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frequency subbands. These subbands are also referred

to as tones, carriers, subcarriers, bins, and

frequency channel s. WBAKOROIINP subband i s

associated with a respective subcarrier that may be
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[0003] A multi-carrier communication system utilizes multiple carriers for data

transmission. These multiple carriers may be provided by orthogonal frequency
division multiplexing (OFDM), some other multi-carrier modulation techniques, or
some other construct. OFDM effectively partitions the overall system bandwidth into
multiple (N) orthogonal frequency subbands. These subbands are also referred to as
tones, carriers, subcarriers, bins, and frequency channels. With OFDM, each subband is
associated with a respective subcarrier that may be modulated with data.

[0004] A base station in a multi-carrier communication system may simultaneously
transmit multiple data streams. Each data stream may be processed (e.g., coded and
modulated) separately at the base station and may thus be recovered (e.g., demodulated
and decoded) independently by a wireless device. The multiple data streams may have
fixed or variables data rates and may use the same or different coding and modulation

schemes.
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where N=M-S’ and S'>S. This interlaced subband structure can provide frequency
diversity and simplify processing at a receiver. For example, the receiver may perform
a “partial” S'-point fast Fourier transform (FFT) for each interlace of interest, instead of
a full N-point FFT. The M interlaces may be used to transmit the multiple data streams

in an FDM manner. In an embodiment, each interlace is used by only one data stream



in each synbol period, and up to Mdata streans may be
sent on the Minterlaces in each synbol period. [0008]
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device; [0013] FIG 2 shows an exenplary super-frane

detedl elowr e: [ 0014] FIG 3 shows an interlaced subband
structure; [0015] FIGS. 4A and 4B show "staggered"” and
"cycl ed" FDM pilots, respectively;

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features and nature of the present invention will become more apparent

from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[0012] FIG. 1 shows a block diagram of a base station and a wireless device;

[0013] FIG. 2 shows an exemplary super-frame structure;

[0014] FIG. 3 shows an interlaced subband structure;

[0015] FIGS. 4A and 4B show “staggered” and “cycled” FDM pilots, respectively;
[0016] FIG. 5 shows an exemplary mapping of slot indices to interlaces;
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terminology. Wireless device 150 may also be a portable unit such as a cellular phone,
a handheld device, a wireless module, a personal digital assistant (PDA), and so on.

[0027] At base station 110, a TX data processor 120 receives multiple (T) data
streams (or “traffic” data) and processes (e.g., encodes, interleaves, and symbol maps)
each data stream to generate data symbols. As used herein, a “data symbol” is a
modulation symbol for traffic data, a “pilot symbol” is a modulation symbol for pilot
(which is data that is known a priori by both the base station and wireless devices), and

a modulation symbol is a complex value for a point in a signal constellation for a



(which is data that is known a priorib y both the base
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devices, and a unicast transmssion is sent to a
beqaderist, iraultipgsp| anglor umicast services. A broadcast transmission is sent to all

wireless devices within a designated coverage area, a multicast transmission is sent to a
group of wireless devices, and a unicast transmission is sent to a specific wireless
device. For example, base station 110 may broadcast a number of data streams for
multimedia (e.g., television) programs and for multimedia content such as video, audio,
teletext, data, video/audio clips, and so on. A single multimedia program may be

broadcast as three separate data streams for video, audio, and data. This allows for



devi ce. For exanple, base station 110 nmay broadcast a
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consecutive subbands in the group are spaced apart by M subbands. For example, group
1 may contain subbands 1, M+1, 2M +1, and so on, group 2 may contain subbands 2,
M+2, 2M +2, and so on, and group IM may contain subbands M, 2M, 3M, and so on.
For each group, S of the S’ subbands are usable subbands and the remaining S'—S
subbands are guard subbands. Each interlace may then contain the S usable subbands in

the group associated with the interlace. For the exemplary OFDM structure described



consecutive subbands in the group are spaced apart by
M subbands. For exanple, group 1 may contai n subbands
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ﬁh ga'gl aced s bband aitructure V\(/? %S‘ 1NI bl
Pl ES At GIELEh HVREER] S AEMEdHh éﬁnﬁ? s Suvin} aF%FPr‘F’\{lﬁms usaple
selibahdd kbR GrotS altbes i RRAGIRE Systdii andRidh! aSRkdndUbRaRtbss device
structure provi des several advantages. First,
Ay SQeRNISE ylat@ipilet symRols sentcen evaivers inieriace ohperirayinga wartial S'-
n e om.a t
pgglg il@"T ‘%st% ggt%hﬁlﬂgQﬁ)ggrgt F%W(l’rhé‘irheggél gln‘\?}ﬁisfg tﬁg )p?&egsrn?g by the
wﬁ&lb@y&évl@hat al pi | ot syrrbol s sent on a given interl ace
b erformng a partial S - paint FFT i nstead of a
quiéﬁ N-fprse tatipm i 10\ipac rapemit @P@M pilethan gp% Ok JrR dntpilaces to
afI5G 14 Weﬁ§§%@e’s O[$ O N ar 58S ?urﬁ:rn@flé Qﬁbﬁl'%sof ample channel
transmt an 5t 0n one or more interlAces t
estivhaiong frequmcptraﬂmlg;i eéuiecteacking, pad soom Base staison 110 may transmit

S S f.or exanpl e, channel estimation,
theﬂﬂ%lﬂ E’&a‘?‘ﬁﬁ‘%ﬁfz ﬁ@ta I} VIROYSREMSY, and so on. Base
[(ﬁis@]l ONFIE. QAT Wi aleddd b6 tEeQMnE’slsidﬂtscﬁé}He T40@fovf11!h(‘a ‘staggered”

data in various nmanners. [0036] 4A shows a dat a
FaMi ppiot. oin thissersmindsi M 8¢ EwmnWGGCWSt kped fos thegifeMepiflot in each

SR T A BN BE oP L MR 0 sl PO il The FDM

pll6TRI §Hnb BnS BME Aedifiadd atefadds inUuse dltb@atihg dhdnner dadta that pilot
The FDM pilot is sent on two designated interlaces in

syRbels eEs pRat OR PrAdRisEaces(fes- ineracsi Do eddmunkered syrghelt periods
a§€ n],go othdt iﬁ{ dlé&e(e(ge HterlalB 75§ B0 -Hmbde® MnPATREOES The two

peri o
interlaces used for the FDM pilot are staggered or offset by M/2 =4 interlaces. This

staggering allows the wireless devices to observe the channel response for more
subbands, which may improve performance.

[0037] FIG. 4B shows a data and pilot transmission scheme 410 with a “cycled”
FDM pilot. In this example, M =8, one interlace is used for the FDM pilot in each
symbol period, and the remaining seven interlaces are used for traffic data. The FDM

pilot is sent on all eight interlaces in a cycled manner such that pilot symbols are sent on



and on another interlace (e.g., interlace 7) in
even- nunber ed synbol periods. The two interlaces used
wo orosoks15DM pi | ot are staggered or of fset by PCRUS2044/035042
interlaces. This staggering allows the wreless
devi ces to observe the channel $esponse for nore

o FHRSRR Ben A AR MR e BRG REARB, o b Py g il

mdy b6 ¥ért & infeEMePl iDdymblol pefibs 1eHRAREI1ad4S fh synﬁU’dﬂfFenod 2, then

interlace is used for the FDM pllot in each:?;
intrslaced in gyrabeliperipd Anangi seyon dhemhinteslase Bae s¥xmbeleeriod §, then back
f. P t
toI 1%{6&15{62% Eeﬂss%?r%tl %enoc*@ gﬁggér?ndedr ofélbl%: gyciiﬁlg tallgiars gﬂtlel wﬁ% .L:thevwes to
oty eIRNthamAEl raspdnﬁe‘ Rr elhusablt eiibtaads.i N each M sy nbol

erlod duration. For exanple the FDM pi | ot
oﬂn.gﬁﬁ%rﬁll 284D pilog yRwp be § @rm Qyany YRS ?%m&riaa%and on

Az Ogﬁ’fﬁ@ g@flh&q if ’eaiI §§?mb81t 1%; FDNP#E{Q?}nay also be sent

S0 on, en |nte ace I n sy per1 od
uding urt}epatﬂean kwo of whichrated®vin InFI§FBAl andelB.od 9, and so

BBeL v e Stk B P s e T e SR Con o gelaces in

varR3 $harhersoemes kst eﬂbo&%xﬁ' b AR stB@m® 8NEenPBn3RY same one or
nunber of interlaces and on any one of the M

miorg Erterdases i reagtn shmbylnpryiopdn  which The dﬁ@l\/stpﬁrainbtls geny. For this

ok el W8 oGl Ehlie bt e Mo Hhf . ° 1 ¥second
efbédifmht, chdtedaka daéan Sﬁdyebéiﬁemr‘ori digfeddnit iterlhae &ﬁ» different symbol
various nmanners. In a first enbodi nent, each data

P%qudédﬁw W&lf%eth@ dste stRems AfreseBine LOF tHiS %In‘i’?ﬂl’élﬁmaé%% iptgrlaces are
Pcf"fo' Qfdh 13 W G tghﬁclﬁﬁﬁ? i Ef&%rﬁéqcﬁaﬁﬁn&lversny and

or t%ls e odlnent the 1nt aces-“are stati
alas shgine that dlee@xahtsdalf ﬁe $h1anma5h estlmate B and:apdndmib od rtlmesibl; index or
each data strea na ent dlfferent erla

1qu:ea PIstERed ip % S?‘i‘f’ dfpent &%ﬂ eSYIF‘gg‘l?naf‘ a form
Br&fRhey TPpiddUnd i€ H&@ﬁ'bé@ﬁf furfhBeddeiil 8slbRces are

dynan1ca||y assigned to each data stream which nay
[004;3} ov dlof aepgsmey chidnnel sitinyatzmdans @Qﬁecélnsmeefonnmcetthleall T data

aI| of. the chan estimte n
B s S ehaREog0 288Y BREN I PR PRBE el ffpsicany
aﬁﬁ@e@ AnteiThved] ARNEitHER raBemidsfie sthemead 006 06 nidyehl) agdyfor the
and is described in further detail bel ow.
se[ceafi q@w&w&b@mwmeﬂamﬁ@gn%%wqﬂc% nlfathel FM @ilet isrpent on

r "ok . )
t}f% 9 qg%@ﬂéc% wh usgaﬁﬁé@t}%h{ﬁ?@g{l& W@cﬁ%kﬁﬂ Iﬁ]nod and is
u&ﬂetblcxbsdnh y:hamsl eptthtésnioe ral lallemferboek, éhdnhthe channel estimate for an
.tran ssi gn schene 400 or. 410 may be used for the .
i bl s e ioh IgHasH léatmalge'g?t@ﬁg%an the oheimel estimate
fdrihShteASESthat i ﬁfﬂhfer %@54' BidrRhd SilsteherIe. QSR PfR8mance for
Interlace (which is called the pilot interlace) in

ada’@rstlsgmbmy preddgnatiedifithiesstream is consistently allocated interlaces that are
far away from the pilot interlace. The allocation of interlaces with varying distances (or
spacing or offset) to the pilot interlace can avoid this performance degradation due to
channel estimation bias.

[0041] For the second embodiment, M slots may be defined for each symbol period,
and each slot may be mapped to one interlace in one symbol period. A slot usable for

traffic data is also called a data slot, and a slot usable for the FDM pilot is also called a
pilot slot. The M slots in each symbol period may be given indices 1 through M. Slot



used to obtain channel estimates for all Minterl aces,
then the channel estimate for an interlace that is

wW@b@sou151® the pilot interlace is typically bePCEUS1008085042
the channel estimate for an interlace that is further
away fromthe pilot interlace. PDetection per f ormance
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nce
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FD¥ pilotlagd thEh @ombtﬂad i ﬂﬁfﬂeﬁﬁ@tatéﬁ tdi@ede t@lfﬂﬂh aSBadeitddnterlace
is placed in the position in th rnutated sequence,
soghaice {il. &, {3/72 L, 16} > Is} eT{le k-th slpt I .usgd for dgga transgnission (or the

k-ﬁi 8at£ N é‘?&"kﬁec%{ op i id thie’ gf)&f?& He, (& 11)' -th {ﬁ?ctfrijace in the

atsetthese” indi €8 I nst ead
sH%frte&ad 1ﬁ§3r1§6b S48k € Fof Qch syriibol périod thereaftélh ﬁle@hbrtened interlace
representation is ' the bit-reverse index is

seqoenee is lecularbg shiftesl toéh@jnght:by twpy positiens angy wvapg awung to the left.
Th h/%— I?rda%I slrfg'tl 1{1%%9? g%agé h(fJ o FH]@ g%d_ 1&}.Dtht F%ﬂécé lﬂl the circularly

sequence

sﬂlﬂécféhbﬁ&?eﬁlﬁf%ﬁgcés%ﬁuénlag FDM pi | ot are then conbined in
the pernutated sequence to forma shortened interlace

[094HuenddG] B Shows theanappingeof dlot inslices Thanterlades &rdthe ifimgtamapping
scﬁ%glg)gf gcrn'bgﬁ? ¢ ? Ve t;n hasy ?,P \Hlilﬁfmﬁggc&%qr tﬂ? EZ)NE polo )1s n{aﬁped to
intefla€dsl P& 7 6n blf@natmg symbol periods for transmission scheme 400. Data slot
indices 2 through 8 are mapped to the seven interlaces in the shortened interlace
sequence {I;, Ls, Isy7, b, Is, L, Is} for the first symbol period, to the circularly or
cyclically shifted shortened interlace sequence {L, Is, Ii, Is, Is/7, I, Is} for the second
symbol period, and so on. As shown in FIG. 5, each data slot index is mapped to seven

different interlaces in seven consecutive symbol periods, where one of the seven



shortened interl ace sequence. For each synbol period
thereafter, the shortened interlace sequence is

waeresoknsy shifted to the right by two positiPCEUSIVA4/035042
wraps around to the left. The k-th. data slot index is
again mapped to the (k - 1) -tROinterlace in the

d i
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uf fodthe FDMpiléet, mid todnterlace §iyd A+$) hag M]Hie otkethiselat a

slot index, for {2... M, may e nmapped to interl ace

[q0d4BN (/Bhe+M) slobindiqes may thes bhlmawmietq thseM énterdaces govarious

mpfes.” ot e 6 e Bk PR s Pl Bhcroes

am&pl (Dtﬂelsﬁtbﬁﬁﬁg séHeghes nly hRdibeased! sd P dvitldn the scope of the
interlaces 1n a circular manner. For each synbol

inyspliPd | , the -th data slot index, for {2... M, may
[(ﬁ)ﬁEppeﬂtets@otb B Sfrﬂeazﬁ% %t(ah t6 tile DﬁﬁtMS edms id {arld¥sSnanners. In a
Interlace I's not use ot, and to

firstiskot hBooatiprf jchekne;+dAch dath Meﬁm 1s<1ﬂ]beated 8 sufficid 6imbereofMlots in

Iotlnlcesrra t hus be edtoth erl .in
A BT PR i e S yeser BEDE: ¢ hALA PARES .6 zero or
[P Bhtd PaSEhs MBS BAY ScHRERN ﬂsieeeﬁal aetﬁﬁfa Be cfatilﬂsd fo have a fixed

mappi ng schenes may al so_be use and t isis wth
sizh €. copeedettrmihed number of information bits), which can s1mp11fy the coding

and decoding for the data packets. Each fixed-size data packet may be coded and
modulated to generate a coded packet having a variable size that is dependent on the
coding and modulation scheme used for the packet. The number of slots needed to
transmit the coded packet is then dependent on the coding and modulation scheme used
for the packet.

[0048] In a second slot allocation scheme, each data stream may be allocated a non-
negative integer number of slots in each super-frame, and an integer number of data

packets may be sent in each allocated slot. The same coding and modulation scheme



i nvention. [0047] The slots may be allocated to the T

data streans in various manners. In a first slot
w@bkdosoatsidn schene, each data streamis al | ocaP@rus2004/035042

sufficient nunber of slots in each super-frame to

transnmt a non-negative integetlnunber of data packets
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vari abl e size that is dependent on the codi ng and
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othep e9fige nkhedangr cpde mayhenb durbp cods; a cpayueionab gpdsy ot gefne other
cbdk the slot and (2) the coding and nodul ation schene

used for that slot. For this scheme, the data packets

[065%] ha G & sladwears iexersplafy00ute] coldmgs sahemenmsyng b sReedeSolomon

allocated to the data.streans . in other nners. ..For
O ey A 48 ST AT QB ST HERORPUES, o gh b, cach data
phdkeBhasSs AkedbizOGAd icBRtafis EPBdGNREE nhivableP 6 $M8#n@dHon bits or L
[ 0050] Each data stream nmay be coded in various

infermesion bytesr(e.gnilO80 fodtntor 183 dhitesiht A hstdatapadkstsclod & data stream
wth.a concatenated code co ised of an, puter de

alg WD {0 SOWE 808 Y, GG PR R ECHI pe IetpR s ot Ragkets have

b&CHrigen aitGREEArov, OIBMR doliP) i§ Peefdned WHkuRh-REse, ©@AE&olumn at a
The inner code may be a Turbo code, a convol utional

tigisdeln & embpdimsnh deck selim GOGIPs H-cbyws dppudYigrper row) and is
cgd(e%%lﬂ?cru}/ ré“,' Zﬁ% X e%g-'s%gorﬁ&b&ﬂg 13! ﬁjtelﬂgrla?e Bgﬁg%s,?gﬁcglgg godeword that

out er "code. a streamis pa oned i
corataie NG, byttes. afheefilyo & tents oftthe kodatvard aekdita hgiss éwhich are also
fi xed size and contains a predeterm ned nunber of

caligdovysiematin biytes) apd the lagh Hreki-oRylsytase ppatygbytes fyhich may be
bits or 125 bytes The dat a.packets f or. e data,.

gt B R VIR Ior R SBURITD - o HERSESoJBoD g eenerates
NEL K OPhritfblyRs fr Sh2oBAGKAL WhiddVre written to rows N —K _ through

N;; of the memory after the X, rows of data. An RS block contains K5 rows of data and

N, —-K, rows of parity. In an embodiment, N =16 and Ky is a configurable
parameter, e.g., K_e{12,14,16}. The Reed-Solomon code is disabled when
K, =N, . Each data/parity packet (or each row) of the RS block is then coded by the

Turbo inner code to generate a corresponding coded packet. A code block contains Ny,
coded packets for the N;s rows of the RS block.

[0052] The N5 coded packets for each code block may be sent in various manners.
For example, each code block may be transmitted in one super-frame. Each super-

frame may be partitioned into multiple (e.g., four) frames. Each code block may then



been witten into K rows, block coding is perforned

col um-w se, one colum at a tinme. In an enbodi nent,
weawh/oeshunm contai ns K bytes (one byte per roR)T/ERIN04/635042

coded with an (N, K-°) Reed-Sol onon code to generate a

correspondl ng codevvord t hat cohtains N byt es. The
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rmxh}lgp@{‘f ?ffjflﬂ%éﬁlﬁt‘i’ox?@%eﬁl@”bi TRAed Qoddt AL N |QRenAKRts/Packet

1 QPSK 1/3 3

2 QPSK 172 2

3 16-QAM 1/3 1.5

4 16-QAM 172 1

5 16-QAM 2/3 0.75

6 QPSK/QPSK 1/3 3

7 QPSK/QPSK 172 2




[0054] Table 1 shows an exenplary set o f eight

"nodes” that nmay be supported by system 100. These
wer@hv4rsoiles are given indices of 1 through 8.PEHTK2004/035042

node i s associated with a specific nodul ati on schene

(e.qg., QDSK or 16 QOM and a spécific inner code rate
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RO 5 s%m%eilsG = 1@10&}%@%9%@%@]1&9@%38 usable
s@ob%@qn@:)e%& %b%aﬂd ngls(lne-r&ﬁa EoMboh FRltaR O dhgPbRket with

i ndi cates the nunber sl ots needed to transmt one
2‘ Sxiatbreiatien Bt as pabkderith arraeati3 mneecodeatyl gentrais $uBesode bits,

i BT Shned 5 Sy b g VR OB6D T, A iy symmbots for

tAgata gﬁﬁ&@%&}b’ b@fser§ ifahfeSIHROMALS bibﬁeslBh BarByifg I aata symbols.
mapped to oné interlace with S usabl e subbands™ and

Seniddr psedsbrmgime he penforynedfer eiwhanfeherbiber mpdes 1delblell, a

th S |nformat on_bi
GRFE D70 b s R el B DBk 9 offe il e 500
info@intiva e 2000 iBfoPmeaadrabity rzmal o oimgy AESKe ulte Muftiple packet
dat a syrrbol s for the dat a packet may be sent in three

sizpoiay ahior be asrdn fon etample.rspi Hhat Sagkabackey iyl Be seitnin) agy integer

f
nRERESSTNOS, TPy A B0 bt 360 Romidion iR hay be used for
nobess §2, aRddaamhe kadkst gfe of 1333 Rifamsation. bits m@OIﬁb used for modes 3
|nfo mation pits, 2000 jnformation bits, and.so. o
ST t ﬁ% @@*e%av.akpé%aw LY SpReEr 9§9°%szer @Qnumber of
chﬁﬁg and ﬁbdﬁé@&pécﬁeméso aﬁ}hﬁﬁmﬁéﬁ:@f W%ﬁ(e@esb% pabﬁet size.

an T nteger mber of slots. For exa acket “si ze
[0ﬁ57]LOOCFIiG1f7@r stewsdransmissionmyf dhminiseeh frdeger number of data packets,

using one slot in each of an integer number of symbol periods, for each of the first five

modes listed in Table 1. One data packet may be sent using one slot in (1) three symbol
periods for mode 1, (2) two symbol periods for mode 2, and (3) one symbol period for
mode 4. Two data packets may be sent using one slot in three symbol periods for mode
3, since each data packet takes 1.5 slots to send. Four data packets may be sent using
one slot in three symbol periods for mode 5, since each data packet takes 0.75 slots to
send.

[0058] FIG. 7B shows transmission of a minimum integer number of data packets,
using an integer number of slots in one symbol period, for each of the first five modes
listed in Table 1. One data packet may be sent in one symbol period using (1) three
slots for mode 1, (2) two slots for mode 2, and (3) one slot for mode 4. Two data
packets may be sent in one symbol period using three slots for mode 3. Four data

packets may be sent in one symbol period using three slots for mode 5.



nodes 1, 2, and 4, and a packet size of 1333

information bits may be used for nbdes 3 and 5. In
w@emsnalsis t he system may al so support any nunmbPC€T/082004/035042

nodes for any nunber of coding and nodul ati on schenes,

any nunber of data packet sizetd and any packet size.

CRIET) Sy BRSYSTA B 5L, FE A8 ey v

trhnaged il seve nfiny e bachehbdidEexdept franbde).t Meansmitting the
first five nodes listed in _Table 1. One data packet

mygipnugE neEher QfsdatdyPerketsdn Gt shopey Hime pernd tepineRs| the amaygt of ON

SRR P Sy MRSl iEblact Bl B

issartfotsamgiting tisd minimomtriunder siddalpapiets ods aflongarbidee period.

. .Sin ch data packet takes 1.5 slots to send
Glg0F o dfie” B wors teganaouaRet asinge saeecpistel g Hiragsots for
wdER0! TREMhEQAS0E May RO®r Trres 1T cRORPABEPINGHHKSmbol period or
takes 0.75 slots t0 send. [0058] FIG 7B shows
ong itertrce s threo flifferent symbeh peniodsy e rTheuthtxsrsleth raat ebserve different

ackets,.. usi ng,an.i nt eger nh f shlots.in one.
cRRelorotuitho T grisan R brcbealkePied e erBalle s sordered
ptidr thatblk attiti ihed sreasike! TRy imelefny fdreadh&oldydpatket can
period using three slots for two_slots

1 de 1, (2
rangpmigiscthe 21311@1%9-1@@)‘3 rafies (SNGYs) Pb therbite ?Qrpss(ﬁh_)@ c@dedypacket, which
R A R S e S e N

naynde| aspeknowh insthagrtt Mhe intallavm g arayrasdebesuty th4d@8fakent bits in
As ah wn_in FIGS. 7A and 7B, the m.ni mum nunber of
the0 e‘g%@tt%eﬂ‘éﬂﬁeﬁfe‘nttli‘eaﬁﬁ‘%qafaesé’m lseveral manners for

[RRE] MO, (X SRREs fiRMpBedfid) of Fo@nestcht pdlets NBto three slots for

m ni mum nunber of data packets in a shorter tine
mde 5o Xhedbitee sbotst ey hereagmentlly Gllled byethedquit easlgd packets, as shown

: i d t t i | i

i 55 A PHen RS Eieteh PSP AT (IS for Fotep fema 5. a

offtH¥ BTt MorBe Rt irPthetkidtamPABK RitricOMRM stich @Rl ehe bitdTor each coded
period. [0060] FIG 8A shows the partitioning of a

padketsentciodibg Peiciet distribeed Hewss sthet sibbydsnesge or thpelot. The

) . gl . iff AL d | ' )

S 15 BB RO R R R plet st i

tigysidiahd peyiimgrove Beeodidy wefosiadice. may observe different
channel caonditiqgns. The hits in the_coded packet nay
[§192] 1 ePhedairggayine across pEpHERE e prrfasmet dn vgEous manners. In an

eRBbdihdchO pgs'ClEI* Qn EB&&%aﬁfa&é ® bel Béntif L&AV &AUb e Rt mapped to

each code et can random ze the signal -to-noise
datatsymbols,Shidshe ddta syrebdls trs thermspedts the deltbapds ksed, for the slot in

whi ch y i nprove decodi.n erf ormance.. The . ,
o BB P o Do HEE DR R RE o i gauapge with S
sbahekiWalues) ¢ MeoudhtS' - TS ilifiIBF foaddNdA FBond! seQudde UGN values

that adjacent bits in the coded packet are not sent in
it then srzated guehuthgt b éith value in the second sequence is equal to the bit reverse
of the i-th value in the first sequence. All values that are equal to or greater than S' in
the second sequence are removed to obtain a third sequence with S values ranging from
0 through S-1. Each value in the third sequence is then incremented by one to obtain a
sequence of S permutated index values ranging from 1 through S, which is denoted as

F(j). The j-th data symbol in the slot may be mapped to the F ()-th subband in the

interlace used for the slot. For example, if S=500 and S' =512, then the first sequence



[0061] FIG 8B shows the partitioning of four coded

packets into three slots for node 5. The three slots
woreyshberssequential ly filled by the four coded Per/ke1084/035042

as shown in FIG 8B. Wen nmultiple coded packets share

a slot (such as for nodes 3 and55) all of the bits to

i 35 P wadtOcden S abitt sedhficer® e 28 e 8 2355, 51,
aftl i thibdiseqdere IO % 2581 2BUBOANIS2353 e A HeWeqhdice H OY .onfheeds to

i nterl eavi ng across each sl ot provi des frequency
belcomputed pndecandenghbe oskddfop ald ksbdts.s Extherimanpiveg sdhetmeamihy also be

oot P e Gn ol Pl R G ve iR ety cach slot.

[008B] ouangeﬁu}@lr Sach! dht2 Br &Py @Rty arfy@uibdrsoffdda pddkets in each
coded packets to be sent in a given slot are first

synspibiatne; dengading oprthofafa ritnefithe siseama Spelpdits siiramtinehocated a
h
s%g?%ﬁea il dér i S%JJS tlﬁ%gr t?:p: —Sf;r/ag%o ? dsl)f?tx S &égra’te subéect to the

manner . O0- subban

a@alfabilﬁj? of slatd@nd Powdiblly other $ausnt Fatl exeaiplis SbacIDdIuh rs@egh may be
| s initjally fornmed. A second. sequence of S
cv&rra@g fos2 ereHicd reanimumsayEtberipd slathin gachsymipel gerjod, Fhich may

b§ af&%Bv rﬁ%ﬂ M@%éeéseﬁmhe Haldhali tEafcﬁ\éﬁfass‘%reﬁﬁitﬂi%flée limited to

alue Int first sequence. AUval ues t
a egm'ﬁﬁed maximugr dedd eate tWﬂanh B thie rma)hmusfenmntjelscdqnﬁ]nmaﬁm bits that

g g et St S et BAERE Gatk Gl (e Fepgm dat rate

135%%119%6’1 $ytheebdtih rﬁﬁﬂttﬁl@f&hgo%abﬂltfébtcﬁ" thedwireless devices.
sequence of " S pernutated index val ues ranging from1

Cpmtrmrgng sachyataotirep te émn@mn ke ma(qn)um diagyptet dnsegs @hat the data
agga can b bQ: }elg e%l:d) % n"ﬁﬁ'ref%gs '&%9 f%or atghntghg} OPI_(és%._r(l)bred decoding and

| nt ace used

b@ﬁfﬁiﬁ@ @\pablﬁtl&— "Emnaﬂﬁ‘mﬁn data, ratd ﬁﬁuﬁs hRe fumbtr of data packets that
sequencel5 is 511}, the second
gwetr?@ém}t@ dgp eacjls%fmbpi aerlcah for't the da’faz%eams 11he maKigaym gumber

og gelg%g%%ﬁtﬂé??&%téﬁrlﬁ& l(afglg ’rrtl%aémngglél%g?re df dg’rt] etg The the mode
uizd fosthd dhiarstredrh. sI ots. O her mappi ng schemes may aI so
e used for nbol - t.o- subband pp achi eve
e 33@?&51 2 5k fota SEreamy an b a:ﬂﬁgﬁ@ﬁ an gpteges uppber of
SRR ﬁl&rgﬁﬁéﬁ‘ SPRbof BENd, A0Y HBBRY dd sHlédis @@%ﬁ&lﬁré Qn interlace.
each super-frame, depending on the data rate of

Far thasasembdadaoentden to M ré adﬂa sreamsomay bd santserf ﬁlﬁcMeﬂt data slots in

nrrbe ts in supey- .fra based i t.S

o o] ool falnfing Y S0 Elot it HREF (B BRCFRY pliSt. O3 Another
cinBsdihiehy n@ﬂltﬁﬂé ddtaefrenss mf}oiha@%alﬁfﬂhalaceaCh data stream

[05&6%1 be constrained_ to_a specified maxi mum nunber of

s iHG34 gvﬁ-a@ﬂoqbéha%ﬁn affancmbegiment of dgedaie processor 120
att l;]a%e gﬁqﬁn ll‘ﬁ?de(cHata{ a};}gc&%ral ERfdks FOF )g Hat s@reﬁﬁ'lr}ﬁ‘a%@ls%cgs 910a

mted to eC|f|e maxi mum data rate,
thrsughh &1fteformiie Nlindeea srbrfeams;f ar rMBX | overhedds dhtaaproveysobed30 for
o\ o elobD, Sash Srol.rPs 98 G T 3 Aot R0 and «
multiplexer (Mux) 940. Each TX data stream processor 910 processes a respective data

stream {d;} to generate a corresponding data symbol stream {Y;}, for i e {l...T}.

[0066] Within each TX data stream processor 910, an encoder 912 receives and
encodes data packets for its data stream {d,} and provides coded packets. Encoder 912

performs encoding in accordance with, for example, a concatenated code comprised of a



is typically set by the decoding and buffering

capabilities of the wirel ess devices. Constraining
weawh/odsts streamto be within the maxi num dat BCT/EB04/035042

ensures that the data stream can be recovered by

wi rel ess devi ces having the prHscri bed decodi ng and

buffering capabiliti.es...The nmaxi data.rate Limts,.
RO, BB e LAnd SR T eS R R TRTHERAT AR fogd. ot s case,
erR88dt H2RbIREI LR BldcRMoftIIE dstathaciety @@g‘enéfbﬁ NR¢bdddpackets, as

nunber_of slots may then be determ ned by the maxi mum

shewmija F1Gf 6.ddhe epeodikne wcgpates thecrehigld ty st thertmmsmissiondpnthe data
s Mol Ok 0 AL by B 1 R RaShARED B )

valeripadaclp esdedthackatdwhichtmmay ee whal by stwirehss devicoforear detection
an interlace. For this enbodi mg

nt, up to M- data
(ist te Setermig Weethe the packenss dgoo “Ejia‘f%%'f%?tiﬁ er it e%%.réh Encoder 912

m%ﬂgg%liuﬁﬁéhfédood@&?%&?e{%g that one slot is used for the

ot. In another enbodinent, nultiple data
[0867}e anAminteddraee 944 featized doe codddOGhkckéts Gro@Aendodes 942 and

infesses YRR endh ofdig PAKERIR Fenaiat St BERer Bhcket,  The
iniftég}rébﬂﬁg $rovideX tHAd Andér ﬁ@qgﬂeﬁgzo&e&&@y FoP #dapdcREo ugR1C? bitfer 916

) the T data streans, TX over head data processor
isgBen filled with infedenved nacksts fonrlh thesslgis| adlocpied de dhppdatp gipeam, e.g.,

for th n DM pilots, and a nultipl exer (Mix)
aﬁ%ﬁ“é‘i?ﬁ%%ﬁg stream processor 910 processes a
[006SPECtA ¥&rambled HBIreddivésoargiesnednitiles ahe bits ebpench sigt with a PN

data synbol streamyY , for i e@\ﬁ ... T}. [0066] Wthin
seggenceFX raionias the bifsp M diffesent POY epqusACes@ay b ugadbfor the M slot

. i i dat .

65 YRE VP FRRERSS 15 B BOCKEIE 06 bxbbblg) §40 o HASE Redback
stefic eggiister i(hF3RY cthatanimplemdnts, of @artexdarplgepemtor polynomial, e.g.,
concatenated code conprised of al6 Reed- Sol onon outer

t
cCOder e s SR B8y declopdsAarit Ardiftorasddd-iintial yalue for

case, .encoder 912 engo ach bl ock of a cket s

o i SRS R0 LR B R 60 B 075l 8 BRSKEL S symbor
pEIYIO KRN bIBEY BRSSP pbitent 8 badidivel GRObn ehéh bit aNs §lo® ik bit in
for the data stream Encoder 912 may al so generate and
theFPesequenceye Benerate d gerdamled litheck (CRC) val ue to each

d pa , I . L j
R0, PP GhoaliBy o B 336 e, e G blee 1 B cachs st
fipmC keimbler 9@80HREs Ghdsk elsits| 0 Modilbtien r SimbolEne @desrd@k? with a
may al so_shuffle the coded packets. gg_%?] An .
mogplatoresaheme §e-4-» (U 0elo-tudbtsdrstechirithe datp shRam, and provides

ash Is Bok4h46k, iﬁe%khﬁa@l’ﬁ%]i) ég%rengirb% |cRicvag Ey €098 8uping sets of

packet to generate anh Inter packet . The

Bi bitsetol foeri Bryitrivary deduesj whermnB/2dr, afxde(R)emeppinig weachs Bebit binary
veflhcl)é tot ahgong)pqg)b \%lile onrSaI p%tmt kl)lllJ gfs{agglalgc%gstellation for the modulation scheme.
The outer and inner codes for encoder 912 and the modulation scheme for mapping unit
920 are determined by the mode used for the data stream.

[0070] If the data stream is sent using hierarchical coding, then the base stream may
be processed by one set of processing units 912 through 920 to generate a first stream of
modulation symbols, and the enhancement stream may be processed by another set of
processing units 912 through 920 to generate a second stream of modulation symbols

(not shown in FIG. 9 for simplicity). The same coding and modulation scheme may be



is then filled with interl eaved packets for all the

slots allocated to the data stream e.g., as shown in
WO-R@5/08k1Dr 8B. [ 0068] A scranbl er 918 recei veBCHON2004/035042

scranbles the bits for each slot with a N sequence to

random ze the bits. Mdifferent7PN sequences may be

u o) he Ms) ot indices. The M.PN seqguences ma
usditr bt st Sucim plf i S s R Do AR AR T fhabfe 1, or
diffefin t&ling bAdSRbdhIA®n dcHBhE B Be AsBBIdr tEdHvAS stERARI & 6mbiner
polynomal, e.g., g(x) =x 5 + 4 + . The LFSR may_ be
mpy) regeivie anddpgmlane ihe fisstiand sedond amodulpiien spnbelasireams to

I lnd reg .t S 3 -2l 0
s, P T YT St Db SBT3 by o ve
padfrined i athef ¥ihtis.v Boiiample, @ac Berablddbis b bbthhe bage stream
bit in the PN sequence to _generate a_scranbl eg bit.

andoerbgnocmIaa sreasn SIS PrREARA My Rgle digorsyEbl Bgppig unit that

pl%‘é{d@?ﬁ{g%ﬂta@ oisgﬁlfﬁl@%ta%tre fromscranbl er 918, maps ,
these bits to nodul ation synbols in accordance with a

[06G1HU| atA slot-tegariacd mapping QRIBIR22 rmagss @alsle eksgialdofdata stream

the data strea and provides data synbol s for the
&} dp .thera@pgwﬁacm%g 18 thas/pt-lo-Herlacs dppnpng soheme used by the

oupi ng _sets of biits,to formB-hit binary val ,
ST (-8 85 oRm I, o A B OB TBIRRRG S0t P38 thep maps
thd SOAPLAAboIR in8ach Qlot @ MR ipAsper BuBbaAidd B2 kheCiafttlad tdihieR the slot

for the nodul ati on schene. The outer and inner codes

isf meprate oddie sypbairiersethandroaenping gnay dive perfemiedyitp 8 mgnner to

dig@bhtergna’l%[ %‘8@51? %{n?&)?%] gcergssb%ﬁet {' %uﬁgg'?ds ul?s%g 509 rthén gl%t,dz?st &escribed

rea ata streamis sent usi

avver avebp@gl urBo 92 rovidenddth eyvets Féif @am siRy¥mbed ), which are
processed by one set of processing units 912 through
magfkdito tigeprepeatsabiantls nsetd for the datacftresmdul at i on synbol s,
and t he enhanc%gegt stream be processed by anot her
g

[002] of To¥ oRWERTHg dtfAi Processer 0o RFRCTS toaeﬁ’@%%%ltﬁéﬂadata in
ag8 Ak $ith&RBodhe FRAHoRHaAEN SHENRE Bsdd Rl oVRMAd/contfdl Gata and

or sinplicity). The same codi ng and nodul ation
pvhleseverhyadosybibolss eRilot prockssoh93 A @etfages processingafiod thenEDM and

ancenent strea as_shown.in,. .Tabl e or .di fferent
PBRERNEE S Rodrael oo N e 940 g8feifes, HE okped data
syThB R0 thATCREDItREMs Tyl TREMtd Q€Y PrévesboeP 90 @rduR 910t, the
first and second nodul ati on synbol streanms to generate

oyatkead ymbeimtsensi X overbeas ¢pia arosepwa307the milos sEmbels degm pilot

cadj y S r I I rs...F0
DB A B GPBEIR! TR APBLATARIEES €Oy ol
owdtieadnhiantadyyeilot Symbels) amly gieed pryavadedntoothe siopgl eubbands and
S%%Lu())@%ég?boalts%n%gg{l Mot EthcQI?t%;@lg rﬂ%\rllgdc%%trgﬂeer ?ﬁ% aamd outputs a

Cas}g(lgsgrg]gﬁ&lgéles#g?xgggé?gginng unit 922 nmaps each sl ot

[0073] FIG. 9B shows a block diagram of an embodiment of modulator 130 at base
station 110. Modulator 130 includes an inverse fast Fourier transform (IFFT) unit 950
and a cyclic prefix generator 952. For each symbol period, IFFT unit 950 transforms
the N symbols for the N total subbands to the time domain with an N-point IFFT to
obtain a “transformed” symbol that contains N time-domain samples. To combat
intersymbol interference (ISI), which is caused by frequency selective fading, cyclic
prefix generator 952 repeats a portion (or C samples) of each transformed symbol to

form a corresponding OFDM symbol that contains N+ C samples. The repeated



{d } to the proper interlace based on the
slot-to-interlace mappi ng schene used by the system

W@ 2008/041525 shown in FIG 5). A synbol -t o- subbaPdr/us2004/035042
mappi ng unit 924 then maps the S data synbols in each
slot to the proper subbands in ke interlace to which

pgﬁ%nsig ?g[ernjﬁg%}féﬁpaoc hc I;%re ’ rggylgeirgh?tle%u F bﬁ?%gcagﬁg%ﬂr}ge cyéilc prefix
latgﬂbﬁia!i We IS S12 Her N suobendEabls €OFDPI s§iBolSisOfranséfitted in one
descri bed above. Mapping unit 924 gr ovi des dat a

QR ofygbod pered 401s sirpdyn yenbol pepiedshwhich ifaNped sample @eriods.

RGP PR 425851 i 68 Ypl 500 S gmoos

dance with a codi ng and nodul ati on schene
Sglgte)g SIftrgr overhead/ control data and provi des overhead
[607PO| SFIGRi 10l sHIHWRGESISN did32ark ¥ b oRIRGR DT 'd@ﬂloﬁ@fator 160 at
t he TDM and FDM pil ots and provi des pilot synbol
Wiaplass ép@g@ﬂ5@4@w@1mslﬁohmcimbp adcygtic @r@ian@h@vau opit 1012, a

Egougag@%%as&{lfw ovef é %@f’r@%& Eﬁfénrﬁ%r OC é@ili? Cyclic

pfbﬁxaemb@aleﬁlﬂ(llomﬁéinmteb @hep&t}icq)ib pEyfibal Gach &éﬂﬁ‘ﬂid' @FDM symbol and
rocessor 932, and guard synbols. Miltiplexer 940
Eﬂ S ofe SequgBCegaf AY %éﬁ@? eSv kBl T fsoraseivil| @FDM symbol.

R B8 SRR 3 HRLEOS R ERElosR v B taput sample

sé‘(ﬁl@ﬁdeo{xi(ﬁ%} ﬂaﬂ@ao@ﬂs@le@téﬂ RiteSace AAUNBQSbFiBesSY SR OF STEESAM symbols,
{Y} . [0073] FIG 9B shows a bl ock diagram of an

(et rfentthaﬁfmtaﬁldc& atbere 130=at... IMse GlahtbRstithftor 1016 derives
Modul at or 130 i ncl udes an inverse fast Fourier

chdndBisgad Btinhdtd T Wt foP eithaitfeReCiti€driate B Biskd on the 1n8ut sample
generator 952. For ‘each synbol period, |FFT unit

séquancl Gr(s} .t Detbbtsy MOL8 Perdformé rdetebh&mt(ag Sdipblnion t & matched
the tinme domain with an N-point IFFT to obtain a

filtemizg) ohcherset 'of Synatmved dyatboto Xk for ehchesetansi interlace with the
sanpl es. To conbat intersynbol interference (13l),

chidninelhgaiss etimuse d AN Y T fol e titeAlgdemid providad SnltectadCdats symbols
prefix generator 952 repeats a portion (or C sanples)

(@f fh thd iapehed ned synbol to form a correspondi ng
d:(Daasynbol that contains N + C sanples. The

[0075kat UGS 1081 shows & Block tRpranldfes ankydehbst ¢ RK d@taDErocessor
%‘gard interval . For example, the cyclic prefix |engt

gt Wiseless-dexics 160, AymultigdersT 1030 reqoriomths Aejested data “Symbols for

a%?ﬁ%é%?&%éﬁ?rgb?‘et% W S&Kﬁi_ﬁ{é Hﬁ&%ﬁi&lﬁ rofsfggp&%yct?d data and

operbdadxsygihodsy for racld Sgmpolopéritet basedoort thet MEANPRE sdntrelnprovides

LT ORI S 1 Al v
1040704 ploRided 60 dét%cted overhead symbol stream to an RX overhead data
processor 1060.

[0076]  Within each RX data stream processor 1040, a subband-to-symbol

demapping unit 1042 maps the received symbol on each subband in a selected interlace
to the proper position within a slot. An interlace-to-slot demapping unit 1044 maps
each selected interlace to the proper slot. A symbol-to-bit demapping unit 1046 maps
the received symbols for each slot to code bits. A descrambler 1048 descrambles the
code bits for each slot and provides descrambled data. A slot buffer 1050 buffers one or

more slots of descrambled data, performs reassembly of packets as needed, and provides



wi rel ess device 150. Denodul ator 160 includes a cyclic

prefix renmoval unit 1012, a Fourier transformunit
waoms/o4m1thannel estimator 1016, and a det ect oPCT/OSB04/035042

Cyclic prefix renoval unit renoves the cyclic prefix

in each received OFDM synbol aHY provi des a sequence

of ,\I'nut aml es *(" herec

SRR RSO Settictipdretdom Mot Hrss RhEh HERg pagket and
profideb 8 deintedleayedrpichel. Ah@ecb@RUD54 depbdesIhedsifkeleivedakkets and
for each selected interlace and provides a set of

progisies MOW@@B spackets (fley 1dataf streapthafd;i nt dnl generalitles rocessing

Channel estinmator 1016 derives. channel
pésKirmagbe e i itk K dalh Seroramessot LAUB Sommaaary to the
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inf iPIIGer9iAng)T]nm syimbohte)tblt)fdeﬁiapmngl arsdl thy ndlfmbdmgXal(ek))@rformed in

f or, each ect rI ac th th han
st ek With Fhs Py P 1Oh L6 G ST o R AV b G4 Pgcessor 1060

pl%és%é‘st e réi@fv@d %Vé'fﬁédcﬁsyﬁfﬁofs‘ﬁ}l}l de%ﬁdEJ‘&ec'oﬁé&éJ/e%ﬁ@ad data.

[0075] FIG shows "a di agram of an enbodi nent
[Q9ﬂ7RX diﬂcaJSp r0§ cﬂ@;fsmiodn_c?maturcv\pf bk Nsingislaces FoBder ttansform unit

18 e b5 Paial S Pl Bt B AGHE orgay afied ierlace m to

oBint th® k& e BUeivdd @ msiRle Xe@c }i%mﬁa thtQyRehaad FREBPIrfnsform
for each synbol period bas d"on the MJX_ RX control,

fRHRY Bt esbeatthstahaatesll 8 atibbsyabpintstlican) Whereh arestM , may
to a respective RX data stream processor 1040 and
b%?ﬁﬁ@ﬂ@%mh det ect ed overhead synbol streamto an RX
over head data processor 1060. [0076] Wthin each RX
data stream processor 1040, a subband-t o-synbol
demapfiMige vt =LDAenpape “t e | ecei ved synbol on each
subband in a selected interlace to tggngroggr position
within a slot. As interlace-to- sIo{ pping unit
1044 maps each=s§}ﬂﬁbéﬂ?ﬁﬂ@érlace to the proper slot.
A synbol -to-bit demappi ng unit 1046 maps the received
synbols for each slot to code bits. A descranblgngQAg
wi8RC h@dyblse thel h§put OstRnpde tdr f@m oty aWd”’FHéD d and
descrgﬂgled dgﬁg A g?ot buffg?ﬁ$h%0 buf f ef's one or
Nane. $| atbs felloviag eerariblgbedRtiaed: per f orms reassenbl y of
packets as needed, and provi desl9 descranbl ed packets.
A deinterleaver 1052 deinterleaves each descranbl ed
packér, (amdx(p) I des a dei nt erfoeaved .pdkand A decoder Eq(2)
1054 decodes the deinterl eaved packets and provi des
decoded data packets for data stream. L general, the

pr oc régat by the S\ tRin RX data
stre mp?llgge?f (f; ﬁg(ﬁ is conp e?rentar;yt’o t he Eq (3)

processi ng perfor med by the corresponding units within
TX data stream processor 910
where X,(n) is a rotated sample obtained by rotating the input sample x(n) by

Eq (1)

27x(m=1)(n-1)
T . . .
wy" =e N, which is a phasor that varies from sample to sample

(the —1 in the exponent for the terms m —1 and n—1 is due to an index
numbering scheme that starts with 1 instead of 0); and

g,(n) is a time-domain value obtained by accumulating M rotated samples that

are spaced apart by S’ samples.

[0078] Equation (1) may then be expressed as:



in FIG 9A The synbol-to-bit demapping and the

decoding are perforned in accordance with the node
waois@d/oisist he data stream RX overhead data prPCEESINNG/035042

1060 processes the received overhead synbols and

provi des decoded overhead dat a20[ 0077] Because of the

periodic structure of,the Minterlaces, Fourier

trangf (UC vt - 034 = eey-rirm a p@r,ggql .§r - poi nt Eq (4)

Fouri ér transforn1 Jeach sélected interiace mto

obtain the set of S recei ved synbols {X (k)} for that

interlace. The Fourier transformfor the S subbands

[0078k | e perdial & porst FoBHEMETP™ foriyteriace i Mg pe perfgrmed as
folIoWs.’ Eg@/ opﬁlf:l%( B{)Pm“j’ ?ﬁ%l\?\im %@Me?uéﬂ& g)z()(} Neby oné\ls%r‘gl[r)ol%enod is

ere X IS nput sa

el 1.0d T,
ﬁ¥ OWI N f P ﬁség nsalf%wkl)lem e uiaﬁgg @2( ‘Edr\]/)kﬁt_am {éﬁue ce of N rotated

sdr rlﬁé "1(;18 The r&%?%a&l fes MVe thenadcBuhied, 3n-g'- se’é of M rotated

= where X I's a rotated sanpl e dbtai ned by

sd’n%l@st %J‘Sbtﬁlﬁes"tﬁﬁélhoﬁﬁﬁp&aﬁl% e QM%}Z%%&)&% ¥ dakioh( "Each set

i's a phasor that variés fromsanple to sanple

céﬂtfﬁﬁs Evéfy' 9 -th iBtabiPQRPM if Ble shRch&s T8 ()}, ®AH the S'isdts being

due to an index nunbering schene that 'S arts with 1

assDSihRAGViR diffbient BErtthg(1dlatdSsAnples e @R Rglencal #€ (n)}. A normal
obt ai ned by accunul ating Mrotated sanples that are

saﬁaﬁle@o&mrtfanmnﬁ is 5RAPLESEMIDOT Ble Sqtileiddfafrd yalo®y {g, (1)} to
en be expressed as:20 S X (k)= X(Mk +m g (n)W
obtain the B’ receiv®d skmbOK)fonmter[aGd 72] TAe pareﬁ\redl syﬁibolsp@r ﬁte S usable

Fourier transform for |nterlac rfor
sybbandsyare 1eiEedopnd the 1opivpds @ hg g@&ggﬁeﬁbands are

dls&4h %}c} for one synbol period is first rotated by (tm,
as shown in equation (2), to obtain a sequence of N
[008DRt edfor channel estimation, a partial S'-point Fourier transform may be

performed on the N input samples for interlace p used for the FDM pilot to obtain a set
of S received pilot symbols, {X,(k)} or X(M-k+ p). The modulation on the received
pilot symbols is then removed to obtain channel gain estimates (B ,(k)} for the

subbands in interlace p, as follows:
H,(k)=HM:k+ p) =XM-k+p)-P(M-k+p), fork=1..S", Eq(5

where P(M-k+ p) is the known pilot symbol for the %-th subband in interlace p and

“*” is a complex conjugate. Equation (5) assumes that all S’ subbands are used for

pilot transmission. An S'-point IFFT is then performed on the channel gain estimates
(g ,(k)} to obtain a sequence of S’ modulated time-domain channel gain values,
{h,(n)} , which may be expressed as: h,(n) =h(n)-Wy", for n=1.. §" . The channel
gain values in the sequence {#,(n)} are then derotated by multiplication with W™ to

obtain a sequence of S’ derotated time-domain channel gain values,
q

h(n)=h,(n)- W™, for n=1.. S".



sanples {x (n)}. The rotated sanples are then

accunul ated, in S sets of Mrotated sanples, to
wWo@bdogiomss time-domain values {g (n)}, as shownCT/HS2004/035042

equation (3). Each set contains every S -th rotated

sanpl e in the sequence {x (n)}2lmﬁth the S sets being

[@ﬁ@ogle g@gm%eﬁ %jalng f}es S tsngq,rﬁ‘;ét ' cijsaiﬂe %E%'E‘?Eggﬁsméy then be

elpréRed g mis then perfornmed on the S ' ti me-domain
values {g (n}}to obtain the S received synbols for
interlace m The received synbol s for the S usable
subb&nas) aed (Mt kirmed,, and the received synbols for
the S - S unused subbands are discarded. [0080] For
channel estidmation Hartial S -point Fourier
transf or m el /0 Par ?ormad on the K%kFdt-sanples for Ed(6)
interl ace p”dsed for the FDM pil ot to obtain a set of
S recei ved %z %ygb S, {X(k)} or X(Mk +p ) . The
modul ati on™ ks e cBived pilot symbols is then
removed to d8Btain channel gain estimates {H (k)} for
the subbands in interlacep, as follows: (k)= H(M +p)
AX(ddigdted Jn dquatidn (6),) the chamel gain S5tifafes)fomthe rsablfé(nksﬂ; intfnterlace m

i s th kno | ot SY nbol for the th subba . .
may grq dyyaﬁqgt multlp YIpg eap % ﬁ i %rbgh 3, Nalue n
tht(e5s)e @e%%g g?zgnrf} % W‘E"l g to obtaﬁ# gb%@%éncaer (?fhgﬁ %g%l{e? é:PRﬁﬂée?gain values,
{%&2&22@56' 28 Rkl EEe herrshi ﬁﬁg%g%ﬁé%‘maaah (1} to obiain

5 BbHFELatn rﬁﬂcs?ﬁ@&%éﬁ?ﬁ%ﬁsé%ﬁ’%{%?éfws “g Gagalofbe s, by

FENERE At e B G522 U B4R oo

channel gai n_val ues, for

gaip yajuge ot pntqthace m B b 0523}1??(1 éy Mai s, 00 e o] Eﬂﬂfaﬁas

o) S 3, SR S5 25 i AR Do 1he

cl'leﬁ?m %%alﬂaaan aldolR FerRRA& inddhRr BRhhoR! 89r ERfmB1B the channel
subbands 1n interlace mmy be obtained by first

estiphatiéspdythingd dercdifigmmbinterdtates bsnd- dampilot teansnmssiongmiay be filtered
By ety PSR Dr R Lf e Pl opit 198! ke estimate of the

impulse response {#(n)}) to obtain a more accurate channel estimate for each interlace

of interest.

[0083] The multiplexing techniques described herein 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 the multiplexing at a base station may be implemented within one
or more application specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (IDSPDs), 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 processing at a wireless device may also be implemented within one or

more ASICs, DSPs, and so on.



{h (n)}. Anormal S -point FFT is then perfornmed on
the sequence { (")} to obtain S channel gain
wegdos/etses for the subbands in interlace . ThePCT/US2004/035042
derotation of h (n) by and the rotation of h(n) by
(tm) may be conbined, so that tBé rotated channel gain

[0}‘)@11}163 Fffo&)r 'J&W&@Q@pﬁ@rﬁ%ag% %Leaexe glrr{% gﬁ%‘xﬂﬁ]&@s may be

ingsememed erithsmbéutes llag., lpmddﬂsp Iﬁlﬂmadnsatamdeso dhethat perform the

channe| est tion so be, perf d i.n ot her
R descirig! TS B Yoot chiee Pravaq Sateddn gypemApgunit (o.2.
meﬁfong{uﬁlt eALHL 182%@“1@@%&1 %ﬁ&utéarbspa bfaceédba(@gn S&tRSMer 140 or

e filtered (e.g.,” over tine)
1§$£bstTlpr mcmsseuinl( may.he inaéemenwdamﬂsaﬁhe vmmsse)r @sthtﬁamaé to the

th {h
P%g%ﬁﬁ?rgtlllé\r{'gﬁh SHE lle%%t Q:ﬁ(%{rgnﬁlgqpété%eé% C?IHJ? e ogtlg% pgc%cessor via various
mieRisds88know P8R arfthe nul ti pl exi ng techni ques descri bed

herein may be inplemented by various neans. For
[985hp! Jhetm@/s@lSt acmnﬁqa 23 %915@@S¢41?5n@15é@9@@ iy provided to enable
a:Ef p YA skifi@ Mo "- DLl %s@ﬁ’tf 1n\}:eﬁﬁo Vanous
ware 1 np enen a I'on, € processin tsS use

nmafffo@ﬁmst toehestl Iembpﬂméntsgwﬂn ba r&akly a;ipa:tenom timye iﬂelled in the art,
enment ed. W t hi nor e appl t|o
amdqgﬂsgﬁea%récdprmp&ﬁ eé’lnsih?reg} mayihsi 4pRfic chﬁ pr g‘flﬁ%{ég@sﬁswhout
KRE $Svinfign d
pIr ogr afrr?ra t?b E@géﬁg g&gklogégg PL Dg)gn q:hgg Sﬁﬁ EP%E é\%srr%rlg%rlmeon 16 not
m;yfatded 4 balimit¢d-REAs ymbpmmemom leoein but isde be apdordesl the widest
controllers Ccro t her nic units
scipe et by B RERRERE e Sl e B RhaE i v, ~or
a conblnatlon thereof. The processing units used to
performthe co enentary processing at a wireless
[0086] ce W’BI&&R@MWIISH\SM ed within one or nore
ASI Cs, DSPs, and so on.22 [0084] For a software
inplenentation, the nul tipl exi ng techni qgues may be
i npl emented with nodules (e.g., procedures, functions,
and so on) that performthe functions described
herein. The software codes may be stored in a nenory
unit (e.g., nmenory unit 142 or 182 in FIG 1) and
executed by a processor (e.g., controller 140 or 180).
The nmenory unit may be inplenented within the
processor or external to the processor, in which case
it can be comrunicatively coupled to the processor via
various neans as is known in the art. [0085] The
previ ous description of the disclosed enbodinents is
provided to enable any person skilled in the art to
make or use the present invention. Various
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 other enbodi nents w thout departing from

wo b@sspisiit or scope of the invention. Thus, tPET/US2004/035042
present invention is not intended to be [imted to the
embodi ments shown herein but i43to be accorded the

W dest scope consi stent \@L princi pl es and novel
features disclosed herein: §J WHAT | S CLAI MED

I S:23 CLAIMS 1. A nethod of transmtting data in a
wireless multi-carrier communication system
conpri si Agmetiol®f 4ransuyitting datatin aswictlesst multiptanrier donymgfication

.streans, wherein each slot is a unit of
Sy{i%’ﬁcs&nﬁyﬂggﬁl@h and a plurality of slots are frequency

di viaHoeautingsldid ol exchobfi dplastity 8F ahalsyRdol Sebams, wherein each slot
.. multiplexing data synbols in each data synbol stream )
15 &yt of fengmissien andqk plugality of sheds aet Bieqipneio Hivisipw mwtiplexed in

éﬂﬁmfb%ﬁ Lr.a conposite synbol streamw th mul tipl exed
cada a syﬁ%ﬁc}ﬁlé for the plurality of data synbol streans,

whemneiltipleieg dhtasghibiols infeackatiata symbol stehmeans tiar ots allocated to

i ndependent|y recoverabl eby a receiver. 2. The nethod
ﬂleocpaq%fyé‘?q?ﬂ?i‘fm%t‘jrap er conprising: formng a plurality o

f n@ginpyer afibitel HERbdIAGRIAMith HulitiGHRNE%a SRR

usabl e f%r transm’essi on, where U > falﬁd eac%ta Wifor the
plurdlits rafadata isymboldstréansmvhaein tie plusdine rofydagaspabalsstreams are
. e from ng the U frequency subbands; and
md%g%nﬁi%% {eﬁgveﬁ?@ggy%tvc%wrsl ots in each synbol period

to the plurality of interlaces. 3. The nethod of claim

, further conpri si n?:_ form ng 2 non-overl appi ng
i nt ér | acd8e wethedpfsilaipmal.ifpsthesicompaiginghcy subbands

usa : L SIQr . > 1 i rlace j

2 i e SLARATLE B AT il Mo 3 (SRR, uBbands
usahhofoy ttahemiskionawhéne 0> 1 aed wacic intaldebdndsiiffasat sepppRGuency

he pl ural.i of slots inh each s o] period to the 2

Su}?tblar{‘%‘fqegééeg.é 1 ampRBs Ae Hdtrayrna %‘%%S; Herein Nis

eqUaphide the pludliff offslof i | ity of i

horapbfig e plubliy ofelo i i TR B L Pty pfnterlaces,

interlaces conprises formng the plurality of

interlaces W t.h .equal. of frequency subbands. 6.

The et hate BletSAE AT (e FomRESHGY m gt he

Pl kst 2B o @eN abtiae Rhteflaces with a plurality of frequency subbands
usable for transmission, where N >1 each interlace is a different set of frequency
subbands selected from among the plurality of frequency subbands; and

mapping the plurality of slots in each symbol period to the 2V interlaces.

4, The method of claim 3, wherein N is equal to 1, 2, 3 or 4.

5. The method of claim 2, wherein the forming the plurality of non-
overlapping interlaces comprises

forming the plurality of interlaces with equal number of frequency subbands.

6. The method of claim 2, wherein the forming the plurality of non-

overlapping interlaces comprises



interlaces conprises24 formng the plurality of
interlaces with the frequency subbands in each

WO niosioksee bei ng interlaced with the frequencyPEYDbznNg835042
in each of remaining interlaces. 7. The nethod of
claim2, wherein the forning ti4 plurality of

nonoyer l appi ng _i.nt ekl aces conprj.s formneg,a . . .

ol ur e 8 Pt S wyertPecs JURL R Tt Shlbe Btk i pagfpintertace
béing irtetdegd Witk eheheinesehp bbbt ds i Jach BF Yenshisihg iledReds.

across T total frequency subbands in the system where

T > U and formng each interlace wth frequency

subbands r iV fafr

sube'nds. ?@4 ‘H%{%}g%ng %g%ﬁéffc g‘?ljﬁ%anale\?\Eer elllg t?%éﬁ%ﬁ&c}éf pon
owlrlappiagiimerl®eot@npriseeach of the plurality of data

synbgl strea 0 i ses allocating each of the X i
pl ur &r{Re aquﬁﬁ%fl@?gé&ggunsoé JE ey %q?ss seta?leaawun fncluding
ﬁg&ﬁueﬁ ¥ subbinf@ @B FSITP Wi sRukQd lacr%ss ?’Ehﬁ)tﬁefraﬁféﬁg} lsﬁlﬁ@a’nﬁ% in the

£
, Wherein the plurality of slots in each synbo
systami, ohess € 2 [demtli fi ed by sl ot indices, the nethod

further.co ising: for, each synbo eriod, pi n )
t he Eqnalena R BieTHge (MED freuen hﬁu{a‘?e@ndﬁt%f cistle PR dergspective
Op df FRHR phsde. 10. The method of claim 9,

gl\%hre)r el neltwﬁg%mppi ng the slot indices to the plurality

of interlaces conprises mappi ng each slot index used

for data ansm ssipon.t.o di ff.erent.on of th

i ur 11 oy T SRR PERLES, & vikrEP e "Shsdine B tugach of te
pitkgityef duslsy@ib ot kdéaMs & orhpriideger conpri si ng:

di stributing data synbols rmultiplexed onto each

, ymbols m .
al | odligcatingsash of ghegifuraliiy of itgilesse Jo sndHaAgymbel fireem, if at all,

- ich the slot is mapped. 12. The net hod
mo%ggggﬁﬁn&f%&d}mﬂer ein the distributing the data synbols

mul ti pl exed onto each all ocated sl ot conprises25
di stributing data s ol s for each data_packet sent jn
the 3ot Hesmetiodied qqgga&nwrglab%sma%rahfy phglots in each symbol
LY : | i hetS ihe. met hod of
p(JE‘:I ai rr{3 g%ﬁ?%%%l&ggﬁpgﬁs’?llﬁg:e sglrﬂélg}?%%amg Ingit?lg for pilot
t r anfmriegsh eymbol greriadronppping the wialindigeoto tegplerality efintterlaces

based on a mapping scheme.

10.  The method of claim 9, wherein the mapping the slot indices to the
plurality of interlaces comprises
mapping each slot index used for data transmission to different ones of the

plurality of interlaces in different symbol periods.

11.  The method of claim 2, further comprising:
distributing data symbols multiplexed onto each allocated slot across the

frequency subbands in the interlace to which the slot is mapped.

12.  The method of claim 11, wherein the distributing the data symbols

multiplexed onto each allocated slot comprises



synbol period; and nultiplexing pilot synbols onto the

slots used for pilot transm ssion. 14. The nethod of
w@b@smu533 further conprising: mapping the sl oPCT/USHA4/035042

for pilot transmssion to different interlaces in

di fferent synbol periods. . Th&nethod of claim,

further. co risin p h Iurllt aof glots, in

enctOSHRISE g Seabeor e Sl a ogpefie jobe dp BieckSy plfgss e
fréquhoy fbBildB Gt dineF1aboto Whichthd sl61is Mapped@n have

varyi'ng distances to interl|laces used for data

transm ssion. 16. The nethod of claim9, further

conp{4 Si [ ﬁ: CE! .sl.ot index for

|I(thr2%§ﬁﬁé§§§%& ﬂ%8%% ocg%wﬁgg?g' i ni ng sl ot

| ndl ebstii®slothafor pild rfamsmission. frdnd.amidng the tphadligf oftdlets in each

16, further conprising: mapping the at |east one sl ot
symhebRerindeand or pilot transm ssion to at |east one

re ex
LGl i e AR e R
di fferent synbol periods. . The nethod of claim,
further ¢ ri sing:.. processi a plurality of dat a

St e ¢ heopr e SeatFigiics Sy SufedifE oy mpol

St r e@iBpin@ iR Mstkaised TOOpilSt MBI t8akHTer@al Mtdilab&AM different
19. The nethod of claim1l, wherein the allocating the
sysibol peniaslseach of the plurality of data synbol streans
conprises26 allocating a particular nunber of slots to
each data synbol stream based on at | east one packet
si ze1and Bie me@ast odrkinod, Agthen comprkihat i on scheme
used for the data symbol stream _20. The net hod

cl ai WRARDS sPhEatty ﬁféSIBFd% s3cdy sygnbohperpd fodhe Pylr%lfty eéfnéeﬂaces
I
o B B S P ARl e LR{anPO0R i ocs used
for ddiadrapsaksivs. f or the data stream and nodul ating the
coded packets for each data streamin accordance with
a nodul ati on schenme to generate data synbols for the

corr g pongi ge#dlid re¥HRY, [ @B prising:

allocating at least one slot index for pilot transmission; and

allocating remaining slot indices for data transmission.

17.  The method of claim 16, further comprising:

mapping the at least one slot index used for pilot transmission to at least one
predetermined interlace; and

mapping each slot index used for data transmission to different interlaces in

different symbol periods.

18.  The method of claim 1, further comprising:
processing a plurality of data streams to obtain the plurality of data symbol

streams, one data symbol stream for each data stream.

19.  The method of claim 1, wherein the allocating the slots to each of the

plurality of data symbol streams comprises



2 . The nethod o f claim, wherein the encoding the

data packets for each data stream conprises encodi ng
wapoosissger nunber of data packets for each dapEr/BEs2088035042

in each frane of a predetermined tine period, and

wherein the allocating the slot2 to each of the

plur glkocta‘éfn of .d I?laéynlgpobetr otfrs?o&}ﬁo a'gg gyﬁg Cat 'lﬁged on at

an in eger 20’ ‘each TP esm
lebst @ @lacitdt 3l @ Sedey ohdeodinghagd n@tfdu@baio@ s@n@hehged for the data
being transmtted in the frame for the corresponding
SYRRO) S8¢d2am 22. The method o f claim 1, wherein the
allocating the slots to each of the plurality of data
synbol streans conprises allocating each data synbol
stre2in a Phe niethwidaof riuiinet 8, ovhabmt thedabessaingettle Ipjurality of data
decodl gl% constraint and a codi ng and nodul ati on schene
"fffe data synbol stream 23. An apparatus in a
Wi r eE&%ﬁln@HaH paeRts BF AN ARNbEAI ANac¥RIRE8 with a coding scheme
conprising: a controller operative to allocate slots
tqgﬁnelatﬁrmdﬁdaaqkbtarf@tthqdawS‘fmanaamynbol streams, wherein
each_sl

f l
LR U IR A R R I

moYHlaabn fdeneds géh!éﬁbt@ daaed s’vynﬂfowﬁﬁ geic dHdingedatDsymbol stream.
mul ti pl ex data synbols in each data synbol stream onto

the slots allocated to the data synbol streamand to

for co g streamwi th mul tiplexed data

sy nbn%?s f*g}r? %ﬁﬁlgd Fﬂ.ntzy ’of data synbol streans,

V\:h er whmatrhﬁe rahwdadg tth/e ddta @a;tlatsﬁm‘e@cth &4ta eaaan aomprises encoding
[ ndepende recovgra | e %ﬂa receiver.

AL eEeR YR efof dpiaiPae AtetHEB ORI HaRe P§a predetermined
tiﬁlg?gﬁ&{ apgerative to forma plurality o f

non-overl apping interlaces wth U frequency subbands

us abwbereor the rilneatings thersloteavie eachl b£5the planatityt of degapsynhieo] streams

ur a fsoI in each s erio t he .
o dedine i infr et B 3 et o0 RE Spta it stream in cach
fréinb frRk@nbonSBE nambbf esTueRs YpaSkb deES GedRaied if i frame for the
anong the U frequency subbands. 25." The appar at us of

certespendiag datmelfedin the plurality of slots in each

synbol period are identified by slot indices, and

wherein the data processor is further operative to,

for gach Syerhethodest oklimnigpviidiein shotlloulingehe klotd foeeach of the

luraljty of interlaces based on a mappi ng schene.
plurality of ddta symbol streams comprises

allocating each data symbol stream a particular number of slots determined by
~ decoding constraint and a coding and modulation scheme used for the data symbol

stream.

23. An apparatus in a wireless multi-carrier communication system,
comprising:

a controller operative to allocate slots to each of a plurality of data symbol
streams, wherein each slot is a unit of transmission and a plurality of slots are frequency
division multiplexed in each symbol period; and

a data processor operative to multiplex data symbols in each data symbol stream

onto the slots allocated to the data symbol stream and to form a composite symbol



26. The apparatus of claim23, wherein the controller

is further operative to select slots for pilot
WO c@s®msssi on from anong the plurality of sl otBCT/HSHaLhB5042

synbol period, and wherein the data processor is

further operative to multiplex 2ilot synbols onto the

slots. used.for pilot transmssion...27.. The a ratus .
SUSpTOV LS O PILEh TR oo At o T pRERT B, wherein
the BRI&ity bE 41 rglmlb@p s R idepetldRhtlPHI¥BEErallE BY S rbiver.

each data synbol stream based on at | east one packet

size and at | east one coding and nodul ati on schene

use or t.he t | r . I .

cr ai 725, Tip abBitas §F S SRl KRNI hrative to
fophOf pRSalRy [Mfuticl-bietlaphindainterhtsseaits W dreghémyrsubbands usable for

plurality of data synbol streans, one data synbql .
trapspi A Whernbh baang e imapdhe Phgalityof slgfsgn eag symdpl period to the

i | lab6 ity MUbiferGRT et F fr bband

Pl@%amr?? gg%eﬂggésgy%tcggﬁaéﬂal i@z es ortglogegnal ef r equ%qullgr)}cy Subbands
sedécvadsfiram anuinigi thé ExfireypenFOMpand30. The appar at us of

claim 23, wherein the wireless multi-carrier

comuni cation systemis a broadcast system 28 31. An

appagfit USThE apphtug o€ SRiUl4l wheRid tHRMpIGANHLGY #étk il Bach symbol
system conprising: neans for allocating slots to each
pofodaarp identified pysiotdadigess pnd wihersin Bwrdata pieeessotis dagher operative

sl.ot i.s aunit of, transmn.ssian d | ur-al id:
S tce Bt R T UPE s B R i dheflos based ona
meypigkchegtel od; means for nultiplexing data synbols in

each data synbol streamonto the slots allocated to

the data synbol stream and neans for formng a

conpgsite r <\ ] X5k .

f or ?ﬁ'e pF%ér! gp ?%rf}é% fo ?325 tn\gﬂ 2533 r\?g}g kénlé ?#e:ams ,Oﬁ\%% r@ﬁé};ﬂ ﬁgratlve fo
sqidatirsidts tfor pilodatmsnsigsibm|fresh raesmg the plumtigpefn dletst inyeach symbol

recoverabhl e by, a receiver. 3 The appar at f. clai
perioo anih SHHCERIRS Gh e PrOSRaiT BRI TG e 4o dhelfleR pifof pymbols

o fﬂ%{éﬂ@t&h@&?%&%ﬂbﬂ&%&rﬁ%&.wth U frequency subbands
usabl e for transm ssion, where U > 1 and each

interlace is a different set of frequency subbands

?rglaﬁg%f gr Irﬁg %ﬁ%‘ég@ ﬁtglggé}llglr%ﬁr > i%‘f u?%ﬁ ﬁqscgq%?r%ﬁigrs ig ﬁﬁﬁier operative to
aBooaR0h pRRIchod Mnbdresidts Ub adath Yatf synidrdn@e@shased on at least one

packet size and at least one coding and modulation scheme used for the data symbol

stream.

28.  The apparatus of claim 23, the data processor is further operative to
process a plurality of data streams to obtain the plurality of data symbol streams, one

data symbol stream for each data stream.

29. The apparatus of claim 23, wherein the wireless multi-carrier

communication system utilizes orthogonal frequency division multiplexing (OFDM).

30. The apparatus of claim 23, wherein the wireless multi-carrier

communication system is a broadcast system.



33. The apparatus of claim 32, wherein the plurality

of slots in each synbol period are identified by slot
WO p@soes15 t he apparatus further conprising: neROBEUSZNNG/035042

mappi ng the slot indices to the plurality of

interlaces for each synbol peri2®d based on a mappi ng
scheyre. 34. The appar.atus_of . cl ai ¢ further cati "
Conpt i ndn ARRAENEG N ) SEeloy Bghees; frpgpnication system,
cdnfRadg: ssi on fromanong the plurality of slots in each

synbol™ period; and means for nmnultiplexing pil ot .
sy nbseansofer 6llpepsing| stats ta eash of @plyalibt Oﬁqangbé’é plggems, Wherein

30. 1 Lhe ap . i , L sipa: ..
B R BBL Bl B ppHIIY S, SOPEL S gy avsin
mabiptixsd tiheagd symnitldl pyried; data symbol streans, one data

synbol stream for each dat slt[eam 6. A m?t hod of

r ecemapyiayapatiplexips data PR lh pAchda pigbol siream onto the slots
alfo%%gﬂi ﬁ?ééla‘%@sﬁﬁ?&l%@earﬁomi sing: 29 selecting at |east

one data streamfor recovery fromanong a plurality of

dat amsamse forsformagsaicompasiteysymbol atream twigr multipléxed data symbols

system det i nin | ot s used for . each sel d dat
N P i S S35 LA seams
a@%‘i’deﬁeﬂéiﬁ%'rh&dbe@ibl@ﬁ@ﬁ§ec@fv@r.f requency divi sion

mul tipl exed in each synbol period, wherein data

synbols for each of the plurality of data streans are

mul t jpl ex ont o sl | Loc data stream

and er ei%ﬁleta%arﬁ Sggﬁa??%gfﬁgggra&s I}rlggn 5 are

i ndepeagle iéd formagoy plahlite dfynon-setlbpiag inetlhdes pridx Unflequency

detected data synbols obtained for slots used for ,&ach
subbppdst usgblmafos ENsBIsTHoInPEeE Wet &and paghinfelasrppp different set of

SRR MIEHE L oRRF RofiRlnkiznle EPh TP AboRTPd, o
dat amsynd filr msdppéenthe phoklityiof elbts inreattngynathol ipeasd todhe plurality of
) da{ a stream sel ected for recovery; and processing each
1368 ed data symbol streamto obtain a corresponding
decoded data stream 37. The nmethod of claim 35,
further conprising: mapping the plurality of slots in
each33ynbdhepppanatiistad ciaimpl 32, afherajn dfe ploraditeed defpiimgach symbol

i | . i t.h U.f b .usabl e f
perRi i REGTigind tithehdifes e ARG P SPRGAGHRE",° 1O
di f f gleghd feiehaping tRGUR NG c&UD RO plirdRy of infdabésOfdr each symbol

anmong the U frequency subbands, .
period based on a mapping scheme.

34. The apparatus of claim 31, further comprising:
means for selecting slots for pilot transmission from among the plurality of slots
in each symbol period; and

means for multiplexing pilot symbols onto the slots used for pilot transmission.

35. The apparatus of claim 31, further comprising:
means for processing a plurality of data streams to obtain the plurality of data

symbol streams, one data symbol stream for each data stream.

36. A method of receiving data in a wireless multi-carrier communication

system, comprising:



38. The nethod of claim37, wherein the plurality of
slots in each synbol period are identified by slot
WO p@soes15 and wherei n the nmappi ng the plural it RCDUS2004/035042
slots in each synbol period conprises mapping the sl ot
indices to the plurality of intZ¥laces in each synbol
period based on a mappi ng schene. 39. .The net hod,of ..
Ol o (PERI0Y (A O GHGH PLrTy JOIGEP TG, RS BiRLality of data
streahd 8insiiR8SbPh Mah@nitepENhS bptentsed for each sel ected
data streamto obtain received data synbols for the .
s| ot ,detenmining slots used doy each selgeied dpin sbermgWherEagach slot is a unit
r.anst f fe ; j
ol BRI Bl it B ot b, RRYSAEK SRR Tk cach
s$BbD beridd)r whasein ditatsyubets f@reseRct thelptathy ofidata streams are
streamto obtai n_detected sgnbols for the s]ot. %

0.
nyHEplesec gatootlots | lopsted to i dae streappidsWhgremothe plurality of data
s&g&‘gg?f@iﬂ&p@n@&rﬂ L 8lovERUId 15 a fe@NSE Or m for each sl ot

use or p to o

r prliot transm ssio tain a channe
est i mtlépfesingtdetectddatata synitiods otasinedi forfslotd wsedfaiOsach selected data

SBER S0 AR B SHEROLEFOET QP RAD et PERREbALERpol is an

cSHRABREIS L£&ith THHBS] At /11886 ohé Aok USta USROS Qfeal IsUbtained for
transm ssion. 42. An ag({)ar atus in a wirel ess
theisttleast ane dain soenmreeledien fosmecoyeyeatd conpri sing: a

control | er. operatiyv | I n .

Str cdnpiearop BEOh e SR Skl e BThiplF P onting decoded
detagram. transmtted by a transmtter in the system and

to determ ne slots used for each sel ected data stream
wherein each slot is a unit of transm ssion and a

plura,ty er?x!atﬂ&&of"%lgirﬁ \Agi%ﬁﬂ&yo ;»\‘iisﬁi on mul tipl exed
in each synbol period, ereln data sympbols for each
of t heagpling #hd pluradity deft doistineearh grboinpktiodltexaeplusality of non-

slqQts.all.ocated fo the da stream d erejn_the .
oRelBRg Jish e l07utd et i e RS BE Jheble for ansmission,
WIREOYLEAbLR1 BMhanfeBIa& 1O diffticht Betdit @ed%&%}eﬁl%ﬁgnds, selected from

operative to multiplex detected data synbdl s obt ai ned
ahwmgsheUsfrequencyf swbbaratsh sel ected data streamonto a
detected data synbol stream and to process each
detected data synbol streamto obtain a correspondi ng

decodszd dafie sth@ansf cMier 87,nwkaeih Hetphshlad ofallas sy el symbol
is an estimate of a data synbol and at |east one

Pesied areticatified by b lindiegse apd rdrersin Hieraepping therpdurglity of slots in
BRSO peflBh BompriGaM sel ected for
mapping the slot indices to the plurality of interlaces in each symbol period

based on a mapping scheme.

30. The method of claim 36, further comprising:

performing a partial Fourier transform for each slot used for each selected data
stream to obtain received data symbols for the slot, the partial Fourier transform being a
Fourier transform for fewer than all frequency subbands in the system; and

performing detection on the received data symbols for each slot used for each

selected data stream to obtain detected symbols for the slot.

40.  The method of claim 36, further comprising:



recovery. 43. The apparatus of claim42, wherein the
controller is further operable to nmap the plurality of

W@ @ss4isms each synbol period to a plurality of PCT/US2004/035042
non- overl apping interlaces forned with U frequency
subbands usabl e for transm ssi o) where U > 1 and each

interlace i.s a di.fferent set. of .frequenc bbands . .
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denodul ator operative to performa partial Fourier
transform for each slot used for each sel ected data
streapmto in T i or the slot

and t%i'per?g%%egl&iz)gﬁ%lﬁqggﬁ%ﬁgs%e gs\ﬁlég data synbol s

for eagtvisg atchagesl dstimaeaflt <eh alitaded dbmesdhr @ddtrddodata stream
obtain detected synbols for the slot.31 45. An .

baspd pa chrnneheshimgtesbgained fipm slotsysed &r milopfransmussions n

system conprising: nmeans for selecting at | east one

data stream for recovery fromanong a plurality of

dat a 42.r eaAn tapparstust irech byireless amgtidatréar icomtumication system,
s%ﬁtem .means for determning slots used for each

CEMIYRS data stream wherein each slot is a unit of

t r ansgesiider 8pstadvdioWerlct it ofd @itd si@édn foreeleRBEYfrom among
division nmultiplexed in each synbol period, wherein

datwalgy i slate stepame deanswittedihy P ransmifteryinghe ggstem ond éa determine
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frequency subbands sel ected from anong the U frequency
ROoYaRds .

43.  The apparatus of claim 42, wherein the controller is further operable to
map the plurality of slots in each symbol period to a plurality of non-overlapping
interlaces formed with U frequency subbands usable for transmission, where U > 1 and
each interlace is a different set of frequency subbands selected from among the U

frequency subbands.

44.  The apparatus of claim 42, further comprising:

a demodulator operative to perform a partial Fourier transform for each slot used
for each selected data stream to obtain received data symbols for the slot and to perform
detection on the received data symbols for each slot used for each selected data stream

to obtain detected symbols for the slot.



47. The apparatus of claim45, further conprising:

nmeans for performng a partial Fourier transformfor
weawk/oslses used for each sel ected data stream POT/OBL084/085042

recei ved data synbols for the slot; and neans for

perform ng detection on the recHi ved data synbols for

each sl ot used for each selected data streamto obtain

det ected synbols for the slot.

45. An apparatus in a wireless multi-carrier communication system,
comprising:

means for selecting at least one data stream for recovery from among a plurality
of data streams transmitted by a transmitter in the system;

means for determining slots used for each selected data stream, wherein each
slot is a unit of transmission and a plurality of slots are frequency division multiplexed
in each symbol period, wherein data symbols for each of the plurality of data streams
are multiplexed onto slots allocated to the data stream, and wherein the plurality of data
streams are independently recoverable by a receiver;

means for multiplexing detected data symbols obtained for slots used for each

. selected data stream onto a detected data symbol stream, wherein each detected data

symbol is an estimate of a data symbol and at least one detected data symbol stream is
obtained for the at least one data stream selected for recovery; and

means for processing each detected data symbol stream to obtain a

corresponding decoded data stream.

46.  The apparatus of claim 45, further comprising:

means for mapping the plurality of slots in each symbol period to a plurality of
non-overlapping interlaces formed with U frequency subbands usable for transmission,
where U > 1 and each interlace is a different set of frequency subbands selected from

among the U frequency subbands.

47.  The apparatus of claim 45, further comprising:

means for performing a partial Fourier transform for each slot used for each
selected data stream to obtain received data symbols for the slot; and

means for performing detection on the received data symbols for each slot used

for each selected data stream to obtain detected symbols for the slot.



