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WO 2005/ 067192 PCT/ US2004/ 042942 AN APPARATUS AND
ASSCCI ATED METHODS TO PERFORM SPACE- FREQUENCY

WO MNDERSHERI NG | N A MULTI CARRI ER W RELESS COVMUNITZBI20@N)42942
CHANNEL RELATED APPLI CATIONS s [0001] This application
clainms priority to provisional application nunber

b J&RT » se'f'o E %&J&hﬁ Ch UENCY
‘géﬁgﬁéﬁg%ﬁgﬁgg |ca lﬂ;? (H?ﬁ NQZ

di scl osure of mhlch 'S expressly |ncorporated herein

for all purposes. 10 TECHN CAL FlI ELD 100021
RELADFDARMECATONS t he present invention are generally

directed to a wireless comunication system and, nore
[0001]PaArtis spplidstion claimsmeiohiogit pmdlsmpplaap@hcaﬁommupéqef 60/FBD filed on

space- frequency interleaving in a multicarrier

TBD Ws%@%% AL QBB ARtApBr BIBONEN s50diD1eBATKIFNIAMIDNpRARAL a High-
wu tlcarrler conmuni cati on systen1such as, e.g.,

| I
hroiglpdP B9, PR ATERE Yo e T B8 ey gﬁ‘gﬁh@té Sk
X char ter| edll%x frequency band associated with a
INCOTREY; AR B IWENEY being divided into a nunmber of
smal | er sub bands (subcarriers herein). Communication
of information 20 (e.g., data, audio, video, etc.)
bet ween stations in a multicarrier comrunication
TECENVIEAEFIEID perforned by dividing the informtional
content into nmultiple pieces (e.g., synbols), and

[0002f NERbSJiARARIOE tieHedcheinvb@isare Bereaalh) diedctedi ta aavineledser
of the separate subcarriers. Wien the synbol period

comrﬁﬁrﬁ@z&mnt k’ﬁt?n# pa?lﬁlg% e}?&tﬁé{@{lﬁﬁf b Rlettods hikNESar f@rform space-

t he channel , 'the effect of

frequéﬁ"}t ‘6‘%‘%’}? ViowiT o5 ?@%Eegﬁlﬁgssgm &%IEBC gt,l oﬁédsnés : gd uced.

hol d the prom se of high throughput conmmunication
channel s, technical challenges persist. For exanple,
in certain

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 parallel via a number of the separate subcarriers. When the
symbol period transmitted through a subcarrier is longer than a maximum multipath delay
in the channel, the effect of intersymbol interference may be significantly reduced.

[0004] While multicarrier communication systems hold the promise of high throughput

communication channels, technical challenges persist. For example, in certain



WO 2005/ 067192 PCT/ US2004/ 042942 applications such as,
for exanple a wireless | ocal area network (W.AN) deep

WO 2008686738 occur in the channel that may per SRGUUSR084/042942
a significant period of time. Further, due to
environmental conditions (e.g., hone office, business,

apph&ttﬁ)ng udhg, W %ﬂngﬁié a%‘f’ég&g Iloqca[@ﬁé nESGRIFE PWIDA M e TR can

si gni |cant di spersion due to nu tlpath propagatlon

occu B B PO e TN N oD B g G USF g

present |nvent|on are i ustrated y of ex
envirgpmoRiak congifiofg (e-gf b qmﬁ?ﬁ i i§Iness; ef%vﬁ% lgss Cﬁ%@ﬁ%ﬁay
acconpanyi ng drawi ngs in which Iike reference
typicallpnencahster sgeificans dispaisicardus|te mentipatia prpppgation tha: llrmngthe
1 is a block diagramof an exanple nulticarrier
5 maxiMufiedcdb&sabletries.k i ncorporating the teachings of the
present invention, according to one exanple
i npl enmentation; Fig. 2 is a block diagram of an
exanpl e transceiver incorporating the teachings of is

ccording to one exanple
B5E&i§§§§§§§§¥9§ﬁﬁﬁih%&@§§§s a flow chart of an exanple
for i nf or t|on 0

100, R RS U B, LSRR Ry ey Grrgample, and not
enbodi ment of the |nvent|on Fig. 4 is a flow chart

by wayt oflimistion iethediehrsg of gre aea@epﬁgymwr@vvwn@ Which lssgefyence
nore antenna(e) and subcarrier(s), according to one

10 numeeaibogermendimibr didmentnaehimivdrich: 20 Figs. 5 and 6 provide

graphical illustrations of transmt diversity and

SPfget i 4 BIgbleBaYrahé ol e@c@iﬂtp&gmﬁﬁfcal_triw wifeB3s figttvork
ant énnas, in accordance w th enbodi nents of the

mcorgé&?ﬁg the tgé/c%m&g)@ {he 595(%1% 1ng§nt?r061? é&?ﬁdﬁ%k(} oid HShfpfd | On
char%%terlstlcs t hrough use of an enbodi nent of the

lmplql‘ﬂ%

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

15 the present invention, according to one example implementation;

Fig. 3 is a flow chart of an example method for mapping information to one or
more antenna(e) and subcarrier(s), according to one embodiment of the invention;

Fig. 4 is a flow chart of an example method for mapping information to one or
more antenna(e) and subcarrier(s), according to one embodiment of the invention;

20 Figs. 5 and 6 provide graphical illustrations of transmit diversity and space-
frequency interleaving for two transmit antennas, in accordance with embodiments of the
present invention;

Fig. 7 is a graphical illustration of the improvement to one or more channel

characteristics through use of an embodiment of the invention;
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WD 2005/ 067192 PCT/ US2004/ 042942 Fig. 8 provides a
graphical illustration of the inprovenent to one or
worensgoehgnnel characteristics through use of REI/US2004/042942
enbodi nent of the invention; and Fig. 9 is a block
di agram of an exanple article of manufacture including
content .which ' oFREd nnel
o B BProvile Eeiop NS EEEH SE P BRLRGRAER) 08 STRLRE Danne
of _enmbadi nent (s). of the. inyention, TAl LED
charaghpretiep FhFP‘g‘h PSEH T e@ﬁi‘ﬁ%ﬁ‘f"ﬁ%ﬂf@e ﬁveﬁﬁg%p?ﬂ ratus and
associ ated nethods to control transm ssjon aof a..
miflig. 96 pblask didgremed an examiln pEiels ofmankpGie Bluding content
generally introduced herein. In this 10 regard,
which2 ses kseoutedt byeanpaoessing rhavheret canenthy meshinepe ingleaentpone or
i npl emrent any of a nunber of wreless comunication
SUEREnES) of@h@invelidie! ess | ocal area network
Fote ?%}@%%I)%%\Rn rel egg) per sonal area network (WPAN),
wirel ess netro-area networks (WVAN), cellular
networks, and the like. [0007] Wth this disclosure,
an i né)vative approach to inproving the resilience of

DET rrier conmuni cation channel is

di scl osed, wherein an advanced OF rocessi .

[0006]t Eephndijnents of anjaRnarates %ldrﬁﬁ*?waé?%mﬁ%ﬁi to %Fﬁwmwsm ofa
output (M MDJ transceiver that utilizes nore than ane

multitaraaswirélesssmeinnenicdtminvhannek arstgeaend|lp intradeced haspias dn this
link. Those skilled in the art will appreciate, in

regard, 8¢ oft the pfesbrtanvengonlhimg wadl lznysed haimyilbeentianylof s egmber of
conmbi nation of M MO and OFDM (M MO OFDM) appears

irel B8 chi ¥n BlRIERE QhiQr e. 81 Girelels RUEINREH net@Brk (WLAN),
erel%/)\nsgrceméglﬁ%kﬁng%pl [ cgfa?:gna.@’e[%bggje According to a (fi rst )

. .aspect of the inyentd 1L, di ]
wirt 3o g O RSP Tt S A ONMAN), oo
near-opti mal nmethod for mappi ng uncoded content (e.g.,
netwerkadnd the Bkeanpl i t ude nmodul ation (QAM synbol s)
recei ved froma host device, or an applicatiaon/ age?t
[0007)eXWiththis distlosvieom innovatiye eppioackuiotiBiFRINS Hig restiice of the
tones. Wile the '
multicarrier communication channel is disclosed, wherein an advanced OFDM processing

technique is added to a multiple input, multiple output (MIMO) transceiver that utilizes
more than one transmit/receive chain at each end of the wireless link. Those skilled in the
art will appreciate, in view of the following discussion, that the disclosed combination of
MIMO and OFDM (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
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3 WD 2005/ 067192 PCT/ US2004/ 042942 transnit diversity

architecture introduced herein provides full-order
wQ@20ps06i192/, it may only provide a |imted codRCHE$2004/042942

per OFDM slot. [0009] According to another aspect of

the invention, the transmt diversity architecture is

transngl)é gwgr ﬁ'? abcRitBG e 19?%@10% 988Mm ﬁr@%ei AliEord¥r dReRfy,af may only

gquency in eaving (SFl). s As developed

. u bel o vi des a near-opti mal
prOVI?ee%mtafLe%gPﬁerP&W?ﬁMS{? |nfor mat i oﬁ (e.g., bits,
rames, synbols, etc onto ant ennas .OF .
[0009] ¢ mgrdlng[tg@m@#lewpé?féﬁ dhe 19}4%&95 %‘Gtﬂa{l %Vﬁésé‘iyf%r‘gﬂief:@fhig 18
to "one enbodi nent” or "an enbodi nent" neans that a
extengal toipconide a hishtuocele rate by crasnsobipaehriedeney irfgrleaving (SFI).
described in connection with the enbodinent is
As devBiepsiri@erd fﬂll 'beloW;ISFI prowideshadarmenimal edhhizup fesmapping coded
i nvention. 10 appearances of the phrases "in one

mfo {][po%g'zg:%g r?)'its Rhes, 'sﬁn@t?ls EDPslitRifliiple Bntéafidseiad QHDvESNES.

ut t I's §pecification are not necessarily all

m‘”‘”g j{e?‘?relﬁﬁegpmf‘g%?lﬁ F@g Specﬁ% 8% ?62‘2}“ 0 ren{é#gﬁlg%t% eri ?{nl etélg%r%largem”
meanéghggggbﬁ%gglgr Ifeggfrlgn yxmug (%%%ae manner eﬁl Eﬂn ﬁf‘éﬁﬁ‘ clo%efc{an with the

Fig.1l illustrates a bl ock diagramof a wrel ess
embodiment i inaluieshinet Veastooneesmbogdimeit of therresent maeRiioge Hitgs

of the present invention may be practiced. As shown,
apped?ice®bkthd @Araseke(in ohs etbodicent’ce s i OP¢mi@limenEdh various places

conprising one or nore wireless transmtter(s) and

throubféift 'tﬁ’i? O;fe%?ﬁc@tﬁ&ﬁ"a!ﬂe@fo‘t ¥&de¥sari®y All AfiGEiap Vethe safi8 enibb@iment.
aseban medi a access control 20 (MAC) processing

abi
e
comuni cate i nformatj o betvveen one another via a
suitabig ManReH IR OBF ORHIPOLT F Cﬂ%‘ﬁ%m cation channel 1086,
establ i shed between the transceiver(s) 108, 116

through one or nore antenna(e) associated with the
devi ces. According to one

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.
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enbodi nent, one of the devices 102 may be coupled to
anot her network 120. 4 WD 2005/ 067192
WA 4/ 042942 [ 0012] Accordi ng to one aspCl/USH004/042942
the invention, an innovative diversity agent is
i ntroduced within the device(s) introduce and nmanage

[0012PN&c&diRB G 0fd KFBELOT Y inMntRhSAd MnoWhRIdlvdrfiE agent is
multicarrier wirel ess channel. On the transm’t si de of

_ i aat i . . o
intro&ude WM fh% dﬁg%e%sz IfiEC ﬁtﬁ&'( aen.dgﬁ;’irg:gg Ghe b e%lo%?eg%nhg&ﬁég Ehvgrsny

selective ecerv
i R G B D 51 S B08 o

transmt signal. In support of the receive side of the
chanpelnthe HiveEtty entanahsrdsctivelb anay apafest (oyg.akgepivedrirpm a host

sel ectively demap the content received via the M M>
devicerpvligatia, egent odia ) toedne(c napre adifia(é )y amd)onORDM tenes to generate

antennas and OFDM tones. \Wile not specifically
a MIMENOIFEXM itfanfthil sighal. tTRSuphoresihé ecaide Bide BRYhNRIhmBEcation

i npl emented in one or nore to of the baseband and MAC

chani¥] G8€ 8PSty Sl ERRRL sﬂecm‘éll% ggﬂ‘lgré%[%e;’(f&q g?t[ Eetclé‘ﬁ/ed tvﬁaethe MIMO-

transcei velr “elenment(s) ( ough
i ' ' imted. [0013] Ac i to :

orD AR Dabe8l 06| b 3y RS Otk e no
: ' [ . [ f t he host

speci i/ cdenptecin FIE dohe Sy Ib GEPRGTONERY Dp dMbleBisd i one or more

transmt diversity, although the invention is not
of thq hasphand and MACprecesging elemast(g)el &2,dd dpanddortbe transceiver
di versity agent nay nmap uncoded content (e.g.,
elemep@y (18T ko) asifouph de invehtibatebt s¢ @Medsynbol s)
received fromthe host device (102, 106) or

0013 cofBh R EncR8fpld dibodiafe@B diveRdi hit i
: ]gntennasgand OF tonesoto eTfec% srl)gltegggl dlg%/gerlgcitltvye/lyi n

s A38Mc koeARAL o{102)0 O 0H ity
20 recei,ved fro host devi

transiiy TSty gl e B AR R e b s desicyhs developed

interleaving (SFI) of the content onto nultiple
belovy diversiysagspiomeormrp vserdsd cppfent (e rugdiatire ampHinde neskuthted
bel ow, diversity agent may sel ectively nmap coded

(QAM dymrhi) ireaeived. fopm thei lost ddyvyded$02, 006  isapplications 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 tones. In this regard, as developed
below, diversity agent may selectively map coded information (e.g., bits, bytes, blocks,
symbols, frames, packets, etc.) received from the host device or applications executing

thereon, onto multiple antennas and OFDM tones by performing one or more of antenna
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synbol s, franes, packets, etc.) received fromthe host
devi ce or applications executing thereon, onto
waoredosoEiig2 ant ennas and OFDM t ones by perf or m mRCIHE2004/042942
nore of antenna 5 WD 2005/ 067192 PCT/ US2004/ 042942
mul tiplexing, 802.1 la interleaving, QAM mappi ng, and
multipYexhrigs 802N Ea Fiirfchi g, %Alv% lglgg%i?g}z{?ﬁ c ﬁé’ﬁﬁ%'sﬁiﬁiﬂtl > altRbugh the
: e

imted in this regar¢ I'n addition to
invert3GORU nitdd 1 s ¥ELRd LY agent may selectively

I mpl ement an innovative technique(s) for decoding

information froma.regceived .OFDM channel s processed
oors], IniPion I e R e i Ve vty selestieD ipptement an

diversity agent is introduced to demap and/or

Inno v e e ANgEHE) 105 deeasting intsmation frear weceivad REIDM ghannel

generated in accordance wth one or both of the
processrsiagiahgve. eloithisgegesd,i antinmiatiedreabive diveAtiyaigdntrig ittmdoce] to
enbodi ment, receive diversity agent receives content

demapaindee deliactrivackibatidnd fecelve @ fidht 4 Etihnnélel (B genbrated)in @Bsbrdance
gener at es de-mapped and/or de-interl eaved content,

with bESHESHh ¥t -ené&ilﬂg{%}ﬁﬁﬂ%ﬁqn&ﬁfucé@ Sodvat EA(?:@Uﬁﬁﬁ%zo?lfe 104

the diversity agent int uced above, devices
[N .to.represent any of a wde .ran of . .

crnboffer R0 bk SBGRER el Bl & diharfidafiyfin information

apability inc]uding, for exanple, a |aptop, palntop
(e i kAnd gentraiss r}’fl%m’,%d a%dee%q‘fq-mteﬂeam eptiotaetrecvely .

2G 2.5G 3G or 4G handset), a personal digital
[0016]5 &yt Serfhe integsluctignnef the divessitp egent iftrgdlucedatwivaNdeticesilod, 104

(STA), and the like. 1s [00171 As used herein,

are inasled st peasent MAC off n v dsBingg o Ldlestrnid ddvided Avithlvi#elegy be
i npl emented in one or nore processors (e.g., a

comnRAS&RBA apIbRHg 8 diAR FoPckaf N, iaﬁ@ﬁtbﬁ,gnahﬁfo?ciﬁ%%ﬁ&% computer,
I I'n gpar o]ITj

al though the invention is not limte his re
I 18 PHECEIEOLG of! ol %sci

o<y B . P22 380G £ETRRIA) ybond et o

incl ude .volatil ry s as non-vol atile
WLARNSSPS 7, R‘@é’ %:m &Clh‘@r a‘%gtRhgll\{likSr natively may

i ncl ude_other t ){)ges of storage such as a hard disk
1001719 AS A8ed Apteib batebandandWAE pocessigsharanmt(sbhl 4.4 1Aaray be

limted in this respect. Sone portion or all of nenory
implefr@ied in one or more processors (e.g., a baseband processor and an application
processor), although the invention is not limited in this regard. As shown, the processor
element(s) 112, 114 may couple to memory 110, 118, respectively, which may include
volatile memory such as DRAM, non-volatile memory such as Flash memory, or
alternatively may include other types of storage such as a hard disk drive, although the
cope of the invention is not limited in this respect. Some portion or all of memory 110,
118 may well be disposed within the same package as the processor element(s) 112, 114,
or may be disposed on an integrated circuit or some other medium external to element(s)

112, 114. According to one embodiment, baseband and MAC processing element(s) 112,

114 may implement at least a subset of the features of diversity agent described below,
6
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118 may wel |l be di sposed within the sane package as

the processor elenent(s) 112, 114, or may be di sposed
wW@e0aM6719x egrated circuit or some ot her medi uNREKUSA0MEI42942

to elenent(s) 112, 114. According to one enbodi nent,

baseband and MAC processing el enent(s) 112, 25 114 may

d/dr ¥RdyesPBide @bntk &
AP e PR B ) gy

T
oors | SRFGE, i e@éép%ﬂonﬁ‘dﬁ%égvsfsﬁwﬁaér%g ¢ e@%&lﬁé

|ntroduct| on of the diversity agent to effect the
OFDM qlrannelizahipe Hevahened zaare SiHly dpacetvere 108 119 apehlsay,
transcei vers 108, 116 are also s intended to refl ect
intendetytoatflect uay bfa yarddty ofinulticarier eriretdss ebr@gmnication transceivers
comruni cation transceivers known in the art. In this

knowh&fl @cthrt, Ant thAREFArE Bk arR @R RlenRint bi'@eltFfaB HRY éfl%aﬁve content
recei ve content froma host devi ce, process the

from b ggﬂ dé@ftec bE&Rhd ﬁc@ﬁ%&Wg %}4 %Iii/ g?“ﬂ;l{:traﬁ%g% @ﬂgnal, and

then’transmts

e S SRS ST S B0 i v n

receives nultiple instances of the 10 forward link via
or mQs @ntgRnaep e r%ﬁtVéhﬁﬁ@él}t of ihpireseiveis recpioy npiidle dnstancesef the
received signal (s) to extract a representation of the
forwapd lligk wid dne ermeard @dtesmaie)s and seleptiivaly proeessestthotueivedsigndl(s) to
the diversity agent enables the wirel ess transceiver
extradtalropriesénieti chefithedisdindlly dndbdei@ntent. NR gailyl MO ikddMction of the
features descri bed bel ow. According to one enbodi nent,

dlverﬁ'%ﬁigeﬁtf eraBRes te WSS hRE SRR Q)Vl ﬁiev&bﬁe@}/oofg@éémeﬂg the

i ncl'ude one or nore processi ng al ns

FOEDF s AELASE i, 5 BTEHe bpBRC R

or exanple a plain-al d teI ephone system (POTS)
transreﬁﬁ?ﬁ%ﬂﬂ%aaﬁl‘&ﬂs By W idnclyds eReer mpteProResHBg RhamsaN) |
metropolitan area network (MAN), W de-area network

[0019]( VisNpsed Betsim netavask 12@ isvintekdgd tntrepmmn} amyef 4 brdoad range of
network, and the like. According to one exanple
commiumpdaéior nbmdrm,nchhdiuggﬁ)r tRanple prtselé teddphas€ S Eenp POTS)
(AP),
communication network, a local area network (LAN), metropolitan area network (MAN),
wide-area network (WAN), global area network (Internet), cellular 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
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20 while device 104 represents a station (STA), each

of which suitable for use wwthin an |EEE 802.1 In
wawmeheds2 | ocal area network (W.AN), and each RAT/U$20044gp2942

the innovative space-frequency interleaving and

transmt diversity techni ques introduced above, and

o BSR4 SNt s o

PCT/ US2004/ 042942 [00Q20] Fig. 2 il : A
exanmgl segeer SFhAY ER RN AR Fere SEipnt oha iR e To
exanpl e receiver architecture according to one exanple
illustretetiioati arhitecfres athimiheponight ofwonnnmggfwaltcé‘alﬂfﬁ-‘é g%tween two

architectures within the context of a comunication
devic&haRagimibst Me@nk\Wevicd éyp.¢c 832) aad hresesver fitoey afathen dewise (¢.-,

device (e.g., 102) and a receiver from another device
104) egv.g%c?%c%d ith Qb bnASSACHRh 8Rk W depicté MThue Skilled in therakt vaille

dep! et. Those skilled in the art will appreciate
. ran ver.. j.d dewni .
sppregaf R Ptk Bl EFT02, Ui i cordle MRthumiter

‘receiver architegture as tailed in Fj I
architparesB g e TG RO BT e 71 P e eppgitie
~regard. It should be appreciated that transmtter and
inventien & noé Himited ik thizregpisks Ihshoylddas appregiatedthapiransghilerdnd; ¢

that nonethel ess inplenent the 10 innovative transmit
receivhr uehitedtyreanflgentes palesset cayplexity thahnesethedsss fgplement the

descri bed herein are anticipated by the scope and

innovaRie irhnsit 4iP&sit) ahdrBelspatea8uendy ifteltingAtesantsidrigrainare
one exanpl e enbodi nent, a transmtter architecture 200

antici;ggtreg ?)? 'él‘lfet {c‘rag% gl?o 1iSbf e QRSN inV&iRnOf a serial to

m 210, a (transmt) diversity agent

212, one o [ . di i er- .
o i BRSPS B 020 epitd

interval, insertion elenment 216 coypled wi th one or
comprising Qo LY ef a sEb i P Hﬁ%ﬁ%@%ﬂ §ﬁ5a£s(£faa%%@e VLY gent

nore r fad|.o. frequency (RF) elenents 218, although the
212, bivenhoerinyeasendiscretefiovnger transfomms(llpﬁﬁmlamem&i&lgi hey i

one enbodi nment, transmtter
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 executing thereon,

e.g., email, audio, video, etc.) for processing and subsequent transmission via the
8



10

15

20

architecture 200 may be inplenented within transceiver
108 and/or 116. Although depicted as a nunber of
wazpanete2 f uncti onal el enents, those skilled iRCT/HS2004/042942
will 20 appreciate that one or nore el ements of
transmtter architecture 200 may well be conbined into
a mul.ti-fungtional t 2 I ; ' i
comm{pihtion ¢ha %‘:} 1@@ gﬁr;(lﬁjtdﬁ{gegﬁ one @nﬂﬁgo&ﬂ%‘ﬁﬁ (REIYeil bl ﬁffbl?ﬁlﬁion is

nto tipl e functiona

inthe ermyaiiangre AnpbEer aro LR PTES e AEE b

receives information (e.g., bits, bytes, fraHE@,
repressyfsibub bits, & @1d) by} r Aeacading e orermdingRt; seal-iypEL e FagRom
executing thereon, 25 e.g., entail, audio, video,

210 takesthy ifformgioncmd engrats d nembseofiremildd sehstains poevi a
the 8 WD 2005/ 067192 PCT/ US2004/ 042942 conmuni cati on

infornSHRANGhich QR paR6&Iab Gnb 9r dtaA6& dtizetiityerpent 212e Altdaeigtied
Informationis in the formof quadrature anplitude

s LA Rl g AR St

res

) enbagi. ment ., i al -1.0- lel, t t

includEi BPABITOR SR70k Ana apec s RR A Hinshlen ArS
substreans of the s informati on,%i c%ﬁar%ypﬁss dto

[0023] o Ascondinigrigroan eBbodiment iYes 1N APkt SSLSUVAY {HERYCS an

depi cted as a separate functional elenent, serial to
elemepaofirdns it dieersityomto theGnivayatios strepms r¢agivied decan et HP fransform

the diversity agent 212, or other elenent of the '
210. i pHESIIAL Bécordfg td SRR2Xhmplranitdigerttothe iefoemitiatiabeettent is

diversity agent 212 selectively introduces an el enment

ol S o PP Al ) o on

articul ar,.. accordi t i . 82121
exam&ﬁf‘@?%ﬁqe %‘H&P’ 1% S?ﬁgﬁge?egvegi :ek? %ngt Ve Sgdﬁ)lgﬁ%g ‘I‘{fec'i‘)&gfni o e
_nmore antenna(e) and OFDM tones. According to. one

not ingeRpTEO G MoHERCA, BRI o EEBH TR b R e R e dhe

host device at diversity agent 212 is not in the form
receivail igfkmstjoriiol GAMdsywahods, eiftheughithe inagntinsyis spihipited BuilisTgeard:

to map the received information to QAM synbols,
Indeed! diReriiagdne miaf wesllt inroduce traasmitidiNersty to any insarrcogiinption 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 taps (L), although
the invention is not limited in this regard. By selectively dispersing the content in this
manner, full order diversity (Mt Mr L, where Mr is the number of receive antennae) may
be achieved. An example method for introducing transmit diversity is presented below

with reference to Fig. 3, and a graphical illustration of symbols processed in accordance

with an example transmit diversity mechanism is provided in Fig. 5.
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i s Indeed, diversity agent may well introduce transmt
diversity to any linear conbination of input synbols.
WO 002447191 any case, diversity agent 212 takesP@¥ES2004/042942
input (e.g., QAM synbols) and repetitively disperses
them (bits, synbols, etc.) across M transmt
ant enn a :
0025 afnﬂcapfaﬁ?fg@g‘i N e (A
) a oug e invention s not .linQi i ' :
includy dhsaiesoutesy 18 SRR Spoar-Gsap s g bt Bl S} b hapism, In
~ manner, full order diversity (M M L, where M is.the
this regandbdiversity pgendi2) 2 may e hinelidaaye opmosgfi a@\?g&mmﬁtlple}(mg
exanpl e nmethod for introducing transmt diversity is
elemeft, @3@mt iattrioatingelemienty aiQAMrietecleating Flegeni a QL mapping
graphical illustration of symbols processed in
elemeRCARY FRRES tondi shiftiag elexih hEhdughnbdrinventionsis abt Ymited in this
mechani'smis provided in Fig. 5. 9 WD 2005/ 067192

regard;%éctd?&gg ﬁ% %1%&1991%,5&1\'&1@1@ GE&H 93D afiyWdahadahbedded bits

asp T e Itnvention, diversity agent 212 may wel |
i ncl.ude e resour.ces tp i -
as onqdm(il. iSHbeagssf'% S)lnﬁg%'lﬁg%l%l gc%)?slrgﬁg&i %}dzfpc?;glg%%@%%ﬁl\é the
iversit t 212 1]
bt o on ey T e eboG L% B o Ehfhgln. o
S

el ement, a QAMinterleaving el enent, a QAM mappin
conter reeaintd faowd SAP oynsform 2 Hhis firwi interlagyed) asrashiet least pifabiigh ot
the invention is not Iimted in this regard.

transrA¥E GRleBAdT8) M, a0t ¢heardeasts amnmberloE@FBM fonagfmteact]of ayplyrality of
treat adjacent coded bits as one synbol, and spreads

the R{?ﬂ& hlf: kg BRnh ONa S 9SthORAE hednbntibs GARN divnited i this regard.
sifig the” transmt diversity repetition schene

Indeeic}gtﬁil{reOd ﬁ?tﬂo&%?@‘é%‘e?té%&o%'?ltgcésgar g%eg %a' iR ordbh&escribed

Fom ranstorm 210 is first

i nterl eaved across_at | east subset..of to.transni
sbovearivloratie hATOURAAS 5UR oliErsbat Ty gt B st

for each of a plurality of the Rayleigh fadin .
betweehaare(0) andthemumbendatn tngh (NG, A\ iBereireRY leh gystic shift across

limted in this regard. |ndeed, these functional
antenBhEIMBIBAS of) £ th dilditioneto elsesshift hyrobetoapmp| A dxdnple methndder

descri bed
implementing the space-frequency interleaving is developed more fully below, with
reference to Fig. 4, and a graphical representation of SFI is presented with reference to
Fig. 6.
[0026] In either case, content from the transmit diversity agent 212 1s passed to one or
more inverse discrete Fourier transform (IDFT) element(s) 214. According to one
embodiment, an inverse fast Fourier transform (IFFT) element(s), although the invention
is not limited in this regard. According to one embodiment, the number of IDFT elements
214 is commensurate with the number of transmit antenna(e), i.e., transmit radio

frequency (RF) chains. In this regard, IDFT element(s) 214 may receive a plurality (Z) of

encoded substreams from the diversity agent 212, and converts the content from a
10
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above. Moreover, the amount of cyclic tone shift may
well be nodified to any value between zero (0) and

wa pwsmaender data tones (Nds), and there may bePGI/GS20D4/@2942
shift across is antennas instead of, or in addition to
the shift across tones. An exanple nethod for

frequei&gg lg?ﬁgﬁhjeﬁ%?%ﬂftiqﬂﬁgﬁgf d GFHLER FaprédehBIibeBY ilRGoh®nt, although

ope u el ow, Wt reference to Fig. 4,
. and a.graphical. representation of SFI is presented
themwnpﬁnﬂse’?cgﬁ’é‘ﬁlﬁezl‘f‘éhlgﬁgﬁrd?G [00261 In either case,

content fromthe transmt_diversit nt 212 i
100271 pXBe Btherdsrge catent ST ed D R 265 Brrsstedp LT

transform (I DFT) el enment(s) 214. According to one
clemeetfi)alicnettcordimg tonaneresdofizstnt, GRIr3 lérmay irofaeen ¢yckratprefix,
el ement (s), although the invention is not limted in
or a ghdtdSnteRERICthe Aiga gl BfOE it B passed eorh oatliontetyerich ¢RAyfretrend 218
of I DFT elenents 214 is comrensurate with the nunber

for an?élié%:&@%@?l%ﬁﬁ? taigﬁ BiHsEduent tr&hsmidsiciER A afsd@iad one or more

alns. In this regard, |IDFT el ement(s)

2 receive a plurality (2Z) of 25 encoded
anten’é%wéangifromthe diversity agent 212, and converts

the content froma 10 WO 2005/067192 PCT/US2004/ 042942
[0028]f ToprEARHCOAIAPTOCESRH BY & HABTMGHRT %fél? ecﬁfﬁéb@&%ﬁ?’% afl eXatfiple

representation of the content, although the invention
receivies arvhitedtinei250ds infrotinged. Asghpwn, roRP fontreed L34Eeceiyfhd n

content fromthe IDFT el enent(s) 214 is passed to CPI
pluralgy @TeIFhAS imBiking er@tedir Mgprt cccoive aatenoati 24K, NCHforzags of

may i ntroduce a cyclical prefix, s or a guard interval

h&tido d e tion RBIH Brvidrd) 18 aBEFERe bthoTeastample embodiment,
eXpla#l#lequrhenc; QFI)On?r%ol%tr- enc]Jf 218 for anplificati gn,

fil ' d i S\Si.QM: Vi .
e e T PR 2T SHRRRAVER bl BRI, 270005 © P gt coch

_extract content processed .b transmtter .
rocei v ROATINA BB BSOS BN I, AR e L B pgive front-end

architecture 250 is introduced. As shown, an RF
elemdntoii4, ERR clements 256 oed FET elements are commensurate with the number

(N) of receive antenna(e) (e.g., Mr).

[0029] The RF front end 254 may pass at least a subset of the received signal(s) to a cyclic
prefix removal element(s) 256, although the invention is not limited in this regard.
According to one embodiment, CPR 256 removes any cyclic prefix or guard interval that
may have been introduced during transmit processing of the 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

11
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to plurality of signals inpinging on one or nore
receive antennae 240A...N. For ease of explanation
w@esMdedex i pti on going forward, in accordance RAETHS20ME042942

exanpl e enbodi nent, the nunber (N) of receive
am)eg_na(e) 'S eﬂual to M. According to one
.enbodi t, e r I3 | 1

domatf SagrsoBepRas Fhe AP e e T i biE AR 8 RN Attty agent
el ements 254, CPR el enments 256 and FFT el enents are

260. commensurate with the nunber 1s (N) of receive
antenna(e) (e.g., M& [0029] The RF fropt end 254

[0031] pAssording|te ase aspesidides prgsent HyCRigle F@F@H’%‘ﬂ&’r‘iﬂﬂ( agent %@X‘ay
cyclic prefix removal element(s) 256, although the

perfort W €dttplementarynfuinctiémiot teat perfotngdsbyr egwnt divestypginigl2.oln
one enbodi nent, CPR 256 renoves any cyclic prefix or

this refAiR okt afveRitytdpsht 200Bay s RrieBAcmpleadncedhe traisngt
ransmt proceSsing of the received signal(s). 20

divers tg%g(g/l L gﬂeﬁge %%Q‘S‘%@& iﬁt&ﬂé&vﬁ:’gﬁggt?&cieé ab&\RN TRHRYVEE Sf frnsaiit

nore o Fourier transform

. (FFT) .elenent(s) Accor di ' FT
diversgy GREFFS Slgggg?@gsﬁiﬁg R e B R
associ ated receive chain fromthe time domain . to.,th
demof SIS A ISer ST S SBRR CHEARP ET T BRIgN Lot the
decoding of a representation of the content enbedded
conteiti éhbodedtwichin dreicvaived signed(e). sloi thecastiof SFL aeqsiye Gy esiy agent
frequency 11 WD 2005/ 067192 PCT/ US2004/ 042942 domai n

260 pEEHRATRM NN Bid debedifig before providingthesutzut eontent to the
presented to receive diversity agent 260. [00311

parall@ﬁg QL r&gf&é}te? B62 i engtfate‘é e RpRS&NAtIdUBRI il content

(r:ecel ve tverslfty agen 60 may performa
oo dg? rg;g %n?{% r§ {% ‘Eﬁdusg%%k?; ngc%g}?@g g&%geglg@ﬂ?gg,e @8 hent 260
may e bl el AL RO T 9P 08 U B ey SR e ot eed

intr oduced above. In the case of transmt diversity,
by soft&biirhialedoding silthpugtya invee0miEy0d Erpitsd i Brisg&RPly nbol s,
[0032]p rjil‘?hroutgl? dg)ai‘zﬂed as a number of functional blocks, those skilled in the art will
appreciate 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,

12
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denodul ati on and parallel to serial conversion 262 to
extract a representation (l1') of the content encoded

wWawwhkerighe received signal (s). In the case ofPEFIS2004/042942
recei ve diversity agent to 260 perforns deinterl eaving
and decodi ng, before providing the output content to

may op e RGeS R e R

t he recelved Si rdl e enbodi nent,
antenngy Gpgiekation 1nfg %Egk)é ?i%}’“g\%eﬁ? “ﬁﬁﬁ“@%‘&ﬁ a m ni num nean
square error (MVBE) spatial demapper followed by soft
Viterbi decoding, although the invention is not
limted in this regard. is [00321 Although depicted as
Exanve LR DIVERSIOY Alapnat@PErTION ocks, those skilled in the
art wll appreciate that one or nore of the foregoing

[0033] ek—ﬁ%@b‘ﬁeﬂ?)lnﬂ&iube@ﬁl bomlgeRdaiverk énvirohmentardediversity agent
twar e i rmavare, or any conbination thereof.

arch1tg/ctfﬁ1%oé'b% 1%&8%’1%1? of@ich )51\94 MEMO-DFER %&ﬂl%ubi inddodhcdde

préma ed ose ski Ied In the art th one or

uch 260
heremrl\rjlﬁz}c}:lew‘P Vc?i:‘?R‘?a n&%ﬁ?‘ﬁbf Wfﬂ% ﬁef?r%*l'kf/eg{%sf}i%ygase ‘%}%n d/ or
rocessi el ements (e. 4). Accprdin

descripfien BahisrofIne, SHoevSlopyiengt e b %‘s@wﬁlﬁﬁ Rishfhibdin

i npl enent one or nore of transmt diversity and
flow-cipaidiorrh methuentguddreSresayWheye apprapEYarFRaRP alpmens in Figs.

M MO- OFDM schenme is being used through an exchange of
1 and 2 alfiRkbh Hiciheeritivhds netlimited innhis égard.egard, diversity

agent 12, 260 and the transmt diversi ty/ SFI

[0034] F@%@% Sﬂz /ga 5 S0gbRcRAH bPAT S¥iniple mbhoWB08 EO5hoRing

; 42942 nay be adapted according to observed
el.a t 0 e n
s AR AL SRR RE ] SR REFLNE AT

i nformatjon NPLE DIV SI TY ACGE ERATI ON, 5
methqlrays Y PIREK BV ST IS A6 DUIELHAERT: Al irEP o etV o

envi ronnent and diversity agent architecture,  abav
processing. sécmsiiog tosneeramps embedivenhereani Yo gonieas ise plura'hty of

i ntroduced
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.

[0035] In block 304, diversity agent 212 cyclically distributes the QAM symbols across
one or more antennae and one or more OFDM tones. According to one embodiment,

diversity agent 212 captures spatial diversity through the development of MtxN/L blocks
13
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herein will now be devel oped nore fully with reference
to Figs. 3-7. For ease of description and

wargensuondi ng, the devel opment of these technt@ues2004/042942
will be presented in flowchart formwth continued
reference, where appropriate, to exanple elenents in

ot QA el oefitac pe bl PRERFr LELY B g it of

flow chart of ap exanpl e nmethod 300, for. | i

Rayloigh S8 QI Yors B yB0 SATP G oAk P B LS by o

. exa-rrpl e enbodi nent. As shown, the nethod begins w

cyclicdilsbifk B3ORpeating thesnireaengy biacks Hm&’@é‘ﬁ’fos%%f fi”gtbé’r \‘?E@%BM
content for processing. According to one exanple

tones, EvVeaslygsiit,2 12 istrodaces aredlementtof fiteqienca dbyeusity infg thg chanpel as
substreans of information received froma serial to

well. Parallel transform although the invention is not
limted in this regard. According to one enbodi ment,

[0036] tsgﬁ%ogg@%'ttﬁ g?e % M u? %mbb&hﬂeﬁt, e e freg@imRY Blocks may be

il reI ear og. nonl 1 near conbi nati ons of

. S ol s. . ' .

aaapu%%mqé%‘% g m s confgbt fafi QAR TR roeard, 2
nodul ator, wherein th [ it i.s i

larger dolayrispeshd amng ﬁrﬁﬁuﬁ@ blﬂckg 6{95 %S If\él%?wgg :‘gtpf\e?ﬁ\tl%%@né%%g{ %@t

limted in this regard. According to another
when gfeRowihigindelayiprends(L). yand dgeert blocks masche wied forjewgedelay spread.
information strean(s) of bits, and converts the
MoredyRR it thére s a QAN ENOTRBhEI widhadhindlof sihbalk, Bletein the same
diversity agent 212 cyclically distributes the QAM

symb%%gﬁ)%s‘?niﬁg& 812@(? osrglgl:é 1e, BPA SeFURBRGR, 8Rd doGerantemne,

Soont ones. t ng fp ?ne enbodi nent, 25 diversity
. ca es_spat ' i :
v oBigAg S0 Frbel) B Bt ustah e

PCT/ US2004/ 042942 of M synbo ere is the .
wrapaQiiskiongtionFIPPERESte. &faEﬁi%é‘f ﬁlﬂét%ﬁ%’é %eotfansﬁ‘gwg?réﬁy
fadi ng channel taps), where the synbols applied to

blockeaeipresenedvittarcérafcedetidhy- a cyclical shift. By
repeating these frequency blocks L tines across the
[0037}" IABRICk 306 AWocks generated by diversity agent 212 are provided to the

remainder of the transmit processing chain (e.g., IDFT 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.

[0038] Turning to Fig. 4, a flow chart of an example method 400 for implementing space-
frequency interleaving (SFI) is introduced, according to one embodiment of the invention.
As shown, the technique begins in block 402, where diversity agent 212 receives encoded
content. As above, the encoded content may be received, e.g., from forward error
correcting (FEC) encoder, a convolutional encoder, a Reed Solomon encoder, and LDPC
encoder, a trellis encoder, a turbo coder a Bose-Chaudhuri-Hocquenghem (BCH) encoder,

etc., which may be an element of diversity agent 212, although the invention is not limited
14
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tones, diversity agent 212 introduces an el enent of
frequency diversity into the channel as 5 well.

WQ 20364718 cor di ng to one exanpl e enbodi nent, tINEI/GSRODEI42942
of frequency blocks may be adaptively nodified
according to multipath conditions in the channel. In

t hi .
in this 5‘?%% ;gg%r g}‘tr)lgz%% Pr%?a{n%ﬁéc}n%ﬁé@ﬁv gﬁ%ﬁ?{g gig%z% b! a

IR SN i e e

there is a risk of horizontal f
inventiengs eotrlimiied ndthis respyetb dpdaed, fof \gﬁﬁggrg({q%g 18‘%3‘{;1 égﬁgghiz may

tone, or a very close tone, on a different antenna,

rearra?e)ﬁﬁfeﬂlei\}e thg émut 218 todby coeblatedrin pslidagovindes feshion. e
I spersion to renove this waparound condition, as

genera‘”l‘pcﬁé Q%h’@&(ﬂewﬁrcgfraﬁfalr& @bdd by Bt Erehtedns aQAMesytibahsyper the
|verS| ty blocks are presented with reference to Fig.

transmdf dﬂ?érs t? Q§p7e1:t &é&clglg Glhov0 Bnd EOBtRIAE KSlc8RREbRS Ry iien be

I'versi gent are prow ded to the remai nder of

fhe transmt rocessi

spreackusing the §Pa6sAETaeRGydn efq?’%‘ﬁg%#e? Fﬂﬁu odegélgn%ﬁét% ée channel
processing on the distributed conte t. for tr nsm

[0039] v Daversityeagsnk2 oy man then patfemn apteynamy lélﬁesm&?ih 3‘%‘&2?
Turning to Fig. 4, a flow chart of an exanple met h

encodé®fbimmationp lAeweriingty ospandodipgnt, disgenidjtsioh ﬂ@rlle%"d‘é“r%%’mem
(SFI') is introduced, according to one enbodi nent of

are ﬁrtsthrﬁ %&HQG eIt antéinas hBumexatipée, bestinm the eotblegimier bf
402, where diversity agent 212 receives encoded

blts—hﬁ%eci%%té where ﬁ&gygthé RBnSR 6P desbdeRd pRAtursAbiRenapped to forty-

J romforward error correcting (FEC)
cight @%ﬁ s of %@%@'&% 3§d‘ésr%ﬁcé’ O o RE R AHERE S
Rt s A AR 1%‘?@?% yeﬁ%’%ﬁ fed pgfin by

al though the invention is not [imted 14 WO

refereaGOfor @8 pugRse)T4lthepgothedaxagon is not 11m1ted in this regard. The bits
indexed by m:Mt:Mt* Ncgps are mapped to the m™ antenna.
[0040] In block 404, diversity agent 212 may interleave the resulting groups of Ncgps bits
on each antenna. According to one embodiment, diversity agent 212 may implement this
interleaving in accordance with the 802.11a interleaver, which consists of two elements:
tone interleaving, and QAM interleaving (see, e.g., IEEE Std. 802.11a-1999, Part 11:
Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications,
incorporated herein for all purposes).
[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
15
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in this regard. According to one inplenentation,

diversity agent 212 may assune a sliding w ndow
woreewsoe71%21ch as that provi ded by a convol uti on&lT/US2004/042942

encoder, although the invention is not limted in

this respect. Indeed, for other codes, diversity agent

212 . '
coherege pagﬁ&{l%th%%rﬁl{eaa%ﬁﬁ%}?% g[ t\lmﬂ%gwgl\}v ?S;mélzé %ngigglﬁaelrgg h of
the chégg%i %]t;ﬂg}l#a 1&&%@%{&@{%&% &&%%tcm%tdig &neli?lgg? 1 t%?st r%%%e@tc‘ T4 this

descri bed above, and constituent co rIa L
rogard; fherintbdeavsp et iusPRerioNd 1@ fedenath egﬁv@ﬁ%mf# rBPYISe e
techni ques descri bed herein. [0039] Diversity agent
(L). 212 may then perform antenna mul tiplexing on the

recei ved encoded information. According to one

[0042] eKQ Q?édql?e?ém, ALbRERMo ke lefbolinidne, interleivee dethmbagriie defined as
Irst mapped to the M antennas. For exanpl e,

the seﬁazg’ e'ixgg%nelgl{ gt# AH;%E%EE tofids iRl ST qRSF ElOCMhF{)IeeME@ if

He’Hu punctured bits nmapped

o S e BG5S s 1
b b B AL S e 7. 53

pur poses), although the invention is not limted.in

2 are inbpsedrie garred .1, Tftbarisi 4,gespBetivelie xdareparigniariyvithe mepprg yould
mapped to the nth antenna. [0040] In bl ock 404,

look Iflleversity agent 212 may interleave the resulting
groups of NcBPS bits on each antenna. According to

nb di geng, 4iversitypaggnt 12133mep i npl agent this

a e” g%(b ”%1' ”2?055” QP?%SV‘Q h2t7h32882§9ﬁt130a 31032
f‘er &7Wh%d M I'nt erI eavi \ég seg§ e4.% .‘,ﬁ I EEE
. Aég% 802, 11 11a&199'%mi?%é‘llifh\y§g@¥?¥p%ﬁr§§' ?eﬁ?%'\{b%% 37 and 2

specifications, incorporated herein for all
are mpppedds éxies 1[m,@4ﬂ]anAc5@g$mptm‘geIXo one exanpl e enbodi nent,
diversity agent 212 may ensure that adjacent coded
bits are napped onto nonadjacent subcarriers to
1 perfgrmyt hg tgne7 iptegl @gving. 1According to one

13 enhodjqreng, theqg nyoriaver deptiy dedermi nes how nmany

252 6“’5‘7e 28€PRY ake a4l apeniz cagedssbigs. In general,

o 3pP3hationyshayl dubeyeaig! 4o ke
[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).
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bandwi dth of the channel, e.g., NL (where N=DFT si ze,
waeshempe | ength of the channel response in RGTES2004/042942

al though the invention is not limted in this respect.

In this regard, the interleaver depth is proportional

[0044] Eﬁ‘&%g’?ﬁ | eb?igérgz J%Lueg he NC(Qgn 38 or 11 0B Wik nhdkiple®82. 114 cRannels are

I t(re]r ern, X Bco][dl ng to one enbodi nent,
eaver de e defined . . '
voncebeer ey e kPR e el 2R B e
bl ock. For exanple, if there are 1:48 input bits to
perforinenceeqoptetnitlaied By ¢ wergity agent gle?plts ﬁhq)qepi@tlep of _au,ij aff@'tt coded
802.11 a interleaver), where the bits are mapped to
bits astzomBaioh: F8he cHannel2yohermheerbandpiidty. If the vhargwl bamdwidthar e
mapped to tones 1, 2, 3 and 4, respectively. Mre

i ki i lister-tonk opdcilg
moreagé;é ggg%%ag%%{oﬂlgl f%?gi%gﬁlﬂemm er-onk gpdcitg, kiee coherence

oot AR RIS b s
s i 5 bl A D,

~and 5 respectively: 1234 56789101112 ’ .
spacing3ual1 Buba 4@1192@@@%23@@62@2@@2@202%%%@1%2@@%%‘%@ larger
373839404142434445464748 100431 According to one
numb&x@mpies. enbodi ment, diversity agent 212 may adapt the
i nterleaver depth to the observed value of L.
(0045 DEBERALAS XMRAfABINRY diverdiiypakht 28 manelisuioihst adiadenigteded
L wi'll result in a large interleaver depth, and vice
bits arethapped A5R5 iy ¥htd Rss and more significant bits of the constellation and, as

such, long runs of low reliability (LSB) bits are avoided. According to one example
embodiment, diversity agent 212 performs the tone and QAM interleaving in accordance
with the following mathematical descriptions, respectively:

i=(Nceps/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 + Ncpps — floor(16 x i/Ncpps))mod s

[2]
where the value of s is determined by the number of coded bits per subcarrier, Nppsc,
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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one enbodi nent, diversity agent 212 may set the
interl eaver depth based on a worst case channel

WO 2poéEe2 condi tion, e.g., where L=worst case RIEI/ES2004/042942
spread=l ength of the cyclic prefix of an OFDM synbol
(e.g., 16 in an 802.1 |l a conpliant system). 16 WO

o SRR Tl GNP i

802.1 Ia channel s nde r to
symbaliy b} oo RayoiergveRty aprnate iy Talhdy ?ngﬁ-et-
performance contenplated by the diversity agent 212 is
mapperhehespanultiplrbittaraapppeso koM sypbels B eEOingp o8
of the channel's coherence bandwi dth. If the channel
exampl@Baibbdintens thaOFDAS abcasiersare nainbitedoening BYSK QREK: 16-
affecting inter-tone spaci ng, the coherence bandw dth
QAl\/IV‘?1 QAN 1 BIORUE of 2562Q ANIEdepRAEING 8h tiR catlilg fapatbfbe employed,
annel's). I'f a l|arger DFT size is taken within the

but th? %gni)e SRAMNG edtRR qy‘ﬁ(ﬂtlﬁmt ﬁi %l§ ké r@ 98N ordihg 1dTBNe SHBSHRent,

tone " spaci ng suc cent coded bhits are

the enﬁe rat egte{ Ccoé?m@%’ {eé@igl]pu%ﬁgort I(;Jlﬁ :@8&‘%} ot Folips of Nppsc
interleaving, diversity agent 212 may ensur.e

(e.g., b}, 4o bigo arediconyprted § %C%E}%aulab?félf%?s@rlﬁl%mm ess
and nore significant bits of the constellation an

constallatibn pbinig Thersnodrsivomaydiei pebformed aqcoRR)E t5) G@ya‘foéed
avoi ded. According to one exanple enbodi nent,

consté&lia¥ieh %hzﬁ)ﬁln@ﬁlﬁﬂlﬂhoﬁélﬁtha ¢rivieatiom istrioe litmited iathds @;Mct
interleaving in accordance wth the follow ng

B SR PTG gt

symbya ageast FRan e Rk KLl obiP SRR AepRRELEme! e

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 (M) is high, diversity agent may shift by more than one tone
from antenna to antenna to avoid wrap around and ensure good performance.

[0048] In this regard, according to one embodiment, diversity agent 212 may repeat each
bit Mt times, and then perform the SFI technique introduced herein on the larger coded
sequence. For example, if the original coded bit sequence is [b1, b2, b3, b4] and there are
two transmit antennas (Mt=2), diversity agent 212 may expand the received bit sequence

to [b1 bl b2 b2 b3 b3 b4 b4]. It should be appreciated, from the disclosure herein, that
18
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j=s x floor(i/s) + (i + NCBP5 - floor(16 x
i/Ncups))nod s [2] where the value of s is determ ned
wWhyosheZipunber of coded bits per subcarrier, NBpEE$2004/042942
according to s=max(NBpsc/2, 1). According to one
enblodl rren:j, ~a diversity agent 260 in a receiver may
e oy,a dei nter i [ bV iti
there I?Tgf%% %ftaﬁr vta%sfs.”fa S L Mcp e E R SR SRR roperiton,
al t houg e inventi.an is.not |i.m ted | [ :
o.2. b oo DU OEH T epeme TGSl Spass i oo e faons,
406, diversity agent 212 may nmap the interl eaved
etc. content to QAM synbols. According to one enbodi nent,
diversity agent 212 may include a bit-to-QAM napper,
[0049] WITR: €a0e-ietytiérioly éntbiltay cdblockmpiodltent progdsecdfaniraysipistign via
Acglgrdl ng to one exanple enbodiment, the OFDM
one orHOEANfnBEE) MEOFDILIoAEE @s UaiodgcRPiitye QRAKxathplesgrapiiial
64; QAM 12%- QAM or 256- QAM dependi ng on the coding
. rate | : iver ' i
itustrge ot ?r;%c? ?%5?%1%?afftg%a%?ﬁ%&%%@%?%?dn‘g@?‘3""%}1‘2'ﬁgm12 *
.enbodi nent, the ed and interl eaved binary seri al
PfOqufgbﬁg&‘irﬂr’g‘?rﬁncr‘?é?/%l?e%gﬁé?‘ﬁed into groups of NBpsc (e.g.,
, 2, 4 or 6) bits and converted.into conplex n er
[0050] r dtheugnnotpgitioniar deiaded those iSfSlileg&ﬂ fhegrt ‘Yﬂ@%’&?ﬁ?ﬁ%f’%ﬁhﬁ
may be perfornmed according to Gay coded to | .
discussivnsibelé,ahdtareceiyrpdingsity agenhaedmay aplempahselestively ippptement
limted in this respect. [0047] In block 408,
either U YIRS Bdopiransthodlia ai dabiplehiarary de.gy cévecse} hidet ta dendpe or
resul t ant M synbols on each antenna with respect to

. 1 P H t .
o A g gt i B

synbol.s..destined fo
s SRRl AT .

_ tone shift is introduced by diversit ent..m I
deint 5 ying deceriauA Y EOMPAAG BB SRt N GRiHnE the ies, QAM
enbodi nent, the cyclic tone shift intr oduceo{‘1 by . .
to bit dhapping], tginmgearting 2ad agtegmmu}'@plggglgda}lt@pgh 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. In accordance
with the example embodiment of Fig. 5, a diversity block of Mt x N/L is used. In this
case, diversity agent 212 generates an L number 2xN/L matrices of QAM symbols. The
technique illustrated in Fig. 5 is extensible to cover situations of Mt>2 by, e.g.,
incrementing the cyclic delay on each additional transmit antenna according to (Mt-1) on
successive antennae. It should be appreciated that the space frequency codeword in Fig. 5

is from a Viterbi decoder that decodes across tones while taking into account the repetition

of symbols across L blocks, although the invention is not limited in this regard.
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| east in part, spatial correlation - the nore

correlated the fading on different antennas, the
WQer®anenz he tone shift fromantenna to ant ennRCT/U$R004/042942

certain inplementations, e.g., where the nunber of

transmt antennas (M) is high, diversity agent nmay

[0052] Sﬁ@m&x g a é%% cQﬂﬁu&&'ﬁS ofdh fe{a‘ﬁgﬂlé%a%@%qh@ncy

f At 05 av'o W ap aroun and ure good
per or nce. th
interlegyinB ﬁgenea%tvgl*éwrr&a@f&:n‘?ﬂrt??‘g ShyPERElh etk

M tinmes, and then performthe S

illustrated.r ddnbeve; ot esiss, OBNuﬁtF\%lOFla@ﬂ apt gl!aildtéfggnrj E&‘%@%‘é"ks gpicted
exanple, if the original coded bit sequence is [Db

correspénd 3 ebfbodineht twherein Mte2, tunis extensiiié to larml@nm%tlons of Mt>2
(M=2), diversity agent 212 may expand the received

in acc&‘d&n&%ﬁ?ﬂﬁ&e@ﬁld&s fésctibéd dbded. b2 b3 b3 b4 b4]. It
shoul d be appreciated, fromthe disclosure herein,

[0053] t F% 7 Jp@es\éﬂs %%Qg[i HG{ gﬁ%trm %@ﬂﬁﬂ@ﬁé‘r@oﬁﬁhﬂé@cmwﬁtws

pan each the coded sequence rather

assoc1f1rﬁ§ Wé}ﬁﬁp}l{ﬂsﬁr@e Sl ?JﬂgHgf % % alsmg%e alcg}ﬂf ?iga S%L@%EQ%O),
spatial %Qﬁfpf@a{aéégﬁ%b@rgnéﬂ? SRl 3?%%5%% an space-

via s one or nore antenna(e) and OFDM t ones, .
frequénny imelleethga SV Aseordingripk 1§uﬁr@mdc%mb0¢mp%rsﬂgaf’ iggpphically
of the space-frequency interleaved bl ocks generated by
illustrey ﬁfegjefﬁbrrﬁgﬁi&t(e 21 Zndasuredpirobit eteat rafct(BERg fand padet eigor rate

Fig , below. [0050] Although not particul ar

(PER)?(?\%?EE/%Q) ) 15105 £Mpkah@And. A SR waY, the R T te@idiue @ixhibéts a modest

di scussion above, that a receive diversity

. nt, 26
gain oggﬁwgrons e{,rﬁél (;l @t g S #tétl r&r)%qis% C}Jsaﬁ(? k }gg nﬁfgﬁ%}%? fg?a;lve to
reverse) .orde ena
convep GamR P OB SHPr § BB FOpnoieg @W@é@é@é‘éjﬂ.ﬂ?ﬂ’“
accordance with the above transmt djyversi tly
and a spfdaterti dqensiee,bul shasld balprseg ferauonsisqerysticassh e%%&‘é% e,
the deinterleaving technique may conprise one or nore
[0054]0TAlEwaEh depitted shiésciibel dsmentpoising,a i@aer of functional elements,
those skilled in the art will appreciate, based on the discussion herein, that alternate
embodiments of the diversity agent 212 are anticipated within the scope and spirit of the
invention. According to one example embodiment, a diversity agent that omits the
antenna multiplexing and cyclic tone shift features is anticipated. In accordance with this
example embodiment, diversity agent may map blocks of contiguous bits to each of at
least a subset of antenna(e), and then perform 802.11a tone and QAM interleaving, and
bit-to-QAM mapping described above, although the invention is not limited in this regard.
A diversity agent that 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
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to bit mapping, deinterleaving, and antenna
denmul ti pl exi ng, although the invention is not 1is

WO 20950693 n this regard. [0051] Turning to Fi gRCBUS2004/042942
graphical illustration of an exanple transmt
di versity bl ocks generated in accordance with an

enbodi nent of .t ' LR | .

perforfiRags trma e ot B E RSP nor R o qbver dafa ates
diversity block of M. x . .NL .i s, used, | i .

Thus, if v eypRsare Do durdrat B el (bl B A8 of the
matri ces of M synbol s. The 20 tecihni ue i{ | ust r at ed

proposetl EEhpiqus may bk evERSNeePIRUReRAdR restic Fhame S&‘fla?\wlmems
by, e.g., increnenting the cyclic delay on each

such &dgitenhopaih imbalased, I/Qamissrabh edecording to (M-1) on
successive antennae. It should be appreciated that the
space frequency codeword in Fig. 5 is froma Viterhbi
decoder that decodes across tones while taking into

ALTE hgl%lﬂvmto ﬁﬁf@li“ on of synbols across L bl ocks,

frotugn ! ntio? is not limted in this regard.
19 WV 2005/ 067192 PCT/ US2004 4 . ' :
R S e e e e S

space-frequency . interl eaving hl ocks generated in
contenOBBIFHERS 1T ok BE RBFHESTRE FRENTR Jo i GReq bne or more

illustrated. As above, for ease of ilJustration and,
aspectsaif the diveraity egent 2h2, 2801andlop essecigiedinaatherls 308y 4&k p s o
an enbodi nent wherein M =2, but is extensible to
regard, SRIr@SEMEELIDTY i8élulbsdntent 9028E@Eridenetions, datay tieany
techni ques descri bed above. [00531 Fig. 7 presents a
combPaABR edlof] Whith! Fvhbd SRcR¥E AANEsRE abEiRsiRg hplidee éSimplement
characteristics associated with various mappi ng
t echni ques (1. €. I NGl ipu ' ut put (I xI
one ox iy B of iy e E TR PeseBbdPUR 8 e
interl eaved across tones, .but t antennae),. and. .
o057k e evseceiLye Hresd aissiinyoR e SaeRiE Bhes At e e
illustrated enbodinent, Fig. 7 graphically !'o
floppy Idiskettesaopticat fisks £D-8OMn cad maggeto-apsisal gy, ROMy, RAMSs,
error rate (BER) and packet error rate (PER) over
EPR 515 NO PR OM sanfagnditop opticd] eads,. fladl meinwu, ortotizer $f1e of media /
t echni que exhi bits a nodest

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 requesting 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 other instances, well-known structures and

devices are shown in block diagram form.
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gai n of about one decibel (1dB) in signal to noise
ratio (SNR) perfornmance relative to conventional

W@ 200806792 techni ques for a receiver consisti MCGUS2004/042942
MVSE spatial demapper and a soft Viterbi decoder, but
shoul d be | arger for nore sophisticated receivers. is

00891 %éé?irflé\%n‘t%“ﬁfn’%? pARBhGH p5 S e SR IH RS
art w appr eci at.e ased .on .t he dis ' [ .

Althofih e gresehiiay @ og o RUTRS ape forecir DEPEpEf SISl yemin
are anticipated within the scope and spirift. of é.he

may bierngedhin wisrocapEelers rAFneE-BHSOERIRHIRI0 ehi Iﬁr’@ﬁfﬂ, ignal
diversity agent that omts the antenna nultiplexing

Processots ({)SHs), Redoce kirfdtiohe¥et Goaputing GRS Gemplgx Ingiruction-Set
accordance with this 20 exanpl e enbodi nent, diversity

CompA@ap (CINY), iBendbtekseafontodtnm@nents. Hovevenitaachidbt at
| east a subset of antenna(e), and then perform 802.1

under§fod ﬁ&gtet%%g%%é\’j&gﬁ t'hg Pﬁ:@&ﬁ AeRfon RSt liRiifed k@ tHASMEXBRENENY

esc though the invention is not limted

in this regard. A di.versi fr t: f. :
e R P an LAy R B
epicts a graphical illustration of r
blocke sHpard 90 CEIS TBFRODS C2cHS TGS ot AT VBT G ARG e stor
| oner data rate of 6 Mops per transnmt antenna. As
electrohiovimstruttiens0 baexaa0s) gethe 38 CIPOINCESRD oSO 2ippthat may be used
performance inprovenent introduced by SFI is nore
in arih@ficwpeRto®. Th@essralah ambadiakent ustigisyltistagehioulioo lpgic in
appreci ated fromthe di scussion herein that certain

accorSYRRHAPES cRiméd ﬁllbj R ARASeRay Bt iSnERY tobaicedRBessturs, and

pronounced in realistic channels with inpairnents
in P R S ERRLB K P R BET dptog Gt BTy S fige 2ote tha
L AR e
especrireﬁfyh\!s/}Teen c{e(\)ficieg?iclepeerrrfir(])tn rg(rl]uecec(l) ;)ovrsrzte)rr c?onsumption. 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.
[0061] The present invention includes various operations. The operations of the present
invention may be performed by hardware components, such as those shown in Figs. 1
and/or 2, or may be embodied in machine-executable content (e.g., instructions) 702,
which may be used to cause a general-purpose or special-purpose processor or logic
circuits programmed with the instructions to perform the operations. Alternatively, the

operations may be performed by a combination of hardware and software. Moreover,

although the invention has been described in the context of a computing appliance, those
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magnet o- opti cal di sks, ROV, RAMs, is EPROV,
appliafeHR@VE, celulgntelepbon®pt i cal cards, flash menory, or

other type of nedia / machi ne-readabl e nedi um suitabl e
[0062] f Bfan$ bOthengetebdscire describedimttheic iostizasicMbria buteperatinas can be

present invention nay al so be downl oaded as a conputer

added RS 804AER HOH Sy of WREMSINAdE ARl inkdrBatisncable fkied or subtracted
transferred froma renote conputer to a requesting

from e‘%g% %e? &eg?%tée‘rga}%?sgi ea %{h%utsér%gﬁh% IR o i dope &the bﬁﬂ!sent

ation via a communi catl on
20 |ink . 0., a.npd dio,. t k '
e oS SRt BRSSP SR0RSEL b

expl anation, nunerous specific deg@i l's . e.I%e%r fﬁrt h 1
scopeiand epitieef the prasetiiaentionh 5t BifgRetiAdee oartichian Jlustratef gxample
present invention. It will be apparent, however, to
embodin@nldrt hetchrovidedho lanit thehiavertion byt werehy to ivetrate 8n Thug the
be practiced w thout sone of these specific details.

scope lo? 1Rl #8dent MGEANHGS notdIbe-dettpntned biyubd speeificamdmples provided
gew ces are shown in block diagramform 21 WO

0 Enbodi ment s of

aboveg g Sl e pl bR S AR s T ar ety of

applications. Although the present invention is not

limted in this respect, the circuits disclosed herein

may be used in mcrocontrollers, general-purpose

m croprocessors, Digital Signal Processors (DSPs),

Reduced I nstruction-Set Conputing (Rl SC), Conplex

Instruction-Set s Conputing (Cl SC), anong ot her

el ectroni c conponents. However, it should be
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understood that the scope of the present invention is
not limted to these exanples. [0060] Enbodi nents of

WQ pwsp6@eent i nvention may al so be included i nPCT/US2004/042942

integrated circuit blocks referred to as core nenory,
cache nmenory, or other types of nenory that store
electronic instructions to be executed by the
*Croprocessor or store data that may be used 10 in
arithnetic operations. In general, an enbodi nent using
tistage domno logic in accordance with the
%aﬁbsocq%mgé%t matter may provide a benefit to
m croprocessors, and in particular, nmay be
ig\%r@oaat edriiint_o an address decoder for a nenory
deVPEEO RBTPR™ P8t  the enmbodi nents may be integrated
into radi o systens or hand:hel d por.tabl e devices, .
cEqEInG Fpterl dromy bost égvla%f%ﬁan ISPQ YEH O ?f% tones in a

consunption. Thus, laptop conputers, 15 cell ul ar

multicaaniraoeinephication channshirem: tverPr sae engnna(Gh 20y r adi o

comuni cati on systens, one-way pagers, two-way
pagefisiexing chniats afdimenéivat corers paegst [eRES)subss o€ Biedivo or
digital assistants (PDA's), caneras and ot her

t tsadde intended to be included within the scope
more%?@l?r%g ¥ a

present invention. 10061] The present invention

'p?lgtlgri%atev?ng\zl@re 'n?\ﬁtz]%l fe%req&h&ﬁ%acrgﬁ DRBIAbAQT 1R multRarrier

inv I1on may be performied by hardware

i G RSB EeB 558 AL o

generategesignad forfranpdisaion frogp e

3.

(e.g., instructions) 702, mhi&? may be used to cause
iagtenBYehose processor or

logic circuits programmed with the instructions to

performthe operations. Alternatively, the operations

may be perfornmed by a conbi nati on of hardware and

s of {MRH R achbHdapveIclai@d, dlhbhaitie rédeivedrooatent sreotiedbiteen

described in the context of a conputing appliance,

t hose 22 WD 2005/ 067192 PCT/ US2004/ 042942 skilled in

the art will appreciate that such functionality nay

we| |l he enbodied in.a f.o.n I ;

et ego o g sl T of oL RERRAY pf 4 mymber

communi cat i on

of codes including one or more of a convolutional code, an LDPC code, a trellis code, a

turbo code, a Reed Solomon code, and a BCH code, or punctured representations thereof.

4.

A method according to claim 2, the interleaving element comprising:

tone interleaving, wherein adjacent or nearly adjacent coded bits on each of the

antennae are mapped to nonadjacent subcarriers.

5.

A method according to claim 4, wherein the interleaver depth determines how

many tones separate adjacent coded bits.
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multicarrier 10 w reless comuni cation channel on at

of a léngtisdf aachmuteslémpolse rdspornsaon tmenor e ant enna(e) to
generate a signal for transm ssion fromthe
antenna(e). 2. A nethod according to claiml1l, wherein
the received content is coded bits. 3. A nethod

9. aGCHLALA %c&sr}rg&%% mfa%n SWRRERINNE BEjabirk $it@ R LA BSIfHE (4)
any of a nunbe of codes includi'ng one or nore of a

tonesconvol uti onal code, an LDPC code, a trellis code, a

10. A method according to claim 4, the interleaving element further comprising:
quadrature amplitude modulation (QAM) interleaving, wherein adjacent coded bits
are mapped alternately onto less and more significant bits of a QAM constellation to

reduce long runs of low reliability bits.

11. A method according to claim 10, further comprising:

mapping the interleaved coded bits to QAM symbols.

12. A method according to claim 11, the mapping element comprising:
mapping a number of bits to QAM symbols, wherein the number of bits is based, at

least in part, on a type of modulation employed by a transmitter of the generated signal.
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IS turbo code, a Reed Sol onon code, and a BCH code, or

punctured representations thereof. 4. A nethod
w@zwsneailvyy to claim 2, the interleaving el enenRCT/US2004/042942

conprising: tone interleaving, wherein adjacent or

nearly adj acent coded bits on each of the antennae

are ed to nonadj acent, subcarriers. -5: t

13, oacerapRg s BR et ToniRr SRR of Pl B pEEErow
determ nes how 20 many tones separate adjacent code

consisSRESE 124 D D PG ESe ek b0 a9 pRlsd FITBE ACHE e
according to claim5, wherein the separation between

QAMadjsieltattonpoddsl bits is a function of a coherence
bandw dth of the channel. 7. A nethod according to
claimb5, wherein the separation between adjacent coded
bits is proportional to a |length of channel inpulse

14, tr %gﬁg{%ﬁ abdbrliinBRo cfafin A3 TRAIGH tRE SstvetsTtth tb%ogigglmlﬁnbers is

ement of “tone separation conpri sing: ptively

pertofi e Cupli g RO GE Shr SRR RS O o il se

response in tine. 9. A nethod according to claimb5,
wherein the adjacent bits are separated by four (4)
tones. rol0. A nethod according to claim4, the
15. i dt wethodwcenydisigdereleiml iy fuptber COMBIISIG ng: quadr at ur e
anpl i tude nodul ation (QAM interleaving, wherein
agpeomning aagelic iiift of dree) Aibyyetbold ereeavhtantepna with respsst to the
and nore significant bits of a QAM constellation to
other b EHER. | ong runs of low reliability bits. 11. A method
according to claim10, further conprising: 15 mapping
the interleaved coded bits to QAM synbol s.

16. A method according to claim 15, wherein the cyclic tone shift from antenna to

antenna may be greater than 1.

17. A method according to claim 15, wherein the cyclic tone shift from antenna to
antenna is adaptive with spatial correlation, wherein the more correlated the fading on

different antennas, the greater the tone shift from antenna to antenna.

18. A method according to claim 15, the performing element comprising:
detecting that adjacent or almost adjacent coded bits are mapped to a common tone
on different antennas; and

introducing a greater cyclic shift between the coded bits.

19. A method according to claim 15, the performing element comprising:
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12. A nmethod according to claim1l, the mapping
el ement conprising: mapping a nunber of bits to QAM
WENB06792 wherei n the nunber of bits is based,PGE/US2004/042942
| east in part, on a type of nodul ati on enpl oyed by a
transmtter of the generated signal. 25 WO 2005/ 067192
PCT/ US2004/ 042942 13. [ i mal2,
PTG AR Giges G Ry RRAT B Rehbiueh & iR
consj st na of 1, 2, 4 igr 6§§its, which are convert d1 .
expanlinedhaenist serisib S REOYp AR Mprrg Codsabelige R I flleaving
points. 14. A nethod according to claim 13, wherein
and petferntiogvler Gictia shifk. conpl ex nunbers is s perfornmed
according to Gay coded constellation mappings. 15. A
met hod according to claim 11, further conprising:
performng a cyclic shift of the QAM synbols on each

20. Al ﬁ@ﬂﬂ@d W dRding 3P 8aim bOotht hGterl @i cl@néroaprisibg: A
met hod according to claim15, wherein the cyclic tone

shift fro . 3 i
7 deddrat ARG BB (PRGNSR RG] B Bted bits
cyclic tone shift fromant.enna to. ant i S _.a iye
are migted SGpranieny oarssead Pt Signbrattits AL (G doBsBiRbh
the fading on different antennas, the greater the
reduce bmg remd ¢ftlowrrehetilityditia t o antenna. 18. A net hod
according to claim15, the perform ng el ement
conprising: |Is detecting that adjacent or al nost
adj acent coded bits are nmapped to a conmon tone on
21. dif fiRfRAtaceRiRBNaSlaidnd, theintedkiinpgelemeteaitisr couplising:
shift between the coded bits. 19. A nethod according

t Qorfe iﬁiepﬂe&\ﬁng,tvl&?erﬁﬁ lafRE S REd&RT BIFRM eabR BPfHe2nRAnac’fie mapped

to nonadjacent subcarriers.

22. A method according to claim 2, further comprising:

mapping the interleaved coded bits to QAM symbols.

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

device to implement a method according to claim 1.

24.  An apparatus comprising:

a diversity agent, coupled with a transmitter, to receive content from a host device
and multiplex elements of the received content among at least a subset of two or more
antenna(e), and to interleave the multiplexed elements across multiple tones of a
multicarrier wireless communication channel to generate a signal for transmission from

the two or more antenna(e).
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25.

WD 2005/ 067192 PCT/ US2004/ 042942 detecting that the

nunber of transmt antennas (M) is greater than 1,
waas/oerpandi ng t he coded sequence to provi de BOIIT/142004/042942
| onger code sequence prior to interleaving and
performng the cyclic shift. 20. A nethod according to
claim2, the interleaving elenment conprising: s
quadrature anplitude nodul ation (QAM i nterl eaving,
wherei n adj acent coded bits are mapped alternately
ortmapiparssusasdondingstosiaim X4 faer pemprignga QAM
constellation to reduce long runs of lowreliability
biatteansilitter Aonpleti ool tativersitynagent te taivert2y mukigplexed and
interleaving elenent further conprising: tone

1nterlé:ﬂrte§ ChRev fdn (8 ekity agtinesRNéonsed edin ko b sintndoaaaih of

he antennae are mapped 10 to nonadj acent

reprefeﬁ?at?ﬁé %ﬁ)‘ig‘ selgc%veg Jﬁ%ﬁﬁ?tb@? n tBntehb Mhetwo or more

antente%ﬁ?@%raﬁmﬂfm ey
26.

conte Pmlﬁh

27.

e I nterleaved coded bits
st or.age medi um conpri sing
Sgﬁ‘fl‘é% causes an accessing
device to inplenment a nmethod according to claim1. is
24. An apparatus conprising: a diversity agent,
coupled with a transmtter, to receive content froma
hasit apgpaviteseaccardingriol dlaipl 2 thel divieBity; agsnt EXBPHBRST ved
content anong at |east a subset of two or nore
ant 1eheaf@leavanth thap hdjheont ennearlyhdjaerttcopédbittofehersesived
across multiple tones of a nulticarrier wreless
@%én@ %&Qﬁﬁﬁ‘@&f th® nHNREH3rQvifel 8ds 8AmIndation channel.
ransm ssion trom 20 the two or nore antenna(e). 27
WD 2005/ 067192 PCT/ US2004/ 042942

rrsin

An apparatus according to claim 26, wherein the separation between adjacent

coded bits is a function of a coherence bandwidth of the channel.

28.

CcO

An apparatus according to claim 26, wherein the separation between adjacent

ded bits is proportional to a length of channel impulse response in time.

29.  An apparatus according to claim 26, wherein the tone interleaver adaptively

determines interleaver depth based, at least in part, on an observation of a length of a

channel impulse response in time.

30.  An apparatus according to claim 26, the diversity agent further comprising:

a quadrature amplitude modulation (QAM) interleaver, responsive to the tone

interleaver, to alternately map adjacent coded bits onto less and more significant bits of a
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25. An apparatus according to claim24, further

conprising: a transmtter, coupled to the diversity
W@ywane719D convert the multipl exed and i nt er | BENVES$R004/042942

content fromthe diversity agent and convert it in to

a tinme domain representation before selectively

s
e R R R
ratus according to claim?24, the diversity agent
lehabg]g&&“ism ng: a tone interleaver, to map adj ace%t gr
nearly adjacent coded bits of the received content to
nonadj acent subcarriers of the nulticarrier wrel ess
comuni cation channel. 27. An apparatus according to
31. cln appatusveosding tohadaiseih that diversite ageaé furtiy acmptising:
coded bits is a function of a coherence bandw dt h of
t heQahafagper, Z8porRivead ity QANS ind&lban€el, Rimhp te idieilea®d content
“wherein the separation between adjacent coded bits is
to Q btolsonal to a length of channel inpulse response
Ime. 29. An apparatus according to claim 26,
wherein the tone interleaver adaptively determ nes
interl eaver depth based, at least in part on an

observati on of Ien th of 15 ch ul se

32. 1 AR APRAERPHAGO ing tspclaim ) aﬁ“a“ﬁl? @g%f)mpi?% OB Hgiorp of
26, the diversity agent further conprising: a

bits to gomiplek musbarspepresaiéing €iAMaohgellgtioampoiitat er | eaver,
responsive to the tone interleaver, to alternately
map adj acent coded bits onto |ess and nore significant
bits of a 28 WD 2005/ 067192 PCT/ US2004/ 042942

33. QUARIEFIAYAEs 6BBkdihgHRCIAMAYY SfHeRiin ﬁ%uﬁ@ﬂﬁi@d@fﬁs% 1124, or

reduce long runs of lowréliability bits.

o TSR el s

QAWM interleaver, to map the interleaved content 5 to
QAM synbol s.

34.  Anapparatus according to claim 24, the diversity agent comprising:

a quadrature amplitude modulation (QAM) interleaver, responsive to a tone
interleaver, to alternately map adjacent coded bits onto less and more significant bits of a
quadrature amplitude modulation (QAM) constellation to reduce long runs of low

reliability bits.

35.  Anapparatus according to claim 24, the diversity agent comprising:
a QAM mapper, responsive to a QAM interleaver, to map the interleaved content

to QAM symbols.

36.  An apparatus according to claim 35, further comprising:
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32. An apparatus according to claim 31, wherein the
QAM mapper coverts a group of bits to conpl ex nunbers

WO 2pse6E i ng QAM constel | ati on points. 33. AnPCT/US2004/042942
apparatus according to claim32, wherein the group of
bits consists of 1, 2, 4, or 6 bits based at least in

P by PR, o p*a*%%% ARGEEA A Bt e
di versit ent .conprising: a quadr at ure anplitude

Symbﬂgg‘ﬁﬂrﬁf’fl%ﬁm(:w MABEE | eaver, responsive to a tone

interleaver, to alternately map adj acent coded bits

onto | ess and nore significant bits of a quadrature

anpl i tude nodul ation (QAM constellation to reduce

| dhgappangtupicconling toalldinbid, wthgrdm the. cyckc Bfe shift from antenna to

apparatus according to claim?24, the diversity agent
anten@® MR Ibei digrtereth4AM mapper, responsive to a QAM

interleaver, to map the interleaved content to QAM

synbols. 36. An apparatus according to claim 35,
further conprising: 29 WO 2005/ 067192

4/ 04 refix ele
8. gy biRRSy eat B A6 e ey BT R ch: pgyentemna to
nbo) s fro one tenna to another ppar at us

antenag SAGPIRY VH gh spatichgoseelatime WapiT the neafe Pplaelﬁ@a g on

fromantenna to antenna may be greater than 1. s 38.
differapt anpyprmestthe gigaicothgitony shift oni antgda toheteriar t he cyclic

tone shift fromantenna to antenna is adaptive with

spatial correlation, wherein the nore correlated the

fading on different antennas, the greater the tone

39. shAd§p afz&ﬂé @d&bﬁﬁﬁ?tot&alﬁ‘m@ WiRreithe c@*@h@ﬁ&ﬁ&%ﬁéﬁent determines
accor ing to claim36, whérein the ¢yciic prefix

whet}?eg J@%tﬁ?fj Eﬁ'lgét faceﬁ’éQSEth%tsaagé ?ﬁ%sgéd 872 BB3A tone on different

S are nm mon tone on

t 10, ant ennas, and sel

anteng%%%fifeqwefﬁ DARLRRRES et st Hos bRt S es BUBERI® based.

40. A system comprising:

two or more dipole antenna(e), through which a multicarrier wireless
communication channel may be established with a remote device; and

a diversity agent, coupled with a transmitter, to receive content from a host device
and multiplex elements of the received content among at least a subset of two or more
antenna(e), and to interleave the multiplexed elements across multiple tones of a
multicarrier wireless communication channel to generate a signal for transmission from

the two or more antenna(e).

41. A system according to claim 40, further comprising:
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40. A system conprising: two or nore dipole
antenna(e), through which a nulticarrier wreless

W@ 20906ii122at | on channel nay be establi shed wi t PGI/US2004/@2942
device; and a diversity agent, coupled with a
transmtter, to receive content froma host device is

A i EpRTTRY Jy @iy Ak 260, SRR

. interl eave.th ltiplexed el enents, across ltiple
inerlp e Cof PHE mbnS Hivkhsfy B P PR oo g Pomed
channpel, to generate_a signal for transm ssion from
repreggpgatiqpdegore spleeliveht rrehps the time demaipcoaienhiodbe Brmer mere
clai m 40, further conprising: 30 WO 2005/ 067192
antenRa(E) UB2004ME4R040 a semotadswice.t er, coupl ed to the
di versity agent, to convert the nultiplexed and
i nterl eaved content fromthe diversity agent and
convert it into a tinme domain representation before

42. SeA edibMakYorink86 tlalt 4;.,“?6 VR U 'trhoﬁﬁa?fsﬁl%? to the

two or nore antenna(e or transmssion to a renote

devj ce. [ g _cl ai . e .
i eRE S o MR ABRARGIREPaRe R B ot B reosiyse
adj acent. or nearly adjacent coded bits of the recejved
conteebhwalﬁseqﬁ smf%seﬁét%@ Gl Tl eSS I §ation chanzel.
wi rel ess conmmuni cati on channel. 43. A system accordi ng
to claim42, wherein the separation between adjacent
coded bits is a function of a coherence bandw dth of
43. t he sgdtannetordih@ td dlaind\43 yshersinahe sspdianign betwdeaiatjadéht coded
wherein the separation between adjacent coded bits is
bits iP4 ARREibA 8PAkoARerRe benEiBiASf thbampakl. | npul se response
in time. 45. A systemaccording to claim42, wherein
the tone interleaver adaptively determ nes
interleaver depth based, at least in part, on an
44, iOb g{z aT Iagcporglfng?o lcl%ﬂg EIE, v%ergin tﬁcb sae%g%tioln [ggt%slfegég a(rij%g nqc rclzgged

bits is proportional to a length of channel impulse response in time.

45. A system according to claim 42, wherein the tone interleaver adaptively
determines interleaver depth based, at least in part, on an observation of a length of a

channel impulse response in time.

46. A system according to claim 42, the diversity agent further comprising:

a quadrature amplitude modulation (QAM) interleaver, responsive to the tone
interleaver, to alternately map adjacent coded bits onto less and more significant bits of a
quadrature amplitude modulation (QAM) constellation to reduce long runs of low

reliability bits.
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15 46. A systemaccording to claim42, the diversity

agent further conprising: a quadrature anplitude
woreshetidon (QAM) i nterl eaver, responsive to tINE/US004/042942

interleaver, to alternately map adjacent coded bits

onto less and nore significant bits of a quadrature

0 . !
47. anRlsidtbrdlecemdinead chiin (4?@“?{% _d%?s%yeigbﬁg ﬁlﬂ%@%t é%gggf},g%glgz

long runs of Iow reli ity brts.

P 4 . rdin cl aim 46,
t et AP i o B RN IUARGRECH Wb By R content
esponsive to the QAMinterl eaves, to nmap the
tOQM%W%é’L%ed content to QAM synbols. 48. A system
according to claim47, wherein the QAM mapper coverts
a group of bits 5 to conplex nunbers representi ng QAM
constellation points. 49. A systemaccording to claim
43. 48\ sydtemeccording tgclim 43f whirtin tho QM tnsappbr daveits a4rouprof bits
6 bits based, at least in part, on the type of

to coRib! minibefs :RpREaRE RRsRIAMRIdHSs. 50- A system
according to claim43, the diversity agent conprising:

a quadrature anplitude nodul ation (QAM interl eaver,
responsive to a tone to interleaver, to alternately

map ad] acent .coded bit to | gss and re significant
49. PR PR SERAS Pt s PladB Brllos P orB g 1 2 or
. .constellation to reduce long runs of low reliability
bits bgseds at lgast inpar(; ondbg iee of moAwlation emploxed by theppparatus.
di versity agent conprising: a QAM mapper, responsive
to a QMMinterleaver, to map the interl eaved content
15 to QAM synbols. 32
50. A system according to claim 43, the diversity agent comprising:
a quadrature amplitude modulation (QAM) interleaver, responsive to a tone
interleaver, to alternately map adjacent coded bits onto less and more significant bits of a

quadrature amplitude modulation (QAM) constellation to reduce long runs of low

reliability bits.
51. A system according to claim 43, the diversity agent comprising:

a QAM mapper, responsive to a QAM interleaver, to map the interleaved content

to QAM symbols.
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