[ 0001] MEASUREMENT SUPPORT FOR A SMART ANTENNA IN A
W RELESS COVMUNI CATI ON SYSTEM [ 0002] FI ELD OF

WO DMERIT14EN [ 0003] The present invention gener aPCLUS2005/031655
relates towi rel ess comuni cati on systens, and nore
particularly, to a nethod and apparatus for efficient
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the AP and/or STAs may use either a dummy packet, a
gestempacket, an 802. 11 acknow edgenent (ACK), or

broadcast packets. The neasurenents need to be updated
frequently. [0006] At an AP, the beam sw tching
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measurements need to be updated frequently.
[0006] 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



recei ved packets. However, in reality, the best beam

for transm ssion m ght notbe the sane as the best beam
wo enoszaept i on (especially for a frequency di vPGT/U82005/031655

dupl ex systen). [0008] SUMVARY [ 0009] A nethod for

taki ng nmeasurenents with a smart antenna in a wireless
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neasuremants on each neasurenent packet and sel ects an
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[0011] 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 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
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STAI ncl udes a second transmtter/receiver; a second
antenna, connected to the second transnitter/receiver;
wa@2measrenrent packet request receive device, PORNOSDEB1655
to the second transmtter/receiver; and a neasurenent
packettransmt device, connected to the second

ransmtier/receiver ;and ,he neasyre . .
{‘r@ﬂﬁ‘é‘g egicer @ogsctede .to[ 17TR sytggggm}%*tge%%tégégivﬁrg and the
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second trapsnjtter/receiver; .a sec nt enna .
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5ER84 SATERClUARS ¥ 8bcdnQaGASmit RERbIEvEISH kédnd @ateant eshnected
to the second transm tter/receiver; a nepasurenent

pridiesecenddiryasmitinz{teeqly el 8 AMRASHERERY RAGECIEERA receive device,
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m%\éﬁﬁféxﬂéhtgﬁamk@@amysiéﬂ@mcé.he followi ng description of

a preferred enbodi nent, given by way of exanple, and
to be understood in conjunction with the acconpanyi ng

h Ngs, wher eigi; ' i i f
O orent T o RaL HESPRIPTRINGR T DIEAGANER of 2
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be understood in conjunction with the accompanying drawings, wherein:

[0015] Figure 1 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 is a flowchart of a method for taking antenna
measurements;

[0019] 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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measurenents ; [0019] Figure 5 is a signal diagram of
the met hod shown in Figure 4; [0020] Figure 6 is a
wo bavobards of a second nethod for taking ant enP@r/us2005/031655
measurenents ; [0021] Figure 7 is a signal diagram of
the nethod shown in Figure 6;[0022] Figure 8 is a

' am of si.cal
PR R E e B g AMRAEASS B Bl ot
CﬁLGPSﬁﬁhﬁn%hmatemwnunlcat|ng measur enent i nformation

0 b B o
MM§aE&Q§aﬂcelﬁ'ﬁﬁ #hd ﬁfeth&d%%h'b% Nin'Bigatdsonand 6.

(STA)includes, but is not imted to, a wreless \
transmt/receive unit, a user equipnent, a fixed or
M S SUBSETAREED!N DESRASAON OF GFY OFHE! | YREISRRED
e capa [ operating in ess envi ronment.
WMBODIMENES to hereafter, the tern1"access poi nt"
e Sta

AN E NS R N L S

'\Nﬂf(ﬁégs%hﬂé}nﬁﬁ’ébéi@e WBitd a Mg B&ﬁﬁ)rﬁ{h\tl b G168 - m o8Il bscriber
The present 1nvention sol ves the obl em of not havi ng

ma.as @ pagent or @pyorther éYPesﬁifédQVl%mP@ﬂh}t% of eEerpdipgpim a wireless
6 %rgrrlm ntg %11 n %fex"%@d t(? Qx%gftAF tﬁl’g\émﬁ r‘a&%{pmxﬁ*?A%’) includes,

Sen I nventi on rOVI
bt & nvtlecked 8y ashagél Bﬂatﬁ)hr & N}pﬂb E a@kutxea:bntroﬂ&SSt' hnpother type

SLNR nmeasurenents for each transmt or receive antenna
sEiteEACIBR Aeris 18 AV iteless epFEMs s m to correctly

fpshR e therpe Cﬁfe‘é@ﬁ‘t NRISHIISAEBS15 e EEHEE QBT NbN thdtS having
al so provided. [0027] The present invention uses an

awgeisurerhentmipport fansmankantennay @mfbmag heimplernented ig an AP, a

new 0 a4t f
S A T T S —
@Bteﬂﬁ réceivdd s&@ﬁhlfswengﬁﬁﬁdﬁWRSSémiﬁprmheﬁ&ments for each

measur.enent response packets, and r ement
ERIEBYIE OT TREPIVE AN TH RN RRY t%%%ﬁa%w #SpYg correctly

%ﬁ’e}’ce 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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standards (i.e., 802.11k, 802.1lle). The neasurenent
packets of the present invention can also be part of a
waepanae control packet or a managenment packeRCT/PSIRABP31655
Figure 1 shows a neasurenent request packet 100 in
accordance with the present invention. The neasurenent
reguest '
RGN e WIEINAED dpyBAAE 1h e RR AMABEY oBreferred
Valhe isved pzmkeﬂé)léler antepues (Thieyremsii6 antemah ariefpuestiondi04 includes
measurenent report 108. The nupber of transmjt or. . .
hecatoans hewpidentsy %‘@ﬁaﬁgﬁg dﬂPb fh g C2 b i forigentity
51@ th,@ﬁﬁvdrrs@f‘ Bﬁ[ﬁteﬁﬁgs t’Ihi@o HdsBmbld féq%@&ﬁ@rbe@!ﬂo&lﬁrﬁlﬂ? B8explained
I'n one enbodi nent, Ere erred value is 10 packets per

heneamafter iMivennectimmwithFigeress and 6, Hawpver, 108 totrd thad dhere
?ﬂee?ggt%ﬁg%e 12%\7aam Itogs| dil %( n%as@l@fn ‘}{t@ Ghd gQ{tﬁ{sé%te' I?onnse that

us e an antenna or
a4yt BBnAicatedopoti fdcﬁlemt;qesﬁelﬂ V0és TheGregirbdt for measurement

expl ai ned her after in ' ith Fi 4
AU Sl SR B 3t i

ﬁﬁﬁﬂ nmeasurenents and getting the response
t can I ndi cated in the request t e field 106. |
1]00@9i equeXighon 2 oo a aneasur naCkB‘é mp@ccpriamge @4th the

et er,. f or, SNRneasure e
R% ﬁé%%ﬁﬂtbo% n’]t’he [‘Itfﬁiﬁfen?:e u;%ac%g @O\?\g{cg&%aés%{egﬁn% identity
gﬁﬁf@&tl&(ﬂ 202 I&nﬂ@é@ﬁﬁx&i@&ﬁlmbéﬂ‘bﬂthe cpresé phcket\20dt Tha antenna
e nmeasurenent packet. 200 j ncl udes tenn entit
idemidanfamation §H%| 18, é% rﬂ#ﬁ@? é‘?ea‘j&?/ eﬁ‘ﬁ atly other
| n?ﬁﬁl 1R can'HE uddd ﬁﬁﬂ@n’hfileiﬂ hidenhAfoRsERbS AiteRRs.

es the antenna beam’i dentity or any other )
§080knt  t Hiigunshshvws apdagugengrimeppyt packet08in acwrdanse with

f anten as. 003 ure 3 h

Pl PSRt 985 T Ml B G 1 Bl soquenc
ineRRhtion 30]:2" ioaleméqaum@rmnhbmﬁmhé paamtgtanwﬁla mfdmmhﬂsmn 304
ek aRonnanSRRAY REPRGERbIbSCtIred Rash Sriig 506, and the
hﬂ%@ﬁh&V&NﬁR&ﬂﬂ@%an) t he neasur ed RSSI value 306,

neasured SNR val ue 308. [0031] The neasurenent
r[@ﬁﬁ]ést arithe meponsmeniredyest and reape@sew}ntbnemgaﬁedﬁy the STA

ﬁ%%&griﬂ emggg%%hgeéx requesgpac et 986 atﬂ' &egé‘&eﬁ%%t response
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 signal from each
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 STA2, in accordance with a first
embodiment of the present invention. The method 400 begins with STA1 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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packet 300 may be sent anytine while the STA s
associated to the AP. The STA may be allowed to use
wo bes@e3tserhni ques of neasuring the signal fronP@EUR2005/031655
antenna and to each antenna before associating to the
AP. [0032] Figure 4 is a flowhart of a nethod 400 for

%L%aslfilxre?rﬂre%gt 2gke an £ g@iﬁ? %n@e%gﬂﬁﬁlt%%ﬂ i d§qu§ﬂ ?ﬁhélgaéﬁ&s, as

enbo nent o
e ifeyd inithe &tﬁalsﬁflaméi’ﬁa‘etr&édtqﬂc]é@@hbﬁgbew transmiBiod (step 412).

3] "Sraat R ebipmeekets By 2ut i ropuguBet ThetRER1 changes

{t§ tr@&l%alﬁ‘ e 214S S@M%ﬁﬁoisz@hoﬁtﬁhﬁﬁiﬁ%% space (SIFS; step

A2t hen transmts a neasurenent packet to STAl (ste
4m®)bef<8’e/transa@éﬁm@§h€t extpagkeiretepri08h dpkarrefarred embodiment,

N

e ﬁmcﬁ%t$FSg$‘h§ patihbleathtiure df ke waiperedealatesmibs iength of
acket ave pbeen transmtte ste 0
e ppedes £0 pEtbKl ARLHRFLEABY: Rt O fia et Hogk, and any

B9EStdtioh-dpRefFicVBnPRR Rl e ALSF the PAek¥Ri hdve b
?;r gﬁgﬁort I nter ang space ESIFS step 41 beforee oen

traausaniited {(stgp dh?), tila_eu SBAd kelectgdhe prangsiit beam pased on all of the
referr

RieE R RO R A5gR TR SIVK, RARk Sobis) BRa Bh wethBHiihinates
(ﬁ?pagﬁﬁ TEe Yarlaﬁlefnature of tge wait period

rel ates tothe | engt

B~ ndhiges myesrakdisen e anebed 2ohaharine tgacket
'egﬁt%g@rb%%b&gsq‘&qcﬁfﬁ End I9TAPI504 B1ES1 502 shds @médi@rement

ac ave

een transmtted (step 412), then STA
semmst padliet 506 40 SA2 Hida SIIBESHY waitafor agtIRSHE08befere sading

he S |
R T I A M
Eél?(w aﬁh%il',&lé hglgggﬁfég@gggag]gdzﬁ)mg];r@ t.hes5pac kxgmsemxthml}geeach
et ween an
mepstremenipackeibis boing rpersisd by s (SR i edpe 58S, STAL
Wbt hahfls ﬁs%’ege?vé%gaﬁlefs%ﬁ tﬁ&@@é&lﬁo@fhe’*%ﬂe@s 522 ... 512y is

response to the measur énment request packet 506. STA2
E%Nddam asélffésermhetanp ST A2 thenwises heakesiveddighal strength of

n each surenment packet 512 bei ng
épg&i%ﬁg th SSlpthsrE e P he s FS STA
0035] Figure 6 is a flowchart of a method 600 for measurement packet
exchange between 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 STA2 (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 STA1 changes the transmit
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502 changes its receive beam such that each of the
packets 512i ... 512n is received on a different beam
W@EIN/038% t hen uses the received signal strengedil/v82005/031655

each packet 512 to select the correct beam [0035]

Figure 6 is a flowhart of a nethod 600 for

measur.e G T

RS e B SR o AR R AT bl ] oecp B #new
peeas Gittp 608)ehi h prefeifiod emtold indesi) STAA g miss foir the STIAP; however,

Bisyait Girme CRovEIN G8Y PR ETIEEBTE QB HhaBALe SphtkLpe variable
éé%‘]lgp oPAEb) w R PeRi6M dslabll t0EHe 1B OF tilielRRd6@E) swibdibhntenna

S a neasurenent packet from a beam (step 608), i
I53As, the acarescyt ¢fshasnsteneciedhs, apd argotherdmmlemapiaionypecific
SSI _and/or the SNR of the packet (step 610).
HePe ' R%ti on is made whether all of the measurenent

rmxzks]atb s spegll bf thd nbaadshhanaielqmtkemﬂlMVe beentsnsmitedistep 612),
ave been transmtte ste 12). | I f th .

hods S0 PR AR R STRAVE SHPELGEEA, PaelrPB: 2, o e received
%L’é‘%ux‘(égt?égxg ‘i%i%%l’g (dtbp820). (HI93chdk €Re RibAluretmdritTepit t& STAL

and sends a packet fromthe new beam
(e p2208)d STAlzepdehn A te Mdd for the nEpAnreaentsreppyt (step

ES; howe t it ti
B Ph ST AT spls e FatshitbehR o PR L8 el B boRf rbfiort ctop 626)
eﬁdtgnﬁmtmmd@?ﬁdﬁmes@tapeﬁsxo thehl ength of tinme
neede 0 switch antenna, , f.th
T, e R b e B KBt o packet
Ek%%ge 'b%&ys&bsm(iﬁz a:dd BirlA20f04. WA 292 6E®NA measurement
packets have been transmtted (step 612), then STA2

genmshpacked 706 4c STARSIE. BEASI104vwaissifosm HFS U8 hefare sending

ERGR L0 TErRRbSFER tp BA S lebaiet BalteRhagkel ffo. {3702 waits
SENOSTFR 7 AGEF6re SEAInE R mbdtiromentipasken ¥ 142 nGildy frotepbeam to

624). STAl sel ect t '
R T Ghrchy T Te e Pacit) T Hh YR LR i fierent beam, and

§TAT 768 @I%i&%lea ﬁﬁ? 71d Q¥4 séﬂcﬂﬁ% 8 Mledsir8mehe patket 714 on

ragram of the nethod 600, show ng the packet exchange
aebilee heSHASTAR Hbeg Ve tikomeagmamend paclkatd J 14 and measures

measur nt .request . packet 706 to ST .

Rafs ga?l%&. éﬂg}* gg (3 d:gg B)é?ag}lgergg%t dp%cg%eeg7ﬁ) favebben t9&ived 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. STA1 702 then selects a beam direction in

St

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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an ACK710 in response tothe neasurenent request packet

706. STAl 702 waits for a SIFS 712 before sending a
wore@sisgsent packet 714i ... 714afrom a beam tPCBUSD05/031655

704. Each neasurenent packet 714 is sent froma

di fferent beam and STAI 702 waits for a SIFS 716

[@gg fe se megglﬁ%ﬂi %[%5]{1 RASKRL rgcéﬁreﬂgléfé@gﬂ}@ﬁ his also

recel ves Reasurenent pac
lﬁj’sﬁﬂﬂa d&idaf 1@5619&13 higpat#tesngtAffran adiranohittdrenme dsangerhased on

Berariate 7%;2;‘;12@22&&%{5&%&?&%% AL eort ) a8 tngling
fn@ccuiAle Z&%sm&T&h tﬂ@ CorrE@hea T rafeptiolt (bP t2hAiIgHIdn) in the

upon recei pt of the neasurenent report packet 718.
Rahcganyretificetion nbout the antetinaawage af the transsmiier aede. The

wi th the neas rement
%&gl&}tg%ﬂ?c g aréts (fnﬁ)ééag% ?(?e(}hﬁﬁror #;Y?I%%Q ﬁé&;h&? €ndication.
’Phﬁgﬂfb@ﬁheﬁn@,ﬁn de daédabgpﬂréqetewa trapdgiertbe recovel measurement

a control packet. Physical |ayer signaling can be sent
mfrmiet.er ent beans. This signaling can be sent such

fooab) | t 1 aeptibhgaitdidibeng 'i‘ﬁfoplﬁﬁﬁﬁntlg‘ keniginmedRitely after the
phyS| cal layer signature (such a preanple) or beam

piysicatelnyen conmw@cmgmceln@hcg) ex Qraim He medium pccess

el fEh) Wehtclo dne Brbliticg Fﬁ%@ﬁ' Hhg AR AR, dftern

BldéhtRESH bﬂngl dilfhandrfza bemwmngmia Jsdame ntﬁlﬂhltyr’ﬂln pattem can

transmtter y change  bas wi t ched beam or
?Hébélﬂﬁéﬁi@i%ﬂl??@éﬁlh‘feﬁﬁ‘é% ec%“% @@ 5j’rmy end up naki ng

[ fur at gp; 8 iONUiPrahl6r £ PLICTCIrahRAMBINLAE 808 &€ ALéRBance
or transm ssion) I n the absence of any notification

afiduthe present Brventios afke HLAM framefdPrincladesd geeanple 802, a
tran t Kk t

e
HaRtuklY (REBUY sp@ ITiRprosui dlastehtiolmeadde amewdﬁelm&wmn@]h frame
i nformation., [0040] The tr, a | nf(?r | on

U entrapﬁwélreawp yATHPRRY | n%ﬁ@%m ackyar cottipatibility is
Mﬂlﬂ&{] 1ﬂ%@ﬁ% nﬁ? L RhnH 8ARSMabion laft el Bige PECPWBader. An
access co eader. The infornation can be a
pdditibehl nﬁ‘ommgmﬁelgamealso badadudedig the MAC header to indicate

g]%& dl&gc#t%%glgen%rpyor antenna beamidentity. The

[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 consuming. Also, it limits the use of a
directional 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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al so be used to indicate diversity technique (if any).

[0041] Figure 8 is a diagramof a PLCP frane fornat
wW@2doiosi4accor dance with the present invention.PAnESPLENB1655

frame 800 includes a preanble 802, a signal field 804,

a header error check (HEC) 806, and a physical |ayer

vige data unit (PS 810. The pregsent inventi
e shomen vt terpoRin HAIOrpPERRReg ghTisgussin, BACH STA can be
Loransitidd WaBedlV 6f thilcemankmistholviner 808. Backward
conpatibility is maintained by adding transmt ant enn(f )
evice

(MKt mat | Gheafinse ST R0PincudrszriBteasAFP IR RACK Fatequest
?/R o étec't&{kofé @Jg%gf;f?’ééel?'t&givké? gh 8 ChHEeds icgnﬁ&%ed to an antenna

eader to 1ndi e transnit antenna identity.
p0p42 heesyreamaht packetntiansmit odavies 96 dés f ¢omneeted to the

nmet hod to neasuye si | str th to/froma.b

R R Nl LR S
AR ad8fdniafl paBk&QfhalRis GV &IOS iTRaSaHCEER the Trhasmterfikceiver
du packets or beacons is inefficient and tine

88l hpamg changedevice P3(hiscgnperded tathsrtransmiftenirecsivgr 912, the
%{gagﬂfrh%({nﬁ: ad étgc%args %}(ft HRMIE gflr%tathﬁ ‘ﬂgﬁ{%spfbmﬁf%acket analysis

f
prese ent | OWs a 0 use erent “beans
flovice rA8s i ssdasnremehtr eepept ianalysjs00¢@ke M2guisecodniected to the

di agram of a.system onfiqured to. c ni cate

RS ﬁ‘i‘ce}vﬁ%/ %ﬂﬁﬁf’ggﬁei‘i’ﬁa@c { & Jevic ggﬁu t he nmet hods

ﬁ_ﬂﬁﬁmd 60fhe @6coR@SSTADIOY dREIVBed AnCONRAGRI 98D Gbidkcted to a
igures 4 and 6, respectively. The system 900 i ncl udes

tranismittegToesEA 982 S0peagvenient paslet Trapest Aogeivpdevice 934 is
Wi t ' a .

U6 55 AR oD B AR STfl ove
®86 lis adnneefed toethecnmusmitter/rebaiver 932 64d thd heafurenterdacket

902 i ncl udes mea epent packet ,request device 910 .
ZRAESE (BREITS, doVICPain A DR EEaRy PEESE ARRISe dgvice 938 is
COMKRELELEL tie BAnRRLRBARecRiAr 932MAaahaIRAlend 366t generating
transmt device 916 is connected to the neasurenent

davice 194p dg germectied, te thegtrenamittenieceivan 837 end the aeegsygpment
912. A S acket analysis device 918 is

&8k eéccatne%gyastl%{l%g?{??é%sm tter/receiver 912. Abeam change
deodaie 920When tmpleatdntihgtthe hdethdéd 4005 the dystein 80@is\cenfigured to
912 ' [

pﬁ@t"aﬁé ggﬁﬁ%g%{ %ggg@%ggéé%ég&sep rgqlgees)é Id%xericg ]9610 gaer}l%rates a

measurement packet request, which is sent to transmitter/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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device 918. A neasurement report analysis device 922

is connected to the transmtter/receiver 912 and the
whe@ashagnge devi ce 920. [0045] The second STAPGDUS2005/031655

i ncl udes an antenna 930 connected to a

transmtter/receiver 932. A neasurenent packet request

i ve dewd 34 | .
REShetPof SRR eBF thep S9N Raker O urcd, I ol of the requested
fexieenRa6 pheketohnachdbebn rédetveds tirsmeatureihestpacket analysis
dics L Seslh A b ShReas eV 2D 30 GRgndets gcaies Beab of the
£RARAN 86b tPrdcbR eldaR T hlashRGRoMpacRB. A

nmeasur enent report generating device 940 is connected
[0048he t r dfalipf thempqeestéd meaggrment PacketsiaroheepEepeived, the

acket anal i s device,938. . j
PR TepRih oAt Al S s ol e R R b based
oP A Rvivtislyohbawied Thiesaad thansghaljsacielictedinarshit beam to
devi ce 910 generates a neasurenent packet request,
e oaemp ghanga device Y20 s i tt er / recei ver 912 for

tdO@gF M SSivoherd fnpleMeRBAL Btk MEthod®H0, tHaRystem 900 is configured to

ransnitter/receiver 932 receives the nmeasur enent
pearate as dollowt. Bhredmeasyrementinacket rrauesh deyieedd generates a

acket reques ecei ve devi T
G uThel SHE0E UBVHCE B0 (T IEIRARNERIR e 012 o
Yhainshhidssors B the secoiESTArad. Tha tARmitido4edeivairtI82 receives the

sendi ng the ACK, the neasurenent packet reques
PegsreIneRiHagketgsquest grafaraTes Hea @ﬁ%%ﬂrgﬁlﬁeig%"ket request

bR rﬁebicg@gg.oﬁ%@lﬁgaétﬁgﬁgﬁ R Ade BBEIN EARe 934 generates
pac e

ets to t I rst STA 902. When neasur enent packets
anACK sdiivieds sent théhd firsttSTHA0D02, t he

mtt / i 12 ds t .
IBORTS © TR Tt ot i O, B e UFerBER BB et device
vhe &b eRIShe @t @entpitket tiahemitdstcedEito pgik aansmitting

measured. If all of the reg t ed asur enent . packet s
mepsursRedceacketscloi t@@ds’ecqqq]eg’ﬁé% reﬁ%}gg of B feasutement

@Qaé%fsme &%‘éé&%’c%céﬂv@f‘ 3b5 £ S I HBRERHEW SRKIPH the
0 C f 902 to

ange the receive beamof the first STA
nessivanatdackenaalysia daviee83d wharkdtespackeipisgpeqspreqd. [If all of
f the reguested nmeasuyenent , pagkets_ha e .
S}é% ef RS Cnd fRELETE Prt nPa%fg‘lg et ®%h aPJ);/]Es ?/b:eege \e/G P%%Smltted’ the
20 R Gt FHRREDRAh &L R deRBITE bighadymHedmarh change device 918 to

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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on the previously neasured values and then signals a
sel ected transnmt beamto the beam change device 920.
WO 0®403149hen i npl enenting the nmet hod 600, the BYBUSW5/031655
900 is configuredto operate as follows. The
measur enent packet request device 910 generates a

E&gﬁ remhﬁg&g&t@equest, which is sent to

mtt 912f_or transrri_ssiontothe

squpand STA 904 A FBehodferekirg Redsue6abnrwididad shaeimesna in a
the measurenment packet request and_forwards it tothe

th
wardlessenmmeupselien sysemduvinge elwialige of eEAsIncluting the steps
GEnSAGIE Y, AR ThoEfE B30 TRERY B BN P M
EReEOTittuEpat leastainptmedsurbmeAHa cketefromdba secvndtSTHatokdbe first
r%gge devi ce 910 signals the qeasunenen&ﬂﬁacket Kot
Srlansither PagPeRElson FOSPAREFHEPE ARG BReRpacke
REekSESstIPTA M8inkes Aiftbr& 1 aRefina Hesh: pesBiAingdhedsurements at

nmeasur enent packet, the transnitter/receiyer 932
the WastdSTANen paels mreasuremenicRacket;cand gelegiang pangnfenna beam

acket ' Vi 9 i's

5 A Bl SN bERd IR By IR Bl ke
h@oset] not kEen tThwnsnéthbé daccbidingets enthrelmepiicketvherein the
transmt device ngﬂaignals t he .beam change dgviqg 918 "
ERPaSHERB Y 1RaUPTAREIPS B AEMRST 06 PIGAS URTREHIRACE R thdtgnsmat:
MBEHYr emend, packRdme{Hdd2btortingdolangfof the€pFerediaglegtbodiments,
measur enent packets have been transmitted, then the
wewseindhe transepthing sfenéncludesgvaitipgder o ntgerung spacepetween
neasur.ement I [ ' i.s sent to the first STA902.
fﬁ%mﬁgﬁgg gﬁ%hgﬁ?égggk$gggformarded t ot he neasur enent
Megss]t anad.ysi SThiemethod22¢cording htes elngladddmant r@nsiierein the

beam for the first STA 902 based on th ur nt

taisEiame paceis et oioshoTt BHERTARAAPges STHG) fe 1§53 one SIFS,
Egﬁqn&%qmgh%ng@quelected beam t ot he beam change

evi ce 920 to change the transmt beamfor the first

057902, [ 0952] Ervoethedacsordigstd)any, of she prrsadingembodiments,

t akin asurenent s w.t. ; :
oBiArER: 57 PAFEGEEE s e g HptosPE R ey Bl SBngtn
lindicaidir (BSSNef help meakuredesitipagket. measur ement  request '

froma first STAto econd, STA; . .
[0058] 6. The method according to embodiment 5, wherein the selecting

%eé:.ond STA;

step includes selecting a 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 ratio (SNR) of each
measurement packet.

[0060] 8. The method according to embodiment 7, wherein the selecting

step includes selecting a transmit beam direction based on the measured SNR

values.
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transmtting at | east two neasurenent packets fromthe

second STAtothe first STA, either consecutively or
wa@emwalosameousl y; recei ving each neasurenment paP&KBUSHDS/031655

the first STA using a different antenna beam

perform ng neasurenents at the first STA on each

remeny pagket,; 1AH§ %%ifc Eg% iédgf&lgﬁd? teﬁgﬁ)&ﬁﬁéhtg Qﬁﬂ\zvtherein the

ITéction at the first nmeasur enen
pesfuirhing sté@phtludes r¢msuniighotceived signalstrengiiiodicatort(RSSI)

1, .wherein the neas nt. request include nunber

apd ﬁé&%%ﬂlgﬂgﬁtseﬁa%?@ﬁ gres repsgEERast: The

[Rid2pd accwy di Mhelfethbd ad@brdilg tdeEbRImagt ¢ itsdteittthe Selecting
wherein the transmtting step includes waiting for an
siepdneludaeselpeting péransent beamglirackipn hapechen therpppsured RSSI

gggﬁ\fﬁ‘,aiugg%] 4. The method accordi ng to enbodi nent
, erel'n the interframe space is one of a short

{00631 f r amel Is padhe(@sths) actardmgttoany ofithepregeding ¢émbodaments,

h one, S.FS 057) 5...The th [
RO B FRER bR €0 SRR UPIETRO AP OP Pgad STA
£ B fiR% |sqt1>§%%&??e%ufﬂt%ﬂ@e FRESINEENS ire@st.St rengt h
i ndi cator (R :gghgof each measurenment packet. [0058] 6.
T0064het hodlZ%acc dmgimethod asersdingernysf thghpyespding ggrbodiments,

ol . . , _
BEEL OGRS B LRl ol SRR iggon o e
Tinet S‘EA][’boch diffopenti beprh eftey s0meestnediont Haskdt Has by éopived,
t he rform.n t i pcl ] [ I

Fieatho e SRpaRRRE Bre BRI T 450 SR et T Tesbiethe mext
SheabliferiBithRfKkagcor di ng toenbodi nent 7, wherein the
selecting step includes selecting a transnmit beam

00653t | on Based methaddorieking meastmpmentsyeish pgowrt anfenna in a

The ;net hod a -] ' - .
L e

lo&C eéntiidg Sa gnahsiremenyt tequesti fehora (RSSISTAND a séqgndl STA;

to noise ratjo (SNR) of
transmitt?ng at feast( two glegsurggl%gt Ir)rgc Sé sr ter(r)rglryhe Qﬁ'gtkﬁA 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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[0062] 10. The method according to enbodi nent 9,
wherein the selecting step includes selecting a
W e@ess4P9 beam di recti on based on the nmeasur edP@BB520851681655
SNR val ues. [0063] 11. The nethod according to any of
t he precedi ng enbodi ments, further including the step

ﬁ{gg%finf; nagn Kok s ea'z@d};ﬁ{gl'ﬂ QB dfiBodifRAN 015 TAhbfein the

upon recel pt o e neasurenent request.
[16ffddma 2padehis onetofiacdshacicintelifragne spave(SHFS) kess than one SIFS,
prgceding enbogiggnts, further including the step of
BRA MO AR ane ve beam of the antenna at the first

B9l 0 a diff f engRim&8adaaloreingdo ABR AR MEteding kRiboliRtents,
een recei ved, whereby the antenna at the firs

Smtineriochuding thersiep ofseadingn ageiovdedgrmentom the second STA
su . t aki

R R TR SR fosiok 80 mbenRLEOERAE, | 20"

EOToLNi catigon Shetmethbdcegdimgrtb anglof the mcgling embodiments,

oS 5 05 o B Ao AN TP SR e

EeasdTA YWa ARRSHAENRM aRef X BlcashiFedmeritin ckét s badAtfiRenitted,
second STA either consecutively or simultaneously,

sdiehehyethepnsenss atthelfiost BEAmges » difforent hagm ke trgngmit the next
di fferent ,ant a beam receiving each neasurenent
B%?c?ﬁ‘éfen%\%mt aéﬁgpécond STA; perform ng neasurenents at

{60 13 ec ondl BTA Thie mettlod reesdirgnemnypé tkeprecefing eathiodgnents,

Rubor BRERR AR of St o e SLm B O dhbfrst STA to
OB NG SHECRPch REAift@f thenleh&dlem@bfirepdtd. sel ecting an

antenna beamdirection at the first STA based on the
HRQEAr emen0.r e fosysterh fopekinpmeapysementsFuthe swaw; anjeppa in a
enbqdi ment 13 re e
SR 5 LR SERMPASPHE bocong T The
Eﬁ@lﬁg']éAlﬁclua'm% festhoanasittartecavéro adivyt aftenhe, connected to the
precedi ng, enbodi nents, wherein the transm.tt.i t

e} TR/ IeRRfveio A n&%svrﬂna?rf”ﬂrpaﬁ%etgﬁ%eéw fie¥if Gqyinected to the
RN ThE ki RS FRES B S RRb s PREISE i)a[:mgaﬂalﬂs@s dé¥ige,@hheded to

according to enbodinment 15, wherein the
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.

[0073] 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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interframe space is one of a short interfranme space
(SIFS), less than one SIFS, and nore than one SIFS.

WO 0®603149%. The net hod according to any of thePCT/US2005/031655
precedi ng enbodi nents, further including the step of
sendi ng an acknow edgenent fromthe second STA to the

' STAygoN ' CER . .
IPBZ%)] 18%9Thefrﬁr§?%%gmg%g%@g?%g to any %%gﬂgﬁi’ wherein the
mﬁamﬁ{émmt gpdekeli manlysis flevichaés configwaidntp réreivst gpagfrement
changi the transnit. beam of the,ant t _the.fi
R e A e L
élgﬁaléééle&ea'btemtowh@rbebm dha@gadeeiena at the first
STAuses a different beamto transmt the next

[0928Lir ene8. pathe systpwgreeqrding topmy oferphodiments 2077y vihsrein
f ecedi 0} RS deditl EhehnfiRG edd] :

R g B SOBBITER e A onpe v o

SEAtwreiivnt pacatde @iekt from thedaispstativn teeend an ackmeniedgement

o Bhe s oL et e e REeR SedTiAT MR TR Ped, amd to
Si¥ahEiRe ﬂl@éﬁdﬂgﬂéﬁﬂt padket Sfandiit add cetolRsing Serllifg mldagurement

first STAincludes a first transmtter/receiver; a
packets tnttherfinst stédioRected to the first

mttey,/ regel : .
ERRT, e R SN TN AP Rty mhecic
tagicaeninienpardcket traakydi devdew i eynfigumed ¢ eend measgrement

first transmtter/receiver; and a beam change devi ce,
PRt tathe S%ﬁfé‘tﬂnrst transmitter/receiver and the

WF r enenfs, paakskteih fAiritakihgheistfomdite wiCO8Hart antennain a
TAI ncl udes a second transmtter/receiver; a second

wiredenscomowmication sygerh indudivgp firdnihh epdra sesord . The
e t i '

PulTEALBTRAL PR Sl BUEP L 0a, ¥ Bufltn, ORREALH e

fiagiteindniidtieMoteivay i amasammnat pecket oeduest deadamncbnnected to the

transmtter/recei ver and the n%eas r

BEth IS SRSTh AT e, PBSATBORSTE BACkel Haisyhf drfice, connected to
S Bt B9nbRiteEPRELER land khe\WaBARiremleie paBlestUFeqiiBst device; a
packet request device is configured to send a

beaiou chamget devisketconnected to the first transmitter/receiver and the
measurement packet transmit device; and a measurement report analysis device,
connected to the first transmitter/receiver 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 transmitter/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
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request and to receive an acknow edgenent fromthe

second station that the measurenment packet request was
Wwo ewelyagh [ 0074] 22. The system according to PCT/US2005/031655

enbodi nents 20 or 21, wherein the neasurenent packet

anal ysis device is configured to receive neasurenent

RS A TSRy SRl
sgil‘é‘%lgg?d’ﬂ thtB %ﬁ%u@&}i&ﬁﬁ%ac(ﬂj&_@@%iﬂueé’tgwaé' hexetnedt em

I n O any o - i
(BSESur ee(- poEheATSHR FOCT RIS PP USRS T 26, Wherein the
rﬁ?%g%r%%ﬁfPé&ef B85S viteas B ETRAED RARKAImda8EHS4Nt packets

_ rst station, to send an acknow edgenent to
tolthe kedont] stataom.on t hat t he nmeasurenment packet request

i yed, ,and i gnal. .
B80m ¢ Hevi cERT e AR aging gyt SRt RE S 2T, wherein
the b dRubdheht Sdckbi @8nsthRQE61ce 24 conTigaral/istsignahtiedredimehange

to any of enbodinments 20-23, wherein the neasurenent
ridedio change itransavit beapof thefirghataldoro send

[@? gltj remegh p aﬁhg %fstérﬁ a‘:&ﬁdfﬂgt' ﬁta@toﬁkin%ﬁdirﬁ&&z 85-28>wherein

/ em for' taking neasurenents wth a smart antenna

ﬂg% ;ﬁeaﬂalrraheﬁsremomanﬂm$ devicasiszonfiguteddp wegeiry amfeppuement
a a.second, STA. The first STA n S j .

PP, Wi 800 Sions i FHIGE S (FRATRAE PEBRRGE the Ry station

pdeafdd she WAREMRhR Fopoagiandrto sighebthe bemntchpagkelevice to

request device, connected tothe fijr

chamge the transmit bearaof the freskstatarrein ths selested hesmi
@)ﬁghf ﬁ’e cognecipgd s &B%Lb‘;cgéﬂdﬁlﬁ to SR b YoRIthé:96 25V, wherein

measur enen request” devi ce; a beam

thangasdrmas, packehertaestt teceive févies is configured to receive a

transmtter/recei ver and.,t he asur enent,. pac
Wéﬁ‘é‘i‘?ﬂen& e\f’lag‘%‘?e“ FRAUSST Erem, g?% nj![.llrSE e Bgart%(’%a n{i;l%%/ slog send an
S8Mio%Red &b ekl fitstlshaidd thslt the alashtentintpackdtwequest was

and the beam change device. The second STA ncludes a
seeyed. transmitter/receiver: a second antenna,

ﬁ@g@ﬁ ct ed 3{19 t H@e??&gﬂlda&{)ﬁgﬁ%{& 4y céff BRIdYRENtsP5-30, wherein

rement “packet’ request recelve device, connected
tie inbesweannd packetsmalyss dewceisv@nfigaredtosieceire mreasurement

packet ana devi ce, connected to the sec%n]glackets and to

b hech e ths Siel Si8Hon, i SRS (PG RSP ROt
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 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
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generating device, connected to the second
transmtter/recei ver and the neasurenent packet

wW@e@bP3i489 devi ce. [0078] 26. The system accor dPCyUS05/031655
enbodi nent 25, wherein the neasurenent packet request
device is configured to send a neasurenent

cketr est 1o second [ . 0] .
RS el AL S A SRR Bolntions
WIBRSHvERAE oflRe Keitur&ouebéletiaty eftthieprasentt GOVEGILioR7 .

The system according to enbodi nents 25 or 26, wherein

t he nmeasurenent packet transmt device is configured
to send neasurenentspackets to £ he second station

[ 0080] 28. The system according to any of enbodi nents
25-27, wherein the neasurenent packet transmt device
is configured to signal the beam change device to
change a transmt beam of the first station. [0081]
29. The system according to any of enbodi nents 25-28,
wherei n the nmeasurenent report analysis device is
configured to receive a neasurenent report fromthe
second station, to select a transmt beamfor the
first station based on the neasurenent report, and to
signal the beam change device to change the transmt
beam of the first station to the selected beam [0082]
30. The system according to any of enbodi nents 25-29,
wherei n the measurenent packet request receive device
is configured to receive a neasurenent packet request
fromthe first station and to send an acknow edgenent
to the first station that the neasurenent packet
request was received. [0083] 31. The system accordi ng
to any of enbodi nents 25-30, wherein the neasurenent
packet anal ysis device is configured to receive
nmeasur enent packets fromthe first station, to nmeasure
t he neasurenent packets, and to forward the
measurenents to the nmeasurenent report generating
devi ce. [0084] 32. The system according to any of
enbodi ments 25-31, wherein the neasurenent report
generating device is configured torecei veneasurenents
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fromthe neasurenent packet analysis device and to
create a neasurenent report to be sent to the first
W@ e@bioanrn9d [ 0085] Whil e the present invention hBST/DE®N5/031655
described in terns of a WLAN, the principles of the
present invention are equally applicable to any type
of w rel ess conmmunication s?ﬁﬁéfﬁ% Al t hough the
\&_Eatur s _and el enents of the present invention are
ekt €irglnlst he preferred enbodi nents in particul ar
conbiinat i AngetidcCior ftaRing measmentomatwitlam Smartseutenna in a

al one (W thout the otherfeatures and e| enen f, the
pirelesy comemERisaHPRERTIET havinga Pl ot tarn Lo Ane i tpgthod
S %sﬁﬁgmecﬁc}kp{g.features and el enents of the present

I nventon.

"What is claimed is: 1. A nmethod for
t aki sgndingsumeasnement réquestrant a fnsteFha to A sgeand ETds s

co ni cat.ion system havi ng _a pl urali ti
( STARAREURE RIS g PPy R Rialbis fhm R s STA to
thRasNt SRt request froma first STAto a second STA
transmtting at |east two nmeasurengnt ckets fromt.he
secomacw&whénﬁawms%?aﬂ?&e%?ﬁﬁgﬁg%ﬁ 54 %rft%ﬁ?rent
‘éﬁﬁ‘ﬁb@& the first STA using a different antenna
ean perli!lbrm ng nmeasurenments at the first STAon each
neas eefvemingmelsirenmemds sethedinsh§TArpneach mepsyeement packet;
difection at the first STA based on the neasurenent
#Y5ults. 2. The nethod according toclaim1, wherein
the nRRESHHE BN antese Peaidirdeiten atnthisbfirstoSTA based on the
nmeasur enent packets to transmt. 3. The nethod
mesvtrgmegt resudtsai m 1, wherein the transnmitting step
includes transmtting the nmeasurenent packets
consecutively. 4. The nmethod according to claim1,
wher .n t Hhetmathsdiatdordipgso dpimdcwheresn theameaguremgpt request

th asur epent,. packets sjnultaneously. .
includes a number of rgeasuremen packets to andhit.

3. The method according to claim 1, wherein the transmitting step

includes transmitting the measurement packets consecutively.

4. The method according to claim 1, wherein the transmitting step
includes transmitting the measurement packets simultaneously.
“
5. The method according to claim 1, wherein the transmitting ‘step
includes waiting for an interframe space between transmitting measurement

packets.

6. The method according to claim 5, 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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5. The nmethod according to claim1, wherein the

transmtting step includes waiting for an interfrane
wG@pmem3aeds ween transmtti ng neasurenent packetBCT/6S200$1€31655

met hod according to claimb5, wherein the interfrane

space is one of a short interfrane space (SIFS), |ess

than one SIFS, and nore than one SIFS. 7. The net hod

accordi ngrf @ 6L &coo%ﬁé qh g:lg.]B? 1PSFHRER A% BLEBrming step

i ncl udes neasuring a recerved signal strength

inollideat ®ea{RGS )a afeceimed sipaslustrepgth padicetor §RSSheof each

nmet hod accong toclaim®6, wherein the selecting step

MERTUTERERE BREi ng a transnit beam direction based on

the neasured RSSI val ues. 9. The nethod according to

claim1, wherein the performng step includes, )

meas @ i ngThe siefhed accerding taclaim 6.ovhesripthgpelegting step includes

asur enent G 10 .- t ' j<M
TG igFahp R 15 dfeidd FadlR AR ARERRELA REND wal !
transmt beam direction based on the neasured SNR

val ues. 1 The t hod accordiing too ¢l aim wherein

Uhe. gor f ofthe o Uioop At REaRAS AR dv TRETEH B Potigimthe step
ARk n%a@ﬁﬂﬁ%ﬂh 4iBRAICR s BB (SNR) Gf 8aéi fidabureteiipieket.
rati o (SNR) of each neasurenent packet. 12. The net hod

according to claim1ll, wherein the selecting step

ot Lecti . c . ! .
e niag. By TP a e MRRUfirR B ol R RS Ay Studes
S616 1Y Apranemit béam Hirebtion besedcmmiire mbagnred SNR epluet.

sendi ng an acknow edgenent fromthe second STAto the
first STAupon recei pt of the measurenent request. 14.

The npt hodackRitd dedopdinkdiontldim f 1 Wh&kit 8 pesfoR@ing step
the step of changing the receive beam of the antenna
wtcludes théasuringTArereivedi signal sttengtn indigatey (BSSD) and a signal to

neasur.e ket has n i yed, whereby the

ariee ﬁ?\téggﬁﬁg‘gtc a|c¥’s §a§11 grgglsl{ g&gey'f erent beamto

receive the next measurenent packet.15. A nethod for

taki ngZ. meaI‘Shbtler Ie}lrg%ﬁ(‘;(f a\é:vtlzotrginag %omic atimalﬁ,egv %réiﬂ fhe selecting step
includes selecting a transmit beam direction based on the measured RSSI and

SNR values.

13. The method according to claim 1, further comprising the step of
sending an acknowledgement from the second STA to the first STA upon receipt

of the measurement request.

14. The method according to claim 1, further comprising the step of
changing the receive beam of the antenna at the first STA to a different beam
after a measurement packet has been received, whereby the antenna at the first

STA uses a different beam to receive the next measurement packet.
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Wi rel ess communi cation system having a plurality of

stations (STAs), the nethod conprising the steps of:
wa@endiosig9n neasur enent request froma first STRECDUS2005/031655

second STA; transmtting at | east two nmeasurenent

packets fromthe first STAto the second STA, each )

neas Ube me At metladde forblaikieg measyramenty widh iy smagh ppkgrag n a

ant enna bhea Ly [+ s

R e P e S50 TR PR RIS PR Ringthod

Qmpadihg fieasi¢peotnt packet; generating a nmeasurenent

report at the second STA based on .t he sur enen )
r esulSeBdINghBReATIICRe T SARRSE ARt alﬁté fﬁﬁﬁf P&rﬁef?ﬁe& STA;
second, 3IAtahB &t [dash twPhfbas@Reh &R fackdts Groad t RO ANISTA to the
beam di rection at the first STA based on_ the | )
sreand i9e eachepensurerg:nt haskeb bping trensmifited) using: pogifferent
15€ V\,hg ein the nmeasurenent request includes a nunber
oPeRRALGF ent packets to transnmit. 17. The met hod
ac cor@télgingeach aheastibemuhiepadket htithet seaoshBTA; ng st ep
i ncludes transmtting the surene ackets
cons QeforpEng megsurements. ah fhe sechdiSTe ©8 tqck mepgurement

i n the transmtting step includes transmtting

e measurenent packets sinultaneously. 19. The nethod

accorgtnetpting @ meastimenierenont tatethe geponit BTAgbategpon the
i ncl udes \{_yaitip for an interfrane space between
ARSI AG hefasur ement  packets. 20. The met hod

accorgénfihg the eh@isirdrBentvepore front the seadrer ST Aatethe fasteSTA; and
one of _a short interframe space (SIFS), .l ess.than e
Sl Fs, selastingod® IHEANS Reasy @ecﬁifs %@%@Fﬁo&“‘ﬁtgﬁ%ﬁﬂﬁ the
R gﬁ&'ﬁ]{ga.‘:lc@e Jyrther conprising the step of sending an

e gen%

acknow nt fromthe second STAtothe first STAupon
recei pt

16. The method according to claim 15, wherein the measurement

request includes a number of measurement packets to transmit.

17. The method according to claim 15, wherein the transmitting step

includes transmitting the measurement packets consecutively.

18. The method according to claim 15, wherein the transmitting step

includes transmitting the measurement packets simultaneously.
19. The method according to claim 15, wherein the transmitting step

includes waiting for an interframe space between transmitting measurement

packets.
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of the measurement request. 22. The nethod according
to claim 15, further conprising the step of changi ng

wo b@onsmsni t beam of the antenna at the firstPEVBS®0R031655
di fferent beam after a neasurenent packet has been

transmtted, whereby the antenna at the first STAuses
a di 20er efhe meethod acaordingip claime 9nwhereia fhe fdperame space is

&é)& ngge EE horg’ u%tg epB§ @gﬁg; 4L 10 dle \M'P“Sl and ddreBhn one

Si ng I’ng an ac edgenent from
$IRs.first STAt ot he second STAupon rece| pt of the
nmeasurenent report. 24. A systemfor taking
nmeasurenents with a smart antenna in a wrel ess

comuyi Catl‘h@'}n%aea'&or@ﬁi@fd Ahig 152 drtéit co‘hi;ﬁishﬂgi the step of
compri Sin first transmtter/recei ver;

edgsmany from ghe secerd STAdethe ﬁé?tlsr'lé% EP%Fecelpt

asurerrent ﬁ request device, connected to said
?aftgelm?arsgﬁeme *{OI%% géecel ver; a measurement packet
anal ysi s device, connected to sald flrst

t tter/ d
connebh e S rirarins RN G el Gl dhp gev o

gGMaﬂ%ﬁ%aﬁfkﬁ* the 'aﬁtéiﬁl\éﬂ e@ta;he Frsk STARE @lmfferent beam

station, conmprising: a second transmtter/receiver;
sfveom meaﬁummalt recketdaasdipendransmiticde whereby the antenna at the

AL | AR Teadh FARAGEIIN: ROEHGhah G ke

transmtter/receiver; and a measur enment packet
transnt device, Oéonnect ed

t
t r anséi-t t dberBeidhodaccarding kg g‘ Qg’ ?‘b‘%ﬁ‘?ﬁ copapaisipg the step of
é(ﬁfgfﬁné %n 2t M@dgé%ﬁélﬂefrorthe fiRg SIS tRReReEHIBTA upbn receipt

re| n sai d neasurenent packet request
olﬁxhecmeasmr@onntgﬁwéd to send a neasurenent packet
request to said

24. A system for taking measurements with a smart antenna in a
wireless communication system, comprising:
a first station, comprising:
a first transmitter/receiver;
a first antenna, connected to said first transmitter/receiver;
a measurement packet request device, connected to said first
transmitter/receiver;
a measurement packet analysis device, connected to said first
transmitter/receiver; and
a beam change device, connected to said first transmitter/receiver
and said measurement packet analysis device; and
a second station, comprising:
a second transmitter/receiver;

a second antenna, connected to said second transmitter/receiver;
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second station and toreceive an acknow edgenent from
sai d second station that the neasurenent packet
WO empae3iInas received. 26. The system accor di NnBCT/US2005/031655
toclainms 24 or 25, wherein said neasurenment packet
anal ysis device is configured to receive neasur errer&t )
packets fagneasairemeni packes raanes reeivedgEigpecqmmected to said
neas . d to signal a selected beamto
Sgg?ndy{%‘gg%@%%ggggﬁia%g 27. The system according to
any of cl aimeasdderdbnt pinketitrarsaiitl daviaswoenected pachist second
request receive devi.ce is confiqgured to receive .
AT HERE S S CRRASET R RAFE Fagrert tepgie dgvice
tosend an acknow edgenent to said first station that
the nmeasur enent packet request was received, and to
si gn&b. salThe ravatame exveonding bk slainy 2ds whereiay fid mgpayregent

sendi n asur S ' ' ' :
B P S EEB T R el a3 bubdrh bt 1Rl Bect o said
oot statisnnadrarehrkat adkhawedgeney froe said sewwndglateeh that
t osend neasure n% ackets to said first station. 29.
thedpeasurement pagse égqi’t?ﬁ’éWPélrﬂ%‘i’ﬁ“?d\Mth a smart antenna

in a wreless communi cati on system conprising: a

first station, conprising: a first L

t r an9Gi t t Shespeemancording tordiaimsAdeon 28, wherieHraid neagurement
said, first. transni ' ; .
PRl ebASbis dARR L RO UEE P Vi JIBASHERRRS paARRK Flom said
dacaid® Bidtlon) b6 anakiry theamemasument phcledskatd to sigeali a selected
devi ce, connected to said first transmtter/receiver

hasan dapaidheam shanghdeBkeket request device; a beam
change device, connected to said first

transmtter/recei ver and sai d neasurenment packet

transii.t dhbei spstemnaceordings to earhtof r@@i@q ,ygf!hgrein said
%%\éls@gmf%ggg%% gﬁ%(guegg 1/’%8%15’5 ZﬁgﬁEgnﬁchﬁfét{f’eﬁC% Videeive a

measurement packet request from said first station, to send an acknowledgement
to said first station that the measurement packet request was received, and to
signal said measurement packet transmit device to being sending measurement

packets to said first station.

28. The system according to any of claims 24-27, wherein said
measurement packet transmit device is configured to send measurement packets

to said first station.

29. A system for taking measurements with a smart antenna in a
wireless communication system, comprising:
a first station, comprising:
a first transmitter/receiver;

a first antenna, connected to said first transmitter/receiver;
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a second station, conprising: a second
transmtter/receiver; a second antenna, connected to

W@ a00d/03ggoNd transmtter/receiver; a neasur enePCT/Pszok&031655
request receive device, connected to said second
transmtter/receiver; a neasurenent packet analysis,
devi ce, conmessugment sprckel sewirst t dayitonicopBegted dj tAdd ; first
and aigy?sunenent report generating device, connected
RO TEEEdN Y t ransmi tter/ recei ver and sai d
measur eneat mpasketneat daykéts trdawinte dedide, ddmmestedt wnsaid first

according tq claim?29, wherein sai asur epent packet
renTedteevEe £ oY EGTY Bakal BOTHERL e ent

packet reguRsi, sk UetREOMANSERE L0 Baf st OF Rl iMer/Bdteiver
acknow edgenent from sai d second station that the

arebsaid emesureraeitepackettrassmifedevices apded. 31. The

system accordi ng toclaij 0 yyggsr ' ' .
nmeasur emeft n}?%%‘%gfnetnlrtallﬁg%ntzglagl‘g/ F%ed? S docﬁ) [ Sitr%ggtot %ald first
seRsnfreagrecEirenind aaideant chasgedesirepmt st ati on. 32.

The system accordi ng to any of clains 29-31, wherein
sai d anesenq stabion, FUBEREEINET ansnit device is configured

to signal a?_%k%dnﬁgﬁgmcg@g};ce to change a transmt

beam of sa rst station.33. The system according to
any of cl aisesoi@baB2pnamenaected 4p daidesesondiransmitderireceiver;

anal ysi s device is configur Y .
report fr&n@gg‘?%eglggg@&cs%{aﬁag%% {e%gs%}éel (geg?C eg% % rar?gérgs]tEH said
feand tamsaattdr/tédeblerst at i on based on the neasurenent
report, and to signal said be m,cEllan e device.to

change t h@ Teasiement Pakeiranalysis devie: «onerigh toaid,gecond
f’f?hgﬁﬁ%ﬁ%@%ﬁ%‘l The system according to any of
clarms 29-33

, Wherein said nmeasurenent packet request
recei ve devieastremenhféngut geherating devige canpecied tesaifsecond

Bt haEaShe STl b bbbl i o

measur enent packet request was

30. The system according to claim 29, wherein said measurement
packet request device is configured to send a measurement packet request to said
second station and to receive an acknowledgement from said second station that

the measurement packet request was received.

81. The system according to claims 29 or 30, wherein said measurement
packet transmit device is configured to send measurement packets to said second

station.
32. The system according to any of claims 29-31, wherein said

measurement packet transmit device is configured to signal said beam change

device to change a transmit beam of said first station.
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recei ved. 35. The system according to any of clains

29- 34, wherein said neasurenent packet anal ysis device
WO 200608f49gur ed to recei ve neasurenent packets PCDDOSHOH/B1655

first station, to nmeasure the neasurenent packets, and

to forward the measurements to said rreasurerrent report

gener3@t| n@‘heeVYSd;@m 3ecording §y Anymoficdeinei 7§-3% h?r%ﬂ said

g

Fepo i fremiEsalid sédoadssatich, e asllemeasmnatnspat kedm afma%yd ifgst station
devi.ce and to create a asu&%msnt repo(”)e

hased Angthy mepsuremeng repo o signal sai

change the transmit beam of said first station to the selected beam.

c%%nsgg I}itevice to

34, The system according to any of claims 29-33, wherein said
measurement packet request receive device is configured to receive a
measurement packet request from said first station and to send an
acknowledgement to said first station that the measurement packet request was

received.

35. The system according to any of claims 29-34, wherein said
measurement packet analysis device is configured to receive measurement
packets from said first station, to measure the measurement packets, and to

forward the measurements to said measurement report generating device.

36. The system according to any of claims 29-35, wherein said
measurement report generating device is configured to receive measurements
from said measurement packet analysis device and to create a measurement

report to be sent to said first station.
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