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[0008] However, interleavers can be improved over the standard 802.11a interleaver.

[0009] A MIMO (multiple-input, multiple-output) system comprises at least a transmitter
that transmits a number of bits, or a stream of bits, over a transmission medium to a receiver.
Typically, the transmission medium is a wireless radio channel but the other media such as
multi-mode fiber might be used instead. A MIMO system comprises M transmit streams and
N receive antennas (spatially separated, separated by polarization, or otherwise separated),
where M and N are each integers greater than one (except for degenerate cases of M=1 and/or

N=1, wherein MIMO techniques would work, but not provide as much benefit). Thus, an
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2 illustrat'es an exanpl e 1nplenentation o nterl eavi ng
syst em the signal down to baseband frequency and, at the output of the N down-converters. Those

received symbols can be represented by an N-dimensional vector y. An example of a

transmitter-receiver system is shown in Fig. 1.

[0012] For MIMO systems, interleavers might be needed with better performance than

standard 802.11a interleavers.

BRIEF SUMMARY OF THE INVENTION
[0013] An improved interleaver is provided as set forth herein. In one aspect, enhanced
interleaving gain is provided with the improved interleaver. The improved gain can result
from increasing distances between adjacent bits or next adjacent bits, or both. Since adjacent
tones see similar fading, interleaving data bits on tones that are more separated results in
better performance. With more separation, the error correction is more capable of correcting

bits that are surrounded by good bits.

[0014] In some embodiments, the bits that are encoded into a MIMO symbol are such that

at least a majority of adjacent pairs of bit are mapped to different subcarriers and different



[0019] Fig. 3 illustrates an exanple of a streaminterl eaver as m ght
be used in the apparatus shown in Fig. 2. [0020] Fig. 4 illustrates
an exanple streaminterleaver in greater detail. [0021] Fig. 5is a
pl ot of SNR r various interleaving schenes. [0?, %: is
a plot of szgzoloagglé%qf or various interleaving schenes %@@ 60%026994
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[0026] Fig. 10 is a plot of SNR for various interleaving

schenes. [ligdeave thegparsed stragmg, whesein e igrgteayers IﬁERaeF}bﬁpa%lSifmstllOW different
i nterl eavignSeReFESsseb0028] Fig. 12 is a plot of SNRv. PER for
various interleaving schemes. [0029] Fig. 13 is a plot of SNR v. PER
for vario i<nt v Fig 14 i ot of NRv
PER f or vi??lgﬂs%iq%\ +ag§s\/;§/§§‘35 elrsr%lgnqg% ?veﬂ’ 51- 0 ﬁgﬁ]g %3 E’Ia%? @PtOSNR
v. PER f odiffeaent Mamtsmnlddzﬁamg spm:hknme&ns WO

2006/ 007571PCT/ US2005/ 023594 [0032] Fig. 16 is a plot of SNR v. PER

for vari ogsnlignt @hb ealswivg: csecdmenresscnﬁmaageu& gmh lﬂe dc@ox@paayﬂg d&kvu%&ﬁm
18 is a plot of SNR
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v. PER foi;’m&)’éﬂt’13 adiser ynderstandips H@hgeﬁéﬁ?ég abelT%% thopespatpeafieror THE:
I NVENTI ON [0035] In enbodinents of a transmitter according to aspects
of the present invention, I\/I I\/D interleaving is used wherein adjacent
bits are wel|l separated PRUIELBEICRIFEJIONLF IHEDRAWINGEam  General i zed
802. 11a Y FROL il J¥166K & mﬁgfﬁﬁmﬁi i ons
are usedNLerellsnFTg&DBPS Tofggl nunber o?‘ylggltlgwglh %&%%ESWEHD%#S%t
synmbol ovEWVenion mighthsdised. - Total number of coded bits per OFDM M ND
synbol over all TX NBpsc Nunber of coded bits for one subcarrier of
one tr ansHi0l8ler Figr X illustspiesrarexahipleimplementatémefa MPAD irdérieaving syseem. DEPTH
. Interleaving depth (I DEPTH = 16 for 802.11a) D, Shift in

subcar ri e[0819]or Figr hillustrdtescan/exapple ofih stedamaaet]al¥) astinight be used in the

apparatus shown in Fig. 2.

[0020] Fig. 4 illustrates an example stream interleaver in greater detail.
[0021] Fig. 5is aplot of SNR v. PER for various interleaving schemes.
[0022] Fig. 6is a plot of SNR v. PER for various intérleaving schemes.
[0023] Fig. 7 is a plot of SNR v. PER for various interleaving schemes.
[0024] Fig. 8 is a plot éf SNR v. PER for various interleaving schemes.
[0025] Fig. 9is aplot of SNR v. PER for various interleaving schemes.
[0026] Fig. 10 is a plot of SNR v. PER for various interleaving schemes.
[0027] Fig. 11 is a plot of SNR v. PER for various interleaving schemes.
[0028] Fig. 12is a plot of SNR v. PER for various interleaving schemes.
[0029] TFig. 13 is a plot of SNR v. PER for various interleaving schemes.
[0030] Fig. 14 is a plot of SNR v. PER for various interleaving schemes.

[0031] Fig. 15 is a plot of SNR v. PER for various interleaving schemes.



j: interleaver index for TX it within its block of Nows/Nrx bits
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stream (assum ng the sane nunber of subcarriers
coded b|ts per subcarrler whi ch
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Generalized 802.11a MIMO Symbol Interleaving

[0036] The following abbreviations are used herein:

Nbers
Ncaes
Narsc

Nrx
IpepH

D,
Jn
kn

:‘Total number of data bits per OFDM/MIMO symbol over all TX
: Total number of coded bits per OFDM/MIMO symbol over all TX
: Number of coded bits for one subcarrier of one transmitter

: Number of transmitters / spatial streams
: Interleaving depth (Ipgpra = 16 for 802.112)

: Shift in subcarriers for transmitter/ spatial stream (TX) n
: interleaver index for TX »n within its block of Ncpps/Nrx bits
: Input bit index for TX n

ky=Nyk+n n=0, ..., Nrx-1
i = (Ncpps/Ntx)/Ipepta)(k mod Ipgpra) + floor(A/Ipepa) k=0, ..., Neers/N1x)-1
j =8 ﬂoor(i/ S) + (i+NCBPs/N1'}(-ﬂOOI(IDEpTH * i/, (NCBPS/NTX))) mod s

where s=max(Nppsc/2, 1)

Jn=( + Neaps/N1x - 25*D,,) mod (Ncaps/Nrx)

[0037] In general, an encoder consumes Nppps bits per cycle, wherein a cycle is a time

period for sending a signal. Using the terminology above, Ncgps refers to the number of

coded bits per symbol overall, so Npgps/Nceps is the code rate. Using the terminology above,

Ngpsc refers to the number of coded bits per subcarrier, so Negps = Nppsc * S * Nyx where S

is the number of subcarriers used for each transmitter/spatial stream (assuming the same

number of subcarriers per stream and the same number of coded bits per subcarrier, which

need not be the case).

[0038] Thus, for a standard 802.11a interleaver:

IDEPTH = 16, NTX=1 (Equ 3)
i=((Ncpps/16)(k mod 16)+floor(k/16) %=0, ..., Ncpps-1 (Equ. 4)

S

S



where s=max(N8pseJ2, .1)(Equ. 5) [00391 Thus, an interleaver would
take in coded bits in an input sequence from an encoder wherein the
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di stinct ht .be ¢ nto differ Iarlzatlosof

of fewer cflﬂ%ﬂ%ﬂ/ﬁféﬁ%lg e $ﬂb€?5ﬁg§ s ﬂ’r‘ff’ ‘f‘r}mg‘iﬂéﬂ%ﬁ?‘l“é‘fa nt to the

rot ati on se¢ondpatinativexRit@satithdsatn® D TRl rifas fith ] Heindl cgual ffddhk abn-BPEEANS
are mapped on a &qr@l e .antenna. In any case, it should be understood

that di stfwfdthestygkaimatiys cans can be organized in different manners.
For exanpl e a transmt antenna m ght carry data from nore than one
spatial diarEuare plementation transnit antennas might carry data from a

spati al m o wi t h
four tr aiédﬁf R enngs andtﬂe\tli\g‘ﬂ g%leg. 61JS‘?I’ ean%grﬁéac% spati aﬁt I‘[161[ rOeam
can be rrmpp@rhmﬂmoﬁthmpmseammrmomnnm hasseidn As hlhtstrated thereslitsttobe
antennas t2h&nit3d r1¥tla c anne{ ie fprro(x)'ﬁ'eﬁ !f]osat FEC &ncd 1'0,‘51 lcha? ‘ﬁes a forward error

correcting code and provides the encoded data to an interleaving system 104 that distributes

its input into M transmit streams. Each transmit stream is modulated by a modulator 106 and

passed to a transmission circuit 108 that transmits the modulated transmit stream using an



[ 0044] A receiver 125 receives signals fromchannel 120 at N antennas
130 (counting separate polarizations, as appropriate) coupled to
Nreceive circuits 132. The outputs of receive circuits 132 are

provi ded to%\/\%l %/Ea datector 134, which provides its out %?Lrﬂfsggoggfég

decoder 136 turn outputs the received bits whi

unrecoverable errors, are the sarre as.the transmtted bits inp L
FEC encodeahtenig 10 fntp ¢ phannet k0, gich s wike)ess dadio %&mg,ﬁowgvﬁ@%%y

appr opr i akghde iHdkehdeaRI02(1N BangiliiBs. [ 0045] Vectors and metrices.
used in various equations described herein have been added bel ow

various eh@g?e ﬁ}s%Prﬁe\éﬂﬁéqoﬁm@ & argter%l%h%%?eedlg{ ncymesé aﬁ?géﬂlﬁat antennas.

correspon erren $an e equat I ons ere In
text. For Izeomerphe;pdmtmtsodusw sighalswpight tetcombinkd é1te differspt plairadohsioff afhe

vector x and the nnel fect Fepres
Wth a no%‘é"'@r &'Sﬂ{‘{ 'T“%ulfn 5n ve’éatn%?ie &;t%ﬁ s ege Sﬁ’gﬁzﬁ%tgt?o r(gg%ﬂﬁ %)ré%dlﬁ'g 5
+ it for pemecebat ﬁgﬂtﬁﬂdsﬁaﬁ@]rm’e‘hmﬂé imeprreéoe ia\smlgledmteenem' In@sy cas, 1bm~>uld| t

i bl e, t ved int 0046
| mor oved Phiersis i RN RO s Bt R o AL B EOR S Eve
i nt er | eavinghpleia landhib &itensa miighiticafp ddtOfrbra nibielthas baogbatiq) @meanew severglf

this disclosure. In one |Inprove data for | ur I|t spati al
streans i ganaawsaé‘&na%fdnﬁghi @fqyélgvg%mpaeﬁpagﬂg{r?ag} r%é‘ﬁ’ilﬁ Erscf’ésé‘? thie'case of a

di f f er ent yhfabfredr SANI FOG tRMOGR SHeRRb WRE0patlaPafshmb WBachRpitiabbtredin/ 2R 68 -
Transmitter Synmbol Interleaving #1 [0047] In this inter|] eaver a two

t r ansmi t t BADRSL AR tWoFansmib anternas in; that §ase; 9 Ly jEmteRny are camyigg data Fam IRttt s
are parseghf@hiAskdapsSt transmtter TXO (1c0=0, 2, 4, ...) and odd
bits are parsed for a second transmitter TX1 (kl 1, 3 5,

00=0, DI=naf) SERIALE1 802412 aheEbELN 12D a@fnﬂtewa[s 188 -;11-1t1n

transmtt hen, the i'ndices tor transmtter IX 's interleaver are
shifted bsepagipolasiaittes,rdsepmoprintgyusipiddie Aﬁlegftl@rml@m@el% dhe aufpeis eﬁt

bi ) it.h:
b Ih; s ﬁsa t {\%Mg?t%ﬁ ‘%E:"Z t1°’ 99%,9 Eg%gc{e& M@V]@rcie?e@%? 34, WARR'HSvideS its %%kk@t th 8§ FEC

2)/16) (k daodet 63&Mmdr l(nltlluil@))ltplnts@he re¢dived bRy which, wittouf hrwemogéralsly ertors, are
Naps/ 2 - floor

o= §iﬂéﬂsﬁhﬁ%§f)s £ (‘%lg%)sl tﬁﬁ% S IE1 &, STRS RRASE{ 2 wolda IO =

presumably have the appropriate deinterleaver (not shown).

[0045] Vectors and matrices used in various equations described herein have been added
below various elements shown in Fig. 1 for ease of understanding correspondence of the
elements and the equations set forth here in text. For example, the output of modulators 106
is represented by the vector x and the channel effects are represented by the matrix H. Witha
noise contribution vector of n, the receiver receives y = Hx + n for processing and from that

the receiver determines, as best it is able, what x might have been.

Improved Interleavers

[0046] Improved interleavers will now be described that provide improved interleaving,

with other variations to be understood upon review of this disclosure. In one improvement,
data for a plurality of spatial streams is parsed and interleaved per spatial stream using a

different interleaving process between at least two spatial streams.

Transmitter Symbol Interleaving #1 ,
[0047] In this interleaver, a two transmitter example will be described. In this interleaver,

even bits are parsed for a first transmitter TXO0 (4=0, 2, 4, ...) and odd bits are parsed for a



[00481 In this arrangenent, the bit index for transmtter TXO, ko, is
2k, while the bit index for transmtter TX 1, ich is 2k+1. Thus, one
transmtter transmts the odd bits, while the other transmts the

even bits. 0 Ln this arrangenent, adjacent bits differ ei
subcarri ers‘%%gﬁﬁg%’)mfﬁ different transmtters, while the Pﬁgﬁ}{Sﬂ}QéP
bits differ thr. crr| er a t |ff b
bits. Tr aﬁ%m %I}sm%yergbﬁg{l htérl ea g’g‘{' foggg‘%ﬂ%%i tﬁﬁ%ﬂy}%ﬁ/er
a two tradsis fof edch eaasmptter. itheh, tlmamdreaﬁbn tbaldmxttenTKmssintbrmetaeéd asitfted by
even bits outed for . nsmtter TXO and. odd Dbjt

Couteq 1 of it ShEBHE 4 A ditirs b achathiint P bt st 8L ang

I s done f giterBacdt, IfpapsSIBl tThey is lsdwidn &hditicdlBVE Equaticns g-0f si xt een.
Then, the indices for transmtter TX1l's interleaver are shifted by

clOn subcarr1 e ¢ o-ReiinRoHl Shanorabsieas Al seagk Bt >, Thbd b7
floor(k/8) Rﬂn@(z/somdapg\?czasﬂlv(fkwléI@’quBps:EZ)»qudor(|/s) + (i +Nams/2 -

floor(8 * i/(Ncups/2))) nod s where s=tnaxf %% 11

(Equ. 12) =(/ +NcBrisiNix - 16s) rmod (NcBps k‘fn%f@‘é“’” Li?0051] b?qnu,7)
this arrangenent, the bit index for transmtter TXO kb, is 2k, while
the bit index for transmtter TX1, kbji=sy 2k1l-1. Thus, one trans(ﬁqut&)r

transmts the odd bits, whil e her, .t.r e even bits
2006/ 007571PCT/ US2005/ 02359 (‘iﬁ\ﬂm 64 RSN (Equyg?

[0048] In this arrangement, the bit index for transmitter TXO0, ko, is 2k, while the bit index
for transmitter TX1, ki, is 2k+1. Thus, one transmitter transmits the odd bits, while the other

transmits the even bits.

[0049] In this arrangement, adjacent bits differ by eight subcarriers and go to different
transmitters, while the next adjacent bits differ by three subcarriers. Adjacent subcarriers

differ by 32 bits.

Transmitter Symbol Interleaving #2
[0050] In this interleaver, a two transmitter example will be described. In this interleaver,

even bits are routed for a first transmitter TX0 and odd bits are routed for a second
transmitter TX1. A separate 802.11a interleaving is done for each transmitter using eight
rows instead of sixteen. Then, the indices for transmitter TX1’s interleaver are shifted by
eight subcarriers to maximize distance between adjacent bits. This is shown mathematically

by Equations 10-13.

i= ((NCBPS/Z)/S)(k mod 8) + floor(k/8) k=0, ..., Nceps/2)-1 (Equ. 10)
J =s floor(i/s) + (i + Ncgps/2 - floor(8 * i/(Ncpps/2))) mod s
where s=max(Ngpsc/2, 1) (Equ. 11)
jo=j (Bqu. 12)
J1=(j + Neaps/Nrx - 16s) mod (Nepes/Ntx) (Bqu. 13)

[0051] In this arrangement, the bit index for transmitter TXO0, ko, is 2k, while the bit index
for transmitter TX1, ki, is 2k+1. Thus, one transmitter transmits the odd bits, while the other

transmits the even bits.



[0052] In this arrangenent, adjacent bits differ by eight subcarriers
and go to different transmtters, while the next adjacent bits differ
by six subcarriers. Adjacent subcarriers differ by 16 bits. Exanple

| mpl ement at ivp® 2 fggbdsts [00531 Fig. 2 illustrates an ex
i npl enentation of a MEMO i nterl eaving system As shovvn Ei’tréwetﬁlzooyo%ss%

stream from_an encoder is parsed p aI|t

stream i n{(@ﬁ? a5gBegempeRh a é‘ie%%tsr??fr&ﬁgyﬁg b?% %‘h °tdf'f£er?ﬂﬁnber
of spati atrm%@&m}ﬁ@%m&ﬁﬁlj&bﬁt&nt@&fﬁr B4R Subic e, BAFcent stBcRfiers differ
par si ngs ht be used instead, such as parsi ng nore generally using
anot her pbY functl on. The parsing function for the exanpl es above
is k" Nrx* k+n e, round robln with one bit per spatial stream then
on to theExamy % 4 but a nore general function f(k,n)

0 °, 385,08 e RSP B ERATA B eyl

illustrat ﬂmmnthenmmpblestm‘amafrcsm preenepdanisgraksed b pard@ 200 & aplgtatitybnd stueaad

in the apparatus n _Fi ach.stream

|t e D eavBrones A g pitscrattinthe prdided R EBoGE of BAGIRRG B pee
D . Thus, bigs dnolouhd- wbﬁfbatsits e0tHek parsihgd rﬁtghtttﬁ:mséd xgktéad,ls&hfampatrsmg mioke
sane stream.interleavers, but w fferent cli.c shifts in the
Subcar | obDeTly GRS PR IS | LT IoR B A xpint Fagare b=
802. 11a i R,,ukRa\s rounliQO6ih Withiofle bif pbd shatil 5tedais thef o ARPhet Sﬁah@lad%am)
interleaver 300 in great erlbget ai] . Upon, readin ﬁ% thi s_di sc| osur

shoul d bé %ﬁﬁ&?‘%ﬁtﬂeﬁ’éﬁ{?ﬁ%" .oy pighideyised dnstpad. FOF preample, sqndipg %S’Eﬁ t912e

stream i Ndyafid1 QBYARN, Shéndfo vy t6 WMt eREatidl s@eath. CONDI ned structure. As
shown, input bits are recelved and storage |logic 302 places the bits -

ina bit @nggerﬁgoﬂlllu;tg ag%gédx 9§f é)JtrthHntMaf/&r20§Qsm B0k Ae&in the

di ctated nt er P/pl cal such that Dbits are stored
sequent i aﬂptayratun shyvin ipdiig- ér Ligths, eXbmp e dagh stregmn@teﬂwefqmoﬂe@tght@gtﬂpmam

I 30

95, 505 A D) AU R

i npl enmentthe sapme syfart igerdloantre iutwitie diffefcd0&G8)ic Sthts m@hmbwqhmm Eacht he
equation strealg\{rﬁ r?eaa er% tlaqle%lf:lﬁg\;e%gdﬁ%S@f‘ﬁg utﬂ&rleanUt it is often nore

efficient o Car ate eés 'at once and store them as a

nal ces, 1034 8 5 o SREp it ho ureiiEelel DeReiiog.

gener at edhiggisosie, Hﬁéhbtlm beab;fanénatdxrneaﬁ ardixraqr@kimtnené ethey miiltiple Stream
| nt erl eavi ng Par ane el ecti on Fﬁl ous ,consi der atl ons ¢ &1 be

used 1o SBPREVISGILPY & R R sheBmSAR DU PP 5r8tve

results Qid §tofﬂgle %Elm Pliedifie bAE inQlbst uweﬂm ahs 1oct1ﬁtrns 3K Bit bidfed 30Ridd
4x4 cases. PER curves are conpared to those for 48 subcarrijiers

and for 5¥e @a%@dbyuaépsﬂerﬁ% andyarg fypically pushdhat biigarp gpred sertetiallyfobit d be
about t hegyg@Mp4l O R RRMFRuRAd] t@ctg?c ﬁﬁ%aﬁi@ B§tttﬂtls 5t BPbutef §04 4@

108 subcarriers, SNR performance s be as -good as or better than
for 54 bemtmtséh@ﬁ Eha orderfin @/é}uérthwbltmatﬁerpsd quy is dpframiniedrby Hieiigplementatipn

i deal %’IR{ MVBE, 1000B packets. In the results, SNRis the

aver age IQ per recel ver in the signal bandw dth, where signal

bandw dt al nber f data nes

e it o b R o e P g TR g it

i nt er | eavifieg nidedrEientli@caldilfic MS indioes at HOOBd stdrattiesl asG-diaGiuctiioamich
exanples are for twp transm.tters and wo receivers, aIthough ot her

nunbers &F 2 TIRHRSHPRDING 1BPY Apfices fuipir dndiges iy Juskasadist oA SHPSHS AR ad

The pl ot QutiN@sa AlightbégeneratddQising a TnAHEléRNEHor BX2 iidhahleAdieN@les8 rows b
= odd/even TX interleaving, 16 rows

Interleaving Parameter Selection

[0057] Various considerations can be used to select interleaving parameters. Figs. 5-18

show various results of simulations using various parameters, for 2x2, 3x3, and 4x4 cases.



c = odd/even TX interleaving, 16 rows, shift=15 [0059] Fig. 6 is a
plot of SNR v. PER for various interleaving schenes for 108 Mops,
2x2, 100B, Channel D-NLCS, with the plot lines as in Fig. 5. [0060]

Fig. 7is a NR v. PER for various interleaving
120 Mops, 2@&%8%?§Channel C-NLOS, with the plot |ines"%g)§ﬁu%ﬁ§"ﬁ3gg)9.r“

5. [0061] Fig. 8 is a plot of SNRy. PER for vario i.nterl eavi
schens. 1 Bhe B cWspsite S3mpareifo Biosedos AR oo REsGR OFITA SHGRIeTS HEL by
Fig. 5 argpedricrs SR M esmince shb@d be @bufiic sfind RYWheBarite Osiilg¥RAnd X
interleaving, 16 rows [0062] Fig. 9 .is a plot of SNR v. PER for

vari ous i ¢rneiellationisirg. Eemiditsubapiers SYRwmsgemangeshoyldde as gepdrger detenfhess,
with the plofpldaf&%ragird fx‘@cﬁlbﬂry BrersH90 T8 siftuBtiod sk Fidlal RhaRfingd MvediRy V.
PER for various interleavihg Schene$s for 2x2, rate 3/4, 64-QAM

Channel DLOWB®acketse e thelresultp SAYR is throavetage SR pargreeniitse iy the éigggg@ndrdgh,
Mops and ¢ |. cur.ve .is far I - 0064
Fro, n e R bafR o Sl R AL RS, BhypledernolPBaus | JO0C)
2x2, rate 5/6, 64-QAM . Channel CS, .where the curve th ds .a
the ri ght0838lt HE&n @ﬁ@#otegw?«% v BER 5 Vago @ s g dienes Eﬁgbﬁﬁﬁ@s’&ﬁ@
the cur vegdoBathamgdscAMLAI ertcbdddkhmpres brld€or tRWBANMRIFME anBtwioQEcebrtrs,

subcarriers at 135 Mops. WO 20061007571PCT/ US2005/ 023594 [ 0065] For 3
TX inter |aéf§wghg>,thetrwgm§9ré pEtrangmyissy andgecsiyexsinpight bg ¢ .t?mR'e@é IISE: gejfhe

plot lines of Fig. 5 are:

a = odd/even TX mterleaving, 8 rows
b = odd/even TX interleaving, 16 rows
¢ = odd/even TX interleaving, 16 rows, shift=15

[0059] Fig. 6 is a plot of SNR v. PER for various interleaving schemes for 108 Mbps, 2x2,
100B, Channel D-NLOS, with the plot lines as in Fig. 5.

[0060] Fig. 7 is a plot of SNR v. PER for various interleaving schemes for 120 Mbps, 2x2,
100B, Channel C-NLOS, with the plot lines as in Fig. 5.

[0061] Fig. 8 1is aplot of SNR v. PER for various interleaving schemes for 120 Mbps, 2x2,
100B, Channel D-NLOS. The plot lines of Fig. 5 are:

a = odd/even TX interleaving, 8 rows
b = odd/even TX interleaving, 16 rows

[0062] Fig. 9 is a plot of SNR v. PER for various interleaving schemes for 120 Mbps, 2x2,
100B, Channel E-NLOS, with the plot lines as in Fig. 5.

[0063] Fig. 10 is a plot of SNR v. PER for various interleaving schemes for 2x2, rate 3/4,
64-QAM, Channel D-NLOS, where the upper curve is for 48 subcarriers at 108 Mbps and the

lower curve is for 54 subcarriers at 121.5 Mbps.

[0064] Fig. 11 is a plot of SNR v. PER for various interleaving schemes for 2x2, rate 5/6,
64-QAM, Channel D-NLOS, where the curve that ends at the right as the higher curve is for
48 subcarriers at 120 Mbps and the curve that ends at the right as the lower curve is for 54

subcarriers at 135 Mbps.
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, 8, ki1=1, 4, 7, ..., ki=1, 5,9, k2=2, 5, 8, ... For 4 TX
interleaving, the cycle is over four bits, e.g., k0=0, 4, k2-2,
6, 10, ..., k3=3, 7, 11, Exanple 'DEPTH and Da val ues for the cases of

3 and 4 tra ) m ght be D0=0, D =8, D2=16, D3=24 n

100661 Fi g. Q‘i@%"é’ﬁ‘i{%& ot of SNR v. PER for various int e?‘{*iglfe???gﬂﬁ 94

schenes f 3. T .1 64- Channe| D-NLGCS, ere the curv

t hat ends ?‘iﬁﬁﬁf h&%% ? gﬁtm{iééatvﬂjé’ ﬁ%’iﬁ%‘? ‘Sgﬁ?VL‘e? bits; §8- ﬁgas%ﬁc ar’?‘i”elr & G-
108 Nops apg, §1ee..c Woy @ TohiteriSirdise, 8le dyble i dveihfoustits) d1g., k2nef, 8CUl %e1l § 9,

for 54 subcarrjiers at 121.5 Mps. [0067] Fig. 13 is _a plot of SNR v.
PER for vari%ths 6 Hberi®adinlschiéiawls lprrrn gl Dyvafuss Sy she cgsps oAR/pnd 4

Channel Dtr&lks%@ter!‘ﬂﬁélﬁb&b?&‘ﬁ#@, 0,088, D,S24 Ha 1L owes. curve at SNR=33 is
for 48 subcarriers at 216 Mps and the curve that is the higher curve

at SNR=33 {d()%ﬂf OFigtE’ fh ﬁlﬁtbq@trorfbﬁksv @ER%ISVMPssinteﬂeaving schemes for 3x3, rate 1/2,
64-QAM, Channel D-NLOS, where the curve that ends at the right as the higher curve is for
48 subcarriers at 108 Mbps and the curve that ends at the right as the lower curve is for 54

subcarriers at 121.5 Mbps.

[0067] Fig. 13 is a plot of SNR v. PER for various interleaving schemes for 4x4, rate 3/4,
64-QAM, Channel D-NLOS, where the curve that is the lower curve at SNR=33 is for 48
subcarriers at 216 Mbps and the curve that is the higher curve at SNR=33 is for 54
subcarriers at 243 Mbps.

[0068] Fig. 14 is a plot of SNR v. PER for various interleaving schemes for 40 MHz Mode,
2x2, rate 3/4, 64-QAM, Channel D-NLOS, where the upper curve is for 54 subcarriers at
121.5 Mbps and the lower curve is for 108 subcarriers at 243 Mbps.

[0069] Fig. 15 is a plot of SNR v. PER for various interleaving schemes for 40 MHz Mode,
2x2, rate 5/6, 64-QAM, Channel D-NLOS, where the upper curve is for 54 subcarriers at 135
Mbps and the lower curve is for 108 subcarriers at 270 Mbps.

[0070] Fig. 16 is a plot of SNR v. PER for various interleaving schemes for 40 MHz Mode,
3x3, rate 1/2, 64-QAM, Channel D-NLOS, where the upper curve is for 54 subcarriers at
121.5 Mbps and the lower curve is for 108 subcarriers at 243 Mbps.

[0071] Fig. 17 is a plot of SNR v. PER for various interleaving schemes for 40 MHz Mode,
4x4, rate 3/4, 64-QAM, Channel D-NLOS, where the upper curve is for 54 subcarriers at 243
Mbps and the lower curve is for 108 subcarriers at 486 Mbps.

[0072] TFig. 18 is a plot of SNR v. PER for various intetleaving schemes for 108 subcarriers
in a 1x1 mode, rate 3/4, 64-QAM, Channel D-NLOS. The upper curve is for Ipgpry=6, the

middle curve is for Ipgpry=18 and the lower curve is for Ipgpr=12.

[0073] When using 54 or 108 data subcarriers, different values should be used for Ipgpry
and D,, parameters because (Ncpps/Nrx)/Ipepra should be an integer value. In one example,

for 54 and 108 data subcarriers and » spatial streams:
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[0068] Fig. 14 is a plot of SNR v. PER for various interleaving
schenes for 40 MHz Mode, 2x2, rate 3/4, 64-QA1M Channel D NLGCS,
where the upper curve is for 54 subcarriers at 121.5 Mips and the

| ower curve 8 subcarriers at 243 Mops. [0069] Fj i

pl ot of SNR%&ZJ&%EW or various interleaving schenmes for ﬂf&’%@%féﬁ%,
2x2, rate 5/6, 64- QAM annel D-NLOS, where the upper curve is for
54 subcarri erSI®ETHT§§)TI9§§%°‘18%W@H@{qtb%lrsjpéﬁ?l\?geainé for 108 subcarriers
at 270 Mops. [ bemeTidfog 10§ gibparigrs wiithel spatiabea®.  PER for vari ous

i nterl eavi ng sPreyesr potialsaeapmy Mode, 3x3, rate 1/2, 64-QAM Channel
D-NLGCS, where the uptger curve is for 54 subcarriers at 121.5 Mps and
t he | owner [QA7Al e Wherg ige numpber ofi pubshannel & nat the agnaeiss all frapmiffersiogthe17 | s

a plot of [ ' Vi -

Vode, — axa oy o bESSnhed it bl BRf iR RnB SEPRRRTIRE: HofthErame, |
for 54 suberespinding adjus@uRits\ib ths intledeayving dessvibed abave ghoinkl He@ppat@8, upon
subcarriers,: [ Fi.q. i S.a. pl SNR.vy. PER for
vari ous i Eﬁ%ée% Oeiggl? rﬁlg&g C %r%ggx%(})fror(kgaéy éﬁ%lenatrh i flg'r gﬁlfsgﬁaps? E‘lg\ﬁ 4 !%O%t e
3/4, 64- QAMcarGhatosebcalidl OS. The upper curve is for | DEPTH=6, the

m ddl e curve is for lour-m=18 and the lower curve is for |nurm=l2
[0073] Wheow7sisi Ngw StetdavdiQRraiaheds for BEabEArHes givaiabbi tiehmy 8Nwes shoul d
be used for ' DEPTH ailnd Ai paraneters because (Nceesi Nrx) /Il ouprit
shoul d bePHFPTPAREGE o8| shbcaren ogsreingd ¢4 i zemodes shayy abayli | 48 dmepgygment,

subcar ri emgstaikelyius RAfhthsed e r divdr&EPTI {=6 for all nodes with nore
than 1 spatial stream | DEpra=12 for 108 subcarriers with 1 spati al

stream DX joo7gn TR gchPrat drdhitcthf GAHH kB4 AL &ith B W SR Of

subcharui el s is not the same over al transmtters, or t he nunber of
bi t s consbanddidts(2eN ez 2, etodtand with auinbld nugher ofsphtial stagaswi(T XX, s

not the s , rL.8s i | i i ng..de i.bed
above shoul g Be- e PABEIRE-ARK SR S Bealf | MhEHLER/ 0L REREL
or di nary kvibds stamdeddp art. Thus, NBPSC might vary from subcarrier to
subcarrier. [0075] New interleaver paraneters for 54 subcarriers give

about t he[08ZT1e IRINGinp einfubdtiohs) tensasttéritterldving bemrdingto tasRittetintdriddidgHz
nodes sho bouyt dB i npr.ovepent,. nost |ikely due to increase

7 equencyfogiber Ay sys i belTE BeitorBiare st BF dreertimir oot e
to gper at @cgclwiytthe staidafl802cl1a e eatid @Madhhﬁt%( Bx@tﬂi%a(,adgggﬂdz fﬁwr ai)ﬂﬁ
with variable er atial streans, : , : , etc.).
The 1TX J@P%?eﬂﬁ%nﬂg%oﬁ[g’é‘ Ctaﬁlb? Heedgpan ip e?"ﬁfél‘ P LB Bpnsyitier spatjaf
reduces tdvisibeMiuBiplexSidnote tthhsmittbOfd ChrrdsPorsidipiresdivay] at i ons,

transmtter interleaving according to transmtter interleaving #1

descri beqoa9Vv ey gild/s idvefidiGiat 6enRECHOEIHRAE RS o%ﬁénz;ﬁ&{%ﬁz%)fdﬁne ts,
ard 802.1

i npl enmentati on, as It can be exactly the standa la i nterleaver
per transwieskilied inthe #rt will reelpinize thathurgereusiyeedifiGatipnssing passiblst Wersxamyle,
and TX1. j . ' I fQr 1 ] r
O i e A

r ecei ver .cop@®dis, Ml drany henbinatienthepsvf.hEise ibeebtion sstsoinotiinited d3 to hepect

to exenpl ary,. enbodi hent ne skilled in the art will recognize that
o ot S Ratr eh e fediy st nishfsr 3F beathipanls R 1
defscri bednteaiiri thddaa-gj}e&mbletmmpmr;htl)iqsdﬂagtehmdmh te?mpﬂ%dﬁlﬁh VitlGal

sof tware conponent s,  and/ any c i nation thereof. The invention is
al'so not % aﬁ’éae%gablyospﬁwifygwﬁaa‘ﬁo %n@&ﬁw@rﬁwﬁ o ingls BRI PR
sche e, %ﬁﬁ!%@h@éd fof mbfeRgi Bre tRAMNENNREM QF rdcEiGE bigfal ﬁﬂ&@ﬂﬁﬁéuse_\ﬁ\h ere
described herein, a plurality of antennas m ght conprise individual

ant ennas Poltzation gppihertsedmiaied. v separated but not necessarily so, but
a single physical antenna m ght be used for nore than one transmt
st r eam 000478t eiThus, sitipugh thelinvention has beanstesasibedwith réspert foomemplagt her

techni qu %ﬁlbodiments, it will be appreciated that the invention is intended to cover all modifications

-

and equivalents within the scope of the following claims.
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[0079] Thus, although the invention has been described with respect
to exenplary enbodi nents, it wll be appreciated that the invention
is intended to cover all nodifications and equival ents within the
scope of the following clains. CLAIMS 1. An interleaver systemfor
use with M MO transm ssion of encoded data, conprising: a
parser for parsing encoded data conprising Naws bits that are to be
transmtted, wherein parsing conprises allocating portions of the
encoded data over a plurality of N r&L4BM8ial streans; and a
plurality of Nix streaminterleavers, wherein each of the stream
interleavers interleave such that the streaminterleaver for the n-th
spati al I.st r eamintartepursytsern oii use avithdvIdo tiansth ssibedf &ncoded dand, ebinedsieg:

index for TX .n within.its blaock of NeBps/|Vfx bits where the
i nterl eaver 4 Mgk forjparsing “é'ﬁ't’l‘iﬁ% ‘{5‘81 ‘(OPWNEII%%\}CRFF -‘t_ééh"lf)ﬁ)e g transmitted,
( NcuPs/\Nietgin pRBp@ompiisesa3lobdtR@Ipbitich) &f ihk eNJIBS hih IFver a plurality of Ny spatial
fl oor NEPTH*. 1/ Ncups/Per))) mod s where s=max(N ,cnrs/2,1), i =
g. Nc. nPEENAXVNOEF | DEpr 0- 11001- ( VIDEpyi 1) for k 1:0”d d o f

11\ 103psNi x).- Kn=Nr r xk+n, . NCBPS i s the nunber, of code its.for
E)ne subcr:) arr |X1) rl&g%lgo%;lfe% T§)é§ a|m’:'§1I”mgé%?n’rat S MG Efl‘—flgﬂ%lﬂ?esmgﬁmi”ﬁtfi@?qvgré\)'i“ﬁﬁe‘“e
dept h. ch tanat boehnt MiterMaddd fbir oS Th SSdti@NstRAMNERELS sdALA ordeP TRATda MY ‘an
par si ng encoded data_conprising NeBps bits that are to be ‘ o
transm ‘P&eg%ﬁvewé%t% Toah ithyy Eopel ddesad Nockits Higrpbetintenesver inddxe . is
encoded  datg e IuEglyi N atial .st N X o
i nterl %g\g?r%gou}sq?%éﬁ&p#u?rglnlt“%/dyﬁf) ’ &Xigt%éé%h{ ibntg(g)?@y g&g BT ei n
each offlaoHéesti é@¥osbyiNer))eanky shératenhadiersQUON + Ml FlgaaNk mod
interl qgve

e SRS e 40, R S SRR P S T S S
L R R o O SRy R e ST Py
(1 +NcuPsi Nr x- f | oor ODBPFI T* UNCBPS/ NTXM nod s where s=maxI N esps/2,i=
2. A method for MIMO transmission of encoded data, comprising:
parsing encoded data comprising Negps bits that are to be transmitted, wherein parsing
comprises allocating portions of the encoded data over a plurality of Nrx spatial streams; and
interleaving using a plurality of Ny stream interleavers, wherein each of the stream
interleavers interleave such that the stream interleaver for the n-th spatial stream outputs bits in
an order indicated by an interleaver index for TX n within its block of Nerps/Nrx bits where the
interleaver index, j,, is equal to (J+Ncpps/N1x-25*D;,) mod (Nepps/Ntx), wherein J=s
floor(i/s)+( i+NCBpS/NTX—ﬂ00r(lDEpT[..I"‘i/(NCBps/NTX))) mod s where s=max(Ncgps/2,1), i=
((Nesps/Nrx)/Toepri)(k mod Ipgpri)+loor(k/Ipgpri) for k=-0, ..., (Negps/Nyx)—1, ky=Nrpsxk-+n,
Neceps is the number of coded bits for one subcarrier of one spatial stream and Ipgpry is an

interleaving depth.

3. An interleaver system for use with MIMO transmission of encoded data, comprising:
means for parsing encoded data comprising Ncgps bits that are to be transmitted, wherein
parsing comprises allocating portions of the encoded data over a plurality of Nty spatial streams;

and



((Ncupsi N-rx)/1DEp [FA nod | ocirrO+fl oor (k/I DERFEO for k--0; ,
(Ncaps/Nrx)-1, kn=1\1-rxk-1M N cBps is the nunber of coded bits for
one subcarrier of one spatial streamand lotTni is an interleaving
depth. 3. An Intel-leaver systemfor use with M MO transm ssion of
encoded data, conpri sing: means for parsing encoded data
conprising NCBPS bits that are to be transmtted, wherein parsing
conprises all ca¥.i_ ng..portions of the encoded data over a plurality

of 1b11Tx spath'di?' 16t é\gTPFﬁ}re%lﬂd“te“leaV”lg mEags. Yhergin sachor Npstisaip anfpgleaver

i nterl ea¥iehibrBans s hdo R . St 04 nherl ans i
i nterl eave such t?\gttl%ﬁgggétkrtgﬁ&mhpﬁ{%%gg%@r%lgr{lpgfbprr@grqstﬁ? %ﬁ{a% ﬁgﬁﬁ]f{uﬁpms bits
spat i al inghoedemnglidepdthy doiinsrigavenimdeor the X mditbatiesdldk AMNdsaer Eawerere

index for.TX n wi.thin its block of Psi | bits where the . .
it er 1 SR it 1o GyEl N R mi iR by Wiin.=s
( NCUpS/fM(%Oi/S)‘fWCgllsyNif—ﬂﬂOOI‘([[‘)EP']’[-1* i/(NCBPIS/NTX) ) mod S_Where S:lTIaX(NCBps/z,l), i=

floor(i/s)+(i+NcRpsThirfloor(IDEPril""i/(Nenpsil\TTOD nod s where
s=max ( NERpss/ Dol peeriogf ot dpdpsi) Noowkdeemiokkrdd. - -» (Neaps/Nrx)—1, ky=Nrxk+n,

| DEPTI -Q, " fl.qqr dl)lgFg » e NCHSTNEX) 1, kn- NTx1( 11,
NeRps i SHhe nu‘r‘}ig’(ere o} (gdggggs golltogé F%wrca%l(ﬁgk&@%féggr@all areagt ‘“]C)@N-rll-IB'"‘é*bgtai“al
st r eamiatededvidDirdepth.i s an i nterl eavi ng dept h.
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