WO 2006/031499 PCT/US2005/031655 [0001] MEASUREMENT
SUPPORT FOR A SMART ANTENNA IN A WIRELESS
COMMUNICATION SYSTEM [0002] FIELD OF INVENTIO

_ Nﬁ[lQOOS The
Wp(?@g%w%“\%ntion generally relates to wireless communicatidi é%zt eﬂ%%mss
and more particularly, to a method and apparatus for efficient

measurements in utilizing a smart antenna in the wirele munication
sﬁqgﬁ}l. [0004] BA%‘F&B@V@M%H&O%@?Q@&E% 1%55@%@ network

(WLAN), an ABrEBE NN APYEREE Stafon (M UA) LAY I g RPN with
smart antenna features; for example, a multiple beam/directional antenna

system. Both the AP and the STA need to perform measurements to
d#1a2l the best beam for tranBRAHIAGH DFYERERIAY from another STA.

ShOGsvith myttiple.beams tapigal s ARKRNP 29ARRINSAR ik RRthe s on
in order to estimate which is the best beam to serve them. Scanggl?ggﬁcient

pEYRPRAED ARAHBAD BATHSFETAR thay tedhathard RRRATHPSC

daiaapaskabngs 80240 acknowinsgemeniddGK her iocdsasbpankeaisation
The measurements need to be updated frequently. [0006] At an AP, the
b@éﬁjf?%itching algorithm uses packets from a STA for the antenna
measurements. The best beam (based on the received packet

maagyrements, e.g., a received pWeKeFRIAMRIJO interference plus noise
ratio (SINR)) is then used to transmit packets to that STA. At the STA, the

clRRSRl beamiBRTERRIESRIgEMARASTOSE HE-6Rt: FhRreEEPEEALON /P 2
degigRdheeoreelrBeaiyaippeitibnihartennatheamdanthatiAxbhiple, a
method for antenna measurement is not v fficient,due,tq th ou
oﬁ‘%é%%ga%@/ SR e ABLGE: %n%’%%%ﬁn%ﬁ?fsé% ecide r%ecgrrec?ee o
bearfofor ek BFAH006T fisadetibe broblemowitir m@b@é%imtgmceiﬁng
TEpdinial SRR Spler AN dRILAIBRCANR AN BaRS'stadasghn
on measurements made on the received packets. However, in reality, the
b&ﬁ%@%&ﬁ@rﬁ%&bﬁwm which is the best beam to serve them.

Scanning performed by the AP and/or STAs may use either a dummy packet, a
data packet, an 802.11 acknowledgement (ACK), or broadcast packels. The
measurements need to be updated frequently.

i0008] At an AP, the beam switching algorithm uses packets from a STA
for the antenna measurements. The best beam (based on the received packet
measurements, e.g., a received power or signal to interference plus noise ratio
(SINR)) is then used to transmit packets to that STA. At the STA, the current
beam switching algorithm may use the data packet or beacon to decide the
correct receive and transmit antenna/beam for that AP. This method for antenna
measurement is not very efficient, due to the amount of time needed to obtain
enough measurements to decide the correct beam for each STA.

[0007] Another problem with this beam selection method is that the beam
selection, for both receive and transmit, is based on measurements made on the

received packets. However, in reality, the best beam for transmission might not

-1-



-1 be the same as the best beam for reception (especially for a frequency
division duplex system). [0008] SUMMARY [0009] In accordance with a
first aspect of the present invention, there is provided a method for taking
measurements in a wireless communication system, the method
comprlsmg sending a measurement request; receiving a plurality of
be theaiiefchic pavtketaedhsaetpion (pspesisdisione theqwraas dsiisnt duplex
sydteayest packet, wherein at least two of the plurality of measurement
packets are received using a different antenna beam; measuring each of
the at least two measurement packets; and selecting an antenna beam
[0G%8¢ording to said measuring. [0009a]3HMbéaRIEnce with a second aspect

[0gRbthe presﬁp&d%%@@“ﬁﬂ?ﬁeﬁﬁt REpMdeelRpRINGH IWEE%%IWS is provided

mea%(f S in a wireless communication system, the method

3 186 %@u{}fﬁﬁs‘ér?ﬁﬁﬁ%r"@rﬁvefFé‘?ﬁﬁe%?‘W&a%WASXFéﬁ%nﬁ?ﬁn@%md
coplursihty: oienm@gwenmumtsm&secmg/vhemmaaweaﬁ tveasofement

paapagowguwwm@@% EEASDL PARkEIR AlS RS R?%t Aﬂ@e%‘ %@%ﬁgtm Joast

antenna beam; feceiving a measurement rep ortfom econd

EWQ Sl YU 5h 0l PR BB HREHSh e e?ﬁé‘é@dfé‘ﬁ%ﬁﬁr@%ﬁt rotmoB]bRAM;
meacaoigance ofithcanthisshaspeaiabirenpresaok iyentoridhaie is Afevideskam

acd Rk I%I%St%qg 5(§;|’ﬁ)tagom rising: a transmitter configured to send a
rement requeét at least one antenna for receiving a plurality of

[00p%d surembneprirerse cotieauthrelyd aspeaistofvbofisecpluiatitptsi, there is

prdVidasWrainent packalsHsing aslifterent antennaibgashah e atdeastRne the
me%]tgnna a processor. con Ogured to measure each of the S&Ieast two

A IS AP D2 RS Hh df 2 SR ERP LB RIS {500k 18cOd frarEiiitaiine 2
ph@ﬁﬁénnémaaumnsmmm@eemtenmxbem bassdinrthasheasurethepturality of

mekQ0R9cLEmbodiments af the AeseRtpVEniARAscIgse A Ml fleiving o

takln measurements with a smart antenna in a wireless communlcatlon
meég%‘%ﬁ?*ﬁa\%ia "BIlrAIKFERE TAS pEYiIne B dsntintieradsarahard on the

mamsqueestifromoacfirst STA to a second STA. At least two measurement
[O(R@%ets may qgc%%ﬁ%'tt%ﬂﬁr%n}ﬁnﬂ Sa%ﬁgch éTﬁetopEggent invention, there is
provided a station (STA), comprising: a transmitter configured to send a measurement
request; at least one antenna for receiving a plurality of measurement packets
consecutively, at least two of the plurality of measurement packets using a different
antenna beam of the at least one antenna; a processor configured to measure each of the
at least two measurement packets; and a selector configured to select a transmitting
antenna or a transmitting antenna beam based on the measurement.

16009¢] Embodiments of the present invention disclose a method for taking
measurements with a smart antenna in a wireless communication system having a
plurality of STAs begins by sending a measurement request from a first STA to a second
STA. At least two measurement packets may be transmitted from the second STA to the
first STA. Each measurement packet may be received at the first STA using a different
antenna beam. The first STA may perform measurements on each measurement packet

and may select an antenna beam direction based on the measurement results.



first STA. Each measurement packet may be received at the first STA
using a different antenna beam. The first STA may perform
measurements on each measurement packet and may select an antenna
beam direction based on the measurement results. 2 [0010] Further,
embodiments of the present invention disclose a method for taking
(00 asuremeitasRitraPeriarhtahiikeiPL i RS TICatich Tyshem for
takhavingr aurphraiityy ok & BAsrbeginmbynsendisiga measuniement sequesiaving a

plu %‘e?@ Affesl3 é\f%ﬁﬂsar%ﬁZs%fﬁ%?lgﬁakﬁt%ﬁ@%éﬁ%%%iﬁﬁzc it BRRKRIS WA,

ansmitte om e secon easurement
ST padelepdiny aransarmmaynisngkatimereht diasnniadebipm thedisdcdhg to the
secIPTELEHES PRstuBRasUpementPackehand eIk PRricINTmeasHameptam.
. cadupeasuiement packet, The second STA My, J80erale. &, mants on
measuremen repor% asegl on {ﬁe me%suremen r SB s and may sen
eadherepeasmenneavkee pore tisehiedfisd'STAY Thefiiste STAYRIYCsEspprpased on

theaISNRREAM FHCHANL PRSI P INBNEASHEBMENIRPL FROIITA . The first
Embodiments of the péesen invention further disclose a system for taking

ST aus TR RREAS IR QAR SRTEARSTFE Wi BRES EIRMLHiERSh system,
[Odm't]uding aﬁr&bgﬁiﬁlaw ﬂlsmemdtswénﬂmeiﬁmtesai&@agdmeem fofirsking
mcgﬁﬁm%r&ﬁﬁ%\éﬁ{a@ﬂt‘éﬁlﬁ%?@ %rquﬁrh%ﬁ&%mc%ﬁ 'E?Etem, including a first

transmitter/receiver; a measurement packet request device, connected to
STeheilst femamhmtibfiredisvidis S diarefdripadkist Sranidegacserer: a first
aneamectadiedne fiistiansmitienteaebies anchanbramchpngetdeyiess device,
co:%?e%Fe%qg)d 1R:t Erﬁ%lt{s%@ﬁ‘{“é letreceiver and the measprement BAckelovice,

analysis device. The second STA may include a Second
conpgAkrhittetice Bail eramBshecaishaad copricedimneiis gesoprpnected to the

fird ARHHHREHRLEIVEN AdNBATHERMRM PRk feanastieaaive deNiCecond STA
‘connjc ed to the 4 sfecondttr smitter/receiver; ar%d a measurement %acket ad
MY B ATt VI TEBHREIICE 16 tHE SeShBd ARERN e TVEREEr Bndtng o
transeasorementpacketaseruestirpoeive davics. [0617] Additionaliyrected to the
se@MPRHMERS AldNePreseatRyanian digsipse a system for taking

measurements with a smart antenna in a wireless communication system,
including a first STA and a second STA. The first STA may include a first
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transmitter/receiver; a first antenna, connected to the first
transmitter/receiver; a measurement packet request device, connected to
the first transmitter/receiver; a measurement packet transmit device,
connected to the first transmitter/receiver and the measurement packet
request device; a beam change device, connected to the first
UrapIHE ARG P ERRIGEF AR S BRENTEHE T ERREt S ARd it ERSTRUESRFRY Backet
regiasttkeveelaliceport analysis device, connected to the first

[od@j‘smi“er’;@gﬁgﬂﬁ{a%ﬂ%ﬁ%@%ﬂ}scl}?ﬁ%e JEIES ENBRCERRE LAY, for

Include a sec transmitter/receiver; a second antenna, connected to
taljfg JBEHHECIREASMTHEY/re cEIVEF; AR U MeiisiRketPEYDBRICABEE) &y stem,
incll@Mige, Lonrectathtothie secantldrasismittepFeceiverameasurasnat a first
b%{at Pnal. Sis de}Lic_, connected to tr{e Clsecon tr ns{mi'gter/rec_eiyer; and
Hler/recemver, a 11‘% antennztx. copnecied to ihe, It {hansmitter cCeIver, a
easurement report generating device, connected 1o the secon
megasmitierredsivarqusd thlevimsastrement packet alfralysisrdevita/f8ON3]; a
mBRIERRERCRIFLIQN QR FHE BRAVENGSHOG 4] Amergdetailed: and the

understanding of the invention may be had from the, following description
TGP Y PSR R e BTN e i f bRy G BRAABIE ant tgdsded (o the first
traumdét@tfo'méiimc‘tanjhqmimwumﬂma@aompamymgidr@wims;nﬁhemsuremem
refd? %@QW&M&?&W&Q& o DeRSUBMANHEAUEH HAGKEH AR change

Figure 2 is a dizgram of a measurement packet; [0017] Figure 3 is a
deyfietyrhfit GPePeabirdeitTRIgEE PRERE; [B0B]HYRE TS & f8vERaPISANS,
comnbeaitiod fortaking aniemns eeasulementsheA0dd dnig per i iSragaignakceive

diagram of the method shown in Figure 4: [0020] Figure 6 is a flowchart of .
dewceg Cor%ler#gsti g% Oer tsaei%.oné{v transmgtltleﬁrede[lver S,dfblbﬂjrﬁl a\éi( n:?lysxs

C
traﬁ sam
am

a Séco Ing antenna measuremen ure/isa

desighalcagrian oPtHaMmathotH SHEWHTRIFIGHE G 3a0D R0DSOZEITHL  report

oeR&atiMSZO0&/033:6R21d008 2L Eigetiend ivaingiaracehanhysiea! 1a¥85urement

pad oer%\é%gesrilcgeelrotocol (PLOP) frame format; and [0023] Figure 9 is a

ce, .
lagral ofga sys?em for communicating measurement
f0013] BRIEF DESCRIPTION OF THE DRAWINGS
[0014] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example, and to be

understood in conjunction with the accompanying drawings, wherein:

[0015] Figure | is a diagram of a measurement request packet;

[0016] Figure 2 is a diagram of a measurement packet;

[0017] Figure 3 is a diagram of a measurement report packet;

[0018] Figure 4 1s a flowchart of a method for taking antenna measurements;
[00191 Figure 5 is a signal diagram of the method shown in Figure 4,

[0020] Figure 6 is a flowchart of a second method for taking antenna
measurements;

[0021] Figure 7 is a signal diagram of the method shown in Figure 6;
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information in accordance with the methods shown in Figures 4 and 6.
[0024] DETAILED DESCRIPTION OF THE PREFERRED

W%M%Q&i%ENTS [0025] Hereatfter, the term "station" (STA) m}t%%?:%é (L)sm
IXe

not imited to, a wireless transmit/receive unit, a user equipment, a
or mobile subscriber unit, a pager, or any other type of device capable of

0 Ing in ireless. envigonment. When referr
Do TABS ek o AR o S R i o
BPAL.€I temeolternek; ang other type of interfacing device in a wireless

epdsanment. 9026 The RigsaihibveBiBmevasine BeRieny aldiRtrement

having measurement suppaort for smart antennas and . may b
R T HFOABIEE R AR SO R HE BIECER Fehfion

provides a signaling mechanism to obtain received signal strength

m&%‘ r(RS%ﬁ@Aﬂ%éB meﬁ%ﬁ%@ﬁﬁéﬁ eacpirangqitor req8iMepRED

gnna between any two stations. chanism to corréctly update the
rétdBEDMEENYEments between scanning is also provided. [0027] The

PIESAT Inventinn Lses ap AR Hiane OB AASHIA(BE AU B R ISINE to, a

creating a new category of action frame called "Antenna Measyrement"..
TR SEE JERP SR HARS AT B R BRI BERR PPt B liie Aeriber
raguesh RREHA|SoiMEBSUIREAERHECSP ABsRPaSKAIS: aldsitating in a wireless
measurement kets..Action frames are currently defined in LA
B e
piesaatnéhVantied wan bise Hetpart oNadeBaradcontivilpacke oy gther type
ManRRsRentPaskel W 0RALEIE dstigtaa measurement reques!

pac

et 100 in"accordance with the present invention. The measurement
rd§028t packeFRO0FHeIEHES AL, #RISEMERS PRI Wr RRleipeving
packais Ladtanppitaeiema-iiatmatienntDharchieaablyprAldd iancth AP, a

reque_%:[(%ﬂ}gdeasgrglréngﬂt re]Fort %08. Thé number of transq]it or re. %ix\ﬁem ‘o

pAKETS 102 HEPARHY SR PRI RetaNY A R e AN 4 ErRitonment

antitie tieetodsiootlatrangtniraliteor® 851 ouhS Rt ree prefemedts for each
transmit or receive antenna between any two stations. A mechanism to correctly
update the received measurements between scanning is also provided.
[0027} The present invention uses an action frame for antenna
measurements by creating a new category of action frame called “Antenna
Measurement”. This category of action frame includes an action field for
measurement request packets, measurement response packets, and dummy
measurement packets. Action frames are currently defined in the WLAN
standards (i.e., 802.11k, 802.11e). The measurement packets of the present
invention can also be part of a separate control packet or a management packet.
[0028] Figure 1 shows a measurement request packet 100 in accordance
with the present invention. The measurement request packet 100 includes fields
for the number of transmit or receive packets 102, transmit antenna information
104, request type 106, and request for measurement report 108. The number of

transmit or receive packets 102 depends on parameters such as the fading
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value is 10 packets per antenna. The transmit antenna information 104
includes the antenna beam identity or any other information that can be
used to identify an antenna or set of antennas. Two possible request

ewm&%mg?%eﬁ@mmemmgwmm
. However, jt is noted that there are mayy pessible ways of sendin
R e e

tHRGueshhasfialddafithhe sequebtfqnfonasvienidnt capbe fistd toBlentily

includes a parameter for SNR measurgment an ar I .

SRR 5 HCTOh BB L LR BDAERE Bt SO pned
lRseiigReck: wihiibeigiesthtfipeariohaid € ribasuven énispedied thod there
includes antenna identity information 202 and seque t
RS e S R R S S
anidenadieaaddantly scqugtotips Biddndos Bheandvedisied wedewwrpent

an antenna or set of antennas. 10030L&igure 3 sho QasHLeMeNer for
eIy R e IS e
RESisdeamigatdeport packet 300 includes sequence information 302 (the

R o SR ek AR P00 Mot Radi o the
presenirénventicenUBheand apsranad coacketiBigidadydes atanRayjdentity

éggﬁ%% SelEgeshad 4,2 00.a00- BRI GRS OTIE PhECRSFEnna

mayaéle sse anytime while the STA is associated to the AP.

et AmfayiadiatioRe ncledethtise ruiening R8s ideRiily the i ghther
RMSRTRANERTR A4 RENEYEAMBSIRL ASsacptingimble AP.

antenna and to each antenna before associating to the AP. 100321 _Figure,

408238iflowchEigofadsbivos ond rey m%@p%ﬂ%&aﬂc«em
Qﬁ&v\fﬁ‘ggeﬁ% ?n%gﬁﬁoﬁ-r P ARl AM PRI AAPS8M D ifiRiudes sequence

embodiment of the present invention. The method 400 begins,wjth STAL

sefingtiamidadihansentraguasmbhanel theppsbaapipma exiggnation 304
(s 41SRY~RARESIN AGH the
e ﬁf%gﬁe%r%% SRHEGHRRIRAHGS), PAk B daleR AP A

to STA TAZ2 then transmits a measurement packet to STAI
(50631 $08). ST/ reesivement request and response can be initiated by the STA

or the AP. The measurement request packet 100 and the measurement
report packet 300 may be sent anytime while the STA is associated to the
AP. The STA may be allowed to use these techniques of measuring the

wi

signal from each antenna and to each antenna before associating to the AP.
antenna and to each antenna before associating to the AP.

{0032} Figure 4 is a flowchart of a method 400 for measurement packet
exchange between two STAs, STA1 and STAZ2, in accordance with a first
embodiment of the present invention. The method 400 begins with STAL sending
a measurement request packet to STA2 (step 402). STA2 receives the
measurement request packet (step 404) and sends an ACK to STA1 (step 406).
STA2 then transmits a measurement packet to STA1 (step 408). STA1 receives
the measurement packet and measures the RSSI and/or the SNR of the
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the measurement packet and measures the RSSI and/or the SNR of the
5 WO 2006/031499 PCT/US2005/031655 measurement packet (step

ination i de if all of th kets, fied i -
W%l%)%ﬁg)q%tgrmlna ion is made if all of the packets, as specﬁ%gfé%%%ﬁlf?

measurement request packet, have been transmitted (step
all of the packets have not been transmitted, then STA1 changes its

receive beam (step 414). 2 waifs for a short interfr space (SIE ;<
R R Tl RO A RS R AR SR SPARST AR, s
espboitlm énth SHAGwaieforrhmSinschewboee trnipansmisted stemE12).

g eitherpngie o lessihanthe SIES.cteMasiahled) s P AN Nidikes

period relates to the length of time needed to switch antenna beams, the

atteapsely epasEsErRrh 1AL ST AN I3k TR EP A RIFEFRIRD FREFR L' step

tsiﬂrﬂ@go@sl \ | E@&%ﬁ@ﬁﬁﬁﬁﬁ%@@éﬁ@b bﬁaa& beep4tsnimitiedfsted éhbhdhemt,
elects the, tr it beam ed on all of the d RSS!

ST TS R 0 UL D TS R A T e (s g or

[0834hkigtire T RSaThgvak diblgraatuwot tfdhmethid 40| stlatentp the ragkbo!

CXANANEIGDELYES o tenda AR The 204 At (A0 REBES Rck, and any

measurement request packet 506 to STA2 504. STA2 504 waits for a
sienispereratasicangedfcniring dsiessJordk 9b the Rasketsdingspeen

reseshRackelspa1 9T A 584 heniatadsnultipieiMeasy R et kEthe

5121...5 secutively, h measurem pacé< 512 bei .
s%@%&%§§gﬁéy§1§ﬁ3ﬁﬁg‘r?ﬁ1ﬁél %p Y28 E%%g?w%e33%erecel%%es
bédnan 4200 that each of the packets 5121 ... 512, is received on a

di ﬁ(‘ﬁ@t bea“%ig&%% 202408 %&@5@%@%ﬁ&ﬁé&n&i@%ﬁ@gmﬂh@gaa&et

packet'512 to s€lect the correct beam. Figure 6 is a flowchart o

netirnsobebvern EAdniERt 3R RER &8 a e épndsorgreesuaeragnt
angadA 2alkacsosdanseanigna seecnshLmbedmensoFBoRIesBY sending

GBI TS (Sl B AP S5 TE MeEL D R then

regmdst padkiilésteps@drandisepdsan AT to STAIZstepBe6)iively, each
meagurement packet 512 being separated by a SIFS 514. During the SIFS, STA1
502 changes its receive beam, such that each of the packets 512; ... 5121 is
received on a different beam. STA1 502 then uses the received signal strength of
each packet 512 to select the correct beam.
06035) Figure 6 is a flowchart of a method 600 for measurement packet
exchange bhetween two STAs, STA1 and STA2, in accordance with a second
embodiment of the present invention. The method 600 begins with STA1 sending
a measurement request packet to STAZ2 (step 602). STA2 receives the
measurement request packet (step 604) and sends an ACK to STA1 (step 606).
STA1 sends a measurement packet from a beam (step 608). STA2 receives the
measurement packet and measures the RSSI and/or the SNR of the packet (step
610). A determination is made whether all of the measurement packets specified
by the measurement request packet have been transmitted (step 612). If all of the

measurement packets have not been transmitted, the STAL changes the transmit
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STAL sends a measurement packet from a beam (step 608). STA2

receives the measurement packet and measures the RSSI and/or the
w%l\ig‘:} 8£3tp4%9packet (step 619). A determination is made Wh%’[ &%8%9%55

meéasurement packets specified by the measurement requést packet

have been transmitted (step 612). If all of the measurement packets have

BTSSRI BN Lo B e P SRt R e

Sends @tpaﬂ@).fﬁmm threfereed bohndisep 6UBLL Waiﬁ&féﬁmﬁﬂ*’s; however,
etnrﬂé) %%m%#éé %;{Na\%a gﬁ&oxget e RoROYENeE 1S WRItdIRS, Bl V@ able

and be either more of'less than the SIFS. The variable nature of the wait
pesivderefhesvaitreriaftristenithe gt o SHmePaRieHe SBaMartfans
ageMRcYRf dbe sysiemelogktandiany, aleaiypibmeniplianespetidicspecific
timing issues. [0036] If all of the measurement packets have been
tIARLARAE 8 tep 612), then STA2 generates a measurement report
bapadon all &f sisfeheivedsmemsutgmeret phokelsetstérnaepjitadistep 612),

g Wemeasuement 1ERALIR ST (SIERGAANGSTH SRS Aeived

or the measurement report (step 624). STAI selects a

tresessvirdseemh DesketsdpleR R B hAZ HERtsdPermeREp BP6  tdRRdHdo STAL

nﬁ@ﬁ&?@ﬂﬁf %’&%ﬁ%@k@ﬂ@& AQO8 14 Binnverdrisha sigasheiaghmaoiiiéstep

method 600, showing the packet exchan eggetween STAI Zgz ar}zc% %TAB%G)

74 TR BT BFB AL LAY FRAARBT TS SHEKL T

SEALLRO4reiitd fermiSites (48be2sle sending an ACK 710 in response

Qg5 measuEment 1ROuea AR eLA0R, SO ORI, Gl B thd dcket
ement packet

t
betore sendinglgurlfleasur 141... 714n from a beamto

STADIEe. IRdvken SRR A BRA27 10Tl {10 serffcrdpeapment

angl, SIAL L2 walks {r PSSy /dPAseforesad g 2 SIESSWEBMKe sending
packet 714 on another beam. STA2 704 receives, the ?%ﬁggrg@fmo

paBALETT dp Bernenst iedhe R BHERRtPATRIVST asurémen
PISKESITS4 Teherhesaneie) vaddaynfehieh 74k T ARLY 04JdnEratesimar to

mg'?'il‘ir?g]f %a&ﬁ? %Ete glxgé%gn]tspggge§ %qsﬁt 1nt from a different beam, and
STA1 702 waits for a SIFS 716 before sending a measurement packet 714 on

% wails

another beam. STA2 704 receives the measurement packets 714 and measures
ecach packet. After all of the measurement packets 714 have been received by
STA2 704, STA2 704 generates a measurement report packet 718 and sends it to
STA1 702. STA1 702 then sends an ACK to STA2 704 upon receipt of the
measurement report packet 718. STAL 702 then selects a beam direction in
accordance with the measurement report packet 718.

[0038] The measurement request and report information can be
piggybacked on a data packet, a management packet, or a control packet.
Physical layer signaling can be sent from different beams. This signaling can be
sent such that it identifies different beams through some physical layer signature
(such as a preamble) or beam information. These measurement signals can be

sent in one packet (without waiting for a SIFS).
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STAI 702. STA1 702 then sends an ACK to STA2 704 upon receipt of the
measurement report packet 718. STAI 702 then selects a beam direction

“)'B zgtﬁlﬁggﬂgpce with the measurement report packet 718. [0 .
measurement request and report information can be piggy%ggllé[e?_ @%%31653

data packet, a management packet, or a control packet. Physical layer

ignaling can pe sent from different beams, .This signali
e
sigeitiee Tisuckaised pimaahbicdrath éum infonneméiiemmegehange based on

casWiementsignals ganbe SR IONGRACKEL (UIhaU WG dprBakin
gh?s%\% -#%vo _§Q06/031499 PrCT?USZOOEIOBl655 [0039] \ggssi,ve,g . i
rineStTatAEleeiE UpRRc R PRSS BRI FEAERTAR 18IS OSSR, T
r%féﬁ%%o%‘ﬂﬂﬁhﬁﬁﬁﬁmﬁﬁ@mﬁ Hanehodiienneygehbtgerhaseditiar thhee. The
switched beam or the diversity techniqyes..A receiver ma d i
PR S R R el L
thkishsencetifmmnhetificsiontbdreetier tnvmdatedbagecol edeneaparamet
node, Th&0 t_ransmitted packet contains the beam identity or diversity
metho ind?cation. This information can be used by the recejver to updat

theOMBeived e StABANEABRFERRATIPTTOGIE FHEHaFEmALieel fiter the

informatione.sentiarnariatelyadieFECRPh1ssabiaeicohvargedhos access
protocal gPLOP header _gr in the medium access conlc;{quugl\/hAC hqadecrt.

THEHFD n ¥ Be apre” 8%3%%%9?%} %A R Srnaned Senal pd ern
omdicdiiegtionakbédineotiansd baanbeaanidentitheathadsatidyn Bagmpalterpean

used 1o indi 59’1 versity. ' if: . Fi 8isadi
o L et jvention.

THOHILOP frafiguge® ischdiegraprebmbleBd EamaigraptdilGyagrordance
hgade el cbeck I HEGIB 6, Apd arphysicablmy or dendce. Slatanhll 802, a

A e e et S Aol e PR (e
data unit (PSDU) 810. The present invention adds a new field to the PLCP frame
800, a transmit/receive antenna identifier 808. Backward compatibility is
maintained by adding transmit antenna information after the PLCP header. An
additional information field may also be included in the MAC header to indicate
the transmit antenna identity.

[0042] The present invention provides an efficient method to measure
signal strength to/from a beam or directional antenna. The current 802.11
standards have no defined method for antenna measurement. The use of dummy
packets or beacons is inefficient and time consuring. Also, it limits the use of a
dirvectional antenna in fading environments and roaming. The present invention
allows a STA to use different beams for transmission and reception.

[0043] Figure 9 is a diagram of a system 900 configured to communicate
measurement information in accordance with the methods 400 and 600, as
described above in connection with Figures 4 and 6, respectively. The system 900
includes a first STA (STA 1) 902 and a second STA (STA 2) 904. While the system
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maintained by adding transmit antenna information after the PLOP
header. An additional information field may also be included in the MAC

“!7(9% [01,'5) 'H;dicate the transmit antenna identity. [0042] The t -
mven%on 4provides an efficient method to measure signal st%%?ﬁ%%} o

a beam or directional antenna. The current 802.11 standards have no

defined method for antenna measurement. The yse of dumm ts or
300 50 PR T PR 8 T, W@M@Oﬁ?g&% TSR A LA can be
dsectendakdrtdhndlinffidtirgrepvirantmanteand roaming. The present

i jon alloys a S different be ransmissi .
SR ooy AL 8 S DA R SRIO0 Hes vi
cBithsonissted irea staarmeittarfoasiatb A iR avkishiEnvepstieth&orpBtABifRLa

4992nd 600,25 desktibegkrbove JncRANaeiaR WisFIgUrem AR 610 the
respectively. The system 900 includes a first STA (STA 1 9?2 and a
SERRISTFAYSRI S JEAvETHME THE SPUSm BV rasBeRE Agever 912 A

Pfad 46 52001031ab0a R0 Ik davivn HS v aeparalcoSHNsfosmitiposesivtr
discussion, each STA can constructed with all of the .component

R st AR Do e W AL IR GRIBRNEHIS15, the
devieeuS10:0b padotbtr e sntibdevine 8 feenil/Hroneasvhznest conkeiaadlysis

2} AUETH, I AnbaRLESHIAMBRbRAGKEHEAN IR HCYiBE R16:18,6RR0S6IChe

to the measurement packet request device 910 and the
trigraFisarbsRiEr o Andidsdram ehi e ReY SR ARRis device 918 is
copmexited to thgstriapsmitteTre ci¥ein@idesA heantchan g davnadddiso a
C%Pé‘nes“‘?ﬁé%é@ce -”azf‘aggttg%%%%l}’r%&%% s JEn SMEOLPAGKeL.. 954 1
tranSMit device 816, and the measurement pac et gomay3|s dewcé”ﬁ?[f?.,&
messeseddéntite ponemithesisedevirP§2 Aiseoprresied itpaghet transmit device

UrgagMILGHISERINGE Wé aadhe:DeAT .ERaPgR feuiF el lddah IR packet

second STA 904 includes an antenna 930 connected to a_ | ) i
trAPRYRTCFASES §P 99 . I8 oh STHRaETISEHK B Flgh eltalEls Aegissic38 1s
934risccRanecingd tedhadrapsmitiorke ostves 9Bdadurearsirespent packating

tr ré%i?ét gtﬁ)\/ll%econnected to the transmitfer/receiver 932 and the measurement
packet analysis device 938.
[0046] When implementing the method 400, the system 900 is configured to
operate as follows. The measurement packet request device 910 generates a
measurement packet request, which is sent to transmitier/receiver 912 for
transmission to the second STA 904, The transmitter/receiver 932 receives the
measurement packet request and forwards it to the measurement packet request
receive device 934, The measurement packet request receive device 934 generates
an ACK which is sent to the first STA 902,
[0047] After sending the ACK, the measurement packet request receive
device 934 signals the measurement packet transmit device 936 to begin sending
measurement, packets to the first STA 902. When measurement packets are
received at the first STA 902, the transmitter/receiver 912 forwards the

measurement packets to the measurement packet analysis device 918, where the
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936 is connected to the transmitter/receiver 932 and the measurement
packet request receive device 934. A measurement packet analysis

ice 938 i ted to the transmitter/receiver APLEPAE Absted
(rjgéﬁf %%%?8?%&%%%%?0%%%%%% %Fggf o tﬁlee?%gn%%'%egr}?eceiver 32
anddberensasipecketithpaeket haalysisciiesdcs1gstidooneaiapacket analysis
implementing the method 400, the syst Is.£Q0fi d-1Q-RRSIALE: 3B the
frcgig)v\?vcg. e easﬁ?gr%%%?ﬁggl?&erae%ﬂ%g?ggwcg%%%é%ﬁ\%ratgs a
nfeat GRMB0R packetive qudtonhloh sssmenenanaiielsr/ receiver 912 for
URRPBISSION 1 1F,PRCORG Q.90 TR AN IIIBLIRORINR ISR received, the
receives the measurement packet request and forwards it to the
| mupessvesnentyacket sealiss decepeelsiirrompropsate HamaERibbpam based

p r i 'q,ggggg : IeEnierB R Heam ¢
fi%%@f@gg%%f?fﬁen ing%e@ %Aﬁ(%gg§ tl e measﬁgérﬁéeﬁn?packet ’
reédpedmaecdinnsddeive®signals the measurement packet transmit

deyiRRP36 to Aaln SERKIRG A SBANPEEICERILYSRIBOEHAREZured to

en measurement packets are received at the first STA 902, the

ransPalecay dellves.dierararrarpmenieatdinb ARIGFAABRctoHhE senerates 2
MERAERIELPReKEEARBYRIS INISEP 18 uhe e eantiitidtRerive SN2 for

of the measurement packet is measured. If all of the requested

miEERFEIREAR 5adhetsenend STARM, The iremsmitiarretrve I hhgelyes the

a%&ﬁ&%%%&ﬁ&%ﬁ%@mmmwmmm
receive beam of the first STA 902 to receive additional mea ureng&ﬁenemtes
ee

pagesie ftyae I 4T FReRaRRRIRRG RAckel Fenne paCREEREVE

received, the measu ' VicErs! hata
tra@g}nﬁf beam a(l)sne{:fg %&gqggﬁgﬁyﬁgﬁed valuig&z%it?h%%{ ésﬁ@ nals.ce '
a S8R signaiatsmndosaransnie pkeirentngedauised $960 [rd) IR g

Implementingihs.Aeieqd BRQckhm SYSTRNoRA0 i figseiptdDa oneraiecasent

BRSBTS U oh IOREARGS i R ARTRRCEN BP IS g,
measurement packet analysis device 938 where the packet is measured. If ali of
the requested measurement packets have not been transmitted, the
measurement packet transmit device 916 signals the beam change device 920
to change the transmit beam prior to sending the next measurement packet.
change the transmit beam prior to sending the next measurement packet.
{0051} If all of the requested measurement packets have been transmitted,
then the measurement report generating device 940 generates a measurement
report which is sent to the first STA 902. The measurement report is forwarded

. to the measurement report analysis device 922, which selects a transmit beam for
the first STA 902 based on the measurement report. The measurement report
analysis device 922 then signals the selected beam to the beam change device 920
to change the transmit beam for the first STA 902.
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transmission to the second STA 904. The transmitter/receiver 932

receives the measurement packet request and forwards it to the
Wrg%?ﬁyggl%%nt packet request receive device 934. The meagg{?mgunt 131655

pac & request receive device 934 generates [0050] Upon recel OFYfE! 6
ACK, the measurement packet request device 910 signals the
measurement packet transmit device 916 to begin transmitting
MQQ@%emen%%@i@%e second STA 904. Upon receipt of a
nmeessrement] packgtnitthdtabsmitiar meeivesddriforivamisae; antennaina
measprement packef.to the, measurement packet lysis_device 938
R KD A St A Al o A e L A Siiag £ s
pafketndizge momsesréamsnittedethefmmasufaste fiadkeetraeromi STA;

evieerd6 sianals e neRi cHANGE 16X ise 8200 1P iR R0LR NS TRARS Ml first

d

beam prior t0 sending the next measurement packet. change the transmit
b &3 FHBLTE RETAT the R e S HERE L2 fHOBe TR fHRA cket
reguesieRlsNSRAURSIHE Al aeKets havamhedrdranseitiadiniherdberements at

measyrement report generating devjce 940 generates a measurement

B ETES Sorfie R CTR S S Aim e R LSO bearn
faﬂﬁracdefti mﬁuemm&mm vepbe meabrsisnadavicesd®2,; which selects

a figganit beagn for he kL 2RI BN dARIREASH CHICHIERALT the

The measurement report analysis device 922 then signals the selected
bEaphs eNee bb BpALATA B ufed ecn TP of aRRTARR Rt R Are b Ehirp s mat.
theyisst STA 992. -181Q2006/R34AARE THySLAASIALEEE; L06Riments,
Embodiments [0053] 1, A method fqr taking m asureme%s with a s a{t
arftesFRI R GaRisl s SRR ARS ‘I’%‘?F é‘i@f’gﬁg Eog\ﬁﬁdngep Uranty SF SRSy et
includingittie stepsswkmentimglastaeasurement request from a first STA to

d STA; transgitting,at | . f
;ﬁcﬁ(fr%]‘ STA r:z?i?g%é SIT @gﬁaﬁﬁéﬂﬁlﬁéeat%“@%%ﬁﬁﬁ@ﬁléeﬁ? Wi?éx‘élﬁ the

er COﬂSGCUtIVG|y or simultaneous Y,

retditfrg e cane iisone n shertkateatraairsreTR TS deatkarspre SIFS,

anjgana.heam»Rerdapeg measurements at the first STA on each

measurement packet; and selectin antenna heam )
[005T] g The method acr%r ing to any of%ﬁe preceding embodiments,

wherein the performing step includes measuring a received signal strength

indicator (RSSI) of each measurement packet.

[005R] 6. The method according to embodiment 5, wherein the selecting
step includes selecting 2 transmit beam direction based on the measured RSSI
values.

[0059] 7. The method according to any of embodiments 1-4, wherein the

performing step includes measuring a signal to noise ratic (SNR) of each
measurement packet.

10060} 8. The method according to embodiment 7, wherein the selecting
step includes selecting a transmit beam direction based on the measured SNR

values.

-1%~



direction at the first STA based on the measurement results. [0054] 2. The
method according to embodiment 1, wherein the measurement request

includes a number of measurement packets to transmit. [0055] 3, The
8670314 : . : '
Wrﬂe%é@%%%gordlng to any of the preceding embodiments, Wﬁgrilé%%ﬁ%smsmss
transmitting step includes waiting for an interframe space between

tr itting measurement packets. [0056] 4. T ethod according to .
e&%%rﬂiment y Wheﬁ%lﬁ'? ?rat%??r(’arén%égs%}aaé& ié}%%%%%lgﬁ%"r%g’ter ?gtranuéthe
spacrsiEsyispssdhaieomesSIEBIE amdaeived thamd seSiEd. ifgberps (RSSD)

EQ% ethodiaseding 19,8y R) e AeeRding.embrdimants. wherein the

erforming step includes measuring a received signal strength indicator
(RE96B] of eachineadbranthedarseatingdssrebotifaenictnpleretnhfrgistne
egbedinantSsahereinthe seleRtnG s Epdpeldesseesing mécanssdRSSI
beaﬁdﬁﬁghcti n based on the measured RSSI values. [0059] 7. The
nfét &8 ‘d?ﬁg to any of embodiments 1-4, wherein the performing

stigpséatiudes hieasfingeetigd aicronidissteatin (SNR)prteaidhg embodiments,
%ﬁfé@@&%@é&ﬁé-&%@%@kéﬁﬁg netbed aseaidingdosesmbadimeshd sta

wherein the selecting stép includes selecting a transmit beam direction

baedHediirsh & TleuBoRa SSHIRCN 1A dacatur epesionaryst 499
P{56452005/9316551 {006 3. tbsrdeihedageotdingrieaitycadmbodiments,

RSO it Jioh 0 BSOES S DRACCS MESSHIRRS, o o

offeatit e asurdiffentidaieh (062} 1edkoeametiiophakebldindeon received,

CORAMPALO, OGS B SEENIa aleb RS PRICEHND AUARSTE next
eam direction based on the measured RSSI and SNR values.
measurement packet.
[0065] 13. A method for taking measurements with a smart antennaina
wireless communication system having a plurality of STAs, including the steps
of: sending a measurement request from a first STA fo a second STA;
transmitting at least two measurement packets from the first STA to the second
STA either consecutively or simultaneously, each measurement packet being
transmitted using a different antenna beam; receiving each measurement packet
at the second STA; performing measurements at the second STA on each
measurement packet; generating a measurement report at the second STA based
on the measurement results; sending the measurement report from the second
STA to the first STA; and selecting an antenna beam direction at the first STA
based on the measurement report.
[0066] 14. The method according to embodiment 13, wherein the
measurement request includes a number of measurement packets to transmit.
[0067] 15. The method according to any of the preceding embodiments,
wherein the transmitting step includes waiting for an interframe space between

transmitting measurement packets.
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[0063] 11. The method according to any of the preceding embodiments,
further including the step of sending an acknowledgement from the

wibERRd 244 to the first STA upon receipt of the measuremgpihegiESkz16s
[0064] 12. The method according to any of the preceding embodimer‘lt{)s:?m"3

further including the step of changing the receive beam of the antenna at

théodifst STA{R a difigreptbeam A/ AReaSUEMARLBAEKES NAHBRER the

received, whereby the antenna at the first STA uses a different beam to
AR ARXEe MeRa pEmnThaeiesirowsspacs (RITRinsarrbhaniang STS:
measuemgs withsammart antenna in a wireless communication system

having a pluralify of STAB, jncjuding the steps of,.sendi .
R et oS RSP AR A S PR b dimnte
|¢aﬁhwdﬁnhaﬁqgemmepaﬁhetﬁmummew®ﬂgm¢hbm sgepad STA
SihalcpnassHivi oL a s aash mEgsiement packet being

transmitted using t antenna beam; receiving each measurement

pHIEY at thelSecorthe methust RAsHAR e SR TBRERISSIANE SEUIEITER S,
0&?&%@ S{%&E@Bﬁ%@egﬁ@ @E%ask@isgg&%raﬂ@ &aﬂé:@asmm@mﬁe Reweahingt the
secon ased on.the measurement results; s i the .

KA R R R
awhitehnt baabemdirestithe firthETAstSEA diffsschbbetive tntoeummmheng next

r%gggg.u[pe%ig t14a 'ng method according to embodiment 13, wherein the

C. -
measuremen r]()aquest includes a number of measurement packets to

tri005FBit. [0068, 15. THeennBpdacaertingiig a0 o) bt tedsre g@mpodiments,
embadimapisanhale dhedtensmitintsionelessnpiting fae tst STA to

interframe space between_ transmitting measurement packets. -12 WO
2@%@9&%%%%@8%@@63&%8@?%9&%’ thod according to
emobggdiment 15, whereintihe fintaitiamespacensninavithe shorttatédoamm a

S%%glé‘sgsl El(?])iﬁ‘l%ﬁ%l%ég 1Qnogyes eynis m&ﬂ%ﬂ%%%%%%@ﬂ%%ﬁz Psecond STA. The
first STA includes a first transmitter/receiver; a first antenna, connected to the
first transmitter/receiver; a measurement packet request device, connected to the
first transmitter/receiver; a measurement packet analysis device, connected to
the first transmitter/receiver; and a beam change device, connected to the first
transmitter/receiver and the measurement packet analysis device. The second
STA includes a second transmitter/receiver; a second antenna, connected to the
second transmitter/receiver; a measurement packet request receive device,
connected to the second transmitter/receiver; and a measurement packet
transmit device, connected to the second transmitter/receiver and the
measurement packet request receive device.

{00731 21. The system according to embodiment 20, wherein the
measurement packet request device is configured to send a measurement packet
request and to receive an acknowledgement from the second station that the

measurement packet request was received.
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[0069] 17. The method according to any of the preceding embodiments,
further including the step of sending an acknowledgement from the

“’F&é@gﬁf A to the first STA upon receipt of the measuremg g&?&%&sgsmsi

he method according to any of the preceding em
further including the step of changing the transmit beam of the antenna at

t t ST d,gtfl erent| beam aft ram as;
n tted V\t/%ere y th% an e%?fgrat g%‘l%gtl Eggss a (ﬁf%?ent Egai?hthe
tmma:snmeme m&emmmgm@kétom@gmigowemetlwswement

eearding 0, an% Qb dBRaRRRAING, SRR B Sy dhEthe st ysing:toeasieno
of sending an acknowledgl?sment frogm the first STA to the second STA

driefreir [68752: 20. A system for taking
m@mremenmwnm&tea&eﬁﬁrﬁmmao siirele smbotimennic 2012, wherein

system, mcIudln aflr TA and.a second STA, The, fitst STA incl
f| ?transmlt?erfrec veﬁ? %aﬂr?fl%sr?terﬁ%%‘r%onnec Cted tG Ehts weé Dekdane

trapssittaraecpacketaeyecesdrombhn Hrdicbatingutssend fseadormvdedagment
the fiESEHANSRIBEHISIENE mBdNGRSMEMBIBRCKEh ANAPEIS HBIER, and to

connected to the first transmitter/receiver; and a beam change device,

coiARaLiEE RSP R ETARTRI dPRIfE RO TRESEMEM sSERepent
apadists tlepiesirkbetacioand STA includes a second transmltter/recelver

ﬁ@@i@nd ant %na cﬂlnnec%ed to the ,Se 8%% 3tfr0 S %gg;%‘\é%rﬁ erein

rementpacket resﬁfhes?lrecel Y Cornedie & secon
tridesmitterireceive pachdtatraeasil clewd et packeﬁguaﬁ@r‘mtmdl@easmemeﬂt

gg e%eig)tt%g@rg@&&%ﬁransm|tter/rece|ver and the measurement
et request receive deV|ce 0073] 21. The system accordin
%ét%@@ﬁ%mama

etﬂ%a.ment 25: whéreipteme danraRtrRaRRt EE et
Cwﬁeateé&eﬁﬁﬂﬂcaﬁee@w@membmkgtarﬂmmarﬁlmeeem &TA. The

WQe 3{{3 g%‘?%{:?og@é tatlon thaﬁ[;’U asurement a&l%o e
£ 5 6 AP SIGDE AT

ﬁrst transmitter/receiver; a measurement packet request device, connected to the
first transmitter/receiver; a measurement packet transmit device, connected to
the first transmitter/receiver and the measurement packet request device; a
beam change device, connected to the first transmitter/receiver and the
measurement packet transmit device; and a measurement report analysis device,
connected to the first transmitter/freceiver and the beam change device. The
second STA includes a second transmitter/receiver; a second antenna, connected
to the second transmitter/receiver; a measurement packet request receive device,
connected to the second transmitter/receiver; a measurement packet analysis
device, connected to the second fransmitter/receiver; and a measurement report
generating device, connected to the second transmitter/receiver and the
measurement packet analysis device.

[0078] 26. The system according to embodiment 25, wherein the

measurement packet request device is configured to send a measurement packet

-14-



[0074] 22. The system according to embodiments 20 or 21, wherein the
measurement packet analysis device is configured to receive
whsasurspgnt packets from the second station, to measure t%(le
measurement packets, and to signal a selected beam to thé 'e/gsr'r%ws’rﬂ31655
change device. [0075] 23. The system according to any of embodiments

20-22, wherein the measurement packet request receive device |
Eemngiiodhs FaemosatoRas Fa&%ﬁ%"ﬁ&&% %aﬁgﬁ%%r%nﬁﬁgﬁ%ﬁw second
statitm, fieasehd mmkamnﬁdgammwwhst@m@iwmhat the

:E)% Ere me %.?Oac kfﬁé%%‘l%ﬁ& W&%xrtﬁﬁ V& g_nﬁn'agi}ﬂeﬁig %I JPQG, wherein the

easurement packet transmit device 0 being sending measurement
roekatse et oI PEiceds IREgyEss te SeRR IR LRy brackets
egRAimeRts:29443, wherein the measurement packet transmit device is
configured to send measurement packets to the first station. 1.25. A
36 for takfhg n%%ﬁ?%%ﬁt‘?@é)ﬁawg%n%& %%t@rfj §1 e t@v%?)gge’égv erem
apmeicadianrysiciet inshsainiodaicst Schafand al $e simmd1STpbeRheclifnge
STAdncludes a fist yansmiteritegeiver adstagienna, connected to the
flrsﬁransml?t%%ﬁ'ecelver; a measurement packet re uest device, )
dBARaLted to%Pe filherymtenteseretar e aayt sshedvesnaekes: wherein
RSl davicent oanGERthigsihgtital iansmiterdecaM @ Khilaa surement

measurement packet request device; a beam change deyice, cannecte
ande dexice, canne

{EOPRE A AR TRESRR TR R A PRl AAERRE e PR PACRES ptation

E%nsmit
deuiee; antha measuremant repott andl\teisigealdhecbemactbditgetidefiest to

UgnsTigl ccehet AN ihe hER B Chanan Aoy 6t JigsasRatSTA
Inc U%S d seconal%ransmlt?er receiver; a second antenna, connected to

ttie088tond trafsmitRhvreusivenconibiasipemi At prbrdimegie b retarerein
dgyice;- LANRGRIE IR IRE SREANAIrANSMIIiEEE e TR MARSIraiMatbive a

packet analysis device, connected to the second transmitte%%e%eiver; gn%n

aTpfesstrerRnt Redett Jemerating TRvitRS ciifle il th8¥ecthd™"
transpiiesearivet @Itk thet Batisurémetlicarketirsalysi padece0OF 8t as
Z?éc-gxhv% cf_ystem according to embodiment 25, wherein the
[0083} 31. The system according to any of embodiments 25-30, wherein
the measurement packet analysis device is configured to receive measurement
packets from the first station, to measure the measurement packets, and to
forward the measurements to the measurement report generating device.
{0084} 32.  The system according to any of embodiments 25-31, wherein
the measurement report generating device is configured to receive measurements
from the measurement packet analysis device and to create a measurement
report to be sent to the first station.
[0085] While the present invention has been described in terms ofa WLAN,
the principles of the present invention are equally applicable to any type of
| wireless communication system. Although the features and elements of the

present invention are described in the preferred embodiments in particular

combinations, each feature or element can be used alone (without the other
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measurement packet request device is configured to send a measurement
packet -14 WO 2006/031499 PCT/US2005/031655 request to the
WS IR |on and to receive an acknowledgement from th /031655
station tﬁat the measurement packet request was received. gg ‘?’h
system according to embodiments 25 or 26, wherein the measurement

acket transmit device.is configured to se urem nt Gk 1&9’&9&‘
OReP SeAti g&:?%ﬁg?ﬁff “Phe §§%£%Ilg%cor ing t%r%ﬁ) %%r%bk%lments °

26¢R Hrwiidrein othemfessuee mmed elsackeisted thairdesné dnseadifgured to
signal the beam change device to change a transmit beam of the first
station. [00811 29. The system accordlngto any of embgdiments 25-28,
wherein the measurement report analysis device is conflgured to receive
a measurement report from the second station, to select a transmit beam
for the first station based on the measurement report, and to signal the
beam change device to change the transmit beam of the first station to
the selected beam. [0082] 30. The system according to any of
embodiments 25-29, wherein the measurement packet request receive
device is configured to receive a measurement packet request from the
first station and to send an acknowledgement to the first station that the
measurement packet request was received. [0083] 31. The system
according to any of embodiments 25-30, wherein the measurement
packet analysis device is configured to receive measurement packets
from the first station, to measure the measurement packets, and to
forward the measurements to the measurement report generating device.
[0084] 32. The system according to any of embodiments 25-31, wherein
the measurement report generating device is configured to receive
measurements from the measurement packet analysis device and to
create a measurement report to be sent to the first station.
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[0085] While the present invention has been described in terms of a
WLAN, the principles of the present invention are equally applicable to
any type of wireless communication system. Although the features and
elements of the present invention are described in the preferred
embodiments in particular combinations, each feature or element can be
used alone (without the other -C3.MABIB006/031499 PCT/US2005/031655
features and elements of the preferred embodiments) or in various
combinations with or without other features and elements of the present
invention. ** -16 CLAIMS 1. A method for taking measurements in a
1 WiRlesR et mERicalinR sysiemetie MeINot ORISR u AR 3ystem, the
easurement request ; receiving a plurality of measurement packets
method SHBPKIERAY in response to the measurement request packet, wherein at
keastingochasspieratint skanesisurement packets are received using a
difesprhanigslaBsnbfReasiiighesthidba atlaasicoraleasurempiinse to
the n%a%ﬁ%tes %‘Hcf %&é%%%@g a&‘cﬁ&er‘% beam agcording 1,821 MeASUNAGy Aty of
e méethod according to claim 1, wherein the measurement request
measuFERRISsPRRAtHORTOTIFRINSGrement packets requested. 3. The method
acsorgingiffecmimahtedmesdiesaid receiving of the plurality of
measUieme RAGKAS Biclides Wt o Anleiarliamecspassdetween
receiving each of the at least two af. the pluraljity of measurement packets.
 SeIRRETRARGEPICRBRITETD QAT S8 B SR RRie space is one

of a short interframe space (SIFS), less than one SIFS, and more than

ane SIE%eombiiRoAaibast deordingdenciaimvhavbier afResaid MarferUng request
includes lfy%%%nber of measurement packets requested.

3. The method according to claim 1, wherein said receiving of the
plurality of measurement packets includes waiting for an interframe space between
receiving each of the at least two of the plurality of measurement packets.

4. The method according to claim 3, wherein the interframe space is one
of a short interframe space (SIFS), less than one SIFS, and more than one SIFS.

5. The method according to claim 1, wherein said performing includes

measuring a received signal strength indicator (RSSI) of each of the at least two of
the plurality of measurement packets.

6. The method according to claim 5, wherein said selecting includes
selecting a transmit antenna beam direction based on the measured RSS] values.
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measuring a received signal strength indicator (RSSI) of each of the at
least two of the plurality of measurement packets. 6. The method
according to claim 5, wherein said selecting includes selecting a transmit
antenna beam direction based on the measured RSSI values. -17 7. The
. :method according to claim 1, wherein said performing includes measurin _
* &signdihe mepshedtieccoNiyHitesdrir the atheaeinviaier prrfsmifg dpcludes
measufiggsusarmantackes 381 oTISNRetoeaahcor dling 40 leaintwondiateinpdaidlity of

' includes selecting a transmit antenna beam direction
measug%sge%l IEcl)%gt)%?e&r;rgseasured SNR values. 9. The method according to claim 1,

wherein said performing includes measuring a received signal strength
Bidicatih@RBsihahdecsigneg to rbiser Siov IBKR) shadceletthezattemdncludes
selectity¥ofthespliuralibeahmeask anentBackeiadldh ThemetberacoRRing iR,

claim 9, wherein said selecting includes selecting a transmit antenna or
an antenna beam direction based on the measured RSSI and SNR

values The mathadtsseoadieedingdesmirh IWhathtr caifhRsrgTasag ifciudes
measudh@ckrevdeddementlintaapaisenditeondR8Beman requigshpacketise ratio
(SNR)ehif Breiog:acaardng [e a'l%gﬂ&rsmﬁfeg%ﬂm gipgdhe

receive antenna beam of the antenna to a different antenna beam after a
first measurement packet of the at least two measurement packets has
Beéen réBetvedetivnbrebyotiddrgifferentainte Snavizereiis ssell teledeng mciudes

seiectﬁ%cﬁr@éﬁ@ﬁﬁ%' remenhPacke! ahtea Rk lBaahivaBeasY IS REA RAekE T easured
RSSI 13. w‘%{md of claim 1, wherein the different antenna beam is located
%ﬂda if&rent'Shtenna. 14. A method for receiving measurements in a

wireless communication system, the method comprising: receiving a
measurglmetheeho@saésondmd T ;drasmitfifg:alturaignpfising receiving an
acknovmrﬁe%séér rg&q&p&%lé%tgs%o%sagg ty& %ﬁ@@ﬁreeﬁ@ f%quest packet.

12.  The method according to claim 1, further comprising changing the
receive antenna beam of the antenna to a different antenna beam after a first
measurement packet of the at least two measurement packets has been received,
whereby the different antenna beam is used to receive a second measurement
packet of the at least two measurement packets.

13. The method of claim 1, wherein the different antenna beam is located
on a different antenna.

14. A method for receiving measurements in a wireless communication
system, the method comprising:

receiving a measurement request from a STA ;

transmitting a plurality of measurement packets consecutively , wherein at

least two of the plurality of measurement packets are transmitted using a different
antenna beam;
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least two of the plurality of measurement packets are transmitted using a
different antenna beam; -18 receiving a measurement report from a
second STA ; and selecting an antenna beam based on the
measurement report. 15. The method according to claim 14, wherein the
measurement request includes a pumber of mg rement packets to
fraFRIRE 8 BHRSHEMS I LErRiT %Mﬁ%ﬁﬁ&éiﬁ id transmitting
shtegplugatity oftemas lnermre hgsadkats the lnuesswaitirgnforegotibterframe
space between transmitting at least two of the plurality of measurement
ckets. 17. The,method. according to ¢claim 16, wherein the interfram
D he gL AR i i a2 STy aCRP RS AS roauest
includefgraviahes it DEsIeneRb PRshils sedspabtb claim 14, further
comprising receiving an acknowledgement in response to the
fieaseMentEaUSSEoldmEN G RIaqH 250 rdifg I Hlai A 1A itting the
comprising changing the transmit antenna beam to a diffefent antenna
pluralify ohHARF U HRRERY H KRB ARE I ER G B A PADNEE AR pRRAFS between

transniigtismitelashtreby the PTxalsosd diffessmtemetehpacketsn to transmit
the second of the at least two measurement packets. 20. The method
ording to.claim 14, further comprisi nding an acknewledgement
e A e R YRR AL SRS one of
a shorginterfnamperarehalindhderehan @prlESnprdassestiarmens SIFS.

measurements performed on each measurement packet at the second

A 22 T laim. 14 reip t [ etgmgg beam s, ;
%Eéte%%%ngg%ﬁ%rg%%%tgﬁ z;cglzcél\.gg%stzlt?én é%l'ﬂ;%r é%mprlsir%%: -15‘9}1%1&&‘71Ilg an

acknoyledzment dnAGEPeRTe etf SMasNErEREh: t: at least one

antenna for receiving a plurality of measurement packets

18. The method according to claim 14, further comprising changing the
transmit antenna beam to a different antenna beam after a first of the at least two
measurement packets has been transmitted, whereby the STA uses a different

antenna beam to transmit the second of the at least two measurement packets.

20. The method according to claim 14, further comprising sending an
acknowledgement upon receipt of the measurement report.

21.  The method according to claim 14, wherein the measurement report

comprises results from measurements performed on each measurement packet at
the second STA.

22. The method of claim 14, wherein the different antenna beam is located
on a different antenna.

23. A station (STA), comprising:
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consecutively, at least two of the plurality of measurement packets using a
different antenna beam of the at least one antenna; a processor

configured to measure each of the at least two measurement packets;

and a selector configured to select a transmitting antenna or a transmitting
antenna beam based on the measurement. 24. The STA of claim 23,
TSR HERRASTHISE S RsRthacBHBRLELaenkEeING8 antennas, and
athégent each ehifenat |dast teceimeasure pbmadsckett mesneivethy packets

consecﬁﬁ@l?’]%@%ﬁ@f‘@v@j et Eﬁ%%’iam‘,? ANeRAEHr b IR RREAD 2Jifferent

antennw%ereln g?alaetf!‘%%gt é)tngf%%?ggggg iS a smart antenna capable of receiving

B Mehstrement) packetona Uitterent antenna beam. 26. The STA

2| AEIsVherihemtedelocibe rFBBR igRFBAAD Brarije leastréwwimeasurement

packet&nd@dna or the antenna beam of the antenna to a different antenna or a
Q'@gi@@é&”&%ﬂﬁ%@% NANENAMEASYLRT Eﬁﬁ%k%htﬂéﬁxpae%@ reCeMedmitting
sajd selector configured to select the different antenna or the different

antenngber, baserh 95 thedNeRtHE T éMhsequent measurement packet. 27. The
STA of claim 23, wherein the at least two measurement packets are
separated by an interframe space. 28. The STA of claim 27, wherein the

erframacspacde 3 BHABI2 sRETRIBrtRmBis|sast Pof SR tRIwaRemERLses at
least t%kﬁn@eﬂﬁﬂé?@&ﬁ%%%iﬁ'ﬁécﬁ%@ the at least two measurement packets is

received by a different antenna of the at least two antennas.

25. The STA of claim 23, wherein the at least one antenna is a smart

antenna capable of receiving each measurement packet on a different antenna

beam.

26. The STA claim 23, wherein the selector is configured to change the
receive antenna or the antenna beam of the antenna to a different antenna or a
different antenna beam after a measurement packet has been received, said selector
configured to select the different antenna or the different antenna beam to receive
the a subsequent measurement packet.

27. The STA of claim 23, wherein the at least two measurement packets
are separated by an interframe space.

28.  The STA of claim 27, wherein the interframe space is one of a short
interframe space (SIFS), less than one SIF'S, and more than one SIFS.
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