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MULTI PLE RADI S COMMUNI CATI ON DEVI CE AND A METHOD
THEREOF BACKGROUND OF THE | NVENTI ON Wr el ess

W@ wsmsecat i on networks may utilize different PEOUS2NS/056288
access schenes. For exanple, cellular networks

wilbnpbE EhEProSOMMERIEATON Byatyt SR Mi¥fhioB Tiereor

netropolitan area network (MAN) utilizes | EEE 802. 16

standard. Diff gn@KGROURDIOF L INVENBRINS or each of

these networks and may operate in different

fr eéf\bl@fﬁ@&s(@gnmmwmm inftwerkenmaypidlideadi ffongnsmpdipmsicegss schemes.
that ahl e

For exaanp?ef‘ & Fﬁl(ﬂ T neet \9\1‘0 rS u%ﬂTZTGH(F Ce-IHHF SS TC%F)I’HFS ere??SS I?ocafaarea

o]

neﬁ%@l@ﬁﬁlﬁ@s NBHE®92 10 fstaﬂd&‘rh andl h@t@pﬁht@ﬁa hiva I’nKtonla I(MAN) utilizes
rel ess communi cati on device may include a |arg

IEE\E ﬁ@%ﬂ 6 gRndaide Prlﬁqzre%tdﬁﬁl@cd@wﬁ%areﬂlﬁ%dq%)ﬁﬁ@thﬁé%@sv @etworks and
r
3T ALy AR BRI v
nunewirelessacvhennédsat@ndicwisk thap issablatouipsrataint dlﬁhent networks may

upts(MI\/D) chanpel s for each radi o of the V\Areless
k! GRPRlG Fos BReeh PRl ks BRISTRESICSS

COI%WC%I dRgeSmby ﬁfétud%tlﬁ E n(1R@8F S8HeAS EdekiyRNt i on

I's particul arIy poi nted t and distinctly clained in
trapdneit/owack Lpdiha,garmdr&elrsaandcﬁntetmes $pebeiaratthowirclFhecommunication

ey Bk s MR Gl by b p AL PR Sl R R SuliRes

MEHB thagRss foh smqadlo rmmebﬁﬁélemomﬁﬁ@atn@ﬁ detiKe.
reference to owi ng det ai l descri pti on when
read with t hBRéEE&Fp%RMg l‘émlﬁ&ﬂi BRAWINGSFIG 1 is
a s %lﬁg”% C 4 olr létle 1adted 915 the 1nvenW01r1T,g Sr'&cucf%r Sy rﬂltt%ﬁ oup and

net wor o exenpl ar

dispheseslhimddve fid d@iﬂcluﬁin@poﬂtldtﬁof&hé sireifihiien. bTlacikvelitRgr BoWwever,
of a wireless conmunication device according to sone

bO@)@éﬁ‘bP@%ﬂZé%b%ﬂdr@?Hl@d of opareiony together Wil ehicrnteatnres and

t
iR BRIR ADARE: BRI (el Eo PRADIRR Bt
desceipgo aticmidali withethe xervpipanied wiravehgs s wlaotruni cat i on

devi of FIG 2 nd FIG 4 is_a schematic bl ock
di aéffgn% 5 Sah?%ﬁcolﬁw&ﬁlpn@.ﬁ 8 VHERIP EO FER)CaHRR B P RGAqegrding

to SRIEH1 eﬁ%%ﬁi%éﬁﬂen@émﬁé PR iRfenfilte invention. It will
be appreciated that for sinplicity and cl arity of

i |1 Ut r2tsiaceheredtentgotlsdiggramnof a wireless communication device according

to some exemplary embodiments of the present invention;

FIG. 3 is an exemplary table shows different configurations of signals
combinations to be transmitted and/or received with the exemplary wireless
communication device of FIG. 2; and

FIG. 4 is a schematic block diagram of a radio front end module (FEM) according
to some exemplary embodiments of the invention.

It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of

some of the elements may be exaggerated relative to other elements for clarity. Further,
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in the figures have not necessarily been drawn to

scal e. For exanple, the dinensions of sone of the
Web@aems33 nay be exaggerated relative to ot herP@l/E8®N$/656288

for clarity. Further,where considered appropriate,

ref erence nuneral s repe the fi

d
WHEG: CaTEH SPRP R S BTG MURCET 6y Do S Ter i amoud e Tzures t
in BT RRp SRR P Yo o1 Bt NVENTI ON 1 n the fol | owi ng

detai |l ed description, numerous specific details are
set forth DET@\rIéIEID DES@RI\HTd@NaOﬂ‘hBHEJMEINﬁé@M andi ng

h . N ill b s 0od b .
R R S R e S A R
ordeR UEHYol A8 aMBYrofieh MidREdtd etk o thd iventidie IowdRE itfWifl be understood
details. In other instances, well-known nethods,

by ghase efiordiwary sl Hpo heriristhatdhe p@ﬁ% inestipmupay hepraseeed without
e [ S
i SESEEIRSI, JEALL 30008 O KRBT OB ESTponcs,
and\vbir@tits hald oo, bea écspribskintdechil o azselbﬂm oewh tltequasteﬁdlntvaltlon
architecture of a radio transceiver. These terns nay

be SRBCPEEINTS Qfiths de&ulgd gyscripier véeh foblgw ﬁretn%i%sea@éan terms
whﬁ’cfh%ﬁ%e%ﬂ 8 QrchteS0R f%%%%%hg&lﬁt ?h@s@ %rh%%egr fd t‘ﬁg WeRf¥ues

systens to convey t e substance of their
usemitlheﬂhes@slkullddad thendatdproaessinglnped procpssingd ar(sadnldyachb i]tequiency

t her w se, arent. . fromthe fo SCuUssi ons,
syt o o F atBRCR AL elirb ot obnetienda ety on
di s¢iARsk ORRifitlal Ll kAtADREGHIR, SUHPaRat fr&wﬁ@fdnwvmgwc&ﬁons it
used throughout the specification to describe two or

is afmr@wct@htrb@triémughomém smslﬁceﬂlmml@smpsamtdrmgﬁegn&mhtahe

w L ke, exa term."

Pty 8 o EHEEh Bug TSt ipPulthi bt 4T s gomponens,

dewib&ry bIdmbets Upuﬂﬁﬁ&bﬂ@ﬂd&lﬁbalﬁké o r k&6S6] the FateITtpaalityRY nidbile
used in a vari ety of applications. Although the

staiprss ghseribay B PomoTemeRite t3tinsed in this respect, the

ci r ‘ft%h%ﬁld%%n‘d?r%&%%%?he 5§s%%9ﬁ1%9ntib%ﬁﬁé§‘bé"i’?%gg§a V&8dy of

N many apparatuses Ssu ransmtters an
appleagonersitolgh thettensinstetion i hatnianitéd @rtbisagpear the circuits and

ecei v tended to be jncluded within the scope of
te W@uﬁsr(g%‘j‘?ﬁeglhﬁ(?éthm@% Hgfi;i 18@14%@@9@@@5690%}10&@%tr@qsrmtters and/or
rec??@% & 19&‘1'0% stht IT'réhsﬁnﬂ‘érﬁ @ﬁ(ﬁéﬁrek&@ﬁjs 115'?}5 g'?@%vﬁ{ Kuded within

al'so Known as WF, an ultra w de
the( SOWR) of the presaiteseniet map ok incdudedr eawap bivordn W) w1thin a

wig) S8 I Py PN Sl g 8 vt P T E § de Band radio

(U Qiieflst MetRPSlit@Matda FREIrk (BMNIANG &lsb &hdhn as WIMAX, two-way
r adi ot el ephone communi cation system LTE cellular

radi@ mmmunmﬁmh%@gt drastabeammpeicitidoesystray, ahalge £ommunication
El | cation network 100

sysé[lecné E[)rragsanrlllgtgrs\’/\ﬁ IIH? it Ta P RO o1 E21eR system, LJTE cellular
communication systems and the like.

Turning first to FIG. 1, a wireless communication network 100 in accordance with
an exemplary embodiment of the invention is shown. Although the scope of the present
invention is not limited in this respect, wireless communication network 100 may includes
a WMAN 110, a WLAN 120, an UWB network 130 and a wireless communication device
140 that includes multi radios, multi band and a MIMO front end module (FEM), if
desired.

.
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an exenpl ary enbodi nent of the invention is shown.
Al t hough the scope of the present invention is not

WO poostIle373 n this respect, w reless comuni cat i BEI/US2008/056288
network 100 may includes a WVMAN 110, a WLAN 120, an

UWB network 130 and .a wirel ess comuni cati on [
140 A ere B eSe TRl WirdBIS GO §tio aﬁavoglﬁ%@ﬁ W@ 10
mafyriﬁ’crlﬁcliezﬁqeﬁp&ig $asé 5iEMn (B9) dssiviednAcg %a@'iﬂ&u@%ﬁsﬁolrbe BS

éxenpl ary w rel ess comunication network 100,

125ragd UNGB ndevoelk 18@mey innhedcrd deassanstrhainle(sBson 1VES) 1WE ANdesired.
120 .may , nhclude at |l.east .one B 5 .and ,UM\B .net wor k .
150 ATRrREp SR iy B m SR o % Py iol iR Sagnunication
devife dcﬁ)si'nﬁ? @@mﬁﬁﬁé&ﬁiyﬂﬁaﬂéﬁit@ﬂ@/&%@@ﬁe@[@hﬁﬂb adfarentfreqhiency
the invention wireless communi cati on device 140 nay

bardspeifioanB8Ud fyBS d 3haid MSalid/througk pbirglety of gifgnipsi for example,
. : ¢
ol bR NSRRIt LY PO S50 . R 7 s ey
receBighalsdroma 33135 andaBS i 3, ifdgiralls to BS 125 and 115
and the sone other antennas pay receive signals from

VB 1350TdH tBgome smbpineass ¢fdhe Inxgriinnd g lcspoarpmgnication device
146 HROGA TR SRS rddle If&fc}:\g@%;e%MMNfrg&S% t&‘ﬁ%ﬂ@% b@p
ude a r 0] WWVAN

device 140 may I nc irst radio, for exanp
Fragadnay, Divosidir Isfugtmlexigy ¢Qidgeln algnks e bigheyd Dw ifrsijoancy bands to BS

1 et SEh N BB e ol i e hichTRAREY bands
to BRQOS Hdh ShiENAUR tb Rrah @t aRGoht@BvE LRNBRNSMIsREMS B BS, if
125 and a third radio to transmt and/or receive U/NB

degiiednal s to/from Ms 135, if desired. Furthernore,

W rel ess communi.cati on devj.ce,140 i ncl pde firlst
PR RIES kb AT ook TR i i8R s i o
trahdnSigl bietindbatTh©high had VAN e qitsh cY\b AN s o dlih O® M AN WL AN
two or nore antennas utilizing multiple input nultiple

radioq thropgh Gvp f MOFRFEPANGS Pikizisg RwHEla Hpubmy Bipdh@ P petput

raf AR b 4l AP T R s oy RO Tow
fregidren basdswifithd WINIGNMW LA gidi s Shrongls oheoemoMy anedn@ssutilizing

communi cat.i on devi ce, 140 may include a sw tch bank to .
MIM traRsmisEonEghomen dY 7!t ronupyHeaioq se¥ice df\ﬁg Q%ﬁ%ﬂque a switch

‘ : r
R A S L
Wlhat/radios fir thadirg ped seaoml $iEd/fsad ceodng; ta tikeSequedcy bands of the

ORI b SELBTR RlehBoe TEAIG SRR e whaan
andWWIEA R S8dis@mMuni cat i on devi ce

Turning to FIG. 2, a schematic block diagram of a wireless communication device
200 according to some exemplary embodiments of the present invention is shown.
Although the scope of the present invention is not limited in this respect wireless
communication device 200 may also be termed as multi radios, multi bands, MIMO FEM
using multiple ports amplifier (MPA) and includes an UWB transceiver 210, a WiMAX
transceiver 220, a WiFi transceiver 230, a multiplexer 250, a high band (HB) multi radio
260, a low band multi (LB) radio 270, a middle band (MB) multi radio 280 and antennas
265, 275 and 285.
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200 according to sonme exenplary enbodi nents of the
present invention is shown. Although the scope of the

W@e@sams7d nvention is not limted in this respRCI/US2008/056288
vvi rel ess conmuni cati on device 200 may al so be terned

o Dbl G xR gt ey bighs TS b erer 210

ma@r:b%ce@s Wd%&d@ﬁ@ﬂ@ﬂn&@ﬁlat%m BRsi M. UWﬁl@fd HEY tramnit
I pl exer 250, a high band (HB) nulti radi o 260, a

mddgwtdaaﬁ\éB wighals geneB)ted hliIOVB7aseeiver Ad0 endieirntcding) UWB signals
mul t

tha e} e o R L T RRaT s 2B E R A ulgiplep 250 may rout

thd DWENSibRds froMBIWERSEeEVET212%0 UWB diea8indRibe Qtrsa.
nodul at e/ denodul ate UWB signals. UWB radi o may

t r adsaondingod spae @mbv@nsqn@mﬂthe Hepria SGMyYXxagsceiver 220 may
P R e SRR D B A b e

to 'I‘\IIE[EEI 8ﬂ2el>6€IEANB‘ﬂAm®BrdadbdndtW&elWﬁANg‘hﬁ:hlsdafrd @or eidBnple, the high
transcei ver 210 to UMB radi o0.240 and vi se versa

freucnsy @rryior OVRone (EHbIAY heaY &nchrderre Gignidrita 2w a8 GHz
mghél@r{ﬁf Rliy@E ﬁ%§ 'Eg%?v?c{e fbg ﬁf@@g&tﬁ@} gmg H&élg&'@?@}?} §ignal

signals inth saccorln
and the'loEREq8ORy band AN/ WIAHIABRY (ddﬁW)ij IIIE:Ih&EtQ 1 BKsz'and 2 5 GHz
. St andard For exanple, the high frequency band for
sighplkaax (HB W) may include 5.2 Gga Hertz (GHz) and 5.8

GHz A%b&'dﬁ{gsto SBB@ eﬁibgglin?entsr &QH@ﬂlekfntRﬁ‘ln Wlﬁpfraﬂééw IBnay

VW) i ncl ude 3. si gnal | ow frequency
prd@amnﬁmr e/ Qi@dﬂl&i)te pigyali mlwm@ffzrem fepfrucapyl bands aggerding to

EHERE PR ARG Bro 8o Fr-RI8 AN BT  Dowtr®g AN Medium

Acted doats! denoy 'dhdiPEysﬁdag nay& (PAYY ®pedfit dtvnenitaddagl Usst@¥ample,
bands accor di ndg '| EEE 802. 11LAN MAN Br oadband
thqmgléfré@senmh&n ﬁDﬁWlFlﬁHB WP enes 1c]udr Svedigari angd6dy) and 5.8

GF%);@% ats. 8&3@09210\2)?% %Wc 'b%ﬁ!i f(ﬁ’é\x’ﬁ! #ﬁﬁ%%éﬁ; gﬂﬁ%&%ﬁ BRe, signal.

requenc

W FMl(lfr[EieW)%ﬂm)Iayl include dubnd lﬁn@&l tbl;emédha(lfablzéndaﬁ(éléét@mc
si.gnal s, and the. | ow frequ ncy q$nd for W Fi %

ﬁé‘sz SREGONANE T éorzM@ﬂ&m%Ptgm a3 icaRdMEYH) ﬁwc cs.

Mdlﬁ llek'é}QSO gnrgﬁie T 'Wl(/leﬂldt}‘?B \Wgﬁﬁﬂk G/ BNIAAX transceiver 220

el ect ronic or sem conduct ors “and/ or
andMGFotrglsea erdt3ab/diminc HB 18ylsitrede 260eMb).Bswiilttichédis.270,

Mul t 250 HB W/ d HB,WE s
rospra YD FRIROC AFCOEURG 4§ Somo gy EmbpignotaishyBs inyggyion.
mull@1ELL 'I‘Sb'lﬁlar}“%bﬁﬂe MBIV RI 46th12HEmLBINIAN iradsaéti & 206Qe MB single

res%Sctlve y. Furthernore, according to sone exenplary
raceprB danteyissvassa. t he i nventi on,

According to embodiments of the present invention, HB multi radio 260 and/or LB
multi radio 270 may include, a plurality of received signals amplifiers multi Band MIMO
and a Front End Module (FEM) that may utilize a Multiple Port Amplifier (MPA) as the
transmit amplifier. According to this exemplary embodiment of the invention WiMAX
transceiver 220 and WiFi transceiver 230 may include a power control scheme that
configured to provide flexible output power to a plurality of MIMO channels of HB multi
radio 260 and/or LB multi radio 270, if desired.
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mul ti pl exer 250 may route MB WM si gnals from W MAX

transcei ver 220 to MB single radio 270 and vi se versa.
woewentismy t o enbodi nents of the present i nvenkCDOS20piB056288

multi radio 260 and/or LB multi radio 270 nmay i ncl ude,

R B TR M B
corManteH Wlt% RQEBle @ﬁ'@{lﬂ Bdvirs LMPAIMRS of M—)IM(D RS Ls.

anplifier. According to this exenplary enbodi nent of
t he HBweht iadio 260VAR mularred:te 278 rn@ MB singlevidip are Operably

eiver 2 [ lLude a power .contro
colle R G b i s S B SRl T e PR s, SR o265 275
an®b’y ﬁiﬂay inclhefe MM @tﬁBﬁﬂaS a @?oﬂB&ﬂﬁwnhl a Y@Qﬂ tch@8, a mono pole
and/or LB multi radio 270, desired.In the exanple

ant§pRAAAN RRCRRH yTayrprdhg llen, W Max and WF M MO r adi os

ar %%8@%&@%;1 sx\fnhgx&hﬁl?hp dp%%glg% oPﬁ%@’ n?gﬁl Hﬁ‘lg 5a8£o 260,
LBamdltll\zBdlsl 270 I ngayr t@edhis thitaune r@c&esfeash)rhyltzﬁ&BmﬂjZ VEN AR aad Ve 8ignals
265, 275 and 285, respectively. For exanple, antennas

throge)i caslygnigppe olgantepngs Forcandde 5a o ﬁ%@ﬂﬁ%a HB miudia agio 460 may
trafloRiP Lﬁd/@ﬂ%@éw@smﬁltﬁfﬁ&}us@rﬁ%w igfal 8u AURId HB WM

an antenna array or the cor to sone
sigaxle ﬂpbaglyothntbmbl amgmin gs, of desired. i/ @ntti Kadl,o B mayt transnaiddnal/or

et gty LB Rrehnls TPt t 87 Mirbut fpd BBRVEE signats through

Ot@mv%lage@{asqu@s%gs 265 and 275. For exanple, HB nulti
radio 260 may transmt and/or receive simultaneously

HB Wﬁnsn@wlﬁ ﬁnnollngsﬁratlmomn @m&%ammdalwwosvsghﬁ«:rsnt

colfify Pttt BF Uekolt YSnRRRGRRIS be ba kA FimeBedi vih O ©
exeﬁmﬁw ﬁlrélbis%ﬁﬁndﬂl\@m@ﬁU@ﬁB@QO@BﬁFKB 2Wi4 shio@nitdesunidbfs@dddhhat
er two antennas, if desired. Turning to FIG 3 an

tablg $Qfkis pREKEAPIS PNk 2ok Ry Athgrstcapbinations ehWi A rrd WaFt signals
are I%lebﬁu rh?togd% dl/%uée BORLSLS Od}"%b%ﬁb% OR3uthsRt ?fethe configuration

ransmit recerve e 8%e
shcwm By edk JMmanbeaded OWiddbuhd ecROQueaf mt ﬂiso Be udeti ts fiothed
under st qod_t hat tabl 00.is _an exanpl e onl

cand
cof ing StEnals o %"é&ﬁﬁm&wﬁﬁ? @fwwwrﬁﬁaelwrﬁmﬁnaﬁ%% trgpgeeiver
zs@%sl%u{%eethehgm%d&fs@ngl S RAGR dhgnRuber of antennas, a

subset of the configuration shown by table 300 nay be
us e(j" uriigleiEiod 4tiee belicques bioay dedgsaon béa usked front dndrradriide (FEM)

106 BekRelie oAyl oo SRR Gd R SHi9in gl the
scapepec Rbscht BRaktidaat st [aRRe PRUBRA&Dect, FEM 400 may include a
transmit/receive switch 410 to switch between received signals to modulated signals
intended to be transmit by a multiple port amplifier (MPA) 420, a multiple amplifier (MA)
430 to amplify the received signals, a switch bank 440 to switch the modulated signals to
be transmitted by antennas 450 and/or to connect antennas 450 to MA 430 to provide the
received signals to receivers, if desired.

According to this exemplary embodiment of the invention, MPA 420 may include
four passive hybrid splitters in a Butler Matrix formation, four power amplifiers, and four
passive hybrid combiner in a Butler matrix formation, although it should be understood
that the scope of the present is not limited in this respect.
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Turning to FIG 4 is a schematic bl ock diagramof a
radio front end nodule (FEM 400 according to sone
wWe2@aplzry enbodi ments of the invention i s shoRET/US2008/056288
Al t hough the scope of the present invention is not
ect, FEM 40 i nclude a

Although the
¢ r DA 20 B RS s el AR b o BapYINE S epels asspeding fo o
bea?rh @m{n&% 5&&@%@&% fel %@Arﬁ féﬂlﬁ%]%@m%%%tﬂfz@ﬁ%ﬂtfer beam-

by a multiple port anp fier p '
forarimg mkires, whivh)negdootly NavrolgiVojerndngs foebealm é@i‘ngngﬁfeheﬁutbr matrix

440,10 SW t c s to be

us@oh Sl e B Tots b RGeS Fiah RIS pt @ gRior o
fot2ferhént Mhay 3hitee FE@hEEspabiag bEROI predhces BiRlibSath®which are

receivers, if desired. According to this exenplary
ovesHpsedmealbfortiegonglvent i on, MPA 420 may i ncl ude four

pas i e tLer

; Ou?\c‘é&rd 6 %b%ﬁ rﬁeﬁngs szflﬁ%ﬂ]f gﬁtfdﬁp ahgssllé}ﬁi %ﬁ %cﬂi gf R nput
poﬂ@ﬁibMIFar 420rara dﬁuddd&weﬁll'@tat diffetr phiseo and @htﬁ’ifb(lw@hubitantlally equal

shoul d be underst ood that the scope of the present is
to st POPRT teBlifisy (PAY-s Thesimals, Wﬁea%blﬁﬁyl ht PytpyiBudler Matrix and

em{erig%{'}% %hgm% lsérfsfeesﬁgsnaﬁl o thO£dur %ﬂ‘iﬁﬂ n‘%?r% ggébgdgﬁf? AL ng

orm ng schene. For e ormng
cosfedveatnrmimultipleisipmall 1BaadhefA lmaanﬁduaha en@ ofebch mputhgeh evenly

s onl X 1o el nt beag| rmn
ishRne Rt P2 T0BR 00 NRALRO IS eyt 16 ROPo G et MIMO
chétef dEIVIRIDOSRd BEJHGAS sighBl b?ﬁlfﬂ%?én‘{‘@ardﬁ fRE eRample, signals of
four-elenent array with ? he el enental spacing of [\

Wiplaxcandés Wi Mllb/é@ madiouiingi baeembined Wath flemdblerontoel fopvers and
Acc enbodi nents of the invention,
nu?]heéroq%giﬂgb Cgtamé Mc:% ?(ﬁe four input ports of MPA 420
ar e Adihgiglethe @v@@l of tiad prdédnt Brventiordd asesmasdintthitredpeed @6linput
substantially equal to each power anplifier (PA). The

SWHEymAI, %9utpébwhr?@dlarﬁhéﬂﬁ NEGH ey Ba ubesk togRIDISte digdransmit
an%%%{:&@ ﬁ%&n&ﬁé B %%kw Q{)(ﬁ e bt%@raérf! b mbAS of ﬁ‘éi pYoeérnBH,tthe

ordi ng i S con iguration a
inpmit gwadh’ mithixead ingod Buelyr Maal-udey e indploincetad bt baspbind of a

| d but ed h h [
compbitog el & + e e isaimte (TGR)-hANHRAND channel
of %%M)Iﬂg‘% B9k EQarﬁﬁmm A0 %élla%/sor a%e’ﬁ_{lﬁ{ I\/? Band @‘ﬁbl%%ﬂultlple

For exanple, signals of WWMx and MO r adi os
MIivi® rzh:(hos:wdbbmmdd wiFbhexfalge, lal lewcxutaqndt(z @Gﬁzrte 2a tHn)uarbErNII

bt TS S dniie” oy BT pdmneaiiTrad FredSRBE pid where

ba@fréqiRHEc$ e lefdic BRbYdrap. an output switch and a filter
matrix may be used to conplete the transmt and

r ecdihg éabiapriew damongratesENM dg0 Opﬁratl,@trréccotmeg to several scenarios of
cot 1naf:l ons oquS ffi q’fenttrgc?lols WER 'fferent frequency bands in different modes of

operation.
Scenario |Radio 1, Band 1 |Radio 2, Band 2 |Radio 2, Band 3
1 3x3 MIMO SISO or Off N/A
2 3x3 MIMO N/A SISO or Off
3 2x2 MIMO 2x2 MIMO N/A
4 2x2 MIMO N/A 2x2 MIMO
5 SISO or Off 3x3 MIMO N/A
6 SISO or Off N/A 3x3 MIMO
7 SISO or Off N/A 3x3 MIMO

-6 -



input switch matrix and input Butler Matrix may be
i npl emented at base band of a conbined radio and/or a
W@ odosmerse3 def i ned radio (SDR), if desired. AccRCHUSZP0$/056288
this exanple, FEM 400 operates in a frequency band
Whe&@g[ml L Ell %tll\l/%‘g‘.é {l}aegh‘geﬁrylgl&llyveblgq?%ﬁﬁ%trla{:agélﬁa)éies rlbe(’i herein,
maﬁ? ni!o'i@i’gatlbﬁs %u&%%s 361*1@{1 e ﬁivﬁ%tscﬁmb&lur fAdb&

requency and wher e ban frequenC| es are cl ose or
sklﬁvcém thp artThes, theidferch sl pmnderstousitthatitbsapEMitDdaims are intended to

er,ati,on ordin sever rios of

co Bl PR RS PRy P AR By B the invention
frequency bands in different nodes of operation.Wile
certain features of the invention have been
illustrated and described herein, many nodifications,
substitutions, changes, and equivalents will now occur
to those skilled in the art. It is, therefore, to be
understood that the appended clains are intended to
cover all such nodifications and changes as fal
within the true spirit of the invention. CLAIMS Wiat is
clainmed is: 1. A wireless comunication device
conprising: a first radio to transmt a first type of
nodul ated signals in at least first and second
frequency bands; a second radio to transmt a second
type of nodul ated signals in at least third and forth
frequency bands; a first front end nodule to transm t
simul taneously the first and the third frequency bands
of the first and second radi o through two or nore
antennas utilizing multiple input nultiple (M MO
out put transm ssion schene; a second front end nodul e
to transmt sinultaneously the second and the fourth
frequency bands of the first and second radi o through
two or nore antennas utilizing nultiple input nmultiple
(M M) output transm ssion schene; and a swi tch bank
to switch two or nore signals fromthe first and
second radios to the first and second front end
nodul es according to frequency bands of the two or
nore signals and a desired transm ssion schene of the
first and second radios. 2. The wirel ess comuni cation
device of claim1l, wherein the first and second front
end nodul es conprise first and second nultiple port
anplifiers.
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3. The wirel ess conmuni cati on device of claim 2,
wherein the first or second nultiple port anplifiers

W@ 2apabixs7df sinul taneously transmtting differRCE/US2008/056288
frequency bands of the first and second radi o through

two or nore antennas utilizi ltiple input nmultiple
(M M) output transm ssi oﬁﬁsgﬂggr‘; 4. The w rel ess

wisRdimhiatii-on device of claim 2, wherein the first or
second nultiple port anplifiers conprise: four or nore
1. pass\i Weelhwmdn@rptatmeieglcalcompgsdgi na Butler matrix

ror & sted 088 HRTe B TAM T o AP uEeR i indfthe 8 second
freq@énrc ¥ahd@f mation. 5. The wi rel ess communication deV| ce

of claim1, wherein the switch bank routs two or
si ghareonelragip thisasmisa sesaad See ohmodutafedsignslsinat lfewéhlrd and

ont end nodul es according to a frequency
forgrgnd‘ﬁ%&}?ﬁaéld%’\/\o or nore signals. 6. The wireless

comafittdint ond chedile o ohnsmhiasimultansvhelyehafitshend the stiird frequency
front. end nodule transmts signals in a high frequency

banarh thgriorst 4 weershadir i S At %@ereeantt?nélﬁ%mﬂe@n%m@ml%lnput
mdé@‘i}@ée ofd o g}ﬁ%ﬁgysnlﬁggﬁ&l Jheii® Wi rel ess comuni cati on

conprises: a third front end nodul e
to alsemmmftom egrhabduli to trambtdiesiuéegniensly thasedondandfthe fourth

w rel ssc i catj on devi,ce, of claim1, rein the
frefiidrgy SRad g T e s ek rPa AT foregamel ulifiing
mdl‘t%lwﬂﬁt ﬁﬂﬁlpﬁ@@\/lﬁ@@? egtpﬁaga&nﬁ@%agcﬁ&ne nnd W rel ess

| ocal area networ W rel ess conmuni cati on

deviowitolf b@tllgﬁommtch é\mpr m@&mg@ls fipmdhe &eit end gecond radios to the

wi d
firgt B S0Fopg fioh! S thBREAT PG el D} i3fie Bo or more
sigh@INRAd 8 dBGicdStaftthisgine Qetime dTtROSMRL bild figodd RAIAR. fir st
radio a first type of nodul ated signals in at |east

2. £ i r Jbhe Frglose egppupicaiRedRCcHH sismaln s herednthg fyeegd gecond front

ond Aftc} Pofp PSR e R A R BIRRE D i 0
3. si miTht awietass byminuaicstion diésmg: dftoaiihi 2, Sxthemmdtlieffﬁsttdﬁiseccbnd

frequency nds of th st a d second r rou h
muligpie gprt %Wg%%tcé%’é%o “inP[t%I}eﬁl;} Shidflepsrpitang %ﬁ% queamébands

o (IR s A0S T FORTR AN, LR
multele ()MﬂMQ)lmgtpm?mnsmi/lsmm ghetnker ant ennas utili zing
rrul thhg ere. esg gémrrrrllilllmtciat%nede 1ceM?)cla1rn ZD wthereln the first or second

multiple port amplifiers comprise:

four or more passive hybrid splitters arranged in a Butler matrix formation;

four or more power amplifiers; and

four or more passive hybrid combiners arranged in a Butler matrix formation.
5. The wireless communication device of claim 1, wherein the switch bank routs two
or more signals from the first and second radios to the first and second front end modules
according to a frequency band of the two or more signals.
6. The wireless communication device of claim 1, wherein the first front end module
transmits signals in a high frequency band and the second front end module transmits

signals in a low frequency band.

-8 -



10

15

20

25

30

transm ssion schene. 11. The nethod of claim 10
conprising: transmtting with the first radio over a
woreasomsri t an wi rel ess network and with the seRORUS2008/056288
radio over in a wireless |local area network. 12. The
d of claim10. conprising: transmtting by a third
rad.hf C PGl AR (S TL G S Sl - GARPESesT3 A

W T g ligiad f6RBNd M ERd t%ﬁra%%%[éﬁaﬁqmlﬁcﬁb% udoy bRt a
first and second w rel ess conmmuni cati ons netvvor ks and

8. an dhe marpdass ?mwmeﬂlgs@evg?nﬁ@&ﬂlmah, M@nredte?hed"fsttr@dlo operates in a
e T

netiagkei n, the wrel ess conmuni cati on devi ce conpri ses:
a first radio to transmt a first type of nodul at ed
9. si grAF yvitelesapomeasication devieernf chdwodndompefsency bands;

2. SeaRAtAtlo U Gnl AP Mo PagaNg [ype of modul at ed

N At eas frequency bands; a
101 f I r 2¢ mtthod bf emtkniinihglredib GighaRfgimh mu&lpm fatdmeﬁuq)lnymtgh e
first and the third frequengy bands of the first and

sec & EREAUS I IFMSBHNE Wbt fiFvb Faslionh {1EY A o mqduzAtgigsignals in at
leagﬂ"%&f ﬂdese&(ﬁﬁll'ffr aﬁ?flég} s %{M rr%%} AL S ralifodd %%C%?lldqype of

secon t en le to transmt
moglubntddt sngtsdnmlay letftehise m&rtarfobquhmyfhmds twHereu) snami@aneously
rough two

bands a second radi
trapgp g Bk end IRl S s SHERT Pt o st AP et Sdioybspueh
tw® bt Ridte Jﬂéﬁﬁﬂhﬁlﬁlﬁg‘nﬁﬁﬂﬁ@ﬁpuﬁtﬁglt?lesﬁ‘ﬂﬂ\@@) Q@B{it tkhsmission
swtch two or nore signals fromthe first and second

scheawi and th@)seph@d fndrthe fanth semeney tands of dadirstudd second radio
ord n uen the t
eGP Sy S E ARG PEAER BB b B R O opigue
trapdifliss 66 candmeadi os. 14. The wirel ess conmuni cati on
network of claim 13, wherein the wreless

11 ¢ onrhhaimetador chpamp; l@éO@mﬁﬁmgses the first and second
fr ol&raas@ﬂ] T'Fg)\glk{ﬂlé _ﬁl% f@g’ 1'050%1f a ﬁ%ﬁo&ﬁﬂaﬁ%ﬁ%@t MB}kpelnﬂ with the

por W'r el €éss” comuni ca
sed(bﬁti\i\ﬂh(ko@ér mha\iqmlésélomha'esnﬁwbhe first or second
nultlple por t npllflers of the wirel ess conmuni cation

12 gevilde methodeof sping Oromprising:

transmitting by a third radio to transmit ultra wideband signals.
13. A wireless communication network comprising:

at least a first and second wireless communications networks and an at least one
wireless communication device to simultaneously transmit and receive signals from the
first and second wireless communications networks wherein, the wireless communication
device comprises:

a first radio to transmit a first type of modulated signals in at least first and second
frequency bands;

a second radio to transmit a second type of modulated signals in at least third and
forth frequency bands;

a first front end module to transmit simultaneously the first and the third frequency
bands of the first and second radio through two or more antennas utilizing multiple input
multiple (MIMO) output transmission scheme;
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simul taneously transmtting different frequency bands

of the first and second radi o through two or nore
wa@eiosnmss3 utilizing nmultiple input nultiple (MOIDS2008/056288

out put transnission schene. 16. The wrel ess

communi catjon n rk of claim14, wherein the fi

or  aEssid TR ERpIE TECHE 4 AT fimEHAnGORSTY e Seep B fourtn
freﬁﬁ’éﬂ&‘y‘ BheALIroRe ﬁl%va&ﬁsee&maaﬁﬁh@gﬂ w8 br ABFEar@Hal Vlizing

rid splitters arranged in a Butler matrix

mlﬂfmlﬁratnuomultmmﬂﬂoﬂrou@ub@mmlm jcheme:sandand four or

nor e S conbiners arr n.a Butle .

ot s BREE bid: 5Rteh p78 Tphd oL BOR3f (iR fuf it radios to the
firfl@hV¥don@ Frodt @dtddilesres iy th FRqEv dyHandedtkh®twd Bemore

W rel ess conmmuni cation device is able to route two or

sighplp and p gpsred trapgpissine sehom ofgheifisse ashepcordiiadiost o t he

fir
144 %ﬁg%@%l ?8&8{1%@ ggént E&@S{P&n;é'rlagﬁlsﬁg gﬁ]]eldeln{]%t\xgﬁﬁﬁess
comnmaioaBSn donradvngatsean net work of claim 13, wherein

the first front end nodule of the w el ess i

conthfrfirsbandsseqiehAirend epd Byoduict sompyiraiiist 34 sgeqndgnultiple port

am{p[lﬁgllgency band and the second front end nodul e

ransmts signals in a |low frequency band. 19. The
15wi r dhe ssrebssmemmoaichioom lnmvmukrdf obdimclldawimeed) thetesteir second

e N T M

snﬁdlﬁﬁékﬁﬁﬁb’tré?@ﬂﬁ’ttmg QiftcFiip ﬁ\@'qﬁ&{c?%ﬁnm@ HiERhhPSRcBR WRIK
claim 13, wherein the wirel ess communi cati on device

thro@girpmomsnora antghnab utdiding mltipleanputingultiple (MW Qevand

i ghal s.
tra%sn%sﬂor% Scheme.

16. The wireless communication network of claim 14, wherein the first or second
multiple port amplifiers of the wireless communication device comprise:

four or more passive hybrid splitters arranged in a Butler matrix formation;

four or more power amplifiers; and

four or more passive hybrid combiners arranged in a Butler matrix formation.
17. The wireless communication network of claim 13, wherein the switch bank of the
wireless communication device is able to route two or more signals from the first and
second radios to the first and second front end modules according to a frequency band of
the two or more signals.
18. The wireless communication network of claim 13, wherein the first front end
module of the wireless communication device transmits signals in a high frequency band
and the second front end module transmits signals in a low frequency band.
19. The wireless communication network of claim 13, wherein the wireless
communication device comprises:

a third front end module to transmit signals in middle frequency band.
20. The wireless communication network of claim 13, wherein the wireless
communication device comprises:

a third radio to transmit ultra wideband signals.
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