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1 PARSER AND PUNCTURI NG FOR MULTI PLE DATA STREAMS I N
A COMMUNI CATI ON SYSTEM BACKGROUND 1. Field [0001]
The present invention relates generally to

comuni cation, and nore specifically to techniques
for parsing (or denultipleang) data into multiple
streans in a comunication system H. Background
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t 0- nol se-a erference ratios (SNRs). The SNR of
each spatial channel determnes its transm ssion

ty, which is typically quantified by a
artﬁiﬂﬁ*‘&‘i"“&gta rate that may be reliably transnitted

on the Iﬁﬂﬁfﬂeﬂﬁ Ut t"ﬁlﬁfi‘?ieuoultﬁut t W cRdBtafid @&ﬁ&ﬁt élﬁ}l,»loys

channel to sp atl al annel en the supported
multiple ei'll”)s@anmnﬁ wnmsmimctﬁamm@lngteutlty@né mmdtiple (R) recelve antennas

AP o pRSHRRANGS ANEMO| Rl Biohedtoh et Miemit
mte&ﬁd a(th\/@d}thw\R&ébewermtenﬁ&Qﬁaﬁbe‘&gmpﬁse@hm Slepgﬁl thanaels, where
coded M MO system i,s parsi ng ta into nulti
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s% r gzﬂme Singpatidlestennels rrﬁ@rmxpeﬁam?eadiﬂ%rdﬁt fchemrehtcondititier &.g.,
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descri bed bel ow. ere is therefore a need

itshizangmission rcapabslhtw wh@b is typicgHy quantified byrat particulari cbltaerate that
1%5}5 & ngha\ﬁw Ear(xjs'nfltfte% & tthed% oflal’ @afifl. If the SNR varies from spatial

channel to spatial channel, then the supported data rate also varies from channel to

channel. Furthermore, if the channel conditions vary with time, then the data rates
supported by the spatial channels also vary with time.

A major challenge in a coded MIMO system is parsing data into multiple
streams in a manner such that good performance can be achieved for all streams. This
parsing is complicated if different data rates can be used for different streams and these
streams can carry different numbers of bits in a given time interval. The parsing is
further complicated if different data rates are associated with different puncture pattems,
as described below.

There is therefore a need in the art for techniques to. parse data into multiple

streams with different data rates.
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rate. Different code rates nhy be obtained by using a
base code to generate a fixed nunber of code bits and
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streamin the parse cyc
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cycle is one.instant of a puncture pattern.

sequancd BbogRRt b amsiedate: e maogp Gl Febpme ad e code rate for
&dch 8@¢En &ré Gitiallyhddtermintid VA dbnthé @aNTatd ddlectdd| fbf tAhtstream. The
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The code _bits in each streamare further punctured
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described below. The code bits from the encoder are then parsed into the M streams

based on the sequence of puncture cycles, one puncture cycle at a time and in the order
indicated by the sequence. The code bits in each stream are further punctured based on
the puncture pattern for that stream. The M streams are then processed (e.g.,
interleaved, symbol mapped, and so on) for transmission via multiple transmission
channels (e.g., multiple spatial channels).

‘A receiving entity performs reassembly of multiple streams in a manner
complementary to the parsing performed by the transmitting entity. Various aspects and

embodiments of the invention are described in further detail below.
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[0015] DETAIRIEGDs m&-ﬁb@hﬂoﬁﬁﬂ%} fol Fermi®Y dlseqBéREBE Brturd Sycles.

used herein to nmean "serving as an exanple, 1 nstance,
[0016] or i HIGsT Fhomscreoeive{RX) Ania @rasesser #fdhetershuing Bt n as
"exenplary" is not necessarily to be construed as
preferred or advantageous over other enbodi nents.
[0018] The par si ng DEIAILEN BESCRIBTIOND herein may be
used .fo0 tLious.wW,reless and, wireline conmunic
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\eiréhmt comaimynicatidni tsiysterss tdapabdes exfa kransmyitting modwitipden dzkteh streams

Sifflane Ry, P il 25008 toohtifithe SRS b foed 16° 5 ytO SPstem, an

SrirRGoN Ove gﬁbﬁ?n&bﬁlon%hﬁ (OFDNY) SyRians MBMO system that
associ at e ares ive subcarrl er that may be
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multlple orthogonal frequency subbands, which are also called tones, subcarriers, bins,

and frequency channels. With OFDM, each subband is associated with a respective
subcarrier that may be modulated with data. For clarity, the parsing techniques are
described below for an exemplary MIMO system.

[0019] FIG. 1 shows a block diagram of a transmitting entity 110 and a receiving entity
150 in a MIMO system 100. Transmitting entity 110 may be an access point or a user
terminal. Receiving entity 150 may also be an access point or a user terminal.

" [0020] At transmitting entity 110, a TX data processor 120 receives traffic data from a
data source 112, encodes the traffic data to generate code bits, and parses the code bits
into multiple (M) streams. TX data processor 120 further processes (e.g., punctures,
interleaves, and symbol maps) each stream of code bits to generate a corresponding

stream of modulation symbols. A TX spatial processor 122 receives M streams of
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data processor 120, an encoder 210 encodes tr af
convolutional encoder that generates two code bits for each data bit. A parser 220

receives the code bits from encoder 210 and parses the code bits into M streams, as
described below.

M stream processors 230a through 230m receive the M streams of code bits
from parser 220. Each stream processor 230 includes a puncturing unit 232, an
interleaver 234, and a symbol mapping unit 236. Puncturing unit 232 punctures (or
deletes) as many code bits in its stream as necessary to achieve the desired code rate for
the stream. For example, if encoder 210 is a rate 1/2 convolutional encoder, then code

rates greater than 1/2 may be obtained by deleting some of the code bits from encoder
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data in accordance with an encodi ng schene and
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is also given for each node 6n Table 1. The code rate
and nodul ati on schene for each node in Table 1 are
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rate-1/2 code bits fromencoder 210 based on a
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puncture patterns for the seven different code rates

given in Table 1 for a papficplar constraint |ength
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For an m/n code rate, there are n cede bits for every m data bits. Rate 1/2
convolutional encoder 210 generates 2m code bits for every m data bits. To obtain the
code rate of m/n, puncturing unit 232 outputs n code bits for each set of 2m code bits
from encoder 210. Thus, puncturing unit 232 deletes 2m —n code bits from each set of
2m code bits from encoder 210 to obtain the n code bits for code rate m/n. The code
bits to be deleted from each set are denoted by the zeros (‘0’) in the puncture pattern.
For example, to obtain a code rate of 7/12, two code bits are deleted from each set of 14
code bits from encoder 210, with the deleted bits being the 8-th and 14-th bits in the set,
as denoted by the puncture pattern 11111110111110°. No puncturing is performed if
the desired code rate is 1/2. |

The mode selected for each stream determines the code rate for that stream,
which in turn determines the puncture pattern for the stream. If different modes may be
selected for different streams, then up to M different puncture patterns may be used for
tﬁe M streams. |
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@F‘W‘@F‘é‘ﬁﬂg rEesprepstly nesforned fop sach strpayp3Eihe wﬁ%%wleze@udes at
6%& &ﬁmﬁ_@ééslcﬁgf F&cﬁo@ﬁﬁ‘l\@s@é ode bits from encoder

A parse " cycle 1s the snmallest wi ndow over which
t he pﬁnslamgy iparspgrfba smcﬁﬁanxiam;de isaleparibdd below. dioe thiy example,

its, from encoder e r cycl i ze ]
R =40 gfana% oSty B Gu & ToBe ™ I this
YeytlSndiRS & siffRfbnf Mimben Of bbdetHie Foin aitdddr210 to

sel ect ed suc that the sane nunber of nodul ation

gspatstn v sodulation simabale foreeach odtthe faur reams. e dips stragn 1, two
ﬁ%h%&ﬁe %}?Hflfﬁ‘r thér dat? SRYuHE D attSrnREE{ Ql0TBA13 bt usBRoSdbRn 16

code bits for two 256—QAM modulation symbols. For stream 2, three puncture cycles
for the rate 3/4 puncture pattern of “111001” are used to obtain 12 code bits for two 64-
QAM modulation symbols. For stream 3, four puncture cycles for the rate 2/3 puncture
pattern of “1110” are used to obtain 12 code bits for two 64-QAM modulation symbols.
For stream 4, one puncture cycle for the rate 1/2 puncture pattern of “11” is used to
obtain 2 code bits for two BPSK modulation symbols. The parse cycle includes 56 code
bits from encoder 210.



[0032]

[0033]

[0034]

support the use of a different node for each stream
The parse cycle size is thus further selected to
i nclude an integer nunber of puncture cycles for each
w@fm?@ﬁgdﬂstrearrs, so that puncturing can bep@gRedsiod2498
pertornmed for each stream The parse cycle includes at
| east one puncture cycle f o each of the M streans.
[0031]" For clarity, parsing for a specific exanple is
descri bed bel ow. For thi Sfaﬁlargﬁl e, M= 4 and four
streans are transmtted with°he nodes given in Table
3—r—t-h-s—exanpl-e—t-he—par-se—cycei-helides
suf ficient puaber | of <cade bli # Sode Bits ¢ #CuiteBiR10 #Runcture
giteamt € tgx?)nem%du atil&q synboltefdrer ¢achaftet t heCyades'Parse
Streans.| FOF Stream I,>Two | Puitiritige | CBumkRSing ol t Ogcle

£ nod. a-a.o.a a

la[§ 5776 tQre[pat Cgrim 11101110t —arepsed—to
obt di n JGngmAb ts #@r two 258 0AM noddfat i oh 2
sympol s. l-‘fp;EQmizam 23/4thre? pupgture cyghes for the

"111003°" arn ond + o

ol = 3l nat t ox
at U JrA pUniculr v rrpgatTTeT T LTI T OUOUT T OJC —C o

obt 3 n 12 &AM {s 88 twd 64-16QAM fodulldti on 4

symyol s.| F repam 3, ,,f our[ pungture{cyclgs fof th
L&PE‘ 2/ mcﬁwPr‘Sfﬁéura palll ernlof "T11Q" arpﬁcpd Q el

obtain 12 code bits for two 64- QAM nodul ati on synbol s.
For e r _
ponc S oHsflow B SeqidGe of Sublthd Gycl8 3001 fonbrlef bl on stream
itdexs Fbosequevse BPGparseri22 Oegrovidessthierfirst 20 codechite du the pase kycle to
i ncl ydes 56 cod bits from encader, 210. .
s o e S & Roals P GLSTFOR - Ghem gt 2% 1§ Coditstp siceam 3,
th@iRe Bt BedleBub & tHe ?m&@ﬁle@@ @Reamt 46 Séﬂpu@ﬁ&%l?@ iSedsg to %enerate
e

bef ore after Cycl es/ Parse Puncturing Puncturing Cyc

byt dos noyawrvide sowl mixing of sogubitsagrosy the fauir streams sinog sheqprpmpture
18, 48d ﬁ&lcé the%o@? His Hr%a‘ﬁ:esgreéa 8£qu§12tlo eFéehCCPtB% gﬂga\r%ﬁe Aycle.

equence of puncturé cyc genera ase
st r e &mproved mixikg cars be| achieved Dy (listributimg nthe péngoure eyclesfor each

the first ;20 code bits in the parse |e.tq stream
SiEORTR 98,V 35, BRSIPL S gts i, PRES PEFIS | MBS FHSBibUARR AE fHecpuncture
dyBI84 adrBssCBE Pakb (c§clb st beedMioted it P&Tbuk RSanhas! 18 thO Hlowing

bits in the parsé cycle to stream 4. Sequence 300 is

deseiption, yasinas precestsgt ard odnst generigallyy ideistihesdb donmiM i strgaras with
fi@9RuAY R13EbRRodel Gnd Bidh sSELRAP dRLAES P heRUAGHY Rtk four

streams given in Table 3.

FIG. 4 shows a process 400 for performing parsing with the puncture cycles for
each stream evenly distributed across the parse cycle. Iniﬁélly, the parse cycle size for
the M streams is determined based on the modes selected for the M streams (block 410).
The mode selected for each stream indicates (1) the code rate for the stream, which
determines the puncture pattern for the stream, and (2) the modulation scheme for the
stream, which determines the number of code bits per modulation symbol (bits/sym).
The parse cycle size may be determined as follows. First, the number of output code
bits per puncture pattern (bits/pc) is determined for each stream by counting the number
of ones (‘1) in the puncture pattern for that stream, as shown in Table 2. The number
of puncture cycles per modulation symbol (pc/sym) is next determined for each stream
as an integer ratio of bits/sym over bits/ﬁc. The pc/sym ratio for e;éch stream is then

reduced so that the denominator is as small an integer as possible. The lowest common



cycles, and hence the code bits, for each streamare

next to each other in the parse cycle. [0033] I nproved

m Xxi ng can be achi eved by distributing the puncture

cles for each streamas evenly as possibl
W?I)'(%{W W8 cycle. The distribution of the purll’g:tﬁﬁé&&ﬁlﬁ02498

cycl es across the parse cycl® nmay be achieved in

various manners. In the follow ng description,

deapininator rfoxo&le ssiusechpdsm ratios g‘m} Mcsttepms desext idetecnibed. The
i ndi wi dual | ect bIe des an

R AR TSy stucafh o e PrestniBT e R S fe g cenomiinbton

'snermmesatsns \ferthe M edibs the indidA®3A} nﬁh@rs 8f uheite éycles for the M
rocess 400 for perform ng, parsing with the puncture
g $0rrQne pagss GHcler Aaskamplenioy detpniping Hhepprarceyslesis dgteribed
Ridwe cycle. Initially, the parse cycle size for the
Mstreans is determ ned based on the nodes sel ected
[0035] for tThe I\Msueaimrs tl(eblsmtdd basgel) on thd hembaysief mwichid eytles dor each

h h d f
SRR, R IR BeteRSE ofthr ot I SRR Sl st sbfiBer of pypsture
Sjcles &'ihe sti¢hn( with mqeasmluhf& bDr?hn‘éﬁli’@éyéleﬁ Obloék 1 2). STHEM Borted
C

whi ch det er mi nes the number ode bits per

Frsangs ateidspotad abi St bi-t v agdave Nrie, pay N PHE“@FIE c¥¢loseper parse
S, BB 5 YRFENTS ok SV, Bt ol nurber o

S per ’punc uMe pattern thits/pc) is

[0036] det erAn mesy P WithePeRmehts SAfEriayd MIERIA1AY) wiHees THAS totalGfumber
ones ('I") in the puncture pattern for that stream as

cfitsnetureeygigpios a M yipeams imiheparse £yale nk mal be egrapwied gdpllows:
nodul ati on synbol (pc/sym) is next deternmined for each
stream @s an integer ratio of bits/symover bits/pc.

The p’CA:sZrN,.r atio for each streamis then reduced so Eq(1)
that the=denom nator is as small an integer as

possi bl e. The | owest common WO 2006/ 079081

e o el Ll ot HERRRALR) Rl foch SRRldFENT Rl oo ok

. Apdddex riviaitiabizédas 1daahe ﬁtst ammnj (Blot:lhétﬁ)r epr esent ed
| owest co n den The

[0037] 19 2: n?ﬁ@t}??ﬂpl“ﬁ?t}ni%}'i’lﬁ ?‘ﬁ?i’l’“t taée ﬂbmﬁl’.H‘FBé? g%‘%b@ﬁ E{e@F’éts of

aYH) B suchQhatthite M; efldeRRHPe AiSkibRRE aPB¥ Ry £)fosfbleABross array P
exanple for determ ning the parse cycle is described

(hdack\418]). 0DBis mappingnay beaghievad & sn t/amus aeanners, dsadesctibad below.

fﬁﬁ%&&@%%ﬁﬁp ch%igx?ﬁ%#i? g?ﬁr%/ﬁe ¢ r ea ensg\ﬁ&thﬁe c&dg %gﬁn%a% S

Pauﬁﬁﬁmmcfrrrtr)@mﬁ maﬂewhemd Mt slﬁeiﬁfglsﬁefbﬁﬁz?rg;:ésbeﬁ] dbml\c/lk 420). If
east ny er cture CycCl € oC e
theapper 181N am X d dhBergegte @10019522), and the;pogeRg returns to

brove4d to \}Na)cess the ne:h'%@édﬁ‘ Cbﬂfeﬁmﬁé’ G ﬁISMps@Fealﬁéh% beSﬂHo@essei

respecti wher e z N2
then eirayP represents a sequence with the final ordermg of the T puncture cycles for

the M streams, where the N; puncture cycles for each stream S; are distributed as evenly
as possible across the parse cycle/sequence. The code bits from encoder 210 are then
parsed into the M streams based on the sequence of T ordered puncture cycles for the M
streams, as described below (block 424). Process 400 then terminates.

[0038] FIG. 5 shows a process 500 for forming a sequence of puncture cycles for M
streams. Process 500 is one embodlment of block 416 through 422 in FIG. 4.
- [0039] . The N; puncture cycles for stream Sy (whrch has the most number of puncture

cycles) are first distributed across the T elements of array P as evenly as possible (block



[0036] An array P with T elenments is fornmed (bl ock
414), where T is the total nunber of puncture cycl es
for all Mstreans in the parse cycle. T may be

wéﬁ%@t G as follows: MT=EN, . Eq(1) r=1 %/U-Ezoogmoms

[0040]

[0041]

MO8 of array P are initialized by setting eac
element to zero (also block10414). An index i is
initialized to 1 for the first stream (bl ock 416).
$1903 Fhis may brdaclpa‘métbyrs@mg 81 BeNf rayslemeats 18ying indices somputed

.to NI available elenents of array P such that

t hese ', el ements are distributed as evenly as
possi bl e across array P (block 418). This mappi nhg may
be achieved i af) ous manners, as described bel ow.
Each & ; =Hamg) ]ped el ementfor derhespdpdd st o one  Eq(?)
puncture cycl € streamS;. A determnation is then
made whether all M streans have been processed (bl ock

PR dront i BB e by 8 “ﬁ%%%%é‘gﬁﬁmr‘g% Syl of gream S

O herwi se, if
g@ﬁ%@%@g&%ﬂh%@é@&%ﬁp 5ces {)f?@ then array P
r epr €BenNs panclemguenies for ehcht be tlfer Mr—loredmmmg stéamishare Tthen

BARBHED EriheT o Ghonsd oortdly BdsVaRly of DO fhig, Bfg e aa time

mdemldresceﬁ&ng) ofiet Bbf HeEMs S, thicugh ®,S ETHeiGAEY 5i6 Getab ¢Ro for the
The code bits from encoder 210 are then parsed into

Po¥E strgamy o apRssHidiasl S4A)- t e fsiquesiue qyeleforstrsamey is mapped to

PRI oy SO

an smyvelerment thet €sstaii® @ Zemr atfdas mbhajread s stqring e pundture cycle for a
unct e“ cI s for M str Process OO IS e
B850 e Sea o Hons s mat e e omaimEAN G| Ranqie segles for

cture c mSI (whi ch has the
TS Ry B °8‘Pp‘bte‘¥€‘11‘t??‘eﬂg)rc§sf@§ ‘are first distributed

across the T el errents of array P as evenly as possible
(bl ock WO 2006/ 079 CTI U82006/ 002498 10 510). This
may bk, pE ki eveond -ﬁ-o ing Sifor g=N, .ar Naylel enents Eq(3)
havi ng i ndi ces co as follows: Tf ks,i=round N)

(_1

, for j =0 N,-1, Eq(2) where kslistheindex
t f th {
Sk s 20 g L Sy i AR S BBl 5 o

equ at ks y 1s(t§g desired location in array P for the j-th puncture cycle of stream S;.

The N, -1 puncture cycles for stream S; are then mapped to N; -1 available
elements of array P that are at or nearest to the N, —1 desired locations (block 518).
For each value of index j, where j=1, ..., N, -1, the j-th puncture cycle for stream S;
is stored in the k; ;-th element of array P if this element is available. If this element is

unavailable, then successive elements on both sides of this unavailable element are
checked until an available element is found, and the j-th puncture cycle for stream S; is
stored in this available element. The successive elements are identified by alternately
incrementing and decrementing ks ; modulo T. For example, elements with indices
ks, ;> ks, ;+1, kg ;—1, ks, +2 and so on, are successively checked to see if they are

available.



[ 00401 The N, puncture cyc
remai ni ng streans are then

|l es for each of the M-1
distributed across the T
one stream

el enents of array P as evenly as possible,

5%06/002498

' and i n descending order fromstr
w@ﬁo@/&zo M The index i

is set to two for the ne

streamto process (block 512}.
cycle for stream St

[0042] (or ds-fmald

is mapped to
peation g tthey 7-th puastue  ¢ysieo seyshe deteppined without

The first puncture
the first avail able

Sy Ened Fhlimat by
aelifthevenddindel iegeaterdhan @regtialan gNl 12 Jawwhane [R|fion céitigg operator
remaining N, -1 puncture cycles tor stream Si may be
thatrgiees dhb rfctat higherSfteyer vakeffad . oFeexppleif T=10 and N, =3, then
‘N,-l , Eq(3) ksal =ks"o+round N-I where ks ,p is the
iNdat=8f Hdrej airayintflgelnﬁmidefoﬁl‘l‘ MNye= 10/ B sgivesuanqrioties of 3 and a
cycle of stream St; and j is the desired | ocation
remaiadercgf B whieh dsh dgss tthanpﬁhﬁdﬂlvé & thecquotientt 3 ésprogided as the
({60041] The Ni -1 functure cycles for stream3sS, are

ea Fop, ji; 2 -2 iptpgar|difdeot? shidie 2203 givesd quotient of 6
O?r 1 desjired | ocat| ons

that are rest to th

a(ﬂ& %Eﬁ@% g@Bdﬁ equal Jﬁ% /ﬂm%xsoj the \gyatient j6

. th puncture cycle for stream Sl
;g-{)\gp%inasit]ﬁe#ﬁgeﬁgca °Dt h el ement ~ of array Pif this

SBES 9y 00 SERIPY Bl

plys one is
i's

[0043] el eneiter itlockVSiS, Abdermlifatibhii$ nelde Wtikther SlI mmmk HWE been

t hen successi ve el ements on _both sides of th

RipResaeR | (erle 2o FE e et it FAle)y then GRCR ! i moremmeniodtblock 522),
BT b A S S 8 s 0
temuingesi ve el enents are identified by alternately

ex P U 8 e e i gt Yt B kg pivep in Table
3.1Thk ?)atse t9cle ABF tHROfoR strédf 6 @Ay @b YolfdWae KEEe hiddulation
-see if they are_ available. WO 20061079081
@M@§206@B9@24@83 and 4 hey$,) 6, Prandsl; bitesyme eegpectively o The code
Ja%,g fdr shrBarfd 1 OL Yrad Defed Ess?ﬁ {P%ﬂghﬁé T’bﬁﬂeﬁ% {h'%lP vide 8, 4, 3
anbi guirty 1@ ’nteger ari per form ng
andt2ejesrpogl respattivély. Iﬂneansjl,théinarﬂdﬁﬂmg ha‘cer;m/sym tahes of 1,3/2,2
3T, despbetiyRlo? i Rssh SRmoR A Tarayras et the foi i i atios
Fcctlvely,

Stidaf@ e, 2v3ldna 4 ﬂfen&avézﬁé/sﬂ@ms%f 3, 32,7/4 @n@nfb, hbs
3, then IN, /21= Fo =1 anlnteger di vide o

using, the-Jayyest ¢gimraen épnémmwnmddhu@aaﬁ é % 4 endnlpghye gycles per

%ere@;bjlg,gegﬁ {E‘ﬁegﬁ than [N, / 21= 2 so the quotient 3 is
rovided as

desired location. For j = 2, an

[0045] i nt edire fhuyistteamsd afe sdrted N desc@@idg Brdgi \besedaon)ube inember of

Ig)ufnct%re cycles to obtain the following sorted order: streams 3, 2, 1 and 4. Stream 3 is
denoted as S; (or S, =3) and has N, =4 puncture cycles. Stream 2 is denoted as S (or

S, =2) and has N, =3 puncture cycles. Stream 1 is denoted as S3 (or S; =1) and has
N, =2 puncture cycles. Stream 4 is denoted as S4 (or S, =4) and has N, =1 puncture

cycle. If two streams have the same number of puncture cycles, then the stream with
lower index may be selected by the sorting. The sorting provides a permutation or
mapping such that N, 2N, >N, >N,; or N, >N, for i</, where ie{], 2, 3, 4}

and £e{l, 2, 3, 4}. The sorting is further such that S, <S, if N;=N,. The total



and a remai nder of 12; which is equal to [N, / 21= 2
so the quotient 6 plus one is provided as the desired
| ocation. [0043] After block 518, a determination is

ngg(}%mmﬁf her all M streanms have been procesi§fsebisR62ios

the answer is "No', then index i is
i ncremented (bl ock 522), add the process returns to

bl ock 514 to process the next stream O herw se,
rp}mi@é% pyBure cyelas et Al four glernys rcomputed 3a0T = +3+2+1=10.

gﬁg p X0 four streans

en I'n g(}a%é‘ﬁg*%{;ﬁ%arse %:cgc}%glto or the four

[0046] st redite N =diepaiotire agcles forodtieanss,;. aré istilistvibated @bross the 10
schenmes for streans 1, 2, 3 and 4 have 8, 6, 6 and 1

dements ghamrayd peesenlycasypossitle. Thelindices pf ﬁ)ut clemsnisof agay P for

B e RS L R B SSGE e
E=023, 3 and B . 4THelfoar M@tmﬁﬂsmesermdw@&r@éetﬂosm 2, 2

and 1/2, respectively. The | owest comon denom nat or
[0047) i s 2 Ther Ny i pmntmp@/yglwaqraatnem Sz B¢ mestndisttibuted agrognthe 10

th ave c/s rati os, 2, 32, 4/2 and
clert ot o, P 5 RV, X RSt THie inshbted bR shRg S ah the first
Aatlatid %ferd%ﬁﬁ/ Sf &re)FP @Jtﬁ’dhdlslﬂxé’ Wit ithymhes Ref, MR' &Rired

cycle, respectiv 1 The four streans are -
loertionsifor thegemainingi twg p@n@@ne cmdgsreﬁr smea:rh%z ae mmputeﬁ as shown in

SREI1a7 58 o S0k 2 B B, I orkPin RYLRIANAE ARl B4 since

this elenzent Bradaalh’b&e I$ince the ﬂbtﬁéﬁt with mde&l es8 1§5tulimm&e Ssis stored

denot ed as S2 = 2) _and has uncture

le %@meré *gawfer ks 9@%%91% thgpearsst asglab% elefpent fpak = 8.
048] > = ThoPROCIA k! s B B e dRROUSEhLARA MO 10

= and punct ur

aaﬂ&n; Bpaéﬁnp abeohfy anxod@ﬂb[kCt gﬁeﬁ 1§¥(§ﬁ£f§d bg fé‘é:?iﬁg@ in the first

styeam w t | ower 1 ndex may sel ect ed
ayeilabile gleniEhte of amray Hg whnohvns dbs elensat mlhandam kor2. The desired

n ch that ?2 NOs or N for .
(PR oy B erpalfing pnctr”Gycfe 5% Sl § ) comfe by . in
Q%Bn&p(a)ldﬁa ik 9t fruL 7 heTheseleMertRaith ndes /5= 71 fs ok t=SNdince this

total WD 2006/ 079081 PCT/ 1JS2006/ 002498 12 nunber

@Pmﬁﬁmvaﬂ@%ycl es for all four streanms is computed as

T=4+3#2+1=1 t.

v O N e Socle B8 Bhl S Sp L GBRE R pidE® R sinete
m{labié EICARN A glin hibdy 1l viidH 0 tHeUbnRRS faf indag x106
el ements of array P as evenly as possible. The indices

[0050] of f JHIE. 8Beshews 9 soquencq of pumctupy cycldss 10 generpigd dasedeon process
%(ﬁ’lh?i%ogy foz:iﬁaeeeﬁgﬁxﬁe v%[h?foﬁxog&%g givgff‘ insf“a%m.' ProE&ll 80 191st ¢y

the four puncture cycles for stream S; to four elements with indices k=0, 3, 5 and 8

in array P, (2) the three puncture cycles for stream S; to three elements with indices
k=1, 4 and 9, (3) the two puncture cycles for stream S; to two elements with indices
k=2 and 7, and (4) the single puncture cycle for stream S4 to one element with index
k=6.
[0051] " For sequence 310, parser 220 provides the first 4 code bits in the parse cycle to
stream 3, then the next 6 code bits to stream 2, then the next 10 code bits to stream 1,
. then the next 4 code bits to stream 3, and so on, and the last 4 code bits in the parse

cycle to stream 2. Sequence 310 provides good mixing of the code bits from encoder



WQRNREH by storing S2 in the first availa

k =0, 3, 5and 8 The four elements with these
indices are set to S 1. [00471 The N, = 3 puncture
cycles for stream S2 are next distributed across the
10 elenents of array P as evenly as possi bkFT/UI Sodas

enment
of array P, which is the el édent with index k=1. The

desired locations for the renmaining two puncture
HPcaceass iy foyr seeamsSinegrthe punniure epicles fogreaon strgam are distributed

a?ﬁfb%mﬁglg(e@vgn\}fgﬁogt%e@ﬁ?@yaf and 8. S2 is stored in

since this elenent is

[0052] avai IFIGl 6.sh&vaaericess 600cike fidrming b séquefse of punBtuteScycles for M

navai Lable, S2 is stor in th enent with iIndex

G RS SN L APUe FEbsimPRat Dark: "llaﬁlpreu@ ol «For

&ss 46048 iddh1 &é%rgbd@w%t RE wh 5& &
prfgxtsdl strllbut ed across thﬂéhhlo égoerrenftﬁisn o arra eﬁgsaCh
siream|iyis fisst pompited es ATRITY N;s farch# Bv.egd My(bletlo610)g ASSariable D;
the first available elenent of array P, which is the

fer earhysiregin i fis inifiplized toy e2., onp dalf@f thee:éeahsnmg fon theosiream, or

2%%‘? fty i DA S i T

ava| %éggp‘ié&ofblgi%?m%set to 83 since this el ement |s

e Nd =1 puncture cycle for stream

[0053] S4 i For Iemh *ahmr afdndex falth%lyth'-blanentfoé agay §lie setdv did sitshm with

[0054]

[0055]

i S B8 R it 85 M st Sl b AT CuBRRP ofor the

d%lé@féh WhrBark ¥§ hﬁﬁ updiled 8P AGNE N DBSHRE vaTabI, QF B5= D59 Q '(Elock
5 for the exanple"with f fdur streans gl veh Th

mml a diztenlﬁhﬂﬁeﬁfs théDma@pwhdtHer alltTheletents oParfit PIhsve been filled
@/cl es for stream Sl to four elements with indices k =
ock 626). o Hdhe answer 35 Ngy, then index s pqreraenterd, (hlgck G22), and the
P IGRE o B e iy i ok i
tB3nihates. wo el ements wi th indices = 2 and 7, and (4)

¢ n DoReres SOt G Eiion s e agﬁagﬁé‘%f’s%ﬁﬁg Gveg gy table
Prond [dea sfnn‘ﬁlg Ee‘hﬁéen‘buﬁ&dl% RIS for Badhi@reRA T $Ecomifuted aE‘ OA, =5,

stream 3, then the next 6 code bits to stream 2, then

Ahe 10Xt Al181004leadd Ag=110. SThectdriables D; o tHehfouwn sixdamd may be
code bits to stream 3, and so on, and the | ast 4 code

initiatizédrast De=3d25®, <)/, D, &6/4; ardal) 25. Sequence 310
provi des good mi xi ng of the code bits from encoder WO
2006/@b@%@oﬂ@&wmwm@msmg Sorzach valnoekindexk. fRoark =0,

gﬁ%mg{?c&g&‘ﬁﬁﬁq ‘%2’1@ ‘ﬁ%@ﬁ%? f or each .s rgige___ag/%,the

glglﬁlanq' with index O is set to stream 3, or P(0)=3, and D; is updated as

D, =5/4+5/2=15/4. For k=1, stream 2 has the smallest D; value among the four
streams, which is D, =5/3, the element with index 1 is set to stream 2, or P(1)=2,
and D; is updated as D, =5/3+10/3=5. For k=2, stream 1 has the smallest D; value
among the four streams, which is D, =5/2, the element with index 2 is set to stream 1,
or P(2)=1, and D, is updated as D, =5/2+5=15/2. The processing for each

remaining value of index k is performed in similar manner. For each value of index £,
the stream with the smallest Dy value is highlighted by grey shading in Table 4 and is
also selected for the k-th element of array P. If two elements have the same D; value,



[0052] FIG 6 shows a process 600 for formng a
sequence of puncture cycles for M streans. Process
600 is another enbodi ment of block 412 through 422 in
FIG 4. For process 600, the ideal spacing
WOUMEATPY cycles within the parse cycle for PE%EI%%}OOM%
streami is first computed A =T/IN' f o r i —1
.., M(block 610). A variable DI for each streami
whch isithé edse farck 4, indlable 4, thee theadtfeamfwitththe ischalér mcilmammg/ be
S%tége stream or D =A [ 2 for i =1, ...,
(:'FS 12) An|ndexkfor theTeIemsnts of arrayP
initialized to zero (block 614). [0053] For each
vaI ue of index k, the k-tITablegirent of array P is set
to the streamwith the |owest value of D, anong the M
stre 0¢k © .| The, varji abl,e D] Top thg seledted
stre [:@P(g‘bu cn_nig) bd ﬁz\;/ r‘ll_ngJ to the Variabld,
or D| =B +|A 5b|o*k31618). Alfet ér nioat | bn is t hen
made [wretherat—Tetememtsjof—arrayr—FPtavebe

fillegd (blogk 630). If%he ansper ils ]j\p trﬁy})lndex

kK is frRerereitea—{bpek—e22) ,anaLT* preeRss—etdr ns

to bllock=816 t Hlhext: Alévent of arfay P.

O herjw se,; pH D0, 1 A78E M N . [T00%4] Procgss 600

is de %_1 . i ltaf”ﬂ"ya'ar’rg e liI'J:L?f Qur qLLCfpa

gi ven i k=Mablf ‘he isleal| spa& ng befweep puhcture

cycl es—for =gt T ERT S COLR TS A T=5—

A2=10 3% 5% =1o7i and A§4 =10, 6 Yar ] abl es D3 for

the fouy,_ﬁreanﬂpl;jay."f S , 02
adl S

:5/ 3 —07 —r, R t—4

resulft lﬂ"ihq pf bCessi

For K gtr
t he fmlr Qq_LF nz?m

with i ngexq 0 (5750 o 13 eq andl D3 | s
updat ed—as—1p3 AT Rl T2 1TaS
the st Dlzvlé? U GRSt hé?f s, i ch
I's =k2d 3 lhpe e'ﬁ?@is set 40

strea o 0 ted—as
D2=5/ 3+10/3 5. Fork= 2 stream 1 has the small est D,
[0056] vaI UQ)lﬁ@l‘fEﬁtn Sedubfoel Ot ep)}ﬁgtﬁxi%ggﬁlesv‘@iﬂ? Riifreterd?: orde&gé of’ puncture

element with ind set to stream 1
qy(:]:;e; whay bedcibevadsby initielizings theDgarisble+Br hﬁﬂi_fferém emanners. For

SHaply eVl 15T o R i B G Blpctp e and

lience tli&asnidlléﬂaﬂtal\/lspimﬁgﬂmaﬁ e |ihieialize® to \v@doLtd gise this stream more
g}g %&F ed by grey shading in Table 4 and is, also

hﬂ&ﬂns 8 PrOgtyre cyelpipientyracegss e parse; gycley Jf variable Dy
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following sequence of puncture cycles: 3,2, 1,3, 2,3,4, 1,3, 2.

[0057] FIGS. 5 and 6 show two embodiments for generating sequences of puncture
cycles such that the puncture cycles for each of the M streams are distributed as evenly
as possible across the parse cycle. The puncture cycles may also be distributed evenly
or approximately evenly in other manners, and this is within the scope of the invention.
Parser 220 distributes the code bits from encoder 210 to the M streams, one puncture
cycle at a time, based on the ordering of the T puncture cycles within the parse cycle,
. g . as ‘shown in FIG. 3B. This parsing per puncture cycle typically provides good



which is the case for k
streamwith the smaller i

= in Table 4, then the
[

first. Table 4 Stream1 2
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i may be selected
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ndex
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[0061]

61/4 5 2 k=4 71/2 k=5 71/2 8113 61/4 4 k=6 71/2

81/3 15 3 k=7 8 1/3 83/4 15 1 83/4 15 2 k=8 121/2

lpeforpnce sinaeppugcturing is often dssigngdoios eqns@iutive cedetbits from encoder

52? guences of puncture cycles with different orderings

of puncture cycles.nmay be achieved by initializing

t Ee v:l’m:sag%m rlﬁjhy also distiﬁbﬂbﬂmtcoﬂabineﬁsm heﬁ(:?crder Blmwht%l@M streams,

t he var e . D ortestr.am t he nost .nu
G bid g b
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i ool B et 8 e hsed o ghee gofdhe FRSEHS PR g parse
B9le Fof Bdnipl, pAGsksd GUOZRITAG 8 nwﬁe SnéihdcORH RDEprosenting

ﬁﬁcﬂl
wei ght in di'stri buting its puncture cl es evenl
dke Bumberhef gede hits fpe slseam { prigr itcapu@ttm@g, {nstead tof @mber of

\X)D§n+t§1‘ tdﬁer acfrdst{egmzze WP %@ th%n ﬂcﬂ?cﬂ bit r Qfehtnt ?x &6@0 Tyt input

OWI ng sequence of**punc
cpdd ‘mfs in3he 2 puiictui®, cycles for tHe Mlstredns. 2Eacﬂ1CB]?&ﬂe}nt bf ﬁ‘ay E1s filled

: s&o eﬁ,& MDE%%&%%S? 6fPﬁre P%ﬁ”er )ﬁiﬁgglgjl?qgc ¢ code bits

%ﬁhe&Bdér'ﬁO M e Ve PR bBsed iof ikl dRried gwenfiﬂ gRkyp, @

possi bl e across the parse cycle. The puncture cycl es .
may . aFenthgeexamplerwith fovg steeas| shown in Tgble Gx ithﬁammmbcr of code bits

YET ey o e pavagts 298 ity PR o e B Mo =20,
Hepe 50 Tie £16: i Noes T4 e WA i RS ot
pﬂﬂl =5gt ©The cilleeaf' s&cthpgl get%vgeen @gc{esgltsc}‘or each stream i is computed as

Ay ; =Ty / Ny, ;- Variable Dy, , for each stream i may be initialized to one half of the

ideal spacing, or Dy, ; = Ay, /2. Bach of the Ty elements of array P is then filled with

one of the M streams, e.g., similar to the processing shown in Table 4. Array P then
represents a sequence of Ty ordered code bits for the parse cycle. Parser 220 then
provides the first code bit in the parse cycle to the stream indicated by the first element
of array P, the second code bit to the stream indicated by the second element of array P,
and so on. Parsing on a per code bit basis (instead of per puncture cycle basis) may
provide good performance under certain circumstances (e.g., if the same code rate is
used for all streams).

Receiving entity 150 performs reassembly of M received streams in a manner
complementary té the parsing performed by transmitting entity 110. The processing by
receiving entity 150 is also dependent on, and complementary to, the processing
performed by transmitting entity 110.

FIG. 7 shows a block diagram of an embodiment of RX data processor 160 at
receiving entity 150. Within RX data processor 160, M stream processors 710a through
710m are prov1ded Wlth M detected symbol streams from RX spatial processor 156.
Each stream processor 710 includes a symbol demapping unit 712, a deinterleaver 714,

and an erasure insertion unit 716. Symbol demapping unit 712 generates log-likelihood



[0062]

[0063]

[0064]

[0065]

e.g., as shown in FIG 3B. This parsing per puncture
cycle typically provides good WO 20061079081
PCTI US2006/ 002498 15 perfornmance since puncturing is
Vg(%(ﬁ)%]/ g‘gglggned for consecutive code bits from encoder

P ] Parser 220 may al so distribute t RETAI§2{96/002498
bits fromencoder 210 to thegdv streams, one code bit
at atime, based on a SpeCIfIC ordering of the code

bitS (LR & S o Spreciitiichs 50he SATBHEor BE AERERA ifhols

ement ed N, representing
dhebaR fof eash @edebblt mdfcetes ﬂmrlJérahhqod of tlerOd@bqb beiog aone (j;l ’) ora
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56 . Each elenment_of array Pis filled on
340.¢ hEreipes psestion Byt p’lrléc@g@fsﬁeresur?safogethez%@em*@npuncmed by

Pinidnirdgi@s23208 tfaag:ﬁltémgt &ntity 100N RRGRAGFe #H0 LIR tVFﬁe M 0 and

Streans based on the ordering given in array P. [0059]
iskicates @qu;al dikplihoodiof h pimaiured codsaitsbeirigoanerd (0 Jainlacons (‘17 ) since

P FuBRGh iRt P bonfid s bRy RIEK ol R et 31 -
20, NuﬁasseﬂaBly kit 420 FecBivea i ol froch M R@ednd ?dcessors 710a
%H% r of &;ode hits per parse cycle js. T 1 =5

the YL\ iresms, gerssoples’ promuliiplexes; ﬂw&eaﬁvfpuiﬁ gato one

B e il e i
rtrawmttmgaentltygllooand:lzromdes:thmompositg stréeae o flecoder 739; tDecoder
?%ﬁ? JeRigts e LRGN . Forppiil sl bl Rl o e

?erfbhh&y b¥ ehdvder 210 pY RERMitEnS e@tﬁg ug0c@d Qrovidestdecoded
ordered code bits for the parse c Parser 220 then

g8y Dseeder {20 may dmplemgat %Vttelphdftcﬁ%-‘f phenceder210 ds § gopvgltional

shdc@gm i ndicated by the first element of array P, the
second code bit to the streamindicated by the second
el emeRor cfirityy theypd®sing dectiniguescrave Peers desgribed forperate dllebinary

bi t ' d . t le b

SRS SOt RS Rt i apoe e o i ltes e such o
@S ubo coldé, s TDERERIeCHBIBCK @Wde, 4n so bged for all

streans). [0060 Recel VI n entlla{;iy 150 perforns

r eass@hbpyfslélg teg escpibed ﬁq;rﬁ]MIMO system These
G TPt 'E‘i@%;%ﬁé% b8 nfsQPnP&BéJ dohr JaﬁBﬂ‘%%téE[s Lepah ftting

ent | y € processing by rece ng en |ty
ahdtiplel epenierid moltipletnahsminsioh ehmmelar VA transniidsion channel may be a

prqQc ing . pe d by transm.tti ent
Bt el in T MR S o sttt 7 Repmandn 2 OEMNG Sibbean o spatie
@harB¥ fd set BF QfbB&ESRin 4 SMIB-OFDM system, a code channel, and so on.

The parsing techniques may be implemented by various means. For example,

these techniques may be implemented in hardware, software, or a combination thereof.
For a hardware implementation, the processing units used to perform parsing at the
transmitting entity may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof. The
processing units used to perform the complementary reassembly at the receiving entity

may also be implemented within one or more ASICs, DSPs, and so on.



receiving entity 150. Wthin RX data processor 160, M
stream processors 710a through 710m are provided with
M det ect ed synbol streanms from RX spatial processor

h stream processor 710 includes a s H@ﬁ
v‘éclf;smalpplng unit 712, a deinterleaver 714, ﬁ S2006/002498

[0066]
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erasure insertion unit 716. $ynbol denapplng unit 712
generates | og-1ikelihood WO 2006/ 079081
PCT/ UBgPo& ﬁQQﬁﬂﬁ?ﬂmﬁéWﬁﬁhHﬁ§ &th&%hﬁﬁmﬁQﬂﬁlﬁﬁﬂﬁkmmnmdmmh

representatlons or the code bits of the détect
Isp {e.2., Prreedures, fanctions Hn‘éé‘éiénb'fhﬁt pmr@aﬂneéimqﬁens described
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flge in EIG d9dad bxdcnted bya precesser (e. g.pcqﬂtreﬂmm@rqr 1776). t Thee memory
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puncturing unit 232 at transmtting entity 110. An

anf®adrte is an LLR value of 0 and indicates equa
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[person skilell maheaid makdwraise e presentt invention.t Neﬂous[xﬁ&ﬁﬁc]:ati.éns to

reass uni t, ei ves th out mMs eam .
5t aboibent ot bereesigeoytomn o oo RBH i (b8 Ap and 16 Beheric
IpBRSIPRE BbSifed Herdi! hdal BL QY Sifed ith Sfer @xﬁﬁd&&héntb Wiiﬁo&trlﬁpartmg from
conpaosi te streamin a nanner con‘p ement ary to

(Sea sniFitgerRsppePhhe Kentien- s Thusp the paesent; ingention s nprgmtended to be

GllteltVio b oAl LS, hSiCHRRESE e AORRE HE videst scope

ccommttnéthsmmples aad mevel ﬁramremﬁéohmdlhmm to t he
encodi ng perfornmed by encoder 210 at transmtting
entity 110 and provi des decoded data. Decoder 730 nay
i mpl ement a Viterbi decoder if encoder 210 is a

convol utional encoder. [0063] For clarity, the
parsi ng techni ques have been described for a rate 1/2
bi nary convolutional code. These techni ques may al so
be used for vari.ous other codes such as a Turbo code,
an LDPC code, a block code, and so on. [00641 The
parsi ng techni ques have al so been described for a M MO
system These techniques may al so be used in other
comuni cation systens capable of transmtting

multiple streans via nmultiple transm ssion channels. A
transm ssion channel may be a spatial channel in a

M MO system a set of 'subbands in an OFDM system a
spatial channel for a set of subbands in a M MO OFDM
system a code channel, and so on. [0065] The parsing
techni ques nay be inplenented by vari ous neans. For
exanpl e,




t hese techni ques may be inplenmented in hardware,
software, or a conbination thereof. For a hardware

i npl enentation, the processing units used to perform
parsing at the transmtting entity may be inplenented
within one or nore application specific integrated
circuits (ASICs), digital silfnal processors (DSPs),

di gital signal processing devices (DSPDs),
progranmmabl e | ogi ¢ devi ce€CLAHAMS), field programmble
g\ﬂ}a?is%[arirﬁ%fcfi . (FPGAs), processors, controllers,
m-cro:.con gllers, m croprocessors, other electronic
units designed to performthe functions descri bed
herein, or a conbi natjon thereof. The, processing .
uni t sl-useddmsthadiof gasing data i aporamupicatiop syHem «mprying:

the r v | [ L t.0
1 05 g 43 Sl s, o
pecil/syes0 0 ihooalipl pubdtufedysls}, tho multipdopunchre cycles for the stream

R SR olbc o PRl Bl RS e o1 puntare yoles;

fathcti ons, and so on) that performthe functions
described herein. The software codes may be stored in

a menkAtyng sede bits go theplyrlity of sireamsdpsegyon the sequenoe ofpuncture
Ekk%nd executed by a processor (e.g., controller 130

or 170). The nenory unit may be inplenented within

t he processor or external to the processor, in which

case jt c be .co i.cati.vely coupled to the -

pr oce%‘sor eén?}ﬁ?%ia‘wglahgﬁggwf@ W8wn in the art.

[ 0067getcrhitning Githbetof Pasictire RY¢16inQf patdeesydie F61 @8R df the plurality
enbodi nents 1s provided to enable any person skilled
phstreqms hased o medulatign schemes prd pymetiespaticpisaised £ the plurality of
g/@gigagus nodi fications to these enbodinents will be
readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to

ot her , enbagdi nent s, w.t hout, departing from, the spiri.t

or schpe oftie TEph O S 1, SRR b hormiRg the sedpe RF puppture
hﬁ;]&%ﬂpﬂ&@nded to be limted to the enbodi nents

shown herein but is to be accorded the w dest scope

consi exdesing fhe pluralidy @f i streips d dgspending cirder cbased @8 number of
' ' t. ks clainmed is: 1. A

ﬁ%@hﬁggégc?esgg{r%cﬁaf%gpgl%@gﬁgg%{n&ﬁr%r?f%at ion system

conpr distribgting bue of nEra paetre cgeefor pacic bfitle plyraligys of ordered

a plurality of stre sych that, for each strea

o YPLY BT PR v ER) pertss théasalihep PP MG,

cycles for the stream

4, The method of claim 3, wherein the distributing the one or more
punctufe cycles for each of the plurality of ordered streams comprises
distributing the puncture cycles for a stream with most number of puncture
cycles evenly or approximately evenly across the sequence of puncture cycles, and
for each remaining stream in the plurality of streams,
mapping a first puncture cycle for the stream in a first available location
within the sequence,
determining desired locations for remaining puncture cycles, if any, for
the stream, and ' '
mapping the remaining puncture cycles, if any, to available locations in

the sequence that are at or closest to the desired locations.



are distributed evenly or approximately evenly across
t he sequence of puncture cycles; and parsing code
bits into the plurality of streans based on the
sequence of puncture cycles. 2. The nethod of claim
1, further conprising: determ ning nunber of puncture
cycles in a parse cycle for #ich of the plurality of
streans based on nodul ati on schenes and puncture
patterns used for the pIuraIity of streams. 3. The

rretho r.ei rmng. t seguenc

punct ure g’b?fn °§o% lﬁﬁg"fﬁ@gﬁ%? “GHeRg < g'fpuncture
&Wlmpﬂsesjescendl ng order based on nunber of

punct Hre C%J&ges for each of the plurality of streans,

and dAeiemm ¥R3oinE cbebvecnpPEICHIn el for) epchs of dhe @luglity of
QfredniiCa Ural ity of ordered streanms evenly or
apprOX|nater evenly across the sequence of puncture

cycl edistributing e phwality df pimetiraicyeles fontiles pluralityhef streams based on

Sh R bl e BPE Bl FREen BRSPS for each

di stributing the puncture cycles for a streamw th
nost nunber  of &gnct ure cycl es evenl

appr ofi mat &hg/mgthed of claisn sotherein thecdisid gﬂf@géhe ﬂgﬁ@f}{ﬁf@uncture
Eseﬁr n@,ﬂnﬁggofgfg&n{sggﬁ lqgegg streamin the plurality

strea a firsSt puncture cycle for the
st r eamitializingfa vasigbla ¥ari eladbst@amcbamdr onrthe spiacihg fortthesstream, and

seque ceh%dlet rm.nhlng desi r&d %tr ns for remaining
punct P e &y EF RYAEDGEY Py §Y ®am and nmappi ng
t he renai nidegtifyitgcd wtient Wethes smalfestovalue fo? tHY Fudigh €mong the

H(ﬂ‘gal;r ons in the sequence that are at or closest to
alifg of $tE@Bocat i ons. 19 5. The nethod of cl a| m1,

uherei n t NElmG! HBch ACHICHRel MNCE YufotuleY S for the
conprises det&rmning spacing between puncture cycles
fidentified $ireafn, aik plural ity of streans, and

distributi g?dagp 2l gléefmc 1Eenglﬁer?stré/ gased oh tltle sepacmg for

plurality
the identified stream.

7. The method of claim 1, further comprising:
encoding traffic data in accordance with a rate 1/2 convolutional code to
generate the code bits.

8. The method of claim 1, further comprising:
selecting a mode for each of the plurality of streams, the mode for each stream
indicating a code rate and a modulation scheme to use for the stream, wherein different

modes are selectable for the plurality of streams.

9. The method of claim 1, further comprising:
puncturing the code bits in each stream based on a puncture pattern for the

stream.



t he spaci ng between puncture cycles for each stream

6. The nethod of claimb5, wherein the distributing the
plurality of puncture cycles for the plurality of
streans conprises initializing a variable for each
stream based on the spacing for the stream and for
each location in the sequenc# of puncture cycles,
identifying a streamwith a snmallest value for the

vari ab0.e afemethodof ¢iainr i further edmpmisingans, fiIIing t he

| ocation in the seque ce with_a puncture ¢ for the .
| Gont PRSeTg HE ATEIR P et 5 THERHPR 1A & Myl Spetial
icHgmelsf i ed stream based on the spacing for the
identified stream 7. The method of claim1l, Rather
conprising: encoding traffic data in accordance with a

bits. b AR T ool lRickon BERR, il O
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t ach, stream atin de r at
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reans. 9. The nethod of claim'l, further Conprising:

pﬁn@tcuﬂemgﬂqsr@dcode bits in each stream based on a

punct yr e t

ool Siparsh bieEifle 18 palsb Sod ShEARE € Burdily oF B B1SEH on the

péquendel df pundturs icyelesrs for transm ssion via a plurality

of spatial channels. 11. An apparatus in a

comruni cati on system conprising: a controller

operafjpve TRe hpafind TRUHANASwREreRURS EotiRIIEY &! fdhdr %{mﬁtwe to
plurality of streans such that, for each streamwth
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the plurality of streans based on the

13.  The apparatus of claim 11, wherein the controller is further operative to
determine spacing between puncture cycles for each of the plurality of streams, and to
distribute a plurality of puncture cycles for the plurality of streams based on the spacing

between puncture cycles for each stream.

14.  The apparatus of claim 11, further comprising:

an encoder operative to encode traffic data to generate the code bits.

15.  The apparatus of claim 11, wherein the controller is operative to select a
mode for each of the plurality of streams, the mode for each stream indicating a code-
rate and a modulation scheme to use for the stream, wherein different modes are

selectable for the plurality of streams.

16.  An apparatus in a communication system, comprising:
means for forming a sequehce of puncture cycles for a jpluraﬁty of streams such

that, for each stream with multiple puncture cycles, the multiple puncture cycles for the



sequence of puncture cycles. 12. The apparatus of
claim1l, wherein the controller is further operative
to order the plurality of streans in descendi ng order
based on nunber of puncture cycles for each stream
and to distribute one or nore puncture cycles for each
stream evenly or approxinayﬁly evenly across the
sequence of puncture cycles. 13. The apparatus of
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bopuktigdicygleseam 14. The apparatus of claim 11,
further conprising: an encoder operative to encode
traffic data to generate the code bits. 15. The
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of puictueaeye]eschmprisese f or each stream indicating a code

rate and modul atj on sche to use for.the stream.

Wher oA o Eene AL aF subdn iR detsiding proppfssed on number
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comuni cati on system ‘conprising: neans for form %a'
sequeteEnsdpr fighibuting ors ey merepypctarenyclea fartapcly pf the pdurlity of
St st ovefly o Ao aR R Bbhy deidh e aF e cycte.
streamare distributed evenly or approximately evenly

across, t he_sequence af punctuye . cycles; and neans for
e o1 B Co SHPRBS At el d Sy i e mesis 51 Do s geuonce
Sfpilifrs SR8 R6RprikE Puncture cycles. 17. The apparatus

of claim'16, wherein the nmeans for formng the i

sequetieans for dgtermining epagipg belaveew pynciuse sydlesapseach of the plurality

j he plurality of streanms in descendi ng order

gg%geéﬁ%%nhunber of puncture cycles for each of the

pl ur amiedns fof distribetingsa phrdityretpumiciuey cydles tfor the plutgity 0fstreams
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the sequence of puncture cycles. 18. The apparatus of

claim 16, wherein the neans for form ng the sequence

of pub®t urBheapphuatis obelpim e Surther comprising:
means for encoding traffic data to generate the code bits.

20.  The apparatus of claim 16, further comprising:
means for selecting a mode for each of the plurality of streams, the mode for
each stream indicating a code rate and a modulation scheme to use for the stream,

wherein different modes are selectable for the plurality of streams.

21. A method of parsing data in a communication system, comprising:
forming a parsing sequence indicative of an order for parsing code bits into a
plurality of streams, the parsing sequence being formed to achieve shortest possible runs
of code bits for each stream based on coding performance and further to distribute the
| .shortést possible runs of code bits for each stream éx?enly-r-or a_pproximately evenly
across the plurality of streams; and

parsing the code bits into the plurality of streams based on the parsing sequence.



means for determ ning spaci ng between puncture cycles
for each of the plurality of streans, and neans for
distributing a plurality of puncture cycles for the
plurality of streans based on the spaci ng between
puncture cycles for each stream 19. The apparatus of
claim 16, further conprising2 neans for encoding
traffic data to generate the code bits. 20. The
apparatus of claim 16, further conprising: neans for

sel ect] ng nod of .eac f the plurality of streans,
t he e f em@ﬁ%‘i@é‘t@@z}ﬁw FCRPREINE code. rate and
a mdaéta&ﬂimaéaghﬁd%ﬁeﬁaauéfﬁ forle@dh dhdgmSidgeam  wherein

di fferent nodeS are Selectable for the plurality of
st r eafigfernining thensbortest possibirruns nficafigtbits for each stream based on the
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into a plurality of streanms, the parsing sequence
being_forned to a&hieve shortest possible runs

of

code Bits Fsmethed of claim 2. iydheasin e shoriesh gossible Bmsgherde bits
I LafidttedBlard Rrdhstddepyt € the shortest possible runs

of code bits for each streamevenly or approxi mately
evenly across the plurality of streanms; and parsing

t he cg e bjts i toﬁ' targse Il.urgltitﬂ;“}v1 of st r.e%g)s bz%sed on..
the p&fsi né“%e eNEESSGPUIG Z21a h L COREPHRB O S At RoZPrsne:
fur t hem@npsdqaems:of pifétarerdytles Gora plunlityéfstidaihs etdh that, for
for each strean .and determ ning the shortest possible

earhsstisam wEemyltiple pusetugseyeles; the Zpltinle punchire chdes fop fisestream
- i 1S f .
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shdrtest possible runs of code bits for each stream
are for one..code bi.t., 24, A nmefhod of reassenbl.in

dat a TASRDHRE YRR inh PLyAUL Y 08 sers B9 RghAdenyonpe of
PafLee egeled to FURCAniG @it ¥etaabof s§fbalspl ural ity of streans
such that, for each streamwth nultiple puncture
cycles, the multiple puncture cycles for the stream

are dhstri : [ r

the satueni BHOEH T i 24 MG K S B g RS SR Pincture
syctedompirisesa pl ural ity of input streans based on the

seauenceof mPUNELHY & URhES Ul M Bl 3 S8er of

puncture cycles for each of the plurality of streams, and

distributing one or more puncture cycles for each of the plurality of ordered

streams evenly or approximately evenly across the sequence of puncture cycles.

26.  The method of claim 24, wherein the forming the sequence of puncture
cycles comprises

determining spacing between puncture cycles for each of the plurality of
streams, and

distributing a plurality of puncture cycles for the plurality of streams based on

the spacing between puncture cycles for each stream.

27.  The method of claim 24, further combrising:
inserting erasures in each input stream based on a puncture pattern for the input

stream.



25. The nmethod of claim 24, wherein the formng the
sequence of puncture cycles conprises ordering the
plurality of streans in descending order based on
nunber of puncture cycles for each of the plurality
of streans, and distributing one or nore puncture
cycles for each of the plura3ty of ordered streans
evenly or approxi mately evenly across the sequence of
puncture cycles. 26. The nethod of claim 24, wherein

the fggmn h 0 f. puncture. cycles conprises
det er%g'ni nghéﬁg%gﬁgygéﬁ%ﬁﬁmiﬁﬁ%‘i“' FEINE cl es for each

of t hdeqlditigathe bitpeifstresrh o€ ayfBboliChcEbr8Arick Rkthi \@nolutional code
plurality of puncture cycles for the plurality of

dep epdeddaldn  the spacing between puncture cycles

for each stream 27. The method of claim 24, further

conprising: inserting erasures in each input stream
based28n aApapparameinzeotemumidation systeni, ogmprisisg:r eam 23

28. The t.hod of ..claim 24, further conprisi.ng: .
docodhigREHLE Sapistife B Pui ssaiiey b pOiRe SRUBY B Aguralty of
\trédmPsueR Bag| fui e42halredi 6th nntisle pahdiure @FElEE thedtifiple$ncture
An apparatus in a_cqmrunicati on system conprising: a
i gr theystreasn axerdispbuted evisniyox aprseximately @enlyaatoss the sequence
caf?h&%ugg{, lég.&#‘yrality of streams such that, for each
stfeamw (iw fmul'ti pl e puncture cycles, the nmultiple

punct areassembly usit dpErativh éo =hsserableaymbals &t a ploaitydofaumn ktyeams
r approximately.evenly across the sequence _.of

Peseaieh e segionge O BaGHLe svEles ke m 75 QRIPHT S5 of Febels,
reassenbl e synbols in a plurality of input streans

based on the sequence of puncture cycles to form an
out puBOst r EbgrapHar pller ipopeptiyento order

&m 20 W.
' : or | [ t
S5 pHUREETE s 3 UelBhAiE ofchr $0EH U Huded o P! Bl or
reactbstreant apdi b distributeyoneas niiare pusehirie cytlee foneaetnstrdam evenly or
di strjbute one or re puncture cycles for each stream
SPRIQRIaily e YRISHECSPYPeBeR W%%W&g ®*he sequence of
puncture cycles. 31. The apparatus. of claim 29,

wherein the controller is operative to ] )
31. The apparatus. of claim 29, wherein the controller is operative to

determine spacing between puncture cycles for each of the plurality of streams, and to
distribute a plurality of puncture cycles for the plurality of streams based on the spacing

between puncture cycles for each stream.

32.  The apparatus of claim 29, further comprising:
at least one erasure insertion umit operative to insert erasures in each input

stream based on a puncture pattern for the input stream.

33.  An apparatus in a communication system, comprising:

means for forming a sequence of puncture cycles for a plurality of streams such
that, for each stream with multiple puncture cycles, the multiple puncture cycles for the
stream are distributed evenly or approximately evenly across the sequence of puncture
cyéles; and - - o . o

means for reassembling symbols in a plurality of input streams based on the

sequence of puncture cycles to form an output stream of symbols.



det erm ne spaci ng between puncture cycles for each of

the plurality of streans, and to distribute a

plurality of puncture cycles for the plurality of

streans based on the spacing between puncture cycles

for each stream 32. The apparatus of claim 29,

further conprising: at |east24gne erasure insertion

unit operative to insert erasures in each input

stream based on a puncture pattern for the input

strea 33,, An apparatus |p_a.comunicati on system
conprgéingrmﬁﬁﬁﬂg 8 d?%ﬂ%£ﬁﬂﬂ§3§ > of puncture

cycl emehf foRinRirithPérhdu¥esth efdhifTStr&M L based Btk Puﬁc@t[re B&fdin for
streamwith nultiple puncture cycles, the nultiple
therispuiseeasycl es for the streamare distributed evenly

or approximately evenly across the sequence of

puncture cycles; and neans for reassenbling synbols

[ P a ps.ur a’l‘]hdapplmfatdsmﬁul?hﬁw,ffaﬂﬁr bamngibign t he f sequence

of puncture cles to form an oytput .stream.o X
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%&%ﬁﬂtﬁlﬁﬂ%d&%%ﬁiﬁ@écoh%&ﬁi ng erasures in each input

stream based on a puncture pattern for the input
stream 35. The apparatus of claim 33, further
conprising: nmeans for decoding the output stream of
synbol s in accordance with a rate 1/2 convol utiona
code to obtain decoded dat a.



