USE OF MEASUREMENT PI LOT FOR RADI O MEASUREMENT I N A
W RELESS NETWORK CROSS- REFERENCE TO RELATED
WERPZOLAT ONS [ 0001] This application clains pPCDIB2§6/002476
to U.S. Provisional Application Serial Nunber
60/ 715,836, filed on Sept 2005, entitled "Use
U B DR MEHSUREMERT RILD T EQRR ABUOMEASHREMENT IN A
Wrel ess Network," hereby incorporated by reference.
BACKGROUND [0002] WIRELESS NETWORK, such as wirel ess
| ocal area networks (W.AN) typically comunicate via
radi o or other frequencies. In a WAN, for exanple,
nobil e stations are typically noving around, and may
t S or base station.
grj_@r%_e;rsg%apm@r\ym RELKTED PLmAﬁb?Qs o tor nay
[0001]) be Tdmapphcadilonozlalmsrmmrrtym Urs. lﬂmwmmai Applivatiard
net wor ks. [0003] The nobst common WLAN technol ogy is
Seridé dumibards0/115,866) filet idnuSeptember ©¢ 006 aéntitkd “Use of
El ectronics Engineers |EEE 802.1 1 famly of industry

Mee‘éélﬁéhfe'n@ PAIHOR? RaRHS My %ﬁﬁéhtflh%aWn@T@ssf REtvwdrkE h%?@oyl
b, IEEE 802. 11g and IE la. A group of 802

mCO}Pﬁpa%(? Bﬁ%@@éﬁ may be in comTunl cation with each

ectly or through one AP) in a network
_Bﬁégéﬂbﬁﬁgg basi c service set (BSS), which may be
i by a basic service set identifier (BSSID).
A group of BSSs 2‘4’% with one AP per BSS) nmay be
lo%flpl ed Wiglesaaetwerks, sésiyas Wiekssleealdra netyorkswi t h

mul tiple APs) known as
(WLAN) typically communicate via radio or other frequencies. In a WLAN, for

example, mobile stations are .typicé‘i‘llyl.'fn'oving around, and may communicate
with an access point (AP) or base station. The AP is typically a fixed device
that may (or may not) be connected to infrastructure networks or wired
networks.

[0003] The most common WLAN technology is described in the
Institute of Electrical and Electronics Engineers IEEE 802.11 family of industry
specifications, such as specifications f‘or'IEEE 802.11b, IEEE 802.11g and
IEEE 802.11a. A group of 802.11 mobile stations may be in communication
with each othef (either directly or through one AP) in a network known as a
basic service set (BSS),‘V\’/hich' may be iaehtified by a basic service set
identifier (BSSID). A grdup of BSSé '(Ye.Q., With one AP per BSS) may bé
coupled together in a larger WLAN network (e.g., with multiple APs) known as
an extended service set (ESS), which may be identified by a service set ID

(SSID).



an extended service set (ESS), which may be identified
by a service set ID (SSID).[0004] Wen a nobile

war@viogmoaroves around a wirel ess network (e.g.PCT/IB2006/002476

WLAN) 1t he station may need to change its present
associ ation fromone AP to another AP if the signal
[00041 e pt | ¥hanes grohile stationyneyes erqungsa sdickessingtwork (ang),

AP becomes too | ow and/ or another AP provides a better
WLAN)g the statiosimay neegébchandecits pfasient pssadaliorefros donp
as roamng, and allows a nobile station to swtch

to arastROCcARLif e sigialgedEistion] IB0QIRT tRe pssertyHEsBsiabsd gs,erving)
associating wth a new AP, a nobile station may Tirst
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techni ques for neasuriing or nonrtoring radi o signals

Al | . ' tyween APs. Signal s transmtted .
capalis, it RIS Btith e5Tormind nd AR mabe stdfion
signal strength (R may be neasured for each AP, for
to svg@.,%ﬁsgmqtpn@o{p?é%aggr’ APs may be |ocated, for
exanpl e, via passive scanning and by active scanning.
[0008b06] Bafosa searmmngseransonigltingiwith a2 sewsARt Aanobiteystation
nonitor one or nore channels to determne if there is

may dirsgidacaie ane arrobee APspbhee aneanauimbee of RyowRsechhiques
beacon may be transmtted by each AP at regul ar

for madsekiviglai mdmiMhgaadkesgatisitd bRoWIbaMInG bBiwedVYAPY, 100
nms. A beacon (or beacon signal) may include, for
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| _nldi cation éo %TI I\Q beacon: i nterval (or apount of
particular AR2s W@é&@a located, for example, via passive scanning and by

active scanning.

[0006] In passive SCéhr{ing;fa"\);v'i’r‘eIe:‘s‘s) station may monitor on'e or more
channels to determine if there is a b:e;c’éOn or probe response transmitted by
APs. A beacon may be transmitted by each AP at regu}lar intervals (known as
beacon intervals), e.g., every 100 ms. A beacon (or beacon signal) may
include, for example, an AP timestamp représenting the value of the timing
synchronization function (TSF) timer to 'keep the associated stations
synchronized to the AP, a BSSID idénfifyihg a specific WLAN network, a
traffic indication map (TIM), beacon interval (or amoﬁnt of time between
beacon transmissions), an indication of the éupported data rates, parameter
sets or information about specific signaling hethods that are supported,
capability information (su'c‘:h as whetHerWIred Equivalericy Privacy or WEP

protocol is supported), and other information. In passive scanning, a node



beacon transm ssions), an indication of the supported
data rates, paraneter sets or information about

W@ p@aiot41e9 si gnal i ng net hods that are support edPCT/IB2006/002476

capability information (such as whether Wred

i val ency Privacy or WEP protocol is supported), and
mayﬁiqﬁ%%'ﬁ ?‘?&Q%ﬁ%‘ﬁi% rﬁlrg% reRPOESeR 08 A ¢ Piiraliy @fra%ennels,
listen for beacons or probe responses on each of a
gathsringdnfarinatipn sineeaadl AP syghtasriengived fsignadsirengtln each
AP such as received signal strength, capabilities and

capdhitites ahé slatd rdates ofhe APCetcl Nn S0 ingRirtReCFasdwsSi Ve
scanni ng may expend'time anhd power while |i1stening for

scainiRg #PeRbeit] Ge érﬁﬁWéﬁNﬁﬂ@ﬁstBﬁMg%Yﬁrbe%%Hrqr oY

be an idle channel. [0007] - Active sCanning may I nvolve

resiibrBHhABl HAAP oLEM WA bAG Ao R fpauest Lo one

r nore specl recel € responses
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information. A nobile station may transmt, for
proks ERepest o008 ebEare gResiic ARg, aBgdereiving RroberesReNsast
identity (SSID) in the probe request frame. Any AP or
fronsthet ABs. évetivéscanaing elllonkanobite statisns teein8ShDt witli ARsor
exanpl e, respond with a probe response. The probe

otharetativrseo abitainl iaforination b@amebile SRMtioRMANY Ganbmfitpfgrat i on
that may be useful to allow a station to access the

examPleVe robk r@éﬁg&i tﬁ&?sﬂ%diﬁbsaé‘ sERiceb&NdERTHRESID] M the

nitoring of beacons (passive scanning),  active

oot AP ME, AR AP B80T 2 Phind shENFBIaBR e
oI ak Y BBl et R BihS bt b iota oo
resp%%%g, gi(l?lgzilearr]ttég brzera%gg,S‘»l%%yfp%viﬁzsihgo?mta‘[igg %I:gttmay be useful to
allow a station to access the netwo'rk 6r"é'és‘60ia5ce with an AP. When |
compared to monitoring of beacons (blassive scanning), active scanning May,
in some cases, result in longer battery life (e.g., may consume less battery
power), but also may reduce network capacity due to the probe request/probe
response traffic.

[0008] It has also been recen‘tIyApropo‘sed for APs to transmit
measurement pilots (which sdmet'imes‘ rhay' be referred to as gratuitous probe
responses). An AP may typically transmit a measurement pilot frame much
more frequently (e.g., Ievery 10ms) than a beacon (e.g., every 100ms) to
provide more frequent informatiori thrstaﬁdhs.? Thus, because the
measurement pilot frame interval IS '{ypic':al'ly much shorter than a beacon

interval, stations may use measurement pilot frames to detect whether there



measurenent pilots (which sonetinmes may be referred to
as gratuitous probe responses). An AP may typically

WO c@n®pdin9 a measurenment pilot franme nmuch nore PCT/IB2006/002476
frequently (e.g., every 10ns) than a beacon (e.g.,

. every 100nms) to provide nore frequent information to

is ag At %/rangmltmn@@n the chaneel trmeaguia bheshanyiel guality 4¢8.-,
interval is typically nuch shorter than a beacon

measure received signabsisemgih), wae tovaseive mdiner ipfdrotatibnaekeéing do
detect whether thereis an AP transmtting on the
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recei ved signal strength), and to receive other
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information provided in a beacon or probe response
provided ima heagencspsehe frspensesbuiberaeasyragent pileidy sherter

i nclude sonme of the |onger fields, such as all of the
sincl ihaychddThdlude sbawe pirtheiloregkerifieldd)subkasall of the TIM and

Measurenent pilot franes may be received by a nobile

DTIM A&lds Proliged axaiebsacohuriBas@ehiart pilbt Rases\Ray be
scanni ng. SUMVARY [ 0009] Vari ous enbodi nents are

ectlyBE IS RRL SRR, 1 3Py, QTEOSAETE gl

According to an exanpl e enbodinent, a radio
measur enent request (e.g., beacon request or beacon

ﬁﬁsgement request) nmay be received froma requesting
SUW ss node (e.g., an access point). A neasurenent

pilot frame may be received fromone or nore wreless
[0809ks Various embodiments are disclosed relating to use of a

measurement pilot frame for radio measuremehf in a wireless network.

[0010] According to an example embodiment, a radio measurement
request (e.g., beacon request or beacon nzweasurement‘ request) may be
received from a requesting wiréless'h(()dé (etgr., an access point). A
measurement pilot frame may be received from one or more wireléss nodes
(e.g., APs). A radio measurement report (e.g., beacon report) may be
generated based, at least in part, on the meas‘urement pilot frame from one or
more wireless nodes. The radib mééisdrém'elnt report (e.g., beacon report)
may be transmitted to thé requesting \'Nireléss node. According to an example
embodiment, the radio measurement reduest may inclﬁde a field specifying a

measurement mode for radio measurement. The measurement mode may

specify a mode of measurement, such as, for example: a passive mode (e.g.,



(e.g., APs). A radio neasurenent report (e.g., beacon
report) may be generated based, at least in part, on
wo b@7oeEsur enent pilot frame fromone or nore RET/EB2068002476
nodes. The radi o measurenent report (e.g., beacon
report) may be transmitted to the requesting wreless
Paseicusenetisicgivey hepcanseRmbe respamres, @& measuemeatipitot
nmeasur enent request may include a field specifying a
frameada perforr measurement)adh @ctieasnodengng ., using probe
measur ement node may specjify a node of measurenent,

reqaiBste/prdbe fréspnsREPbEaceh) @F MatR ufdfent Silds), BASSHYA tHBR
f received beacons, probe responses, or neasurenent
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techni que may be sel ected), and an any node (allow ng

mog@yaliying @anyragiye Sirpasaivasoeasurament teohinigue todaeelected
sel ected to provide the requested beacon report).

to drovitiélthécequebted beacamogguat). exanpl e enbodi ment, a
beacon request nmay be received froma requesting
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speci fying at [east one of a plurality of measurenent
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el ess no_?j <.!‘A,‘b,elacoh“r‘ep,ort‘ may be generat ed

for g%ﬁ& Fﬁ%‘rwr%eﬂhe ﬁéa&uﬁ@tmﬁmm@e@s@t;md@a may tnetude
beacon request. In response to the receiving the
onepherrere modes allowing use of measurement pilot frames. One or more
measuremeht pilot frames may bé received fro'm oﬁe or more wireless nodes.
A beacon report may be generated according to the measurement mode
specified in the beacon request. In response to the receiving the beacon
request, the beacon report may be trar_isrhitted to the requesting node.

[0012] According to yetl another ekample émbodiment, a beacon
request may be received from a requesting wireless node. One or more
measurement pilot frames may be‘ received from one or more wireless nodes.
A beacon report may be genefétéd :Ibas.ed,' at least in part, on the
measurement pilot frames frof;{’on'eflybr llnorve"wireless nodes. The beacon
report may be transmitted to the reqﬁésfing wireless node.

[0013] According to yet another example embodiment, a radio

measurement request may be transmitted to a wireless node. A radio



request, the beacon report may be transmtted to the
requesting node. [0012] According to yet another

wez@mpkaoenbodi ment, a beacon request may be rBPCEIB20G5/002476

froma requesting wreless node. One or nore

neasur epe ilot frames nmay be received fromone or
me&?ﬁW%mW‘ @F@igmﬁbf desrecaivgd {Esn the pietessdipdse thr radiat ed

based,’ at least in part, on the neasurenent pil ot
medstaement reparbbring gepeeater ibalsed satreastsin peine obemcon

report may be transnmitted to the requesting wireless
measuiemehpil]fratae froth oge o mme virslesenodgesanpl e

enbodi ment, a radi o neasurenent request may be
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lnclllld’ég ?cgﬁﬁ‘ﬁﬂgre g‘?ﬂemoﬁp% Splgtglrtéﬂ%egg&ﬁhﬁfefda%ag?ﬂrelggs

rame fromone

14] | th
ranghele Galted s%ﬁaepsq%@@g[ 155 epiraiC Rusicpe BHEPIRICS o
control|er, a nenory coupled to the controller, and a
receiyq airadio Measeaentregurliiam adeguestinshwireless nodento

apparatus may be adapted to: receive a radio
receiaguneasurement pdet framerfran vogqueshonegringless asdesdde,
to receive a neasurenent pilot frame fromone or nore

generate lbaragliomreasurdmengtaeportiasad adeastihgsin, ©fethe r eport
based, at least in part, on the neasurenent pil ot
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the radi o neasurenent report to the requéesting

the MJlglrﬁeaassurr]é’rant %boﬁtnto ﬁ%?@%feﬁm&qm géé nﬂég Ir‘?%ﬂaerx%ﬁe

conprl Se a ol
net wor anot her exa

h
emba%anﬁim aﬁaﬁ%&%m&%%ss& mﬁs?braomhae & Widles3 o

a wireless meshed network

[0015] In another examble é?ﬁi;ddihqeht, an apbaratus is provided that
includes a controller, a memory coupled‘to" the controller, and a wireless
transceiver coupled to the controller. The apparatus may be adapted to:
transmit a radio measurement request to a wireless node, and receive a radio
measurement report from the wireless node, the radio measurement report
being generated based, at least in part, on a measurement pilot frame from
one or more wireless nodes. | .

[0016] In another example embodinnent, a computer program product
for wireless communications is provided, the computer program product being
tangibly embodied on a computer—readable medlum The computer program

product may include executable code that when executed is configured to

cause one or more processors to: receive a radio measurement request from



includes a controller, a nenory coupled to the
controller, and a wreless transceiver coupled to the

weomnzdiber. The apparatus may be adapted to: PCHIB04/002476
a radi o neasurenent request to a wirel ess node, and
receive a radio surenent report fromthe wrel ess
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based, at least in part, on a measurenent pilot frane

more Yirelass nndasofegensrate:ssadiodaeas|rootsi reporabasédrat least
exanpl e enbodi nent, a conputer program product for

in peirt, endbe measureent piotsfrarne frony odedr ndre WipsiBYs Abdes; and
program product being tangi bly enbodi ed on a
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transmt the radi o neasurenent report to the
produfumsy intjude pseewsblecisle that) Mitjen exenutedds corfigred to
enbodi nent, a conputer program product for wreless

CausermendICrabie prodessprsotot dehsniihie radiophé asuriedt AsGuest to a
product being tangi bly enbodi ed on a conput er-readabl e
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execut abl e code that, when executed, 1S ¢ I gure
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measurenent reques a Wr
1.0 neasu ort fromthe wi rel ess node, the
on o M RARH B e B3 oBE Ry YBnirdsenBeSRd.  at
in part, on a neasurenment pilot franme from one
[nggfmr e Agcasdiagdo @sgax@mple embodiment, by allowing a beacon

- rebort’to be generated based on the meashrement pilot, the beacon report
may, in some cases, be’ generefec:iifﬁbreﬂd'ui‘ckly and more efficiently as

! ‘ ‘ : f ot ' ' ' . '
compared to generating this report based on beacons and probe

requests/responses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a diagram illustrating wireless networks according to an
example embodiment. o

[0020] FIG. 2 is a diagram illuetratihg a frame body for a measurement
pilot frame according to an example embodiment.

[0021] FIG. 3 is a diagram 6f a measurement request field format for a

i " j""l"”’.".. R " . .
beacon measurement request (e.g.: beacon request) according to an example



[0018] According to an exanpl e enbodi nent, by all ow ng
a beacon report to be generated based on the
wore@sedpent pilot, the beacon report may, in BONEB2006/002476
cases, be generated nore quickly and nore efficiently
as conpared to generating this report based on beacons
empAdiMe@be request s/ responses. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0019] FIG 1 is a diagramillustrating
[0822¢| essFIs. Wards ap dimgdamg iltustrating xiiffgreet mehodicmerit.
[0020] FIG 2 is a diagramillustrating a frame body
moties titatiRas ué@géatﬁel ih @ bdddmEregnest Acdedihg taexampe! e
enbodi nent. [0021] FIG 3 is a diagramf a measurenent
em?@ﬂi‘r‘ﬁ‘é{tgﬁ eld format for a beacon neasurenent request
e.g eacon request) according to an

| ee i N l.Gs. 4a-4b are diagr
[R5, 7R (e Mokl ThHst@iig Bt isnt B 0%
specified in a beacon request. according to exanple
forgh fAtiaHRFAON IBAEBFACCAIN 5 AY exagRig eATRIAMEStr at i ng a
measurement report field format for a beacon report
[0924br di ng!G.& isra Hxwrebieet ibusitadingeaneralioooha witessenode a
flow chart illustrating operation of a wireless node
acardingdo g éxanpleembgdimenttbodi nent. [0025] FIG 7 is a
flow chart illustrating operation of a wreless node

[0026P" di NEIQ.O7 RPHORcharANRtRatRIGSEEraTo of & WiRAdsThéde 8
is a flowchart illustrating operation of a wireless
accfdfg to another example embodiment.
[0026] FIG. 8 is a flow chart illustrating operation of a wireless node
according to another example embodirhent. '
[0027] FIG. 9 is a flow chart illustrating operation of a wireless node
according to another example embodiment.

[0028] FIG. 10 is a block diag'ran;l iilustfating an apparatus that may be

provided in a wireless node according:to an example embodiment.

DETAILED DESCRIPTION

[0029] Referring to the Figures in which like numerals indicate like
elements, FIG. 1 is a diagram illustrating wireless networks 102 and 112
according to an example embodiment. According to an example embodiment,
a wireless network, such as wireless ﬁétwork 102 and wireless network 112
may each include a number of wireless nddes, such as mobile stations,
Access Points (APs), base stations, etc.

[0030] According to an e’xar’nf)le' embodiment, each wireless network



according to anot her exanpl e enbodi ment. [0027] FIG 9
is a flowchart illustrating operation of a wireless
waoewe/ozaeor di ng to anot her exanpl e enbodi ment . PED0E286/002476

FIG 10 is a block diagramillustrati ng an apparat us

that may be provided in a wireless node according to
may ineydepndasess dairi(AP) Eet ey memqbﬂs@taqwztg]at may

Referring to the Figures in which like nunerals
be imddroatumidatioa witlethenAB, Helr@xampls, a5 shagn anFIG. 1, wireless
illustrating wrel ess networks 102 and 112 according

nettv@rian 02> neap nel et APeT04 ang eevéian thdbileatatofRMBbEmay be
enbodi ment, a wireless network,  such as wrel ess

in &%mﬂgieaﬁeﬁ vahdami1ioa! 88ch g@'ﬁ%’diﬁ été@oﬁ“w? eRambBiie &&8on

a nunper of wreless no , such as nobile statrons,

c e [ , 4 10 .
1080 Sl s Tes WS 112 nl kiR AL 01 40t Selega mobile

etwor kmay 1 nc¢cl ude an Access, PqQin AP) ‘and opge or ..
stafighe IR BADS T PP RO B 1 14 mableAtafion,

the AP. For exanple, as shown in FIG 1, wreless
116handonebiecstatieny 1il Bc Alheugh nabshown aAR KidendAPbiR may be

stations that may be in' conmunication with AP 104,

coupledh taa fixetinedwstkat i on 106 and nobil e station 108.
Simlarly, wireless network 112 may include AP 114 and

[mer al TROVhEoSs afibddsménetdaseyibee hlefbiﬁ%&(}vbé%@ li¢dble
with AP 114, such as nobile station 116 and nobile

to %Wé 95‘riété%f rehhdr 9%d“t@[:hﬁ&é%ﬁogtgclrjlg%V‘@MN%t\%%s@Yg.,

e coupled to a Tixed networ he vari ous

5B 1008 LTSN S Bl S ESRE 5 e
wir\e/\ILe'g\gI orr"\a/&iy\e%r rlfgtw(ﬁksg' In another example embodiment, the various
examples and embodiments may bé é‘:pf?lied to a meshed wireless network,
Where a —plurality of mesh points (e.g., AcCessj P'oints)’may be coupled
together via wired or wireless links. The term “node” or "wireless node” or
“network node” or “network statioh”'may fre’fer) for example, to a wireless
station, e.g., a subscriber statiaﬁ drr'noblle éf’at'ion, an access point or base
station, a relay station or other intermediate wireless node, or other wireless
computing devices, such as laptop bomputers, ‘desktop computers, and
peripheral devices, as examples.

[0032] F/IG. 2 is a diagram illustrating a frame body for a measurement
pilot frame according to an example embodiment. For example, the
measurement pilot may include: a ti'm,estampv'v- representing a value of a

timing synchronization function (TSF) value of a pilot's source; measurement

pilot interval - the transmission interval of measurement pilots; beacon



| EEE 802.1 1 type networks), cellular networks, radio

networks, or other wreless or wwred networks. In
wae@viogrioexanpl e enbodi ment, the various exanpPEB1BE265/002476

enbodi mrents may be applied to a neshed w reI ess

network, where a plurality of nesh points
'n'f%%lesﬂﬁj@@?m@) mhaayaltsé the U@némlwbg @\tlreéqasa/n a\(er gd ARD);

wireless links. The term "node" or "w rel ess node" or
capabdlityinfarmatitel’ — adestrises\eorke apabilities whthe arsmitfiray node;

exanple, to a wireless station, e.g., a subscriber
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ptop conputers,

er devi ces ex | es. 003 FLG 2 i
cofifty, Rk AplS rda hyhef PEReR sy Gt 'ﬂ%&%‘"’t}?r qlidor
ilot frame according t I nb
PO‘&%W@”@W@“ ﬁ@&@ﬁl fé%'ﬁ{g't S‘BW?(( %%9 e‘if?el'&s’rq??g@r ngise Tl ‘Foor and
timestanp - representing a value of a timng
DSdylitebir setiueaceppatameter set (@Y wrmmmadfb@uwd b djrect
source; neasurenent pilot interval - the transm ssion
sedudnee\riysival ayes deeice (PHY)liousedbedlsoninrd areshl netwbhiethe
eacon interval of the transmtting wreless node

paé@t@ sim itk beaBaR ok easURERERBSId tnay BE SEhshfte® RsRilarly.

capabilities of the transmtting node; Robust security
TR HRek S GO e ARATARR s pbiy of Fiokiedh

count strin rovidin i nf or mat i o
nefifitberThgRe g1 st sPTR R ST R RIS (e %m%ﬂﬂ%%ﬂg er
wer, max transmit power, transmit power @%
fieldlp APAY 7 W6 508 EXAMMR, fels nglwngy@ﬂd%am ipformation
paraneter set (a field which may be used if a direct

mayexjse beénglugad.cal | ayer device (PHY) is used). Al so,
. in a mesh network the

[0033] A variety of different services or functlons may be provided in a
wireless (e.g., WLAN) network.‘ Théée s:ervices', may include, for example,
authentication (e.g., the process by which a mobile station may be
authenticated by an AP), associatibn (e.g.,' thé process by which a mobile
station may register with an AP), and qtﬁer! services.

[0034] Another service that ma'y be performed by a network may
include radio measurement (or radio resource measurement), which may
include, for example: performing radio measurements, requesting'and
reporting of radio measurements, providing information about neighbor APs,
and other functions related to radio measuremepts. For example, as part of

radio measurement, a station may tran"smit different radio measurement

requests to other stations for radio measurement information, e.g., radio
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packets simlar to beacon or neasurenent pilot may be
transmtted regularly. Those packets include
WO ndogioeEd® on of the transmtting nesh point orPCTB2&E02476
networ k. These are just sone exanple fields that may
be included, and other fields may be used. For
meesaiepnant infognation fariatber (m@igl’é)@d)%%pé’éies%adim ormati on
may al so be included. [0033] A variety of different
measunentE requésts eiayoinsludey fdrexanple de ebtomraguest éxs
(e.g., WLAN) network. These services, may include, for
befoRTRESsurdHidH rﬂ%%&é’ét), @khbBgHN therbtRaPbaGRaSY gbpe%f ¢&die
nobil e station y be authenticated by an 'AP),
[ g:
me35gR it reucdls Typlodfly BT ¥ af Reelhie Fiticeiment, =
.0034] .Anot her,. servi ce that m e perfprnmed, b .
stafigh ienaiina g i Gegs e et iedutstaf i Ap B ayrer tation
resource neasurenent), which may include, for exanple:
majy gengrate e tsanunitan ARPEdRIiAte ra leqn@%wrﬁgﬂem geport to the
reporting of radio neasurenents, providing information
reqabsting sttightioprevide thatequeistad informations Astleseibedon
radi o measurenents. For exanple, as part of radio

greatsdstailbslow, acsbRling@to amexamphsembodirhést; ene or atbre of
measurenent requests to other, stations for radio

theirﬂriﬁér‘érn?f@@s éf%efo'?ﬁg%\&?errfe'f@ -repér@@&ﬁaa@thérﬁﬂﬁcon report)

ormation for ot nel ghbor) Al These radio

e S84 T SO BBRY QL BB fjucig
bedcayio Ik FFPPBES Fo SBUPHET BIS: axanple
enbodi nent, a station receiving a radio neasurenent
[0038lest Febexamplapagnobilestation MIbIECRME Eraran LRS!

transmt an appropriate radio nmeasurenent report to
frotrhies serving (associated) AP, which may be a request for beacon

information of ofher (neighborir&g)‘APs. According to an example
embodiment, the station receiving thé'lbé’ac‘on‘ request may perform beacon
measurement and/or generate a beacon r'epo"rt‘based on information received
from other APs, such as beacons, beacon tables, probe responses and/or
measurement pilot frames. Allowinélbéa'cdn measurement (and beacon
report generation) to be perfor'med '}b‘ééféd or measurement pilot frames may,
in some cases, allow for‘a mdre effiéieht éhd faster beacon measurement and
beacon report generation (e.g., as compared to waiting for beacons or using
probe requests/responses to measure beacons of other APs). The terms
beacon request and beacon measurement request may 1be used
interchangeably within this disclosure. | "

[0036] FIG.3isa diragr‘am of a méasurément request field format for a
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requesting station to provide the requested

informati on. As described in greater detail bel ow,
waecwoomeiing to an exanpl e enbodi ment, one or nOPET/IB200d/®2476

different types of radio measuret e'nt reports (such

as the beacon report) may be generated based on
beagionfraeasireswnt ceguast (hedcomieauiest) acaelding tayaih examipis

probe responses and neasurenent pilots. [0035] For
emeodimeEnt, Thembaswentent requeshfiellesfed beacorbeapest meguest

fromits serving (associated) AP, which may be a

inclugE RS ExhRpldeasaihdl RUAUERt | Gbriiel RM@Rick BRS BFRRRUIEHARN!
APs. Accordl ng to an exanpl e enbodi ment, the station

app’h@g ehyd ﬂgné);‘ﬁlsg / Orﬁ’&sﬁlﬁ@ ‘fﬁ%%d%s\é itBFdt v%frﬂbggﬂ%%n s on all

sur enent” an acon repor ase

for tion r celved fro r such a eacons
theisBaBRRR: ARlRE) 5t ; bfee He it ewﬁpm'zéﬂon
pil ot franes. Allomnn% bheacon neasurenent (and beacon
mfelf\éqiaptec@sﬁ@\nalmnﬁ{)bqua 1 the rarmméde!?dsf@ob%ﬁsed before the
nmeasurenent pilot franes may, in sone cases, allow for
(beacomrmseastrenianit measurersest dwedionn- masibersatdor preterred
beacon report generation (e.g., as conpared to waiting
or rhanddteacdmation of shen tequestel (begidon) measaEments to
nmeasur e beacons of other APs). The terns beacon

meASEIAfint ABHLL AFNBatEE I8¢ MR Iterh8ALRDEEBY)., bts besl%iad for
i nterchangeably within this disclosure. !

the é&mﬁeg SmBaZi R EHT egsﬁrsm%ﬁ G |sra%%gﬁt§ed HS e%ter

or apeacon asurenen request

L Y e

i ncl ude, for exan‘pl e: -channel' nunber - channel for
the B3 @ fprtmlych@ageﬁw@port is requested. This may be a BSSID of an

individual BSS, or may be a broadcast BSSID, e.g., where the station is
rec}uested to report on all BéSs on the sbeciffed channel; reporting condition
may define when the measured results are to be feported to the requesting
node, e.g., after each measurement, or When a value of average value of
RCPI (received channel power'ihdicafbr)' or RSSI (received signal strength
indicator) is above or below a particular threshold; threshold/offset and
hysteresis may be used to specify repoﬁing conditions, and may be used
when there are repeated measurements 'SSID (serwce set ID, not shown in
FIG. 3) identifies the ESS (extended servnce set) WhICh are to be measured,
and a wildcard SSID may be specified to request measurement in all SSIDs.
These are just some example fields that may be included, and other fields
may be used.

[0037] According to an example embodiment, if a station that receives
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applies, and it may al so be possible to request
iterative neasurenents on all the channels; regulatory
W@ Lb@3/29109 ndi cat es the frequency band; random REL/IBM06/002476
i nterval specifies an upper bound of the random del ay
to be used before the gbeacon) measur enent ;
the leason snearuramest resmest aeserte theetequesh(ggrees to perfom the
mandat ory duration of the requested (beacon)
requested saeoh;measasememtn themaasuramehtaaby betgetformed
measur enent node, e.g., to be used for the requested

acCORHARY t® FRNINcRBASHERTRDHe BREehé DetBsH FeRatinidy K P@vﬂed
detail below with reference to FIGs. 4a-4b); "BSSID -

accwmw?é?ie;r%%ﬁ?é@@%ﬁée BSS for which a beacon

report I'S may be a BSSID of an
hhgi vi d oF. R ro ast. BSSI e. q.
b3t} o' ¢, 2 il Jfelelid BERPER PaRe aieSeegent
gg?thﬁ r\?ﬁecif'ed channel; reporting condition nmay .
mogks e thidRaY RE sResEigreter cX3MMIR, Vid @ Measiwemait meds figld
. the requesting node, e.g., after each neasurenent, or
in adpracoa request agcoading 4g @nvexample enerliment cEprexample,
channel power indicator)' of RSSI (received signal

mogsé 0ghQRhmaydndiahty passiveadearminy (jesive wsepaf eiceiviedr
t hreshol d; threshol d/ of fset and hysteresis may be used

bedc@ns Reel re¥eiel Probd tespondbs itcS’Férfo#ﬁ heBsOr&hende Mvien
there are repeated neasurenents; SSID (service set |D,

ma Hice Ul niads (bl of itdsltdreht ere e RlREf may
fied to reqguest neasurenent in all

SSL.D nmay he spegi
be Rifouicd el dde shanIDY +PT RS T T RIGRS ERRpnaey Wede
i ncl uded, and other fields y be used. [0037]
2 mgydadigatea Psagan Bklepedeioil Aerrde maydyricaly Bave hat
recei vest he beacon measurenent request,accepts the
already genergtadrarskstoedits beacon table based on earlier scanning
(e.g., passive monitoring of beacons and/or passive monitoring of probe
responses and/or active scanning). Thus, for beacon table mode, the node
may transmit the beacon table it has stored, and typically does not perform
additional measuring orvadditi‘o‘nal rep,ort‘ée‘neration. The modes 0-2
described above to perform radio méasuréments, employing passive
scanning, active scanning and beacon tables, are generally known
techniques.
[0039]  In addition to thé modes 0-2 described above, several additional
measurement modes may be provided, according to an example embodiment.
For example, mode 3 may indicate a passive measurement pilot mode (408),

where measurement may be performed passively using only received

measurement pilots. Mode 4 may indicate any passive measurement 410
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request ed beacon neasurenent), the neasurenent may be
perfornmed according to the neasurenent node and the
whemcoripeport may be provi ded accordi ng to thBCT/IB2006/002476
reporting conditions. [0038] FIG 4a is a diagram
illustrating different exanple nmeasurenent nodes 400
(e.a heassingymeasksraetiineludingrpassivepnenitering af beasanse prahe
nmode field in a beacon request according to an exanple
resporisedi arehineabarersartmilots). N dtode 4 408) ofthgse paissizte
pass!vgﬁfcanglng (passive .use of received beacons and
techii§Gey 981 cE RN ERSsthi VO
1 gmy I ndi cate act% rrode@%lg(%cgqu@ %gﬁ{?%ﬁ%\%{\/g}j@s
; _ . . o
map Ao fﬁ%‘é%@ﬁ?%g?ﬁ%@ﬁéﬁ{pdﬁﬁeéﬁsﬁﬁsZﬁéé’fvr?.?ﬁ.@ﬁ%ﬁég?sa%w
ac t abl e e (406). ode i cal,l y. hav
to osa?alle_za@ oo Bpsirben diSTe 5 Grabii Bt e any
earlier scanning (e.g., passive nonitoring of beacons
pasgwg/efracﬁuggn%sw@memgieqt@l%fe HAYhE Ysad)(Srde RAEHUE or
active scanning). Thus, for beacon table node, the
monitatingafbeacans nprobiehespensamand biaasurernast gitais and agtive
typically does not performadditional nmeasuring or
scaffitid iising brolep Aiduesespahsey) .or Bng cuncksinatior thieecf, i bed
above to performradi o neasurenents, enploying passive

posEl Bisrégoe%?bi t4Ble3§. 2 [Hirdde ) %ggggjéé’éurbﬁ@n@%crﬂﬁ@e may be

general ly ~mn_techn|ques. In addition to the
solGBEE B30 SR RS R A5 Re 2y i hposiment
mofs s iR e (5P VAR s dBLr TR RS

may include beacon tables.

[0040] In addition, acCc‘S'rd‘irlll;c;;:;co an éxample embodiment, a beacon
table méy a;lso be‘generated baéed 'u'po:n rhonitoring of measurement pilots.
[0041] FIG. 4b is a diagram illustrating different example measurement
modes 420 that may also be used, based on the previously discussed
example modés. For example, as shown in‘ FIG. 4b, three generalized
measurement modes may be provided, some of which may be based on the
type of scanning that is performed: a passive scanning mode 410, including
use of beacons, probe responses, or measurement pilots; an active scanning
mode 430, including use of probe requests and probé responses, beacons, or
measurement pilots; and beacon ;tabl'es 4»32’ including use of stored beacon
information (i.e., based én previous séaﬁnin'g information as discussed
above).

[0042] The various measurement modes illustrated in FIGs. 4a-4b are
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wher e measurenment nmay be perforned passively using

only received neasurenent pilots. Mdde 4 may indicate
w@eo7pz889 ve neasurenent 410(e.g., passive neaBUT/EBRB002476

i ncl uding passive nonitoring of beacons, probe

responses and neasurenent pilots). In rmde 4, any of
mereheexarmplesi ard akibeivauiety ofeifferent mcmtasgnab@etuwd For

station receiving the beacon request. This nmay all ow
exatripde sthete maythe Isehatt ot neasmeendriiqiiot Fatecty po of

conveni ent or easiest to obtain the requested

tran@RASI6RE R inesiewSrks4 1 eX@YipleAbasiRmdiimady (e.g

passive or active rreasu.rerrent technl gque may be used

mod€ 6 may e SAUP RIS e tlodiBAT8h et b e/ FRRATER

erren canni n

may, gg i?esétgél %%%Eg o e@gﬁeggrgtfn%gé:ﬂgﬁs%é'glg@s gﬁvse packets may

nmeasur enent techni que nay be selected by the station
alsq be aised iy gen@raéleaég@ b%%ﬁsp@srteportrrf HeasaieRntieatlowasd yth
5 may excl ude beacon tables, while in another
anyepdsstienmpasunententiegaymode |4l)l oe aby aoeaswramiest iechnjq@40]
In addition, according to an exanpl e enbodi nent, a
(e.goeneds Fabl e may al so be generated based upon
nmoni toring of nmeasurenent pilots. [0041] FIG 4b is a

: [064?2 ramg, 5%§w.é§e1n¢rrfu%ﬁaﬁﬁg a@ﬁé@@tremmw&rﬁew

s 420 that may a be use based on th

forBaGIPH %r%c%iﬁb%%?ﬁra?é?% Eiqnigdé ity enen?nréﬁ%%

el SeRrR SRt C?fr?a"*?eé’%onpr@'rpﬁm@%iniucgaiérd?%n@@gﬁm ’
node 410, including use of beacons, probe responses,

chasnehpwrsbee mahenpel on whighthgdneasuremaiingeingeriosmed;

i ncluding use of probe requests and probe responses,
regblamrgmassorlndrcates the frequency band actual measurement start

time may indicate the tlme when the measurement was started
measurement duration may indicate the duration over which the beacon
report was measured; PHY type may indicate the physical medium type of
the station for the beacon or probe response or measurement pilot being
reported; RCPI may indicate the received channel power of the beacon, or
probe or measurement pilot and may beeveraged over several beacons,
probes or measurement pilots; BSSID — indicates the BSSID of the beacon
or probe or measurement pilot being reported; parent TSF field — indicates
the lower 4 octets of the measurlng node S TSF (t|m|ng synchronization
function) timer value at the time the' reported beacon or probe response or
measurement pilot was received; target TSF field — includes the TSF

timestamp from the beacon or probe response or measurement pilot being
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measurenent pilots; and beacon tables 432, including

use of stored beacon information (i.e., based on
w@e@viozalsd scanni ng i nformati on as di scussed abP@EIB2006/002476

[0042] The various nmeasurenent nodes illustrated in

FI Gs. 4a-4b arenerely exanples, and a wi de variety of
repditédie beacomirdes/ahayndicatesdbe beacor iniempakirorhiesepasictde

beacon or measurenent pilot frane type of

bedcoAnHPrebé eespdnsemmyheasirenient pilét) cxpaibilite infemsaticnent
node (e.g., node 6) may be used to indicate in the

inclgggggﬂao%@ﬁé’rﬂﬁtﬁl ihfofhatibs freRRfRTehBREH bheERYn Sro%beré‘sgé’nse

b
the feception of those packets. Those packets
i | be rf i
or fBYaTeRfkteHEst; rekAF bRy PodBrrs R LRARE limber
(e.q9.,. nmode 4 r any measurenent technigue (e.d.,
of fBirdatigh Sjegnants HardHe e EP R PO, BoPRTERG &
measurenent report field format 500 for a beacon
mepsyement ddet. @agl Mbelgmeants mavebe fropertedne.g. Tsieh that only
nmeasurenent report field of a beacon report may
theifinst 41detets of thexalemicat ashmposiednUittese aredusiransne example

whi ch the neasurenent is being perforned; regulatory

fiel@d, affdl othenfleldatragy bbaisktiequency band; act ual
measurenent start tinme may indicate the tinme when the

[0BRAF T © TG, 9'R% ﬁé@fc*h%%doemstﬁuq@pé’rb\fiaﬁ oPB viiBless

cate the duration over tthe beacon report was

R R e A R R e T
e BE o S REAL g I s i
a rmggﬁgle&i lngct:ie ?en.g-’r;?]yAlgi aver aged over several

[0045] According to an example embodiment, the radio measurement
request may include é field Vsp‘ec‘ifyin:g‘é;r‘n‘éasurern'ent mbde for radio
measurement, the measuremenf mode sbecifying at least one of passive
mode, including use of beacons or probe responses; active mode, including
use of probe requests and probe responses, beacons, or measurement pilot
frames; beacon table; measurement pilot mode, including use only of
measurement pilot frames; passive mode, including use of measurement pilot
frames or beacons or pr'obe re‘spon.s’esi; énd any type of active or passive
measurement technique (614). For exarhple, a beacon request including a
measurement request field 300 that may include any méasurement mode
400, 420 as shown in FIGs. 4a-4b, r'riay4 be received, for example from AP

104.

[0046] At step 620, a measurement fdilot frame may be received from
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probes or neasurenment pilots; BSSID - indicates the
BSSI D of the beacon or probe or neasurenent pil ot
whedng2aieport ed; parent TSF field - indicates PEEIB2006002476
4 octets of the measuring node's TSF (tim ng
synchroni zation function) tinmer value at the tinme the
one epoptedirblessaodes (praobdPsk sihare@nplena aseastremenppileit
was received'; target TSF field - includes the TSF

frarhé 1209trAaP bEreceivee fi’@_ﬁaWABH Oar 014, eApstepes3, a radio
measur enent pil ot bei ngreported; beacon interval -

meéaﬂbﬁgefgg$?%§g g%?@é‘éé?ehé\‘a?éd’@éséd, mdliést@ if pAAY éﬁlehéneacon

or p _ _ neasurenent pilot; capability
| : " . :
meiﬂir%&% B oy SRl En GRS bR JERP iple. A"
eacon; recejved el ‘ ti - '
beaNIBPOR MAhPS IFREITAY SPSAeriY SRgIErPe/aHis agturement
beacon, probe response or neasurenent pilot, and TIM
repertenanbe genpraied in aseerdaace with. the speasuramens reRert firld
first 4 octets of the elenent are reported. These are

formas506 diseussexhplevidlisty with regarddoHdes. Bi el ds may be
used. [0044] FIG 6 is a flow chart 600 illustrating

[00RP] at | Omt $tbp B4V, TR R0 ARAGUASAGKICHePOrtt(e.canbeacmieport)
enbodi nent. According to an exanpl e enbodi nent, at

ma? LeRrdhdhifted 30 1R %Fi@@?ﬂﬁelé )S(Ed’orgﬁg t:%?%%ﬁ%wle

roma requesting node (e.g., an Al
emfygisrtn B pDR K Ve s RRRRUTEL bpnbftfe oiihnor repart
DasREL S AL PR SIS IRgoae TRIEPBiBED passi ve
nmode, including use of beacons or probe responses;
[0848] ve nibl,7 isrecfloichgrivddd i&ﬂstpat&meowatj@@pg azMEelesobe
responses, beacons, or neasurenent pil ot
node according to another example embodiment. At step 710, a beacon
réquest may be received from a requesﬁng wireless node, the beacon requesf
including a field specifying at Iéa’stl obe iof é:plu.rality of measurement modes
for radio measurement, wherein tﬁé’plurality of measurement modes includes
one or more modes allowing use of rﬁeasurement pilot frames. For example,
the measurement modes may include mode 0 (410), mode 1 (430), or mode 2
(432) of FIG. 4b as discussed previously. At step 720, one or more
measurement pilot frames may be received from one or more wireless nodes.
[0049] At steb 730, a beacOn rebo:"rt may be generated according to the
measurement mode specified in the beacon request. At step 740, in
response to the receiving the beacon request, the beacon report may be

transmitted to the requesting node.

[0050] FIG. 8 is a flow chart:800 iI'Ius‘tr"éting operation of a wireless
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frames; beacon table; neasurenent pilot node,
i ncluding use only of neasurenment pilot frames;
w@awsgiordaoaode, including use of measurenment piPOL/IB2006/002476
frames or beacons or probe responses; an<(j6a2§/ t)lépe of
ctive, or passive neasyrenent techni que 14). For
nodEAGAAMUNG 45 BESINST SXeAIRle EMiRdimENhAbstee B0 erhaacon
request field 300 that may include any neasurenent
reqwa%emamb,e raceivad fronparrefiuestingswirdlasd npdenytistep 820, one
received, for exanple from AP 104. [0046] At step 620,
or naoneerasasenserent pilbbfrafnesnmmayby rbeeives diovedné op e or
nore wirel ess nodes (e.g., APs). For exanple, a
wirdlegsnogsent pil ot frame 200 nay be received fromthe
AP 104 or 114. At step 630, a radi o nmeasurenent report

b ' th
Lo o eente EPg, APaken Rnorf ARy '%‘%]Q%ré:)%ﬂoﬁ%?%@?: oas
. I . rt ma e.generate
in PARS55 e Blo-BERRP Bt o f S5PARA tORESS pEGre Wiemhetaes. At
b eﬂerat ed inraccordance with the nmeasurenment report
stepy B4l e S1éacon 500 e B8 Gansiiiachiihg rapuestinggaireloss
FIG 5. [0047] At step 640, the radi o neasurenent

nodeeport (e.g., beacon report) may be transmitted to the
requesting wirel ess node. According to an exanple

[0es2jodi médthoughehe etpsiiémenibilaiiesse ARAeorFRYeIRRRIALEN
a nei ghbor report based, at least in part, on the

relafifg it® af e Uh & TReds UréRRht pﬂ&?gécorbﬁﬁ%]arr é)é%ro\ﬁlei S a

flow chart 700 illustrating operation of rel ess
oA 5L e BITEA FERSHAE L nlbosi
prole B ER R ThYS Grianak® TEmeasn@ran il gharery lagtn. |-
Howrre?/ae?,ut%gnrﬁgésqu%%%t pﬂot may 'i‘ncl’ude sufficient information (or
substantially} sufficient informatioﬁ) to allow a hbde to build or generate a -
neighbor report, which may provide information relating to one or more
neighbor APs. Therefore, an AP rﬁay tr\anismit a beacon measurement
request, and may specify a mééédfr"é;héntznﬁode. The requesting AP may
receive a beacon report, and may generate a neighbor report based on
information provided in the beacon report. The AP may provide the neighbor
report to other mobile stations, e.g., during association or upon request by the
station. Therefore, allowing the beacon report to be measured and generated
based upon measurement pilot frames not only may improve efficiency and
time required to generate the beacon repbrt, but may also improve the

efficiency and time required to generate a neighbor report.

[0053] FIG. 9 is a flow chart illustrating operation of a wireless node
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for radi o nmeasurenent, wherein the plurality of
nmeasur enent nodes i ncludes one or nore nodes all ow ng
wais@7otineasur ement pil ot franmes. For exanpl e, PETIEB2006/002476
nmeasur enent nodes may include node 0 (410), node 1
(430), or node 2 (432) of FIG 4b as discussed
accprding duahgthenexsmpte gxbodinentoin which armethodatobtajsinga
frames may be received fromone or nore wreless

radivofieasulepizilreport #1 @vikiéss rethec aray ispprdvidey, Atstep
generated according to the neasurenent node specified

910, 3 faldf Hn%%gﬁganﬁ@&t% besthth ?Péﬁra%%ittéd‘ 16 ASARISSs hodd.he

receiving t beacon request, the beacon report may be

t Lt i . ] 1S a

Forff{x%v%f@%aé Beabh rtfsEeHE 1edeRty He P et to e
. rel ess accqrdi to_anot her exanpl e epbodi nent.

wirdlpSS e 4959, 2360 589, a fadBihaas BRI L TLR A o

requesting wireless node. At step 820, one or m)r%
receivad diasnidie Wireless mademekheviadio aasgesrpant FePerh oAk Per

nore wirel ess nodes. [0051] At step 830, a beacon
genezatadt basey, belegshiar @art drbaseehsusemestgiotifranpafrom ene or

t he neasurenent pilot frames fromone or nore wreless

moROHR8lesAinctieeld Fft@xakipte kebsator eport mambereceived from
transmtted to the requesting wrel ess node. [0052]

theﬁbigélewhoa@,emafo%t%%ﬁ BBt Béirmgtgéﬁé?%df'@é’sd@ﬂ aviedRt in part,

infornation relating to an AP,”the neasurenent pilot,
on §E Bt B el S FIRR LR hng P HuciE witieog Hdes
(9225, RERGIING fae FEAmPIE MBS e B ME oS R THET e

sufficient information (or
generated based, at least in part, on the radio measurement report (930).

[0054] As shown in FIG. 10, eaéh“hode (e.g., mobile station or AP) may

comprise én apparatus 1000 éccording t‘o)an éxamplé embodiment. The 7
wireless station may include, for example, a wireless transceiver 1002 to
transmit and receive signals, a proc”essbr or controller 1004 to control
operation of the station and ex'ecuflﬂe‘,l,ih'sfrucr:ﬁons or software, and a memory
1006 to store data and/or instructions‘.' lEac:h node may be programmed or
adapted to perform the various functions or tasks described above. The
coﬁtroller 1004 may be programmable, and capable of executing software or
other instructions stored in memory or on other computer media to perform
the various tasks and functions described above. In addition, a storage
medium or computer readable medium’ may be provided that includes stored

instructions that, when executed by a controller or processor (e.g., the

controller 1004) may result in the controller or processor performing one or
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substantially sufficient information) to allow a node

to build or generate a nei ghbor report, which may
w@e@viozklaod nf ormation relating to one or nore nRCTIH2006/002476

APs. Therefore, an AP may transmt a beacon

rement request, and ma ecj fy a measurenent
m°ﬁ%@@%eiH%&Fgﬁdﬂﬁ??H%°%@9¢%§%ﬁE%@Fb@gabawacon report,
&bnay generate a nei ghbor report based on
[063 r matlMperpestations of the yreriausdeshnigeps descrited hevaimynay
provide the nei ghbor report to other nobile stations,
be impjementead ingligital @décttanio ciocuitpoor ineguasitebiaridagire,
station. Therefore, allow ng the beacon report to be

firmmezae useftlvared og pnedrabipetibes 6thepeN IABRAERERSHs M Ot
frames not only may inprove efficiency and tine

i | t ‘ af T epor SO
B e BT PRLST a7 o0 n RRARAE, 208 icbanﬁ%r Jeete
' / Lt FIG 9 is.a flow chart

tandiBlycBEqEaIR BhinteriRBlion Paifier ot d8 2 mEBhEERERERNE o
anot her exanpl e enbodjnent, in which a nethod of

storgge deNiorPcqmen 6" rRadablemiasium sdn 8 RrAPagaiPHaigns, for
network may be provided. At step 910, a radio

exeppiubrriio qoslokie opsratien of, andatatnrodessing apparites e.g.,
node. For exanple, a béacon nmeasurenent request may be

a progearamabiesdracessdreommuttipissprocedsors9a Sompite S e n@fle a
radi o measurenent report may be received fromthe

computéelseAscampsigter pryraddsQchBaING @BRIPutrSRehta d@@gzribed

generated based, at least in part, on a neasurenen
sl ) SRl 10y Wl AT A ol
contle] 7 eRitefect iSRSl ke oRBIobPe T ER P e
G 3 AEFR- e ol Bm e Saob e,
or o%an’ ut;]?t suitable for use in a Cbmp'Ufing environment. A computer

program can be deployed to be executed on one computer or on multiple
computers at one site or distributed across multiple sites and interconnected
by a communication network. -

[0056] Method stebs may bé"ﬁéﬁéfﬁﬁéd by one or more programmable
processors executing a computer prééram to perform functions by operating
on input data and generating output. Method steps also may be performed
by, and an apparétus may be implemented as, special purpose logic circuitry,
e.d., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit).

[0057] While certain features of 'th'e embodiments have been illustrated

as described herein, many modifications, substiiutioné, changes and
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generated based, at least in part, on the radio

nmeasurenent report (930). [0054] As shown in FIG 10,
weawh/opaoe (e.g., nobile station or AP) nmay coOPEI/IB00G102476

apparatus 1000 according.to an exanpl e enbodi nent. The

| tation may include, for exanple, a wreless
o elUE S BbRhosgir I hasa adliet in e sl be Misrgiese o e
prqocessor, .or controller 1004 to control operation of
undgFtoed Hiatdhe anacasied glims ase infendeshio covesafitsumhe, and
a menory 1006 to store data and/or instructions. Each
modifieriionsyansechangpsaasiad withimtreptred spivit pé tHeovanduze
various functions or tasks described above. The
emboztimeatd. er 1004 may be progranmmabl e, and capabl e of
executing software or other instructions stored in
menory or on other conputer nedia to performthe
various tasks and functions described above. In
addition, a storage medi um or conputer readabl e nmedi um
may be provided that includes stored instructions
that, when executed by a controller or processor
(e.g., the controller 1004) may result in the
controller or processor perform ng one ornore of the
functions or tasks or services descri bed above. [0055]
| npl enent ati ons of the various techni ques descri bed
herein may be inplenmented in digital electronic
circuitry, or in conmputer hardware, firnmnare,
software, or in conbinations of them |nplenentations

may i npl enented as a conputer program product, i.e., a
comput er program tangi bly enbodied in an information
carrier, e.g., in a machi ne-readabl e storage device or

conput er readabl e nediumor in a propagated signal,
for execution by, or to control the operation of, a
dat a processing apparatus, e.g., a programmabl e
processor or nultiple processors, a conputer, or

mul tiple
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conputers. A conputer program such as the conputer
progran(s) descri bed above, can be witten in any form
wo@Roopozgpeanm ng | anguage, includi ng conpil ed oPCT/IB2006/002476
i nterpreted | anguages, and can be depl oyed in any
form including as a stand-al one programor as a
nmodul e, conponent, subroutine, or other unit suitable
for use in a conputing environnent. A conputer program
WHpah I E| ABMEDYES] t 0 be executed on one conputer or on
mul tiple conputers at one site or distributed across
multiple sites and interconnected by a communi cation
net wor k. [0056] Method steps may be perforned by one
or processors executing a conputer
préG?gﬁEQ%%%éaggﬁghgunctions by operating on i nput
data and gener.ati ng out E& ste
o P B (A01a mesheiRh e shROmA FeGRERE Mesk
speci al purpose logic circuitry, e.g., an FPGA (field
pr @)e gate array) or an ASIC
(application-specific integrated circuit). [0057]
Whireeeivimgt aimedseiernentpitdt ftange fobodnerenmoraaviteleéssenodes
illustrated as described herein, many nodifications,
sulygR0);ut i ons, changes andequival ents will now occur
to those skilled in the art. It is, therefore, to be

UNARlrie il b ﬂ@lotrﬂ;@?ﬁﬂgﬁi&ﬁ%ﬁdrﬁbﬁe@f& Ea%angaR, b the

i cat1 ons and changes as

me%@%h%w&%of%%ﬁ%n& ﬁ@%&?ﬁ%@?ﬁ@oﬁ@gggﬁ%@a”m
glo rresur ment,. request, fr r? qustlrb%w
éar(%]’il ngt e radiom asuremen report 0'the requesting W|re ess

node (640).

2. The method of claim 1 wherein the receiving a radio measurement

request comprises receiving a beacon request (612).

3. The method of claim 2 whéré'in’the Qvenérating comprises generating
a beacon report based, at least in part, on the measurement pilot frame from

one or more wireless nodes.
4. The method of claim 1 and ‘fu'rt‘her'comprising:

the requesting wireless node generating a neighbor report based, at least in

part, on the radio measurement report (650).
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recei ving a neasurenment pilot frame fromone or nore
W rel ess nodes (620); generating a radi o neasurenent
wo epaneoibased, at |east in part, on the neasurBCEIB2006/002476
pilot frane fromone or nore wrel ess nodes (630); and
transmtting the radi o measurenent report to the
r eduddia mgthad ef eaign dyeheresuibp radio maaswemed requestai m
1 wherein the receiving a radi o measurenment request
includew i fiedd specifiiing agneasirament megiedst rddid Meastirerieat, the
met hod of claim2 wherein the generating conprises
meganenfint ifode HESHRhg gNeast drsetthedblidwiagt i n part, on
the neasurenent pilot frame fromone or nore wrel ess

noﬂ%gsiv/é- moBe, fefudat ale of B‘ééﬁcé]sgtggprﬁgggggonses (402);

corfprising: the requesting wr enerating’a

nei_ghbor e | east in.part, on the radio

e A8 A PR ot roBE o heR B0ty Oflp Ihores:

wherein the radi o neasurenent request includes a field
beaggas; ?Wﬁasﬁr%ﬂlgﬁéﬁmeﬁd&éo}?or radi o measurement,

t he nmeasurenent node specifying at | east one of the

f olhesgongabledd¢sRle node, including use of beacons or

probe responses (402); active node, including use of

pr aheasweresit pilanchode pineludireposes ealy dfeneasigremant pilot

measurenent pilot franes (430); beacon table (432);
frarfiBg@au®ent pil ot node, including use only of

measur enent pilot frames (408);

passive mode, including use of measurement pilot frames or beacons
or probe responses (410); or

any type of active or péésiﬁé-ﬁ*né'a,éur‘ément technique (614).

6. A method comprising:

receiving a beacon request from a requesting wireless node, the
beacon request including a field specifying at least one of a plurality of
measurement modes for radio measurement, wherein the plurality of
measurement modes includes oné or more modes allowing use of
measurement pilot frames (710);

receiving one or more measuremehft pilot frames from one or more
wireless nodes (720); |

generating a beacon rébort' accordlng to the measurement mode
specified in the beacon request (730); and

in response to the receiving the beacon request, transmitting the

beacon report to the requesting node (740).
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passi ve node, including use of neasurenent pil ot
frames or beacons or probe responses (410); or any

W ype/ozfioact i ve or passive neasurenment techni qReT/{E06h002476
6. A nmethod conprising: receiving a beacon request
froma requesting wreless node, the beacon request
including a field specifying at | east one of a
plurality of neasurenent npdes for radi o measurenent,
wher. ¢\ metihed pbmipabingy of measurenent nodes incl udes
one or nore nodes allow ng use of neasurement pil ot

f r qr%élvh@lé)beaé&? R frefPa ‘Pé Mtiﬂg%?eﬂéé@ ABaE (B1d)ot

frames fromone or nore 'wrel ess no

gengralididori BERRRE MeRtémeRES: tcﬁlamegﬂo?nh@neo more
iea aemeftt B %

nmeasure hode "speci beacon reques
response to the receiving the beacon
W"é'@%ﬁ;ég@ ?@gﬁsm tting the beacon report to the
requesting node (740).7. A nmethod conpri sing
r e GANETANGA eacoR reRelt based rasieast i gats on rtl@e measuggent
node (810); receiving one or nore neasurenment pil ot
pilot frames frororonener morevirelessmeldes 880 efnd( 820) ;
generating a beacon report based, at |least in part, on

t heramapitinenietbezicontrepoRiG thd reziestiey wirelassenode (405
nodes (830); and transmtt,ing the beacon report to the
requesting wirel ess node (840). 8. A nethod of
obtaining a radi o neasurenent report in a wreless

8. A method of obtaining a radio measqrement report in a wireless
network comprising:
transmitting a radio measurement request to a wireless node (910);
and
A receiving é radio measurement report from the wireless node, the radio
measurement report being generated based, at least in part, on a

measurement pilot frame from one or more wireless nodes (920).
9. The method of claim 8 wherein the transmitting a radio

measurement request comprises transmitting a beacon measurement request

to a wireless node (912).

24



network conprising: transmtting a radi o nmeasurenent
request to a wireless node (910); and receiving a

w0 a@i7029masur enent report fromthe wrel ess noPET/IR2066/002476
radi o measurenent report being generated based, at

l e in pant,, on . a asurenent pilot franme from one
or b ToePeon Gans Whesein the rEesiingist fsl BreastEsment
wherein the transmtting a radi o neasurenment request

repe eeMRsisesteerivinDta bercan Iepecidromihe wirshesst nodsdest t o
a wreless node (912).10. The nethod of claim8

beaghsreport being gereratetthasedadt leask ispeirt @NdnE epaidre
conpri ses receiving a beacon report fromthe wrel ess

meantemehb pilSEfeRnEs FORPbhE Be M 4ARIESS REdLRERD). at
| east in part, on one or '‘nore nmeasurenent pilot franes

fromone or nore wireless nodes (922). 11. The nethod
of claim8 and further conprising: generating a

nei.ghbar rt based, at Jeast in part, on the radio
mégu%%hgﬁgpogr g3 aNnd f'i'gherﬁﬁf"ﬁ’ﬂ)'?ﬂ'?%'t us conpri sing:
a controller %,’l%gg%\[ a nemr(¥321006) coupled to the

coMENEIatag a pRig erRArERasqd, & deast epartiovthe @slipl ed
to the controller; the apparatus adapted to: receive a

megtedent ERRATEESM. request from a requesting wirel ess
node (610);

12. An apparatus comprising:
a controller (1004);
a memory (1006) coupled to the controller; and
a wireless transceiver (1 00‘2)A f;oupled to the controller;
the apparatus adabted to:’ o

receive a radio measurement request from a requesting wireless
node (610);

receive a measurement pilot frame from one or more wireless
nodes (620);

generate a radio measurement report based, at least in part, on
the measurement pilot frame from one or more wireless nodes (630);
and

transmit the radio measurement report to the requesting

wireless node (640).
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receive a neasurenent pilot franme fromone or nore
W rel ess nodes (620); generate a radi o neasurenent
wo epaneoibased, at |east in part, on the neasurBCEIB2006/002476
pilot frame fromone or nore wirel ess nodes (630); and
transm.t the radi o, neasurenent report to the
r eqlrest M grppraiieeEClatiad 2verspinthie apparajyisds adapteskto:
claim 12 wherein the apparatus is adapted to: receive
a beaeiya anpeanoromeasunemprdéseqtiesifram aagqusstingwireless
wi rel ess node (612); generate a beacon report based,
nodaet (6tPst in part, on the nmeasurenment pilot frame from
one or nore wreless nodes (632); and transmt the

beaggrrarPbbadsh FpRT IDALERS bt s SAreSon HABcaddremtdif

apparatus of claim 12 wherein the apparatus conprises

; j ] : in a wreless
pllo?grggf@ #gﬁg?ﬁ{)%f) %%Iﬁ%)g%of%@@ﬁéﬁ%gar atus of claim
14 wherejn the apparatys.conprises a.nmesh point or a

wi AEATEEA 5P aCon eRPHdP 488 reAUSRIRO NAIRIRFN0US. an
apparatus conprising: a controller (1004); a nenory
(1006) coupled to the controller; and a wrel ess
transcei ver (1002) coupled to the controller; the
appkt. dihesappiaptuscoftataim t2awheireindhe apperateasompnises a
request to a wrel ess node (910);

mobile station (106, 108, 118, 116) in a wireless local area network (WLAN).

15. The apparatus of claim 14 wherein the apparatus comprises a

mesh point or a wireless node in a wireless meshed network.

16. An e;bpératus comprising:"'
a controller (1004); o
a memory (1006) coubled to the controller; and
a wireless transceiver (1002) coupled to the controller;
the apparatus adapted to:
transmit a radio measurement request to a wireless node (910);
and
receive a radio measufement report from the wireless node, the

radio measurement report being generated based, at least in part, on a

measurement pilot frame from one or more wireless nodes (920).
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and receive a radi o neasurenent report fromthe

W rel ess node, the radi o neasurenent report being
w@emnenzdiedl based, at least in part, on a measuPEnEB06/002476

pi ot frane fromone or nore wrel ess nodes (920).17.

t f th t
e SReL PPl TR RuBBF iR PO faAed (e o

wi rel ess node (912); and receive a beacon report from
t hdragisit @ beapen) meacsrqléern@at:r@queébwra wirelasg npslee(@4cand
based, at least in part, on the neasurenent pil ot

f r deeeive @rbeawndepuﬂrfmnmﬁthaewmlessoﬁm@, (f2BeacdiBrepbite
apparatus of claim 16 wherein the apparatus conprises

beiranganeratsd basad, of Adst (L p4st, dd fhe @i’ea@@&a@néﬁtadl!of’ﬂahié fflom
wirel ess |ocal area network (WLAN). 19. The apparat us

one‘Urrﬁb@\WIré@smﬁébKQQ e Wi rel ess node conprises a nesh
poi nt or wreless (106, 108, 118, 116) in a

wi rel ess meshed network. 20. A conputer program
product for w reless comunications, the conputer

ro roduct b t enbodled on a
: ri%u?fg]ﬁp ﬁ&? uf«aé1 \g(har im e aPPR Al eoMAHSeSs @bde

hat, when executed, is configured to cause one or
aCC%? poipE (AREEIEKs 114) oF base statian imaivwireless locaharea network
request froma requesting wireless node (610); receive
(WLAMeasurenent pilot franme fromone or nore wirel ess
nodes (620);
19. The apparatus of claim 16 wherein the wireless node comprises a
mesh point or wireless node (106, 1i023:,' 118, 116) in a wireless meshed

network.

20. A computer prograrh p‘r'oduct for wireless communications, the
computer program product being féngibly e.mbodied on a computer-readable
medium and including executable code that, when executed, is configured to
cause one or more processors to:

receive a radio measurement request from a requesting wireless node
(610);
receive a measurement pilot frqme from one or more wireless nodes
(620); o

generate a radio measurement report based, at least in part, on the

measurement pilot frame from one or more wireless nodes (630); and
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generate a radi o neasurenent report based, at least in
part, on the neasurenent pilot frame fromone or nore
wowelozdsd nodes (630); andtransnit the radi o PCT/IB2006/002476
neasurenent report to the requesting wrel ess node
. 2 1. A conmputer program product for wreless
cor?fﬁﬂﬁné'éfheorr?ého MeasHspentderprdg thaienuastios wilegs node
tangi bly enbodi ed on a conput er-readabl e nedi um and
(640ncl udi ng execut abl e code that, when executed, is
configured to cause one or nore processors to: >
transmt a radi o neasurenent request to a wreless
node (910); and receive a radi o measurenent report

fronm, W@oh‘fb[lférgﬁ% ar'ggrgBrocfd&?fdr%Pé?eé@ééﬁ‘lhﬁﬂﬁéﬁtldn%pﬂ{et

bei ng generate [ east I'n

conﬁ@%ﬁb?@%‘n‘ ;ﬂjoh%t lgélﬁg‘?arid |8I§Pe91[|]§o£éd Py c%bﬁ{eﬁﬁgadable

medium and including executable code that, when executed, is configured to
cause one or more processors to: '
transmit a radio measurement request to a wireless node (910); and
receive a radio measurement report from the wireless node, the radio
measurement report being generated based, at least in part, on a

measurement pilot frame from one or more wireless nodes (920).
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