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Apaf - 1-cytochrone C nedi ated activation of caspase 9
(Deveraux et al., (1998) EMBO J. 17, 2215-2223).
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acyl, acyl oxy, acylam no, al koxycarbonyl am no,
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or a heterocycle; wherein each al kyl, al koxy, aryl,
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|sopropyl nbutyl, iso-butyl, sec-butyl,
rwedqgte?agx% n- pentyl 2- nethylbutyl,
dlnethylpr n- hexyl, 2- nethyl pentyl,
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Unl ess specified, substituted, alkyl groups nay
contain one (preferably), two, three or four
substituents which may be the sane or different.
Exanpl es of the above substituted al kyl groups
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ni tronmet hyl, hydroxynethyl trityloxynethyl,
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(i sopropoxy) phenyl, 4-(t-butoxy)phenyl,

3- et hoxy- 4- net hoxyphenyl and the Iike; 3- or 4-
wonrbdsloota7onet hyl phenyl ; a nono- or di car boxypheaylusers/023594

(protected carboxy)phenyl group such 4- carboxyphenyl,

, a nono- t/@Js m&trrésiwwrn%mylﬁdw@ew m Bp%pﬁrahesgt ed

hydr oxynet hyl ) phenyl 'such as 3-(

hydr oxymet hyl ) phenyl or 3, 4-di (\Mbt@tpmﬁJE(NmydCﬂOtiényl - a(Equ. 5)

nmono- or di (am nonet hyl) phenyl or (protected

e

wherdh(uh\ls ot IBus ﬁweflﬁaaéésa&bfé@aatppwé 1 ®ks @frive as 4=0, k=1, k=2, etc.).
3- (Nnet hyl sul fonyl am no)) phényl. Al'so, the term

The interlbaser reprdats t‘h@mr%ol thatrtbpbiés@nutput BWQ@H tyutheid/ pideny For a given

valueg;fz'n‘g}e V\M] fsn te:srﬁl?xrs%dg%t, l{g gs o Eonsng 5. fU%mg this

arranfdthé&ft Oadfa o@ﬁdﬁ%@‘@é’?ﬁﬁé&ed SchEab they 'dilffé}ﬂ)@"tﬂrféé 8Mdarriers and next
4- et hyl - 2- hydr oxyphe ., 3-hydroxy-4- nitrophenyl,

adjacontibjig rdefftgr by S@hwhcarpﬁen ;l'r‘hereaard 16 hits pf disleremge wethin agiven
subcarﬁéad&ﬁréérrg%fﬂlgggf&éér& ApaeRRioher e the substituents
hoxy- 4- benzyl oxy -6 met hyl sul fonyl am no, 3-

WO“%tEﬂSWa@P]{% hiry‘m@ i&yar%arp ﬁe?ryrt% BROUSRAPF 49 difforeptpatial streams,
denotb& Wug?g bftd sfg\é&ﬁ@ E!&ﬁ@é' I SR 4RR WRSH &l 3P MR b1 YRR

ferent suc
mterlé}vneambwheré 4B enlzqahubry wﬁhrﬂ%ﬂi@ Isuselkeyl, .sp4T amd/i, anihso.

1nter1§arvgt{ﬁelg{i%g ﬁ%rrﬁs r b?ps s lflrgﬁgtﬁ:p ne %F g uﬁr gré;lg lﬁﬁ%&t gshl%t number j,. In
other }oR{iPRXY, ghgny | is 1%)11%@?19)% Bheny! , idn Bﬁ"(‘)@f*tﬂé@ﬁﬁﬂ@r@ﬂt 0 of the
4-nethoxy et hoxy- 42 benzyloxyp enyl ,
outpuB bﬂbmféhhmphémw of tBe patphioryd g6 GBNZY| OXyphenyl ,
3- met hoxy-4- (1 chl oronmet hyl ) benzyl oxy- phenyl
Artenﬁwerlhﬁpemeﬁtaﬁbn chl oromet hyl ) benzyl oxy - 6 et hyl
fonyl am nophenyl groups. Fused ar ri ngs £¥)also

[0041be I@ thesaboverdeserippd fehamy, instead efjam (g/+ cazs/er 325

Ot G AT RSB DSLELY A0 B TP RSN Mo
mod (Neassho6y.cFyd QBSK, 1@@@@@ catial 62 QAMi, stﬁfdleﬁ@gad: thNB@,b qme for

when used as a_mMi ety _in a _conpl ex group such

BPSK: i, s SR e BN 11 2o b eragee n tis case
betweteﬁ t 'a@teﬁ{)fﬁ?&% Wt et st iR efdotivelP \/\?1 Aé%‘%@%c%@nﬂ D,

prefera to 7/ carbon atons
relatlvsetb uit@eteeohdnltematm uHabeeglif far thﬁﬁirstcaltemanw D;rfonmu—BPSK rates is

Preferred satura clic ncl ude
chosel FLb g IAEAGE Pl eh TSR GYen i PG AUTEANCa esyiFalent o the
secon® R4S RNHatTRESHBERHE DY, 8t A BteS YRHIP P, QQME efh ﬁ‘rﬂ to the non-BPSK
cycl ohexyl and nost preferred I's cycrohexy Preferred
D, of thedirstialetrativear bocycl es are aromatic e.g. aryI gr oups
as previously defined, t he nost preferred being

Hgnwpﬁgnﬁbbnﬁh@nbﬁrns 'substituted carbocyclyl™”
carbocycl e”™ and "carbocycl 0" nean these groups

[00421=.: ulefirring aow iy theHigusesnEigs Liissa blogle dtagragsof HMIMO system 100 in

o LA LS OB LI PO 6 08,
transrrﬁfted hra a%ﬁllﬂib‘{ ¥itel proviidéditod FEQ efcyilsp Ilbzlth@miipﬁb@sj fdr@zard error

bl ock or protect t he carboxgllc acid group whi
correchag gedeo papddesthe prcodeditata fo an wéfrrleamgrsy%smrloé rt@m gistributes

its 1npgfrnlg%c£f2[ trans R mEX ltgagﬁsrg_t ﬁﬁ?&ﬁ'ﬁ 1§ﬁ53ﬂ?§t\éh 'b§ a%ﬁ&ﬂllator 106 and

t1ng groups inclu rob

passeddtornBttdmenyisnzydenit 308 thdt tredshakythenoyhlated tthnsmit stream using an

di met hoxybenzyl, 2,4,6-trimethoxybenzyl,

2,4,6-trimethyl benzyl, pentanethyl benzyl, 3, 4-

met hyl enedi oxybenzyl, benzhydryl,

4, 4" -di met hoxybenzhydryl, 2,2' ,4,4'-

t et ramet hoxybenzhydryl, al kyl such as t-butyl or

t-anmyl, trityl, 4-nmethoxytrityl, 4,4"-

T 1



Druckhei mer et al, U S. Patent No. 4,278, 793.
"Heteroaryl" alone and when used as a noiety in a
woanglexs7gr oup such as a heteroaral Kyl group, PETRIS3006023594
any nono-, bi-, or tricyclic aromatic r|ng system '
antenﬂf‘l’id‘ﬁt& zbghzﬂﬁi ?IO %Ichaats A AES A ESAVREIE séhe Ii283éncy band,
ne ring 7-menbered ring containing
such afsrthmemsed fcur 810@1111 ‘thetmeissatons sel ected from t he group
ni trogen, oxygen, and sulfur, and preferably at |east
[0043?11 8 RELB eRMbaMdSs, Bhih28910 (aieadiﬁhrﬁ:t b sihgaky Sdparated antennas.
em stry, supra). Included in the definition are any
In othbi eybédimentsodipinohkignals anightdk combingddnte dhﬁ@réntdml%rlzatlons off of

X A T,

done, fiREEHORDIe Spadall Dleh@¥hRaniped of YSRGS aBétas A ey &se ot should
t he heteroaryl (whether subst itute or unsubst i tuted

be un@frrsigfae thab distinet spytial Hecamsrasn bR fgAnizgA j» different apppners. For
exam%lé”é/ %ﬁ/ rrm zﬂﬁérﬁ!a%mlgh aﬁtayzd taﬁromtnlﬂo ﬁ&!g dJlng ng?ctgaltl er%? bdYdeveral

I'SOXazo azo

transnﬁhx @ﬂbﬁmhmght daityr (ﬁwfroﬁh a sbhlnaitsrreaiﬂ oFyt examp&r!, bomdﬂry]he, case of a
yridy pyrimdyl, pyrazinyl ridazin thJ m%
transrmiztarzwﬁb |fourttfainalzutr@9fenn4%n§dwaEP%W?( stremgy iEpsh spatial stream can be

L t [ lat
ruapp il B e el o A8 B allemnas aﬁf‘* T—
one spatiabistiea. nyI dlhydropyr|n1dyl tetrahydropyr|n1dyl
tetrazol o[ I, 5 b] pyri dazi nyl and purinyl, as well as
[00442 eng %c@%? ngﬁFeBelV@st iR FéAChANRIPLRatlI BEEXRE ABY (counting
enzofuryl, benzothiazolyl, benzot hi adi azol yI,
separdie palatlzatwm,l aglappiopriate) edugteddb W regeitic plﬁ@mswﬂ Khe outputs of

recelv%a[ . \nﬁﬁu ozrrx\é p%)vg;; o %%&8%&0(& 192 tvglugﬁ‘ yov1des s oHﬁj)%t to aFEC

decodér {3 Wﬁ’éh\’lﬁ&ﬁﬂlyd s B réglvell bits twhiichz Oﬂlmauﬁ/thnrecoverable errors, are

4-(carboxyneth -5 neth | -1,3-thiazol -2-yl sodi
the sagglas the tremszm&tfmy bitsiippw|to B (f,"|encoder 102. MIMO detector 134 would

presujfaﬁégthﬁﬂ the’ aﬁplﬁ)p{ﬁ?ﬂeglghﬂ%% eﬁ(}{ot shbwit), 4~ triazol -5-yl,
triazol -

o0ssh selssk %ndz;mﬁ@tcrawe usvapqqses%}one dgseribgdiperindigive been added
belowzvaglﬂﬁpg% fﬁ%ﬁ%\pﬂp Fig31 forlehieAAQIndersindin ng correspondence of the

oxaz , 4- oxadi azol - 5-yl, net hyl -1, 3, 4-
elementsad a]zeaéquﬁﬁgrdxs, set forth here in text. For example the output of modulators 106

s repies et o1 X god e i et Shre Jpientedfyy thomplgbgfl. Witha
noise &ﬁnﬂuﬁd’ﬂ ARIAB0h; ﬁﬁel‘eoen%r fdaBivBY #' P> for processing and from that
4-thi adi azol - 5-y 2- am no- 3, 4-thi adi azol - 5-
the regdwer|d|etermmea,zaslbes-1gxis able, whathmighthees bespol - 5- | |
I -(I-(dinmethylam no) et h-2-yl )-I Htetrazol -5-yl, 1-

nnnm%@nh&lewatshyl )-1Htetrazol - yl
carboxymet hyl ) -1 H-tetrazol - yI sodiumsalt, 1-

[00461 i mvgdumtgrﬁeaye@@vlﬂ)now-bq deseripeg|tha pyq)wde improved interleaving,

with oéhe(r n&{l% ‘%%[90 0 @eg% (Fl%p n{?‘a‘nﬁ%ﬁ%ﬁ% Fl?sgﬁzélo % Fﬁ@ ﬁlﬁjrovement,

data for APlubitiky bf %aﬁaltstﬂeaﬁﬁis-lﬁrsﬁﬂ and nﬁﬁidﬁybd‘i)er%paidl giréano Lisibg a
4- et hyl 2, 3-triazol-5-yl, f/r|d2yl N- oxi de,

differgpt mwwganeepsakpwéyn phlpasti ¥Q spajipl stpams
hydr oxypyri daz-3-yl, |-nmethyl pyrid-2-yl,
Transhnitiee (SypboY FriteHehvinlg #12- hydroxypyrinld 4- yI 1,4,5,6-

t et rahydro-5, 6-di oxo- 4- net a n
[00471 Anéuelm@%qaaﬁya e Eme%ﬁ Z aﬁ%y@o Tn this jnterjeaver,

even B%fsg? d%{%{s%irzfgﬁ gqi'rﬁ : gﬁ'ﬁéfgp'fﬁﬂ?ko )Z)gi Q?(y %d@zﬁlﬁ a?’e Ydrsed for a

0XO0 roxy-as r'i azin- - sodi um

salt,

2, 5- dlhydro 5- 0x0- 6- hydr oxy,2- net hyl - astri azi n- 3-yl
sodi um salt, 2,5-di hydro-5-

0X0- 6- hydroxy 2-nmet hyl -as-triazin-3-yl,

2 5 dlhydro 5- 0X0- 6- nethoxy 2- nethyl as-triazin-3-yl,

o = o o - "



particul ar enbodi ment ring A has the fornula Ha or Hb:
wherein QL is NR8, Oor S, @@, 3, 4, B, @, Q7/, and
wQBp06ans71 ndependently CRO or N, wherein RO i sPEI/US2005/023594
am no, hydroxyl, nercapto, hal ogen, carboxyl, am dino,
secondUmnkditieo TXEII (qurl 3a5 K a)yDy=0, ¥, 8.anysepuyte 821 interleaving is
I | kyl
done \‘?ﬂ%é?’%’r %arggg erg| cy ices forépaygrrrnt%r 3’5{}6{/1%t%@9yer are shifted by
t SEehEYs todhid Eeefkﬁt HeRideltalij284 bits! %%Mﬁl& dard 802.11
cigh g\&% t tsutol on II?13 op% f"g&ﬁa eﬁ’% subjsat@r&gut ed wth %nr%r(y , 2
interléraen desmTa=hér ddpt is showm hmﬂyematlaallyyby Eqrationd 6(391 am no, .
nitro, cycloal kyl, aryl or a heterocycle; R8 is H,

al kyl, zaQr(NCB@whe)(vcyﬁddaﬁd)kﬂ&orgm@ meo er. o(ﬁﬁt ebf2)-1 (Equ. 6)

wher ei n each hﬁ/ cycl oal and erocycl e
Jj=s ﬂ@r@/p)r@rrchypsé?ubﬁme "éd(NMBtsVQ)PNU(be&yI hal ogen,

nmer capt o, carboxyl, al kyl, halo k

cycl oal kyl, aryl or a heterocy g?’a’ﬂ"@grsg/@ N, (Equ7)
In a particul ar enbodi nent, ring A is a group of

formula HIn a particular gehodinent ring Ais a grouggqu. 8)
of formula Il wherein Q4 i's wherein RO is aryl or

het eroaryl opfi-otiai Nyses/Dbrs t 16)meadl @eebd¥ooi bed above. (Equ.9)
In a particular enbodinent ring Ais a group of

a |l wherein
(0048}, 17 FiS pipneha et P 175 CARTBIE §KQu By (P 1 b index
for traffBaliek TXPA 4, s ARY. andls, Re tmnShReY iradidis@e b@dﬁﬁ %l@ﬁw other
I'n anot hef émbodi ment, ring Ais a group of fornul a
transmgitssthe pyencditsi s CRO and RO is pyridin-2-yl. In anot her
enbodi ment, ring Ais a group of fornula Il wherein Q4

[0049] S I&Bs alFadg@HiéMtr laﬁ!]la{:br@ bits didREb{BighSsubcieiers! dmddab AEfFerent
enbodi nent, ring_ A according to Ha or lLib is a pyrrole

transipifterg, While e arkhadiassat hits diber by thiee sniksarrierar djacentsnReprriers
kyl, cycloal kyl al kyl, a heterocycle or a

d‘fferﬁi?’g?’gcg:ycl e-al kyl optionally substituted with hal ogen

hydr oxyl , r a t o, carboxyl, alkyl, haloal kyl, am no,

Trans t oaryl. In an enbodinent ring Ais

[0050]3 u lﬁ?ﬁhg T&éffd: Y‘&ot DD R wlip @’ erﬁF)ﬁsr v?i"ﬂrﬁél de8& T ﬂﬁ@interleaver,
ar enbodinent, ring Afs selected fromthe

even tgtsrarqcroumisfolsa firsgy trofisrmikter EX6 aRBoddserg arakdutéd {or @rsecond

exa net h rop or. ac for.exa
wansuijign XS, Askparads S92 i1 B e oRedch fanSiier SR Gighe
rows iASteAd ¥ s 880 ArHER Nihe ihdiEbsAor tPankhhitedd TOPL'S B daVer are shifted by
substituted with alkyl, aryl, aral kyl, cycl oal kyl,
eight supedreiens ky makingize distanee brrtwcyc adiaqsnt bitsh Skhis ishews metheppatically
110 y substituted with hal ogen hydroxyl,
byEq‘ﬁ@‘r"E%g@&g car boxyl, al kyl, hal oal kyl, am no n| tro,
aryl or heteroaryl. In _an enbodi nent ri

subsi (T 6Ny BB w09 B) b ALOREH) Tyl ,3?1 o iin & (Bqu. 10)
t R th
gr {)ulpcg(l)ﬁ{c,l @{ERQ n?m NﬁBgnotﬁ%drr@engg\? %l)t){ 151?%15 Ael s

t hi ophene opti onal |y whbsts=nuk@pai/2,n)al kyl, aryl, (Bqu.11)
aral kyl, cycl oal kyl, cycl qal kyl al kyl, a heterocycle or

a heterocycl e-al kyl optiodaFly substituted with (Equ. 12)
hal oxyl, al kyl,
hal Z nggnﬁﬁ 1'5?}18@@{18?%/ S)rg het er oar yl. In an (Bqu- 13)

[OOSIﬁ n‘?rb&lbgrre : ngérlpn n he Ibrlrt 1101‘(&%%0{ frUt & z\# P’rﬁs‘;‘ 2¥ wl}lfentae B\lt index

for trahdmi®et EX1.GH, 52001 ! MBug bﬁ@ﬁaﬂsﬁﬁ&ér&rdn@ﬁu@ ftie Jdd 13 O&Jiﬂﬂ’é the other
embodi nent ring Ais pyrazole optionally substituted

transmpjsthe eveRPits. aryl, aral kyl, cycl oal kyl ,
cycl oal kyl al kyl , a heterocycle or a heterocycle-alkyl
optionally substituted with hal ogen hydroxyl ,
mer capt o, carboxyl, al kyl, hal oal kyl, am no, nitro,
aryl or heteroaryl. In an ebodinent ring Ais
substituted with an aryl or heteroaryl group. In a
particul ar enbodinment, ring Ais selected fromthe
group consrstlng of mherein R8 is H, aIkyI (for



Rl is Hor R and R2 together forma 5-8 nenber ring.

In a particular enbodinent, R is H In a particular
wentwdonent, R and R together form a 6-nmenber PCTMG2005/23594

a particul ar enbodinent Ri and R2 together forma

[0052; (':}(E ggg rrg.tg%ﬂl ?néhg ﬁﬁ% dﬂﬁn%g %félh%ub%ﬁ?x%  atd, r%ﬁr tofJifferent

transnm@téisl ﬁ'hiléltheeﬁbmﬂ] aoent bitsRii ffariey fix sld@etrfeeer Adjacand subcamers differ
-menber ring while Y is S. In another particul ar
by16@#§od|nent Ris H while Yis CH2. In another
particul ar enbodinent, R is H while Yis S 1In
Examﬁmdtﬂmﬁamemmiondl&tats enbodi rrent Ri is H while Yis O

[00531ir Eﬁlg(ﬂ 111uéraﬁ %1? .93 r%lng)}e Qf&%ﬁéb@%r%wﬁn% system. As
showr) Ir_ltgé %F)ﬁtelﬂt ﬁfgﬂﬂldﬂr&ﬁ@h eft€odep 1s<':}ia_kééh b9 pafreleelokayplurality @btream

nment ,, each R group is each optionally
interlewbs202u{Ted pwscmnigpab@mmdem&latb@ pumber] qunﬂlal stipayes and parse

i of 5B, PGB ALY Mgl b sk it
gener&lYfﬁs‘i’ﬁ?ﬁ&Wther le%iﬂgﬁﬁﬁétiﬁn Uthe PARIHA fun&tfbnafop thietdxanlphs above is k, =
di ment , i s cyclohexyl, In another enbpodi nent

R2
NTX*k"S’l (11 et r@mﬁdp@pwlﬁhonﬁlyt per|spatigh é‘F‘P?éTF Tremran T@Jh%\vext Spatlal stream),
nbodi |
buta xglgfegge&gezhgxﬁg%n %’(% ﬁﬁ%} g)t%ﬁlgerx{ nst% acla\r@tlél S5 x%%wo bitsto a

spatial Strdan) digslmovifig & thahbktephtial seeﬁimdl msnt R2 is oriented
such that the am no acid, or am no acid anal ogue,

[00541;h 'f’&? 3 1]‘11u§t9aﬂ&f F‘%’% 6%&%&%@%&&92@2 hORi BB b 8sdd iffthe

napre I ment Is Hor methyl,
appargti yﬂqmpmd?hg 12. dn this @pa‘m]ﬂyj each atr@npmtctrle@mrea(nymght be the same,

preferred di
but i e B RO T o TR R B e wse douror
the saRfstbgH iRErENBRALIRAL diff8rdnd cfclidWhifls in tHe sab&irAER k&Il Each
nbodlnent R3 is oriented such that the am no acid, or

streanaimiterteanen mighhled o guryentigriat 502-11&:1@@1@@@5 isin the
L-configuration. R4 and R ' are independently H,

[0055]13/ 2o} Wl'llustﬂﬂfés% exahlpyd streamythterledvat 890 in g’rya:tbnbdtdqyl Upon reading
ycl oal kyl al kyl , heteroaryl, or heteroaryl al k ¥
this dmpl@ﬁlgp,nt showid lgﬂ appprenpfoygne of pg}lRayry a}&ﬂrk multiple stream

interlé: f:r:s g:%% F? )c/&lrsx&ékctl xr{l(? %%éﬁ@fr%{:h ﬁﬁlﬁ\éﬂg@i%&%r |5 é{fﬁ'ﬂlts' ave received
and stoRig6 O30T plabsxlie bitdinlaydit buftds GRY., The:‘rionatuﬁﬁd)f bitthuéter 30 used
a particul ar enbodj nent R4 and R4'. .are both H., | ..
are digiptgligra oumier 300 g1 %ﬁ%&?%ﬁtlalﬂ e Agiedamaneqialy i bi
buffe#Oél Quﬂpﬁ?ﬁéﬁ v\#lﬂ ede E 308 foaf OLRAmt@ rﬁ%nﬁﬂfc bliffer 304 and
§ er iIs H -In another

outpu&rthadj e brdeonewlmﬁ:h Iﬂleabltt ﬁtead sutiyidatsrmingd by 4l ingementation
NHVe and NHEt, while the other is H In a particular

of thedpisHeAeEnt, R4’ is Hand R4 is H alkyl, aryl,
aral kyl , cycloalkyl cycl oal kyl al kyl , heteroar | or

[0056h et Bireamylad shptn ihtheeqpationsabbes caarhssalontaied maﬁ:l"sbla but it is

ot G2 B o R R,
as a nBARORk) Eﬁﬁﬁg inpRPindives BPoutpittndicy, offbiugla list Bf #n output sequence

particul ar énbodinent, R5 is Hand RS is nethy
Such datentight begensreigl asingoairinsaiculaes 312 figa IHWIGQYRJ S is
H. I n another particular enbodinent R5 and R5' are
Interlémirikmiﬂﬂ&’tbr Sdlectiypot her parti cul ar enbodi ment, R5 and

are both H R and R6' are eachlneendentl
[0057h| k\panouapymdﬂratmmybe uqeﬁ t st ipterigayin FiRRSn 185# 18

show ! é/%oug éééﬂtts g%m'ﬁffﬁmls ﬁsﬂg B dus: g)ﬁa%#n&é}g th{S?Xj) a8 Ldl B4 cases.

s aryl or ex pheny I'n""anot her
particul ar enbodiment R6 is aral kyl, for exanple
benzyl. In a particul ar enbgdi nent R6 and R6' are the

same, for exanple both alkyl', e.g. both nethyl. In
anot her particular enbodinent R6 is nethyl and R6' is
H Con'pounds of the i nvention cont a| n one or nore

T oy nN o o s



been in use to recover signals. One technique is the
use of error correction. Wth error correction, when a
woOib0em07It s are | ost, they m ght be recover edPasiusgn05/023594
other bits that were not |ost according to whatever
The PER'¢ Qﬁ'\{e%%g &)%Céa%h[ (%)ngs%Qomsﬁ%}%ers%ﬁ%r SOLIRSHRD For 54
cannot corre rors, so even sone error
subcagtizng] ISNROpe foringhée slmukiebewbbet:thv eamdbfor tler sagrescodgrrate and

const STaRb i o R ot S Bk e ROA S0 et than
for 54%5%9 BF Eﬁgi fkr)&ﬁxeﬁ&p@i%x‘gﬂ The &M14tRHS uRld 188 IRV MMSE,

transmtte s dre recovered then the four
1000B pdcletsain the redults, SR idhihe detregSINBoper resoivorin the signajbandwidth,

BT N T R EAR e

are several such encodings, i nformation is | ost when
[0058] oufig. I5iit @ photef B v.iHER foeyamdus iatedeav@m schemes fordA8 Mbps, 2x2,

encodi f four |ts Wi bltslost
1008, SHRRRIIONTES. e Primimtte S e Bebahoa b
although S11R2P RUABER of RaSRkiRadiang r&@ivefstm@ht bOSsRSMplated instead. The
Interleaving. A standard 802. 1la transmtter
plot lingstafHligehvaze: bits over subcarriers. [0006] Interleaving
is useful to distribute bits so that errors can be
reefbdareeenmxlhﬁeleéﬁﬁg Ofowisadi ng and ot her channel
cgnﬂdddyeg»gﬁrpdlﬁte@gaﬁgg 1351{,“,@ interleaver, the bits are

a Asrs BebRw shiharsei n N BPSC refers to
Ee nurrber l cgdgﬁﬂgl ts perS subcarrier, NCBPS refers

oo A5 SRR SURECIA By SO 98

100B, (CHaBRS/D- R OSTRdthli} ptbtﬂlh@ws(lﬁpﬁg sfor k=0, ..., NCBPS-
1 (Equ. 1) s floor(z/s) + (i +NCBPS - floor(16 * //N

[0060}%35@.)7 SH’? of SAR'¢ PR IR %}!%’ gﬂléﬁe%vg%é%ﬂgme&olrh@@%ps 2x2,

100B,i(manhe1{?ab|]mﬂ&;mﬂlrthmpbnlmasmdmﬁgz\ber ein the coded bits
have indices represent by k (i.e., the bits arrive as

[0061t<:9ig. g3k a Bﬁsr%f SRRGy. PERT3E véﬁ&ﬁﬁﬁt@ﬁé’ﬁl‘in%s%ﬁ&ﬁ@g ﬁ)rtlb@fmﬁﬁ 2x2,
hat® the bits are output in order by their / index.

100B, Ethrangel d- 0108, aTheeploff lines of Rig. Yaraie of / i s determi ned by
the fornmula of Equations 1-2. Using this arrangenent,

agl-aRarbeTXSnRfleaviepdekwed such that they differ by

t@%d%@&@ﬁdxhﬁﬁ%axﬁﬂgj 186%%sadj acent bits differ by six
subcarrlers here are 16 bhits of difference within a

[0062]2 o ggr} 8|S%J gf)f f ?NR[ %géﬁqpfgaﬁ)gus I?ﬁtgﬁge{ r%r s%ﬁéneurass fo(r: 120 %/Ibps, 2x2,

100B, IGHa.ﬁﬂéleEian withehsploniadsts 80Rig. 3.1a interl eaver.
[0009] A MM (rmultiple-input, multiple-output) system

[0063ﬁ 0 ;EE% |r1§ o? gllto I)Pﬁgfr{ wngSE raf'ég{;r%r% ?1@ E)nt{;xlf@arvmé s@ﬂéﬂé§ for 3x2, rate 3/4,

64-QANIp0E&insED ML OB fivhire tiee wppeeasyy srfor 48/$11bcainleys, attl68 Mbps and the
transm ssion nediumis a wreless radi o channel but

lower pare &t 108 P4 selsREIcEt N 249 MAPY i - node fiber might be used
instead. A M MO system conprises Mtransmt streans

[0064]anTid\ 11 éceplocoBSNRAER(bpedrioab ﬁxyelﬂ;@phlgabwnessfepéx%mtd 5/6,

o1 ol P B B8, e IS 5, ST B S A8 i o

48 sub\‘%glgfzgkec{t QQg l\ﬁ%ﬁ%ﬁd andheve izl enddBethe bBhMsMR [RR BLEMES for 54

t not provide as nuch benefit). Thus,
subcarpied MBS Mbpsni tter transmits its data as Mstrearrs and
a receiver processes its inputs as N inputs. [0010] A
M MO transmtter mght conprise an encoder that first
applies a forward error correcting (FEC) code on the
bit streamthat is to be received at an output of the
recei ver. The FEC code coulid be a bl ock code, a
convol ution code or other code or codes. The coded bit
streamis distributed by a de-nultiplexer over M
transmt streans. I\/any of the exan‘pl es here| n use M2

o . 1. i "




DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0035] In

enbodi nents of a transmtter according to aspects of
woheospoewent i nvention, MIMO interl eaving i s uBeWUS2005/023594

wherei n adj acent bits are well separated in subcarrier

[0065?ndFo$BaEX ﬁ{teﬁéa'i/ he DR iPbict BteSBits, b.gl, 3,20, N Sy meelt, 4, 7, .

nterl eavin e foll ow ng abbrevr ations are

k=2, Gs%d- hE‘Pl‘e‘Hﬁ INBBP@HI@ttm cmnnb@wercﬁurjlat%e lgl,lkerq;érf? k=1, 5, 9,

SY. over_al l. TX NcBP ot nunber
o oVt oL e Heout RS JABET o2 VAT R P eges S and 4
transn&imemgﬁf bEDEEY D=8 D06, DR24MATHLT=8( of one
transmtter N TX : Nunber of transmtters / spati al

tr H I t. T.

066§ 3T 1y Oplot SRR AR SRR SHE Rl e 8 v 12
64-QApiaChahnes D-NAMS( Wiprerthe durve that eidsedtherright eethe higher durite is for
thlnlts bl ock of N CBPS /N TX bits kn : Input bit
48 subqams o 08 bps andghe purye thap pradsat thegight Av g dpwer e R for 54

subcaﬁ'xeRBﬁgz?'Stﬁb gr cycle, wherein a cycle is a tine
or s nd| ng a signal. Using the term nol ogy

NCBP S nunmber. qof coded bit
10067§y??b%|13a%epfﬂtp?5§§ T BBO KEEPS et B8 s rate 34,
64- QAM 08t REDLRT OSNRLAY¥hSARVE haNBRRG oWt eﬁr%e EPSNRE% is for 48

uhber of coded bits per subcarrier, so
subca@ié&athMbm anyl theheree Bat is thaaigharrsbere azbﬂl\&ifﬁé as fqréﬂs
b used tf gm@ch transmtter/spatial stream (assum ng the
subcaggigrs at ¢ PSpf subcarriers per stream and the sane

nunber of coded bits %er subcarrier, which need not be
[0068} h&ig: 4449 2 loh 0BSNRTHBER fopvaripus infedeavinggghemas fop 40 MHz Mode,

' I :
2., B P SERYEN Tl DL R, wPfhe A curtd it surrirs a
121.5 Migpd .and e lowsr duroois(far B)8 stibCarriersie BFSMbpb.l oor (16 *
/VNCBPS )) nod s, where S=TGaX(NBPSC*, 1) (Equ. 5)

[0069* 09%’]15 Té“éJ?}ot BPASNRLE PFR%F%H&E st dﬂ@a% Lh&h efé 1z Mode,

n i nput sequence from an encoder erein the co

2x2, rige 64, HdRAMR Thews! DelSEOSewhetsythkugpier eurye ishfer b Blﬂ)camers at 135
he interl eaver

. V0
Mbps i {6 ey is S5 10g s bentiest B2 D85 put 1 ot dor by

theiry index. For a %I ven value of A the value of/ is
[00701 e Fig: 6 ireaiploy of SR fvo PERI far vdriomy interlesningsciemassfond) MizMode,

353, ik 10 RFPAN e B e Sy SRR S P lifpriers

121.5 W afid fHeQbwhycugvetis FOOIRr sub&driers hhg4EMapse 16 bits of
ference within a given subcarrier (for QPSK or

[0071]h' 9‘%‘9"17 o zﬂé bt SPENR S PRR f?f‘\?a}noué Q049 av i @lsc %er ) MHz Mode,

re are separate / sequénces
4x4, TRO M|, &4 GAMeenmnetiPrAYLOSs, whéx’eyhe upper aurs@sofbf $& subcarriers at 243

exanp s an jinput bit index for each spatial stream
Mbps M@Pﬂ@ﬁ%ﬁm@d@l foRHOB subeariigrp a8 Mpes-wi t h BPSK i s
used, A=O 1, . . ., 47 andj is the interleaving

[0072]; nB‘@( 18 isox pleameNRart PER fe:t vazaus interfravinigisthemasifer 108 siubcarriers

ina lx(?l m ! rar%% 6; %4 g}m 1 nglﬁéh%e \{l\gqu%zH}v{glléA fcg I@qpm—rﬁe the
mlddlé &ﬁ’% is of§ f?)hllmgl@fmcf tﬂ@ IMrQHI’ve Pk 1 %&P?Kj_ jhe input is

e out put and so on. ernative
[0073] ggfs‘{z}%t 2 1b89: 84115111&?%5%%% g ri? 1S G5t Ioer
e f
and D.?ME éMausb meg?s/mm Tg éh%w ?i a.ll_l\lﬁi?%gl‘ lvgl%& ) ﬁﬁooxg example,

for 54 P8 dat'x):ubcaﬂmrs @St(spam&s@qms ‘and 64- QAM 2s is
identical to NBpsc, but for BPSK, this makes a
difference. For BPSK, N BPSC - 1 d 2s=2, so the
difference in this case between the two alternatives-
is that the first one effegfively doubles the
subcarrier shift Dn relative to the second
alternative. Hence, if for the first alternative, Dn
for non-BPSK rates |s chosen to be tmnce as Iarge as

~ o NSNSt a0 1. rf " . I



where s=max(NBPsc/2, 1) (Equ. 7) Jo=J (Equ. 8) Ji =(]
+NCBPS/ NTX - 16s) nod (NCBPS/ NTX) (Equ. 9) [0048] In

wohbw/ary7angenent , the bit index for transm ttecT/TXeN05/023594
ko is 2k, while the bit index for transmtter TX, A

I?Egm or all A%ndrk ARAT dph@dl shb@RSmM ts the odd

h|ID’t" Jim s RN

s%‘c ?qespgtajggadgnto different transmitters, while

ext adjacent bits differ by three subcarrl ers.
[0074,1\d i \é{b@qetth%n%btrrqf sychanrelsds nptthg sape peer afltegngimitiorss or the
I
b B e oA Pl K hlll Rt Sep ot o REmBEETS nofthe same,
correspohiding adjustmenes/e nhdmntaleavmg desatibetl dtmive ahduild bt apparent, upon

transmtter TXO and_odd bits_are routed for a cond
reviey Pgﬁwh@t lggure;p OH%OQ@ Séﬂ%ttlztﬁt . Irg% t@t vary from
subcaﬂ%?‘%oﬁtﬁfca h transmtter using eight rows i nstead of
si xteen. Then, the indices for transmtter ™ ' s

rl eaver are shift t subc rsto

(0075} oo 8 a¥?r£%¥nﬂ8?&@eﬁ4y%gf%58ﬁtgl‘tﬂat out e Samg SN&y own
perforfRinb & BRihle UBlsuic R erfed st bh@HG MED; hdded show(aﬂ)Nut 1 dB improvement,

CBPS/ 2)/ 8) (& nmod 8) +f|oor(/8) k=0, .. NCBPS /2)-1
most filgdy dud ) ingreasedffrequercy/diversity( i +NcBPs/2 - fl oor(8 *

Z7(NCBPS/ 2))) nod s where s=max(N Bpsc/2, 1) (Equ. 11)
[0076{ 0=1"He 6l ardRitecilire €ar Be expbhdeBRS op A w1ttilﬁﬁ‘)ouﬁbﬂannel

[ NTX Equ. 13) [0051] hi this arrangenent,

bandvmlths kaIZf et rnd with yag@ble nyngbezief spgsiel eraams (mc 2TX,

3TX, %ﬁ‘gﬁétmr) ?:1%1% ﬁ?mﬁf&r{ﬁondgép gte 892 zi\‘?% ;Irter]-e{éﬁér % i8N ?t reduces to

previdus anadartly the even bits. [0052] In th| S arrangerrent
adj acent bits differ by eight subcarriers and go to
[0077 F' fhfl §61ﬁ9 binfdl A8 tdnSfiter Yi‘ﬁérllﬁ%vfn%eac&?rﬂf Z%SIJl:t@ﬁ§1‘r1‘ittepin§$e?leavmg
by six subcarriers. Adjacent subcarriers dif
#1 desgylbacsabnvbgweﬁxlmﬂpﬂt@r pmﬁtrmametamdllma aDeasy lmple[nmsasﬂonﬁsgt can be

241 lustr n le | nt at.i on
exact e et B L GonBHPRS Ber B e h gt pdd ol b Bbgpprr shif
betwebd PROAAI ANCIOAEis bdn BAIsSE 8 BYinRMed®dr S0Pt Ptransilitérdphiial
of streaminterl eavers 202. The cE)ar ser m ght be
1

divisiqsy myltiglaxing mpde Wensputitsend eprrespanding regeveans and par se
bits on a round-robin basis. Qher parsings nmght be

[0078)s ahild bt @adntiSnEdS BRen PescHbRDWITD E3p e e Exxdnhplary Snit®diments,
anot her parsing function. The parsing function for the

one skilfeghip|thasarh Bl escpgnigg that gRerous Rodificgions ags prgsiplsp fer example,
the pr«WeEs{és 9?&11{%3 han;éfn 83?& ﬂr%&hérﬁgﬁl%sr gﬁ%u it |C§H{pa§%ﬁ$’ i)%)ﬁware
comp(megisl arfdorume dombitationl theFeof. ’Ebmm}vbmtorﬂe aldo mot limitedad o the
a spatjal_strea then noving to the next spatial

signalig@ gasi qti905WEC engpding schemeor é‘t‘%’é’e‘é t&vaw&aé eHAasOr receive
antenrab.” G &‘ésgtﬁf)&ﬁi’e?ém%]ﬁuﬁﬁtﬂf%m [!I).H (?tﬂpﬁ&einﬁtwdual

appar at us
antenmas, peefierabinyt maheﬁyvmpaﬁiﬂnﬂ b gbitnebessarily ss,al:rm a shngle pliyisival antenna

i 455 DSl L P GIRL A e

polaniaﬁt)ﬁ(){g@l\gp{eghmgﬁgs with different cyclic shifts in the
subcarriers used. Each stream | nterl eaver m ght be a

copyent i onal la.interl r
10075 RHET bR (e Fvamit S R G Riea B0 RReckifncfpotary
embodiin@k St wilebéhpprediped tHae tdiimntibn f iflleBgddd Woer dllmodifications
shoul d be apparent to one of ordinary skill in the art
and eqtlhfalentﬁmﬂinpltﬁe sropeafithp fellowieg¢leines.can be combined into
a conbined structure. As shown, input bits are
recei ved and storage |logic 302 places the bits in a
bit buffer 304. The Iocatiggs of bit buffer 304 used
are dictated by a counter 6 and are typically such
that bits are stored sequentially in bit buffer 304,
but that |s not reqU|red CUtput Ioglc 308 reads out

" . r 1 * 4 1T r r R " — o
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[0067] Fig. 13 is a plot of SNR v. PER for various
interl eaving schenmes for 4x4, rate 3/4, 64-QAM
wGhesrets7D- NLOS, where the curve that is the | BG&EUS2005/023594
curve at SNR=33 is for 48 subcarriers at 216 Mops and
WHATES OWAIMEIMES: i s the higher curve at SNR=33 is for 54
subcarriers at 243 Mops. [0068] Fig. 14 is a plot of

SNR v. EEE for various interleaving schemes for 40 Mz
Mode, 2k2ln § Wirglesy transwattenwhereinanieput bitNe@8ncedsemeodddeand

r ' - B4 rierscat..121.5 M and .
s o Warel S i uHEE BT Br faidr dieipd 3oy 8z o pluraliy
of subGEG}, angthod 6f inderbeapingtcompriSNR v. PER for vari ous

int.er}lb‘%avi ng.schemss fgr 40 MHz Mode, 2x2, rate 5/6,
o IR RHSPAUSIRg tedhe plvealdy phwpatiplsticamsr ve i s for

it risABEAbitd Pr$edab a ¥Rg E{%}m@ f?éb?rb EntEMLNSd S for
1108 subcar rliﬁlgrs at 570 bs. ﬁggﬁl‘l%}m Igee}véngaseﬂ}“?ﬁce’ and

igterlgnRg/bitsAERsede averond spatiahttesaneasingg seohe feSrléngdBquence

X 3 r at [ 2, 64-QAM Channel D NLCS, wheré

{v;id 1%%@?"‘83&%@5?%‘% VIBE SRSt riers at 121.5 Mops

and the lower curve is for 108 subcarriers at 243

Mops. ROThémdthat oflcfailrs1, aviekedh efth oFhR i

various interleaving schenes fgr 40 M—glurl\?at@g}éR?f%?ﬂ?lsmams
correspapds t9/asigngh rangmitteshaven @ldisinNLteasmiteateanshe upper

curve is for 54 subcarriers at 243 Mops and the | ower

curve hrs Ard i ers. 486 NMbps. [.0072] Fiqg.
18 is g' p gtEn o§ Sﬁé%ﬁl IPE&e?eg?&vlgarS?%%g?’m‘{ﬁ ‘I“E%Flﬂaﬁ’@gies data
from motedhesofempatifigtrsathcarriers in a 1x1 node, rate 3/ 4,

64- QAM Channel D-NLOS. The upper curve is for | DEPTH
6, the | DPEPTH= 1 and the | ower

iddl e .curve i.s for

curve f‘glrgﬁ Peflidiotglaim o wherstiie it @apd sedond igarleavingo@quences
differ Babh@aydithaf bi @ sabcaghidter ent val ues shoul d be used for

| DEPTH and Dn paraneters because (NCBPS/ NTX)/ | DEPTH

shoul d_be an integer value. In one exanple, for 54 and

108 daf-aTBemethodiod elpimaddwhersipanorzlthat rearmsiBERTIINS carries

I ith nore than 1 spatial stream | DEPTH

dataﬂ%%o orsbitg%ggﬁ%%\ﬁarri ers with 1 spatial stream Dn=5" for

spatial streamn [0074] Where the nunber of

subchahnéh snteeavet system Haue WNEMBIO thhaRsibh beEfod&d data,
com t he nunber of bits consuned per cycle for each

PSS hannel over all transnitters is not the sane,

éer ESHARGH ' & he i avi .
: %a!;s cri bed a%%%/ﬁqg%%%?g&g@%ggpf&% A P ,H‘E' ﬁ{ﬁg A ert%?? ? Gapgrutted,
t Wkereih petsomnogprises allveatifg poridomartthesdicblied dath B@er@llurality of

Thys, NBRPSC nmi ght .vary from subcarrier to subcarrier.
[ Osp AR PR Lo

aver paraneters for 54 subcarriers

a fJirdBEtyedTOuL, s%ﬁnﬁﬁt@ﬁea%%ﬂg, Q’M%gl%{r?rltr) %gig 8?%1@%&% I li}?tgrieaggrs interleave

subcarrier case, and show a
i spetothatiba streamp grteridake fyr dine-thepitiat seame duth LB B8 ME¥n order

di. ' /6] The ergl architecture_can be
e%@%%%&dy%‘{%‘g%%% ‘W‘%ﬁgv i”o‘ﬁ’émeﬁéi? of A/ Nohkits where
( ZVIerleditviizdex 1,C ideqd i-{ i ablex f

spati al _streans 5(1I’Tx,q gl%)(w 3%% PQ)P‘II%, thlg'%m&%'ﬁ\gmf fxr);

v &fhsredn T 8 floeHond 6+ NosssMax SD2r(Ioskar T 0NGsREBYE) fabd €. |

[ L 0 e}l ou tandard). [Q077]_ In sone
AR s DE ), O ek e it tnsrad AgaosHToeene)
t farks) 1§ @cbdIN@HL E &Y =Nk + ki, BERE i BRAuARRY 5r Hdkg Bitd RS one
better. performance and has an easy inplenmentation, as

i fubcarichat encpaiigl strrem #nd frtemds 80 Itarldagingrieptti. eaver

per transmtter, with an additional 8-subcarrier shift
between TXO and TXl. This can be used as an

interleaver for a two-transmtter spatial division

mul ti pl exing node transm tter and correspondi ng

receiver. [0078] Wile thgsinvention has been

described with respect to exenplary enbodi nents, one
skilled in the art will recogni ze that nunerous

nodi fications are possible. For exanple, the processes

o




