WD 2005/ 067193 PCT/ US2004/ 043655 MULTI CARRI ER M MO
TRANSM SSI ON RELATED APPLI CATI ONS [ 00011 This
WQ@pE06da9d on clains priority to provisional apptT/usaon4em36ss
nunber 60/ TBD filed on TBD by Shao, et al., entitled
An Apparatus and Associated Methods to |Inplenent a
H gh- Thr oughput Wrel ess Conmuni cati on System the
di scl osure of which is expressly incorporated herein
for all purposes. TECHNI CAL FI ELD [ 00021 Enbodi nents

i relest - comhHGARSIER MRS RANSIBSERC.l or Ty

to met hods and apparatus to control transm ssion of a
mul ticarrier wreless comunication channel through

mul ti pl e antenna(e). BACKGROUND [0003] A nulticarrier
communi cati on system such as, e.g., Othogonal

FREJUSOS X pp xolg I\/UIt|pIeX|ng (G:Dl\/p Di screte
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rral | er _sub-bands subcarrl ers herein) Conmuni cati on
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between stations in a nulticarrier conmmunication
sY&tierds it Imydementmeldighyl htonghpunlireless Cofownicutiom8ystem, the
content into multiple pieces (e.g., synbols), and then
t aRelkirt bf MBichlie expreBsintdipdra¥d hephh feralliidposes.

PCT/ US2004/ 043655 paral l el via a nunber of the
separate subcarriers. Wen the synbol. period

TECHNICAL FIELD

[0002] Embodiments of the present invention are generally directed to a wireless
communication system and, more particularly, to methods and apparatus to
control transmission of a multicarrier wireless communication channel through

multiple antenna(e).

BACKGROUND

[0003] A multicarrier communication system such as, e.g., Orthogonal Frequency
Division Multiplexing (OFDM), Discrete Multi-tone (DMT) and the like, is
typically characterized by a frequency band associated with a communication
channel being divided into a number of smaller sub-bands (subcarriers herein).
Communication of information (e.g., data, audio, video, etc.) between stations in
a multicarrier communication system is performed by dividing the informational

content into multiple pieces (e.g., symbols), and then transmitting the pieces in



transmtted through a subcarrier is |onger than a

maxi mum nul ti path delay in the channel, the effect of
WO psoemodbol i nterference may be significant| yPCEUSRDELI043655

[0004] While multicarrier comunication systens hold

the prom se of high throughput conmunication

channel s, technical challenges persist. For exanple,

in certain applications such as, for exanple a

wirel ess local area network (W.AN) deep fades can

occur in the channel that nmay persist over a

significant period of time. Further, due to

e paiatlelvie anambenefdhe sepamtd subgarrietso herf the sgmbol period

busi ness, etc.), the wireless channels may typically

ep@asited tteb@eh { subdiidrier hilomRF fHatn admum multipaadey in the

propagation that limts the maxi num achi evable rates.
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of the present 1 nvention are Illustrated by
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w rel ess network incorporating the teachings of the
pireestain applicafianssuctnese b ¢kagple@ windess)legab prea network

i mpl enentation; Fig. 2 is a block diagram of an
eXWIA ) daepdades icareocdun aothp ohainehihat they péreiatdvengsigaificant
the present invention, according to one exanple
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Fig. 3 is a flowchart of an exanple nethod for
IS0, LELSEORLED s SRS AELERE 20
dispersion due to multipath propagation that limits the maximum achievable

rates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of the present invention are illustrated by way of example,
and not by way of limitation, in the figures of the accompanying drawings in
which like reference numerals refer to similar elements and in which:

Fig. 1 is a block diagram of an example multicarrier wireless network
incorporating the teachings of the present invention, according to one example
implementation;

Fig. 2 is a block diagram of an example transceiver incorporating the

teachings of the present invention, according to one example implementation;



invention; Fig. 4 is a flow chart of an exanple nethod
for mapping information to one or nore antenna(e) and
wWauwsaemder (s), according to one enbodi nent of PATES2004/043655
invention; Figs. 5 and 6 provide graphical
illustrations of transmt diversity and
space-frequency interleaving for two transmt
antennas, in accordance with enbodinments of the
present invention; Fig. 7 is a graphical illustration
of the inprovenent to one or nore channel
characteristics through use of an embodi nent of the
i nvent Fig: 3 iFa flowschartmf iad esaraplg magtiidcier mappmgtinfatraiongd
the i nprovenent to one or nore channel
Ccba¢ achoefed Mitdna(e) Midsi®oaniss)) hecvndirg twshe@nbodirheritlof the
invention; and Fig. 9 is a block diagram of an exanple
atdJefignh:0f manufacture including content which, when
executed by an accessing machi ne, causes the nachine

to i e I . Of
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of an apparat us, and. assocj ated net.hods to control
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channel are generally introduced herein. In this

r §ygRon;aspect s of the present invention may well be
used to i nplenent any of a nunber of wreless
conmuniFigst 5 and @ lpadviide greplsicad hlhastratiGns\D t2Q 851t @672tHF and
PCT/ US2004/ 043655 e.g., wireless |ocal area network

( hadblfrequbrcslifSHe RSN 8o Brammnih &itkiiak, in W Mnce with

wi rel ess netro-area networks (WVAN), cellular

NekBBdiliRntsHI¢hd S¥esent invention;

Fig. 7 is a graphical illustration of the improvement to one or more
channel characteristics through use of an embodiment of the invention;

Fig. 8 provides a graphical illustration of the improvement to one or more
channel characteristics through use of an embodiment of the invention; and

Fig. 9 is a block diagram of an example article of manufacture including
content which, when executed by an accessing machine, causes the machine to

implement one or more aspects of embodiment(s) of the invention.

DETAILED DESCRIPTION

[0006] Embodiments of an apparatus and associated methods to control
transmission of a multicarrier wireless communication channel are generally
introduced herein. In this regard, aspects of the present invention may well be

used to implement any of a number of wireless communication platforms such as,



i ke. 100071 Wth this disclosure, an innovative
approach to inproving the resilience of the
WwWOordoser oY i er communi cation channel is di scl oSREL/US2004/043655
wherei n an advanced OFDM processing technique is
added to a nultiple input, nmultiple output (M MO
transcei ver that utilizes nore than one
transmt/receive chain at each end of the wreless
link. Those skilled in the art will appreciate, in
view of the follow ng discussion, that the disclosed
conbi nation of MMO and OFDM (M MO OFDM ) appears
paigt,ivardless locabareanetwogk (WELAN)ghirtlessopegdopal area netivess
LAN application. [00081 According to a first aspect of
t (WPIAN)EWireREs metré-arasiRtworké (WIVBANY, cellamidiivbiks, d4ndl the
i ntroduced, which provides a near-optiml net hod for
g pi ng uncoded cont ent (e.g., quadrature anplitude
nmodul ati on (QAM synbols) received froma host
deyj ce r.an.application/agent executing t.hereon
o o R i R AN e A npiE #}earﬁ%mce
diverS|t architecture, i ntroduced hereln provi d
faf thﬁémdéwa?r\ﬁ@m'frycatiop chanebisidisclnsgd vhsrein ap mi‘(aélaed
code rate per OFDM slot. 100091 According to another
aFEN podcessieg feplvaqud isaddadie amaltipleiinpuli multipie qutput
architecture is extended to provide a higher code rate
byMI{€)) Srafécedien that utilizeg ene thah vhe trheswit/fegeiySkhdin atach end
devel oped nore fully below, SFI provides a 4 WO
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for mapping coded information (e.g., bits, franes,

S¥<§IH>%§g dﬁ&fss)on,otﬂﬁﬂhgﬁlsl:foQédeco%ﬁfﬁi%ﬂ%f MW@EP&/HP‘EMS '
(MIMO-OFDM ) appears particularly promising for high-throughput wireless
LAN application.
[0008) According to a first aspect of the invention, a transmit diversity capability
is introduced, which provides a near-optimal method for mapping uncoded
content (e.g., quadrature amplitude modulation (QAM) symbols) received from a
host device, or an application/agent executing thereon, to multiple antennas and
OFDM tones. While the transmit diversity architecture introduced herein
provides full-order diversity, it may only provide a limited code rate per OFDM
slot.
[0009] According to another aspect of the invention, the transmit diversity
architecture is extended to provide a higher code rate by means of space-

frequency interleaving (SFI). As developed more fully below, SFI provides a



100101 Reference throughout this specification to "one
enbodi nent” or "an enbodi nent" neans that a
weasheudar feature, structure or characteri StRECI/US2004/043655
described in connection with the enbodinment is
included in at | east one enbodi nent of the present
i nvention. Thus, appearances of the phrases "in one
enbodi ment” or "in an enbodinent" in various places
t hroughout this specification are not necessarily al
referring to the sane enbodi nent. Furthernore, the
particular features, structures or characteristics
magartptiowhtscheique for amapping aoded wformatien (¢-g., bits drasres.nor e
enbodi nents. Exanpl e Network Environnment 100111 Fig. |
i kyribélsatteporito Mubipde dhtegnanmd ORDMitomdses s
comruni cation environnent within which the teachings

Of[ooid]eRl%fe@éﬁ:GtthrbG%lﬁm {HROspEBYich®on BIBRé bEBEUimRRL"THOU,
network 100 depicts two devices 102, 104, each

- SHBDUHE m B 1Bk aBREEub FENGE SLLARSEP b fribed
D SR R By 5as irne! i S BB ERR RSkt of the

coupl ed as shown. As used herein, the devices 102
10z sesimentient Ehysy prncatanrerriitha plrases oleongfattodimentz0n ‘in
mul ticarrier wreless comrunication channel 106,

e gt ainbodinedt betvaseus plices thranghost they psgifie@®n ard H6t

t hrough one or nore antenna(e) associated with the

devdesesily AC f:‘dférﬁhggo the same emdodigttntiERirthe@f6repthetpafticular
devi ces 102 may be coupled to another network 120. 5

VRABES508ctS o G ddRERAE By BosortbiRdd ftab18 thahfer in

one aspect of the invention,” an Innovativé diversity

ggg@%}iﬁlgre étﬁgordﬂ'(qé{ﬁ&d within the device(s) introduce
ge

one of nore el ements of

Example Network Environment

[0011] Fig. 1 illustrates a block diagram of a wireless communication
environment within which the teachings of the present invention may be
practiced. As shown, network 100 depicts two devices 102, 104, each comprising
one or more wireless transmitter(s) and receiver(s) (cumulatively, a transceiver)
108, 116, baseband and media access control (MAC) processing capability 112,
114, and memory 110, 118, each coupled as shown. As used herein, the devices
102, 104 communicate information between one another via a multicarrier
wireless communication channel 106, established between the transceiver(s) 108,
116 through one or more antenna(e) associated with the devices. According to

one embodiment, one of the devices 102 may be coupled to another network 120.



diversity wthin the nulticarrier wireless channel. On

the transmt side of a conmunication channel, the
wWQ@20p8061193) agent nmay sel ectively map content (RCYUS2004/043655

received froma host device, application, agent, etc.)

to one or nore antenna(e) and/or OFDMtones to

generate a MMO-OFDM transmt signal. In support of

the receive side of the communication channel, the

di versity agent may selectively demap the content

received via the M MO OFDM w r el ess channel (e.g.,

106) fromnultiple antennas and OFDM tones. Wil e not

S 9E31f iAsadiding tdene asngct of the nvention; pe inpovativs diversitpeagent is

may well be inplenmented in one or nore of the

bagstlace within M gvicats) Sstrotnce hedhmandge)oné dit horé dléments of

and/ or the transceiver elenent(s) (108, 116),

algt\esughvitiig tHeﬁH@lﬂEérﬂBr WiteR chafindll OnltBSirad@iddde of a

According to one exanpl e enbodi nent, the diversity

a i el )

g&ﬁﬁ gﬂ?%gg@?x%agxﬁ%l &1% d:i’ve?%gfcaeg%B i@&&e@éb&wélﬁ‘iﬁé ét%‘iiltJnE K
fuII-or m.t diversity, h the inventio
| Secsiyh 5 £ b AR cq mpaBipeet et@*%s%?rora%r& Blamgile)
di versit ent may map uncoded content.  (e.
q aa@rpraQEisM gmm for mgafmmm&mmmangyﬁﬁ@@l) Th guppopterf
fromthe host device (102, 106) or applications
e tleaecdivgsidhef the npmonmmaton chaphel, thetdevenaty agaot m&FDM
tones to effect spatial diversity in the transmt |ink
okeledibRedentapGhg conltéifd 1ckived aad the MIMO-GFBMewteleisohainel
the diversity agent may sel ectively process content

r ecgl Y68 fidm? Mulidile BRSinad i OFDIM t&hes, $dle n%%ﬁecffﬁ:ally

i ntroduce space- frequency interleaving (SF1) of the

233@(?5%’#{‘3%0‘»»@% %%&?%&E@@%ﬁve@%%ﬁ% alfdh ogg gp more of
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element(s) (108, 116), although the invention is not so limited.

[0013] According to one example embodiment, the diversity agent may
selectively process content received from the host device (e.g., 102, 104) to
implement full-order transmit diversity, although the invention is not limited in
this respect. As developed below, diversity agent may map uncoded content
(e.g., quadrature amplitude modulated (QAM) symbols) received from the host
device (102, 106) or applications executing thereon, onto multiple antennas and
OFDM tones to effect spatial diversity in the transmit link of channel (106).

[0014] According to one embodiment, the diversity agent may selectively process
content received from the host device (e.g., 102, 104) to introduce space-

frequency interleaving (SFI) of the content onto multiple antennas and OFDM



coded information (e.g., bits, bytes, blocks, synbols,
frames, packets, etc.) received fromthe host device
W@r00apEiidxat i ons executi ng thereon, onto nul tiRIRUS2004/043655
antennas and OFDM t ones by perform ng one or nore of
antenna nmul tiplexing, 802.11 a interleaving, QAM
mappi ng, and cyclic tone shifting, although the
invention is not limted in this regard. [o00i51 In
addition to the foregoing, the diversity agent nay
sel ectively inplement an innovative technique(s) for
decoding information froma received OFDM channel
piaeesbethisarsgadoasalevelapedbedow i uereity agent Wawp velestively map
receive diversity agent is introduced to demap and/or
deodedanfoemutiorc g, chits, bytes bloells, fsymbolsafrathes) padketsDéic.)
generated in accordance with one or both of the
e éceilied Gront BieMobidied e iop h%}ﬂﬁ:ldﬁ&_ﬁ eXButidrg tRGESH, Shiddnbiéiple
one enbodi nent, receive diversity agent receives
a%glfeﬁ%%r?g?at es 321%5& Sjéggg{r@ggp Qggfr{i‘;ﬁ%%r é{ij\?}g umﬁbﬁlﬁ%’
c t, . respect ..100161 But for t.he introduction
RO TR i ERERE| Q4T FierPines B solc (586 ol e, Hhieaigh B,
104 are jntended to represent any of a w de range of
e Entighisdof ipted & thisggardi r el ess conmuni cat i on
capability including, for exanple, a |laptop, palmnmtop
0110015 e &k adshtioroiohe &aregoang; dhd diversity agenpopecleetivgly a
2G, 2.5G 3G or 4G handset), a personal digital
a$mpRingnt an ianokiAbltebnigad(spfor décodAfg) informWidiNreinal recdived
(STA), and the like. [00171 As used herein, baseband

aQFDChRERE Boekd3sd &l HWRB! frSthislrdgard lakdinAdVative feceive
i npl emented I n one or nore processors (e.g., a

b ﬂﬁ%&?t%g@&t% fitoQhcednd d@l‘ﬂag Vb6 Lntent received from

a channel 106 generated in accordance with one or both of the encoding
techniques introduced above. According to one embodiment, receive diversity
agent receives content as decoded modulation information (e.g., bits) and
generates de-mapped and/or de-interleaved content, respectively.

[0016] But for the introduction of the diversity agent introduced above, devices
102, 104 are intended to represent any of a wide range of electronic devices with
wireless communication capability including, for example, a laptop, palmtop or
desktop computer, a cellular telephone (e.g., a 2G, 2.5G, 3G or 4G handset), a
personal digital assistant, an WLAN access point (AP), a WLAN station (STA),
and the like.

[0017] As used herein, baseband and MAC processing element(s) 112, 114 may

be implemented in one or more processors (€.g., a baseband processor and an



PCT/ US2004/ 043655 application processor), although the
invention is not limted in this regard. As shown,

wa pwspéoLessor el ement (s) 112, 114 may coupl e RE/GEAOYOA3655
110, 118, respectively, which may include volatile
menory such as DRAM non-vol atile nenory such as
Fl ash nenory, or alternatively may include other types
of storage such as a hard disk drive, although the
cope of the inventionis not limted in this respect.
Sone portion or all of nenory 110, 118 may wel |l be
di sposed wthin the sane package as the processor
el ( . i
iR prddsser ot (R Uil TRPAeOR A frayg As
element (s) 112, 114. Accor di to one, enbodi t
b S theracermsclaseGE R 11 L ek Entie o Hesory kD M
i npl enent at | east a subset of the features of _
di tespestively, whishmayaselpdeeelatile msmory sevhors IM4Mp menivglatile
control over a diversity agent inplenmented within an
asswemoay acthtas Hiush elenenry,(dt@8ernat &)y maly tindudghothdreypes of
invention is not limted in this regard. [00181

Si sfotagk kich dRthat®disk GAve, AlthOhahé B6pedf thdi@avehtionris hbtlimited
agent to effect the M MO OFDM channeli zati on

deyghRR ﬁﬁg g%%ﬁe‘ﬂog%[?rp&l A6t xﬁ%?&-gcls g‘r’ flgsfx?}g?ell 4 Qispaled

al so I nt o°r ect any

multicarrier wreles conmuni gat i ei vers

iR e Bickfed R Tps SO AGEAN 1 ATNE e be

el ement of the tr aascei vers receive content froma

hodisPesed pp an pggated SITEHEOT soenthrnedivm externad i pasnifsd

an OFDM transnmt signal, and then transmts that OFDM

si §Hall 1y Accarding ik opeemgbodimeninbasgbardrand N Coprpeaseing

device via one or nore antennae. A receiver elenent

of elelnent(®)d &2 vHdamayemepleraent i lehstal sabsen sf thedesures of dieersity

forward link via one or nore antenna(e), and

seh@mt HaselivedBedSe Sndfor itk ProEat ¥&iflrol over a diversity agent
implemented within an associated transceiver (108, 116), although the invention
is not limited in this regard.
[0018} Similarly, but for the introduction of the diversity agent to effect the
MIMO-OFDM channelization developed more fully below, transceivers 108, 116
are also intended to reflect any of a variety of multicarrier wireless
communication transceivers known in the art. In this regard, a transmitter
element of the transceivers receive content from a host device, process the
received content to generate an OFDM transmit signal, and then transmits that
OFDM signal over a link (e.g., forward link) to a remote device via one or more

antennae. A receiver element of the receivers receives multiple instances of the

forward link via one or more antenna(e), and selectively processes the received



8 WO 2005/ 067193 PCT/ US2004/ 043655 signal (s) to
extract a representation of the originally encoded

we s o3 Again, the introduction of the di veRGI/U§2004/043655
agent enables the wireless transceiver within the
device(s) to inmplenent the M MO OFDM f eat ures
descri bed bel ow. According to one enbodi nent, each of
the transmitters and receivers may well include one
or nore processing chains. 100191 As used herein,
network 120 is intended to represent any of a broad
range of communi cation networks_ including, for )
exignpl(L taexirast arepresentatieppbthe ogg@taléwn@m%@ntent. Again, the
conmuni cati on network, a |ocal area network (LAN),
medtrogipotion @éithadiearsitp agem ekablddthl wirelcdetransediverewitkin khe
(WAN), global area network (Internet), cellular

NAEVIRE(K) todmPlcittat thie NEIMOCOPDI fedtutds REGRYBERME According
i npl enent ati on, device 102 represents an access point

( . Ui . e
o S5t B ER, LR ot BB ARANR Bl i) wicHifY o gne
wi rel ess |local area network (W.AN), and each
uf’fmoﬁq?@c?sﬁlggicﬁﬂ{}%at i ve space-frequency interl eaving
and transmt diversity techniques introduced above,
a1 e s usprblerainy retwork 120 ip gytepided o egpasent any 9k a brqad range
Architecture 100201 Fig. 2 illustrates a bl ock diagram
obf eemmupieptian neteioksindwling fohixampla s plainagld telephona systen
receiver architecture according to one exanple

e PO yEnimadicationeetwork)d 1ol ardzondtwotkIUAN e micti6pdlitan area
architectures within the context of a comrunication

C harek E[\g Q‘I\Yg ye %fhfgdg’a RRWOAAWAR) [ 16643 Tieh hBfwdrk PRRLAR),

devi ce . Q. and a receiver from anot her device

( Cetflitar rf'e%grk,aactrcdqﬁje fike dAX@otr&]ing to one example implementation, device

102 represents an access point (AP), while device 104 represents a station (STA),
each of which suitable for use within an IEEE 802.11n wireless local area
network (WLAN), and each utilizing the innovative space-frequency interleaving
and transmit diversity techniques introduced above, and developed more fully

below.

Example Transceiver Architecture

[0020] Fig. 2 illustrates a block diagram of an example transmitter architecture
and an example receiver architecture according to one example embodiment of
the invention. To illustrate these architectures within the context of a
communication channel between two devices, a transmitter from one device (e.g.,

102) and a receiver from another device (e.g., 104) associated with a



9 WO 2005/ 067193 PCT/ US2004/ 043655 conmuni cation |ink
are depicted. Those skilled in the art will appreciate
WQ bts/067193 r anscei ver in either device (102, 10R)T/H$2p04/043655

wel | conprise a transmitter architecture and a
receiver architecture as detailed in Fig. 2, although
the scope of the invention is not limted in this
regard. It should be appreciated that transmtter and
receiver architectures of greater or |esser conplexity
that nonethel ess inplenent the innovative transmt

di versity and/ or space-frequenc i nterl eaving
desomubizdtidrelink arealepicwdt iThpsraskaltedoy thest wibamprenmate that a
spirit of the «clainmed invention. 100211 According to
O franse¥ivePinei MBS idERM02, 184 mhaysweilicomprisd & rhhisgitter € 200
is depicted conprising one or nore of a serial to

pafcﬁlt&&aretahaa%&w@r ZreBite@urktat ABGEIEd th Figi Y %ftﬁéﬂgl’l tRO§I¥be of
, one or nore inverse discrete Fourl er transform

( I%FIE eqh%n?%‘x?&th ed21% 4l‘hs #é.yd; ftsgho‘af recﬁatt%i‘@ap

erva Errion e coup one or
rmre ant en ag% 220A. Mthrou h an assom ne or
mARSTRIEES and IPe é‘FFé‘}’e‘(tFkT?f of SR P lesseg comp ?‘u’(% Ut he

invention is not limted in this regard. According to
onenethglesgiimplement the irnevat e transei diersity andiayGpaggyiresmency
i npl emented w thin transceiver 108 and/or 116.
Aliritérdeagmgdiepiritted e @e nutibpatedby thepaopt and spiriof tlenal

el ements, those skilled in the art will appreciate

t BRim&Rvestionore el enents of transmtter architecture
200 may well be conbined into a nulti- functional

gkﬂ%ﬁ'ﬁ Niaccérath 8 FEﬁ:ﬁ#}Me Eﬁi@&ﬁl fela t2hSHRfaE ércﬁﬁé/cnﬁ"é‘ 200 is

into unct i on élements Wt

S Gryiged ”%mea%% i or BRIVt PR FantRER 16! lefinsmiy

informatio
d}cversxty agent 212, one or more inverse discrete Fourier transform (IDFT)

element(s) 214, a cyclic prefix, or guard interval, insertion element 216 coupled
with one or more antenna(e) 220A...M through an associated one or more radio
frequency (RF) elements 218, although the invention is not limited in this regard.
According to one embodiment, transmitter architecture 200 may be implemented
within transceiver 108 and/or 116. Although depicted as a number of separate
functional elements, those skilled in the art will appreciate that one or more
elements of transmitter architecture 200 may well be combined into a multi-
functional element, and conversely functional elements may be split into multiple
functional elements without deviating from the invention.

[0022] As used herein, serial-to-parallel (S/P) transform 210 receives information

(e.g., bits, bytes, frames, symbols, etc.) from a host device (or, an application

10



(e.qg., bits, bytes, franes, synbols, etc.) froma host
device (or, an application 10 WO 2005/ 067193

WeEDDAEAM4/ 043655 executing thereon, e.g., eniT/US2004/043655
audi o, video, etc.) for processing and subsequent
transm ssion via the comunicati on channel. According
to one enbodi nent, the received information is in the
form of quadrature anplitude nodul ated (QAM synbol s
(i.e., wherein each synbol represents two bits, b; and
bj). According to one enbodi nent, serial-to-parall el
transform 210 takes the |nfornat|on and generates a
nexdseting theppana¢. e bmgilzsidios siideo.oftc.) fog proveemmgmarnidomubsequent
whi ch are passed to one or instances of diversity
agemmgsién vidlthdconghunieftion chdnied. Acs@migad ene mbodimentathe
el ement, serial to parallel transform 210 may wel |l be

| pekide %Mﬁﬁeﬁioﬂ is il8e %ﬁ'ﬁs&ﬁizta&raﬁﬁ@ BinpRide nRYduRtITOAM)

elenent of the transmtter 1 Accordlng to
| e t n Le

RpBR R, Wiltein Pasfyplv) - %%Enﬁstﬁn%% HRGEF BB Kpesriipg o
i nfor on streans received fr S/.P_transform
90 SRR SeiTaLfo PHalE R 1D ﬁ%@é%&dﬁ@@naﬂon and
enbodi nent, the informational content is selectively

mapssies snenkerof patsilel wihsteasme (of fhednéprmasto whieteare passed to
According to one exanple inplenentation, if content
r es@oniastandes ofiliviessitiagént @2 Ad!hamg}ddepmtsi dsya seganate 212
is not in the formof QAM synbols, diversity agent

MayhcHend] @leMent, 8ei4ldd E&ana tFRRfol 2 10 @6 wélllbd it RaedvitRih
to QAM synbol s, although the invention is not limted

| theldibetsit &g}hfﬂelé BFE@Er e1eth¥f ot il rarRBEtRdr 208y Vel |

I ntroduc ansr1t diversity to any |i1near conbination
2 09 S e BB R B e padifent, BNy AR 41 LVl nfOERe

an element of transmit diversity into the information streams received from the

S/P transform 210. In particular, according to one example embodiment, the
informational content is selectively mapped to one or more antenna(e) and
OFDM tones. According to one example implementation, if content received
from the host device at diversity agent 212 is not in the form of QAM symbols,
diversity agent may perform pre-coding to map the received information to QAM
symbols, although the invention is not limited in this regard. Indeed, diversity
agent may well introduce transmit diversity to any linear combination of input
symbols.

[0024]) In any case, diversity agent 212 takes the input (e.g., QAM symbols) and
repetitively disperses them (bits, symbols, etc.) across Mt transmit antennas, and

a number (N) of OFDM tones for each of a plurality of Rayleigh fading channel
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repetitively disperses them (bits, synbols, etc.)
across M transmt antennas, and a nunber (N) of OFDM
wWa 219896y each of a plurality of Rayl ei gh fadktGusS2004/043655
channel 11 WD 2005/ 067193 PCT/ US2004/ 043655 taps (L),
al t hough the invention is not Iimted in this regard.
By selectively dispersing the content in this manner,
full order diversity (M M L, where M is the nunber
of receive antennae) may be achi eved. An exanple
method for introducing transmt diversity is
presented below with reference to Fig. 3, and a
g#amsiL)s althdugh tles insentism is hotlymites! i this segasd cBy selectively
accordance with an exanple transmt diversity
mespesing thd Gonpsnoin tHhétmanmek;ifgll ofder AORR}Y (Mt Mic,oxlibae M is
W th anot her aspect of the invention, diversity agent

2§ nuiBEr YPYekeil O GhtbiRie) Ry b SEHIERAS Axpe)aamyléeﬂmbd For
space-frequency interl eaV| ng (SFI) mechanism In this

:m?rglgordg?mg 'tr\éﬁsrn‘f‘l h%eﬁgm ?%;ﬁ%tMIWMth' E'%:l‘éﬁgg ooﬁg Pland a

an an enna exl1 ng el enmen

RN Y T St e G G R Eramol €

elerrent althou the invention is not Iimted in
msmlégwpﬁltym@&gwmgs rravigadin Bapddi ment, diversity
agent 212 may treat adjacent coded bits as one synbol,
a 23} p freamtsrdahdeswitim Amothertaspect at the ssvespa alivansity agent 212
frequency, e.g., using the transmt diversity

I agtwdll iacludeihe Msouftes aringRémah a\spaceeapieat yatdrieadng (SFI)
enbodi nent, the content received from S/ P transform

21 chahidnh." ﬁltthisr}te%%grh Qﬁv&ﬁtﬁfg eAP21 Athal GRA tmaude%ﬁe%ﬁno@é of

transmt antenna t hen across a nunber of

FHEMS IR0t AR el e 2
gf@m@gﬁg% N I SN A
although the invention is not limited in this regard. According to one
embodiment, diversity agent 212 may treat adjacent coded bits as one symbol,
and spreads this information across space and frequency, e.g., using the transmit
diversity repetition scheme introduced above. According to one embodiment, the
content received from S/P transform 210 is first interleaved across at least a
subset of transmit antenna(e) Mt, and then across a number of OFDM tones for
each of a plurality of the Rayleigh fading channel taps (L), although the invention
is not limited in this regard. Indeed, these functional elements need not
necessarily be applied in the order described above. Moreover, the amount of
cyclic tone shift may well be modified to any value between zero (0) and the

number data tones (Nds), and there may be a cyclic shift across antennas instead
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necessarily be applied in the order described above.

Mor eover, the anount of cyclic tone shift may well be
worWsMéao t o any val ue between zero (0) and t hRCT/HSREI43655

data tones (Nds), and there may be a cyclic shift

across antennas instead 12 WO 2005/ 067193

PCT/ US2004/ 043655 of, or in addition to the shift

across tones. An exanple nethod for inplenmenting the

space-frequency interleaving is devel oped nore fully

below, with reference to Fig. 4, and a graphica

representation of SFI is presented wth reference to

Foofy.or én addithaptethe shifiacross tones eAn examme methodrfor imeplementing

transmt diversity agent 212 is passed to one or nore

| thesspace-fleqeney mtdrizavingis devaloptdmard fullly belost, evithvefesgnce to

214. According to one enbodi nent, an inverse fast

Fey. |4€£ndt 4 @apiies %;(rbfeﬁalon ef Sprgtpeéss)smeat WifhGegbericB & Fig. 6.

|nven fon is not limted |n this regard. According to

26 eﬂpg ﬁiegg&tet G0 %t ﬁ‘ld er (5]11‘1 P?('eles t é}ft%l%sdf d(s§e)d to

nsura rans ante
e., transm t adl 0 enc i ns. his

| B prmoraTerey GRSHE FopR %ﬂﬁéy&@%ﬂ eraefm% ?5 ity
(Z) of encoded substreans fromthe diversity agent

2 fzcording te op¢ embedimeat, an iverie fast SpnaerrtransioandIFFfdmai n
representation to a tine domain representation of the
celetrent(s), altldughi ¢he inhentionns/mottlingtediis thisteghrdri Aedrding to one
this regard. [00271 The tine domain content fromthe

| Binbo&infeiE file Sumbet 4 BF P aRaRH!s1204 GPEommEMIRIME (ith tEeL 6.
According to one enbodi nent, CPI 216 nmay introduce a

ngﬁlb&aémaﬂgrﬁft 'amenﬁar(e)al gua&exﬂlmaafovﬂ quifeyt 4(1@%%1199@' In this

ore It Is passed t0 a radi o frequency

Q%S}d' ?Bﬁl 2 e%]engr% fl'ﬁpll’x%)t fe%@i% glﬁlugélgggfgéflegxcg&% substreams

eQuen ran SSI O one or nore

a?rto ntr}]lggie\)ersuy agent 2% and converts the content from a frequency domain
representation to a time domain representation of the content, although the
invention is not limited in this regard.
[0027] The time domain content from the IDFT element(s) 214 is passed to CPI
element(s) 216. According to one embodiment, CPI 216 may introduce a cyclical
prefix, or a guard interval in the signal, before it is passed to a radio frequency
(RF) front-end 218 for amplification, filtering and subsequent transmission via an
associated one or more antenna(e) 220A...M.
[0028] To extract content processed by a transmitter architecture 200, above, an
example receiver architecture 250 is introduced. As shown, an RF front-end 254
receives a plurality of signals impinging on one or more receive antennae

240A...N. For ease of explanation and description going forward, in accordance

13



[00281 To extract content processed by a transmtter

architecture 200, above, an exanple receiver
W@Lr@R0e72t ure 250 is i ntroduced. As shown, an IRA/US2004/043655

front-end 254 receives a plurality of signals

i npi ngi ng on one or nore receive antennae 240A...N.

For ease of expl anation and descri ption goi ng forward,

in accordance 13 WD 2005/ 067193 PCT/ US2004/ 043655

wi th one exanpl e enbodi ment, the nunber (N) of receive

antenna(e) is equal to M. According to one

enbodi ment, each receive antenna has a dedicated

r ®a@i ang examplerembadanentthe nwmberdN) of raceeianignna(e)is cquad to

el ements 254, CPR elenments 256 and FFT el enents are

c MimeAsBrdihgetodrelenttiodimentjzach fdsfive inteanehase dedicatedaéeejve

(e.g., M). 100291 The RF front end 254 may pass at

| @Rsih, Whert Bafuntter bR cEIOE BoMEshdSdIaNat 334, APR Slem¥hts 256
prefix renoval elenent(s) 256, although the invention

i i . . :
 SRDBT e B 096 e RN B D emac
gklardMIFterval that may have been introduced during

t rafsMt processing of the received signal (s). 100301
The content from CPR 256 is then provided to an .
ad929i dhe RFdfrent spd g may passrah dqastehinbped of theggegivadrsignal(s)
(FFT) elenent(s) 258. According to one enbodi nent,

FETa eydicgmefsx 2B val deméni(sirif G althewgh the thventyoraissiof himited in
an associ ated receive chain fromthe time domain to

t litdis fegafil arcordihgtaione eibodifieht EPREIRG rdRiduMts dnl o§liidygrefix or
and decodi ng of a representation of the content

e gﬁ%d&@w&d {na Ma} RSV RER intRiducdd ARHBIRREAN probdbing &F the

plfurality of frequency domain repreSentations of % he
received signal(s).
[0030] The content from CPR 256 is then provided to an associated one or more
of fast Fourier transform (FFT) element(s) 258. According to one embodiment,
FFT elements 258 transform the received signals from an associated receive chain
from the time domain to the frequency domain, for subsequent demultiplexing
and decoding of a representation of the content embedded within the received
transmission. Thus, a plurality of frequency domain representations of the
received signal(s) are presented to receive diversity agent 260.
[0031] According to one aspect of the present invention, receive diversity agent
260 may perform a complementary function to that performed by transmit
diversity agent 212. In this regard, receive diversity agent 260 may perform the

complement to the transmit diversity and/or space frequency interleaving

introduced above. In the case of transmit diversity, receive diversity agent 260
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received signal (s) are presented to receive diversity
agent 260. 100311 According to one aspect of the
WPrmse6noi nventi on, receive diversity agent 280/6E2P04/043655
performa conplenentary function to that perfornmed by
transmt diversity agent 212. In this regard, receive
di versity agent 260 may performthe conplenent to the
transmt diversity and/or space frequency interleaving
i ntroduced above. In the case of transmt diversity,
recei ve diversity agent 260 14 WO 2005/ 067193
PCT/ US2004/ 043655 nay demap the M synbol s, prior to
QuaydiemagthaQAM senbolprir ItosQAtM) pdlaatlortmd\mraélebw serial
262 to extract a representation (I') of the content
eromvtedon26hiorextiaet a repreeéntaibngi’y nfthespntehtrericbdedowisiein dtie
SFI, receive diversity agent 260 perforns

d@é&l&ﬂ's%ﬂl(ﬁ)g IR ﬁ@&&@mgrecaeé @iverski ayéidinBg ptiférms
out put content to the parall serial converter

2ggmwieﬁting GhEl ﬁ tﬂ&b{ ﬁgf)@ﬁﬁgttﬁ‘é blﬂ'Eut(Jon?ePpg tBQSarallel to

cont ent code recei ved

Accordi n odi nent,, diver t 260 Jray
werFale P et e Cariraaon ( S Rh o
spatlal dema er fol |l owed by soft Viterbi decod| ng,
alenerdsd Wltlmthie ﬁ?F@meﬂérgnﬁléS)n eﬁccmdma topne iembpgiment, diversty
[ 00321 Alt hough depicted as a nunber of functional
blagerit 260 nayseclsikipl¢naent amminireum arean wijdre eqer @EVISER spatiat
one or nore of the foregoing elenents may well be
| dpmappn feltbwed ByasodWitetbi deabdingrattholigh thiwaiv@nti6d isaoy limited
conmbi nation thereof. Moreover, although not
ew{ulsclleggm denoted, it wll be appreciated by those
illed” in the art that one or nore elenents such as,

o, L s B P 58 g

elaretnv%ﬂ applgema% that one or more of the foregoing elements may well be
implemented in hardware, software, firmware, or any combination thereof.
Moreover, although not explicitly denoted, it will be appreciated by those skilled
in the art that one or more elements such as, e.g., diversity agent 212, 260 may
well receive control input from baseband and/or MAC processing elements (e.g.,
112, 114). According to one embodiment, diversity agents 212, 260 may well
implement one or more of transmit diversity and space-frequency interleaving,
and communicate which MIMO-OFDM scheme is being used through an
exchange of channel state information. In this regard, diversity agent 212, 260
and the transmit diversity/SFI techniques associated therewith, may be adapted

according to observed channel delay spread and transmit or receive antenna

correlation information (i.e., channel state information).
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112, 114). According to one enbodi nent, diversity
agents 212, 260 may well inplenent one or nore of
waQ ewne6m193 di versity and space-frequency i nter | RENVUSRYP4/043655
and comuni cate which M MO OFDM schene i s bei ng used
through an exchange of channel state information. In
this regard, diversity agent 212, 260 and the
transmt diversity/SFl techniques associ ated
therewith, may be adapted according to observed
channel delay spread and transmit or receive antenna
correlation information (i.e., channel state
information). 15 WO 2005/067193 PCT/ US2004/ 043655
EXAVPLE DI VERSI TY AGENT OPERATI ON 10033] Havi ng
brExaMPLE DIVERSITS AGENT @RERAIIEN Net wor kK envi ronnent and
diversity agent architecture, above, a discussion of

e3dohs o fHa iy Meﬁ?’lﬁﬁgﬁk&&ﬁh&tzﬂ&tﬁé netvofl fliveoatheReiml diversity

vv|II now be devel oped nore fully with reference to
E&aev@Ftsctw’é‘%%b&?sﬂlgéuggﬁé% h#&h@?hw%mﬁesen@eoﬁ
'” f%ﬁf?‘f}!?%&% opf e e P e Bt v gefefencl i s, 7.

although the invention is not [imted |n this regard.

] G083 v Aefcrptieryand ypderstanding) brclryrloprognt o these tpshriques
nmet hod 300 for inplenmenting transmt diversity is

divgl be peasentad voflalvehart fororwitiezentiued referbnct, mbete. appeopriate,
shown, the nmethod begins with block 302, wherein the
dity examply elegents i Figs/ Eati 3, eth6wit the inveatioris e eEMitedin this
According to one exanple enbodinent, the received
Co&agnt is a plurality of substreams of information
received froma serial to parallel transform although

t r[](ﬁ)si]mﬁ%hé){b Fl%. ﬂ%tﬂdvlf gﬁat.r%if an example method 300 for

implementing transmit diversity is disclosed, according to one example
embodiment. As shown, the method begins with block 302, wherein the diversity
agent 212 receives content for processing. According to one example
embodiment, the received content is a plurality of substreams of information
received from a serial to parallel transform, although the invention is not limited
in this regard. According to one embodiment, the received content is in the form
of complex symbols that are linear or nonlinear combinations of input QAM
symbols. According to one embodiment, diversity agent 212 may receive the
content from a QAM modulator, wherein the received content is in the form of
QAM symbols, although the invention is not limited in this regard. According to
another embodiment, diversity agent 212 receives uncoded information stream(s)

of bits, and converts the content into QAM symbols.
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in this regard. According to one enbodi nent, the
received content is in the form of conplex synbols
wa ps/06mes | | near or nonlinear conbi nati ons of RGKIUS20GIAMB65S

synbol s. According to one enbodi ment, diversity agent
212 may receive the content froma QAM nodul at or,
wherein the received content is in the formof QAM
synbol s, although the invention is not limted in this
regard. According to another enbodi ment, diversity
agent 212 receives uncoded information strean(s) of
bits, and converts the content into QAM synbols. 16 WO
2003310 &7 blvgk POA,/dUG2O N 4IgenEHZSye iRl digtnbuoihie M| symbols
diversity agent 212 cyclically distributes the QAM
Syiciosd Gne AANES anRNactind AE er AIdicORBY/! &umds. OAEcapdingWs éne
OFDM tones. According to one enbodinent, diversity
agRdbdiddeat, BRI eMQ'c@btu?és‘éPﬁt%leYve}%Q%H%ﬁ iR

QAM sy where N

devel opnent of XN L bl ocks o ol s

I ;

EsT TR, S RO A I r N BN ERbePde

a .ed to e .aptenna are offset b cyclical

o Rt SR e SR B Re el bRt ap where the
across the nunber of OFDM tones, diversity agent 212

i SYbels eprlied o srcdatanng prefoffsgtione 9)’9!!99@}%‘%/{]%1}’ Tepeasingfilacse
channel as well. 100361 According to one exanple

e fiiequkincg blgcks hdinmsrabrmss thie numbguen0DM toks divessitytagent 212
adaptively nodified according to multipath conditions

| intidd@cesmbiéthent b fre§ueinBy diegaits intd theadh@pfiel deha)l. spread
anong frequency bl ocks may be enpl oyed by diversity

agRBY) Atlorditto LREELarhSe gﬁlggdiﬂfebf’}lfhec‘rﬁfr@@eg of Fr)ecgg?@? blocks

fewer blocks may be used for [ower delay spr

RS B BB arab 7 Rpa R o premmet.

t Eha}g] lsergartdt, g?arggr (fera‘?/ s?,%’;&‘ among frequency blocks may be employed by
diversity agent 212 when there is high delay spread (L), and fewer blocks may be
used for\ lower delay spread. Moreover, when there is a risk of horizontal
wraparound of symbols, wherein the same symbol is transmitted on the same
tone, or a very close tone, on a different antenna, diversity agent 212 may well
increase or decrease the dispersion to remove this wraparound condition, as
appropriate. A graphical illustration of the transmit diversity blocks are presented
with reference to Fig. 5.
[0037] In block 306, the blocks generated by diversity agent 212 are provided to
the remainder of the transmit processing chain (e.g., IFFT 214, et seq.) to enable

the transmitter to complete channel processing on the distributed content for

transmission via the one or more antenna(e) and OFDM tones.
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tone, or a very close tone, on a different antenna,
diversity agent 212 may well increase or decrease the

WQeliWpeéedPdN to renove this waparound conditi ARGT/BS2004/043655

appropriate. A graphical illustration of the transmt
di versity bl ocks are presented wth reference to Fig.
5. 100371 In block 306, the bl ocks generated by

di versity agent 212 are provided to the remai nder of
the transmt processing chain (e.g., |FFT 214, et
seq.) to enable the transmtter to conpl ete channe
processing on the distributed content for

transm ssion via the one or nore antenggég} and OFDM
10818 s Turnngip Bigob A dlom Gt e g530p's/mad O1f9p381
Turning to Fig. 4, a flow chart of an exanple nethod
mifementing sppdeefreqienegintgrizedng () eniviroduredy dceerdinggo one
(SFI') is introduced, according to one enbodinment of
éfiBodimesrdfithdlinvAstichh u shotviethe esthniqye ®egiagintodkvdd, ock
402, where diversity agent 212 receives encoded

a8k %Wersiﬁsag@ﬂo)’l% reddiGes RRERILE Lonte ANt LNboNEYND @ncode(:g

received, "e.g., fromforward error correcting (

FE
S oy oo BAOL UL AR -RGQASE pofe 38 1) CHERE

T, a
encoder ; Ccencoder, atre ur bo

coder a BCH coder, etc., which. na n, el epent .
my@{vélpflg engoflera Bacd Sl ROty nd FoBR P il
limted in this regard. According to one o
eneptierne hirbe Fesfer a@(&@ cederyetagwhich may began cdementef diversity
sliding window nenory such as that provided by a
agent/ D12 talthouh therowetion iahotooidd intthisiregaedit Accordisg twone
limted in this respect. Indeed, for other codes,
fhhplemhénthtiord dRRksitd hderfd 2 miSssuBILSlidih € WirkR_MEmERBry such

i nput so as to be correlated in a sliding w ndow

%ﬁ‘ﬁgﬂ ﬁggv{/id%% E‘¥ ?SQ’?@?&Q&&%‘&Q@%EW GHFentibR 18 R Yimited
in this respect. Indeed, for other codes, diversity agent 212 may
rearrange/interleave the input so as to be correlated in a sliding window fashion.
In general, the output codeword from any code may be treated as a QAM symbol
X, per the transmit diversity aspect described above, and constituent codeword
bits may then be spread using the space-frequency interleaving techniques
described herein.

[0039] Diversity agent 212 may then perform antenna multiplexing on the
received encoded information. According to one embodiment, adjacent bits of
the received content are first mapped to the Mt antennas. For example, assume
the total number of bits=Mt*Ncpps, where Ncgps 1s the number of coded and

punctured bits mapped to forty-eight (48) tones of an OFDM symbol (as used,

e.g., in accordance with the IEEE Std. 802.11a (1999) specification, the
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Xi, per the transmt diversity aspect described above,
and constituent codeword bits nmay then be spread
WQIgiongopee space-frequency interleaving techniR{UEES2004/043655

descri bed herein. 100391 Diversity agent 212 may then
perform antenna nultiplexing on the received encoded
i nformati on. According to one enbodi nent, adjacent

bits of the received content are first napped to the
M antennas. For exanple, assunme the total nunber of
bi ts=M *NCers, where NCRPS is the nunber of coded and
punctured bits mapped to forty-eight (48) tones of an

OFBlLiovir of whith i&6fess nQorpoﬂafédaﬁfdi’ﬁ B reterciéd for hine
IEEE Std. 802.11 a (1999) specification, the 18 WO

g&@ggzg}t%ﬁhagygggg,gg@é@g@ggﬁug BFhORRTE0S. W G iored

I nc y referen e for

é’l‘t t hough t he {9& entm|on is not limted in

d Neppreahmapred, PFIBEM - M * NCBPS ar e
d to the nth antenna. 100401 In block 404,

d| 8‘?% Inblagkedd, diversiypeent2d 2 neavterlsaverthe paspiting groups of

groups of NCBPS bits on each antenna. According to

onBlcexstbitd ioneach antiinner dictgrdagdnon@ édbodment, dplessityragent 212

this interleaving in accordance with the 802.11 a

I niray igplgient thisiheHepanginsicsordhndewitiether8op13 a iritéaver,
interleaving, and QAMinterleaving (see, e.g., |EEE

St ghiBQéndists %f W&emgﬁﬁ ttoﬂélmtéﬂeﬁﬁh Sﬁld@M’ﬁ%féQ@mg (see,

Access Control (MAC) and Physi cal Layer

N e A ——
S DR i TN
o).
[0041] According to one example embodiment, diversity agent 212 may ensure
that adjacent coded bits are mapped onto nonadjacent subcarriers to perform the
tone interleaving. According to one embodiment, the interleaver depth
determines how many tones separate adjacent coded bits. In general, this
separation should be equal to the coherence bandwidth of the channel, e.g., N/L
(where N=DFT size, and L=the length of the channel response in time), although
the invention is not limited in this respect. In this regard, the interleaver depth is
proportional to the length of the channel impulse in time (L).
[0042] As used herein, according to one embodiment, interleaver depth may be
defined as the separation between bits on adjacent tones in each frequency block.

For example, if there are 1:48 input bits to be mapped to 48 tones with a depth of

16 (i.e., per 802.11a interleaver), where the bits are mapped to tones 1:48 column-
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tone interleaving. According to one enbodi nent, the
interl eaver depth determ nes how nmany tones separate
wW@eljoaoend3 coded bits. In general, this separ aGuHS2004/043655
shoul d be equal to the coherence bandw dth of the
channel, e.g., NL (where N=DFT size, and L--the
| ength of the channel response in tine), although the
invention is not limted in this respect. In this
regard, the interleaver depth is proportional to the
| ength of the channel inpulse in time (L). 100421 As
used herein, according to one enbodinent, interleaver
déptcplumiy bse 1, HeBPp abd 2 ate mappeddp tangs | oh Jpadvie eespentively.
on adj acent tones in each frequency block. For
e Morp particilarly Jthe enappmg wotidd looklikebi ts t o be nmapped to
48 tones with a depth of 16 (i.e., per 802.11 a
intqrleaver)4 where the dites aoe 1mappedis o yongs i 48
col yym 139 140 29054 0651983 PST/ US2009/ 943685 y- g@l 4N, 35
b't§3 134155 %aﬁﬁm%sarﬁ MapPed t&tﬁﬁeﬁml 45> 46 A 48
4, respective articularl e mappl hg woul d

e e AT ST A AR Bl Re 115,25,
373839404142434445464748 I f we _change the depth to 12,
we’ 384 2 eFremerned d0fnss fedb g AGNd dmesPECtels 1, 13, 25, 37
and 2 are mapped to tones 1, 2, 3, 4 and 5
respectively: 1234 5 6789101112 13141516
1718192023222328 26262728 Z9303132331243536 37383940
414P%34445464161817 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32 33 34 35 36

37 38 39 40 41 42 43 44 45 46 47 48

[0043] According to one example embodiment, diversity agent 212 may adapt the
interleaver depth to the observed value of L. Depending on perceived multipath
conditions, a high L will result in a large interleaver depth, and vice versa.
According to one embodiment, diversity agent 212 may set the interleaver depth
based on a worst case channel response condition, e.g., where L=worst case delay
spread=length of the cyclic prefix of an OFDM symbol (e.g., 16 in an 802.11a
compliant system).

[0044) Thus, for arbitrary values of N (e.g., 96 or 108 when multiple 802.11a
channels are bonded together to provide high throughput), a key design criterion
that determines performance contemplated by the diversity agent 212 is the
separation of adjacent coded bits as a function of the channel’s coherence
bandwidth. If the channel bandwidth increases as in channel bonding without

affecting inter-tone spacing, the coherence bandwidth will not change (over the
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100431 According to one exanpl e enbodi nent, diversity
agent 212 nmay adapt the interleaver depth to the
Wobpsvya val ue of L. Dependi ng on percei ved nRACT/U§A041043655
conditions, a high L will result in a |large
i nterl eaver depth, and vice versa. According to one
enbodi nent, diversity agent 212 may set the
i nterl eaver depth based on a worst case channe
response condition, e.g., where L=worst case del ay
spread=l ength of the cyclic prefix of an OFDM synbol
(e.g., 16 in an 802.11 a conpliant system. 100441
Thamss sdt of mautipiathr chrapnels). Ués lapgerPKlesige 1s talgenowitliio thesame
multiple 802.1 la channels are bonded together to
pehatineebdnd gidth, divetgipagent 2 2 ey clikmge ¢ie tond spacinguck that
determ nes performance contenpl ated by the diversity
ag@atent $8dddbits AR sepRRidatERBingfly BFd poBBitioRE rddr hdmBer
a f'unction of the channel's coherence bandw dth. If
tgFO%Q nnel bandw dth increases as in channel bondi ng
W hou affecting inter-tone spacing, the coherence

bandwi gth wi Il naqt .chgnge (qver .the 2005/ 067193
PR3 oo SRMIEIRA GRS diversib Aepl A L B tat

a |larger DFT size is taken wthin_ the same channel

b adigeand eeded diits aresmagped gétpmatelyorya jess pathmere Hgnifigans bits of
spaci ng such that adjacent coded bits are separated
atiearodstelidtiontapd saspucip dong mnsibf pw rehiglahity(luSBg bits arfe avoided.
tones. [00451 To perform QAMinterl eaving, diversity

a@ebdrdmhbdo FRY etdigple embbdinent divRetytagemdad potfofim$he tone
mapped alternately onto | ess and nore significant bits

Oind DA, gg&ﬁéa‘%id hlafdbrédide wath the! RJP}oin%ﬂlafh@ﬂéﬁ@ﬁ | ow
y (LSB) bits are avoi ded. ccording to one
teégsréglpgones[rpe%gécr{rigeg,: di versity agent 212 perforns the
i=(Ncpps/16)(k mod 16)+floor(k/16)
[1]
where k=0,1,...,N¢aps.1; and the function floor denotes the largest integer not
exceeding the parameter.
j=s x floor(i/s) + (i + Ncgps — floor(16 x i/Ncgps))mod s
[2]
where the value of s is determined by the number of coded bits per subcarrier,
Ngpsc, according to s=max(Ngpsc/2,1). According to one embodiment, a
diversity agent 260 in a receiver may employ a deinterleaver which performs the

inverse relation defined by the above two permutations, although the invention is

not limited in this regard.
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and QAM interleaving in accordance with the foll ow ng
mat hemati cal descriptions, respectively:

WO 208I0BPSY | 6) (k nmod 16) +f I oor (k/ 16) [1] wher ePCT/US2004/043655
k=0,1,...,Ncaps-G and the function floor denotes the
| argest integer not exceeding the paranmeter. j=s X
floor(i/s) + (i + NCBPS - floor(16 x i/Ncers))nod s
[2] where the value of s is deternmi ned by the nunber
of coded bits per subcarrier, NBPSC, according to
s=max(NBpsc/ 2, 1). According to one enbodi rrent a
di versit ent 260 in a receiver nay enp
dd@0dgledn gh’@g A0O4Hlivaisipeagent 24 mpemap mf‘elfl%le@‘edd@m@nt to
defined by the above two permutations, although the
i 1QAMt syatbolss Aacotding twi dne dnibodinteng, dlmgat}dageﬁﬂZ N@nay include
2005/ 067193 PCT/ US2004/ 043655 100461 In bl ock 406,

dia\bet O X Veshapber ¥ BerBRMYmiMBpletote atd Ythepge@ay &1 QAN §ibdle
QAM synbol s. According to one enbodi nent, diversity

mgﬁ%{al m%ﬁx ekﬁﬁf)l@ %ﬁlbo n@rﬁ t{x}@O@M mngﬁ'[ers A Sufhted

ITsS are mp tOt

Accor dj

saswgﬁﬂ%@éﬁéq@%ﬁﬁ cIREE -‘fhg-?%%@yeﬁ%é%i%ee@mng on
64- QAM 128- QAM or  256- QAM depending on. the codin

r Shecadingratedapr SpRlpyefut ﬂh?écg%‘bféh%fn"%‘éoq ispehlimyed jng
not limted in this regard. According to one

e thie tigawsh t Accohding teoagetntwdiménty the Eecodediamyd intarleavesidrinaly

i nput data may be divided into groups of NBPSC (e.g.,

1 ser?al idpud dat@ ndyi Hesdiwided into groups of Ngpsc (€.g., 1, 2, 4 or 6) bits and

<

converted into complex numbers representing QAM constellation points. The
conversion may be performed according to Gray coded constellation mappings,
although the invention is not limited in this respect.

[0047] In block 408, diversity agent 212 introduces a cyclic shift to the resultant
QAM symbols on each antenna with respect to the other antenna(e). According
to one embodiment, as introduced above, diversity agent 212 shifts the symbols
destined for the m™ antenna by m-1 tones vis-a-vis the 1% antenna. As used
herein, the cyclic tone shift introduced by diversity agent may well be greater
than 1. Indeed, according to one embodiment, the cyclic tone shift introduced by
diversity agent 212 is adaptive based, at least in part, spatial correlation — the
more correlated the fading on different antennas, the greater the tone shift from
antenna to antenna. In certain implementations, e.g., where the number of
transmit antennas (Mt) is high, diversity agent may shift by more than one tone

from antenna to antenna to avoid wrap around and ensure good performance.
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converted into conpl ex nunbers representi ng QAM
constellation points. The conversion may be perforned
wWazwsneiipyy to Gray coded constellation nmappi ngRCT/US2004/043655
al t hough the invention is not Iimted in this respect.
[00471 In block 408, diversity agent 212 introduces a
cyclic shift to the resultant QAM synbols on each
antenna with respect to the other antenna(e).
According to one enbodinent, as introduced above,
di versity agent 212 shifts the synbols destined for
the mm antenna by m1 tones vis-a-vis the 1st antenna.
Asoousedin thie r€dafd, atdiedig F@é bfie émbRlisbht diverity ageited2 may
diversity agent may we be greater than 1. |ndeed,

AeGREARE bit MO ReL ap@meﬂgesfmﬁ e SHY $dchfiqhe Hﬁro?itlbéd herein on

i ntroduced by dlverS|ty gent 212 is adaptlve based,
art paL| al re
oo RS sl R8s HbrsRemp R LR o b T RgBence is o1,
g e one shift from antepna_to,. antenna.
AR h4f Lok @ﬁt@ﬁf%woo'ﬁ@smét agltenn%@?@ AP SRiAgenG 12 may
transmt antennas (M) is high, diversity agent rraﬁ
a

s gkpandgle reseived bispequercetto hlel bl‘ b2h? habad rbﬂé?4ﬂ oIt ahowléd

to avoid wap around and ensure good perfornmance.
\ap26€iate 6ffdr $heRIT1 02Ot £ id habthertGOah8He dthert Ways to expand
regard, according to one enbodi nent, diversity agent

2 bdchY codedReqienBfdthe? ttanMimple ¥BSetitidR k. . NBNtaRRIpfidtoMecount
the SFI technique introduced herein on the |arger

cmsﬁ&@&ﬂ@wg&ﬁﬁm@g& ﬁeal]aénc § B6naiaAbRakicoded bit

sequence ere are two

G Rt e eal e'ﬁe%' RS - B e84 B3 b3 s

b4 b4]. 1t should be appreciate fromthe d| scI osure
h SABTIRISSiP Xia ON OF BIOFRANIETDALR) AR QEQ}\é tones.AsnlERfl
t he coded sequence rather than sinple repetltlon

e Ag. exatyple graphiepl ilhistrataercefithe space-frequency interleaved blocks

generated by diversity agent 212 is provided with reference to Fig. 6, below.
[0050] Although not particular detailed, those skilled in the art will appreciate
from the discussion above, that a receive diversity agent 260 may implement
selectively implement either of the foregoing methods in a complementary (e.g.,
reverse) order to demap, or deinterleave, respectively, content received on signals
processed in accordance with the above transmit diversity or space-frequency
interleaving techniques. For example, the deinterleaving technique may comprise
one or more of cyclically shifting the tones, QAM to bit mapping, deinterleaving,
and antenna demultiplexing, although the invention is not limited in this regard.
[0051] Turning to Fig. 5, a graphical illustration of an example transmit diversity

blocks generated in accordance with an embodiment of the invention is presented.
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the resulting multidi mensional space-frequency
constellations, etc. 100491 The space-frequency
W0 pios06Bayed bl ocks are then processed for PCT/US2004/043655

transm ssion via one or nore antenna(e) and OFDM

tones, as introduced above. An exanple graphica

illustration of the space-frequency interleaved bl ocks

generated by diversity agent 212 is provided with

reference to Fig. 6, below 100501 Although not

particul ar detailed, those skilled in the art wll

aﬁsre0|ate fronmthe di scussi on above that a receive
aqcsrdapcayih thomampls embrdimprtaf Fig &) adiveaityyplock of Mt x

i npl enent either of the foregoing nethods in a

c Nfbliswsedt 3w thig easey. diversigragesied 1 2qged enatels an d emmpher @xN/L

dei nterl eave, respectively, content received on

S inffrides of AN &SHB0ls] Thaerbhidas Risttated i Fig. Sp4Eensible to
transmt diversity or space-frequency interleaving

t g6V IsfitifiRoms GPMLSX 9?’%' n% mEx'%ﬁwHﬁh Ih%rcb@l?é’éléiz%r LEEl que

may conprise one 0 of cyc ically shlftlng t he

S L R S T mﬁﬁm o
d h 1005

PR BPRTESHF e [ i RO CORARE] 18 RS or & Vitert:

di versity blocks generated in accor dance with an
edbendenihat despdesrerqsh fangs Whie taking iatneapceent thegrepgtition of
2005/ 067193 PCT/ US2004/ 043655 I n accordance with the
expnpédle aeokod biveks, atthoudghghe mventiah is @oshimitedinatbis regardt
X NLis used. In this case, diversity agent 212

gﬁj@@i] atraenidgtod FigUe'R @rapBich illusttRiohiof @f eRimpIeNp sk tRQuéncy
e

techni que i Iustrated in Fig. 5is extensible to

ea% Békg né}g e/ %}émﬂ'an@e 1th aﬁ @ﬁBSMH @lgthé ﬂﬁ/entlon

cyc ay 0 eac tronal transmt antenn

IR SRR N

Fig. 5.is froma Viterhi . .
deépicted correspond to an embodiment wherein Mt=2, but is extensible to

implementations of Mt>2 in accordance with the techniques described above.
[0053] Fig. 7 presents a graphical illustration evidencing the performance
characteristics associated with various mapping techniques (i.e., single input,
single output (1x1 SISO), spatial multiplexing (where bits are interleaved across
tones, but not antennae), and space-frequency interleaving (SFI)). According to
the illustrated embodiment, Fig. 7 graphically illustrates the performance (e.g.,
measured in bit error rate (BER) and packet error rate (PER) over Es/No) for a 54
Mbps/antenna. As shown, the SFI technique exhibits a modest gain of about one

decibel (1dB) in signal to noise ratio (SNR) performance relative to conventional
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decoder that decodes across tones while taking into
account the repetition of synbols across L bl ocks,
W@Raboerps t he i nvention is not limted in thi SPCEGSAOH/043655
[0052] Turning to Fig. 6 a graphical illustration of
an exanpl e space-frequency interleaving bl ocks
generated in accordance with an enbodi nent of the
invention is illustrated. As above, for ease of
illustration and not |imtation, the SFI bl ocks
depi cted correspond to an enbodi ment wherein M =2, but
is extensible to inplenentations of M>2 in
atimpliahieehnijue ferrrereceiv¢nvionsistinedisoVIVEE spatigledemapper and

[0053] Fig. 7 presents a graphical illustration
edisdfNGieng debeleperut slicubdbelargeh forandre rsb]sliii;tix:ateassm't\'reaﬁ. ed
W th various mapping techniques (i.e., single input,

Siigagd;e Aﬂﬂﬁ)ﬁ%lg dd eaéd & &@nbeﬂ%fcbﬁbnéﬂd binRhfdé SOuhYRGRE

bits are in ved across tones, ut not antennae),

a@fém‘eﬁfsug}ogé fg@d‘ﬂhé W @zﬁl@ &ﬁé&&eﬁg d on “tﬁfﬁ%gs‘n&ghéréin

the i enbodi nen

il rat es rf asu

o AR E bl B Rt piint P10 e(afsfzﬂyatse thin the
Es/ No) for, a 54  Mops/antenna. As shown, the SFI
t Seamsiagd spisik pf e daveation desordag o ene a38Ple GRRodingRS el
(1dB) in signal to noise ratio (SNR) performance
r divetsityagent thas onatstthomtenm24nWip ROME/206 ¢1€R tone shift features
PCT/ US2004/ 043655 (sinpler) techniques for a receiver
Cingitistpattd. @h acdrddvbiwithaliis axanideeppodintne diversgfdgent may
Vi terbi decoder, but should be larger for nore

S QRIDI b6dKS BF BhtipB6E MRS each]&Q@ fehst?Y duBediolp a&%ﬁh&é)e%cpﬂmen

descCri bed as conprising a nunber of functional

oS5 o | R BELOASh PRty R L B
oo enEiyen Ghepuinaon KSR i R i gl e o S

Accor di ng to one exanpl e enbodi ment, a
performs the inverse operations is also anticipated.

[0055] Fig. 8 depicts a graphical illustration of a performance comparison of SFI
vs. spatial multiplexing for a lower data rate of 6 Mbps per transmit antenna. As
shown, the performance improvement introduced by SFI is more pronounced at
lower data rates. Thus, it should be appreciated from the discussion herein that
certain advantages of the proposed technique may be even more pronounced in
realistic channels with impairments such as antenna gain imbalance, I/Q

mismatch etc.
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diversity agent that omts the antenna nul tipl exing

and cyclic tone shift features is anticipated. In
wawsdeiasre with this exanpl e enbodi nent, di veRr@li/u§2004/043655

agent may map bl ocks of contiguous bits to each of at

| east a subset of antenna(e), and then perform 802. 1l

a tone and QAM i nterl eaving, and bit-to-QAM mappi ng

descri bed above, although the invention is not

limted in this regard. A diversity agent that

perfornms the inverse operations is also anticipated.

100551 Fig. 8 depicts a graphical illustration of a

b on of SFI vs. spati al

mul tiplexing for a |ower data rate of 6 Mps per

t nesq mkig. Antlestrites atslocksdiagvam dffaa epamplerstangemedium

i nprovenent introduced by SFI is nore pronounced at

| QvRbrislak BortdhtSshict Rten ihvokeMGHAYcSe APRICESHIR RECHiROD
the di sclssion herein that certain advantages of the

b ﬁﬁipf&ﬁ}%ﬂt &f‘eccl}%&P %sﬂé@%é oli"?hee&{%}ﬁ@ﬁ genb2 £2.960 8&9?11 Ssociated

rea I ¢ channe as an

RN NN G

9 illustrates a block diagram of an_exanpl e storage
MéQIE-w HASTBEIpnE, ditds gT @@m%mhmw&herem @flinqhn VoRR sxeonﬁgi

cause an accessing nmachine to inplenent one or nore
aspeses an adfcessingg appliencsi to ymplgment Ger nR8O aspedisef SMA 212,
associ ated nethods 300, 400. In this regard, storage

mea0,es@ediabevesdes content 902 (e.g., instructions,
data, or any conbination thereof) which, when

R s i e e
limited to, floppy diskettes, optical disks, CD-ROMs, and magneto-optical dlSkS,
ROMs, RAMs, EPROMs, EEPROMs, magnet or optical cards, flash memory, or
other type of media / machine-readable medium suitable for storing electronic
instructions. Moreover, the present invention may also be downloaded as a
computer program product, wherein the program may be transferred from a
remote computer to a requestihg computer by way of data signals embodied in a
carrier wave or other propagation medium via a communication link (e.g., a
modem, radio or network connection).

[0058] In the description above, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the

present invention. It will be apparent, however, to one skilled in the art that the

present invention may be practiced without some of these specific details. In
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100571 The machi ne-readabl e (storage) nedi um 900 may

include, but is not I|imted to, floppy diskettes,
W@pos/06M19i sks, CD- ROVs, and magnet o- opti cal #GIKES2004/043655

ROVs, RAMs, EPROVs, EEPROVE, magnet or optical cards,

flash nenory, or other type of nedia /

machi ne-readabl e medi um suitabl e for storing

el ectronic instructions. Mreover, the present

i nvention may al so be downl oaded as a conputer

program product, wherein the program may be

transferred froma renote conputer to a requesting

c oSt instanpss, well-kapwa stractuteg and dedeascue ghpwinin®lockalisgram

mave or other propagation nmediumvia a communi cation

| iforkn.(e. g., a nodem radio or network connection).

(00581 In the description above, for the purposes of

k% N B BIAmEHEBS 1BY Pres&R Sventién ARY deliSeding vadlktyfdtr t h
|n order to provide a thorough understandi ng of "t he

Eﬁlﬁﬁhﬂls‘)\é@mdu éhe| es}%L B?ho?lqg%tqﬂhrtemviﬁl\ﬁ%spgﬁpt#gy

resent 1 nven

t hout sone .of these specific details.

| ﬁl@%%%@%ﬁ%feﬂw & Bt PEOpSERlers,ggra-purbose
i nstances, well -known structures and_devi ces are shown

mlsqoaaseﬁpﬁg%aﬂal Pienah Proesssys (RRPD oR eeiced Instrugtipm-Set
present invention may be used in a variety of
aSmpating GRESC) ACompley instiuetigpn-8etePumputing(CISE), pmongother
limted in this respect, the circuits disclosed
heteetroniteympenensse Hdwevet, G shoaldtbealnlderstood that the scope of the
general - purpose mcroprocessors, Digital Signal

F’ REEHTAVentibPRRL linfied 46 8dsd Aakhipigt | on- Set  Conputi ng
I SC) , Corrpl ex Instruction-Set Conputing (Cl SO,

alﬂb@(ﬂ JEmbiod ﬁ&tfgﬁtﬁg ﬁf‘egerﬁ %U%ﬁﬁ(?f%ﬂ%% al 8 Yiiudelalin ﬁngéﬁtgd

€ Scope 0

circuit blocks referred to as core memory, cache memory, or other types of
memory that store electronic instructions to be executed by the microprocessor or
store data that may be used in arithmetic operations. In general, an embodiment
using multistage domino logic in accordance with the claimed subject matter may
provide a benefit to microprocessors, and in particular, may be incorporated into
an address decoder for a memory device. Note that the embodiments may be
integrated into radio systems or hand-held portable devices, especially when
devices depend on reduced power consumption. Thus, laptop computers, cellular
radiotelephone communication systems, two-way radio communication systems,
one-way pagers, two-way pagers, personal communication systems (PCS),
personal digital assistants (PDA’s), cameras and other products are intended to be

included within the scope of the present invention.
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present invention is not limted to these exanples.

100601 Enbodi nents of the present invention may al so
whoosMmeligdled in integrated circuit bl ocks refRI¥ESR0043043655

as core nenory, cache nenory, or other types of

menory that store electronic instructions to be

executed by the m croprocessor or store data that may

be used in arithnetic operations. In general, an

enbodi nent using nultistage domno logic in

accordance with the claimed subject matter may

provide a benefit to m croprocessors, and in )

p #0611 c Tha presertynysatipp inslysies sareaysiopergtionsn Bedipseasions of the

decoder for a nenory device. Note that the enbodi nents

mpyestig inventien nalydd perfoonedds) lmrdy s enmponerits soehhas| those

portabl e devices, especially when devices depend on

r eRBYGETh FISYA  and@R 2L 8Phh P Be erhbotiied indRhdhines SiERUaBTeTontent
cellular radi otel ephone conmuni cati on systens,

! (BaUBriand) ARTTHRIGAL) LLBIRS e o oORR SR RRIR ecial

way pagers, persona comruni cat| o syst'e
personal digital assistants (PDA.S). anmeras..and ot her
P PR trofisBbn dhioflf Bl Hiderhinhite it SRR o Bl
of the present invention. 27 W 2005/ 067193 ..
péhr QDSHabions- oM tesraiivelyp e PPFIREORY BR% B¢ Pér by combination
i ncl udes various operations. The operations of the
poébadwaterand softwarenddoreoysss dlonghithgynveatidnhasbeen described
conponents, such as those shown in Figs. 1 and/or 2,
Olin thetolexsoflacdnguting applahce) thoax ekilled il the antwitiappreciate
(e.g., instructions) 702, which may be used to cause a

O eHke Eiddh-fRAGtRAGRy PhaySWEIL b@bmbRHEPRSAYRIf AGRSEOSf MerraRT] C
circuits programed with the instructions to perform

SFpSRRE90% 1, A Mt UL T e

ég?ggéhﬂghgggﬁgglthe i nventi on has been descri bed

[0062] Many of the methods are described in their most basic form but operations
can be added to or deleted from any of the methods and information can be added
or subtracted from any of the described messages without departing from the
basic scope of the present invention. Any number of variations of the inventive
concept are anticipated within the scope and spirit of the present invention. In
this regard, the particular illustrated example embodiments are not provided to
limit the invention but merely to illustrate it. Thus, the scope of the present
invention is not to be determined by the specific examples provided above but

only by the plain language of the following claims.
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in the context of a conputing appliance, those skilled
inthe art will appreciate that such functionality
WOorzopseetid3 be enbodi ed in any of nunber of alt GEEHUE2004/043655
enbodi nents such as, for exanple, integrated within a
conmuni cati on appliance (e.g., a cellular telephone).
100621 Many of the nethods are described in their nost
basic form but operations can be added to or del eted
fromany of the nmethods and information can be added
or subtracted fromany of the descri bed nessages
W t hout departing fromthe basic scope of the present
i GlaWMBOn, Any number of variations of the inventive
concept are anticipated wthin the scope and spirit of
the present invention. In this regard, the particul ar
i |1 ust Mhasds daimedliE embodi nents are not provided to
limt the invention but nerely to illustrate it. Thus,
t he scope of the present invention is not to be
ddt er niAnvagtheg cemparisipgci fi ¢ exanpl es provi ded above but
only by the plain | anguage of the follow ng clains. 28
WO 200588 iOSnRAT fros20hest 048656 GardniiBsioiattwo ©r more
claimed is: 1 A nethod conprising: receiving content

f teHEs & HAasilticdier eé6mhfuhidatiemshitinf&li fedin YW é of MeredintéidaR); and
tones in a multicarrier communi cati on channel fromtwo

or nor agﬁmu%ﬁg dfcRlentsHtGhe Abaléd Qtdnk g?re%ﬁ}ﬁ%%&é °f@5%

recei ved contént across one or nore o ant enna

and. t 0., i\NLE C Il -or.der transm.t
SR EREI R bR b s Mo Rt AR, |
the received content is a stream

2. A method according to claim 1, wherein the received content is a stream
of quadrature amplitude modulation (QAM) symbols, received from the host

device, or an application or agent executing thereon.

3. A method according to claim 1, the element of distribution comprising:
cyclically disperses elements of the received content across M¢ transmit
antennas, and a number (V) of multicarrier tones for each of a plurality of

Rayleigh fading channel taps (L).
4. A method according to claim 3, wherein the cyclical dispersion of the

elements of the received content provides full-order transmit diversity according

to MteMr-L, where Mr is the number of receive antennae.
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of quadrature anplitude nodul ati on (QAM synbol s,
received fromthe host device, or an application or
wWagwave@secut i ng thereon. 3. A net hod accor di mMLWGS2004/043655
claiml, the elenment of distribution conprising:
cyclically disperses elenments of the received content
across M transmt antennas, and a nunber (N) of
mul ticarrier tones for each of a plurality of
Rayl ei gh fadi ng channel taps (L). 4. A nethod
according to claim 3, wherein the cyclical dispersion
of the elenents of the received content provides )
f 8 | - oAdwethpd aeeonding ¢ cleing #1 wheselndhaieysdic dispensionng a ffunction
where M is the nunber of receive antennae. 29 WD
2008¢18pspreal £CT/ US2004/ 043655 5. A met hod according to
claim4, wherein the cyclic dispersion is a function
of delay spread L. 6. A nethod according to claim4,
wherein the cyclic dispersion of the elenments is
agapti ye . . : . : .
oBcor v A IS e gt HRREE: wirein ¥R ychP RBEiond ¥
7., A net.ho ccording.tq.claim6, wherein the cyclic
crelp D ptapl iy deleBHinid pésed. Hlipisu it Hempl ah ffser¥iiion ot
frequency bl ocks (L) where there is a high del ay
s prudtpath gondrtiopsof 81 charsldi ng to claim 4, wherein
cyclic dispersion is decreased over a fewer nunber of
frequency blocks to mtigate a danger of horizontal
wr aparound of the elenents. 9. A-nethod according to

ci7ai m 4 methed atddrding en€laieb ayhdréianheadicio dRpéioans Rldftased
is great than one (1).

as a larger number of frequency blocks (L) where there is a high delay spread.

8. A method according to claim 4, wherein cyclic dispersion is decreased
over a fewer number of frequency blocks to mitigate a danger of horizontal

wraparound of the elements.

9. A method according to claim 4, wherein a tone delay from antenna to

antenna is great than one (1).

10. A method according to claim 9, wherein the tone delay from antenna to
antenna is adaptively determined based, at least in part, on the spatial correlation,
wherein the more correlated the fading on different antennas, the greater the tone

delay from antenna to antenna.
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10. A nethod according to claim9, wherein the tone

delay fromantenna to antenna is adaptively
walznsnefigeed based, at |east in part, on the spatT/6$2004/043655

correlation, wherein the nore correlated the fading

on different antennas, the greater the tone delay

fromantenna to antenna. 30 WO 2005/ 067193

PCT/ US2004/ 043655 11. A nethod according to claim 2,

wherein the received content are conpl ex synbol s that

are |linear or nonlinear conbinations of input QAM

synmbol s. 12. A nmethod according to claim3, further

cdipr i ¢ mgthodacdasdin heyclauhal 21 Wherein thteaseieed pordend sisd engnplex

prior to transm ssion of the full- order transmt

disymbsis tthyat afedinear ot ondinéae ROI®inddomsoef. inphid Q AV iibots.

according to claim 12, the additional channe

processing conprising one or nore of converting

di spersed content froma tine domain to a frequency

d i N,a LORT ' hC [ x: ipto the signa

stci ?ZamA glﬁgmggg(?dfr @%ﬁl%g%ﬁgh@hg%d& frlﬁa{;cilﬂlsg requency (RF)
processi rior.l.o transnmjssion via on or nore qof

Phe.t r 2rafming Adifitng SFatme Prosessing oo Sesuiiamo! the ful-
cggggising.cpntent whi ch, when executed by an

a Hiapgnig diyerstty chashto a 1§BoRAavicd- t 0. i npl ement  a

nmet hod according to claim1l. 15. An apparatus
conprising: a diversity agent, to receive content from
a host device and distribute elenments of the received

cqant entA method Scaﬁ?@in% to &lRing 12fth@adulitiéral thannel prb¢aasiag t
antenna(e) and tone(s) of a rmulticarrier comrunication

CRBMBALInE BnISARBALT cBnvdriRy §Bhdrscdll GARht fM Dirhé B8main to a
full-order transmt diversity; and
frequency domain, introducing a cyclical prefix into the signal stream, and

performing front-end radio frequency (RF) processing prior to transmission via

on or more of the transmit antenna(e) Mt.

14. A storage medium comprising content which, when executed by an

accessing device, causes the device to implement a method according to claim 1.

15.  An apparatus comprising:

a diversity agent, to receive content from a host device and distribute
elements of the received content across one or more of a plurality of transmit
antenna(e) and tone(s) of a multicarrier communication channel to generate a

transmit signal exhibiting full-order transmit diversity; and
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31 WD 2005/ 067193 PCT/ US2004/ 043655 a transm tter,
responsive to the diversity agent, to transmt the
wq@emsoetiexr transmt signal. 16. An apparatus aRCHUSHOMI043655
to claim15, wherein the diversity agent cyclically
di sperses el enents of the received content across M
transmt antennas, and a nunber (N) of nulticarrier
tones for each of a plurality of Rayleigh fading
channel taps (L) to provide the full-order diversity
transmt signal. 17. An apparat us according to claim
15, the transmitter ¢ rising: . an inverse discrete
Four i e tfapspuich rrﬁﬁpenwégj o the éWémtV 2gglipiedEmsmitithpgenerated
diversity agent, to receive the transmt signal and
c@nn@nittSignalfrom a frequency dommin to a time domain;
and a radi o frequency (RF) processing el enent, coupled
with the IDFT elenment, to transmt the generated
transmt signal via a select one or nore of a

plgral !&rb’ap?ﬁraﬁfs aEE&E!ﬁ@t& cﬁﬂﬁ §BN@kereihhe dWe&R? %%éﬂt 'é?clically

according to claim15, further conpri sing:
Std?sgygrtsg {1@61%%% rgct%ﬁ}ed%oﬁ %’t a%%osg J‘Q{/ﬁg?@ltt tegn imd a

F RrGer D af mufafricr SR L(%geatdggﬁgﬁwgﬁay of Bsﬂfﬂg%{'}%qm%et

of t he content stored in the menory to implenment the

dichams] taps g émprovale thpfwbgdend yarsity pamsmitsigmd/ 043655

17.  An apparatus according to claim 15, the transmitter comprising:

an inverse discrete Fourier transform (IDFT) element, coupled to the
diversity agent, to receive the transmit signal and convert it from a frequency
domain to a time domain; and

aradio frequency (RF) processing element, coupled with the IDFT
element, to transmit the generated transmit signal via a select one or more of a

plurality M¢ of transmit antennae.

18.  An apparatus according to claim 15, further comprising:

a memory to store content, at least a subset of which is executable content
to implement a diversity agent; and

control logic, coupled to the memory and the transmitter, to access and
execute at least a subset of the content stored in the memory to implement the

diversity agent.
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19. An apparatus according to claim18, wherein the
control logic is a baseband processor. 20. An
W@ppavetos according to claim 18, wherein the RGHUS2004/043655

logic is an applications processor. 21. An apparatus

according to claim15, wherein the apparatus is a

transcei ver. 22. A storage nedi um conpri sing content

whi ch, when executed, causes an accessing machine to

i npl enent a diversity agent according to claim15. 23.

A system conprising: two or nore dipole antennae; and

a diversity agent, to receive content froma host

dd9i ce Advappaiabisaceuding te clairar BsWhireinihe eantel Jagic is 2

content across one or nore of the two or nore dipole

abassbaxkpraockstrone(s) of a multicarrier conmunication

channel to generate a transmt signal exhibiting

full-order transmt diversity. 24. A system according

to claim23, further conprising: a transmtter,

Coup! CAPERURRR 0fafE(S mm,xsaaﬁé}& ARl Pdfg@@

ant ennae O receive Oone or nobre substreans o

%ﬁ?l gaﬁy distributed content 33 WD 2005/ 067193
43855 fromthe diversity agent and

conpl ete channel processing prior to transm ssion of

the transmt signal fromthe dipole antennae. 25. A

system according to claim24, the transmtter

cahpr i dnapparatusiancardiog telckon 46 ewhkseinithe anpasatesis pm

(1 DFT) el ement, coupled to the

transceiver.

22. A storage medium comprising content which, when executed, causes an

accessing machine to implement a diversity agent according to claim 15.

23. A system comprising:

two or more dipole antennae; and

a diversity agent, to receive content from a host device and distribute
elements of the received content across one or more of the two or more dipole
antennae and tone(s) of a multicarrier communication channel to generate a

transmit signal exhibiting full-order transmit diversity.

24. A system according to claim 23, further comprising:
a transmitter, coupled between the diversity agent and the dipole

antennae, to receive one or more substreams of cyclically distributed content
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diversity agent, to receive the one or nore substreans

of cyclically distributed content in a frequency
wa@lanvaeérigthd convert it to a tine domain represRrl/E320041043655

thereof; and a radi o frequency (RF) processing

el ement, coupled to the IDFT elenent, to receive the

time domain representation of the cyclically

di stributed content and anplify it for transm ssion

fromthe dipole antennae. 26. A system according to

claim25, the transmtter further conprising: a

cylical prefix insertion elenent, coupled between the

| BieTh thk diversityaagent antl eoiplepy dmeselipneresdirgpmer, to transmission of

i ntroduce cyclical prefix into the tinme donmain

rthmit&igIﬁnﬁahth@@iFeﬁra@te@h@a transmt signal. 27. A
system according to claim?25, wherein the systemis a
transceiver. 34

25. A system according to claim 24, the transmitter comprising:

an inverse discrete Fourier transform (IDFT) element, coupled to the
diversity agent, to receive the one or more substreams of cyclically distributed
content in a frequency domain and convert it to a time domain representation
thereof; and

a radio frequency (RF) processing element, coupled to the IDFT element,
to receive the time domain representation of the cyclically distributed content and

amplify it for transmission from the dipole antennae.
26. A system according to claim 25, the transmitter further comprising:

a cylical prefix insertion element, coupled between the IDFT element and
the RF processing element, to introduce cyclical prefix into the time domain

representation of the generated transmit signal.

27. A system according to claim 25, wherein the system is a transceiver.
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