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effective, the selection criterion used in a swtched antenna arrangenent
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will result in enhanced performance in a corresponding system BRIEF

DESCRI PTI ON OF THE DRAW N%%@M%i agramillustrating an
exarrplé swi tched antenna ar ordance with an enbodi nent of
the present invaginvemionreltes geriefalld té Witvledsabmunlddtibrisaht [18ord Partiv @iy, @ met hod
for use in selecting an antenna in a_  wreless conmuni cation systemin

accor danc énighagselpstieniselnigeasforgmse theeeihr esent i nvention; and Fig, 3 is a
flowchart illustrating an exanple nethod for use in selecting an antenna in
a 25 multicarrier communication systemin accordance with an enbodi nent of
the present invention. BXTRGREDNIEFSERITPT DOMENTIONe fol | ow ng detail ed
description, reference is made toQ the acconpanyi ng drawi ngs that show, by
way of 10 | | ust r & §v8ished pieimpisystemnbanysismythatisplecl pahowtiod 2 grrpepf AR be 1

support wireless communication at a particular time based on some selection criterion. A

switched antenna system may be implemented to overcome problems caused by, for example,
multipath fading and/or other channel effects that may decrease the quality of a wireless
signal, To be effective, the selection criterion used in a switched antenna arrangement should
15 be capable of reliably identifying an antenna in the group that will result in enhanced

performance in a corresponding system.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating an example switched antenna arrangement in
20  accordance with an embodiment of the present invention;

Fig. 2 is a flowchart illustrating an example method for use in selecting an antenna ina
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

25 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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WO 2005/ 039073 PCT/ US2004/ 032948 practiced. These enbodi nents are descri bed
in sufficient detail to enable those skilled in the art to practice the
invention. It is to be understood that the various enbodi nents of the

i nvent i on,wakotsosmms di ff erent, are not necessarily nut RAT/YS280403%48ve. For
exanple, a particular feature, structure, or characteristic described
herein in connection with one 5 enbodi nent may be i nplenmented wi thin other

enbodi neng&ac%édh GYbsed Hﬁliléé‘n% aré QRARA iSRIfidibnt dBAY tSGRBR tBsekhifled AUBNT T ON.
In addition, 1t is to be understood that the location or arrangenent of

i ndi vi dualartetb erestite thei inhéntiosa dhisdb delvoderstoedrifut theevariona pbodipwntsi ddhsi t hout
departing. fromthe spirit and scope of the invention. .Thefol] ow
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the sane qQr.simn . i i & hr. Vi i lis a
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(NICs) an her wreless network interface structures, cellular 'tel ephones
and ot feer thammpheded ohiime] @psopcieteiruiniecttod slongewitio tirl fullirgigealf egsisilentama s

having wreless functionality agers, radio freguency integrated.circuits
(RFI Cs) , a*ﬁa%@a&[aémws heé-l fn 68 dipadigs) E@%ﬂ%ﬂ@@éﬁ?&% BEsHrF Of SRRt ched
antenna argiHgRARPthrdébhicadhd SeveppaRlve. of i nplenenting antenna diversity
techniques to i nprove the overall performance of a correspondi ng device,

system or conpiméntablaek dipgremiliustratng anexampieswiteedanteannarangemenideient 10
T T S S B B B RS s o

a wmreless c ron crrcuit

cont r ofsl er{02@ay GhEnplémuitediresas efomide finga ol diffegént Gutelesd devives, bysednmugiand f or
exanple, a wireless receiver, a wreless transmitter, or a wreless
transcei veempepratsipelagisg Soremp WieicsRcesss Boints, Waelgapeligntdsvices, wireless

network interface cards (NICs) and other wireless network interface structures, cellular
telephones and other handheld wireless communicators, personal digital assistants having
wireless functionality, pagers, radio frequency integrated circuits (RFICs), and others. As
20  will be described in greater detail, the switched antenna arrangement 10 may be capable of
implementing antenna diversity techniques to improve the overall performance of a
corresponding device, system, or component. As illustrated, the switched antenna
arrangement 10 may include one or more of the following: a number of antennas 12, 14, an
antenna switch 16, a wireless communication circuit 18, and a switch controller 20. The
25 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
30  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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i ncl ude baseband circuitry to process baseband transmt and/or receive
information in the system(e.g., a decoder within a receive chain to decode
received information, etc.) The wreless conmunication circuit 18 may be
confi gur edVPA0B®8¥ Hance with one or nore 30 wirel ess eABh
standards (e.g., wreless networking standards, cellular standards, etc.).
In at | east one enbodi nent, for exanple, the wireless conmunication circuit
18 is comphgus-egho)n @GEOHIRNEE sihddidd AR ¢l fds bf dffwehieltesirdiehior Ki ng
standard (|l EEE Std 2 WD 2005/ 039073 PCT/ 1JS2004/ 032948 802. 11a-1999).
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i ncl udi ng conmbi nati ons of the above. "The swtch controller 20 controls the

oper at i on eafmplaglipaiess pateheswhelixhs, G aysTrak othess, indhedingwarhinations of dk keeve20

i ol oss TBeCHAEANra ErEbr: Coaedon of PRt A ance Fho ke PRe bt ne

antenna sWoh&dllet 80 ase@ifés\ghi¥h oncldTehcsattdnfidl 120 M EHdlul Ele cipI¥E Yo Mehirelk1e Whi ch
antenna to couple to the wireless communication circuit 18 based on, for

exanpl ¥, iceforumiceliencircatd P dlebarticyiar tirme and ingrustsshe antanma pvideh iosscafipalyi t 18.
In at | east, one. i t 5 0f LDOV: i e it ont 0l

ol octs  anth§ ST AR 2 ud" BeRE D ablfing ¥ EeOM UK MBI

ant ennas aorinhgicatisit eimuitlBabased onf foe exanplé, dhfocimtionotebeive® Gonmmtiie wiglesde an
error estimator to es,timaite a synbol error rate for each of the avail able
ant ennas (SPIRGAUEHIYE 1§ subset of the avail abl e antennas) and sel ect an

antenna Tor U3k ol aGORHAON BARRREch BRI o 60 TQLASI 0 0.

selecting an antenna wth t west synbol "error rate, et Var 1 ous
t echni guesnfenna esstd omsyinig! tiner ratesrbssbeiged with thetaatennas of the system. That is, the

switch controller 20 may include an error estimator to estimate a symbol error rate for each of

the available antennas (or for each of a subset of the available antennas) and select an antenna

_for use in communication based on the symbol error rates (e.g., selecting an antenna with the

lowest symbol error rate, etc.). Various techniques for estimating the symbol error rate

20  associated with an antenna are known in the art. The symbol error rates that are calculated

may each be based on a single received packet or multiple received packets (e.g. an average

over a number of previous packets, etc.). As used herein, the term “symbol error rate” is
intended to encompass all different methods and formats for expressing a rate.

In at least one embodiment of the present invention, a switched antenna arrangement

25 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,

© 30 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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20 associated with an antenna are known in the art. The synbol error rates
that are calculated may each be based on a single received packet or

mul ti pl e received packets (e.g. an average over a nunber of previous
packets, &Y@2005/03873used herein, the term "synbol error RCEW200449329%%4t ended to
enconpass all different nmethods and formats for expressing a rate. In at

| east one enbodi nent of the present invention, a switched antenna

arr ange”%lgmﬁ@&ﬂys Bbmk@ﬁﬁr@%ﬂcaﬁﬁ&bﬁe ufedWiol v 615 BighQATALE o BB 2888 t hat
uses multicarrief comunication [ticarrier communication is a technique
for transeerali wengiawbicetier tephviquess Althnngh dbeactfost of infersympbael lpﬁeef@@sceakad t hen

carriors (eoed REEERRRREREy S gt B AT E sRNARRG P PP Cen o

over cone sdﬁieebfsmbsmlb daftiegs hfalyea@enme @@ameﬁaam@whmﬂoﬂﬁaﬁsmmt m@e signdiol
period of the carrier, 30 thus limti n%the data rate transmtted though
2

each stb- BAZHMEes fecewed wyaergeeHV%ruwc@ reay Yor dififsesat (SHB-cafieb (i SrehfMhd
t tt th
L nem ¢ et aRane b A RNRMNC it SxrhB09RS kRO TR e MRRA

3 WO 2005fa320v8 tﬁﬁ&'dllgl&ﬁ@@lb]v@:%%%ﬁ&l tomo@mrétwsamy at the cevger.nlihdse pdveercarri er s

are used, relativel h dat rat s may be acqJ i eved ovegall usi n%

mul ti carrﬁ@ﬁs? SCHEE d’é rgg:eg 2} Ay eTRRIEIISE D6 TREAYELS RS t AsK 3 Y ence i s
reduced, muyld ma&a*& tfh@&wgvéwhéi !hlelotlﬁk SitRbdridrd e BRtsfinh e PothiidetAhi tgher _
system For exanple, sone of the sub-carriers ma experience greater fading

t han 06 heBNRs.oThusaanterine ssleefival te@mmjgmbasqdjesa\feage isigmal loyel SSNBcwisignel tar e

ampl 1t udefyeHene o] s YRR b e g B P PR RO O Pp G

fadi ng W plesdny Riveatidny allil:@fﬁﬁ JeRB6n i @fohmddoin AGhSIEcdrAbl mhaiEdtiodtsystera
receiver. These |lower SNR sub-carriers in the received signal nay
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Thus, antenna I on ques ase on a

Si gnal15 t Ofrequeh@/r cﬁﬁﬁleﬂﬁﬁlt{pll‘siur[gI(m*’EM)EWDM ﬁM‘sRmW&xyou%@\hrdD&s 6<ﬁinln&1|ﬁba&10n| n at
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per f or medStriiaEds iplydings for F@ﬂn@%m Pt jagHEEE ¢ %Q% 1 13‘1999) TEEE 802.11¢, and

others. In an OFDM system, the received signal on each sub-carrier may be represented as

follows:
20 r ()= a, (i) s@)+n, () i=12,.,N;k=12,.,K

where 7 is the sub-carrier index, & is the antenna index, s(;) is the transmitted signal for the ith
sub-carrier, 7, (i) is the received signal for the ith sub-carrier and the kth antenna, & L )is the
channel gain for the ith sub-carrier and the kth antenna, #, () is the noise plus interference for

25  the ith sub-carrier and the Ath 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
30 k, =argmin ) Pr[e, (7)]
ko=l



based on average synbol error rates taken over the sub-carriers of a
multicarrier signal. One formof nulticarrier conmunication that is growi ng
in popularity is orthogonal 15 frequency division nul tlflgl exi ng g . OFDM
i s used i WO205/@9¢3Wi r el ess comuni cation standards i REFYRNYI2PHr exanpl e,

| EEE 802.11 a (I EEE Std 802.11 a- 1999), |EEE 802.11 g, and others. In an
OFDM system the received signal on each sub-carrier may be represented as

fol |l ows: 20rk(i)a(i)s(i)+nk(i)i =12,..., N k=1,2,..., Kwherei is
t he sub-carrier ? is the antennalndex s(i) is the transmtted
signal fowherher] et, lsmtmymhoi &yror pn@b@ﬂ}tm fgr fheeque rvéalpélrlgiﬁamdvéﬁtwﬂ he ith
sub-carrier and the kth antenna, ak t he annel gain for. t gﬁlth
sub- car r i Q@AM) ey oRithe ﬁlhfl@n??é“err{QW)‘s 'ih§ daiganosiilation Jpehliqus useq Br Bce for

25 the it @ gﬁa andﬁm 89 14 NG n%s@ @Wi& st%hldhﬁi)t heo @HHR% Bt rS4ilregarriers

carrying t he nunber of ennas In at |'eaSt one enbodi nent
of thes presgntationptbaibiorn ¢xpxcssmmmryrba appsrox1mtedmsmg therermor probebibirbeiveaensy st em
by identifying the ant nna, with the |o average synbol error rate (SER)
over the @Gﬁw‘gﬁlr‘)?‘?s&??‘ ?\(\féré‘ﬂl%oém \r,%@ d as follows: N 30 Ice

zargm nPr[ek(i)] k 4 WD 2005/ 039073 PCT/ US2004/ 032948 where Pr{ek (t)] is
the synbol error probability for the quadr ature anplitude nodul ation (QAM

synbol on the ith sub-carrier (QAM i s @I,;(t dul ation techni que used in,
for exanple, the | EEE 802. 114 waF%m ng standard). To sinplify
the required 5 conputation, the abdve dx may be approxi mated using
the error probability between the two cl osest signal constellation points,
as follows: ke = argmint QL Ilak (i )dIl I Al=~ 12 10 where Qx) =f 1 e

2 dt is the probabklity éf error in the constellation, d is the shortest
10 where Q(x)= J' T e 2dt is the probability of error in the constellation, d is the shortest
x /2

distance between two transmitted QAM constellation points (i.e., the row or column spacing

in a squared QAM constellation), o, (i) is the square root of the variance of the noise plus
interference for the ith sub-carrier and the kth antenna, and ||z, (i)a || is the shortest distance

between two received signal points (i.e., the spacing in the received QAM constellation).
15  Further simplification of the above expression may be achieved by approximating the

function Q(x), as follows:

e, i d“
o gmz a,,od P[ 420) J

20  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

25  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



27r distance between two transmtted QAM constellation points (i.e., the row
or colum spacing in a squared QAM constellation), 6k (i) is the square
root of the variance of the noise plus interference for the ith sub-carrier
and the kWD 20883998, and Ilak (i)dl|l is the shortest diPSTAREYW0HE8veen two
received signal points (i.e., the spacing in the received QAM
constellation). 15 Further sinplification of the above expression may be
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accor dance wi tlhsame systrodi asngle,abn-beraged sgmbal erroratemdydie.de@rmymead for each

d at nul t bl 0 t 25
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recei ved gi aglﬂalhea%ler §R1eRE or3hmplEhsh e?deﬁ&ﬁé's?mﬁﬁ)én*é?re&@ﬁﬁy%@‘éet%ﬁm%@@fd?“| tiple

antennas all at the sSane tine, one at a tine, or in soihre other nmanner.
Si mi | ar| ygach hmemyamlvot theswbesarmiers e@hwewndmgewmmédlgmi@th@ code diyision

2005/ 039073 /USZE&@M) 294,[8 ant ennas 5 d;sr){]e ah atine,
or in song¥ ]61P ACCHR |5 e HHTEAER FE OAﬁB'P’blg(t,erfm% %iiedﬂgl §4I &¢8i ved and
a synbol gk oVétlte vadiodSERIdMESsyE©RMm. ARG BRARNETated, thd HétR6EHbtis e af ter
another. Qther techniques nmay alternatively be used. In sonme systens, a

si ngl & nioretpming ghecsyspabrstor sate esoqigiedwithon prenmaval meadlyfdepend appn ths
ant enna. average synbol error rate may be determ ned for
each ant eé rr%g%p?frthé}/%?@%tgﬁ?l er system for exanple, an average synbol

error rate mayApentdeias snb%e@;heﬁtby selezgedlforun éin cemmmusicatidncbasstborcihe syabsl of t he
correspondi ng recei ved sjgnal ( Inac Ige divisign nultiple access (CDWR)

syst em aWO&@?é?Sé@t@f@W%POVéKWB?k 36X Kor gyamnle injeneaionsible apraicheaantenna is

selected that has a lowest symbol error rate. The selected antenna may be used as a receive

15 antenna, a transmit antenna, or as both a receive antenna and transmit antenna. The above-
described antenna selection method 30 may be repeated at predetermined times or in response
to the detection of a predetermined condition (e.g., a high error rate, etc.). In at least one
embodiment, the procedure is repeated for each incoming packet (or for every other packet, or
every third packet, etc.). In at least one other embodiment, symbol error rates are averaged

20 over multiple received packets.

Fig. 3 is a flowchart illustrating an example method 40 for use in selecting an antenna
in a multicarrier wireless communication system in accordance with an embodiment of the
present invention. In at least one implementation, the method 40 is performed within an IEEE
802.11a based system, although other multicarrier systems may also implement the method

25 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

30  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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antenna over the various codes of the system As will be appreciated, the
nmethod that is used 10 to determ ne the synbol error rate associated with an
antenna will typically depend upon the specifics of the inplenentation. An
antenna i VGiMFEYU@BNtly sel ected for use in comunicat il’Sﬁ/Ugg@é/B”&f? t he
synbol error rates determ ned above (block 36). For exanple, in one

possi bl e approach, an antenna is selected that has a | owest synbol error

rate. Thedg@h@rliethetiet SrtaeRRMbblRmMdbRActs Bsvebetestimatedfor ANdfei mtengaddfans i t
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wi rel ess communi cation systemin accordance wth an enbodi nent of the
present i shoeldtbie@ppretintedtthdt emgveragesyinhpl eoeratavalemdoes het heere kol ap@eriied
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first of Ketanhamoasut by altadBe @ddratd)for odlysdblet BF @8 Bflefinas hsobigkl witkt ect ed
using the first antenna (bl ock 46). The detected preanble may then be used

t o estlf mathe detiee. nBiesatesng seleqtionimathadrid ragyche rppratad ot predetgEnines HmespriBnna

(bl ock 48), . . t dy f he first
ntenna (PeRE@EY neriof SERRNCRINARRIRY. o Ao QRBUE S lead P
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ber

r th
preanbl e PskeleRr eyoy thivgpackels elepaln %?Faﬁ%pye B Rt Sienhod errergRteg s np| e,
one of th i - chi viously or other estimation techniques
may be usiy T%ﬁggﬁrq@uﬁg%&%\/\%%%% 039073 PCTI US2004/ 032948 det er ni ned
whet hes aver age thy furegoirey dabailed alessiphary oahesfeastes whthednvantionbte grbugele

ant ennas of . o . -
together in one or more individual embodiments for the purpose of streamlining the

disclosure. This method of disclosure is not to be interpreted as reflecting an intention that

the claimed invention requires more features than are expressly recited in each claim, Rather,

as the following claims reflect, inventive aspects may lie in less than all features of each
20  disclosed embodiment.

Although the present invention has been described in conjunction with certain
embodiments, it is to be understood that modifications and variations may be resorted to
without departing from the spirit and scope of the invention as those skilled in the art readily
understand. Such modifications and variations are considered to be within the purview and

25  scope of the invention and the appended claims,



interest (block 54). Because error rates have not been determ ned for al
antennas of interest, the above procedure is repeated for a next antenna
(bl ock 56). After average synbol error rates have been generated for al
antennas of interest (block 54), an antenna is selected for use 5 in

wi rel ess communi cati on based on the average synbol error rates (bl ock 58).
Synchroni zati on and phase tracking may then be perforned for the sel ected
antenna. It should be appreciated that an average synbol error rate val ue
does not whavig clan&ieisgenerated for every antenna associated with a
partlcular device during an antenna sel ection determ nation, but may

i nst ead be geharethaddfor vie inalnyuldcasigsvdreless commuaisaamesiens SoBPHiag with io
the device. T det er mi ned
times or in %%gﬁgﬁgé %Lgﬁ%hﬁBlgﬁ%29%¥£gn%?g % %{ﬁﬁneé? 25)?f%n (e.g., a
hi gh err aiterinag, 8aidgy @byl erlid’rl pedbabidisisd ben(gﬂ&s@:ﬁ!d)étdwr’fﬁlstlb carhierspif acadticagriérs
repeated for each I ncom ng packet (or for eve oth packet, or every
third pagieiol, vdteeeiy aPHrHX‘ﬁta“Péﬁﬁ‘JdSﬁ%s”Eﬁ %%’P”@ﬁﬁ%ﬂ Eﬁtweégfﬁﬁ%r%@?%r rat es
are aveg gﬂﬁgomys%r L 5a'rﬂ?ér§asrs§8$ﬂeéf%ﬁthrégakﬁﬁé'rnalaﬁldl n the foregoing detailed
descripti various features of the invention are grouped together in one
or nore |nd|vxﬁmahganmudnméhmsﬂkqmmqhﬁhpunmnﬁérmk1sBMBanwnWnge$he

di scl osure. This & closure is not to be interpreted as reflecting
an |ntenFWBW”Wﬁ%FpﬁFﬁ@(@ﬁ f Ml amﬂgﬁﬁP‘HﬁuW§qU|res nore features than are
expressly recited in each claim Rather, as the followng clains reflect,

i nventive aspects may lie in |less than aII features of each 20 disclosed
enbodi medt . Alhdvoeighd pheaisy bseifreinnvent i on has been descrlbed in conjunction
with certain L e ations and
vari ations naﬁ$g§8$es %§@dsewhﬁa@ﬁ%&gﬁgggﬁéf&ﬂﬁﬂ? egg%#@lt and scope
of the invention as those skilled in the art readlly understand Such

nodi fications and variations are co be within the purview and 25
scope of the invention and the appe 7 What is clained is: 1 A
method for use in a nulticarrier ni cati on system conprising:

where i is a subcarrier index, £ is an antenna index, N is a number of subcarriers,

/.
e *dt isthe probability of error in the constellation, d(i) is the shortest distance

_ f !
T2
between two transmitted constellation points of the ith sub-carrier, &, (i) is the square root of

the variance of the noise plus interference for the ith sub-carrier and the kth antenna, and

”a ‘ (l)d(zm is the shortest distance between two received signal points of the ith sub-carrier.

3. The method of claim 2, wherein:
selecting an antenna includes selecting an antenna in the group of antennas that has the

lowest approximated sum.

4, The method of claim 1, wherein:

approximating includes evaluating the following equation for each antenna:



approxi mating a sum of synbol error probabilities for each antenna in a
group of antennas, said synbol error probabilities being associated with
sub-carriers of a multicarrier synbol, wherein approximting includes using
a shortest distance between two received signal points for sub-carriers
associ ated with each antenna; and selecting an antenna fromthe group of
antennas for use in subsequent w rel ess comunication based on the said
approxi mated sunms. 2. The nethod of claim 1, wherein: approximting includes

evaluating the followi ng e uatlo?ﬁfor e CW@hG;gﬂﬂE NT lla) (I 1) ]

where i is a subcarrier in X, Nis a nunber of
subcarriers, Qx) =J 1| e Z obaly 43 f error in the
constellation, d(i) is the sﬁ%?g dels an02{+ég¥: etween two transmtted
constellation points of the ith sub-carrier, Ok (i) is the square root of
the variance of the noise plus interference for the ith sub-carrier and the
kt h ant enna, wingde | 'ala siibgadifi¢r)ihdexs k tshem amteand eeex, N Btaanoebebeof subearitwpdecei ved
si gnal p0|nt% of the ith sub-carrier, f claim2, wherein:

sel ecti n§ Bs aﬁ%%ﬁﬁaan% SRARS O itieg ca?ﬁtgﬁfl@hﬁ@anrP?tt*rfelﬂgWuﬁrré?r ant ennas
that has ;t pﬁ.s thé’xzﬁagferg eva@%uga?faﬁ& SRR ?cﬂfe pIREintEfnade ffr «fd A gﬂble%mer ei n:

appr oxi mating 1 nc t he |'owm ng equation for each antenna:

8 " 6k V\a{nec‘f(tRe #th ah%hna‘ ’a)]&]ﬂld’é@a ﬁlls H%igggl)(egrgdistll ad% @Qen"f@g gce'iveg(% g)faaﬁb!}?&'g” rier

i ndex, I's an antenn subcarriers
shortestoghghﬁgﬁg fgtween two transmtted constellation points of the ith
sub-carrier % I's the square root of the variance of the noise plus
interference for the ith sub-carrier

5. An apparatus comprising:

an antenna switch to controllably couple one of a 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, said
switch controller to approximate a sum of symbol error probabilities for each antenna in said
plurality of antennas, said symbol error probabilities being associated with sub-carriers of a
multicarrier symbol, wherein the approximation uses a shortest distance between two received

signal points for sub-carriers associated with each antenna.

6. The apparatus of claim 5, wherein:

said switch controller selects said antenna based on the following equation:

k, = = arg | min Z Q{“T/%Gj((’i)ﬂ

where i is a subcarrier index, & is an antenna index, k. is the selected antenna, N is a

2

number of subcarriers, Q j e 2dt is the probability of error in the constellation, d(i)

I

is the shortest distance between two transmitted constellation points of the ith sub-carrier,

o, (i) is the square root of the variance of the noise plus interference for the ith sub-carrier



and the kth antenna, and Il ak()d(i~l is the shortest distance between two
recei ved signal points of the ith sub-carrier. 5. An apparatus conprising:
an antenna switch to controllably couple one of a plurality of antennas to a
wireless conmunication circuit; and a switch controller to select an
antenna fromsaid plurality of antennas to be coupled to said wreless
communi cation circuit for use in supporting wreless comuni cation, said
switch controller to approxi mte a sum of synbol error probabilities for

each ant SR ’ctﬂ éﬁéhrq% aml ﬂ& ,g?'dfzm iﬂhe%ﬁ&@eﬁpgﬁtia?ée%e%g%mgIrﬁt%‘i\reg {ﬁﬂer e(f\m lities

bei ng associ ate icarrier s in the
apprOX|m&qhgnhgﬁpéiﬁmshortest di stance between two recelved signal points
for sub-carriers associated with each antenna. 6. The apparatus of claimb5,
wherein: said switch controller selects said antenna based on the foll ow ng

equati on; QL where i is a subcarrier index, k is
an ant enfia |§ﬁ5¥mp%@&§§¥fﬁ€“§eghﬂ?@d antenna, Nis a nunber of subcarriers,
QAx) =1 e Z gdiq dwarchRentes1RPadkds tild Bftefataled dh thO ®ILMNSE &uaBbd.on, d(i) 27
is the shortest distance between two transmtted constellation points of the

ith sub-carrier, 6k (i) is the square root of the variance of the noise
pl us interference for the ith sub- carrler and t? ,kth antenna, and Il ak
()d(i)Il is the shortest dlstanc bev n t ”@d@dlab signal points of the

ith sub-carrier.. 7. The"app&al @T {ﬁ EPe&f sai d swtch
control I er selects said antenna ba th foI ng equation: N 6k (')
exp - | ak (e)d (if
where 7 is a subcarrier index, & is an antenna index, k. is the selected antenna, N is a
number of subcarriers, d(i) is the shortest distance between two transmitted constellation

points of the ith sub-carrier, o, (i) is the square root of the variance of the noise plus

interference for the ith sub-carrier and the kth antenna, and |, (i)d(i)] is the shortest distance

between two received signal points of the ith sub-carrier.

8. The apparatus of claim 5, wherein:

said switch controller generates a switch control signal for said antenna switch.

9. The apparatus of claim 5, wherein:

said wireless communication circuit includes a wireless transmitter.

10.  The apparatus of claim 5, wherein:

said wireless communication circuit includes a wireless receiver.

11.  The apparatus of claim 5, wherein:

said wireless communication circuit includes a wireless transceiver.

12. A system comprising:
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

10



kr = arg mn ak ~i~d~i Cak (i) where i is a subcarrier index, k is an
antenna index, ke is the selected antenna, Nis a nunber of subcarriers,
d(i) is the shortest distance between two transnmitted constellation points
of the ith sub-carrier, ok (i) is the square root of the variance of the

noi se plus interference for the ith sub-carrier and the kth antenna, and
Ilak (i)d(i)l is the shortest distance between two received signal points
of the ith sub-carrier. 8. The apparatus of claim5, wherein: said switch
control l er gepgra&ndoditb Sdled AR b@hnaSt G bid Eﬁfralﬁﬁb@arﬁ%rﬁgﬂ%@é’&uy&hio 9.
The apparatus of claimb5, wherein: sald wreless comunication circuit

i ncl udessad wirclebse®snruuracesion icireyit for 16 inTFhepatupmwatias @imnckradatos, sawher ei n:

said wireless co nicatian circuit.includes a wireless receiver. 11. The
appar at US™ I COPBPTRT 40 ApeREIRR2 9 of Pal GEE rRoh{ies I e st FisER iR S9%hel udes
a wrel eF@uraFli't)a@%@én\ﬁ@sf, -saidlsymbbl &YSHREBa6 RIS b&ihgBssodiated Wil subXa@ferdftaennas
that includes at |east one dipole antenna; an antenna switch to controllably
coupl e omeltshrrigapymbsluivikgreinyheodppaaii@aticisusena shagieptedigance bebrasntive sceived

cireul U Bnf dfuop Wk GO0 E s SEARGI AN antenna from said plurality
of antenngs £9 be coup ed to %Al d W reress coimuni cation circuit for use in
supporting wreless communi cation, said switch controller to approxi mte a
sum of s¥gbol error prgﬁabilities.for each antenna in said plurality of

ant ennas,3'sai 4581 Of3Br 1 20WEBSHY | i ti es being associated with sub-carriers
of a nulticagd aitVetRRbHerWBRESSAd hikenRARREQKATRE FADWEES Btishor t est

di stance between two received signal points for sub-ca r?ers associ at ed

wi th each antenna.. 13. The system of claim 12, wherein: said switch

controll er selects said antenna based on .t he f oW ng equati on:
k, = arg min ZN: Q Lifa2uad| (i)d?i ’
) k ‘[iak (’)

i=]

where i is a subcarrier index, k is an antenna index, k. is the selected antenna, NV is a
’l

number of subcarriers, Q e 2dr isthe probability of error in the constellation, d(i)

Tl
W15
is the shortest distance between two transmitted constellation points of the ith sub-carrier,

o, (i) is the square root of the variance of the noise plus interference for the ith sub-carrier
and the kth antenna, and “a (i)d (z)” is the shortest distance between two received signal points

of the ith sub-carrier.

14, The system of claim 12, wherein:

said switch controller selects said antenna based on the following equation:

=ar minN AU ex _“ak(i)d(i)'z
e e 2 T, ()G p{ 402 (7) }

where [ is a subcarrier index, k is an antenna index, %, is the selected antenna, N is a
number of subcarriers, d(i) is the shortest distance between two transmitted constellation

points of the ith sub-carrier, o, (i) is the square root of the variance of the noise plus

11



k, =argminiQa )d|Il. k LL,, _ T2 1 where i is a subcarrier index, k is an
antenna index, ke is the selected antenna, Nis a nunber of subcarriers,
Qx) =f 1 e 2 dt is the probability of error in the constellation, d(i)

27C is the shortest distance between two transmtted constell ation points of
the ith sub-carrier, ak (i) is the square root of the variance of the noise
plus interference for the ith sub-carrier and the kth antenna, and Il ak
(i1)d(ill is the shortest distance between two received signal points of the

ith sub-carrier. .14. .The. system aim12, ere{ ny sajd swtch controller
sel'ects Sariirhs hiie BRELEIERE e dng w1 Pl RHEFHHsRe
arrkl11(i i)\ Al . Kk L= L/d\VI/1 46k\t~ where i is a
subcarri%%&%%&@Qf&%“%gS%ﬁagﬁ%%%ﬁgmfﬁégé%gﬁﬁeés the selected antenna, Nis a
nunber of subcarriers, d(i) is the shortest distance between two transmtted
constellation_ points of the ith sub-carrier, 6k (i) is the square root of
the vari bhce Ot yHgMfickémdRy¥heteini neerference for the ith sub-carrier and
the kth ante &b bae of 3 WilEhels 4 inphortest distance between two
recei ved sigﬁgﬁhgg?nfébo%ot%eq%tﬁ;§ﬁg%?gpfier. 15. The system of claim 12,

wherein: said systemis part of a wireless access point. 16. The system of

?kﬁk?]12M%mheﬁ%ﬂghe%%k%mﬁxﬁ&?&%&%mpart of a wireless network interface card

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