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increase the capacity of a wireless communication system. Channel, i.e.,
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
WTRUSs. 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
APs are shared among the available channels in a way that maximizes overall

system capacity.
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[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;

[0016] Figure 2 is a flow diagram of a channel optimization process

according to one embodiment of the present invention; and



present invention. [0018] DETAI LED DESCRI PTI ON OF THE
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The channel selector 130 sel ects a channel which is
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pporting measuri ng’ uni
#1656 [ICBEid0Rel6f or col | ecting, processing and storing

| . . . S tao:
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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.

[0024] The channel selector 130 selects a channel which is used for
communication with each WTRU 110a-110n. The measuring unit 135
measures operating parameters for supporting the AP 105. The measuring

unit 135 is responsible for collecting, processing and storing channel
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percentage of tine that the channel is busy), the
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dynamcally during operation. The channel optim zation

[@02dess 20@uray isea iflopl dimgramcofi thecdanoak ppamizdtidn process
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at step 205. 'Jé’E)e channel. opti m‘ﬁgti ongproce s, 200
oyh amstwark ol oFsr Hisse dnple RgtFHAT BalicaronltionsinnShannel

ogﬁBiQ&i&h Y RhpRURNE OREER A0 allMok t&%%maticalwlgﬁg can

Xperiencing a service disruption to associated
bierinitite @3S, deploysweay arlperfarmed dyrigsically idudingadpeyatiomnThe

hrough .each .of a plurality of channels, .f.or short. .
chapfelpiiRAtdn Sobeadl Ad, b SBOTRE e G edidtion witn
wisslegd Bcall aveL metwarkd (WRLANK eppitasione,1elpt,Sid Bcdop@Sitte with

channels. If, in step 215, it 1s determ ned that the

IKBE 802%pkrating in a period of lowload, i.e., no BSS
[?(??ﬁ fic a&?/ SPownO i 8 @Q?thsﬁfaﬁnege?tiﬁﬁzég& 'fﬂﬁx&‘ésszoo

e]channe optim zatTon process to ermne I f a new
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cgannel Iﬁ}a?d" ftor ea(l)ch %hanncl baie(g on aesuroen%ntg stem
dELSTONDeR - TSy RURYn PR | §RgReS SRR othe Tl p sy

opémationf&vithout experiencing a service disruption to associated WTRUs in
the BSS. In step 210, the AP 105 periodically scans through each of a

plurality of channels, for short periods of time, to avoid service disruption to
its associated users, and to take measurements on these channels. If| in step
215, it is determined that the AP is operating in a period of low load, i.e., no
BSS traffic and/or no associated users, the AP 105 invokes the channel
optimization process to determine if a new channel is more suitable by
calculating the "predicted channel load" for each channel based on
measurements taken during a high system load (step 220). In step 225, the
AP 105 changes its operating channel to the channel with the lowest predicted

channel load.



AP 105 changes its operating channel to the channel

with the | owest predicted channel |oad.[0027] In
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FRARRL e iy Gk, P00 B b e o e 8 e B

(pelDcRs shaiife cloamelt OwtRe totheyahindngdrhe tvieesiend of nhe IEEE
BSS traffic, Thus L}gﬁgchann | optim.zati gn process
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SQQ@&H}%?,%M\? GNEW Gbr AREAP o siRAPR] it WPRU t58h88ge ERhnels. In

channel” optim zation process 200 scans a sequence of
thiapasel she cbagnel eptimzatioh prheasndl0d doesingt havedtn weit until

SRR BRS LRI THE R e B o Rk o capbe run
peicdianyectd chadgabjerating chahngle ilastlevéondeded. t hat t he

channel scanni ng does not start when there is no BSS
0P8l i c. Imealtraseel the SHARRY GRHONZAtM (ATAtRSHSPQD scans a

hhahhEls n@gér,aé 118P&f a{ilgﬁksgi-%%g%ﬁgét 92ne Bt channel

stegﬁ e[Jc
exanpl e, every 0.5 seconds t isten to a
aliafilablee nfThe hdvamaklsf maySberscanfied 1APa margdetepeatedt biider, or the

eriodically, each ti canpi ng a different channel..
B5o0ER 57 BY e aanl o f i Hafbrfast 8 ik (GAEHR thiannel
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resulting in very little inpact to the associ ated

aggwiss contrioupkin Hsiougheftte Hhee narreal ABeratioedoh the Ad] dde. For
quabnﬂt\!,aévle?}bb% seconds the AP 105 may listen to a different channel for 5

ms. The AP may repeat this periodically, each time scanning a different
channel. By doing so, the AP 105 steals 1%, (56 ms every 500 ms), of the
medium time to scan other channels, resulting in very little impact to the
associated users. The channel sequence does not need to include all available
channels. Information associated with each AP detected on each channel is
recorded. This information may include, but is not limited to, the identity of
other APs which are operating on the scanned channel, an indication of

whether other APs are part of the same ESS, the signal strength of the APs,
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channel s. Information associated with each AP detected
on each channel is recorded. This information nay
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In an alternate enbodi ment, coordi nated channel
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rmati on exchanged can al l'ow a better
about their properties (e.g. load, capabilities or position); or 2) having a
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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 APs and communicated to a centralized unit or device, which upon
reception of the information takes a decision and communicates the decision

back to the different APs.



decision, (e.g., it can include statistics that are
difficult to observe externally by another AP). For

wo besesssond case, information is gathered fronr¢hEs2004/039801
di fferent APs and communi cated to a centralized unit
or device, which upon reception of the information
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her e or t to signa
aﬁ%ﬁeﬁéem&ldrﬁ %&ﬂ%%@ieegreVﬂ'J\’WI‘H@Q cutRAtI9RisksviZiat ivith the
channel selection process 200 may run erIOdICiygg
&Pth@éu@mﬁw qther bangiif thege ig ﬁé’aé(théH&KBfloéﬁzS signgfl pjchange
O S
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ég nnel. sel ection optimzation 300 includes four
Beesses: 1) a neasurement process 305 2) a

©d84] dat e EannetA dalIBT thkes teYARES ard AQetSiled flow diagram
of a channel optimization process 300 according to the present invention. The
channel selection optimization 300 includes four sub-processes: 1) a
measurement process 305; 2) a candidate channel determining process 310; 3)
a channel selection process 355; and 4) a channel update process 380.

[0035] In the measurement process 305, the average load of each
neighboring BSS, L(i), is computed. In one embodiment, the measuring unit
135 periodically estimates the load of each neighboring BSS. If any load
estimate of a BSS is greater than L,,,, the loads of all neighboring BSSs of

the estimation period are recorded in the memory 150. If all BSSs have load
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a channel sel ection process 355; and 4) a channel

updat e process 380. [0035] In the neasurenent process
w@0ms/osdse1 aver age | oad of each nei ghbori ng BSSPCT/2004/639801

conputed. In one enbodi nent, the nmeasuring unit 135

periodically estimates the | oad of each nei ghboring
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the | oads of all neighboring BSSs of the estinmation

lgest o, At esete oblaiddstimateearssmmpt yn thdmenforal160BSSs

have | oadestimates that are less than L , the | oad
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sil.ent . peasurenent period (SMP). The AP 105 cycl
aph Apdiyiiugd c meaguraraint; get of(ﬁ§e6%ﬁh vagpek i 160 AL o The

Cgh%hyﬂtdm'coﬂ@ﬁﬁy LETRAy SRIPS’ &Y 11636 rE hanaRksiiA thecs.

e measurenent set ‘contains as many SMPs as
It regivenrSMPEh thm ehanneh utilizapios.(CLH Oé t@ew&aan&hqs mpasured by

hannel .uti|i. of the asu
e BT rRiE dby " T58 O RerblorR 8 05s Hete AR b the Hme
theY fentragecdbert 125 id oRrridtabcelidde BIrﬁ:BSCEI edbséRfedi during an
carrier locked., Since CU is_observed during. an SM

SMP, plcRraskets Hiat coanse thee ARP 19B5ta Sarmaey ilesk ppiglate from
ngf h%'oﬂﬁ%%éﬁ mMrigicl %édsﬁ%ﬁé&rep?gﬁn@tﬁ@ Qﬁyﬁieﬂsgtch%rdnel

presents t e out-of - BSS channel” usage. 1 ndi vi dual
umgsurladmdsalaCéJ prescusgeents mrer pocessed oot afder a0 obtain an

avera S | oa BSS h
oemep oD oadier oBeverh BS e Po Rt tha e FRSS TG olf A on
thé El'i‘arﬁfb@ Br& RaBRRld 41bhg Witk d=RA cHBARS IRk ion AR refehY,

hi measurenents are recorded in order to avoid

i gh

[Qﬂﬂ“?écessa@ylﬂ bigh depd meggireguands raveprasordedoin jeeder to avoid
n or i hed .

BRER-EN " i, ok B PRRSHGRETES e SRS R Fforing of

niistizararbentst hAs alesariveal Badier)y ed lchannel eoptirhizetisy girecass 300

| oaded. I n qrde o r uce e nunmber o c

RBLEIROHBHH thete e o B R Sl DS e 50k MedSq0 15 order

t8 Hedudtt B ufide eofdz%E@rd@& NagadibiehtsQfthbi BnheREptimization

nmeasurenents. [0038] The neasurenents for which CU is

precsss BORnnig dores @I H’deﬁ?é‘tr@dnﬁ@i nymber of bighnload eneasyrements.
[8(5}%1 nel té g]le%\gltnl'e%]enltsc' for Sﬁ Ch VU TP ARY RER B ,,‘T,’ atr‘réll%(f’%nmated

in order to ensure that channel optimization is based on measurements taken

under a significant system load. In other words, if any of the CU
measurements performed in one measurement set is greater than C,,,, the
entire measurement set is recorded. On the other hand, measurement sets for
which all channels have a CU <C,,, are ignored. The measurement set may
be CU for each channel and the BSS IDs of all BSSs on the channel.

[0039] The channel optimization process 300 determines the best

channel for its own BSS based on individual channel utilization

-8-



under a significant systemload. In other words, if
any of the CU neasurenents performed in one
wore@sosseeEnt set is greater than C, the entirBCT/US2004/039801
nmeasurenent set is recorded. On the other hand,
nmeasur enent sets for which all channels have a CC
mdadurgnented. Tiehdiphs Whaanel simivayiohe shbuldorbeealdked on
channel and the BSS I Ds,  of all BSSs on the channel..
opeRsogmends takem Hedersignificant $ystemh lendss thesdmnme! aptimiration

&ha [ [
b T PO ar o sty HMen e HEE BRd RS MgpWAed. In
ooqeri rtb z avoidn estensivé beedsasedenin loggingr etmdylt shd alash Ny, of
under significant system | oads, the channel
nmsumr@mﬁ windeFsaae £eBOM BEMOBE execut ed only when the

em | i 0 v

O e 3310480 45 Mg 8APLE Fhe iedblibilofit bEBL S0s,
the ndersgedoad ke pachH BSSeistajculatedddsedehethe individed load of a

th 305, th .
B0 Ere dietaneassons oaflctll BoSd bReethiing ohecRamne kiring
hORAr&het £65., bhB&d bl'i‘i‘qﬁﬂhéﬂ epUs fhReWs:of BSS ,

operating on channel duri ng neasurenent set , based

on Equat; on le(las)foI lows: L(i,j) Equation (1)

where Cf® 5 nep @Ze’nts the channel wutilizati o@éﬁ%ﬂ(l)

{k,}) represents the nunber of BSSs on channel k

whére Tk )8 aspresoiist theedhanndh atiivai@g antl oagl (@f /) BePrdsents the

conmputed as the average of the instantaneous |oad over

nainhber exd BIBdonmebsnned e durisg measlua&nelninsetEq u éﬂheomve(rﬁge load

as follows: ( L(i) =mx 1% ) ; Equation (

0§{BSS vihisr eonpyiedr as éhesayerase &F aq enuwwtaam%éﬁdd@aer all
redfin d of 1%s

rB&gadd gﬁﬁ% e % se 2 %Ed'ﬂﬁ“E@y (ﬁlg(??] BORoI RS

I npose e netho e average | oad of

each BSS are not 1I| yted Yo the above exanpl es._[0041]
Exenpk €} 5 mas! ‘F(brl) she al ternative neasurBdision (2)
are S” -

where N, represents the total number of recorded measurement sets. A

minimum average BSS load of 1% is imposed. The methods of computing the
average load of each BSS are not limited to the above examples.

[0041] Exemplary parameters for the alternative measurement 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

parameters and values.



listed in the followng Table 2. As those of skill in

the art would realize, other paraneters and val ues may
wheoosessd2i n addition, or in place of, these parcmes®ns039801
and val ues. Synbol Description Type DVeafal uuelt C(k,]j)
The channel utilizatjion on Measurepent NA channel K

' asur eme he channgl u of |a Default
g%{é{rl}]%} ils define %‘g}lﬂ%e percent age o |grre tlhat Viallae

C@cpi ver |i'Bhe'damnhebatiligati@don Thi S| Measureaisit| NA
t aken durlidhgnielsk |ditingfassdirenent period; all packets
that are |rRgsi, veﬁl@ghatlﬁel @5hgerdrgi npte from neijghbori ng

BSSs. C rle LESeNL S, e ou of BSS| channel usage. The
ni ni num gHanne usa; uratioh 10% above which a
measur emgritc - Set AL g‘ corfded. SET The size of
t he novi ndeWithdow G E5n9g0rat #6n| 100 neasur dnent

sets t hat| BIsUERPentis ity PnPﬁ arrermry. Tabl e |2.
[0042] I n silget meaavnrement pgEaderll det er ni nati on |process
310, the |Amckefs that arestpeeivedat thexi hum al | owed
i nt er f er iR origiratte frogusgighbgringy i 5 t he maxi mym
al | oned |38, e€ erpeesentsating ogitwén channel det grm ned
based on |tB&S blaxaaldl nsageaange of an AP. Preferably, |

¢or the qarky adignghapmehel dhes M NECoHNAEREOIGASSI0840 |
cal cul at §hpaas Rthi@a B8Rt Rt Fohkakicter )

is recorded.

Nger The size of the moving window of | Configuration | 100
measurement sets that are kept | parameter
in memory.
Table 2.
[0042] In the candidate channel determination process 310, the AP 105

retrieves the maximum allowed interference 7,,,, (step 315), which is the

maximum allowed interference on any given channel determined based on the

baseline range of an AP. Preferably, 7,,, for the candidate channel

determination process 310 is calculated based on Equation (3):

Touxe = Prax — (RNGbase +RNB,,, )' (%)

reg _

pn M,; Equation (3)
g,

where (RNG +RNG(,,,J.) represents the range covered by the AP and

base

(C/) - is set to the required carrier power to interference ratio of a high
ig

req _
rate packet, (e.g., 11 Mbps). A margin, M,, is subtracted to eliminate

channels with interference levels too close to the actual maximum allowed
level.

{0043] A first channel is selected from the ACS (step 320). The
interference I of the channel is then measured and compared with the

maximum allowed interference 7,,,, (step 325). If the interference I of the

-10-



where (RNG + RNG ) represents the range covered by the
AP and v-y ) is set to the required carrier power to

wo ndoenssseence ratio of a high V1 'req _ ig raeer/us2004/039801
packet, (e.g., 11 Mops). A margin, M, is subtracted

to elimnate channels with interference |levels too

cbhosel isoleshdhant thel meradhnmmatbwedadtdrérence [,043he MP 105

fir nel ssele .omthe ACS (step 320). The
rP?PFé? ftEF anel 3 3 ﬁaem{éﬁ%tr‘?n fist o, oraorydal frien 3. I the

1ﬁ€é‘i‘§é§‘éx§‘& W b {hiae cHEXhTUIS SldtONRY tHHEL the" FEmbund S&lﬁﬁved

If the interference | of thechannel is [ ess than
inteefemrendend )y atheohR d 05theckewbnather|any mhre diani@ds in the ACS
records t he channel. in a candi da list_in menory
st &3peR 3GP)- fffm?whamlélrsreéa%ntlee ﬁ&@ﬁ%&ec&%awﬁeqha@el from

tHQ'AdE??s%eﬁ ba0) &m&%@o&é@%b%m%s'tﬂts%ﬁ ﬁfﬁnﬁembre cﬁal?ﬁlels

105 checks whether any nore channels in the
dem@teX(&btle phe 2635, thé AR165 chenksovletber sy caltrdadm d@nel is

sel,ect X an fr,om t ep. 340 nd the
RSB S4Bl o R ip SEFLE A T dethiGRindd et biifidate
chehnélxisSivdilabld) ethé@&’ 105eindeakes /g ask adBh@tdieB5@)))and the
candi dat e channel is avail abl e (step 345). If, in step

cBdanelj aptingizatioe pnoaessi 30 zetunns tastep 0e Ié‘,hamtelb 3it8, at least

ot FapRitiefs shifndlst fotebaiiel 5 ritte dbe el Sladig brocess

%Ee@pazﬁ&mécg,aslshoﬁhegmg&e:m Ieaﬁt oEe calndl dlate
channel 1S determneag to exl st t he channel se ection
(04 ess 3Bee channsl sgleqden paeceshdap is hapedop shgpverage "load,

1 et 080 PRt R EeCblpll SRRl aMRET D 4
pRSEefea- eﬂbaﬁmlusag@m F?(k)b(%} all el G4 WmeRAANeltep 360).

usage, C (k) , for a channel's is conputed (step
(&1210)09) fép(rks)enltseﬁteemdided tiearpet dtitizatdorc harhehnel &, using load
utilization on channel , using | oad estinmates from

eptiglatesoframe bigh ¥qadr@nd¢1qus) GrydE) s1aynbe istemificantly different

d| fferent fromt ecent channel utiljzatio

s dhF S et Cranen tiERRoh eSO Braptecot dbpme e . It is
pGJ%Pfﬂﬁb to eéd%ﬁt dHRANED s8ebidédoh & Q?Dnra{—tﬁbf‘ ghen! d‘slﬁgﬂ*oﬁﬁi latest
channel utilization neasur errents si nce channel

chehrdt iwilizition] dnéssurements, since channel selection should be

optimized for high load conditions.

[0045] For each channel, &, the average load of all detected BSSs on
channel £ are summed based on Equation (4):
Crrep (k)= Y. L(k). Equation (4)
VieB(k)
[0046] OnceC,,;, is calculated for all candidate channels, the channel k

with the smallest predicted channel utilization is selected (step 365) based on
Equation (5):
K =arg, min(C,,, (k). Equation (5)

-11-



optim zed for high load conditions. [0045] For each
channel, k, the average | oad of all detected BSSs on
webasnsde2k are summed based on Equation (4): QCRYPS100k039801
Equation (4) Viel/?(t) [0046] OnceC is calcul ated for
all candi date channels, the channel k with the
[60ad] | est At ¢ Cings) thOAPNHI5S ¢liecks whaktlmr the sslel:tedtohdnnel kis

di(ﬁéfgpr gﬁg%%??%ggw agmdy t' 057‘5&) I the s%f@%tf@“g%éﬁgé With the

swhglbe ?ré&i&eﬁeélﬁ%%ﬂ u@ﬂﬁﬁﬂ@h 15 dagndliak ftﬁéeéﬁrrér{toéﬁzﬁmell( the

current channel (step 370). If the sel ected channel
chanheltselectinnipressss gheends.elf thieselestedghaningbk iip different from
t%? 58@% ilttf gn%éir rltepsf ?gt{éﬁlgyel ﬁlgg qﬁg{‘r}eﬁeﬁ gisllgrﬁh arlll gain in

cHhhdieERRhnA&ISBtePB76) rAQif%te@éElQ Bateridii H S ek Thatethere is
whet her there is a significant gain in changing

acdigmifielust distugh gaTibin chianpysd eliamieds. c Spedficaly, ithe nswrchannel
.th t&gge Is a significant enough gain in changing
l%ﬂ Specifically, the new channel is adopted if:

(Curr nt n guation (5) oth
t he é%??ﬁ%gg?ﬁbﬁh% nnevgzgpgggfon ends. [0048FhWh%Sn(5)

obX@RL e tNe PRtiRNRItRInSchia@hel siwec@iéhleﬁlidé ation channel
sel ection are set forth in Table 3. As those of skill

0048 he arExepaplaay parameters for tbe OBH%\W@% channel gelectéan are
S ad
SBEoHE, HEIReId, S, o1 ke TRy B il B ARE, B WRERE realize, othr
pDVmémlrsJ usid vAlesAmande asehamedddsteen, @onihi glacat obHrthese
aneter T The m ni num el apsed time

1, 6 1
P%Hﬂ??&ﬁ?é%@%ﬁ‘%ﬁo seconds since the |ast invocation of

any paraneter of the S al gorit hns Jor Default
Symbol Description Type Value
ACS Allowable channel set. Configuration | {1, 6, 11}
parameter

. The minimum elapsed time Configuration | 300 seconds
since the last invocation of any | parameter
of the F'S algorithms for
triggering Optimization F'S.

Tre The minimum elapsed time Configuration | 120 seconds
since the last BSS packet parameter

transfer to or from the AP for
triggering Optimization FS.
L) The estimated load of Internal NA
neighboring BSS i. The load of | parameter
each BSS is determined every
300 seconds by the Load
Balancing process of the Power
Control algorithm.

Ly The minimum load for Configuration | 10 %
measurement logging. If any parameter
one BSS has L({) > L,,, , then the

load of all detected BSSs is
logged.

-12-



triggering Optim zation FS. T Free The m ni num el apsed

time Configuration 120 seconds since the |ast BSS
w@amkessepar anet er transfer to or fromthe AP fBPET/US2004/039801

triggering Optimzation FS. L(i) The estimated | oad of

Internal NA neighboring BSS . The | oad of paraneter
xach, BSS |i"FhelsitesftheatidingewindduOofs eConfigurayion e Load
Balanci ng feesrded Sodf estingateower Cont P@tanadtgeri tlhm The
AT mum TIopgh d2lof BIBEIdatctdd ' 10 PArcRasdnRiRINA
l'0ggi ng. |l dha3R¥1 PAEBLSS iV tRSS has L(i) >L|, then
the | oad %S@% iD ﬁ{a%‘hta@ b§§§s IS I pgged. Nhad | est The
size of tjh t AR guration 2 |recorded
| oad esti % er g f set of BSSs
det ect ed |dif°© e?éllﬁpgﬁ’t?ﬁ? annel This is d list of
the BSSs || 1k
1§k i ng r elcEn inderferencermeasiiredomn:  peMeasremgotdNA
i nt erf er erebenpebkurlets BAaswradasemrepnt NA channgl . | is
measur ed |[dhetaverageaecgjeed sigralved sj gnal power |in the
absence ofpdwearinithe absence of “carrier
lock” by the receiver (i.e. the
receiver is not receiving any
packets).
RNG,,,, Baseline Range (set by the Path | Internal NA
Loss Discovery process) parameter
RNG,, Range Adjustment (set by the Internal NA
Load Balancing process) parameter
(C ) Minimum required carrier Configuration | 10 dB
Treq_nigh power to interference ratio to parameter
support maximum data rate.
Px Maximum AP transmission Configuration | 20 dbm
power parameter
I.x The maximum allowed Internal NA
interference on any given parameter
channel determined based on
baseline range.
M, Interference margin used in the | Configuration | 3 dB
calculation of the maximum parameter
allowable interference level,
IMAX
A The amount, in dB, by which the | Configuration | 3 dB
maximum allowed interference, | Parameter
I, , is increased if there are no
candidate channels for which
I<1,,,.
HY Hysteresis criterion for Configuration | 10%
predicted channel utilization. parameter
The difference between the
predicted channel utilization of
the current channel and the new
channel must exceed this
threshold.

Table 3.
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| ock"by the receiver (i.e. the receiver is not

recei ving any packets). Baseline Range (set by the
wdadokossseer nal NA Loss Di scovery process) par apet/e52004/039801

Range Adjustnent (set by the Internal NA Load

Bal anci ng process) paranmeter [c M ninmum required

[69]i er CAimpler ahamiel belBctimyalgogithmwany be based upon only on

f t t t
theogee, ek A irebiBn BREFRTEeRGn (ConPY GRIEEPR DS g

VA& he PBWRSE tRANAMVutTINA tTTRX bhastved ldaweg hizheldadl cditions).
interference on any given paraneter channel determ ned

Pb&@@@rm ipdikely thatramglboring APe rh%’p@h@@gﬁ%pgemtugedlmels
ptrﬂ)? t %lgﬂkaog)lt%gllzgtlgﬁlcﬁg | é?e'i]ec?, vénl W %ogged CU

par arre er nterference
munémemﬂs dbBpothaccutdtely ﬁebees@nhﬁhmeéﬂm@dﬁhngkhmﬁxt high

al ] owed.in erfere Par.a i S.increas
1§ PERT e A oS o hen Tl aTREiont 5y bR @ Prediction of the

cmﬁdsﬁﬁﬁf‘a%io%@“ | URhicANs f s e SR tlgauéﬁhhﬁfédlg%@ load and the
predi ct ed channéf” utilizati on. par anet er

latiekf BEBrtoehbrhslanapping.

[0050] Once the channel selection process 355 is complete, the BSS
channel is updated using a channel update process 380 if a new channel is
selected. In the channel update process 380, it is determined whether any
WTRUs 110 are associated with the AP 105 through the current operating
channel (step 385). If so, the AP 105 must first send a disassociation message
to each associated WTRU 110 (step 390). The AP 105 then changes its
operating channel to the new channel (step 395). If there are no WTRUs 110
associated with the AP 105 through the current operating channel, the AP 105
changes its operating channel to the new channel.

[0051] It is preferable that at least T, seconds elapse since the last

ast
execution of the channel optimization process 300. Otherwise, the triggering

criterions are ignored. Accordingly, the value of 7, , would be the same as the

Last

value for the channel optimization process 300. Once 7, , has expired since

Last
change of channel, the two triggering conditions are evaluated periodically

every T,,.s-

[0052] 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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predi cted channel utilization of the current channel

and the new channel nust exceed this threshold. Table

w®2(0808821 A si npl er channel sel ection al gorit hraTrEy200£039801

based upon only on the | ogged channel utilization

measurenments, (i.e. by sebegfNygg the channel with the

| owest channel utilization observed during high | oad

Whatdistclaomey is:However, it is |ikely that nei ghboring

APs have changed operating channels prior to invoking

opti m zati on channel selection at a given AP. Logged

CU neasurgiRethed &F seRtting aulédstlan s@pmab eRinkddonake by an

| oad during the next high | oad period. As a result,

ageRsH rp@lntééﬁ’é dp jagwirelessy, seramugication sygteny, g AF haing at least
. LA Z @ty L&A ed on the estimated

a%@?%%%éj%% th’eﬂﬁggrtl%g?@lé%%??g%annel mappi ng. [ 0050]

Once(a)empvdimgehvesage naids rof padk of @ PEBality ofompglbaring base

t he BS? g@gén}el &s updat ed using a channel update

SEHOtTLs Y2 new channel is selected. In the

chan(s)l detesraifingr @edititethanhblsi smdag adhiainhell inhai helowable

any WIRUs 110 are associated with the AP 105 through

chpanelisef eReShHiseuse brghe ARhARL (step 385). If so, the

AP 1 . A i,0 t

cach Asenaing o B feRufaRoshaG CRaRREEd fr o now

opbeatpmschiangebper at i ng channel to the new channel (step

395). If there are no WIRUs 110 associated with the AP

105 through the current operating channel, the AP 105

changes iThe aREhal 6ft@aiehdfinehert @nifresiigw channel .

[005(141 It is preferable that at |east T seconds el apse

si nc&Dingeonding infompatipn of the BRS ofywhich avgragnilead ipgreater
O herwi se, the triggering criterions are

t?éﬁ%?gge.&%héor di ngly, the value of T woul dbe the sane

as the value for the channel optim zation process 300.

(1 ger nPEBRINEE SRS L SIGERE Lin ARG e due

T . (cl) computing predicted channel utilization for all candidate channels;

(c2) selecting a channel with the lowest channel utilization;

(c3) determining if the selected channel is different from a current
operating channel; and

(c4) determining whether the channel utilization of the current
operating channel is greater than the channel utilization of the selected
channel by at least a predefined threshold, if the selected channel is different

from the current operating channel.
4, The method of claim 3 wherein step (c) further comprises:

(c5) ending the optimization channel selection process if the selected

channel is the same as the current operating channel in step (c3).

-15-



[0052] Although the features and el enents of the

present invention are described in the preferred
wendedsssent s i n particul ar combi nati ons, each PERUS2084/039801

or elenment can be used al one or in various

conmbgnat i 95}9]

el ement S ’gffgé elt“gir ggceérl?%ﬂ ?Wgﬁ%ﬁé"c@%ﬁﬁ& S¢S

cl al(c@dem(hng1therptanizetﬁonfcImlnebtsélegtim preeess ifithe channel

<i-aPBe st Bmenk b RS b Hefion ¢hab il sBannet

wlizakieh afithe seleatudethaninep b?ﬁith@gst(?@ PRédeHneg: th&@éhold in step
conmputi ng average | oads of each of a plurality of

(¢i ghbori ng base service sets (BSSs); and (b)

det erm ni ng candi date channel s anbng channel in an

al | owabl e channel set (ACS) for use by the AP, and (c)
sel ebt i ngl‘]ﬁemetlnddeofczbaidi ffuthehemmadising: channel used

Fur RO SRR GF nObeiP) PEEoFIARY THPGERATPOTR Gretae uoit

(RERUS asdobiatedwihatie APgtolish ghe alugfentt RpBraidddRshel, df the
3. The nethod of claim1l wherein step (c) further

chappeli ytidizatien yof clhepauiraat pperating: ghanaelniy greater than the
cHBh{%éﬁ?&l}éHho bt t%l 'slefe%ﬂe% A P'B?%%?m a(ggéde_ﬁﬁt(:& %&é&aold
a n, C

anne owest channef utilizatio
inetegr(eithiand i f the sel ected channel is different from

anct I AasEoRct e ol oL TG Rl AR B 6 ttep @

operating channel is greater than the channel
utilization of the selected channel by at |east a

pr edéf i neBhe meshatbeirlaing 6 prherein) ep & ie pexferaned ¥ there is no
f: I The
i
(c5) ending the opti m zati on channel sel ection process
ift Qe sel 15(1:
access point (AP) for automatically selecting a channel for th
e AP
in a wireless communication system, the AP comprising:
(a) means for periodically scanning through a plurality of different chan
nels;
(b) means for invoking a channel optimization process if the AP is
operating during a period of low load, wherein a predicted channel load is
calculated based on high load measurements and the AP selects and changes

its operating channel to the channel with the lowest predicted channel load.

9.
An access point (AP) for selecting at least an optimal channel for use by
the AP in a wireless communication system, the AP having at least an operati

ng channel, the AP comprising:
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channel is the sanme as the current operating channel
in step (c3).5. The nmethod of claim4 wherein step (c)

w0 oshsss2conpri ses: (c6) ending the optim zat i BET/US2004/039801
channel sel ection process if the channel utilization

of t current erat.ing channpel, i.S nhot greater than
Che (2ot 8t oPRSRRBR Y SOARR i m e B Finel 10
alledablechan@dbidt{AdS) forashdydthe ARtagid (c4). 6. The

of claimb5 furfher_ conp et erm nin

had ising: (d) d
mnﬁtet thmeans far selecting inéahé§§n151:d§¥§%ﬁr§r&e&% Fhyanngh pged for a

reW RP)opestfiif @lagdei th the AP through the current
operating channel, if the channel utilization of the

current operating channel is greater than the channel

utilLzati t-he .sel ected channel by at |east a
pr edg i ne’gﬂ? %‘TPeosf I’fgqlﬂl 5% ﬁuéﬁeerpcofné)ﬁs;m%nd (e)
di saes atdankifoilicomputig dVragshads of esthWiRUslugsitgrofi ned

in.step (d). 7. The nmethod of claim6 wherein step (c)
neighhering hase serviceriete(BSSshandssoci at ed WIRU det er ni ned

i N StHRndds BF rébldihg Qﬁfogxﬁ%ﬂ.bﬂ af ﬁ{eeﬁss%}‘w}ﬁch rd %?}%ﬁ is

poi nt (AP) for automatic y sel ecting a channe

greater fan a thresheldl ess communi cation system the AP
conprising: (a) neans for periodically scanning

through a plurality of different chan nels; (b) neans

for 1nvokAhgntegeieanslcutpdClifaradondupicatiagswith 4 prirditty of
is operating during a period of |ow |oad, wherein a.
agpesg ety %ﬁ%?ﬁﬁa wirglegs rampamaGatiopsysisan dhe dfy camprising:

| oad S It

opor S0 AgeRantas BAF LhGmBTRRe" thPr Al TRTRAERA (67 cach
chanuitlanec allavabdé chayaw] s&. (AGD) apor sstipating tiieAR); f or

sel egtii ngat | east ,,an.optimal,. channel. for use by .th P
o o e SRR HER R R B ErEn ASven Y Hiy Ty Bhced
oh&as oparat Ahimedgrschannel , the AP conprising: (a)

nmeans for _determ ni ng candi date channel s anong channel

in aff) af | deapek selestpiefors grlegtipesa chanpeleupsd e thep IC for

cBffhunication based on the measured operating parameters; and
(d) a timer for setting a time period during which a beacon frame is

transmitted from the IC to announce the operating parameters to the APs.

12. The IC of claim 11 wherein the beacon frame is transmitted to

the APs at its maximum power during the time period.

13.  The IC of claim 11 further comprising:

(e) a memory for storing the measured operating parameters.

14. The IC of claim 11 wherein the measuring unit measures an
average load of each neighboring base service set (BSS) detected on a channel,

and the channel selector selects candidate channels based on interference
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(b) means for selecting fromthe candi date channel s a

channel used for a new AP operation channel. 10. The
WAR0sNssskai m 9 further conprising: (c) neans fRET/US2004/039801

conputing average |oads of each of a plurality of

eh ah c ; d

8 QR 0 165 T RELENS Bl RETRIoctf U] ol oSBT aone
th@mdmatgercﬁahﬁélstﬂaaéﬂ antllm’ Mmge:lloaﬂl. An integrated
circuit (1C for comunicating with a plurality of
access points (APs) in a wreless conmunication

systesm t h‘ﬁell@ SOHRIth Si4"Ghefedn tRe rEﬁﬁéidra'té‘ Ghéthﬁhéls faP& chosen
measur i ng eratin par aneters of each channel in an

frepind @wtllo@v ahaned set (A!@%) if moimtexferepge lewgl 0fishe candidate
ch2hnds B ﬁ?lv\?%tha\% [ °a'x'1 v?eQinl{nE&If%ﬂeﬁge bh %‘ﬂé Eﬁa%%e?”
power " O he operati

a channel selector for selectlng a channel used by the
| C for comuni cati on based on the nmeasured operating
paraneters; and (d) a tinmer for setting a tine period
during which a beacon frane is transmtted fromthe IC
to announce the operating paraneters to the APs. 12.
The 1C of claim 11 wherein the beacon frane is
transmtted to the APs at its maxi mum power during the
time period. 13. The IC of claim 11 further

conprising: (e) a nenory for storing the nmeasured
operating paraneters. 14. The I C of claim 11 wherein

t he measuring unit neasures an average | oad of each
nei ghbori ng base service set (BSS) detected on a
channel , and the channel selector selects candi date
channel s based on interferencel evel detected on the
candi dat e channel s and sel ects a new channel anong the
candi dat e channel s based on the average | oad. 15. The
| C of claim 14 wherein the candi date channels are
chosen from an all owabl e channel set (ACS) if an
interference | evel of the candidate channels is |ess
than a maxi mum al |l owed i nterference on the channel.
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