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COVMUNI CATI NG AND USI NG | NFORVATI ON WHI CH CAN BE USED FOR | NTERFERENCE
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25 termnals to transmt at different rates, and be received at the base

station at.%ﬂmomrs. However, interference is controlled in a
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channel, it typically causes interference to the entire system, e.g., neighboring base station
receivers. Since wireless terminals are distributed, controlling the interference generated by their
transmission is a challenging problem.

20

Many cellular wireless systems adopt simple strategies to control uplink interference. For

example CDMA voice systems (e.g., [S-95) simply power control wireless terminals in such a
manner that their signals are received at the base station receiver at approximately the same
power. State-of-the-art CDMA systems such as 1xRTT and 1XEV-DO allow for wireless

25  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.

30 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

35  transmission occurs and/or the amount of interference a wireless terminal is likely to encounter



WO 2006/ 044718 PCT/ US2005/ 037115 due to signal interference. It would be
particularly desirable if information which can be used for interference
determ nati on purposes could be supplied by one or nore wireless termnals
to a base station. 5 BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a draw ng
of an exenpl 3¥3204¢9478ss conmuni cati ons system i npl enent eBCT/HS2088@3011dance
with the present invention. 10 Figure 2 shows an exanple of a base station

i mpl enent efke kdlsigkud th&?e?é‘rf%e Wittdbuld16e i@ty debiftb@IE indtmabibg WhechTah bk usddr at es
a wreless termnal inplenented in accordance with the present invention.

15 Fi gur e far inferigeonpddaminagivs pamppses oAb &R seprlipd BY @%esortl’éQTm“ﬂléﬂleSF erpgalsdet ed
to a base b%% thifd  sector and neasures the relative gains associated with a
plurality of interfering base stations in accordance with the invention. 20

Figure 5is a flow chart |IIustrat|ng a nmet hod of neasuring signal energy,
detern%ni i S %ﬁﬂT ggﬂ%gﬂggkkﬁrence reports in accordance with the
i nventi‘on. f m.m k traffic channel and segnents

i ncluded therein. 25 Figure 7 illustrates assignnments which can be used by a

base station tq_assig q#pllnk traffic channel segnenis to,a wreless

termnal . SUMVAREETe B aidiawisedd am exqmpla fIEsiess COTHNHuEFtiogs systebiomeraenipryin

appar at us chgrd%[emtthéﬁlgeseﬁpﬁ§éﬁdoﬁg reporting and/or using information
whi ch can be used for interference control purposes. In accordance with the

invention, wireless termnals, e.g., nobile nodes, neasure signals

rans oo, 1T SRS R SRR Ry 1 B SR B R Bt
be, e.g., ibeation signals and/or pilot signals. The beacon signals may be

narrowband signals, e.g., a single tone. The beacon signals nay have a
duration of one, two or nore synbol transm ssion tinme periods. However,

other types of fh@agcomEirseah HikRYs t@ﬁnﬂﬁQﬂE%ﬁﬁntfebﬁl ade8fdah Ul ial the YyR8eMf beacon
signal is not critical to the invention romthe nmeasured signals, the
invention.
15
Figure 4 illustrates a system in which a wireless terminal is connected to a base station
sector and measures the relative gains associated with a plurality of interfering base stations in

accordance with the invention.

20 Figure 5 is a flow chart illustrating a method of measuring signal energy, determining

gains and providing interference reports in accordance with the invention.
Figure 6 illustrates an uplink traffic channel and segments included therein.

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

traffic channel segments to a wireless terminal.
SUMMARY

30 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
-



5 wreless termnal generates one or nore gain ratios which provide

i nformati on about the relative gain of the communications channels from
different base station sectors to the wireless termnal. This information
represents interference information since it provides information about the
si gnal inter MO aMegedtBat will be caused by transm ssi ons poreothesobhase
station sectors relative to transm ssions nade to the base station sector
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report proWhiglinfymaterropeisents iteissmee wiypation siscaihprevidesinfamatiapaiput theThi s s
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report to t wreless term na e request normally 1dentifies

i nt er f eri nigBSissivos madd rthewbrse Matidresectoptorwhich the soretrss termingl isiattadheds t er mi nal
will respond to such a request by transmtting the requested report. In
addi ti to responding to requests for specific interference reports,

Wi rel ess tern redsed on %9 sighalseieyardaaaemens snd rtlafinsghils dent@ret dfoanihe ehappr t s
generated in accordance with the invention according to a reportin
schedul e. PRESEFEHCRASGH pagteted 1 agrqudance with the INghtHoRAM FeRfdP Pheor BeRTHets i on

with a wrghess ’Tﬁélgb&?é rﬁ!@r bd infBRGhNS o BiFRFBIRRER ah@RAY hRovidk ififoRh&nct abl e,
e.g., predetermned, schedule. "30 Dependi ng on the enbodi ment, generation
of gai n r aaboussthe ind¢réarence ot enerratgrivringbasd siptemi oy theohteviarenerieaupealdiyongltiple
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manner, si@ngddde amgtdinssrferihg e Biatibe sbettt trehshiiReratiatipoiarbakestation, seetogto,
pil ots and peacon signals, can be neasured -3 WO 2006/ 044718
g‘ mf ?négt ﬁﬂ{j‘

PCT/ US2005\Bi8ly e5vizhhers tRrmenaf 15 cgehrateat frifse dptoRgnay seayest rom achEsime ferginehe
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power |evels of the various signals beling neasured.
This is done by the base station transmitting a request for a specific interference report to the
20  wireless terminal. The request normally identifies the interfering BS sector for which the report
is sought. The wireless terminal will respond to such a request by transmitting the requested

report.

In addition to responding to requests for specific interference repozrts, wireless terminals,
25  in some embodiments, transmit interference reports generated in accordance with the invention
according to a reporting schedule. In such embodiments, a base station having an active
connection with a wireless terminal will receive interference reports on a predictable, e.g.,

predetermined, schedule.

30 Depending on the embodiment, generation of gain ratios and/or reports may be a
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.



Nunmer ous additional features, benefits and enbodi nents are described in the
detailed 5 description which follows. DETAI LED DESCRI PTI ON Met hods and
apparatus for collecting, reporting and using information which can be used
10 for interference control purposes in accordance with the present

i nvention wi IWORWNIHEI®escri bed. The net hods and appar at esTas2mkes7prsesent
invention are well suited for use with wireless nultiple access, e.g.,

mul ti - userand CSEIH ReGeRbtiRNSlisStcliliFe clRnbd pamsk@nBtesBy takiRgiinp lcefsddraidn tiks OFDM
syst ens, } systens or ot her &y es of 'reless_sgsﬁens wher e si gnal

i nt er f er erfBECTeRITBIAIYS LRASTRISSION RYWEY SHTIDANG Yariny? Siepdlspeng meepecd- e g, |

adj acent base stations, is of concern. 15 An exenpl ary enbodi nent of the
invention is described belowin the context of a cellular wireless data
comuni cati on SYwnesensigditionalifhautss, deraiits andearboilirentsasedesinbadig thedetailphi | e an
exenplqu &g%ﬁ#%g hﬂ%%ﬁﬂ%?? systemis used for purposes of explaining the

i nvention, e rnventrton I's broader in scope than the exanple and can be
applied in general to many other 20 wireless comunication systens as well.
In awrele dat a %8{&‘1. ition system the air link resource generally

i ncl udes BEAAHEDDESCRIPHON 6de. " The air 1ink resource that transports
user data and/or voice traffic is called the traffic channel. Data is
communi cated over the traffic channel in traffic channel 25 segnents

(traffic segmenrtlehedsrandlapparytus for gpliacting eqpeeieenduying infomation whechipas be ugnd

m ni ' i ' - [ - ' fic
seqronty +5lsBierbEuREF Bl if §bidficTHANRE ek 7 AERR: Y elesddiRl

t er m nal s, ThehhétBodsphd appdratad 61 the pregpmeinl antion aresyelt tuitdd e use wathfwirldss om t he
wireless termipals to the hase statiagn.., One exenpl ar stem.in i ch the
Dt coent i ORPIEGHcat dm Ao LRGP B SESe S OrPERPM S e el
frequency gdiyFSVIQYstSQs, THIIARyE%E8) othH thpdllof weReSH s@MS vlidtd fonthintdiferdhce
traffic segment includes a nunber of frequency_  tones defined over a finite

time interVeh ramngssien fFomong Ar mprefeppaiticnne &f adipreakkasp patignsvis oé pansern.
comunjgations system 100, inplenmented in accordance with the present

i nvention. Exenplary w rel ess comruni cations -4 WO 2006/ 044718

PCT/ US2005/ 037 1Arbexespdarg embodimentod filtbeia vantiph isrdebdrtbgd bélobds thesoatekoefss ( BSs) :

5 2 A A el L e

While an exemplary cellular wireless system is used for purposes of explaining the invention,

the invention is broader in scope than the example and can be applied in general to many other

20  wireless communication systems as well.

In a wireless data communication system, the air link resource generally includes
bandwidth, time or code. The air link resource that transports user data and/or voice traffic is
called the traffic channel. Data is communicated over the traffic channel in traffic channel

25  segments (traffic segments for short). Traffic segments may serve as the basic or minimum
units of the available traffic channel resources. Downlink 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

30 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-



plurality of wireless termnals (Ws): W(1) 106, WI(N) 108 | ocated within
cell 1 104. WI(1) 106, WI(N) 108 are coupled to BS 1 102 via wireless |links
110, 112, respectively. Simlarly, 5 Cell M 116 is the wirel ess coverage
area for base station M114. BS M 114 comuni cates with a plurality of

Wi reless teriWaaNg/o44mms): WI(1') 118, WI(N ) 120 | ocated wictrhistooseihisM 116.
WI(1') 118, WI(N ) 120 are coupled to BS M 114 via wreless links 122, 124,

respect i ve{piem MSndddde a ph@8lity b¥Base %t%%ns{x]ﬁ_ﬁgebﬁg BiatiSn 8162, Qfase%teﬁfo‘n(m any.
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the base S{alﬁfahl §%%ﬂ£aﬁgtv&@s%:\&§g§%$ W?Wgﬁﬁoéa %Xm 11?&?111%@4 Do
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th t W / 28
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node, pr ode»bﬂe Wi?snﬂm’tanmes yeféroad t\t\ﬁsmobﬂcgnqdeym([m) (1613) mowediubeghonuﬂesystem g.,
ot her se tations e ode agent s des,. cor ication
Cbor s, PR 100 me o mpicali il et tigh Bl Fes P o e et SR e e 1
e.g., cel |103;até(@4Reg|1:éIQLBV4€isRbbﬁd&iﬁ&@%ﬁﬁe@@erﬁé@@i(ﬂrﬂmfémm statan B0,

i npl enented in accordance with the 25 present inventjon. Exenplary BS 200

my be a ndiemdEescllec shgrracsinge sastor gfllsa Mpltiseaters cplsqre algwpassiblyndps M 114

of F| gure r rocessor,
0, SBE by oG 2 R b an B LARRE Bl o et 1

coupl ed togléqzrhntlomle@ ,headvusignals, whieh covnuticathebasasiatios idehéfierrand/onsegtor

interc ng%ﬁdt a and information. In addition, the base station 200

i ncl ud Y& ver antemia 216 which is coupl ed to the receiver 202 and a

30 transmitter antenna 218 which is coupled to transmtter 218. Transmtter

antenna 218 is used for, transmtti §$| nf ormat i on downl i nk traff| C

channel si gnal sNetyascrded P FﬁaqOEPleéFq 1dPad BS M jilsdsYl@ ﬁﬁ@f%k lnks{gfs!3
interfere nfﬁg&cﬁ@?ﬂ'f t NE%H@ﬁéden@% ?@Qﬁ}scoubl@ﬁ & étﬁér%ﬁz?orﬁ 99 Vﬁ‘? ndesidi \Qéﬁ%ork

si gnal s, rom BS 200 to WIs 300" (see Figure ' e recel ver antenna
216 i s usebn 6¥2. Nateorkilings 1283, V\@Z@@@ﬂéﬂbﬁ?ﬁﬂg, @@prmmﬁk?/ ORMdrk node 126, e.g., a

20  router node, provides connectivity for WTs, e.g., WT(1) 106 to other nodes, e.g., other base
stations, AAA server nodes, Home agents nodes, communication peers, e.g., WT(N’), 120, etc.,

located outside its currently located cell, e.g., cell 1 104,

Figure 2 illustrates an exemplary base station 200, implemented in accordance with the

25  present invention. Exemplary BS 200 may be a more detailed representation of any of the BSs,
BS 1102, BS M 114 of Figure 1. BS 200 includes 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

30  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-



information, e.g., uplink traffic channel signals, W requests for
resources, WI interference reports, etc., fromWs 300. The nenory 212

i ncl udes routines 220 and data/informati on 224. The processor 206 5 executes
the routines 220 and uses the data/information 224 stored in nenory 212 to
control the YOQ&W&4M{47Bperation of the base station 200 an®8CTmstoeseaTiist he

nmet hods of the present invention. 1/0 devices 210, e.g., displays,

printers, iﬁﬁﬁbaﬁfngs.g.,aplmk,nadﬁ@@iaﬁyel%ﬁ&l@,rwiméqmemfdrmome@Wa&ﬁerfa&&fei on

adm ni strator and receive control and/or managenent input fromthe

adni ni st r ZeRsHtS etp-pfromWEs 3%ee 208 coupl es the base station 200 to a conputer
net wor k, other network nodes, other 10 base stations 200, and/or the

Internet. Thus, via UO interface 308 base stations 200 may exchange
cust oner i nf or MEEimemoand! binpladesgaptines 82Gwed datedinfoymetivrotd4z el hetpeocessandffi ssi on

of signals_ t s 3 [ | addi 11 1.0 1] ﬁﬁg rovi.des a
hi gh s eed Xg%u(r?]er?\e/t%- Eogﬁgetsgfzg) ﬁlgéuﬁre%ﬁi & rdr"il 25{1%%??1%%%?& %\#réfgié%yser ng%r %8%%{1\} gg
and/ or tr agvefiltoperafied oftthe base oradon 2Okandriin@leneht the methods ofiths pres¢minventidNO.

Recei ver 202 pr.ocesses sj.gnals received vja recgeiver ?ntﬁEna 216 and

extracts 15O APARSERR & ectifRlaE RIGHEIKeYRasEss; sie-ofIRIEY DIFteRbI TR 4 RisY

therein. ThgioR%EMAG:GH: Ad REERE tSitol akl/@ mandSdnfenHduCHGH MR adnilhiSkritSy. €YG €
report information, Is communicated to the processor 206 and stored in

menory 21 2nkgrfacadds couples tie hessrstatie POQDA qopmnisretyorkn phenpetiverk nodeg othetlat a,
beacon; sigals,Rbo@lndheRdfemds Slth%' ’U%‘J‘f/% $hidPalkeS 08 'sttees'EJti%@?Etggm&?por t
request nessages, interference contragl 1ndicator signals, to Ws “300 via
ant enna 3l&chidge Asstomdttinfonedioalaod ethet duta rwaiessonch?@bzetha tramdngssidneofaipanlat i on

f the b [.on.200 . directi ' 220 st |
212, Fout | RALToAS T Aepatelicomion Rt Jsabtied Bet vl ahasionds TF on
control 1 opferReslRARg WINSOPRLR t5 tkkive Bnd? Ottt iFoinhdtRE ovetthe ItéihéiGe tBe

schedul er 230, a downlink broadcast signaling nodule 232, a WI report
processi ngagGstatinnA08. Reasivas 2p2 puacessesegnalstreasdigd Ivia 1pgbyer apignem2 ornd exsactnce

| ndi cafsor ﬁl&gﬂle‘%e&fﬁed signdls El%gﬁfo%naﬁo%%ﬁt%}lt iHBQ&Qd%@r%?. i egt?%géd%ﬁ) SRMeSt S
for specific interreremnce reports concerning a particular sector

i denti fi ece.g.nddthandrobporel inteefprmst repCe mefoanatidn rie panmuniested &t the proeedsor2s nmd t ed

to one or nore wrel term nal s when t BS seeks interference '
o or tat | GHORE e GR B07 HOUR Ak TERED B 0 BT ROR B Ao b G Srr AR o
fixed repasidiaRgpits BpdMb Qssiahent bizhals ibifeBn o 24 drineldesesdBodd Ok feRtkce
broadcast reference signal information 240, wireless term nal
dat a/ i nf orqeairplgpdigatar signals, fonW Ts PEY Via@ntenzatdl i nf or mation 246, interference
report,y equest information nessages 248, and interference control indicator
signal s 250.

As mentioned above, the processor 206 controls the operation of the base station 200

under direction of routines 220 stored in memory 212. Routines 220 include communications
routines 226, and base station control routines 228. The base station control routines 228
include a scheduler 230, a downlink broadcast signaling module 232, a WT report processing

25  module 234, a report request module 23 6, and an interference indicator module 238. The report
request module 236 can generate requests for specific interference reports concerning a
particular BS sector identified in the report request. Generated report requests are transmitted to
one or more wireless terminals when the BS seeks interference information at a time other than
that provided for by a predetermined or fixed reporting schedule. Data/Information 224 includes

30 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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i nformati on 240 i ncl udes beacon signal information 252, pil ot signal

i nformation 254, and assignnent signal information 256. Beacon signals are
rel atively high power OFDM broadcast signals in which the transmtter power
i s concent r aM200g4ite or a few tones for a short durati poT/us2085/03708€
symbol time, Beacon signal information 252 5 includes identification
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so as to reach WTs within its cell which have poor channel quality conditions. Assignment
signaling information 256 includes identification information 266 and power level information
268. Assignment signaling identification information 266 includes information associating
specific tones at specific times in the downlink timing cycle with assignments for the specific

25 BS200. Assignment power level information 268 includes information defining the power level

at which the assignment signals are transmitted.

Wireless terminal data/information 240 includes a plurality of sets of WT
data/information, WT 1 information 242, WT N info 244. WT 1 information 242 includes data
30 270, 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
-



uplink traffic segnents 276, and assigned uplink traffic segnents 278. Data
270 includes user data associated with WI 1, e.g., data and information
received fromWI intended to be communicated by BS 200 either directly or
indirectly to a peer node of Wi, e.g., WEN, in which WT' | is

partici pati ngv® Mo&0EdWuni cat i ons session. Data 270 al so pothethesosresei ved
data -7 WO 2006/044718 PCT/ US2005/ 037115 and information originally

sour ced f r Q@ FoRG@bn 8RG0S soMced frofr Apeedlodd.of TET 11 @] W1 Hentidibgat i on
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segne 1 informati on 280 and channel segnment N information 282. 15 Channel
segnent” 1 information 280 includes type information 284, power |evel
information 28flink@&fflti dha@id] inriatied 246 indlB8es agitekaityof aphENiraffio tigmadt i on

290. Type information 284 _includes information defining the characteristics
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a smal | 2Q4bamndiwicd thanbeltsegmemr gnformation 288 ehd chanfed wegméng Wein farmpiiem2f2i on 286

i ncl i nf ti fd ni i fi | at which the WI i
o P R P A BBl Bl PRIGT b Phbe T st T e
i ncl udes i2360deRaitiodAnfdarh ativnP@ 8 S4pd Gbdigrendint REMMAGHISIIM I Tyipe iefsrnddidn 28peci fi c

times which constjtute uplink t:pﬁfgfi c.chanpel segnent 1. A§Si gnnent_ .
i nf or mat | gAClpdss infprpation deliniag therhwasteristichpithe Fumeas bood dhe Fewensy e tink
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a segment with a large bandwidth but a short time durations and a segment with a small

20  bandwidth but a long time duration. Power level information 286 includes information defining
the specified power level at which the WT is to transmit when using uplink segment 1.
Definition information 288 includes information defining specific frequencies or tones and
specific times which constitute uplink traffic channel segment 1. Assignment information 290
includes assignment information associated with uplink traffic segment 1, e.g., the identifier of

25  the WT being assigned the uplink traffic channel segment 1, a coding and/or a modulation
scheme to be used in uplink traffic channel segment 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
30  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-



schenme to be used in uplink traffic channel segnent 1. Interference report
request information nessages 248, used in sone enbodi nents, are nessages to
be transmitted, e.g., as a broadcast nmessages or as nmessages directed to
specific 30 WIs. The by BS 200 may transmt to WIs 300 on a comon control
channel i nst r¥ee06e{447e WI's to determ ne and report the i pcerdseisisss
information with respect to a particular base station transmtter, e.g.,

b t at
ase stati @Ri3Red B tiid 1ﬁﬂ%§@eﬁ£@feg%ﬂé QA%Qigc 6% maﬁ A n%?%cei §%Egrgsregres g[nllaﬁélﬁ%rft&f ence

report request information ness
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base statlo sect el cur ent 006/ 0447 P US20051.037115
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stations arn&:rﬁefmb@mmmon #HusbBipt: 2pebek. base stations. Over tine BS 200
may change base station identification information 292 to correspond to
each of?the nei ghboring transmtters and thereby obtain interference

i nformation abohferfiéhtd cmneronﬁugmgpgl alézslonﬁs%a i@go%{ace%ofaﬁﬁ&ﬁé el gn%hfe?eta%ast
signal s 250, used in sone enbodi men e g., where at |east sSome of
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signal s roa c\e}ﬁ% f%os%% %QPS § (ﬁﬁ twrS 3 Qn %erm? &q 1n{er efenc?_‘ tWshlcl n%TO S may r]flp? %phnk

i nterference, may use U I C segne

mul ti-|I eveirafﬁasetgmhe Fay exaenpls adnumeervel wiigble h&yre)le usmlwnaé eﬁchl&fehﬁﬂﬁchtel ght | y
the BS 200, wouyl d. | con rol interferenc 0 which recejive this

Si'gnal 10 cappusastibe B PERSIOuI e ch Bl PR GiRREn WiaipO BiWpHTesestr b Sieasl
i nterferengg Lonsled ShLMNemMiekibe (Vlt‘ﬁrthelﬂ%n hBRuME i30QerkReedd hOWREnd th&ﬁ&' drhe

uplink traffic segnents being controlled. Conmunication routines

i mpl enent  Bdiéhey W 390 ds dlorwed o wtth@mshnbrt@fﬁ?c%g@elusb@nbyontm@e«ﬂ he BS 200 and
control overall transm ssion of user data. Base station control routines 228
control the operation of the 1/0O devices, I/Ointerface 208, receiver 202,
transm tter 204comundmcammtromir&s Ezfemqﬂmn@t thevaidustdomnidfhical6ng potoogls esedby t he

met hod t es vent Schedul er, 23Q al | ocat es plink traffic
segrren 5 uitae DDenEimrobp el frsminorohses defﬁso%aéf msER PR ! nt <
pover requidn@BrRE o?ératwﬁ%ﬁﬁegﬂ@ Rbvicds! BOSAfadR Q08 [re&RRQ0S Wra@fm#itde20AT and20 and
interference cost to the system Thus, the schedul er 236 may, and often

does, use cqmtrﬁbﬁlmmnemﬁlonpﬁmer%‘c@wgmplnmmtﬁl@r@ﬁb@d&@ﬁhﬁmrgsenh@ﬁergr@hedu| i ng
downl i nk h
dg;"’g /: R ; Oﬁ é&}%ﬁﬁkﬁgg%gécaﬁ%sﬁ’?%gg{ﬁn tegégl"%en?saxﬁltdeﬁks%%&'}g WEMHPoasdRrudRGs the

mati on
number of constraints: power requirement of the segment, transmit power capacity of the WT,

20  and interference cost to the system. Thus, the scheduler 230 may, and often does, use
information from received interference reports when scheduling downlink transmissions.
Downlink broadcast signaling module 232 uses the data/information 2224 including the
downlink broadcast reference signal information 240 to generate and transmits broadcast signals
such as beacons, pilot signals, assignments signals, and/or other comunon control signal

25  transmitted at known power levels which may be used by WTs 300 in determining downlink
channel quality and uplink interference levels. WT interference report processing module 234
uses the data/information 240 including the interference cost report information 274 obtained
from the WTs 300 to process, correlate, and forward uplink interference information to the
scheduler 230. The report request module 236, used in some embodiments, generates a

30  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
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downl i nk broadcast reference signal information 240 to generate and
transmts broadcast signals such as beacons, pilot signals, assignnents
signals, and/or other common control signal 25 transmtted at known power

| evel s which nmay be used by WI's 300 in determ ning downlink channel quality
and uplink i We@hetanse | evel s. WI interference report prpeeesioigdospdul e 234
uses the data/information 240 including the interference cost report
information 274 obtained fromthe WIs 300 to process, correlate, and
forward uplink interference information to the scheduler 230. The report
request nodul e Fi86e 3 ilbstlatenasewepbmpwilciesitsying A8 rimpisncatedin segriancewit

interferenge_report request ssages 248.t uest a sequence of upl.i nk
interfereﬁ@%p$éﬁgpwgﬁmba %ﬁﬁ%ﬁvgggﬁﬁggb%ﬁa§§§W¥§e%Hgﬂ%@gﬁﬂgraaﬁggﬁ P pase
stations. dJdfahgof Ge&DeEl06] OB, ¢ 88, AR0 BOEke®]ap Systeuswiteless @anurtdkion sy¥at 500
generates (multi-level) interference_control indicgtor signal s 250 which

are transmit@we { o Wh0ireudes@ reepi e b4 gltrapspibies’ Mol Ouisuicgns {Unr pracesses i ¢
channel segEenEsUWMYAChE m%)m}!ﬁ ﬁ@Q@ﬁ@?ﬂéﬁgﬁh%%a{ ﬁ&%g%wmwme%ﬂwse 3

illustrates an exenplary wrel'ess te [ emented 1 n accordance
with the prlesatsmaninbmchaoge ddixardihformatine Reegvert3€2 nd ¢oable8 0@antennal3éba nor e
detail ed H?n“%ﬁ&ﬁ%@fﬁ%n IQIt%angf ﬂye W's 106, 108, 118, 120 of exenplary
system w refl ess ¢ nnun?%%?|8n]*§s%%nfloo 5 of Figure 1. WI 300 includes a
receiver 302, a transmtter 304, 1/0 devices 310, a processor, e.g., a CPU,

306, and a nemory 312 coupled to her_via bus 314 over which the various
el erents may i ,ﬁﬂﬂiﬁgﬁ@glagﬁ%ﬂlgﬁ%fﬁwpwiaﬁer{ecﬁé@ég{%gh afsngag’ 1@0@& ed to
ant enna 31&bces§éd%g§ée§g¢8ﬁ5 023 Ok ahPniRQUIRY @llndn@ MBI Signatd Broukfl ag&w imkogsgnal s

transmtted from are received through antenna 316, "an processed by

recei ver 3U®. Upliaksighals mclu@ey etgr. apbink traffiophannel signglsand intérfesensh cesitenerisa 318
to BS 200, 10 L gha. incl udes, & upli nk . i C nnel..signal s
and 1 nt or 110 SRR B ARSI e e B husn M ribio RS SBPRPRT UL 2e

devi ces sugimess, videodispl ifisClteypbatgsintaydats edriiinal Hidplays, ermEiCadevioss AB®may be

di spl ays, keyboard rinters, dat rmnal displays, etc. 1/0O devices 310
may beloLb HELE P ik %praﬁﬁ?ﬁ%‘}f Wet & M@B t{%%ﬁ?r ©0.ter vig 444 ow t he
operat or t@i@Nheors®h ddttad to ¥ et RodeNd AW WedPBrathr i ¢leRdistiQath, PEIBE, Node

and all ow the operator to view user data, voice, and/or video commnicated

from a peemdfpsdedeo gomymunigpied Fem apeesudle, e ntnofhe YT 30| udes routines 320 and
data/informati on 322. Processor 306 executes 20 the routines 320 and uses
the data/information 322 in nenory 312 to control the basic operation

Memory 312 includes routines 320 and data/information 322. Processor 306 executes

20  theroutines 320 and uses the data/information 322 in memory 312 to control the basic operation
of the WT 300 and to implement the methods of the present invention. Routines 320 include
communications routine 324 and WT control routines 326. WT control routines 326 include a
reference signal processing module 332, an interference cost module 334, and a scheduling
decision module 330. Reference signal processing module 332 includes an identification

25  module 336, a received power measurement module 338, and a channel gain ratio calculation
module 340. Interference cost module 334 includes a filtering module 342, a determination
module 344, and a report generation module 346. The report generation module 346 includes a

quantization module 348.

30 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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of the WI 300 and to inplenment the nmethods of the present invention.
Routines 320 include conmunications routine 324 and WI control routines
326. WI control routines 326 include a reference signal processing nodul e
332, an interference cost nodul e 334, and a scheduling decision nodule 330.
Ref erence si gHAPYpPBEEBssi ng nodul e 332 includes an identi preasioogozhsnodul e
336, a received power. measurenent nodul e 338, and a channel gain ratio

cal cul ati on ﬂ?ﬁ%&ﬁé%adca@r@ﬁeﬁﬁfﬂ&%hﬁﬂ g&%‘iﬁéﬁé& d;[%lhféﬁﬁ'sof"i‘l éﬂ?ri ng

nodul e 342, a determ nation a report er at’i on ul e 346.
The reporbngéamtaﬁﬂ@mesmﬂmhm&ﬁﬂﬁummc$uﬂw$ﬁammduhnwﬂmhbnmdawbdﬁheuﬁ4de30

Datalinfo |nclude kK bro refere
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nmessage 356, received interference control indicator ignal] 358, and
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urality o roadc

includes a p erence signal 1nfornmation
sets, basendpawérdevel indavratipmkodHrRikt sigsdl lrrfeiﬁrmtlen 862 mCQldas idemtrficetiomt i on 350,

base stati M. do in bro refer ce Si BS 1
POV LR s g K g B e e B B R T
i nfor mat i echaRedidepifi @tioRirFbr@agibn BT fldepRvaGeforaatibnadgs) gnnent  si gnal ing

i nformation 364. Beacon signal information 360 includes identification
i nfordftion 366, e. g., BS identifier and sector identifier information, and

power |evel i nf\ﬁ]ﬁ‘%?sglté}ﬂlnélﬁgat 5 hgfﬂnc 'uHésQ{a%S'ZOﬁnﬁﬁigl 118G Adesh

identification rmation pomer evel 1nformation 372. Assignnent
signaling lmﬁofrmtmt3i86,nn@ﬁdren¢ﬂm1qudm§onnd‘ém 386, renéstad vptihlo trafici segm a3 & dnpower

| evel informati,on,.376...10 Wr s termnal data/informati on 352 incl udes
data 382, afé?ﬁ?ﬁ? éi%@ﬁf??@?? Sé? information 384, interference report

|nfornat|on 386, requested uplink traffic segments 388, and assigned uplink

traffic segnments 390. 15 Upljnk traffic channel _infornati 4 |ncludes a
plurallPty of upiplink reffischanneliniormation 3 Hrincindasjaphnralify of u@H’%ﬁFﬂg ¢ ghannel

i nformati oRpnEARARES, dNahdd ©5dFBin80n,3A2nneNaRRGHatloni 395 O CRBePT infbrifkiBdes type
information 393, power |evel information 394, definition informtion 395,

and assi gmhedes tymﬁdpnmuouﬁ9agl©wefr}¢eelsnﬁoadaﬂdnﬂg4,rdﬁﬂmt@nmmamn13815,smdhe

schedul | ngasscfénn%eh?mformatlon 396. The scheduling module 330 controls the scheduling of the

transmission interference reports, e.g., according to a predetermined schedule, BS requested

20  interference reports in response to received report requests, and user data.

Received interference report request information message 356 includes a base station

identifier 397.

25 Fig. 4 illustrates an exemplary system 400 implemented in accordance with the invention
which will be used to explain various features of the invention. The system 400 includes first,
second and third cells 404, 406, 408 which neighbor each other. The first cell 404 includes a
first base station including a first base station sector transmitter (BSSp) 410 and a wireless
terminal 420 which is connected to BSSy 410. The second cell 406 includes a station base

30  station including a second base station sector transmitter (BSS1) 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 BSSy and the WT 420 are subjected to a channel gain gj.
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,.
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transm ssion interference reports, e.g., according to a predeterm ned
schedul e, BS requested 20 interference reports in response to received
report requests, and user data. Received interference report request

i nformati on nmessage 356 includes a base station identifier 397. 25 Fig. 4
illustrates anoewenpl’er y system 400 i npl enented i n accor daaegsyok/hs-if2e
invention which will be used to explain various features of the invention.
The system 400 includes first, second and third cells 404, 406, 408 which
nei ghbor each other. The first cell 404 includes a first base station

i ncludi ng a fi sturhathet the AT Breossetedito BESWldi dsingB{BSB0)s il Mtachitdera point.eh ess

term nal 420 which is.connected to. BSSo 410, ..Th ond cell 406 jncludes a
Stati on b 6P Gt auRinot e CUAIGe SRR Bt i Lo N fohe SBepeh s BHS 4 1 or
(BSSI) 41%Rgslhewhich 1 weldh040&nhegddudestisa third station base station
including a third base station sector transmtter (BSS2) 414. As can be

seen, Qignals transmtted between BSSo and the WI 420 are subjected to a
channel gain gg;, _ ,%(gnal s transmtted between BSSI and the WI 420 are

subj ected to a ¢h el gain gl. Signals transmtted between BSS2 and the W
420 are subjected to a channel gain g2. -11 WO 2006/ 044718

PCT/11S2001/ 037115 . S t hat the is . connected to BSSo 410 i.n
BSS0410- 89 1 ¢ o At rainh A, Poast endineg it BORT st Secgn pnd iz SRS e g i
fromthe BaSe pbRetlbrel Mlie ie@eikzk%pw_@ P of iR teabdrOidralieecdBRadrdn®thetbasd btdtidgs WI

420 is connected. That is: 5 gi /go Assum ng that beacon signals are

t r ansni0t t EPSor BPY 1t RSSk carsle use@ boleteraig thhgaiyraggsgs fallovie  sane power |evel
the recei ved power (PB) of the beacon signals received fromthe base
stations 10 BSSo, BSS1, BSS2 can be used to determine the gain ratio's as
follows: Go = da/ge/ss=1=PBB§BPBo G = gl/go =1 = PB1/PBo 15 & = g2/go =
1 = PB2/PBo The follow ng discussion of the invention will focus on the
operation of the uplink traffic channel in accordance with the invention.
In the exenpl ary, -sygd.em =pegpByaffic segments that 20 constitute the uplink
traffilc,5 channel may be defined over different frequency and tinme extents in

G2 = gz/g() =1= PBQ_/PBO

The following discussion of the invention will focus on the operation of the uplink traffic

channel in accordance with the invention. In the exemplary system, the traffic segments that

20  constitute the uplink traffic channel may be defined over different frequency and time extents in
order to suit a broad class of wireless terminals that are operating over a diverse set of wireless
channels and with different device constraints. Figure 6 is a graph 100A of frequency on the
vertical axis 102A vs time on the horizontal axis 104A. 6 illustrates two kinds of traffic
segments in the uplink traffic channel. Traffic segment denoted A 106A occupies twice the

25  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

30 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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order to suit a broad class of wireless termnals that are operating over a
di verse set of wireless channels and with different device constraints.
Figure 6 is a graph 100A of frequency on the vertical axis 102A vs tine on
the horizontal axis 104A. 6 illustrates two kinds of traffic segments in
the uplink t W&¥¥P¢04¢HEnnel . Traffic segnent denoted A 106KCTUSA@ESSI1EW Ce
the 25 frequency extent of the traffic segment denoted B 108A, The traffic
segnents in th ] : ng the
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dynam cal | y .al |l ocat anmong different users_on a segnent-by-segnen basi s.
The dyRanicedigg w@&a?ff@%loafscfeql%ﬁtﬁ be usdgadit watfic spgmentt Fighesd s 4 ngQ@PéA@A in

whi ch segnRitenby oh thedSRicNAEs zozAuv%eﬁm%nméhhhsod@ﬁ%ﬁls%@y @i SGhGHer and
segnent B is assigned to user Q -12 WD 2006/ 044718 PCT/ USZ005/ 037115 In

t he exenplassignmepbsegmentsihde’ 20628 grdrA08 Anwhichraeriven thefassigarhérit infotmeatine bf hegnent s
i's transpor d the as ncl udes er|
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Figure 7 iagignthepfrr@léh of frequency on the vertl cal axis 202A vs. tine on
the horizontal axis 204A. Fig. 7 shows two assignment segnents, A" 206A and
B' 208A, which convey the assignnment information of the upI ink traffic
Ot S 2Oy ERdle Sl el SPGB DER D £ ARG ool ® 2 shal ed
channel resourcée. THE t'érm na cerve ergs P ganent J nf or mat i on

conveyed icondidegatibfs. aOfd gongRaiht i€ lianthe iramdnelt pdvesd réqueramamttofﬂre ttdfc chahnelk
traffic channel segnents according to the assignnent information. The base
stati dn séﬁ@ﬁ@?m&rexae&é the trapsmitae wer sapphiity ol iearir essa%a%nﬁal%% pSSof

consi der atil Qfss tﬁ&%r&%t{n%'o%r Wweéakblink H@anhél@ﬁﬁ?‘b& allstikd tfa%'de?ﬁ@iﬁ@%a@f the
traffic channel 15 should™not exceed the transnit power capability of the

W rel ess toseupy palarrowenicesuendyreateat s theexeinplirssyisteat inarder dhwé thetinsiaptagews weaker

i nk ch |
oy SAEL SR TR ALAGEI Sl LRk e SRS DL RPN PR
power req lgre’a&lframbﬁhtalf mtesr&trermemyeﬂlsp be@nsdateﬂlmmrgsegﬁlents ket ingludeva s@blds's

termnal s that generate . . .
r}% frequencg extenteiln ord%r to reduce the impact of the instantaneous interference generated by

them. In accordance with the invention, the total interference is controlled by scheduling the
transmission of the wireless terminals on the basis of their interference costs to the system,

which are defined in the following.

25 In accordance with the invention, the wireless terminals determine their interference
costs to the system from the received downlink broadcast signals. In one embodiment, the
wireless terminals report their interference costs to the base station, in the form of interference
reports, which then makes uplink scheduling decisions to control uplink interference. In another
embodiment, the base station broadcasts an interference control indicator, and the wireless

30 terminals compare their interference costs with the received indicator to determine their uplink
transmission resources in an appropriate manner, €.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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greater amount of interference may al so be allocated traffic segnents that
include a smaller 20 frequency extent in order to reduce the inpact of the
i nst ant aneous interference generated by them In accordance with the
invention, the total interference is controlled by scheduling the

transm ssi onWef20edg4mBrel ess termnals on the basis of thgiwyud,pisRkigs ence
costs to the system which are defined in the follow ng. 25 I n accordance
with the invention, the rel ess term nals det t heir interference
costs to the %@Fﬁq’ EB‘?%%CF%% B‘%%F?lﬁwefﬁgd%@d’g&bes‘ieé%eg In one
enbodi ment, the wreless termnals report their interference costs to the

base station, @ghsldees &ﬁél&s%nﬁlfﬁl%ﬁeferd%ceAssﬁﬁB%éﬁmel%'t&ﬁlﬁ$?§'co P! i nk

schedul i ng deci'sions to contro upl i nk {'nterference. In anot her odi nent ,

the base gfsatiath Bf Obéﬁcﬁé"cﬁ e LR feheRER ck BB WRbledsneingAllAhd b@s!EGAtahB@
wireless 30 termnals corrpare their interference costs with the received

i ndi cag or gt ofodRE@MM NA-{ Nfhdre NI% tekKotal ARibRRb SRk ORatiRS Qe /Fstéh. an
appropri at & manner . é. g., nobiles have uplink transm ssion costs below a
| evel indicated by the control indicator may transmt Whl |l e nmobiles with

interference costs ex eedi ng the cost | evel |nd| e t he control

i ndicator will nrﬂé??xﬁmﬁ afy We%} Aheamqupt efgower tI@SWﬁ 9?? %mmal%on the

PCT/ US2003410% kR seEnerTRs asrumw E.'Tﬁﬁ{cB&{ @ﬂﬁ@c&ﬁﬁfoﬁ omeahra@s.x cR@meoghder ed wi ||
now be descri bed. nsider a wireless termnal |abeled in.. Assune the

Wi r el ess weekstaiming ngotorieebasd staborb &g he fraquensy B@nt, Baddtes:h@@e lof cch?e r@thannel
gain between this wireless term nal and base station for
N1, Uher Befyaffic sweerttoif By frpqneney cxient gEthe segment iithe ﬁhqwf‘eof’scyé% @i dqtmr}?e

exenpl ary, g&gﬁﬂt {: 1 | 0 on
the upli r%% %@ P C segnent ngfogggw(:h i ﬁ%ﬁln%tftgﬁlag%r%g%é%ﬁilln{te?%{r?nggl t he
W rel ess Ahﬁmeehatﬁhe(ﬁNR viquetd §g thedyand staiomrﬂ&met)totdeeoctmbetrsffatscgnerBQ t he

frequency extent, and the c ce of e te on 10.the traff.ic nt. The
f r equency "ERETAES %fe«“f?lﬁgpg%a%weréw& o R el et et T & ction ef B ECS e
transmt | Fect:ly
causes i nparRerS R R ol fe TRy s (! lgh et K o ‘m% s??’*%tl%on
recei ver td])atdﬂ@@l@betretn&alt@barfefpeztmfﬁﬁwr&h@emiﬂahﬂﬁs agfdllessi ve power P. per
tone of the traffic segment (which is a function of the choice of code rate
and the channel conditions over which the nobile termnal is operating).
This is 15 related to the transmt PQUery, %er tone of the wireless termnal,
PT, as follows: PR =PTG0O O The interkeréndé per tone produced by this

wirel ess term nal at nei ghboring base station ,

The interference per tone produced by this wireless terminal at neighboring base station
20  k can then be computed as follows:

GO,k

PI,k =P GO,k =Py
' Go,o

%X From this expression, it is clear that the interference generated by wireless
0,0

Denote 1y, =

terminal m, at base station B, is proportional to its transmit power as well as the ratio of the

channel gains to base station k and to its own base station. Hence, 1y is called the interference

25  cost of wireless terminal s, 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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20 k can then be conmputed as follows: Plk =PTGk =PR CTQO, k GO, O Denote rO k
= Gk Fromthis expression, it is clear that the interference generated by
wireless Go,0 termnal in, at base station Bk is proportional to its
transmt power as well as the ratio of the channel gains to base station k
and to its owmp2@mese7ed ation. Hence, ro,k is called the i@E?ﬁkﬁk%ﬂﬁ@ﬁ 25 cost
of wireless termnal inO to base station B,,. Generalizing this concCept, the
total interference per tone produced by a wirelgss termnal to all the

nei ghbori ng base stations is -14 WO 2006/ 04471 BQIIU82905/037115 N |

CTO k N P rolaf _ PT((x3@l_ 702 ~+. .. +-00, Np,= K, el PRErQ k 60.0 k=1
Therefore, {ro,i, ... ,P%?oT\IfT(g}r“é;ﬁ‘ié+i"thP’F29FN<lajﬁce}ogos_&§ 4of " rel ess termnal
Otothe entire system 5 It is useful to note that the aggregate

i nst ant aneous i nterference produced by the nobile nb to base stationBk is

actually given by nlo, ro k where nt,neS_is the frequency extent of the
traffic sﬂ A, %/rMet hofasb?rea*&@?eﬁéwquﬁ@éwvfr@ @%fergmeg‘g}fg t?‘l"nefglé‘?ﬁ’smm-

enbodi ments will now be described. 10 In one exenplary enbodi nent, each
base station 102, 114 in the exenplary system 100 broadcasts periodic
ref erénce si gritisyisefil thingte thas e aggirgptetitptanitne@isduter ferengei medused bnthgenabile and

d de. Th f i | s i.nclude b . pil . h
control sfgiepes SHHaE sARRalhe BVE Bh o i e 4 RS ORBLERES T fifar

serves tq.J ' the cell and the sector of the base station. 15 In the
exenpl ar&r@gﬁég{/&s{%em 100, a beacon or pilot signal can be used as the
reference signals. A beacon signal is a special OFDM synbol in which nost of

t he transm ssiqn ower is.concentrated. Qqn a smal | .. nunber, of tones.. The
e queany | oo il ol R e ot ad P AR Sk B0y e AGRHb e of
the base BmioabkRinpldryRbodinkhe Badh Hasdstitneg 08, SRSk tRlexBapRIy W stem 100

broadcasts periodic reference signals at high power that the wireless terminals can detect and

decode. The reference signals include beacons, pilots, or other common control signals. The
reference signals may have a unique pattern that serves to identify the cell and the sector of the
base station.

15

In the exemplary OFDM system 100, a beacon or pilot signal can be used as the

reference signals. A beacon signal is a special OFDM symbol in which most of the transmission
power is concentrated on a small number of tones. The frequency location of those high-power
tones indicates the identifier of the base station. A pilot signal can have a special hopping

20  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

25 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.
30
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-



20 pattern, which also uniquely specifies the identifier of the base station
102. Thus, a base station sector can be identified in the exenplary system
from beacon and/or pilot signals. In a COVA system a pilot signal can be
used as the reference signal. In the IS-95 system for exanple, a pilot is
a known spre¥@i2Al/4€dRience with a particular tine of fset mIahesn2ais
identifier of the base station. Wiile the exenplary system 100 descri bed
above usegvieasMe AmePipddf rée@AS Sodal 16N o thes@pbRdre hRN@OwE t@RImdbAE pat h

| oss estimation, the invention is applicable in a wde variety of systens

t hat may fggBinglsher techni ques to provide reference signals. 30 The reference
signals are transmtted at known powers. Different reference signals may be
transmtted at different powers. Different base stations 102, 114 may use

di f f erent poweThe witdespBerRiitd /1 06 AR 1 ScHCH/ thuSREAE10 3ighdlS to gat Vel iderftifier oftbe same

type of reference. sjgnals,as.long as t e powers are known ta.the. nobile
o sCaserang 18 cEnsaf R eGinit PG FueRBrE e Bornel M e i BiR < 1o
get the i gemld, hh®eal@flattdtBe clanbasQinstah tRbaddiatiohnN®D to theevivdldseteemmat BIGYI nal
106 neasures the received power of the reference. signals, and cal cul ates

the channdpicdhatat # gymm loseiosatis vatelsst lsmingbmaybe thie (nitfeiteshe febsTRIGTaIentigs.
Not e t hat sgt, rﬁulﬂ%l\é%?se' BaRhé 00Y, 1141€0MH MRS RardS fHEI AR esh ?&Bﬁlaﬁﬁllcaﬁn&t%era%&e' ve
the reference signals frommiltiple base stations 102, 114. t he ot her
hand, t hetosiecesteshe refgemdersignalydsprmall the bassistagions in theentirggystee Indiicexemplary

signals fromall the base statiogns in_the enti system [In t exenplary 10
SyStoh] wiselmb adrelss (FRRER! o RBHPR Siog ) coBieclea o RATe: et BACak BF dBFon Bp,
and Gok far.base...station if it can receive the.correspondi ng reference
T gnal . THESY B & 7 iv-arects TR e Ry Fgihe TEReLars et FAREPEEr ence
costs {ro . t ti f.ek: I J: an
recer ve 1B sy Bl derdR Bl B )RR L LA e BB e e
costs by soabieneing the estimation fromnultiple reference signals. For
exanple, in the exenplary OFDM system 100, the wireless term nal 106 may
use both beacons and pilots to arrive at the estimation of {rok}. The

i nforpmti on of Nbfetiet ierwindess ecasliml { 00cat)detite the iMerféted cbsis bpodrisihing e upl i nk

20 interference and increase overall systemcapacity. The uplink traffic
channel s esinagien freBymuliplergisrenergnaiin & or peantig 1o iiesycaran P wypem 98, of

I nterferepeeifost ﬁan-hﬂlap%é}ngs%js%%oth beacons and pilots to arrive at the estimation of {rox}.

The information of interference costs {rox} is to be used to control the uplink
20 interference and increase overall system capacity. The uplink traffic channels can be used in

two modes and the following describes the use of interference costs in both modes.

It should be pointed out that the wireless terminals 106, 108 measured the channel gain
information from the downlink reference signals, while the interference are a measure of the
25  costs the interference will have in terms of impact on the uplink. The channel gains of the
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
lowpass filtering for example) to obtain the estimates of interference costs {rox}.
30
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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It should be pointed out that the wireless termnals 106, 108 neasured the
channel gain information fromthe downlink reference signals, while the
interference are a neasure of the 25 costs the interference will have in
terms of inpact on the uplink. The channel gains of the downlink and the
upl i nk bet wek@ 28064478 ess termi nal 106 and a base stati orctaRimmysqat be
same at all tines. To renmobve the effect of short-term the estimtes of the

channel gapA%nd tvﬁetessit@ﬁmga fekex& (B9 shaoal & ¢ HE a1 Ulrh Sy RO

enbodi nents are, averaged (using a fo mof OWpAass tering for exanple)
to obtai nortH@gO@étVuﬂmtaésotbffr ihateds hermaly go bred! ipfedfefehce Bomupdinkfraffiet er m ned
Interference ROel h?sr'nn a Schedul ed Mbde of operation will now be discussed.
I n one pasrtgmcul ar rrpl ary node of operation, each of the uplink traffic
segnents are epr|C|tIy aSS|gned by the base station so that one uplink
traffic segne s..only 2006/ 044718 P USZOOS/O 115
nost ohe Wi relnﬁé)s%mtl@tterﬁcha‘i? uling g Tlhﬁéaséﬁ V\g?%“lﬁf’lﬁﬂﬁ With thg Znvieption, pagny ; ¢

segnent s @frélessQéﬁrr&QﬂQO@HOWsEﬁHs@@ﬁl@ beliBiion § B2 FnfhidhSth8 iRk dérfiRal TGHACE! |
interference in an uplink traff segnent in this node. 5 To facilitate

schedul i ngpnagctede, bieguense af 1I1§¢Tf61@126 rqpnrt%tc%rr@tm@em\ﬁpmh embedimentsritd on, each

W re! ess ﬁtg{g%t}l‘q}lf tl?e lcuga %IFFC%I%HEC cotstgz Iy é}asl?l chsg e’é@'{) Héoﬁﬁq]‘r’]\‘er el ess

t er m nal SOnAes a seque erente
reports, dssagutRatendigdbs v dnsireadrany oifhmrfeaetncveom {rt lt}e T?Iﬂtedtldeahfmﬂgnahhgr ference

costs_{ro, k} an extrene,ca is a.cqntrol ssa

i ncl ub‘is tebicahhorEver tnaafprsﬁerrﬁﬁiera@éwﬁea Yghpet 38@{@}% of s B e B

si gnal i NGy ARmAAr MR ard WHEMEr of Wlyso Ru&HHRE f{fﬁ%}%ﬁh%&ﬂﬁﬂ&v only a quantized
version of the array {ro,k} is transnitted ere are a nunber of ways to

gquantize {ro,k}, as listed below. Report rgtos, which is the sumof all

{ro, k}. Reporli?é)g e mamhl n}s%es{ugnofl%h {eriOkg the index k associated with the

maxi mnum ?“’t?r one-py-one;>and the associ ated i ndex Kk,

peri odi cal | y. Réé‘éﬁtl&’eﬁﬁﬁhiunﬂblﬂ‘f{@ﬁé} a8 tHeeik & abcla€darith the maxidngh. exarrple t wo
| evel s to indicate whether ro,k is strong or weak, After receiving the one

or note int &r fReperdenxt @p@by@ne,tanéﬂ@aig@cgt fipdew ks porindigel¥, e.g., 20 assigns,
the traffi i
etrartic Sgl?s@ea;'stm llaifﬁn%eI é'{'lﬁé%lfﬁt g%o Ik glf’p‘%’%%‘{ r L5906 ?ev%l@fté) gﬁﬁte et/hgf'alel

scheduling p ore erence produ
schedul ed w r e eBstroeg oiwadks to a pre-

After receiving the one or more interference reports, the base station schedules, e.g.,

20  assigns, the traffic segments as a function of the interference information. One scheduling
policy is to restrict the total interference produced by all scheduled wireless terminals to a pre-
determined threshold. Another scheduling policy is categorize the wireless terminals according
to their reported {rox} to several groups such that the group with large interference costs is
preferably assigned traffic segments that include a smaller frequency extent in order to reduce

25  the impact of the instantaneous 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
30 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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determ ned threshold. Another scheduling policy is categorize the wireless
termnals according to their reported {ro,k} to several groups such that
the group with large interference costs is preferably assigned traffic
segnents that include a smaller frequency extent in order to reduce 25 the
i npact of t HEOPHePHitaneous interference generated. Consipderusemsoemizodi ment

in which each base station 102 is aware of its neighbor set, 1i.e., the set
of base shakkRRS hdfbe &heentfa%tonaarcﬁg%ﬁt%@s@ﬁk bqsé)&atﬁﬁf gnbme& cdsk o8N khe
perspective of interference asi ¢ enmbodi ment, thé base' station 102

j ust at t egxpesenees lidpintesferenice H@ml in3ige sbavesmegdiment of totelinterfeienteronirelgthbas e
stations. be t al |

t he |nter1 g?fgrﬁg% tjﬂ%ﬁ%@g%ﬂ% Y bases?a?gfé K:hgve IQ% S#}Etf%e Igng%deﬁbdqr‘)/ |81qu base
stations ((efstabﬂhzﬁ{)g xheen@rc,ellbﬁeﬂersmeaﬂlb bﬁdaetasoﬂnEMeytherte leass sxifﬁclamtrergnrray be
close to0 Ceea% n tdh s case, cell ﬁ{)elrl ences, severe interference at
Ehi s ] memiipRioBh e oo P BHRR P ramPASHEIE (eigh SO 2006/ 044718

PCT/ 1152005/ 037115 interference naybe concentrated on a different

nei ghbori ng base station, in which case cell X experiences little

i nterference. Inaneghanped Qmi@dmw,éh@bﬁﬁgétﬁtﬁ@h]tozdﬁoqdé@séi a IngYseE§ et eepranebnt r ol |

the inte f n i ve | arge
vari ati onéofnﬁéle%%gleeﬁ ﬁl)tso av %Sq%@ﬁ?sﬁrgg e | n gb@glaﬁ@r%r%erence t he
base st atin@pferdde cfmwamay@péo@td zemﬁcmfbﬁse@tmah Brarmiug, the ivireleheteindihab, m,

generated interference to conpensate the large variation, In an enhanced
enbodllreni=), 1,Re. bwﬂhsesﬁ dteirepork@Z rjr Oseidimsd, ﬂleé)asnesia;ta:gleloamematsmhmrpmcesscﬁm r ol

channel insiructing.the wrele ermna s 108 to det nd report

Channe ¢ b e S e D gt a2 sctef piitles st iDfi R 81 " P0k

the wirel @&sfetealitl eWdh of thbaseldation®, Odee this categon\ﬁ/htlldn i8 @&ﬂplte&ethe%wsmo@f r _k-

Over tine, the base station 102 repeats this grocess for each nenmber of its
ES)

nei ghbor H&C&&WW&@PW%@C%W@@@T&@F seRIpet @aub?qtrpﬁwrslewm% hat
interfer € (Whthzg II?EQICEQ‘C 1thtd]ﬁ‘erplitgb§s§§t8¥oh§”ﬁ ebg}&ﬁlcﬁ tRe a‘ﬁgﬁ 'Z)f Al t rérﬁ:e
conpl ete, e basé station SI rru neous cat e upli traffic
segnehi s d‘hﬁec&dwhmqiartmdulambam stgiont ant@ie&uslb@ﬁe;cauﬂd]ﬁe itatferemt dad lesse W th

di fferent base t|o reducin riation of th rference
T5' a1 ecrumere Bepantien G b G ot Bl et e atuiied | h

i nterf er eqgBreRaAMph@HS the/dkiertl dtility ! the iRGERinkitAd syRRmLEHadBY Wirkiew tehBaler

total interference to beﬁéenerat ed without severely inpacting the system

st abi | i t y106 hsnithrintesior aifhe rell Kyfsqausnneghiuible dnforfonpics|te seishlarivg hasestations, 108
in the i ”Iﬁrdnﬁ'ﬂlegéfoxte'}lgayeﬁe'sjch%ﬁfed%@ rgggl igible interference to nei ghboring
an

base stations ere e schedul ed at any tine.
20

Use of Interference Costs in a Non-scheduled Mode of operation used in some but not

necessarily all implementations will now be discussed.

In this non-scheduled mode, each of the uplink traffic segments are not explicitly
25  assigned by the base station 102, As a result, one uplink traffic segment may be used by
multiple wireless terminals 106, 108. In a CDMA system, as the uplink traffic segments are not
orthogonal with each other, there is generally infracell interference in an uplink traffic segment

in this mode,
30 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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20 Use of Interference Costs in a Non-schedul ed Mbde of operation used in
sone but not necessarily all inplenentations will now be discussed. In this
non- schedul ed node, each of the uplink traffic segnents are not explicitly
25 assigned by the base station 102. As a result, one uplink traffic segnent
may be used b multiple wireless termnals 106, 108, In a CDVA system as
the uplink tYaffpeHsBgnents are not orthogonal with eacRCBUREN0SOTIS e i
generally intracell interference in an uplink traffic segnment in this node.
30 | n t hitls: medgaticadedrdesstethe sgerteeenve naitrolﬁﬁjcaftﬁ8Em@k\eiselb$ssermm1ﬂﬁdﬁdd&l [ ng
deci si on of rltlstou uplink, tr

What dat SPREE: GhA e e oo eGP it Rl g Ry i ror Bt it ™

mai ntain systemstability, in accordance with the invention, -18 WO

2006/ 044718 PCT/ US2005/ 037115 the base station br %adcasts the |nt erterence
control indi cHt ¥ embedunert, thy iatesfereassganipl 12@‘6“"‘“1‘@8 e@gpytirlewe! yariablesndy ence
level g n%éh(}b&eilgtmﬁaéaew SbRO Safisi %@; $likd & c%ﬁ@@lb%é{ow deci si on.
In one e Iment, the inter ence contro cator can lti-1evel
vari abl enamderel’fceeﬁclrﬁmaenpbl, Wihsn the lowei leatlas lbrowloasstqhtﬂhap allneirdess ¢ersirmls 19, 102

| d | | f he |
oVl | B B CRRL v RE et B LSLERGH e, SRS 0
use all tbheadtdsadf then eliarrelirdegtemismlerocal 08 WiRise mterfheme bbes hogbgdbwlcavel is

broadcasted, then only the wireless termnpals 106, 10 ose i.nterference
costs ar @¢efraf fisyghans! S%@“@h%@éﬁ?@%!ﬁ(?ﬂd@?%@ﬁﬁ@aﬂgﬁ Shrelestredi um

levely P' S t{QhRRAC AL B0k wlﬁcﬁ@ ThitfRGeide rc8§t§§r§ lévaceInerErhIP HetrakR chahl subRSHs,

interference COStS are | ow can use al the traffic channel segrrents
pr ef er ablpyeferablyttheaf4ffic segprpnisibat inchade mlwg¢1Mualc{y&m§et, vwhnledwemqlesext ent,

whi | h 06, hi gh
oy use i BB 107 GhGk M decpitdico YRy pAY e BEFRRR FRRERREE o O °"

and at | @vsdist@ah smilkd Erequdhey baee aaaattlbwer db&&aeaﬁheﬁymtmlmycﬁhange t he
br oadcast ed i nterference control to con%\, t he rmunt of 15

i nt er f er dypanicyly (iengat %Eroe%qaﬁﬁeﬁaﬁ%r 61%6 canipl [svelitn gont |th“1?6%"ﬁ‘é rate to

ot her sbaggesi ah deWSwirelWitdimnits 606, P6Fof the Ll AQRAGNE tObthe mAE Micyst em the
nmet hods and apparatus of the present invention, are applicable to a w de

range of conmuni cations systens including many non-OFDM and/ or non-cel |l ul ar
systems. 20 While described in the context of an OFDM system, the methods and apparatus of the

present invention, are applicable to a wide range of communications systems including many
non-OFDM and/or non-cellular systems.

20

In various embodiments nodes described herein are implemented using one or more

modules to perform the steps corresponding to one or more methods of the present invention, for
example, signal processing, beacon generation, beacon detection, beacon measuring, connection
comparisons, connection implementations. In some embodiments various features of the present

25  invention are implemented using modules. Such modules may be implemented using software,
hardware or a combination of software and hardware. Many of the above described methods or
method steps can be implemented using machine executable instructions, such 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 additional hardware, to

30 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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I n various enbodi nents nodes described herein are inplenented using one or
nore nodules to performthe steps corresponding to one or nore nethods of
the present invention, for exanple, signal processing, beacon generation,
beacon detection, beacon neasuring, connection conparisons, connection

i mpl enent at i WAS06[(047dH e enbodi ment s various features of mdTRUOE@EBENTS 25

i nvention are inplenented using nodules. Such nodul es may be i npl enent ed

usi ng sof t war umehais di@fiénad KardaticONdH maﬁneqma@ﬁms@fpm\ws%f&&q)r&aﬁtciwlaﬁon Many of
t he above descri bed nethods or pethod steps can be inplenented usin

machi ne é¥EhehEINe VS Pe rETBhY, hetekillad indae eshay Bew of HEahaeiaserintiocRRE hi ne
readabl e tﬁ@ﬂbﬁﬁbﬁ.ugﬂc%ngtléﬁq%% bdRYhERrodyithin ﬂ{e’%% o dFORPYv et ﬁh TREC, O
control a machine, e.g., general purpose conputer th or wthout additional
har dwar e metlgodg@nd mﬂa@mmf theel present 1pmnttlpmn@ybt= antlén meembg@meb‘edrmeﬂods,

.g., di ;
Chventt on ORI Bl Bl Heanateh L SpE dtior ST IR kP iR PG PR BE™
execut ab Ic@nmto@umisltwhﬁlqﬁwwmaluﬁiaga e asadae piotRle virelsss c@’ﬁmﬁﬂﬁstﬂj’ns difkk

associ ated hardware, to perforn1 ne or nore of the steps of the
above- dedePesRACGTEIFaN LYl mebtls nssy dnegreremnasipenty BS2eessy BRSPS Nuner ous

addi ti onghyn\afeh@ll la@ﬁa%e QR TBE &%ﬁs@%nﬁﬂ'ﬁ@aﬁl%ﬁéjﬁﬂ&fwﬁmﬁoﬁ[&%% usifventi on
descri bed above will be apparent to those skilled in the art in view of the

above deﬁ“rDMtandfnr ©PMA hin vamipenerladimSiig e \mbnlanodﬁs greginplamented ag onisbeidr ed
mnthl th pe of I n nt| Th n s of the present
verDs oRomEsEa: e el AECHHs PEnadr ol ofi e AR RN Dy

ort hogo naéceiv’eﬂqmnﬁuerdirm&l 208 lopid ﬁndniremtm@s (D) ementinl the nvalidde ogthet her
types of conmmuni cations techni ques which may be used to provide wrel ess
comuni cAFEHLIYSHRE  bet ween access nodes and nobile nodes. In sone

enbodi nents the access nodes are inplenented as base stations which
establish conmunications |inks with nobile nodes using OFDM and/or CDVA. In
vari ous enbodi nents the nobile nodes are inplenented as notebook 10
conputers, personal data assistants (PDAs), or other portable devices
including receiver/transmtter circuits and | ogic and/or routines, for

i npl enenting the methods of the present invention. -20 CLAIMS 1 A nethod
of operating a wireless termnal, the method conprising: receiving a first
signal froma first base station wth which the wireless term na
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has a connection; receiving a second signal froma second base station;
nmeasuring the power of the first received signal; neasuring the power of
the second received signal; and transmtting a report indicating a ratio of
a first value to a second value, the first and second val ues being a
function of the measured power of the first received signal and the
nmeasur ed power of the second received signal, respectively. 2. The nethod of
claim1, wherein at |east the first vayadf§ferent from but deternined
from the neasured power of the first STgng¥‘or wherein the second value is
different frombut determned fromthe neasured pomer of the second signal

3. The net hod of Ia|n1 wherein the first receiv nal .is one of a
beacon Si gngl %&%O@F%’Hglawléegﬁsﬁﬂm?arl gqqdl‘}o PS¢ station. 4.

The nethod of cl 31'65@131&1;%5@;‘1 al h%msﬁﬁﬁf‘gaﬁ 's%'ﬂ@h with Whigh Qﬁax!wrélpé%tteﬁf’ﬁﬁal

transmtted at a higher per tone power |evel than any user data transmtted
during the hyrabhotioh; t he second S|gnal by t he base station which

transmtted said second si e net d of claim1l1, wherein the first
val ue i s equal tdeﬁﬂgnﬁ€é§%¥gﬂm%ﬁﬁgpnﬁ?“”WﬁgEFFF@PO%ecelved signal. 6. The

met hod of cl ai m 5;,.)8h kﬂéﬁdw%r%gggqggyggéw%& soraual to the neasured power
of the second received S|gna 7. The net hod &% claim1, wherein the first

val ue i s equal tantmmnngﬁsumawrpﬁﬁeme@ﬁmht¢mwdhmgnalmedelved si gnal

multiplied by a gain factor wher ain fac s a functjo
o At Vet s B mIGShaeR pishig PRl elid g ucg e fa®

met hod of cl gggedond\RBiL 'b@1n"g*'éaefuﬁé’c?‘d?l"lﬁL tl‘{@lln%suke?i W'of 1R fbeerBasIYi Sl POVer
of the second received signal multiplied by a gain factor where the gain

factor is a arduheticasured pave of dheatecor teranshsigsl.onsppoeslyof the first and
second signals. 9. The nethod of claim1, wherein the first and second
signals are reference signals, said reference signals being transmtted at

a first and a secpRdnbinygds BRWEN, Wh@%fﬁl at léa‘é‘tstﬁ@%trdt\(fﬁiu)é’dlftfé}@ntri%rﬁ'%tf urt her
conprising: receiving one or nore addi ti onal beacon signals formone or nore

addi tional daeeistddiroronde nespecd powengf the first signal or wherein the second value is

different from but determined from the measured power of the second signal.

3. The method of claim 1, wherein the first received signal is one of a beacon

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

4, The method of claim 3, 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.

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

the first received signal.

6. The method of claim 5, wherein the second value is equal to the measured power

of the second received signal.
7. The method of claim 1, 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.
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measuring the power of the received one or nore additional beacon signals;
wherein the nethod includes determ ning the second value fromthe neasured
power of the second signal and the nmeasured power of the one or nore
addi ti onal beacon signals; and wherein the first value is equal to neasured
power of the first signal. 10. The nethod of claim 7, wherein determning
the second val ue includes: setting said second value to the maxi num of the
measur ed power of..the seco .signal and the one or nor ditional] beacon
S anal o 11 Ene M ReBS T St iy Shersape it oatPErais Sy ree BEkT R e
includes: sejftth®Gcoad tbceREOBEnMAhWE L&l 6L ocSiHTa@br Whee MRASHK aldtdeyer of the
second signal and the one or nore additional beacon S|gnals. 12. The net hod

of claim 3, funetidneef thorghativsitragsmissionpower elebefivat and setiodd signals. si gnal |
receiving an additional beacon signal from said first base station
measuring the power of the additional received beacon signal; and wherein

first value 9s a Thngtihea ootladh | avwBéRBENOfirst BRI SRBAAIERHaIPaMeefeddncthe fir st
signal and the nmeasured power of said additional received signal. 13. The

met hod of cl signals said wiierearasighds being trapsmitfed pisa Brguand a sccand Sved pgjEerof t he
measured power .of the fiirst recej signal . and the neasured power of said
addi ti onal mEé@e?ﬁ%ﬁﬁgﬂﬁﬂiFnﬁﬁ%%#%ﬁﬁg&m%§mguﬁaip factor where the gain
factor is a functicedlvil dnB@r nfopd addiNehal beHesikigHA0 forBO¥RS ordhoreh@ditiohsit and
second signals. 22 14, The nethod of claim 12, further conprising: prior to

recei vi ng sabase setomdrespeghagly. recei ving a second additional beacon signal
from said second base Ft Hgon; nf %urkg Hﬁ% gomeéa@LfBQE g%%gggnasditional
recei ved beacon sVﬁﬁﬁng POWE |ﬁe%ecgn§ VAIEHES | é]%URC%IOHE%F an
average of the nmegheteRGh MMElodAhclbig dete®aiifk the@bndaathetfitgn ARAGHsEEIPOVET
of said second additional received beacon signal. 15. A wireless term nal

conpri si ng: powe®éitheesecorstigial g theanasisyiea gower ¢lrthe ong ginaprefaddiionak i r st base
station with &Qgcq Hh%n irel ess term nal has a connection and a second
si gnal fron15 SELVRY BALE station

wherein the first value is equal to measured power of the first signal.

10.  The method of claim 7, wherein determining the second value includes:
setting said second value to the maximum of the measured power of the second

signal and the one or more additional beacon signals.

11. The method of claim 9, 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.

12. 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.

13.  The method of claim 12, wherein the first value is equal to an average of the
measured power of the first received signal and the measured power of said additional
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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a power neasurenent nodule for measuring the power of the first and second
received signals; and a report generation nodule for generating a report
indicating a ratio of a first value to a second value, the first and second
val ues being a function of the neasured power of the first received signal
and the neasured power of the second received signal, respectively. 16. The
wireless termnal of claim15, wherein at |least the first value different

from but determned fr t he sured power of the first signal or
wherein the ecogbﬁng 88g¥9ag?#$gﬁgﬁ?WPP§ﬁ§gﬁt deternined fromthe neasured
power of the secopbrad gielvind shidlfiRoid Eigh8 Scdieiniianatordf adaliiing Béaconkighi n

the first received signal is one of a beacon signal and a pilot signa

recei ved frofipmisaidfseead isseseademt i on. 18. The wirel ess termnal of claim17,
wherein the secon i i S.a. Si L.t 1t . i gher per
tone power |evel %ﬁ%ﬁgg yw gg%l§gﬁﬁ%g%g@%ﬁﬁ?@éﬁlﬁéﬁﬁﬁgk?hﬁgﬁ%@%aI?%n of the

second signal by wh&chaseorsl @i aihEionof anaverkdest thahaseedpevaidgmal . 19.
The wireless termnal of claim15, wherein said report generation nodul e

sets the figsesendsipnad apdthe measuted @omwsaeiseitisesondaddionahecceived beacer sigpald
signal. 20. The wireless termnal of claim19, wherein the second value is
equal to the neasured power of the second received signal. 23 21. The

wi rel ess term nal AGfirdés3iteRniBal comprising: the first value is equal to the
measured power of the first received signal nultiplied by aagain,factor
where the gain fatceive] godule forcesdnngp lirpsigna| Homvadinst base giaben sithpeelr of

the first ang, %Peg&g tfi%illgl{]d?lllgs a c&‘ﬁﬁe%%&faﬁl\g ars%L&?dssi%rgarl ?8\51\2% se%{pn% hggerﬁa:l'i%n'

wherein the secon al ue 1s equa nmeasur e second

received signal nmupdwel hedulyneat gadoleffachedisuthgne fover gaitr firktaeticecdnd a
function of the relative transm ssion power of the first and second signals.
23. A device“@@ﬁﬁiﬁ%ﬂ%@f@dprocessor configured to control the device to

{iTst base stati oh NI CRAGry U balip FRH MRl § Bty om @

recei ving a &g£6eonh sconblalld, @p Arssanirdoihgtues haingenfunctidasthé ngadulel power
of the first received signal; i )
power of the first received signal and the measured power of the second received signal,

respectively. -

16. The wireless terminal of claim 15, wherein at least the first value different from,
but determined from, the measured power of the first signal or wherein the second value

is different from but determined from the measured power of the second signal.

17. The wireless terminal of claim 15, wherein the first received signal is one of a

beacon signal and a pilot signal received from the first base station.
18.  The wireless terminal of claim 17, 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.

19.  The wireless terminal of claim 15, wherein said report generation module sets

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

20.  The wireless terminal of claim 19, wherein the second value is equal to the

measured power of the second received signal.
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measuring the power of the second received signal; and transmtting a report
indicating a ratio of a first value to a second value, the first and second
val ues being a function of the nmeasured power of the first received signal
and the neasured power of the second received signal, respectively. 24. The
device of claim 23, wherein at least the first value different from but
determ ned from the neasured power of the first signal or wherein the

second val ue.js i fferent from but .determ ned.fromthe .neasured power of
the second. sthnal ThesFeliiermikel it PR Morg e hEaA Fter acel ved
signal is ongefuredd &;m@ﬂthe&l@m&ei%&i@lapmlmlplﬁiﬂ%Q%! galiefeRtoY Ochetd BBhine first
base station. 26. conput er readabl e nmedi um enbodyi ng machi ne execut abl e

i nstruct i onsfator is anttiel ¢f they redatietianemission ppiverefihe dirsiendh oetond lsgnalst hod
conprising: receiving a first signal froma first base station with which
the wireless termnal has a connection; receiving a second signal froma

second base 31 ati oy wirBR&Stefrhingl §faiROVE kvhefeirt 1he sbddnditvaliRGS byl tihgnal ;
measuring the power of the second received signal; and 24 transmtting a

report indi caeasugedapovest 06 thefsegorfdi reedtivadatignal maltiplicd byracgaunfager wihgee the ggn  and
second val uef @el nag a tf.unc 'onlof tthe neasur ed ‘Eoﬁl\@r of the first rlecei ved
signal and PRET FRBEPUR Fohe relafveHEsUERRoPEL e Us 4rd pgd Srcond SeRalRy i vel y .
27. The conputer readabl e medi um of claim 26, wherein at |east the first

value different from but determ ned from the neasured power of the first
si gnal or wh&f-ei nA delise semprising alpnecepsor dorifigurehio dontyeh thadevies torimphesdert fom

t he nmeasured r,of th second signal. 28. The conputer readable nedium
of claim 26,“\%ﬁ§ﬁetihﬁniehéo%fciopﬁnsw§0ei ved signal is one of a beacon signal

and a pilot signajecti@fi v@dt §ib@MiHonea Fikdt Shseh@d®nStitd Whith 1R wirfleyd te@hiBsIS
termnal conprising: means for receiving a first signal froma first base
station wi t hhagtd eimned@i®n; wi rel ess term nal has a connection and a second

signal froma secondvbasae egt%f iioln' Jreans Ifla)h%sne%%ur ing the power of the
first and the secong t'&ceiv g fiodn 23654 SA€PBr generating a report
indicating a ratige@uridglihd Sworalf v fit Re&aigharal ue,
measuring the power of the second received signal; and
transmitting a report indicating a ratio of a first value to a second value, the first
and second values being a function of the measured power of the first received signal

and the measured power of the second received signal, respectively.

24, The device of claim 23, wherein at least the first value different from, but
determined from, the measured power of the first signal or wherein the second value is

different from but determined from the measured power of the second signal.

25. The device of claim 23, wherein the first received signal is one of a beacon

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

26. A computer readable medium embodying machine executable instructions for
controlling a device to implement a method, the method comprising:

receiving a first signal from a first base station with which the wireless terminal
has a connection;

receiving a second signal from a second base station;

measuring the power of the first received signal;

measuring the power of the second received signal; and
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the first and second val ues being a function of the neasured power of the
first received signal and the neasured power of the second received signal,
respectively. 30. The wireless term nal of claim?29, wherein at |east the
first value different from but determ ned from the neasured power of the
first signal or wherein the second value is different from but determ ned
fromthe neasured power of the second signal. 31. The wireless term nal of

clai m 29, wher ei n L, fif.St b8 BlaNeM oL U o 5 8NRacth scBSRFUMS T 2Nl @

pil ot signal receive ase
and second values being a function of the measured power of the first received signal

and the measured power of the second received signal, respectively.

27.  The computer readable medium of claim 26, wherein at least the first value
different from, but determined from, the measured power of the first signal or wherein
the second value is different from but determined from the measured power of the

second signal.

28.  The computer readable medium of claim 26, wherein the first received signal is

one of a beacon signal and a pilot signal received from the first base station.

29. A wireless terminal comprising:
means for receiving a first signal from a first base station with which the
wireless terminal has a connection and a second signal from a second base station;
means for measuring the power of the first and the second received signals; and
means for generating a report indicating a ratio of a first value to a second value,
the first and second values being a function of the measured power of the first received

signal and the measured power of the second received signal, respectively.
30. The wireless terminal of claim 29, wherein at least the first value different from,
but determined from, the measured power of the first signal or wherein the second value

is different from but determined from the measured power of the second signal.

31. The wireless terminal of claim 29, wherein the first received signal is one of a

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