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The present invention relates to a wreless

comuni cati on system Mre particularly, the present

ifpo@nNt i on WIRMIGESS COMMUNICATION AIETHOD A WDIAPPARATUS

and sel ecti nrORIMPISE MENTING ATCESS POINTSTARIUEAND

for an access poiNITIMPOHANORLISEVEEPRONNEROPHEBESThe

conditions of a radio |link under which a wreless
conmuni cati on system operates nmay change at any tine.
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APs of its own extended service set (ESS) such that

t ther APs can self-ad Wwn operating
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However, it is very

usual erfor al |
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IsBieCRBOS Q;hteostﬁi"t%'bypl%ﬁ@s!s of GRBNY.R thikst! é\?alﬁ@ctev‘{@é kadio resource
Conflguratlon Sl nce may cause a redesi gn and

ree&unnmgnt atFxmically, éhe sh@gup umocase reded pspades a machanism for
tea%t (‘?mg%)seifct Sotﬁeli A?E of ggr W e &g%(?ed ée%isc? 3t ?§é§) such that

are®not adequate
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an selection to S|gn C nnel s _such that the
%9%96%. c |olala%reo€frer§@*f@r?i&wrﬁ§k & hedrage earplaved neorder to

W AHehaPtRe CAPAGEY Sof! 4 Wirdeds %Bind}ﬁa‘eltiﬂnz 85steME" Ahannel, ie.,

frequency, selection is one of such schemes, whereby one or more APs in a
network select one or more channels to communicate with their associated
WTRUs. Coordination of AP channel selection is usually performed manually.
However, it is very impractical to manually coordinate channel selection in
response to every small change in the network configuration since it may
cause a redesign and reconfiguration of all APs. Unlicensed spectra and
external sources of interference also raise problems that are not adequately
addressed by manual coordination. Moreover, it is difficult for manual

channel selection to assign channels such that the traffic loads of neighboring
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system capacity. [0007] Another problemw th prior art

schenes is encountered when a nmultiple APs attenpt to
WEowWs0534p3 si nul t aneously. When this occurs w tPCTIUS2004/039599

network, all of the APs try to nmake a channe

selection at the sane tinme. Thus, the channe

P ehleishardyaibrg s availdide ohinisds &ph iwe/ theit Acexigdgds overall

AP does not take into account the channel selection of

HESGRLEARAEHY-APs. [0008] A method and system which

ones 5 o) I
D e Y b B R TS e dnicred when o
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i mpl epentj n tard up and initial_channel selectjon .
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greseot take ino arspunt therhagnplyielecsionmé neighboring AR
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sources of interference. ring the announcenent

pioeidems twoald\Pe greatnbéermefwialeacon signal in order to

accel erate recognition by nei ghboring APs al so running

the path | oss di scovery phase. The startup process
poepgjdes the AP with the algirMiMwARY noni tor and

evaluate its radi o environment, and therefore allows
1QR10AP t o Bls fresand Hvisation; proyidespar methnd sadasppavadus for

(03 4140 0 SRR3R BB i

300 up pr'hoestarbepi procesgsOtfl e AR hiclDESCRI PAThOMNsOFdiscovery

THE DRAW NGS [ 0014] A re detailed u rstandi ng o
PHESS ROLAD COROHASF DA RS fHF e o P escovety Dhase, the
AFS Gétlebtis | HRAGh D IHBNARY fWRY it8 bweXReB), Feidibbrits APs from different

understood 1 n conjunction with the acconpanyi ng

s Apd evrepal spurperoafsntenfepgnee. 1 Djuging thiepglnoyngenemt phase,

e L EhRRSC0TPUILAPLGAN SUOLE ) BESILARSRollllon by
aieipthbaringf ABs silsu rupnippoties paldf 1@ diktozeropilasg tTheoBtartup

enbodi nent, .of the prese [ ntion; . ) )
process provides the AIp ’Wel IHle a%\llﬁty Jco monitor and evaluate its radio

environment, and therefore allows the AP to self-determine initial operating
parameters.

[0012] An initialization channel selection process for an AP is
automatically implemented when the AP's startup process begins.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more detailed understanding of the invention may be had from
the following description, given by way of example and to be understood in
conjunction with the accompanying drawings wherein:

[0015] Figure 1 is a block diagram of a wireless communication system

in accordance with the present invention;



[0017] Figure 3 is a flow diagramof an automatic

channel sel ection process according to anot her
wepdsmsent of the present invention; and [ 001B(T/BS1p04/€39599

4 is a flow diagramof an initialization channe

sel ection process in accordance with yet another

fotasli rrentF1gf1rd hés pflowalibgiany ehd istartup Pk8Ys dFabAPRdcording

DESCRI PTI 0‘}[ E PREF RRED VBODI MENTS [ 0020]

[P embpdingnt of the,PreseRy B includes but is not

pd"ﬂvﬁ ed t Plefhyd!30fs £ v "BAkraloYor, ad Rk Ra it %bﬁﬁel selection
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Interfacing device in a wireless environnent. [0022]
The features of the present invention nmay be

FOMAQ) pwﬁf@mmmm@%igﬂbw ® PR EREF@RHE]? EFMB@DI"MENTS

conpri si ng I nt erconnecti ng conponents
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gg%c%éss nd, EFFa80¢tatfn E[\ﬂ)(&%zﬁ {' HOYfirdl érmo:fi‘ S%krocﬁﬁer type of

Iragram d W rel ess communication sys
aterfdingglevizetine websménvmmanemmn The wirel ess

ni catjon,s st 0 co rises an AP 105 .and a
L © o e (oS Pf S HeNent g SrEon G, BB i rearaed into
WhiIe §:1Be Wi rb@an HQGrQiMe Eoﬁpstn%l £3Sultitide s mt¥t@BnAbeting
antenna 120. The AP 105 i ncl udes transcei ver 125, a

edraperdantgel ector 130, a neasuring unlt 135, a power

ol I er t. 4
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and JEEERN2.16.

- [0024] Figure 1 is a block diagram of a wireless communication system

100 according to the present invention. The wireless communication system
100 comprises an AP 105 and a plurality of WTRUs 110a-110n. The AP 105
communicates with the WTRUs 110a-110n over a wireless link 115 via an
antenna 120. The AP 105 includes a transceiver 125, a channel selector 130,
a measuring unit 135, a power controller 140, a timer 145 and a memory 150.
The transceiver 125 transmits signals 115a-115n to, and receives signals
115a-115n from, the WTRUs 110a-110n via the antenna 120.



unit 135 is responsible for collecting, processing and
storing channel neasurenents including, but not

WO 209508d93 0: the channel utilization (i.e. perPEnUSIYE4/039599
of time that the channel is busy), the |evel of
external (non 802.11) interference, the received
200258l St r Phgt dhai@eb Yelectopnl30eselbstsda phGKALIS whidd is higed for
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announcenent phase 220. In the dlscovery phase 210,
e AFEH_F@Bth%IQCPE’IeFleé&n% tstrepghh anearemed parrapsived packets, and

Y HES. 3eGPnict cbnrEiler THOSHEEIReREAIRISOR iy of the AP

are initialize or exanpl e
102 fhedimbteilds asid onel arasotel meddtemmlnétispémbdmdeg Which the

1. .As those of skill in the art ul d.real.i
ABPL perrind CobSin Rpetaiianss Thememons LoD brevidéicatofags for the
AP, 10¥, 1ﬂ1(’£1uﬂ’in%‘§%c&fdm @ﬁ%%u@ﬁ%@rfﬁélﬁfssoﬁm ny@e{suﬁén&(ﬁbol
Descri ption e Default value ACS A | e Channe

3&261:0 nf | g‘tbgarq s pflogr dlﬂgrqaaméﬁmt@rtummoee@e @p0 of the AP 105
%@ggrétdlgcgvg OPP%%EQ@ ra%dpﬁsa%n\é@%lggn%t éﬁgse]gg@ "Sn the

onponen I"ent pararnet er
Bacovedy gdase 210pthd APel0fainifdhErasvies nigapumsserd saaan@tsrs and

Fates oielen et ofncs ghesErot Faramgipignend valtes that are

initialized may, for example, include the parameters and values listed in the

following Table 1. As those of skill in the art would realize, other parameters
and values may be used, in addition to, or in place of, these parameters and

values.



Measurenent Period generation interval Dis cover npp

_dur Discovery phase val ue of the Configuration 1000mns
waleooansam of a Silent Measurenent paraneter PePCDUS2004/039599
ATDis cover M N _M5 M ni mum nunber of Configuration 4
measur enent sets during the paraneter D scovery Phase

Dis cover MAX M5 Maxi mum nunber of Configuration 15

Aeasurenept—sets—du-i-rg—t-he—pararreter—bi-scovery—ph
Ayaoh d Deseript; i on_CojMeiawtyalug,
LS ecqrdlowshledihanea] Sennounce [KeeadgwaBancon | {1, 6,11}
transni|ssi on period Confi gurat|iPeF#meE@0ONs durilng
Ao g dhisoyenyh abase panandt ére |NoufigumtickP t r ri60A msi on
Conf’l gyrixed ocondpod&in pHwkssr Silantdrpetagretefabl e 1. [ 0027] In
step 21MekurementdiPsgay efeyergtivage 210, the neasuring
uni t 135%nterval
T”f;f:“’vv;’ Discovery phase value of the | Configuration 0 ms
- amplitude of the variable | parameter
component of the Silent
Measurement Period generation
interval
Tngij“z;’ Discovery phase value of the | Configuration 1000 ms
- duration of a Silent Measurement | parameter
Period
Nﬁ;’j;f;;; Minimum number of | Configuration 4
measurement sets during the | parameter
Discovery Phase
Nﬁ;"_"gs Maximum number of | Configuration 15
measurement sets during the | parameter
Discovery phase
T /immounce | Announcement phase duration Configuration 10 seconds
parameter
Tfmowee | Beacon  transmission  period | Configuration 100 ms
during Announcement phase. parameter
P Maximum AP  transmission | Configuration 20 dBm
power parameter
Table 1.
[0027] In step 212 of the discovery phase 210, the measuring unit 135

measures the operating parameters by performing N2*“'“ measurement sets,

meas _sets
whereby measurements are taken sequentially on each channel in an
allowable channel set (ACS) for a period of time during a measurement set
which consists of a complete cycle of measurement periods through all
channels in the ACS. The operating parameters, for example, may be the
transmission power and the channel setting of the AP 105. It is preferable
that the overall measurement duration on each channel, which corresponds

to o x N2°' | i set such that enough loud packets are received from

neighboring APs. The loud packets are the packets that are sent at maximum
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measures the operating paraneters by perform ng

measur enent sets, whereby neasurenents are taken
waegaesi4bal |y on each channel in an all owabl e PC¢EHDS4/039599

set (ACS) for a period of tine during a nmeasurenent

set which consists of a conplete cycle of nmeasurenent

PRFdroB$ 4hr ARGty dhtreabarthel HkélihdodeoA@S. béhey dptectdd y its

paranmeters, for exanple, may be the transm ssion power

%ﬁ% %@&ﬁgﬁnel setting of the AP 105. It is

r abl b Gvker|
BOZEPT 20! SubiRkalile opYerakl (IEASUERTEAY itdH16Hd O to limit

QBedrOWHeRACkSNRE & fn tRERINEH0A RMng transiti
hkthf)o{%it r‘{gﬂ%s -Fﬁ‘g ?oud packets are the (|n))acketn§cf}'r rﬁgfl on
thezesﬂ mhesuremminpegiote(MBy). ardt APatso pretareblecforttbe T,)>“1 to

I'i kelihood of its being detected by its nei ghboring
lkP$et [t002 8fluittiond shatti enoadh ite skew semifiinuoss ¢xcling between

nou h,t m e eff i.ch, ogccur en a ,.

Fhrereacs i, teliar, 308 ol AL p, Lot SRhks BISh ot its
ﬁ@gﬁb&frﬁ MPRE Rehti6HASardVBediedd hrd GeRirBindd B ethablifet A45. The
the be set to a duration short enough to all ow

dwnationuefisthey duscmgexmheéﬁ ﬂ%cﬁ&?@ﬁé Sedfsy rapdomp npumper of

t e ﬁ'f:ove" Discover
mggs‘%%cle% ‘?‘%éu%ﬁra oﬁ Sgﬁ perl ods gr]\é"”’ﬂéf éfkrln rJYé‘d" -By The

a&%tfohf@*t %‘H:_Isco-vwx? gyés% ftms%a&daﬁl f) SERYaE xopﬂ?é@as%where

consi sts of a ran measur ement sets,
two far more dAPEr hbeit movdred-wpe ﬁlmuh)mmhstyt, n‘)tvditlmg that initial

uration ove hase 2 random,t o
ity SeBpuion Be DaRGRFL A BEST ting £ KBRS,
P@B’QT ed- UpsSd FasuliPsrasd headi@inthindg thBatP 105 chaldetermine its
requency sel ection be gerforrred at the sane tinme for

raslée envipenmenp sugh ﬂ&aaie ackigniof geighhedas ddifiemrithewn ESS, a

i n
40845, PRSP A% 8 AU A PRk i Dt
siﬁtre@stdfmtemferameghborl ng APs from different ESSs, and

a detection of exter s urces_of interference.

B8b) Refefaring ack b By e2»2 onge, cthe; e rar) PETfTmance

per f or mance sur msnt se | ete

DoAY S Ra T Br CPRPIcIod (Rp gy (o™ S IIes 140
fRbkLN epo%rlgoﬁlt(*ﬁt ¢ 3h8) APTHE5PQNES ZIB)L T 01‘he power control
determnes a baseline range of the AP 105 and a
deferminksba Jusisehiee ponge of the AP 105 and a related baseline power
setting. After the power control of the AP 105 is invoked at step 213, the
channel selector 130 invokes a channel optimization process (step 214) to
select channels that a particular AP or network of APs use. The initial
channel setting of the AP 105 is determined based on parameters that are
determined by the power controller 140.

[0031] During the discovery phase 210, the AP 105 remains silent, (i.e.,
the AP 105 does not transmit any packets). Upon completion of the discovery
phase 210, the AP 105 has gathered enough information to determine an

optimal operating channel and select a transmission power setting.
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setting. After the power control of the AP 105 is

i nvoked at step 213, the channel selector 130 invokes
w@2mhassed optim zation process (step 214) to BEI/E81004/039599

channel s that a particular AP or network of APs use.

The initial channel setting of the AP 105 is

@eser M nedahashe datopaastRiser2d Otdialks, an andetsemartthitse 220

t he power controller 140. OO%S% ing the discovery

foHawe. Doing the amonnsemgnkphas Oeﬁ{‘ A% figuresgits\pperating

|
P B b RS ABEKEL 3 50BN, OB B e
?slh(l) uLthsllionchbdém})tedrthhb otlereproteseesmay e mm*fom;@r izt fhegnterim
channel an elect a n
59 noecions. RequvErS Qiithe anbynaieutt Biss 380 it Fatsatetate the
Measor2 2R iR 1Ay B ifkeeHHo@ingn AR C ElE the Ph@SANRAR0 of the

the AP configures its operating channel to the opti mal
amenmebmeet @hase @20avarious qredamiktarse (@g-s JEVeEF s BUASE, Puw)s
210. It should be noted that other processes nay be )
g fage rinitializednstem2ed). m Buripg cdes apyouncgment; pipse dyration

B&LANNQUNG %E%g %fsqm*t? Be oA bl gtﬁa\hﬂg § Jnaximum

ect’i e|g oring
tqgrggal%e s10 SS&VX&h 1 %3198 %ﬁ;jﬁ‘baﬁsg 1?%92). V%ﬁso Hecelerates the

%@cb&ﬂnﬁ‘i bZatk APtﬁﬁ g%@her[}ﬂ’é NKbchhife &El?%ﬂﬁlﬁﬁﬁﬁtp(m&%ckets

uration transmts ‘beacon frames having a maxi num
areatrensmitedy Jhwing Phwamowen@@t(mhﬁse(%%% pVERESs beyreing the
accel erat es t on_of P
RS, MR, S Aripevar it o MRt kit AP 105,

bddauBg the aqlamwurscmemmhags at 280 makfiusn peyend, | heFor this
coverage range of the AP 105 may attenpt to associ ate
vdalsbn,t led]l ARssbéistiobe cemsmts hizordP WORUss dreameniedt idug;im the

its maxim 0 hi s |1
BT oRaas e v Rt aEp RO o AT B i
HEsTe2220 difin8 dehal Bpat¥eiod. associ ating a WFRU that

wi Il be out of range during normal operation.

09881 t he AMmveuthecamoungerasat PhaseAdd endpether %ﬁam @é the AP

83 o >S8R AT A0, 0B 5500E UESS psraion

(soepre23p peidabegins (miralediﬁ)'atld'ﬂnE(sb@nB 280). sdithe AfPs 105 sets its
transm SSI on power to

H&%é@%?b(ﬁ} PEYVER ,tO j_:he Se%tlng Sd%%erm@leget} eit, m ggwer con roller 140,

after which the AP 105 begins normal operation and starts accepting
association requests from the WTRUs 110.

[0034] Figure 3 is a flow diagram of an automatic initialization channel
selection process 8300 according to one embodiment of the present invention.
In the preferred embodiment, the channel selection process is invoked at the
end of the discovery phase 210, where measurements on each channel have
been taken. Channels are chosen for use by a particular AP, or a network of
APs. Channel selection can be done either manually or automatically, and

can be initiated at deployment or performed dynamically during operation.
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after which the AP 105 begi ns nornmal operation and

starts accepting associ ation requests fromthe WRUs
wa1®s5/053084] Figure 3 is a flow diagram of an BCI/ORBDS/E39599

initialization channel selection process 300 according

to one enbodi nent of the present invention. In the

Pheheedend isvaiinmay betifitplemantd insehnpeidtion withogissleéslocal

RV AL N B e VA AL L Y
@%5?'103(32%1{ *ﬂf’ﬁlzgﬁoﬁ ﬂl%ﬁlbp &b%ﬁ@ﬁ’ IQJEGS% B6d Vﬂrﬁel@&rmed

Chan 1'éctton can one e ther ranual 'y or
dutingahé eaiﬂtlyp pmcdssc%m) dmed dﬂhetrmnwﬂmtbestz ppwlmntchennel- In

forned d y.duri 0 eratlon T t ..

iR, B o bR B e, G ABHRR e discovery
phagl 2%6. | A6 dhe aéhaaomﬁié/»afskox(&& as8PPl0, ki diasineB. Selection
I'n accordance with | EEE 802.11. [0035] The

breicessalis Znvoked dnastar| 2k (tactalest Hreodesk chapnglsbased on the
g:eetﬁggfe%&tg% &%e %?1 oHcit dhdRnBf ﬁ%ﬁ.ﬁ% lt.ﬁQ i&ﬁ&?ﬂ%ry phase 210. In

eterm nes OeratlonC
pllehesy, atle éﬁhﬁdizﬁﬁﬁh chahﬂeimﬂl&:tmneplhneés&@(ﬂbmsch plurality of

i t he di 2 t d th
glil‘ﬂl 3 9eg|:rhI s r)& fﬂa ﬁﬁﬁaﬁglé sé?SZc nW%EJraé’@gI?Bkﬁ s The
5EMRIEE of BeatirRB c%%tﬂnEE B8} Petintd) BrédRsdrntiRad Reler 38 §may be

on the neasurenents observed on each channel durlng
rmdomSca‘\b@r yh@madesezmnm rdagk| nefagweed thdnclude all available

|
Ifsl'l%ﬁrl%ﬁ ?%tglfe%g}%a anngl ic%%nggtf oré:?sgseQ&E%e%? ?{gt%eh%tt other
Al aﬁeﬁipeﬁmﬂgl oh timabhahiee 2)Thheﬁﬁaﬁtwhﬂ cAerns partnefcthe same

h | b t d order, ' b
Festm (Lo atcordmade BBJTeTed Ghbeieral Shebath of [h ALgeD the
aidoudY f! @Rk Sﬂ%ﬂgedh%nngprarﬁaShlpﬂi’é}@eéreséﬁﬁ ReEker sdifices of

process determnes: 1) what other APs are operating on
httarfemmnrmi thezscham@il herg.+ hen-802.13riaterferenes), and thereceived

8%{ g’h Vﬁ 8f1 Q%W ﬂftgﬁ%gné %ic")tPe %):atﬁ.?l%gsils Q:g?“)lete the

AlPagdielcalcalde Syhich dhaanel %ﬁlch@ﬁeotﬂwbeﬁqwrﬁﬁ'ﬁnambe, (e.g., the
interference qn the channel e.g

rhazenal Ehanbey the-least arBoT Rl Dt mnge. NbeekP Hien retunes itself
BO Baf{vhbinb B, CHESLAREE on MHethion anne‘ftﬁéf‘ﬂ]PQ Aot EPHR) FhE of the

can ca gl ve the best
paznnfe&yammm,ethe(AEP gan detide ¢hdrmabdret dralesh aggrensive émshe choice of
% interference). The AP then retunes itself to
i ijgr’fﬁ‘él Dependi ng on whet her the other APs

Msogett ed afapaltbrifdfte bdodiment, coordinated frequency selection may

be accomplished by: 1) having APs exchange information with each other

about their properties (e.g. load, capabilities or position); or 2) having a
centralized scheme that can obtain information from each AP, and setting the
channel of all APs in the network. For the first case, the decision is still made
autonomously by each AP, but the information exchanged can allow a better
decision (e.g. it can include statistics that are difficult to observe externally by

another AP). For the second case, information is gathered from the different
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same system the AP can decide to be nore or |ess

aggressive in the choice of channel to use. [0036] In
wa@eooahsashat e enbodi ment, coordi nated frequencBCT/US2004/039599

sel ection may be acconplished by: 1) having APs

exchange information with each other about their

RPSRAAbASNicated! 1 ACbentaliabd uiiti @Sdeicep@iidh @Pon reeéption of
2) having a centralized schenme that can obtain

ther nformmation talen @ dlepision, angdh gom@municajes khe degision bapk to the
g{f}eréﬁs pl the network. For the first case, the

ecision 1s still nmade autononously by each AP, but
i0087] nf or Rferringe)atiibrigefigran 3) vdvera thet indtialeaticn oiannel

.g. it can jnclude.statisti t hat ,are.di ffj cult, to
é@jg&}wg&?%ﬁ . }Symbfs}atga&% réi%'},) t&ler_%f ]'(%Ffels allo¥red to scan all
EidStheld B @StEBY {HRNdbStiGRANER @cdivallRibhel strédthantRBEor (RSSI)
and conmmuni cated to a centralized unit or device

of 2l AR b the viginitn fstep 31A: e mrefesred arabedient, step 310

decj,si- e . i Si

G558 BRI PhER S S5EA A0, DBk 180 channc
Vikte s $dagnbdt.ith1hl drzat?fiomiom hf]frthellisteﬂ ebanmals pnac bs se@déntially
is initiate st ep. , AP 105 i | | d to. .
aﬁramleﬂalﬁn@&re%%tes&e%%%? b renf e % dRfTmAbigRepsagated with
ShaAAlP §lteeiR@! h lcneh eRhRel(iIRFStordedl (Bldp #HP. | Thishformation

vicinity (step 310). In the preferred embodi ment, ste

Isw ma;]rque butp Li]% rmott Benitedr toagiben ideatdy ovfepthesnAbe whigh are
n _st.e .1 | i
D B

sfeinetné ESS, phe déirei mtireadtioof thaenABs) dredemount of traffic on the
Informati on associated with eacﬁw AP det ect.ed, on each

g |and Whether dhere @gp ampppther,sQurcey OF Juterisrepes, on the
kﬂ&%?’ but is not limted to, the identity of other

Ps Ich are operating on the scanned channel, an

(0088t at i omAfbér thetsoamning higrconmpietes dhpAP H¥5 dptersupes which

S, the sign trength of t APS, =t t..0 .
PRl dtgrieh he Feh B iink el 32, EnETBHD be datprmined
?ﬁtﬁx@l&ﬁﬂ@,fh}i Hieasighe riﬂﬁclpéhaiﬁhﬁl hh]ﬁﬂm%ldeas{ aN38ht éf ineerference

e_scanning is conplete, the AP_105 determ pe I ch
oh aheblrerather AF's arg @asfe%ﬂthﬁéam&rlﬁégc QI{C@tt@ﬁ 0523519 ' g the

gﬁ%n%z.f& a{a%%gaﬂﬁ%rﬁnﬂ{ed,e YARPEL05RYNBE ASEIF k8 ehe'BUsE fhannel.

has t ast anount of interference or
Wwosdher otPignre\Bsisaa detwalet fifw wirgrezref E83nitiHizationechannel

cs:gl%gtqgrlx pQ(%QS.Q g10t0h8sed to determine the best channel upon AP startup

according to another embodiment of the present invention. The initialization
channel selection process 400 includes a candidate channel determination
process 405 and a channel selection process 450.

[0040] In the candidate channel determination process 405, the AP 105

retrieves the maximum allowed interference I,,, (step 420), which is the
maximum allowed interference on any given channel determined based on the
baseline range of an AP. I,,, may be obtained from the power control

process. Imax is calculated by the initialization channel selection process 400

9.



best performance is determ ned, the AP 105 tunes

itself to the best channel. [0039] Figure 4 is a
waledoaiosaos f | ow di agram of an initialization cheerek2004/039599

sel ection process 400 used t o determ ne the best

channel upon AP startup according to another

asied fono(1) lbb}bv\pr Semetofithy parameterd bieat are used in Equation

|n|t| izatio nnel | ect 4 | ud
D) it et eee R EIe BRVER ALl BHCiEocaaec i gblon paar control
%ﬁ%@%ngﬁb GEUGBRsdP! PRESS (éﬁ%eg[lg%"éﬂd M1 @ﬂo €hé Jtkekr Rl are

channe termnation process
ped-détevmenddh amamiebars aIPl@f&mblYmM efoe n'd@ Ica(léld@pe channel

420), .whi ch th | t
gp@wlmao%@@@%%&@%&zw omBapaden {Has allges

of an AP. | may be gbtaiped f (?n WOV\BT nt r ol
process. lmax is cal'esla fe‘él e Ld_adii ZAL F on

channel selection process 400usi ng Equation (1) bel ow
Sone of the paraneters that are used in Equati onEQQP)atmn(l)

h%rcg \fﬁg o R € nQ RLsiGPBbREE oPERE AFS RNG,W is the
pECI Y, &?? {7! H%%

povver con eterm ne

gg"éé(ea%‘%(’ ‘?‘r‘) wegh%‘é% aﬂg‘f @lng ;}P th a% Ihcﬁﬁ/e ¥ %ﬁg‘f‘ﬁ ghirrier power-to-

candi dat e channel determ nation rocess 405 i s

&’flelff@r%{tcédraéﬁ’s@ﬂ a0 highy nate BﬁCk(ei’) fay examnbostl E&P&@. oM is a
P t
g s afgain e EmREi B BAPER R OBy INEARC e % otual

ha&nﬂmﬁ:@ﬁﬂl&klé}melvél tARefrﬁﬁWelﬁ@ Iﬁﬁrdelt&ﬁ:nmed value of Imax can be
power -t oi nterference rati o of h rate packet, (for

dxanpsed t]?ﬂem}ml}led ¢ ls%loﬂﬁ@PQJdlf@tP @mel§-nat e channel s
nt er
Rk D B D A e

val eclﬁ{nn!e[mi’é Qﬂéhsh@ed\/paﬁdl Sﬁﬁlﬂaﬁe&i e{veih thed nidi€mhinst allowed
of candi date channel s. S;I%_0041 A first channel is

inflegforentef han{ser ARY). (Jf dhe intgyfereneedr ¢fdherrbanpel is less than

the maximum allowed interference 7,,,,, the AP 105 records the channel in a

candidate list in the memory 150 (step 425). If the interference I of the

channel is not less than the maximum allowed interference 7,,,, the AP 105

checks whether any more channels in the ACS exists (step 430). If more

channels in the ACS exist, the AP 105 selects next channel from the ACS (step

435) and the candidate channel determination process 405 then returns to

step 420.

[0042] If no more channels exist in the ACS, the AP 105 checks whether

any candidate channel is available (step 440). If, in step 440, it is determined
that no candidate channel is available, the AP 105 increases [,,, by AdB

(step 445) and the candidate channel determination process 405 returns to

step 415. If, in step 440, it is determined that at least one candidate channel
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of a channel is neasured and conpared with the maxi num
allowed interference (step 420). If the interference |
wo@ooshsssghannel is | ess than the maxi num al | owedI/US2004/039599
interference I , theAP 105 records the channel in a
candidate list in the nmenory 150 (step 425). If the
existy, fthe eaadidato thame] cletermeinatisn rprbcdsesﬁ)mlbamniﬂiete and the
maxi mym aI |.owed i nt er nce | eAP 105 checks
seleglionpracess, ePlPeﬁ?Emﬁ\ exi sts (step
I rope cﬁlﬂéi%lf-‘lléed by e @t%rﬁa’f's%tectlbﬁeplégeséoéio is the

sel ects next channel fromthe ACS (step 435)
vandied af acighhoriog Bifiscthait hatve dieep detested em)@aclh ehannel Ny (k).
returns to_step 420. [0042]. 1f no nore, channel %Gexi st

9@09 tthe gendidage channels axe selestegy, the ayinipyn, gHMbEE Of detected

f MIN
BAARUS, fich SHerB BOSL "Rty - all coddladeRudilels) vy s
' abﬁlﬁ?nédwsﬂeﬁqms eFhé MYmbEB of &fe@gh%mg BESst{Mat have been

candi date channel determ nation process 405 returns to
detegtedion chann¢1nk,sNefk)4mth ithe jrsingeuan Aumehert ¢fadetgeted BSSs
| east one d| d te ch eI exists, the candi

eNan namdcail Shanmels itor, &G54k 10y 5| s%%ﬁ%?‘é‘f“g %ﬁal theplist of

ha el ec r S r.f or
FORRAReRieEn SR A0S En Aghon, okl el 8] gl with the
prinhieam “odbes of &aecﬁeﬁtmssoﬁrmﬁetghﬁdr wne:&i&rel;b ah steps 455

have been detect ed n eac nnel_ N (k) Once the
aaf gtadattbe ciamben of detec @etgz'bor B ot g GoaRBET cpld be

g?lgé‘egg %ﬁﬁaﬁ?epschf hﬁ@i d f11flzeo{t:§3ﬁ11t S%%.ch a@igis}%se@l | The channel

te channels, eterm ned (step
ntlﬂnbetlomfmaestghmm mymmndsﬁ ap t];aw@etceatagdaebédnmd thmt the

RAGIRE ig, efintel” lopsed v B AR SRR CnR] ot %6 “hannel

EEl8BY@IpFdceds whddfhedr dhtanﬁ@rselshdah@v@Ibafw%hanﬁélt@;ﬂlzauon
46(%). In other words, only_the channels with the

dhrum mﬁ#@he’bﬁné@il@bﬂléﬂd Bysthe channal elgegion process is the

fi d e of
S50 Ll ol LSRR (0 UL mong
raphibgeg mm(hdatee chiaamel  (step | 466 on The eadtinohanmedasured

FeeErag devtl o ek AR SpAGER 3593%1119%51@505 ‘Zf?ﬁ?ﬁg?eﬁcg IO L
DBl B B O S £
BhddriA§hi@Pemoved (step 470). In other words, only the channels with the

minimum interference level are retained.

[0045] If more than one candidate channel with the minimum
interference level exists, a channel is randomly selected among the remaining
candidate channels (step 475).

[0046] Exemplary parameters of the initialization channel selection
process 400 are listed in the following Table 2. As those of skill in the art
would realize, other parameters and values may be used in addition, or in

place of, these values.
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[0044] Another criterion used by the channel selection

process is the mninum neasured interference | evel,
wakioshs3483 det er m ned anong al | remai ni ng candi PET/ES2004/039599

channel s (step 465). The m ni mum nmeasured interference

| evel on channel k 1(Jc) and the mninmuminterference

| evel | are conpared, and all channels for which I (k)

> | fromthe list of candidate—channels—are repnpved
T T T T g T reo T T ot A W LATTOT Al U W TTUATT

§5hAb1470) Ddserfitien Words, only th annel s vh‘j??faﬂﬂé

nninmuminterference level are retajned romm
ADSe t han | dMbvedbackiamel s¢tannel wi t hComfg‘mtipnur{ﬂ,G 11}
\'

interference | evel exists, a channe| paramededon
ag?l(@pt ed JMpeidhker FiRiglibogingBBEdMeashenivalty At ep
[ OO‘L@LteEt‘&iTRJnafchaﬂﬁélaWEt ergnegf the
I ni t| al i zath;o DRle SEEPAt {00sdy ocess 400 arle
il in
ues may

the art wo i ze, par amaters and val

listed injt \{fedg&lc o% b ﬂﬁ%eb%acd%?' those of sk
NA

USTU | | UUI ll Ul —l_l al. Ul IS ST
{Wues. syr % oﬁl“-fg%e PRI RN e
Al | owabl e | EAAMRRI Fset!. 1EIRPTRUFGt 3N {1,6, 11}
par amet er | The YRR oFeckine hb%‘gPﬁ]g BSSs Measur
NA det ect ¢dPOWAT &R hpdbsencend CaMieHm val ue of B
used to defleskf beiidiebaseqeinerbliet: obhef r ames. | (k)

i nt er f er encecesned’s Us edotorrebdising emont NA channel .
is neasureqbaa]sets)ne aver age received| signal powgr in

enment
DT is
The

RvE7, abs eng Bagbline Rahge (sdt dgkthebRathhelntearilver (|INA.
t he “T'ecei \@lost DigtdveryfBiadiNg any pagdhsoter Basel i ne

(gyu & (set
Threq

MMihich FefulreldtasriBRpowey

to interference ratio to support
maximum data rate.

Configuration
parameter

10dB

PMAX

Maximum AP transmission
power

Configuration
parameter

20 dbm

IMAX

The maximum allowed
interference on any given
channel determined based on
baseline range.

Internal
parameter

NA

Interference margin used in the
calculation of the maximum
allowable interference level,

Dyux

Configuration
parameter

3dB

The amount, in dB, by which the
maximum allowed interference,
I,,,x, is increased if there are no

candidate channels for which

I<I,x

Configuration
Parameter

3dB

Table 2.
[0047]

Although the features and elements of the present invention are

described in the preferred embodiments in particular combinations, each

feature or element can be used alone or in various combinations with or

without other features and elements of the present invention.
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Loss Di scovery process) paraneter ( M ninmumrequired
carrier power Configuration 1 Bto interference ratio

WO 008085303 t par anet er nmaxi mum data rate. " MAX RERUS2003/039599
AP transmi ssion Configuration 2 dbm power paraneter
MAX The maxi.mum al | owed I nt & dﬂ@#& i nterference on
any given paraneter channel ned based on

vasalik sRimedge. M Interference margin used in the
Configuration B cal culation of the maxi num paramnet er
all owabl e interference level, ' MAX D The anount, in

dB, b | Whitgh, R@?el%édrﬂﬁiﬁﬂida@i@nQneﬁ?ﬁﬁ %f\] LWRd access point

i nt er erence, ar amet er MAX | ncrease ere are no
Céhﬂhnldax)mmhmua’abn with avmlutalitprof Waatﬁlﬁsztrap@mﬂt'h]ecewe units

(raRiPon i ot pPRmiAn *hi BSoRet o s ZBREE ARG fysthe AP,

'meﬁ@mdd:w@nﬁﬁgbl nati ons, each feat ure or el enent
can be used alone or_in various conbl nations with or

Wi t ho'@ de@qxecrmmamdé@atswh Brelsaed fox sunportipg sepmunication
%Qﬁg{]{lé@g ?{ﬁ is clained is: 1. In a wirel ess

ormuni cat i on i Acl udi ng at | east one access point (AP)
| n c ofmrseliectang archmnéi amigithel dangdidste vhawhels based on a certain
nsmt/receive

WIRUs)., a et hod .
SR STARTC B AFRGR) TF RH1AMALICEY SEFo et RRompctivating
theamet hod conpri si ng:

2. The method of the claim 1 wherein the candidate channels are
chosen from an allowable channel set (ACS) if a detected interference of each

candidate channel is less than an established maximum allowed interference.

3. The method of the claim 1 wherein step (b) further comprises:

(b1l) determining a minimum number of detected beacons which the
candidate channels detects; and

(b2) selecting a channel with the minimum number of detected beacons

among the candidate channels.

4. The method of the claim 1 wherein step (b) further comprises:

(bl) determining the minimum interference level which candidate
channels receive; and

(b2) selecting a channel with the minimum interference level among the

candidate channels.

5. The method of the claim 1 wherein step (b) further comprises

selecting a channel randomly if there are at least two selected channels.
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(a) determ ning candi date channel s used for supporting

comruni cation perforned by the AP, and (b) selecting a
web@snsd49anong t he candi date channel s based onPEI/US2004/039599

certain criteria, wherein steps (a) and (b) are

automatically perforned upon activating the AP. 2. The

met hod of the claim 1l wherein the candi date channel s

are @oseAnf beevsanpdtht qABD| for ctvanmehicating( A@P) idf phurality of

detected interference of candi date channel is

Wissless heansmil/ eape sl W eV RR KRR AT T MREpicatignsystem,

%e@goﬂgﬁgl?‘g.. of the claim1l wherein step (b) further

conpri ses: ) determining a mni mum nunber of

det ecbpc hessunimgwonith forh enesandingaoperatingnpisandeters tof ; each

d 2 td ith the.m,ni b
Fatl Bl e AeabBtLAaRnrE EACE, ot AP B L IR AE S
The 1Bt ROHowér chtrellal Forl coiesiting ShePmidgjor§ powbelof the AP

conprises: (bl) determning the mninmuminterference
based on\ihe opexad g pRIBEERBhnel s recei ve; and (b2)

sel egiy N9 n | t ] ignm?' I
I eveI(iE)argmﬁg ﬁ% %Z%}cé%g?% chzﬁegﬁiﬁgl S. b%ﬁéfsrg}gt 0 hngP for
d¢onemahzation babet en bthetrepsiiell dperdthey pommptesss
selecting.a channel.randomy if .there are at |east two .
sel ec@ea MR Ao setdngy t40g é?é’“’&o&‘?ﬁn% Kﬁ}mﬁ@r bt frife is
GAREMARLERELROtHY AP 8 ddéustd the SperdtinglResmeters to other APs;
transmt/receive units (WIRUs)in a wirel ess

ni cati on system the AP conprising: (a) a

cach (Bl ety (0o BRRE =Rl ik AP BATELRER

activating the AP; (b) a power controller for

control li transm ssi on. powe f the AP based on.th

oper i ng THaARGt SRER 6 EhER Hhepracos Sazes t rpBrmitiel to the
SBleL APSNY iR ARAMEh JowRE d¥inkiBeAlfné BEris@mMuNI cat i on

based on the neasured operating paraneters; (d) a

timer for setting a tinme period during which a beacon

fr ame&i S The AP of claim 6 wherein candidate channels are chosen from
an allowable channel set (ACS) if an interference level of the candidate

channels is less than a maximum allowed interference on the channel.

9. A startup method for an access point (AP) in a wireless
communication system, the method comprising:

(a) obtaining operating parameters of the AP upon activating the AP;

(b) performing initial operation of the AP based on the operating
parameters; and

(c) announcing the operating parameters of the AP to other APs.

10. The method of the claim 9 wherein step of (a) further comprises:

(al) initializing the operating parameters of the AP; and
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transmtted fromthe AP to announce the operating
paraneters to other APs; and (e) a nenory for storing

W b@soersir ed operating paraneters. 7. The AP PET/UEm04039599
6 wherein the beacon franme is transmtted to the other

APs . ' . .
The AB2heaBhE L RNEL it bl e diTRe BSrQbhorfiined time
pafs&n from an al |l owabl e channel set (ACS) if an
interference | evel of the candi date channels is |ess

than a maxi nrum al l owed i nterference on the channel. 9.

A staff up 7HRIAethodr tAE cﬁ%@%h@fﬁlﬂgtéﬁm furfhér comprises:
W rel ess comruni cati on SyS em he nmet hod conpri si ng:

(a) o@tlhupwf@gln@p@raamowgrp@méwétcefrﬂwoﬁft fhesexb ompblre operating
activ perform ng initial operation of
Pﬁrear% eBsalggéSI%eéteHe atl ng paraneters; and (c)

annou(ve) p@ﬁﬂmlagwlﬂimfeg s¢laétiorebased odfthe IpawAP cbmtrol. her

APs. 10. The nethod of the claim9 wherein step of (a)
further conprises: (al) initializing the operating

par angj er Smgaf meDfod B} tHRNA6RR)) WReRAISBED (s ea%y the
paranmeters during a predeternmned tine perio The
ARt heutliog bdaeomlfaames athis einpxgnep tﬂa)nsmsnm rpower during a
cqggflses $en{orning a power control of the AP
Bredeterarings, m?) % ng paraneters measurenents; and

(b2) perform ng a channel selection based on the power
control. 12. The nethod of the claim9 wherein step

(b) i 13-perpopnidreless: pempprieatiom dngudingn af phralitiiof access
P B k0 B2l M e B R e by
a palrticubi AP, the aretkabcquprisiag( APs) a met hod of

aut o |caII selectin n_ini neI for use.b

o par @ et DI Aot R AP A Yo to ShmiiiRte

pl ur afy) t decidifd ARRNTatidIE 2Dt WHE hﬁ APTAUtHcEAL ®n each
(b) recording 1nformation associated with an AP

geanaedchappeloaed

(¢) based on the recorded information, selecting one of the scanned

channels having the best performance.

14. The method of the claim 13 wherein the recorded information
includes one or more of the following: a signal strength of the channel, an
amount of traffic on the channel, sources of interference on the channel, an
indication of whether other APs are operating on the channel, and whether

other APs are part of the same extended service set (ESS).
15.  An access point (AP) comprising:

(a) means for obtaining operating parameters of the AP when activat

ed;
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scanned channel; and (c) based on the recorded

i nformati on, selecting one of the scanned channel s
whawsnossadhe best performance. 14. The net hod oOPCT/H82004/039599

claim 13 wherein the recorded information includes one

or no of e Il ow ng. Lgn . t.h _of ptihe

channy, *dntali i bafbaRgtaid RerhbiM BooAp fifed on the

operatingrfagametarspand he channel, an indication of

whet h ot her APs are operatjng on the channel, an

Whet HE} OUREFSABY ARBOGHE Ghe (RETLIAF PERUBRIRY Of the AP to

selerim. set (ESS). 15. An access point (AP)

conprising: (a) neans for obtaining operating

paraneters of the AP when activat ed;(b) neans for

per f oy m ngmi Ni 4 al . oper atj.on .of fhe, AP based on the
bper alf ng e e fof, SRR A2 Qriel InpCobBRRRE" o, further

eqapakédlg paraneters of the AP to other APs. 16. The
AP of claim 15 wherein the obtaining neans further
conpr{ademeaps for ingiglizing the pperptipg paggeteas ghidreap Prand
par a e
A T R S
ped od. 17. The AP of claim 15 wherein the perforning
eans further conprises: (bl) nmeans for performng a
E%W%Pm%%%trol of theAP based on the neasu renent; and
(b2) neans for perform ng a channel selection based on
the result _of the power control. 18. An access point
(AP) Eonprihe @ qfaslapmahs wheredet denparipgming, apepnse further
chAPRgds used for supporting communication performed
by the AP; and

(b1) means for performing a power control of the AP based on the measu

rement; and
(b2) means for performing a channel selection based on the result of the

power control.

18.  An access point (AP) comprising:

(a) means for determining candidate channels used for supporting
communication performed by the AP; and

(b) means for selecting a channel among the candidate channels bas
ed on a certain criteria, wherein the steps (a) and (b) are automatically perfor
med upon

the activating of the AP.

19. The AP of claim 18 wherein the channel selecting means
comprises:

(b1) means for determining a minimum number of detected beacons whi
ch
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(b) means for selecting a channel anong the candi date
channel s bas ed on a certain criteria, wherein the

wWeL@pmes5ey and (b) are automatically perfor nMeERCT/PS2004/039599
the activating of the AP. 19. The AP of claim 18

erei,n, the channel, sel ecting neans conprises: (bl)
%&quﬂﬁa&egﬁu&eﬁ% ﬁ?“}?ﬁ%’aaﬂ’éni nmum nunber of detect ed
beac qpg) MBhné irheletingisdadagnehaithahs mivliecns nuaidr obatecte
means for selecting a channel with the m ni mum nunber

&f detecte d beacons anmpng the candi date channels. 20.

e ' ecting a channel froma
ﬁbg?ﬁ%@?ggg#gg%%ﬁgﬁgiﬂg@@st he AP conprising: (a)
means for determ ning a m ni mum nunber of detected
beacqps associated wth e.candi dat e channel.s;. and ..
by SBF e B Geresg PG (1S 150 RoiHgD 2. CBRERHo Feoth 4 fist of
sHRidARIAHAR SR AP osptigRiged beacons. 21. The AP of
claim 20 further conprising: (c) means for determ ning

a m ribhumednst &t detenminingye| mEHBIER (DyRBes of dlefeqted beacons
g %8%1‘?%&%%%%&9&{&‘3@@%{@%@ ghgcting at |east one
C e Irst w

annel” on t e’'mnimuminterference
| evel(b) 28lectihg fAéinothd hist ohaian dbré whahpelscwithr tle ngnimum

(e) ,meaps for _selecting a channel randomy if there
%P’é‘bﬂo{‘i%%‘&efl%ﬁa%‘@lsect ed channels. 23. An integrated
circuit (1C for selecting a channel froma |ist of
candi date channels, the IC conprising: (a) neans for

det erZii.ni AtheaARoficleimm2Q fispiher gomprisingt ed beacons
asso C('cfatmee%n\sM ff)xh d%{b?nﬁﬁﬂ@ Q %ﬁuﬁlﬂﬂ] [fﬂe‘?fer@r% level amongst the

selected channels; and

(d) means for selecting at least one channel on the list with the

minimum interference level.

22. The AP of the claim 21 further comprising:
(e) means for selecting a channel randomly if there are at least two

selected channels.

23. An integrated circuit (IC) for selecting a channel from a list of
candidate channels, the IC comprising:

(a) means for determining a minimum number of detected beacons
associated with the candidate channels; and

(b) selecting from the list one or more channels with the minimum

number of detected beacons.

24. The IC of claim 23 further comprising:
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(b) selecting fromthe list one or nore channels with

the m ni mrum nunber of detected beacons. 24. The | C of
wW@b@snos3® f urt her conprising: (c) neans for detBCTHUSI004039599

a mnimuminterference | evel anongst the sel ected

channegl s; an means for _sel ecti.n channel, on th
et Gl EipoEh don Ak TTRR% P ETERE MrBrotogel flons: the
saedbdahsndann@ s 25. The IC of the claim24 further

conpri si ng: (2) means for selecting a channel randomly

i f t Hd) empans dor |selestingne ehansel o1 dhanks ity gthepginimum
[ P) f . ' hannel froma |i st

%ﬁ&gg%glg %g%l é@é%’ﬁgﬁé c gﬁ%@%ﬁ%&%ﬁ% sing: (a) neans

for determining a mninmuminterference | evel anongst

channel s w,t edet.er oj ped m ni num.nunber of

det ectd &?géﬁ%&i’&ﬁgmfnogl ﬁﬂg}ﬁ? POPIEECting a

channg) nfhnsh@r! debdctitot £ chhfinéll fﬁﬂﬂéﬁﬁl};ﬁt&h&ﬁr 8RE AL least two
| evel anong the candi date channels. 27. The access

pedected ci@uslst he cl ai N6 further conprising: (c) neans

for selecting a channel randomy if there are at |east
two sel ected channels. 28. An integrated circuit (1Q

for s, ectAmqcaesshaoing! (AR)oforastlestingfa chadndhtfiom a list of

channels, the 1C c rising: (a) means for determning
‘?Qﬁlﬂ?wpﬁ?]érﬁ@r‘gﬁg@mpwg}g‘amngst channels with a

predeteribied 67 MMAMDE BinifRine CineckfORABE NBvelaRfhongst
(b) neans for selecting a channel on the list with the
charinelswitit 2 pfesietermainpé viainimvon gunther ob defiegkeddeacons; and
channels. 29, ;Jhe I C .of th [ f uy. . .
conpri éilﬁﬁ"fmi ij)r rrsggeﬁgmigo% g%q%élge;l i%r{sscgec lgﬂﬁ"éﬁthr%r?dgn §/mum

iftetfbRinee 36wl aindngaht chididatd deinddlschannel s.

27. The access point (AP) of the claim 26 further comprising:
(c) means for selecting a channel randomly if there are at least two

selected channels.

28. An integrated circuit (IC) for selecting a channel from a list of
candidate channels, the IC comprising:

(a) means for determining a minimum interference level amongst
channels with a predetermined minimum number of detected beacons; and

(b) means for selecting a channel on the list with the minimum

interference level among the candidate channels.

29. The IC of the claim 28 further comprising:
(c) means for selecting a channel randomly if there are at least two

selected channels.

-18-



