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COVMUNI CATI ONS NETWORK EMPLOYI NG AN ADAPTI VE SECTORED ANTENNA L l}‘}4"-)—|E
| NVENTI ON \Jhgo/igavention rel ates generally to high data rateTagoyusication _
systens and nore specifically to a high data rate comruni cati on network
enpl oyi ng an adaptive sectored antenna. BACKGROUND OF | NVENTI ON
Conventionally, sectored antennas are enployed in mlitary aﬂmﬂ I

For exanple, a base unit transmts a nessage for a nobile un I’mmmmmﬂﬂ
that are deployed on a battlefield. An eneny enploys a janmm ng d.%\ékg*e 0
prevent a nobile unit fromreceiving the intended signal sent by the base
unit. A nobile unit that enploys an adaptive sectored antenna can

di scrim nate between the janm ng signal and hone in on the Inﬂwmmutmmmmllme
sent by the base unit. In other words, the nobile unit can st

adaptive sectored antenna so that the antenna spatially ignores t1800§02mm ng

signal and focu S, 1, 0.0 I n L {th the
proliferation o‘%eiillcg%t[?gﬁ?‘cRég\?i ng@igémﬁg@mq\ﬁkot her devi ces at
a high data rat eEManeING AN ADAPFAVIESECEORED fANTBENNAESS comruni cati ons
in the home or workplace. For exanple, a user of a portable | aptop conputer
does not want tq be tethered to a particular -1 0 ? MAts 202 ~'~'O

99/ 16221 Nor work area and, instead, denands the
flexibility of portable devices (e.g., a |aptop, PDA etc.). Mreover,
there is a comppdrg{vea@RRN1{i0d gExk@aTngHq;ik\%grﬁdtQ rh e cOPDSH Qo RNy S cal

wi res and connections that are needed between the el ectronic devices found
in one's $ustems Bord rorengpesifidatly wowl bighed ate sateatderfugvicatiagonstwenk t o have a
si ngl e acces oint for multinedia gata (e.g., a cable television

connect i orfF PAHd"8 i $EPEYE s@ﬁtr?ﬁ%%?f‘ M¥et ween that connection of nultinedia
data and consuner appliances that play or record such data. It is

cunber sonBAICK G BOIINTEOEMNVENTIDNVCR t 0 have a separate connection, and it
woul d be desirable instead to have a wireless |ink between the nultinedia

data port and the appliances. A ssignificant hurdle jn inplenenting a high
data rate commuflteRiURLYs seqtersd Wqﬁnﬂ?ﬁtﬁreeﬁ\’f/‘?ﬁ%fﬁ‘fjem ”}lgpacrﬁe interference

applications. For example, a base unit transmits a message for a mobile

unit or units that are deployed on a battlefield. An enemy employs a
jamming device to prevent a mobile unit from receiving the intended
signal sent by the base unit. A mobile unit that employs an adaptive
sectored antenna can discriminate between the jamming signal and hone
in on the intended message sent by the base unit. In other words, the
mobile unit can steer the adaptive sectored antenna so that the antenna
spatially ignores the jamming signal and focuses or hones in on the

intended signal.

With the proliferation of electronic devices that communicate
with other devices at a high data rate, there is an increasing demand for
wireless communications in the home or workplace. For example, a user

of a portable laptop computer does not want to be tethered to a particular
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from adj acent cells and what is known as "delay spread". The dery @Fmg@ﬂ
is sinply the tine snearing of a signal. In a honme environnent, a c ) %
be a singlg ey, However, since each hone essentially enptpysshbessane -
frequency cﬁannels, there is a high degree of probability that the

communi cations systens in adjacent hones (e.g., those in neighboring hones)
interfere with each other. The interference i s conpounded when a cell is
physi cal ly adjacent to another cell as in the case of an apartnent conpl ex
where interference can stemfromany one of the four walls and al so from
the ceiling or floor. -2 01 f~Af~ 2002 WD 99116231 PCT/ US9& 1279 A
possi bl e approach to mnim zing the delay spread that was conceived and
considered by the inventors of the present invention, but deenmed to be an
inferior solution as conpared with the teachings of the present invention,
is the devel opnent of sophisticated equalizers to mnimze the del ay

spread. A problem wi th thi.s approach is. that .an. equali zer Sl _operate at a
f requenc9e%%n?rcwof}§ ATt rm?tﬁgﬁ’ ‘?‘HBH%%% g‘ecﬁ?ﬁfﬁﬂitxg}tfiptf)ﬁét%}%g‘éﬁcﬁi on rate.
The conplesx| & Yaptbp! Pp Aatdyans radeerTaiié 2 kbha@mep asiizaidnfos thé t he

standard sjlicon processing techniques are barriers to developing a
cost - ef f Eeiiciendndhefriurabemne! physiralzsires podteangetiens Hiatkgegh hi gh speed

equal | 2eh 8 LI Ao RO o INETE drivPhpllesigl 11m !t Lo the
operation speed of an equalizer i nposed by manufacturing considerations
t hat reneemplag:tdeveldoperdssiraiile dor £qomdurzer toaboxea 3irgeé hadelds pr especi fi ed

operating speed an inpossibility. cordingly, there remajns a need for a
hi gh dat g"‘r“é?%r_ E'B‘ﬂﬂﬂ}ﬁdé%lfj?%(es&s? tentgtevi Bﬁéé?é‘f‘ﬁﬁé‘_"?)_rﬁréi?erence gener at ed
by that ¢emmigi &ahklios behem ittt c{?&ﬁhké}%n of Fudirs&dih B 1algdoet ween
interference generated by another high data rate conmunication system and

t he i nt eoatectnuiat aprdinhend tiatipias ot hecoed fsech idaa. dBl iayusprezsaine SUMVARY OF

INVENTION -3 | 0 .~ Ie=5,,~, . .
each television or VCR to have a separate connection, and it would be

desirable instead to have a wireless link between the multimedia data

port and the appliances.

A significant hurdle in implementing a high data rate
communications system in a home environment 1s the interference
from adjacent cells and what is known as “delay spread”. The delay
spread is simply the time smearing of a signal. In a home environment,
a cell can be a single home. However, since each home essentially
employs the same frequency channels, there is a high degree of
probability that the communications systems in adjacent homes (e.g.,
those in neighboring homes) interfere with each other. The interference
is compounded when a cell is physically adjacent to another cell as in the
case of an apartment complex where interference can stem from any one

of the four walls and also from the ceiling or floor.



WO 991 16221 PCT/1JS9S112~79 A high data rate conmuni cation SyStif]tﬁgﬁ 2002
enpl oys an adaptive sectored antenna is disclosed. The hi gh dat (a \
connunicq;bg&aﬁyFten1includes an ant enna subsystem for regeiyvdsgg.and
transmtting data. The antenna subsystemis adapted to be spatially

steered. A radio frequency transceiver that is coupled to the antenna
subsystem and that selectively generates a bit error rate (BER) signal and
a receive signal strength indication (RSSI) signal based upon a received
antenna training sequence is also provided. The system al so includes a beam
steering state machine that is coupled to the radi o frequency transceiver
and that selectively generates a BER PASS signal and an RSSI _PASS si gnal
based upon whether the BER signal is in a first logical relationship with a
predeterm ned BER signal and the RSSI signal is in a second | ogical
relationship with a predeterm ned RSSI signal. An antenna controller is

coupled to the antenna subsystem and .t he, beam st eering state nmachi ne and
sel ectively rpéﬁsé‘?’g%aﬁﬂ’fc@ﬁ éoé‘aﬁ‘t"i“&mgitbﬁgﬁgyt?P@ﬁ%ttg%ﬁ V¢S steer the

ant enna éﬂ%ﬁé%’%ﬁ%ﬂ@@éﬁﬁdé‘f&i&%& ke BRRAPASS Sirgnlesadink BRLiGEHuPASS si gnal .
BRI EF DESCRI PTI ON OF DRAW NGS The objects, features and advantages of the
met hod adekrappée bews inderiohsolpties estcompegnad ivoith whe tedsbingspefrtbat from t he
foll owi ng descripti.on in,which: -4 0,7 ~~.~ 205? WD,.99/ 1622 Figure 1

11 ust r ArisSER R RBHBR, It SCEoR RgPLAT SrPERECTad a8 B oce. 12579

subsyst emipkoyhadeldyespdad!t A preeinonad thid gpproaeh i featpiesent inventi on.
Figure 2 illustrates a sinplified block diagram of the beam steering state
machi ne euatizgumaist operafarcs agrequansy ehiel in greasorchartthedatast rati ng t he

pr ocessi f EE% t beam steering state nmachi ne of Figure 2.
Fi gure iﬂ?gﬁgﬁgéﬁgﬁffﬁé bf%%ﬁ %ﬁ%gran1illustrating a transceiver enploying
the beam steering state machine, illustrated in Figure 2. Figure 5

il lustrates alle gbmeddxatyr af ehecivandiwvere anidomasy$a @nriogrbngtraieds bh accor dance

ith th hi n f on inment. of th : .
with t etk{[ees%acncliar Ssiﬁcor?p?oc%gglggltggﬁthges greebarrlers to developing a

cost-effective and efficient equalizer. Furthermore, although high speed
equalizers are theoretically possible, there is a physical limit to the
operation speed of an equalizer imposed by manufacturing
considerations that render the development of an equalizer above a

certain prespecified operating speed an impossibility.

Accordingly, there remains a need for a high data rate
communication system that reduces the interference generated by that
communication system and, further, can discriminate between
interference generated by another high data rate communication system

and the intended data and minimizes the effective delay spread.

SUMMARY OF INVENTION




present invention. Figure 6 illustrates a high data rate comuni gafijen; ..

(AT

system configured in accordance with an alternative enbodi nent of the
pr esent Nmy?ﬁﬁﬁgn. Figure 7 is a flowhart illustrating acRrRabeeshs enpl oyed
by a base Statron and a nobile unit to communicate data there between in
accordance wth one enbodi nent of the present invention. Ul MR 2C~~
~~'0 99/167?? 1 PCTN598/ 12579 Figure 8 is a flowhart illustrating a
protocol enployed by a first base station and a second base station to
conmmuni cate data there between in accordance with a second enbodi nent of
the present invention. Figure 9 illustrates a conputer systemin which the
adapti ve sectored antenna of the present invention can be inplenented.

DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON Referring to the figures,
exenpl ary enbodi rents of the invention will now be described. The exenplary
enbodi nents are provided to illustrate aspects of the invention and should

not be construed as, limting the. scope of the.invention. The .exenplary
enbodi nent s aﬁ“ Pideds Fatg C8§§BPPE@8°&SW%BW&%_ oY% 2B Bgﬂpal"ﬁgram; or

f1 owchardestords anferddieisl dioMBEAT. t The AN dRtOfe \bbinth inicAGor lspyehart s
represents both a nethod step and an apparatus el enent for performng the

net hod sinelndebapermtienya Gpbystére fompteeiting &ndotiansmutingrdadapdigi ng appar at us

el enent e taured,] r re, ftik. r...conbi nati ons
thereof.ﬁﬁﬁﬁgbﬂﬁgg%gggé %ﬂ%%ﬁggégggPﬁ%ﬁﬁﬁ%%§%?kfxE%%Eﬁ%%ﬁ? “n accor dance
to the teaedtelgs thit Bn@upldibel trenintehnd Bebpisearnind thaestleerivelypl oys an

adapti ve sectored antenna oBerat_i ng at a first predeterm ned frequency. For
exanpl e, 8&eEEH AR eE0s driedPER) signehard @a8ceipesime! atrengy oxi mately 5 GHz

for a houh,aRed RYINsidah AodRh6 SHTYRLG A Qterfa traning sequence

is also provided. The system also includes a beam steering state machine
that is coupled to the radio frequency transceiver and that selectively
generates a BER_PASS signal and an RSSI_PASS signal based upon
whether the BER signal is in a first logical relationship with a
predetermined BER signal and the RSSI signal is in a second logical
relationship with a predetermined RSSI signal. An antenna controller is
coupled to the antenna subsystem and the beam steering state machine
and selectively generates antenna control signals to spatially steer the
antenna subsystem based upon the BER_PASS signal and the
RSSI_PASS signal.

BRIEF DESCRIPTION OF DRAWINGS

The objects, features and advantages of the method and apparatus
for the present invention will be apparent from the following description

in which:



WO 99/ 16271 network. In one enbodinent of the present invention, the o, z
MAe 2002 Pcr/us9s/ nms~9 communi cation network operates at dataoit MABr 2002

appr oxi mey&hef¢1Q Mops. The high data rate communication netvesokiisse
susceptible to external interference. External interference can stemfrom

adj acent cells or froma source within the cell. A beamsteering state
machi ne, configured according to the teachings of the present invention
includes an interference reduction circuit to reduce such interferences. As
t he adaptive sectored antenna includes a novabl e sector of coverage (i.e.,
it can be steered spatially), the interference reduction circuit can be
enpl oyed to steer the antenna. The interference reduction circuit, which is
coupled to the adaptive sectored antenna, selectively noves the sector of
coverage to alternative configurations to reduce the external interference
based on interference indication signals, described hereinafter. Figure 1

illustrates &a.si i.fi ed bl ock di.agr f ,a radi ubsystem 12 enpl oyi ng

t he adapti veq}%%{regi é@usg attgsh?lgl%f’hﬁ%%%gc}%s%lﬁgr%rﬂ\?grﬁ?6 ‘.yloThe radi o subsystem
12 incl l$dl©§ys’iélmaéﬁ\9myﬁln§UH@M&bﬁfﬂ/@8ect@fhd:\’51tfehﬁﬁl$ﬁ€£h¥®rres%2lt an antenna
controller 38 and a back end unit 42. The antenna subsystem 28 incl udes an
ant enna 'BVEBRYOD6 fol | owed by a phase shifters 48, followed by a feed
network 52. The antenna controller 38 selectively controls the phase

shifters 48 ap?glﬁ{% élfl@ﬁfiat@ﬂvg%{suﬁgdtb@oéw&@ghrqedqué b@im! lgedifgel ved data

SO as to "stee
state machine of Figure 1.

Figure 3 illustrates a flowchart illustrating the processing steps

performed by the beam steering state machine of Figure 2.

Figure 4 is a simplified block diagram illustrating a transceiver

employing the beam steering state machine, illustrated in Figure 2.

Figure 5 illustrates a high data rate communication system
configured in accordance with the teachings of one embodiment of the

present invention.

Figure 6 illustrates a high data rate communication system
configured in accordance with an alternative embodiment of the present

invention.

Figure 7 is a flowchart illustrating a protocol employed by a base
station and a mobile unit to communicate data there between in

accordance with one embodiment of the present invention.



0 r h9A~ 2002 WD 99116221 rcTws9sr~, ;, 9 antenna. The antenna conf foMARr 2602
i ncludes an input for receiving a BER PASS signal, an RSSI PASS signal and,
based onvwdhese:si gnal s, selectively generates control si@ealgss/esthe phase
shifters 48, the feed network 52, as well as a conmand 216 and a DATA VALID
signal 218. The command 216 is an optional signal that provides status and
data to an external host PC or a local processor. It is inportant to note
that the command 216 does not affect the operation of the adaptive sectored
antenna of the present invention. The RF transceiver 32 perforns well known
transm ssion and reception functions and al so includes a denodul ati on unit
to denodul ate i ncom ng data. The back end unit 42 provides data to the
serial link 16. The RF transceiver 32 receives fromand transmts data to

t he antenna subsystem 28. The RF transceiver 32 al so provides the BER
signal 206 and an RSSI signal 210 to back end unit 42. The BER signal 206
and t he RSS1 gsi ; I i by well known
met hods. Thelﬁ g{(@éeh%algrolia{ﬁi%qpﬁét?%ﬁgégtpﬁgﬁotgggﬁﬁgﬁg}ﬁi ggg{rgtte machi ne 200,
i || ust r dtage strdiopi andvatshcored bagngetiom té-cgmmeurdcateidpa ¢h&eibdtwsenat es t he
beam st eer n% dstate n'ﬁchi ne 200 c(?é]fieggr?g in acc?r,dance wi th the teachings
of the pPRESERTIIAGE SN Gnsecond FIRROH ISR OF fBe SHreseRt AR¥FRTRE 200 i ncl udes a
bit error rate (BER) conpare unit 204 that includes an input for receiving
a bit error rRgere 9illustbates MromdAAdr W&/ ih6LRERREE/Adapbi®e 12579 ( BER)
signal 206. The BER compare unit 204 ‘conpares the BER signal 206 with _a

pr edet erseripsed pinterna of theapeesent dxieatian crRePhimplementedate is sinply the
rati o of the number of bits in error received and the nunber of correct
bits received. In the preferred enbodi nent, the predeterm ned bit error
rate t hrBERATOEDSDERORORTIANEDY THE PREJENTANENTIOBD bit error rate
threshol d of approxinmately 10-5 provi des tol erabl e system performance, but

a bit error rate of greater than 10- i el ds,unaccept abl.e system
vt or mance Heerons B 0 Skt PR O S RS oT 2BF 45 iadhe BER i gnal

206 is |waBnbBae HB& rifeadefify SidiesiaBFRnbBHERES hre Hh6VIBER tponMpare unit 204

generates a BER_PASS signal 207. The beam steering state nmachine 200 al so
i ncl udesliastiraiecdspedtssofgthalinventéorgehd ishditkhnoy b¢ RSSitjuasbapare writ 208 t hat

i ncl Udeslix%ﬂir'\gnw\Jet scope of the invention. The exemplary embodiments are

primarily described with reference to block diagrams or flowcharts. As to
the flowcharts, each block within the flowcharts represents both a
method step and an apparatus element for performing the method step.
Depending upon the implementation, the corresponding apparatus
element may be configured in hardware, software, firmware or

combinations thereof.

A high data rate communication network, configured in
accordance to the teachings of one embodiment of the present invention
employs an adaptive sectored antenna operating at a first predetermined
frequency. For example, the adaptive sectored antenna can operate at

approximately 5 GHz for a home based high data rate communication
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for receiving an Received Signal Strength Indicator (RSSI) signal 210. The
[received SI gnal strength indicator conpare unit 208 conpares t hef) 7eMAR V202
RSSI signg le th a predeterm ned RSSI threshold. The peggisadssi gnal-
strength |nc?| cator is approximately equivalent to the ratio of the signal
power to the noise power. In the preferred enbodi nent, the predeterm ned
RSSI threshold is approxi mtely 30dB. When the predeterm ned RSSI threshold
is approxi mtely 20dB, tol erable system perfornmance can be achi eved.
However, a RSSI threshold of |ess than 20dB yi el ds unsati sfactory system
results because the signal is weak and indistinguishable fromnoise. -9 0
| MAR 2Q2 'O 99116?? 1 xTn~s9s~ns~9 The predeterm ned RSSI threshold val ue
or signal is based on a calibration point that is progranmmed into the
adaptive steering state machine 200 of the present invention. The
predeterm ned RSSI threshold value ensures that the beam steering algorithm
of the present venti on st eer the beam en a recei ved RSS|

si gnal p§1§g‘§gr}th FS’PScFé‘{‘%?ﬁ eé‘gq!%%g? Hrﬁ?é“tstﬁgyfc'fm% hﬁr edet er mi ned RSSI

t hr eshol doirsna@n@hNeR netwWoal op&rabgiiatatite df hplproxavdteiss1 @M. bit error
rate. The antenna controller 38 is coupled to the BER conpare unit 204 and

the RSSI compare unjt 208 for receiving the BER PASS Sé nal 207 and the
RSSI _PASS si grde bgb)datespecioryapicatiqn e ioRk &5 Pi5SERERE 9 gnal s, the

ant enna_eonihal | as:r3Rnee! eatdriel ROl e gwrfmm%ath% 22 to the

phase shitfters 48 to control the antenna array 4 I.e., to selectively
st eer th@raermrmaoumeavﬂ}mnsthespkit |Aabedmr9éearntglst@te mc”shmmd spatl al
directi on) th t he BE SS SI 207 and, RSSI PASS nal 209 are
asserted, OPHEH“‘E BN E}finté’%‘ﬁ ?%h‘f‘ gg‘%?ﬁeﬁgni %V%W@@ranﬁﬁi% nce the

current %Pnaitn't@flfex‘éht@%cﬂdt% Qfcdihe AriRBRACh SneRidrBRdesaccording to the beam
steering algorithmof the present invention, which is described herei nbel ow

with reference to Figure 3. The antenna control ler 38 can enpl oy an up-down
counter 214 tdsthecrdapiveasrnrd apiesed iprUBER2AASRBIEGREICT A7 and RSSI PASS

signal 2 t 0 ration
circuit %?ée{a % ggoﬁ? I n%e %}E&%Bﬁ% ,&tlg/i{ émgﬁflaef%gtrg%se x{jcﬂﬁ}g BER_PASS
si gnal ZQZnamderR{SBiyeBAtSSstsergumalanZé}ma Thiee daéﬁetmicedegeﬂmmtlrmxt,cl rcuit 216
can be inp nt ed ?_E % at e. Cg egl eé~~2 1~ 991 167? 1
PCT/ Li 5987*11'C Jggopp e\ﬁh 1i°|t EEE O 9”%%‘6‘% petoyedy meyessiie | in the
art that g of coverage to alternative configurations to reduce the external

interference based on interference indication signals, described

hereinafter.

Figure 1 illustrates a simplified block diagram of a radio subsystem
12 employing the adaptive sectored antenna of the present invention.
The radio subsystem 12 includes an antenna subsystem 28, an RF

transceiver 32, an antenna controller 38 and a back end unit 42.

The antenna subsystem 28 includes an antenna array 46 followed
by a phase shifters 48, followed by a feed network 52. The antenna
controller 38 selectively controls the phase shifters 48 and the feed
network 52 to insert delays of the received data so as to "steer” the

-7-



antenna controller 38 can be integrated into the beam steering state

machi ne 200. Figure 3 illustrates a flow chart of the steps carri Bd SIAR 139[]2
t he beam @E)%%é*% state nmachi ne 200. The adaptive antennapgfykweiproesent.

i nvention inpléments a beam steering algorithmthat is based on two
interference indication signals: 1) the BER (bit error rate) and 2) the
RSSI (Received Signal Strength Indicator). In decision block 302, a

determ nation is made whet her a convergence or re-acquire conmmand has been
recei ved. The convergence conmand instructs the beam steering state machine
200 to steer or resteer the antenna to a source of data. As described

her ei nbel ow, the data source (transmtter) sends a timng sequence which is
data specifically designated by the system and enpl oyed by the beam
steering state machine 200 to steer the antenna to the data source. In

deci sion block 304, a further determnation is nmade whether or not the

received bit errpor rate passes redet erm ned BER threshold. If yes, in
oo st on SBIOEe. 565 BB er iy SPrFAD SRHIAS" AFGLRGE Br not ¢ he
recei ved PRESIP ABZSSigha R 2Bl RSBt PASENSEhARId, Ha6e8 [l thesé bigtRgs, in step 312 a

VALI D_DATA signal I's asserted. For exanple, the VALID DATA signal can be
enpl oyed selsctively generates eordrelysigeastpibe phase phitiept tdrihedfedegi n. The

oo Rt e 0a B e Bp G G PR APA TRUBM NS, Gecision’
bl ock 304 hercosterbad Aokl aakopdhal sighal thidterontdassatng apvdoderds t o

processi ng bl ock 318. I n processing bl ock 318, the adaptive sectored
ant enna 28 &er@el hoeh [C or dlosd) prpcgssprr St isdPmariant 4 mede that the a second

spatial dbrBRLAPD1E MoBs Rg?gﬁ&&rt'ﬁ%’lﬁﬁ;&tﬁ&{ BIBY addftiddSedisghier r ed

enbodi ment, the preferred increnment 1s 22.5. The ‘counter 214 can be

confi gur eqiterona ot teerpmesenhenpéreasen.shifters 48 in an antenna subsystem 28,
which in turn steers the antenna array 46 in predeterm ned increnents in a
first spatial -dirgetion or_a,secopnd spati,al direction.  .\Wen {o increnent

t he counter, gg‘@r@ﬁéﬁnsfﬁée%grﬂeéror% Yvelc%?‘r}%]’%%f%né T lPrénz‘[naf/al ue in the
counter irgcdparedfiofttions dMAIAisd hraeabes d difoBERtioAr@sinebd. These threshol d
val ues can be tailored to suit_a particular application. The configuration

of the colfmedulptrincamigggerd bhe Paek £od (W &4 Prevdes daty o the ea of

cover age;_.(:2) 1 f.dt - - hysic j na; and (4
channelg rrsgg (ga? hgﬁgg} \r,mger ?gﬁléar{%g&ﬁgggl? ré%)le%y%gb %}‘%E}raé‘gz\qltss&%%gt?npl ifi ed( :
bl ock di apeantdrinausatbsgtieng2& ThardE eiaveteieepdDyisogprohidseamBiReri ng state

machine, illystrated 1n Figure 2. The transcei ver _40 f the present
vent | orf G PUBeE IR BAC LR SRSy Seeh 28 WHALor JPEHAR SIERlaBe an ar r ay
46, phasehitetissy égnﬂ"ﬂo%rﬁ%ﬂe%&a‘@{dﬁ\ PRe G'@c%?\fédb&jra%r Wefir Wi th ,
reference to Figure 2. In thi$ enbodi ment, the array 46, the phase shifters

48 and t hendvemdnatitodsr k 52 are physically proximate to each other. The
ant enna subsystem 28 can be di sposed on top of the personal conputer or

di sposed in a3ty gl gal cally SNSRI ORETLON L1008 S oM 3Q.LbA 1t can

recei ve and transm roma - ; ~ 221
illustrated herein with reference to Figure 2.

Figure 2 illustrates the beam steering state machine 200
configured in accordance with the teachings of the present invention.
The beam steering state machine 200 includes a bit error rate (BER)

compare unit 204 that includes an input for receiving a bit error rate

-8-



nunber of devices around the hone. The antenna subsystem 28 ~cTns ﬁ?pmmpzmu
i ncludes two inputs for receiving control signals 220 fromthe be
steering_control block described hereinafter. In this e i -o8 power
anpl i fi et %720%hat is capable of operating at three difggggggﬁg%aér | evel s
is provided. A band pass filter 480 is provided in front of the | ow noise
anplifier 484 to enable full duplex operation. The power anplifier 470 is a
| inear type of anplifier. The phase shifters 48 can be digital phase
shifters. These digital phase shifters 48 provide accurate phase shifts of
180, 90, 4~ and 22.5. Each of the digital phase shifters are switched on or
off in sequence to scan the antenna array. For exanple, by providing a
1,1,1,1 input into the phase shifters 48, a phase shift of 180+90+45+22.5
(a total of 337.5) occurs. Ln this enbodinent, the phase shifters 48 all ow
for a phased shift change in intervals of 22.5. Each phase shifter is

connect a radjatjing enent, and h radi ati ng enent. can have a
differe gEgﬁﬁwfigééaphg%g _?QWPWeu’ﬁ‘é%ﬁgﬁ@H‘PaF%‘% the %ﬁé"s%ﬁ?érgy_ has a
Mexi MimoB 1gitle @Il Bl BretiniRet bRRridahtd fhrbaREL. Ahelt)e erlickiraleace i n phase
between the radi'ating el enents. Consequently, by changing the phase

di f f er estephethwerstiot dpletheadirabemgf kitementor re¢teveband tbe membemwm r adi at ed
energy can_be changed. i irectiop. The transceiver 400 includes a receiver
bl ock” 45} Cgﬁrﬁﬂab?sr g?f&ﬁe sidII nt%ﬁlp(f Eerifég?m%;f?glmgr&te;{k} r block 450 includes a
first bardde@pdinedIBit erfor fafll thresil@4s WhpRHidheel} 10GT/AJS98/ 12579 filter
480, a low noise anplifier 484, a second band pass filter 486, a m xer 488,

a t hi r d PFaAetepaged pitestor 49t thaeghaldtof apprexiseatelydl Ginprovides 492 and 494
for provjgdi i ourih nd i 496, Thes recei ver bl ock
4~0 al S‘éb%‘g\%\ﬂaggéé@g\ %?}% u%%ctléb{rmtél %ﬁfe&?&zé&% t%%g%ﬁt%lgﬁ-%\eﬁfnecei ved data. The
recei veryieldecinadaptaisloistes pdréodesmedbaatesk sladiehtzoBERAgetantk unit (not

is asserted. The m xer is coupled to a

shown) if t VAL] D DATA si gnal 4
direct d%‘b‘ie_pgk?les%gﬁegggéfg’(aﬂ)@@? lﬁg?éstth%ﬁ‘ tkﬁ%Eé‘?‘iﬁ-’é"’s”%mﬁngéR clock froma
crystal (as&hblftAe s ANBafLIRRMDL VenkPRESE BIEIETEASS 85l Bhpral ity of

cl ocks having frequencies‘that are mul t1ple of the frequency of the

mast er clock. The mi xer 488 perforns down conversion of the received
signal . The déwedrhanasteeringStaeonadese A0 alaooimatudesgararetundt r ol (AGC) si gnal

(0,1, SIS AIRLA LLGE A8 AR %0 PSR of 3R 402, T
vel | as foheectenngHraRedei A@BSighag Stehktik eieatoe (RBSB&gddlldied in the art.
The received signal strength indicator compare unit 208 compares the
received RSSI signal 210 with a predetermined RSSI threshold. The
received signal strength indicator is approximately equivalent to the ratio
of the signal power to the noise power. In the preferred embodiment, the
predetermined RSSI threshold is approximately 30dB. When the
predetermined RSSI threshold is approximately 20dB, tolerable system
performance can be achieved. However, a RSSI threshold of less than
20dB yields unsatisfactory system results because the signal is weak and

indistinguishable from noise.



The transm ssion bl ock 4~2 includes a nodul ator bl ock 412, a firgt;bgﬂpzmm
pass filter 414, a gain anplifier 416, a m xer 418, a second band pass
filter 4;8@w§,ppmer anplifier 470 and a third band pass §d¢ti;6051424. The .
transm sePon Brock 4~2 further includes a power control circuit 428 having
a first input for receiving a power |evel control signal, a second input
for receiving a received P F signal, and an output for controlling -14 G
r' ~~1~~ 2~~2 wO 99116?? 1 PCT/LJS9SI 1Z~79 ' ' the power |evel of power
anplifier 470 based upon the power |evel control signal and the received RF
signal. The power control circuit 428 is well known to those of ordinary
skill in the art for reducing the transm ssion power |levels when it is
determ ned that a receiver is physically close or proximate to the
transmtter. The nodul ator bl ock 412 includes an input for receiving data
fromthe baseband unit (not shown) when the VALID DATA signal is asserted.

The nodul ator 412 al so inc an input for receivi control signal
fromthe sta edﬁéﬁftﬁémfﬁﬁd ﬂggftki‘r§5}éﬂglv(ﬁ}‘éﬁ°f(§fg’ﬂéé§rgg§%e?’i‘r?g. The beam

st eeri ng, i At nEGAL %tag%rogﬁﬁrﬁﬁiegeﬂtcpff?evb@éé{:ﬁi% itBefh@YfRe 2, can be

i npl emented in transceiver 400. The beam steering staté machi ne 200 can

i ncl ude meachimes 200 wpuhe fpoesanédaivenien.a Thkegeiedereominge RESEect di gi t al

synt hesi,s bl ock 402, and a,s nd input for receiving,the denpdul ated RF

si gnal f}Prc?ﬁb?WeV%‘é‘ﬁoedﬁPé‘?soﬁhaigg? %‘Fﬁg‘ %{f’%rt‘%gr?i\% ﬁhg\ Qgéhecgﬁesﬁqgo i ncl ude a
first owiwitidrOfeadened alebiehelBearWiemlatgc@ve@MISOkighadpabsesahkhe nodul at or
bl ock 412, a second output for generating and provi mﬁg@tlhe power | evel

cont r ol psedgfarmingd REShdweshaldnt Flat pegdetenmingdsRSH threstldus put f or
generati_ng a Vi di - \ﬁ#l TA S e base unit (not shown)
and a fgtrl}%trhggﬂ%%t hglggg%ttclﬁtﬂ?%l |O?§%§hdgogﬁg’ggér§%ﬁ%€'rs 48 mthe antenna
subsystem 28. -1~ G ~~'" ~v~~~ 2~~2 "0 99/16221 PCT/US98/1~s?9 In the

pref erred enfibdiameenna threrellar 88 &5 coypleds ¢o she BERr @ompartehenipRf4e shifters

48. Each phase ifter is c |led wi.th a f -hit. co Accordi ngly,
24 cont r“BB "I?We@a@énlﬁ?rﬁv‘i”_b‘ggbé OEé?ftefvdi‘gttﬁ% B%E{a‘gg‘érﬁ‘gf‘%lr 48 and st eer
the ant %ﬂeath'@ex@ssl_ﬁAfsgtsETgermltzogpmsge&tw@y.d IRIcbPMhst RS tBéRAtKoBshi ne 200 to
steer the beaminTincrenents of 22.5 degrees. Based on the control words

sent t o thévensdnnaptrageolidn 30t selestivielie gemaratesaoatioapigaels 220 patheal |y st eered

inafirst directi or_a ond direction Jdn an alternative enbodi nent,
the st atd2inehi e 26001aRirRl By apsahiarRYpdeadans Rl ey Si& shown) . A
basebandhsRhtert@nnbe figstGph tandaptiesh bos sbasrbandiasidgrationy. okessi ng or a

per sonal conﬁut er %{F‘;S% When the state machine 200 is integrated as part of
t he baséwahdheBER_ signelo#i’ and IGass Teaed pgnrh2@hare asaited. a seri al

command f Aaty L %nPe[Egl‘éi dedrdifr iR Bhask &QE%Egrsﬁml‘éBmegﬂ?{énrt%ﬁgh@{ of the
serial conmand, additional circurtry can be“enployed to mittiplex the
serial coeismatdos of alse katedinaestopgantl afotdiagpbabe behirf steesng Anot her

chal | eng«? of the home environnment is,that ni cat'gln channel is not

cQ
static. E’I&O%t%rﬂ&f.t RBTRSATHERYENEAR BRI afd"thE @ergga Q¥gdte due to 1)
2N 9D GBI Fikst T oh BB BRRGIEE 98 i cRplo) S8 hgaRAt Of e

antenna (e.dg., cal displacenent). A sinple e I's when a person
st ands iqouateli 2kcto ptaehthzeartenna dasecans BHR FASsignalréyednkr (e.g., a

oD YRid) p AR X IR TH S RARS B oHE) 5o SR GEPh B BT 0001 et
generation circuit 216 for providing the DATA_VALID signal 218 based
on the BER_PASS signal 207 and RSSI_PASS signal 209. The data valid

generation circuit 216 can be implemented with an AND gate.

-10 -



0 ~" i~~1~ 2002 WO 99116?? 1 a convergence command to the statemcﬂhﬁezﬂnz
200 of the present PCT/US9SI 1279 invention, instructing the state nachine
200 to re\@S‘é%/ﬁﬁ.zf he signal. The protocol can specify thatpcrafsoen2a7he
baseband uni as processed a predeterm ned nunber of packets of data) the
baseband unit sends the state machine 200 an acquisition or convergence
command. Accordingly, a continuous acquisition ensures that as the

comuni cati on channel changes, the receiver adapts to these changes so that
the bit error rate and the RSSI are mai ntained, and the signal quality does
not degrade. In the exanple of a person noving in front of the transmtter,
since the antenna can be steered to receive a reflected signal, after the
antenna converges or reacquires a signal, the antenna can receive that
reflected signal which is of a higher quality than a direct signal that is
bei ng bl ocked by the object. Figure 5 illustrates a high data rate

communi cation gxshiom BANLAAI BYRASLe &t AAGREIANGIY ik Mo gRCNI NoS OF one
enbodi ment of the present 1nvention. This co ni cat1on system 500 i ncl udes
a base statteona 502tratidr 88eantbenntezratediihe the beanbBeerifigestbese st ati on 502

i ncludes an pmi (?d rectional antenna 508 and an adaptive sectored antenna
510. The E‘é’§8”§‘t%{ ‘on 502 al so includes a personal conputer 506. The beam
steering state machine 200 of the present invention can be inplenmented in
the adaptive spgues8d]lasirersa f&wcaartwﬂeh@et@ggaa&riéaom)efhé@&ml n this
enbodi ment, the adaptive sectored antenna 510 -17 0 '~ MAR 2002 ~i ~' O
99/ 16?7 1stparmgistse meadone 200 dhepdaptivhraieglaapatheapressifas that are

configured  jn.a t.rj I I i . eqver, sFigure S
illustrat 1(e?.'s‘}egllh Balrr#%g%\eg‘rtgngt%gb{ gtgﬁngé aﬁ%%gﬁ%ylgh%ée%ggpw(\ge sectored
ant enna Sitlerf&aoke ehdichtoplsirals: antienBBER (pitastrsieste) rehl) tHwaRSSAN be
steered 180, as tgue bfgm ca ng(E be steered behind the planar antenna.

Al t hough tifsengsheianal sbengtendifit@hna 510 is shown as a triangle
configuration, it will be known by those skilled in the art that

al ternative ar[apgasRAlSloak 80P0S bRt Ridbri8RARG: WhdtR&Gt Prs such as the
| ayout of an environnment in which the present invention is deployed. For

exanpl e, eenvaigpndever mreequnae eppianidchbas beerpremgiredant et narvargancerr e back to

back can vi de, adequat nt enna coverage.  Th i,le unit 504 includes an
omi-dir egérﬁcr)rhaé’id g‘ﬁ?rélﬁﬁsaﬁ}:‘?ggéafr%f Ea}eretg,\l(r:‘ is\tllﬁ%gm%%ldg? rggﬁst%gietef r?(f; Hata from and
to the baswestiat irenhZo aHoardedd dfaunidls B@edbéd bbtegdetselevetid @aCs 512 t hat
process the received data. For exanple, nobile unit 504 can be a portable

personal E¥sAtERNERIET) SPRAS BFYNiGE KIpeREoRICisflataspediraiant (PDA). The
pr ot ocol tat i i nit 504 is

descri bedglgﬁggér(tggt rtd?et glp%ﬁ?rqalg?ﬁg‘%}gge(gggﬁﬁggﬁéexn%tﬁp{ésﬁﬁgt es a high data
rat e commumicbate 200 gysteenttGDintennd iqthreediatacoard. nigp derisibe Hedchi ngs of an

o er | g, b oot of Lhe PrESSR e on, [he Mgb dta vale
base st at ef@r&R padis hipréleteddined BER threshold. If yes, in decision block

308, a further determination is made whether or not the received RSSI

passes a predetermined RSS! threshold. If yes, in step 312 a

VALID_DATA signal is asserted. For example, the VALID_DATA signal

can be employed to indicate to the system that data reception can begin.

The antenna controller 38 can be integrated in the back end unit 42.

-11 -



0l MAR ~~~~ ~i'0 99/16?? 1 PCT/US98112~ i 9 base station 602 i nc{ude$iRpEin?
omi -directional antenna 612, an adaptive sectored antenna 614, configured
inatriangle formation, and a personal conputer 6|8 operati ,Lgupled to
the first"Ba&¥*st ati on 602. The second base station 604 ﬁﬁ%ﬁ*ﬁgg"a%

omi -directional antenna 622, an adaptive sectored antenna 624, and a
personal conputer 628 operatively coupled to the second base station 604.
The beam steering state machi ne 200 of the present invention can be

i npl emented in the first base station 602 in either the adaptive sectored
antenna 614 or the personal conputer 618. The beam steering state nmachine
200 of the present invention can be inplenented in the second base station
604 in either adaptive sectored antenna 624 or personal conputer 628.
Figure 7 is a flowhart illustrating a protocol enployed by a base station
an a nobile unit to initiate data transfer. An omi-directional antenna
sends an acquisition command, instructing_.the receivi evice to begin
conver gence gfﬂ%EaGP§PPﬂ8ﬁ‘ r?Fﬁﬁﬁpﬁﬁogéa@%HEé&CWHFSQgFgégédF can be

i mpl ene i ol r r rgence conmand
Lo the P e e A B oS B e anr oo oo P Phe

acqui si t316n tmoadaptive stceped @R ferivase ssleatively Bé&etriansfitst spanal denti fication

signal to the nmobile unjts 504. The i.dentifjcati.on_ signal uniquely

dent i £ CEIRE 8 A RETHDBTAE N did PHElSBRAE dRFERT wlfich 1t he

i denti flmcﬁlp&'fbr@&i LaTHANASN{, @RO PRI REGAE RS Yis 221, The éotinter; ~' ~U~2 'O
99/ 1621 PCT/ U598/ 12579 In step 704, the nobile unit 504 corresponding'to

t he i dent¥ ¢arabe sanEgyrdl to ineteswenyhapiiaso feitessti8 dn agtaanyanode. In step
704, t hesn‘((ﬁzglstle?rt 28, {«h?c%“mt tgxggt%gge%ighaebgr(t%hpm% qgra}ﬁ%%?%?ﬁéetgﬁ%n\%d

omi-dire ona ntenna 5 ase statl ase station 502

enpl oys irkeernsmts-iflia Bt spitad] BricaBAaro@8etond spagai dirédidr. denti fication
signal to the nobile unit 504. In step 708, the base station 502 enpl oys
t he beanY'diedeld mgramanethearainier, sgoregrentnbejander 2 hvanolentteo st eer the

adapti Vecz%ggﬁtoxr/a%e ALRORE,RED s FREY éﬁt ?ltﬁ‘%]g@slgl ttlgﬁ‘esf?Sl%f"lxﬁ& ing state

machi ne steers the antenna to nee r edet er m ned and RSSI
t hr eshol tsesHald stTéese tireshalti vhldet ean ke taiborstiaprsedt behwearat he
nna. 508 .of e base s on 502 gnd t.he adaptive

omi -di r ect,. onal te . i

Satt or cusarianRa. oHeS B HEh of e ppinep 1t cah dapendth MY
following factors: (1) area of coverage; (2) beam width of antenna; (3)
physical size of antenna; and (4) channel model and interference model

employed.

Figure 4 is a simplified block diagram illustrating a transceiver
employing the beam steering state machine, illustrated in Figure 2. The
transceiver 400 of the present invention includes an antenna subsystem
28 that further includes an array 46, phase shifters 48 and a feed network
52 described earlier with reference to Figure 2. In this embodiment, the
array 46, the phase shifters 48 and the feed network 52 are physically
proximate to each other. The antenna subsystem 28 can be disposed on
top of the personal computer or disposed in a strategically chosen

location in one's home so that it can receive and transmit data from a
-12-



I n decision block 718, the base station 502 checks a control ch nnehﬁfng
det erm nes whet her a second nobile unit is requesting comunicat4 én e #002
the base $}{@td,Q%,502. If no, processing proceeds to step gdfusadpswal id .
data continues to be transferred between the base station 502 and the first
nobile unit 504. If yes, in step 722, the second nobile unit enploys its
omi directional antenna 505 to transmt an antenna training sequence to

t he base station 502. Processing then flows to processing step 708, where
the -20 0 ? M—~ 2a2 w0 99i 16??1 PCT/ US9si 1~s~9 base station 502 steers
its adaptive sectored antenna 510 to neet the BER and RSSI thresholds with
respect to the second nobile unit. In this exanple, the nobile unit 504 is
not equi pped with an adaptive sectored antenna since a sectored antenna is
typically bul ky and not conducive to be incorporated into a nobile unit
such as a | aptop. Consequently, the nobile unit 504 enpl oys the

i-di ti | t. 505 t dat t trol
S1 Gnal S (BTRPe PAHGrER TS BRJUEeD 1T SPRAMIRDE AT Phot rati ng t he

processi ngclatiePswbanpatPfRtreealinkeiomed) sigridls 320 Base tisd Bbaan 602 and a
second base station 504 shown in Figure 6. Ln processing step 800, the

first basteesing saunrelringkidescribedi ksainafterati on signal (1D signal) to a
second fixed base station. In processing step 804, the second base station

conmes out of : d 1tS; t Ll sequence to the
first base st3%?gﬁngﬁ&%ﬁg%gég?Eggggggﬁgggf@?ﬁgg?gfékghg§ggstation and the
second baperastiregg kothrae apfféreat postedrvetshisiproveledecA ibaed grasaystero achi eve a

m ni num .and a mgxi mum RSSI . | n pr.ocessi p 812, valid data is

transni tt%gﬁ2 ipRredsden Y?Ttr‘gﬁhﬁa{%’ ‘5913? f‘{m’lg_ﬁa%ﬁéo §8%t6lﬁcﬁbase station. In
deci si on &Jﬂ@%oééx‘htidnheﬂflé P%@vepﬁﬁﬁplﬁkﬁﬁvgﬂs E!l&%@f‘%zr{ieootaarﬁ ntep! channel for
the second ‘base station's request for comuni cati on and determ nes if such

requests are active. If no, processing flows to processing step 812 (i.e.,
valid data is Fherpitse shifsers fbteadepdgiebphaseshifterst Thasedsgitali on and the

second base 8LAlHRIks prbvidehecutdid pNbse shiffO8f 180°, 90°, 45° and 22.5°.
Each of the digital phase shifters are switched on or off in sequence to
scan the antenna array. For example, by providing a 1,1,1,1 input into the
phase shifters 48, a phase shift of 180+90+45+22.5 (a total of 337.5°) occurs.
In this embodiment, the phase shifters 48 allow for a phased shift change
in intervals of 22.5°. Each phase shifter is connected to a radiating
element, and each radiating element can have a different amount of
phase shift The combined "far field" energy has a maximum in a certain
direction that is based on the difference in phase between the radiating
elements. Consequently, by changing the phase difference between the
radiating elements, the point of maximum radiated energy can be

changed in direction.

The transceiver 400 includes a receiver block 450 and a

transmission block 452. The receiver block 450 includes a first band pass

-13-



WD 99/16?? 1 yes, the second base station transmts a training sggy?ﬂgﬁ aﬁd
in processing step 818, the processing flows to processing step g MAin 2002
summary, {Regflbst base station 602 enploys the omi PCT/ piSHEsskATH

di rectional "antenna 612 to send a training sequence so that the adaptive
sectored antenna 624 of the second base station can be steered to neet the
BER and RSSI thresholds with respect to the first base station 602. Al so,

t he second base station 604 transmits a training sequence via its

omi directional antenna 622 so that the first base station 602 can steer
its adaptive sectored antenna 614 to neet the BER and RSSI thresholds with
respect to the second base station 604. Once the first base station 602 has
steered its antenna to receive data fromthe first base station 602 and the
second base station 604 has steered its adaptive sectored antenna to
receive information fromthe first base station 602, data transfer can

occur. Fi [ i]lustrates a.conmputer systemin i.ch e adapti ve
sectored fg%fgﬁﬁaa wmgemlgfh g @véﬁ??"&%ﬁs‘eﬁ& B@smpe?‘r%%tae’a‘.‘xepfhe conmput er
syst em 90@scathitdBhidpass fiRel 405 WFYSire: 98bnd irhgﬁmeeaa@aﬁam%ecel ving and
transmtting radio signals, a serial interface 916 coupled to the radio

subsyst efPPiaY iaifEegRiBeaTdr fPuitbriaadi rrgs ddte 496c divereceivembiork r adi o
subsyst ems80hd BbRidks SeidAbd iR dPLos AU ARTISHAR RESQNALS cRERUL e (PC
nter 27. 1 At

918) having a serial i ace he seria erface and the seri al
i nt er f acét@22carer blaepl460 proaidas sie¢ damobusat82G@atstich @sebaddahit 0 | Mev

2~~2 WD 99/ 16221 PCTNS9S/ 7 able. The serial interfaces 916 and 922 can
be adapt &80t g“l"ﬁ’é) %gﬁ%&m%énﬂgpﬂcﬁﬁée% h a 1394 link and a PHY
| ayer. According to another aspect of the present invention, the high data

rate conmmuni CahkQRixaYIBSH cdipléd %Jﬁ%ﬁreépé%géil@?nﬂﬁsiz@?(b@@ﬁ@b?gfs of the
present invention, dynamcally allocates the 1) frequency) 2) tine and 3)

dat a r at ¢haf rechizes ermasipraocbfirdmagcdysal osnillatondAd anid responsibel e units.
Unli ke a el lul ar one stem.d ich.the frequen and bandw dt h and
el sPho B p VA ALY ot b SRR

time slots are el of the system the

hi gh dat anuhipe 0o BRI flegaén@noSttet wastef clodR. MNeseiiker 488epérformeynamni cal |y
al l ocates the bandwidth, tine slots and data rates according to the demand.
Unli ke arflorvespeersian ehihepresewse sighdnt i on does not waste bits or enpl oy
"padded” bits since the allocation is dynam cally based on demand. In an

ATM system t g DU RBA LR MUBL ARl @ed & suio%ngﬁsgam ¥&ntr gﬁgé\%when an

application does not require a high data rate, bandw dt sted. In
fact, whengrhawertheita roitesarnhhifiet 484, madi tirargaah laoved dicas 493 @md, 434he r enai ni ng

data slot.s are padded with "don.t care" bits that convey.no useful

i nformat i .ml‘fxﬁt??é?ﬁ?)’?eé‘fs'ii{?d‘]%rt f‘?fﬂ%%‘?f“ﬂé“%ﬂ@%‘d‘gd’aﬁ%%tefhe control

si gnal sadnisdneatdasavelNbs the dembailrer 298,tde walP&nelvr ff eidgwati on and data
rate demanded by that particular nobile unit. For exanple, if a video link

i s requestklded iththehae unit dynanically assigns a longer tine slot and -23
The transmission block 452 includes a modulator block 412, a first
band pass filter 414, a gain amplifier 416, a mixer 418, a second band pass
filter 420, a power amplifier 470 and a third band pass filter 424. The
transmission block 452 further includes a power control circuit 428
having a first input for receiving a power level control signal, a second

input for receiving a received RF signal, and an output for controlling

-14 -



0 | hl~~; 2002 WO 99115' 21 PCT/US9S/ 12579 bandwi dth for that nolj I'eMaRi 2602
whereas a nobile unit that requests a | ow bandwi dth | ow data rate

appl i cat i,qhoq 3,3/ | ocated a correspondingly smaller frequeggyusegtsbandw dth
by the base 'station. The high data rate conmuni cation system of the present

invention can enploy a tine slot allocation schene where the base station
queries the nobile units in its area and determ nes the nunber of nobile
units requesting service. Thereafter, each nobile unit is allotted a
specific time slot in which to receive and transmt data and control
signals. The base station then successively steers its antenna to focus on
the particular nobile unit. For exanple, during a first tinme slot, the base
station steers its antenna and directs it to the training signal sent by
the first nobile unit. Thereafter, the base station trains its antenna to a
training signal sent by the second nobile unit. The base unit can al so have
intelligence to detect that a L ar bile. unit do not require
service in° WA ‘i' Vaezé’tfta%vearnatm na~li ¥ ST eer e%P?noﬂ?%gowg)r(?es‘é%nsecuti ve nobile

unit. | ncbhgopsigher aedl tRybadiveankE sigha$ Ahetmsoér écntidlpigRnzsl in software
executed on a personal conputer. Alternatively, the software can be
i mpl ementedellnknpwitie thpseayf erdinaryrkdil nted pE ﬁ%q%u@ﬂgdbﬁt . The beam

steering,g| i glqnl 1AV j - etected bit error
rate to é?aﬁlrgg{dgé%er %Elveeghgvé%gg‘?l}g&a}tslg Cféﬁéeljnglgf ggﬁ@@%@%‘%‘bg‘r %det erm ned RSSI .
| f the detgsicelly BiSearcdbi8Ebhatei touthearesusittgr-24 0 r' | ~~i ~~; 2002 WO

99/ 153.1 Pcrws9s/1 ~s~9 neet the predeterm ned threshold val ues, the

ant enna has acguire he sign .Unli.ke pr.ior, art approaches_ that have
enpl oyed beamﬁgFé_BPgHE“ ragt?gpgg?n%ﬂf@e?(ﬁgﬁ/ﬁp%%rhreecg‘_rvtm%gagﬂIfrlo_”%t eering) in
mlitar Y_tﬁ@@ahé}cﬁatn'd%‘ﬁitgh@trﬁ\dvhﬁ)rﬁ/h\éﬂsth@ \BADODEDUTA sighal e environnent, the
present invention is adapted to operate in an environnment having a high

nunber ofasegseads. TRomaeswuinfsiré12tabe mcbsdastamingutdar aeqeariagcbmuni cat i on
system | Sﬂ%gr% g%’%]a} ?ro?rp?kr\eagtgxf% &a@ﬂmeé%ort?\gp??émg%/)le%gfowetahpl e users (e.g.,

a hyper LARGY environne
steering.

The beam steering state machine 200, described previously in
Figure 2, can be 1mplemented in transceiver 400. The beam steering state
machine 200 can include a first input for receiving a clock from the direct
digital synthesis block 402, and a second input for receiving the
demodulated RF signal from the demodulator 498. The state machine
200 can also include a first output for generating and providing a control
signal to the modulator block 412, a second output for generating and
providing the power level control signal to the power control circuit 428,
a third output for generating and providing the VALID_DATA signal to
the base unit (not shown) and a fourth output for controlling the phase

shifters 48 in the antenna subsystem 28.



The beam steering circuit of the present invention enables the angenpai 93242
achi eve spatial selectivity, to focus, and to converge on one of the users
and reject, signaj,s fromall other users in the environnent,. Jhesbgam ..
steering cirtcuit  receives the signal and conpresses that signal wth a

t hreshol d nunber that indicates a good signal to noise ratio. The beam
steering circuit then converges on the antenna coverage generating the
optimal signal to noise ratio. A high data rate comrunication network that
is susceptible to external interference and that enploys an adaptive
sectored antenna has been disclosed. The adaptive sectored antenna incl udes
a novabl e sector of coverage. The beam steering machi ne and ant enna
controller are coupled to the adaptive sectored antenna for noving the
sector of coverage to reduce external interference. 2J  j~ I~(n,f.
tlhii:~ CVO 99116221 PCT/ US98~ 1' 'S79 The exenpl ary enbodi nents descri bed

herein are prqvided rely to illustrate the principles of the invention
and shoul d no ngdﬁgéf?e&%‘ifnggdfmﬁ% ithRFeraie Sé’EBbéseosﬁ'“gﬁ@ i€t i on. Rat her,

the pri n\‘}ik&'s@%.hmer& g, iEWHEJHa@E‘_sHﬁVert??c@Iﬁ’h%fI&ﬂ With & f9hdgitr ange of systens
to achi eve the advantages described herein and to achi eve ot her advantages

or to satdogFyandhekcwbfiogly dscagraldines arg@rovidef!' tofcontrol the~2 We claim 1.
A high data rate, co nicati on system conprisi,ng:,a) a nt enna subsystem
adapt ed ﬁ%mssséﬁgFﬁggﬁvméﬁs%&@H%%ﬁf“%?58%50‘?#8%58ﬁé§“}?§ﬁ§8§iver, coupl ed
to the anfiRRaHeURENSHABhink PDOIBGREAH the RAMAM BitReméntdidTiaNg sequence and

generati 2% a bit_error rate (BER) signal and a receive signal strength
i ndi cat i sHegreess| Bassdpathepsdep! grondsseante Hifasik Paiapg Alyfisegubace;

antenna array 46 is spatially steered in a first direction or a second

direction

In an alternative embodiment, the state machine 200 is integrated
with a baseband unit (not shown). A baseband unit can be a card adapted
for baseband signal processing or a personal computer (PC). When the
state machine 200 is integrated as part of the baseband unit, the 24 control
lines can be in the form of a serial command that 1s provided to the phase
shifters 48. Upon receipt of the serial command, additional circuitry can
be employed to multiplex the serial command so as to direct each of the

phase shifters.

Another challenge of the home environment is that a
communication channel is not static. In a home environment, the BER
and the RSSI can degrade due to 1) an object moving in front of the
transmitter or 2) misalignment of the antenna (e.g., physical
displacement). A simple example is when a person stands in a direct
path between a transmitter and a receiver (e.g., a mobile unit). For

example, the baseband unit can employ a protocol that periodically sends
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c) a beamsteering state machine, coupled to the radio frequency , - R 9
transceiver, for receiving the BER signal and the RSSI signal, %ﬂe“ﬁ‘t%@
beam st eeging state machine includes: a first conparator Her jsggeis¥ ng the
BER si gnal nd a predeterm ned BER signal, conparing the BER signal to the
predeterm ned BER signal, and selectively generating the BER PASS si gnal
when the BER signal is in the first predetermned logical relationship with
the predeterm ned BER signal; and ii) a second conparator for receiving the
RSSI signal and a predeterm ned RSSI signal, for conparing the RSSI signal
to the predeterm ned RSSI signal, and for selectively generating the RSSI
PASS signal when the RSSI signal is in a second predeterm ned | ogical
relationship with the predeterm ned RSSI signal; and d) an antenna
controller, coupled to the antenna subsystem and the beam steering state
machi ne, for receiving the BER sub.-- PASS signal and the RSSLsub.-- PASS

si gnal and resgé)nsi ve thereto, sel eCtif\é&hé gﬁ@ergﬁl ng antenna contr ol

signal s PSR Ul IETaR itAghe [Late M e AT es_ﬁ?‘t The high data rate
system ofingdrtidh, In¥MEEB N DSt REATRSBIREIIN D ?éa%lh‘?re”ﬁq%@i alsel ectively
generates a BER sub.-- PASS signal and an RSSLsub.-- PASS signal based upon
whet her the BER signal is in a first |logical relationship with a

pr edet er m ned TBERIStasehramppedifyethREN tesithp Rrsebandriinit et pretepssgi cal

rel ati onghi | - [ term RSSI ;_si L. 3. high , data rate system
of clai m%rﬁr\%ﬁ\glreg?‘ﬁg?ﬁgggﬁoteer?ﬁmfggg%tts ?’?H%ﬁ’%?@ﬁﬁ%@é‘@f r(‘:‘éﬁ’%rtl%sr H}?avi ng a first
i nput f ostateeeaatiing 200 @nBERuSsition 0r%85e§;egﬂalcomamzﬁﬁ120m&ccbmuglyt or

recei ving the RSSLsub.-- PASS signal, and responsive thereto generates said
ant enna CofRTHYIUOUE achydSIHPRIRNGHISS I &SSPt OMIBRNatiom ahapmet ei n t he
antenna syhsyst ' ' A} s 36 AN )bi ifter,

coupl ed t%o t%%gnmigérﬁg%g?ragg@tgﬁ@eg?Ea feégbr%gtt\’/vtohlrgkblggﬁg Zﬁe%?dt he phase
shifter dhelRShéaradiantareguendythe sigrsd gjuabty, doene degrade alt ¢hea control | er

provi des the ﬁlntgnna control, &.ﬁpfal S tg t he ha)ze shiftg}g and feed network
for spati®fTP'SCe&rPHEOt RO'AREE zont phthe %‘f‘_sﬂ% te Yh“Udt% rate system of
claim 1 whes@idcdBe BRABSIFRIENS £t&RyMEBhAE aflef &idhRRaAnyhet her the BER
signal is less than a predeterm ned BER signal, if so) determ ning whether
t he RSSI conypEgesios rgaequiess a signak the aotareemanagc®esithat wphlgktedi f so,
asserting. : - .. DATA si {:d_VALI < PATA indicating that
dat a can%@a\r{%l%z%gg?%f aﬁ:érﬁath?gg%m? fs’acilﬁeét é@%ﬁ‘éﬁéﬁ Qégggr eater than the
27  Ei ~blodkedbuthe gyjedet er mi ned BER signal or the RSSI is |ess than the

predeterm ned RSSI signal, the beam steering state nachine spatially steers
t he antenna ar. i%rgaSElﬁedet erm . ned anount; and continues to_check the BER

] t;
signal and th UHEtes A dig .dﬁ%é?tetcﬁgfrﬁﬁ?‘éﬁtﬁ%n SYFE5 o i | a
pr edet er rdoRe u%i@a&&d%&d@ﬁﬁrmmgcﬂﬁ% of Sne R dBFhenb of THe hi gh data

rate systemof claim1l wherein the first predeterm ned |ogical relationship
i's when tpTesBERNYegnah. i1dud esmmursnaoen eystam $@) irfvbugrsealbasar ni ned BER
signal. 7, .The.high,data rate systemaoo Qaiqm 1 wherein second

pr edet er ey ?Q%?xagloqgeqrdppg%g%%bleiLgu\tﬁn%dﬁ.t 3 }?@§I5t%ti‘%rh§$fi s greater than
the predegheludiesesh &anl-dsdettichal dhterdfe 508 ghddat addpiwe saesdreh of claim 1
wherein the predeterm ned BER signal is approximately |0.sup.-5. 9. The

hi gh dat ntefe? 31&t Ehe Spsestatipn POkMeTRintludes ppegendriamrieteR8®P. signal is
appr oxi e ﬁe%ﬁ s‘?@’érirgﬁostafé HRLReE 2o 5t &%L;&H%Qerﬂ’ln%‘ﬁt%ﬁ ¥&n At enna
conprising the steps a) recelving an antenna training sequence; b) based
on sai d ammpamentedimihgadagirenss}tordet artanuma 630 ar bhé¢ persoonl rat e ( BER)

signal based on said re}gl,ei ved antenng training seogugnce; c)_determning a
recei ve sSOPRBHEEPPENdRANSHINRY ‘i”berf‘tsﬁ‘gfn aptyESieftied @Rt gl recei ved
antenna training sequence; d) determning if the BER signal is in a first

| ogical relationship with a predeterm ned BER signal; if yes, further
determ ni ng whet her the RSSI signal i.g7i.n a second | ogical relationship
with a predetermined RSSI signal; if yes, asserting a VALID. sub.-- DATA
signal said VALID. sub.-- DATA signal indicating that data transfer can be
initiated;



el se spatially steering an antenna array in a predeterm ned anou ?aﬂg 02
proceeding to determ nation step c); else proceeding to processi mg B %%
11. The ngthpd.0f claim 10 further conprising before steppa},khesieps of
a) determ ning 5 an acquire command has been received; bg’ |?J yes,
proceeding to processing step c¢c) of claim10; c) if no, proceeding to
processing step a). 12. The nethod of claim 10 wherein the first |ogical
rel ationship is when the BER signal is |l ess than a predeterm ned BER
signal. 28 ~"Irlil 13. The nethod of claim 10 wherein the second | ogi cal
relationship is when the RSSI signal is greater than a predeterm ned RSSI
signal. 14. The nethod of claim 10 wherein the predeterm ned BER signal is
approximately |0.sup.-5. 15. The method of claim 10 wherein the wherein the
predeterm ned RSSI signal is approximtely 20 dB. 16. A nethod of

communi cati ng data between a base station havi ng an adaptive array antenna
and a nohil e uni r|S|n the steps of.a) the base statlontransmttlng
an i dent |1PF1&‘QFF6%”§| gﬁﬁ?r ?’bt RS Hifsiare conf 18‘“‘“’61)1“t‘hé“ Ele unit
transm t tlohGaBBnaRt @ABANL I @i Ni ng sequence to the base station; c) the base
station steering its adaptive array antenna to achieve a predet erm ned BER
and a predeterm ned RSSI, wherein the step of steering includes the steps
of: i) determiMprrovar, Hriguzd §ilhisteaies ahemaPpattdrgrihnt erasbel eorplopied ant enna
tralnlng i I toth edetermned BER
signal; il w s t“}e s)ec%ﬁéﬁ)%ég%a 5Hﬁal%l‘iﬁc‘)%tfgllcgg a8 ? ifeéd RSSI si gnal ;
and, iv) mwe;te*sla/leéayn@mwaalﬂelsagerteaasaﬁaptthe/eeﬂhrcamanb@@ﬂz@r&ased on -

vvhether nal is in a first logical relationship with the
predet er rﬁeﬁ’é%‘FgERP a@l“tfﬁﬁ‘di \Aﬁétthﬁég tth% adapliveisgeared anjenna scond | ogi cal
rel ati onsgisRowint £ § teﬁa edshaEMARE, S0l 6 ¥ABlyn € wid@napnid g valid data

bet ween the base statl mobile unit; e) termning whet her the
nobi | e urtihe arsthaeqhe_smatn@ TOAMEETNEEb |aompoi;a‘ibl)eemd dépembbnlfectons t

transmtting a trainin geguence to the bas ation and roceedln to

processi r‘lsdjlcgta?ptb@) aygpgg 6?§E‘é'érd’|nﬁber‘étmﬁ?’gfgsi‘rerfbreﬁrgpméff tign, lsThe met hod

of cl ai mdéplvheal ey henplel sh aldggheélant&ﬁ@téxﬁﬁs?rpg t&o\rfglsﬂext he BER si gnal
o

is less than the predeterm ned BER si gnal he” met hod of claim 16
wher ei n tme@@?otﬂi@t kogbagk torkeicktdaorpsnvislel adegate atenmSSbveiageal is greater
than the predeterm ned RSSI signal. 19. The nethod of claim 16 wherein the

predeterm ned BER 31,993 nil So2PRIQALE Srnil i8R maP antenna 505 for

recetving and transmitting data from and to the base station 502. The
mobile unit 504 includes electronics 512 that process the received data.
For example, mobile unit 504 can be a portable personal computer (e.g.,
laptop) or a personal digital assistant (PDA). The protocol employed by
the base station 502 and the mobile unit 504 is described in greater detail

in Figure 7.

Figure 6 illustrates a high data rate communication system 600
configured according to the teachings of an alternative embodiment of
the present invention. The high data rate communication system 600

includes a first base station 602 and a second base station 604. The first
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20. The nethod of claim 16 wherein the wherein the predeterm nedg%ﬂqmgqg
signal is approximately 20 dB. 21. A nethod for communicating data be ¥
a first bal%egggg,ap on and a second base station, said firsgc@anehsgegond base
station each enpl oyi ng an adaptive antenna array, said nethod conprising
the steps of 29 QI f-TAi° Lu a) a first base station transmitting an
identification signal to a second base station; b) a second base station
transmtting an antenna trai ning sequence to the first base station; c) the
first base station and the second base station each steering its adaptive
array antenna to achieve a predetermned bit error rate (BER) and a
predeterm ned RSSI, wherein the step of steering includes the steps of i)
determ ning a BER signal and an RSSI signal based on the antenna training
sequence; ii) conparing the BER signal to the predeterm ned BER signal;

iii) conparing the RSSI signal to the predeterm ned RSSI signal; and, iv)
sel ectively coptralli.ng t.he adapt.i ye array_aptenn ased, on. whet her the BER
signal i Ea%/%StﬁH???bQ% 1{1%@\{18%@ro&?rélt-%aﬁcgmnﬁy\ﬂwpwh@zgra Qaae(%aé’rhrﬁened BER si gnal
and whet b&ftofddeariiotha 81 4N@nfigarddlirta $A80FId fob@aciah, &Rd at p@BshAlp Wi th the
predeterm ned RSSI signal; d) transmtting valid data between the first
base st atPERuiIDISersaat iy soupldsiedbadirpalasestatiomAb2.e) the first base

station determning if the second base station is requesting conmunication;

i f yes, the sepond-NapBastt &hlioR 6bi 3RAMHES hRG ARG REFENCe to the
first base station, else, proceeding to processing step d). 22. The nethod

of cl ai mb22, ashadativet deetdred shtdnogit@d) am@kgtdrsorsdlicomputahé’8 t he BER si gnal
is less than th redeterm ned BER si | . . JIhe nmet hod of claim21
wher ei n PﬁSraélé’@@hg‘_"i‘lgﬁégﬁ%? &far J’r’i‘éﬁg%%ioé‘ égzen $Eeﬁ§§?eej§i%al is greater
than thepredelping NeH oRER pidsBR@invedfion T8 pelMpRRéntelahnm@l wherein the
predeterm ned BER signal is approximtely I10.sup.-5. 25. The nethod of

cl ai m 21 fuibtdvase statiom Glieire¢ither ibe prepievesertored Resnnsidghar the approxi matel y
20 dB. 30 .AYR A (Fe, A . F?2. A& . Ae. A.YV. FR..A 2 . . ?. Ae. AR Ahe. A.
R AP, AL DERSRL PSSy Ron i SRS oAttt e oA Yyt 1 oA

) *+Sz(] ] predent invention can be implemented in the second base station 604 in

either adaptive sectored antenna 624 or personal computer 628.

Figure 7 is a flowchart illustrating a protocol employed by a base
station an a mobile unit to initiate data transfer. An omni-directional
antenna sends an acquisition command, instructing the receiving device
to begin convergence or acquisition of training sequence. This protocol
can be implemented in a MAC layer, where the MAC layer sends a
convergence command to the PHY layer, instructing the adaptive
antenna to go into the acquisition mode. In step 702, base station 502
transmits an identification signal to the mobile units 504. The
identification signal uniquely identifies one of the mobile units, and the
mobile unit to which the identification corresponds responds

accordingly.
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1ca] ¢ a] ca] cajtzabssl Qéﬂl@@h@@kﬁﬁ:}l@ $ ¢igd ealrdalieectional antenna 508 to

a] ca] ca] ca] ca] ca! KPRWupkf a\ W calca]calc

a] ca] ca] téal]‘%’a]tdéfdﬁf’ctal]l@a]oé‘aﬂléa] !h&f] @é’]’@ﬁ]@‘éb?é aJc aUc

a] ca] ca] ca] ca] ca] cal] ca! *"2s0%97DV] @EBJ{qu gb] WJ] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

aJ ca] ca] caj @% b tion 502 employs the beam steering stat
aJca] ca] ca]ca ca fcg %3%‘8 cDa 55‘]%61 %:a ca]ﬁclg E)HEI)‘\% S@:a:BeJ{qu gb] WJ] ca] c

a] ca] ca] ma]:hmat]ac%)pora] trba]p:a}e_m]loa]nma(]rmac} et@U]the afeptive sectored

oo va st 50V sabertanl snl st e e st B g B O
%r10% u8m(t)mﬂsi[t<]> inkadt-thd &d&e(&xmedlﬁgﬁuﬁqd( RSSY U ®dE) In step
f10% u& g s@0% u& ()-F10% u& () -

910% u& {34 vebd. dateds transfevaed hetvgeeooke Onmi-dyegtiopl @ntenna 508 of

10- uS10% 48 b ke sfald -thelac}gpo/f’l&e&lse(c)cérledﬂﬁ?tenna 510 of the mobile

unit 504.

In decision block 718, the base station 502 checks a control channel
and determines whether a second mobile unit is requesting
communication with the base station 502. If no, processing proceeds to
step 714, and valid data continues to be transferred between the base

station 502 and the first mobile unit 504.

If yes, in step 722, the second mobile unit employs its omni-
directional antenna 505 to transmit an antenna training sequence to the

base station 502. Processing then flows to processing step 708, where the
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base station 502 steers its adaptive sectored antenna 510 to meet the BER

and RSSI thresholds with respect to the second mobile unit.

In this example, the mobile unit 504 is not equipped with an
adaptive sectored antenna since a sectored antenna is typically bulky and
not conducive to be incorporated into a mobile unit such as a laptop.
Consequently, the mobile unit 504 employs the omni-directional antenna

505 to transfer data and communicate control signals (e.g., handshaking).

Figure 8 is a flowchart illustrating the processing steps for a
protocol between a first base station 602 and a second base station 604
shown in Figure 6. In processing step 800, the first base station transmits
an identification signal (ID signal) to a second fixed base station. In
processing step 804, the second base station comes out of standby mode
and transmits an antenna training sequence to the first base station. In
processing step 808, the first base station and the second base station

adaptively steer their respective arrays to achieve a minimum BER and a

maximum RSSI.

In processing step 812, valid data is transmitted between the first
base station and the second base station. In decision block 814, the first
base station listens to a control channel for the second base station's
request for communication and determines if such requests are active. If
no, processing flows to processing step 812 (i.e., valid data is further

transmitted between the first base station and the second base station). If
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yes, the second base station transmits a training sequence and in

processing step 818, the processing flows to processing step 808.

In summary, the first base station 602 employs the omni-
directional antenna 612 to send a training sequence so that the adaptive
sectored antenna 624 of the second base station can be steered to meet the
BER and RSSI thresholds with respect to the first base station 602. Also,
the second base station 604 transmits a training sequence via its omni-
directional antenna 622 so that the first base station 602 can steer its
adaptive sectored antenna 614 to meet the BER and RSSI thresholds with
respect to the second base station 604. Once the first base station 602 has
steered its antenna to receive data from the first base station 602 and the
second base station 604 has steered its adaptive sectored antenna to
receive information from the first base station 602, data transfer can

occur.

Figure 9 illustrates a computer system in which the adaptive
sectored antenna of the present invention can be implemented. The
computer system 900 can include a radio subsystem 904 with antenna for
receiving and transmitting radio signals, a serial interface 916 coupled to
the radio subsystem with antennae for interfacing data received from the
radio subsystem 904 into a serial format, and a desktop personal
computer (PC 918) having a serial interface 922. The serial interface 916

and the serial interface 922 are coupled via a serial bus 926, such as a 1394
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cable. The serial interfaces 916 and 922 can be adapted to the 1394 protocol
and include both a 1394 link and a PHY layer.

According to another aspect of the present invention, the high data
rate communication system, configured according to the teachings of the
present invention, dynamically allocates the 1) frequency, 2) time and 3)
data rate of the communication based on the demand of the mobile units.
Unlike a cellular phone system in which the frequency and bandwidth
and time slots are fixed regardless of the load or demand on the systemn,
the high data rate communication system of the present invention
dynamically allocates the bandwidth, time slots and data rates according

to the demand.

Unlike an ATM system, the present invention does not waste bits
or employ "padded” bits since the allocation is dynamically based on
demand. In an ATM system, the purported high data rate is deceptive in
that when an application does not require a high data rate, bandwidth is
wasted. In fact, when fewer data bits than the maximum allowed are
sent, the remaining data slots are padded with "don't care” bits that

convey no useful information.

Furthermore, information can be encoded into the control signal
so that a base unit is informed of the type of information and data rate
demanded by that particular mobile unit. For example, if a video link is

requested, the base unit dynamically assigns a longer time slot and
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bandwidth for that mobile unit, whereas a mobile unit that requests a
low bandwidth low data rate application is allocated a correspondingly

smaller frequency and bandwidth by the base station.

The high data rate communication system of the present
invention can employ a time slot allocation scheme where the base
station queries the mobile units in its area and determines the number of
mobile units requesting service. Thereafter, each mobile unit is allotted a
specific time slot in which to receive and transmit data and control
signals. The base station then successively steers its antenna to focus on
the particular mobile unit. For example, during a first time slot, the base
station steers its antenna and directs it to the training signal sent by the
first mobile unit. Thereafter, the base station trains its antenna to a

training signal sent by the second mobile unit.

The base unit can also have intelligence to detect that a particular
mobile unit does not require service in which case the antenna is steered

to the next consecutive mobile unit.

In the preferred embodiment, this protocol is implemented in
software executed on a personal computer. Alternatively, the software

can be implemented in a gate array or a programmable logic circuit.

The beam steering algorithm of the present invention compares
the detected bit error rate to a predetermined BER and also the detected
RSSI predetermined RSSI. If the detected BER and RSSI simultaneously
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meet the predetermined threshold values, the antenna has acquired the

signal.

Unlike prior art approaches that have employed beam steering
(also commonly known in the art as null steering) in military
applications where there was a single user in the environment, the
present invention is adapted to operate in an environment having a
high number of users. For example, the present high data rate
communication system is adapted to operate in an environment having

multiple users (e.g., a hyperLAN or ATM environment).

The beam steering circuit of the present invention enables the
antenna to achieve spatial selectivity, to focus, and to converge on one of

the users and reject signals from all other users in the environment,

The beam steering circuit receives the signal and compresses that
signal with a threshold number that indicates a good signal to noise ratio.
The beam steering circuit then converges on the antenna coverage

generating the optimal signal to noise ratio.

A high data rate communication network that is susceptible to
external interference and that employs an adaptive sectored antenna has
been disclosed. The adaptive sectored antenna includes a movable sector
of coverage. The beam steering machine and antenna controller are
coupled to the adaptive sectored antenna for moving the sector of

coverage to reduce external interference.
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The exemplary embodiments described herein are provided
merely to illustrate the principles of the invention and should not be
construed as limiting the scope of the invention. Rather, the principles
of the invention may be applied to a wide range of systems to achieve the
advantages described herein and to achieve other advantages or to satisfy

other objectives as well.
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a) an antenna subsystem adapted to be spatially steered,;

b) a radio frequency transceiver, coupled to the antenna subsystem, for receiving an antenna training
sequence and generating a bit error rate (BER) signal and a receive signal strength indication (RSSI)
signal based on the antenna training sequence;

c) a beam steering state machine, coupled to the radio frequency transceiver, for receiving the BER signal
and the RSSI signal, wherein the beam steering state machine includes:

a first comparator for receiving the BER signal and a predetermined BER signal, comparing the BER
signal to the predetermined BER signal, and selectively generating the BER PASS signal when the BER
signal is in the first predetermined logical relationship with the predetermined BER signal; and

ii) a second comparator for receiving the RSSI signal and a predetermined RSSI signal, for comparing the
RSSI signal to the predetermined RSSI signal, and for selectively generating the RSSI PASS signal when
the RSSI signal is in a second predetermined logical relationship with the predetermined RSSI signal; and

d) an antenna controller, coupled to the antenna subsystem and the beam steering state machine, for
receiving the BER.sub.-- PASS signal and the RSSI.sub.-- PASS signal and responsive thereto,
selectively generating antenna control signals for spatially steering the antenna subsystem.

2. The high data rate system of claim 1 wherein the beam steering state machine selectively generates a
BER.sub.-- PASS signal and an RSSI.sub.-- PASS signal based upon whether the BER signal is in a first
logical relationship with a predetermined BER signal and the RSSI signal is in a second logical
relationship with a predetermined RSSI signal.

3. The high data rate system of claim 1 wherein the antenna controller includes a counter having a first

input for receiving the BER.sub.-- PASS signal, a second input for receiving the RSSILsub.-- PASS signal,
and responsive thereto generates said antenna control,

4. The high data rate system of claim 1 wherein the antenna subsystem includes:
a) an antenna array;

b) a phase shifter, coupled to the antenna array; and

c) a feed network coupled to the phase shifter and the radio frequency transceiver;

wherein the antenna controller provides the antenna control signals to the phase shifter and feed network
for spatially steering the antenna array.

5. The high data rate system of claim 1 wherein the beam steering state machine determines whether the
BER signal is less than a predetermined BER signal, if so, determining whether the RSSI signal is greater
than a predetermined RSSI signal; if so, asserting a VALID.sub.-- DATA signal, said VALID.sub.--
DATA indicating that data can be received or transmitted; if the BER signal is greater than the
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continues to check the BER signal and the RSSI signal and to steer the antenna array until a
predetermined BER and a predetermined RSSI is obtained.

6. The high data rate system of claim 1 wherein the first predetermined logical relationship is when the
BER signal is less than or equal to the predetermined BER signal.

7. The high data rate system of claim 1 wherein the second predetermined logical relationship is when the
RSSI signal is greater than the predetermined RSSI signal.

8. The high data rate system of claim 1 wherein the predetermined BER signal is approximately 10.sup.-5.
9. The high data rate system of claim 1 wherein the predetermined RSSI signal is approximately 20 dB.
10. A method of steering an adaptive antenna comprising the steps of:

a) receiving an antenna training sequence;

b) based on said antenna training sequence, determining a bit error rate (BER) signal based on said
received antenna training sequence;

c) determining a receive signal strength indication signal (RSSI) based on said received antenna training
sequence;

d) determining if the BER signal is in a first logical relationship with a predetermined BER signal;

if yes, further determining whether the RSSI signal is in a second logical relationship with a
predetermined RSSI signal;

if yes, asserting a VALID.sub.-- DATA signal said VALID.sub.-- DATA signal indicating that data
transfer can be initiated,;

else spatially steering an antenna array in a predetermined amount and proceeding to determination step

c);

else proceeding to processing step c).

11. The method of claim 10 further comprising before step a) the steps of:
a) determining if an acquire command has been received,;

b) if yes, proceeding to processing step ¢) of claim 10;

¢) if no, proceeding to processing step a).

12. The method of claim 10 wherein the first logical relationship is when the BER signal is less than a
predetermined BER signal.
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14. The method of claim 10 wherein the predetermined BER signal is approximately 10.sup.-5.

15. The method of claim 10 wherein the wherein the predetermined RSSI signal is approximately 20 dB.

16. A method of communicating data between a base station having an adaptive array antenna and a
mobile unit comprising the steps of:

a) the base station transmitting an identification signal to the mobile unit;
b) the mobile unit transmitting an antenna training sequence to the base station;

c) the base station steering its adaptive array antenna to achieve a predetermined BER and a
predetermined RSSI, wherein the step of steering includes the steps of:

i) determining a BER signal and an RSSI signal based on the antenna training sequence;

ii) comparing the BER signal to the predetermined BER signal;

iit) comparing the RSSI signal to the predetermined RSSI signal; and,

iv) selectively controlling the adaptive array antenna based on whether the BER signal is in a first logical
relationship with the predetermined BER signal and whether the RSSI signal is in a second logical
relationship with the predetermined RSSI signal;

d) transporting valid data between the base station and the mobile unit;

e) determining whether the mobile unit is requesting communication;

if yes, the mobile unit transmitting a training sequence to the base station and proceeding to processing
step c);

else proceeding at processing step e).

17. The method of claim 16 wherein the first logical relationship is when the BER signal is less than the
predetermined BER signal.

18. The method of claim 16 wherein the second logical relationship is when the RSSI signal is greater
than the predetermined RSSI signal.

19. The method of claim 16 wherein the predetermined BER signal is approximately 10.sup.-5.
20. The method of claim 16 wherein the wherein the predetermined RSSI signal is approximately 20 dB.

21. A method for communicating data between a first base station and a second base station, said first and
second base station each employing an adaptive antenna array, said method comprising the steps of:
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iv) selectively controlling the adaptive array antenna based on whether the BER signal is in a first logical
relationship with the predetermined BER signal and whether the RSSI signal is in a second logical
relationship with the predetermined RSSI signal;

d) transmitting valid data between the first base station and second data and second base station;
e) the first base station determining if the second base station is requesting communication;

if yes, the second base station transmitting the training sequence to the first base station,

else, proceeding to processing step d).

22. The method of claim 21 wherein the first logical relationship is when the BER signal is less than the
predetermined BER signal.

23. The method of claim 21 wherein the second logical relationship is when the RSSI signal is greater
than the predetermined RSSI signal.

24, The method of claim 21 wherein the predetermined BER signal is approximately 10.sup.-5.

25. The method of claim 21 wherein the wherein the predetermined RSSI signal is approximately 20 dB.
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