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BACKGROUND
I. Field

[0002] The present invention relates generally to communication, and more
specifically to techniques for multiplexing multiple data steams in a wireless multi-

carrier communication syster.

II. Background

[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 différent coding and modulation

gschemes.
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SUMMARY
[0007]  Techniques for multiplexing multiple data streams using frequency division

multiplexing (FDM) in a wireless multi-carrier (e.g., OFDM) communication system
are described herein. In an embodiment, M disjoint or non-overlapping “interlaces™ are
formed with U subbands usable for transmission, where M >1 and U>1. The
interlaces are non-overlapping in that each usable subband is included in only one
interlace. Bach mterlace is a different set of S subbands, where U=M-S. The S
subbands in each interlace may be selected from S’ subbands that are uniformly
distributed across the N total subbands and are evenly spaced apart by M subbands,
where N=M-8' and 3'>S. This interlaced subband structure can provide frequency
diversity and simplify processing at a receiver. For example, the receiver may perform
a “partial” §'-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



a "partial" S -point fast Fourier transform (FFT) for each interlace of
Interest, instead of a full N-point FFT. The Minterlaces may be used to
transmt the nmultiple data streans in an FDM manner. |In_an enbodi nent, each
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may be processed as data packets of variable sizes. For example, the packet sizes may

be selected such that an integer number of data packets is sent in each slot. In any case,
if multiple data packets are sent in a given slot, then the data symbols for each data
packet may be distributed across all subbands used for the slot, so that frequency
diversity is achieved for each data packet sent in the slot.

[0010]  Various aspects and embodiments of the invention are described in further

detail below.

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 throvghout 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;



wherein: [0012] FIG 1 shows a bl ock diagram of a base station and a
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[0025]  The multiplexing techniques described herein may be used for various

-

wireless multi-carrier comnmnication systems. These techniques may also be used for
the downlink as well as the uplink. The downlink (or forward link) refers to the
communication link from the base stations fo the wireless devices, and the uplink (or
reverse link} refers to the communication link from the wireless devices to the base
stations. For clarity, these techniques are described below for the downlink in an
OFDM-based system.

[0026] FIG. 1 shows a block diagram of a base station 110 and a wireless device
150 in a wireless system 100 that utilizes OFDM. Base station 110 is generally a fixed
station and may also be referred to as a base transceiver system (BTS), an access point,
a transmitter, or some other terminology. Wireless device 150 may be fixed or mobile
and may also be referred to as a user terminal, a mobile station, a receiver, or some other
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)
gach 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



and may al so be referred to as a user termnal, a nobile station, a
receiver, or sone other termnology. Wreless device 150 may al so be a
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processi ng b)f{xm)dul ator 130 and TX data processor_ 120, .
An data processor 170 then processes (e.g., symbol demaps, deinterleaves, and

) decodes) the detected data symbols for each selected data stream and provides decoded
data for that stream. The processing by demodulator 160 and RX data processor 170 is
complementary to the processing by meodulator 130 and TX data processor 120,
respectively, at base station 110. '

[0029] Controliers 140 and 180 direct operation at base station 110 and wireless
device 150, respectively. Memory units 142 and 182 provide storage for program codes
and data used by controllers 140 and 180, respectively. Controller 140 or a scheduler
144 may allocate system resources for the T data streams.

[0030] Base station 110 may transmit the T data streams for Variou.;; services such as
broadcast, multicast, and/or unicast services. A broadcast transmission is sent to all
wireless devices within a designated coverage area, a multicast transmission is sent to a
group of wircless 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 separaic data streams for video, audio, and data. This allows for



respectively, at base station 110. [0029] Controllers 140 and 180 direct
operation at base station 110 and wirel ess device 150, respectively. Menory

units 14 rovi de storage for programcodes and data used by
control | g‘iyg}%?gp%iﬂg 180, respectively. Controller 140 orpcg?lésé?noéﬁ’a’foé? 144

may all ocate systemresources for the T data streanms. [0030] Base station
110 may transmt the T data streans for various services such as broadcast,
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frame structures my al so be used for system 1 %}0032] FI'G 3 shows an

i nt er | aced0€3bbanBlGy 3 sbows en3imteriaped s l94='mlde5=i?IZIJﬂfﬁéll;‘ref that may be used for
system 100. System 100 utilizes an OFDM structure having N total subbands. U

subbands may be used for data and pilot transmission and are called “usable™ subbands,
where U<SN. The remaining G subbands are not used and are-called “guard”
subbands, where N=U+G. As an example, system 100 may utilize an OFDM
structure with N =4096 total subbands, U =4000 usable subbands, and G =96 guard
subbands.
[0033] The U usable subbands may be arranged into M interlaces or disjoint
~ subband sets. The M interlaces are disjoint or non-overlapping in that each of the U
usable subbands belongs fo only one interlace. Each interlace contains S usable
subbands, where U=M-S. Each interlace may be associated with a different group of
=N/M subbands that are uniformly distributed across the N total subbands such that
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 M 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



system 100. System 100 utilizes an OFDM structure having N total subbands. U
subbands maybe used for data and pilot transm ssion and are called "usable"
subbands, _ where U< N. The renmi ni ng G subbands are not used and are called
"guard” XOBBEAAESwhere N = U + G . As an exanple, sysEEHUBBH4REP Ut ze
an OFDM structure wth N = 4096 total subbands, U = 4000 usabl e subbands,
and G = 96 guard subbands. [0033] The U usabl e subbands may be arranged
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Each inter],ac e asseciated. wth a different group.qof , S, = [ M
subbands t aﬁi?é{l@aaﬁ?'f@qﬁysaﬁeﬁ@wﬁﬁ% © %h@gir?@ﬁ@gw%flgfr%ﬂascﬁ%%wgge Such
that consgsuis i asdBRandsSofithe biRSr W QUPBnREBespPaced apart by M subbands. For
exanpl e, grou 1 may contain subbands 1, M+ 1, 2M +1, and so on, group 2

may cont ailf03libbakmdgengral, the sysim eieyrutdizesamy QBEDNI streataregyithu pnvhivmberadnt ai n
subbands M and so gn. ., For each grpu S of th ' Ssubb s.are
sabl e suttiah el and Boeeh arids, e St b Hitetat way ke e SiBBEh b Ench

i nter| ace jA@Maden@iy Coffadl fnyt REmBerUs A k1S YEBRMES abd anfEhedbPHR BSEEBIat ed
with the interlace. For the exenplary OFDM structure descri bed WO

2005/ 0415 F8bipads. USheoniedass4nay lsabennsain Nhe: sgme rirediffarsat npepetscoff upabled, with
each inter|ace ., containin =,500.usabl e, subbands_.sel.ected, fromanong S =
512 subbaﬁ&gbatnﬂgit T‘];?remgwgﬁ%, @ga@gﬂ’%ﬁﬁ%rﬁw %oﬁl 2 gorsh‘gb?ﬁ?fgcea?ﬁgg@“asabl e
subbands isguéBfshoineih [FAGE 3 aFith MitGerl4te€ bh@efsh itdriact Rent@inints S Rinfofmiigbands
in each.of the other M-1 interlaces. [0034] In general, the system may

utilize aristdmmed suspblet snbbandst h By iierineed cfubbanst siructysa irevidem gevsselr d

subbands. . Ofe | I l for h. inte e my
contain ana;a@%ﬁ%g? %ro 8&‘*&@‘%@%‘@%&%@%@& %ﬁ%ﬁlgﬁeeagﬁ %?tﬁlgf% cl?éllé Sellislagl‘(lﬁ’.bbands.
The i nt er Isablemdiakenl fidin GeRiaile édtereSAsRObartiwilith eBtcondberiseleds disvadel e
subbands. For sinplicity, the follow ng description is for the interlaced
subband JERLECOFE dﬁ%ﬁ%’tiswniﬂp]@f'e?ﬁ Rnteheiven Aeterlpcechy paHerraing s patie Pace

cont ai ni ng_.$ f ' | . so THI S | ) subband
ctruct ur o TsiiH St gt L ARHORE reS ol wanAitan e e bl Be 1P e

achi eved syingdessdagibel nterl ace contai ns usabl e

[0035] Base station 110 may transmit an FDM pilot on one or more interlaces to
allow the wireless devices to perforim various functions such as, for example, channel
estimation, frequency tracking, time tracking, and so on. Base station 110 may transmit
the FDM pilot and traffic data in various manners.

[0036] FIG. 4A shows a data and pilot transmission scheme 400 with a “staggered”
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 two designated interlaces in an alternating manner such that pilot
symbols are sent on one interlace (e.g., interlace 3) in odd-numbered symbo!l periods
and on another interlace (e.g., interlace 7} in even-numbered symbol periods. The two
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
symibol 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 ate sent on



subbands taken from across the entire system bandw dth. Second, a w reless
device nmay recover data/pilot synbols sent on a given interlace by
perform’n‘? a partial S - point FFT instead of a full N-%oi nt FFT, which can
sinplify ﬂéo‘%f%bségsi ng by the wireless device. [0035] PERAS2MA85042 110 may
transmt an FDM pil ot on one or nore i nte%I aces to allow the wreless
devices to performvarious functions such®as, for exanple, channel

esti mati o, diffreaURiEIack R ekdBE-synhhEl PerRRIKARSorANEoS Bxfple PASEr flgn 110
may transmt the FDMpilot and traffic data in various nanners. [0036] FIG
4A shows aaydesenih widrce 4 i agnbd pesiodsl Heameintbgipeep tih spmbelingggd 2Zethen FDM

pilot. In.this exanpl M = ne interlkace is used.for t F ilot in
bach ” symiuride? 8 Thgat And i ohg b vl e s R S S Bkt ot 1
data. The té-hbriapé Il 9 sirfibslgRE0@Y, intDssles TR coelind iR ®6 Witdlesd dedbdsabnat i ng
manner such that pilot synbols are sent on one interlace (e.g., interlace

3) in odd-onsartrethe ghayebisponse fas@ll usghlg sghbandst her interlace (e.g., interlace

ol ot ar o RPATCCTECRHIRn BB PAG mh ' o A7 b BT o R shi B

al | ows t hempohebf #if: NMEitERSed B @bl afyiibol b&i@d!arl‘he|FDMi;ﬂM$ﬁayf £l§o BP&ent
subbands, which may inprove perforpmance. {0037 FIG 4B shows a data and
pi | ot transingssy prtese el piichqre phawn iy EIGH4A mpMBi 1ot. In this exanple, M

= 8, oney ri [ e t | b0%,. 1 l._par | and

t he remai rw(?\gg?se\?ﬁé%ei s?\%t{eb?ll ?’;ilcde%s?{agrtt(;'&tiqEjlé,\i)gllhg:oJrr (Eart%;"] ??%ﬁdg?yménﬁ'%éggjﬁ ot is
sent on alvhrieisghbnriend. el adest dubodirtyel, @acinasn tre@tidh sédtadn fhiclsatmesynglgl s are
sent on WO 2005/041515 PCTI 13S2004/ 035042 .8 a different interlace in each
M symbol  Fedte datetages: nosach rymbek pepied  iny whichipe pats istrergyis prenk e for Jhis

i nterl ace el : | | h.N [ t hen

I nterl ace eélbioﬁm?é?fg@k ‘g@??%g a%e S{gﬁgglé%%%ﬁ& ﬁ@néﬁcﬁt %é:tflggg 'I[);el!ri11 %ge ol" period
8, then baaibodingent,daeh ldataestibainnmsy e aleniper idifferSyt iatudlases mndiffétens syylbdli ng
allows the wirel esil_ e&c&s to observe the channel response for all usable

subbands. Peoedsg i ta siRatEEf -0t Foralfih smbediment, theyin r A15f
d The

I nterl ace ; 8 Lnt.efd GEsy | B éi‘fﬁf?ldi :
FDM pi | ot 3 y g@&’)aﬁyge%ew&s#%%s%dfq’p‘g%ltcgr n, %D%S% Y I ch ar‘;ea:?sré own in
FI GS. 4A aiwd ehBure that the quality of the channel estimate is independent of the slot index or

indices assigned to the data stream. The second embodiment may be viewed as a form
of frequency hopping and is described in further detail below.

[0040]  To average out channel estimation and detection performance for all T data
streams, transmission' scheme 410 may be used for the first embodiment with statically
assigned interlaces, and either transmission scheme 400 or 410 may be used for the
second embodiment with dynamically assigned interlaces. If the FDM pilot is sent on
the same one interlace (which is called the pilot interlace) in each symbol period and is
used to obtain channel estimates for all M interlaces, then the channel estimate for an
interlace that is closer to the pilot interlace is typically better than the channel estimate
for an interlace that is further away from the pilot interlace. Detection performance for
a data stream may be degraded if the stream 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



[ 0039] Base station 110 may transmit the T data streans on the Minterl aces
in various manners. In a first enbodi nent, each data streamis sent on the
same one re interlaces in each synbol period in which the data stream
is sent. ‘&érm{%“iﬂsenbodi ment, the interlaces are stati 35?(‘{?2%@?3)ﬁ%d to
each data stream In a second enbodi rn::nt9 each data stream may be sent on
different interlaces in different synbol “periods in which the data stream
is sent. RpEx thhsy Berhad R fle FMEpiloRt 86! 6L MdRTS 2 WygaRIMahhy baasdddfaed to
each data stream which may inprove frequency diversity and " al so ensure
that the duatiapgmigsion.hdhe Aadatesireamsintrthee pRodataflesieln it indices Rehrough M ndex or

I ndi ces assi gne the.data str . second enbodi t.may be viewed as

2 orm oft FPRE ek PRGaL g vid SR Wl TRt e R n e Bl Ao Bt of)

[ 0040] Toslewabae itanshariel deoiindRes payibsnAdgbatio hie8 Menforoagedrr all T
data streans, transm ssion schene 410 may be used for the first enbodi nent

with stat Byapalyperigd Hagideen japy srappgscheme thpt ey achievgsthe slopiser Searamey 400 or

410 may be:. ry. L & e | nrent with dynam cally assigned

interl acegl.vgllssft 9?%§°]f?lﬂgf§lp?‘l a%ﬂ&gpesrggrﬁlg%%‘?

t he sane one interlace (which is
cal l ed thgogae] ot Innd ffsk aRBYo-ilertiae Andpyingo kchmpid, Ak dlod indicesUaedndpe@hb ai n
channel estimates for all Minterlaces, then the channel estimte for an

i nt er | aceint¢riaces i & posarated manperp fog trapswmagsicncscheme 1400 widh IM betandonehan t he
channel estimte .for an ipterlace that. is.further away fromthe pil ot

it er | ace PR of s M e B4R B REROEHY BlanPHE ol SR aBH 1 ¢ he
stream i s fiRal Stheridhy irtéd Redied bé BéRIHdEB ¢ an bfiginabsRuehar (IR, 1Y, a1y, he
pilot interlace, The allocation of interlaces wth varyi ng'edl stances (or

spaci ng ol & f SbPprpwated segianen mialite forared eadlialonild It. H2.doplr ebr Flgddh

degr adat i . o I i i 1.aSq. [ 0041] F :

enbodi nmen n&erfﬂ%gl%?t ge noé@[ﬂrgag S&@?ei ﬁ% f %pegal@hthseyl éﬁ%ggt?énoé&%‘gﬁg&gg%ﬁgdsl ot
may be negRfdnded wheR ¥ BYELBRCE & {1..08)€ abd RO Iy EkiO8it-rdvetdeOndsss abl(e-for
traffic data is also called a data slot, and a slot usable for the FDM pil ot
i s al so caln @¥etof Pl isaises lfeit 7 andllig tbabotlseserindioedstay Honh 1dasiealoMBy Abe gi ven
indices 1 through M Sl ot W) 2005/041515 PCT/ US2004/035042 9 index 1 may be
used for @héxem%@,pfpr ot 7 dhd 1+ 6+ therdli earesontafeon ifgh 1N, figbibecvigsedndasis dat a
transm ssion. The data streans y_he, allocated slaots with indices 2

t hrough MOy Sac gaﬁm@d pefi od.TrlT*a?h‘égugateﬂﬁcespb&e friginal sequgnee & WS can

stmplify tppa%e:cfl inl e %ft- %rc])si?ifon in the permutated sequence. The two interlaces used for the

(D

FDM pilot are then combined in the permutated sequence to form a shortened interlace
sequence {Li, Is, [37, I, Te, Ts, Is}. The -th slot index used for data transmission (or the
k-th data slot index), for &k € {2...8}, is then mapped to the (k—1) -th interlace in the

shortened interlace sequence. For each symbol period thereafter, the shortened interlace
sequence is circularly shifted to the right by two positions and wraps around to the left.
The k-th data slot index 1s again mapped to the (k—1)-th interlace in the circularly
shifted shortened 1nterlace sequence.

[0043]  FIG. 5 shows the mapping of slot indices to interlaces for the first mapping
scheme described above. Slot index 1, which is used for the FDM pilot, is mapped to
interlaces 3 and 7 on alternating symbol periods for transmission scheme 400. Data slot
indices 2 through 8 are mapped to the seven interlaces in the shortened interlace
sequence {I;, Us, Isp, In, Ig, L4, Is} for the first symbol period, to the circularly or
cyclically shifted shortened interlace sequence {L, I, I1, I, Isy7, I, I} 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



slots to data streans. The Mslot indices may be mapped to the Minte
i n each synbol period based on any napping schene that can achieve t

desired fre%uenc
first sl o9t
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For transm ssion scheme 400 with M= 8
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synbol periods, where one of the seven WO 2005/ 041

[0046] The M slot indices may thus be mapped to the M interlaces in various
manners. Some exemplary slot-to-interlace mapping schemes have been described
above. Other mapping schemes may also be used, and this is within the scope of the
invention. |
[0047] The slots may be allocated to the T data streams in various manners. In a
first slot allocation scheme, each data stream is allocated a sufficient number of slots in
each super-frame to transmit a non-negative integer number of data packets (i.e., zero or
more data packets). For this scheme, the data packets may be defined to have a fixed
gize (i.e., a predetermined number of information bits), which can simplify 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

12,
h data
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interlaces is either interlace 3 or 7. Al seven data slot indices should
then achieve simlar performance. [0044] In a second slot-to-interlace
mappi ng schene, the slot indices are napped to interlaces in a
pseudo- r WA HMEHEr . A pseudo- random nunber (PN) gener ZCEUSHH03H4E2 ysed to
generate PN nunbers that are used to map,slot indices to interlaces. The PN
generator nmay be inplenented with a | i near! feedback shi ft regi ster (LFSR)

that i nplyesy Ssed RSN deH! ACkAS B&Hi 34 ey PRIANIGE akachedfla padkeX naythie 1X14 +
1. For each synbol peri od]':';’il t he LFSR%gﬁ}updat ed and thg Vv Ieggt

si gni fi carsizeshat és dapepient pm(i)’rtbe nwRSR ofd§ta mackets being Sﬁm ipnthg $lpt andh@) glej =1, |
2, ... | = -t h G ' . iy
Co i nier 1 doding kit Kol b rorthe ok "R iy et el pacB g5, NOPRCY

pil ot, antatevirkbydi-age [(PN(j)+k+1l) nod M + 1, otherwise. [0045] In a
third slot-to-interlace mappi ng schenme, the slot indices are mapped to

i Int erl ages[oﬂ‘ﬁ’]a cThesiptsrmag plserbe atigeated:tonths) fefa|stigams dd ofher rasnkest hFafat a f
i . P i i +K) . +1, i
This i nt et te fiSing albeipBiasiimiRRRShe st hEIBhor bttt iYL

mod M +1, ihd fietend.se. [0046] The M slot indices may thus be mapped to the M
I nterlaces in various manners. Sonme exenplary slot-to-interlace mappi ng

schenes hd0850)eenFirhgiets Hecam manhecodef freyariainaeness hbhasembdimeaioeash used,
and this i 1.1 hi i_nyent i 47 | .Qt,S be

al | ocat ed q%g"!tnf?gﬂll s égcfeg%}gltﬁ?ggﬁécaﬁ%%%egrcp%eu‘g&@ﬁﬁ%ér gpaq Jr)lu%p&fdlserag'ttd & ot

al | ocat i orcog€.heh@outeteitie Giadychesi bakcode sabh g al RekdaSslofnbh (RN Eodbldrzemeof
slots in each super-frame to transmt a non-negative integer nunber of data
packet s (iotker coder Bhgnnenende may be pdorie @de, pgonypiusiosdirede, ortseamedther

packet s e defined to have a fixed size (i.e., a predeterm ned nunber
of informatTdn bits), which can sinplify the coding and decoding for the
data packqoesl]EacRIG. sedlows 26 datplpackrt dRiingeclaadedsiagt RevdiSbivhea to
generate a coded packet having g, varjable size that is dependent on the

codi ng and®Ufsdafatd datasimends baatonyinioaty aaskets. na eahadancns cashdet needed
to t ranng&Ek%t hGs GHRH st%gzléﬁt Toélgai%{@ prqutgﬁﬂﬂ?eﬁhmﬂu%érrb% iﬁﬁ)‘i‘l‘n'ﬂﬁox?ﬁﬂs ﬁg%‘;' ation

schene us or the pac n a second slot allocation sc each
dat a st r ednfomaytidicbyibd om) O00abitkosr 125 bytes). The data packets for the data stream

are written info rows of a memory, one packet per row. After X data packets have

been written mto K5 rows, block coding is performed column-wise, one column at a
time. In an embodiment, each column contains K, bytes {one byte per row) and is
coded with an (N, K;s) Reed-Solomon code to generate a corresponding codeword that
contains Ny bytes. The first K;; bytes of the codeword are data bytes (which are also
called systematic bytes) and the last N —K _ bytes are parity bytes (which may be

used by a wireless device for error correction). The Reed-Solomon coding generates -
N_ — K, parity bytes for each codeword, which are written to rows N —K through
N;; of the memory afier the K;; rows of data. An RS block contains X ; rows of data and
N_—-K, rows of parity. In an embodiment, N_ =16 and K; 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 1s then coded by the

Turbo inner code to generate a correspending coded packet. A code block confains Ny
coded packets for the Ny rows of the RS block.

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

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



negative integer nunber of slots in each super-frame, and an integer nunber
of data packets may be sent in each allocated slot. The sane codi ng and
nodul ati on schenme WO 2005/ 041515 PCT/ US2004/ 035042 11 nay be used for al
dat a pacﬁ&hs sent_in any given slot. Each data packet may have a _size that
i s depend&R*EWH t he nunber of data packets being sefCTHAUHOIW: and
(2) the coding and nodul ati on schene usgg for that slot. For this schene,
the data packets nmay have variable sizes”™ [0049] The slots may al so be

al | ocat edpé partitiendlitint Iﬁhni?aer(@}g!.,rfo@) B bTRRE QT cafiPsub-Blodk bf the cbB@blogk | oW ng
description assunmes that the first s|lot allocation scheme is used by the
system [ O@S0e seach onet Bane pEtm supg-freneodde transmigsioouef eashrede block ian
enbodi men t ' -\ . tenat ed code conprised of
an outer %%%ijlgﬁ%ﬁsgﬁﬂ&tﬁsg eslriq(g‘\é%{clf})fJ & &#&g&éﬁ#gﬁneg%@gﬁﬁgy be a bl ock code such as
a Reed- Solj@i58h ( RSchadute stodans @il beotriismiced evithl BE withoat hivpstehiaalycddéng Tur bo
code, a convolutional code, or sonme other code. [0051] FIG 6 shows an

exenpl ar y Wigtedhe ke wgdivehantisconteyt wigwe da chamsherding tither thyndata fodiag a
stream is  parbidlignedy Hgt{a%trgﬂﬁ ﬁlagﬁaggg{ngﬂslﬂ oflv§ %o%@e%ﬁ?,itwlfigﬁ&@ kg, packet

has a fixed size and contarns a rmned nunber NPor et oR Bits or
L i nf or mbhdemsirelimt @@ dneenBancedefstivains The base diehesihay they Gaicinfaaletbs f or
the data stream are wjtten intqo rows_ of a nmenory, one packet per row.
After KrsaBhiaybasruie afl xpelespdancanWithin the ¢average arganidhe Brssskatiendilhg i s

per f or med Eﬁl%j]g = WM 0 C -1 4 . [ Pein col um
contains K/, %/EB%%M %one gl;?/i?’ec p pghgg%llﬁar#o@ahé:rgég@ @Mﬁfﬁga%ﬁ?kﬁgﬁ r,S)
Reed- Sol omevicssosigetvingoisstier eliztmel coaditieng) o Vit biccadkieal ebdingthe Gpatatas Nrs
bytes. The first Kr, bytes of the codewrd are data bytes (which are al so

cal | ed sydt &aged @ngymedylaigd for generate (s Nitsk modnlaizon, spmpal istrjamy ead ghi ch

may be u ] Vi r.Qr | . ed- onon
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t o rows Nstreant, Thé famosigihdiffttent coidirtowmd meodulytial schemiel malk be usedviordiic bista. An

RS bl ock contains K, rows of data_and NM - K. rows_of rity. In an
enbodi mentstteaq and pyhanegmRpt stresmy é@ﬁwg ungdpiation symbet éﬁ?anés fay then fer 1o

14, 16}. ThBeRGRLonHiRIDS obRfiforteiat SANadauaan

[0054) Table 1 shows an exemplary set of eight “modes” that may be supported by

gystem 100. These eight modes are given indices of 1 through 8. Each mode is
éssociated with a specific modulation scheme (e.g., QPSK or 16-QAM) and a specific
inner code rate (e.g., 1/3, 1/2, or 2/3). The first five modes are for “regular” coding
with only the base stream, and the last three modes are for hierarchical coding with the
base and enhancement streams. For simplicity, the same modulation scheme and inner

code rate are used for both the base and enhancement streams for each hierarchical

coding mode.
Table 1
Mode Modulation Scheme | Inner Code Rate |Number Slots/Packet

1 QPSK 1/3 3

2 QPSK 1/2 2

3 16-QAM 1/3 L5.

4 16-QAM 1/2 1

5 16-QAM 2/3 0.75

6 QPSK/QPSK 1/3 3

7 QPSK/QPSK. 172 2




K, = N .,. Each datal parity packet (or each row) of the RS block is then
coded by the Turbo inner code to generate a correspondi ng coded packet. A
code bl ock contains Nr, coded packets for the Nrs rows of the RS bl ock.
[0052] ThEORPISMEYEd packets for each code bl ock may be PSEHSZM/3¥A? ous
manners. For exanpl e, each code bl ock ma?/ be transmtted in one
super-franme. Each super- frame nmay be par Itioned into multiple (e.g., four)

frames. Eac coqge bl gck @Q’sgé@%@gm 4005/ 04#}%5 PCT/ USZ0047 Péb(mz 12 be
x A~ O -

partitionedLinto multliple )_sub- cks nd each”sub-Dbl ock of the
code block nmay be sent in one frane of the super-frame. The transm ssion of

each code K i | t.i pl ar rpss .a super-frane c rovi tinme

i ver ot y. 10088521 T, it Bofbufr o, Tof, 2o Bofoelih e, wiriow o SoF Gredioe

hi er ar chi qansER Gind Fixed- 4126 [datat fa8kd: FoieackofbA&l” ThiRle 1Ndstumed s Pita Pask&lstzet O

channel codlng rat her than data codin at atransmtter. A data stream may
f

be conpri s¥d-6f infanmatioibits andth® nsabis sibbands peridadeg., Had60}t Fachmletrivhs an
enhancenent stre The base stream .carr se informtian .and y be
sent to al PP R faffe alécgs \WF%%?‘F ?‘_ﬁﬁ_lﬁ&%ﬁ’$§3°a¢’8a{“§?ﬂ“?ﬂéﬂﬁa§e“%{’§?i on.
The enhangeeRias asd ERAMPEMNIGEH b¥rRest HaARmbol | PERbASD, 2AB4la PRIKPRiBENt tO
wirel ess devices observing better channel "conditions. Wth hierarchical

codi ng, th2 Sadernstiondits is sodebwithantitenddi fiztes dote toygangrateet o foods bits,
nodul ati on synbol , strea an e enhancenen e i.s,coded an dul at ed
o gener aCUidh SRLBFIRBEN Gt oh 0L SHBPORIEA NF SFhe B8 S RS RE. codi ng
and nodul ahi %Qtasﬁiaﬁ&ﬁ%aj?@é L8t Hoffled Sotd, hgitha3&h shk rc%ﬁ%%”ﬁ' &W?ﬁﬁﬂ?m

stream The two nodul ation synbol streans may then be “scal ed and conbi ned
t o obt ai n Simaladpeesspgindy betpecfarmed £©0654¢h dhihk ether singlas imbakdsénpl ary set of

AR PR R R T K

modul at i oy fehenE Bifs, 2000 SN Bon bis AN s BH) MafRBGIHd fsed! M@Iﬁp@&&ké@t e
(e.g., 1/3, 1/2, or 2/3). The first five nodes are for "regular" ‘codi ng

with only dgitee theyselss beannd, fandxamplel srstthatheash packigismay defssnt i en dntepércal
coding with the ase .and _enhancenent .str For _si. icit t he, sanme
rodul t | orEUHERE SR 1o FERNP Fo R B 82,8 1000 PER ST Rt ey e el i
enhancenenoddsneanind Aran8 3GAckd: 8128 '0¢ 18 38 linforRi APbHPARy be used for modes 3

and 5. In general, the system may also support any number of modes for any number of

coding and modulation schemes, any number of data packet sizes, and any packet size.
[0057]  FIG. 7A shows transmission of a minimum integer 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.



Table 1 Mbde Modul ati on Schene I nner Code Rate Nunber Slots/Packet 1 QPSK
1/33 2 QPSK 1/2 2 3 16-QAM1/3 1.5 4 16-QAM1/2 1 5 16-QAM2/3 0.75 6
QPSK/QPSK 1/3 3 7 QPSK/ QPSK 1/2 2 WD 2005/ 041515 PCT/ US2004/ 035042 13 8
QPSK/ QPSKV9 2805{04#5151 0055] The fourth col um of Table 1 PRATERIMEY3IH2 nunber
of slots needed to transmt one fixed-size data packet for each node. Table
1 assunes a data packet size of 2 S inflér mation bits and S usabl e subbands

per slot (66599, &s showih FIERS PASh7BNAS rfinimBRAGIhY Ret s since
t he sl ot i([s r?gpped to one int erfkace Wt h Smtljsabl e seﬁ(gggﬁtc? aﬁ%ﬂeﬂaa?%%subband

can car ry tensnitgd an syvdpdl maEers foo dechl mode dakeepp dokatodai4)h Transt@tting thenat i on
bits is coded with ra 1/ 3 Jj nner de to generate, 6 code hit whi ch
are then %B@Hnlng}rr%er g%gﬁtwaéﬁ%m %%@%ﬁ&l 8RO feduges gled?ﬂ]a MS f or
the data pagkRhuREYioled®Nthe 'dﬁtatﬂﬂgl&,@s Bt PkSvides ]!éﬂs ﬁﬁﬁ:fﬂril%r]?itty.c‘?hé YbRgrse data

synbols. Simlar processing nay be perforned for each of the other nbdes in
Tabl e 1. [908Gior absmittingsthe manismimexenipdr of dathesrackets obeit alopgekians pafodit her

si zes (e. 00 jnf tiop hit 2000. informatj on hits d sp.o my
21 o be udaap0T\u FiG: S5 BB fhe Tai Dionitiagy 4 Pl Rpasd otk oo By T ha
each packehod¥ad, WBe 684 slofy BBy be ERGRrce IMERAE 11REr150ed i1 on& FYmBY o, ord
packet size of 1000 information bits may be used for nodes 1, 2, and 4, and

a packet singanterlace3aIhfeafdifferant symbol periaday Bhe thyeel sioty map dbscise dififders. | n
octerel  hEuRl PURTRTRL e UERE ChealiaRT el 8 pBEGR LTl ReHBRS) ©
packet si zgior ¢ ARPFdrtifibiing ThoIhRWSIW, aTEEiAENRAVIAL for Bhdl ORI pHcRE@SfannuTber
of data packets, using one slot in each of an integer nunber of synbol
oer i ods,  frondopnznihefsigiiib i neise raivy (SNRD S Sheibitserasn trappdsd packetewlisha
packet rmymall)yeirgper%e Hgtizo%%lgogeerfosr}n%}mei. anlel htéﬁ%gv%ng %”%Ote performed in various

manners, as is known in the art. The interleaving may also be such that adjacent bits in

the coded packet are not sent in the same data symbol.

[0061] FIG. 8B shows the partitioning of four coded packets into three slots for

mode 5. The three slots may be sequentially filled by the four coded packets, as shoWn

in FIG. 8B. When multiple coded packets share a slot (such as for modes 3 and 5), all

of the bits to be sent in the slot may be interleaved such that the bits for each coded

packet sent in the slot are distributed across the subbands used for the slot. The

interleaving across each slot provides frequency diversity for each coded packet sent in

the slot and may improve decoding performance.

[0062]  The interleaving across a slot may be performed in various manners. In an

embodiment, the bits for all coded packets to be sent in a given slot are first mapped to

data symbols, and the data symbols are then mapped to the subbands used for the slot in

a permutated manner. For the symbol-to-subband mapping, a first sequence with S’

sequential values, 0 through §'-1, is initially formed. A second sequence of S’ values

is then created such that the i-th value in the second sequence is equal to the bit reverse

of the #-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). Thej-th data symbol in the slot may be mapped to the F ()-th subband in the

interlace used for the slot. For example, if § =500 and S'=3512, then the first sequence



periods for node 1, (2) two synbol periods for node 2, and (3) one synbol
period for node 4. Two data packets nay be sent using one slot in three
synbol periods for node 3, since each data packet takes 1.5 slots to send.
Four dat 83¥B3eR&¢S1¥my be sent using one slot in three BGRBBPIOAERT0EHS f or
node 5, since each data packet takes 0.75 _slots to send. [0058] FIG 7B
shows transm ssion of a m nimum i nteger ddnber of data packets, using an
i nt eger nuigry of 3sl otsypi n h&Qd: a foat he Aqisr five
modes |isted 1i’ (r%’ %"abl’eﬂg’. ﬁﬁéﬁﬁ%gaga%é@??hﬁﬁ O(é)rzgg’nfiki’ %sg’n'é"szg/slr?{)gp}ﬁeri od
usi ng (1) andtleghird bapendeds {OpRkbe, 128, 324, . WBSH. oflse fegnemedB ( ), ordndeddd)to one
slot for node 4. Two data packets may be sent in one synbol period using
three sl ob§ cPBPUied gacandpay bg ased f%aﬁk%@tg- Rienyaapping sthemasenay alsobe per i od

s 78 117 S b B RO AL AR QRS g, 14,8050

transm tt ¢o063) semereatrallRBElEdSa staneatdy catieatexa@btr 6Odatipaekes) in each
Transmitting the mninmum nunber of data packets in a shorter tinme period

nb
reduces t IsepeETfme; deendig an the dplagateraddhe gtreareeilashdgte Hepam isadleated put

provi des | 1 LV LL.Ye Y ' ansye.t.t t he
m ni mum nd n%%%ehggﬁﬁg%ragggé 2o Sél'%ges r 8% ﬁ%ﬁgebra%%q h%ﬁgsep‘%&%{e’ Pﬁ%&%’] HOE@& 8A
shows t he apgitdbility o klog Mid FossiblobtRercfacides. PRoK&tanle,Ocabhidag Gleainsmhpbe node
1. The three slots may be for three different interlaces in one synbol

i .Sy
peri od or copfiainedie & sprealigd marimman pirnber eiflots frpanh syathodaeriodrvdhielhpmag s ot s
may obser | ff 1 £1,0 T i ' . et may
e nt or | S heEE G e £RA0RG (P S dulsPpesn Bact s ieokf a6 BCROPRRSC
sl ots. The gpadified aaxinign Hat reecWhivhdetheomalkigiung aombepofipforaertiohdits that
signal -to-noise ratios (SNRs) of the bits across the coded packet, which

may i npr oveRydecEusHgteddn casthimatol peped for the datastiegmael hegaapaun dafa date n
. . . e d ey U .
Uhat “adj adonbigay. 82 o> 000G S Efitng] Uintsls 67 MR Hope® oU°

synbol . [ @mdtraifing.ca@Blsh e tfechepwithint the Maximad dapairate ebacksthgtkhé dathnt 0
three slots for npde 5. The three slots nmay be sequentially filled by the
four codedpaBK@Rsbe zecoxsisdnby Nﬁrﬁsﬁd@ﬁesvﬁlﬁﬁl&ﬁm ippeseribert dgcqdingk nd” shar e
a slot (s ?qaﬁ S . fi: 1] [ ' e slot
may be i ntb glr ea%té%fals)uc Et Eg?%?”g‘élﬁ |tdzdlt‘J‘Tl gartgéléﬁcl%e%lgd{é%n Bef 0?%&%1{&9 tﬁzﬁ
may be transmitted in each symbol period for the data stream. The maximum number

of slots may then be determined by the maximum number of data packets and the mode
used for the data stream.
[0064] In an embodiment, each data stream may be allocated an integt;r number of
slots in any given symbol period, and multiple data streams do not share an interlace.
For this embodiment, up to M ~1 data streams may be sent on the M —1 data slots in
each symbol period, assuming that one slot is used for the FDM pilot. In another
embodiment, multiple data streams may share an interlace.
[0065] FIG. 9A shows a block diagram of an embodiment of TX data processor 120
. at base station 110. TX data processor 120 includes T TX data stream processors 910a
through 910t for the T data streams, a TX overhead data processor 930 for
overhead/control data, a pilot processor 932 for the TDM and FDM piloté, and a
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 {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



packet sent in the slot are distributed across the subbands used for the
slot. The interleaving across each slot provides frequency diversity for
each coded packet sent in the slot and nmay inprove decodin erf ormance
[0062] ThRO#APERI¥Avi ng across a sl ot may be perforned FAT $°6{9§50ﬂ%1nner s.
In an enbodiment, the bits for all codeﬂ packets to be sent in a given sl|ot
are first mapped to data synbols, and t @ data synbols are then napped to

t he subbaprdsd-8s@thohOsutéBodd d iaNTurBo PR CHAk S bERMYRS - code! 1 nis case,
synbol -t o- subband mapping, a first sequence with S sequential values, 0

t hr ough Sencpdes 217 encofey eachieciedl KA detadmekets dquesnexatoNSodedipadests, ias t hen

created sych t e-th value in t second s ence i.s.equal, to .the bit

Ceverse - SOPhAIS ° ieieoqding freoss0fe REARNT BT M PEGTET R e G "2 g e

to or gregf&im.t Batbder 91 NmalyhfsoSementt SRIHPALE aaiyelit e6MMAEndyocHRBE CRCY third

sequence with S val ues rlanr?gi n _%hom 0 througﬁ_ge-ll. Each \;gt(lzue ﬁ _tCZe third
sequence ivalug Heepchrefdedpankeld viychonay be usdibyi myvdreless glgwise dondrrs dsésction at ed

ey 5, R e BB 35 b Bl MR i ool ™ 1"
i nt er | ace migetbofshufilelBe sddell pabless, exanple, if S =5 00 and S'= 512., then the

first sequence WO 2005/ 041515 PCT/US2004/ 035042 15 is {O 1, 2, 3, ...,
510, 511} [006k sechwrigtesleeissrdld receivgs theaodad gpackets from enpsslsr %21 pnd and
the third, | §: , o - F ¢.) onl
nosds 't RERISAE the Bied b B8 codeh adlif g pepetitelan FHEISSEANTIECC i On' Y

schenmes nayterfdasghfovideetimt and/oh reguetiop diverits ufdp alnel paakeni AGsldthudleh 0¢g e
i nterl eaving across each slot. [0063] In general, each data stream may carry

any nunbeds Ben §Hed witharierlsayed l@[ﬁl%fﬁs fay afidbe slpisnallocatgsetodhn dalfiena. a8ta rat e

of the str Q{Bﬂfnﬁ d reamis allocated a sufficient nunber of slots
I n each s&%er- rg%Gbgég’5§§h its data rate, subject to the availability of

sl ots and[pBS$i bl A sotabénlerf QU] fecsivedand eoramblee, theddits fiateaacls tstor avitirayPe
constrained to a specified maxi mum,punber of slots in eachgtrs#%/r ol. period,

whi ch rmay SCPENEEHd] izg fhe; ks, M iitereptPlY sequenseyimay hecyse s siptt a
t oeveT o ! t -
stream may, pes! | e.msme%&nééa%ay be eﬁ@éh%"fﬂ%%%&g%ég r%ﬁ%l% gglineé} fesd aegy ol

maxi nrum nunber of information bits tHhat etr I'n eac
peri od f oshifineeglata EFSBANthal hienplementsina datidcurlat egeriesatdry podwidmialset.ghy t he
decodi ng and buffering capabilities of the wirel ess devices. Constraining

each data &) =samtn’ thé . ichLHSR meayieex loated widh 2 diffesensniSebis initislataluendrdat a
each slot index. Furthermore, the LFSR may be reloaded at the start of each symbol
petiod. Scrambler 918 may perform an exclusive-OR. on each bit in a slot with a bit in
the PN sequence to generate a scrambled bit.

[0069] A bit-to-symbol mapping unit 920 receives the scrambled bits for each slot
from scrambler 918, maps these bits to modulation symbols in accordance with a
modulation scheme (e.g., QPSK or 16-QAM) selected for the data stream, and provides
data symbols for the slot. The symbol mapping may be achieved by (1) grouping sets of
B bits to form B-bit binary values, where B =1, and (2) mapping each B-bit binary
value to a complex value for a point in a signal constellation 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 siream 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 modnlation scheme may be



stream can be recovered by w rel ess devices having the prescribed decodi ng
and buffering capabilities. The maximumdata rate limts the nunber of data
packets that pmay be transmitted in each synbol period for the data stream
The maxi r?ﬁ’f?lzf%wg?ls of slots may then be deternined by PREGRWMABHAUNDer of
data packets and the node used for the gata stream [0064] In an

enbodi nent, each data stream may be allo dted an int eger nunber of slots in

any gi venussinkelhobe iicPbase 3dad Ul ithd Eniclal eif%%{ §i3¢6%0, 48 RWwS A58, or

b
interlace. For this enbodinent, up to M ata streans nmay be sent on the

M -1 dat adiffentrd codingend moslylation sghemies thay desusei figr thh étvo streamss. oA combireed f or

the FDM pilot . In_anothe enbodi ment , |tiple data strea share an
i nt er | ace MPOHER TS CQWLBT%? %‘e t}?rﬁtcﬁnrgéisﬁb‘ﬁﬁﬁfr@%u BBt oﬂrﬁnﬁ%mﬁ? 9% data
processor odilate 3he BaGSsyRIRAYY RR Aol Bata TifedR! aTRE ALPSCRIcall SN MaydAso e TX data
stream processors 910a througjgmglm for the T data streans, a TX overhead

dat a proc@sdomed30 dtlgr maersh diod cxonpleche darambled pits for imth tlesisase s8&anf or t he

TDM and F il ots nd a multiplexer (Mix Q, , Eac X data st.ream
processor %8%8%@%&%@“@%&% 5{0\}’ Eﬁ’ﬂéé & Slﬁ%ﬁéﬁﬁ?ﬂ?&’%&“@@ﬁé& g %%Ft

cor r espongidigded Tedy 5aabol fok @ dalastrehm, fOr i e {I :.. T). [0066] Wthin
each TX data stream processor 910, an encoder 912 receives and encodes data

packets f &80 s datsiotdeinerackangopigdmir B2 thaps cedetloprssigad to date otteam 912
oy sed 180 8 DB PHsE rTIE s Beman B8 slhtosenEe HaPpBEd LS WS, cod
conpri se v r code
and a Turbo_or ,convol uti onal,4 nner, code., .l n I S, case, encaoder 912 encodes
Sach bl oc vt a8 s BEFIC M Ta RaPfitsornb Bty 8 e PR e R

FIG 6. Thg sas@dyiBoisiseedsas: tbhik probéraibbhhds @fthé ffedldcans Whish 8 sf@r the
data stream Encoder 912 nmmy al so generate and append a_cyclic redundancy

check (CR® mapgpdie The syhokioqubbaydcrappingnmay heypepormeddnpy manger dpess

Govt oo for o : 3 : t i
docoded o GERIBRE JHE 5o 3ot sFioss e SHBAMAL LULCII o B8, BEE b
packets. [06&7] Mibpidd ahlt eBMEproPilids HeESiviesols Br Camestriids Kgt)s Whiklh gacoder

912 and interleaves the bits in each coded packet to generate an
I nt er| eaveghppadicethe pldper subbiueisleéd/foh thelaty sigesn.t | e and/ or frequency

diversity for the packet. A slot buffer 916
[0072] TX overhead data processor 930 processes overhead/control data in
accordance with a coding and modulation scheme used for overhead/control datia and
provides overhead symbols. Pilot processor 932 performs processing for the TDM and
FDM pilots and provides pilot symbols. Multiplexer 940 receives the mapped data
symbols for the T data streams from TX data stream processors 910a through 910t, the
overhead symbols from TX overhead data processor 930, the pilot symbols from pilot
processor 932, and guard symbols, Multiplexer 940 provides the data symbols,
overhead symbols, pilot symbols, and guard symbols onto the proper subbands and
symbol periods based on a MUX TX confrol from controller 140 and oufputs a

composite symbol stream, {¥.}.

[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 iransforms
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 symbo! that contains N+ C samples. The repeated



is then filled with interl eaved packets for all the slots allocated to the
data stream e.g., as shown in FIG 8A or 8B. [0068] A scranbler 918
receives_and scranbles the bits for each slot with a P 0
randoni z&QHEBIPE M different PN sequences may be usgﬁf’ﬁ&%ﬁﬂ@%ﬂi"sl ot

I ndices. The M PN sequences may be gener g ed, for exanple, with a linear
feedback shift register (LFSR) that inpl'éments a particul ar generator

pol ynoni abortends ofterdélled= osbHc profix or guard M@tetvEBRFGBYx AEh1b ABE 8FCIM irBfiR
different 15-bit initial value for each slot index. Furthernore, the LFSR

may be relogemagibea Ke=8tAhder 3 =€Q8h. s Fatlo|OTIM: sabolSisr iatsmitied it8 opay

perform a | ushve- OR e bit i.n ] 1th |t~ Lhe PN, sequence
to genera'?) elgw Ssgrfﬂéa\églpgxaotg{e?y gﬁg)(])% %meiogi’s%gllgngﬁp?n%mﬂ? PG26"
receives 1i® pfofitbieRerairt 952 o vidas in Pufhut shi@ro sedapiih prioP # cdilfssite hese
bits to nodul ati on synbols in accordance with a nodulation schene (e.qg.,
QPSK or leyk¥d)susehelted for the data stream and provides data synbols for
the slot. The symbol napping may be achi eved by (1) grouping sets of B bits
to form B{@0M] bi MG, MA shesys ablecle dageant of an dén{)limappifnignmdahtds-#60tatbi nary

o at onvibdgnol " ahindfe Mot R ecebe Sermodnc i huriohs”
modul atlomoagﬁ@fgog%@fgo%ey% 19016 9616 Il NE Hel¥ ot hemtmt?ycﬁ?ed for

t he data str ta streamis sént using hierarchi‘ca
codi ng, t Ipesfixtdemobatsmitsiil 2 aemoeey thdeychicqrelis edede recedvesleDFDM pyroled i ng

units 912 through 920 to erate a firs ream of npdyl at] synbpl s, and
t he enhan®&hg g%F?‘E’&H??TﬁB%génH}\t@@@?LE@d *{'W?)én phdge §%°PW(9H %ﬁ%éﬁbﬁg units
912 throu 920, ner. nd f oo I Qn not
shown in %@ergtr#ngtr‘og%i '%%\ali@ilﬁ}');rf&%ﬁea é%ﬁf?g‘%‘?{gu% ﬁto%#ogﬁlﬂi%%gﬁ{ gagﬂé]ﬁe may
be WO 200%e4#a&el be(RPF {02260 0 tdGAriade mUusbrbEiaedPLdt of 8erebeit@ Sinfitadn and

t he enhancenent stream as shown in Table 1, or different coding an

nmodul at i on{Xsghgnefer hyt hterlasgdwhere whe 1twaMst r €hirsie]l Ast@aior nE16 d@jveshen
recei ve and conbine the first and second nodul ati on synbol streans to

generat e (AfndPban syithab S QF)} 1R o8 SclSdtéLRiRrIabE e, PARAINGRE Gt SAGHIBY MRY

al so be perforfed in other manners. For exanple, the scranbl éd bits for

both the kagened {RE)}. aDEeQBRANCE MRiforat IRMTIIRN RS QfRUELARA bO nitdhend! €
bit-to-synbol mapping unit that
filtering) on the set of S received symbols {X (%)} for each selected interlace with the

channel gain estimate {H L (k)} for that interlace and provides S detected data symbols

{¥ (k)} for the interlace.

[0075]  FIG. 10B shows a block diagram of an embodiment of RX data processor
170 at wireless device 150. A multiplexer 1030 receives the detected data symbols for
all interlaces from detector 1018, performs multiplexing of the detected data and
overhead symbols for each symbol period based on the MUX_RX control, provides
each detected data symbol stream of interest to a respective RX data stream processor
1040, and provides a detected overhead symbol stream to an RX overhead data
processer 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 sefected 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 bifs. 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



provi des the data synbols for the data stream [0071] A slot-to-interlace
mappi ng unit 922 maps each slot assigned to data stream {d,} to the proper
interlace based on the slot-to-interlace mappi ng schene used by the system
(e.qg., FIG 5). A synbol-to-subband mappi ng i hen nmaps
the S dats‘zaggwé 5§5| n each slot to the proper subbands F#Q{lﬁé(?q%ﬁf’@f‘? ace to
which the slot 1is mapped. The synbol-to §ubband mappi ng may be perforned in

a manner to distribute the S data synbol's across the S subbands used for

the slot, dasz;rzdﬁﬂéd hinkets. adoqmterm’w'logz déihﬁer&&%@éa‘éhldéﬂﬁaﬂaleﬁ myEdehs for
dat a stream{d ,.Which are p}gfl to the oper subbands used for the data

stream [ Ob7esmeBlaioasedipirkel 699@%1'515}54 06‘?%@6 %eflﬁ?@?%ﬁ%ﬁ@@ﬁflr ol
data i h
over heads SSRHE B0 ?ﬁ* i S0, JRE S oL BOBertD e Bbecssig o3

Vil i exBr G5 r Bemr el LRI, il ;y?r%%rﬁf’?’% LRGPl YT

fromTX d@tca:esﬁmmfcmmed(byshﬁ sofddsPanditiy omitshovthiyt TX deta sﬁﬂa&ﬂlp@@ﬂs@ymm s from
TX over head ta progessor 930, .th ilpt sy s fraompil ot ssor 932,
and guard® %‘{) I\/ﬁ;f;l 0- bﬁogeﬁfa@p}n(gegnab&edg@gdw e 081} HBad
synbol s | fe nfdd t I gd

synbol peraF%(g&m%gm tg'ﬁ a NIQ&E#;EQ é%%?gﬁgk arﬂgmq%:%r?)t% F ?‘Er%tfj#%ﬁﬂg?l?? puts a
conposi t e psyoeime thetrecdvad ov¥diead syrilibISgndrirGrideB dedaled oxcibleat#atdi agr am of an

enbodi nen | at or 0 at, hase  station_ 110. Mbdul at or 130 |ncludes an
i nverse fz{g‘ﬁ ﬂ:ou?ﬁ%ctauﬁerglntg?w]ﬂﬁ’ iﬁ@ﬁuﬁ g%mtﬁﬂ%?e& e grapifarm pnit
generat or 1392 erfeﬁﬁ*a %%5@1305; F?)qﬂeﬂ &ﬂ h FodeRlnls gee&ﬁ%ﬂ%ﬁacé AgoN

symbol s for t e total ban e time domain with an N-polnt ?FFTto

obtai n a 'cbtaantkGediE reyived hyrhbah {Xo kR bethut tinteEact) TEhe\Fo@imptegdsfolia conbat
intersynbol interference (I1SI), whi ch i's caused by frequency sel ective

f adi ng, cyfcﬂ the S’ pukbands thaharchidenllIbRibbapk alf dnteriacs i, ehefom €1 salpl amy of
each transgfornmed synbol to forma correspondi ng OFDM synbol that contains N
+ C sanpl exﬁ’ﬁ%geaéiieat ed WO 2005/ 041515 PCT/ 1JS2004/ 035042 18 portion is
often called a cyclic prefix or guard interval. For exanple, the cyclic
prefix Jlength may be C = 512 for N = 4096. Each OFDM synbol is transmtted
in one XM -k+m) =Y x(n)- W

. for k=1..8, Eq (1)
= Zx(n)'Wﬁ"” W

n=1

_j2elap-D

where x(n) is the input sample for sample period n, W =e N, and
N=M-S'. The following terms may be defined:
X, m)y=x(n)-wyg" , forn=1.. N, and Eq (2)
M- ‘
g, (m)=Y %, (S"i+n), forn=1..8", Eq (3)
=0

where X,(n) is a rotated sample obtained by rotating the input sample x(n) by

_ 2a{m—-1)}n-1)
Wi =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 fo an index
numbering scheme that starts with 1 instead of 0); and

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

are spaced apart by 8’ samples.

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



OFDM synbol period (or sinply, synbol period), which is N+C sanpl e peri ods.
Cyclic prefix generator 952 provides an output sanple stream{y} for the
conposi t ol.stream{Yc} . [0074] FIG 10A shows a_bl ock di agram of an
embodi rre(newoﬁg%é‘ﬁ%lgul ator 160 at wireless device 150. BEMIHEIULV4460
includes a cyclic prefix renoval unit 1012, a Fourier transformunit 1014,
a channel estimator 1016, and a detector “T018. Cyclic prefix renpval unit
1012 renoves the cyclic prefix jgn each r,'mecei ved OFDM synbol and provides a
sequence of N i)ﬁ,pﬁkg=sﬁ@ﬂl'b$,m){=xing‘n}(ﬂ)f% t he fer&ei vedS'OFDM synbol BEq @ouri er
transformunit 1014 perfornms a partial Fourier transformon the input sanple
sequence {x(n)} for each selected interlace mand provides a set of S

recei ved | s, e ( : . } = Channel
esti mat or s[q(g;%g deié“iliflﬂeélsa1 é,gl é)r%tef&{é-lg% %gﬁoﬂé}:{%q@%@?@ﬁ%ﬂ}b&&eﬁggﬁl eé/lé”lfsect ed
i nterlace folldias Each oI HHEN ifputtsamd e e thes @guende {{(x§ N Jdr. onlealyBbbDperidilis

perfornms detection (e.g., equalization or matched filtering) on the set of

S recei vedirgymbadd by X7 ( k9 khdvai ieaghntial () el dbelierd ssmeiéd bf Nheotaeannel
gain estimte {Hp, (k)? for that interlace and provides S detected data

synbol s Ishmplek){k, (9} . tThe toriksl aagies 4r8QR&] abdumuliRB ®hSWscts obIMedtadiagr am
of an enbodi nent of RX data processor 170 at w rel ess device 150. A

mul ti pl exetmplRaQoobtuii BEfimchidnttéi eslted {dald} sasdhehd hakuatidd (A)NEach ages from
detector 1018, perforns nultiplexing of the detected data and overhead

synbol s f eonaieheveynboth peated datbpledd the sedeenb®XzRE )G oniittothe BT oot Yetg each
detected data synbol streamof interest to a respective RX data stream

processor assoifad withl diffeesitdesting eeited satipieedn thadequsnto (X st pam hornaal RX
overhead data processor 1060. [0076] Wthin each RX data stream processor

1040, a sudihsist-Roarisytiastormoie nippenfyrmsd on kR4 3 miaps dérhginvates fgd 9y nbol  on
each subband in a selected interlace to the proper position wthin a slot.
An i nt er | abeait thes$' aecadestbpmibods foniitterlAxednmefie reecdedd swhiends fa thaSarshblee t o
the proper slot. A synbo)-tqQ-bit demapping . unit 1046 maps the received
synbol s f GHbRangH agg FsHam ,@@Qéﬂgirg@_we %@@1&@5‘[@3 §8¢§8U&B§e@r%}ﬁﬁ? e code
bits for egghshot and provides descranbl ed data. A slot buffer 1050 buffers
one or nore slots of descranbled data, perfornms reassenbly of packets as
needed, ar{d0§n]ovi Bas chan2DGsfitMiid] Sa REAibIS29 0ddift FhZier 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 L(B)} for the

subbands in interlace p, as follows:
H (k) =HM:-k+p)=X(M-k+p)-P(M-k+p), fork=1..8", Eq(5)

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

“ % * jg 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
{H ,(k)} to obiain a sequence of S' modulated time-domain channel ~gain values,
{h,(n)} , which may be expressed as: /,{(n) ="h(n)- Wi, for n=1..8 . The channel
gain values in the sequence {#,(r)} are then derotated by multiplication with W™ to

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

h(n)=h,(n) - Wy, for n=1.. 8"



19 descranbl ed packets. A deinterleaver 1052 deinterl eaves each descranbl ed
packet and provides a deinterleaved packet. A decoder 1054 decodes the

dei nterl eaved 5packets and provides decoded data packets for data stream {d;
}. In genBP20PIIShr ocessing performed by the units wPCATUS28840d%42 st r eam
processor 1040 I's conplenentary to the %%oce55|ng perfornmed by the
corresponding units within TX data stream-processor 910 in FIG 9A The

symbol - t o{iig1] deBRPcREneN Gaih NBLARESdbN theakBbIRRHE Gh TRETAE »A ?Vﬂéﬁ'% with
t he node used for the data 'stream RX overhead data processor

pr ocesses ekpigssedesi ved over head synbol s and provi des decoded over head dat a.
[0077] Because of the periodic structure of the Minterlaces, Fourier
transformunit ,1014 erforma partial S -point Fourier transform for
each sel ected i el aﬁ@yNF koFmpbt ai n the set of S received synbols {X (k))
for that interlace. The Fourier transform for the S subbands that i ncl ude

|| S subbands of int . = . b
X(Mcem) =Lx( ) VM Lirﬁeﬂ%w‘ CEEEN ek L§<ﬁ>xprm%ﬁiﬁ%©s

n=1 2s(-1)(8-1) where x (n) is the |nput sarrple for sarrple period n,

"' N, and N=MS'. Thgzﬂqn;q@n ternms maybe defined: x",(n) x(n)V\N for n= 1
N, and Eq(2) rr?V Si+4n) forn=1 ... 5', Eq(3) 1.0 where xn(n)

is a rotated sanple obtai ned by rotating the input sanple x(m) by
2,r(m1)(n-1) W' =e ' N, which is a phasor that varies fromsanple to
s arrpl e As indicated in equation (6), the channel gain estimates for the subbands in interlace m

may be obtained by first multiplying each derotated time-domain channel gain value in

the sequence {h(n)} by W3" to obtain a sequence of §' rotated channel gain values,

{f;m (n)}. A normal §'-point FFT is then perforimed on the sequence {’,;m (n)} to obtain

S’ channel gain estimates for the subbands in interlace m. The derotation of 7,(n) by
W™ and the rotation of k(n) by W" may be combined, so that the rotated channel

gain values for interlace m may be obtained as %, (n) =k, (n) - W ™", for n=1 ... §'.

[0082]  An exemplary channe! estimation scheme has been described above. The
channel estimation may also be performed in other manners. For example;, the channel
estimates obtained for different interlaces used for pilot transmission may be filtered
(e.g., over time) and/or post-processed (e.g., based on a least square estimate of the

impulse response {#(x)}) 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-
conirollers, microprocessors, other electronic umits designed to perform the functions
described herein, or a combination thereof. The processing units used to perform the
complementary processing at a wireless device 1may also be implemented within one or

more ASICs, DSPs, and 50 on.



(the -1 in the exponent for the terms m-1 and n -1 is due to an index
nunberi ng schene that starts with 1 instead of 0); and gm(n) is a

ti me-domai n val ue obtained by accumul ating Mrotated sanples that are
spaced ap¥PrOBY4ESsanpl es. [0078] Equation (1) may t heXRHERLY8E42d as: WO
2005/ 041515 PCTI US2004/ 035042 20 X, " (k)= Mk+m) =Jgn, (n)Ws ' “fork=l ... S'.
Eq(4) n=1 [0079] A partial S -point FourT®er transformfor interlace m may
be performggegss F&d l20WsHwiEaC ingembRaitidn) &H@tnﬁﬁiﬁﬁéﬁﬁglﬁcﬁzﬁ@ue@e%@n% {x(n)}
for one synbol period is first rotated by WN', as shown in“equation (2), to

obtain a S@qlﬁmm@dowﬂmm@lbtse(d g :SI@EF’IWQE‘E’GE[: zfﬂﬂct(qn)"an} and ¥peom) dhait petfosainihees are

var tes { oRtaps desBog pgRhy e bR Tb8s SRIBR Sred B EH A Uik T

rotated sang@hdyiufittiage oseam@ﬂpn}{lz)raﬁa)émmedb Taftﬁ‘o&sscﬁqh% kehitgllerdsi®agi at ed
W th dlfferent starting rotated sanples in t?;e sequence {zm( n)}. A normnal

S' - poi nt ﬂé@h@hetrmmwmmmwbﬁémp gnépchwifbignthearoerssey apexiomal 0 18l ues

{9, (n)} ei ved
Symbol & £ SPoseRandn e 15EE Bk ARy ) hotel s8R R BmldiRE o1 <

for the Sm@nyay@&ﬁowhbmmﬁ are di scarded. [0080] For channel estimation,
a parti al oint Fourjer transformmy be performed on the N input

sanpl es f d908§1) t er The prepions descripiion ¢fcthrpigclnsed embedigranss is prowided togmable
i ved X h
ooet ved By Sl ARlRe #CThd B¢ 1€ ik rou%%ﬁé?np%%%a@?%@wz\sf%ﬁ#&25 (ft

(k)} for trh@hﬁ.saai@b@ﬂﬂﬁxesenemwmbm wﬁn mreh@llly @p‘}@;rent to those skilled in the a;rt
Hp( k) =H( Mk+p) =X( Mk+p) P' ((Mk+p) (5) where P(t is
the known aﬁﬂlﬂaﬁ EFGHH BTingiples fiﬁfénq@herp@aﬁ@ah@awwqdrw @.thea@@bad s mthout i s a

conpl ex c for
pi | ot tran é?ropﬁ%éasgirﬂ%glsﬁ% %’ﬂg)%l 3211%‘% Fhrre%%on ?%v nne gai n
esti mat es mt{eht&%(dkt))}betlmteﬂtt@th& emlmdﬂnmte eh@zfm Bereimislit iaitoctsh atdcnﬁeddimnﬂesthannel

-gai n val ues, hp (n) whj ch nma expresse . hP (n) = h(n) WN', for
ng: _ seope cogippétegh\gﬁhﬂqe principles a%d novel foatures d(::lj ?osed heregn) (n)

[0086] WHATIS CLAIMED IS:



gain values in the sequence {hp(n)} are then derotated by nultiplication
with WAP* to obtain a sequence of S derotated tinme-domain channel gain

val ues, h(n)=hP(n)WNP",for n=1 ... S . W 2005/041515 PCT/ US2004/ 035042 21
[ 0081] The channel gain estimnmates for2 he subbands in interlace mmy then
be expressed as: H', (k) =.tl(M+m , _ Lh(n) WNMK+m)n for k =1 ... S'.
Eq (6) n=1 Lh(n) WNn Wkn n=t | As indicated in equation (6), the channel
gain estimates for the subbands in ¢hadMSace m may be obtained by first

mul tiplying each derotated time-domain channel gain value in the sequence

{h(n)} by WY to obiaidy @ﬁ@mﬁgﬁgdﬁgi 'wﬁ@fe@éﬁﬁltﬁﬁ%ﬂ@ﬁéo&ﬁhﬁc%’r nues, {h,

(n)}. A normal S'-point I's n performed on t sequence mn)} to
obt ai n sySem¢bhanpeédingai n esti mates for the subbands in interlace m The
derotation of hp (n) by WAP'" and the rotation of h(n) by WN' may be

nmbi ned, hat th t .ch I [ I f, [ .I . b
AR RGN R A e
exenpl afisHanReh iRl ARIGSAE TRqhaRy RRGHH SRAGLIBEM RROUPsynieg  channel
estina?#oﬁ may a soﬁﬁe b@iforne%ginqothgr naﬁners.ﬁForlexamﬁgg t he channe
esti matmsiodbt ai ned for different interlaces used for pilot transm ssion nay
be filtered (e.g., over time) and/or post-processed (e.g., based on a | east

square estimate of .th i mpul se respanse n to obtain nore accurate
channel est | RS BTN GER e i ek onfouBg sprBefiEt f BEoxt no
techni quesAattirlgd herein may be inplenmented by various neans. For

exanpl e, these techniques may be inplemented in hardware, software, or a

conmbi nation thereof. For a hardware inplenentation, the processing units
used to per flormngheplmmality gflneniavgrlapping b kaces with Onfrempentpesibbphdssatled wi t hin

one O TRESABRLY A0 SPEE LU i1 8hetied Sl A ol ¢

selected from among the U frequency subbands;
mapping the plurality of slots in each symbol period to the plurality of interlaces; and

forming a composite symbol stream with multiplexed data symbols for the plurality of
data symbol streams, wherein the plurality of data symbol streams are independently

recoverable by a receiver.

2. A method of transmitting data in a wireless multi-carrier communication

system, comprising:

allocating slots to 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;

multiplexing data symbols in each data symbol stream onto the slots allocated to the

data symbol stream;

forming 2" non-overlapping interlaces 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;

mapping the plurality of slots in each symbol period to the 2" interlaces; and



(DSPs), digital signal processing devices (DSPDs), progranmmble |ogic
devices (PLDs), field progranmable gate arrays (FPGAs), processors,
controllers, mcro- controllers, nicrgﬂrocessors, other electronic units
designed to performthe functions described herein, or a conbination

t hereof. The processing units used to performthe conplenentary processing
at a wreles i : Lol Ld Bl I ,

bspe, and soren i B0os) aohe a4 D5 B PR O e
i npl enmeddtatyrobg!l strbamsywlicigih éhei pigratinodfiviaturymbobstrdams arevppldepadeeity wi t h nodul es
(e.qg., E;oceqﬂrﬁs, functions, and so on) that performthe functions

descri bEGOYEMEY RY T#HE™SEf t war e codes may be stored in a menory unit (e.g.
menory unit 142 or 182 in FIG 1) and executed by a processor (e.g.,
controller 140 orThd 8@ihod DRelalEPDiMerdl N i{@aP® 1, WP epented within the
processor or external to the processor, in which case it can be

comuni catively coupled to the processor via various neans as is known in
the art. [0085] Thke metwdwofislaindcwhprinohe dimingthdipbarbyed nentsodilanpins i s
provi ded tP enabl e. any person skilled in the art to make or use the present
i nvent i BYET A0 FOSUE S odi fi cati ons to these enbodiments will be readily
apparent to those skilled in the art, and the generic principles defined
herein may bgyrapiH the @lurditgh eierFBOH IR RS nWnbBOM freqieRar ubbghdsr om t he
spirit or scope of the invention. Thus, the present 1nvention is not
intended to be limted to the enbodi nents shown herein but is tqo be accorded
the widest 3copeTbomsthodofclajiptlnwhasingihe fempne de pheraiadinopyeriznping
diSC|OsﬁgﬂH££{¥|ﬁlIEQQ86] VWHAT IS CLAIMED 1IS: 23 CLAIMS 1. A nethod of
transm tting A2 a wirel ess multi-carrier conmmunication system
conprising: allocating slots to a plurality of data synbol streans, wherein
each sl ot i sfoaminy the pfurality afi snedgbowitanist fequendyadubbindsfin shai iatealbe: haigguency
division multiplexed in each synbal period;. nultiplexing data synbols in
each daimeriappdhyrthdhe Gegrnenrsi $ibbardsdn sech efirpmainingdnicslagdse

6. The method of claim 1, wherein the forming the plurality of non-overlapping

interlaces comprises

forming a plurality of groups of frequency subbands, each group including frequency
subbands uniformly distributed across T total frequency subbands in the system, where T >

U, and

forming each interlace with frequency subbands selected from a respective group of

frequency subbands.

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

data symbol streams comprises

allocating each of the plurality of interlaces to one data symbol stream, if at all, in

each symbol period.

8. The method of claim 1, wherein the plurality of slots in each symbol period

are identified by slot indices, the method further comprising:

for each symbol period, mapping the slot indices to the plurality of interlaces based on

a mapping scheme.



data synbol stream forming a plurality of non-overlapping interlaces with U
frequency subbands usable for transm ssion, where U > 1 and each interl ace
is adifferent set of frequency subbands selected fromanong the U
frequency subbands; mapping the plurality of slots in each synbol period to
the plurality of interlaces; and formng a conposite synbol streamwth

nul tiplexed data syaheDdf@llain®, Rhbfedd tht Yn:@hingdRd AotmaRel tothe PRIty Wher ei n
the plurality of data synbol streans are independently recoverable by a

recei vefnterReescamarisesl of transmitting data in a wireless nulti-carrier
comuni cation system conprising: allocating slots to a plurality of data

of shots ar o pPRARERE, TofiBik e tondidtriiicheth 1o ANEH L BUBBARAIP T &1 1LY

mul ti pl axéhigediatdffeniagntbol per@ish data synbol streamonto the slots
allocated to the data synbol stream form ng 2N non-overl apping interl aces
with a plurality of frequency, subbands usable for transm ssion, where N >_
1 each interfll@ce ihe meghodradc 1s Ggrthst cqmprgsiRgicy subbands sel ected from
anong the plurality of frequency subbands; mapping the plurality of slots in

each synbol | [ I ' ] ' synbol
streamw th %Hb?lgf]%g%%ggrgt% glssyr%g@]es %Irto t@ﬂ% a?)]l%ﬁartga(flgltEH y&g?&c]g?gp@%%)gl

st r eans subbasds<innhd Mmeriabetalhicly tof sletds mapyedbol streans are i ndependently
recoverable by a receiver. 3. The nethod of claim2, wherein Nis equal to

1, 2, 3 or 4. 4. e t ho f claiml, wherein the formn he plurality of
non- over | appi hg }H‘F Qﬁ%ég C@é‘i‘?ﬂpi‘%}éeéelﬁéﬁmr@ﬂ&%’é% SRR syppo mVﬁPEP‘F ces

with equad, & &calf Sfdigglﬂgggeg subbands.. 5. The method of claim1l, wherein
the formng the plaura ity non-overl apping interlaces conprises formng

the plurality of interlaces wth the frequency subbands in each interlace
bei ng i nt er dastéuting thtatshmbblsdquenk fats patian dst imtheabdt acfoss derdiequey
interl A Subbands in the interlace to which the slot is mapped.

12. The method of claim 1, further comprising:

selecting slots for pilot transmission from among the plurality of slots in each symbol

period; and
multiplexing pilot symbols onto the slots used for pilot transmission.
13.  The method of claim 12, further comprising:

mapping the slots used for pilot transmission to different interlaces in different

symbol periods.
14.  The method of claim 12, further comprising:

mapping the plurality of slots in each symbol period to the plurality of interlaces such
that interlaces used for pilot transmission have varying distances to interlaces used for data

fransmission.
15.  The method of claim 8, further comprising:
allocating at least one slot index for pilot transmission; and

allocating remaining slot indices for data transmission.



6. The nethod of claim1l1l, wherein the formng the plurality of

non-overl apping interlaces conprises formng a plurality of groups of
frequency subbands, each group including frequency subbands uniformy
distributed across T total frequency 3ybbands in the system where T U, and
form ng each interlace with frequency subbands selected froma respective
group of frequency subbands. 7. The nethod of claim11, wherein the

al locating si@ts Tk gagbdof clatie 1p) fukthéd doynisingdlat a synbol streams conpri ses
al locating each of the plurality of interlaces to one data synmbol stream if

at all, in each synbol period. 8 The nethod of claim1, wherein the
plurali ty of maprjpg therpt @&éqpf@)ﬁ#ﬂﬁé‘lld%é}s?fb@r PHplelrangEgsiom e @t Ispstomet i ndi ces,

t he net rising: for each synmbol period, mapping the slot
i ndi ces {n#el}l&ﬁ?}eg ya!ngf interl aces based on a mapping schenme. 25 9.

The net hod_ of cI aim8, wherein the mapping the slot indices to the plurality
of interl acmsppogpadhsés indgpisad) feralata tnemhissiod ex diffeecht imterlatat &n diffaream ssi on
to different ones of the plurality of interlaces in different synbol

peri odsSYmgp! p Smet hod of claim 1, further conprising: distributing data
symbol s nul tiplexed onto each allocated slot across the frequency subbands

in the inter| -ﬁce T@U%@{hgg Eggdgllofudhg H?@B%qﬁ 11. The nmethod of claim 10

wherein the distri ng t i pl exed onto each allocated
sl ot conprises distributing data syrrbol s for each data packet sent in the
sl ot across pilvecssimgaquamality fulbastidsms o oitainitig plutaditeof datavkyrobol tstrearsd, ot i s

mapped. 12, The thod of claiml, further conprising: selecting slots for
pi | ot t?%%%Vﬂ%ﬁsﬁr?%?%ﬁﬁﬂbdﬁtﬁé“ﬁnhraI ity of slots in each symbol peri od;
and nultiplexing pilot synbols onto the slots used for pilot transm ssion.

18. A method of transmitting data in a wireless multi-carrier communication

system, comprising:

allocating slots to 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;

multiplexing data symbols in each data symbol stream onto the slots allocated to the

data symbol stream; and

forming a composite symbol stream with multiplexed data symbols for the plurality of
data symbol streams, wherein the plurality of data symbol streams are independently

recoverable by a receiver;

wherein the allocating the slots to each of the plurality of data symbol streams
comprises allocating a particular number of slots to each data symbol stream based on at least
one packet size and at least one coding and modulation scheme used for the data symbol

stream.

19. A method of transmitting data in a wireless multi-carrier communication

system, comprising:

allocating slots to 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;



13. The method of claim 12, further conprising: mapping the slots used for
pilot transm ssion to different interlaces in different synbol periods. 14.
The nmethod of claim 12, further conpribgi ng: mapping the plurality of slots
in each synbol period to the plurality of interlaces such that interlaces
used for pilot transm ssion have varying distances to interlaces used for

data transnhaBipRRinglduta Heodi®intach Bita §lAbM Beah Wntd@E sEARIJcteH the
all ocating at | east one slot index for pilot transm ssion; and allocating

r emai ni #Rga sBRol sHeHneeandf or data transmission. 26 16. The nmethod of claim
15, further conprising: mapping the at | east one slot index used for pilot

transm ssio - at - r - i : I NG h sl ot
ndox Used f5pie B NELA RREh SRRl P E 8O fo P Bt 5
synbol ¢4 5ya6kso] sttdams] herait heglohligl didmakymbol dthams Gesnipdesondentlypr ocessi ng a
plurality of data streans to obtain the plurality of data synbol streans,
one dat®CepHE bR FESHeRor each data stream 18. A method of transmitting
data in a wireless nmulti-carrier comunication system conprising:

al locating slpl8itiRe ﬁro%s‘é{rgjtiéé %‘u?eflit?ﬁf@até}@%ﬁ{ost%ﬁﬂ ?%g% e""her ein each slot is

a unit of transmsston an uralirty o qguency di vi sion
mul tiplexed in each synbol period; nultiplexing data synbols in each data
synbol stream ont@ncbtiagshttmcidtt ficabddddtosttdae indata@dsyrbolh stedagm and

form ng a conposite symhol streamwth nmultiplexed data synbols for the
pl ur al i@ewt FACEHIS Ipaglqu%fg’ﬁg){e%?esrt@?ﬁ“f‘ plurality of data synbol
streans are independently recoverable by a receiver; wherein the allocating

the slots to eachygfiyhing Bkbdld Jakal rdahéh SHTRRLans I KRERIanGORE hSes
all ocating a particular nunber of slots to each data synbol stream based on

at | easmodulation scheme to generate data symbols for the corresponding data symbol stream.

20. A method of transmitting data in a wireless multi-carrier communication

system, comprising:

allocating slots to 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;

multiplexing data symbols in each data symbol stream onto the slots allocated to the

data symbol stream; and

forming a composite symbol stream with multiplexed data symbols for the plurality of
data symbol streams, wherein the plurality of data symbol streams are independently

recoverable by a receiver;
wherein the encoding the data packets for each data stream comprises,

encoding an integer number of data packets for each data stream in each frame

of a predetermined time period, and

wherein the allocating the slots to each of the plurality of data symbol streams
comprises allocating an integer number of slots to each data symbol stream in each frame
based on the number of data packets being transmitted in the frame for the corresponding

data stream.



one packet size and at |east one coding and nodul ati on schene used for the
data synbol stream 19. A nethod of transmtting data in a wrel ess

mul ti-carrier comruni cation system nprising: allocating slots to a
plurality of data synbol streans, wheréin each slot is a unit of

transm ssion and a plurality of slots are frequency division nultiplexed in

each synbol sjperi gqﬁetggq ?mﬂntsfngﬁtﬁ% h%\ﬁ éﬁéﬁw@re&)ém% tgféﬁeﬁmgﬁkgﬁ(?% mbol

streamonto the slots allocate data sy streant an rmng a
conposi $ystesy mbobrisihgieam wi t h nul ti pl exed data synbols for the plurality of
data synbol streans, wherein the plurality of data synbol streans are

i ndependent |

recoyerabl e by. a ceivey: erein the processing.the
ol ur a1ty of Hase SR e Betfi? oL 885 SURby o Sather R RIS R BHiseh dat
stream ﬂrﬂlsﬁﬁﬁﬁfnda%ﬂcag)lﬁ&'aliﬂ & tRhRGreqBERSMikiBn ARNEHIRL&! BededsRasdiet s for the
data stream and nodul ating the coded packets for ‘each data streamin

accordapg®dii th a nodul ati on schene to generate data synbols for the
correspondi ng data synbol stream 20. A nethod of transmitting data in a

to a ot ural i Py ER e O GFpu e SRR ERRR &Gt DlosBiRi B8~ '

transm ggh §migNdirdandlandal ity of slots are frequency division miltiplexed in
each synbol period; nultiplexing data synbols in each data synbol stream
onto the slots allocated to the data synbol stream and form ng a conposite
synmbol st r eafPrmingt eauRasie exelpl ghiean sxibarlsplesed date synbelaforthe pluraligned

synbol %‘gé} ?ﬁ?’nﬁdl osre %@gf‘egﬁ B@'p"l'ﬁr%ii@téf & &%Lb& ssc}Ieanglares fnﬁg}ge s %@[)f he dat a

i ndepen recove a receirver; erern the enc
packet sretoverstd€ by dadcdivet;r eam conpri ses, encoding an integer nunmber of data
packets for each data streamin each frane of a predeterm ned tine period,
and
wherein the allocating the slots to each of the plurality of data 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.
22.  Anapparatus in a wireless multi-carrier communication system, comprising:

a controller operative to allocate slots to 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 stream with
multiplexed data symbols for the plurality of data symbol streams, wherein the plurality of

data symbol streams are independently recoverable by a receiver;

wherein the controller is further operative to form a plurality of non-overlapping
interlaces with U frequency subbands usable for transmission, where U > 1, and to map the
plurality of slots in each symbol period to the plurality of interlaces, each interlace being a

different set of frequency subbands selected from among the U frequency subbands.

23.  The apparatus of claim 22, wherein the plurality of slots in each symbol period
are identified by slot indices, and wherein the data processor is further operative to, for each

symbol period, map the slot indices to the plurality of interlaces based on a mapping scheme.



wherein the allocating the slots to each of the plurality of data synbol
streans conprises allocating an integer nunber of slots to each data synbol
streamin each frame based on the nusber of data packets being transmtted
in the frame for the corresponding data stream 28 21. A nethod of
transmtting data in a wreless nmulti-carrier conmunication system

conprising: 2.1 ocah bpghrsti®irsa vieRsPhuliRdariist @fnriafignmuibabmstsBakag: Wher ei n
each slot is a unit of transm ssion and a plurality of slots are frequency
division multiplexed in each synbol period; multiplexing data symbols in

each data syhoolroller engratpyistte alleratesilefs o aplugdidy efidate symbol sgratms.sVRIIN st ream

o LR SRS, PPl SRR SRR e YL P

st r eansinaféeh syrdepesdeditany recoverabl e by a receiver; wherein the allocating
the slots to each of the plurality of data synbol streanms conprises
all ocating each data synbol  stream,a particul ar nunber of slots determ ned

by decodi ng?* S8hBIICETAE ORETRIE te sliltiRfen Ay syabelain exchsiahenEbas grabeniphe dat a
symbol gL LRAMIERed ﬁf‘th@'ﬁ%rs?%nl"éﬁl difbafh M6 FGHPa HES#;ﬁSésit% %gﬁn'lsaﬁlrsn%gmﬂi cation

system conprising: a cont er operative to ocat ots to a plurality
of dat amsitiphokd dhineaumbols\iethe phuralgpobidsth symbd sareams, twlafeih tlangoradisi @h and a

plurality of slots are frequepcy division nultiplexed in each synbol
peri od;5%&@(&5&%@%%&&@8@%@31ﬁwwa@s BATESBYEX data symbols in each
data synbol streamonto the slots allocated to the data synbol stream and

to forma copgpgsitife § ler RULARP oPpbtaftve BeldcPLIBX #rhapuRGbS fogf the
ﬁ%o &% Le p?ura ?

plurality of data sy st reans, ereint ty o ata synbol
st r eansamoeg thogepaitgdefitloys ineedvemaiol periiyd, and eteieurethe dafagredesscr sefucthat r ol | er

is further operative to._for pl urali of non-overlappi.ng interlaces with
u frequ%ﬂ?eﬁ}wgd%%@%gﬁ%% 3&50&#%'3&#0&@88%,01‘%1@; EeR SO ang 1t o map the
plurality of slots in each synbol period to the plurality of interlaces,

each interl age behﬂgpﬁnmﬂkh{@ﬁﬂ@kﬁ§ﬁhkpémﬁ&ﬂﬂ%ﬁﬂ&McﬁHﬁQ@ﬁ%% &ﬁhﬁ%ﬁﬁﬂ_from
among the U frequency subbands. 23. The apparatus of claim 22, wherein the

plurality of slots in each synbol period
a controller operative to allocate slots to 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 stream with
multiplexed data symbols for the plurality of data symbol streams, wherein the plurality of

data symbol streams are independently recoverable by a receiver;

wherein the controller is further operative to allocate a particular number slots to each
data symbol stream based on at least one packet size and at least one coding and modulation

scheme used for the data symbol stream.

26.  The apparatus of claim 22, 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.

27.  The apparatus of claim 22, wherein the wireless multi-carrier communication

system utilizes orthogonal frequency division multiplexing (OFDM).



are identified by slot indices, and wherein the data processor is further
operative to, for each synbol period, map the slot indices to the plurality
of interlaces based on a napping sche%. 29 24. An apparatus in a wireless
mul ti-carrier comruni cati on system conprising: a controller operative to
allocate slots to a plurality of data synmbol streans, wherein each slot is a
uni t of transgm sstpladRched ARl 12 WheleirSthe birelds§ nfui SIHERE YorlinihRhOsh

mul ti pl exed in each synbol period; and a data processor operative to

mul ti pl extedatsa wyadsadtsysteameach data synbol streamonto the slots allocated
to the data synbol streamand to forma conposite synbol streamwth

mul ti pl exed ta génbols for the gl urf%]itly of data%éﬁ%/nbol streans, wherein
the plurality of “BAPRTAURALT WoElea,RE et o R e Ny Y FER o SRR by a
receiver; wherein the controller is further operative to select slots for

pi | ot transning&isdBr A1lRMing@dIBRGo b PRIy bAHA ¥y@bolSdhss, wh@@a Ragyabak aper i od,
and wherein the data processor is further operative to nultiplex pilot
synbol sugihedrangaissioptasd ggderalirolglatoare fregweney slévigian npdtiplareddpsashat us in a
wirel es%ﬂ%ﬁlb%]fe@”i er conmuni cation system conprising: a controller
operative to‘allTdcate slots to a plurality of data synmbol streans, wherein
each slot is a unit of transm ssion and a plurality of slots are frequency
di vi si on mul inkpdseseshultiple:@@Ciats yyiedls Pedace datadpeibal dabm @ietesins operative
to multiplex data synbols in each data synbol streamonto the slots

al | ocat Cﬁ@dﬁ%@edi&{aasygﬁ%%ﬁrea%r eamand to forma conposite synbol stream
with nultiplexed data synbols for the plurality of data synbol streans,

wherein the plighl Fo)‘mﬂfgnae S@ﬁoﬁsﬁ%%@olﬁ%&fﬁﬁ%ﬁhﬁlti@&%@85&9%?:&3%%115 "f&ﬁtﬁ%/ erabl e

by a receiver; whereint er operative 'ocate a
parti cuplaralinuobxita sindicd strenneg etheretiathe phyralxglof dhtasambbbsedngnrat | east one
| east one coding and nodul ation schene used for the data

packet size and at
synbol g{dﬁgeggf:ntg@(ecqﬁﬁ:éab&%%ﬁa&fcggfegf claim 22, the data processor is further
operative to process a plurality of data streans to obtain the plurality of

data synbol for@ 1 ﬂ{o&g vt t oL Lachiflat m 27. The
appar at us oﬁ%%@?ﬁffﬁ, ﬂ%}%@glﬁnﬁg e ﬁ?e?e@gﬁ%ﬁﬁtﬂl-car Ftlﬂerﬁg nqrrI%u i cation
syst em stbbhndsasalde fdrdagosmissfoneghandy>diawmid ehdnintanlat¢ lekiifognf ©EBM) . 30

frequency subbands selected from among the U frequency subbands; and

means for mapping the plurality of slots in each symbol period to the plurality of

interlaces.

30.  The apparatus of claim 29, wherein the plurality of slots in each symbol period

are identified by slot indices, the apparatus further comprising:

means for mapping the slot indices to the plurality of interlaces for each symbol

period based on a mapping scheme.
31.  Anapparatus in a wireless multi-carrier communication system, comprising:

means for allocating slots to 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;

means for multiplexing data symbols in each data symbol stream onto the slots

allocated to the data symbol stream;



28. The apparatus of claim 22, wherein the wireless nmulti-carrier

comuni cation systemis a broadcast system 29. An apparatus in a wireless
mul ti-carrier comruni cati on system c%rlrprl sing: neans for allocating slots
to a plurality of data synbol streams,” wherein each slot is a unit of
transm ssion and a plurality of slots are frequency division nultiplexed in

each synbol m@zﬁfsif&dfogﬂﬁgﬁs%;gg{og Lyt &% dﬁﬁg u@ﬁ&trﬁa%lﬁ?ﬂé&@& Hath 3 1935’19 f&lacﬁé‘ symbol

streamonto the slot to t he ta sy stream neans
f or m ngplaratipnplodsitst nshplrsiodanss, maareinihe iplurality iof Hats agméal sreayisiacd s for t he

pl urali.t of d a synb treans, wherein the plurality of data synbol
stream;”l pRender JB%%’&FE’#?@?E%B\YE’MM e by a receiver; means for formng a

plurality of non-overlapping interlaces with U frequency subbands usabl e

for transm sgbaR, fomwcﬁn%slbts]fo@ﬁfﬂotﬁtﬁﬁﬁnis%ﬁfﬁ'o@&ﬁnbﬁg &e%’ldrﬁ%%i'fslo‘iseh of
frequency subbands sel ec fromanong the U frequency subbands; and nmeans

for mappichgymhel pstigdadndt y of slots in each synbol period to the plurality of
interlaces. 30. The apparatus of claim 29, wherein the plurality of slots in

each synbol a i.dent.ified e aratus further
conpri si ng: 'Brg%rlr?s lfo}lftllg‘ee&bngrﬂlott ﬁgmgﬁ%p nto(r)fh? %lgg (f]tccﬁ@hlﬁ} ﬁ&%fm?silonof
interlaces for each synbol period based on a mapping schene. 31. An
apparatus i m3a W Tie gparamsl dfictaarao, Q,m}ﬁpmm@ﬁ@agi on system conpri sing:
means for allocating slots to a plurality of data synbol streams, wherein
each slot is a wunit of transmssion and a plurality of slots are frequency
di vi si on nul @P%}SJ%HOF%S’%@}PIU@{}WIda@éﬁrﬁ'@ﬁs theldpis tﬁ/fbp lurlity phodats ssmppaat a

symbol s, egmea&gé?g Fpt?éamsior%ﬁ‘m b &retanle slots allocated to the data

synbol s ream ormng a conposite synbol streamwith

mul ti pl exed data synbol s for the pl ural ity of data synbol streans, wherein
the pluralit33.of Adarahsyofreteising dadn avedreléshdapdoaert bymmearugsmblseny a
receiver; means for selecting slots for pilot transm ssion from anong the
pl ural i f§M31"%& ot s in

selecting at least one data stream for recovery from among a plurality of data streams

transmitted by a transmitter in the system;

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;

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;

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

processing each detected data symbol stream to obtain a corresponding decoded data

stream.



each synbol period; and neans for nultiplexing pilot synbols onto the slots
used for pilot transm ssion. 32. The apparatus of claim?29, further
conprising: neans for processing a plupality of data streans to obtain the
plurality of data synbol streans, one data synmbol streamfor each data
stream 33. A nethod of receiving data in a wreless multi-carrier

comuni cat i o3y, Sy STigheth6@BPElafh Y. wietiaGhd Maradity bRASE IPBRhG3hdoBpdrRaAM f or
recovery fromanong a plurality of data streans transnmitted by a

t r ansmi are édentified hie sloy indings, and tvéherdimthegnagipdnsthe phgalityof slethingetlesmepl dat a
stream __wher inﬁ_&ph slot is a unit of transmssion and a plurality of

slots afe" rce{q]fl ency division nultiplexed in each synbol period, wherein

data synbols for each of the plurality of data streans are nultiplexed onto
sl ot s al | ocafepbih®theldotdadieessb tieaphurafindofMberigded i Bhplybal périoddaselbdm
streans are independently recoverable by a receiver; mapping the plurality
of sl ot&MAPPIBASHICE bl period to a plurality of non-overlapping interlaces
formed with U frequency subbands usable for transm ssion, where U > 1 and

each interlgagce i i : f.r: : < : J.om anong
the U freque%%y §t?gﬁibtg6n%éﬁre§rﬁf’ltn gp t@%%dﬁ %%gétﬁﬁg%%glgit%ggg@ﬁ%ﬁ%ﬁ%%%asﬁngd for
sl ot s usenprising:each sel ected data streamonto a detected data synbol

stream wherein each detected data synbol is an estimate of a data synbol
and at | east one detected data é%ﬁ?%' stregtm is obtained for.fhe at |east
one data sti&shngatsetone fap s HGCOVERHTYR SEegiaR B Boldeieads dat a

synmbol gideamd iy PRLAMuE ia%hd §3RANdi ng decoded data stream 32 34. The
nmet hod of Sclg%m&%, vvhereiln thﬁépl trality of slots in each synbol period are

identified by slot indices, and wherein the mapping the plurality of slots
i n each synbddternpringcbbiceegfonmsh nelppéddats becagl, ovhergivieashsslotds theitpfural ity

of interlaces.in each synbo eriod based.on. a pi ng. schene. 35. A nethod
of r ecelyA iR Py iy o1 LS s fean i i ion SuTRBR K Efveant Sy e

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,

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;

processing each detected data symbol stream to obtain a corresponding decoded data

stream;

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.

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

comprising:



conprising: selecting at | east one data streamfor recovery fromanong a
plurality of data streans transmtted by a transmtter in the system
determ ning slots used for each sel ect;gd data stream wherein each slot is a
unit of transmssion and a plurality of slots are frequency division

mul ti plexed in each synbol period, wherein data synbols for each of the

plurality ofsdiatifs 8 83 0he 848 sttt K e eryodiA antIn@bSi@hlifcH Bt dahbe data

stream and wherein the plurality of data’streans are independently
r ecover Wilsenltsd by 7 warsimiter, inthg Syisigexi ng det ect ed data synbol s obt ai ned for
slots used for each selected data streamonto a detected data synbol
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and at | east one ecte a’s I | east

one datransatigseamndel @odabith dfalots ReIWRLMicyRIASies shlGpler&hindatiestngsbidat a synbol
streamto obtain a correspondi ng decoded data stream performng a partial

Four i er Pariodnwherein daga sysahls &ir gach efdhe plyralibpnehdade steramsare arudtindexedmio t o
bt ai i f . shat . th i al_ Fouri.er t f
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syst em reapebriigé bph mdadeglet ecti on on the received data synbols for each sl ot
used for each selected data streamto obtain detected synbols for the slot.
36. A nethod of receiving data in a wireless nmulti-carrier conmunication

system  conpiltilering detecleddate symbplnebtpingd forshs wred doseach selested dptdcovery
froma .l a ! 1Lk in the
syat em ALy MRl a2 SibE Globfis Mhprehd ARATLELEL K Sribb PR e’ Coch

sl ot i sofoa datd symfol ahd anieast Haé dereatad data pymball stleymof olsthives fartke arlegpuency
division nmultiplexed in each synbol period, wherein data synbols for each
of the fattplagant selesteddiar ecgvs™ans are nul tiplexed onto slots allocated to
the data stream and wherein the plurality of data streans are independently

recoverabl e @)f,c%s{nﬁ%ﬁé &étéctégjﬂ‘ll th RhEBIRG AR 1865 a%%%g}?c}e{-@% &Ce@éd?ﬂ?%[ed f or

slots used for each selecte ata streamonto a ata sy
stream stvdaer,ei n each detected data synbol is an estimte

performing a partial Fourier transform for each slot used for pilot transmission to

obtain a channel estimate for the slot.
37.  The method of claim 36, further comprising:

deriving a channel estimate for each slot used for cach selected data stream based on

channel estimates obtained from slots used for pilot transmission.
38.  An apparatus in a wireless multi-carrier communication system, comprising:

a controller operative to select at least one data stream for recovery from among a
plurality of data streams transmitted by a transmitter in the system and to determine 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; and

a data processor operative to multiplex detected data symbols obtained for slots used
for each selected data stream onto a detected data symbol stream and to process each detected

data symbol stream to obtain a corresponding decoded data stream, wherein each detected



of a data synbol and at |east one detected data synbol streamis obtained
for the at | east one data stream selected for recovery; processing each
detected data synbol streamto obtainig correspondi ng decoded data stream
perform ng a partial Fourier transformfor each slot used for pilot

transm ssion to obtain a channel estimate for the slot. 37. The nethod of

cl ai m 3ata byHibd1 @Y aCORRTalSMOdatsl SFrhbUl REd at lehrBRelceatd Bk 8yhbs] wReh is! ot used
for each selected data stream based on channel estimtes obtai ned from

sl ot s ueldgnedior pha Bileast enpsdrtagiresm sehgtedApr wppearst us in a wirel ess
mul ti-carrier comruni cati on system conprising: a controller eperative to

lect at | B! | L
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used f operdab apdirelityed ndatoaesdppianinteihessebmeiaeith §1 Htquescasubbbiidsafsable
transm ?ﬁ%i on and a plurality of slots are frequency division pultiplexed in

each syiBERIpRsTion Witkelel hapheachdyivpatess pohtfereont ifrqqmengy obandsy of data
strea_nsse%:gedprﬁj&g|&F1:0§g@%fQg}eauélc?tsﬁb@a!nhgcat ed to the data stream and

wherein ura at'a streans are independently recoverable by a
receiver; and a data processor operative to nultiplex detected data synbol s
obt ai ned for3%l ot Anuppatatut ar a eaekssmlubttadedamansiicasm sysem, aodptiend:.ed dat a
synbol stream and to process each detected data synbol streamto obtain a
correspondi n% dec gl?d dat.a strﬁam vi/ner ei n ,each det&%ct ed 34 .data synbol is
an estimat e HEOHYLT QPEPHEG IO SHECAL IFAhOPC R YEPBCPBICWIPE EOMBNO%: § eam i s
obt ai ne ufa(PiFty Bh%at%tstﬂeﬁﬁ§ttraﬂglﬁir%tlﬁr §ttfaﬁ§ﬂ?ttéf 'ir?%e?%sfe% aﬁf‘i&\d%{eymin\é*!;%@' n the
controller iIs further operable to"nmap the plurality of slots in each synbol
peri od tsmddoptaghaklettpd datarstmannyehéerejppdanly slonises bt ef trimmiedominda plufalgguency

subbands, ysabl e. for transm ssio ere.U>1 and each i.nterlace |s.a
i 1T o efft SISBarofreqRagL o ottt S erat gl o EnoRarR A el Shey
s ubbandéach?o%-th&plu@engﬂﬁw% sti@afls W' ﬁhﬁfp&lxw lohic ﬁlé‘t% rA18EatEP ORI B dtRAmSYSt em

conprising: a contr er operative to select at |east one data streamfor

r ecover ynd wheremrtbhplugalitp b{idah straanpfard adapedestinecoveangerby teccewer;zand
transmtter in the systemand to determne slots used for each selected

data stream erein each slot is nit of ,transm ssion.and. a urality of
aiors ar o 11 EUBREFo L PBah ooy BPIER dbieFisd BBy RB G5 ToasBtRLt n dat a
synbol sfdr@hch selected data stream onto a detected data symbol stream and to process each detected

data symbol stream to obtain a corresponding decoded data 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;

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.
40,  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



each of the plurality of data streans are multiplexed onto slots allocated
to the data stream and wherein the plurality of data streans are

i ndependently recoverable by a receiver; and a data processor operative to
mul tiplex detected data synbols obtaingd for slots used for each selected
data streamonto a detected data synbol stream and to process each detected
data synbol streamto obtain a correspondi ng decoded data stream wherein
each deb@otke aldbahtad sythbdatal ssrean, @l wingatia tif plaratied af datarbedanange at | east one
det ected data synbol streamis _obtained for the at | east one data stream
selecteﬂﬂﬂﬁmdﬂﬁéﬂﬁﬁﬁ¢?ﬂ&3H%ﬁﬁﬂ@ﬂﬁﬂor operative to performa partial Fourier
transformfor each slot used for each selected data streamto obtain

received dal gosymBPhapfint uld1Rusligfofdlifls hikaBRSHAEM oAl BEA bRIMIRY of Rk I eCei ved

data synbol s tor eac or each sel ecte ta stfeam tain

det ect edvesipppiap sntérbaces fremet otith Y Greqenca ppblraatisigsable. foatranmakdsis whelrd U->carri er
comuni cat i on . system. conpri sing:. . nmeans f sel ecti at | eas e data
Stream f R FRLAVERECHs 6k HirBrgeLo et banes aelpeicd fipmkamone il t ted by a
transm fLefenbPsithendyst em neans for determning slots used for each

sel ected data stream wherein each slot is a wunit of transmssion and a
plurality of slots are frequency division nmultiplexed in each synbol

peri od, whermiemsdat mulipdbohsddtorteddahsohbdlhebtpinad fbrislats ofeddat eacht r eans are
mul ti pl exe onto slots allqcated to the data stream and wherein the

ol ur a1 €55 G et Gig Gaeete RachAETHERY: POEGULRENE B ARG B0
means f arnRpRLR G L RGEaRY B hldatdasBhi fotdcldQRE Sy eI Are RE Id Ahik QL Br
plurality of non- overlapping interlaces fornmed Wwwth U frequency subbands
usabl e fhert tepstrenidsistmamshlected fbryecavemndnéach interlace is a different set
of frequency subbands sel ected fromanong the U frequency subbands; neans

for multiplexin etected data,s s obtai.ned for slots used for each

el ected Hat A8l BEMOGHE BEE b F ELIEU A Hn Y IGH™ & PRAM 2 sieeeeiitch

det ect e datpdsayYERQlm. 1S an estimate of a data synmbol and at |east one
detected data synbol streamis obtained for the at |east one data stream
sel ected for recovery; and means for processing each detected data synbol
stream to obthin én@@paré@p@h@lM@lesamgue@ngmcmlmmé@tmn ystempRoEpPHEPZt us in a
wireless nulti-carrier comunication system conprising:

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 performing a partial Fourier transform for each slot used for each selected

data stream to obtain received data symbols for the slot;

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;

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 selecting at | east one data streamfor recovery fromanong a
plurality of data streans transmtted by a transmtter in the system neans
for determning slots used for each sg#ected data stream wherein each sl ot
is a unit of transmssion and a plurality of slots are frequency division
mul tiplexed in each synbol period, wherein data synbols for each of the
plurality ofmghatdnSirb&adhe 84 dbidctddria@x8ehbo? Bk@nStdiaialal BER§RAdING t he data
stream and wherein the p%urality of data streans are independently

r ecoverdgbddedalatassircamei ver; nmeans for performing a partial Fourier transform
for each slot used for each selected data streamto obtain received data
synbols for the slot; nmeans for perform ng detection on the received data
synbol s for each slot used for each selected data streamto obtain detected
synbols for the slot; means for nultiplexing detected data synbol s obt ai ned
for slots used for each selected data streamonto a detected data synbol
stream wherein each detected data synbol 1is an estimte of a data synbo
and at | east one detected data synbol streamis obtained for the at |east
one data stream sel ected for recovery; and 36 neans for processing each
detected data synbol streamto obtain a corresponding decoded data stream



