[000] NEIGHBOR SCANNING IN WIRELESS LOCAL AREA NETWORKS [0002]FIELD OF
INVENTION [0003]The present invention generally relates to wireless local area networks (WLANS),
and more particularly, to methods for scanning for neighboring access points (APS).
[0004]BACKGROUND [0005]WLANs have become more popular because of their convenience and
flexibility. As new applications for such networks are developed, their popularity is expected to
significantly increase. One of the promising areas is the use of Voice over Internet Protocol (VoIP) and
an increasing dientandNE@ISHROR Hf ARG IS HVRELESS MITAL ARRANNSIBYORKSNtiguous 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 STAYSES active or passive scditirg HOFEYEUSUAN determined by configurable settings;

in practice bothigogles aremisedréasihieiactiveoacanningimesieshaShAabaosasiadregquency channel

and transmits a Probe R game then Wautzgdf(:(%{1 ascertain Ige%%ﬂgt ftime ta \receive a reply in the

form of a Probenﬁg’éjﬁopse rame. T_‘?ﬁne Probe aéspongtlay frame’is typma?;l; sSecﬁ?%y & AP when the
basic service seeiBdSimperertsHritifid@dtfiicture 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 passivi?gg nning mode, the STA trieg}k %?‘%{Bg}ﬁﬁout the presence of a BSS on a particular
frequency chan é/ tuning to the frequency and listening for a certain amount of time in order to

capture the bed68f5irames Wit hardhacg mopnonnianhars e fhEHaRCAPREEPHIIESITA does not

receive a beacqpfiame Hles A-CoRaia RmowRtfHine, i-ines 40vainsw, edussriang repeats the
process. . .. \ . . ,
is expected to significantly increase. One of the promising areas is the use of

Veice over Internet Protocol (VoIP) and an increasing demand for support of
seamless service continuity (i.e,, handover) in contiguous WLAN deployment
areas when the user is mobile. _
{0006] In the IBEE 802.11 standards, the stations (8TAs) can use two
different modes to identify APs: active scanning mode and passive scanning
mode. Whether a STA uses aciive or passive scanning mode is usually
determined by configurable settings; in practice both modgs are used. In the
active scanning mode, the STA chooses a frequency channel and transmits a
Probe Reguest frame, then waits for a certain amount of time to receive a reply in
the form of a Probe Response frame. The Probe Response frams 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 fries to find out about the
presence of a BSS on a particular frequency channel by tuning teo the frequency
and listening for a certain amount of time in order to capture the beacon frames
broadeast in regular time intervals by the AP. In case the STA does not receivea
beacon frame after a certain amount of time, it tunes to a new frequency and

repeats the process.



[0008]When using passive scanning mode, a STA may know on which frequency channels it is likely
to find candidate AP s, but it does not know exactly when a beacon frame will be sent by a neighboring
AP. Typically, beacon frames are sent in predetermined fixed time intervals, e.g., every 100ms In the
worst case, a STA tunes to the target frequency and must wait for at least 100ms until a beacon frame
occurs. In the case where a STA has only one receiver, its ongoing service on the old frequency is
interrupted while the STA performs passive scanning on the target frequency, [0009]Executing an
efficient hando¥@figi a WLARdmplios seneial reguiiegnareds, suSi Asuigektifiwatiowhicd measurements

of suitable Can@é@e&sd%ﬁ’éﬁ%@g@g@mag%&qﬂlmﬂ@a&é&&é&%ﬁ@&&@@ﬂ&%{%@@&@ecurity context
in the target AP, re-association with the ar)%et AP, and transf’errlng the_data link to the target AP.

[0010]WLA_NsHhsver (PaRAt My ol Bt &V SpEr o P e et g SAPIFAIInRrRS P BORIES Ul seamless
mobility supporirnreichthefproblemedfitedhtreument ML AN SysteniSisthat the wemstification and

measurement of, sl 1013 RN IEAES DR AL R AR MARGR SR A AdRLI RSt for several

hundred milliseconds. Moreover, STA behavior. is not well-specified and the duration of the

measurement prBeES ERRe AR JRIPR AT RITRASH Fhp R AT ORI fBRSCREER A B PPE Hanufacturers.
[0011]In order t@:anaidhAatigesitl &epivics stestuption:iwthieuter 04 epafiples dusisigea VoIP call, the

handover process.n tohe executed auickly (the service interruption time should typically not
exceed severalsfgﬁg%%ga%?g\%% hﬁng(%eéteﬁ%ﬁ%géonds). In addition, the grocess_of STA measuring and

identifying neigki8PtandicBteabag fou Rt pacterer p&icr Y JPURESSnERIR Service in any
noticeable manne:il@akalt hataefcre itbatHisnonesd indmproxetbe £iicanty ahitiegpassive scanning

mode to enable,ac ANEsRASSNR.IFANNNG Boda N IR UARIIRSII0.PELYGR F At and seamless

handover, espeuaﬁ y 0 '
- in the target AP, re-association with the target AP, and transferring the data link

to the target AP.
10010 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 8TA 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 impiementﬁtions chosen
I 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 quickiy
(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 VolIP,
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100131SUMMARY [00141The present invention includes methods, signaling mechanisms, and timing
information regarding transmission intervals and schedules of neighbor candidate APs. The AP sends
timing information about the neighbor candidate APs to the SPA, then the SPA 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. [00151Timing information on neighbor candidate APs
can be sent to STAs using broadcast/multicast-type frames (for example included in a beacon frame)
or unicast typel®f@dium Access Control (MAC) ffEilHd&AR¥rthermore, information elements (IE)

containing timipginformatien.canbe: senkiRMAGAANAAeMRNaMmEes ALGaRBaPigaybacked onto
MAC control or data frames. [0016]A method for neighbor scanning in a WLA_N having a STA, a first

AP to which th8"& K RIYZeRERREtEAA S SRRERITAP BEGHTE By Yerieties S MBrmation
regarding a beeacatidignaPschitdyRherscdndhA Byfdie tivnrrgpantoinm atdhisrepodisatérom the first AP

to the STA. The ST sehadules, a.time chaserh adhe g ninmation, 18 Utenfordbe beacon signal
transmitted by the second AP. [0017]A system for neighbor scanning in a WLAN includes a STA, a

first AP to whicFrifRedpke datgeipaerPo8 AgdrEertbn f R SRE S PRI MIBHEE R fing information
device, a schedatirg ARvice ednfigureshiowscd vientiming information from the first timing information
device, and a rﬁ%elig?er for @&@MM%@MQ; ﬁ&@ﬁ&@%&%@@@ﬁ% bsing, eqnirolled by the

scheduling device. The first AP includes a second timing information device, which sends timing

information to thETFSEtRARGHATBYATaticH R RS e 2Pl e Wees i nsarthferREs) beacon

transmission deyiecidas tarsiitting: akescOsmsighal Athetaindigstithindniormaticnisalates to the
beacon signal.

elemenis (IE) containing timing information can be sent in MAC management
frames or can be piggyvbacked onto MAC confrol or data frames.
[0016] A method for neighbor scanning in 8 WLAN having a 85TA, a first
AP to which the STA is associated, and a second AP begins by generating timing
information regarding a beaecon signel senmi by the second AP. The timing
information is reported from the first AP {0 the STA. The STA schedules 2 time,
based on the timing information, to listen for the beacon signal transmitted by
- the second AP. .

[0017] A gystem for neighbor scanning in 2 WLAN includes a STA,}&' first
. AP to which the ST4X 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 ﬁ beacon fransmission device for transmitting a beacon sigﬁai, wherein

the timing information relates to the beacon signal.



[0017a]According to the first aspect of the present invention, there is provided a method for neighbor
scanning in a wireless local area network having a station, a first access point (AP) to which the station
is associated, and a second AP, the method comprising: receiving a timing information request from
the station; receiving timing information at the first AP for a beacon signal sent by the second AP,
wherein the timing information includes a time difference relative to a known reference time for
transmission of the beacon signal, and the time difference is an offset in timing units; and reporting the
timing infor{dH to the ASERSANIR BB\ ke 4556 hBOHSCRES ARG Y siiseV dar B ystier idtibA receiving
the timing infreimeationdbA1xAGserding wardhes seconetaspecrohithe presannnvaniiasdhere is
provided a meth r neighbor scanning in a wireless lpcal are twork having a station, a first
access poirt (AP gf%?v&%igfg e ofa ?é][rllo% associa %Se Srﬁdgaass‘?é%%%%g%h%’%g od EoMprising:
sending a tiftetyferHiratenTsguekerrmar erelktatiba stine firstiARg teveiyindoantitiingirfermation

report from the fistAR pagNgRGI Qéﬁfﬁ%&%@@&%@@t&ﬁ]%%&ljag fienipgpfRrmAtan k. RpgaCON signal
transmitted tt;%étg? 1I%(::-cond P, wherein the timing infofination includes a time difference relative to a
t

t A
known referdRE& &S T ARSI SIS B (FAFAST SRS Igh HRISHUSH R fibedrsiahtie #Mbifset in
timing units jiwheneftrenceighinorfEeanmingiig achieved kpdhastatiomiegénfingdtientimihg information;

and scheduling 3 time,{ar, the, Sialigndo J@Eﬁﬁz&oﬁé%lﬁ%ﬁogf@@aJt&F%HSFQé%%E%ﬁQ%%‘?&r?”d AP, the

scheduling being based on the timing infoiniation report. [0017c]According to the third aspect of the
present invé88HARre is provided a station, comprising: a timing information device, configured to:
send a timing information request from the station to a first access point (AP); and receive a timing

information %tfrom the first AP, the timing, information report including timing information for a
beacon sigr(ﬁra smitte ‘;’Pédls“ qtc())nt_ eﬁﬁ?év%é%?ﬁﬂ%e%?n%%ef#f&ﬁﬁ?ﬁ gli%]eé ugé)smgl |aneadiﬁerence
relative to akFibRdrTeneighes thesifsr i drisisissidecdfaive ToaethhsignaR drfibthe firieditference is an

offset in timjgntNie) andyaischedwing:devigsoRcammunication ik the Hming infepnation device, the
scheduling device configured.to schedule a tilgpe for the station to listen for the heacon signal
transmitted 5 & X8I ABCTHA"SEHSANTH J BRI LILER IR e %’Pﬁlrﬁf infefYatfoh FOHBR.
[0018]BRIERDESCRIPHIDNIOR THE DRAWINGS o0 ihimoreidetaiied undedstandimgof the
invention may hieiad femuthefolowingAeseiptionelaneiRpedemhodimant gixgnyay of

example, and to be understood in conjunction with the accompanying drawings, wherein: (0020]Figure
1is a flow dHRATH HFRHIEERIS FLHRFIGM CRENG FrfrgshiShh TR peRien o Gvhcasamap
associated tigthe SilAhamndadttindidate ARjffset in timing units, whereby the neighbor scanning is

achieved by the station recetving the timing information; and scheduling a time for the station
to listen for the beacon signal transmitted by the second AP, the scheduling being based on

the timing information report.

[0017¢) According to the third aspect of the present invention, there is provided a
station, comprising: a timing information device, configured to: send a timing information
request from the station to a first access point (AP); and receive a timing information report
from the first AP, the timing information report including timing information for a beacon
signal transmitted by a second AP, wherein the timing information includes a time difference
relative to a known reference time for transmission of the beacon signal, and the time
difference is an offset in timing units; and a scheduling device in communication with the
timing information device, the scheduling device configured to schedule a time for the station
to listen for the beacon signal transmitted by the second AP, the scheduling being based on

the timing information report.
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[0021]Figure 2 is a diagram illustrating the timing for scanning one candidate AP; [0022]Figure 3 is a
diagram illustrating the timing for scanning channels; and [00231Figure 4 is a diagram of a system for
communicating timing information between a STA, an AP to which the STA is associated, and a
candidate AP. [0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [00251
Hereafter, the tez at "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 opel@ti®y in a wirele BRIEFIDERERIPWRShIEEHEIBANISHIS; the term "access point”
(AP) ncludes, by not mitgghione-hasesiation aor Buacis conteleosangiher type o

interfacing device in a wireless environment. [00261The gresent |nvent|on |nclk| es methods where
%

timing informateRerEgE MG RAPR A RBISFPTRE AR Umea BB SR TR e RPY y beacon frame
transmit times wm&m&ﬁﬁﬁmmw&%hwﬂwww;ﬁ%wme@mmng mode. [0027]The

AP sends timing jarmatiop about e ARiohor GaRAIKAIBARS P ANe:STAGThE SLAen can use the

timing information to sche ts tuning to the target frequency and execute |dent|f|cat|on and
measurement éFM@%PW?Wrﬁ Fidiffdhe STA, and & candidate AF;
{0021] Figure 2 is a diagram ﬂlustr&‘smg the timing for scanning cne
candidate AP:
10022] Figare 3 is a diagram illustrating the timing for scanning N
channels; and
[0023] Figure 4 is a diagram of a system for communicating timing
information between a STA, an AP to which the STA is associated, and a
candidate AP.

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0025] Hereafter, the term “station” (STA) includes, but is not limited to, &
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 te, a base station, a Node B, a site controller, or
any other type of interfacing device in a wireless environment.

{00261 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 8TA. 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 1021s

A



[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 102 is associated, and a candidate AP (AP2) 106. As
optional first steps, the STA 102 requests timing information for the candidate AP2 106 from AP1 104
(step 110), which then requests timing information from AP2 106 (step 112). AP2 106 reports its timing
information to AP1 (step 114). This step is required only if AP1 has not already obtained AP2's timing
information beforehand; there are additional means for AP1 to obtain the timing information (discussed
below). AP1 repedsiihet fimihg tafelidetiPIOYIRP 20 ArcoSiondl0Rr{stiprt.18) IRa EOBA 102 then

schedules time, {0 n 19,4535 IEAuEAGK GDeRARGsARA HGIPRELf): (9028 Timing information
of neighbor candidate APs can include, for examﬁﬁle: beacon intervals (the perio ICI% of occurrence of

beacon framesy HeaderedoEatd FaRteRS o tontetriotiaRett dhd*Eénihtion-based
periods. Timing-épfetsiatiomiagenfentaighbosBandigerbiA Hlicartbe isomuivnicated tPthe ETA in form

of an absolute {ime (Elercge (66,8 e S SHeh A5--NEIBArheRcan fiame il ocour at ime

xyz"), or a relative time difference to a known reference (such as indicating the number of time units
difference fromaditfenHovorardanaTinin gurAB s tRRE SNeREAtm MEMHtdER or from APL's
previous or curpgrt heRsantfemahd 00RIRc6adscARe tirtirEThthesttarerhissidhosTHe next beacon

frame is not knquido, & peedisien ol &.1an 244 milleeands,due iesbedeguirament for devices
to wait for the end of any on-going transmission/reception before transmitting a beacon, the AP signals
to the ETA an iAédrval of time for the estimated reception (or equivalently, a target time plus an

uncertainty mangiie/1003 1 ikimingfoferstatiost sipnlied STdBcapabya)isdedsyiplemented by
uncertainty periods, or by a specified rule.allowing.t TA riye the timing.information and/or the
uncertainty peri%’ﬁfna%%er%aiﬁ?%ﬁ% %ﬁﬁ%n@% \?V%?%cf %\%?foﬁfﬁ%%?rlﬁ? the ETA that the)r]l;%acon frame of
the candidate ARrastieddeanctt frame esemifitinart tiBicaHen R SHREETRHEP* Bt would also

inform the ETA thabdupdaincerainias:ibe: heacandramaiabibe vandidatenriusiieecur within M
time units before and J, fime units giter the indicated time, ot tme intenyal Angraenpgesinilty is that
the uncertainty Bﬁ%ﬁ%&&%‘% Befitg speglﬁecinevery time gheg AP Brovides iming information, is
signaled separdtstighirobririhébearol chorexEimiay or st spldifie mrsdtipaniee Bcth of these
approaches woylgd,gavessignalind handwitituid ekl Jipingxounatiaricerastg haar andidate APs
can be sent to sz-!:%en\fe where the timing information was sent from AP1 to the STA or from AP1’s

previaus or current beacon frame),

10030} Because the timing of the transmission of the next beacon frame is

net 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 8TA an interval of time for the

estimated reception (or equivalently, a target time plus ar uncertainty marginj.

I0081] Timing information supplied to STAs ean always be suppiemented

by uncertainty periods, or by & 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 vncertainties, the beacon frame of the candidate AT

will occur within M time units before and L firne units after the indicated time or

time interval. Another possibility is that the uncertainty period, instead of being
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using solicited and/or unsolicited broadcastimulticast-type frames (for example, included in a beacon
frame), or solicited and/or unsolicited imi cast-type MAC frames (for example, in Association
Response frames, Reassociation Response frames, or Probe Response frames). Information
elements (IEs) containing timing information can be sent in (or as part of) MAC management frames or
can be piggybacked onto MAC control or data frames. Communicating timing information to STAs can
also include using inter-layer service primitives (such as MAC-physical layer (PHY)t,STA management
entity (SME)) terigitfzae cvemfiime dndABporr Sisscénons fuodineps srrdimg Risersiteling frames,
measurement aglignsn &l R933The timingdntermalionakaeiakbor sardidae AREgan be generated
in a particular AP by several methods, including: the, AP uses network side signaling to retrieve timing
information of rAARBERFTGRBE HE ﬂﬁ’“ﬁ%ﬁ% &ﬂ"% Wi feasurements of neighbor APs, the AP uses
reports from STa0sgkasureBierits, iofotmesfiéh usesigigenerinditaing Beviceonettida@iAork_ [0034]In

network side signalingy;the ARS/AxGhalgadpiaunatinn.abauthe frarsmissien tme.pftheir beacons
through the distribution system connecting the APs together Thereﬁa{ge several poi%%e
out the timing of

implementation@B1RE (R GHPERe STt G- SERRHUEE. 20 AP BRSATRER eaisRs TR
its beacon trangmissidits to:ath @B sioverdtietdistibsiioresirstens, BeassokR ey esbaacon timing
information from aothersAR which reseands hrauah.ihs disiribution System: Allesaatively, the AP can

query a network timing database, such as advantageously realized as part of a central remote or local
network manag&fEREET S ToRsERh BUFeRt ﬁﬁ?ﬁ'é)l TSR SRS G R SR G APS.
[0035]When theifdbisgsdtscawn m&asubamﬁntqoﬂ_mﬁigﬁhma&Pﬁothmmmmgthens to the
beacons of OtherfA-PSat%QQ {NEPRUIES 1NE IANSDISSIY M}%Qeﬂb%%%mtﬁ%%ﬂ&%he beacon

.. . £ { k .
transmission intervar. the measuring AP can Infer approximate future transmission times. This method

is useful when AdgHbBRFCAPEHRe TE Sarta fretigaResnfais (R4, Otherwise, this
method would reggire thenmeasasing AfRtionk) nede:dtfe kéediue NEfAcChatpnelsnfrofratings to time so that

it can listen to the beuacons w icQSise%less attractive solution. [00361For the AP to use reports from

t s efe. T . :
STA measurem%ﬁ%g, g rgﬁgf‘t to the-coordinating AP the time(s) at which they heard a beacon

from neighborin§9&P(s) aloRgstimine trfermpbivashssishnrerpdidatnbiaeatiRe 8FREFEighboring APs,
and a timestamg, of thetneighboring ARl enetrein atigaiiy-car Ude iBis eambiriatiae of absolute and
relative time (efe{e% 1%5 %% %%”‘é%‘?e %r%}@%égg{{yggggégh 65? gﬁg@ﬂ@ Elﬁsets%giggs information in
memory and infé approximate fitUre transmission times of 1 edcon for these APs.

measurements of neighbor APg, the AP uses reports from STA measurements, or

the AP uses a generic timing device oﬁ 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
gystem. Alternatively, the AP can query a network fiming database, such as
advantageously realized as part of a central remote or local network managerent
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 intervel, the measuring

8-



100371When 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. 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 %A de%res to retrieve from the Al'. The neighbor report element can include a timing

synchronization’ tt§ I8 T By SRS R AT STRRT e BigR S 1y Bt hrbiereaie™k%8 a beacon
interval value fordigblneighbbPARsE hdbd Skneffdatovahny islexpresaedtie tisagatarigs £FUsS), which are

for example an%%lo%gm%%@geguﬁr@_%ﬁgo&gai&ﬁggt Od ti_{sﬂ}@et Jiqig& offset between

the coordinating Al and the nel?hbor AP expressed in TUs relative to the coordlna%ng AP. The beacon
interval value cafFSi7é SirastafesUimeib sTfetand wrbttrdeshshsarmmmmyideiexpressed as a
target beacon trabsmisstenitta@iEBLT), which has a typical default value of 100ms. [0038]Timing

information regasgiflg neighbgr.cangi ARscanh I ssed, or.eonfigured in an Al'
management in orrlcggtion base%MIB)i%% Mel%}ma k%é%e?t g%%%%@?ayséré% xc'%og%jrﬁY layer MIB

(0039)Two scerfBfGRoEIeHBaAT s bimes 2 hnbict fhev Serade hnsernifers Taighiowaghe approximate
time of arrival ofiiPe)aéacpritiobeacior theaeighhomcandidathReAfrlg, scanningtime;during which a
STA needs to dwsll i frequ ta.hear a particilar AP is typically, around several
milliseconds if tgégéi’r%%g& %%%ét%n%%%%%%%mg%%m one ?ﬁﬁ%%%n %n%%?v%ﬁe @%ﬁcally 100 ms), if
the timing inforrRAeMBHE AL HKnEREPfe0aw]| Fekgivee Brthaddupretate siopesétientétiod when scanning
several APs on fiifferestidrequeseiedisilhsiRtadrEypicallyorwhenusingsining infarmation, the STA
can establish a gchleog{ule Qea%%gr 8”1-},%% 0%%;{12{%{{%8501}%@2 #e&gg fr%geg d measure all of them in a
single or few number (IJIP%eacon In ervarflsl, whereas it wou dareqw% SeVeraf Beacon intervals if timing
information was!fi¢d Uised. THEewscERAISBterBBSsHbwanindtigulemirefors Asstivitineertainty

regarding the expatdinierehiansnisseasidiaheacaidveiahensedio sielss taqibgr transmissions.

100411The methods d,g%c%ed ab(%\éegare cﬁgﬁléc&g!e to | 802.11-based WLA%% and in particular

to WLANSs based on' 8 E(Fat B8 TRARSMISELH® 802 &R MeFIeT SR RA t (EBB) Mesh),

802.11k Radio Remutipienprasifernemnespmdlisg2iss0vigé pphRERpoushisernd/ BAM)odiheamethods are also
applicable to Otffﬂsﬁﬂﬁﬁéeﬁﬁzﬁ@,t\%ﬁ)@rweﬁespome 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 8TA desires io retrieve from the AP,
The neighbor report elernent can include a tunmg synchronization function (TSF}
information feld, which includes a TSF offset value and a bescon interval value
for the neighbor AP, The TSF offset value is expresse;d m 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 asa
target beacon transmission time (TBTT), which has a typical default value of
" 100ms.
[0038] Timing information regarding neighbor candidate 4Ps can be stored,
accessed, or configured in an AP manasgement information base (MIB). The MIB
may be either a MAC layer MIB or a PHY layer MIB, ‘
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[0042)Figure 4 is a diagram of a system 400 for communicating timing information between a STA
402, an AP (API) 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 APi 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. 10043]The system 400 operates
as follows. As deoéplional Step s&hAr{a2 reshmststi Fingeafdamation dhoit AP266Hey sending a

request from Uil AUOR Asyiae 4100 e U IREAOR HeYiee 420 AbAR] 104 AP1404

receives the timing information regarding AP2 406 through timing information device 420 and timing
information deigBi&aYe RpbRRraRP RS HBEHITRE AFITR FrhcdnPrRecidn Mgl A ERAPL 404 can
receive the timifgaiacmationy eganding ARP 406 iica varetndbwaysl H104640mARPHO6, the beacon
transmission d%\l%%4 fransi it%' s&%g 9 iﬁcﬁﬂ na#34.and; Qm@ga!% o8 '3 Otiming
information for trans %ﬁ%g t%e%éa%gn to the %l{ming%{%ormat%an%%wce 430. ?%e t}i'[misng information is
sent from the tifg i Br6 Frams dfetret B8 dst8 o ifing information device 420 in AP1 404. AP1 404
sends the timingygatn, ziatiam fugdde 3,4R60mMhe tirotged iasmatiarheaesieendzdtodng timing
information device 410 inthe STA 402. [00451.9n¢e th A.4Q2 receives the ti in% information for
AP2 406, the tir%glfi‘sg ?ﬁfq({r%f%%ﬁel% ée uggéggfrgml%g%ﬁ%elﬁgslﬂ-f Ercrar%%foﬁf %%/igélﬁﬁop:o the scheduling
device 412. ThésSeresifindreditd gap ettablisfimeschniarrthaseT prdds omiadies wstheceiver 414 to
scan and receive4be Iracen dransissieniromniAdz 405 fOGHOIA ko ughnthe tgales.and elements of

the present inv%g'geia%aﬁr,%hereas it would require several beacon intervals if timing information
was not used. The “uncertainty interval” shown in Figure 3 refers to the
uncertainty regarding the exact fime of transmission of the beacon due to the
need to defer to other transmissions,

[0041) The methods described above are applicable to IEEE 802.11-based
WLANs, and in particular to WLANs 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,

{00421 Figure 4 is a diagram of a system 400 for cornmunicating timing
information between a B8TA 402, an AP (AP1) 404 to which the STA 402 is
associabed, and a candidate AP (AP2) 408, The system 400 can be used when
timing information is passed from AP2 to AP via the distribution network. The
STA 402 includes a timing information device 410, a scheduling device 412, 2
receiver 414, and an antenna 416. AP1 404 includes a timing information device
420, APZ includes a timing informaftion device 480, & beacon transmission device
432, and an antenna 434,

[0043] The system 400 operates as follows. As an optionsal step, STA 402
requests fiming information about AP2 406 by sending a reguest from timing
information device 410 to the timing informalion device 420 at AP1 404, AP1 404
receives the timing information regarding AP2 406 through timing information

8-



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. CLAIMS What is
claimed is: 1. A method for neighbor scanning in a wireless local area network having a station, a
first access point (AP) to which the station is associated, and a second AP, the method comprising:
receiving a timing information request from the station; receiving timing information at the first AP

for a beacon sidgratestdit trdtimracofmnetionerinitl wetemincorirdrsaihedudesedtime difference
relative to a kngywnJ@feranes fipe-for Kanamissionefiteerkancon sighah-and thetime:difference is an

offset in timing é’[S' nd repor{tin%éthe timing information to the station, whereby the neighbor
scanning is ac & RS ERIBRTEEE Ving the timing information. 2. The method according to

claim 1, whereil®@hé& referehcéRibveastbetbrapstiirasonstiansitiesiéfltinsasoita ity bedmsacon from the
second AP. 3, The meihod acsarlinglReslainyimibesein-raseiunahe-iming infermation includes
receivipg the timing information about the second AP, b réeéwoék ]srigﬁerggn%@ e 4. The method
according to cI&fA*T2 WHErdiRE %W’é”i’%@&% 3§e%8mg’?ﬁegtlmlng m’f%rmg‘f'%tfﬁ%ny one of: a
beacon frame, é&xptibespesfonssifranes, @t S so thationirespdrsesfiamésaceetisocislibn response
frame, or an infgsmatien elpmentin @meditiy agsassants! WGBS the timing

information device 420 to the timing information device 410 in the STA 402.

[0045] Once the STA 402 receives the timing information for AP2 4086, the

timing information is passed from the timing information device 416 to the

scheduling device 412, The scheduling device 412 determines when the STA 402

will adjust its receiver 414 to scan and receive the beacon transmission from AP2

408,

[0046] Although the features and elements of the present invention are

deseribed 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.

# s #



5. The method according to claim 4, wherein the MAC frame is of a management subtype. 6. The
method according to claim 1, wherein the request is part of any one of: a probe request, an association
request, or a reassociation request. 7. The method according to claim 1, further comprising
requesting timing information from the second AP. 8. The method according to claim 1, further
comprising requesting beacon measurements from stations associated with the first AP, the beacon
measurements including timing information. 9. A method for neighbor scanning in a wireless local
area network having a station, a first access poftit 4AR)sto which the station is associated, and a
second AP, Wenetisedmprising: sending a timing information request from the station to the first
AP; receiving a timing information report from the first AP, the timing information report including
timing information fer a bédﬁ@?ﬁ‘@ﬁjg’ﬁéﬂﬁ'ﬁh@hﬁt@@%yq%%wﬁﬁﬂm%ﬁ@%nﬁw@r KhaMtperdormation
includes a tﬂ?éwfeféﬁt:@%ﬁsawe%(éﬁ&ﬁem F@f%ﬁé@ﬂm@ f5PRFFIEFhRYUR A BEaddh signal, and
the time diffSEARE ?Qrﬁﬂrk?ﬂ‘;eix in tim| ngnuplts whereh neighbor scannlng is achieved by the

station receiving ﬂ}%?ewm i A reque anab g&%r‘( &2 ﬁpﬁg Igség Eor the
beacon Slg%iatwm lﬁr%ma e @eécm BeDEHE JWRING Information
report. réﬁér&lit% 'ﬂﬁm aneordigedergial 'Be%c&‘lh@i@ﬁi@l thad ﬁf@ﬁ@ﬁ@%:ﬁ@?@r@eﬁé@&‘g&‘f@amn

transmissiomtimegonratiirahbeacon signal from the second AP. 11. The method according to claim
9, wherein the recearndingchelgsirecefomgthe MI&gsiaﬁonnﬂtlerebemmm«mfmmamelement ina
medium ac(%gge@@ﬁwumm@qum@wmg the timing information.

2. The method according to claim 1, wherein the reference time is a target
beacon transmission time for a first beacon from the second AP.

3. The method according to claim 1, wherein receiving the timing information
includes receiving the timing information about the second AP by network side signaling. :

4, The method according to claim 1, wherein the reporiing includes sending
the timing information in any one of; a beacon frame, a probe response frame, an
association response frame, a reassociation response frame, or an information element
in a medium access control (MAC) frame.

5. The method according to claim 4, wherem the MAC frame is of a
management subtype.

8. The method according to claim 1, wherein the request is part of any one
of: a probe request, an association request, or a reassociation request.

7. The method according to claim 1, further comprising requesting timing
information from the second AP.

8. The method according to claim 1, further comprising requesting beacon
measurements from stations associated with the first AP, the beacon measurements
including timing information.

8. A method for neighbor scanning in a wireless local area network having a
station, a first access point (AP) to which the sta’non is associated, and a second AP, the
method comprising:

sending a timing information request from the station to the first AP;

receiving a timing information report from the first AP, the fiming information
report including timing information for a beacon signal transmitied by the second AP,
wherein the timing information includes a time difference relative to a known reference
time for fransmission of the beacon signal, and the fime difference is an offset in timing
units, whereby the neighbor scanning is achieved by the stafion receiving the timing
information; and

scheduling a time for the station to listen for the beacon signal transmitted by the
second AP, the scheduling being based on the timing information report.
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12. A station, comprising: a timing information device, configured to: send a timing information request
from the station to a first access point (AP); and receive a timing information report from the first
AP, the timing information report including timing information for a beacon signal transmitted by a
second AP, wherein the timing information includes a time difference relative to a known reference
time for transmission of the beacon signal, and the time difference is an offset in timing units; and a
scheduling device in communication with the timing information device, the scheduling device
configured to schetlile atifhE ek eSRITHEHS FER foriisaiRcoiti8rgnss talfsrietesY the second
AP, the sch%%@ﬁﬁﬁb“ﬁ@ﬁﬁﬁsﬁm%ﬁ ?fﬁ’hﬁ@%%rﬁ’%ﬁ ¥EBR Second A Frhe station according to

clal_m 12, Whereln e tlmmgl n&agé:%gr mdgggagﬁ gé g;‘qd{g ﬁféf{é‘% information report in

an informat @e%' %tm DR AP SFA e ANNING IN
WIRELESS ORKS Abstract A method for neighbor scannlng |n a wireless local

area network havmg a statlon a flrst access point (AP) to which the station is associated, and a
second AP beginsi2zy nepesiatiog, tionmngishigrmation regarding a beacon signal sent by the second AP.
The timing informatitmiis; iefoorteibfroavitee fesfigiPedithe station. The station schedules a time, based
on the timing inforgeationtitonisiarfortipe BabesTagribe saismiaaditsy dreese aoi (AP);

and

receive a timing information report from the first AP, the timing information report
including fiming information for a beacon signal fransmitted by a second AP, wherein the
timing information includes a time difference relative to a known reference time for
transmission of the beacon signal, and the time difference is an offset i in fiming units;
and

a scheduling device in communication with the timing information device, the
scheduling device configured to schedule a time for the station to listen for the beacon
signal transmitted by the second AP, the scheduiing being based on the timing
information report.

13.  The station according fo claim 12, wherein the timing information device

is configured to receive the timing information report in an information elementin a
medium access control (MAC) frame.
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Fig. 1

NEIGHBOR SCANNING IN WIRELESS LOCAL AREA NETWORKS

Abstract

A method for neighbor scanming in a wireless local area network having a station, a
first access point (AP} to which the station 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 1o the station. The stazion schedules 2
time, based on the timing information, to listen for the beacon signal transmitied by

the second AF.

Fig. 1
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