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METHODS AND APPARATUS FOR DETERM NI NG, COVMUNI CATI NG
AND USI NG | NFORMATI ON WHI CH CAN BE USED FOR
WO MDERFEZRENCE CONTROL PURPOSES FlI ELD OF THE | NMENUSIONG/037115
The present invention relates to wireless
Mﬁ?f’%gwg %ﬁﬁi«%&ﬁfﬁg}@ﬂ w@lﬁvﬂ@fm@ U OMMUNICATING AND
USH\@ ? | @%‘ using Ilﬂ‘?)]g? Ib%vyﬁ Eigiaﬂr‘} eNuCéFegONTROL
for interference control poses in a wreless
comuni cations system BACKGROUND hi a wireless
FIELDWET REFoReMMUNi cation system wireless
= : for systemresources in order to
comTunl cate with a common receiver over an uplink

R

to metHBd' fldepparalis %J‘&Jll%cﬂiﬂ%ﬁ Redabdririgpreponfgendloausiag information which can
receiver. Wien a wireless termnal tranpsnmts on the

be used: firiintkrfetenemenntrol PUTPYSSSBP Wjredegs SRBIURCEHPRY WHIER: t o
the entire system e.g., neighboring base station
receivers. Since wireless termnals are distribut ed,
BACKGQROUNDI ng the interference generated by their
transmssion is a challenging problem Many cellular
W rel ess systens adopt sinple strategies to control
UIBI d \Qﬁelk%tlg@;tlﬁfe%E%s ORI BB SystdehAwi¥Sbskaedyifile @8ntend for
nmpl'y power control wireless termnals
systeni ﬂ&s@ucém ia onden e corhimaniceteavith asccgnmbs regeiver evesiapagligk channel. An

ase stat.iaqn rec er at
cxamnl R G A R S BB RISH Yk F, A yirles
termin ?& nEt3b b Yl edtiol re&live Swhed m\xﬁﬂlé‘ss te@miinzA Randrhitadn the uplink
erent rates, and be received at the base station

channdt 1t thipfidably eatses dverferencadadhiesntir pysqnh.x & nieagliboring base station
n a di t :

receivEyay R el Bt PR ERie U ERACRE 0 M oc!bferated by thei
transnB@N 8lalchflterpli@s@obemel ess terminals that are the

worst sources of interference in the system This

exi sting body of interference control approaches

|

S ALl SORESUN lpib 820 BBl rfrnce. P

examphé CDM AfvoidEaysteims (614 I& i) sdmpb/ pmmﬂ comtrcdemeerlms memgnalfhm such a

anmount of signal int r
mannesdhay sy sigepl g@p SN g gl ebggeestatmn recelver at() appro;%%%a gy e same

power. State-of-the-art CDMA systems such as 1xRTT and 1xEV-DO allow for wireless

terminals to transmit at different rates, and be received at the base station at different powers.
However, interference is controlled in a distributed manner which lowers the overall level of
interference without precisely controlling those wireless terminals that are the worst sources of

interference in the system.

This existing body of interference-control approaches limits the uplink capacity of

wireless systems.

It would be useful if a base station could be provided with information that could be used
in determining the amount of signal interference that will be created in neighboring cells when a

transmission occurs and/or the amount of interference a wireless terminal is likely to encounter
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transm ssi on occurs and/or the anmount of interference
a wreless termnal is likely to encounterdue to
wae@aaksTinit erference. It woul d be particul arl yPCT/US2005/037115
desirable if information which can be used for
due to glgfiﬁrlﬁt%ffg&ﬁge dlﬂ;v%ﬁfq ﬂ%}%&rﬁ&lﬁw RQSE6le FOMESMAB0S YRR @f be used
oné or nore wireless termnals to a base station.
for intdBfr&rice DESERINBTHIOMIrPEschEulE HelYRES ¢ tyLomes of niage avirplespianginals to a
of an exenplary w rel ess conmunications system
base stpiift- enent ed i n accordance with the present invention.
Figure 2 shows an exanple of a base station
i mpl enented in accordance with the present invention.
BRIEFDESCRIPTION OF FHEFEGURFES ess terni nal i npl ement ed
in accordance with the present invention. Figure 4
illustrates a systemin which a wireless termnal is
cgpRRat 8 d diSviag B8 &S efdniplh8Nwis€ledswommnshicatianusystent eplemented in
relative gains associated with a plurality of
accordpngesvitle iepgeseaisdavat®ni ons in accordance with the
invention. Figure 5is a flowchart illustrating a
nmet hod of measuring signal energy, determ ning gains
aFiguiRrDshiodiis g ekanhplefof ndnsestatbpoinipderhenteitincaicdendeecewitththe present
) the invention. Figure 6 illustrates an uplink traffic
mventiannel and segments included therein. Figure 7
illustrates assignnents which can be used by a base
station to assign uplink traffic channel segnents to a
Wrigateestlustentes mwireleSiUloaRY] iidepergedin accondange with the present
. directed to nethods and apparatus for collecting,
mventigiasyri ng, reporting and/or using information which
can be used for interference control purposes. In
accordance with the invention, wreless termnals, )
eFigure hidbstratenosistem iewbiche vergesstemina aseanpeegd 14 hgse station
one or nore base stationps, , .St at | N
scctor SR8 e FELPe PR B R i ¢ MRS A BARELAE sationsin
accordah&with tleid{&tiopl | ot signals. The beacon signals may
be narrowband signals, e.g., a single tone. The beacon
signals may have a duration of one, two or nore synbo
t pansii ssi i \TE: ' (% ini
LU B Ay A UREEN AR mE YR SFlnea B iR, detormining
gains ARBSIOMdiggatkfetenicadponts it acatdance Wik theriweentioon.  From
the neasured signals, the wireless term nal generates
one or nore gain ratios which provide information

apRidte & fRstrftb@hd ¥flink traffic channel and segments included therein.

Figure 7 illustrates assignments which can be used by a base station to assign uplink

traffic channel segments to a wireless terminal.
SUMMARY

The present invention is directed to methods and apparatus for collecting, measuring,

reporting and/or using information which can be used for interference control purposes.

In accordance with the invention, wireless terminals, e.g., mobile nodes, measure signals

transmitted from one or more base stations, e.g., base station sector transmitters. The measured
2-
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gai n of the conmunications channels fromdifferent
base station sectors to the wireless termnal. This
WO pfoelo#eris on represents interference infornatiPCI/EBI00H037115
it proy:des i nformati on about the signal interference
. t I LS
stgnal s b e B O AR g orowband
signalshage asimflé omesFbe beacon sighils maythavesn derasien of ergritiyglor apre symbol

attached. Based on the,si I .
8 L I B
particd;%g%é Sf FRa8orI8 RN & A clificA¢S HedamEow Flonk i theaseredistgmals, the

sent to oné or nore base stations. The reports nm _
wireleseeinninal geheratgsiong opmori gaierFasies whinhrproyidg mfom«}ﬂ%%@%fée relative
. jhformation.about ft i nt . . .
i of i SHFBE A BAEUab ol B EREPRS LD ERS ol il
This idfoHrhdtnGeprobcts iaterfegenbefifforsiation eire it@revifles imfdrmation about the
rovi des 1 nformation about the interference whic

. : h i :
signal perdesendschal Wil U G FBPTIg oA KLO SRS UG fesfors relative to

transm:is:]sgor}lss M 485 tefadd st¥od Refdr l?(?%ﬁicﬁttlgé {:v%@]g%hﬁfnaf R anhdifeh.

Wrel'ess"termnal 1's connected. ase station may
request froma wireless termnal a transm ssion of an

i nterference report i di i nterf b
e Lol o S L1 G Py o
measu?éﬁ?{eélpgﬁs b LeARAT el i So@rd B¢ 8%th thOmvantfResd kst to one or more base

erence report to the wireless termnal. The .
stationse qlhe sépomis mua Yeyinjagderalifyi afslifferentj farnazts and mgy B Wdinirmation

for. which the report ds ught .. Th B 1Al :
avous {3 ST i g OF PSR! SELOSY mutipi
interfdr RGHASS Q8kiSRP Unle-forniht PeSliiddsaffohRati @S dbolihe dnteerence which is
requests for specific interference reports, wre

I
caused oo msinglester RriBE hEscaIEE AR SISTUESHAEYS (ediors patppseotor t

it GRS R RERGI gk REE LSRRG D PHBAN s il

transnf RGO b MBIinferfefenlb@ sepofitpabvidinghatei fagnenatmat & geecific base station sector.
~connection with a wireless term |}al will. receive
This i derertivethe hese SR iooriraaspHing preyrd i %’ec‘éi.cdmerflerence report to the

wireleRd %glgh}%j rﬂ"ﬂ&%qugs? h&d 11‘:5"'id(;ﬂ%ﬂf§? tHenteptRrih B sabes fdFRitich the report
generation of ‘gain ratros and/or reports may be a

is souith QthieGviradéss varmiinad svifl aespond ta sudh e aequest hyftransmitting éhe requested
transm ssion power |evels used by different base

reportst at j on sectors and/or for different signals which may
be measured. Li this manner, signals which are
transmtted at different power levels, e.g., pilots
abdaditao smnding to cegreste farspetifie tiierderenssdepaits, wireless terminals,

o oSG b A RS B A e,
accordih8A$ E}e:s)%l'tﬁ{g RavRIle. | BwatS e@bodifiRnisas baseStatioq haliag heianigve

measur ed. Nunerous additional features, benefits _anngll
connegtiprodithrarwiselessdersrindiBaecaive intrslcgracaropgrs on a predictable, e.g.,

predetermined, schedule.

Depending on the embodiment, generation of gain ratios and/or reports may bea
function of various factors indicative of relative transmission power levels used by different base
station sectors and/or for different signals which may be measured. In this manner, signals

which are transmitted at different power levels, e.g., pilots and beacon signals, can be measured

-3-
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description which follows. DETAILED DESCRI PTI ON
Met hods and apparatus for collecting, reporting and
wa@giong447m$ or mat i on whi ch can be used for interP&r/Esmes/037115

control purposes in accordance with the present
and uséd 1 %@ﬁér%%#éli%%l@ QP& FRARd ighRbstihRs B9 AIQaS inddBonsideration the

appar at us the present invention are well suited for
differentaelatii¢ traminrisdi@spowerllevehd of the varas signgls beipg measyeedy |

comuni cations systens. Such systens may be

i npl enented as OFDM systens, CDVA systens or other

INRES o6 adlitiilaf fshtzdss beBhitsiRr entiidgnedts bretdeedribred i the detailed

fromtransm ssion fromone or nore transmtters, e.g.,
descriptidh adecht foblaws. st ati ons, is of concern. An exenplary

enbodi nent of the invention is described below in the

context of a cellular wreless data conmunication
DETASVEDDESORIPTIONE present invention shown in Fig. 1.
—  Wile an exenplary cellular wireless systemis used

for purposes of explaining the invention, the

! ‘ét%B&% Ll p%a&rtl.%al%% 11e@ti1§%f,rgﬁﬁ)r@i thd gn EinadilafoR Rhidhadan be used

be~appl ired*rn genera(f to y other wreless )
for int@&fATALRIcOATrolsurpses Brcarslanvel with fhie presaitriventionaeillaow be described.

e T LB SRR B AR

| multip¥e?a3:??§lrs,g§ %t Hﬁ‘ﬁtﬂ-ﬁﬁ&[‘&ﬁ&hﬁﬁcé{ﬁﬁﬁ spkadras. aBebhQyystemis @ifay be implemented

§ called the traffic channel. Data is )
as OF DbhaysiecisaCBM Agstemb er otherf tybes afivairgiess systemp aherecsignal interference
channel segnents (traffic.se nts. f ) T, '
from (GBgHBAPR Tl SR P S e G Ry Ty s af oeern
the available traffic channel resources. Downlink
traffic segnents transport data traffic fromthe bas
shnekanplaty emodiment of dke ingenonds é?s%{%?‘f Relgp i e confext of a
traffic.segnents.tr. e hCinl &®ntsA8wn in Fie. 1.
cetuleigtds§ ST PE SR BB LR R in B G I P 1.
While 9 Sk &fiplafy vdiiuld? vileespspssan is used éotpuoposenyt éxplaisiod thesinvention,
_ the spread_spectrum OFDM (or h%%gnal fre u(flgfg/ 14 other
the invgntipm IsdOFr 111 $A0EK Fh@@)thwampﬁﬁ ! ‘&?6‘&’&?138@% Cpfral to many
. [ ch f £l t includes a nunber of ,
Wﬂdﬁggéﬁgﬁ@g&%gﬁééﬁgéﬁ?ﬁ% "over a finite tine interval
Figure 1 is an illustration of an exenplary w rel ess

R S8 ST ST IS o SRR S
bandviAAMHRE GREOERS %iﬂmklﬁ%drwﬂhuﬂ%sﬁoﬂﬁd wsenllith yndrbr beisetraffic is

stations (BSs): ase station 1 102, base station IEIB
called Hekraffielcharinel 0D atags coremuhicalcd oxerdhe tpfigechanns) iy Bpitischannel

segmeds el ST bl i RIS TRE. RISt gt eimum
units dAR&LRH aBlctthiffic 6@nhellreddifices WDohwinlink traffic segments transport data traffic

from the base station to the wireless terminals, while uplink traffic segments transport data

traffic from the wireless terminals to the base station. One exemplary system in which the
present invention may be used is the spread spectrum OFDM (orthogonal frequency division
multiplexing) multiple-access system in which, a traffic segment includes a number of frequency

tones defined over a finite time interval.

Figure 1 is an illustration of an exemplary wireless communications system 100,

implemented in accordance with the present invention. Exemplary wireless communications
-4-
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106, WI(N) 108 are coupled to BS 1 102 via wireless
links 110, 112, respectively. Simlarly, Cell M116 is

W b@oma47e¢8 ess coverage area for base station MAWUS20B3037115
M 114 communi cates with a plurality of wrel ess

L0 ( ity l10@pt
system @pﬁh{lﬁe% 2 p‘{%{%} %a% étaxi}/g(% &BW_)( g%s)eas?agf%g ggglﬁeg@hte\gtatgghr&\ﬂ/[ 114,
Cell 1 104disthawwnklesd @ssrdge aks fdPi2se mtzﬁpn 1 48PS il UOR ypompyupicates with a
s S O 5o 0, VAR Y100 wrco
106, Wﬁi\ﬁ 168%rd Qu ﬁed"(@ Blsl 110068 Svifeld¥s JinksTELD, M&eiﬂab@wﬁ OSIltmlarly,

system 1 0 and may conmuni cate with the base
Cell MstIdtis dre wioelesssouerazneren dontase gation Mnl M BSMtlHépompgmicates with

e L T

WT(1'31 €8,500W’)a20 st Hupledac 'BSTMClG.|4|v3a wh‘ﬂletss lislesct2dr $24; eédpsctively.
are al soO possi bl e and are sup Ea@ted T e transm.t

WTs (896, 408,548, ﬂ(atm@’rbes@@b]éﬁ and/gy SEEIORRRI Y IF‘? P d’oﬁwa&)‘ﬂn devices.
MObll%m g r%%tﬁ'ges SfeRled b %@%obl{fe Hode ?ﬁ%@? My S8 ﬁmroﬂ%?n offthe system

ase s I on | and/ or sec
100 anld@e#t éonditinicde tnithr the basdestatidh coﬁesponqhhgdio the 8B 111Wl'1021 they are

oottt ML Rt S LAS 1881020 PP B 1

e I
csen P4 gk e, A A s ot

suppomnal eTHeXGnsmitter, of a basastatonrsecter Cmbﬁﬂd@l@ﬁi@dﬁﬁ@%@fi trpnsynitted
1nfom@§é%\g§ al?qagg% 51% VQEF Ogﬁlﬁgﬁt&% & aﬁgs dﬁgﬁon &dgnuﬁegtalag/ror sector

identiff@MMuni cati on peers, e.g., WI'(N) 120 etc | ocat ed
outside its currently located cell, e.g., cell 1 104.
Fi gure 2 illustrates an exenpl ary base station 200,

”g 3%1362‘163“ Lg §1"i"oﬁ%ng%% Mrﬁg‘%ﬁé nt A28, 130,

eam)re eta rep resentation’

respecﬁ@el?nweﬁf/oﬂkhﬁ;ds$§6 1%35010011@&(1 1&B5thet Adtdrodt n(b'deg vilmterhet BSnetwork
200 includes a r ecel ver 202, a transmt

link 133 MNefswodk links 128, @;@322@@ beg 8y, fibgey qﬂtlgr1¥r§§e%'l%6go&lnp63 126,e.g.,a
router%%&é %Tg‘waélsoconﬁ eﬁy A var | % Ph@éjtotcﬁﬁ@rtﬂi‘ﬁés Vg3 other base

over errent S may
statloﬂsnAﬁ\LACmWelodeet, aloanmjagenfsomdw; pommuhwatxddpcqr@m 2.t W), 120, etc.,

base. station a c ver antenna 216 which
locatele“@bi%Tsé’HrrF’& é&gﬁl’ “?E’}g ]:4d a transnitter
antenna 218 which is coupled to transmtter 218.

Transm’tter antenna 2 18 is used for transmttin
i ﬁfgurefmﬂlwtrateealg exenoiany| basmst@titaf 300¢ irgplgmgated 4 agrardance with the

eSS RS o 30 R BRI B 0Bk oy ot s
BS 1 FRNBRAN] 118 FahR6 1SBY Q@b sacludes a receiver 202, a transmitter 204, a processor,
e.g., CPU, 206, an I/O interface 208, /O devices 210, and a memory 212 coupled together via a
bus 214 over which the various elements may interchange data and information. In addition, the
base station 200 includes a receiver antenna 216 which is coupled to the receiver 202 and a
transmitter antenna 218 which is coupled to transmitter 218. Transmitter antenna 218 is used for
transmitting information, e.g., downlink traffic channel signals, beacon signals, pilot signals,
assignment signals, interference report request messages, interference control indicator signals,

etc., from BS 200 to WTs 300 (see Figure 3) while receiver antenna 216 is used for receiving

-5-
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etc., fromBS 200 to WIs 300 (see Figure 3) while
recei ver antenna 216 is used for receivinginformation,

we2@s/0441p8 i Nk traffic channel signals, W requeSt/sS1005/037115
resources, WI interference reports, etc., fromWs

inform%0 ) 7%Eﬁgmgﬂic%gg%leﬂ%ﬁggg?\ggggﬁide@%%@x%gmﬁﬂ& WT interference

I on or 206 executes the
reports| &t} fromswa2G0and uses the data/information 224 stored

in menory 212 to control the overall operation of the
base station 200 and inplenment the nethods of the

B $edthorly P4 & '?ﬁdh‘l’dbs rditfacd 20 Q&ﬁdaﬁé/ﬁlfoﬁn@}on s rIlha)pSocessor 206
printers; keyboards, etc. éasystem i nformat i
executéscthaamtiees224(t andrsasithe rd|a®t’1nﬁnmat1@m 4 gersr e Mgy 812 10 control the

ovrst 3 FEOBSSTE B ARG TR AR! pedincnion

/O deROSPUI0EE. g NAIPREK pridtdrs ketigdandy; ktc diipiny s@tihmrmfmm&mon to a base
stations 200, and/or the |nternet. Thus Vi a 10
stationiadmmiftsater eg@sem‘s@c%xtral ansher o esRgnHRRH AR 1&’1 ?8(18%?&“”
#dd8s, oth,
1nterfai;ei, %(%;crﬁug aﬁLg gt%gﬁlg %&?{oaa 6@151%%% ne org}é(glﬁgrg %@W?ﬁ( s, other
base stai6tist200] naﬂd//(@ theireerhetc r208vip i/@/mtbeﬁcawﬂ ’g¢$e§‘pi@eas 200 may

connection to the Internet allao
exchaa g mec s st W T 3 HEl pE e e el ofsenls
to WTX 560 le%Slp(%S Sn %H%ﬁlbﬂ WO 068 YRIide9 4 hsOGRES ESnnection to the
ghal's recelrved via recelver antenna 216 and extracts
Interneft raﬂﬁWtﬂgéWﬂ‘em@metd ts rapaie and/oe transinit mderstion enetdhe Internet via the

base sSSP SRR e B] TR RRap ol 1 v

from tg@%%d: ﬁgﬂgs H@ ihfoBmBH G et intlfiled figbreih 0 Mad exﬂiiadmimf(;tmatlon
vi a bus . Transmtter 204 transmts

e.g., datafand nlmmdnmeefegence tm)pg infoamation, & ngmczﬁpql tg; the processor 206 and.
stored ﬂ%aﬁal 2 glg%élg‘imf ? rgrttéélt] %gﬁ%:rgﬁsgnﬂ{sqﬁfo :éggl? I tg data, beacon

signal$ 'pﬂﬁﬁélgnalé Qs ¥Hrin i Gignhls, iattiferenae Bepdrt 1é@leﬂ’embssag®dmterference

above, ﬁrocessor 206 control s the operation of the
controbaglecagtrétgng 20 Ty 308 ViaAt@®e 348 of routines 220

stored in nenory 212. Routines 220 include
conmmuni cations routi nes 226, and base station contro

I aWidAEEnAovd the prsessst 2046 antrobsrihe operatbun ¢fithe bapgtation 200
i ncl ude a scheduler

St C
under girgetiom; o, goq;fg@a 220 stete 13\79[6%}(55%% BPB€ ?ﬁﬁ dn%%eu<f0érunumcat1ons
rout1ng53%6 dnd 628 rs%tullﬁlg gglgcg&l IRshes 028 3%he Bitd stfioh RbeESlebeiee 228

cator no The report request nodul e 236 .
includearschyeiubar 2686, a mqmgﬂ@mmca@;smhng:miodul@ 288y &Nclereport processing

modu}r ¢ 32;%?6@%%2&161{6?%38%\?? b3 ééa:r,}é %lg?ré: rgﬁce 1[181#:%1!03 gg)lﬂ'gfe' 2?,@ The report

requestEt;rn 1d 3368%ntRn QAR rBquddRIfer We&l@ﬂc@ﬁt&rf&ﬁhm prﬁs Wneamﬂﬂga
seeks interferenceée information at a tinme other tha

partictlaaBS pegoi xdem‘,lﬂqglrmﬁlge eIt SRy (Fone@iegTeperk ERguests are transmitted to
one or mgPer\%fragssstggr%ga Whel RS BIRE TR QB 2AROrRGHTIES: time other than

that provided for by a predetermined or fixed reporting schedule. Data/Information 224 includes
downlink broadcast reference signal information 240, wireless terminal data/information 241,
uplink traffic channel information 246, interference report request information messages 248,

and interference control indicator signals 250.
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downl i nk broadcast reference signal information 240,
W reless termnal data/information 241 , uplink
wao ea@bPio1ghannel i nformation 246, interferencePCEPINS/037115
request information nessages 248, and interference
Mlmk BrBQdcﬁ?ctr QEE 3 iR M @4(%@%@@%@&{ signal information
erence sig or tion 240 1 ncludes beacon
252, p1$otgr@1la1 mfcﬁmratmm [25)41 aﬁ& 2ssigiinhant sighglriaforination A3t | Bepcos signals are

relatlvgygu gss) qr@ﬂlﬁ}\/[% gz%ia E)%I ot O%&”%&*hg%ﬁa g'ggﬁi%gtgrgﬂm?érqp%n%entrated

on onevgi“ qgwtt&?estf&a@sqrﬂtt&t@iﬁo%)@@r oh8 sfAbslehd. aBedon sighnldnfoimation 252
ew tones for a short duration, e.g.,  one synbol

mcludd:SI 1dmt1fBaticmmf®1Tgiﬂah 2phpad H‘E‘V‘i?rdﬁvei pformpationd69. Beacon identification
1nforrnia’gl?lb{2$1fgl %gﬁ]n % rT?on 19s S?dfe grtaefav%@oc#a%/ &16 beacon Sé%’lal with

on I I'on 1 ntormat

spec1ﬁU®S 200 ke s!chflﬂé ok iod Betuﬁ”@iheﬁ thnﬁlﬁwmﬁrwe a]midbassm mgml @ata
t he beacon signal with specific BS 200,
specifig it 1] acfep@jﬁ@e Jpwakink Hﬁn%ﬁ%@ intsrea %GM?JF i géa‘i%é’ower level

1nformé§ ?F?] gﬂi%é in@ornfhtioh ﬁgﬁ{uhg | $vdr le\% te\QI%Eh teMfRacon signal is

ransm ssion I n or cyc . Beacon power
transmiitdde | Pilod bighate riagrin6d: kﬂmn,ﬂigsals brbadamttthMTd effmndengtely high
the power | evel  at which the beac n

powerlevsits figt ebave PHingEy SEMIRENA, el 15ed fop idegtifying 2
base sﬁ{lgﬁ%glﬁ%{roﬁﬁl %ﬁthaé bmgﬁﬁﬁﬁ &l dﬁtﬁllﬁng Q\MBfinrleB¥SinSate. Pilot signal

ove 0 nary signaling levelsS, which are
mfomiayxpn ea4 includee uﬂeﬁbﬁcama mmﬁoﬁyatngl %M@Omeaiq\’éhnfomaﬁon 264. Pilot

chro i zin base st.at
et e
mgnal% Rah léﬂ@c?ﬁé 8R-tiatibs 200.0PilbtfoNerBdvieDinfatindtian d64 twhides information
evel "Information 264. Pilot identification

deﬁmmgm‘he power levels ahichcthe pilet sigraby ara tiepymitisdd Verdongdgnals groviding

fo mgaltlg{l. ﬁ?]u(%m at ‘Eﬁt‘f}%g’ﬂﬁijogl\%téwéﬁreveis eﬁﬂf gﬁots %Gdefa%cgl Q858 transmission
p110t 160, kg Del m&woa@ttfmm defwirileg térhengioimadetdraehg ghinwhtiastend/or

h |
IR TR AT —
segmen? ?S%l g%}ne%t %%nal Lu%%nﬂ%@%ggﬂﬁg Bt Sdveaveld ﬁi&%gbﬁﬁhé%? signaling levels

eve or use by wrel ess
SO as tb&ée[UhI’WH‘S withirded elirllrwllmchl bagapaor charinekquatity oonditions. Assignment
i nterference reports.

sgnalinedRIPEBROT A1 MR CHPRGRA AR TP 250 4RGP EC el fpformation
268. zlgsc’s\?/%lﬁﬂgfﬁ @%%1/1 1'1%113l:§t1ﬁ6aﬁ8§ fﬁfEﬁ&ﬁloh%G (iﬁ’élﬁd’es 34 foRANIN associating

I nar nal |ng evel s so as to reach
specifitfionss 4t kperific Smeeinl thwuownhmiatmlwleowdn psi gnieatsi foy the specific

BS 2 gggs!a{ﬂtgl%ﬁwqrha@gﬁ . Itl%flglﬁﬁél%l% rngat??% &%gmg the power level

at whicR Y& askizhRleARdisilk #6&and@ise@nnent signaling
identification informati on 266 i ncludes i nformati on

associ ating specific tones at specific times in the

downl |
o St e e OR R Do PRI BT BBl be S0t W
data/ig8mbtist, Wes ihfdtasatie 242 WnaN infnu4. N Tpbinformagivr 242 includes data

270, terminal identification information 272, interference cost report information 274, requested

uplink traffic segments 276, and assigned uplink traffic segments 278. Data 270 includes user
data associated with WT 1, e.g., data and information received from WT1 intended to be
communicated by BS 200 either directly or indirectly to a peer node of WT1, e.g., WT N, in

which WT 1 is participating in a communications session. Data 270 also includes received data
-7-
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at which the assignment signals are transmtted.

Wr el ess termnal data/informati on 240 i ncl udes a
W(plz(u)r)/amng_/ of sets of WI data/information, W 1PCT/US2005/037115

information 242, WI Ninfo 244. WI' 1 informati on 242

and infolS ltl%g ?1&91*3&1? ngrQed 6 Rl ndAESHWT Gl O TN PesihAlon

ence cost report i nf or mation 274,
1dent1ﬁbﬂwmaﬁfcﬁ}ﬁﬁaﬁ@1h prkinchuded a BSsasgg!mdtldelﬁi'A"@r a@qgmggg Wghéased by the
uplink traffic segnents Zg

BS to identidy Yk éc II]&tP’iafﬁr &1 q?s’wspti nbfognatloalgzt?ﬁ néc H(l.l ﬂﬁ%rnﬂﬁgtscgn which has
been fogggl%'e& ﬁﬂ drﬂfr@ﬁd\ﬁ@ 1 © B 200 ueutiyiat md:rfbyerBScosts of WT

|rect y or indirectly to a_peer node o
1 transMfiiting aph;nl§ s1gﬁ'a1iid,g to thevlemaunjgatipns 8ysra.-t qu%ag’gepl N@h}ﬂﬁ trgfﬁc

o BB 0 S PR ED sl o o

BS schQ@tﬂEr 706 O fibby, tfedand/difiidk cG’rfStrﬁinlﬂ aifonmJBra)hl fAssrghe(bmphnk
information 272 includes a BS as ne ntifier

traffic sepswoisati8rgclwiesiniagatign ﬁﬁ@lfg@gtt firq gpegments which have
| nt er |nforrmt|on 274 includ
been aﬁswglf%tﬂ?o%c mﬁﬁé%z%ggcg@g’gen forwarded in a f eedbggk
rep?rt ;b§n¥w 1 to BS 200 |dent|fy|ng i nterference
costs o transmttin k S l to.th
Safriirashe cbamelpRnBionga ehilis & piitaisy BF byt fiic channel
segmel;‘{"telg)?&?ﬁtdﬁo@zeﬁs in@ﬂd&%ﬁn PGS &n fHe%Mﬁts 1% mlapibieralisigned by BS

i'C segnments are allocated by the BS
schedu$&2304b &V TQ&Quesﬂng uplimluab bnk retswy:@es Applinds traffigehannel information

oSt T AR R s 2

Chann: @gb@% ﬁ{féﬂg&é%%@?gvﬂ\%&lidé@ d&i@ 1ﬂﬂ>¥1ﬁatb&ﬁl84§l§6wgmledelbyformatlon

286, deﬁﬁmommfommatma88mdm@gmaelpmfoanwcgn 0. meeﬁkf%ffflatm B4

channel |
includggin q@a&g@ﬁ% 1g he c?l {eng Jos é)gg]?egéegag‘l gfji Q% ' t@%e ggﬁéﬂcs}r&nd time
extent &8 thel Rebst. IFRAURSEhHIBIhY] BJSI %y fippott IrmidupleSypﬂs of sphnk segments, e.g.,
Uplink“traffic channel information 246 i ncl ud

a seguehhwitbla le@smdw@h ViR ot e Bpions 4nd AARFBFLSU Bl
bandwui]!fb% g%ga e 484tio S‘wlli%gﬁﬂﬁ%ah%n@@% HdTBdds §¥oRREion defining

pe I Nt or power |evel information
the spedified Hefdrnidel anwhich die®l is o ﬁ&&mmwherassn@nmm segment 1

i nformati on 290. Type f 284
IR TN e —
spemﬁetgggs%h&l’n_. chnsditute M’&ﬁﬂh‘ eRfhePEEniehfTE, AXéi n'tfmfbhﬁatlon 290

or exanpie, the BS may ort nu
includey mgnnfenumfomﬂatma gs®niated veltlguphtﬁ( tg@gngagmwt dhe. g rhgrlégmﬁer of

e T be AT W T, B i

schere®Y B ubdif i i hk%ff?c&@lammlsé@ﬁ@mnf ormati on defining
the speci d power level at which the WI is to

transmt when using uplink segnment 1.

Interference report request information messages 248, used in some embodiments, are
messages to be transmitted, e.g., as a broadcast messages or as messages directed to specific
WTs. The by BS 200 may transmit to WTs 300 on a common control channel instructing the
WTs to determine and report the interference information with respect to a particular base
station transmitter, e.g., base station sector transmitter, in the communications system.
Interference report request information messages 248 normally include base station transmitter

identification information 292 which identifies the particular base station sector being currently
-8-
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Definition information 288 includes information
defining specific frequencies or tones and specific
Wa oves44m8 ch constitute uplink traffic channel PGEY8IN$/037115
1. ASS|gnnent i nformati on 290 i ncl udes assi gnnment
des1gn%ter:]<{ R mPerf(‘?geﬁ)t%g ?ép%he q?s"&%}éﬁséé@'ab% kbRbbhske ﬁzﬁ%@ @fe ifnplemented
i“er o bei ng assigned t
as smgwrzdebtekbziseafa‘abﬁs cOaartihe Bsgﬁ@ malehaagQ:bﬁdﬁ sigtiem tﬂe@ﬁﬁ%@ﬁon

nodul ati on schene to, be used i nk raffi
informafgamaitto £orrpspopd feeach th@é}%%*ibofla ALY ﬁ?soaﬂ“%gl%e&ﬁ%%m
mterfex%‘ﬁé%ﬁ@c?rﬁmﬁéé? ab&ﬁgx%lhﬂe%e@b&@‘oodl ments, are nessages
e transmtte g., as a br oadcast nessages or as
messages directed to specific Ws. The by BS 200 may

tran m t to on
THETRiRaEs HL P irRor B P G B RS enBORRRL, e.2. where at least
some df@ﬁ@ﬁﬂlﬁk%‘fﬁc SRtk A6 dﬂph&ltly esfeeid btyahabmrstatmnj ae signals
base station transmi¢tter, e.g., bhase station

broadcastdyHBH 20%kio, Wils 308 & e@IPL AN 65 Of @tg@pléqﬁ Wth?l%IFS may use uplink
traffic ﬁ%ﬁ e orr] %gfu{} or 2\3 ét‘fa g:tl\'/g Iagfﬁﬂ{e% é %@d '@?ﬁ@@a%ﬁ 1&4Bindicates

how tigtéBthe BSCZUOI wéuld nike tmadntmhmzaﬂarmlec WVTsj@@ﬁ whichsedehis this signal
particul ar base stati on sector bein

can use thiy #gmal yajeembinatienwith theiavy WFW%?@FFE@“F‘&B 43 etergyine whether or
not thedWﬂb%%ﬁ %1?\%?&’ gya%sg ng?ua]?ﬁ%eﬁa?ﬁ%égﬁféﬁtsad' g dpkement ed as

single sec _ Ions. Over time BS 200 may
change base station identification i nformatl on 292 to

f ﬁéﬁrﬁg}i‘glocgg?lg?qg%ﬁ%{]%fé : E%)&%ﬁt h nol| n b %gfc’c%&w ?to@@g used by

the Bs%ogiﬁﬁ%ﬁtroﬂ Sleliif @Jxﬁﬁﬁs%lo%%rsﬁl datd) CBé‘s@tsﬁhoﬁ Ic@iitﬁdlsoﬁﬁﬁs 228
used 1n some enbodi nents, e.g., where at |east sone %4 d
an

. controt the otppﬂatmk of thef1f® dedegnBtisteripes A% reeRpyler &9 [tpnsmitier

conrSFb4aE R RS i RN B eRfastin

Sched¥ft 950 Mﬂ&%aﬂ@ FHﬂ@trko'sB@n&ﬂtﬁﬁlﬁdeﬁ its egitesitts WF0300 based upon a
exanpl e, ti-level variable my be used where cfl%
number@febnstmmts: Power Frawirenghitf b ftwémssfy SOSTG AP T SaRECi1 the WT,

and 1n§e|r %egllgle &o5t ttoe e &%&Q © Th\&g- e°’9é?1e&{ﬂ n% JReEIHE. otﬁQh%oes use

UsS€e thi's sig in conbination with their
infornfon fR@stecelled ﬁitafefrem@rre;mrtsozvltéatseheduhag dhenhel transmigsions.

t he 300 is allowed t th K
o B e 85E L R o0 e

I
oI R A8l En RAEE B o Lo 2ot signals
such =24 dkaconBasiet sigasls cnsmgmmbmts) lslgnaisl,tandé)s ofizeg cemponsonirplesignal

transngl g«i ?tf}lg}%%v&e? feéfﬁés an%géﬁ us elgﬁay @Pﬁ{{o@l 1§ d%%ﬁnmmg downlink
chann@lhpcgfapr il ink h&e§§eﬁ&ole{féls |yt e frerice eept frockssiaf module 234

I nvention. Schedul er 230 all ocates uplj zf(
uses the ddtd/infosmaivaRdé inciading thegnisoiatenes cashrempet 13@@m5g%%17 obtained

from tlfllg Wrs300 to process, correlate, and forward uplink interference information to the
scheduler 230. The report request module 236, used in some embodiments, generates a
sequence of interference report request messages 248 to request a sequence of uplink
interference reports, each report corresponding to one of its adjacent base stations. Interference
indicator module 238, used in some embodiments, generates (multi-level) interference control
indicator signals 250 which are transmitted to the WTs 300 to control access to some uplink

traffic channel segments which a
9-



10

15

20

25

30

nunber of constraints: power requirenent of the
segnent, transmt power capacity of the WI, and

WO niceni4gience cost to the system Thus, the schedubmns/037115
230 may, and often does, use information fromreceived
interference reports when schedul i ng downl i nk
transm ssi ons. Downlink broadcast signaling nodule 232 )
USigere BHHud Bt/ dnrdkemphiry oireR22riimeal 3@, myplensntedvimpéqerdance with

br oadcast reference signal i.nfqormtiagn 240 t erate .
the pregshl 1RV EXTBRIBRCRALE~PgHAR SO0 quty Ui g e Shitgentation
of any Of @Héqivl“f 5 Sliéé,%'olgﬂffﬁé]tl 50 HF SRR plary 3D WiBs 68 lcop@iiiidation s?r]stem 100

contro gnal "transm tted at "khown power |evels whic
of Figurayl. BET 366 chdbydesge@Ddr BA2, detransmitter 3§4 dldAdlieviars THa apepcessor,

[ and uplink interference |e . :
o Pk 0SBl Phord B Ll e 314 W erauich phg various
clemett@ by iRERhABIE Rfh Zf0nfombtich. Redehier BOR Brdoapled te amtomia 316;
repoft information 274 obtained fromthe W's 300 to
transnpittey 394 45 capwraddp apennadtp-f orward uplink interference
information to the schedul er 230. The report request
nodul e 236, used in sone enbodi nents, generates a
SpawaREesifhalt thenfiredRon BSPO0 treremirestthwagh agesn23i®, and

to request a sequence of uplink interference reports
processerbhy Kepse 3 0% MR HER HY H5SBHs uBk: §ignal s anisana 318 to BS

' i NG fink A4 Hsr8ikel st reports.
on S L S A S 5
/O de®fvss B 10 inchude asdrantesfagnddvice® S@chvisj €., axierophanss ripeakets, visleo

the, WIs_ 300 to control .access, to. s upl i nk {1
camer iR G, S S5 o BB  f BLILA 310may e
used t& )ﬁﬁgﬂﬁl&g With'¥hE %h@ﬁﬁ)r LEWT B0, e300 allBWtROBEr&er ioenter user data,

accordance wth the present invention. Exenplary )
voice,wind/fet eiieo tixestedito 2 pBO nadg/ansealloviihe eperatosi¢ gigw user data, voice,

represent at.ign, of any of the WL 118, 120 of
and/ 0@;&@%@%“%@3?%%0% aré‘?eégga% g'r%"fuar?ilf)%lg i (;%Q(goyst em 100 of

Figure 1. WI 300 includes a receiver 302, a

transmtter 304, 1/0O devices 310, a processaqr

A , €. a
CMm@DB12 insindes reiioes s D SAISI MABGB AL TTHCRSSBHA00 Srecutes
314 r [ i O 7 i nt . .
vors s AT S A ST 1 1 S5O b
of the N800 and kbimpléraasthd inethod9df the posenlisdbntion.aRoutimes 320 include

316. Downlink signals transmitted.f BS, 200 .

commBi2PBGO T G RAT GBI 42 e Byfines 326 include
| ingh | iRQfelchSIEt huddHIR|33AKarkl tAbGulin

refere{lﬁe?sg%%aﬁ 550%9 %hnﬁa&%g?gi’%g 1200.e Uplink signals = = 5
decisibf edoddizs3 30e Rg:ferengel siguial proaéssing m¢1h1_1m3332 mpbjlndas an idgefification
o5 S EREE 5B EBOA S 5L 55, bR cutctin
modufPRRAK §hdrfeith e sE AITBHRS34 Ihdietes di fHkiaY oduy DRk determination

printers, data term nal displ a¥s, etc. 1/0 devices 310
modules3Adbend a report generation module 346. The report generation module 346 includes a

quantization module 348.

Data/information 322 includes downlink broadcast reference signal information 349,
wireless terminal data/information 352, uplink traffic channel information 354, receiver
interference report request information message 356, received interference control indicator

signal 358, and received broadcast reference signals 353.
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used to interface with the operator of WI 300, e.gqg.

to allow the operator to enter user data, voice,
wW@eab0447v8 deo directed to a peer node and al | oRCT/H82005/037115

operator to viem1user data, voice, and/or video

ommnj cat . .
B
broadca%’gl?efergﬁ&%?@ﬁpfnf&%u@ﬁ settese sthigorl Ddbwnkhisk &b@d@aidef@@g:e signal

he data/information 322 in_nenory 312 tqé ntr ol §§F BS 1
1nformdiom>$li3(50dpﬁé¢ stetiomMbfow ik broatsestARtHanse Sigpt AL

downhlggfzﬁ%ﬁcfa& efe%%gce%r ?ﬁﬂfor@%ﬁg é:ﬂ%e s BO4tbh BRal3 AR mAfdNI60, pilot

i'ne control routines
signal 1§ﬁ)§maWn 867) bh®hssigutienn sign AR inforinatien 364. Beacemn gignal information

360 1nq?pli§§vg g%g&%ﬁég)gngo ! 3 3 2 1%%% raﬂ@ ra%ﬁ@ Crelgétgsﬁer information,
and povvgrf {[eq?ﬁ@gﬁét%a%fép PHoE i zﬂgnﬁprﬁh'tll(ﬁl $o2ntingésidesifesation

ron nodule 3 a received power
1nform£f&ﬁﬁ&ﬂ0@miﬂ@bwﬂnwublenmat1@n3ﬁ?a Ammefint gignplingipfosmation 364

1ncludq%2(|ée§nttj,1!§gt§t|u§1nlp %“?Ihg% noté;\?%kéve a?%}l sggdul e 334

Yo nat i on
nodul e 344, and a report generation nDduIe 346. The

report generation nodule 346 includes a quantj
Witteless 8rginaBtainformstion 852 inchues dae)3 ﬁae@“’a‘&%w‘é ié%atlon

1nfonngtéqrﬁf§i a?&tg&e?r%{eﬁ?@%&%ﬁalhgg ggé) r %ﬁ u?ﬁ?l? tr%fﬂc@e@%@nts 388, and

I ¢ channel
assigndd MRl se3hrbnts3O0L1 vVer |nterference report request
i nformati on nessage 356, received interference contro
i ndi cator signal 358, and received broadcast reference

AT 5 g pupoal e s

informBfi Saskte Sharinef BEM@t&ngﬂmhnclﬁf orfomdtion 3§ét Ehapppl ¢ information

t at 1d [ ink b
includgiype FRRTHOBSS, DRSS (LR S pP QU AR gaiqemgon 395, and
ass1gm%181t1tqgﬁ)%§t1§ﬂ | Tﬂergcﬁéd{ﬁﬁl?%d%%lﬁ(ﬁ%nﬂroﬁqw kdheBuling of the

cast reference signal i nformation includes beacon

transnﬁdsgjmahterﬁefencermppﬂm e:gS,Oa,ccpudilrcg togy ;gp@temmqgirswh@dl%% Bigrequested
and assh%nnent si gnal i.n

interfesgngs 55POFHA FHTRIISE ]fféﬁvigqiﬁeipulgegéai nl:aigl iégra Ie%;:]on

i nformati on 366, e.g., BS identifier and sector

i dentifier |nforrrat|on and power | evel Iégbf Q
3ﬁecemdimtierfsnegcmieppiifr@ﬂuﬁﬁtmmns@% PRAER &P el & & Base station

id t$ E@%ification i nformati on 370 and power | evel
1aenti 25 mat i on 372. Assi gnnent signaling information 364
i ncludes identification infornmation 374 and power

| evel information 376. Wreless ) ) i
dBiga# illistipien e e¥eraary sygleprtll 1 H‘ePﬁ 3 inageqpgpge with the invention

whlchlsﬂ?l otelufslecf A éx%%éﬂ AL tt&g 3% Vb eTRNGRtene MOV Includes first,

r'ma reques traffic segnent s
secon@ & thadcells 404, 406, 408 which nelghbor each other. The first cell 404 includes a

first base station including a first base station sector transmitter (BSSo) 410 and a wireless

terminal 420 which is connected to BSSo 410. The second cell 406 includes a station base
station including a second base station sector transmitter (BSS;) 412. The third cell 408 includes
a third station base station including a third base station sector transmitter (BSS;) 414. As can
be seen, signals transmitted between BSS, and the WT 420 are subjected to a channel gain go.
Signals transmitted between BSS; and the WT 420 are subjected to a channel gain g;. Signals

transmitted between BSS, and the WT 420 are subjected to a channel gain g».
-11-
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assigned uplink traffic segnents 390. Uplink traffic
channel information 354 includes a plurality of uplink
wao e@bOig1ghannel information sets, channel 1 PCT/US2005/037115
i nformati on, channel N information 392. Channel 1
information includes type information 393, power |evel
i nformati on 394, definition information 395, and
ASHUrAO R0 thei WITAE 6@incoed BOBSS T4 mﬂ@ESSd 411@ asodalttecta®mt point. A
controls the schedulin of the
gain rafioCe =f rafie o€ therchpasial gain Ogn thea&%% e Chamel gain from the
AT=Tol equested |nterference
BSSOth‘gglcrﬁtﬂégWTn%bsﬁ%nse teg Fgc%elgved report requests, and
user data. Received interference report request
|nfornat|on nmessage 356 includes a base station
iGHErgigi er 397. Fig. 4 illustrates an exenplary system
400 i nplenented in accordance with the |nvent|on whi ch
will be used to explain various features of th
i Avgemirignthat b‘éheorsgzgtamm oensmigtied diom #hrarfg%t S@@!@bﬁ&l third BSSs at the
cel.ls 404,, 40

same p%}}rx]{lgrr gvgls {heggchwe&l@ Weir'] Qﬁ%qo;/fﬁ%ﬁ?aic% : rec f%? fl‘?)tlﬁ]ﬁlre ‘base stations

BSS,. B8§] Ust80aa bhivsad tokRESmElethé Ain a4 Ods fonawsm tter
°=%ngo %gﬁ and a wireless termnal 420 which is

connected to BSS 410. The second cell 406 includes a
station bas ion including a second base station
et by Pl P (BSS1) 412. The third cel | 408
includes a third station base station including a
third base station sector transmtter (BSS2) 414. As
G- BegsEdir PBiI/BRal s transnitted between BSSo d the W
420 are subjected to a channel gain go. Signals
transmtted between BSS1 and the WI 420 are subjected

t@, agghanne: PBaPBog\ . Signals transm tted between BSS
and the WI 420 are subjected to a channel gain
g2. Assunme that the W' is connected to BSSO 410 using

oﬂ&? r%i 1§5u§s1§ﬁ BPfh@ RBRNtER Wil fodds @At sptdtionGfthe uphnk traffic
ratio o e channel gain fromthe BSSi to the W t

channdl Ime acdoatumet withithe faventianh dn B8SeemplamisEHernHée wffimgmgnts that
t
cons Rk R hifiet B o PR GRF ko LR S 38 Bme extent i

order t%réhft‘a HRouesclads of RerefeREBerR@nly thhieare bperbtieg ot aldvmisqxemf wireless
PB) t he beacon signals received fro (E)ét h

channdls aed with 6Bt (oiSe HoSBOERS CHEIIRS BecHRbl G of Heapency on the

vertlca‘il. aé@qggg_vs t | 0%177’ gé‘cho{'l%ﬁtglvﬁls @Agoé Hfbst?atl's fwdBRaSEardfEc

segments in the uplink traffic channel. Traffic segment denoted A 106A occupies twice the

frequency extent of the traffic segment denoted B 108A. The traffic segments in the uplink
traffic channel can be shared dynamically among the wireless terminals that are communicating
with the base station. A scheduling module that is part of the base station can rapidly assign the
traffic channel segments to different users according to their traffic needs, device constraints and
channel conditions, which may be time varying in general. The uplink traffic channel is thus
effectively shared and dynamically allocated among different users on a segment-by-segment
basis. The dynamic allocation of traffic segments is illustrated in Figure 6A in which segment A
is assigned to user #1 by the base station scheduler and segment B is assigned to user #2.
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The follow ng discussion of the invention wll focus

on the operation of the uplink traffic channel in
waewendance with the invention. In the exenpl aPgrT/US2005/037115

system the traffic segnents that constitute the

link traffic channel . ma I i I -

AR s etp Pk Y P grsrient gt P g R bl sfents i
transpotled $8 tHefasWirfBb@schatu@] Wik fctudas a sdries o essidrinnat seganends. Each

diverse set of wireless channels and wth differﬁyg
traffic shewieotisasssiated With 2 crgwpordiBs I8igye gisigrnenbesgrpft that conveys the

. frequency.. ' axi . i ‘

i BAERE HlgpORgy g PRl e el Rpgland oo e
codinglahaffddeilasieg Fetdnse forbetused inpthatrikaffic ségient.c RignreeT is a graph 200A of

Traffic segnent d ted A 10 i,es. tw .
ety S AL SEASE SR SEILES AL s o
assigm%lg eorhits. LA B3 §d CaRPARIMAS viticH Sshvbptdetssibh@bit ififormation of the

ann can be shared dynam cally anong the wrel ess
uplink traffid segirentshe? 1 @A end BratdA, oaspéatiely {Thetahsigmenrt channel is a shared

station. schedul i n dul.e that .i s I e :
e Gondy Zhn oS T A8l reheRa n e
assi a&g@ﬂaﬁ@ bRd HHehf@hRlt oIS SplRkGAITEE Bgnhel sef@iefits beakding to the
_gm%ee.s, device constraints %%d channel cond??ions, £
ass1gnmhntahfommyt1¢zte time varying in general. The uplink
traffic channel is thus effectively shared and

dynam cally allocated anong different users on a
SEHRAL stados SGFBiler DIFilRcaith gafficrsaginenta bhged aini aomngfer of
~traffic segnments is illustrated in Figure 6 'hn i C
conmds@gn@mtow canstraiat by thetrysant power E?fltk%i’?@e%éet %Fgﬁco“trglamel
chedul er e b i # t
R T T
terminkls@hdtiate GfteRatin) oveegreletr siplisk ¢haanelp oraydd allncatedtraffic segments that

assi gnnent channel, which incJudes, a seri.es.of. .
0CCUPY 8 SRGAWRHTCRIEERRRTISNt RS PXEMR %ysgegb }.pe(mieli tgat the instantaneous

powerQ§(§Hféh?e§1Fsdar%B&e§e&Bf doRSPARd b NS irkilArf)) Gvirttdsh GRS that generate a
segnent that conveys the assignnment information that
greatermylouniof interférkrcd ayelisé beallesaicdientiis segments thairpslndg a smaller

and alsq th odi,n nd nodul.ati.o .
frequefy EFiSRt 1t OHE 10 B RRET PR G P oy RSNy i3 Weflerated by
them. i SIHRAGYe Vith tEinVetonC fhle 1okl iBite2R2A 0y $s controBedby sdheduling the
ori zontal axis 204A. Fi 7 shows two assi gnne

/ .7 _ nt
transns sxjoreefi the witelee aminads @ t%sz besis ofihpis Bnteriergase ks to the system,
. ,assi nt ..i rnpation of the uplink traffic segnments

Whlch@?i%%%gﬁ%t@%ﬁﬁﬁgf espectivel y. The assi gnnent °

channel I is a shared channel resource. The w rel ess

term nal s receive the assignment informati on cognveye

| o adqerdases bt i iioneihe AHE R SRl GFipEBh e e ference
costs tgpthe': %Estetn'i @Iofﬂ ¢ GO ﬁldoﬁfﬁ.ﬁﬂi? ABREQERHIN It Peleibodiment, the

sstTghment I nformati on. e base statlion schedul er 230

wireled tep@atabSepora fifcicinteefyranne sosteieabic base atationgdja theform of interference
jnt.is tha

reportgg\g\]%ipg ?@%&%ﬁ%?&ﬁ% 15100 19, ¢« é’ﬁ lelr}kr i%Pe%ftyretnce. In another

embodiment, the base station broadcasts an interference control indicator, and the wireless

terminals compare their interference costs with the received indicator to determine their uplink
transmission resources in an appropriate manner, e.g., mobiles have uplink transmission costs
below a level indicated by the control indicator may transmit while mobiles with interference

costs exceeding the cost level indicated by the control indicator will refrain from transmitting.
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shoul d not exceed the transmt power capability of the
wireless termnal. Hence, wireless termnals that are
wWop@ratd7ng) over weaker uplink channel s may be BET/OSRmO&B7115
traffic segnents that occupy a narrower frequency
extent in the exenplary systemin. order..t .
EXemARDENEGIRe1s6 RS % A R R nd @‘?%39“"6‘1'
constraining. Simlarly, wireless termnals that
nenat.e [ ! T AQbiRE BRI PR EssTBYniAhISS chifhected to
gﬁp%ggfgﬁﬁéggﬁgﬁg?%egﬁgﬁ%g%fﬁgg&?nclude a snal | er
BIBCNEY & IE .ntt%'u'e E]?eﬂﬁlgle%aiﬁ Betivo S s WiiBlebdiRARInaPAndl tige station
t'a¥itaneous %nterferente generated by them In
ceordange, Wit h the L BBer Sisd QhiibnsiiR Y dyeteance
BmfbﬁEg%ihfPgfﬂéﬁﬁ%ﬁ&ﬁgﬁ%%%ﬁﬂ%%R@EEStrgnsniggfon of the
wireless termnals on the basis of their interference
costs to the system which are defined in the .
fip tHeaiemglary systae,ched amoentwif phwehisansidet Pioyyirelepgterminal 0 on the

.. wreless termnals determ-ne their i C
T
wireles it&'ﬂﬁl#%ﬁ o |13 B0 B2 LR/ B khe frétficity Slt@f Sarldahethdtsof code rate on

repor

_ Heir Iinterference costs to the base station,
the traffié sbER

ertO Ak Heqhdtcy kR EOCEe E€pgent and thiichbice bé podeakiesletermine
upl ik schedul ing decisions to contrag

I [ ink :

the transniibpvestanabby the Taekilnwhicarnigiavantty o dpeibicasse iptspference.

broadcasts .an..i kgl sddm@ent
T
necessithtbdla tdeBive pEREY BY pentbing of tiie tadficladgatent (vehithisi a funpliomed the choice

transm ssion resources in an appropriate nanner, e.%. ..
of cod&Rié Argisthb akenabtdndiicns amemiviich the rechiledeminghis gp¢ratieg). This is

i ndi cated by the contrgl indicator.may,transmt while
relatedhtoiHq ERSWHROVADER 18F EhE LS ORI g hE Kt

| evel indicated by the control indicator will refrain

fromtransmtting. Exenplary Interference costs which

may be considered wl |l ngw=mg(qucribed. Consi der a

wireless termnal |abeled nD . Assume the wirel ess

termnal is connected to base station BO . Denote G0 k

the channel gain between this wreless . termna

and :
bElseintréerensa peKtone pendugedpy ths wirelessygrmin Pslgk}"?%ngtt??ée station
ot al nunhe g stations in the system In the
kcan%‘?‘é F%P{}Tag(yﬁ/%?%)r%gat%he anount of power transnitted by
wireless termnal O on the uplinkGyraffic segnent is
usual Iy a function oﬂ%&ﬁéﬂ@bmd??ﬂgprf the W rel ess
channel fromwreless termnal nD 8 the base station
BO , {@he frequency extent, and the choice of code rate
thelar agf| ion) ERGHANEY inftfepdtice @bndrhiRed by wireless
DenOtggb‘WErGOOa'ng];cilﬁgﬁgﬁ%q%g%mgf ngso(fé}e rate determ ne%%he Y
transmt power used by the nobile, which is the _
termirl M)t dt bisel shafondB) ecproportianales its htesniiepemereas wdkasithe ratio of the
that the SNR required for the base station receiver to
channdiegiieo base dtatiifli andstogtsenin base station. Hence, 1o is called the interference

—

base st

cost of wireless terminal m, to base station B, .

Generalizing this concept, the total interference per tone produced by a wireless terminal

to all the neighboring base stations is
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necessitates a receive power PR per tone of the
traffic segnent (which is a function of the choice of
weowe/ s and the channel conditions over whiRET/UBm05/037115

nmobi |l e terminal is operating). This is related to the
transmt power per tone of the wirekess termnal, P1.

: az foldl ows: R T QO The interfere@ei}(g(er tqne

produced by t hj s-wi gl ess \nal & nei ghBOfi ng base
station klkllcaﬁ ffﬁcé%l '%g“?:%ﬁbﬁteré’ﬁ E?Rf CGJOOV\B?RZ'?%CO’,kkgI‘ T

0,k r ROLO Denote r0 k =-- . Fromthis expression, it

is clear that the interference generated by wireless G

0,0 termnal nD at base statj Bk i ti ]
Therefpies {tp,.ans Foint apohe ANtELCRRRFY c%goqq%rﬁléégf‘ ) a(f@ﬁé‘ﬂﬂ%gﬁtegfystem-

gains to base station k and to its own base station.
Hence, ro,k is called the interference cost of
Vyﬁ fsalsefus ot entertnathenBgtegato anstarsaroivintasiorenceprrsused by Hig mobile
this concept, the total interference per, tpne produc

my to bagoatedioh B AbACHABIIFER DY Goalis THES forgRilt TRTBEOE e Of the
stations isTherefore, {rol s . .., O N are the

traffic pegegf-er ence costs of wireless ternminal 0 to the

entire system It is useful to note that the aggregate
i nstant aneous interference produced by the nobile

no
t Methed of dttatrhiningBkiciforence cesty i sgmeembiodimentiswdl pow be described.

where ntones..is the. freqguenc j
In one SEGHBHE TRERHBANbFILESt ML A bp Bb chifplabAttef 100
broad 30TB 5RO fifsRALSsigAld atoyh pevdabatthdwitelesstemmimals can detect and
exenpl ary enbodi nent, each base station 102, 114

decode. HBhenefarpicasignelpsnanel pRconso BHleias 95 CPRHAD Pitel Sl The
referericlgt%ggeflllaf's éﬁ%}/ %aéfg% dji&ﬁ#a&t@t%}th&t@gr\)% 'Eoefd@lgl.?fgttﬁé PAINAHdShE 8éttor of the

_ e reference sign I ncl ude

base shfagons, pilots, or other common control signals. The
reference signals nay have a unique pattern that
serves to identify the cell and the sector of the base

Statht &e gé}l & 1,30, M VS It 4i8Ral oiin BE@SENsQh

pﬂ o% sffl grlyt canglg used ds the r efpglr engga sci ghal s. X ©

referer@ i Aybedcon Sigaalsip espedial VIIMMssyntbol in whigh imgst apthe transmission
of the transm ssign wer .i s concentrated on. .

s ST ST SRR e BB i T b i pover

tones THaSHiR MBldentifier of the base station. A pilot signal can have a special hopping

pattern, which also uniquely specifies the identifier of the base station 102. Thus, a base station

sector can be identified in the exemplary system from beacon and/or pilot signals.

In a CDMA system, a pilot signal can be used as the reference signal. In the IS-95
system, for example, a pilot is a known spreading sequence with a particular time offset as the

identifier of the base station.

While the exemplary system 100 described above uses beacon or pilot signals to provide
a reference signal for path loss estimation, the invention is applicable in a wide variety of

systems that may use other techniques to provide reference signals.

The reference signals are transmitted at known powers. Different reference signals may

be transmitted at different powers. Different base stations 102, 114 may use different power
-15-
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tones indicates the identifier of the base station. A
pil ot signal can have a special hopping pattern, which
wab®e/ouTigiuel y specifies the identifier of theP@EES2005037115
station 102. Thus, a base station sector can be
J thf ' facialbvwaNd/tRE mobile
levels fgfﬁgts%egﬁﬁ 6;&1:%%@5 %%&Qéils@é% ﬁ{a@silf)l&g%@si gnhal can be
termindlsed as the reference signal. In the 1S-95 system for
exanple, a pilot is a known spreadi ng sequence with a
particular tinme offset as the identifier of the base
HatdiPdless Yinlifal 1106 83 28001 RE Yhesnéfdr@iBe LM alias get the ilentifier of the
above uses beacon or pilot signals to provide a
base statéfret(n Bhesi o atireless tepaminel | 0& meanwesthe ressivet pawer of the reference
. i nvent i is applicabl e | i rit :
signalsy oyt oo SPReE B froh DB o ask {108 ¥ o v YRk ABiininal 106

Note tHak 88kiSen [0eatioe ki wiRelesstb@mahlanay e iblansrective theatference signals
known powers. Different referegce signal.s ma

.b
from mwl‘ra?pis baserséations 107,114y Q“thﬁ QWQ]; andpfhervgirelgss tB%lggaGI may not be able
to rece{s’\ftﬁgﬁé geﬁ*érelt%gezsigrg)a#sélfrréelﬁﬁlllfﬁ@bﬁb .fs{aﬁf)ﬁg‘itn tROVRIE YRR, TiPthe exemplary

ype erence signals as long as these
systemP GMR[eEs REBinah MrmbEitdri €, fidiiidseotuesciadrtaks stafiore Byj anel @gisfor base
ermnal 106 first receives the reference signals to
stationdB] iftiP6arl @6é1V¢ feRbrrodpohbiglreterense sighaln Thefor¢hwirelessterminal m,
wireless termnal 106 nmeasures the recei ved power of i
maintaifdenr #fagrofherfaieneeadosts {and forthe setatfdesa siatians akhess referepce signals
, fromthe base station 102 to the wireless term na
itcanePVe Not e that at a given location, the wirel ess
termnal may be able to receive the reference signals
fromnmultiple base stations 102, 114. On the other . .
Hsloi, thathiee wirclebstsaminek Hi6rean desiye Aistinisriareaey eosispy combining the
. receive the reference sjgnal Al
estimalp 0BT LS OB iy b A e a2y DEDM systemn 100,
the wiRYesh &Fniidi 166 88§ vs€bothhhcond and pllbists afive at fherestimstion of {rox}.
connected base Sstation BO , and G0 k for base station
Bk if it can receive the correspondi ng reference
si.gnal.. Ther i t et Ral j ' BAk
PRyt O B gt So8R Jrn P s P meBlie
interfepérite ilafd snonduss everall eystem eamiciinalhe iplinamaffie chinnglson e used in
that the w rel_esg te m'gal 106 cain deri v%&%rﬁe des
two mphescandethe Frllowing descrhes tBnBTe BT RS IES ¢S POl PR
multiple reference signals. For exanple, in the
exenpl ary OFDM system 100, the wirel ess term nal 106 )
NEshoisld be pointbau din tamsirgiessderminals 406 108 magaspred the channel gain

torgior gt B P et Bl PO kOl o e of he
costs ‘{}}E ltnlaé e ROCH B e iR frRE S LirAYRE 8h theSiplibRNTHE Plaintlgaifhef the

nk traffic channels can be used in .
downlink and the uplink between a wireless terminal 106 and a base station 102 may not be

same at all times. To remove the effect of short-term, the estimates of the channel gains from
the downlink reference signals may, and in some embodiments are, averaged (using a form of

Jowpass filtering for example) to obtain the estimates of interference costs {rox}.

Use of determined Interference Costs in a Scheduled Mode of operation will now be
discussed. In one particular exemplary mode of operation, each of the uplink traffic segments

are explicitly assigned by the base station so that one uplink traffic segment is only used by at
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two nodes and the follow ng describes the use of

interference costs in both nodes. It should be pointed
w18 t he wirel ess term nals 106, 108 neasPCEUS100&037115

channel gain information fromthe downlink reference

most o@eg‘gfﬁglje?%tgﬂﬁiﬁ{ag rlﬁ‘h‘ e bl ?Fﬁm S8 adBRIHEE: Kgnied® are

erence w have i n ternms of inpact on
orthogdrag with|éacik oth&h) ¢heg b Broehalfane mtratelt interBoenveiin Rn splink teffic
uplink between a wireless termnal 106 and a base
segmentin fhigmoge? may not b e sane at all tinmes. To renove
the effect of short-term the estimtes of the channel

gains fromthe downlink reference signals may, and in
Sanfacititdie s¢hednling ztithe base statige 8§02, i pepgréance wa{%ﬁdhe invention, each

. . lowpass .l i n xaml.. ' ' .
wirclesspertiga gy Lfbsents othe FRERRH 0N 1b2 BRUGR JiAeB bIRATR6 i
connectdH 18! § S RBE& (FanteffeleRcrepbiiie dTHea@pddey] én SYmo@ebadiments are

w1 now be di scussed. In one_particul ar exenpl ary,
indicatimead tlf cadpdatad inderfererpeteosts {rome Tipan gHtrepegass.@ T§E§ﬁﬁnat qontrol

are expli,citly assi . t : i
messaiy Bt iR by QR EL SRt aReRARE (B 7' TRR e WAgnaline
overheddl RS r, 184 Fial@ked dntbddivecreoatypd quanti@Bkérsips béthe sy {rox} is

the traffic segnents are orthogonal with each other, ’
transmittrer e #76 RARIOST POVRYNEP ABEHZS Fidr IS an

uplink traffic segnent in this node. To facilitate

scheduling at the base station 102, in accordance with

o tREortYEH} whith isdriumi ofelle@g it er mi nal 206, 108 sends

to the base station 102, which the wirel ess. term nal

o 1Reporisthe srémwaPit{E; &n@‘étid’é%éek %FPO?WEP‘F the, pgximum.
reports. .The re ' ' :

o [REREG R oG OERR ol diheRRiFeTROl PeoiaiE, g

o kiyse 4 sAfIl B¥MbEIBT 16@%E0 rapdrERQIHoriesaipleptwd lebvelstsmdipate whether
that includes the entire array of interference costs

{m@isgtronger wedkice t he signal i ng overhead, however, in

a preferred enbodi nent only a quantized version of the
array {rO k} is transmtted. There are a nunber of

VWARST feBeifihgthé a8 ¢ molclintedferehtestoparty dhetase sREposehedules, e.g.,

1 AT N T
policyﬁ%@e{(&gi]ct R { e{rfeﬁngé pﬂi&?é@bﬁﬂ?sch@@ﬂe& Derefens Remaiaido a pre-

periodi ca e a 'small nunber of levels ,
deterntified pshbldr ArothdEschedutingpalicytinoatbgarivieshe wirehess iegpinals according

Whether rO.k is strong or . After . RY .
to helg OB i 9 FVERE BRBAE S <Papan b B opf b P Yy frishe costs s
prefer?ﬁ&g QR trBH 8 segn@® MRASncliiea bmalldriffeqaegyritent aborder to reduce

ction of the interference information. One
the impe¢tedthd ingtantaneous interference generated.

Consider one embodiment in which each base station 102 is aware of its neighbor set,
i.e., the set of base stations 114, etc. that are determined to be neighbors from the perspective of
interference. In a basic embodiment, the base station 102 just attempts to control the total
interference to the neighboring base stations. The basic embodiment may be coarse in the sense
that almost all the interference may be directed to a particular one of the neighboring base
stations (cell X), e.g., because all the scheduled wireless terminals may be close to cell X. In

this case, cell X experiences severe interference at this time instant. At another time instant, the
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policy is to restrict the total interference produced
by all scheduled wireless termnals to a pre

waledoensi7ned t hr eshol d. Anot her schedul i ng pol | BgT/US2005/037115
categorize the wireless termnals according to their

interfer\%ﬁ%,]m Eegé I}Cﬁ?%?tf’(? o § YUGERnt %@@B&n&’?ﬁe tS%"Eﬂ)n i %v}ﬁélpéﬂge cell X

erefice costs erabl'y “assi gned
expericnb@f{1{til€ i@®Tedes Hdnae, ih fied dbdee embuhhiea’r oiftp‘adq ingerggrence control, the
extent in order to reduce the i

intrfeiohes @rRATAOUS TiATOPToE Biie SN Tt PEEHER tipmo fporder to avoid
destabifl ?ngg g%ﬁ%célﬂn@fe?&cg acﬁ@b%@%?atlt% abh ey Hade tleaV@dEfi@Ent margin

of baSe stations 114,
in the tetai; gertek’aaéd mt@fedeioe torcompensate thedargsivighiboes from t he

perspective of interference. In a basic enbodi nent,
the base station 102 just attenpts to control the

ﬁtaﬁlenflaﬂltcg& Eﬁﬁgﬁlﬁféni ehd hige Befiah Doy brogddass e Bésahigensita common
e basic enbodi nent may be coarse in_the sense that

contro]adhlamsetl imstructigthievticalése tesmaralnklp, BAS tn detenmipe anyl report the

I A e et
7=0, 1 g pe?"%é (ﬁ:%nglitﬁg t&%@?tg olf' H %)(( epp[%rrttgﬂ%%hec I,s]’lcagg% lOi(re eatts thl? process for

cach nfdntRPSf iiEhei %lﬁ HER skl @@iermin@@tﬂ&ts@tf dfaviesless tam)dnﬁe 106, 108 that
concentrated on a di fferent nei ghboring base st %ﬁg
interferewithicadh afdlsebase|statixnse xPegei thig @é@gmil%aﬁlpé is enaplpiey b dase station

102 cap 8H?1$ltﬁneoqsﬁy gl}%cta Ilgm%ﬁicrg%gﬁqe&fs td Qtsﬁ\%se{ %@frél@gsecgﬁﬁnals 106,

erence to-a partIC ar nelg Orlng
108 thRXaaR oAk itlo i ffepdht fbase&titﬁm,eheraby atliicing the vapratien of the interference

avoi d destabili zi ?ﬁ% the intercell nterfﬁrenc? %ﬁ 1
directegde eny paticelar besg siignh AduantREeously-PCIFIRT BHFIHEGRS 'S
varlatlf)n tﬁggaste%{aﬁlonQSQ %faﬁ;ta%vd E ey t@%a?ﬁﬁ&fér@n&qmﬁ ReRdrired Rethout

vari atl an enhanced enbodi nent, the base
severeBit 1aipaefn1gltha sbd{temd;mﬂity, thunimssagjng the wstcmmmmb@ n¥irgless terminals

106150 ot S0P O R LA o e e saions

114&@&8@&%5&@&@1{&&%&@%@%@ station Bk . Thus, the
wireless termnals, nij , j=0, 1, 2, ... will send the

reports of rJ k- Over tlne t he base station 102

t hi f
RS e G588 Gy g ot o
necessllﬁﬁy dihabplbbebfiGsSv i ddw Bedifeuséed he base stati ons.

OncCe this categorization is conplete, the base station
102 can sinmultaneously allocate uplink traffic

nts t S ,
Kiiet PefuSRBRL. it S GELERT SREEBahond AEnol Hbtictly
asmgn%@ duehdishst batival 0Aat Ao a restlt] dre uphink théiesegmedt mey bedsaddy
any particul ar base st at |8 dvant a ousl ﬁjg(etbagﬁaus ts are not
multiplpwirckseforainatcion i8S | BaChNA sy S, g QETEgFS &

orthogoal e%dhl S IR S eﬁéi’ ylntrﬂée?lrlﬁ%ﬁ‘é%%e §ParPEplink traffic segment
eherat €d”w thout severely Inpacting the system

1nth1§1ha&H.I ity, thus increasing the system capacity.
Wreless ternmnals
In this mode, each wireless terminal 106, 108 makes its own scheduling decision of

whether it is to use an uplink traffic segment and if so at what data rate and power. To help

reduce excessive interference and maintain system stability, in accordance with the invention,
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106, 108 in the interior of the cell 104 cause
negligible interference to nei ghboring base stations
wda lobeandig heref ore may be schedul ed at any ti nCT/US®08637115

Interference Costs in a Non-schedul ed Mbde of

the baséjﬁgtﬁcfht brB5HSE the 1ﬁte§i@f@1c@ ls'(gntﬂ)@ Ind&RES FAkh Ivv)ire?ésb terminal 106, 108

enentations wll now be discussed. In th

compar’ﬂlle schedod levelrmdt 1tsea®hfermw presta ad d@kemmaaﬁ"sms(,scheduhng decision.
segnents are not explicitly assigned by the base
station 102. As a result, one uplink traffic segnent
I@Mnéo&nmﬁﬁe&ythwh&tfaleﬁce/wmloeﬁﬁldaaﬂ ehmBe § nili-levbDBariable and
hi a CDVA si/‘stem as the uplink traffic segnents are

each levediis torindieyohaw tightly thatase sitier 103 wapld liks tg @ﬁ%troéﬁh@total
1nterferf>1i1]nc% r %%Dgiarﬁl{i %{[]%e rtﬁ@Fogzvéspleg%lﬁy%dra%%sfsega{hgfrl ‘rﬁr%lﬁgiﬁ’éi‘&gﬁerhﬁhals 106,
108 areb@l%wl&& kessei dlisthe waffodhadnd] segneecitsilontesf Wiatthehighest leyel is

I
pronded et B S SRR BB vrylow can
use the AR é Rhfdls V\%rﬁﬂ'ﬁs NBHehaifeByR 1&A AtRbddchityd, théh the wireless
accor ance he 1 nventi on, t he base st at’i on
termmeﬂ)ﬂf D@ﬁj 68 twénosd*uatarfet«mcf: eognare lowisan use 4l taffr chamnelisegments,

rel ess. term nal aresth ref C
preferabl e EoQiccRE RS faf Btk e S ereney, Baly Wil ESes
terminal§ N6 YbS RGosiemte fcPdhee cBstP AR DR dHtytise thbl €raffic segments that

I nterference control indicator can be a multi-Ievel
consistwdirisailler feniencyedxténsand af lowendatmeate at ke basw statightl 0y cithe

dynamgaﬁgpl?satg%t%‘:t}% I‘Oéﬁ%??&n é:m%rférgn \%/trﬁ:grrl]& %\'; |to &Qﬁro{l Vezzimc?ugt of
interfef@h &6 ¥5tcRsls telnlﬁﬁmlsai% 008 ef s sell eomgmlraate iDGtherlR8e sintons.
allowed to use all the traffic channel segnents at all
rates. \Wen the highest |evel is broadcasted, then
Qm{ &gnlx\édr 1‘1‘31 tfe on&&t%%b%m@gystéﬁsth@‘mﬁ)ds and apparatus of the
erence costs are very can use the tra?
presentClEﬂéﬂﬁ@h aegpplivable tWhavidarangd oficorhmueicatiansisystanhs amhedjng many
then the wire|ess termnals 106, 108 whose
non—OEW&r@ﬁe@ehw EYSIMS- | ow can use all the traffic
channel segnents, preferably the traffic segnents that
include a | arger frequency extent, while the wireless
fiavaiiows embb@énertoBoddscsscribad beteir asa @epl@ﬁ@n@daasmgmng lpr more

se the traffi.c ment s t hat
ool HESihcsh ERbbipe I BRE Aot IRt b vnton, o
exampR2§ignal (pRbdeSing Dlacolbedyanfm, Hohdon debrtioe, Yehon measunng, connection
bf oadcasted interference control |evel to cont r ol
compaasmumonoectmtlmpieeamﬁat@ns hin someegralodimentpivaaeus feapres fgﬂle present

1nvent188 §1£er i eI «i!:x}liec? *ﬁSé SIG %1 & ? é?chorhgcg{}?ﬁﬁgb? f'n%élh‘ﬂ Arited \%hk Software,

hardwdf@bh@@&nﬁﬁdtl@pﬁﬁdoﬂw&ﬁe afd lidréwpee Mty dfriveatiove ldﬁscailbed methods or

applicable to a wi de_range of communicati gns syste
method sfepsefinthy 1m}pynented using mgchlne executable 1nstruct?ons SIYC?I as software

included in a machine readable medium such as a memory device, e.g., RAM, floppy disk, etc.
to control a machine, e.g., general purpose computer with or without additibnal hardware, to
implement all or portions of the above described methods, e.g., in one or more nodes.
Accordingly, among other things, the present invention is directed to a machine-readable
medium including machine executable instructions for causing a machine, e.g., processor and

associated hardware, to perform one or more of the steps of the above-described method(s).
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non- OFDM and/ or non-cel lul ar systens. In various
enbodi nents nodes described herein are inplenented
wa@gioag44ome or nore nodul es to performthe stepBCT/US2005/037115
corresponding to one or nore nethods of the present
Nk g@dltl&gi V%Qtﬂ%g On t8d BBAbAPLRES DTS of MRSFHREent invention
gener at eacon detection, beacon measuring,
descnbadcnbme Wil he eggprapant tsthoss skilberhiadhé amin vigwenfdie 2hove dgscription of

odi nents var.i ous feat.ur. f the
the invep Qe S SRROT Y B fB gy e din 58P & BF SlsatipnsoThe
methodmrgbﬁﬁ)afa@ﬂkl SRNbR6knk! ﬁiv@ﬁtuﬁprnb%é Qandhﬁﬁfﬁi\i@rs&nﬁfodanents are, used

tion of software and hardware. NMany of the
with CRMdy erttiesmel feqrenes divistoronuliiplaring @F&M) @af/opgarious other types of

ed us ne e I
commuglln(j‘gtﬁorgg ctshg e }zvgghl aby% d%sgg )én&g)"?r%c lrér%éegr elﬂgﬁdﬁ?&ﬁons links
bemeerﬁﬁé&moﬁug P& 0Bl STRITRE YIrﬂm&@nbc&hments RAMccéss mpes are

di sk, etc. to control a machine, éal ﬂurg
implemeaiag as b?se\ﬁﬁatlhnsowh\ﬁbhteﬁéb]ﬁhé@m‘ﬂfé?%onﬁ BP%@/\%{P motb € nodes using
a book
OFDM ﬁ%n@lﬁr gB'MA o) Veﬁ'foug %fntéo gfr?ﬁerrrlggr %IE ; oéﬂ@ ‘1%8%32%? ﬁlﬁf?]lgﬁ%flted as noteboo
computafPpgsdaiah &xta hmstajﬁs (PDes) porestikertportable devices msludmge ct ed

to a machi ne-readab) e dlunlln udi n [
receiveiiraRsNAN O TRLICBIC G OF SIS P P R SRS mgthgds of the
or and associ ated hardware, to perform one or
pﬂmﬂn%&%ﬁﬁ%@ the steps of the above-descri bed
nmet hod('s). Nunerous additional variations on the
nmet hods and apparatus of the present invention
descri bed above will be apparent to those skilled in
the art in view of the above description of the
i nvention. Such variations are to be considered within
the scope of the invention. The nethods and appar at us
of the present invention may be, and in various
enbodi nents are, used with CDVA, orthogonal frequency
di vision nultiplexing (OFDM, and/or various other
types of communi cati ons techni ques which nay be used
to provide wirel ess communi cations |inks between
access nodes and nobil e nodes. In sonme enbodi nents the
access nodes are inplenmented as base stations which
establish communi cations |inks with nobile nodes using
OFDM and/ or CDMA. In various enbodi nents the nobile
nodes are inplenmented as notebook conputers, persona
data assistants (PDAs), or other portable devices
i ncluding receiver/transmtter circuits and logic
and/or routines, for inplenmenting the nethods of the
present invention. WHAT IS CLAIMED IS: 1. A nethod of
operating a wreless termnal conprising: receive a
first signal froma first base station with which the
wireless termnal has a
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connection; receive a second signal froma second base
station; neasure the power of the first received
wa@k@nal471sreasure the power of the second recei RE€TUS2005/037115

signal; and transmt a report indicating a ratio of a
f& ISt to a second value, the first and second

WHAT 1$,CLA Bqs'a function of the neasured power of the
first received signal and the neasured power of the
second_recei ved si qal, respectively. 2. The nethod of

1. Amsthedo W?é?tg}gr?‘gge PEASTIPHSOTIPFET S al ue different
{e.rcg’i% alftlt S8 EFImNetksf BR8ktatibe witBasti tle thepaiveéss dérntilnd has a

Irst signal or wherein the second value is different

connectiongm but determ ned fromthe neasured power of the
second si gnal. . The .cl.aim1l, wherein the
FecPiyP arsg‘éog\%\/sé%lagfrﬁwzﬁ Se?(‘z&dglﬁageg tlgllll’beacon signal and a
Rich@kre HePodder beRifHGtdedivdsidgalf i rst base station. 4.
The met hod of claim3, wherein the second received
siegsnag theponves obthegeenadaeseredgignal#Rd a pil ot si gnal
ecei.yed fr.om: (Y f theM@st and second
ipat ERepe Oy ERAPEr BIRR AR AeoBBRALR o TR

values Biag 8 Qurittiohl bathcaneab@ss powenof3hORBNregivied signaleavdithe micagyred
time periods. |ogng. 5. Th$ thod of claim4, wherein

power qfithe secondecsivgh 81enplsesPEYRY that was transmitted at
a higher per tone power |evel than any user data
transmtted during the duration of the second signal )

2. Hjetiehdinshelaital, vdrereimpic beastrthe St tvelag diffarent e gt determined
signal. 6. The thod.of . clajm.l, .. wherej

from, ey Togtiap 16 iRtk 8L PR BNEREal PO, Qi from bu

determinB8 Ho¥Ethe$haRRed péwerldrB0EBIDAd sighalc! ai m 6, wherein the
second value is equal to the neasured power of the
second received signal.8. The nethod of claiml1,

er ei he .f.irst .val.ue | Nl cRP%BKal and
s geereed PEeaiL Rt Sl ved Sebll BRAT ARl and
pilot sif@l kQeiv G din tHeirgi@aBe ftagéror i s a function of the
relative transm ssion power of the first and second
signals. 9. The nethod of claiml1l, wherein the second
lue ' @W £PreRAVE] sihal i16neS Bt con signal and
4. r géﬁ%éédgﬁ%%g‘ﬁ’qnﬂﬁ%l e U%y a gai nSIgg%tor where the =

a pilot Gigh#l rbest il from tlee Jeuoat base siafion,fvach ef theifivss apd aenonil signals being

ower of the first, and sec hgnal s. Y .
single t%ne signals having a duration less t ano"angF]?)ll\/(i1 symgol transmission time periods long.

o

5. The method of claim 4, wherein the second signal is a signal that was transmitted at a
higher per tone power level than any user data transmitted during the duration of the second

signal by the base station which transmitted said second signal.

6. The method of claim 1, wherein the first value is equal to the measured power of the first

received signal.

7. The method of claim 6, wherein the second value is equal to the measured power of the

second received signal.
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10. The nmethod of claim1l, wherein the first and
second signals are reference signals, said reference
wWGee@naleibei ng transmtted at a first and a sePORUS2005/037115
fixed power |evel, respectively, the nethod further
8. CAMRm&hQLor ASHEL WiRGeiR B Mkt VASisde gl AlALeREAIPdwer of the first
signals formone ‘or nore additional "base stations
received spgmel invlipyied by asain fagtot wbersdhe gain ffadtérds v dumitive df theaelative
or .nore add'giﬁ%ﬁl eacon signal s; wherein the nethod
tansiRisPR ggu Ok bp AP oPD SERRTSBRENA val e T rom t he
nmeasured power of the second signal and the neasured
power of the one or nore additional beacon signals;

9. arbewrthed of daign 1.iwhereip fharecond wduis egualite frumeasuysdperver of the

f fi ' . T, f .claim. el
scon e R ! pRLARL o o BB PO Gl iR e
relatiGeie0i3thissidnusovied of ke firsdndiseeceid sigialsreasur ed power of

the second signal and the one or nore additiona
beacon signals. 12. The nmethod of claim 10, wherein

10. detg Elggt@(gqqgf 4 8RRl ﬁi?%édﬁCQeU&iﬁiss'i%&% Ak ?&e%ﬁ%ﬂsei@als, said

secon ue to t'’he sum of e measured power O
referea_e@signials bejng liransmiitted et ofist and arpecendifided powal lest aespectively, the

nS gan Is. 13..The method of claim3, further
met %ﬁ‘ﬂﬁ?@?mmﬂ}g'or to receiving said first signal,

I Q6RIWAP Bn Sk RO dddRRAAI RAGGOR IR k@R daditibRl base
base station; neasuring the power of the additiona

statiopgwsepagtisielyeacon signal ; and wherein first value is a
function of an average of ,the neasured. power of the
¢ HEbudfk e O e A hE RRe et bt ToRE S BB Fogthrriia
I edRreiR theshethad inkfuded Betefiihii@dh®ecohdivifud FomMhe hedabured power of
the first value is equal to an average of the neasured

the seperdetizeal ang thermeaspred popiey akiths ogn ar marriaddiionsbbeagew gignals; and
POWRLe ' @gdé ' ' | ol tiplied by
a gaf%gp%% SEV eP§h§ﬂ§$6§?§§?¥§ O%TIS aﬁgﬁﬁgéﬁbn of
the relative transm ssion power of the first and

second si gnal.s. 5.. The net hod of cl ai 13, .further
¢ E‘ﬁf’i‘%ﬁ%ﬁ? %%I}Tb% Yherete deteunindnasthe ae@@g]aﬁweéﬁ S0
r %&ﬁh% ki sBeor@SANM 3 At hi0RRh HERE RSN Fowd FMS@clnd signal

second base station;
and the one or more additional beacon signals.

12.  The method of claim 10, wherein determining the second value includes:
setting said second value to the sum of the measured power of the second signal and the

one or more additional beacon signals.

13.  The method of claim 3, further comprising:

prior to receiving said first signal, receiving an additional beacon signal from said first
base station,

measuring the power of the additional received beacon signal; and

wherein first value is a function of an average of the measured power of the first signal

and the measured power of said additional received signal.
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nmeasuri ng the power of the second additional received
beacon signal; and wherein second value is a function
woRocan4aver age of the neasured power of the sePCRUS2005/037115
signal and the neasured power of said second
14. ﬁlbﬁﬁ]@@ lot El%ﬁﬁ iy SPhRERIRN iR 95184 is eh] al te‘ aﬁ‘a@@r‘a@@ 8f the measured
termn nprising: a receiver receiving a
powerblftl'fetﬁrsﬁ lgncat/ed sigmal and thegneasarsd pgwat bﬁﬂmdmddntlwﬁ tsieeivhd signal

N T R

ofthefif%’faﬁch?ec@ﬁ&\ﬁr gt the first and second received
signals; and a report generation nodul e for generating

a report |nd|cat|ng aratioof afirst value to a
cond,.val cond val ues being a
15. C%e%ﬂgﬁgfc{aﬁg Eéng&(?rec ﬁg)oﬁél% of the first received
Spr‘ilﬁr&b rédevindeidersnd signalpmwesividfe 4 SReombaidittbnabbaicyesignal from
ignal, respectively. 17. The wireless term nal of
said S%P@@hﬁsf@aﬁ\%er e| n at I east the first value different
f f e
e L L L R SR e
wherei‘nrsemnhDstrahatek earfmmtmd off (210 m/etrhge ofithe measilrpd)wemff thérgecond signal and
second S|q§§ Iess 4grn1nal cl ai m 16,
the megpEpd PAVER %a?dr F@lﬁ‘a ‘?a§°’@)ﬁ’§n a beacon
signal and a pilot si gnal received fromthe first base
station. 19. The wireless term nal of claim18,
16. mhemmﬂﬂ%ﬂhmﬂsdavm@ﬂsbgeived signal is one of a beacon

nal and i | ot .sign cei ved f : .
4 8 Rue 2Rt B B R 5 ERTRI SuPBRANG which e
w1rele@seﬂeﬂﬁm§l R s€cdnfbRioniadd alsscdhd \igh@l ol s%bblﬁi’lbdsé satibian
3 OFDM synbol transm ssion tinme periods |ong.20. The

\m pewersseassramavamogpledputhapower ofiae &yt ang secopd shrgived signals; and
nal . is a.si
>S5 BB BB AR SR lall Bt vl o
secondlidlf|dhé fiest giid edcbadvalbestbetngefimation ofthamdayurtd powbascef the first
station which transmtted said second si gnal
received signalgad the messgredgrower af the sgcongissedyss %@ﬂﬁ sté’ﬁs‘i‘YeIY
generation nodule sets the first value equal to the
measured power of the first received signal. 22. The
17. Wrheviekss rrmimbbf diincl @iwheeid at \Wast the rﬁrat velus@liferant from, but

s S Eob (883 s BRS-GBSy B G R e s itrn

from btR detdhfin@l Frobd henhdagired ﬁb%@r fSh€ Qéé@hd t@nilhe measured
power of the first received signal nmultiplied by a

gain factor where the gain factor is a function of the

18.  The wireless terminal of claim 16, wherein the first received signal is one of a beacon

signal and a pilot signal received from the first base station.

19.  The wireless terminal of claim 18, wherein the second received signal is one of a beacon
signal and a pilot signal received from the second base station, each of the first and second
signals being single tone signals having a duration less than 3 OFDM symbol transmission time

periods long.
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relative transm ssion power of the first and second
signals. 24. The wireless termnal of claim 16,

wob@sei4118 he second value is equal to the neaspeBEUS2005/037115
pomer of the second received signal multiplied by a

L0 RGE LrmRE hEILiAe 198l kbrkiR Ccﬁc% ecbﬁd @ghd1Reh 5igRalThat Wil

20.
rerative transm ssion power of first and second
transmisted B84 Bigher per tone power level than any user data transmitted during the duration of

the second signal by the base station which transmitted said second signal.

21.  The wireless terminal of claim 16, wherein said report generation module sets the first

value equal to the measured power of the first received signal.

29, The wireless terminal of claim 21, wherein the second value is equal to the measured

power of the second received signal.

23, The wireless terminal of claim 16, wherein the first value is equal to the measured power
of the first received signal multiplied by a gain factor where the gain factor is a function of the

relative transmission power of the first and second signals.
24.  The wireless terminal of claim 16, wherein the second value is equal to the measured

power of the second received signal multiplied by a gain factor where the gain factor is a

function of the relative transmission power of the first and second signals.
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