[ 0001] NEI GHBOR SCANNI NG | N W RELESS LOCAL AREA NETWORKS [ 0002] FI ELD OF

| NVENTI ON [ 0003] The present invention generally relates to wireless |ocal
area net wooksogdfiedMs), and nore particularly, to nmethodecrasesamiung for
nei ghbori ng access points (APs). [0004] BACKGROUND [ 0005] WLANs have becone
nore popul ar because of their convenience and flexibility. As new

appl i cati qpgoi]0'NEBHSHBOH SQAN?NH(@ INSWERRPESS LHEAL ARRAIRETWORRSEXpect ed
to significantly increase. One of the promsing areas is the use of Voice
over Internet Protocol (VolP) and an increasing demand for support of

seanl ess jce continuity (i. ont i guous WLAN depl oynent
ar eas V\heﬁﬁp#e] user is nobile. ?&BBQ]Wn thN’jr‘]gEg 802. 11 standards, the
stations ([60@8]) canTheepreventdinveatientgempridly trelatabetd ivfiyelédss local taree

scanni ng node ssi.ve scanni ng node et her A uses active or
passive sci Paﬁ; #3@@“ @@Wedaﬁléti%lﬂig 9 Iesﬁwﬁaufoabﬁ@ng&& ifgs; in
practice t};gléhmg%sa&éfs pbife (APg).t he active scanning node, the STA chooses

a frequency chan and transmts a Probe Request frame, then waits for a
certain amount of time toreceive a reply in the formof a Probe Response

frame. Th be Response frane isg ﬂ.%fﬂt pent by the AP when the basic
service SZQOB?LESS) operates in infras u%?ulrUéNrmde In case the STA does not

recei ve a [Bo0fle Resﬁdm@l‘ds hawrbecaht ﬁtorapqmlaﬂbe’caamfmheméoﬂvlemnce 4nd unes to

a new fre C. repeat.s t.he process 00 assive scan .3 node,
the STA ¢ aabilty A RPbERplicaUgS PraoHT BeanEEs T drvelBaed e BAPIRERY ar

frequency jghapogbd Ry sighifi@mtlyOinchasé. r@ﬁé‘ B Ele ﬁﬂﬁnisirﬁé §ialds tRé u§e eertain
amount of time in order to capture the beacon frames broadcast in regular

ti me interVeits ovgr Irternwd ProtpcehVolPhandpa nseeasing dewanf\fer gupport of
seamless service continuity (i.e., handover) in contiguous WLAN deployment

areas when the user is mobile.

[0006] In the IEEE 802.11 standards, the stations (STAs) can use two
different modes to identify APs: active scanning mode and passive scanning
mode. Whether a STA uses active or passive scanning mode is usually
determined by configurable settings; in practice both modes are used. In the
active scanning mode, the STA chooses a frequency channel and transmits a
Probe Request frame, then waits for a certain amount of time to receive a reply in
the form of a Probe Response frame. The Probe Response frame is typically sent
by the AP when the basic service set (BSS) operates in infrastructure mode. In
case the STA does not receive a Probe Response frame after a certain amount of
time, it tunes to a new frequency and repeats the process.

[0007] In passive scanning mode, the STA tries to find out about the
presence of a BSS on a particular frequency channel by tuning to the frequency
and listening for a certain amount of time in order to capture the beacon frames
broadcast in regular time intervals by the AP. In case the STA does not receive a
beacon frame after a certain amount of time, it tunes to a new frequency and

repeats the process.



beacon frame after a certain anount of tine, it tunes to a new frequency
and repeats the process.[0008] Wen usi ng passive scanni ng node, a STA nmay
know on wwochodmeruency channels it is likely tofind cardrdstesAPa4s but it
does not know exactly when a beacon frane will be sent by a nei ghboring AP.
Typically, beacon franmes are sent in predetermned fixed tine intervals,
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systens isngm;lgtogthQQf%eitff}eaﬁgﬁ@n and neasurenent of suitable candidate
APs by the STA I's a | engthy procéss, and could | ast for several hundred
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[0010] WLANSs have traditionally not been developed with the goal in mind

to provide full seamless mobility support. One of the problems with the current
WLAN systems is that the identification and measurement of suitable candidate
APs by the STA is a lengthy process, and could last for several hundred
milliseconds. Moreover, STA behavior is not well-specified and the duration of
the measurement process can vary largely with different implementétions chosen
by the manufacturers.
[0011] In order to avoid noticeable service interruption‘by the user, for
example during a VoIP call, the handover process needs to be executed quickly
(the service interruption time should typically not exceed several tens to a few
hundred milliseconds). In addition, the process of STA measuring and identifying
 neighbor candidate APs should not impact the performance of the ongoing service
in any noticeable manner.
[0012] Therefore, there is a need to improve the efficiency of the passive
scanning mode to enable use of the passive scanning mode while guaranteeing

service continuity and seamless handover, especially for VolP.



i n any noticeable manner. [0012] Therefore, there is a need to inprove the
efficiency of the passive scanning node to enabl e use of the passive
scanni ng wodeoerhivd2e guar ant eei ng service continuity andpseasc@ss2iiandover,
especially for Vol P.[0013] SUMVARY [00 14] The present invention includes
met hods, signaling nechanisns, and timng information regarding

transm ssijggmg|nt erval s and schedul essigMMgRyhbor candi date APs. The AP
sends ti mﬂg informati on about the nelghbor candi date APs to the STA, then
the STA cdf0le t heThe piegeptiinyentioninelndesgmeidieds) signaling mechppigmscande t ar get
frequenc £ AP in a
m n?mjm gﬁoﬁﬁﬂﬁﬁf%ﬁl&gﬁ%}d&g%mﬁﬁ%%n O%ﬁ%i{ |@%H8§%Iegﬁg%8%g§%dl date
APs can beasédidiaté ABSAEhaiAPrsgnds tiadng sifbrmbtion abdmt:tb,hpmeig}ﬂwesal(xdldateex anpl e
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i nf ormat i afnfiditotRe St fréqudhey Hﬁ@éﬁb@ﬁﬁlﬂeﬁﬁiﬁ%n@hd%’éhsﬁﬁbxﬂérﬁwﬂﬁc ked onto
MAC control or data frames. [0016] A nethod for neighbor scanning in a W.AN

having a $meté\3mr%mlm'@wmttqﬁém&ﬁm s associated, and a second AP
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AP to which the STA is associated, and a second AP begins by generating timing
information regarding a beacon signal sent by the second AP. The timing
information is reported from the first AP to the STA. The STA schedules a time,
based on the timing information, to listen for the beacon signal transmitted by
- the second AP.
[0017] A system for neighbor scanning in a WLAN includes a STA, a first
AP to which the STA is associated, and a second AP. The STA includes a first
timing information device, a scheduling device configured to receive timing
information from the first timing information device, and a receiver for receiving
communication signals and capable of being controlled by the scheduling device.
The first AP includes a second timing information device, which sends timing
information to the first timing information device in the STA. The second AP
includes a beacon transmission device for transmitting a beacon signal, wherein

the timing information relates to the beacon signal.



The first AP includes a second timng information device, which sends
timng information to the first timng information device in the STA The
second ARvonoéadem4a beacon transm ssion device for tramsmuskeosga4beacon
signal, wherein the timng information relates to the beacon signal.[0018]
BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] Anore detail ed understandi ng of

the 1 nvenipgimmy be NagifEapEReRIPTONOR TiES DRENIRGS! a preferred

enbodlnent given by way o anple, and to be understood in conjunction
with the d&@lﬂ}panyuﬁgmm defiailgd pndmetaexdmg ¢fobenivertigymaybeihadfron the d| agr am

of a neth far Lcatln for tion.betwe

associ at egd]'}odmflﬁ egcﬁﬂp loéhoé ﬁﬁ%ﬁ Ted bo'a ”‘FEB’EE]"Y&Y% Sx?nglse’%ndl agram

i1l ustrat ib@glﬂdléﬁstbd)dﬂrﬂ@mﬁ@mctﬁ)@laﬁﬂhmhe acmmmmgﬁmgedmﬁﬁgs [Wa2ei: Figure 3 is a
diagramillustrating the timng for scggnl ng.N.channel s; ,and [ 0023] Figure

4 is a di d89%0h of oFigyze dis adlove disgtam of 2 methof demepmmupicating ween a

STA, an AR, fommbﬁ*bew@erﬁ;r ATIAS 29543t BEed B Mhe BTRNHILRE Ehdiatel AB24]
DETAI LED DESCR PTI ON OF THE PREFERRED EMBODI MENTS [0025] Hereafter t he

term "statl0@ht] (STA igure Zdissa diagrans ilhentrating thel tiningafori scaneing one
transmt/recei a user equipnent, a nobile station, a fixed or

nobi | e suﬁgggﬁdﬁlgﬁggmt a pager, or any other type of devi ce capabl e of
oper ati ng [00RA W rethﬁSe yd modimgnim hstratisigethee dinhinghfor eghhring Nhe term
"access point" (AP)_includes, but is not limted to, a base station, a Node
B, a sitechanppelgiand  or any other type of interfacing device in a wireless

envi r onneryhpad]0026] FlElaee Rf €5 aNlidgt¥aNsf Qnsys%%h%?&:oﬁﬁ&%&ﬂi\@fﬁ&ﬂg ni ng
information regarding transm ssion intervals of neighbor candi date APs,

t ypi cal | y infeamatiofir between an SHA, an Adsto ahicks ghe STA as gvmciatpdpaed @ t he
efficiency,_of tgeA?,asm ve
candidate’ AP

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0025] Hereafter, the term “station” (STA) includes, but is not limited to, a
wireless transmit/receive unit, a user equipment, a mobile station, a fixed or
mobile subscriber unit, a pager, or any other type of device capable of operating
in a wireless environment. When referred to hereafter, the term “access point”
(AP) includes, but is not limited to, a base station, a Node B, a site controller, or
any other type of interfacing device in a wireless environment.

[0026] The present invention includes methods where timing information
regarding transmission intervals of neighbor candidate APs, typically beacon
frame transmit times, are sent to a STA to improve the efficiency of the passive
scanning mode.

[0027] The AP sends timing information about the neighbor candidate APs
to the STA. The STA then can use the timing information to schedule its tuning
to the target frequency and execute identification and measurement of the target
AP in a minimum amount of time.

[0028] Figure 1 is a flow diagram of a method 100 for communicating
timing information between a STA 102, an AP (AP1) 104 to which the STA 102is
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scanni ng node. [0027] The AP sends tim ng information about the neighbor
candi date APs to the STA. The STA then can use the timng information to
schedul e wbodaunioag t ot he target frequency and execut e ipdenisedosoadison and
measurenent of the target AP in a mnimum anmount of tinme. [0028] Figure 1
Is a flow diagram of a nethod 100 for comrunicating timng information

bet ween a 3Ifik@d, ai'a ARndiRte APQAPLOGE. Ak 6ﬁ1ﬁ)rﬁTﬁ%&?st§r§s§$ﬁ@STﬁtﬁ)% and a
candi date AP (AP2) 106. As optional fi rst steps, the STA 102 requests

tim ng i nfrequests timihginformeatiemfirdhe eanmatgwd’f firam AR D104 sterpl 1010) ,  whi ch

then request.s, timng informationfr P2 10 12) P eports
ts tining Hep &k‘ﬁ‘ét’%%%eﬁt%ﬁﬁ’i‘m(gs’t“é%mf% b AEL2 tégé)i(sitepelqll%ﬁr é‘gég&({/ i T API
has not alrepadyitetinging étfoARAtisn to APDtepl bt)nEhisarepiBiroqeihalahly iftAddle are

addi tional, means for APl to obfain the timng information, (dj scussed

el o) Albeer alorSRdnebHReR APAT AT SHorgRtAp oo HBLS IS5 st ep

116) . The ,dafkiok? th&B} BF AFHUEshthin el Bming) thibAmAfien dikERAEEBENWHO hear
AP2' s beacon (step 118). [0029] Timng information of nei gﬁ?)té".% candi dat e

crag

APs can i fdtLikportisdhe tinaimglinforipation for AlP2ta/diesSTA A2 fdep & SEA
occurrenc f ] | e, or
cont ent 1 ort ,h8E SEEALLERes cnl 8 APSE AR o0 BEIPAR R BRn Gl
nei ghbor casyi date AP can be conmunicated to the STA in form of an absol ute

time refer (e. 0y, A t] sta uch.as, "nei.ghbqr, beacon. frame wll
occur at t[gﬁ%gﬁxyz")',rm&‘tngal %‘F’%ﬁt?‘{gofflﬁ’@h P¥ f@wﬁﬂ%@ %Sac%mieeg‘grrence
(such as idifpdd:i Bt cdh1 entaEHIE (tHef pdridMcitinbt Sccthirfen@s @ BRaédnOfrain2s), far ame

where the timng informati on was sent from APl tothe STAor fromAPI's
previ ous dargeted beacopdsama transm} time @z epnigasisndees ard contepgorbasase

transm ssi aodl i d S¥bnRaR ot #HBiehBofl8halAPAPLEn Be BorifiiuRi At T MOF €

than a fedmoriseco e requirene
to the STA in form of an absolute time reference (e.g., a time stamp such as,

“neighbor beacon frame will occur at time xyz”), or a relative time difference toa
" known reference (such as indicating the number of time units difference from the
frame where the timing information was sent from AP1 to the STA or from AP1’s
previous or current beacon frame).
[0030] Because the timing of the transmission of the next beacon frame is
not known to a precision of more than a few milliseconds due to the requirement
for devices to wait for the end of any on-going transmission/reception before
transmitting a beacon, the AP signals to the STA an interval of time for the
estimated reception (or equivalently, a target time plus an uncertainty margin).
[0031] Timing information supplied to STAs can always be supplemented
by uncertainty periods, or by a specified rule allowing the STA to derive the
timing information and/or the uncertainty period. Generally, the current AP
would not only inform the STA that the beacon frame of the candidate AP will
occur N time units earlier than the current AP’s beacon frame, but would also
inform the STA that, due to uncertainties, the beacon frame of the candidate AP
will occur within M time units before and L time units after the indicated time or

time interval. Another possibility is that the uncertainty period, instead of being
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for devices to wait for the end of any on-going transm ssion/reception
before transmtting a beacon, the AP signals to the STA an interval of tine
for the ewDi2omd2aecepti on (or equivalently, a target PCEFASPIES2HAS
uncertainty margin). [0031] Timng information supplied to STAs can al ways
be suppl enented by uncertainty periods, or by a specified rule allow ng the
STA to delspydfibdevérytime thAPrpravideatiatiag difoihationde sighialddysepardtely.
Generally, the current AP would not opnly infqQrmthe STA that the beacon
frame of t(Haough dhe beaconp o exarple),pr 1§ ?isﬁéc‘gﬁfinﬁé‘egéﬁaﬂ‘il‘équthéﬁ these current
AP' s beac | 6L e} | ot he STAt hat, due to uncertainties,
t he beaco%$P£%a%eﬁg%Wg?Lde¥&§’gﬁé ;?gﬁ,&%h\%ﬁh' occur within Mine units before
and L tinmd0@88Its afTemingheformdtionbnaeighber candidate ARstcan\belsentrbod e

possibility.is that.the, uncert ai ri,od. ... nstead of bejngspecified every
Pime the Abngsqittied apior RSt WodtBaoinmd Bk PumdCaPERGIen  ough

t he beaconnclhi@sd exarg¥aein frane), ér silizited iaad/dri ueedliviséd anicast-typefMAltese
approaches woul d save sjgnaling. bandw dth. [0032] _Ti m ng iInformation on

nei ghbor demaederexmaPieain Hesesiation Bespease framey, ERTOrREAiRIPORse
unsol i ci t%@é@@f?ﬁéﬁdﬂ%&ﬁ&@ﬁmwﬁﬁf&@%ﬁ efnMntUMIPLoRitainfid thdfith i 0 a

beacon frane solicited and/or unsolicited unicast-type C frames (for
exanpl e, iinformationaandre Ras pokeras parved) MR swoagamenh iRmgsorsanfheanes, or

Probe Response frajes). formtion el nt.s_ (1 ESh_cont aj nin l._ng

i nf or mat i é’ﬁg%%ﬁc%eed“s?oé#? w(?o?onigoqp% t‘f}ag% ) hﬂﬁ%sfra(?\%n@%r}len rlllfar%*n rﬁengmé] can be
pi ggy backedfopmabiolydSTAR AR hlsolindad@udih@ifter-lagersamice ptinitivés (Sudlgas
informatign to STAs can al sQ include using i nter-l,ayﬁémﬁrvi ce.primtives

(such as MA&Cppsicah) layes ePHYPRVIA sranagementnehityeRYEY) (anpitjateo
initiate, GAfh Tnd2AhorERAT heths2GhélABhy botdiHE | MAC &lalg MGt gnal i ng
frames, neasurenent actions, etc. [0033] gThe timng i nformatgl on of nei ghbor
candi dat e mM¢asurementcadiomeretced in a particul ar AP by several nethods,

I ncl udi ng :[06% AP Upfe tilqlei}lg?r{flénﬁ‘jitqgn of neighbor candidate APs can be generated

in a particular AP by several methods, including: the AP uses network side

-~
oy

signaling to retrieve timing information of neighboring APs, the AP uses its own
measurements of neighbor APs, the AP uses reports from STA measurements, or
the AP uses a generic timing device on the network.

[0034] In network side signaling, the APs exchange information about the
transmission time of their beacons through the distribution system connecting
the APs together. There are several possible implementations for network side
signaling, such as: an AP broadcasts information about the timing of its beacon
transmissions to all APs over the distribution system, or an AP requests beacon
timing information from another AP which responds through the distribution
system. Alternatively, the AP can query a network timing database, such as
advantageously realized as part of a central remote or local network management
entity to obtain current timing information about its neighboring APs.

[0035] When the AP uses its own measurements of neighbor APs, the
measuring AP listens to the beacons of other APs and measures the transmission

time of the beacons. Based on the beacon transmission interval, the measuring
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signaling to retrieve timng information of neighboring APs, the AP uses
Its own neasurenents of nei ghbor APs, the AP uses reports from
STAneasurwoendem1762n t he AP uses a generic tining devi cepomush@sneiiuor k.
[0034] In network side signaling, the APs exchange information about the
transm ssion tinme of their beacons through the distribution system
connecti ngAtH‘F@ Pﬁertaegmmate fliyered rapsmission timhesp Thisitéthod igisefad mihahi ons f or

ek eighblnAE ABs Sl dYand b BISABRANA ALUBE Rerriing A, Svet em

timng of it eac Fansm SSi 0ns

or an AP r &jhestise, bﬂac anethiodi mﬂuzfeqmmt thymferaemtnﬁQOAAEeﬁo ARy therrﬁz fag?i
through the distri n_system ternative e can query a
tim ng dat g‘t‘}ggﬁn"y §]§ HH%‘%F@@B’E&?V@&&I@E@H%%@ beasbng whaeh isal

renote or bqggglatﬁ%ﬁ% golqﬁgﬁgemsnt entity to obtain current timng
I nformati on about its neighboring APs. [0035] Wen the AP uses its own

measur enent@36t nei iosghe stO ush geprstssfomrif Amehistearents, ST Awerdpogttons of

ot her APs t.ran of t e beacons sed on the

beacon transmoggﬁﬁ%% ﬁ%fgei}]@lelél%?ﬁgkﬁvevgsurl YRR ?‘H“I"@ r%ﬁ‘ﬂggl%ﬂﬂpﬁ future

transm ssi AR(¢)iabesg wikhibeacmt haﬂsm&sumeihtdrva\laethel‘iﬂéﬂdi@%ﬂtﬁe néPg?leﬁlﬁgt hng ??‘é‘
woul @ r

th herwi se, this netho
the meas ARG 8  SnSsHEmP 6! ALk borinmh L, Thgoirdingtingohl camuse Bhisne 9o
that it cagorhbinhéibntsHt MesoRBRCORNS relltiventiind Fefbedted s rd%gf?) esahﬂbg o he

[0036] For the AP to use reports from STAreasurenents repor
coor di nat i Hy Ommtﬂ% 'Ptherﬁe()@}m@ltm%ﬂﬁhonehélgaShe@)mlaaoheammmdnymndnﬁfegb\bor| ng

t i de ty of the
el ghbor | nePekiinae e heldk ARNL5h e UrRhY Brdiopi e BesE Afe” coor di nat i ng AP

can use thi0§3€bnb| néNhemacﬁTAttsménstzeBSBj it ehatsev @ ﬂa%’&n rtﬁfa?(&ﬂéitﬁﬁoﬁrl] O| gerl ve
S Intornmatl o

?rg(ram'; IymaRgRiB%‘;% gﬂ Tam rleq-Lﬁ:@éa%(F?{’ﬁq%ﬁ?‘g‘} gﬁéﬁ% gélgrﬁgglt ;I}Tﬂée ErohenBequeston f or
these APs.frame. The flag is used to indicate that the STA wants to receive a neighbor
report element in the corresponding Association Response frame, Reassociation
Response frame, or Probe Response frame. The flag can be implemented in
various ways, for example as a simple bit flag or as an IE containing multiple
values indicating the type of information the STA desires to retrieve from the AP.
| The neighbor report element can include a timing synchronization function (TSF)
information field, which includes a TSF offset value and a beacon interval value
for the neighbor AP. The TSF offset value is expressed in timing units (TUs),
which are for example and without loss of generality one microsecond in length,
and is the timing offset between the coordinating AP and the neighbor AP
expressed in TUs relative to the coordinating AP. The beacon interval value can
in one advantageous embodiment and without loss of generality be expressed as a
target beacon transmission time (TBTT), which has a typical default value of
- 100ms.
[0038] Timing information regarding neighbor candidate APs can be stored,
accessed, or configured in an AP management information base (MIB). The MIB
may be either a MAC layer MIB or a PHY layer MIB.
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[ 0037] When a STA enters a BSS, it can set a flag in the Association
Request frame, in the Reassociation Request frame, or in the Probe Request
frame. Thwofb@gpir®4used to indicate that the STA wants POTrISc@swes1as

nei ghbor report element in the correspondi ng Associ ati on Response frane,
Reassoci ati on Response frame, or Probe Response frane. The flag can be

i mpl ement ggo39] var i TWs seekTiosi#28 sROVIRA Pigiged2 ahiBl bn Piguré Ragheitlas an | E
cont ai ni n% nul tiple val ues indicating the tépe of information the

STAdesi r esSEdkeevws theagnreximate tinre of preivakeffhe beaqoafeame fardheneighher i ncl ude

Ade:  Hhis : _ oeden FIEBESE i nol
TSF of  Setohyal er ARG AP Ranlfy (R duHR AR FEARBRAS ey e

of f set valfoequencekphegsepantivutarAnt typicaly @Tais)d seniral midlisecomds i€ tleenpl e and
wi t hout | gss.of. generality one micraosecond.i;n, length, and. is the timng
of ot betRUF INGRABI S kDM, Saeh FRa She SHLPEARg et a prietBindd, e
relative tmgs) {{&h@(eﬁﬁﬂlignﬁfdrﬂﬁﬁﬁﬁ.is]ibekm,on interval value can in one

advant ageous enbodi mrent and without | oss of generality be expressed as a
target bed®8#0k r ansh Eiguse3ithegamrefte proges thodwhenscanningsevarpl val ue

of 100ns. I& ) ' Is ' | | date. APS can be
st or ed, ac'{({:lg%:si)g\]d flil%ér}rblggn %Jgf“ggé i1%qgﬁgﬁg{%nabaegn%lg{}b?%?%?‘nmé%g%ﬁg%ge (M B).
The M B neipfdramagionhthe STRNG@N espablidi 8 schednlebiysddagre thevb@ulr B8 of Theo
scenari os ,are shown incfi ures 2 a?g 3. .In Figure %é \’\h%?:beth STAKknows t he
appr oxi matEaFIREaRyes and gaasyte gl) of therm in 3 single pr, few elrg(ﬁl%?c%ndi dat e
AP, the sGatdival, wheRadivwadd Wyuife severhPbaonl ntbfyalyie timifg irdfoh Midh
frequency to hear a_particular AP is typically around several mlliseconds

i f the tin¥v#yDPhisedal fen UnseERBGR, IntRyRl 1 hoMio i Fignre Herrdens tonths val

i o o3, "Ferelith rophedillf the S el BF HabuRiesich oAl 2 e on

di f f er ent Heeddudnferds otheritrdnsmissipesl. Typi cal |y, when using tining
[0041] The methods described above are applicable to IEEE 802.11-based
WLANS, and in particular to WLANSs based on: 802.11r (Fast BSS Transmission),
802.11s (Extended Service Set (ESS) Mesh), 802.11k Radio Resource
Measurement, and 802.11n (High-Throughput WLAN). The methods are also
applicable to other wireless network types.
[0042] Figure 4 is a diagram of a system 400 for communicating timing
information between a STA 402, an AP (AP1) 404 to which the STA 402 is
associated, and a candidate AP (AP2) 406. The system 400 can be used when
timing information is passed from AP2 to AP1 via the distribution network. The
STA 402 includes a timing information device 410, a scheduling device 412, a
receiver 414, and an antenna 416. AP1 404 includes a timing information device
420. AP2 includes a timing information device 430, a beacon transmission device
432, and an antenna 434.
[0043] The system 400 operates as follows. As an optional step, STA 402
requests timing information about AP2 406 by sending a request from timing
information device 410 to the timing information device 420 at AP1 404. AP1 404

receives the timing information regarding AP2 406 through timing information
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information, the STA can establish a schedul e based on the occurrence of
the beacon franes and neasure all of themin a single or few nunber of
beacon i 'wervalm7ozwhereas it woul d require several beaceoTiust@swadigsi f
timng informati on was not used. The "uncertainty interval”™ shown in Figure
3 refers to the uncertainty regarding the exact tinme of transm ssion of the
beacon dueldviret426 andeiining ififortiation device430, resproticddy Ausdest@betlldbovéin net hods

descri bed above. are, licable.to | EEE 802. 11-based ANs, and i.n
parti cul ArCORPSHIRIV IS A SagRns ] AB3 A0 opn R sémﬂn&ﬁeﬁ%tleﬁ)r?g%ém 1s
(Extended A3 Yh6 th 2Shrielsdwagsh) . 802. 11k Radi o Resource Measurenent, and

802. H n (H gh- Throughput” W.AN). The net hods are al so applicable to other
wi rel ess réd4dr k t ybedP2p064R¢ beicgn trangmission dfiviggréddhtnsmits)its hearcar00 f or

comuni cat_i.n i ng, i nformation n. TA 402 n . AP (APl 04 to

whi ch t he ‘&t %ngﬁyfai %’4aa§sd8°&mé?lé%1f: atgegéﬁegg&lﬁ% .’S‘HQ%%P ?oﬁl-f’ﬁ?ns&blgt.&%g}ée system
400 can b&easadtothe binhinglinfrimation deviceo#30.Lheaiaig ihformation i seAlPfrowi a t he

di stribution network. The STA, 402 includes a . tjmng informtiaqn vi ce 410,
a schedul i _tagmgd_@@'mtm&_ qeecsi _rtoztﬁa,tmawg 15#9%@?1@9 szf&_f’AplA_q%m _

i ncl udes ayg4, PP 40af YiBt iHRNtidAME GRfdtAfhtiofPfori APDULRS fRnt ItHE NGmiAY Or Nati on
devi ce 430, a beacon transm ssion device 432, and an antenna 434. 10043]

The syst ennfiymagivardevics 428 to she biming Arformatipn idewige 440 ép thsSPAMD2. r equest s
timng inf tion . i . {ﬁgug : J IR
i nformati o[ﬁbg‘gvi ce @?‘ggﬁ%etﬁ%‘&tﬂﬁ%r%\é“{%g?gé Hrr%}l?%n ev;ﬁé%ﬁ ﬁ%@f‘ ajtl%;?hezlm. API
404 r ecei whmirdghénformatien i passedt fromn thegiming gnféRRation deiceuglo td theng
i nformati ondeyice 420 a [ m i nfornmati evice 43Q, res tively. As
descri bed Sé'g W%Id“é’b‘??@gt {l‘%ﬁsa]gefiﬁﬂﬁg&ﬁ%e %Pz gﬁﬁwseg}?qtg‘@&m‘@%e timng
i nformati opif £fastdiNecdiber #GoisBarRaN@fdcBive tRE b¥RYA trdidffiddion RoMAP206, the
beacon transm Ssion device 432 transmts its beacon

[0046] 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 (without the other features and elements of the

preferred embodiments) or in various combinations with or without other

features and elements of the present invention.
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via antenna 434 and comuni cates the timng information for transmtting
the beacon tothe timng infornmation device 430. The timng information is
sent fromvoheoddimi2zag i nfornmation device 430 to the tim egrivst@smediison
device 420 in APl 404. APl 404 sends the timng information for AP2 406
fromthe timng information device %&tg the timng information device 410
in the STA 402. [0045] Once the STA MEceives the tini ng i nformation for
AP2 406, tWeatisAdighddnkormation is passed fromthe timng information
device 410 to the scheduling device 412. The scheduling device 412

det er ni nes when- t heA3Tethod for neighbprgranping inea avivelessqlpdaliares awtwerkd recei ve

t he beaco : 1,.$S1L.0Nef 1 . r and

el enent s I)l*a%ﬁ%g %@ragiz)gh ﬁfsﬁ\%g%% ggﬁglggpé’{)gtg’scrlflggw&aﬁ;esm%?gecggr%#’e%%a

enbodi nentsecird ARy theanéthod conprizirig thestemsasth f eat ure or el ement can be used
alone (wthout the other, features and elenents of the.preferred :
enbodi ments) ofeReTaliRg; BEdng mﬁﬁ%r@gﬁﬁ?ﬁ6’rgﬁcf’ﬂo%§nﬁt§?@1tehyegi%res and
el ements qfcdd@eAapy €sent invention. CLAIMS Wat is clained is: 1. A nethod
for nei ghbor scanning in a wireless |ocal area network having a station, a
first access paenprtipgithe tissingdnformation framy the Breg bk theadatiemandl second AP,

the nmethod co | Sil . i W i f I egar di ng
a beacon si gnar Lasig s {ingbEBle BaiiglRRLAL KL bE A o laPl kLR PI0
fromthe fhythie séédridoAP hthesichéduding laeing badeddin thegiming imformyatidre st ati on
tolisten for the beacon signal transmtted by the second AP, the scheduling
bei ng based on the timng information. 2. The nethod according to claim1,

wherein the tiging Thé aieiRéd Rétotrdiak 46 eRimN, Wb theltinithg RifG¥nedtssh f or
transm ssion of the beacon signal. o )
includes an absolute time reference for transmission of the beacon signal.

3. The method according to claim 1, wherein the timing information
includes a time difference relative to a known reference time for transmission of

the beacon signal.

4. The method according to claim 3, wherein the time difference is an

offset in timing units.

5. The method according to claim 3, wherein the reference time is a

target beacon transmission time for the second AP.

6. The method according to claim 3, wherein the timing information for

the second AP is referenced to the beacon period of the first AP.

7. The method according to claim 3, wherein the timing information for
the second AP is referenced to the beacon transmission time interval of the first
AP.
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3. The nmethod according to claim1, wherein the timng information includes
atinme difference relative to a known reference tine for transm ssion of
t he beacowov@nmalbo244. The net hod according to claim 3, woensbwstoba4si me
difference is an offset in timng units. 5. The nethod according to claim
3, wherein the reference ti is.a target beacon.transm.ssign tine for the
second AP. 6. ‘Igr;e né"gﬁaaetﬁe@%ﬁa*m‘agﬁ8c oy lergiLphe ming infprmagion
i nformat i Gackudes hREns G6RAEY AR trsnsreikSioR BE €5k béncbAgigaaacon period of the
first AP. 7. The nethod according toclaim3, wherein the timng information
for the second AP is referenced to the beacon transm ssion tine interval of
the first AP.8.9 The t C i; x| Al enel 1L.m
information i nc?l'udegﬁg @%aﬁ%g%ﬁgé%%égﬁsl%ef% f)lfd ??‘lrie&ggggggtnggl gnal .
9. The netinobides semdingghé¢ tintihgiinfotmatibe fmxinn théseqgadita the ftse AR el udes
sending the timng i nformation fromthe second AP to the first AP by
net wor k si’beéwé’%ﬁ@ﬁsf@’.ahf@: The method according to claim1, wherein the
generating step includes taking neasurenments by the first AP of beacon
signals transmtted by the second AP. 11. The nmethod according to claima1,
wherei n the gerd at The metded; areprding te cdaimy il yhesein thegeneratingsheP f i rst AP
fromstati; ;| (W7 , i to
beacon si glﬁg g@??éai%isl% ttggp%{l/&tﬁﬁfg&stg%gn %laleliéz%gﬁ'lﬁ{eé ne“?‘h%ﬁglgiztg%drg’?ng to
claimi1, vhersecandAB. reporting step includes using a beacon frame to send
the timng information. 13. The nethod according to claim1, wherein the
reporting step

11. The method according to claim 1, wherein the generating step

includes receiving measurements at the first AP from stations associated to the
first AP, the measurements relating to beacon signals transmitted by the second
AP.

12. The method according to claim 1, wherein the reporting step

includes using a beacon frame to send the timing information.

13. The method according to claim 1, wherein the reporting step

includes using a probe response frame to send the timing information.

14. The method according to claim 1, wherein the reporting step

includes using an association response frame to send the timing information.

15. The method according to claim 1, wherein the reporting step

includes using a reassociation response frame to send the timing information.

16. The method according to claim 1, wherein the reporting step
includes using an information element in a medium access control (MAC) frame

to send the timing information.
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i ncl udes using a probe response frame to send the timng information. 14.
The met hod according to claim1, wherein the reporting step includes using
an associwoi2os/merponse frane to send the tim ng i nformecirars20058231Fhe

met hod according to claim 1, wherein the reporting step includes using a

reassoci ation response fr to send the tjm i.nf.or ion. 16. The met hod
according to cllgi m T,ﬁe\meéﬁggﬁc%% ‘“5386’?% %épﬂr}ga e]inntg‘ieﬂﬁét’c}g%?ﬁés of
i nf or mat i ofMafhgdiRalit Jubtyperedi um access control (MAC) frame to send the

timng information.17. The nethod according to claim 16, wherein the MAC
frame is of a managenent subtype. 18. The nethod according to claim1,

further conpri Signg. e 134884 Uocd AAHERS LRENL TaRflel BEAPABLIR! By Gie Second

AP by the station, erein the station sends a reques st AP. 19.
The net hodreguestingi tigning infoamatiod, foritee eeqond AP bydhestatiemt whereithéhst at i on
is part of ,a.praobe, request. ) t hod according to claim18, wherein
t he requesﬁtaggﬂfelb%/s‘Tﬁeéluﬁtaﬁolztglﬁqrggﬁ'gft of an association request. 21. The
nmet hod according to claim 18, wherein the request sent by the station is
part of a reassociatjion request. _ 22. The thod according to claim1,
further conpriding Fﬁ%%ﬁtéb&lﬁ‘?m?@&&égﬁlﬁﬁﬁq‘éi Wgﬁﬁ?“il R reanestoient PB e he

second AP lyib A& bdrdtdF aPFobdriquiite Method according to claim1, further
conpri si ng t%e step of requesting timng information from associ at ed

stations by the first AP. 24. A system for neighbor scanning in a wireless

| ocal area netwark, n¢conprising: station,.oineluding: a first timng
i nformation devilce: The Tthad agcor@ingtto claim’18, Whettih request sent E)y the

station is part of an association request.

21. The method according to claim 18, wherein the request sent by the

station is part of a reassociation request.

22. The method according to claim 1, further comprising the step of -
requesting timing information from the second AP by the first AP.

23. The method according to claim 1, further comprising the step of

requesting timing information from associated stations by the first AP.

24, A system for neighbor scanning in a wireless local area network,
comprising:
a station, including:
a first timing information device;
a scheduling device configured to receive timing information from
said first timing information device; and
a receiver for receiving communication signals, said receiver capable

of being controlled by said scheduling device;
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a scheduling device configured to receive timng information fromsaid
first timng information device; and a receiver for receiving comuni cation
si gnal s, weixdogae@isver capabl e of being controlled by saca/seksadediisng
device;a first access point (AP) to which said station is associated, said

first AP incl ud] t WM [.Qn _devi ce ond_tim ng

i nf or mati on dev% @gStgaé:?]g%ﬁ)%g?t CA@%QQ htughr %f%?itsl(c)%m[n lssagis?fjl?tieas?a ?l%ﬁfth‘gp |

i nf or nat i oimaleling & secomltﬂnmtgahfo@matmncﬂe&mesQﬂCbeé&d tifGhy dhfogmatiegacon
transm ssi gn .devi faor .transmttin acon signal, wherein the timng

i nf or mat i ofCYES %ﬁ“@énﬁ Bmtlﬁ%l %%%%%%%&f Fr%lmmsén@y@@éwdewemw dto claim
24, wher ei gealtida; hdi Ng i nformation includes an absolute tine reference for

transm ssion of the beacon signal. 26. The system according to claim 24,
wherei n the tin AeFORAIAR rineluding a beaedastransmissioni devigeshr éranshattingat 0 a

Known 1 f CLENGE ol | Rlreh] ANSHLSSE Blolortdie ASACR o AOAL, 2T The system

according to ¢ wher el n mngln or mat time
wi ndow f or transm ssion of the beacon si gnal 28. The system accordi ng

tocl ai m 24, 0 S|n a,.thir i nf orpatiaon deV|ce|n sai d
second AP, sai dé%] Flﬁ‘ {ng'ﬁ% f‘?)‘Pﬁﬁ?d]G E‘@r?ﬁégavpﬁﬁgtl tion

i nf or mat i Oﬁlciddé@aﬁadbéoHﬁélﬁi%b ferfé}@ﬁE@ ﬁﬁlt@a[hsﬁcﬁyél&@ offHb :BRGH Q%n?f'e timng
information to said second timng information device In sal Irst AP by

network side signaling. 29. The system according toclaim 24 wher ein the

timng informatggon Lds i nts of
beacon signal s j’tefangz}le'% ? g%hﬁé&ggﬁég Zg%:lgh% 2% &'hégﬂﬁﬁepgﬁ} é ”ﬁ?& ng
t ocl ai m 24inclvves aitime Hiffdrendengldtiviedo addrioom refergrcectime &6k teynsAisdiohiof st AP

receiving gegsur enents, from stations associated to
e beacon signal.

27.  The system according to claim 24, wherein the timing information

includes a time window for transmission of the beacon signal.

28.  The system according to claim 24, further comprising a third timing
information device in said second AP, said third timing information device
receiving timing information from said beacon transmission device and sending
the timing information to said second timing information device in said first AP

by network side signaling.

29.  The system according to claim 24, wherein the timing information is
generated by said first AP taking measurements of beacon signals transmitted by
said second AP.

30. The system according to claim 24, wherein the timing information is
generated by said first AP receiving measurements from stations associated to

said first AP, the measurements relating to beacon signals transmitted by said
second AP.
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said first AP, the neasurenents relating to beacon signals transmtted by
sai d second AP.31. The system according to claim24, wherein said

schedul i ngodessimaen2aecei ves tinm ng i nformation regardi ngpchash@aoenssi gnal
fromsaid secondAP and schedules a tine for said receiver to receive the
beacon signal from said second AP. 32. The system according to claim 24,
wherein said station sends a request for timng information regarding said

second AP from3dai dThelsgétehd Sdcoeling ko tlathidan wheydifealdschatdlisgaevide t i m ng
information device.in said first AP. 33. The sy stem according to claim?24,

wher ei n_safegeives dminginferraation regarding th%‘PeaFPli‘rflﬂﬁa]l trme saigiseemmdr/dgandii ng sai d
secondAP fIamysiRs 4 thRe (P&dsgtld P@c@ﬂrg&' R Pécgﬁ'te'tﬂ@ be§MCEeh A Féth Saldidebnd | M NY

i nformation device 1n said secon The system according to claim 24,
wher ei n saAB. second tining |nforrrat|on deV| ce in said first AP sends a
beacon franme including the timng information to said first timng
information device in said station. 35. The system according to claim 24,

wherein said s&20ndThersys@nt atardiig ﬁbrk:lﬁlmyi%}¢vdhérﬁﬁi ghid istatior\seiiRNglS an
i nformation el errent i.n a pedium acc s control frame including the
timng i nfiSARESt; BhtlFHngé‘ilfB“PPPg’P r%s H$ §ai 5?(}9&#.1*&% rqeysaid firpt WHERE st at i on.

36. The syskaMAmUdHid%olsRidscbid SithindMefofinBtibl deMeCid salE B AR 2

managenent subtype.
33. The system according to claim 24, wherein said first AP sends a

request for timing information regarding said second AP from said second timing

information device to said third timing information device in said second AP.

34. The system according to claim 24, wherein said second timing
information device in said first AP sends a beacon frame including the timing

information to said first timing information device in said station.

35. The system according to claim 24, wherein said second timing
information device in said first AP sends an information element in a medium
access control (MAC) frame including the timing information to said first timing

information device in said station.

36. The system according to claim 35, wherein the MAC frame is of a

management subtype.
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