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LOWN BI T ERROR RATE ANTENNA SW TCH FOR W RELESS
COVMUNI CATI ONS FI ELD OF THE | NVENTI ON The i nventi on
wo edoave®7yeneral |y to wirel ess communi cati ons BCIPSI004/€32948
particularly,to antenna sel ection techni ques for use
t herein. BACKGROUND OF THE | NVENTI ON A swi t ched

Srgﬁgngf iWMW%MA@%mﬂQﬁm at

a particul aFQRWIREEESH COMMUENICATIONS erion. A
swi tched antenna system maybe i npl enment edt o overcone
probl ens caused by, for exanple, nmultipath fading
and/ or other channel effects that may decrease the
quality of a wireless signal. To be effective, the

sel ect| on criter M&ﬁéﬁ ant enna

ar r enent s abl ident i f
R Ron RO, el P R s fort Bldiffohs G ek fGutary. o

antdhﬁﬁfs@lééfﬁiiﬁt@chﬂ’q&s gause seeidl ng syst em BRI EF

DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a bl ock diagram

illustrating an exanple sw tched antenna arrangenent

i n accordance . pr esent

i nvention; Frg: 5 atingan

ex a&'@bvﬁclﬁ@l d@shnh @f/stétﬁ%i df‘sy%@nf-‘ﬁlht SO ARSI BPA Bro@ip of antennas to

W rel ess conmuni cation systemin accordance wth an
supperb piiciash comfupisatipn @ts'cemrtlmﬂereﬁmie @ﬁsedanmsomegselesctlpg ceiterion. A

art [l ustrati. n e | e et hg e
swile LR s s B AP e R R R I A4 By for exampe,
mul$ipStheBling aAg/oR lotdR CRantel Bffédts 6P athytRidicadd tHehfiaRtyesed tvireless
i nvention. DETAILED DESCRIPTION I n the foll ow ng

signabt Be bexffastive, ﬁ]ﬂQﬂek@ﬁOH eretﬁ@eleuﬁ@é isa syeithbicd antpena arrangement should

accpnp ra s that show, ..hy wa
be AERBRRT e 8y BT PR AL Ae i e s R g gsult in enbanced
perfoft@iteliRA cBR¥sPdaRInachdtead. These enbodi ments are

described in sufficient detail to enable those skilled

inthe art to practice the invention. It is to be

under st ood gRhak JRERPTIGN OF TRRIORRWANGS e

Fig. 1 is a block diagram illustrating an example switched antenna arrangement in

accordance with an embodiment of the present invention;

Fig. 2 is a flowchart illustrating an example method for use in selecting an antenna in a
wireless communication system in accordance with an embodiment of the present invention;
and

Fig. 3 is a flowchart illustrating an example method for use in selecting an antenna in a
multicarrier communication system in accordance with an embodiment of the present

invention,

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings

that show, by way of illustration, specific embodiments in which the invention may be
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i nvention, although different, are not necessarily

mutual | y exclusive. For exanple, a particular feature,
W@ Re0aoswre, or characteristic described herei nP€TUS2004/032948

connection with one enbodi nent nmay be i npl enented

wi thin other enbodi nents w thout departing fromthe

[ L. t ' .

profficl ThAREnRO0Refr b Uk OV ER e Bl Bl S8 pbdeeldiea nhe
art it giactickudle iake@niont St tohberusdeediost tat ﬂfeeihrmb edibo®intents of the

maybe npdi fied w thout departing fromthe splrlt and
mvglttwe afhoyghe ditferenis ﬁ@nnotmf@%fsan?yomuﬁ@ lyeexslusitg. For example, a

n h t

parﬁ&ﬁ]&{ :t‘ér%gdrg e%tjglgc'turte gf %ﬁﬁragten&% %s(a{lﬁgd Elr%}e%gtpe nll[l Q:oﬁn Hpn \ﬁlth one
emb (SdnﬁaﬁtlnlitqtbedﬂipleniéﬂtddhﬁﬂﬁlpmeﬂﬁﬁbddhrﬁmﬁﬁWltﬁtﬁlﬂ et @b the spirit

interpreted, along wiith the full range of equivalents
andysgoRgATEe inKentiong i[fh%ddét#‘é% g toeaigderptaod fat e lagergror arrangement

of 1#1515ﬁu 9!{@ wit {11%50 (% %ﬁ%dlg{enfllng% L@ﬁapdlﬂeg _\mt{llogt daepartmg

unctlona rougno e severa

frotaltoedpirdi aglrmbpe of ths tvahiioly Hie fokawilgedegaticdaiesd iptioh &) figerefore,
ar r angenent i n accordance with an enmbodi nent of the

not k0 e taken [/ Wptingsensen ands e seansdf A gseat mvenligeisdstinedoonly by

e T3 LIRLE BRI Bl 5 Bl S Sfivaons o

whlf:h) theexlaimm fe entitlel. eBstha desifigy ¢ike nemevdls edfeiS® thé k&Aé or similar
devices, wireless network interface cards (N Cs) and

fun@ttqa@hm@@b@%t th%’f%?aﬂ("lemserface structures, cellular
tel I’% ﬁﬁg)ll@d}qh%tr Il&ﬁgﬁgérﬂ % s%g’lf‘ch%g %Hﬁa aa&a% Sthent 10 in

pers gital~ assis wre

accif)nalaﬁdel voitiedr érgbodiagmiros thelpaehc it 1f1‘#€@1tiblﬁ NTlye Jwitchgd &ttetha arrangement
circuiits, (RFICs), and others. As wll be described in
10 @%ieémpme&tqd intapy of wide mengepfrdifiersniaviraleseAesriges] systems, and

con{fﬂ%}ﬂﬁﬁgln%ﬁﬂﬁl?%?oroe&afngﬁl ?f%f&gé de 'iatoﬁﬁp %Vlgélélsg rcﬁéﬁt%levwes wireless

ni ques over al I* "performance

networkr @spfa0é icagls C(NIC@)eancB yhEeWirelRks @oifRk emerfaddSstructures, cellular
illustrated, the switched antenna arrangenent may
telephprnes gad gther @anc}b@ldewaﬁleﬁsf@m@um@wm pergonal wigital g#sistants having

w1r€lg§sniﬁrﬁﬁ&§>a%ﬁ%rhﬁ%%er??acﬁg%}%Hﬁ] g"\ﬁ&%\%} rcﬁ%%”{@ﬁlh%g ram(i Bthers As

willlheadestritelddn gracendumnils tkisattchdd aﬁiﬂd:rhaﬁ&idngdiﬁéﬂ#de mdyde capable of
exanple, a wireless receiver, a wireless transmtter,

lmpquealtlﬁgr@t@% fdivanEy declariquesHie wnpreve dhe @yralinperdermsnce of a
con%%ﬂs gigin dﬂ?‘)‘lcé‘l n’i‘célu Q‘S ﬁgﬁeqﬁ?an%s lfu%{fht{eﬁy tllie ﬁgthtgﬁ & Zntenna

ans and/ or ‘recelve |n ormatTon
arraBy&h@ml 0 endy. 1nc1&d@&€@@i&ﬁof&ofﬂierfoﬂowmge la\tﬁnﬂjhﬁbfhdt@mas 12,14, an

decode received_ information, etc. 2 The
antenna switch 16, a wireless communication circuif 18, and a switch controller 20. The
wireless communication circuit 18 may include, for example, a wireless receiver, a wireless
transmitter, or a wireless transceiver. The wireless communication circuit 18 may also
include baseband circuitry to process baseband transmit and/or receive information in the
system (e.g., a decoder within a receive chain to decode received information, etc.) The
wireless communication circuit 18 may be configured in accordance with one or more
wireless communication standards (e.g., wireless networking standards, cellular standards,

etc.). In at least one embodiment, for example, the wireless communication circuit 18 is

configured in accordance with the IEEE 802.11a wireless networking standard (IEEE Std
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Wi rel ess communi cation circuit 18 may be configured in

accordance with one or nore wreless communi cation
wGe@amzmds (e.g., wirel ess networking standar dBCT/US2004/032948

cellular standards, etc.). In at |east one enbodi nent,

for exanple, the wireless comunication circuit 18 is

fi ed~ Lthst he | EE .
S0 P16 ol SRS 3Pt M| OS85 i font ygugends may
altgchhiselyegkéss st andards and conbinations of different
standards may alternatively be used. The antenna
swi Teantenngsuitsh L ¢ és apsrative ion coHpling awlestadeaned ghegmtannas 12, 14
th i [ N I.f CUi
to LIRSS cobputed R ARt K BBt SOMURLRRIR i fgousn omty
twanitamagsredllastididdintFigt §dt shouldite. apprecidtedsthotd fignber of antennas
appreci ated that any nunber of antennas (greater than
(gresiethapegpepmay be ysed; ﬁn adriition. gny tyaa f etpenas nayheanedincluding, for
ed .including, e, dipol es, .. h
exaffe, IS HuLIE HIRES ol o SRS URR BRI BRET e above.
Thé $veitchlvorollck2® conirdie thecapeidiiohlo€ the2@tcpan bwRtIs16. MBhat is, the switch
operation of the antenna switch 16. That is, the

condrgilercd) dedprmiegs| verchp oniefithe satenngs Whi Idshenld bsfcoppled to the wireless
corfAARRR o s ARG SRR FR s OB ELGER 16 scoontingy
The nsitchc tentidiRr a1t @iya deteirhiad whiehr glitaiglay to togpieWdt et wireless
controller 20 may determ ne which antenna to couple to
ConIRgnigtio) Ercyitc ad @8t fosexampleuinfonmation reepivadoirom the wireless
con%ﬁ@tﬁ@a{tﬁm '-ﬂg{lﬂrlgati on received fromthe wrel ess
comuni cation circuit 18. In at |east one enbodi ment
of Jnhat leamy @k iedibodiient OMi the nveafidi, aht 81vitdR cdBir6itdrs2(Bklects an
ant enna based on synbol error rates associated with )
antqria baspdonsambet erreraaigy assepinted wath theantennas ofihestistem. That is, the
. Fncl r L mat to
s B3R 20 0 TS U5 <80 5 B B TR B B s of
the avdiRbRagateqinds (bofor eativrakusesefisedvallatlb entdimais) &1 select an antenna
antennas) and sel ectan antenna for use in

 for pserinpemainicaionbased op therspabal artos Fates (e selgeidng greanjenna with the

I [ t ax . | | grror
o35G B8 8002 bl FuGRAEDE sSYRRls ' Gl o
assGyatbdlvith ah @htehfd Sred@o0@iia tiRthriM THe FmbatesNRte teat kiodculated

in the art. The synbol error rates that are cal cul ated

may,eagh bg basedonigssingle sgeived parkicorraeliipleaaceieaskaackess (e.g. an average
ovYTAB-Eof BEENETRIEELD, U oM TR DA e s
inteh@¢do eBycrapdss @il ddffere@trBethdéds and formats for expressing a rate.

In at Jeast one embodiment of the present invention, a switched antenna arrangement
is implemented within a wireless communication system that uses multicarrier
communication. Multicarrier communication is a technique for transmitting data that divides
the data into multiple pieces and then transmits the pieces in parallel via a number of separate
narrowband carriers (i.e., sub-carriers). Multicarrier communication is often used to
overcome intersymbol interference in channels by increasing the symbol period of the carrier,
thus limiting the data rate transmitted though each sub-channel (i.e., by each sub-carrier).
When the symbol period transmitted through a sub-channel is longer than the maximum

multipath delay in the channel, the effect of intersymbol interference may be reduced
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i ntended to enconpass all different nethods and

formats for expressing a rate. In at |east one
wepdsassent of the present invention, a sw tchedI/us2004/032948

antenna arrangenent is inplemented within a wirel ess

comuni cation systemthat uses nulticarrier

. C ni cation. l.ticarrier c nicati-qn.i.s .
sig B 2o or " hlE SEEETAEL i ae0 T s rframpugpchioved
oveldll Gsifid! hivltRlabriddi te€eSqRRd AllRigh tianefid: Sf ikersphB6Eftdrference is

paral l el via a nunber of segar ate narrowband carriers

redyqedempltipgth- ladinginegysstill distort the data ép a coRtieartientyistsm. | Bor example,

of t used to overcaone inters ol Jdnterference i .
sonfidf e 35 5T 3EPereBbE bl iR ot SHRES Say Pitoipe sisnal
magditu8ed iréBelvieBdby e rétRivar raaé elifférenis fart B@frd OBl 283&H (i.e., non-

sub-channel (i.e., by each sub-carrier). \Wen the ]
hompegnenus seiricodmphitndeni tEhedatriary thgh expesighcecgrastaelevels of multipath

] .h h ' [ ti h ' he.
tacigf W o OB AP AGRE THRYhisE e R it e ooty Tower
SNR e6bi6QgierzSh g feb&idedd $i¥nal BR o8 Hrofdist Y ©csiPérs bBildy & Rcurately

used, relatively high data rates may be achi eved _ )
detesi theadata thereiry ovpm thenthe ether wbiardare & thalsigielibtve telatively high

s s B ARG o ARGl R, o, o
inteffeteht€ add hdise IBYSL(SINR F@hy a¥cikRabls.OlfEatQéast B8 embodiment of the

sub-carriers may experience greater fading than others
presspt inlentian antsiamsalectiay is perfumed de einvaticsyierncoremnigation system

are differen or different sub-carriers (i.e..,. .
basdl f SlekdoRsFRbol Glorhiel BER byt e S Cafisd ofp rilticoryipr enal.
ex [Bid RAGST eHiddatier! cOMBhiditiotHat isabWirfad ipaguwfiw is orthogonal
typically have |ower signal-to-noise ratios (SNR) at ‘
frequereydédeipy sultipierdre(QIIN). GRRMVEIG sasdn vadous wWireless gommunication

r i ved. si gnal Lse-th iver 1
sten GO i Y Sl B, RO R T OERE R PSS PaR b e 10 anc
othe®é. "B anSOBP RBSystet, $hd RRcéifed SpaHah chaV bt @rdéd m? Ve Ripfiented as
SNRs. Thus, antenna sel ection techni ques based on
follew®r age signal level, SNR or signal to interference
and noise level (SINR) may not be reliable. In at
| east one enbodi nent of the present invention, antenna
sel ecf)op, (P sG¥rhofed in a nultijgar riyqr = gommyni cati on
syst em based on average synbol error rates taken over
the sub-carriers of a nulticarrier signal. One form of
mul ticarrier communication that is growng in
whepiie thesib-gatrisr idehdgetglantenesinders y(ig istheiransmitted signal for the ith
mul tipl exin (O:Dmj OFDM is used in various wreless,
sub-gaetTi b hisitbreseiapdisizenl forthg ithisubgearfiesand shedgth anteneee, (1) is the
802.1 a (tl EEE Std 802.11a-1999), |EEE 802.1lg, and
channel gain for the ith sub-carrier and the 4th antenna, » ,ES is the noise plus interference for

the 7th sub-carrier and the kth antenna, N is the number of sub-carriers carrying data, and K is
the number of antennas. In at least one embodiment of the present invention, an antenna is
selected in a multicarrier system by identifying the antenna with the lowest average symbol

error rate (SER) over the sub-carriers. This can be expressed as follows:

N
k, = argmin Z Prle, (i)]
k

i=1
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others. In an OFDM system the received signal on each
sub-carrier may be represented as follows: r (i)= (i)
w@eaopese0(3 ) i = 1,2,..., Nk = 1,2,...,K wher ePi/5S100£032948
sub-carrier index, k is the antenna index, s ( is the
transmtted signal for the zth sub-carrier, r (z)is
the received signal for the zth sub-carrier and theM
antenna, a (z) is the channel gain for the zth
whérd bPIff@l(zT)] &Y tha RGmbbeddr@nprebatilityfor Zhe headrGrd @hpieuBé sodulation
interference for the zth sub-carrier and theM antenna,

(QAM) syinbel dsmthheth sub-catter (AN s theCditd sot@atiét fech@ite sed in, for
is. the nunber of antennas. In at | east one enbodi nent

exagiple, ibe JEEERB02-1 H sriciesh nefvorkimngesiaadard). s dloesimplify ey required

con@tﬁt’o%%%{aﬁ&vez%@gegﬁgﬁ %;Og%g eé}#%%ﬁ@%{& &?@% gl%@)r %%?hhty between

the swb elvaest sighsl. coﬁktenatmarpohﬁs expolbsseed as fol | ows: =
arg mn Pr [e.(i ;=1where Pr[e (/)] is the synbol
error probability for the quadrature anplitude
nodul ati on ( QAM syrrbol on the /%&?{m -carrier (QAMis

the data nodul ati on, E@ﬁﬁ for exanpl e,
t he | EEE 802.11a mnﬁele g? Rk&ﬁ % tandard). To
sinplify the required conputatiwon, “t above
expressi on maybe approxi mated using the error
probab|I|ty bet ween the two closest S|gna

n II°°t1|orp—p|nts as fol |l ows: V.(/[.) _r_
é(té? i dhet pyebahilityaierior jn élﬁ censteilation, fwthie shortest

constel Ixa%on dis the shortest distance between tvvo

I I ' 0| i, e he I
dlstaﬁﬁ%rb%gvésehggo Qa‘h/s:n%?tgé ?;Al\g %&%&1 gé %tts(e(lll F » hie 6 ‘5&1 or ¢o Hrbn spacing
in alsguiree @Q\/Iafoﬁstépaftionﬁf o q&;ﬁls\tﬁé kRESroetf of e Vﬁﬁérﬁz% oBlktSnoise plus

interference for the / sub-carrier and t he

intePBFRBE for tl@enz‘#h §ub(—c':9nqé1\ dngl th&RhShRLhE Scﬁld g}?l'w (iéethké%héﬂ\ﬁ@s@ distance

two received signal points (i.e baci'ng i n

betWw&nhNdcEd SigRa tRidialileOnthe sféé‘iﬂ@ﬁ%h@ EQR \}eti'(gﬁi‘M EbhsRitation).

t he above expreéssion may be achi éved by approXi mafi ng
Furthie sfoplificetion Of X abevef eipression may be achieved by approximating the

function Q(x), as follows:

o) | _le@df
k, —argmln; . ()d exp[ 407 (z)l }

Any of the above equations may be implemented within the switch controller 20 of Fig. 1 or
in other locations within a system.

Fig. 2 is a flowchart illustrating an example method 30 for use in selecting an antenna
in a wireless communication system in accordance with an embodiment of the present
invention. Signals are received at multiple antennas (block 32) and symbol error rates are
determined for each of the multiple antennas based on the corresponding received signal(s)
(block 34). The signals may be received at the multiple antennas all at the same time, one ata

time, or in some other manner. Similarly, the symbol error rates may be determined for the
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k = argmin® 7XT Any of the above equations may be
i nmpl emented within the switch controller 20 of Fig. 1
wo@eroosm3wrher | ocations within a system Fig. 2PCBHUS2004/032948
flowchart illustratingan exanple nethod30 for usein
sel ectingan antenna in a wreless conmmuni cati on system
antérﬁllaéaﬁ Q% 4RN %ﬁnéMtl}rE 8he &P %iﬂemf)mm QPbmb rb?hé?rtﬁgtﬁl%{ In one possible
nvnlon S Bre received at Ml pIe an
appfdakcbek sigAhl ﬁﬁdcﬁ%ﬂbﬂid € symibolreafoe $atarie ddiehﬁfnﬁﬁ Ifeldezfchrantenna of
each of the multiple antennas based on_the

integest, wééaétﬁwnﬁ)@hqre &Fderhajaypumey plterppiaealy Baysedrhe
S Ih 9Abe @?s)faﬁs 1eV§<q{a%veIrT%%d %ﬁél@h%r i ﬁ‘éde%ljtrﬁlrled for each
e sane , sone O

ante&nm Ireathyr, sybtems ay amhgeaynlbbl ¢radrastenimy Haﬂetb@m&reﬁlfﬂmm antenna.
for theantennas all at the sane tine, one at a tine,

In agpultigaigishey ST FERRIS.. a0 aYCr3ae Syiphel a5Tes rafl prayskerdetermined for
ld
eacl'g lér?cgl‘rﬁlr% dr}%afh? %ﬁﬁ%%ﬁ%‘%{l@eﬂcﬁé@%ﬁ) ér&%g{eﬁt %qbﬁ%?f gn a code division

mulsipletdeeéss ((IJMA) t;scdm; |aq ue&agayyrabdl @froftdty flay bbdete¢daihed for each
In some, systens, , hon-aver aged érrbol error
antgngp evw%éalwﬁ é?%Sﬁéaleﬁweréaéﬁ walh be appgecipigd.ghemethod that is used

o PP e AR IR ] BB 0L AR e

specifianf the irapleAratadge synbol error rate may be
det erm ned for, each antenna over .the sub-carrjers of

t heAR Bpterigis sabseguendly splpetad forgiea iy sgmmppicatierbbpsed on the symbol
errog ba\ré%sﬂe&?mméldtab&tee(bﬂ)%ﬁ §@2 ngaé%ﬁ%ﬁle; é%&fegﬁosﬁgle%ﬁgo? £ an antenna is

error rate nmm each

seleotedthdt has ¥ &ywestisynttad esoofatd. NEhesyRbRMananMMaly be @sed as a receive
appreci ated, the nmethod that is used to determ ne the
anteélywar@w*iﬂmffna@eora?é Sot aicetiveratnaangdritaasmil apfanpa. The above-

desgtr?b%P %ﬁt!ehﬂa %?e%ﬁgﬁl B8 3b %¥%| Se%'se’ uﬂbg gt d)%dett%}ﬁnne tlrm%s or in response

enent a antenn ent

to tﬁa)dletwmnldf agmradsiendadd endhivadd.gQm ligk efpibne, 8d.). Oln at least one
rates determ ped above (block 36). For exanple, in

embggagnb|the propsdvER i repsafed far saghdneasniag Pé@qeé@rqu&verbr@ﬁwapacket or

eveJy%‘fg& ga&éém%?é ). Gh P fea%t%ﬁqg othkD gyﬁ&ﬁlﬁ%hg g}él%pgleé}fb? ri¥RY alg %veraged
used as a’receéive antenna, a transm enna, ~or

ovebmuipte feeeiged/ packetsenna and transmt antenna. The
abagvedescri bed antenna sel ection nmethod 30 maybe
r egéat3dgaflopebabiiuptrativnganexsrarls mathpd4spppssdn ﬁfde(ttﬁlé an antenna

in a%‘ﬁllﬁ&&h@pw%le?s Wﬁ&g@{%ga QH q}:édrg é%&’lgl n Q?tgoed%pxent of the

error rate one e
prespmmﬂbﬁ Inut teagoat ﬁdplémemeta@f; thena@hdd v B péﬂf@ineﬁ%ﬂﬁ@ﬁn IEEE

802. 1 la {)zsegts?fstgmpglgh%%tgh other multicarrier systems may also implement the method
40. The method first switches to a first of K antennas (blocks 42 and 44). A short preamble
is next detected using the first antenna (block 46). The detected preamble may then be used
to estimate the noise plus the interference power for the first antenna (block 48). A channel
frequency response may then be computed for the first antenna (block 50). The estimated
noise plus interference power and the channel frequency response may then be used to
estimate an average symbol error rate for the first antenna over the sub-carriers of the detected

preamble (block 52). This estimation may be performed using, for example, one of the

equations discussed previously or other estimation techniques may be used. Next, it is
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every third packet, etc.). In at |east one other
enbodi nent, synbol error rates are averaged over
woreiosiopdoe3 r ecei ved packets. Fig. 3 is a fl owchBeT/US2004/032948
illustrating an exanple nmethod 40 for use in selecting
an antenna in a nulticarrier wreless comunication
| eqREesSen
der BRI A BB el Ak BT E g G BF 8 hbennas of
intef®st (H6kk54) S BpedukOermmdates hoviendtbdehideteBihed for Mam@shnas of interest,
system al though other nmulticarrier systens may al so
the jahpVeapresrdurnis rapaatrsldfon m nextrratonag KRjgcl g@s ARt aversge symbol error
' Qr.t
o b e Bn AR B4 O i Qe o
in @htetssk ékﬁ])lmuﬂila@ticdxenﬁ@éded)npﬂﬁarafoé@?aasynﬁﬁwnexb@r usesd (bbck 58).

estimate the noise plus the interference power for the
Synchyogizatipg apé Phess eakingsmay shesinbmpeformed ge theyselecsgsoangenna. It
t { f ' ,
ol SHFR GO R0 bl o e 005008 Aol 4y B bencrc
for cdvannentehng qasesyted e8iiio NS artiyildr Nesvike dusig 4D antenna selection

estimate an average synbol error rate for the first )
detefriRation. By aryiinicash s geagrated fayonly mubaetoé theaatopnesaspciated with

. [ ' [ e LG, g, .
the 8105 TR ert . B1eE35 kg0 TRY RSP LIRS B rges or o
resps©foies desdtion®if i ﬁfbdb@ﬁhiﬁb@ U@ﬁﬁﬂiﬁﬂ/ﬁe@?, ausgterrdieat, etd.). In at least
I sdet erm ned whet her average synbol error rates have
one dimentptheayosesirenis| repeataeion sednimgeming packetelr for every other
| oc : r . e
paclidhy 8oy BRAGERRE 14 S RES oB8Y SubSlfe Byl erorrates ae
avefiigod evktireultiplerreqeeddashck@s. a next antenna (bl ock 56).
After average synbol error rates have been generated
f oringhe fospgaing defaided desewaption; vmigusdRatgies of theainyentipaiase grouped
ect for e. 1N W : i gatjo ased. on .. .
tox iy °5, 85 o8 R0l BB SN G bR P dublintining the
discRysnedI rThis arthiodrofadndlagiegenstrtadk interpadyd ddefMeehg an intention that
performed for the selected antenna. It shoul d be )
the glaimesdneansign remureamorsBaturgs thep girsxpesssly Feoitad & apgh gleim. Rather,
. eve nLenn
os R The SRR hee0 LR AT B NI OB "B g of ach

discdsské etnboding@t.er m nati on, but may instead be generated
for onlya subsetof the antennas associated with the

deviléwouglriibe pieseph inveatien: haso hesre flerstibad imppniyaction with certain

t ] ] rin.r nse to. the
SRR, PRI, B B ERIBEph M
witl®uk @dpattéigefrorftie spiritinabcdpeds the@iven€ioh ashaBdkillddA the art readily

procedure is repeated for each incom ng packet (or for
undesgispg. Suefemogidicicans apd vasjatiops ete qoasigersk é@ be within) the pyrview and

sco@et of thfY e Rh eﬁqtdqﬁé a;?ﬂgﬂggd deiks: symbol error rates are
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averaged over nultiple received packets. In the
foregoi ng detail ed description, various features of

w0 b@siosppent i on are grouped together in one or POF/ES2004/032948
i ndi vi dual enbodi nents for the purpose of streamining
the disclosure. This nethod of disclosure is not to be

Whi Eit%lgrgéed as reflecting an intention that the
1 vention requires nore features than are

1; expAessihod foeabd A Wirfleg totlndimRatiBatshftem, ésmpriteng:
followng clains reflect, inventive aspects may lie in
| esdeternuming symbelaripr sgfepfor aniehnagiis & lsowwoofamtrodhsrend .

Al t hou the present ipvention. h be descrihed in. .
forfeErdHs R e SRim L BT BB 5Pt S htfEalee wireess

comiffigEfioaddsdd @i thesginbbicatdr @a1ss. and vari ations may be
resorted to without departing fromthe spirit and

scope of the invention as those skilled in the art
reagdi | nderstand. Such nodifications and vari ations
2. arZﬁggﬁ§58§9£§ag%?b%ﬁﬁf¥min the purview and scope of
t heseldiRNAN AlerdAdndlies 3BIBETRHBAM adteahMThalMidt 1owest bBhb® rror rate.
is: Amethod for use in a wireless communi cation

system conprising: determ ning synbol error rates for
ant-ennas,.i oup of antennas; and sel ecting an
3. antrgl%en%aPér)cg%ﬂflgién g’r%ﬁ%elf antennas for use in

subaRry@ibol ¥iréelafs Sndtedeaveiagakimbolasredated) t he synbol
error rates. 2. The nethod of claim1, wherein:

sel ecting an antenna includes selecting an antenna

4. thafhehrggta%%ge? ﬁﬁng,ynﬁol. error rate. . The nethod of

wherein: .
cl aim’, 2R gﬂl}rrbol error rates include

aVv eaRgRIrel¥ ERRImRkliGltiohay &8m ida mUe RO atd ai m 3,
wherein: said wirel ess communi cati on systemis a

mulseideaerage symbel asrar raiagiars gveragaervey e poyraliyl of snb-garriers.
rates are averaged over a plurality of sub-carriers.
5. The nmethod of claim4, wherein: determ ning synbo

5. er rie mé@h&$of ¢1gihigleshadeiher ni ni ngan average synbol
error rate for a first antennaby summ ng synbol error

pr clstepmining ssenkod errextsien inchisics defpmuinpigensueragasymleal srror rate for
a first antenna by summing symbol error probabilities corresponding to multiple sub-carriers

associated with said first antenna.

6. The method of claim 4, wherein:

determining symbol error rates includes determining an average symbol error rate for
a first antenna by estimating a sum of symbol error probabiliti‘es corresponding to multiple
sub-carriers associated with said first antenna using an error probability between two closest

signal constellation points.
7. The method of claim 4, wherein:
said wireless communication system uses orthogonal frequency division multiplexing

(OFDM).

8. The method of claim 3, wherein:
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associated with said first antenna. 6. The nethod of
claim4, wherein: determ ning synbol error rates

w0 p@b08®33 det er m ni ngan average synbol error rBCEUSIN4/@32948
first antenna by estimating a sum of synbol error
probabilities corresponding to nultiple sub-carriers
assenh dhiRfs¥dningdbaidd sﬁﬁfzmqg‘é &oH8 ﬁivlfs?(?r{‘tgaﬂipfere{c%ss (CDMA) based
probabil ity between twoclosest signa

systomsandl | ati on-points. 7. The nethod of claim 4, '

wherein: said el ess communi cati on system uses
or t FRIE)BHERES PERoLAEGT THSPIAST BYPARSH OVEN SR eFEwies. 8.
The nethod of claim 3, wherein:said wireless
comuni cation system s a code division nmultiple access
9. ( CDVB netimddbf slashenmwharedn:sai d aver age synbol error
r at ﬁs ar.e, averﬁ&ed over a plurality, of codes. 9. The

met ARG SERROLErrofFissdngiudes determiningafirsiayaibol ergraate for a first
tERAS, daNGhHE, L TR rror rate
- To rag(g,f iar st 4 agtSd ({:\1 %ﬁgﬁggbg‘glr}g@flgfteir%%elgéﬁr@\%?tgg e over
mul tiple recei ved packets. 10. An apparatus
risi ng: an antenna switch to controllably couple

co
10.0neABRPBATAIE FATPHSINGT ant ennas to a wirel ess

COMpIR t&fal SQRech tho ' | i

ol el sBch 1S CatdolaBfbofofd ak B SRR of Rhtflnas g 2 wireless
comqoupk&dinciaitgand r el ess communi cation circuit for use

in suvei?%trti ng wirel ess communi cati on based on synbol

er r dfWirchogutrgller (o selqct an Ftenna droriihluralityefiagtepnanta be equpled to
S T oo SR LT pp kBl Birel T E o RifgicB b based on
synéwil et mtes asshcyedowith entemtasiatasd phssligiodtednidst h sai d
antennas. 12. The apparatus of claim 10, wherein: said
synbol error rates are average synbol error rates.

11.  The apparatus of claim 10, wherein:

said switch controller includes an error estimator to estimate said symbol error rates

associated with said antennas.

12.  The apparatus of claim 10, wherein:

said symbol error rates are average symbol error rates.

13.  The apparatus of claim 12, wherein:
said wireless communication circuit supports multicarrier communication; and

said average symbol error rates are averaged over a plurality of sub-carriers.

14.  The apparatus of claim 13, wherein:
said switch controller includes an error estimator to determine an average symbol error
rate for a first antenna by summing symbol error probabilities corresponding to multiple sub-

carriers associated with said first antenna.

15.  The apparatus of claim 12, wherein:
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13. The apparatus of claim 12, wherein: said wreless
comruni cation circuit supports nmulticarrier
W@ vsstocat i on; and sai d average synbol error PEL/ES2084/€32948
averaged over a plurality of sub-carriers. 14. The
apparatus of claim 13, wherein: said switch controller
i nc - Rt . ‘
e SR LA Sy AR LR R BRI e DA
an@rror probabilities correspondingto nmultiple
subcarriers associated wwth said first antenna. 15.

The SHP FEFABLYTHOL SITaT TatepAre fyessser overBiuglifly pEsedss.

comuni cation circuit supports code division nultiple
access (CDWA); and said average synbol error rates are
16.av elTheg epbavates ofclpinui @ lwheyeinf codes. 16. The appar at us
of cl.aim %tg V\,h?r ein: said switch controll er,c&epner at es
a s¥e Evitetherntiolles geisrates Fwitch contink Sgnvh fan saidantennp switch,
The apparatus of claim 10, wherein: said switch
controller selects an antenna having a | owest average
17.synbhe amgrarans ofxdlaim 1B whehdn:appar at us of cl ai m 10,
wherein: said wreless comunicatjon circuit includes
one it SWitel seRder Telertdn N haying @) lewest pxera sy Brmbal geror rate.
a wreless transceiver. 19. A systemconprising: a
plurality of antennas that includes at |east one
18.di pbheappatatmnat, clam Hhtwderan:swi t ch to control | ably

coupl.e oneof said plur aI,iﬁi){of g@gtenn sto, a wirel ess .

con?%ﬁﬁws POTPIUNTRUEIHON CHRET MORIRPS Uy A ohvirelessdrapgmitter, a wireless
recg@&gﬁﬁ@@ﬁgk@pggﬂg&i@gﬂsai d pluralityof antennasto be

coupled to said wreless conmunication circuit for use

in supporting wreless comuni cati on based on synbol

errgr rates asspciated with antennas in said plurality
9.0t AVERRLOMPSEINEThe system of claim 19, wherei n:

a plurality of antennas that includes at least one dipole antenna;

an antenna switch to controllably couple one of said plurality of antennas to a wireless
communication circuit; and

a switch controller to select an antenna from said plurality of antennas to be coupled to
said wireless communication circuit for use in supporting wireless communication based on

symbol error rates associated with antennas in said plurality of antennas.

20.  The system of claim 19, wherein:
said switch controller includes an error estimator to estimate said symbol error rates

associated with said antennas.

21.  The system of claim 19, wherein:

said symbol error rates are average symbol error rates.

22.  The system of claim 19, wherein:
said wireless communication circuit supports multicarrier wireless communication;

and

10



said switch controller includes an error estimator to
estimate said synbol error rates associated with said
w@niosnsmss . The system of claim, wherein: saPdI/ByroD0032948

error rates are average synbol error rates. 22. The
system of claim 19, wherein: said wrel ess
co [ I
comuar e pkE bl HOE L AUARO N Togl rbE Bl S Flfer.
are averaged over a plurality of sub-carriers. 2 . The

m of cl ai erein: said wreless conmunication

iYEEE?ﬁy%%B IQ@&%?}FW sion multiple access (CDMVA);
andsalshoRUee 13% cil%ﬁi%ﬂ.[éapf)ﬂgﬁ de%ﬁxﬁsﬁf{ ﬁ{uﬂ%ﬁgacc\égs (CDMA);

apfurallty 0 system o
andvher ei n: sai d system Is part of a wireless access

poi nt.. 25. The system of claim 19, wherein: said

sy stafRYagmimis eHoT et PR CRsEdOVRL 4 Pluealtnetoasiss.d
(NQ. |

24.  The system of claim 19, wherein:

said system is part of a wireless access point.

25.  The system of claim 19, wherein:

said system is part of a wireless network interface card (NIC).
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