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TECHNICAL FIELD
[0002] The technical field relates generally to a repeater for a wireless
communication network, and, more particularly, to an antenna configuration associated

with the repeater.
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Conventionally, the coverage area of a wreless
W@ ovsneiseat i on network such as, for exanple, BCTUS®07/019163
Di vi sion Duplex (TDD), Frequency Division Duplex (FDD)
Wreless-Fidelity (W-Fi), Wrldw de Interoperability
for Mcrowave Access (W-max), Cellular, d obal
System for Mobile comuni cations (GSM, Code Division
Mul tiple Access (CDVA), or 3G based wirel ess network
can be increased by a rBAEMGROUMRenpl ary repeaters
i nclude, for exanple, frequency translating repeaters
o[008 In€oneripualhy; the eqvesdge arecawfiackirad@scatreminicatids network such
physi cal |ayer or data link |layer as defined by the
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Aggess ((DNAp.ari 36T based sutelesy network nal befindreassidityi awepbuater.

sanme package in order to achi eve manufacturing cost
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is particularly the case when the repeater is intended
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, ohe antenna or Se face,

f | e, base statjqn, access pojnt, gateway, or
a 90AL A BhySicallayes onssier domigidta QRsiate wishingfon example, a TOD
subscri ber device. [0005] For any repeater which
basedowirless nefwonkrsyek a3 Wa-nsixpgenesaiboinsiuges arttenniasuddulésand repeater
between the receiving and transmtting antennas is a
cirepitrtyl fonsimultateusiyrtrankeittingsaml feceiving TDD packets. Preferably, the

antennas for receiving and transmitting as well as the repeater circuitry are included
within the same package in order to achieve manufacturing cost reductions, ease of
installation, or the like. This is particularly the case when the repeater is intended for use
by a consumer as a residential or small office based device where form factor and ease of
installation is a critical consideration. In such a device, one antenna or set of antennas
usually face, for example, a base station, access point, gateway, or another antenna or set
of antennés facing a subscriber device.

[0005] For any repeater which receives and transmits simultaneously, the isolation
between the receiving and transmitting antennas is a critical factor in the overall
performance of the repeater. This is the case whether repeating to the same frequency or

repeating to a different frequency. That is, if the receiver and the transmitter antennas are



performance of the repeater. This is the case whether
repeating to the sane frequency or repeating to a
walpdoBeemat frequency. That is, if the recei verr@ntusionz019163
transmtter antennas are 2 WO 2008/027531
PCT/ US2007/ 019163 not isol ated properly, the
performance of the repeater can significantly
deteriorate. GCenerally, the gain of the repeater
cannot be greater than the isolation to prevent
nat égaedproperdy ithe parfasmanee ofithe repratdecansigiifitanglyideteriorate,
I solation is generally achieved by physical
Geepallyatlieqnin efithe nepeateatireonise gredtepthian tezigdlativh toEvent repeater
frequency translating repeaters, additional isolation
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transmitter is an even nore critical problemwth
isolatiregencrallypemains adimiting feeta amthe Epatprisrrosmans dubeo
band pass filtering does not provide additional
univedtedinofse-anll @AO6H bankl lehissidis! R theRRnedithey %Ef?@ie&ﬁ)éﬁ in the
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above, for repeater intended for use wth consuners,
i [00R61,Often bdltrlaréiéméwsa:m&hawa tiufited licemsed Ispectmpeataiiableand can
have a physically small formfactor in order to
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and the |ike. However, the snal
repeaters utilizing the same receive and transmit frequency channels. Examples of such

cellular systems include FDD systems such as [S-2000, GSM, or WCDMA or TDD
systems such as Wi-Max (IEEE802.16), PHS, or TDS-CDMA.

[0007] As mentioned above, for a repeater intended for use with consumers, it would
be preferable to manufacture the repeater to have a physically small form factor in order
to achieve further cost reductions, ease of installation, and the like. However, the small
form can result in antennas disposed in close proximity, thereby exasperating the
isolation problem discussed above.

[0008] The same issues pertain to frequency translation repeaters, such as the
frequency translation repeater disclosed in International Application No.

PCT/US03/16208 and commonly owned by the assignee of the present application, in



formcan result in antennas di sposed in close

proximty, thereby exasperating the isolation problem
wael@sissed above. [0008] The same issues pert aP@I/Us2007/019163

frequency translation repeaters, such as the

frequency transl ation repeater disclosed in

I nternational Application No. PCT/US03/16208 and

commonly owned by the assignhee of the present

apﬁlication, in 3 WD 2008/ 027531 PCT/ US2007/ 019163
whigh eeveive antl iransmid chanaglsrare iselatednsing afrequesey dateationsindg

a frequency detection and translation nethod, thereby
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by translating packets associated with one device at
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resulting in a jamming effect or de-sensitization of the receiver. This effectively reduces

the isolation achieved due to frequency translation and filtering.



[0009] In view of the above problens, various
enbodi nents of a repeater include an adaptive antenna
waeoenBiognssat i on for either the receivers, transPeT/U82087/019163
or both to increase the isolation and thereby provide
hi gher receiver sensitivity and transm ssi on power.
[ 0010] According to a first enbodi nent, the repeater
can include a reception antenna, first and second
transm ssi on antennas, a weighting circuit for
applying a weight to at |east one of first and second
signals on first and second transm ssi on paths coupl ed
to the first and second SUMMARYSI On ant ennas,
respectively; and a control circuit configured to
c j ' ' [ Y| it h-an.
PP UL Ve A r i shrib: GSEHANE B deda@Finclude an
: r ion path coupled to the reception .
oV e (SRl BP et Hlietiuted, oS &5 Br b saviporcase
- 00 Accarding tq . a second enbodinent, the repeater
th% k?ﬂ‘%he F"En@ glefqbb'é’tr oyde h@i&forﬁaewréé@%wwwrmmgonapower.
transm ssion antenna, and a weighting circuit for
ap19] Ageerdingitgatfirsttembmdimendsthe cepeatef cdri insludan deceptinshtenna,
signals on first and second reception paths coupled to
firstremdfseccaid teansimissionadtenBess B iwedihtial B ffor a@?@ﬁ&fd wiighd'to at
The repeater further includes a conbiner Tor
le2PoRY ¥ 8t ddSebdddSd g AN LEGPIME sk a%s:nfi‘gsfbn}atlrs coupled to the
as pplie 0

conposite signal after the weight been

t ] irst and.second, si gnals; and
firant SERdWistllssiol Sptoh, rBBEHREGOREL A SR Bireei gonfigured to
ccordance with an adaptive algorithmto thereb
cofiticl the, WETERLRE SRFUHinAEewdRrer Rl 11 fdsptivlzenBoni® thercby increase

. reception paths and a transm ssion path coupled to
isolafionthehment arerention patdbrroaplefl 00 thjre¢eption diitenna andathé Bist dnd
enbodi nent, the repeater can include first and second
seqomddransmissionppthed to first and second reception

antennas and a transmtter coupled to a 5

[0011] According to a second embodiment, the repeater can include first and second

reception antennas, a transmission antenna, and a wei ghting circuit for applying a weight
to at least one of first and second signals on first and second reception paths coupled to
the first and second reception antennas, respectively. The repeater further includes a
combiner for combining the first and second signals into a composite signal after the
weight has been applied to at least one of the first and second signals; and a controller for
controlling the weighting circuit in accordance with an adaptive algorithm to thereby
increase isolation between the first and second reception paths and a transmission path
coupled to the transmission antenna.

[0012] According to a third embodiment, the repeater can include first and second

receivers coupled to first and second reception antennas and a transmitter coupled to a
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antenna, the first and second receivers receiving on
wo pooso2mad second frequencies until an initiaPCpEsie1/019163
detection, and receiving on a sane frequency after the
initial packet detection. The repeater can further
include a directional coupler for receiving first and
second signals fromthe first and second reception
antennas, respectively, and outputting different
trap$ryiskion aotennay thenfitst anisseodnd deeeit érs séceuink s ficsnand second
signals to the first and second receivers; and a
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second receivers, the baseband processi ng nodu
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roceiyiige it phsseprd St Bolulbe et aet rechd Feseaph gemsatine
first and second receivers. The baseband processing

respeRtively, ead outphiding differential gebraio nrombimationy afghe fispendserond
quality nmetric as the particular conbination to

signelseo therfirst dnd sbéomitrecavads; 2ad artdssband bt essTiemadle céypled to
metric can include at. |east one of signal strength,
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According to a fourth enbodi'nent, The repeater cCan
' ' recei;vers,.recei vi first ..

colr Bl It b8 o RESEN SendIE Bl SEleR A ® B otithation of the
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calppigied mnilhipls Fompinations e deficmine frsbandiesandbeighis iapRply to the
via first and second transm ssion antennas; and a
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wel ghts’to ap O the first and

[0013] According to a fourth embodiment, the repeater can include first and second
receivers receiving first and second reception signals via first and second reception
antennas; first and second transmitters transmitting first and second transmission signals
via first and second transmission antennas; and a baseband processing module coupled to
the first and second receivers and to the first and second transmitters. The baseband
processing module can be configured to: calculate multiple combinations of weighted
combined reception signals and select a particular combination of the calculated multiple
combinations to determine first and second reception weights to apply to the first and
second reception signals; and determine first and second transmission weights to apply to

the first and second transmission signals.



second reception signals; and determne first and
second transm ssion weights to apply to the first and
W@ e@snelssr ansmi ssi on signals. 6 WO 2008/ 027531PCT/US2007/019163
PCT/ US2007/ 019163 [0014] The baseband processing
nodul e can be further configured to: nmeasure received
signal strength during packet reception; determ ne an
isolation metric between the first and second
receivers and the first and second transmtters based
ul$eh4] ‘Rle basebandmsacassiog imodulesiag ha ifurther ennfiguredits: ereasure
the first and second transm ssion weights and the
redeived tsignalisteepgthdliringgrapkdt ecteptiog lierintheandsul stasicetvictbdtween
successive weight settings; and adjust the first and
theRSPAMH debARPRLETLA MMM CarBUcdrMrduisiuler@ Bilod BEOH e
receptlon melg hts 1 n accordance with adapt
Qrithmt creas e i.sol.ation tri
medl®) FocdVet e BReGREE; HOEryRS LR e e il ransinipoon weights
éecond transmtters, 7 WO 2008/ 027531
they ixspand AeeonsirceptiBRIvEE IR AT With TUAECDAN FiEls settings;
[ 0015] The acconpanying figures, where |like reference
andh adjpstthe first find sdcond themimissidn weighfsiamdtthofiat dyd sicond @ception
el enents t hroughout the separate views and which

weiglgeinetordahde witle thedabptivealigdtth@lth Phdréide BR iSvlatidPmetric
i ncorporated.in and forn1part of the specification,

befiRied @hé Brst A4 deBGHd fekbiveka ﬁﬁﬁ FheMiist déﬂﬁ?e@dﬂ&%%m&s. and
to explain various principles an vantages 1In
accordance with the present invention [0016] FIG I|A
is a diagramillustrating an exenplary enclosure for a
di pol e dual patch antenna configuration.




[0017] FIG IBis a diagramillustrating an internal

view of the enclosure of 1A [0018] FIG 2 is a
wale@gnozassi | | ustrating an exenpl ary dual di pol epciyek2007/019163

patch antenna configuration. [0019] FIGs. 3A - 3B are

bl ock diagrans of a transmtter based adaptive antenna

configuration in accordance with various exenpl ary

enbodi ments. [0020] FIG 4 is a block diagramof a

recei ver based adaptive antenna configuration in

accor dance wi BRIEFDESERIRERONOY BB DRRAINGS[ 0021]

FIG 5 is a block diagramof a testing apparatus used

t f0016% The atdonipanying €igurd3pwhete 3ilta péfercAc@MiRRAIR refer to identical or
configuration. [0022] FIG 6 are graphs illustrating

fuﬁ&fbnﬁﬁ‘i’ Bink ?% eB{SQHH)% gﬁéﬁt ﬁ&dﬁ?ﬁm& arid wiich ?i%ethé:r with the

requency e antenna wt no a I on ac

. 10023 illustratin
d 0168&5?"5'1’\}8?5 Sbwiiameyhin pidGath m‘? pFthpepedcalion) -
for the antenna wi th adaptation_according to
fuft{\“éﬂﬂ 5.43 Yastous embpdimjents)and tgexpl @n&aash%pmnqn!g& sngadiantages
t he n verses frequency and phase shift verses
lnﬁﬁm&m‘?@y\'l'ﬂﬁhe preseimavention wi t h no adapt ati on accordi ng
to a second test. 8 WD 2008/027531 PCT/ US2007/ 019163
[ (6] FRB.GA B adiegrgiviflistrating 46 ek éhplagy éefos6Ri for Hﬁfp%ﬁ,sdual
frequency and phase shift verses frequency for the
pafhla0ARa Wbk gt ation according to the second test.
[0026] FIG 710 is a block diagram of an exenplary

v g?ﬁZLste'?(l(réﬁngl . Gomf Hgﬁ%ﬁg‘}% an ugernala View'o rzece%ci/\"sure of 1A.

[0018] FIG. 2 is a diagram illustrating an exemplary dual dipole dual patch antenna

configuration.

[0019] FIGs. 3A - 3B are block diagrams of a transmitter based adaptive antenna
configuration in accordance with various exemplary embodiments.

[0020] FIG. 4 is a block diagram of a receiver based adaptive antenna configuration
in accoraance with various exemplary embodiments.

[0021] FIG. 5 is a block diagram of a testing apparatus used to test a transmitter
based adaptive antenna configuration.

[0022] FIG. 6 are graphs illustrating the gain verses frequency and phase shift verses
frequency for the antenna with no adaptation according to a first test.

[0023] FIG. 7 are graphs illustrating the gain verses frequency and phase shift verses
frequency for the antenna with adaptation according to the first test.

[0024] FIG. 8 are graphs illustrating the gain verses frequency and phase shift verses

frequency for the antenna with no adaptation according to a second test.
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[0027] An adaptive antenna configuration is disclosed
w@easdzrsar i bed herein for a wrel ess conmuni cCBECT/082007/019163

node such as a repeater. The repeater can be, for

exanple, a frequency translating repeater such as

disclosed in U S. Patent No. 7,200,134 or U S. Patent

Publ i cati on No. 2006-0098592, both to Proctor et al.

a same frequency translation antenna such as the tine

d[0pR28] B9 atagtaphs (IEDtingthe ghianersds fequeney andphhsSshift verses

Pat ent Publication No. 2007-0117514 to Gai ney et al.

freqinehdy. for theah®fha Nith aﬂaﬁ@tﬁaﬂa%%oﬁdﬂlgl:fb(iﬁé Scon®les@! -+ as
wel | as Frequency Division Duplex ( FDD) repeaters

[ ngr FId8 03¢ declé%ldylﬁrg ?n oeInts aﬂ %#{ atﬂgfgcn Ak %Aﬁqul?atlon in

ecel ve ant enna tennas,

d t t Furth h
oo B S| ORE ™ nol udi ng pateh

ant ennas, di poles or other antenna types. For

exanpl e, one or two dipole antennas and two patch
antennas nmay be used in one configuration, with one
group for wireless reception and the other for
wireless transm ssion. The two patch antennas can be
di sposed in parallel relation to each other wth a
ground pl ane arranged therebetween. A portion of the
ground pl ane can extend beyond the patch antennas on
one or both sides. Crcuitry for the repeater can
further be arranged on the ground pl ane between the
pat ch antennas and thus can be configured for maxi num
noi se rejection. For exanple, to reduce generalized
coupling through the ground plane or repeater circuit
board substrate, the antennas can be driven in a

bal anced fashion such that any portion of a signa
coupling into the feed structure of another antenna
wi || be common node coupling for maxi mum cancel |l ati on.
To further inprove




i solation and increase |ink efficiency, an isolation
fence can be used between the patch 10 WD 2008/ 027531
weEQNBASAA07/ 019163 antennas and t he di pol e ane@nns®N7/019163
As anot her approach, all four antennas nmay be patch
antennas with two on each side of the board [0029] As
anot her exanpl e, a dipole dual patch antenna
configuration for a repeater in which an adaptive
antenna configuration according to various enbodi ments
can be inpl ement eMEFAEWBIMDESCRIEFIONA - 1B. The
di pol e dual patch antenna configuration along with
t (@278 peaddaptiv] £fdinaRbaSgEaiorie dédkcfdsed St desciisdIRekih For a
a conpact enclosure 100 as shown in FIG 1A The

wﬁl?#‘%ﬂ{rﬁurﬁ&tfoﬁ ﬁoﬁ@ Gl A GedddtrCatle g%etﬁtl\%g Qav\r/%t ﬁ);&é";fori ekample, a

€ naturally oriented I n one

however . jnstructjons.can.guide. r.in-h 0

RS FinsloRE FREAIES IS i s ey ghErtehtNephadihl 405U .
exenpl ary di pol e dual patch antenna configuration is

Patent Rublication &o. 20@-00&@%@, both fobiegtos eh#le asame frequency translation
preferably incorporated with a printed circuit board

antdp@Byudhoas thé imeelhdsivail daplext(TDD)aspeatens disclosedria . atent
paral |l el between two patch antennas 114 and 115 usi ng,

PublicatfnaN®] 2007-08 1 29Dbi Gaidedlet afNand $08 atdtait Noen 283 332 to Procter
can be used as noted above to inprove isolation in

+ AR WPt 1 antennas 114
© an’gaélleg are Er r 3%?3‘5’% H%ﬁbﬁgﬂ)\%ﬁﬁiﬁﬁe gr ound

p 3 and. can, be printed. on wWri oard .or the

162351 5h adipiiye Roisne RinitutioR Cadinel i Bl i, dua

portion enbedded in a plastic housing. A planar
transitiagtenges, op Botbdual reediue pugd Epnsitt antenmes. g ethee qorlaprtenna may

113 can contain a dipole antenna 111 configured, for
beenfavapibes types inoludingguiththdintenaas dipoldsioe oREBantEy types. \For

the patch antennas 114 and 115
example, one or two dipole antennas and two patch antennas may be used in one
configuration, with one group for wireless reception and the other for wireless
transmission. The two patch antennas can be disposed in parallel relation to each other
with a ground plane arranged therebetween. A portion of the ground plane can extend
beyond the patch antennas on one or both sides. Circuitry for the repeater can further be
arranged on the ground plane between the patch antennas and thus can be configured for
maximum noise rejection. For example, to reduce generalized coupling through the
ground plane or repeater circuit board substrate, the antennas can be driven in a balanced
fashion such that any portion of a signal coupling into the feed structure of another

antenna will be common mode coupling for maximum cancellation. To further improve

isolation and increase link efficiency, an isolation fence can be used between the patch

10



are vertically polarized and the di pole antenna 111 is
hori zontally polarized. [0031 ] An exenplary dua
wale@elzrssual patch antenna configuration for aPCEPERDE19163
in which an adaptive antenna configuration according
to various enbodi nents can be inplenented is shown in
FIG 2. The dual dipole dual patch antenna
configuration 200 11 WO 2008/ 027531 PCT/ US2007/ 019163
i ncludes first and second patch antennas 202, 204
antompas atdatie Bipoke REMNAOGAS anothérapproapkadlcfourirgeinas niag de patch
First and second di pol e antennas 208, 210 are di sposed

anfAn@PRAR k6 on ShALHAOf e BbARAr portion of the PCB by,
for exanple, standoffs. Simlarly to the antenna

RS bR AR SRR ol oA Y s

enbe es on

. PCB 206. [Q032] A comhi nation of non-overl appi ng

lnﬁ@h%adagtly%ﬂﬁwn BYa4on acchusling 1o, %rioys inbedifhegts can be

_utilized to achieve approximately 40 dB of isolation

implamgnégd is sbowr treFidsn §Aar®. Thealipole duplmytchrantsnna sonfigugation
dual dipol e dual patch antenna. Particularly, one of

aldripewith tierspeatdreiectrodict ban becefficieatly howssd dme cohpiovenclosire 100
swi tched patch antennas having vertical polarization

aslsRéwh QAN 182t TIRNstMickite Btha CREBSurD 200 tan M WUCR thdi @t will be
other of the of the transmtter and the receiver uses

. . . pol ari i _
o A AR A0 BB g o
the repeater is neant .to repeat i ndoo net k to
Ploct b PRl e a4 EnaL EEPH R LS Amalopa fipelafivg} patch
the antennas transmtting to the clients would need
anfesnp coRfEgvaRtion iy shawn indfliGe d Bl whette a grevnd plargyl 13 praferablyf
the dual dipole antennas, as the direction to the
inadrpenated with aptinted oiscuit p&BEA CBYfoatheakpeuteraldcienics can be
enbodi ment, two patch antennas may be used on each
al_ﬁhg&i in parallel between two patch antennas 114 and 115 using, for example,
standoffs 120. An isolation fence 112 can be used as noted above to improve isolation in
many instances.

[0030] Each of the patch antennas 114 and 115 are arranged in parallel with the
ground plane 113 and can be printed on wiring board or the like, or can be constructed of
a stamped metal portion embedded in a plastic housing. A planar portion of the PCB
associated with the ground plane 113 can contain a dipole antenna 111 configured, for
example, as an embedded trace on the PCB. Typically, the patch antennas 114 and 115
are vertically polarized and the dipole antenna 111 is horizontally polarized.

[0031] An exemplary dual dipole dual patch antenna configuration for a repeater in

which an adaptive antenna configuration according to various embodiments can be

implemented is shown in FIG. 2. The dual dipole dual patch antenna configuration 200
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of the PCB when the repeater is intended to be used
for repeating a network fromthe outside to the

wo psdz7sef a structure. Referring again to Fl @CRUS®aTNI163
of the dual dipole antennas 208 and 210 may be
replaced with additional patch antennas. In this
enbodi nent two patch antennas woul d be on each side of
the PCB, with each of the new patch antennas adjacent
to the patch antennas 202 and 204. In this case

indlsdek #irit@and ketond parh antehnQ200 2 0bsephateddyi £PEH 206 dort the S
enbodi nent, two patch antennas woul d be used for

refefef NbiAchi ) FifshandP Ric6id APbRMARNNNO282 P8 H:Scﬁ%)ofséﬂ' on opposite
ransmtting. This enbodl ment 12 WD 2008/ 027531

t
mde%% %J?l%g% 514 %cgnrlcgﬁ LCB (? e%glrni)i F@aﬁ&dﬁ& laﬁﬁ aé e bftenna

a acti S an ut si de tQ insi de repe ter and/_or

cogigmagnn U oS BokS e e shicanas TREHEhOhgued 2

the clients may be directional as the direction to the
embeddadteacesonythediCE PY6. known and linited to the

antennas facing inside the structure. [0034]

AdaB2] Arambimtiba bl avn-owtldppingCintenve gathyrnd airippposiye polarizations

transl ati on and channel selective filtering. However,

caﬁ‘ﬁe gﬁﬁ'&‘dsté ﬁ&u@@%b?roﬂlﬁﬁﬁfy 7088 b {sb R ofl befwRich 'tli%nregélﬁng and

I n- band he desired received S|gnal t her eby
r f
ﬁa@%@%m&%ge}?%ﬂngs {lllfa\?léiﬁtﬁﬁfa% %uces él}lérgygl 1 f &)16
achj eved, due to fre uen tra slation and filte
trangyoitsT angiE FGeRgT P%?SPPGO% vl e ety ar%%véléaﬁawng vertical
- adaptive antenna confi urat i on 300 which can be
pojatigatéoncior eemimunichdoriwith agiaprssepeint whilgithsother afitheof the
configuration shown in FIG 2 will be discussed. The
transmitfeg amdithie oeceB@O usasthaidipsleantenambavihg horiZ2Mal potdriaation. This
radio frequency (RF) splitter 304 such as, for

apBroadivBuldde\Pakticule B applivibiewher e refatet id MBart B repeat an indoor

network to indoor clients. In this case the antenna pattern of the antennas transmitting to
the clients would need to be generally omni-directional, requiring the use of the dual
dipole antennas, as the direction to the clients is not known.

[0033] As an alternative embodiment, two patch antennas may be used on each side
of the PCB when the repeater is intended to be used for repeating a network from the
outside to the inside of a structure. Referring again to FIG. 2, each of the dual dipole
antennas 208 and 210 may be replaced with additional patch antennas. In this
embodiment two patch antennas would be on each side of the PCB, with each of the new
patch antennas adjacent to the patch antennas 202 and 204. In this case isolation in
excess of 60 dB can be achieved. In this embodiment, two patch antennas would be used

for receiving and two patch antennas would be used for transmitting. This embodiment
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transmtter output into a first path 306 and a second
path 308. The first path 306 drives a first dipole
w@niogne3B810, while the second path 308 passesPeTiUs20g11019163
a weighting circuit 312. The output 309 of the
wei ghting circuit 312 drives a second di pol e antenna
314. Further, first and second power anplifiers 316,
318 can be respectively disposed on the first and
second pat hs 306, 308 just before the respective,
watilhbe parsigelerly applicablede sitwatioas Wheredhe sepeater isplased in a window
anplifier could be disposed before the splitter 304,
anl aveingeds dolfioatsideaofingids”atpeater and/ot eal vérsa.l Insthisakse the antennas
transm ssion power and efficiency due to loss in the

tra‘ﬁ@rhﬁmg fOGhE Chi&id I'na§ bé dll‘%&%ﬁﬂ as the diedtRkd ik dHehfs4s %enerally

S generally nmodi fying the weight (gain an

B Bl B B SRR AR 00 17
2008/ 027531 PCT/ US2007/.019163 306 The wei ghti
clQ034] Additisnalisplation ¢rade achieveddayfpeuengy Bﬁ@ﬂ?@%ﬂd&b@mel

320 and a variable attenuator 322. A control circuit
selsdvechilitqringd Howavier, asdisghsedaboviey intarim@iidationatigontionesn fall in-
and sets the appropriate weight values for the

ban® kDihkidesirdd re€divdd sidndl, &by FQMting in & jantiink BR6t GraR-
include a Digital to Anal og Converter (D/A) 326 for

se?s%ia'tlaﬂ of Bt redV N irnYal LRy Ped%cﬁg rrtlﬁé %E?%%ﬁ%éfﬁﬁvéizcﬁﬁ eto

executlng an a aptlve a gorlt term ne
The adaptive al gorithm executed

ht. va
fre[we “%SfcaFS‘bP%‘{cg@ "328 can use netrics such as a
on transmtted 23 t he repeater ur.i ng nornma
ﬁ&%él Retersing toddGe B A trapsrpiffer baged gdaptiye ppfeana confjguration 300
exanple, for a frequency translating repeater
wligle et bmyﬂm@tmd for the deal cjpadtrdiwad phtsh atigana ewdigumatiofsbewn in
shown) can neasure received signal strength on one
FIG. 2 will be discussed. The configuration 300 includes a transmitter 302 and a radio
frequency (RF) splitter 304 such as, for example, a Wilkinson divider, for splitting the
transmitter output into a first path 306 and a second path 308. The first path 306 drives a
first dipole antenna 310, while the second path 308 passes through a weighting circuit
312. The output 309 of the weighting circuit 312 drives a second dipole antenna 314.
Further, first and second power amplifiers 316, 318 can be respectively disposed on the
first and second paths 306, 308 just before the respective dipole antennas. Alternatively,
only one power amplifier could be disposed before the splitter 304; however this
configuration may lead to loss of transmission power and efficiency due to loss in the
weighting circuit 312.

[0036] The weighting circuit 312 is generally for modifying the weight (gain and

phase) of the signal on the second path 308 in comparison to the signal on the first path
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channel while the two transmitting antennas can

transmt a self generated signal such as the beacon.
wah®ssergerl nust be self-generated so that thePCEPSEDECI163

signal can be distinguishable fromthe transmtted

signal |eaking back into the sanme receiver. The

amount of initial transmtter to receiver isolation

can be determ ned during self generated transm ssions

(as opposed to repeating periods). The weights can be
306d] Ths tvexdglitmipwirenit 3 2 baeipokude, for exesmple,ai phase stdfterd 20rand a

nunmber of known m nim zation adaptive algorithns such

vaRabRRERuAMRSIDONTA chtirob LRSI I4cRupRias R Wei gngfgggeyimuit 312

al gorithms such as the LMS algorithm to t

11 11 [ Ltrer nd .
oottt 36 SO Bl DB Ao\l RN BB By 12 The
trapnsmtter to.receiver.isolation, Oher conventional
copfralircpg ﬁélcé’é }qchgiﬁba Ia{g;tglﬁom ogag?ql@gterg@/éa 326 for setting the
paraneters (referred to herein as weights) and
weiizhf values and p sajcioprasgsseed28 for eaecuting an bdapiye dlgorithmo ko determine
exanple, the nmetric to be mnimzed is the received
thpowtyht daluesdg the transm ssion of a beacon signal. 14
WD 2008/ 027531 PCT/ US2007/ 019163 [ 0038]

ALAB7NThe ¥@dplive BB ritHAR BReBuldddy tH@%ﬁ&oﬁzg)@&tsbxv PR thetrics

configuration 300 can be i npl énent ed the dipole

s D A B o b i e

ennas rather t

C be coupled to the power anplifjers, and the
wigRtafaliss.. B BmRe doi atieqtsney ChslABedRsafes opeming on two

wei ghting circuit would be simlar to as shown in
frequencyzhanpels 3loq rereivenr (nphghown) FanGnedBre mgceivechsignal sstrength on one

based adaptive antenna configuration 301 which can be
chianmud] evisile ttkeeitvi thdrismitting hewteasayn traassk atselfigeneegtediighal such as

capable of transmitting and receiving on two

thélbédcBh eThe SipRAYRINE bE SelMpblerfted &Y RS ¥ rélieafedSiRd cdn'be

such a freqguency
distinguishable from the transmitted signal leaking back into the same receiver. The
amount of initial transmitter to receiver isolation can be determined during self generated
transmissions (as opposed to repeating periods). The weights can be adjusted between
subsequent transmissions using any number of known minimization adaptive algorithms
such as steep descent, or statistical gradient based algorithms such as the LMS algorithm
to thereby minimize coupling between the transmitters and receiver (increase isolation)
based upon the initial transmitter to receiver isolation. Other conventional adaptive
algorithms which will adjust given parameters (referred to herein as weights) and

minimize a resulting metric can also be used. In this example, the metric to be minimized

is the received power during the transmission of a beacon signal.
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transl ating repeater, different weights nust be used
for the weighting structure depending on which of the

wo w80 EguUenci es i s being used for transm ssi oPCT/US2007/019163
Accordingly, the configuration 301 includes first and
second D/ A converters 326A, 326B for applying first
and second wei ghts. The control circuit 325
(m croprocessor 328) can determ ne which weight to
apply prior to the operation by the D/A converters
3633} AREmatiMly ghetrefisemitttd hasedundaptiat egenmnal donfilgevation 38® can be
coupled to the weighting circuit 312 can swtch each

mgferﬁéﬂ?edqa B @polé AubBgHech S8R SHowih MY ANtH& 8 thé fiﬂ?patch
dependi ng on which of the two frequencies are being

rans O
oSS Bt oo inblE oishiditab Be bpiadty AohBER! dbliss. and
npl.enment dlnthe anten 0 urati.on for,
the EEEEFiaran B GRHPIPR (e Bnels dingl. i febling cidic Fad be similar o
configuration 400 includes first and second patch
asghowmel432A. 404 and a directional coupler 410 for
conbi ning the signals A, B on paths 406, 408 from the
f [0039] ReférnsgeorfiGpaBeh tramsndnerdmseéDadaptVe artendahw@infifurativn 301
and second receivers 416, 418 coupled to the

witle 861 ORMeRQie] @fthﬁ]aoﬁéq%‘éﬁéx\’@alﬁla@hgfrgﬂeﬁ&} AR U smitting

conmbi nation of the signals In"this enbodi men

e e S ST e b%?ﬂﬁﬁﬁé#%a&%u?%aﬁ%uﬁncy
rts A, B f recel\ur the si s, A, B, fromthe
tranSIpiRe FoRepteR 3&#@%@5@%@ mpichpsEd Ry ghe WEHEhiRG Sigpire depending
out put ports C, D for outputting different algebraic
oncwhish afith dwe fishuerneéesds briag ysed, foﬂrmnpmms Hacprdingly, the
the first and second receivers' 416, 418. The outputs
configiratiorf 30 sinchudes Srst ambsecemdtDide canvetibrs 3264, 326B €mappbihg first
to a baseband processing nodule 420 for conbining the

and is6dbmll Sweli ghtP eThOEIRHR] BRAI $28 (HifdpRREdsdt 378) chfil determine which

weight to apply prior to the operation by the D/A converters 326A, 326B. More
preferably, an analog multiplexer 329 coupled to the weighting circuit 312 can switch
each of the control voltages between two weight settings depending on which of the two
frequencies are being transmitted.

[0040] Referring to FIG. 4, a receiver based adaptive antenna configuration 400
which can be implemented in the antenna configuration for a repeater shown in FIG. 2
will be discussed. The configuration 400 includes first and second patch antennas 402,
404 and a directional coupler 410 for combining the signals A, B on paths 406, 408 from
the first and second patch antennas 402, 404 so that first and second receivers 416, 418
coupled to the directional coupler 410 receive a different algebraic combination of the

signals A, B. In this embodiment, the directional coupler 410 is a 90° hybrid coupler
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di gital baseband. It is inportant that the conbination
output to the first and second receivers 416, 418 be
W e0g0z733nt herwi se, both receivers 416, 418 w PET/US2007/019163
recei ve the sanme conbined signal, and after
detection, would not gain any benefit from an
al gebraic conbination of the two signhals to gain a
third unique antenna pattern. This uni gqueness is
ensured by the use of directional antennas (402, and
indOdihg awd irfpne portsip) BrioditOeivihigithe sigmgls AaBHrdmashe fivst and second
advantage of permtting the first receiver 416 to be

patdhn@itbnhs A€ 404 bRAHANGIpHOR ¢, TefoR bRgfuttipCRifiRht Agébraic
is tuned to another frequency, yet a signal from

hther . di ' R i . \

coBEHAFGRE0 LRSS A1 B bABERL AT SR g 416,
frequency the signal ,is operatin n ut i ndependent

4151 ‘T oo the Bl P A<coRY oA DuH L e G s peband
has the further advantage, as nentioned above, that o

processing meidgled20 foscatabisingdhe sgnanto performen baam forming operation in
frequencies the other receiver may be retuned to the

digiedl daseddnd. r R diidipoytantihhtsthe pirabimatioradutputo ftigy fiishand second
al gebrai c conbi nation of signals A (406) and B (408)

re&ﬁvéi@ 41649% @’e%({uﬁﬂg}x&i\/\g@ bethGeéedvesd 4 P84 1RwhiH 1ébeivRBEsame
t e bo

e receivers a th tuned to the same frequency

fal.l ow.ng, si gnal ion. 47 iq] )
copfhin Y AR PR By fln oy P RERL i
co%q i zlltg%_otfgget %M@%&%@@Sﬁ%ﬁe%{%g g%tfeegg.a%m(s%%l%ueness is
operation prior to the detection and repeating of a .
ensaiel &y the vre afidirgetionatianternas (02 ard4QAaad shegcouptpg 410.  This

operate on first and second frequencies to detect the
appresh haethe havayg2QFPpeiRittus thP@rst W26y ADG SiliBtuned to one
signal transmtted on one of the two frequencies.

ALy Sl A B LRI, g o
eifh%p of tﬂ! §w8 ﬁﬁe&ﬁ)nal antennas will be received by one of tﬁe receivers depending
on which frequency the signal is operating on, but independent of the signal’s direction of
arrival. This approach has the further advantage, as mentioned above, that once a signal
is detected on one of the two frequencies the other receiver may be retuned to the
detected frequency. This approach allows for the algebraic combination of signals A
(406) and B (408) to be recovered from signals C (412) and D (414) once the receivers
are both tuned to the same frequency following signal detection.

[0041] The repeater will also include first and second transmitters (not shown)
coupled to the first and second dipole antennas (See FIG. 2). As mentioned above,

during repeater operation prior to the detection and repeating of a packet, the first and

second receivers 416, 418 operate on first and second frequencies to detect the presence
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tuned to the sane frequency. Here, the signals A B
fromthe first and second patch antennas 402, 404 are
w@ooosioersall i n t he directional coupler 410. [0042dT/Tkm®07/019163
operation of the adaptive antenna configuration 400
will be discussed by way of an exanple in which port
A of the 90 hybrid coupler produces a -90 phase shift
to port C and a -180 phase shift to port D, and port B
conversely produces a "90 phase shift to port D, and

of Agnal &@ndihitee os loht bf the two fiteqGencidsu A frendetectngmsizsal packst for
are driven into the two ports A and B, the outputs

exddifie ﬁom%eélsp%%r BUtR of AEH 813k QB rbdtpyery1 6, APYItan be

si‘ghal s. Because these two outputs are uni que, they

can pe recanbi ned recover . apy ' j
tunh o 2 396 PR a . TG SR AN TR 5ECquh e
processinqg4I nodul e 420. As sho in_Fi 4, the signha
antepnas 40RcA04 are combingd irethe dirgetigre 9011.91%&439- -90 + B at
"180, and the signal into the second receiver 418
([B82)] Ehefopmratioh@f the ddaptive' @fenna Thafipastitrat@) willbeedistugspd by
nodul e 420 can perform a reconbi nati on of the signals

wag @€ ah Sk4tfple @n whivh poxeARF the %0P @ybad bouplerPrbdies # B0° phase shift
2. Thus, the reconbined signals beconmes A at +180 +

to &a@b z;ngglf‘g%(f‘i ;81’3 ¢ i to"';\a/&t Bt aidPort B@n{érs@y pyoddBes?d 90° phase

y recovering the antenna pattern of
Signal, B, [.0043], This.confi at .
st 3pr 17 prtgc SR mreS R R GHE™ T R o B e et ino
omi -directional pattern when ttjﬁr;rgd. to di.ffer el}th .
thertopestse) aad Buthieqytnuticare a SpiguE pHEsORiLmipatiopet the two mput
repeater. Then, after they are retuned to the sane
sighelsq Benause tiase hombwigutd ereertiquss theyisan b gergrmbineghfo jreover any
conbi ned to performa beam form ng operation in
cofbiiiatiah oPaReiithl sifdalV\A, BAR&LY 2istite BCHeU3DaEd plRishg
module 420. As shown in Fig. 4, the signal into the first receiver 416 (Rx1) = A at "90° +
B at "180°, and the signal into the second receiver 418 (Rx2) = A at "180° + B at "90°.
The baseband processing module 420 can perform a recombination of the signals
according to, for example, the formula Rx1 at *90° + Rx2. Thus, the recombined signals
becomes A at *180° + B at 90° + A at "180° + B at "90°, and finally 2B at "90°,
effectively recovering the antenna pattern of signal B.
[0043] This configuration 400 allows for the first and second receivers 416, 418 to
have an almost omni-directional pattern when tuned to different frequencies during the
detection phase of the repeater. Then, after they are retuned to the same frequency

following detection, the signals may be combined to perform a beam forming operation

in digital baseband.
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[0044] In this manner, the first and second receivers
416, 418 can then have wei ghts applied and perform a

WO ew8lyrsBel ant enna adapt ation. The applicati on BET/UR®07/019163
wei ghts would preferably be applied digitally at the
baseband processi ng nodul e 420, but could al so be
applied in analog in receivers 416 and 418. \Wen the
adaptation is preferable inplenmented as a digital
wei ghting in baseband, the decision of the weighting
Fe044) dn tids hiagedithle firstaind sbantd mece vees 4 b 48 tan thed havr weights
wei ghed conbi ned signals in nmultiple conbinations

appZiieg‘é%l& M%@ceﬁ@garﬁ&hﬁ%%ﬂgﬁéﬁl egtk@@pli@am dfaké WBighfs would

Inations. This may be inplenented as a

a ouri.er, Lr.ansfor a butl er ' f
preff iy 56 Bomp e et bR bl oRlee AL o 430 8 bolfl also be
produci ng a set of conbjned ututs, and selecti
appligd in praleg inreefiy B hg 20h el Sulvher Q*.e aﬁﬁgtaﬁ%‘égstpfef%?l&pege
based on signal strength, signal to noise ratio
imflenRyted det digitehweighting m sthand ha deeigionef theaveighting may be
Al'ternatively, the calculation of the "beam forned" or
achi®ieg b talaniing €k ‘Gegmaformedy doaveigledfoombsinkd signals in multiple
sequentially. Further, the conbination may be
wlﬂﬁ'hfiﬁ%r{'é‘%ﬂnhl n%BNsl%‘,%ﬁ'%l‘e&ﬂlg thadbbfTofBiafloR 0t Bitage,
i zation) such t

equa | 0 hat _the best conbi nati on of the

sjgnal s ] m : ;
co AR el ST bt s L AR R s
setifg dioggsia WEBHORESe AL ATE T NANE o poarahg A geprLonb iR

different weight on one leg of the transmtters. In
outphtssanshestecting thet ‘tbgstS fiom amengiiheloutiats: obhee betd magd beged on
one of the two printed dipole antennas. This w ||

sigahll srengthy signdl v hoiee rapier(SNR)pdetay dpecudf ot othgr quakipt metgic.
the antennas to increase the receiver to transmtter
Aligﬁfé!ti%l'y%e faicuRBYR BEtHBbark F¥ycde @r RitidhBe cafibizied signal may be
esign-alone. [0046] Referring to Fig. 10, a bl ock

pe%r%%das@hggnﬁgﬁ‘ﬁt B&lin B IRRLh¥EinAA5F BT be performed in any weighting

ratios (gain and phase, equalization) such that the best combination of the signals A, B
from the first and second patches antennas 402, 404 is used.

[0045] When the repeater uses two receivers and two transmitters, a weight can be
applied on one leg of the receivers and a different weight on one leg of the transmitters.
In this case, the transmitters will be connected each to one of the two printed dipole
antennas. This will allow for a further performance benefit by adapting the antennas to
increase the receiver to transmitter isolation far beyond that provided by the antenna
design alone.

[0046] Referring to Fig. 10, a block diagram of another adaptive antenna

configuration 1000 will be discussed. In this configuration 1000, weights can be applied
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configuration 1000 will be discussed. In this
configuration 1000, weights can be applied 18 WD
wQe®8NBEIH31 PCT/ US2007/ 019163 to both the rer€l/us2007/019163
and transmtter paths to achieve higher isolation. The
configuration 1000 can be enployed in, for exanple,
the antenna configuration 200 shown in FIG 2. The
configuration 1000 includes first and second reception
antennas 1002, 1004 which are respectively coupled to
to Bdth Hie rebdivéaa@ dnsmittenpathetoachievé himher isblhar). ThOSnfiguration
1008 for anplifying the received signals. The first

106 oS0 YeAG A Plok Bkaniplk ARE Afterdibn fikBAfiof 200 shtfvn in®IG. 2.
exanpl e, "patch antennas. The out puts of the LNAs 1006,

L (U T

shown in FIG 4. The hybrid coupler 0 is:

arereSTi Y MRS ot FEERd v s Amplit AN A e e for
coupl ed to the baseband processing nodule 1014. A

ami@nsgrthemeimzsﬁgnalmmrfgmd seenndiseception enaprasd P2, 1004 can
is coupled to the outputs of the baseband processing

be, 131 bxandpl8, Jafchlimbrinbe ' THOABputS of the LN 1G06, 1068 arardupled to a
second transm ssi on antennas 1022, 1024 via first and

hytgrgg gﬁgﬂ&oﬁﬁ b, Whieh chd 6 éorfgl#]igbsd Sézlgggt‘ly tbhfie hibred c@djﬁl’%r 410 shown

transm ssi on ant 2,7 1024 tan be, or

. I i.pol e ant s. [0 T .

in flGcbs 4pn By b G BRr 00RO R somBid L0 B PABRaRGgiyers 10124,
COMBI NE CHANNELS) for conbining the, gh l's from

10038 Which RriosDIEg 12 o baggband PEpoar e Boduie 1D 1 r A £DGHSE 1016,
filtering the signal, and an adjustable gain control )

whidiG@n 888 tiwor conzbinents; in goutied toi thnantputsiod thethpseband processing
baseband processing nodul e 1014 al so includes a signal

10081 eXHei teansBittee 1016 kQ3Aplkdto fist ewt senondirgmsalissi@yaitennas 1022,
AGC nmetric 1034 for determning paranmeters for gain

1o§ﬁivnkasa§e§§£1{d set@(ﬁgi FowBShlifieRN018] 10200 T8 st ah@36cond The

Sig rom

transmission antennas 1022, 1024 can be, for example, dipole antennas.

[0047] The baseband processing module 1014 includes a combiner 102‘6 (COMBINE
CHANNELS) for combining the channels from the receivers 10124, 1012B, a digital
filter 1028 for filtering the signal, and an adjustable gain control (AGC) 1030 for
adjusting the signal gain. The baseband processing module 1014 also includes a signal
detection circuit 1032 for detecting signal level, an AGC metric 1034 for determining
parameters for gain adjustment, and a master control processor 1036. The signal from the
AGC 1030 is output to weight elements 1040, 1042 and a demodulater/modulater
(DEMODULATE PROCESS MODULATE) 1038 for performed any needed signal
modulation or demodulation. The weight elements 1040, 1042 can be analog elements

similar to the weight circuit 312 or digital elements. The weight elements 1040, 1042 are
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AGC 1030 is output to weight elements 1040, 1042 and a

denodul at er/ nodul ater ( DEMODULATE PROCESS MODULATE)
wae®8/02m81 per f or med any needed signal nodul at PONUS2007/019163

denodul ati on. The wei ght el enments 1040, 1042 can be

anal og elenments simlar to the weight circuit 312 or

digital elenents. The wei ght el enents 1040, 1042 are

19 WO 2008/ 027531 PCT/ US2007/ 019163 coupled to

upconversion circuits 1044, 1046, the outputs of which
coupled tougsiosuersion chreuitst k0 H46; the obeigs of Wil hrelagupled to the

conparison to the configuration shown in FIGs. 3A -
trag@Smittepeorgnf i gurati on 1000 can apply weights to both

of the transmtter paths digitally by the baseband

i : is | a .
%@gﬁfﬁi &ﬂnc[?a?%é? ’{J @% g&ﬁl}g&?ﬁfbn@ﬂb% i FRGAg 43y t%é;ﬁodlﬁ guration

I ng ernatively, the base

ocessing 1014 can o appl.y weight.s. di.qgit.al 0
- 1080 BEPETY Yeieionth Sl rBBtal SR Bt B plchdn
weights to the transmtter paths. In this case, the
progesying 1014, sxtherthan oplp in auplog byhepreightingsircuit b nflematively,
The processor 1036 can be programred to performthe
thablzspbandepradegsing 64 Eamrordyl ppply weighthdigitsllyotiotthe el veropaths,
cal cul ate the beam forned as discussed above. [0049]
wihik diRithlogtiduie applicdrwei e oM tlagSmiter pABNT Intthie casy, indeight
to achieve isolation can be based upon measuring

SRS, PG ] ok 55l 1056 gt

e . | i
e SRR LabTy Ao 8RN RE Fiihetat SRNDR AR Byl tnl Beam
o re eatd'.ng oaehati on is not being performed, and no
founc( pg digclissedialgVe ecei ved, but the transmitter is
sending a self generated transm ssion. This allows
f £1048] Ais msntioneshennkiernthnmedfics thadaptahesantennarto achieve isolation can
recei ver
be based upon measuring transmitted signals in the receivers (e.g., signal detection 1032)

during time periods where the repeater is self generating a transmission, with no
reception. In other words, the physical layer repeating operation is not being performed,
and no signal is being received, but the transmitter is sending a self generated
transmission. This allows for a direct measurement of the transmitter to receiver
isolation, and an adaptation of the weights to maximize isolation.

[0050] The inventors performed several tests demonstrating the higher isolation
achieved by the adaptive antenna configuration of the various exemplary embodiments.
FIG. 5 is a block diagram of a testing apparatus used to test the adaptive antenna
configuration. A network analyzer 502 was used to obtain performance data of a dipole
patch array 504 similar to the one shown in FIG. 1B. Particularly, an output of the

network analyzer 502 is coupled to a splitter 506. A first output of the splitter 506 is
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i sol ation, and an adaptation of the weights to
maxi m ze isolation. [0050] The inventors perforned
W@ ewenzls3t est s denonstrating the higher i sol atPONUS2007/019163
achi eved by the adaptive antenna configuration of the
various exenplary enbodinents. FIG 5 is a block
di agram of a testing apparatus used to test the
adaptive antenna configuration. A network anal yzer
2 s. used to.obtain perfor ce.d of a.djpale .
oo 'S R eltbiCraraied $FR Pl it ROGand virisbld Phass shifier
Particularly, an output of the network analyzer 502
510 soprsetRddasitheran serigst {lhe ofis output ofithe splittep 506 i coupled to a
splitter 506 is 20 WD 2008/ 027531 PCT/ US2007/ 019163
deby iR edd 2@ ¢B adnyhtor 6il 4,0vkiith compasad f6rf detayvaaidi sidtabloss
gain 508 and vari abl e phase shifter 510 connected

exfgél%b&!?bn tHe f8 PaBPand feSulPinRlanetd géfgs. Offg%tlgtlptﬁ%f th{: Glriable

06 is coupled to a delay 512 an 9 enuat or
- A el apd Si I 1o
phad it 10 AOEPERSRpitch Buchih inGRP R a0 P4 ghe veput
at The output of the variable _phase shifter 510
of ¢ %satée“fl?tf’g {lg}seétac%?C%'fﬂe DAt cliangmna g the "SB‘Plé Paigh @Fray s OhyA
1284, and the output of the 9dB attenuator drives a
dingle gennanidhe dinplsmatcharray 1584 deosbies theaontbined teansmissions and is
di pol e antenna of the dipole patch array 504 receives

coupled tootiab iinpaiti of themstwarkianaslgzera0zl i s coupled to the
i nput of the network analyzer 502. [0051] Referring to

0051] Referring tb/FRGB2S h7 | RS pathiss KR 4
(Fﬂmar k]erel) ngand at 2.40 Cﬁ% (nﬁrkgfdgﬁjﬁqfe%?t%ﬁ@%aékﬂ D

b SR S e SRR AN BB S8} by Fieingpirnt o
R AN AR R A
array . 504. The results denonstrated that adjusting
locatin withdew siemalyntiering ehienj physivadly asarthp antennd array 504. The
l‘eS(I:llotQ fign%nstrated that adjusting the phase and gain settfng achieves substantial control
of the isolation at specific frequencies. Particularly, marker 1 in FIG. 6 shows 45 dB of
S21 path loss when no adaptation is applied, while marker 1 in FIG. 7 showed “71 dB of
path loss after tuning of variable phase and gain. The result is an additional 26 dB
isolation benefit. Marker 2 in FIG. 6 shows 47 dB of S21 path loss when no adaptation
is applied, while marker 2 in FIG. 7 shows "57 dB of path loss after tuning of variable
phase and gain. The result is an additional 10 dB isolation benefit. Further, although
these two markers are roughly 40 MHz apart in frequency, they may be made broadband
by using an equalizer. If the desired signal is only 2 to 4 MHz of bandwidth, no

equalization would be required in this case to achieve in excess of 25 dB of increased

isolation.
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of the isolation at specific frequencies.

Particularly, marker 1 in FIG 6 shows "45 dB of S21
WE2108/02 335 when no adaptation is applied, whilRBCTEH§}T/019163

1in FIG 7 showed "71 dB of path |oss after tuning

of variable phase and gain. The result is an

additional 26 dB isolation benefit. Marker 2 in FIG

6 shows "47 dB of S21 path | oss when no adaptation is

applied, while marker 2 in FIG 7 shows -57 dB of path

I[GIOBSQI] Klef@ring toFIGs. 8F ydwipath less wircapairamensyeddrat 2. Bi6eGHz
result is an additional 10 dB isolation benefit.

(markrt 12%5«1 a@i.%di‘ mA R85 frWForBE Gfole FHich Areayokithout the

art | requency, they may be nade broadband by

usj.ng .an.equalizer . |f ' [ [ . N
e B bt oS RPULSR et
in this case tp achieve.i.n excess of 25 d f .
(adppiatiemaee a meig! Blafeowhich is lﬂﬁnéﬁfg%’/ aﬁg%%%?&g"aEf scatterer and provide a

PCT/ US2007/ 019163 [0052] Referring to FIGs, 8 - 9,
WOIf)h easp gpbrtatlrzbs %WBWE mggneﬂgctmns pedyeingithe palgtige penefit
and a . mar ker 2) first for the dipole
whibgtw‘({hlc:ibé a%hicw'eg hz](ca'tHout Jiht&pgwe h}lgﬁrbdtdhgs.cThmismlts(me again
adaptation) and for the dipole patch array with the
de%sgﬁfeh iht %Hﬁlgﬂi%%thtcs %ﬁ%ﬁ@aﬁf@ettﬁ%chﬁv%@ktaﬁdieﬂ&:@ntrol of the

h i's 1ntend act as a signal scatterer and
. .0vi de a r S j ' i -
lso%{lga af B Rilnde 2aARENEN, AR} BRTRREICE how 42 dB and
i ich woul d be achi eved w t hout ad | ve approgch
4TS pES2) Pt Iiie avheg o qRiepOh S Pl Mt DaPg 408 RIC-
the phase and gain setting achieves substantial
shaveadt 6D HBahd {HelB pEpathidssaftet tunivaeif vadatie phasedad gain. The result
Particularly, markers 1 and 2 in FIG 8 show "42 dB
is aadditiohal B diBisolatiod bepefittat L3S GRheam $dB astdgticentenefit at 2.40
applied. Markers 1 and 2 in FIG 9 showed -55 dB and
GHZ FuflBerOid sl 1s8RSioR b Sprbxifiabdy 26 dBas hetiéved beasenahstwo

gain. The result

markers.

[0053] Note that the course and limited nature of the phase and gain adjustments limit
the cancellation. Significantly more cancellation is expected to be achieved with
components designed for greater precision and a higher range. Further, the use ofa
microprocessor in performing the adaptation allows for a more optimal cancellation.
Finally, using an independently adjustable frequency dependent gain and phase
adjustment (equalizer) would allow for cancellation of a broader band width.

[0054] In accordance with some embodiments, multiple antenna modules can be
constructed within the same repeater or device, such as multiple directional antennas or
antenna pairs as described above and multiple omni or quasi-omni-directional antennas

for use, for example, in a multiple—input-multiple;output (MIMO) environment or system.
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Is an additional 13 dB isolation benefit at 2.36 Gz

and 9 dB isolation benefit at 2.40 GHz. Further,
w@owsnemserl i sol ation of approxi mately 20 dB i BCT/US2007/019163

achi eved between the two markers. [0053] Note that

the course and Iimted nature of the phase and gain

adjustnments Iimt the cancellation. Significantly

nore cancellation is expected to be achieved with

conmponents designed for greater precision and a higher
ThesSHER antdnh Fhnigubemus be afedafor multi-Gpqueney sepeaters such as FDD

perform ng the adaptation allows for a nore opti nal

| i 4 ' lafdl ep apiignislpyesent on another

b e o e e

adj ustment (equalizer) would allow for cancell ation of
freqgef¥oader band width. [0054] In accordance with some

enbodi ments, multiple antenna nodul can .
EODRS1 histbsplamheas TEcd So P RE JOSH B TRt} g Yool
as multiple directional antennas or antenna pairs as
embiddimentdrchcatmdanceawith thel inyqution sathér than to limit the true, intended, and
quasi -omi -di rectional antennas for use, for exanple,
fairisBoge 4 spirR tigerbd D Uthe ke ding deseription is(dok Mnded¥o boextaustive
or system 22 WO 2008/027531 PCT/ US2007/019163 These
or t3 "fiﬁﬁt t‘ﬂ? Ldod RFRE E»Pééfs% oMY did8loskde Mbdifications or variations are
murti -

requency repeaters such as FDD based systens

re.a, downlink i.s on on r cy ' kS

pospp BN r st ey he S EONAREE O gl i pdibed o

is intended to. ex in.how to.fashion and .use varJ Q .
protide a7 AREAIGSFHR SRCRTERP 5 TS e ARCAL, P PR AL bRcation,

than to limt the true, intended, and fair scope and
andstpienatile phepfertinannskill it b rite uibzcibe jryegHon i yasous

i ntended to be exhaustive or to limt the invention
emb@lilnBets ph¢ viithevationsmodifichtiasds avoulited tathe pagicylar use

variations are

contemplated. All such modifications and variations are within the scope of the

invention. The various circuits described above can be implemented in discrete circuits
or integrated circuits, as desired by implementation. Further, portions of the invention
may be implemented in software or the like as will be appreciated by one of skill in the

art and can be embodied as methods associated with the content described herein.
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possible in light of the above teachings. The
enbodi nent (s) was chosen and described to provide the
whe®s/o21sBust rati on of the principles of the i nRENUS®NT/019163
and its practical application, and to enable one of
ordinary skill in the art to utilize the invention in
vari ous enbodinents and with various nodifications as
are suited to the particular use contenplated. Al
such nodifications and variations are within the scope
of the invention. The vaGledBM§ircuits described
above can be inplenented in discrete circuits or
Whattieglaahetiisci rcuits, as desired by inplenentation
Further, portions of the invention may be inplenented

i n spfA wpegefor b REreldsk GommutidatioPfet MBI, Bi& @b@ﬂerhﬁcleaiﬁg a
of skill in the art and can be enbodi ed as met hods

B e e T e

is: 1. repeater, for wireles rmunl caLlon
net bR IS TRaTdat BTG R QG ot 1P 8P P birhicktsand signas
and first and second transm ssion antennas, the
ory fgnsbandesecenshiprniseiissipn pathsedoybled taytheifireting seeond draphiyissign
a weight to at |east one of first and second signals
anbamnhs, respectnelys eadnd transm ssi on paths coupled to the
first and second transm ssion antennas, respectively;

and @cdn@bt EitduitCdonfipiided €@ 8ty E}%dvélghtﬁ@'ﬂlfcﬁlt if Bcordance with an
wei ghting circuit 1n accordance with an adaptive

tgx%r dl%&mlfn%rt %lﬁh?ﬁcﬂgg%‘er ?(?at?od l?é?\lvé’ér{ PRLORI }P@ﬁﬂl bu pled to the

ceptTon path c reception an

re?ﬁ@%gaeaﬁ%t Fa tﬁ?ﬁ?”d rEPRE AR oAl ng e

i ncl udes a varlable phase

2. The repeater of claim 1, wherein the weighting circuit includes a variable phase

shifter for adjusting a phase of the at least one of the first and second signals.

3. The repeater of claim 1, further comprising:

a transmitter for transmitting a self-generated signal on the first and second
transmission paths; and

a receiver for measuring a received signal strength during packet reception,

wherein the control circuit is further configured to determine an initial isolation
metric between the reception path and the first and second transmission paths based upon
at least the measured received signal strength, and to control the weighting circuit to
adjust the weight in accordance with the adaptive algorithm, wherein the adaptive

algorithm includes minimizing the received signal strength of the self-generated signal.
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shifter for adjusting a phase of the at | east one of
the first and second signals. 3. The repeater of claim
wdaooBetsker conprising: a transmtter for tranBei/Us1007019163
a self-generated signal on the first and second
transm ssion paths; and a receiver for measuring a
recei ved signal strength during packet reception,
wherein the control circuit is further configured to
determine an initial isolation netric between the
"reception path and the first and second transm ssion
pat hs based upon at |east the neasured received
si graThetrépeagt bf claind 11 whereinthotontldtlembtigitd Ndighthlrts dhilog
to adjust the weight in accordance with the adaptive

coftV &R @f&r_hs‘atin\g}géi htafufas o PARRYd: Ciré‘dlig,ocﬁl.ﬁ %2&#6&@&&9&? for

m ni m zing t ecel ved signal strengt

coBf RS0 B Tda BOGeomets e bRl BF “Bbbivn pleori o

the controller includes a digital to anal og converter

for setting weight values of the weight circuit, and a

m croprocessor for controlling the digital to anal og

convemhe refisateedf ¢lpion 1 { Wiereid dipt repeater ig @rfreghencySrandlaing repeater

repeater of claim1l1, wherein the repeater is a
capatde|ofmansniitiagshdtdcelyingfetiseind apmbirequehcies, wherein the

transmtting and receiving on first and second

repdafl Yieicdr %@mp%’i’ig%r &l £ha'i<;EmuH§R§‘(@1t &fuﬁféd% tﬁ%w&%gﬂg% cifenit to

an anal og nu exer coupled to the weighti rcuit

A Ltch.the hahting. circuit het n first and. .

i RV HER e e RS R B g on which
ff irst and secopd frequencjes is being transmtted. 6.

0 sk gendofrequencips i beypgdrapsmitiede repeater is a

frequency transl ating repeater capable of

transmtting and receiving on first and second

frequencies, wherein the

6. The repeater of claim 1, wherein the repeater is a frequency translating repeater

capable of transmitting and receiving on first and second frequencies, wherein the
controller switches the weighting circuit between first and second weight settings

depending on which of the first and second frequencies is being transmitted.
7. The repeater of claim 1, wherein the repeater is a Time Division Duplex
repeater and the wireless communication network is one of a Wireless-Fidelity (Wi-Fi),

and Worldwide Interoperability for Microwave Access (Wi-max) network.

8. The repeater of claim 1, wherein the repeater is a Frequency Division Duplex

repeater and the wireless communication network is one of a cellular, Global System for
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controller switches the weighting circuit between

first and second weight settings depending on which
w@booskz7ssi r st and second frequencies is being PCT/US2007/019163

transmtted. 7. The repeater of claim1, wherein the

repeater is a Tinme D vision Duplex repeater and the

wi rel ess communi cation network is one of a

Wreless-Fidelity (W-Fi), and W)rldvvide

Interoperability for Mcrowave Access DZVM,:
Meotdtegonimurgcatipne (8B aEede BivisioraMultiple Aﬁefrse (@ ), and Third-

repeater is a Frequency D vision Duplex repeater and
Génbatioh (30 psetworkiuni cati on network is one of a

cellular, dobal Systemfor 25 WD 2008/027531

PCT/ US2007/ 019163 Mobi |l e conmuni cati ons (GSM, Code

Di vi sion Multiple Access (CDVA), and Third=

r c

vvhe é%ﬁéf egtrég% 1}1‘&(’)“2 \bl‘rlﬁrg)ﬁ I%ly]rl%g p“ad%gaaﬁmﬁqrnng gsn Jgﬁbf@aﬁteama and

E st and sec:ond transm ssj nten re first
the, gt § HROPDURRSISHALHH WS 315, ¥ 8 Hé"nt teynag m

1, wherein the repeater is a sane frequency repeater

which transmts on the first and second transm ssion

pat hs and receives on the reception path at a sane

f r edWeThy reptdter dhstaineoetiettin tfe iepaatenid a sdme filequency repeater

conprising: a transmtter; and a radio frequency (RF)

wiaeh ‘trtaﬁﬁﬁts(iﬁlutﬂé ekt bAd 5&8nd ﬁ@ﬁh’iﬁk&&@ﬁa’cﬁQﬁn@&Eé&& Sithd Peceptlon
output of the transmtter into the first and second

r@ Se first and second transm ssion paths.

pa%zaq e :ﬁkﬂégr?é’r of claim1l, wherein the weighting
circuit includes a variable attenuator for adjusting a
gain of the at least one of the first and second

si gnal s.
11. The repeater of claim 1, further comprising:

a transmitter; and
aradio frequency (RF) splitter coupled to the transmitter for splitting an output of

the transmitter into the first and second signals on the first and second transmission paths.

12. The repeater of claim 1, wherein the weighting circuit includes a variable

attenuator for adjusting a gain of the at least one of the first and second signals.

13. The repeater of claim 1, further comprising a transmitter, the transmitter
including a radio frequency (RF) splitter coupled to the transmitter for splitting the output
of the transmitter into the first and second signals on the first and second transmission

paths, and the weighting circuit.
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13. The repeater of claiml1l, further conprising a
transmtter, the transmtter including a radio
WO e@guzisey (RF) splitter coupled to the transnPCT/es2000019163
splitting the output of the transmitter into the
first and second signals on the first and second
transm ssion paths, and the weighting circuit. 26 WD
2008/ 027531 PCT/ US2007/019163 14. A repeater for a
Wi rel ess comuni cati on network, the repeater including
fi ristt Aaepleaserdfonal wiretespcoromunicetéanetworkathegepeater including first
transm ssion antenna, the repeater conprising: a
andWekdHRtrbEXpti6n hftehiasf &1d P@MsHiiNbneantaing/the tepeatet comprding:
one of first and second signals on first and second

r ecaer'%ii Bﬁngg%%aﬁt foP ’a’ﬁhﬁggta%éi td hi'184st BAE oFRHEPARH second signals

recepti-o ennas, pectTrvely; a conbiner for

ombi ni n he first and seecon i ' .
on Ehuiepehdregrrtion bapf P RE B he Tt 8 Seisl Reciprion anfennas.
at |least one of the first and second signals; and a
respestivelyl | er for controlling the weighting circuit in
accordance with an adaptive algorithmto thereby
i nck emskintisfor avmbinirpstheviiest andsecbid signalminte @ somgosite signal
reception paths and a transm ssion path coupled to

aftdr e WERRSHHs Dok Bpptiet @6 Bfleast Bne dftbe fiey@ad eccond signalsyand
14, wherein the weighting circuit includes one of a

vari C for . . )
onch Bt Ropt i tre Uigffla it h Rcohge Gl aadaptive
attenuator, for adjusti.n ai the one .of
claprihgy ook s rgRlpLbendeh hedistadd spamapocbfip paths anda
14, further conprising: a transmitter for transmitting
transmjesion pash epunleditodhe Fapsmisien #EBhe combiner is
f?rther configured to neasure received signal strength
0

15. The repeater of claim 14, wherein the weighting circuit includes one ofa
variable phase shifter for adjusting a phase of the one of the first and second signals and a

variable attenuator for adjusting a gain of the one of the first and second signals.

16. The repeater of claim 14, further comprising:

a transmitter for transmitting a self-generated signal,

wherein the combiner is further configured to measure received signal strength of
the composite signal during packet reception,

wherein the control circuit is further configured to determine an isolation metric
between an output of the combiner and the transmitter based upon the measured received
signal strength, and to control the weighting circuit in.accordance with initial isolation

metrics measured over successive weight settings, wherein the adaptive algorithm
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the conposite signal during packet reception, wherein
the control circuit is further configured to determ ne

wW@roos®isat i on netric between an out put of theP€CDDRINEO19163
and the transmtter based upon the neasured received
signal strength, and to control the weighting circuit
in -accordance with initial isolation netrics
nmeasur ed over successive wei ght settings, wherein the
adaptive al gorithm 27 WD 2008/ 027531 PCT/ US2007/ 019163

includus| adjlsting thewsdigitdo mininvies thetreceivedisignal steengieofitbe wdlired
signal strength of the self- generated signal and the

genériRlda!gnalan¥he isolatibhi melfie@ repeater of claim 14,
wherein the controller includes a digital to anal og
converter for setting weight values of the weight
applied by the weighting circuit, and a

m cr.oprocessor r. coptr.ol l.i th I Qi £.04: I
corizenbereiBageat dpah ez it oo f iR g natos
frequency translating repeater for wireless, .

convertenfon ssétingoweight vobies of ﬂwewelglétﬁ@ah%c? by thewrighiigrsineuit, and a
and second receivers coupled to first and second )

mickGe@iséaarfor evtitetiipsthadigital toraaalegiconerter bagstl wgon theadaptive
transm ssion antenna, the first and second receivers

alg&%ﬁﬁf.w ng on first and second frequencies until an
Initral packet detection, and receiving on a sane
frequency after the initial packet detection, the
repeater conprising: a directional coupler for

recej vi first and.secon i gnal s, fro |

secbhd E’g%‘éeﬁ‘f’}' Efﬁmj%ln&fﬁ%esa, er?gs aut lle\s/se«foﬁuh glﬁa&i({n%{et@m’ the

outputting different al gebraic fonbi atiqgns f the
repeatesinclydinefusiomg secapddpeei vess eHpiqd tp Jrstan sgf@&@ fgpeption

recei vers; and a baseband processing nodul e coupled to
antétiims fiid s trapswiittsecanplidrie e drapsmission aatenna, the first and second

receivers receiving on first and second frequencies until an initial packet detection, and
receiving on a same frequency after the initial packet detection, the repeater comprising:

a directional coupler for receiving first and second signals from the first and
second reception antennas, respectively, and outputting different algebraic combinations
of the first and second signals to the first and second receivers; and

a baseband processing module coupled to the first and second receivers, the
baseband processing module calculating multiple combinations of weighted combined
signals, and selecting a particular combination of the calculated multiple combinations to

determine first and second weights to apply to the first and second receivers.

19. The repeater according to claim 18, wherein the baseband processing module

selects a combination having most optimum quality metric as the particular combination
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baseband processi ng nodul e cal culating nultiple

conbi nati ons of weighted conbined signals, and
w@eisorisay a particul ar combi nati on of the cal pCl/asm®d7/019163

mul ti ple conbinations to determne first and second

wei ghts to apply to the first and second receivers.

19. The repeater according to claim 18, wherein the

baseband processing nodul e selects a conbination

havi ng nost optinmum quality nmetric as_the particul ar
to deterinimecthe Grst adsasond OO WEEIPUTQUEHYaTFite Jichiles pigeast one

determ ne the first and second wei ghts, wherein the
ofsﬁl%tfﬁ'l bttohgtE kignal tonoisedatfo, ahd delagspremk  of si gnal

strength, signal to noise ratio, and delay spread. 20.

The repeater according to claim 18, wherein the first

and second reception antennas are first and second

pat nt ennas, wherein the.direct.i ' :
50 hyBireP BT aParamaLy elth U3 FisE AHESEEnd fofpion
receiving the first and second nggg{ fr.om thﬁ tir§b°

antenmis geecistansiaeeondapatenienngs JVhesgin ‘fﬁtﬂ"tlﬁféﬁl ceuplgis a
outputting the different algebraic conbinations of

hytiricecduiptes inchindting evoinguspatsdbsreseivingahe firse and sespndygignals from
second receivers each have a substantially

theGTr8Y andi se@mili parshl anecpihd Arictwarduein pons fdrentputtitiy tha ddferent
repeater according to claim 18, wherein the first and

alg%ﬁ%%n{b%fa\?\ﬁﬁé BFthe gﬁéeteaga 3800l Righhk 8b 118 theSMEOAE seadrah

ant ennas, ereln aseband processi ng nodul e

sel ects the particul.ar conbi ' - j
rechpEreadh ek St B B e BBic g A dehe

second receivers so that substantially one of the

first and second signals from the first and second

patch antennas is received at the first and second .

r ec @il VEresrepeaderaacordiggo chiimtliewherein the figst gad sgrgnd reception

signals is canceled. 22. The repeater according to
antehidsard Brst ¥WhEsRbAd phteh batseinswhereiatksbasabandgriatessing module
selects the particular combination to determine the first and second weights to apply to
the first and second receivers so that substantially one of the first and second signals from

the first and second patch antennas is received at the first and second receivers and an

other of the first and second signals is canceled.
22. The repeater according to claim 18, wherein the baseband processing module

applies the first and second weights by adjusting a gain and phase of the first signal or the

second signal.
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applies the first and second weights by adjusting a

gain and phase of the first signal or the second
wG@r@sa75329 WO 2008/ 027531 PCT/ US2007/ 019163 PGI/US007/019163

repeater for a wireless comuni cati on network, the

repeater conprising: first and second receivers

receiving first and second reception signals via first

and second reception antennas; first and second

transmtters transmitting first and second

transm ssion signals via first and second

transm ssi on antennas; and a baseband processing

nmodpd en £emkefbr bQvitdlessicbmdtundiados aevoek, tRE@byatescontdising:

to the _ irst and seco_nd transmtters, _the b_aseband
ro [ . ; .
LR HLRRALE ST Ak S SRURA B b1 st o

sg‘gond reception signals; and determ ne first and
secQpe FiEPH 8% on wei ghts to apply to the first and
second transm ssion si %nal S. .24, The repeater qf .claim

23, firshencsesond transanittprsiangrniiieg Sishandhtsgondtrnsgaiqnugnals via

configured to determine the first and second
first nadisarbsd tramsmissighértemnd; édde first and second
recepti on wei ghts based upon an adaptive al gorithm

25. 3 PRRbARPHREESINg mEdR Soupled tolies Risharid@cond Riceigérd and to the
second transmitters transmt a self-generated signal,

a B . | & d to:
ﬁrs? %%11 %églgrrxg gﬁﬁ%ﬁﬁgﬁb%g &Eg&?g(gg{s\?g%i% ‘B‘?m% : s(% I nf:]et h ? of a
sel f-gen %gt%}rreligle%rg ra]lfalll s(ejc%glld rllgceBﬁlgrll( \?vteigh{s 8%8{)1')'%] the first and
second reception signals; and

determine first and second transmission weights to apply to the first and

second transmission signals.

24, The repeater of claim 23, wherein the baseband processing module is further
configured to determine the first and second transmission weights and the first and

second reception weights based upon an adaptive algorithm.

25. The repeater of claim 23, wherein the first and second transmitters transmit a

self-generated signal, and the baseband processing module is further configured to:

measure received signal strength of a self-generated signal during packet

reception;
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30 WD 2008/ 027531 PCT/ US2007/019163 determ ne an

i solation nmetric between the first and second
w0 e@eiymss and the first and second transmtt ePGI/DsxeT019163

upon the neasured received signal strength of the

sel f- generated signal; determne the first and second

transm ssion weights and the first and second

reception weights in accordance with successive wei ght

settings; and adjust the first and second transm ssion

vei gisteEminsantisplatiqnymetrighgtvensn shrifivsbanshiecond rogeivepsand the first

accordance with the adaptive algorithmto increase the
and saoat itransittersi tasedogionabanichairéd restivedisigaa ctrangth of the self-

receivers and the first and second transmtters. 26.
gendigred @fpaat er of claim 23, wherein the baseband

processing nodule is further configured to adjust the

Fir L -

1 casAAeRERRTahd SRS B5iHla | §0Rfiedf T SRER scoond

recepti on signal g and .the one of t fi.rst and second
redeBE e BisGn HEsaslancs il Pcdis v el rBEs: ah m o3,

wherein the first and second transm ssion antennas )

ar e afjustthe inyt and senpad drapynissian weightsand the st gnd pecond reception

opposite sides of a same surface of a printed circuit
wdiglis th acamdandeewiith tietadaptivesdgoaithmrte drepédse theoindletivrametaice

first and second patch antennas di sposed on opposite
betwbchABEBrsPand 8o 160£i96ks @hd el firsODRRAsdeondBransifiters.

repeater of claiml1, further conprising: a transmtter

for transmtting a self-generated signal on the first

and second transm ssion paths; and a receiver for

?E?é%tr J-Fg%re%ez{tgrcc?tl c aelgn Z:'i %vrl]l%lﬂeiﬁc’ %hre ggetbgng %Itolcg%ixpgar(r:llégl}le is further
configured to adjust the first and second transmission weights based upon frequencies of

the one of the first and second reception signals and the one of the first and second '

transmission signals.

27. The repeater of claim 23, wherein the first and second transmission antennas
are first and second dipole antennas disposed on opposite sides of a same surface of a
printed circuit board, and the first and second reception antennas are first and second

patch antennas disposed on opposite surfaces of the printed circuit board.

28. The repeater of claim 1, further comprising:
a transmitter for transmitting a self-generated signal on the first and second
transmission paths; and

a receiver for measuring a received signal strength during packet reception,
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31 WD 2008/ 027531 PCT/ US2007/ 019163 wherein the
control circuit is further configured to determ ne an
WO miogiozds31 i sol ati on nmetric between the receptiPCI/pston7/019163
and the first and second transm ssion paths based upon
at | east the measured received signal strength, and to
control the weighting circuit to adjust the weight in
accordance with the adaptive algorithm wherein the
adaptive algorithmincludes mnimzing the received_ .
si gwhérest the naptttol eircuihis fughdr-cgafigirad sxdaiergrnag an injjial isglafion
the self-generated signal is derived froma previously
mefrRARIWEA thé gReptiondfith dinkthe dpstand sechd alaasmisdipn paths hased upon
- conprising: a transmtter for transmtting a

at 1?%%&9&&%%& ?cht?siﬁg Q?égﬁgﬁretnﬁﬁl, fihd ®tcopf6l the $RNhting circuit to

nsm SSi1 on pa a receiver for neasuri ng a
. i ved, si | .St th duyri t :
RSB O B LR D 5P
FRESGACRE NE TR ING LT I

pat hs based upon at |east the neasured received
whsiefinthe self pemybted sinal is demoatt frarh atpheviewsiyyreceined sigpalui t

to adjust the weight in accordance wth the adaptive

al gorithm wherein the adaptive algorithmincludes

m nimzing the received signal strength of the self

gen %ﬁgfegrtegé?g&%f claife T\ﬁ'ﬁ{ér E:/&‘rﬁ%ﬁﬁhé gener ated si gnal

IS un to a previous ceived signal. 30. The

repeater of claiml4,. further L shng:

tr agnteaer s Heppliting § 4 REensF BT U S8 gt and secpnd

wherein the conbiner is further configured to neasure
tfaﬂ%@éﬁ@’éﬁa@ﬁ;g‘ﬁﬁl strength of the conposite signal

duri ng packet reception,

a receiver for measuring a received signal strength during packet reception,

wherein the control circuit is further configured to determine an initial isolation
metric between the reception path and the first and second transmission paths based upon
at least the measured received signal strength, and to control the weighting circuit to
adjust the weight in accordance with the adaptive algorithm, wherein the adaptive
algorithm includes minimizing the received signal strength of the self-generated signal,

wherein the self-generated signal is unrelated to a previously received signal.

30. The repeater of claim 14, further comprising:
a transmitter for transmitting a self-generated signal,
wherein the combiner is further configured to measure received signal strength of

the composite signal during packet reception,
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control circuit is further configured to determ ne an
WO s@Barisen netri c between an out put of the conkCTES20aTI019163

the transmtter based upon the neasured received

signal strength, and to control the weighting circuit

in accordance with initial isolation netrics measured

over successive weight settings, wherein the adaptive

al gorithm includes adjusting fhe i ght to m.nimn.ze .

t hewheseigitheeonirol gigpuitis famhsr oRfisyr t%‘%‘m‘@eeﬂb‘ﬁ%'f‘ gp metric

signal and the isolation nmetric, wherein the )
betwednf angemmrt aif gk cinghindr ang thdtrangmtter thasash upop the meared received

received signal. 31. The repeater of claim14, further
sigita® SPér gt Ad tdcdur S1E WéighitirfeOdircuit dim aetokdanoe withseitibl isolation

generated signal, wherein the conbiner is further

i e

mefiEE brEF obd sRRSH A EEREEfes S (B SRR CafRbrilied
. contrgl circuit, is further confi.gured to, determn n
includen abpesireii WrighCioatiuaie 43 GErnt B SRR DR ST

and the transm tter based upon the neasured, received,
gerstagerbsignal pad detisolatinn m@tﬂ@owﬁ?féln the, éelﬁréﬁ’%t%ﬂg’&*} r‘%ﬁf“r‘"’c"ed

in accordance with initial isolation netrics neasured
frof\vepresioaslg scicirved signglht settings, wherein the adaptive

al gorithm includes adjusting the weight to mnimze

the received signal strength of the self- generated

signal and the isolation nmetric, wherein the

sel §1 aReEALRA oFLQYah4 frtill Qhfidthd 0 a proviously

recelv gnal . he repeater clai m 25, wherein
the self-gengrated signal .is derive roma
pr é%?r k E’E ang@af?tg%g%%ﬁltf-generated Sgnd,

wherein the combiner is further configured to measure received signal strength of

the composite signal during packet reception,

wherein the control circuit is further configured to determine an isolation metric
between an output of the combiner and the transmitter based upon the measured received
signal strength, and to control the weighting circuit in accordance with initial isolation
metrics measured over successive weight settings, wherein the adaptive algorithm
includes adjusting the weight to minimize the received signal strength of the self-
generated signal and the isolation metric, wherein the self-generated signal is unrelated to

a previously received signal.

32. The repeater of claim 25, wherein the self-generated signal is derived from a

previously received signal.

33



33 WD 2008/ 027531 PCT/ US2007/019163 33. The repeater
of claim 25, wherein the self-generated signal is
waeoslhztsed to a previously received signal. 3BCT/US2007/019163

33. The repeater of claim 25, wherein the self-generated signal is unrelated to a

previously received signal.
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