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AN APPARATUS AND ASSOCI ATED METHODS TO PERFORM

SPACE- FREQUENCY | NTERLEAVI NG | N AMULTI CARRI ER W RELESS
WOCHMSIGRIIIGATI ON CHANNEL RELATED APPLI CATI ONS 5 pO0@%2004/042942

This application clains priority to provisional

appl i cati on nunber 60/ TBD filed on TBD by Shao, et

., entitled 4
PEARATU; e 3S0! A CENCY
R mawéﬁéiﬂa%‘gﬁ@*" s

i ncorporated herein for all purposes. io TECHN CAL
FI ELD [ 0002] Enbodi nents of the present invention are
RELAERTEAPPIICATIONSCt ed t 0 a wirel ess conmmuni cati on system
and, nore particularly, to nethods and apparatus to
[0001¢ 6'1‘161@ bpplsiaties b gtiaity itopovisianal mgplicatien muhbérc@ TBBrfiled on
wirel ess communi cation channel. i BACKGROUND [0003] A

TBD'g;U Hab 26t A1 SEntGRAM M SR -AAS aRY AbDR3&C eDds & Bhplement a High-
t hogonal ° Frequency Division Miltiplexing (OF

MUl 1 one ngd. .t
Throaafiwﬁs%sg e B Ao ek Kb R
comuni cat i on channel bei ng divided into a nunber of
incompgatedherain fon A DO hc ar rlgers herein). Comruni cati on
of information 20 (e.g., data, audio, video, etc.)
between stations in a nulticarrier comrunication
systemis performed by dividing the infornmational
TeCBRIUARIELNt 0 nul tiple pieces (e.g., synbols), and then
transmtting the pieces in parallel via a nunber of

[0002@ hEnﬁ%@ﬁ‘ﬁéﬂ@oﬁH@ﬁ@Eéﬂt %@nﬁ&ﬁh% gfeﬁaraﬂ?/ dhedtedpRyd @iteless
ransmtted through a subcarrier onger than a

oS LAG) | L bt n O el oo e

freqq??gm P eriasig S é%ﬁgqg&{rgj;%gg%wpf@mga TR

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
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conmuni cati on channel s, technical challenges persist.

For exanple, in certainapplications such as, for
wexenspicriva W rel ess | ocal area network (W.AN) HEE®WS2004/042942

fades can occur in the channel that may persist over a

significant period of tine. Further, due to

appligagc.%n;s,%ﬂﬁﬁeg, \;férreg%g iseta!.c\gﬂg‘legsﬁogal ardd TRy Gk (WECAND Hed ! e?@s’ can

annel's nmay typically encou

signifjcant  djspersion due to.poultipat ro o
ocnf e phateL e BRE PR sArR s e P B0 B e to
'DESCRI PTI ON. OF THE. DRAW NGS, [ 0005] Enbodinepts of the
envitgpassisl condjiéansi(es., heweoffices bpRess 9ig).\ibg Worlegschagnels may
and not by way of limtation, in the figures of the
typicalty enquamnier signdicani digrerdion di oimuliipathpeépagetierethablimits the
nunerals refer to simlar elenments and in which: Fig.
maxibinS achi®V Btkrathsagr am of an exanple nulticarrier
wi rel ess network incorporating the teachings of the
present invention, according to one exanple
i npl ementation; Fig. 2 is a block diagram of an

e le tr ' [ porating the teachings of is
EBHEQ@%%F%E .SQ&LV ﬁ$ cording to one exanpl e
lementation; Fig. 3 is.a flqow chart of an exan?Ie
ple, and not

i . g
looosamnEﬁ@edW%fﬁb@ PRESTIH fiiertien ais tHustfd by Wigpplexam
antenna(e) and subcarrier(s), according to one
by weprlof Himitetion,gh thehguresafithe ageompanying drayviags inovhiel like reference
an exanple nmethod for mapping information to one or
numélsaefen tesinalaeglempalts ahd aawhicar (s), according to one
enbodi ment of the invention; 20 Figs. 5 and 6 provide
gr ng]'flqgh bldck \Efighath bP RS eLfmp1E ARSHTdatridt Witdl8dsinbtdiill
spacefrequency interleaving for two transmt antennas,
. 1n accqordance wth e I F f . P,
incopfyfiEtn RAERREY o hEbSG HRhaup acf il EBRE kramprte

. Jnprovenent to one or nore channe
implementation;

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

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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characteristics through use of an enbodi nent of the
invention;Fig. 8 provides a graphical illustration of
woheosioepvovenent to one or nore channel char acPerius2ioss42942
t hrough use of an enbodi nent of the invention; and
Fig. 9 is a block diagramof an exanple article of
ufact ure incl udi cont en j
g Eaodi Ry et LB oy MR TBRE Bt annc
one or 5 nore aspects of enbadi nent(s) of, the
charaptgrigiifsitBiougibrsee W%@?‘ﬁ?ﬁ%ﬁ 1[16‘6'8‘6)}1? #thodi ment s of
an apparatus and associ ated nmethods to control
t rEigsOrissshlock dingrarmef anj examplecrtile pé masylogrsnG uding content
channel are generally introduced herein. Inthis io
which, 8@fhdxcafEeb§ on ofcetdiey MocHinscansey drt machinatp ivpldmené one or
used to i nplenent any of a nunber of wreless
Igegm' ' as, e.g., wreless |ocal
moregdrg a neﬁﬁoﬁogﬁ?%g%?&%ﬁ?‘gﬁgg% per sonal area network
(WPAN), wireless nmetro-area networks (WVAN), cellul ar
networks, and the like. [0007] Wth this disclosure,
an innovative approach to inproving the resilience of
DETAIRED DES rrier conmunication channel is
di scl osed, wherein an advanced OFDM pr ocessiq .
[0006} ecmbodjmsnisof at @pperetys andreseqipted maihads to RRALQ Sﬁaasmlssmn ofa
output (M MD transceiver that utilizes nore than one
multicimies Witelese cahmanichtidmclannd achganethllyfintroduogil heteds sin this
link. Those skilled in the art will appreciate, in

regard! %g,e@cg of N pr&@ehOitk&iod &li bousddhatimplemedt &gl efseimber of
conbi nation of M MO and DM (M MO- OFDM ) appears

. : it i ahe !
wire B G R A Do B AT e e e
. the invention, a t W diversi i | i
wirel R pegthRe Lt P OFR D BN Iou TEI SRR sFARER kG (A, ettt
ppi ng uncoded content (e.g., quadrature anplitude

na
netwatkdudngk the ik¢-QAM) symbol s) received from a host devi ce,
or an

[0007] With this disclosure, an innovative approach to improving the resilience of 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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appl i cation/ agent executing thereon, to nultiple
antennas and OFDM tones. Wiile thetransmt diversity
wanaeisioeeioe ur e i ntroduced herein provides full-8Cu&iS2004/042942
diversity, it may only provide a limted code rate per
OFDM sl ot. [0009] According to another aspect of the
i nventi.on, .t ] j ] ' ithSi nl
transgﬁtdéwa%ia air%hlggtu"ré’ %gt%ghieldg e}ée?ﬁ gfoongeé G} RS iessitys 1ft may only

rovi e rate by means O

Space-frequency i ving (SFI). 5 As devel oped
PTOVl%?@nW@FIWE%‘@F%Wr%@%i des a near-opti mal
techni que for mappi ng coded informtion. (e.qg.., Dbi {ls, .
[0009F rAevending toravother agneet 9f thatnyenin, the teang téﬁﬁ%@%’ﬁ& ERSBe 1S
tones. [0010] Reference throughout this specification
exterided {oanevidehddiiwe node mte byancansiof dpaverfrequeneyngterleaying (SFI).
particul ar feature, structure or characteristic
As dERRHE BRRe FillyRIVE SHIPRowidsh ddasoptitaldiccteriqud for mapping coded
I ncfuded in at | east one enbodi nent of the present
- invention. T i e - REASRBOFDM €.
infor e s Do, D oes
t hroughout this specifi.cation a ] e . »
oono} ki e Ru BRRE U e e RRbeiEERS 2 b fmBodiment
particular features, structures or, char céeri stics ey
mearisghas erpartivadarifentusy stegiura BT ehagagteistic dRscEiRed gt copgpgiion with the
enbodi nents. is EXAMPLE NETWORK ENVI RONVENT [0'011]1"
embddimentls idcludst imstdsash o erokodiingglr afithepresgeniipEnEeR: hus,
conmuni cati on environment w thin which the teachings
appeRhnddIDf BegiRites imv@Rtentodimentber {in an einbediment” imhawiys places
network 100 depicts two devices 102, 104, each
thro ﬂgﬁl{thﬁ's?%iﬂ C'Sﬁraré%t%eﬁ‘ésﬁﬁil‘?%ﬁ réfe AR thie$ante erdbslliment.

ecei ver mul ati1vely, a transceiver) 108, 116,

basebapd and i a_acces r . 68534

Furthermaye, etﬂ?ﬁffifr? qﬁia%%,es’gﬁr&gtrl%e%& 3?8%&%%1%%9&%/2% ﬁ&)c oup ed
_as shown, As used herein, the devices 102, 104

suitablsransies i e of I A EPeRs8Sneen one another via a

multicarrier wreless conmuni cati on channel 106,

establ i shed between the transceiver(s) 108, 116

t hrough one or nore antenna(e) associated with the
ExAS@Yi D3 wWONCHRRONMENTONE

[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.[0012] According to one aspect of
woheosioavient i on, an innovative diversity agent PET/US2004/042942

i ntroduced within the device(s) introduce and nanage

one or nore elenments of diversity within the

[0013Tu Ak Gl 16 ronznsﬂag&bﬁéﬁhe haRASn, alPhdobgivd cﬁ@é’é@& %éng?s of

a conmmuni cati on channel, the di versity age
I recei ved f
1ntro§ﬁ!:e%c&zfﬂ¥1§ tﬂe efsg%t?@a&ué:é] ?ncglgfi%a%e qAs of ﬁ%or%F eﬁbe}lgs osftdlversny
ennag and/ ones, to generate a M MO OFDM
Wlthtnrth ‘5 %ﬁlgnwgeﬁsgi%&ﬁx p thyy trangait sidepf Acunganigatiqn e
communij cation channel, the diversity agent my
changel, therdivessiy agertmay Relectiishemep eentent\(ed., vécgiverdrom a host
M MOOFDM wi r el ess channel (e.g., 106) fromnultiple
deviem tpplivation rageG-EW) to ors or ibiel aﬁtdﬁﬁﬁ(e}s petoif OBBM Yones to generate
denoted in Fig. 1, the diversity agent may well be

a MIM@.GETBML tethsinik s361f1.0In d’ﬁ@g&*t bPthefredeli @&’es@ibcﬁé‘ doaRfiniAGon

processi ng el ement(s) 114) and/or the

chanhE12AR @t &y eﬁ{rl‘ﬁ% #v%@idenﬁaé%%%f&l érﬁ%’ ddBa the MIMO-

i ntention I's hot sO REE s ng to one
d t .
orfE AR SRR Gootoot BRponi PR Anlor@dS Fie TRDM sopsey While no
?ev e. 102, 104) to inplenment full-order
specticalh g?l“fot?ﬂg ipdiigi b yhe divemis n?mey vialliet implhernenterbin one or more

limted in this respect. As developed i s bel ow,

of thelbassbanid andelyévst proagssimgrelameant@ed 12oht4yahdloe thy. transceiver
quadrature anplitude nodul ated (QAM synbols) received

eleméntsN(108; 106 blthisphake (n}ORionliOGdt rliddl.i cat i ons

executing thereon, onto nultiple antennas and OFDM

t k
o RS R VEyE Bh)  ATSl00

o5 55 i OB P 805 B S B2
wansirgh i TES ﬁftg St G B 19 i PR 5AS Aevlened
egard, as devel oped bel ow, diversity agent may
beloxgecﬁé@‘snm&e}nt map neapdmgodled eonteat (g, (wdmpturebintpditudeymedylated
(QAl\?Il) (s);nlilfols) 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 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
waoubdsioet w2 ant ennas and OFDM t ones by per f or mi ngCoUS2@1/042942
nore of antennamultiplexing, 802.1 1 a interleaving,
QAM mappi ng, and cyclic tone shifting, although the
multig)eans, 1800, 118 iMetledvirl, QRM niphiHeS afi® : Hpihg! dithough
algdi itﬂzlg on to the ? orﬂeggm ng, tp%)e gfj?veg}gglhgy}o%eg%nt %ay ough the
: G | an innovative technique(s) for
Hwegggﬁgﬁhgﬁ#%?%?ﬁ%ﬁggg&ﬁron1a recei ved OFDM channe
rocessed as, ahove.. In this regard, an jnnovative
“’014.? eﬁb?fﬁi“% todhe F‘F?g%‘@% El%e ‘iﬂgerﬁlﬁif et ey selsctisin prplamenian
. deinterl eave content received froma channel 106
mnoyatiyerteghainvets) detcdseading infoimation feono a rénsived IFPMechannel
encodi ng techni ques introduced above. According to one
processbdak abewe., In thiwiegarddan/imnsvdtive ageite dieasity sgene riheoduced to
as decoded nodul ation information (e.g., bits) and
dem&PARY @R nteleearB RHRENtABEHWRI fifin b th&keE Y6 SerfePib® M accordance
respectively. io [0016] But for the introduction of
with bBE ofb Y rog 't}ggyen%ggiﬂg téc%fgggéﬁﬁﬁgdlfc%ﬁ\égméaq eXéc%?&’mé ?&)nel 04
are 1 ntended to represe any of a w deé range
el.ectronic devices wwth wireless co I cation. .
emb&FER it e i 3R5nt Pen e Eanmbs Srpdis Gpou iphingmation
or, deskt op c%(rglput er, a cellular telephone (e.g., a 2G
(e.g. pitspandsgensratosiqymapresiand/os de-dntedenyied gprfentaresaestivelyant |
an WLAN access point (AP), a WAN station (STA), and
[0016f hBuf fok the ingodup0ion pf e dircesityrament infrothasd nhodk, davicédND2, 104
processing elenent(s) 112, 114 may be inplenmented in
are iteriiedrto PEPresent AGATION e (4hgd of eRchse davide W RE §5%Mss and
an application processor), although the invention is
MhicatioN daBabilify B ineCRREL : !
comi@fic i 12",1 1141n%hﬂ> mp, f%ﬁ%@%@ﬁﬁ%@&?%@ﬁ computer,

el enent (s) 11 y cou
o SHIBEMNE e, IS T IO AT L PR AT
WLA efpest el HA: 4N et (SFRhGUORS e cope of & he

invention is not limted in this respect. Sonme portion
[0017hr Agpgeddtergiprhgsgband @nd MAC processing element(s) 112, 114 may be
implemented 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 nay be di sposed
wono@meimeegrated circuit or some ot her nedi unPextszaln42942
to elenent(s) 112, 114. According to one enbodi nent,
baseband and MAC processing elenment(s) 112, 25 114 may
and/bi AL PRNIdedlont8PSYer 8 dﬁ’épsgﬁftbagglgt 1@26&1}%?@&%%1&& asspeiated

.dl versity agent describe I ow, I mayé provi
wanG 0L 05 1D, ALl bR o B M pe PR BT BTGt "

inyention is . ngt limted in this regard. [Q0018
[0018%; ﬁ%nil%rgfy butaF thedpiredstiohpf e dixeraRy agent W@ffﬁptﬁgﬁ MRO-
agent to effect the M MOOFDM channel i zati on devel oped
OFD&% chariglizajiopalepeloped morsdully belowl 08npsceiversal08, al GareBlso
intended to reflect any of a variety of nulticarrier
intended & wslsctemyrafaivasitly @f niuliiciste wieglssskooamhurithtiof @radtdeivers
In this regard, a transmitter elenent of the
knovird RNAE 8tV B thid RESIY L trTMiBA e1EhOP o tROSAnsEGVE %ic/:leive content

process the received content to generate an

t 1.J: S . ] t ha si_gnal.

rom BB Ebec bR 1 0 B8R0 B OB e and

I a one, or antennae,, A recegiver elenment of the |

then frgiuircinar OB oigaal aipr s e (c o PANEEII 1q Riniage device via one
forward link via one or nore antenna(e), and

or marg|aatanngR | 4 rpredvea sleawnt plthe seseiversdreediyesanyiéipletipstances of the
extract a representation of the originally encoded

forwamriinknitia ogerd moret dnteninade), add ctlectivebf piobessel the kedeived signal(s) to
agent enables the wirel ess transceiver within the

extrad€y tepfsentatiéh bMAE SFRMAIY BEcoNbMdEMARRL WeERitroduction of the

descri bed bel ow. According to one enbodi nent, each of
. b it . |- AT c . r
diversfiaben? ORI B SR FRREHVE ST Slod Do pich: &
120 is inte d tq reptesent an f a broad
MIVEEDUINS sitien drieR bed DO We AP RYE Bans dmigae . R bte
a_ plain-old tel ephone system (POTS) conmmuni cation
transppiiters and Teﬁell"%élla}’a‘f’%lblmg{dﬂ@ﬂk Of MAKY Progessingphrins.an ar ea
network (MAN), w de-area network (WAN), gl obal area
[0019h eAsvasekl hetain,eretveork, 12064 intdnded treteyresént aap @ f b beoadirkege of
According to one exanple inplenentation, device 102
commefitAatictwals aftRise, Bei dxanpRAN) plain-old telephone system (POTS)

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 within an I EEE 802.1 In
woizoeslesw2| ocal area network (W.AN), and each BCTiUSZi0mg42942

the innovative space-frequency interleaving and

transmt diversity techni ques introduced above, and

devel oped re full bel o MPLE
[OOZOIQ%L%% ao?rgélf et i £ 8y ?}iﬁ@%@?ﬂgﬁ et 5?65‘5%%%%‘1
ansmtter
cxamisommeren P oo ST el R AP u k. o
enbodi nent of the invention. To illustrate these
illust@kcthedeetthiteetirasi within thehepniaxh ox coromunicebemelinnagl hedieen two
channel between two devices, a transmtter from one
dev1c@§ \é' i tERsitfted fromlOR) devitd (8.gf, 408) ate¥ra feceineraivarh lapothdeddvies (e.g.,
5 104) associated with a comunication link are

104) ?7‘:38{;18&8 Qith dQHemBffichti GOl ark Hgm%ﬁ Whbde sfldde itled &t will

transcelver I'n elther device (102, 104) may

PR G E BT CuBIE Qe G By B BB Rty o it
t he scope of, the jnvention
archijeetyes @1d 4 CCgNGLTBRETAB BT @eswiqdéa%e% S e e
recei ver architectures of greater or |esser coaneX| y
inverttivatis mariibitesl io $ksis regard ks should be PRPTEFAISY AR5t (TaNSTRILiSE ?ﬁ‘i
di versity and/ or space-frequency interl eaving
receifl@SgetiRerrdieTgrdntaroe landricompixist that nohethelessgapderaent the
spirit of the claimed invention. [0021] According to
1nn0%%8 Qllt gw%fm?%w Epace-ffdqaaiyiihledltavang bésceibe dihareinCide
eplc conprising one or nore of a serial to

antlcgn%%a% té %50%%£8r§%1%$9the% (hE@RREhiidn di versity agent

nverse SCf ete Fourier transform

(I DFT) _el enment 14, ~a,.cyc
[0021] nfggardms tp RaL R EbR éi‘%ae%fag{e?%‘l"ﬁ“% 150 ¢ldepicted
nore antenna(e) 220A. . .M¢through _an associ
compnisimgome erauidre of psilie }?al@ﬁﬁ)w’@ﬁ@ﬁ@%@ "’2&@“3 at§ ﬁ{ygbsﬁy agent
the invention is not limted in this regard.: Accordi ng
212, 1o8e enMotsTnoetiserdistretd FamzmiransfornalDHT) element(spdidh, awyclise
i npl enented within transceiver 108 and/or 116.

pref&', M@éﬂf‘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
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depi cted as a nunber of separate functional el enents,
those skilled in the art will 20 appreciate that one
wonrorsmerioel ements of transmtter architecture POD/USBON4/042942
wel | be conmbined into a nulti-functional elenent, and
conversely functional elenents may be split into
nmul ti.pl e fu ional el.enen i itk . fan
comnysaf iy GG 06 Ou50f iR e B kel R ifoRation i
serial-to-parallel (S/P) tr form 210. recei yes.
in theyTam phuadAE@meplids medul o BASDbOI €6 mishEein gach symbol
froma host device (or, an application executin
repredentsrteorbits 46 and )., Aeserding tawae embodimest, setial-tp-pagallel transform
processi ng and subsequent transmi ssion via
210 tikes GRMTvRinaadh Ol goneruns|a difber AL pombiélsgbstreamsef the
enbodi nent, the received information is in the form of
inforrfl: %Wh%rﬁ%s%%e"ﬂ?%ﬂtﬁk@ﬁoﬁ E0ddite ygenoR$2.( AltBough
eréin each synbol represents two bits, b; and bj) .
. According to one ' . ' =
depicfigarsrrs TR ERE Tt ia] Rfliler bARRER] Finay vell be
) nunber of parallel s treans pf the i.nf or.omat ban,
incluggd eitune Guesin e GhE ot ePmeebd By bingalEl o)
agent 212. Al though depicted as a_separate functiona
[0023)| Agrording toeoriegimbodimentadiversity peens 264 pslectyeheitradyqes g
included within the diversity agent 212, or other
elem&lt @feaiisngif divbesity ito s infermadon stréadGasteiveskibemithe SPdransform
one enbodi ment, diversity agent 212 selectively
210. T HLIRHGE ScatdRkeFBRS efmplé ambodimedt, Viey ifdrynatiohal cohient is
informati'on streans received fromthe S/P transformio

selecé#ﬁ% glianﬁgg(f{otcin%%lr %{c%re Qﬁt‘éﬂﬁéﬂ%d@’ﬁﬁﬂqoﬁé@ M Rrding to one

e intormati o content 1s selectively

pped to ane re ant enpa n : . .
e B G B0 OB B SR P B LAt Bhee e B8R gpent 2121s
received fromthe host device at diversity dent 212
not i Sherfotm pHQARE SYTSbols.ciivepilr S5 BRE PetipiT PEa e agoiain iy
perform pre-coding to map the received information to
recei Sorniatibis to QAIMI syigbols,redthonglethe iimvenfien rgrot lipHted ayy this,regard.
this regard. is Indeed, diversity agent may well
Indedd) HVREHS Qo bt Mvéll Hitnvdnse frahstudt divetsity wemy loeabeomalination of

of input Symbols.
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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[0024] In any case, diversity agent 212 takes the

input (e.g., QAM synbols) and repetitively disperses
wohesoehiors, synbols, etc.) across M transm t PCT/US2004/042942

antennas, and a nunber (N) of OFDM tones for each of a

plurality of Rayleigh fading channel taps (L),

al t hou 20 the | i 1S, 4 | Myt ed: [
oozsi7 5 a?cd’%]?ﬁ? géﬁﬁeaefﬂ.ﬂéi%ée%{b;f o B0kl VB Bt 212 pray well
) manner, full order diversi M M L, .wh | S .
includs i S0WE ledEFEhesh ¢ SHsee ey eryite SofD Mechidil®In
~ exanpl e nethod for introducing transmt diversi tﬁ\{ .S, .
this rqgest direesityrgotd 12imay well erclideene or mage oban afpepng multiplexing
graphical illustration of synbols processed in
elemeRE, GO0 A@tE 1dalink elimenkanQAM tntateaming eltiment.si @AM mapping
mechani smis provided in Fig. 5.[0025] In accordance
eleméﬁfi%ﬁ‘d AephiRabnogRe ﬁag eRindoR QIthBYENhi Giventlon 8yt liynitdénthis
na¥ well include the resources to inplenment a
pace- f.r . j ( ' : ' i
regar&-eégwagm%% SR b DU Blen Ay e PR Mo cDaed bis
nore of ap antenna.nultiplexing ele :

s one il SRR G Lo BRRRTONT BB ATA gt rEhs, uins the
M mappi ng 5 elenent and a cyclic tone shifti .
transmitatieansity repetitisngheme intipduead %’ﬁv‘?'sAﬁQﬁrgllngﬁ? P’é%j Qli%ho@megt, the
regard. According to one enbodi nent, diversity agent

contedd Zcoinyd foaes/Parinaoent2 10 deifit hiterbeazned amesssy Mgl 2 Sukaef of
spreads this information across space and frequency,

trans@ithntendSieN W1tt R théRaGHista wlinvie i OF DM petestiocack ofie phurality of
I ntroduced above. According to one enbodi nent, the

the R%ﬁ{ég%ﬁé%i\%lg%ﬁéﬁ%gtaég Q’TW, ﬁ/t ouleh ST OEAN AL nbiSlithité®in this regard.

acros east a subset of io transmt

t.enna(e). ,.and then acros : :
Indefgrr;eé%%&cé?%gmfggﬁf R o B o e e B0 ped
, a ou e. inventjon is t li,m '
above.hMoreaigarthe amepgs of cyelicdene éluh e@ayo%%ng%meﬂﬁ“whig ﬁ@g&ah‘e
not necessarily be applied in the order described
betwadioaeeo (Ntind dheemymien datartouast(Nds), e theee may be 8 gyglic shiff across
wel |l be nodified to any val ue between zero (0) and the
anterMd5 RRfead 3F Aor o Bediti¢i\bsthe skifichcidse tanesmpnipaampleynéthed for

shift across is antennas instead of, or in addition to
implifGaeHY the sPHEE SRubRY Ster AV RBRYElop@ R 1y 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 is 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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i npl enenting the space-frequency interleaving is

devel oped nore fully below, with reference to Fig. 4,
wansacgmwaphi cal representation of SFI is presearad2004/042942

with reference to Fig. 6. [0026] In either case,

content fromthe transmt diversity agent 212 is

assed to _one or .20 e | ] '
frequ%};gmijfn@ewr P Tk SPEp e EERTR Cort, although
_enbodi.nent, an_ jnyerse fast Fourier transform (IFFT
the ingprijpgrs pel Limypd H’otéﬁﬁegaﬁ@ i nvention is not |ini t( ed i )n
this regard. According to one enbodinent, the nupber
[0027]ofTheDiFTe doraaisivpteptiton she BMeelsmen(® Al ihpased iy
of transmt antenna(e), i.e., transmt radio frequency
elemdniRs) 2 Mh1aA esordinp té bisemeghiment, CBFY1 emepranitqdyiye 2 gmﬂmypreﬂx,
receive a plurality (Z) of 5 encoded substreams from
ora gtu?ﬁi iltey@11 $h the sRaRNbeRiLit igpulsao\wandid fidy@enan®a froht-ond 218
af requency domai n representation to a tine domain
r e tat i f : ' i
for ap GGG, ferly Rt SRR b mis Bl D6 M pel R CUETr 0

cont fromthe I DFT el enent(s) 214 is passed to CPI
anwn@ﬁgﬁgﬂi%s 216. According to one enbodi nent, CPl 216
may

i ntroduce a cyclical prefix, 5 or a rd interval
[0028] rilq ¢rarast guident pHesessied by @ ABSTBHIE atshitgetrer 20, %’0"6» an example

frequency (RF) front-end 218 for anplification, |
receifdrlarehitecigrei is imiswipoeht As shongpis RiFdontiead 24 receives a
associ ated one or nore antenna(e) 220A...M [0028] To

pluraft §B5EnaGkaRipRiin® bR 68 GadofRyeceity @narmat R4OA...N. For ease of
architecture 200, above, an exanpl e receiver

expla%?%&rﬂ g_lrgfr:]%éﬂg@ptﬁﬁlo%diﬁ%fdf&lﬁﬂgﬁlc&%rdﬁﬁqébﬂﬁ\’%e @bhintpie embodiment,

4 rectelves a 1o plurality of signals

i npi ngi.ng _on.one, or rer [ t ent 0 :
eSO Rl T B8 AT FORRE, ity ot

in accordance with one exanpl e enpodi nent,. the n er
receiypguienahas @i @élca?%ié?ﬁ%‘f(e@hamswgaﬁ?gﬁe P .OfA%“r?b‘feﬁﬁg'ePS

one enbodi nent, each receive antenna has a dedj cated
elemerets @54, CRh alementst iS6@nd FE Trelorments gk comprangarate with thegymber

(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



10

15

20

el ements 254, CPR el enents 256 and FFT el enents are
comensurate with the nunber i (N) of receive

wanv@maaive) (e.g., M). [0029] The RF front en#CRA%200a942942
pass at | east a subset of the received signal(s) to a
cyclic prefix renoval elenent(s) 256, although the

jnvention.is t limted inthis.r : '
domatgrTEERAIGRIowe AL B st ol s PrgsRES &y reLEP LR ent
guard interval that nmay have been introduced during
260. transnit processing of the received signal (s). 20
[0030] The content from CPR 256 is then provjded t n
[0031]agwociditestd cnrespact abthe prfsertdstentionreesive dRSHY AR %ﬁg)may
el ement (s) 258. According to one enbodi nent, FFT
perfoih 8 @BRApRaY farsbe nhtherfoened by dasimihdhvsrstyogeet?12. In
associ ated receive chain fromthe tinme domain to the

this r{ggﬁﬂ VERGX cffi‘%ﬁwageﬁlp%@ﬁ&w BEIAGHH th R Bpldnine X6 The tAnshit

cdding of a representation of the content enbedded

e B S s e, 5, Bbtignat

the received

~ signal(s) . are presented to recei iversity. .
divers B recp 08 ST EED 28 16 HEAAGR Mgy TR BrgeEAM
I nvention, receive diversity agent 260 ma gerfoQﬁaafh
demoduhatibre amchparaljelfto serial samessioh2 9erdrastAg@Pisyeniatig(y) ©f the
diversity agent 212. In 5 this regard, receive
contedi dRbaEd Withimeht re26Rcduigngés)f by tretchee of V| wwaeine diversitiyagent
transmt diversity and/or space frequency interleaving

260 PePbfRSGRErI8RGYEand dbcbﬂﬁgﬁ&?@fe@froﬁiﬂi&igsm dutgirtvengznt o, the
receive diversity agent 260 may demap the QAM synbol s,

| Ol i) | hP R deRiatib® (BL61 tBE content
WHM%Lkvgpéf%%&g%%gggqgé?ﬁg%?ra repr sentatiog %V) of the
ont ent encoded, wi t hj he recejved si : t
coco ST GPESSF R bLS, BB R0y 20
dei nterl eaving and decodi ng, befo ovi.dj t he
may well pruplegsat RUNIIBIN PISAhsHUATq &T Ort(%(ﬁ\géﬁf spats ioﬂ%%*’rﬁpgrr follgyed
whi ch generates the representation (T) of the content
by sof¢ietbildevotimgnaltivagh dranvendios iisppetilingijed indlis refiard t o
one enbodi nent, diversity agent 260 _
[0032] Although depicted 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
clements 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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may well inplement a m nimum nean square error (MVSE)
spatial denmapper followed by soft Viterbi decoding,
walhbismagie2t he invention is not limted in thisPCEYaR@4/042942
i [0032] Although depicted as a nunber of functiona
bl ocks, those skilled in the art will appreciate that
one or .nore..of the regol : ;
may g S A P ARG R ¢ laf TR Lol oricive
conbi nation_t her eof.. reoyer, .althou not explicitly
antenpge pRyTEAR1ON; qummnorb@.eagga@@h@@an@nm e skilled in
the art that one or nore elenments such as, e.g.,
diversity agent 212, 260 nay wel |l receive control
i nput from 20 baseband and/ or MAC processing el enents
ExAMILEDVERSEY AJFRT OPERATIONNG t 0 one enboedi nent,
diversity agents 212, 260 may well inplenent one or
(0033 "M bﬁé’fﬁﬂﬁﬁb&ue@ﬂ ViRt eghthple dBEvoyR @b drdnngst and Wiversity agent
!ntgr_eaV| g, and conmuni cate whi ch M MO OFDM schene
.J s bei u 3 R t;
e ﬁ@?«.%ﬁ.ﬁ%ﬁﬁnﬁ[ﬂ%@?@ggﬁﬁ? e R T
.and the transmt, diversity/SFlL techn a ' d
hereif ol EQl 1 85 OB AR BY BOBIEETRG N b oSDSdr FOCE RS el
delay spread and transmt or receive antenna .
descriptionehd undmstarding.rthe flewelqumeat of thserfsehmiqyesull be presented in
i nformation). EXAMPLE DI VERSI TY AGENT OPERATI ON 5 )
flow-ERABREmHaith captimnedfdfgrence, mhdweprapniatex bngraspie elgments in Figs.
envi ronnent and di versity agent architecture, above, a

1 and, $6HSHHARe flves@siis@bt liftedMBis@ERIMIL echni ques
i ntroduced herein will now be devel oped nore fully

[0034]\:# uirngftg 16, FBwt ét}%gt'og 3n ExarhPlk nRARR 0 € SpleRich@iy

naer standi ng, evel opnent of these techni ques

w.l| be presented in flowchart f ik Nk |

s YEREB T B 25 B PAE Caphl B TAL PURE, e
Figs. io 1 and 2, although the inventign i

methpd Ppginewith bigsk S0P eyyhergin the darsity geet @égtr%?e%feg %B%Eentaf"f
flow chart of an exanple nethod 300 for inplenenting .

procdstiaps sictordingep St yxampldienbbdisesnt, thereseiupheontentdna plurality of
exanpl e enbodi nent. As shown, the

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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met hod begins with bl ock 302, wherein the diversity

agent 212 receives content for processing. According
woaowre7exanpl e enbodi ment, the received cont eRCTIUS2@4/042942

plurality of substreans of information received froma

serial to parallel transform although the invention
IS not

l[imted in this I AGELT diangid

of QA%%F}P(H\% ﬁ‘%er? 1S %éeclélf@%ea %go! nﬁ DAL g’ %ir? rlt9 hsetﬁ? g{glf%nbgrf of

conpl ex synbols that are |inear or nonlinear
Rayleighrfadinachans! @ps)i Where t@w%wpil?dk%%a&b&?“ﬁe&n? greitset by a

. enbodi ment, diversity agent 212 may receive the

cyclicalaihiferBy fepeating tiyskifrequericattbocks hidmes rressdhs umperd OFDM

content is in the formof QAMsynbols, although 20 the
tones, | dvRElty ARnt B12n@troduces b dlenrent bif fsequener dveraity brtel ithercheanel as

anot her enmbodi nent, diversity agent 212 receives
well. uncoded information strean(s) of bits, and converts

ghe con:ent into QAM synbol s. [0035] In block 304,

iversi agent 21 ' I ' i SN

[0036] sdffgﬁ&/l%tit%é“%tg roglg § ngﬁgl% S ?%%ttaﬂrngéq%’r; %ieé ﬁ%@ééﬂaﬁﬁﬁgﬁ%ﬁlm re Y be

( ones. According to one enbodi pen iyersi
waprgbimoSiad s SLPRAI G 10T ey okt o

evel opnent of M xN L bl ocksof M s ol s. (where N.,i

largert dvbayrapodseransing Cronencyridecks apry he IPIo Y WA g pent 212

Rayl ei gh fading channel taps), where the synbols
whendft it gh delegspread (I9nmal fewer blobkemaypbe us 1 Joavegr delay spread.

shift. By repeating these frequency blocks L tines
More?&c{r? et BErdWARRK of ho@M] vaagsourd ofayaibols, aderein thie2ame

oduces an el enment of frequency diversity into the

n
symbgt::frél grgfel%gﬁféd %{1‘@@4 érﬁ‘l}l%tggg)’q%r aﬁ%épélgééwné,%n%fﬁﬁéﬁmwnna,

S aot vel ne o er "of frequency bl ocks may be
. adaptively nodified according to i iiions
dlverzﬁlotg%:‘ % i 2% I::’.e{l ETFW*EF & 9%"63%8 ?hea?{?%etrrég@?{%g ﬁ%&g sﬂ|tcl)lrl§ ead
= C y Dbl ocks may De oyed by. diversit .
wrapaigand contiition, ehapriepreate. SA@r@ﬁu@i ﬂgvtrgtbqne%%thf Erjmsnalﬁ g%ersfcy
fewer bl ocks may be used for |ower delay spread. io
block¥Rrepesentedmiin rdferenee foFig 5.1 sk of hori zont al
wr apar ound of synbols, wherein the sane
[0037] In block 306, the blocks 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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synbol is transmtted on the sane tone, or a very
cl ose tone, on a different antenna, diversity agent

waztdsrayonel | i ncrease or decrease the di spersPOT/US2004/042942
renmove this waparound condition, as appropriate. A
graphical illustration of the transmt diversity

. ..Dblocks are presented wt . . : | i
in thisjTggps 5-] gcﬁo g o2 é‘?P]}éqﬁ‘SH‘EFlg‘E:’E‘{%‘e%% A ?E%%?g% asumesa
_agent 212 are provided to the r '

Sliding PATON TEBIOBCBESTR Yo RISVt Sony Beposa fnoddtS altfopet e
enable the transmtter to conpl ete channel processi
invention ishet Hinsted it thissgspeght ladeeds & oflieaseAeSs éwsx?ﬁlts}/iaael%trs?é%ay
one or nore antenna(e) and OFDM tones. [0038] Turning

rearrah@e/Mitéleade the ihvawo abar tie @frelatedinamylidingreindow fagigon.on
i npl enenting space- 20 frequency interleaving (SFI) is
generéln{hre%%tﬁﬁ dod6sr@ Hdhghyt @de Ay tederta @AM fyanbol x;, per the
I'hvention. As shown, the technique begins in block

4] wher i ' '
transrip veity el HElPEbb RV ndThASIIBER S GAGAYAbY then be
received, e.q., fromforwar [ror . i NQ:
spread e Spack BT TRy nopaiies SREHACLA 5O
encoder, and LDPC encoder, a trellis, encoder, a turb
[0039]c BHeersidy Bean 2Eh sman e porioas GategRe MULHTENNE AR difece! @P
etc., which may be an el enent of diversity agent 212,
encod@dtinforgiidmeA covvding tooomel esnbrodiméerntpady wnhbitsh(pfgig@ wgaivgd content
According to one inplenentation, diversity agent 212

are fifSfha g&f'ﬁﬁh@h@t'ah%ﬁ&. WioR d0ahpTe aEums theltoabnthbér of
provided by a convol uti onal encoder, although the

o nti i ot -lim i ; ) f ]
bits Ig]{‘gﬁgqu%gﬂéeg? NEFV égr %%Eﬁgaﬂed;]ft cbgﬁcgar{@ﬂl%ﬁired bitd@ephedftoforty
.. rearrange/i eav e i t .

e G SR DGR L O b Ul W P B p
codeword from any code may he treated M [ .
802. %@ (1995 quqn’récaﬁlpwfhﬁfitsd@wé (0% Phyehs ﬁé@?gsi%g’ei%ﬂé%gﬁ&em by

above, and constituent codeword bits may then be
refer@iet eachlLisirpaset)) eltispab ¢hed nweptondy npilimitedimthisgegard. The bits
techni ques described herein. [0039] Diversity agent
indexed By R ENNREK hey myspedes dr milbhtephexi ng on t he

received
[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., [EEE 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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encoded information. According to one enbodi nent,

adj acent bits of the received content are first mapped
woaodshe7ve ant ennas. For exanpl e, assune the t8Calus2004/042942

nunber of bits=M*Nc BPS, where N CBPS is the nunber

of coded and punctured bits mapped to fortyei ght (48)

t f. I , <ol -Q
R N e
o e Sl S SABEESELY 058 BE%  NSpEl

is not limted in this regard. The-bits indexed gy, )
regardyithd indreaner GBP® iapropegispeldotts lengthathechasppldmppisp apfime

In block 404, diversity agent 212 may interleave the
(L). resulting groups of N CBPS bits on each antenna.

According to one enbodi nent, diversity agent 212 may

| hScordihStd SRVénMbdiMeRCRebanaalepiti fay bedefined as
anS%%@ﬁ%%%@rl eaveg, whi ch consists of two el enents:

oo ok B LREE DPpo A UL e st g cimpe
LN G U

[0041] According to one exanpl e enbodi nent, diversi

interleayen); whai2 thelpiteare mapped e tones L FeluBgdyncaimg, Bifsh 1733 and
mapped onto nonadjacent subcarriers to performthe

2 are hipped tottondsel 2i Bgnd Acespediivay.t blose partigblody rtha mapping would
interl eaver depth determ nes how many tones separate

look fidl-acent coded bits. In general, this separation
shoul d be equal to thecoherence bandw dth of the

1 ShAnnel 4 €40 6 Nl guhgre\=prTisize, aad 5=t | ength

channgl” Lespgnse, i hz t Ihpge),~ abt howghyd h
17; n]\;genf? o%ai ?}OESI IQBI f%j ?5 ti%llasizr e%%e%%. 121 aél sié
33r63§ar%15, fe 17t 891 dve dégth i s proportional to the
| ength of the channel jnpulse in tine (L). 004
If weihenizerbe depth tad20vigeidhs llewglgetﬁma%a}gh%e bift br gyt and2
depth may be defined as the separation between bits on
are magpatwrtondsolny 8s3, hamsbEtespactiyelgncy bl ock. For exanpl e,
i f

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22 23 24

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

37 38 39 40 41 42 43 44 45 46 47 48
[0043] According to one example embodiment, diversity agent 212 may adapt the
interleaver depth to the observed value of L. Depending on perceived multipath
conditions, a high L will result in a large interleaver depth, and vice versa. According to
one embodiment, diversity agent 212 may set the interleaver depth based on a worst case

channel response condition, e.g., where L=worst case delay spread=length of the cyclic

prefix of an OFDM symbol (e.g., 16 in an 802.11a compliant system).
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there are 1:48 input bits to be nmapped to 48 tones

wth a depth of 16 (i.e., per 802.1la interleaver),
wohers@etioe bits are mapped to tones 1:48 PCT/US2004/042942

col um- by-colum, bits 1, 17, 33 and 2 are mapped to

tones 1, 2, 3 and 4, respectively More particularly,

o U B gl B g o

29 30 3 1 32,33 34 35 7 38 39.40 4 4444
bondedgogpthes go provige mﬂaﬂﬁ@l&%ﬁa‘g h‘f' ’&nfélte%l 5%%‘?’6" Herne
foll ow ng mappi ng, where bits 1, 13, 25, 37 2 are
performeppedorttenploted byXhe diverity ageni @13 iy ths seraration @‘n adjacentgoged
56 789 10 11 12 13 14 15 16 17 18 19 20 2 1 22 23
bits a@éﬁ%@h@@o%&: Mar281’2 Solaferide badRvidth. 34 tigschasng bagdwidith 40
42 43 44 45 46 47 48 [0043] According to one

é«{‘{Eﬂ ABAY witHbii@Ersbting iagenéneXbacinBythadelxreddee
1mxa§ Feaverpgtpth ?E t he obggibed v;%%% of L.

bandv%%% ‘fvﬁ 1}02 gﬁin}g%?ﬂ& q\feg ?agé@"%etrt] %)Pél?flﬂlggél & Hl?él&)' ang alargerhmgf‘ size

ver depth, and Vvice

ver sa. Accor din nt
s e iy S Wt PG ”shagggﬂ%lzz%% L9 o

case channel response condltlon Ehere L=wo %ﬁll
spacingseh dedt agdjasent saded l@tﬁgatrﬁ sqppra[tqdeacgg@pqu amropagtionglly larger

OFDM synbol (e.g., 16 in an 802.11a conpliant
numbsyst©fds. [ 0044] Thus, for arbitrary values of N (e.qg.,

96 or 108 when nmultiple 802.1 | a channels are bonded
[0045] Oﬂ)eﬁé?ﬁﬁmt(? AN f?l‘t/ér%vﬂﬁggdlvél’@ﬂb%@ﬂbmz mag ek@yre des adjacent coded

criterion det erm nes performance contenpl ated by

bits a%egﬁggéeﬁéea:ltéh{aﬁ}?gﬁtgtles% 19d b, ];é Bﬁnﬁﬁ%ﬁﬁﬂs'o@%@%m@ﬁll@tﬁﬁﬁnd as

as a nction o e channel's coherence
such qgggdrvl\fng toP low rehteﬂ:f)l?lty &m%lts are avoufjed 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 + Ncaes — 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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5 increases as in channel bonding w thout affecting

i nter-tone spacing, the coherence bandwi dth will not
woheosge7ivover the sanme set of nul ti path channePeY/uskdosa42942

| arger DFT size is taken within the same channe

bandw dt h, diversity agent 212 may change the tone

t hat ad
100461 Btoaﬁﬁéﬁﬁwﬂ wROhEFE e RPTE: g Re A feqiaRifan
tones. 10 [0045] To erforw1 M |nt rl eavin .
symb@llqs\/é\r%olidylgatg@ﬁ? e@delm‘f?" SHSIRTY 48981 2 Zdpat aide diigto-QAM
bits are nmapped alternately onto | ess and nore
mappst, griefdic anultifdé biss ot mapped tortbe QAMisyBpolsn drccgeding torone
long runs of lowreliability (LSB) bits are avoided.
examgrecé‘iﬁbﬂidﬁﬂeﬂtgh@ 0FDM auidagrianbhrednodiited dsivg BRISKy QRtfdntl6-
12 perforns the tone and QAMinterleaving in

7 ABtodia, b
i e R

but th[eﬁég;}ceh é Kl @on[ 1%111 Wnl% tgd h’l{tﬁls rf:%ard A’c!:\l)r@%gst Ione eﬁ‘fﬂgdlmen’c

oor eno est

exceedi ng arreter x, f
R E S S T R
value of s is detern1ned by the nunber of coded bits
(e.g., pe, babbiditsiand conveBPSEIta coBPlR MYIISISHeRREsINNg LMD | ) .
According to one enbodi nent, a diversity agent 260 in
constalldtR@gionts. Thycanvplsion maylbe pd:rﬁmred\aecvordimgdh Gpey ¢asleds
the inverse relation defined by the above two
const@ﬁ {Hﬂtrﬁﬁﬂp@@ altoliBR Hhintdifioh iy Lsttlingiked i8 tiietespeeti t ed i n
I'S regar 0046 In block 406, diversity agent 212
[0047]221%1 é)rl O%edlkfgltsﬁ{/ Lag%\f 2?2 GRRYIERs 4 QcfbMignaiand 1%sultant QAM

i'ng to one’ e ment, d| versity agent 212 may

sy Bt 25 B TRPR Sl o TUALL Rl B bR 2 @

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 b1 b2 b2 b3 b3 b4 b4]. It should be appreciated, from the disclosure herein, that
18



10

15

20

exanpl e enbodi nent, the O-DM subcarriers are nmodul ated

usi ng BPSK, QPSK, 16- j QAM 64- QAM 128- QAM or
wa3605@6M92 dependi ng on the coding rate to be erprawgemd/042942

but the scope of the inventionis not limted in this

regard According to one enbodi nent, the encoded and

there %n%{/ ‘Feh&\a/ grgyg ne%&)éf_gg%r .P?tke éd?i@q%ecgﬁh@e Mé?%g%%%ﬁlgﬁg)etition,
o bggﬁéﬁéﬁnetga'r%%ﬁ P e R bRy B BeY Paieigtions

according to Gray coded i o const eI | ati on mappi ngs,
etc. al though the invention is not limted in this respect.
[0047] In block 408, diversity agent 212 introduces a
[0049] C Tk lsﬁac%tﬁ“éc,ﬁeﬁ@ inteelenvesltt]lockn rehbh pyavbesed fortrangmission via
antenna with respect to the other antenna(e).

AR ditfiehate 200 ©FEM esHeIBAtintrédiced bb&iy ade egraphical
Oneodrversrty gg nt 212 shifts the synbols des;??gg ?gf

111ustr3ﬁgré ﬁﬁtgle %ﬁ%ce s 2%191% é’r{ht"erlte&%ﬁsolddlé g@nérht%dtbp‘?hxjeﬂlty agent 212 is

rern M c tone

i ntroduced by ity agent may wel | be greater t han
PfOVldedWH]élé%fﬁren%f@g:lﬂ&l 3 ]loé" one enbodi nent, the cyclic

tone shift introduced by diversity agen 12 is
[0050]adefitough nbalwdculmdetaélaégl thpse skiltad ih §1?Fgf1‘ri E{FI% Pty fiogn the

- the nore correlated the fading on different
discugideatuas, thhferegeieativersith agem 260 siyfinplement aeleetiiely gplement

antenna. In certain inplenentations, e.g., where the

eithel SRS Forlioih ﬁﬁﬁﬁﬂﬁ i anplagmefthhy) (elgs, o gbe) odderao demyp, or
agent rray s by nore than one tone 20 from antenna

delnt%r ant @t&ecf{ 8%)&@? I}@%Q{Qﬁ@&?kﬁ alggﬂ)c@:&%éﬂ ifad@8RFAnce with the

nce I'S regar accordlng to one

enbodl dlverS| ent. 2

abovg {ragsgnit Wﬁrs{tﬁgﬁsﬁ?ﬁ? Cﬁém%é?aw n| q %’Isl %??od?gﬁ cﬁele he
herein on the | arger coded sequenge. .. X lLe

deinterheaving tgehmaduedpedeePIHITiSC SBg Géﬁg’ée P cy[cgpea{ybs;n 1%8 thdotgjles QAM
and there are two transmt antennas (M =2), diversity

to bitagping Heintaieaempsand antesna demillpiptexing, ag]@(mg@ﬁ]é@nzgntgqgl is not
[bl b1l b2 b2 b3 b3 b4 b4]. It should be appreciated,

limitéd @hishegdiiscl osure herein, thatthere may be other

ways to expand each the coded sequence rather than
[0051]SI ’P@nﬁlé t5 @%.’ St, 'a%paphlcal 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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e.g., by taking into account the resulting
mul ti di nensi onal space-frequency constellations, etc.

wpQWs3k71Phe space-frequency interl eaved bl ocksParastieens2oq42
processed for transm ssion via 5 one or nore
antenna(e) and OFDM tones, as introduced above. An

I : [ | (i i
[0052] Fﬁ%&a;ig%_%f’ﬁkéﬁ? LRl W o ek BIOPRSERLARALETCY
rovi de t i L
R RN R W L L

art will appreciate fromthe discussion abqgy t
illustratedei Asative.slos pasp o flbistratievandeipt linplasinghe ggfélefﬁ%@ted
i npl enment io either of the foregoing nethods in a '
correééy@ﬂ@tcﬁz[fﬁé}h@ddiméﬁt whereinais2s Bt ipextensible telanplpmentations of Mt>2
ei nterl eave, respectively, content received on

in accoldN@d witRHRCRERAGudseaebed dBivee Wi th the above
transmt diversity or space-frequency interleaving

techni . dei r | ; ; .
o, T BT A e o
t ones, o bit mappi.ng, .dei nterl eayi
oA S RO 55 BRI e g0t 950,
limted in this regard. [0051] Turning to Fig. 5. a
spatia mabinlexing (Where bitaaiednicravan a@é@aﬁfﬂnésa?fﬁuéﬂ%ﬁﬁ“?ennaé% and space-
diversity bl ocks generated in accordance with an
frequerdydniiertentin®(SHI))e Accumiing torth¢ Blusiraisé ambediment, Fig. 7 graphically
accordance with the exanpl e enbodi ment of Fig. 5, a
illustdted MeSpdrorPancd(eq., dasirellin bit erroseme (BER) dridpacketeyror rate
di versity agent 212 generates an L number 2xN L

(PER%%E%&%)OHOT AWk ina TS sRow € RO B HER chiiljstséhaigch modest

I's extensi e to cover situations of M>2

. b e.g.,,1lnc ting the c i on.each :
sin et Dt oREL TR 5 a e (SR s v o
successive antennae. |t shoul d be appr.eciat t hat the
convensinal (FIERiEr FROIISBELIG A ESqer SE PRSI OF i YIS E\ppf! demipper
decoder that decodes across tones while taking into
and aaofVitdrbit desoderplattishpwld be larger for more sophisticated receivers.

[0054] Although depicted or described as comprising a number 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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of synmbols across L bl ocks, although the invention is
not limted in this regard.[0052] Turning to Fig. 6 a

warephictiak i |l ustrati on of an exanpl e space-fr eqUAISZNN4/042942
i nterl eaving bl ocks generated in accordance with an
enbodi nent of the invention is illustrated. As above,

for ease of ill.ustrati | '

perfop R A S EE B O REASBa [aas FEob Pt Aok o Rtes
M =2, but is extensible to inplementati ons_ 0 >2

Thusy il hermEes g HORHDS Aoy B Lk Py Syshlats ot the
[0053] Fig. 7 presents a graphical jl]u trae’ii%on i )

propased thehmiqngmey be guet BorRpIeRowERed Horakistisiohaanels wih impaigments
wi th various mapping techniques (i.e., single input,

such 84 AB¢rMa@uindiuibalabxd, 1K) Smatelpetei al nul ti pl exi ng (where
bits are interl eaved across tones, but not antennae),
and spacefrequency interleaving (SFl)). According to
the illustrated enbodinent, Fig. 7 graphically io

ALTillﬁiﬁii@%ﬁ g%ggﬂerfornance (e.g., neasured in bit

and packet error rate (PER) over

Es/No) for a 54 s/ ant epna, As .shown 2 SE ‘o
ooset e d Hlisaleh BIoCE pegn L guiipio R oS R wE Chumeriing
(1dB) in signal to noise ratio _(SNR‘)t perfqornpance
contengwhtchy wheminyekeds mayciFase JnACRFSBL)MBLG P draienegf ong or more
recei ver consisting of an MVBE spatial demapper and a
aspe@o6 thydiversitly agent@iSr 26(antd/arhassdcibtésbmethoded0¢, 4P0ndnshis
sophi sticated receivers. is [0054] Although depicted
regar@! stia8 6 heBRich 960 fRTHdES Sdritént 80D WP einstriictions cdat wakny
el eneits, those skilled in the art will appreciate,

comb?ﬁ%{g%i tfr?r%ﬁ{)iﬁ @vén?(i,hs GHRR eRELuRY BlRes dlRce@ideSippfiffee to implement

the diversify agent 212 are anti ci pat ed
within the ope .and spi i f ' tion.
one xRS &?H’Fﬁtstog%b‘% Sl@')&%% 126%%(8&113 %rcglﬁ)f: h gg&&_ versity agent
that omts the antenna mul fiplexi ng .and.cyclic tane
[00575 hThe mpehingrreadable (dorage) fﬁ%f{lléfg?%Pﬁl CBElRdS b IS A o
20 exanpl e enbodi nent, diversity agent may map bl ocks
floppyf diskettes, guticed disks SR @bshandfmagnefczepficahdiskin &EMs, RAMS,
of antenna(e), and then perform802.1 1 a tone and QAM
EPROME EEPRONIY mabndt & dpticsl-caily] fimghpheagoescothbetfpabbmedia /

altﬁough the invention is not limted in this regard.
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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A diversity agent that performs the inverse operations

is also anticipated. [0055] Fig. 8 depicts a graphical
woRkbusgsriati on of a perfornmance conpari son of SPCTAUS2008/042942

spatial nultiplexing for a | ower data rate of 6 Mps

per transmt antenna. As shown, theperformance

e T T
i S S 0 B, T B eSS EHER T

reali $ti c channels with inpairnents such as, antenna
may lransed imryadraennsrollpysQeenesahplEtpse ficroprosgssrsniRigttal Signal
EMBODI MENT(S) [0056] Fig. 9 illustrates a bl ock

Proce3b@g (BSPL)f Raduced hnypiuetiat-Setagrenpreiig (RIS plomplexglnstruction-Set
content which, when invoked, may cause an accessi ng

CompRfHd (RSt aindRk STHRAbIcERENO Eorfipéifenas Fiie/enfit sHdald be
diversity agent 212, 260 and/or associ ated net hods

undex?sgoqu l}@aq(%he 40%?% ﬁ%" ﬁagg)ges%ggg(l&ltioﬁtiQﬁ@@ﬁnif%QB WHRs@@QRamples.

es con ., Instructions, data, or any

conbj nati on ereof ) which, when executed. . P
ooeof Bmba gt gp eaneeent Brvepraer s e T i ST Birui
of diversity agent 212, 260, described above. [0057
blockptreferrad ka ascCore BEHEINNE casheTPEFany, %%ﬁh%%wfr}aVnLWégﬁ‘lﬁéQW
but is not limted to, floppy diskettes, optical
electehnidinstri@BoROidshe aedutat iy Steontwpipirecssatios kiore dinthat mayibe used
i s EPROVs, EEPROVE, nagnet or optical cards, flash

in arfRARIYopedtions.NBY %én)éﬁﬂ?, #fentBdirgert using hiultstagadanine logic in
medi um'sui tabl e Tor storing electronic instructions.

accog@flge%ﬁﬁ thel diintel SEEGBLL Ihé?dég Rlaly HRoVIBY a BEit RSEGOPI0REHER, and

conputer program product,” wherein the program nay
inp be tr ?Igl‘g’ Eé quﬁgg;og th% ﬁ?é%?‘%‘ﬁ%ﬁ@%%ﬁﬁ%ﬁ@‘ﬁ%@? re:, g\?ote that
e o Sanehe EASRSSEL 00 o U ¥ 3 2 COMUNLER b
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.
[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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[0058] In the description above, for the purposes of

expl anation, nunmerous specific details are set forth
wonowrodev2t o provi de a t horough under st andi ng 8ETHISE004/042942

present invention. It will be apparent, however, to

one skilled in the art that the present i nvention may

t d 1
st B R et SR Rl 67 PoRRAL el iy o
devi ces are shown in bl ock di ran1for gﬁ ton
numb@rafedterretn ambadimens prBasntor # ebie Bive iP[?{ ﬁ‘w]fe‘b"n?lﬁu%lca 10

variety of applications. Although the present
applianoy &ng.] ocelludarnelepiang).t ed in this respect, the circuits
di scl osed herein may be used in mcrocontrollers,
[0062] Y MNBF TR HBMSEs de deapibed &5 twirsnosbbagi¢ firmSyug waerations can be
Processors (DSPs), Reduced Instruction-Set Conputing
added(tB'o?"&éle il Gty bfhE Al 8 An SRt foRn BRIk bBad(éd §Gubtracted

her e troni c conponents. However, it should

aeto t hat the. .

from iy #’&ﬁ S BB G et utag Qﬁ%ﬁ‘i‘fl@ ﬁ?w%é%?fﬁ%%d"??%ﬁme?*ﬂem
of the present_ inventiaon na

inventipn.e{ny puabey ofsgrptigsRtithe P&F@%Vﬁec&nfe&t S a@gf"é’a eifhyn the
cache nenory, or other types of nenory that

scopeendpirid oif thei presentioyemion. tlp thisregrick Elteé?iif%%ﬁl%fﬁﬁusm"ed example
m croprocessor or store data that may be used io in

embodithdni @ inot proeidat iotimit theinyemiorelyt namelg b diisiratetit. UBhusgthe
mul ti stage dom no logic in accordance with the clai ned

scope dﬁh@%‘es&‘mﬁ\fcﬁtlmﬁé ot RVb G t@nhesEty the tspeckl)ﬁc examples provided

m Cr opr ocessors In partl cul ar,

o GRRE U RI PR dareng o o ey

into radi o systens or hand-hel d portabl e devices,
especi al | y when devi ces depend on reduced power
consunption. Thus, laptop conputers, is cellular

radi ot el ephone communi cation systens, two-way radio
conmuni cati on systenms, one-way pagers, two-way pagers,
per sonal conmuni cation systens (PCS), personal digita
assistants (PDA's), caneras and other products are

i ntended to be included within the scope of the
present invention.
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[0061] The present invention includes various
operations. The operations of the present 20 invention
woayoslwe7iper f or med by hardwar e conponents, suchras/uSkmwge42942
shown in Figs. 1 and/or 2, or may be enbodied in
machi ne- execut abl e content (e.g., instructions) 702,
whi ch may be used to cause a general - purpose or
CLAWMSH gl - pur pose processor or logic circuits progranmed
with the instructions to performthe operations.
a&@{natlvel ., the operations may be perfornmed by a
ﬁ%ﬁ?gﬁ “hardware and software. Moreover, 25
al t hough the invention has been described in the
conte t of a _conputing appliance, thoseskilled in the
mhod CORSat e that such functional ity may vel I
be enbodled i n_any _of nunber of alternate enbod ts.
s ueseivng conenicdiampihest deyice dPTirAgMistan e §W° Smiore lones in a
communi cation appliance (e.g., a cellular telephone)
multiffi62donManyication ¢chennd fivottvaeangesianna®)iandt hei r nost
basic form but operations can be added to or del eted
f rrﬁ@lhgré)tnﬁgf eléientsref the dsceved combnrammdrigoni lezana Bbseiddfdle two or
or subtracted fromany of the descri bed nessages

arting fromthe basic scope of the present
morewﬁ%/egﬂ%ddﬁeAny nunber of variations of the inventive

f ﬁgt% %‘gg% ?Iﬁ{}llélﬁ egg& glg?l\éﬁt{s bt Hﬁlt?pgé)fbﬁh@ijthé H’ﬁlﬂhéarﬁ&

hi's rega e partlcu ar

wirelpss fOmRACA IR AP, OB IS PCRy-ct Bl P e £F Bkt ffendfi)to

the scope of the present invention is not to be
genexitet ®signaldar tynsutissiandaemn theanistid{iles provi ded above but

only by the plain | anguage of the follow ng

claims. CLAIMS: What is clained is: 1. A nethod

conprising: 5 receiving content froma host device for

2. trﬁ?ﬁéﬁl@@b&ﬂrd{h%td MBInPT, Wi EIn HRSeiléd eonteii s amied bis.
conmuni cat 1 on annel fromtwo or nore antenna(e); and

mul tipl exing el enents of the received content anong at
| east a subset of the two or

3. A method according to claim 2, wherein the bits are coded using any of a number
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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15

nore antenna(e); and interleaving the nultiplexed

el ements across nultiple tones of the nulticarrier io
Woi20sl08392 conTruni cat i on channel on at | east a BQDAS200dN42942

the two or nore antenna(e) to generate a signal for

transm ssion fromthe antenna(e) 2. A nethod

accor C rein.the rece
6. coumamopdesstyhodo Flath S BRBT it AEp e b5 feBht doed
the bits are coded usjn of a nunber of codes
bits i snfineidemhef %‘?f&leliﬁﬂc?rb?@v@gthé’ desrchenegli onal code, an LDPC
code, a trellis code, a turbo code, a Reed Sol onbn
code, and a BCH code, or punctured representations
thereof. 4. A nethod according to claim?2, the
7. it pleliRAucberdRlga bR BEm GO Wheiedi thy sefapatéon bﬂtﬁeénaaiyaqegt coded
wherei n adj acent or nearly adjacent coded bits on each
t £ @tle. Subcarri ers.
bits o e R e o e e
i nterl eaver depth det erm nes how 20 many tones
separ ate adj acent coded bits 6. A nethod according to
claim5, wherein the se t|on tmeen acent . coded
8. biA gethpdaceerding tg slaim 5a ﬁ&B&rE SRR
channel . 7. A nethod accordln to claim5, wherein the
s edaptistelpdetbminingrinted pavee deptl g@?@d Pileast msp%? s §PSR pgm’ﬂon
to a length of channel inpulse response intine. 8 A
of a 16/t efla slem@eingmideaespoatenndimd. he el enent of tone
separation conprising: adaptively determ ning
interl eaver depth based, at least in part, on an
observation of a length of a channel inpulse response
|n ti ' 4
0. el BrplQiilFle WinE S i s e WRRHETLY fofr (4
nethod according to claim4, the interleaving el enent
tonesf yrt her conpri si ng:

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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quadrature anplitude nodul ati on (QAM interl eaving,

wherei n adj acent coded bits are nmapped alternately
wonvw/oee®s and nore significant bits of a QAM PCT/US2004/042942

constellation to reduce long runs of lowreliability

bits. 11. A nethod according to claim10, further

conpri si,ng: ing.t i nterl eaved, coded. hij

13, gyt oo urta it 2o eBranGe FameRS i 1 o 2% S0l
mappi ng el ement conprising: mapping a nunber of bits.

consisting@AN, 2yhbiod bits.iHEelbaTs comerigd e coBplay; FUNGeLs JPREesEtng
at least in part, on a type of nodul ati on enpl oyed by

QAMecdnsi@tistiort padntsof t he generated signal.13. A net hod
according to claim12, wherein the nunber of bits is
one of a group consisting of 1, 2, 4 or 6 bits, which
are converted into conplex nunbers representing QAM

14 ‘i%%ﬁl&dﬁ:k@ﬂi&% Rigim 13%whérePhBeonAE GO B Sinplex fliabers is

er el e tonversion to conplex nunbers 1s

erformed accardin 0 .CO . stell ation
perfoﬁﬁﬁ%?%ﬁ%‘gnﬁé’. 85@'%’??1(5)%%%@%?% ‘%ggngg% aim11, further
conprising: performng a cyclic shift of the QAM
synbol s on each antenna with respect to the other
antennae. 16. A nethod according to claim15, wherein
15. t he nejlodd ascowling wivldim ¥l Sibgne@mpasieg i o ant enna nay
be greater than 1. 17. A nethod according to claim
15erfaemiRic dletic Gt dfthd QA spribdls bn eactamttemmaavitiorespect to the
antenna is adaptive with spatial correlation, wherein
otherl2dfeni®e € correlated the fading on different antennas,
the greater the tone shift fromantenna to antenna.
18. A nethod according to claim15,the perform ng
el ement conprising: is detecting that adjacent or

16. al KD rr?etthoadd zjic%gre irtlg &)Ocqaelgn PS', tW%eraerine th%acgfgl?cg totn(e) sﬁiftci%grrr{%ﬂtehgy%

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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on different antennas; and introducing a greater

cyclic shift between the coded bits. 19. A nethod
weacoewrodig to claim 15,the perform ng el enent PCT/US2004/042942

conprising:detecting that the nunber of transmt

antennas (M) is greater than 1, and expandi ng the

coded .sequence t rovide.an, M u e
eGP R e rmae! PO am e MG EORF LR R,
20. A method according . to claim2, the interleavin )
exparaliigibh CoRSHSANBICA e PEVirlsAt RBSTiA98F SEHECHRIR G i gheaving
(QAM interleaving, wherein adjacent coded bits are
and peafopmihgahe eydlmtsbifyy onto | ess and nore significant bits
of a QAM constellation to reduce |long runs of |ow
reliability bits. 21. A nmethod according to claim 20,
the interleaving elenent further conprising: tone

2. % ﬁ{eltlﬁ)ﬂvailce&'dirg\t% r8lif 2ejcaaRAtakAsednRht Sordptiseaeh of

t he antennae are mapped |10 to nonadj acent subcarriers.

22. A net hod.. di ng. i . ULt

2y AP RSP Digh 0B e HE e BB S gea b
are mGRBRSLA GE B0 PRGBS STAG RN B GO N EREHatigp t

nmet hod according to claim1l. is 24. An apparatus
reducedony uss nfjlovarelinbiditsbitsy agent, coupled with a

transmitter, to receive content froma host device and

mul ti plex elenments of the received content anong at

| east a subset of two or nore antenna(e), and to

21. 1Nk ?ﬁétlﬁﬁi"aﬁ:c&rﬂl?ng"ﬂél didiR B iﬁileﬁﬁﬁﬁﬁg clRfileASirilbt Edrpprising:

tones of a nulticarrier w reless conmuni cati on channel

t te. ' [ § | SS f
B o, 9 B8 D I A

24, further conprising:
to nonadjacent subcarrlerjsr.Tp g

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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a transmtter, coupled to the diversity agent, to
convert the nmultiplexed and interleaved content from
woheosteviwe si ty agent and convert it in to a ti RETASMUN42942
representation before selectively directing the tine
domain content to the two or nore antenna(e) for
transm ssion to a renote device. 26. An apparatus
according to claim 24, the diversity agent conprising:
a tone interleaver, to map adjacent or nearly adjacent
25. coledppsirates afcordieg taedainy reAmprisingonadj acent
subcarriers of the nulticarrier wrel ess conmunication
c hapaemittel7 coupledapnbe diversitpagant,dbogntent he anrtiplexed and
wherein the separati on between adjacent io coded bits

o ' Bd Raebid et xoef tihé dombannel .
mterlf%‘fe%,&fr?ﬁ{aé%tg?%ttgédggﬁsg???ﬁfg%tg cl ai rrl1 26,0 \leer e?n t he

separ at.i @n ' C i tS i [

reprel R GRS i G0E Gl onlcht R RDRLS ERRYe
An apparatus according tp claim26, wherein the tone

ante‘]nﬁﬁegfq’réWémlSé’c?&ﬁ? W%‘P?tedgi”&?m nes interleaver depth
based, at least in part, on an observation of a length
of a is channel inpulse response in tinme. 30. An
apparatus according to claim26, the diversity agent

26. f uAhhpparstospedosding to claipuadribe diversiprplént edmpnisidgl at i on
(QAM interleaver, responsive to the tone interl eaver,

t 0y RJnk HtBAREY, t6BRApadjaeeR BE neatledjiehScaed dith ef theaamtived
nore significant bits of aquadrature anplitude

cont%hg \?véquég'fa%i]%b Ielftw%nﬁ%g %&’ glfl RO b OwirERBC& ARSI cAtiihSchahnel.

An apparatus according to
claim 30, the diversity agent further conprising: a
QAM mapper, responsive to the QAMinterl eaver, to map
the interleaved content 5 to QAM synbol s.
eﬁil,nﬂg\%

! 2. An .
27. apparaparstugaeerding do elgir Pai wh wparaop Eﬂsh@&madwcent

mapper coverts a group of
coded bits is a function of a coherence bandwidth of the channel.

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

coded 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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bits to conplex nunbers representing QAM constel |l ation

poi nts. 33. An apparatus according to claim 32,
wohers@eniothe group of bits consists of 1, 2, 4PCOUSE04/042942

bits based, at least in part, on the type of

nodul ati on enpl oyed by the apparatus W 34. An

s RRRRLFRRESAIARR (VD B iol Wt %ﬁ%‘d"féiw

terl| eaver, responsive to a tone interleaver,
‘fha%$96Wﬁbtely map adj acent coded bits onto |ess and mor e
significant bits of a quadrature anplitude nodul ati on
(QAM constellation to reduce I ong runs of |ow
reliability bits. is 35. An apparatus according to
31. cl Anmpgdtatus hecatdingits tlaim a@ehe doverspyiagemdurther@dMprising:
mapper, responsive to a QMM interleaver, to map the
i nj eyANIANRHek P8dpBAtive B RNIAN HReflsaves fo nﬁ@ tB® BAérBav&d content
according to claim35, further conprisingia cyclic
U)QRﬁF$ %enent to dynami cally introduce a cyclic
Into the QAM synbols from one antenna to
anot her. 37. An apparatus according to claim 36,
wherein the cyclic tone shift fron1antenna to antenna
may be greater than 1. 5 38 ﬁ paratus according to
32. c| AnmpB@atusaesaring toelaiy 1 ‘Ehftr%lﬁé &AM MappeY eavieEn A group of
to antenna is adaptive with spatial correlation,
bits telvenpilex dumeberprepresemtirg) QAMcanstellh@eli pgnsn di f f er ent
antennas, the greater the tone shift fromantenna to
antenna. 39. An apparatus according to clai m 36,
wherein the cyclic prefix element detern nes whet her

33. 2djhgg Eﬂﬁraﬁlrs aBLJTBR %t@glaﬁﬁ §Qtwﬁé?91‘ﬁ%cngto%g%&‘%ltm%%€js 401,3, 4, or

commoh’ tone on different 10 antenna sel ecti vel y

6 bltBB%sggbaggegagt & Z;gﬁ'te;%\rtl gvz nggﬂ%{]z}ttic%nneggﬁl\(l)\/}?&{]byg {I]le apparagls

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.  An apparatus 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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two or nore di pole antenna(e), through which a
multicarrier wreless communi cati on channel may be
wexb@eiwhed with a renote device; and a di ver BCTAS2004/042942
agent, coupled with a transmtter, to receive content
froma host device is and nultiplex elenents of the

recej . . .ot
ot AR beE AL Een AR Rca T i odeB 3ol i 8 i QM
el egents across nultiple tones of a nulticarrier
symiply Bprane AgianA IOl channel to generate a signal
for transm ssion fromthe two or nore antenna(e). 41.
A system according to claim40, further conprising:a
transmtter, coupled to the diversity agent, to
37. coAuepparhtus apedrding texlenn d6dvhentiartheeyotid teondhédn frofir amenna to
the diversity agent and convert it in to a tine donmain
antefRRNBEENERAePthaRaf Or e sel ectively directing the tine
domain content to the two or nore antenna(e) for
transm ssion to a renote device. 5 42. A system
according to claim4l, the diversity agent conprising:

a tone interl| eayer, to. dj acent or. near| dj acent
38. ¢ NBAPRIALS grCHiaE o UaI o AHOARC PP ArSRATS St ditetina to
subcarriers of the nulticarrier wreless conmunication
antergg A adaptive rithspatial cameladen vdierin the wpe qertelated fhe fading on

the separation between adjacent coded bits is a
diffefenhantemraspthe greatdndirechone shif dichnn et thnef totantenohannel . i o
44. A system according to claim42, wherein the
separati on between adjacent coded bits is proportional
to a length of channel inpulse response in time. 45. A

39. SYRh&GPpAGEL LR Gink o Shith 95 A¢herdSREE R PO 8ment determines
apt Fv t

i nterteaver a ely det'ermnes |1 nterlFeaver dept

ase at |least, | art, ..an_observyati on of | engt.
whet§EF Eiaselh b o P ecB o Rl e Rt ® 1 EOmlonong P ferent
anterglggrglglg gg]%@gi&el}(f: }n%rlor&]ué:%’ a ftgrggtelq é:}yc iE: Sélhltﬁy be?\gvggr{ th]:e %E)&Qde‘tgits 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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a quadrature anplitude nodul ation (QAM interl eaver,
responsive to the tone interleaver, to alternately nmap
wadpamen2coded bits onto | ess and nore signi f PCaMIS2004/042942
bits of a quadrature anplitude nodul ati on (QAM
constellation to reduce long runs of lowreliability

bi Eﬁaﬁ%ﬁlp’%‘] %Xﬁ}gclgmoatﬁg ﬁf\%hntg %«9&% oa(!o%éi@ the Iﬁ&ltlﬁ e\{(g& 31{1& y

agent onpr 1 , respons

i nterl aver t.he |n rleaved content to

mtef%&mﬁﬁ% L om e d}xvegwta@ﬁvﬁa@eiw Ity 4 Gy dgmain

wherein the Mrm pper coverts a group of bits 5 to
represeifpliaxbeforesstestivelp dxeding thy timadoswiseateni to the tyeionnpore

49. A system according to claim48, wherein the group
anternfa(d)ifostramsnesssamstoafrethptelevibe. or 6 bits based, at | east

in part, on the type of nodul ati on enpl oyed by the

apparatus. 50. A system according to claim43, the

di versity agent conprising: a quadrature anplitude

s 42 TR RehOReb o AP ?%%Vergl?ﬁ%%gﬁ&e&ﬁp%%ﬁdt bits
o R e R 8 e Pt otser afestl eefl 675 affeuSoeived

Ion runs of lowreliabhility bits. 51. A system

conteyg &%PW@@W@ subearyiers of themsulﬁP&F@P%Wtryleaymmequsqhagnel
a QAM mapper, responsive to a QMM interl eaver, to map
the interleaved content is to QAM synbol s.

43. A system according to claim 42, wherein the separation between adjacent coded

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

10 44. A system according to claim 42, wherein the separation between adjacent coded

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.

15 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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47. A system according to claim 46, the diversity agent further comprising:
a QAM mapper, responsive to the QAM interleaver, to map the interleaved content

to QAM symbols.

43. A system according to claim 47, wherein the QAM mapper coverts a group of bits

to complex numbers representing QAM constellation points.

49. A system according to claim 48, wherein the group of bits consists of 1, 2, 4, or 6

bits based, at least in part, on the type of modulation employed by the apparatus.

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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