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comuni cation systems. Mre particularly, the present
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(DAB-T), |EEE 802.11a/g, |EEE 802.16, asymrefri
[Q0g] t al OFDM has a high gpectral efficiency since the su cartiers used in

the OFDM system overlap in frequency and an adaptive modulation and coding
scheme (MCS) may be employed across subcarriers. In addition, implementation
of the OFDM is very simple because the baseband modulation and demodulation
are performed by simple inverse fast Fouri]er transform (IFFT) and fast Fourier
transform (FFT) operations. Other advantages of the OFDM system include a
simplified receiver structure and excellent robustness in a multipath
environment.

[0007] OFDM and OFDMA have been adopted by several wireless/wired
communication standards, such as digital audio broadcast (DAB), digital audio
broadcast terrestrial (DAB-T), IEEE 802.11a/g, IEEE 802.16, asymmetric digital
subscriber line (ADSL) and is being considered for adoption in third generation
partnership project (3GPP) long term evolution (LTE), cdma2000 evolution, a
fourth generation (4G) wireless communication system, IEEE 802.11n, or the

like.
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W [0012] Figure lis a block diagram of an
nggﬁaﬁqﬁg FORPMT gukgssamblys pebhe receiver processes received data to

recover data mapped to the subcarriers using OFDMA. The second spread

OFDMA subassembly recovers the first input data by separating user data in a
code domain and the second non-spread OFDMA subassembly recovers the

second input data.

[0011] BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1is a block diagram of an exemplary hybrid OFDMA system
configured in accordance with the present invention.

[0013] Figure 2 shows an example of frequency domain spreading and
subcarrier mapping in accordance with the present invention.

[0014] Figure 3 shows another example of spreading and subcarrier

mapping in accordance with the present invention.



configured in accordance with the present invention.

[0013] Figure 2 shows an exanple of frequency donain
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the present invention. [0014] Figure 3 shows anot her
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10 including a transmltter 100 and a receiver 200 in accordance with the present

invention. The transmitter 100 includes a spread OFDMA subassembly 130, a
non-spread OFDMA subassembly 140 and a common subassembly 150. In the
spread OFDMA subassembly 130, input data 101 (for one or more users) is
spread with a spreading code to generate a plurality of chips 103 and the chips
108 are then mapped to subcarriers. In the non-spread OFDMA subassembly
140, input bit 111 (for one or more different users) is mapped to subcarriers
without spreading.

[0022] The spread OFDMA subassembly 130 includes a spreader 102 and a
first subcarrier mapping unit 104. The non-spread OFDMA subassembly 140
includes a serial-to-parallel (S/P) converter 112 and a second subcarrier mapping

unit 114. The common subassembly 150 includes an N-point inverse discrete
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spread wwth a spreading code to generate a plurality
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becomes spread OFDM.

[0025] One subcarrier may be mapped to more than one user in the spread
OFDMA subassembly 130. In such case input data 101 of two or more users
mapped to the same subcarrier are code multiplexed, and therefore, should be
spread using different spreading codes. If spreading is performed both in the
time and frequency domain, spreading codes assigned to users may be different
in the time domain, in the frequency domain, or both.

[0026] Figure 2 shows an example of frequency domain spreading and
subcarrier mapping in accordance with the present invention. The input data

101 is multiplied with a spreading code 204 by a multiplier 202 to generate a
4-
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[0030] Referring again to Figure 1, in the non-spread OFDMA subassembly
140, input bits 111 of different users are converted to parallel bits 113 by the S/P
converter 112. The subcarrier mapping unit 114 allocates users to one or more
subcarriers, such that each subcarrier is used by at most one user and bits from
each user are mapped to the allocated subcarriers for the user by the subcarrier
mapping unit. In this way, users are multiplexed in the frequency domain. The

number of subcarriers allocated to user i is denoted by N, (i), 0<N,(i) <N, . The

allocation of subcarriers can be static or dynamic.

[0031] In accordance with the present invention, time-frequency hopping
may be performed for the non-spread OFDMA subassembly 140 in a pseudo-
random way in each cell. With time domain hopping, the users that transmit in

a cell change from time to time, (i.e., over one or several OFDM symbols or
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spread OFDVA subassenbly 130. In order to distinguish
fromother user data, common pilots are al so spread.
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[0034] The receiver 200 includes a spread OFDMA subassembly 230, a non-
spread OFDMA subassembly 240 and a common subassembly 250 for hybrid
OFDMA. The common subassembly 250 includes a CP removal unit 202, a P/S

converter 204, an N-point discrete Fourier transform (DFT) processor 206, an

equalizer 208 and a subcarrier demapping unit 210. The spread OFDMA
subassembly 230 includes a code domain user separation unit 214 and the non-
spread OFDMA subassembly 240 includes a P/S converter 216.

[0035] The receiver 200 receives data 201 transmitted via the channel. A
CP is removed from received data 201 by the CP removal unit 202. Data 203

after the CP is removed, which is time domain data, is converted to parallel data

-6-



synbols or frames and inter-cell interference is

mtigated. [0033] Referring again toFigure 1, both the
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patioiar iser 1@mptaddoyﬁhet8@1@ﬂ@i@@mu@m which is an

b nbl,y 230 d
BRI PoRsien PREARHL BY Bl BRRTHOC HRnutl ffuss 108" 744 &'
tiaREitdes 1%0 flﬁ;%@iﬁ?ﬁfsbﬂadﬂmgl\ﬂo e3Bd ssaindly %@,u eaeh udeNdata
recei ves at a ransmtt I '
2} birpwiaply convetsedte a serial éat%o%ﬁosy ﬁﬂ% S@%@‘?ﬁﬂﬁ&& ﬁ:i n’the
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equi val ent operation I n, dat 07 1S
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tem a sinple one-tap equalizer may be used. [0036]
séifa:retmnqmﬂ 2 4atlf thee sznre@(hug 1$1mrﬁa'qu@n y tiuihe frequency domain

SRR B SHLE e SR B 0 e
u?%ﬁﬁ@i%‘lle?lﬁgt@ ﬂ?i;x]fea[ﬂlﬁger@)épéﬁeio&uhﬁﬁﬁ 14. €lf thegpeadingris performed
in both the time domain and the frequency domain at the transmitter 100, a
time-frequency Rake combiner may be used as the code domain user separation
unit 214.

[0037] Figure 5 is a block diagram of an exemplary time-frequency Rake
combiner 500 configured in accordance with the present invention. The time-
frequency Rake combiner 500 performs processing at both time and frequency
domains in order to recover data that is spread in both time and frequency
domains at the transmitter 100. It should be noted that the time-frequency Rake
combiners 500 may be implemented in many different ways and the

configuration shown in Figure 5 is provided as an example, not as a limitation,

and the scope of the present invention is not limited to the structure shown in
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transmtter 100. In the non-spread OFDVA subassenbly

240, each user data 211 is sinply converted to a
weenicalicat a 217 by the S/ P converter 216. |n PO®/US2006/014947

spread OFDVA subassenbly 230, data 212 on the

separated subcarriers are further processed by the
FigRd€sdomai n user separation unit 214. Depending on the

way spreading is performed at the transmtter 100
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first non-spread OFDMA subassembly for mapping second input data to a second

group of subcarriers; and a first common subassembly for transmitting the first
input data and the second input data mapped to the first group of subcarriers
and the second group of subcarriers using OFDMA. The receiver comprises a
second common subassembly for processing received data to recover data mapped
to the subcarriers using OFDMA; a second spread OFDMA subassembly for
recovering the first input data; and a second non-spread OFDMA subassembly for
recovering the second input data.

[0042] 2. The system of embodiment 1 wherein the first spread
OFDMA subassembly spreads the first input data in at least one of a time-

domain and a frequency domain.



performnms frequency-domain despreadi ng tothe data 212

on the subcarriers. The despreader 502 includes a
wobhowealiéwwy of nultipliers 506 for nultiplying eomjuUS@c@814947

508 of the spreading codes to the data 212, a summer

512 for summng the multiplication outputs 510, and a

normal i zer 516 for nornalizing t he sumred out put 514.

[4043] des préaderThsuspiiems o8 arbadimpni o sdieseip bhe tffxst spread
A6, e 0 . e 5 s

datcet aehif2BG@e. or both may i nclude multiple antennas

may i ppl engnt hybri d.OFDVA i.n.accord i th. the
GPEEnY v ent iRl S Py FERARER Sl 4 piferayn thS first
shFedSDFDIVEX shadSembRndaRe ¥R ofispPead DFDMAsuld264Qbly map
Enbodi ments. [0041] 1. A hybrid orthogonal frequency
tb?W‘é‘-’iaéﬂeFﬁJ@XI}%ﬂéa cess (OFDMA) system conprising a

smtter a ecei it leQr | S
[gd I'rst s%reagﬂ%ﬁﬁ g%%ﬁ%@%ﬁ‘og?ﬂé%@rs é)ggillﬁg |%ist first
spraadt OTRNMAST subaasdmblyt trgnemits abrusen pilate oneippifiggt group of
spread data to a first group of subcarriers; a first
Sﬁg?ﬁ@ﬁr%ad OFDMAsubassenbl y for mappi ng second i nput
[0gd6r t 0 agsecarkd Gituil affin aHPeriboldahentsdfd-5) Wwidréin the first
common subassenbly for transmtting the first input .
neatspreat QflaMse suhessembly implemenispet leastione pf type-domain

i . .he: .
9B dHd SURRALE LB RO I8 i BERROABLEe Bl input data tothe
ssexnangroup wirewbcgutiessenbl y for processing recei ved data

cover_dat a,.na d to.the subcarrier [ OF ;
[{)a(%ﬁcond Core e&%@%ﬁﬂ‘a@e‘?ﬁ? ‘@SP%YOZ&EL)%E’?‘I%@H%%COM
OFDMA suibitsbedBlyof tRE deiv® comgrizes a RHlRI@mbiner.
OFDVAsubassenbly for recoveri n% the secaond i nput, dat a.

[poA12] 2. 8-The Bastsiame s Bnpsycrmrasimentged dof, ihereinthe gqcond
P T R S bk P ier
domai n. [ 0043] 3. The system of enbodi nent 2 wherein

[661459]f 'rst 9.S Pr eﬂge system as in any embodiments of 1-8, wherein at least

one of the transmitter and the receiver comprises multiple antennas.

[0050] 10. A hybrid orthogonal frequency division multiple access
(OFDMA) system comprising a transmitter and a receiver. The transmitter
comprises a spreader for spreading first input data for a first group of users to
generate chips; a first subcarrier mapping unit for mapping the chips to a first
group of subcarriers; a first serial-to-parallel (S/P) converter for converting
second input data for a second group of users to first parallel data; a second
subcarrier mapping unit for mapping the first parallel data to a second group of
subcarriers; an inverse discrete Fourier transform (IDFT) processor for
performing IDFT on outﬁuts of the first subcarrier mapping unit and the second
subcarrier mapping unit to generate a time domain data; a first parallel-to-serial

(P/S) converter for converting the time domain data to serial data; and a cyclic

-9-



OFDVA subassenbly spreads the first input data by
repeating the first input data at a chip rate. [0044]

Wa 200h@6®yst em as i n any enbodi ments of 1-3, WRETRIS2006/014947
the first spread OFDMAsubassenbly and the first
non-spread OFDVAsubassenbly map the subcarriers

Iy 0045] 5. T [ .
eSO aRE tioh U tor et BnR 2GR 4 FHsterip ke e tepgmission.
THE REGIRIRbMpr{sBE 8 mft ﬁMMt b Rbfoviiy 4 0P rbh$becivedduta;

of subcarriérs. [0046] 6. The s¥sten1as in an

asebodl Hgheanvefter for cqmgrtm&]wt@él fof the Cil?drfﬁny)mai gaitdpsepend
%Hﬁl’ae? ﬁggab la)édlgggjceefrgu% %néf&ﬁ&D?T‘Egﬁfceééoﬁoxd&% eng DFT

ng dn re uency n mappin
of eh@ Bétond paralleltdats 06 M@Mmqmmw dombirs ddiaann lequs]izer for

0047] 7. T e syste in any, embodi pents_of 1-
PhRET BN SorBlalion n hoRs S JOBHIR By b oqaiea dpapapping

uBRRE s8FRrRirfgHIR f?c ¢ dond98 HBta 8fted RGuENSIEIR % the first
any enbodlnents of 1-7, wherein the second

bresaruhithieyseednd group efeseyesa cdedemainuser separation unit

ti 4
o i AR, R POl B TS R oo
u‘l‘sdét&ﬁﬁrﬁ ¢édderdoaiidn tth @edorecthecfirst dHtH, ianda gacbhd B/® converter for
ant ennas 0050] 1 bri uen
C?ﬂ‘(ﬁr‘élpgﬁh?rkﬁeﬂ}l%‘i“é’ (ffa&aéggﬁ l@@%@gﬁvé rl%g S§f%{51 group of
u%&%% @bhﬁ?&aﬁ% 1RcdvRE She/ Eécona- li‘x?pﬁtr @ignm tter conprises

reader for spreading first input data for a first

[@ﬂ p of lker SThesygtenepbrmabadimest lgwfheirglp tha spreadergpreads
tgaglg EPH{] dg.taflcl')),[r; | ;Igg&lorﬁg %h% rﬁg 'd'ﬁlalﬁl? ﬁd %%ue%:? ﬁgm%jn.

ers Seri a ara
[@aBRYer t er1d.or T syetdnh ﬁgexﬁbmﬁmént mp umedahethé @preader spreads

T RN SRR R I
(6 1o asecond QLehPaoin ddifefits AN0I12YRHhERn the first
dlscrete Fourier transform (1 DFT) processor for

subcarrier mapping unit and the second subcarrier mapping unit map the

subcarriers dynamically.

[0054] 14. The system as in any embodiments of 10-13, wherein the

transmitter transmits common pilots on the first group of subcarriers.

[0055] 15. The system as in any embodiments of 10-14, wherein the

second subcarrier mapping unit implements at least one of time-domain hopping

and frequency-domain hopping in mapping the first parallel data to the second

group of subcarriers.

[0056] 16. The system as in any embodiments of 10-15, wherein the code

domain user separation unit comprises a Rake combiner.

[0057] 17. The system as in any embodiments of 10-16, wherein the code

domain user separation unit comprises a time-frequency Rake combiner.

[0058] 18. The system as in any embodiments of 10-17, wherein at least

one of the transmitter and the receiver comprises multiple antennas.

-10-



performng |DFT on outputs of the first subcarrier

mappi ng unit and the second subcarrier mapping unit
woagenasmse a tinme domain data; a first PCT/US2006/014947

paral l el -to-serial (P/S) converter for converting the

time domain data to serial data; and a cyclicprefix

insertion unit for insert.ing a to the,seri
[ég% for ié'anﬁd%@qﬁlﬁﬂ.f_roﬁ'ﬁ]éal?'sé%l&la% rdaggrﬂfﬁ% E‘é’ bﬁﬁtﬁgimgonal
fr&fiavay dinsibn fRultiReA¢ERE (OFDRAY, ovhéretsiated tebdsmitiar, first
second S/ P converter for converting output of the CP

ippwbdelia foniat finsh sseem ptiugers A pRead 40 gengratp chins; ghe chips are
| - : oo
Iggﬁg &b 4 ﬁ@&?&ggggf Qg?c)aggglg,c gaaAl 11f1$15t AL D RGdd droup of

e secon 0 generate frequency
whermisrcodseded 40 fiesfupitalel déier; the s pamatlebdatal iszatposal to a

on the frequency donuain .dat a; subcarri.er, de [ "
B P cd ST, AB Tk R RO A PR L e DFT) is
REfbnled ¥l AtphEY oftdia foh415iedHo AP fRbt Er9RIpSofRBedRrs and the
second group of users; a code dommin user separation

- sgeAnd gBUDs b sEReATRIGTY [Retimes domaly dabrathe time dampedn data is
BB P 18 b MtledrBl PR 1 erttTh Tt DBl EREE amd the
B nivertedr ddtar isctranamitiely anlde at raerpeeivey, diartiransiaitéed by the
after, equal i zation for the cond gro of .users to
it R34 SR L o o T o g Per i ot £ CP By data
id leonV&i€ed Y6 tseeord perdIRYi IRt a s MBRS FoliribP er&RFQRE€DFT) is
spreads the first input data in at |east one of a

dran theywgeand parplieh data dreganeratgofequernky doypain data;

SUBERE] BT 4 AU P B o AR S

datta afteh equaladion[fOO8R] firkBgrolipef sipatsemdaheisacantygroup of users

nmbodi 10- 12, in the fi.rst [ .
S8 PG s P dafd o e HOE e R A5 Rere 1 EnRB R Aspce domain
toREcoBet iR UREAd A 1aChsd thidBdth $6M th¥ sedd@24bup-df usEREis S¥SieIBd to

as in any enbodi ments of 10-13, wherein the
serighdatiat togecavies fBerpecond apprirndadRl ot s on the first group

b i . .
Bhesc 2202 R ST O B P Besgos ot
firapjrimg data s perfornehisatleakbasd oba ¢inod-domain andai frequency

‘#‘?’fﬁi ng and frequency-domai n hopping in mapping the
P parallel data to the second

[0061] 21. The method of embodiment 20 wherein the spreading of the
first input data is performed by repeating the first input data at a chip rate.
[0062] 22. Themethod as in any embodiments of 19-2 1, wherein the first
group of subcarriers and the second group of subcarriers are mapped
dynamically.

[0063] 23. The method as in any embodiments of 19-22, wherein the

transmitter transmits common pilots on the first group of subcarriers.
[0064] 24. The method as in any embodiments of 19-23, wherein at least
one of time-domain hopping and frequency-domain hopping is performed in

mapping the first parallel data to the second group of subcarriers.

-11-



group of subcarriers. [0056] 16. The system as in any
enbodi nents of 10-15, wherein the code domain user

weepmriasiosn unit conpri ses a Rake conbi ner. [ 006TjUS1006/014947
The systemas in any enbodi nents of 10-16, wherein the
code domai n user separation unit conprises a

time-frequency Rake copbi ner. [0058],18. Th tem.as .
[G085hny e bdi )ri‘é‘ﬁt weghod) @s _ e?%‘l%}ﬁdlé‘fenrt% a‘gt i%ﬁé’ Jyberein
séﬂlﬁ'aﬁhg RESHA{aShr AHRTirsPEruP OB LYES 11 8 00d FuRSailié pdrBdrehed by a

antennas. [ 0059] 19. A nethod for transmtting data
Rake egmbitmri d ort hogonal frequency division nultiple

ss ( eLel ., a r ' i E§loxi .
BT or Tt e SRR 5p " By BUBEUAGLs & 15308, Aphbrein
s€ftirptingtthe d&ta fostherfirstgmupdf 19e18 ifh bicsde dpnmaip ioperformed by a

Subcgarriers; second i nput data for a second group of

timestreapencyJiaker ORPIRG £ i r st paral |l el data; the first

w7l | el ApbsudiStHpfeastel And 6MeRE & tPeRreient invention are
subcarriers; an inverse discrete Fourier transform

desapibeyl in shepreferredembedimentsirspaticdtar gombppatipnsceachdeature

fiyst group, of subcarriers d t.he secon of

ok slsEhert G0 o BRE FhOwEES, S RERRRA LG bR, of e
préfefrel ¢aibodinétts 9 in fdriciaidmbin dtysisivatipoekitkogidthed foatures
inserted tqthe serial data; and the CP inserted data

and elementiof thepresprt inypntoRecej ver, data transnitted

by the transmttser is receiwed; a CP isxrenpved from
received data; the CP renpved data is converted to
second parallel data; a discrete Fourier transform

(DFT) is performed on the second parallel data to
generate frequency domain data; equalization is
performed on the frequency domain data; the frequency
domai n data after equalization for the first group of
users and the second group of users are separated; the
data for the first group of users is separated in a

code domain to recover the first data; and the data

for the second group of users is converted to seria

data to recover the second input data. [0060] 20. The

met hod of enbodi nent 19 wherein the spreading of the
first input data is perforned in at |east one of a

ti me-domain and a frequency

-12-



domai n. [0061] 21. The nethod of enbodi nent 20 wherein
the spreading of the first input data is perforned by
woepwatieang the first input data at a chip rat ePCTABB®E/014947
22. The nethod as in any enbodi nents of 19-21, wherein
the first group of subcarriers and the second group of
subcarriers are nmapped dynaflLaAdMS/. [ 0063] 23. The
d | n._any enbodi nents of 19-22, wherein the

Wéﬁganlgﬁ%édlsfansmts common pilots on the first group

of subcar Allgylsid bBR6n a2 dreqlibcy @iy tash Bfultipleddt¥ess (OFDMA)
enpodi nent s, of 19-23, wherein at |east one of

YR GIRBI A ™oppi ng and frequency-donai n hopping is

per f aridkakhittdFBRIpAidfe first parallel data to the
second group of subcarriers.[0065] 25. The nethod as

in any enbdditspread QFDIOA Qrhassenablyifor speeating firs ingw data for

80P gr a0t R B uBHs Rend Bl = Bost Shep tlovparaers

In any enhditoi-sprehd OFIIMA MMREQIbITSoRMAPHIE debshd input
ta for the first group of users in a code domain is

f%g? 2%?&@%? qup iohpulcapyersihapd Rake combi ner. [ 0067]

Al though §hgsf &RhMbR %uﬁg%eﬁibﬁfﬁﬁl &?ﬁémhgﬁg%ggﬁgnfe input data

invention are described in the preferre
angd fher s6cond dnpebdbianaripped to dhe Hfirke graue ob suledagrient and the

o} | one Wi t hou ot her features and
Sé@r?e%tos%ﬁsﬁcearﬁ%sf%sﬂ?%&)%ﬁ nts or in various
conbhunatdivsscomprisigg: W t hout ot her features and
el ements of the present invention. CLAIMS Wiat is
cl ai med i &:seqondacopBrongshasrergbivafort pengewsing receivest data to
vt bt AGHEEP td (e MBLa NG SELROOPDIMANO" 2

transmtter conprising: I rst “spread”’
OFDVAs ub a& senehil ypfead G Madsubgssembsly formedveatiigthledirst input

data; and

a second non-spread OFDMA subassembly for recovering the second

input data.

2. The system of claim 1 wherein the first spread OFDMA
subassembly spreads the first input data in at least one of a time-domain and a

frequency domain.

3. The system of claim 2 wherein the first spread OFDMA
subassembly spreads the first input data by repeating the first input data at a
chip rate.

4, The system of claim 1 wherein the first spread OFDMA
subassembly and the first non-spread OFDMA subassembly map the subcarriers

dynamically.
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a first group of users and mapping spread data to a

first group of subcarriers; a first non-spread OFDVA
weubwsizenwdl y for mappi ng second i nput data to RCTAS2WE/014947

group of subcarriers; and a first commopn subassenbly

for transmtting the first input data and the second

i nput data mapped to the first group of subcarriers

and t he second oup of .subcar |ers a
recefver P é’a§€bo}1d‘” b@\’?g df gﬂ?]j?'MA
B u%g@ﬁﬁl}nﬁaﬁgﬁ?ds\égﬂmﬂjcﬁ{ Fi16tR oh ®RE ¥iREt gk@h@ omamn’bps the

arri'ers using OFDMA; a second spread
OFDMAsubassenbl y for recoverlng the first input data;

d
and g se neﬂ g?g gglo r? ec?alm 1%&‘8?15 é‘gtsglgix-esﬁ]r%%d OFDMA

recover i i nput
sebaisemblyiapliienthat léadss ons pf ¢imk-Ohbhvn hopiagemd frequency-

sprea s the first input data jn at | eas e of

RRING i AORPHRG e FEgonib b, 88 4 2he sepui group of
Sﬁﬁ@ﬁﬂbgimherein the first spread OFDVA subassenbly
spreads the first input data by repeating the first
i nput data at a chip rate. 4. The systemof claiml

whergi n the f| re
first” non- esryg é%ﬁﬁn V%ase S%%gl?&?ﬁ‘?%%gg?%eg}bsly of
tﬂé/fh’tﬁiv@abepﬁseérﬁl@{ak)é%meﬁr. claim1 vvher ein the first

spread OFDVA subassenbly transmts comon pilots on
the first group of subcarriers. 6. The system of claim

1 whgrei nTﬁ@?ysftélﬁ%? cl3fi- lss?ﬁ@r%ﬁl P NBosd DFTAR AR Y assembly of

|nplenents at”  east one of tine-domai n hopping and

the eepebrer gooprises & dpps- ft@quwweliﬁpker@mmyls econd i nput
data to the second group of

9. The system of claim 1 wherein at least one of the transmitter and

the receiver comprises multiple antennas.

10. A hybrid orthogonal frequency division multiple access (OFDMA)
system comprising:
a transmitter comprising:
a spreader for spreading first input data for a first group of users to
generate chips;
a first subcarrier mapping unit for mapping the chips to a first
group of subcarriers;
a first serial-to-parallel (S/P) converter for converting second input
data for a second group of users to first parallel data;
a second subcarrier mapping unit for mapping the first parallel data

to a second group of subcarriers;
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subcarriers. 7. The system of claim lwherein the

second OFDMA subassenbly of the receiver conprises a
weabw/1eenbdi ner. 8. The system of cl ai m 1wher ei RCTUS2006/014947

second OFDVA subassenbly of the receiver conprises a

ti me-frequency Rake conbiner. 9. The systemof claim1l

wherei n ain ligeate odizctte t Reutierartsasformn ERFBherocessor for

recei ver ri ses i pl e antennas. 10. A hybrj
oBHORBGTRE I FLRBRE Pldho R GERET e o e e Soih i Bpspeond
sYSLRE ARAPRIHSHIE to BehdraflSAtiniedoB@iPddtal ng: a
spreader for spreading first input data for a fjrst

group of afestsparaligktresenial EUPhsonverier oy copyriiing e time
dg%m&&a%isgrigppag%gghng the chips to a first group of
su ' i f

carrrers, a Serial -to-parallel (SfP)
convert era &atic prafie (EPhinssedendnitrfprinsdating oCP do the serial

second group .of users to first parallel data; a second
d§ti’ofg’5$’faf%épngﬂ%i unit for mapping the first parall el
dat ag t&edc @6RPLisHQUP of subcarriers;an inverse

di screte Fourier transform (I1DFT) CFrocessor for

per f or mi rigCPoRmoBAl wnit fon rerarvingia GH frem zagpivad dpta;

Mappi NG WeboRNS/H QBREORT SHRGRLE bREp TR PhEP Y BbvA1mit
generate a tine domain data; a first

tpescohl phrdltel slata;al (P/S) converter for converting the

time domain data_to.serial, dat.a.,..and a cyclic .prefi
(OP) | st LrgRGRP T Fransies (TG Bopssgror pertSaing PP on
tH@k&oh@pat18) 99t S & Sterafdraqisdesdvaiaie daty;i sing: a CP
removal unit for renoving a fromreceived data; )
an equalizer for performing equalization on the frequency domain
data;
a subcarrier demapping unit for separating the frequency domain
data after equalization for the first group of users and the second group of users;
a code domain user separation unit for separating the frequency
domain data after equalization for the first group of users in a code domain to
recover the first data; and
a second P/S converter for converting the frequency domain data

after equalization for the second group of users to serial data to recover the

second input data.

11.  The system of claim 10 wherein the spreader spreads the first input

data in at least one of a time-domain and a frequency domain.

12. The system of claim 11 wherein the spreader spreads the first input

data by repeating the first input data at a chip rate.
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a second S/ P converter for converting output of the CP

renmoval unit to second parallel data; a discrete
woeawei1e6008 r ansf orm ( DFT) processor for perfor nPagD&I006/014947

the second parallel data to generate frequency domain

data; an equalizer for perform ng equalization on the

f r equgncyTosmitem dfickimal wherdin ithe fidetnsbparierunappihgrunit

separating the frequengy domain ta after )

Bt AR aRHW%Pn&rIBE}B(%ﬁf segrgerdymappically.
second group of users; a code donmain user separation

unit for separating the frequency domain data after
equal4zat Tleesystem phdajm ﬂgwlgqr@@ﬁ%@ transyitier fragsmigeommon

[.N.at O v [k data; and a second P/ S

pglgglgs(g{]?leerﬁ#sg%?%ug&fgaﬁ%f e?%‘e frequency donmai n data

after equalization for the second group of users to

seri d to recover the . seco i nput, data., 11. The .

Syt B of Tas SieHerR 6 (AR 4D SYRE nee SSURGH pea gL TioRBLLE unit
ifniplether tARY leadBbife dfRirAb-dbRAS hOhing hnd fldoiBn&RAGRirAihping
~a frequency domain. 12. The system of claim llwherein
in meanping thiefirss peealtsd dabe td thestecomp groupanfsubgarisgaat i ng

the first input data at a chip rate.13. The system of

claim 10 wherein the first subcarrier mapping unit and

t he geconThe sptamrifelainmp@ivigreini themafe dbmasu lnser separstion

dynam cal | y. ].lg‘?1 Thl%e, system of claim 10 wherein the
upitcpprisesya Rakgemhinetormon pilots on the first group

of subcarriers. 15. The system of claim 10 wherein the
second subcarrier nappi n%@unit i mpl enents at | east one
ny

of t ile- dBhesysteopi whezeinciheycode damainygern saparation
ing.the fir ral . the second group of
uglgtg(gog?&lseers & tl%%efﬁu%n%g? e‘ran%gél%gfegi m 10 wherein the

code donmai n user separation unit conprises a Rake
conbi ner. ) . : .
18." The system of claim 10 wherein at least one of the transmitter and

the receiver comprises multiple antennas.

19. A method for transmitting data using hybrid orthogonal frequency
division multiple access (OFDMA), the method comprising:
at a transmitter
spreading first input data for a first group of users to generate chips;
mapping the chips to a first group of subcarriers;
converting second input data for a second group of users to first
parallel data;
mapping the first parallel data to a second group of subcarriers;
performing an inverse discrete Fourier transform (IDFT) on outputs
of data mapped to the first group of subcarriers and the second group of
subcarriers a time domain data;

converting the time domain data to serial data;
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17. The system of claim 10 wherein the code donmain

user separation unit conprises a tinme-frequency Rake
woaniinen3 18. The system of claim 10 wherei n BCTIUS2ABE/014947

one of the transmtter and the receiver conprises

mul tiple antennas. 19. Amethod for transmtting data

usi ng hyihsértingra ¢yotio padfisf (CRYde itby seniad datanand| t i pl e

access ((OFDMVA),. t . i.sl.Rg: at a

transnit @S@%ﬁ&%gﬁ%gﬁlﬂg%?g‘?ﬁgﬁafﬁégta for a first

Or opPy plcette®r S togenerate chips; mapping the chips to

a first group of subcarriers; converting second input

data f orregeigmentnta §Fag %ﬁedi’é'et&? TSRS par al | el

dat a; - mypidags | HOH irbilreBated hela; data to a second

group of subcdtriers; performng an inverse discrete

Fouri er donmasimy the(C(PEaRoved dategatsscasd rrrelelhdaiged to

the first group of subcari er. 239 o0 RE Rse@bnd

subcarrilé"rlgoramggn% (ﬁ%cﬁ%ﬁenﬁa‘g{lglf %g%hsger is(ng th%Igt ?ﬁee "
pafQRida 1484 feddafiefrb@lendfidoians datda;ng a cyclic prefix

(CP) to the serial data, and_ transmttin thgf:F_’

i nsert edpﬁ‘ﬁtrmmﬁr‘?ﬁuﬁ]tlzaélqn_e@bt ?’q‘feé’é’:gid\‘?&@H 2%

transm tée&%{%%ﬁ% HRBAGY ddifkin JaBARe G ATER§T PFthe first

at a;

recei ved onverting the CP renoved data to
oro@s ofasaranalllthé semnd growy dlonseirsig a di screte Fouri er

transform ( DFT n e Seaon ‘t
gener at es‘?ﬂgéﬁﬂéﬁg]}le @%ﬁ&?ﬁ%ﬁ% ’B %%)Oglr‘* %lru%gﬁ%ﬁl 4 Gbde domain to

re@ﬁ,@%gﬁ}ﬁq&w{hﬁ&e frequency donmin data; separating
the frequency domain data after ual i zgti on,for.t

h
first growyestingshe datariar the sewrg oy SLPSBF to, geerll%l data to

recover the second input data.

90. The method of claim 19 wherein the spreading of the first input data

is performed in at least one of a time-domain and a frequency domain.

91. The method of claim 20 wherein the spreading of the first input data
is performed by repeating the first input data at a chip rate.

99.  The method of claim 19 wherein the first group of subcarriers and

the second group of subcarriers are mapped dynamically.

93. The method of claim 19 further comprising the transmitter

transmits common pilots on the first group of subcarriers.

94. The method of claim 19 wherein at least one of time-domain hopping
and frequency-domain hopping is performed in mapping the first parallel data to

the second group of subcarriers.
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separating the data for the first group of users in a
code domain to recover the first data; and converting
woheostdaém3f or t he second group of users to ser Pai/us2i068/014947
to recover the second input data. 20. The nethod of
claim19 wherein the spreading of the first input data
is perforned in at |east one of a tine-domain and a
frequency_domain. . 21. The nethod of claim20 where
t he §gr ea’gﬁﬁ én"&go‘i Hé claimst9 wherpin gepar ag@gﬁi‘@fdé‘rtﬁé@‘ @‘5‘? first
i 8 bdifs (G cbid QbmhliPipedRi-Red by REKP céBibfer22- The
met’hod of claim19 wherei'n the first group of .
subcarriers and the second group of subcarriers are

mapp dyhRam cally. .23, T h laim 19 fuyrther
conn P! ng wEethpd ot Ftpmeld pREIcEN SpBlrabinl e ey 1o g st
grbep bf usets {1 Detdedonsiih Saparferhfed byh tihbdratRiechORake combiner.
claim19 wherein at | east one of time-donmain hopping

and frequency-domain hopping is perfornmed in mapping

the first parallel data to the second group of
subcarriers.25. The nmethod of claim 19 wherein

separating the data for the first group of users in a
code domain is perfornmed by a Rake conbiner. 26. The

met hod of claim 19 wherein separating the data for the
first group of users in a code domain is perforned by

a time-frequency Rake combi ner.
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