[0001] NEIGHBOR SCANNING IN WIRELESS LOCAL AREA
NETWORKS [0002] FIELD OF INVENTION [0003] The present invention
generally relates to wireless local area networks (WLANSs), and more
particularly, to methods for scanning for neighboring access points (APS),
[00041 BACKGROUND [0005] WLANSs have become more popular
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increase. One of the promising areas is the use of Voice over Internet

Riggarol (VolP) and an increpginmdsmanegarggnport of seamless
ervice contjpuity (i.e., handover) in coné%uous WLAN deployment areas
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in practice both modes are used. In the active scanning mode, the STA
¢hemnses a frequency channel anghiransrisraProbe Request frame, then
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listening for a certain am gnt of time in order to capture the beacon
frarfied %&éf’?ﬁsré‘b‘& Ftime intervals by the A.P. In case the STA
dossshot reciiveha IRBEGROHFAMNetafiésdaleintamnoun ST Ameat tuseetyo

BR8N %%%%g %yim&y APs: active scanning mode and passive scanning
mode. Whether a STA uses active or passive scanning mode is usually
determined by configurable séttings; 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 te receive 2 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 freguency 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 receivea
beacon frame affer a certain amount of time, it tunes to a new frequency and

repeats the process.



repeats the process. -1 [0008] When using passive scanning mode, a STA
may know on which frequency channels it is likely to find candidate APs,
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
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[0011] In order to avoid naticeable service interruption by the user, for
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enlididyatee SBrvice interruption time should typically not exceed several
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pe foridetdl ok drdensqoibgise migport. 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 implementﬁtions chosen
| by the ménu_facturers. | N o
[0011] In order to avoid noticeable service interruption by the user, for
example during & 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.



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 VoIP. -2 [0013] SUMMARY [0014] The present
invention includes methods, signaling mechanisms, and timing

igeunation regarding transmissiogimgmwgisyand schedules of neighbor
candidate APs. The AP sends timing jnformatign about the neighbor
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information elements (IE) containing timing information can be sent in

fa7Ees AR AR e AR W B¢ piggybacked onto MAC control or
gt framesTig0ig xomethach ior negilecsadihitgiRcc i bA b hatdBY As
STA, a first to.which the STA is associated, an second AP bedins
B Bk AT MBLER A% who S SSFReiaic, AOASFRAIR AL vl

eeupitash By oFAGdinmgh dpreTFemian AR framfo i dimseyeriaiomestion
STATRRIET Sachadulasa g based 08 he dainginfaneatiaRalRment

listen for the beacon signal transmitted by the second AP. [0017] A
EraemORoTaReg REBPRERThYNT? AN ARKTTRAGESE S §RRES first AP to
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s dedis e s el Bl e
iefrominigon regarding a beacon signal sent by the second AP. The timing
information is reported from the first AP {0 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 S’I‘A,‘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
mformation to the first timing information device in the STA. The second AP

includes & beacon transmission device for transmitting a beacon signal, wherein

the timing information relates to the beacon signal.



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
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tlmlrﬁnfor scanning N channels; and [00231 FggaureA is a diagram of a
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vhseleds;tearismit/receive unit, a user equipment, a mobile station, a fixed

Rlogapbile suscrber unit, @;RAGHE OF ANY,ANAST WRCHiHevIiecaRAbIR LY,
operating in a wireless environment. When referred to hereafter, the term
infraatiogiet VAR mdiidestButis iotisie i Ballc aasartited Nste 2
Buraisiteccamroller, or any other type of interfacing device in a wireless
environment. [00261 The present invention includes methods where
timing information

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

100256] 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 1021s
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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
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amount of time, [00281 Figure 1 is a flow diagram of a method 100 for
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ARIFRPEHSADE (TBBRIR TR AR ARGIRTOFMARIERP QT d 928 BRILI):

16paHsHReHiming itifasnsationsfos APZtdrtieSEA thakstAPTd Gpatie (SEEA
% then schedules time to tune to AP2's frequency to hear AP2's beacon
p 118). [0029] Timing information of neighbor candidate APs can

[ABRMAe, for Ekainglénfooaebinineéroaigiber pendidriey bPocenriastiedes for
REAGRNIrammEs). @+ L aRIehDGRERAIRI S IRBSAILURES BEacon frames), a

contention-free and contention-based periods, Timing information ati?ut 3
bR B MeaRRRIARTR PTRRRINE HOMn SR 95 (REFSPR MTEATIeR:
pbselisertimag elarenstoefoudt i megdiven pasidifiass APreighbamheactmted

i Ry R
fuaighbedndre the Sieirgrilioonmistimessent sromshativ edime dfferendedat
- RRdWn 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 andfor 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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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
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and L time units after the indicated.time or time interval. Another
pBEshilley EmPife it SAAMHEERE R AT S bURT S LR e onse
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through the beacon, for example). or i ecified fi
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solicitediandiamnsalicirgd Mroadeastipulticasiybne Fanssdnresanemas
included in a heacon frame), qr solicited and/or unsglicit 5C%St'ig/‘@et
MAC- PRt dPSsaliple, it ALS oRIATBRERAEES ofRE Fabnde: ) 10 iniuate,
ResassqcaibrHesponsactiamesndurghedddsppidd Ganms)ling frames,
ing%rsrﬂlaetliggn Ig&x%ntss &gs) containing timing information can be sent in
f%r as part o% A fnan'agement frames or can be_piggybacked onto

M&SIcontrolhedimiteinfosnabmmiprozhhng mﬁméarﬂrg%m%h%esﬁrﬂ&ed

g} ag:lﬁ?e:i&ﬁ&‘g%P%Wai%&iﬁmi%&ﬁm&ﬁésmh@@s network side

MAC.-*physical layer (PHY)~STA management entity (SME)) to initiate,
signalin% t¥> reﬁriev% tin(ling ir)lformation 0? rgieiglneborleng QP%, Mte) uses 1ats own

measurements of neighbor APs, the AP uses reports from STA measurements, or
the AP uses & 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 guery 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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confirm, and report on actions, including sending MAC signaling frames,
measurement actions, etc. [0033] The timing information of neighbor
candidate APs can be generated in a particular AP by several methods,
including: the AP uses network side signaling to retrieve timing
information of neighboring APs, the AP uses its own measurements of
reitfabonfPsptivexiRatisAsneptrdadnissiS AmadShiemeitsd WuibfAhen
USESHR r[&t'gnj&g e ic tpr% etwork.[0034] In network side. '
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timin? databass, suc%eas aiﬁl)rgntaléle?gﬁse rlggﬁggg agaﬁglﬁt% réy% t g pring
rbhisteloriEmbensK irrnsEiaviRenn teminysid ubidemdtiefi thémmghboring
infes Taadon fabesaHsy WHENDRLIBEHRS [RB3ELWARRIRE Al USE RIS QW his

me urementiof?geighbor APs, the measuring AP listens to the beacons
SPBREPREY ShaPReie s lpiNefisRonemasetie Herusnt phseipe
dnftebeacditeansmissitng ABrstakedeh o eafbutingiod A heaR M f@hd infers
X issign. times. .Lhis.method is,useful when
%2%;%%é%%%%%é%%%%%%%%%%@t%ﬁ e v NS
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frequescrehanaeisiomdinriniinesahatdlean bsten (AdNeHRARANS st
hich is_.a less attractive sol _thI’l,%OOBG] Far the AP to use reports from
Véé‘ﬁﬁ’ﬁnzf&%geﬂrﬁé%@ﬁﬂwgﬁ%& Gaththe soraiTamG APrareitia @gighbor
wepokt thiesnbetind thbeacespiraiinpeighatitivth 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 [E 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 (TSE)
information field, which includes a TSF offset value and a beacon interval value
for the neighbor AP, The TSF offset value is expresséd 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 (MIR). The MIB
may be either a MAC layer MIB or a PHY layer MIB. '
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AP(s) along with beacon transmission intervals, the identity of the
neighboring APs, and a timestamp of the neighboring AP. The
coordinating AP can use this combination of absolute and relative time
references to derive the timing information. The coordinating AP stores
this information in memory and infers approximate future transmission
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beacon frame for the neighbor
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.

AN CER

[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 AP1 via the distribution network. The
STA 402 includes a timing information device 410, a scheduling device 41Z, 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 anfenna 434.

{0043} The system 400 operates as follows. As an opiional 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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candidate AP, the scanning time during which a STA needs to dwell on a
given frequency to hear a particular AP is typically around several
milliseconds if the timing information is known, down from one full beacon
interval (typically 100 ms), if the timing information is not known. [00401
In Figure 3, the gain of the proposed method when scanning several APs
an difesenhieaHRNCIeR s HioH AlRthe 1BDIGREYMRRR, USING M above in
information,_tlﬁaeﬁ%STA car‘gh?st ish a schedlﬂille hased ,%? the occurrence of
AR B EROR HATBRr S o et T 63R1F B & P e iR T PAN SR AT e
heacwt intemnaietywroregs.it would require several beacon intervals if
[iming inforraatias, yyas.oLusesk T RSB AN IBNAL, AR Ioaoon
igure 3 refers to the uncertainty regarding the exact time of transmission
viathatpengds derdeothe et 2p ihefsmme indommaioniEy sranyodierthe

Rathads descHbesaRaMe. & daplicatde. thikE 802 blhagel id M Nom
and in particular to WLANs based og: 802.11r (Fast BSS Transmj sjo(régp1
j b
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%@rmation device 420. AP2 includes a timing information device 430, a
beacon transmission device 432, and an antenna 434. [0043] The system

1B 8herated Bbdonbiibe Asativrep oA Alemeents PA e PrReqE Sy thbipry are
IMQUANIoR aRoMteAR:4 0t bYaseRAII b kB eRlFemMIiANABNS, cach feature

or element can be used alone (without the other features and elements of the
preferred embodiments) or in varicus combinations with or without other

features and elements of the present invention.
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information device 410 to the timing information device 420 at AP1404.
AP1404 receives the timing information regarding AP2 406 through timing
information -8 device 420 and timing information device 430, respectively.
As described above in connection with Figure 1, API 404 can receive the
timing information regarding AP2 406 in a variety of ways. [00441 In AP2
406, the beacon transmission device 432 transmits its beacon via
antenna 434 and communicates the timing information for transmitting the
beacon to the timing information de¥¥& 430. The timing information is
sant #rommthe:timing information device 430 to the timing information
device 420 in APi 404. AP1 404 sends the timing information for AP2 406
from the timing information device 420 to the timing information device
410 in'the STAMBS? fHoXET OntETHRESTA %D TPe RIS BTG Ine &
formation foreAP20B\they tmih dhinfowrmatiorsiscpassetifromrrehe 4ifnithg
feunaliggayice 410 to the scheduling device 412. The scheduling
device 412.det%rmine Whgn the STA 40&3 ‘é‘{!aly!; cg:u;ljust its receiver 414 to

TSCeIVINE A THILL mitormation request from
scan and receive tfie beacon transmission from AP2 406. [00461

AlthoutjFF tHRE R TDF & AR Bl A &t STeF {Heltire Sercivertigrrapy the second
désaribed in the preferred embodiments in particular combinations, each

feature. Qrglement:candeddssdaang.(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. -9
CLAIMS Whiarigdhaintewidng tacnatiotbRorindig Abine searminen incdndes an
whsellessde eatanearfrahmerkshayitghabatationmal first access point (AP) to
which the station is associated, and a second AP, the

-

3. The method according to claim 1, wherein the timing information includes &

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,
3. The method according to any one of claims 3 or 4, wherein the réference time

15 a target beacon transmission time for a first beacon from the second AP.

é. The method according to any one of the preceding claims, wherein the timing

information for the second AP is referenced to a beacon period of the first AP.

7. The method according fo any one of claims | to 5, wherein the timing
mformation for the second AP is referenced io the beacon transmission time interval of the
first AP.

8. The method according to any one of the preceding claims, wherein the timing

information includes a time window for transniission of the beacon signal.

9. The method according to any one of the preceding claims, wherein receiving
the timing information inciudes receiving the tuning information about the second AP by

network side signaling.
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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; and reporting the timing information to the station. 2.
The method according to claim 1, wherein the timing information includes
an absolute time reference for transmission of the beacon signal. 31 The
method according to claim 1, wherein the timing information includes a
time difference relative to a known reference time for transmjssion of the

beacol'signaleAnshrs ATERRRE 48 @8TdTRG 1 Lrith BXWherbifhetikge the
dliffer erfeais @nmofigetiradimip eamitsiGalF renmetiko dydbeexdivg’io any one
of claims 3 or 4, wherein the reference time is a target beacon

transmlssmn,[t}l’rénge];% da first beacon from t?eclggncopgo,%_l:’w . The methog;_ine

1 coording 1o Oneg o LB, EIe). receving
accorollng to Ay one of the prece%ﬂﬁg daims, Wheréin'the timing
Tinfovmetiorefor thrudecerry RPISIBIERSAECTPTO SR BaSHAE IS B (HeE fifst
APmaslba-methan aocerding teanyanted slaimsdio AP wherein the
timing information for the second AP is referenced to the beacon
transmig,sion time interval of the first AP, 8, The method accordig to an(}/
one of the pretedfiPEIATRE TonErEi (1 finify PRISHIRGG I IIEES &4
tipretingnctidwicfor tianssmissioniofcthatve dcohesign 8678 The method
according to any one of the preceding claims, wherein receiving the

timing information includes receiving the timing informati o
second AP by S i L e e
ARG scof Behineorng 'SEOWERaR FSERIGITEPIRE Fffing information includes
measuring beacon signals transmitted by the second. AP. 11. The method
aCCOfdiQQ to W}%@B&tﬁﬂﬂg 1;]@ %ﬁowhﬁrﬁ%{@?%vi@gvlﬁh@sm said reporting

inchudes sending the timing information in an assoctation response frame,

15. The method according to any one of claims I to 11, wherein said reporting

includes sending the timing information in a reassociation response frame.
16, The method according to any one of claims 1 to 11, whersin said reporting
inciudes sending the timing information in an information element in a medium access control

(MAC) frame.

i7. The method according io claim 16, wherein the MAC frame is of a

management subtype.

18. The method according to any one of the preceding claims, wherein the

request 1s part of a probe request.

19. The method according 1o any ons of ciaims 1 to 17, wherein the request s

part of an association request.

20 The method according to any one of claims 1 to 17, wherein the request is

part of a reassociation request.
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timing information includes receiving measurements from stations
associated to the first AP, the measurements relating to beacon signals
transmitted by the second AP. i2. The method according to any one of the
preceding claims, wherein said reporting includes sending the timing
information in a beacon frame. 13. The method according to any one
claims 1 to 11, wherein said, reporting includes sending the timing
information in a probe response frame. 14. The method according to any
one offtlaim$tE Brhad HrRETEIR S AT PBP ST TReiitCS Stn T tRE ARG
iefesmation:ip abrasseciatioheespanad® frame. 15. The method according
to any one of claims 1 to 11, wherein said reporting includes sending the
timingjgformation in a reassociation res onse frame. 16, The method .
accorditig to 2y SHEoPEYHIE 1°8™ 1°Mitere i Said feportigindiiRiEse
wavrdig fhrectimingsirformiationnirsaieinfermcition vi@ntentin adhediubgacon
RELARS RN O IMAG)HIr amen4ibn The method according to claim 16,
wherein the MAC frame is of a management subtype. 1.8. The method
according to a&z onf of the preceding claims, wherein the retcil'u%is}lis. art
of a probe reg IS & PR RS ST A Braing 15 R DA b BT AT 85,
wherein she Jeguestis mﬁfrw&m&mﬁ%@gg% regigsts 20 TheMRthed e
according to any one of claims 1 to 17, wherein the request is part of a
negissiooiatidinpequest. 21. The method according to any one of the
preceding claims, further comprising requesting timing information from

the seEBHEHPIB2E THEHEGAGECBTAING T8 8hy° dhe 6t tfaims | to 20,
furthe&&%m&g@l&gm%%%ﬁm be%@ﬁ%@e%@ﬁ%@m?mmy SEHANS: report

associated with the first AP, the beacon measurements including timing
infarmatiann 23foAnatethod:fenaei ghkoracanniginha saisedess acal area
network having a

scheduling z time for the station to listen for the beacon signal transmitted by the

second AP, the scheduling being based on the timing information report,

24. The method according to claim 23, wherein the timing information report
inciudes an absolute time reference for transmission of the beacon signal.

25, The method according to claim 23, wherein the timing mformation report
inctudes a time difference relative io a known reference time for wransmission of the beacon

signal,

26, Tie method according 10 claim 25, wherein the reference time is a target

beacon transmission time for a first beacon signal from the second AP,

27. The method according to any one of claims 25 or 26, wherein the timing

information report for the second AP is referenced o a beacon period of the first AP,



station, a first access point (AP) to which the station is associated, and a
second A.P. 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 timing information report including timing information for a
beacon signal transmitted by the second AP; and scheduling a time for
the staflon Qlsien, ol J0S0aG0n SIdna| Fansmiued Y IN% 284000 fiiee
the scheduling being based on the ﬁmlng information report. 21. The
imsihed According taciainma3; whereia thedininginlasmationirenekval of
includes an absolute time reference for transmission of the beacon signal.
@&fiffhePmethod according to claim 23, wherein the timing information
report includes a time difference relative to a known reference time for
transmission of the beacon signal. 26. The method according to claim 25,
whereig the referenca timg s farget.Reacan.fransrissiomdise foraqfirst
beacon signal from the second AP. 27. The method according to any one
nfelaimns 2boariRfydaheietvwihdtiningarinicsnatidhaeport fagnthe second
AP is referenced to a beacon period of the first AP. ,1 28. The method
according to any one of claims 25 or 26, wherein the timing information
report for theysecond AR is keferenced fo the-beacon rapsmigsion time,
interval of the first AP. 29. The method according to any one of claims 2%
-8 wheraiy the timingirinfermatiepsepoerinsiutdasa tmewindouwnéom
transmission of the beacon signal. 30. The method according to any one
etairh sRBoldMOCWFEHeiNn the receiving includes receiving the timing
information report in an information element in a medium access control
(MAC) frame. 31. A station, comprising:

31 A station, comprising:
a timing information device, configured ta:
send 2 timing information request from the station to & first access point

(APY; and
| receive & timing.infomation report from the first AP, the timing informaﬁion
report including timing information for a beacon si@ai transmitted by a second AP; and

e schedujing 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.

32, The station according to claim 31, wherein the timing information report

inciudes an absolute time reference for transmission of the beacon signal.

33 The station according to claim 31, wherein the timing information report

includes a time difference relative 1o a known reference time for transmission of the beacon

signal.



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; and a
scheduling device in communication with the timing information device,
the scheduling device configured to schedule a time for the station to

listen 1or the' BeStA TG R SHAIftetf by THE S RO FERE S tHESEnk ftififtg

Reing-hAsed.op dhe HiminginformationdeRast 3% The station according to
claim 31, wherein the timing information report includes an absolute time
reference for transmission of the beacon signal. 33. The station according
to claim 31, wherein the timing information report_includes a time

differelice relafiviE e atkineMg refdrene thid2far fransriis SimeBr tetiming

Regean.nak 1 3. Theslalion.aceprding o dlaim 33 wherain the
reference time Is a target beacon transmission time for a first beacon
from the second AP. 35. The station according to any one of claims 33 or
34, wherein the timing information report for the second AP is referenced
to a béhcon Pesrisetior Heeoliise APEB6oFHE Staffon AcEoTdiRg e Ry GFen6f
.clfaims_ 33 or 34, Wperein dtl)& ti‘mipgminfornllatijon reggort for the second AP.
wmiongaton re 81’ftI0* the Secon 15 TeIE ced 10 the beason TaItISI’ll]!SS'i(}Il t}me I%%VaésI
i TETerenced to the beacon transmission time interval of the first AP. 37.
dbe.station according to any one of claims 31 to 36, wherein the timing
information report includes a time window for transmission of the beacon
signal. 38. The station according to any one of claims 31 to 37; wherein
the timing information device is configured to receive the timin

25 ; ! ¢ i 0 -
information rePoftaPAARSIHRLIGR SRETEITtaa thetitin WEEes &8t

Iﬁ?o@r@atibll‘}epﬂrt includes a time window for wansmission of the beacon signal.

38. The statiop according to any one of claims 31 to 37, wherein the timing
information device is configured 10 receive the timing information report in an information

element in a medium access conire! frame.



