acablayleQsvedn| Sheishste@Gh B utille
observes exc%gﬂjge?_biant elrfe&g ence blcgck 224). Sector in also receéives
1S 08l reports FBmet e IRaTeHisG CcOME: 8T SnippReswRrkameyd inferferenge eogtrol, or
which the | $o@5 Mepoinarorree CxHRBNAREHATRAY LA HEF! QnSiBYnDe nlle be

implemented in various manners, as described below.




WO 2006/ 099548PCT/ US2006/ 009551 6 synbol is a conplex value for a
point in a signal constellation, e.g., for MPSK, M®AM and so on.

[ 0029] Sect owoizmsrmagssesti mate the interference on a gi verrcaulse@snosss: k
in a given synbol period n based on ‘a pilot received froma term nal

it, as follows: " (k n) =1il",,n(k,7z) 33(k,7)- R,,,l,"(k,7012,Eq
1) where p, s a Il ot synbol sent by termnal it on
gu%)car rier P éjﬂzss]y pethyes A;process 200 PRefprmerdsbia Ane sedteramefop fintehgsctor

channel gai n ReHRAL: &ﬁl%?r Séd?oﬁﬂ%ﬁrﬁit«?@ efbncgobﬁe;\feh fﬂ)m ga?rfﬂjals i other
recei ved synbol obtained by sector 1nfro
70 i s an estiseipes af Obt@él&armletﬁfereematmbwe(bmld 208). s@drhmnallm, thd” h’éonnatlon

| 0030 ct
auan {15 | g o e Sl LORSD) St 0 T e
foll ows: 4, ( qurthreshc_ﬂdsruftgal(léd bygectoAm fokthe Yerfiinals df theR }ebtbrs.Eq ( 2)

where :6"11," .S an estimate of a data synbol transmtted by
terminal it caﬁ‘?rl Bier a§eﬁa§1§7‘?ﬁ SECH PP 'F?Ct"”s@bt%laer?‘ﬁs r?&yO%Fé'rﬂP%@r
data symbol eSINAyOHSedddt kdéeddn MY ifidoferBRE 0 hE gordat @12§|eﬁ?ﬁ9 DTAO keport
t he received synbols 12,,,,"(k,n) with the channel estinmate

: (1711, " (k, n)°oREY8 H”teaﬁﬂ?f’%9@@ff‘éﬂe(‘§9/frfﬁ@rf§mm(629b5%¢ql DY BRstdar andioey be siven
based on the il Oh@G s S mey @P%E&nb@&‘gelévg’) SH&hAG, grgﬁicgéﬂ 498 %ﬁr}éqoﬁtsto the

the data synbol estimates. Alternatively, sector In nay derive
data synbol defminag aghyyeighbor smtqr@[hiqqugﬂahtﬁwd@tegmabnnmdmemm transmit

ded
recei ved S%’”’%Bkv%rs k{agtg ﬁﬁggan egﬁﬁtfl%ﬁ{ &gm%ﬂ:?io%% d‘a urclze { %Cacx)nc%nt

data, and re-enco mappi ng
obtain the d@ffaltmﬁotm&femmbeisaen{eﬁ(bsk}cﬁamor in may aI SO perform

L onnoetioBA] | R SRR LR 0 LR P Bl SO Sher-scotor
(I3) OSI report based on the interference estimate (block 222). The IS OSI report and
the OTA OSI report are two interference reports that may have the same or different
formats. For example, the IS OSI report may be the same as the OTA OSI report.
Alternatively, the IS OSI report may consist of information related to interference
thresholds, interference measurements, path losses, received power from terminals of
sector m measured at other sectors, and/or any other information that may be utilized to
determine interference caused by the terminals of sector m and the other sector from the

IS OSI report is received. Sector m may send the IS OSI report to the neighbor sectors

periodically or only if sector m observes excessive interference (block 224). Sector m

P
AT

also receives IS OSI 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.

[0028] 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 subcarrier 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

symbol for data, a pilot symbol is a modulation symbol for pilot, and a modulation



[0032] The interference estimate In(k, n) obtained fromequation (1) or
(2) includes both inter-sector interference and intra-sector o

I nterferencwo Zite@esngra-sector interference may be nmai ntegimngdooghododsin
acceptable | evels via power control, as described below, and may then
be negligible in conmparison to the inter-&6ector interference. WD
2006/ 099548PCT/ US2006/ 009551 7 %0033] Sector in may average

i nt er f er ence S¥EPPIiateeP PO T FEqupeitl/in & pandl abonsteliutibore.gi fe M-PSK, M-
domai ns. For @X@iMmilfLso gector in may average the interference
estimates across nultiple receive antennas. Sector in may average the
i nterference [B&3%] nmat $estok or eyl estubleahe snterirage amya given afbdatier & in a given

- g . 1K ()= - . =1 )1/K = "
Elbat o N e

I,(k,n)=|H,,(Fk,n)-P,(ke,n)~ R, (kn)|?, Eq (1)

where F,(k,n) is a pilot symbol sent by terminal u on subcarrier k in symbol period n;
.F'.‘Tm‘u (k,n) is an estimate of the channel gain between sector m and terminal u;
R, .(k,n) is a received symbol obtained by sector m from terminal u; and

I, (k,n) is an estimate of the interference observed by sector m.

e

The quantities in equation (1) are scalars.
[0030] Sector m may also estimate the interference based on data received from

terminal u, as follows:

(k,n)-D

m

I, (k,n)=|H (ke,n)—R,  (e,m) %, Eq (2)

i

where fim (k,n) is an estimate of a data symbol transmitted by terminal # on subcarter

k in symbol period n. Sector m may derive data symbol estimates 'ﬁm,u (k,n) by (1)

performing data detection on the received symbols R (k,n) with the chamnel estimate

H (k7)o 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.
[0031] Sector m may also perform joint channel and interference estimation to
obtain both channel response estimates and interference estimates.

[0032] 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 fo the inter-sector interference.



Eq (4) Eq (5) where 1,, 00 is the average interference power for
sector in in synbol period 7/ and Prnon denotes a nom nal received

power for e@mg?&?ﬁ?gji}ﬁr@)li"UCJH and /", (n) are i@df)&?@o’bmbﬁ@%ﬁs

in equations ( Equation (3) is for arithnmetic

averagi ng, equation (4) is for geonetricyaveragi ng, and equation (5)
is for SNR-based average. Wth arithnmetic averaging, a few | arge

i nterference[0est] nakesorc an nelyewerdpe muefeagee ienfmaiberaerce {powercy, spatial,

Geonetric averagin nd .SNR- based aver agi ng can su ss, large .

i nterference? itﬁg‘% ggmi‘%?' OF &5¢ %bsgﬁfgg{n W@Xﬁr%eg{h rlnﬁeﬁ%??ggf Ggtes
filter the aygsRRUNIHESdRECREANROVENCIoD WEmadldride! tRe Syteikabndpesiiaass fw
inprove the quality of the interference estimate. The filtering may

be achi eved % fupbandsiuping any eRsLLee loleBEREECRENESIETFYer, an infinite
i mpul ses response (ER) filter, or sonme other type of filter. Sector
in obtains a neasured ipngerferencefor each nmeasurenment period, whjch
may span one or niu(mbﬁﬁﬁeg)fnﬁoh) periods. [0035] Sector in generateEd&h
OTA CSI report based orftfhe nmeasured interference. In an enbodi nent,
the neasured interference is quantized to a predeterm ned nunber of
bits, which are included,in thep®A OSI report. In another

enbodi nent, the Ofﬁngegﬂtfni(n@z&deﬁana single bit that indicates Eq(4)
whet her the nmeasured i Rt&@rference is greater than or bel ow an
interference threshold. In yet another enbodi nent, the OTA OSI report
i.ncludes nultiple bits tha{ conyey the neasured interference relative
fomltiple int erfo%iwc%mtb;eﬁﬂg ﬂ%.[lEorPn@I afity, the follow ng gq3)
description is for-an épbodi meni Ml 8 Iytk,eh/ the OTA OSI report
conveys the neasured interference relative to two interference

t hreshol ds. . _ ,
where I (n) is the average interference power for sector m in symbol period z and

Pmon denotes a nominal received power for each subcarrier. I, (k,n) and [, () are in
linear units in equations (3) through (5). Equation (3) is for arithmetic averaging,
equation (4) is for geomeiric averaging, and equation (5) is for SNR-based average.
With arithmetic averaging, a few large inferference estimates can skew the average
interference power. Geometric averaging and SNR-based averaging can suppress large
interference estimates for a few subbands.

[0034] Sector m may also filter the average interference power over multiple
symbol periods to improve the quality of the interference estimate, The filtering may be
achieved with a finite impulse response (FIR) filter, an infinite impulses response (IIR)

filter, or some other type of filter. Sector m obtains a measured interference I .., for

each measurement period, which may span one or multiple symbol periods.

[0035] Sector m generates an OTA OSI report based on the measured interference.
In an embediment, the measured interference is quantized to a predetermined number of
bits, which ate 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 vet 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



[ 0036] I n an enbodi nent, the OTA OSI report includes two binary OSI
bits, which are called OSI bit 1 and OK bit 2. These OSI bits may be
set as fol l'woswosnses@®Sl bit 2= if Inmeasimhigh_th 7 if i 88808009551
Thigh th Eq (6b) where Ino,"” is a nomnal interference threshold,

Iwo th is a high interference threshold, gand Ihin, >0SI bit 1

I ndi cates whether the measured interference is above or bel ow the

nom nal i nt erflécterioe @4 e©BD I reporO8bnrys  Be | mekisometie mtanfeetriver retdiee to two
measured int ence ove or below the high interference

t hr eshol d. Fgllritglt%% 8% Pﬁ%@ﬁﬁlrrént sector in is deened to observe | ow

i nterference [0636] he Iﬁ&am&mmt elief ©TANBSI egorbklided therfifary OBI®Hs, which
interference if th sure erference_is between Inhth and | mal uh

, and excessia%caiﬁlﬁgggfgﬁtéﬁegosfg?ﬂeT QﬁI@HSWQPF%@é OWss great er
than or equal to lhigitu, OSI bit 2 may be used to indicate excessive
interference being observed:byyrthe SeeLor. [0037] I n anot her

enbodi nent, the ObsI@GIleport iAct'ude€™ 4 single OSI val ue having Eq (62)
three levels. The OSl vall ud)' ey Ine, sel  as, fol | ows:

rlt 4 lf Imeus,m 2 Ihigh_r.h 2
OSIbit2= Eq (6b)
'O” lf Inmas,m <Ikﬁgh_,m ?

P

where I, is a nominal interference threshold, I, , is a high inferference threshold,

and Ly 4 >1 OSIbit 1 indicates whether the measured interference is above or

nomy_th *
below the nominal interference threshold. OSI bit 2 indicates whether the measured
interference is above or below the high interference threshold. For this embodiment,
sector m is deemed to observe low interference if the measured interference is below

Lo » high interference if the measured interference is between I, and I, ,, and
excessive interference if the measured interference is greater than or equal to L, .

OSI bit 2 may be used to indicate excessive interference being observed by the sector.
[0037] In another embodiment, the OTA OSI report includes a single OSI value

having three levels. The OSI value may be set as follows:

e

2! E if Imeas,m = Ihigh_m ?

OSIvale=q "', if Ty, >1
0, if I

meas, ¥ 2 InunLLh 3 Eq (7)
<I

mens, i nem_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 ¢’”.

[0038} 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
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., . Thi gh, oSl value ='1', iflhigh _6, > Irneas.",
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thermal noise power. The total interference power may be computed as described
above. The thermal noise power may be estimated by turning off the transmitter and
measuring the noise at the receiver. A specific operating point may be selected for the
system. A higher operating point allows the terminals to transmit at higher power levels
on average. However, a high operating point has a negative impact on link budget and
may be undesirable. For a given maximum transmit power and a given data rate, the
tolerable maximum path loss decreases with increasing IOT. A very high operating
point is also undesirable since the system can become interference limited, which is a
situation whereby an increase in transmit power does not translate to an increase in
received SNR. Furthermore, a very high operating point increases the likelihood of

system instability. In any case, sector m may set its tri-level OSI value as follows:

2, if 10T, 2 10Ty w »

OSIvalue={ '1', if 10Ty, s > 10T, 210T, Eq (8)
0, if 10T, <T0T,mm »

whete 10T, , is a nominal IOT threshold and 0T, , is a high IOT threshold.

[0039] The OSI bits/value may also be generated using hysteresis so that an
indication of excessive interference does not toggle too frequently. For example, OSI
bit 2 may be set to ‘1” only if the measured interference exceeds the high threshold for a
first time duration Tw; (e.g., 50 milliseconds) and may be reset to ‘0’ only if the
measured interference is below the high threshold for a second time duration Twa. As
another example, OSI bit 2 may be set to ‘1’ only if the measured 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 Iy, g, » Where Ly gy > Ly oo -

[0040] Sector m broadeasts 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 OST 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.
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[0042] Network-based interference conirol may be achieved in various manmers,
Some embodiments of network-based interference control are described below.
[0043] In one embodiment, sector m schedules terminals in the sector based on the
IS OSI reports received from the neighbor sectors. For example, if one or more
neighbor sectors observe excessive interference, then sector m may reduce the transmit
powers used by disadvantaged terminals in sector m so that these terminals cause less
interference to other sectors. A disadvantaged terminal has a small channel gain (or a
large path loss) for the serving sector and needs to transmit at a high power level in
order to achieve a given signal-to-noise-and-interference ratio (SNR) at the serving
sector. The disadvantaged terminal is typically located closer to a neighbor sector, and
N the high transmit power level results in high inter-sector interference to this neighbor
sector.
[0044] Sector /n may identify disadvantaged terminals based on various quality
metrics such as channel gain, pilot strength, carrier-to-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. Additionally, the disadvantaged terminals may be identified in the IS OSI

report along with their measured values, e.g. 10T Tias.m OF measured received power.

Further, in some cases, the IS OSI report may provide information as to the identity of
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nom nal JOT threshold and 1 OTuh is a high JOT threshold. [0039] The
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manners. | n an enbodi ment, sector . jn broad ts,.t A | . t
each measur eh@A¢ sy HH?S@%P%W%V%QF) Ié‘ﬁtﬁ?g‘?fﬁ‘gﬁ% ?m@gg%nggegﬁéwégggérsg étg
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this bit is set to I. Sector in may al so broadcast, OSI reports from
ot her sect or B0#@ t hén seqthrr Panbodinent sscigl gt Bies pRMSEER (saprel toggfigate mter-
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sends its IS report tot bor sectors for network- base

i'nt er f er encesecomt plpskerve Eecstige GBtriarensor hemespla oh gy Fequse thawrngisy oppgtiye
the tii-l eve{erminals in the sector by (1) denying access to new terminals requesting to transmit on
the reverse link, (2) denying access to disadvantaged terminals, (3) de-assigning
terminals that have already been granted access, (4) de-assigning disadvantaged
terminals, or (5) using some other admission control methods. The rate of de-assigning
terminals may also be made a function of the IS OSI reports from the neighbor sectoss
{e.g., the observed interference levels), the number of neighbor sectors observing
excessive interference, and/or other factors. Sector m may thus adjust the loading of the
sector based on the IS OS] reports from the neighbor sectors.

[0047] In yet another embodiment, sector 7 assigns traffic channels to the terminals
in the sector in a manner to mitigate inter-sector interference observed by the neighbor

sectors. For example, each sector may be assigned a set of traffic channels that it may

in tumn assign to the terminals in the sector. Neighboring sectors may also share a
common set of traffic channels that is orthogonal to the set of traffic channels assigned
to each sector. If one or more neighbor sectors observe excessive interference, then
sector m may assign disadvantaged terminals in sector m with traffic channels in the
common set. These disadvantaged terminals would then cause no interference to the
neighbor sectors since the traffic channels in the common set are orthogonal to the
traffic chanmels assigned to the neighbor sectors. As another example, each sector may
be assigned a set of traffic channels that it may assign to strong terminals that can
tolerate high levels of interference. If one or more neighbor sectors observe excessive
interference, then sector m may assign disadvantaged terminals in sector m with traffic

channels assigned to strong terminals in the neighbor sectors,
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[0053] FIG. 3 shows an embodiment in which the OTA OSI report conveys the

inter-sector interference observed by the neighbor sector in one of three possible levels
— low, high, and excessive. Process 300 may be extended to cover any number of
interference levels. In general, the transmit power for terminal 1 may be (1) reduced by
a down step that is related to the amount of interference observed by the neighbor sector
(e.g., larger down step for higher interference) when the measured interference is above
a given threshold and/or (2) increased by an up step that is inversely related to the
amount of interference observed by the neighbor sector (e.g., larger up step for lower
interference) when the measured interference is below the given threshold. The step

size and/or the adjustment rate may also be determined based on other parameters such
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may be om tdmdmandwat ddjisaherif erence control nmay be provided by
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with respe ¥ bl Bcgenesaly trapgnit power adjustment for interference control may be

performed in conjunction with various power control schemes. For clarity, a specific
power control scheme is described below. For this power control scheme, the transmit

power for a traffic channel assigned to terminal » may be expressed as:
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termnal it reduces its transmt power ‘wth a | arger down step size
and/or at a fasterp e H hl,9¢kpdh6) . QGtherw se, a determ nation |saq(10)
made whet her the nelg bor sector observes high interference, e.g.
whether OSI bit 1 is set to '1" and OSI bit 2 is set to '0' (block
318). If the varswa,, (73 i$ tfe Stapsrhibpowdrdontheahific chaduee 8pdatsSinteransm t
power with a nom nal down step size and/or at a nomnal rate (bl ock
320). O her wi se, tfg{(m m'adrefdrericnqnowaysleselifchrsuptlatairsasrival mewdr with a

nom nal up step size and/or at a nomnal rate (block 322). [0053]FI G
3 shows an enbodi fdie) ism el Power Gitaiogpdite paevaldenveys t he
inter-sector interference observed by the nei ghbor sector in one of
three possi blTheltewghis pewtiderelhPgi() and PeXaEasd ite. Udﬁﬁl@ﬁ@)&ﬁ/eﬁﬁ@tarmnﬁ%re
extended to cover any nunber of iInterference |levels. In general
transmt poweivendr unisrofidacibels (dBray be (1) reduced by a down step that

i | at dt t. of terf d h hb
o o R AL R PRV b DSk ot o
measured int eaaﬁl@&ee@%cét%m@@&ea ae%n\é?éa tHﬁgﬁ%E&%dwﬂfaﬂln% ée?ézfeﬁ@grenc

by an up step that i s”inversel ated to the amount

observed by t’ﬂ%‘@lﬂﬁéﬂ@ﬁ@d}ongequnm(l er gome oréclgmnsmpsmeﬂ’hﬁmfeﬂemower level
i'nterference), whel e [ |

xSk B OPSRAR G LS LELER0E o Rl RSBl YRl o e
determ ned balseghatad tmrlhEISSIpaJ(ageﬁ%rp;aCkumor b (PER) If the data transmission on

2006/ 099548P 51 13 a for exa current. transmt
power | evel &(-’I)é/r H{? Ciejgl}%enaﬁnd %gﬁ%e nﬁpnﬁs%l %ﬁ%w?‘leﬁ o poise and
sector rel at iimafetrmctaheharbmmsebs gdien tioer rédaﬁzeaeSMRngozsetﬁ& Oflata Ptidr@iniscIbA\
0S| reports, d [0054] Terminal u may adjust its transmt
power based hZ’ Y&BP%%F 2 rom one or nultiple nei ghbor
sectors. Terminal it may estimte the channel gain for each sector
based on a pil ot ei yed § mth ctor. Termnal it may then
derive a channel ES@%??U NI?‘ ' e%lc):(f'i nei ghbor sector as foll ows: Eq (1)
g.(n)r g (n) Eq (9) where g ,;(n) is the channel gain between
ter m nal it goudsnei gtk anSee hbOker deltg‘AI-gﬁ)) nia$ bEQQJth@ﬁﬂpﬁhetgﬂnﬁmQ@}n‘ﬁﬁ%ﬂ
termnal it and the serving sector ii) 1's the channel gain
rati o for neiagidbabilisiemenndr, or some other manner based on the OTA OSI reports from the

neighbor sectors. The transmit power may be adjusted (1) by different amounts for

e
¥ 1

different interference levels using deterministic adjustment or (2) at different rates for
different interference levels using probabilistic adjustment. Exemplary deterministic
and probabilistic transmit power adjustment schemes are described below. For
simplicity, the following description is for transmit power adjustment for an OSI bit
received from one neighbor sector. This OSI bit may be OSI bit 1 or 2.

[0059]  FIG. 4 shows a process 400 for adjusting the transmit power of terminal # in
a deterministic manner. Initially, terminal » processes an OTA OSI report from a
neighbor sector (block 412) and determines whether the OSI bit is ‘1’ or ‘0° (block
414). If the OSI bit is “1°, which indicates that the observed interference exceeds an

interference threshold, then terminal z determines the amount of reduction in fransmit

power, or a down step size AP, (n) (block 422). AP, (n) may be determined based on



[ 0055] I n one enbodiment, termnal it identifies the strongest

nei ghbor sector with the |argest channel gain ratio. Termnal it then
adjusts its_tr 1t _power based on the OTA OSI report fromonly this
st rongest n@b&ﬁ‘gﬁzo%’é%ctor. I n anot her enbodi nent, term r?gF’qS‘EO[’Qé?ga%]ts
its transmt power based on the OTA OSlI yseports fromall sectors in
an OK set. This OK set may contain (1) T strongest nei ghbor sectors,
where T 21, &z)magfh@%@%r 8861 fF ShaMbidt GJARRNGlerGRI APH:ALT) 08n®¥ CRBTN gaid
channel gain ratio threshold, (3) neighbor sectors with channel galns
exceedi ng a gfiafcehe gagbot bsceghe)(d). Témime inghdnotecseas tresransmit pdedr defta
a nei ghbor |ist broadcast by the serving sector, or (5) sone other
group of neighilad, (Petiaksiz4TeOonveadely, if a0 djitis t°01, thent teaksatin deiesweres
in various manners based on the OTA OSI reports frommultiple

nei ghbor sectherandunt ph&coBse dirangoyt PEXBINSK &R Weflap fie AR, ‘Q%y(block 432).
decrease its transmt power if any neighbor_ sector in the OSI set
observes hi giPgfnlexepgdiovks ipeapinet brree onadParobnand dxlmpl Eerotipal i fgh
it may determine a transmt power_ adjustnent for each nei ghbor sector
in the OSI shcreased theyiranpmii Qs delia thye Mgittis (hiesk $3¢br LRI tansmgnBRyer
sectors in the OSI set tqQ obtain overal | transmt power

adj ust ment . f@@%@?ﬂltﬁlxb@iﬁ‘gisﬁﬁ?a?‘iﬁ‘{;ﬂﬁbws dfust ment for
interference control may be perfornmed in conjunction with various
power control schenes. &p(ncigqi,gw(n)a} spestbite'poweyd control schene
is described bel owpHar: this power’ control schene, the transmit pBwéi2)
for a traffic channel asAP@nel]-t/®, (e, nmih&lSIbit=rdy be expressed as:

WO 2006/ 099548PCT/ 1352006/ 009551 14 Pdch (n) = Pref (70 AP(n) 2Eq

pdat e 1t er 0960h Ao bipys S5l BREBae st e or oG AP

interval n; n) ] ek t erdipber val

it. The t ran%nn&k‘ég%%%ﬁﬁ%&%%&%ﬁ%ang aﬁgwg{(r%ee?tgs(é?maﬁgg)?he transmt
power delta AP(n) are given in units of decibels (dB). [0057] The
reference power | &Pel)ePABS,.(AR,).Ji,s the amount of transmt power Eq(13)
needed to achieve a target SNR for a designated transm ssion, which
MR B TN TR AR D o
be adjusted to achpeyv GRitd, |hoQkr B aAEWRAIE Sor Y trAHE channel.
desi gnat ed jtransmlﬂi;'%“i‘ %ﬁﬁe gl. g. “%g%%“gg‘? et error rate (I%ER). It the
data transm T é%ﬂun%% Eh@?rafjgrﬁft %b&ercﬁ?tgpﬁ!r Wil HESIORRISHithin a range of
transm ssi on ODSErve sSrmtar nolse and I nterference charact eristics,
then the recabwedt $hRef deltdsheasdsitoavnt rargmatiosi (8), SNRudélai 7the | infrappedies

Cranom © powBHRRrER B P b e 8t SRR HEPL AR A 4 e

adjusted by a control loop to ensure that each terminal can meet the requirements for a

quality of service (QoS) class to which the terminal belongs, APy for different QoS
classes may be adjusted at different rates and/or with different step sizes.

[0D61] Terminal # then computes the transmit power P, (n) for the traific channel
based on the transmit power delta AP(n) and the reference power level P (n), as
shown in equation (10) (block 444). Terminal u may limit the transmit power Py, (n) to

be within the maximum power level Py (block 446), as follows:

P, if P,()<P,. .
P

max ?

Py ()= { Eq (14)

otherwise .



a probabilistic manner, or some other manner based on the OTA OSI
reports fromthe nei ghbor sectors. The transmt power may be adjusted
(1) by diff yunts for different interference |evel ] .
determ ni st%ezgéﬁjmgg%?‘%ent or (2) at different rates for gﬁcﬁf@@%@"g“l
interference | evels using probabilistic aggjustment. Exenplary
determnistic and probabilistic transmt power adjustnment schenes are
descri bed belTettnirabi usss M kbt potvBe P oh) RWIRY tARSGER diPfle 'tﬁfffc%'lganna,
transmt power adjustnent for an OSI bit received from one nel ghbor
sector. This [082]bi tnrmmyentbediOBint, et AR, ) add APQOHOItEY SreshrStRWLER as:
process 400 for adjusting the transmt power of termnal it in a
determnistic manner. Initially, termnal u processes an OTA OS|
report from a nei gihdr) sdatdf, Lb Gk -412), (and,detann nes whet her tHE(15a)
OSl bit is T or "0 (block 414). If the OSI bit is T, which indicates
that the observed jnterference exceeds an interference threshold,
then termnal it dSLrhT he& Rire d¥unt) of, (Delydtion in transnit  Eq(l5b)
power, or a down step size APdn (n) (block 422). AP, (n) may be
det ermi ned based %g V\D% 6/ 099548PCT/ US2006/ 009551 15 the transm t
power delta for-t et 3B bpei e PHRIBPRRenor AP, (1) andy A, &) cisapratvely;
gain ratio for the neighbor sector, r", (n). Terminal is then
decreases the tr ar%%“r‘?flfi %ﬁcﬁﬁcm&g ﬁ‘étowoﬁﬁéﬂz’@ pd (Bldtle reppagtively; and
Conversely, if the | bit s '.0', then termnal is determ nes the
amount of i ncr easd ﬁ"ﬂ?a?cmfngn"i’lf’ fistians to gemgHe (W ud P pdsfBa(nAR s Y Y.
(bl ock 432). AP'p (n) nay al so be deternined based on AP(n -1) and
ros. (ii). TédleBhal Husctidvery,jncmenpses dtfedt sehsit AVRY idektadd both
APpp(n)- (bl ock 434%. The transmt power adjustnents in blocks 424 and
434 may be eX¥iesdeands; (mnpife nejghber yeppp obseyves high oBBkcdsiite mtdrBrence, At
AP(n) = .P(n-1) - APdp (n), .if OSI bit ="1'". Eq (12) [0060]After
bl ocks 424 aﬁfi Ylgzper PE%JWP%%EPH o the ﬁ?‘lgébﬁﬁﬁéﬂf@fr@ﬁ‘gﬁﬁiﬂ aplovger Adel(k)aaiP() )a
to be within aer%n%%o?f Ilqgablﬁ transmt power deltas (block 442),
as follows: }fﬁ%ﬁ)é O SO0~ LEGE ISR ueEE ey (9 Hugctione fignmavike defined
transmt po taral lowable for . the traffjic channel, and AP"," is
t he maxi numvﬂcgﬁtglrlﬁ ?P“b{%z\)vel? “a'*’e‘“ﬁcb lé\ella}t%cﬁjé’béogh e H)e ¢ Jife  Enihpmeighbor
sector observes low interference, then (1) a larger channel gain for the neighbor sector

results in & smaller AP, (n) and (2) a larger value of AP(n—1) results in a smaller
AP, (7).

[0064]  FIG. 4 shows the processing for one OSI bit from one neighbor sector. A

larger value may be used for AP, (n) when the neighbor sector observes excessive

s
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interference. A smaller value may be used for AP, (r) when the neighbor sector

observes high interference. Different down step sizes may be obtained, e.g., by using
different scaling factors kg and kg, for hi gh and excessive interference, respectively.

[0065]  FIG. 5 shows a process 500 for adjusting the transmit power of terminal i in
a probabilistic manner. Injtially, terminal u processes an OTA OSI report from a
neighbor sector (block 512) and determines whether the OSI bit is ‘1’ or 0’ (block
514). If the OSI bit is ‘1%, then terminal u determines the probability for decreasing the

transmit power, Pry (), e.g., based on AP(n—1) and r.(n} (block 522). Terminal u

then randomly selects a value x between 0.0 and 1.0, where x is a random variable

uniformly distributed between 0.0 and 1.0 (block 524). If x is less than or equal to



Constraining the transmt power deltas for all termnals in a sector
to wwthin a range of transmt power deltas, as shown in equation

(13), can naiyy Abdoobdig i ntra-sector interference within geeepheRlefoss:
| evel s. The minimumtransmt power delta APa may be adjusted by a

control loop to ensure that each term nal jgan neet the requirenents

for a quality of service (QS) class to which the term nal bel ongs.

AP" in for di fPw(ehIaS@Srmimésleblonhﬁzmehemdpmﬁha&dt delcredick fitg @Ndmit Bb0S: delta
and/or with different step sizes. [0061] Termi nal is then conputes the
transmt powerPyPa8h (Plavk $4%). (Qberwisef Fixds gvannidhn Faséd , tentidreital ansaththins
power delta AP% and the r fer nceﬁgower | evel _Pre f (ii), as shown

in equation (10y rfrﬁ%tcl??wl?ﬂﬂ taaf Pt levehdyoqkiBPY the transnit power

pdch (/1) Lo bIE0GA]t hi B kieSTRX imammeel sieyeh find b
fol lows: Pdch (n) ,Pdch, Pdch (n) =£q (14) 1 “mex, ! ReebndOhne Bvabitty

2006/ 099548PCTPY FSPaTBs JEISBEMIFOTeY, nfipat) ,Le- sidmsed bre AP(angiid moWer(block

Prith (70 for transm ssion_on the traffic channel. [0062]1n an
enmbodi Erent fﬁgg)\%geﬁm(‘ﬁg b TABIoRE) S@P‘%%%"@F‘éx bojtren @8 2né 1.04blvck A34)= If x

R ety s bl an T
are m ni mum V&faﬁﬁﬁztb%eﬁ&a7%7 gﬂ%ﬁi&%’i’%f p?%f\%@é Xg \é{.atmatg g%gd?otgen

scaling factors for APdt respecti

and fur, () arzanﬁm@m@msaﬁsoth@mm RandelfPat the (f
[L0063] Functl on fth, mat1 be defi ne suchethatt ,%\ %mnl)éﬁg%h%\sg@y The

{0 both APO n & Eﬁm]é%‘z'ef adjusppnts ip plogkn a3y AHH and 8% way bberarasesl 43i gh or

excessive interference, then (1) a |larger channel gain for the

nei ghbor sector results j rg AP hg.% arger val ue

of A2(71-1) results in alla ge?J Ag[sd’F‘ung{il%gigﬁﬁ ma ﬁ&’r@id such

that APl,, (n) is iAN@rselp(relatsR] t,0ibashbARD mN}i)xapgl )y - (1tBga6)

| f the neighbor
AP(n—~1), otherwise .

AF,, and AP, may be the same value (e.g., 0.25 dB, 0.5 dB, 1.0 dB, and so on) or may
be different values. ‘

[0067] After blocks 528, 530, and 538, terminal u limits the transmit power delta, as
shown in equation (13) (block 542). Terminal u then compuies the transmit power

Py (1) based on the transmit power delta AP(#) and the reference power level P ;(n),
as shown in equation (10) (block 544), and further limits the transmit power P, (1) to

be within the maximum power level, as shown in equation (14) (block 546). Terminal u

uses the transmit power P, () for data transmission on the traffic channel.

[0068]  In an embodiment, the probabilities are computed as follows:
Pry, () = £, (Pry oo AP(n~1), 7.(n), k, ) , and Eq (17a)
Pr,(n) = fup (Pryp mins AP =1), 7, (n), k), Eq (17b)

where Ptan,min and Pryp mi, are minimum values for Pr, (n) and Pr,, (n}, respectively; and

fix () and f.() are functions to compute Pr,, (n) and Pr,, (1) , respectively.



sector observes low interference, then (1) a |larger channel gain for
t he nei ghbor sector results in a smaller AEl, (70 and (2) a | arger
value of AP(77. -1) results in a smaller AP,,p (n) [0064]FIG 4 s_h}ows
the proces¥PAfs3t*ne oSl bit from one neighbor sect orPCTASHPEGRISS
val ue may be used for APE.,,, (70 when tl?rg nei ghbor sector observes
excessive interference. A snaller value may be used for APdn (70 when

h I ghb ' ' f e L fferent. . d ep
i zes may A 3T s ! RS YD BB LY RHSRE e O iR SRR L PR AR
and 4,2 for Jagh @nd Iﬁé%%%bﬂﬁséc&&%ﬁ&ﬁ&%%l’é of 82RE6NL Y@%%?n%g%élm 2

FIG 5 shows a process 500 for adjusting the transmt | _

term nal 72 lafgeipclpngd)aRin fob theCndiBbOLEactdr Redultakid ¥ lark& P MR ahd (2) a larger
processes an OTA OSI report from a nei ghbor sector (bl ock 512) "and
det er mi nes wabkher AR(he- 10Sbsulis tin iaslargdr’ POI(n) O Thellh@ek PB14) . rediits iR Hilller
bit is 'lI', then termnal u determ nes the probability tor decreasing
the transm tprgfwhdity oPreducieg ghe trivmséicpoover. AP@hctioh) f,a0dmay be (@8finddoduok khat
522). Terminal it then randomy selects a value x between 0.0 and
1.0, where Xt,é)a iy amdowyvealitedlie bothi AF(mH§) didtribut 68 the nagkborOsedtor
and 1.0 (block 524). 1f x is less than or equal to WO

20061099548PeT (300 aredosnee. thenit) ¢ larger channglegady fir teaindightior evskor5emlts

L & Tk sl $235 it SRR BN Pl BRI o)
. ’ - | . ent | | ock 530) .
Tt 7 SRS, USSR o R0

the probabi Ijp¢70] f OrRICNGI Baws Ak sB6estih @R b GOVEE frof enchedehbolaRRY. 0

AP( -1) and r,, (it) (block _ _
larger value may be used for Pr, (n) when the neighbor sector observes excessive

interference. A smaller value may be used for Pr,,(n) when the neighbor sector

observes high interference. Different down probabilities and hence different rates of
power adjustment may be obtained, e.g., by using different scaling factors kg1 and Kags
for high and excessive interference, respectively.

[0071] In general, various functions may be used to compute the AP, () and
AP, (n) step sizes and the Pry,(r) and Pr,,(n) probabilities. A function may be

defined based on various parameters such as the current transmit power, the current
transmit power delta, the current OTA OSI report, previous OTA OSI reports, channel
gains, and so on. Each function may have a different impact on various power control
characteristics such as the convergence rate of the transmit power adjustment and the
distribution of transmit power deltas for the terminals in the system. The step sizes and
probabilities may also be determined based on look-up tables or by some other means.
[0072]  The transmit power adjustment and/or the admission control described above
may also be performed based on QoS class, user puiotity class, and so on. For example,
a terminal using an emergency service and a police terminal may have higher priority
and may be able adjust transmit power at a faster rate and/or with larger step sizes than
a normal priority user. As another example, a terminal sending voice traffic may adjust
transmit power at a slower rate and/or with smaller step sizes.

[0073] Terminal ©# may also vary the manner in which the transmit power is

adjusted based on prior OTA OSI reports received from neighbor sectors. For example,



' i .0 and 1.0
532). Termnal is then randomy selects a value x between 0.0 al
(bIZ)ck 534). If x is less than or equal to Prnp (it), as deteimned
in block 536ywdR&hbggm nal is increases its transmt powgR! Tl&?l}]&ﬁ%o@&
APup (bl ock 538) ﬁervvi se, if x is greater than Prop (n)
termnal u maintains the transmt power delsta at the current |evel
(block 530). The transmt power adjustnments in blocks 528, 530, and
538 may be expicagiseld: asay Iedl{lceﬁimansr-xﬂ.t)powe@.g)y .8 ipalg&%lmm%i Ete]Kl sizd' an@gpat a

APu 1 f OS it ="'0

i(1)5 E{ ﬂQECJ sef’a"’“g‘%éar(ri@)l g O%?F&tf’;&rs?i@ftﬁ [FEcessie INfefaienceang. ma&oregsce the
dB, 0.5 dB, 1. aniBit pemdr 59 adigeOdowBMePz bid&r fAtrM&! MeSt f the neighbor sector

bl ocks 528, 530, and 538, termnal I1s limts
LSSEZ] ol t o, aOIRISND ToROB G HEnTierisyenes | dlemainzly, oreiiorely, tesminhhmmay

0, he transmt p
comput o5 e A0SRV AR (7l ABAAN:PL DG LARSILL PO o
(bl ock 544), ath%lnﬁlghmhe@ctdrlcnnmrmes trereparamsedsive presereitdch (1) to be

it hi as._ s atiqn 14) (bl ock
b T
transmi ssi on dnvt beentdeaiftied a(bhaan NBterfef068]d pb\@éi‘ c@ﬁ@@lqhegeﬂgo bé B&fCK,EIFd in

. Prd" (n) = fd
prl;)balralulul(hl) eskl F]emcaﬁn%ut eqd (I%E/ﬁ;ﬁltﬂn?the scope ofth(e invention.

[0075] In an embodiment, each sector broadcasts its OTA OSI report 1o the

terminals in the neighbor sectors, as described above. The OTA OSI report may be
broadcast with sufficient transmit power to achieve the desired coverage in the neighbor
sectors. Each terminal may receive the OTA OSI reports from the neighbor sectors and
process these OTA OSI reports in a manner to achieve a sufficiently low misdetection
rate and a sufficiently low false alarm probability. Misdetection refers to a fajlure to
dstect an OSI bit or value that has been transmitted. False alarm refers to erroneous
detection of a received OSI bit or value. For example, if an OSI bit is transmitted using
BPSK, then a terminal may declare a received OSI bit to be (1) a "0 if the detected OSI
bit is below a first threshold, OSI bit<—-B,, (2) a ‘1’ if the detected OSI bit exceeds a

second threshold, OSIbit> +By,, and (3) a null bit otherwise, +B,, 208Ibit= B, .

The terminal can typically trade off misdetection rate with false alarm probability by
adjusting the thresholds used for detection.

[0076] In another embodiment, each sector also broadcasts OTA OSI reports
generated by the neighbor sectors to the terminals within its sector, Each sector thus
acts a proxy for neighbor sectors. This embodiment can ensure that each terminal can
reliably receive the OTA OSI reports generated by the neighbor sectors since the
terminal can receive these OTA OSI reports from the serving sector. This embodiment
is well suited for an asymmetric network deployment in which sector coverage sizes are
not equal. Smaller sectors typically transmit at lower power levels, and the OTA OSI
reports broadcast by these smaller sectors may not be reliably received by the terminals
in the neighbor sectors. The smaller sectors would then benefit from having their OTA

OSIreports broadcast by the neighbor sectors.



Prop (n) =it; (Prnp, , AP(n -1), rus(n), kup) ,Egq (17b) WO
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0069] Function Li may be defined such that Pr, (ii)is related to
Loth APO n‘%pffﬂééoﬂ%“ ns (ii). If a neighbor sector obserREUHIGHIGH

excessive interference, then (1) a Iarg%? channel gain for the
nei ghbor sector results in a larger Pr, "(n) and (2) a |arger val ue of

APO z -1) repuif|s iR %nleﬁr,eaegivgﬂ %to(rin%])na ERGadk A% O A DIk qipog'@%%eﬁe%gtgé b§
in a higher probabili of reducing the ?ransmt power. "Function Ey

may be defi ri@Y nybpr abanyrene( ¢fj the nglmi Fegtors elnyary @hmdérdeltto?dom' . méatiar?sts
- ' . J.ow inter ence n
() aner{onalde e SaRon oSS pEPRELS N LOLRTL SHE R R
smal | er Pruima0®eafodmé®)bya al actgerk watma@r ofr APGoie - dther @SnhérS 11 @nother

| Pr. The .smaller Piresults i wer probabiljty of
Pher easi g (HEOETARL erioh gt Bt var B et ekt amerind bY af cecpmghrone
one OSl bit ihdlededdn ene@iighbas oS@6 tdminah ihAEAE inY BableteiBhaPBiay 8B5ht{if%n

' t observes excessive interference. A snmaller
Dl ey b MaT AR R B RBh Cedreinal 1 in commmication, 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
é m. Bach terminal may maintain a candidate set that includes all sectors with which the
terminal may communicate. Sectors may be added to or removed from the candidate
set, e.g., based on chamnel gain and/or some other parameter. In vyet another
embodiment, sector m broadcasts OTA OSI reports generated by all sectors that are
included in the OSI sets of the terminals in sector 7. The OSI set for each terminal may
be defined as described above.,
F0078] As noted above, the system may utilize only user-based interference control
or only network-based interference control. User-based interference control may be
simpler to implement since each sector and each terminal can act autonomously.
Network-based interference control may provide improved performance since
interference control is performed in a coordinated manner. The system may also utilize

both user-based and network-based interference control at the same time. The system

T

may also utilize user-based interference control at all times and may invoke network-
based interference control only if excessive interference is observed. The system may
also invole each type of interference control for different operating conditions.

[0079] FIG. 6 shows a power control mechanism 600 that may be used to adjust the
transmit power for a terminal 120x in systern 100. Terminal 120x commumicates with a
serving sector 110x and may cause interference to neighbor sectors 110a through 1101,
Power control mechanism 600 includes (1) a reference loop 610 that operates between
terminal 120x and serving sector 110x and (2) a second loop 620 that operates between
terminal 120x and neighbor sectors 110a through 1101. Reference loop 610 and second

loop 620 may operate concurrently but may be updated at different rates, with reference



observes high interference. Different down probabilities and hence
different rates of power adjustnment nay be obtained, e.g., by using
di fferent @@:3 4’63@ factors kdal and kdo for high and excessive _

i nterferentd? éttively. [0071]1n general, various fSTFE500%Y
be used to compute the AP, (n) and APup2 n) step sizes and the Prd.
(n) and Prup (n) probabilities A functi'on may be defined based on
vari ous par c t
{Fanam t s o FanE ¥ Bk 100 Nt IR P Ak 12T A onty
reports, chdh%@qfﬂgapﬂgopsﬁﬂ agéﬁwiresﬁmgiﬁttemmmal b’wxrray have a di ff erent

conver gence WAL of AR 0E o SBHE PSR anb et R ) such wat e
di stributi Orife&fveﬁrs@ﬂ@fﬂrtth tghlﬁi?sﬁngs%n E@ﬁe%s‘ﬁfeﬁ' a?@%%ltngrgeét&e}al%

system The step sizes and pr ob ities rmne
on | ook-up toéﬂﬁiﬂé@ wossibly toothe tetshie SNReaiffer ré{f&@ﬂ@] lobhed 10y aersimigt sepmwail(}x

e for med basiies b el SR B8 GBS mdon By i Rooptp Shm
exarrﬁl e, ﬁ tagmrrstrthd'. tan@tmmnél"geﬂ@aﬁﬁgiaﬁe@ﬁiép@&r&ﬂdﬁ@l w0 Q:@mhﬁihiﬁ B'a%Ed
may have hi riorit e adj ust transmt power

faster rat e%gﬁéig #Fﬁﬁg‘e%%cpg%éi’%@a‘% AY e pherdll) ﬁ}pgrci"?‘?“and to

user. As an@liberanexamctin tBe trﬁéﬁ&hébaiaoﬁeen@lieml Ygl&@dwfédnﬁnmytoaéﬂe&sé
transmt power at a slower rate and/or with snaller step sizes.

{,0073] Ter mi Y5FeRFCniRy e EdergaGey PORE fRyAnerSarvinguficetnr 1146 t ranasith t thp GURSG
s adj ust ed cbasRddaOsh @ E&%a@&k@ou&%ﬂ%_r& %rﬁ:ﬁ%?) d from nei ghbor

sectors. For exanple, WO 2006/ 099548PCT/ US2006 9551 19 terminal u

may reduce ilP@ldr an%fmtitm‘pﬂ%ﬁ}\elméiy @ TFAT tcoomaad powsset @p2 silatestarity SPPC

at a partic t exgessi.ve

"t or For encs Bt Gar a8, SRR SR RE 106, BREROL B CHPE R hOhr, JFrctTEs

si ze and/ or dagisign fozaytter any HPeiepxbionhéanauegiebdi’PCSe@hmanctmnddeﬂH&so ©® an UP

t 3 tively ddi t i gnal
Lo nal o sayahar e PROTRRRin i Rusiisl s Fommandig st co be s

sector repolGWekaassinde A PifQEARITRRVEE adj0dtmbht dnifteétiﬂfQidﬁia&Qhe F2GERE power
conti nues t?ﬁ 0 excessive interference. [0074] Vari ous enbodi rrents

.
of power com'FbPasehomineTE%: decisipner Ugis 6fHmay incesase Pertl braw 8D bep for each

descri bed a 1l nterferenc r control al so be perforned
in other e e§1310§r‘?ﬂd £RFreasp gﬂeﬁ/\{] ’Sﬁ’g é‘ Séed’(fﬁ’é%&{“ Ih\ém W@Fﬁnr dhtransmit

[0075] I n an ts i.ts OTA ort to

the term n(’]?ﬁj)ﬁéih %Ee%sg?%ﬁgos%ﬁ%e ors %@%%‘PF%%t Ve tggée%ﬂce

Sl report peyerjevebr ammmmzw $elndsih&ﬂesigraf&i tiah @NiSEbl tRWeR ge@toa@m;@ve

t he desi red[@%é]eragﬁa |n t elnei bor sect‘?’IB eg ch term na%

receive the ‘e S elou
e PRI e e BEP Eiso%tharraveaieo@él gloud

these OTA OSL0) Wbﬂhttjspwai]iya/afgaﬂmﬁmlechna(ébgb&iéﬂyQorsélfnfobﬁé edindl, |ﬂ§é"¥ece1ved
m sdet ect i ORNF{a%CE @16 a sufficiently |ow falSe al arm probabi'li
rs—t

ty.
M sdet ecti o drsignpiefl | Famemysgion eqontipuakly Bmituases d?cef%fam%eloppaﬁlo
has been tr ansift e hainkdh 82 b3V Sﬁﬁ%ﬁs tHeOde%ir D&ﬁ?ﬂdﬁsn‘ii&‘éi b (91“11%.{ i
received OSI bit or value. For exanple, if ansmet
using BPSK, tapgee AINR. ip dieraresanceraiehanges hrthe ecvma@bnlvédmmlcomdmonso be (1)
a'0 if th ec i below a fi.fst threshold, OSI_bit <
“oy (2 "DORgE 7 BEetud 0P 620 aBjoB B il Bt BEZaE e s e
031 bit > +Rifined ﬁﬂdm&ﬁéi mﬁ%éh tﬁétt LB Riat it a?h%h%lp i%lel %df r
t er mi nal cantypica y trade of f etection rate P
pr obabi | i t ythByrais Gﬂwnﬁgﬁhlhekqehmeshf@t srstan drtdiféroncediot within @nceptable Ievels

For second loop 620, each neighbor sector 110 receives transmissions on the reverse

link, estimates the inter-sector interference observed by the neighbor sector from the
terminals in other sectors, generates an OTA OSI report based on the interference

estimate, and broadcasts the OTA OSI report to the terminals in the other sectors.



[0076] I n anot her enbodi nent, each sector al so broadcasts OTA OSI

reports generated by the nei ghbor sectors to the termnals within

its sector. Each sector thus acts a proxy for neighbor sectors. This
enbodi ment can ensure that each term na% can reliably receive the OTA
OSl reports generated by the nei ghbor séctors since the term nal can
receive these OTA OSI reports fromthe serving sector. This

enmbodi MERbg4) A ek ing URbe thn fRT r8Fbr }?%%ﬂé‘ﬁ ré]:@v\é@fhié SER R TB R 'bfbadcast by
whi ch sectof coverage sizes are no |l er sectors typically
transm tthepeiplhs sepormand penyédes degaigd (v reppss @sa traagsoit pewerr drétdcaéststrrtwt unit
t hese s I Y/ termn

in the @gﬁg bcgéﬁgggtorag& Gliﬂge%%lpg%fsg@%{ %IF g&&}) g'd?%egﬁ?ggesﬁg I e?%%s the
havi ng tdhednel €HiA fO8hch eqort sndoproaidesndit ehtynﬁt&éohmngrgaﬁfs fsegll sdesors toWRit 656.

20061099548P 20061 51 0077 eneral, a gjven ctor in
may  br oddia8ss GRRTORE B GrrSClBrib A ey e ORI iy T atippes the
the ot than%ﬁﬁtﬁbK?&r dblfa AP(ANAAEH BE ke d&@&&cf)bs‘{ @eﬂbﬁﬂ%@%ﬁé Lhidhet @h ratios, as
reports dgenerate by sectors in a neighbor |ist for sector in.

€

nei ghbordepqribed whgven dJriib b anayyimplenaenidrecesise P800 0b pnd/pr §@£hghqyrmm FIGS. 3

manner . t [ r
gener at eg‘%ﬁ%%p% ‘?%%3%?2?5 t ha%npzlilr gglh (r%{éllt Sg%g&ﬂﬁg %ﬁg& grgﬁ[@te% il 1%)t %Sed on
t er m naltbe raﬂersmttnmsmru leveh Bl (i foimmad it Grety theetranbaitiposver deltal Nlé(n}s &bmt undit 656,

| ud || the t
Sect or s ey osRBglbr Plog Db e BOri S BHE s g GBI 4O R 1) for dat

term naltrahgmiggaﬁlaﬂgeaflﬁ §epmome sector to another. In yet another

enbodi ment , _sector in %roadcasts OTA CSI reports %enerat ed by all

Sect or s 10V TP b iShy ek XTRP IR oo gl ancs Bamiso £hat eavt sy ViR dpisinfepference
Sector BonAC b ALIAALoIRY B B8 Bt Bufdhdl ARt ShiChatlRl s

all sect olrls V\AI:[}h whi ch ?he trg}ajm nal rrgg'/r con’rrunl(gag?e]Tna ect glr](gg}rm%bdlfferem
added t pawmetanihar thoke desctibrsl abaweli date set, e.g., based on channel

o8l 0. by TR M  BRERTEN Bl B g S BB PR eSS s

i ncl uded 10x, driﬂme@lboﬁbisﬁ sedtioh e 0y eFdﬂdIt&itﬁ, the feReLOF descriftiéh &Bhim&ethe use of
for each term nalﬁn &% ned descri bed above. [0078] As noted
above, tPR¥CLSRIIE Ea%j{mﬁﬁ ORI {%ér based interference control or

only netjpgy-(RAg8 devellcaide hERARINGP MIXOL TX/ARE pRASRE: 71 @ﬁcfo@ésen&@rleaves and
control g be sinpler to inplenent since eacr}'nj sector and each
YIEL

t er mi nalsywapl geps gercsioliusRly) tnEtondatk -and seatrph dete f adeprosided detaotymigls. A

d t i f
POVl 3° BT ARG SOSICHRRRSF B AL e, BEE FEBE nd
and net wgmbelhmmds |patfemﬁsa®EBb/énmdn]hnmi 1fazppludrmbles azrmbpxbmlns a Shpeseesdfenomplex-

may al sq ptil sed.,i nce,.cont r ol | times and.nma
Mhyoke: el plbE A Bl EhEROTARPBHEGRG 2 oeBaln pralPE: et e,
i nterferaaqe u@ncghq)eémeds) tha&seqymt€ BY BRips @h&%exhdﬂa/t@é(@ reepdt iMPSighdl, which is
interference control for different operating conditions. [0079]FlI G 6
shows atﬁawe@m%n@meﬁ%’ﬁ% sm 600 that may be used to adjust the
transm trg I I

communt daTRIP bRk ELROR 116 Muliflg MERER FRs RO P e o poyerse
nei ghborinkeignals drobll Baminhk BAfgtand 2Ok teRoels. Emhtmmna@iﬂmnmmam&cewed 51gnal
i ncl ude 1) a r.eference | o t rates het N ter

and ser V7 fgesBEliss SE0% 4l ROVE) CoBbAHeR ot Rn o o g Hiogs (o7 Hiers
bet ween ah@lifies) alrediZOxy anslvit@h gHBOr arle Ali@tiges)L 1t rbdeivadgRighdl) lperforms OFDM
Ref erence | gop.610 and second | qop 620 nay operate_concurrently_but

may be @ﬁ@gfhélati%& if apgl*célplg,rﬂndrpg@éges regeivsd semnbe le e RX\ gpatial processor 758 performs

2006/ 099548RCT, %Mﬁ?% %@%é& t@elrécgf%@d @%Qbﬁg”fﬂgn q fx% iy &If?ﬁpanhkiﬁ'?wdes data

second | oop 62 . Icity, ows on e portion o
| oops 6_”S®mh0icb86®@tese’mldiﬂg at term naI 120x. [0080] Reference | oop 610



received SNR for the designated transm ssion, as neasured at serving
sector 110x, is as close as possible to the target SNR For reference

| oop 610, serving sector 110x estimtes the received SNR for the

desi gnated transm ssi on, conpares the rffeived SNR agai nst the target
SNR, and generates transmt power control (TPC) commands based on the
conmparison results. Each TPC command may be either (1) an UP command

to dir gcbtstmaa(tjbs loNGE @asitkd ddEmbaE. AnEIC fatPRYREsod ﬁﬁﬁﬁenﬁg (ie%)cer@ada@m decodes the
command {o di rease .in,the eren evel

cector £8P RnteSRE REAE  But i e BT D Roer N i CET e by e
670) tC)ﬂ%wnﬁlmal 120x. [O081] At term nal 120x, a TPC connand

pr 0C€SS§6085]4%‘h9ﬁ5€e§st;% fglhclefo;cwp (G 160 ﬁrﬁgﬁgﬁoﬂ &%r&,xrfc;rﬁgi Jﬂ"}{ﬂaﬁg FoVihd? ges§1@o%& ove for

Ox an rovi des TPC deci si ons. ach TPC deci sion nma € an
deC| si oﬁhfi rpvesse Hige dhg/Ripeesspig f@dkﬁ%ﬁﬂﬂﬂﬁwnﬁ@&ﬁe@w P reaﬁswkw mﬂ& sgeifigd by
DOMN de&heSsb/@é‘llnlf the received TPC conmand i s deened to be a DOWN
C e o 3B PRI B AR TP, 8 A U ek B SR80 S
(n) by dhe ragpived 8PR fiag termmeln 20P cxfiseies the nteasritod msrferase OFépleéd Kyrbasetpiation 110x, and

down st %Povfd@g mmmsMo%lél Pir()x ardd aﬂlqrﬁé‘ﬁ%ﬁh& egtl-ﬁ?Qe (géttﬂe ﬂéagﬁglsiﬁ%ere@l@eqmas m )
scal es the desjgnated transm ssion to achieve the referenc

| evel . Tof ?ﬂnﬁ%ﬂef 99 foniigs’ ThEngdey g rLregatds E?ﬁ??ﬁ“%% 1 besgd @BEW%@SUW for
sector YieOpermifa0@B2hdueret SNF altohtrdliOSHOx hag baagrate a0 HTAIOLI rﬁﬁi‘thmdﬁnf AL SO Feport
the rev ] T m r

%spem aq:]aﬁg _PJ(I) %’hgglte%t%zlbgﬁlégsh?n%@ Con &e? 0;(¥18 %'%} \E/:éeé drg%&?g rt.? ﬁ& ngeiéi%g ﬁgr{iOé%vaa a
transm %MW‘%W (G?M)I“}llth’WcmtTll}%lﬂ“Bg Comﬁéﬁ,etht@'mdb’ii ey fan b@ﬂp@@ntld()x and

mai nt ai rboishb%' Oes QJS’?(@QJOF&NBr fofer {cbiers dRShaRAtLG, 5.'7?(”@&&3 55deQBr Pdox Qhd RER spatial
the tar ence of chapges in 7?“& Frcaarse | i nk, channel
t

condi t i %essif%@gr%dé@ﬁﬁi YoUHSBEY Wi (S treved frasBiied VBdERRs o2
for a t riabdgh@Sxh&haiS|0SA s=porg) i@l basostition iiOr alay BOxX t@lhe:hmghha'tseca)rm\@mmumcatlon
level that .3 A5,k ghuds Rogsihlk cdnénuuégféntaz the traffic channel

whi | e keeping Inter-sector 1 nterference W thin acceptabl e | evels.
For secdffd!l]l ovpeigpor baé@a%ﬁﬁl%éiﬂgwé@iw@mﬂs 7§2yetlv@e%?§2é§e‘tervaﬁ§ﬁw§§? Bikesignals

on the riewetSamal 120K andester mﬁleas IEQ@ amaﬁlﬁrvswémes h ﬂi:ﬁ{?efi SN &L RSIVY Rekiver

by th
an Ora oot PRAAD7EFa8hn B e ht £y Eeiet el Rl 87t Mo SR cagta e
t he OTA 9&digitiesploifstredeyed Hignal, eerfrrmeaPIDONL derhddelaiirniEappkivelde, and provi@ rfc@i@@4ymbols.

At ter mA}ﬂix X ro@c@soFﬁSy Es@igl%gthpﬁlgpé%ﬂﬁteéé%cé @J@@H@\ﬂ%? bés@ﬁatg['?‘lo%hd provides
reports broa casf he” nel ghbor sectors and provi des detected

reports aP(B“eéfe’ceP"ér?%tW?afe tbﬁ?ﬁérfaﬂeﬂaotyamh%ﬂ( qet FasFEsOU %Y dBEes: ?\m&‘]lfé?‘?ﬁépd dec"des the
est i mat Glata 6rbol @6RdtQSd fiblidds Sechi«a rdht'ra Foe tegminal 1203 aam«dhdﬂ elhbodurselg kave by base
estimat g h nne o) and e

est i mat eémé ?10 e?ontrolierg?a? Y rrraglg‘en sec Ol‘%g‘kt {))SIU nP%rt a% (S%Srgport based on the
det er m n@srferemee e@hmm &he Igélsh repegt ngyde fept tOﬁhweteleféaogﬂwms Vlseewn@icaﬁiﬂﬂ unit 774y. The
further & o8tSpotihts: ﬂageas&%m 110 ONe poséll, LRAATYI RdpoROB LGS Qec%oﬁearéj% &ﬁ%dﬂ@ a TX

OSl reports and the c )g gain ratios, as described above ni t
may i nplBRBICESSF 6T trgtia Bf@?fssah@/lbr 500 shown in FIGS. 3 thr ough

5. A traosn] tAtpomiel 1CoRkak 706 reddivet %%Wmﬁrmknsxgmlstm the anrging tndpighlor base

Pdch ( n) sta t%% %gd rﬁ?(%h&epg rege%fge ?ﬁ?t%\lg?&%og '}M 714%% lreégge% 315 zgls c]:)ﬂa%msisﬁmnﬁ d1ﬁ1txzed by

644, the trans romunit 0SSI

f act or s.reckixerchgif 614Gﬂ@)@é§5§ B1ocBBO byjs eamopieorPemnshi42 apbaneiX g@d’rﬁocﬁ’\i‘)f 7f4p Processor

data tr amsHosisdsaR 1P SAMYAR ger@%@[n %gsggtatlc[nq(i’@ﬁi) tgﬂnﬁiai 08 BiRMBe @A OSI reports
exenpl ary nmechan nterference

r contr ol i
contr ol br‘laﬁﬁa\l\%g’ﬁéﬁ@@"‘%ﬁ% SFBBPnsn‘gfrhaa?eiﬁtl’B@er‘@&%‘b‘@%@ %7 e}ﬁ*él?’at??é*ﬁr?g?‘&el gain
and/ or Jbitehchthpdefeti@nConpallaaf®t er s t han t hose descri bed above. [0086]
FIG 7 shows a block diagram of an enbodi nent of term nal 120x,
serving base station 110x, and nei ghbor base station 110y. For




23 estimates of the transmtted data synbols. An RX data processor
760x demaps, deinterleaves, and decodes the data synbol estimates and

provi des decqgssh dadodsf Or term nal 120x and other termn r .
served by base steati oﬂtrfl3 110x. [0089] The processing for aﬂa@yﬁ%g@é?q’%i

transm ssion may be performed simlarly toyfhat described above for
the reverse link. The processing for the transm ssions on the forward

and reverse |i gkscts theliy@iedlTPC Gesdnkl 8ch Matel theS¥RIEMR pdPA90) %)g%d on the
i nterference a&%ppower controllé%_at -servi ng base station | 10x,

spatial proces: desigiongs tCiO_F%E‘P 20 elsperdisisipebe SNRnfibpowas ias fig| trafROxhannel
estinmates the Hkgbn FRCHPA 08’1&%&'@ L&RLRd BRReLY ﬁg%?%)){ %g%gta?ﬁgé L ¥he channel

110x, and provides an SNR estimate for termna
i nterference e8tipyrirdhy eeryng andhoeightns basedstitivher Centesize 720 provide} theotrasmit

controller 770 nerates TP nds f t erm na
120x based on ?%%&gﬁfghgs |{?é% %%%%glgﬁeeﬁpg?rm@? Iﬁ@hmﬁ?%ésof Qi%ﬂldrf%méulm
Control | er 770%1%wyleytrehatsgmbols Gisd Oblthe tepemit pawey Rbvided bycdaBbller 720,

report based o interfere ti ontroller 770x_may al so
receive IS Csl fbro %g]gr t g} OF&@%%Z&SH@@F aggéﬁ Oy gl(r)?ﬁt e PRepHATh P watiogn processing
(Comm) unit 77dudts af emTRCI OIS sthdsh 1IDA &8l 10%993@%(:&\@{3/. bARSe controllers
station 110x, and possibly OTA OSI reports for other "sectors are

processed by a"k? %\tparfﬁ?%(‘fé@érfmi%i_ﬂs fon dntarfarsncg i paivep eoged s &or example,
784x, conditi onmdoldr 1090 'ﬁlbl%fneﬁ'tn:irﬁysoﬂaﬁf%ﬁuﬁi%r %g%roz%ﬁ%fﬁ S%Q?n in FIG. 6
he | repor

Jfansmtted via antennas 752xa thr ough 752Xt . from
base station 130¢Or pEsressss 38h 40P snd/he S¥bshghibdn FE8t Dthsonghss. Controller 770 for

conmmuni cati on R q | [ r other w.re
conmuni cation |1 nEésg[g%ég%?l%m%ie‘?%ﬁ%%?%gggggé?%%j iogﬂmﬁsé%é Hﬂ'iqtqﬁl demory
ant ennas 752y 78RgIY2x52y 772g sy datt ied pegens eodel e cdh@oIRS 710, M0x, and

term nal 120x : r m_nal h ant enna 75 rovides a .
recei ved si gnaﬁﬁ_?’org%grgﬁe%%}gc‘{{}s%drﬁleeﬁg’ﬁ%‘esf ﬁlﬁﬁ#‘\fets te(rﬁﬁ?%/fog SoRRLUSaAn with base
Each recei ver statiop 1764ynd eloal dsignn sraffie. fannefs tb ey sched@gd defrhiBAS; e.o., based on
frequency do v, ) digitizes) its received signal, perforns
OFDM denodul \2?%))% |$fI§B%’?%r}g% ,neﬁﬁgm)ﬁ?aﬁ‘?/?tﬁf%‘s-r ecei ved synbols. An RX
spatial proceg8end] 75851Ce Stshoms 8 apfiearhddiBbbIS 86! ifertbAh& EkBNC The apparatus
observed by bap?g tation_ 110y and provides an interference esti et e

to controller’ s TRANSIO0RT Eop BEda 48 OST aepriés rep meanted 03t for toguaiuinsg data
and decodes t hangataomobRmask hm@@&t@rbqfaﬁrmh&%geigg&@gcggx G35, for

term nal 120x and other termnals currently serve statt on
110y. Cont r ol IE#Y 70y Fa§ sheverntmparsnsoitatdsfor pepoding anetfaencarohifol OSThe

report based @ppddifs imdh@kS E{C%%(ﬁﬁ’trg%%%ﬁmé%%én %gﬁ%llotftgﬁgnhfﬂ%éﬁﬁz for

sent to the neighbor sectors via a C
Csl report fofrappaytingtthe [HQSL 1epits tnehepwssirb syet@T AR S e £@6d, $hed BEans for

ot her sectors S5SE a X data processor 2y..and a TX
spatial pr oceé%&tglgﬁfy T"dusg@%(m,&?nsi%g?%%“ﬁ m@ﬁ%kf?er%fﬁ}g reppef fppeash peaior
the forward | kwkths ingand for fraemittihg neebecoghland aﬂﬁkﬂ%@ﬁﬁeoﬁ%,%.g?%%&l&ﬁﬁ.
and provides OP ei Elﬁdlil%i nal to a re%ej ver unit 714, The receive
signal is conﬁjl Poned "8 HECHT HIEiCOMEP! IRFDRigees; dpasribad hereiprmayabrdniplamdntnd by
processed by wvartbesuttshat oFor( Hamd) H42 ; d Qr 744,
o e etk Pl LRk e

Processor 744 Oﬁr ovi des the TPC conmmands sen ervin ase s
110x for ternfhEA% B¢ sombingioncharees| Fpepdatdwany daplemsittation, tthee processing

nei ghbor baseuftsakéORSperdug hapRel & SLhaator it hi.n demodul ator 742

estimates the channeila)s%ai_n for earéh%%gg@ agtagt%ﬁ%eosg".mo@&ﬂ?yr i en?%edz‘ﬁﬁhm

det ects the r@@cinveercTReliessivnmapetsiiamtegupethtiesits i{ﬁSIceSﬁ,ediignﬂ%igi}@V\ﬁfocessors
e

| evel based P dec] Si Control |l e 0.al so adjusts t _
transmit pomeodrbs?g)? C;ﬁ (egalt g‘%‘?l g%g%sglﬁﬁeﬂevb% e@séjﬁps?fhéf"@’i%@r@ﬁﬂe rlegier feyices
recei ved frorPLRe), niédlghipograbmedles pabi @rys (FIGURR 5080086k, 98itBTefO micro-

t he serving %Qtr&?ighbor base stations, Controller 720 provides the
€IS, 1mcroprocessors, electronic devices, other electronic units designed to

perform the functions described herein, or a combination thereof, The processing units



vari ous nmeans. For exanple, these techniques may be inplenented in
hardware, software, or a conbination thereof. For a hardware

i npl enment at i )J,0cessing units used to performinterference
control at a a%oga%gg{si on may be inplemented within one ofCH{E32R06/009551
application specific integrated circuits {4ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs),
programabl e hLggig peRYine ferfdgncDedntd iafh ErRIRUKAYIREIS 18pleheAlch Afhin one
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors,
el ectronic de¢t Bew ALiCseP SRy, g cleniiopis dgeisesy ARESOt®- per f or m t he
functi ons desgdgobed | e B Lnahi@n TR PLOGSESS
units VO 2008 398542%%%%%20561/ 5%59%55%‘54&%’ @géégﬁ%&g%r? HtoPlethifiit tehy be
interference topitmetiedtwith medwen g npypceduss, Bactionsl endne ed) Wiat iperfomn ¢he
or nore ASICs >PSs | £S, r.onic Vi Ges n, .

[ 0097] For a sg?}gﬁg)rgedagn%%gﬁé%%%t ?%én,&’%{%ee rforgte geirg}agr%gnstcoé&({:]gln%%g oty unit (e.g,
t echni ques nmaynchery oyt 228 N72d oW T3y inliG] Band exguiedyecadieses (e.g., controller
functions, an n) that. performthe functions. described herein.

The sof tvar e (A0S DAL Sht Grieri Srb s et Witha i protase: or
722, 772X, Of eyl tofadhiGeesddr. and executed by a processor (e.g.,
controller 720, 770x, or 770y). The nmepory unit may be inpl enented
within the. pt&EEEsorhEPreRUe dRsrPtes oifee é&ie@ésemb_.odm@af Peided to enable
previ ous descidptieAln Ofkilide iflitRC 08 8¢l RAROH B Be | SeRhOHHARH0A.0 Various
enabl e any person skilled in the art to nake or use the present
l.nvention. Vafiodifisatiandite iteeas pohediments el be eanBdrlinppanens tovitiose Palledeiadhe st

S ent L, S 8 IS, R IS5 o

fromthe spirftrasmesicapehospitihe scopenit the mveiiers , Thuse therpresent invention is not

invention is i . 1 li.m.ted to the enmbodi nents sh .
herein but i sﬁll'(t&;:[old %Eoiﬁ%ﬂ%ﬁxg:ggo?rﬁeeenﬁvary 6% ntsssﬁg}%%Ergﬁgqugfsetﬂtba\ﬂﬁoﬁ‘?%e widest
princi pl es anstopoveisisfeaatvith @& dinsiples andindvel famres[@Rd WHAE. | S
CLAIMED IS: 26 CLAIMS: 1. A nethod for interference control,

i ncl udi ng: receiving at a base station a first

i nterference [0epYrt: WHATAISELAMIWD Isase station, wherein the first
S5interference report indicates interference observed at the nei ghbor
base station; and regul ating, by the base station, data

transm ssions for termnals based on the first interference report
recei ved fromthe nei ghbor base station, wherein regulating the data
transm ssions for the termnals includes assigning traffic channels

to the termnals based on the first interference report, and wherein
the traffic channels that are assigned to the termnals are

orthogonal to traffic channels assigned to one or nore



10term nal s served by the nei ghbor base station. 2. The nethod of
claim1l, wherein regulating the data transm ssions for the term nals
based on the first interference report includes perform ng adm ssion
control based on the first interference report. 153. The net hod of
claim2, wherein perform ng adm ssion coldbrol based on the first
interference report includes denying access to a termnal if the
first interference report indicates that the nei ghbor base station is
obser vChgiMX%cessi ve i nterference. 4. The nmethod of claim1,
wherein regul ating the data transm ssions for the term nals based on
the first 20interference report includes de-assigning a termnal if
the fitst ifethodfemietrapoontilndeites that the nei ghbor base

station is I%pe?\ﬁﬁé/ 5t%%a?@<§§1%§l st ugér?e'}gn@é EE&?ﬁ‘om a 11%1 h@?%aﬁ&n&g uﬁlerem] the first

claim1l, wherein regu transm ssi on the térmn
bas&d @Fﬁrﬁelrffécefrmosttmdmteew @ﬁ@@bi*eé‘{?élﬂtﬂ’? prighierdssestatign; aed schedul i ng of

the term na{'e%ﬂitﬁl"g lﬂ»%éibatsé RPN &1 PRRRASSH t3erhiMais fohded bon %élfmt%{térfe;e%@&ﬁpm
report. d of claimb5, wherein varying scheduli ng of

ternmi n&:@Widrfwu@%§els1@ama%$jattorlaw§rﬁnt regdiie therdagi Ay sinng fe de lecminals Jclades

t er m NakSmind GdeaENRaiRE 1O theOkmtihad FAsdd oRRI BLNinfeh & edck r&fort Eﬁde%lfle@tﬁ@ MeCuraffic
report indicates whether interference measured at the nei ghbor base

st at i offapElsyhabre 2sYgRgh IO e lEEnan 3R oHACYoRtldP ftflisnehantelir BERSA JO oge pRanore
met®odieahinglt aived by thehepi@onbdsh@atfohr St i nterference report conveys
interference nmeasured at the neighbor base station relative to

multiple interference thresholds. 27 9.The nethod of claiml,

furthee. i ncTiwdhalid of claim 1, wherein regulating the data transmissions for the terminals based on the first

interference report includes performing admission control based on the first interference report.

15 3 The method of claim 2, wherein performing admission control based on the first interference report
includes denying access to a terminal if the first interference report indicates that the neighbor base station is

observing excessive interference.

4. The method of claim 1, wherein regulating the data transmissions for the terminals based on the first
20 interference report includes de-assigning a terminal if the first interference report indicates that the neighbor

base station is observing excessive interference.

5. The method of claim 1, wherein reguiating the data transmissions for the terminals based on the first
interference report includes varying scheduling of the terminals for data transmission based on the first

25 interference report.

6. The method of claim 35, wherein varying scheduling of the terminals includes reducing transmit

power of disadvantaged terminals.

30 7 The method of claim 1, wherein the first interference report indicates whether interference measured

at the neighbor base station is greater than or less than an interference threshold.

8. The method of claim 1, wherein the first interference report conveys interference measured at the
neighbor base station relative to multiple interference thresholds.
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generating a second interference report that indicates interference
observed at the base station; and transmtting the second

interference report to the nei ghbor base station. 510. The net hod of
claim1l1, wherein the termnals are strong termnals. 11. The nethod

of claim 1, wherein the neighbor base stédfion assigns certain traffic
channels to strong termnals, and wherein regulating the data

transm ssions for the termnals further includes assigning

di sadvant agBa tadrodionddis: whtrthertikdudggme traffic channels that are
assigned to ehggti tarsgc%gd 1tn?el;‘ eg'c%lrcg) R%(haE ﬂglcgtgsr{&a%}g}%g ol%%%?d 2 Fhaetblas%rs!tation];'gﬁd

A base station that is con igur d for TNLerterence contro :

i ncl udi ng: Eanpnigpesscecondratepieyndeneitdéethe onglbocmamamiceat i on with t he
processor; and 15instructions stored in the nmenory, the instructions
bei ng executable to performthe nmethod of any one of clains 1 to 11.
13.5 A Bhse Bieapahod of elaim I, whergpfliedgaming!s prsstrpngtteminalsence control |

i ncluding: neans for receiving at a base station a first interference
report from.a nei%hbor.base station, wherein 20the first interference
repor t - ndi Bisteebqi gt slefma f efficerin the apigiehgr hise srBonastighissitain ialic shaangloie; strong
and terminald] B0 Swile@din rr%létiﬁ’é ROdatd YradshiPssBAS CorSthaltbrihalsOfttBer includes assigning
transm,_ssi ons {or term nals based_on the first interference report

recei vEPYFERFG FEVREF GABORS FaReTETALIBRSS MRS HigHe i iiropgferminals by the
r egul ahdighgortthe: sth@b@ transm ssions for the termi nals includes neans

for assigning traffic channels to the term nals based on the first
interference report, and wherein the traffic channels that are

assi gned t oA bise stgonrhan &l confagueed dortiliadgoamat cdnool2btindifid:i ¢ channel s

assi gned to, one or nore term nals served by the nei ghbor base

station. 1247°FHE" base station of claim13, wherein the neans for

regul ati ng méreorg at dectroransmngmicans: Witirthe grecetser, andnal s based on the

fi {5t i nt eri];lﬁf:u@t%ﬁ? stro%?%q Qilei&%{ow hemﬁmaigng %ei?? Qeglgmlg 8 p%ggrims ﬁ*ﬂe kthod of any

control based on the first Interference repo
one of claims 1 to 11.

13. A base station that is configured for interference control, including:
means for receiving at a base station a first interference report from a neighbor base station, wherein
20 the first interference report indicates interference observed at the neighbor base station; and
means for regulating, by the base station, data transmissions for terminals based on the first
interference report received from the neighbor base station, wherein the means for regulating the data
transmissions for the terminals includes means for assigning traffic channels to the terminals based on the
first interference report, and wherein the traffic channels that are assigned to the terminals are orthogonal to

25  traffic channels assigned to one or more terminals served by the neighbor base station,

14. The base station of claim 13, wherein the means for regulating the data transmissions for the
terminals based on the first interference report include means for performing admission control based on the
first interference report.

30
15. The base station of claim 13, wherein the means for regulating the data transmissions for the
terminals based on the first interference report include means for de-assigning a terminal if the first

interference report indicates that the neighbor base station is observing excessive interference.
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15. The base station of claim 13, wherein the neans for regul ating

the data transm ssions for the term nals based on the first

interference report include neans for de-assigning a termnal if the
first interference report indicates that the nei ghbor base station is
observing excessive interference. 28 16.28he base station of claim

13, wherein the neans for regulating the data transm ssions for the
termnals based on the first interference report include neans for

varyi ngs. schﬂchjbdsagta@eﬁn bhelaine 1 311 Wigkdn fIRr mekat dort feg.nﬁmgaﬁé Qﬂa RASSEssRAs for the

the first e e re ort 517, roces or-read
o unfTRE DO TGk P P P 260 SEAEP O "6 BF PO R HEss for daa
met hodtrakmasiyn m&i @f thecfirat inSrictericOrepdrt.

5 17 A processor-readable storage medium, including:

code for causing a base station to perform the method of any one of claims 1 to 11,



