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wap@sioeads on clainms priority to provisional apptT/watioem3ess
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 nments
of the present invention are nerally directed to a
wirel ess comitkild ﬁRﬁ'@?M'@ﬁSaﬁA @%K-?Ni cularly,
to met hods and apparatus to control transm ssion of a
mul ticarrier wreless comunication channel through
mul ti pl e antenna(e). BACKGROUND [00031 A nulticarrier
communi cati on system such as, e.g., Othogonal
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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 ndosnsppbol i nterference may be significant| yPeEUSDOd043655

[ 00041 While multicarrier conmunication 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
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busi ness, etc.), the wireless channels may typically
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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
wandmsasTiver (s), according to one enbodi ment of PeT®S2004/043655
invention; Figs. 5 and 6 provide graphica
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 channe
characteristics through use of an enbodi nent of the
i nvent iFim;3 iFadlowschartafiadesamaplgmagihod foir mapbingtinfotinetonotb
the i nprovenent to one or nore channe
Cloa¢ 8EinBFd zﬁitérﬁﬁ@ hh® biﬂi&aﬂﬁ@%}} facandiagiend@hboddnehtsT the
invention; and Fig. 9 is a block diagram of an exanple
akfjenlign.0f manufacture including content which, when
execut ed by an accessing nachi ne, causes the nmachine
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channel are generally introduced herein. In this

r eqpgntion;aspect s of the present invention may well be
used to i nplenent any of a nunber of wreless
comuniFigst 5 and plpadvide graplivallillasatiGns/AfD tremi t@isvet 8/ and
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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,



like. [00071 Wth this disclosure, an innovative
approach to inproving the resilience of the
wWonosioeEDps | er comuni cati on channel i s di scl oSEU/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 M MO and OFDM (M MO OFDM appears
parg,iveirdless lycap areanstwagk (WLAN)gWirelesopaignal aneh hetwasis
LAN application. 100081 According to a first aspect of
ANYERireRBs mtrblapddSiEhworlts YAVBANY, ceRPPhdtivbiks, éu§1 the

|ntroduced whi ch provides a near-opti mal nethod for

g |ng uncoded cont ent (e.g., quadrature anplitude
nD ulation (QAM synbols) received froma host

evi ce r..an .application/ agent executing thereon,
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f of theanyltipargpes comynugication chagned if disqlossdy wleerain|anpdyanged
code rate per OFDM sl ot. [00091 According to another
as)FV podcesding teahmeinues Braddedte amualtiple inpwtj mektiple gutput
architecture is extended to provide a higher code rate
bYMIR@)SrafbceRa @it ufilifd Weiie Yhanltine tlafaitPeelvelchiin af8ach end
devel oped nore fully below, SFI provides a 4 WO
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for mappi ng coded information (e.g., franes,

S)f(m)owmg dlsgussgono&ltap thmﬂ stcioBecF B Sof‘rf\ﬁ]ﬁkdg: aIRM 01350
(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
w@aososioeubar feature, structure or characteri stPCI/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
maparbeptiomibkicheidué foramapping ¢odbd sformmation (¢.g., busydramesyror e
enbodi nents. Exanpl e Network Environnment 100111 Fig. 1
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comruni cation environnent wi thin which the teachings
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coupl ed as shown. As used herein, the devices 102, _
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multicarrier wreless comuni cati on channel 106,
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t hrough one or nore antenna(e) associated with the
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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
waleosneilvy agent may sel ectively map content (BCTDUS2004/043655

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
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and/ or the transceiver elenent(s) (108, 116),
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gemmgﬁaat i S FhGREL UG L8PSR, FRD LR LR ESh A L,

fuII-or ansmi t dlverSJty, aIthcs h the |nvent|o(n
| Secsiied from p bestoRvice, rpRlicatiopeagent, gl ddons gp@araraaRale)
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etleciet éingsitlé of the comanmecativh thamnel, dretdiversity agedt méyDM
tones to effect spatial diversity in the transmt |ink
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e space- requency |nterleaV|ng

gk 1By bes 4oty RS RaS @%@@p%ﬂﬁﬁog g g5 pigre of

as devel oped _bel qw, diversi ty ent X sel ectively
baseband and MAC processing element(s% (112, 114) and/or the transceiver

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
woeooap@iiprat i ons executing thereon, onto mnul tipdBUS2004/043655
antennas and OFDM t ones by perform ng one or nore of
antenna nul tiplexing, 802.1 a interleaving, QAM
mappi ng, and cyclic tone shifting, although the
invention is not limted in this regard. [0015] In
addition to the foregoing, the diversity agent nay
sel ectively inplement an innovative technique(s) for
decoding information froma received OFDM channe
pitenses bethisrsgartd pasalevelopedbelow edjuerdity agent mayselectively map
receive diversity agent is introduced to demap and/or
debdddeinfrmdton (). £hits, bRes iblelts faynibolsaframas) patkeld) 6tc.)
generated in accordance with one or both of the

engRilied Front Bl HASCURR el bp d;safeaﬁsﬁis SReM g thaees, TntPmbRiple
one enbodi ment, receive erS|ty agent recel ves
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104 are intended to represent any of a W de range of
elinsentionisnog Hyiited én this 1egardi r el ess communi cati on
capability including, for exanple, a |laptop, palmntop
010015} e ik hdditicotophe €oregaing, ehe diversity eganp hoyaseleetivgly a

2G, 2.5G 3G or 4G handset), a personal digita

asmpRrhRAt an MAo VAR taBARES(sPr AbcddM) infamélioNfBed fefived
(STA), and the like. [0017] As used herein, baseband

askofien Pﬁ)%bﬁgd &4 SRAL ﬁ%ls]ééardlérﬂlpmatlvg Zecelve

i mpl enent e n one or nore processors

P%‘Iy/%?%?(ﬁg rtggf g%;gg{lce%r}g d%rrr]lap anvgor2 9 5t/erqeave content 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



appl i cation processor), although the invention is not

limted in this regard. As shown, the processor
web®smetips) 112, 114 may couple to nenory 110, pA1/B$2004/043655

respectively, which may include volatile nmenory such

as DRAM non-volatile nenory such as Flash nenory, or

alternatively may include other types of storage such

as a hard disk drive, although the cope of the

invention is not limted in this respect. Sone

portion or all of nenory 110, 118 may wel |l be di sposed

within the sane package as the processor el ement(s)

112, ,114 | sed o nt.e ted.circ

or gyt Mer R P b@r 87 iayenof BriohbHeRyt hisishit s
Accordlng to one enbodi pent, baseband and MAC

pr g feprogss ne@)t(sﬂbz 114 mancuplie BIFRIOLY hi0:11d8st
a subset of the features of diversity agent described
betespectiapky/ whichuyaypinoluilelwolatbletmeshory\saeh as IRAM,gionyvolatile
agent inplenented within an associ ated transcei ver

( 188motyl §ijch a3 Fldsh mgdindripcori altemativeln maydinclade dthes tiypes dfn
this regard. [00181 Simlarly, but for the

i nEt() HGhdHoMd aHard BRKk AHVE Hthb, %hatﬁs Bbpd &F tRé frﬁr@ﬁh&d‘i@ not limited
DM channel i zati on deve ed nore fully bel ow,
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receive content froma host device, process the
r e€ispossd o gpapgrated ciewé priaeeth iumgxtamal taelgmant(s)
and then transmts that OFDM signal over a link
( elt2,,11#0Aneordingitoloie tmbadiment basetiand el MIAL proeessing
nmore antennae. A receiver elenent of the receivers
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one or nore antenna(e), and selectively processes the

r egginy 8kcHbed below, and/or may provide control 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



WO 2005/ 067193 PCT/ US2004/ 043655 signal (s) to extract
a representation of the originally encoded content.
wa\gasne7idhe introduction of the diversity agertT/US2004/043655
enabl es the wirel ess transceiver within the device(s)
to i nplenment the M MO OFDM f eat ures descri bed bel ow.
According to one enbodi nent, each of the transmtters
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 comrunication
net wor ks including, for exanple a plain-old tel ephone
syignel(s) t¢ POT4S) acepresgnfatian pHthevsigmatli enepded cantentr efgain, the
network (LAN), nmetropolitan area network (MAN),
Wisteoduceen oftheaivisrsitWabnt eglhslbathe avifstess @tiideever within the
(Internet), cellular network, and the |ike. According

t %e@i@@(s??&qg@hé?nén@me%ﬁﬁba?FBM fedR¥eChescritila Uefhl. CAErding

an access Int (AP) e device 104 represents a
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and each utiliz % t he i nnovative space frequency

i ﬁfé}qr%ﬁ’i?ic??émge?:l?ﬂi‘ fransmt diversity techniques

I ntroduced above, and devel oped nore fully bel ow
Bl Asmsehbereinysetwarle hiQ is dntgrded 1o ospoaser ajy of a broad range
illustrates a bl ock diagramof an exanple transmtter
arof hormmmhication setetorks isctadipg, dor exaiples phircblditelephone system
according to one exanpl e enbodi rent of the invention.
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of conmmuni cati on channel between two devices, a
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ceﬁ]ular network, and the like. According 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



WD 2005/ 067193 PCT/ US2004/ 043655 conmuni cation |ink
are depicted. Those skilled in the art will appreciate
WO b@s/067193 r anscei ver in either device (102, 10BJT/IIB3004/043655

wel |l 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-frequency interleaving
desmnivhédtibee tink arealepictedt iThopatkelledon thdart wild pepreciate that a
spirit of the «clainmed invention. 100211 According to
O ARn¥ AP rEci@ePaslideN b2, 104) A Wlltdogipridé & iah@gitter € 200
is depicted conprising one or nore of a serial to

g%@hk&hreta&la NS E QB %{lc%iteag.{etars AL in Fig) Z%ﬁtﬁbl}%}r e %&Hpe of

one or nore I nverse discrete Fourfer tra

(1.DET) el enent(s) 214 . a cygcld | X, O guar

| Rben OB e s et mh A Borr iR BRE o0
nore antenna(e). 220A...Mthrough an associ ated gne or
méraBsTRisEr §hd repdRTARyteptrros of BESHER OF lesses complex Byt t he
invention is not limted in this regard. According to
omeneshdjessiimplement thensngvatieg transohif diversity and?@Opaceyfregiency
i npl emented w thin transceiver 108 and/or 116.
Alifitdesgihgtizpirited hefsin arenutitipated by siepgopd nd dpiriaifitienal

el enents, those skilled in the art will appreciate

t Rt MmO EIVeRtidiPr € el enents of transmtter architecture
200 may well be conbined into a nulti- functional

el Nty r f i I .
iR e g BIRAF Rl cBEbInRAT o EhHR SrcHBicci® 200 i
devi.ating fromthe invention. 10022 used rei,n, .
< SPpiZied CmpERaE B of BPotersaiia g PadsFpBREMAD. & (nsmi

i nformation %e. g., bits, bytes, frames, synbols
edeversityagamt2 13 one Qranere dnvesse dissreta pyie fangfarm (IDFT)

element(s) 214, a cyciic 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



10 WO 2005/ 067193 PCT/ US2004/ 043655 executing
thereon, e.g., email, audio, video, etc.) for
w@r@sAeEPNg and subsequent transm ssion via tbPer/us2004/043655
comuni cati on channel. According to one enbodi nent,
the received information is in the formof quadrature
anpl i tude nodul ated (QAM synbols (i.e., wherein each
synbol represents two bits, b; and ba). According to
one enbodi nent, serial-to-parallel transform 210 takes
the informati on and generates a nunber of parall el
substreans of the information, which are passed to
okgeauting iereonceg., emailj andic ivideo pgjeh forptocessihg odigiibsequent
depicted as a separate functional elenent, serial to
P@faddrhiSéioh vRANEE EsiindARatidychaRhdl. PRcordigtd @fe binbbdifhent, the
the diversity agent 212, or other elenent of the

U L QRR i B AR 15%{3@%2‘ i f3 éﬁgaﬁ%ﬁ%@gﬂﬁﬁemﬁtwl)

dlverS|ty agent duces

' h
O A B ST o B B
accordj ng to one _exanpl e enbodi nent,
i RReFRRPHIBISAY serltenaralle! taanstorm; A0t i‘tkeﬁél}fp‘ég’r{néu%‘héndor

nmore antenna(e) and OFDM tones. According to one
exgampites & nphberenfipatallehsubstieamsrfdin inforatiordvhith armpassed to
host device at diversity agent 212 is not in the form

ofonébMnsndes lof divethityagentt2] 2 agdthbugingepdaed ay aveparate
pre-coding to map the received informati on to QAM

S YirReibRal efdmine Légﬁalttb Batall¥Bfinsim! A 0Fdy Welllbé ﬁféldd@d it

regard. | ndeed, diversity agent nay well introduce

IR P O, 5. T

a3y Aseotfigo B EEROLTHBb I TP aspRE Poslst el inroduces

t raglglsc’ernrletnt gfntgaengrr;lzlitsdlversftjy 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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a nunber (N) of OFDM tones for each of a plurality of
Rayl ei gh fadi ng channel 11 WO 2005/067193
wEohs8aA004/ 043655 taps (L), although the i nveat/USI004/643655
not limted 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) nay
be achi eved. An exanple nethod for introducing
transmt diversity is presented below with reference
to Fig. 3, and a graphical illustration of synbols
processed in accordance with an exanple transmt
ditaps(E), aithormhtbeinyemtion ipmovliditet inthisiregard. By el2&ivelyn
accordance with another aspect of the invention,
d Idlb?éx%idg}th@&ﬂifént Zilthis maynedstull ordee divdesity (Bt DUWR&ES Mids
enent a space-frequency interleaving (SFl)
t%?nof teeilvB hﬁteﬁﬁ&?frﬂg bl RiEvdl YAﬁgﬁa?ﬁqlg freiHERYor
wel | ude one or an antenna nul ti pl exi ng
gl NN A e L
cyclic one shifting el enent al t hough t he |nvent|on
Eranbical Shsteagniol sufpals PERss5Sad Innpacardanteywith ap srample
enbodi ment, diversity agent 212 may treat adjacent
c trdesmib diversity meshanigmtipprovidah in Eigr gads this
i nformati on across space and frequency, e.g., using
t Io®24)r &m setbtdanck with andthier aspedt iof thernwmhienadiversityagent?ll 2
above. According to one enbodi nent, the content

r ggs W&ﬂmf;mamhs/ré’soﬁme % RApTeRLR o spadd-fréduehby ﬁﬁéﬂ%ﬁ\ﬁﬁg (SFI)

across at east a subset of transmt antenna(e) ,

Sl NP T S WSy oe.
b S ey S

necessarll be applied in the order_ described_ above,
Nmt@réqp&ng gneent, A AM Brapping element and a cyclic tone shifting element,

Il
.

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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cyclic tone shift may well be nodified to any val ue

bet ween zero (0) and the nunber data tones (Nds), and
wo b@seeTmy be a cyclic shift across antennas iPpST/@smoL43655

WD 2005/ 067193 PCT/ US2004/ 043655 of, or in addition

to the shift across tones. An exanple nethod for

i npl ementing the space-frequency interleaving is

devel oped nore fully below, with reference to Fig. 4,

and a graphical representation of SFI is presented

with reference to Fig. 6. 100261 In either case,

content fromthe transmt diversity agent 212 is

pafsedn additeretoghe sloftaciosy onse A sxamsple nfethod fer implementing

transform (1 DFT) el ement(s) 214. According to one

e fiROHabe fitquedBy intotRaskgliaddveloped intire fulBraiew, Will fefekince to

el ement (s), although the invention is not limted in

g :}ﬁg Srp%qgit grﬁgﬁemgqﬂz%&damgn RradhBNith Jﬁbe@er%gggg{g. 6.

nts IS commensurate with the

b e B Prend gy AN ROy SRR

receive a plurality (Z) .of encode strea from

t KBS ar mefesmws%@éﬁ?teffype%@sg%wgﬁi??lﬁ@%@t2éﬂt from
a frequency domain representation to a tinme dommin

r dpcemlang tatone smbpdinteat, @onmvense, fastiFonoergransfoem (BNt i on

is not limted in this regard. [00271 The tine domain

C elentent(s), abiiouch ehd iDFdntmndsactt l{sitedih4his segasd shctordingR one
el enment (s) 216. According to one enbodi nent, CPlI 216

Mol UrEn@n et f IORT cleRiefifsi 244 i9 EorBmehstisle Withehy al
in the signal, before it is passed to a radio

I
]fl'h HAENGtrank tlabl{)eég%jé%@.‘? rarknit Mdi@ﬂpideﬁggirg)%ﬂains. In this

ering an nt "transm ssi on” vi

ot DD (o) SRLBaE oA AraRa plfcotel bluckhs

architecture 200, above, an .
from the diversity agent 212, and converts the content from a frequency domain

D

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
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exanpl e receiver architecture 250 is introduced. As
shown, an RF front-end 254 receives a plurality of

WG 2@BabE93 Npi Ngi Ng on one or nobre receive ant ePCTEES2004/043655”
240A. .. N. For ease of explanation and description
going forward, in accordance 13 WO 2005/ 067193
PCT/ US2004/ 043655 wi th one exanpl e enbodi nent, the
nunber (N) of receive antenna(e) is equal to M.
According to one enbodi nent, each receive antenna has
a dedi cated receive chain, where the nunber of
receive front-end el enments 254, CPR el enents 256 and
FWithedrerexamp lecensbodionens the namber N 1of révsivieanteana(@Nys eqhal to
receive antenna(e) (e.g., M). 100291 The RF front
eMir. 28¢kobdiNg G enibdd@a&it, dach wteiie adfenhd Bay £Eklioabd receive
signal (s) to a cyclic prefix renoval elenment(s) 256,

alchfifUgherk B dubiRR bF fegeﬂvé At eﬁd abﬁleﬂts D54, CBR 8lehRARMS6
Accordlng to one enbodi nent, renoves any

c Rk ef | nt y chave
H6 SRRtk so P Ehdme Vﬁ%@ég@‘fﬁﬁé G0 RReSe diihous)
SI nag/éi) [ 00301 The content from CPR 256 is then

to an associ ated one or nore of fast Fourier
transforn1 FFT) el ement(s) 258. According to one
eft9adli fbaRF framtend Rédimay asoy leastmsbsetraftharepeived sigapl(s)
signal s from an associ ated receive chain fromthe
t itore cylditgirefit cenidval élementés) Q§6,chithmigh the dmveatitns Baioe imited in
demul ti pl exing and decoding of a representation of

t lptls 6spiat e AlccSiaiRpctd dfe binbbiitheht) CHREZR MBfdves any cyclic prefix or
transm ssion. Thus, a plurali ty of frequency domain

" RASRREHR Ifhad Phalden R EEA S sl gRaGssing of the

Accordl n one aspect of the present invention,
- Eeeage moloei ty agent

[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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260 may perform a conpl enentary function to that
performed by transmt diversity agent 212. In this

WO eqanei193 ecei ve diversity agent 260 nmay perf or@m/Uusm04/043655
conplenment to the transmt diversity and/or space
frequency interleaving introduced above. In the case
of transmt diversity, receive diversity agent 260 14
WO 2005/ 067193 PCT/ US2004/ 043655 may demap the QAM
synbol s, prior to QAM denodul ati on and parallel to
serial conversion 262 to extract a representation
(I") of the content encoded within the received
s ingpyadefrsip. the QAN eymhbsls, mior 8FQAM demiodelation andsparailch treserial
260 perforns deinterleaving and decodi ng, before
Plconvel$iog 266> extitapid repfedéitiont (°) ol ehepahieht @lcoli€d within the
serial converter 262 which generates the

I S RIRRARARI(ON |I§‘ 'tl%e)ca@é of @131 fRBlvE alveRHGAgEst M%Hﬂmﬁﬁe

recei ved signal (s). According to one énbodi e

di Ly 0] wel | . i 1L 0f mum ne

o T glehYing AE Bhsl Rbretobig B e B b Ar Bl WS bR o
Vi terbi decodi .al though the inventiaonp. is._ not

| iS4l &gnverigr gﬁf ghwg\g%&flw ° mgareﬁnmméﬂ) aé&e&%tamas a
nunber of functional blocks, those skilled in the art
wien¢odeg yrithin theaeqeined signel(ekr Anspeding torane enhodiagnugliversity
el enents may well be inplenented in hardware,

s agtm@266 mdy wellmipdemernt aanipimumimeaatsyoare etrer @AMSE) spatial
Mor eover, al though not explicitly denoted, it will be

apemagperifslibvidd By oReV kbl deR8dink althbagtthe ihvtatioR Rehd® limited
nore el ements such as, e.g., diversity agent 212, 260

nq%ﬁﬁyﬁ%&ﬂ(eceive control input from baseband and/ or
MAC proCessing elenments (e.g., 112, 114). According

PR ARG TR Y i AR St

S g?tcvsiilfagale)%léiea?ect ati oqxteeorr Imeoa}g Iofn t%’e 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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and comuni cate which M MO OFDM schene i s bei ng used
t hrough an exchange of channel state information. In
wo bios/osAagar d, diversity agent 212, 260 and t heCT/US2004/043655
transmt diversity/SFl techniques associ ated
therewith, may be adapted according to observed
channel delay spread and transmt or receive antenna
correlation information (i.e., channel state
information). 15 WO 2005/067193 PCT/ US2004/ 043655
EXAVMPLE DI VERSI TY AGENT OPERATI ON [ 00331 Havi ng
briefly introduced an exanpl e network environnent and
di versity agent architecture, above, a discussion of
each of the M MO OFDM t echni ques introduced herein
WEXAM¥ W DS EdSie | et OPERAFIONI Y With reference to
Figs. 3-7. For ease of description and understandi ng,

t Niossie e ARGy Ghird dREE o BEIMBIBHEN orkbrirdhfhoRf SRAIH &Sty

in flowchart formw th conti nued reference, ere

ARERABETbure A TR PR BTE el MR QR s
oSS e il B EloRes ToER G ) KPSy PS5

di scl osed, according to one exanple enbodi nent. As

s Hietnasctof deserpioiianseyidesstanding, Blestexelgpmentgidhasp techhigues
diversity agent 212 receives content for processing.
Acdtirbdipnggented onBoveschan feam with oontinmed refeleace, sdhere/apropriate,
content is a plurality of substreans of information

I @6 ekat@sle Ele@i®h® if Bidsal and2,Rdthahgitthe ikv@b®1sMot Bhited Upihis
the invention is not Iimted in this regard.

Aqg%@[i ng to one enbodi nent, the received content is

in e form of conplex synbols that are |inear or

n?&':&all]nelaurrmﬁg [Bbh%.aii 25w %fla& oF é’lnt ex%'\;élle 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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synbol s. According to one enbodi ment, diversity agent
212 may receive the content froma QAM nodul at or,
wobk@s®es119% he received content is in the form oPCT/QRRM04/043655
synbol s, although the invention is not limted in this
regard. According to another enbodinment, diversity
agent 212 receives uncoded information strean(s) of
bits, and converts the content into QAM synbols. 16 WO
2005/ 067193 PCT/ US2004/ 043655 [0035] In bl ock 304,
diversity agent 212 cyclically distributes the QAM
synbols across one or nore antennae and one or nore
OFRsIt dmbbck A04,ativkirsity agenoi? cyehoallji distnibytesithee AM symbols
agent 212 captures spatial diversity through the
devRkosEsmere avexiMd andl o€ los ndre QRN Yoo A céoriRig@o bne
is the nunber of OFDMtones, and L is the nunber of
' ' I AV oY1
AR aent R B URAOE CopRs p R BB AR
shift. By.r at, thes equency bl ocks L tines
= Srttcomiy o RREN G- Reinpal] SR uter K g alypBst of
introduces an el ement of frequency diversi into the
o HTM OB, g 1 the ee@her/xt,fé@efgfalabyaé@g&ﬁ@“@i ﬁwﬁ) here the
enbodi ment, the nunber of frequency blocks nmay be
adymbols eppliedodieadheantenne araoffiest b a emlicapshifi. By repeatingrtbese
in the channel. In this regard, a larger delay spread
afreqerfcy dipoks Eptirdsackss theynunthee 0POBDDM tdngs, diverstysagent 212
agent 212 when there is high delay spread (L), and
f eMRIdubtOmksieriBi o Brequthed dfverfsity Gl thélladielsl wRAd.
Moreover, when there is a risk of horizontal

}"'ﬁ@@@r %%Qréiﬂf%t%ﬁg %kénn%l\é‘%ﬁfbﬁhﬁl&lﬂ%éﬂlﬂﬁb&% oséuéfngx blocks

nsmtte the sa tone, or a very c
T T R L
Wrtlzlilg ?ergg}'ldrjg lgrggrdéetlaiyosgieagsémong 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] Inblock 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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appropriate. A graphical illustration of the transmt
di versity blocks are presented wth reference to Fig.
wW®2003008%4 | n bl ock 306, the bl ocks generated bYT/US2004/043655
diversity agent 212 are provided to the remainder of
the transmt processing chain (e.g., |FFT 214, et
seq.) to enable the transmitter to conplete channe
processing on the distributed content for
transm ssion via the one or nore antenna(e) and OFDM
tones. 17 WD 2005/067193 PCT/ US2004/ 043655 [00381
Turning to Fig. 4, a flow chart of an exanple nethod
400 for inplenenting space-frequency interleaving
[og38] ) Thmingrorkigub @d?ovvaelta@trccfi apgxapplsactheddiforent of
the invention. As shown, the techni que begins in block
#fFlementiey spack-frequent y inderiaving {SFF) ecmirodgced navodeding to one
content. As above, the encoded content nay be

ERBEdiMRES ofthinvehticHN APhoRmdthertédhinique begiat ilBlotiEhsD),
encoder, a convolutional encoder, a Reed Sol onon

. . i b
gfgglg?ﬁgergg}égog 1? r%@&{?&%\tl:\%cl?edtcﬁ)ﬁieh{. SAs SBHRAGRE enébd%#l‘ rbo

etc., ch may be an elenent o

di versit agent. 212,. al though t he inyventi i S not
PoniEi et b BRTLCS B VAR OBoRiIE (EC) efcole, o

i mpl enentation, diversity agent 212 pay assune a
senvaiulignal snaedsT e Resd Saloiapn engoder, ghd 5DBG; ensadesa fellis
convol utional encoder, although the invention is not
tnoodercd turbe coder @ BEH gedar, ete.nwbish, mayobe ot Hememoddiversity
diversity agent 212 may rearrange/interleave the
agepti2 15 @lthsughathd enventisrels abelimited M thisirdgard. Wicostding to one
fashion. 1In general, the output codeword from any

fRSIEMBERMLAE diverdiyaded 12 VS @ kliding wilk®w ffiory such
transmt diversity aspect described above, and

LR TS LR s . AP i
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*N¢gps, where Ncgps is 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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descri bed herein. 100391 Diversity agent 212 may then
perform antenna nulti plexing on the received encoded
w0 ndosnemEDd3 on. According to one enbodi nent, adjBCEOE2004/043655

bits of the received content are first napped to the
M antennas. For exanple, assunme the total nunber of
bi t s=M *NCBPS, where NCBps is the nunber of coded and
punctured bits mapped to forty-eight (48) tones of an
OFDM synbol (as used, e.g., in accordance with the

| EEE Std. 802.11 a (1999) specification, the 18 WO

2005/ 067193 PCT/ US2004/ 043655 di scl osure of which is

eX BIsERS k¥ of WhRIhAS E?ﬂr@s‘il)hﬁwﬂgﬂra@d Hefdif b9 R&ferehd folall
pur poses), although the invention is not limted in

S A i o SR O
ar BB Wimesg et e NS, Accor i g to

one enbodi ment, diversity agent 212 may inpl enment

t h10840] nleblogls §94 giversityasentdd dgeayntaslea yrethg gesultmggroups of
interleaver, which consists of two elenents: tone

i NNegjsdits ion gactaaderfaMA coddingata wine gmbedienent, elivprsityl dgefit 212
Std. 802.11 a-1999, Part 11: Wreless LAN Medi um

Ac 6§ ImpRAehOthis intdi¥edviag th Ry Siaked witl@ﬂﬁ@OfZFiWXnterleaver,

speci fications, incorporated herein for a

PUGRARHEShsists 3P f&%o;gi@‘h%ﬂt"sfjﬂoﬂg i&&l&?ﬁgeﬁﬁﬂ@m ﬁﬁé}i%gléigg Wee,

di versity agen may ensure t adjacent c

pef BodbEERLE g de RS R R AP Asfess Contro
empodi ent, the inter| eayer dgpth det er mi nes_how ma

t 044G @pd Physical diaxerd RHY) saesafigntions, ingorpprated ferein for atl

purposes).

Py

[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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separation should be equal to the coherence bandw dth
of the channel, e.g., NL (where N=DFT size, and
wah.2005l0671b2Nngt h of the channel response in ti MEPCT/US2004/043655
al though the invention is not limted in this
respect. In this regard, the interleaver depth is
proportional to the length of the channel inpulse in
time (L). 100421 As used herein, according to one
enbodi ment, interleaver depth may be defined as the
separation between bits on adjacent tones in each
frequency bl ock. For exanple, if there are 1:48 input
bibtysotumm bitsdpbk d3tand 28ir¢ mapmeddp ténes 1dapt dndod, respéctively.
(i.e., per 802.11a interleaver), where the bits are
mMvdGre PaitiduladlfSthe hapBingolsilid ook HKAO 2005/ 067193
PCT/ US2004/ 043655 by-colum, bits 1, 17, 33 and 2 are

mapped ot 03t ogessl, 62,73 @nob 4,10r a3pees i ¥l via Mg

Lo R SRl R Ut

45 46 47 chan e de th fto 1
¢ L8 ghamgidcteetinio 1 veRbie felagng mapgingowherebiisdntp, 25,
are mapped to tones 1, 2, 3, 4 and 5 respectively: 1 2
337 agd @ aye wappetigo tanes 3, 1.3, $and § repegtivelg 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 100431 According to one
exarpl @ egbodi ment¢ divegsiaylagant P12 may adapt the
intesl qavers degpt I]7.t o g heo otzgermedzzlabge xff L.
Depgndngg on perogi vied sl Bhpagsh 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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conditions, a high L wll result in a |large
interl eaver depth, and vice versa. According to one
wepdsadsTent , diversity agent 212 may set the PCT/US2004/043655
interl 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 802.11a conpliant systen). [00441
Thus, for arbitrary values of N (e.g., 96 or 108 when
mul tiple 802.11 a channels are bonded together to
provi de high throughput), a key design criterion that
detee sétoé sayitipatiochemnels). df niagpl REEdizbys taken withiarths sayne
agent 212 is the separation of adjacent coded bits as
a chatite! badwadth] diecrsiipagat 252 £ia) ehaipe the toad spictigisuch that

t he channel bandw dth 1 ncreases as in channel bondi ng

W ~ad et i M j

Do op i ol ek g Pl B G 25 e
PC?/U82004/043655 same set of mnultipath channels). If
a® gﬂnﬁ%r DFT size is taken within the sane channel
bandw dt h, diversity agent 212 nay ch e the ton

s 18%Ind oNgERTR RAM iRierisavdng, {5ty age r‘%a%%‘ﬁ%ﬁ@d
accordingly by a proportionally |arger nunber of )

t ediasent podedidits Pee mappedraltemandly ontei¢se and myre sigméicantibyts of
agent 212 may ensure that adjacent coded bits are
netppeaistelldteonnaid edsysuontiong ams ofilosy rebinkilisy (USH)ibitaate dvioided.
of the constellation and, as such, long runs of |ow

r @lc’bal:aidg' trb%)ng bplR ichibodinfend \IN FRH ageMCEIQ Fék 3nS theQBiR:

exanpl e ‘enbodi nent, diversity agent 212 perforns the
B S R
descriptions, respectively:
i=(Ncpps/16)(k mod 16)+floor(k/16)
[1]
where k=0,1,...,Ncpps.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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i =(NcBps/16) (k nod 16) +fl oor (k/ 16) [1] where

k=0,1,...,NCBPS-1; and the function floor denotes the
wo 2009861193 Nt eger not exceedi ng t he par anet er . PEHES2004/043655

floor(i/s) + (i + NCBPS - floor(16 x i/Ncsrs))nod s

[2] where the value of s is determ ned by the nunber

of coded bits per subcarrier, NBpsc, according to

s=max( NBpsc/ 2, 1). According to one enbodi nent, a

di versity agent 260 in a receiver may enploy a

dei nterl eaver which perforns the inverse relation

defi ned by the above two pernutations, although the

i ie0dsit ifo black 406,0divérsity agent 212 mAy glapél@faméhrlezv_tedmntent to

2005/ 067193 PCT/ US2004/ 043655 100461 I n bl ock 406,

diQANSssyinbohy eXdcoriids fopoheraibodiigent,diecrbiepagat 2 hinapinchale

QAM synbol s. According to one enbodi ment, diversity

agH-tolOAMBMppACHERIn Iﬂuiﬁbte BiR a%l}{hﬁ%ans the AKX Syrfbols.
mul tiple blts are mapped to the QAM synbol s.

g R AR
o R AR PP SBEREA B e L b

not limted in this regard. According to one
ertbroendingrate tofhe eméwédblar%p seapepf hawBEnhemismpt limte in

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

1 thi8 reghrdr A&ording o amecemtxgiiment; the encrided andpiteicanetbiaary
representing QAM constell ation points. The conversion
MRYridlenRe dhamEthedivideding giapSHEN S Ued, Camatald) Bits am
mappi ngs,

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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al t hough the invention is not Iimted in this respect.

100471 In block 408, diversity agent 212 introduces a
wayabioe7ishi ft to the resultant QAM synbol s onPe€BTR2004/043655

antenna with respect to6 the other antenna(e).

According to one enbodinent, as introduced above,

diversity agent 212 shifts the synbols destined for

the nth antenna by m1 tones vis-a-vis the 1S

antenna. As used herein, the cyclic tone shift

i ntroduced by diversity agent may well be greater

than 1. I ndeed, according to one enbodi nent, the

cxomsgc QAR régurd tacd:dirﬂfn?,%' 686l cl¥odiftiede Hﬁ)leisYtyQQ@ﬁttZIZ hay
is a aptlve based, at [east in part, spatia

ﬁ et &lch Bt vt ﬁrggs aH@F]lﬁngygffB?Jé ?H ?ﬁ’lt’té@mf@g h&g)dﬁ?ed herein on

erent antennas rea tone s

m”‘ée‘f@r”aaeﬁ THGRGR. FohSRERTR L BnH ot B Seapfefb e

di versit ent may shift by nore than gne tone from
afebhd4 ¥@uﬁﬁh@r@mﬁ% oiransgltanignags AMETdlivsrsitepeent 212 may
good performance. 22 WD 2005/ 067193 PCT/ US2004/ 043655
1e8p8 therrechived bit gequenceatodbt Hi bg b b3 b3dadf.o tishrewld be
diversity agent 212 may repeat each bit M tines, and

t pprepratedpfromtthediStibsure hérsing tiat thetd meybe otheewaysto@Rpand
the larger coded sequence. For exanple, if the

Oleh&l A lcodeadRGuddict rARFURRCSEmbR b ulmn @g bpe’aklrgf\}noaa&eoum

there are two transmt antennhas , diversi

bI
égﬁz @éé%gﬁggmg@?%ﬁ]% E;fbt%e.%%gﬁ n§§%o¥€§télla§l§§éé%[kt°e t° [
il i °Suzﬁeﬁg&%sagw&a@nﬁszs&;%@%sﬁ%qbéa o 5
repetition, e.g. y taking into account the
r EBOSTRISHGN ¥iA Qe QT mﬁ% PEpRIA( pad &HDMdorascas introduced above.

constellations, etc. 100491 The space-frequency
[ HPtIE@daﬂmkegtaphiml dustnaion bfthe pparedss@endydnterleaved 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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transm ssion via one or nore antenna(e) and OFDM

tones, as introduced above. An exanple graphical
wobéosstTiaz i on of the space-frequency interl eavedr/bkmoks43655

generated by diversity agent 212 is provided with

reference to Fig. 6, below [00501 Although not

particul ar detailed, those skilled in the art wll

appreciate fromthe discussion above, that a receive

di versity agent 260 may inplenent selectively

i npl enent either of the foregoing nethods in a

conpl enentary (e.g. reverse) order to demap

ddn pecordangy éflthrtb@@@mnlwnpodlmm offtigri @éln\(ﬁésity&iock of Mt x

signals processed in accordance with the above

t Mhdasmudeddilv éris cdsy, diversipaagent 2 Engemacayes anilt surhisea\2ixiNgL

techni ques. For exanple, the deinterleaving technique

”Qﬁ’atﬁ&mﬁﬁ\d sgﬁﬁoﬁr T‘]‘i@"t&hﬁf ub Yiedstra@b iy FRh 5 fid &téhsigigto
t ones to mappi ng, ei nterl eavi ngg,h 1an

a%%}%gruﬂ?dﬂg 'o&“ivﬂﬁ%g e .m mm.ﬂﬁgriﬂéecycﬂé/ 8515%81‘1‘ eéczx not

mted in this reg urnrn

ShaBef b %@a'e%gpgﬁ%m TR raB dgpngs, 10 shoul
enbodlnent of the invention is presented. 23 WO

2003PPISTIetRd thatthe spromite@leneserdeMerd e dhisdEoma tMiterhe

exanpl e enbodi nent of Fig. 5, a diversity block of M
x de¢gder that depodes donoss horss edsle taking/mite adcpurtdbaiteptition of
generates an L nunber 2xN L matrices of QAM synbol s.
TRegmbels hbiogsIE bildcksiilthaiightthe inviehtion & nios lifkteé (i6IhiY regdra.
cover situations of M>2 by, e.g., increnenting the

CYdos2]C TRShiRY td)F'lge Qﬁ%rzﬁﬂmdat ilﬁ@ﬂtl(;nrcﬁf&ﬁ@kﬁmﬁﬁtsﬁﬂ%aﬁequency

accordlng to - on successli ve ant ennae t shoul

SRl oméﬁ%ﬁ&e B e AR AREI egion

SNl A0 LS. SETOUIL L SR o e

! idgli)itcteeg cloprestprcllncsi tor 519 earLl()jodiment 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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[00521 Turning to Fig. 6 a graphical illustration of

an exanpl e space-frequency interleaving bl ocks
w@eosnetiesl i n accordance with an enbodi ment of P€T®ES2004/043655

invention is illustrated. As above, for ease of

illustration and not |imtation, the SFI bl ocks

depi cted correspond to an enbodi nent wherein M =2, but

is extensible to inplenmentations of M>2 in

accordance with the techni ques descri bed above.

[00531 Fig. 7 presents a graphical illustration

evi denci ng the performance characteristics associ ated

wi(simplea) feclrsquesgpi agpceizetvonsising ¢f andVIMSE spyitial dengapper and

single output (IxlI SISO, spatial nultiplexing (where

biatse fiariterbinieesded it Shaild BS fargdr draforel3ophibidated veediveas.) ,

and space-frequency interleaving (SFl)). According to

t hgvshy! | Adglohgh 8&hie® 8ridteRbed ;i(ég;ampﬁs&gm} b¥ functional

iI'Tustrates the perfornance ., hmeasured in bit

g
eryor rat.e ER . a ket err. . over .
e Ryt oo Salfla ife RASHE bpretidte, Ebdah HerisQion ercin,
technjque exhi Qi ts a npdest gai n of about one deci bel
(T Bl e Sradimans oighe ety BETaRAS ApcAnp GiPalsd sE hin the
relative to conventional 24 WO 2005/067193 )
PEIYReSRd Grird 28 dsanvensipap Aseording ém ang example emhodimeat, ger
consi sting of an MVSE spatial demapper and a soft
Vidivardity agentatigtromitsithe sitendadntlépleaingeandfcgelictone shift features
sophi sticated receivers. [00541 Although depicted or

des sritichftbda In a€dBiRddnSé Mikthahis REBpHle @mbbliMdnt, ivdrsity agent may
el enents, those skilled in the art will appreciate,

gﬁagﬂ?lﬁég(ﬁiozggxﬁigt%ﬁgé%:tsotﬁ A & di 1east zb%lf{)i&l drahfdahsle), and then

versity agent are anticrpate

i th irit of the,.i ion. . _

woetotin BT 1 BRR End OAN Bleksidon e, atfoit- 1o GAN: Aftipping described
t that it th t lti ol i d [

3 A o B 81 20 A

with this exanple enbodi nent, diversity agent nmay
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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map bl ocks of contiguous bits to each of at least a

subset of antenna(e), and then perform 802.11 a tone
w@nahsQPND3 nt er | eavi ng, and bit-to- QA\M nappi ng PEeBTs100€043655

above, although the invention is not limted in this

regard. A diversity agent that perforns the inverse

operations is also anticipated. [00551 Fig. 8 depicts

a graphical illustration of a perfornmance conparison

of SFI vs. spatial nmultiplexing for a lower data rate

of 6 Mops per transmt antenna. As shown, the

performance i nprovenent introduced by SFI is nore

prAdteyuatediimbodinemifs) data rates. Thus, it shoul d be

appreci ated fromthe discussion herein that certain

aqooss)t T Wusttdes PBloFlOsiagrahEeuhl exdMplBfordge R¥GNmNOr €
pronounced in realistic channels with inpairnents

: |
ST AR i

9 ill o]
B L LT -
. t |
'””mdd @.9?%2 ol T riraes P S A erdescahtepRDs
and/ or associ at ed nethods 300, 400. In this regard,

s(®paistrreliingdaoor apy.temlinaticnfhessof) 9dnch, wheg executed,

i nstructions, data, or any conbination ther eof) whi ch,
vvlnemseemawcming applidseesto amp kareasenad rag@p laspetoISMA 212,

I mpl ement one or nore aspects of SMA 212, 260,
doggrddiathealk®y®e. 100571 The nmachi ne-readabl e (storage)
medi um 900 nmay include, but is not limted to, floppy

g :[@E‘gt 168 mAeRine S8 dabie(§dragt Bk 9Ny BIRRAE B R Adt 2!
limited to, floppy diskettes, optical disks, CD-ROMSs, and magneto-optical disks,
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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ROVs, RAMs, EPROVs, EEPROVE, magnet or optical cards,
flash nenory, or other type of nedia /

woremsierss eadabl e medi um suitabl e for storing PCT/US2004/043655
el ectronic instructions. Mreover, the present
i nvention may al so be downl oaded as a conputer
program product, wherein the program nay be
transferred froma renote conputer to a requesting
conmputer by way of data signals enbodied in a carrier
wave or other propagation nediumvia a conmunication
link (e.g., a nodem radio or network connection).
10088 Instancesy welldmorinstiucmreaand devitesare leowuingdecksdiagram
expl anation, numerous specific details are set forth
i Hoii.der to provide a thorough understandi ng of the
present invention. It wll be apparent, however, to

Ol sHK IBrhtsfdirhShtd st‘th@ ﬁ)tes&hqﬁvénhsn ny®eaRtd inné’@zﬂ'feb%‘f may

be practiced w thout sonme of these specific detdils.

I Qg%l@cay)@nszogﬁlﬁ%%h?e\?%recé}g H%%r?t?o 19%% %ﬁec? Inri?us resgecthgl\ﬁm

ances ructures and devi ces "ar

in.blo iagtram for 100591 Enbodijrents of the
pr‘%‘Fﬁ&ﬁ\’F@ﬁﬁ’F’&H‘ Ay b ESeGdB FnipTReontl e £gnegfl-purpose

applications. Although the present invention is not
| ImpiFroREPCRssors Pagitad Sigdel Proggssors ¢DBRe); Redutied dnsgrwetdpon-Set
herein may be used in microcontrollers,

g €loenpaiting (RISEHeComplex dmmmﬁmsSetsCorﬁblgiﬁga(CIS}E); amlong other
Processors (DSP5), Reduced Instruction-Set Conputing

( Bletednic Compbehts. MEdweret, iDshotRE beGaidetstddddhdtGhéXebpe of the

anong ot her el ectronic conmponents. However, it should

S AR 8.0 B 2o T
({Ot‘é(gr a]:_fr%bd)%?n%nté IS tp'reggntqr?yenaog Qna?lealsloq)%l 1chu&ied in integrated
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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circuit blocks referred to as core nenory, cache

menory, or other types of nenory that store
web@shsTms ¢ i nstructions to be executed by thePCT/US2004/043655

m croprocessor or store data that nmay be used in

arithmetic operations. In general, an enbodi nent

using nmultistage dom no logic in accordance with the

cl ai med subject natter may provide a benefit to

m croprocessors, and in particular, my be

i ncorporated into an address decoder for a nenory

device. Note that the enbodinents may be integrated

i 118061]r ddie presyuitinyantion incdudgs Metiehspperations Heaopseations of the

especi ally when devices depend on reduced power

C phRsEmihvention uydbe peafpiragd Bphgrawereompehents,atch as those

r adi ot el ephone communi cati on systens, two-way radio

C QRAMA irCRigS. ANarklYct 128 BBmay 88 mBBdied ALRAShind-BRscWABle content
pagers, pérsonal communication systens (PCS)

PeL 50 | ' 2 ial-
i BatRlr i} A, SIRUShAPYSuscl bl o SRERARBRE Fppial
of the present inventian. 27 WD éo"g%{ %671 3 .

PEHRIESPIOE 7A=Y EREIC FHEE PresfampIeg U | ea@siwﬂw to perform
i ncl udes, various operations. The operations of the
pilesensrations ehtaramtivelyy theoopsetipas may bp perfermpddrye combination
conmponents, such as those shown in Figs. 1 and/or 2,

oof hardwiare andizoftivert. iMoreawdrj althoegle thetinxintion s been described

(e.g., instructions) 702, which may be used to cause a

g i ee@boniexl ¢S niutinp appléaince, Mhidsp QRidled ﬁmﬂﬁmmmppfe@&itd:
circuits programmed with the instructions to perform

U igat Wﬁh&tﬁﬁ%ﬁtgrﬁh&f&@@bé ¥tabYdied HaRRETRALRAST 4TRYnaRE

performed by a conbination of hardware and software.

R 940, S VRO B, RESR SR e

rhEna PRI EBRG | n any of nunber of altornate’
[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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enbodi nents such as, for exanple, integrated wthin a

communi cati on appliance (e.g., a cellular telephone).
w 0@8ad71idany of the nmethods are described in tPer/USI008043655

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

wi t hout departing fromthe basic scope of the present

i nvention. Any nunber of variations of the inventive

concept are anticipated wthin the scope and spirit of

the present invention. In this regard, the particul ar

i IGusMMBat ed exanpl e enbodi nents are not provided to

limt the invention but nerely to illustrate it. Thus,

the scope of the present invention is not to be

det erm ipglainted ispeci fi ¢ exanpl es provi ded above but

only by the plain | anguage of the follow ng clainms. 28

WO 2005/ 067193 PCT/ US2004/ 043655 CLAIMS: What is

cllai med\ insthod comprisingod conpri si ng: receiving content

froma host device for transm ssion via two or nore

t ones ir¢vetvimgitdnten fioles hesydaviod foatiansmissian vl twiora? Adrao

or nore antenna(e); and distributing elenents of the

I @GRk HEA nfuRiafitr cBMAiScallbf cRINnBfém Ao lob oA ARBIIA(S) and
and tone(s) to introduce full-order transmt

i Ver Syt fing RIS ACRBLILA Gorfy SEALID e 0 A% B the

the receive ontent 1s a stream quadrature

naRtennfEartaon  Petie? haCH IR e fcut (ng

t her eon.

=

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 Mt transmit
antennas, and a number (N) 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 Mt*Mr-L, where Mr is the number of receive antennae.
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3. A nethod according to claim1, the elenent of
di stribution conprising: cyclically disperses
web®smetiss of the received content across M tre@EDE1004/043655
antennas, and a nunber (N) of nulticarrier tones for
each of a plurality of Rayleigh fading channel taps
(L). 4. A nethod according to claim3, wherein the
cyclical dispersion of the elenents of the received
content provides full-order transmt diversity
according to MML, where M is the nunber of receive
ant ennae. 29 WD 2005/ 067193 PCT/ US2004/ 043655 5. A
mét hod Aamethodiangprding ¢ eliaim 4, wheremghe cydlie dispetsian is a function
di spersion is a function of delay spread L. 6. A
mefdeldy gsread i ng to claim 4, wherein the cyclic
di spersion of the elenents is adaptively determ ned
based, at least in part, on an observation of
mul ti path conditions of the channel. 7. A nethod
accordi,n | ai ke rein.th | i ' [Si IS
e r cadhelny Seirhng UAR B Podspi G Eoct SmBRENY s
where there is a high.delay spread, 8. A nmethod .
aCtBratsy a&%?“(‘!F‘é(i ‘Qﬁe%f,mﬂﬁﬁé?ﬁédn gtc‘%slt LAt QB@MEW?‘B” of
decreased over a fewer nunber of frequency bl ocks to
minulgeatle cenditigngef thefchgemelzont al  wr aparound of the
el enents. 9. A nmethod according to claim4, wherein a
tone delay fromantenna to antenna is great than one
(1). 10. A nethod according to claim9, wherein the

t gne dey m¥thbd @BcAdhE fd\&lain® 6, whdrEiRe tyclid Uapktsich i¥ increased
deternm ned based, at least in part, on the spati al

CQk ﬁ‘ﬂrgélj ifhber 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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wherein the nore correlated the fading on different

antennas, the greater the tone delay fromantenna to
wa@niosneEss 30 WO 2005/ 067193 PCT/ US2004/ 043655 pAT/USM04/043655

nmet hod according to claim2, wherein the received

content are conplex synbols that are |inear or

nonl i near conbi nati ons of input QAM synbols. 12. A

nmet hod according to claim3, further conpri sing:

perform ng additional channel processing prior to

transm ssion of the full- order transmt diversity

channel to a renote device. 13. A nethod according to

clldi m Xmethod aactatiingdo alaim Rawherkinghe cessied gontent are complex

conprising one or nore of converting dispersed content

f rsphibalstthatareligngat or didhlidearicoBBuRIicNs SORPIITQAME YT Ng

a cyclical prefix into the signal stream and

perform ng front-end radio frequency (RF) processing

prior to transm ssion via on or nore of the transmt

ant,ennag(e) .M.. 14.. A _sStprage I um comnpri si ng cont ent
aizeh, e aectiviol SHRRY IR AMIRIR ce. Ccauses
the device to. i npl erIE t a nethod according to. claim

1. 15PeHATMARg afdiions &gmﬂi RIOREFSING POy & wansynissipnf the fill-
recei ve content froma host device and distribute

elozdas tragsmoit divigesitysbannebtd aemodndevaes: oss one or nore of

a plurality of transmt antenna(e) and tone(s) of a

mul ti carrier comuni cation channel to generate a
transmt signal exhibiting full-order transmt

ditger siA ethdlAccbkdiBte Bih 18,1 3ddifidhdVeRAI] pros&aig
comprising one or more of converting dispersed content from a time domain to a
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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a transmtter, responsive to the diversity agent, to

transmt the generated transmt signal. 16. An
wapm@anetios according to claim15, wherein the BCTEEBI0/Y43655

agent cyclically disperses elenents of the received

content across M transmt antennas, and a nunber (N)

of multicarrier tones for each of a plurality of

Rayl ei gh fading channel taps (L) to provide the

full-order diversity transmt signal. 17. An apparatus

according to claim15, the transmtter conprising: an

i nverse discrete Fourier transform (IDFT) el enent,

coupl ed tragsmiter, rgsppasiye toytha gisersityragentetodransmitithe generated

transmt signal and convert it froma frequency

dormasmittsignal. t i me domai n; and a radi o frequency (RF)

processing el enment, coupled with the IDFT elenent, to

transmt the generated transmt signal via a select

one or nore of a plurality M of transmt antennae.

1§6. An P gﬁ%ﬁaﬁﬁ&c@&ﬁﬂ{gqb Rehithq sChvterinRe dfvé s'itgglgenat cyclically

corrprl sin o store tontent, at
set of | enent . a
iRt Sretigus r 3 EPERERHLPRIER, S3s M oyl PPl e, an
menory and the transmtter, to_access and execute at
| @agtbeh(f\é)l?éél&mwwgneééﬂ% each of p phuselity of Rawlergbrfadipe o
l ement the diversity agent. 32 WO 2005/ 067193
anusb e (1048 eBwidelthe flhomigpdivensity transmuit signa). t o cl ai m
18, wherein the control logic is a baseband processor.
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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20. An apparatus according to claim18, wherein the
control logic is an applications processor. 21. An

wa@p@anetios according to claim15, wherein the POPESADUGI6SS
is a transceiver. 22. A storage nmedi um conpri sing
content which, when executed, causes an accessing
machi ne to i nplenent a diversity agent according to
claim15. 23. A systemconprising: two or nore dipole
antennae; and a diversity agent, to receive content
froma host device and distribute elenents of the
recei ved content across one or nore of the two or nore
dilfol e Araapperatzssiceordingdnelaih 185 whenein the eentrdl dogic is a
conmuni cati on channel to generate a transmt signa
evhidbahd pdcéssbd. - order transmit diversity. 24. A system
according to claim23, further conprising: a
transmtter, coupled between the diversity agent and
the dipole antennae, to receive one or nore

20851 BZ’@*I%@Q%&% Ebifly RS PHEER FECHTRN Jogte s R
a nd conpl ete channel processing prior to
%Bﬁé‘ﬁﬁggﬁfgﬂc Of the transmt signal fromthe dipole

antennae. 25. A system according to claim 24, the
transmtter conprising: an inverse discrete Fourier
transform (I DFT) el enent, coupled to the diversity
agdént , Amappexgisweecerimgdnelaom lhpwhersindbe agmnauots a
cyclically distributed content in a frequency domain
amenseinert it to a tine domain representation

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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thereof, and a radi o frequency (RF) processing

el ement, coupled to the IDFT elenent, to receive the
w0 2ovs/o6pai n representation of the cyclically PCT/US2004/043655

di stributed content and anplify it for transm ssion

fromthe dipole antennae. 26. A systemaccording to

claim25, the transmtter further conprising: a

cylical prefix insertion elenment, coupled between the

| DFT el ement and the RF processing elenent, to

i ntroduce cyclical prefix into the tinme domain

representation of the generated transmt signal. 27. A

S Yiohrethe aliveodit)i aggnttand comipiat@Ehannklgirecassihy prisytsttnsmssian of

transceiver. 34

the transmit signal from the dipole antennae.

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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