[ 0001] HYBRI D ORTHOGONAL FREQUENCY DI VI SION MULTI PLE
ACCESS SYSTEM AND METHOD [ 0002] CROSS REFERENCE TO
RELATED APPLI CATI ON [ 0003] This application clains the
benefit of U S. Provisional Application No.

60/ 673,872 filed April 22, 2005, which is incorporated
by reference as if fully set forth. [0004] FIELD COF

I NVENTI ON [ 0005] The present invention is related to
wi rel ess comruni cati on systens. Mre particularly,
the present invention is related to a hybrid

ort hogonal frequency division nultiple access (OFDVA)
system and met hod. [0006] BACKGROUND [0007] It is

[0001FXpPect edrrivaiTr @iRTﬁo‘GOHAﬁ,SPREQmEN@‘PDIWSWNt ens

Wil proviyg %b% Sﬁl“”}?l\";[sﬁﬁﬁ)b o) ess
| nt er net acceggﬁﬁb su crlgérs roéggand

services require reliable and high throughput

[0002] I ansM LROSS RAEERENCESI@ RECATETEAPPMICATIONt i e
di spersive and frequency selective. The wreless
[00038E hannélhis applispden dajmg the b@w@pﬁéﬂ SuRranigional Application No.

60/67$ gzﬁ I%Sal Kté%g I%gg%(ﬁ(l}% e eigﬁ %1 0 | e Oshre%}'etncs ke 1f?'ftul'1]1y set forth.

(OFDM) and OFDVA are sone of the nost prom sing
sol utions for next neratlon Wi rel ess communi cati on
[0004kyst ens. [0008] OF h@ﬂ@ﬁﬂral ef ficiency

i nce t,he_subcar.riers used S rla
10005, 7 B RER LR dal3F ol 4 el XA AR Foh Bsterms.
More §§ft@¢{ﬂaﬂ§rl\@ Ff@}én’@ enIMIRYiRGedte06 aShiyisiad rok'ﬂfo%onbhfrequency

addi ti on, enentation of OFDMis very sinple

divisigresultinle Mewﬁﬁﬂwmemtar&lm@ﬁ@@emdul ation are
performed by sinple inverse fast Fourier transform
(I FFT) and fast Fourier transform (FFT) operations.

[oooep her advant ages of t BACKOHOAYNI®EM i ncl ude a
implified recejver structure and excell ent
[0007 }r obustlhésexpasted that fusura wirplessotprpmunicationgsystems will provide

broadband services such as wireless Internet access to subscribers. Such broadband
services require reliable and high throughput transmissions over a wireless channel
which is time dispersive and frequency selective. The wireless channel is subject to
limited spectrum and inter-symbol interference (ISI) caused by multipath fading.
Orthogonal frequency division multiplexing (OFDM) and OFDMA are some of the most
promising solutions for next generation wireless communication systems.

[0008] OFDM has a high spectral efficiency since the subcarriers 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 OFDM is
very simple because the baseband modulation and demodulation are performed by
simple inverse fast Fourier 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.
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[ 0009] OFDM and OFDMA have been adopted by severa

wirel ess/wired comunication standards, such as

di gital audi o broadcast (DAB), digital audio

broadcast terrestrial (DAB-T), |EEE 802.1la/g, |EEE

802. 16, asymmetric digital subscriber |ine (ADSL) and

is being considered for adoption in third generation

partnership project (3GPP) long termevol ution (LTE),

cdma2000 evolution, a fourth generation (4G wreless
[0009}2‘ omurQEBM ahd \GFPMA | ke 822nladloptedr by heevieride ereless/w1red

[0010] One key _problemw.th at
commpgicgition; giandards.nsshy Peotizgtalcamipoprandeer. BAP), digital audio

broad):a[gt etregeers%ﬂgfe éf)g]%ﬁ‘g' ﬁyﬁEaS(B %/gn QEEE% IfGaCe{sgf'imﬁgtnc digital

requen pl ng an arrier [‘0dat I'on
subscﬁb@jp dinat (AihSh)ata\mleh; beilrlgs cchmiéeﬂadefmrpaidmﬂmd it ghird generation

mtigate inter-cell interference
partnhi praeiidSO R 158 KR oM ¢ a20{)€6m ption, a fourth

t igg)or @l
eenerg b I BRSO R R0 ArBH R e D DR P L 4
[00 10% r ansrond esy IaWBlan el tle OFDM ahldecOF DM id thiae it ib ddfioele $o mitigate
irst spread OFDVA subassenbly, a first pon-spsead
or con@bbmezs,ﬁaléé%@ﬁfﬂr?n%n@ SR St [Oe- Fifgauency
A
hoppi, 551, BRI S BSRERLIY PELTEE oMo Mau Bebn Phposed to
mitigalte enf,errcell interfarpnea dd OBy, thebifetbrenkeys offpshnmgybpds is limited.
data to a second group of subcarriers. The first
comon subassenbly transmts the i nput data mapped to
he first group of subcagy ¢nd the second grou
0 M group
[ 011]tf subcarriers using CF%NA:&Qﬁ% recei ver includes a
[0012 econdlsreasht iokEhos idsdstediib v, hﬁrﬁb@B‘WAmystepn ead method.

OFDMA, sub
The Sy¥iE B S MRS TSEISA U DY N DF SERRgRfLr mludes a frst

spread r@ﬁm%ubﬁgé‘eﬂﬁwd a0l 1{0‘}1 5504 HFHMA &ﬂ)’é@@&nb@ 508 a first

carriers usin The 'second spread
commo6n babsewehibly r @he\fﬂ‘sSspﬂeadfOFEMA suert sselvrbdy Slyreads input data and

separatln user ata in a e donai d the seco
maps ks SRk ‘erOR S EEef %}I%Fé%%%r sThe vt Boprgpread OFDMA
subaséeQRny ﬁjﬁtp@ -input data to a second group of subcarriers. The first common

subassembly transmits the input data mapped to the first group of subcarriers and the
second group of subcarriers using OFDMA. The receiver includes a second spread
OFDMA subassembly, a second non-spread OFDMA subassembly and a second
common subassembly. The second common subassembly of the 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 dataina
code domain and the second non-spread OFDMA subassembly recovers the second

input data.



-2- 0 [0013] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]
Figure 1 is a block diagram of an exenplary hybrid
OFDVA system configured in accordance with the
present invention. [0015] Figure 2 shows an exanpl e of
frequency domai n spreadi ng and subcarrier mapping in
accordance with the present invention. [0016] Figure 3
shows anot her exanpl e of spreadi ng and subcarrier
mappi ng in accordance with the present invention.
[0013] 0017] Fi g BRIEF DRSGRENTEOMN G 8THE DRAWINGSuency

hoppi ng of subcarriers.in acgordance wt hi t
[0014] nyentl{1gHre [lml%]blmiga}a@ram of anmwlarsagwgm%o&’w system

fos: 8r AN P TaH
con B B o [ G019] DETA LED

[0015 PESCRIFREL£N2 €how $iimn RREmpRRMFrdvMBGRY NNt sijre82ig and subcarrier
Hereafter, the tergi nol ogy ."transmtter" and
e

mappmgsideqcrardance Wifh éhe peseRtdnvemion-i nited to a user

00163 PR Yoy Bl S5 O SoyRbiier mapping

accordaiescrithehe ppédent anpagion. a Node- B, a base station, a
an access poi nt or any other tg/fpe of

site controller, .
[0017Hevi ngg&gp OWF aé)p@;agppwgofithmg-fr%qeélpg pping of subcarriers in
accorcfd}l\élerv&@ﬁ%ﬂ%rgré%ggﬂlvemﬁ)r{eat ures of the present

I nventi on y be incorporated into an integrated
[0018Ti r cuiRigt€Cp tv abblaxhinfiaguand of mra egemplaty tiongfieguagey Rake

a multjtude of intercon eg};eio{)l]ge conponents. [0022] The
combiger cHigyrsg dR AT daRCe Bt seBt HKPfioRel ess

comuni cation system that utilizes OFDVA (or OFDM

and/or code division nmultiple access (CDMA), such as
[0019] EEE SIRTAILEDEBESSIRIPIAON Ok THI: PREXEBREIBEMBODIMENTS

[ 1 ul t 4G [ [ [
[OOZOﬁsstg erreg 2{,&52itpggirfo)igéye'%énsrglat%eerl"lalntd 'rgc%%n Iir(l:cﬁuligs ut are
not limited to a user equipment (UE), a wireless transmit/receive unit (WTRU), a
mobile station, a fixed or mobile subscriber unit, a pager, a Node-B, a base station, a
site controller, an access point or any other type of device capable of operating in a

wireless environment.

[0021] The features of the present invention may be incorporated into an

integrated circuit (IC) or be configured in a circuit comprising a multitude of

interconnecting components.

[0022] The present invention is applicable to any wireless communication system

that utilizes OFDMA (or OFDM) and/or code division multiple access (CDMA), such as

IEEE 802.11, IEEE 802.16, third generation (3G) cellular systems, 4G systems,

satellite communication systems, or the like.

[0023] Figure 1 is a block diagram of an exemplary hybrid OFDMA system 10

including a transmitter 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
-3-
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[0023] Figure 1 is a block diagramof an exenplary

hybrid OFDVA system 10 including a transmtter 100

and a receiver 200 in accordance with the present

invention. The transmitter 100 includes a spread OFDVA

subassenbly 130, a non- spread OFDVA subassenbly 140

and a common subassenbly 150. In the spread -3 0

OFDVA subassenbly 130, input data 101 (for one or nore

users) is spread with a spreading code to generate a
OFDNA ludlaistgmbly 30, psiph0 dasnd 0 hforchmepsr hdfearsers)nisrspread with a

mappe to subcarrjers. In . the_ngn- ead. OF
spreaduigode s egperate 2 phalitnpt chips 1PBanddhe fivs Ifyare then mapped
CfTere 1] ; : o ¢
o st 55 55y TR A BBRREL, 50 ML Coroneo
more diffdremiessarspprmagped id2ulamadriars withiout spirealing.er

mappi ng unit T - d OF b [y 140
oonal 2P, e Ve o TR S it e
. . r r I .

R e e

serial Fowairellel (SaP)sdomvertet [1DE Bndor seesdaubi@@jeranapping unit 114. The
paral l el -to-serial (P/S) converter 124 and clic

commgp eyibasgeephly {pQdpelugas am N-RPB! IPBRS) Aagefrigrie dransform

DTy 5P SRS B8l 1) BARREIYE 8 i ot (O

insertiystieity126nong Kusers, data to K. users is transmtted

oo . LT SRiee, U subgesgnely 130, e ourmer o
users ﬁ%ﬁmﬂﬂﬁcﬁg i %R% §£xﬂff_%rpyﬁr ﬁ{é%%?ﬁﬂbéﬁﬂoéé K u@hs dipa %‘# ; users is

respective val ues~of NS and”No satisfy t

trans:fxgcgg% ?ia%ﬁ% SP}&?H @@m%ﬂbaQS%QMynglz g?tt@ GhuNHehQf subdarriers used

nput data 101 is sprea y the spreader
in the 3p2adORDM Asabassendily dB0pand the honTperead OFDNIAS wdaesembly 140

TN O TN QT N
that 0 SWPL Y, 62 A NE N I SHGNCY VIR N OF

[0026] The input data 101 is spread by the spreader 102 to a plurality of chips
103. The chips 103 are mapped to the N, subcarriers by the subcarrier mapping unit

104. The spreading may be performed in the time domain, in the frequency domain, or
both. For a particular user, spreading factors in the time domain and the frequency

domain are denoted by SF; and SF o respectively. A joint spreading factor for the user
is denoted by SFj,, which equals to SF;xSFy. When SF=1, the spreading is
performed only in the frequency domain, and when SF =1, the spreading is performed

only in the time domain. A frequency domain spreading for user i is limited to the

number of subcarriers allocated to the user ¢, N(i). The allocation of subcarriers can
be static or dynamic. In the case where N, (i) = N for every user i, the spread OFDMA

becomes spread OFDM.



both. For a particular user, spreading factors in the

time domain and the frequency domain are denoted by

SFt and SFf , respectively. A joint spreading factor

for the user is denoted by SFji"t , which equals to

SFt x SFf. Wien SFt=1, the spreading is perforned

only in the frequency domain, and when SFf =1, the
spreading is perforned only in the tinme donmain. A
frequency domain spreading for user i is limted to

[00271 he rOd esuboérrﬁarbmayrbea nsapgleldowatede tthah heeusser in tiSspread

The al | ocation of subcarrlers be static o
OFD gsenhbivt 0. dRsuchaeranRut s LOREt trgror diiyisgsupapped to

the s t%cﬁﬂﬁ&agr@: Q(%A mQR SHE %r@?&?&' shéuld B9 ggze]ad using
%&% iy

subcarri er to nore than one user in
differéintesapa dadg coﬂEEDMI\f spxieadmg‘rtsl peri@ted bothuahtheasmei anplufrequency
data 101 of fwo or re users

0, .the sane ..
domaun, sprgading P USEHSRAY ] g Bh{gerﬁﬁé}%%fé{ne Jdomaig, in the
frequé}ﬁ;lyzg;éﬁggl Hf"bH&h d| fferent spreadi ng codes. |f

ing’is performed both in the time and frequency
[0028Honai Figape 2abowg an(edempzlxse;ﬁ fgenmdant:p domeirsspregding and subcarrier

different_in the tine domain, in fre C . -
mapPHg Fecopfansspith [tbm?sertﬁt dayention; e %&%ﬁéc’é iggultiplied

with %%gg gﬁ%coqgfmh% SR BRI R oSARER el 1urmmfe&pmosv The

ce wt he present 1 nvention. The input data
chips 103" axe converiedi tecbaraileh clhips pi08ably ng YBden2erteb208. Each of the

[ tiplier 202 t t | it f chi 103' . .
parallghghipfi05ds Sen mapbod g ous bt Sgaratiedy Bhisgbeaieyerving
unit 1@@ @ﬁ&e%‘ﬂ@ééﬂto&@ﬁ 10186 r&feséJi'emﬁoar al l'el chips 103

en mapped to one of the subcarriers by the
[0029]5ubcar1?1gare ﬁmimmsg anuthdr é:&ctnpief afr ﬁe@eemgf demain eptdseling and

sprea&ﬁ%mé)gg Hg?a ?rgf‘e%ﬂg@;‘]& ﬁ%}y@gttgg %dr)‘% ggal[yﬁg@ gg%de By gé'ﬁe'a@ Rach input data
101 nﬂﬂtlpked‘amesaatrﬁmeﬂup ragdfo geyerade ubws 103'r dhwathipsdA3’ are then
converteﬁ to paral?el chips 103 by an S/P converter 304. Each of the parallel chips 103
is mapped to one of the subcarriers by the subcarrier mapping unit 104 before being
sent to the IDFT processor 122.

[0030] Alternatively, when input data is spread in the time domain, each input
data is spread by a spreader to generate a plurality of chip streams and the chip
streams are mapped to subcarriers. In such case, the time domain spreading may also
be performed by simple repetition of the input data without using a spreadihg code.
[0031] Common pilots may be transmitted on the subcarriers used in the spread
OFDMA subassembly 130. In order to distinguish from other user data, common pilots
are also spread.

[0032] 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

-5-
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101 multiple times at the chip rate to generate chips

103'. The chips 103" are then converted to paralle

chi ps 103 by an S/ P converter 304. Each of the

paral l el chips 103 is mapped to one of the

subcarriers by the subcarrier mapping unit 104 before

being sent to the |IDFT processor 122. [0030]

Al ternatively, when input data is spread in the tine

domai n, each input data is spread by a spreader to

that egelm gubéaridrid usel b§t yt mbstodtiepustrnedibit sefivointeheh tuhélpare mapped to

reanms are map to suhcarriers. I.n such .case,

the allgasged) éH‘B‘F%%"r’%? br?gu?ﬁi“ yarléeosu‘%@rﬁsr FRRRRIRE B E‘m’d@ls way,
users ré?é)ﬁltdl{lk)g%g%m (?fzjeﬁﬁé’ﬁciﬂﬁﬁﬁ‘aiﬂ YuHBd g sﬁbéa{:i"i‘i%?éjél'ﬁ&ated to

ots may be transmtted on the
user i3s18enrstetd BySV (Hed < N, (zhs NsprBaclallédabidh of shheseidrk gard BO static or
In order to dlstlngU|sh from ot her user data, conmmon
dynamid ots are al so spread. [0032] Referring again to

LT TN E e N T —
perfo kdredhem&?sﬂéédmbm §h€a§é§%’lﬁ§rtlelr0 inld gsedd¥random way in

carrier mapping unit 114 allocates users to one or
each mh]r eWitlbtiae demain dophing; Bhe usénst thedcramami¢anra eall ¢hange from

used by at nost one user ts fr ch user
time {55f3Ee (i OFREORF o 4TS OBDA PRty Bf Bttt Js iy freaueney
domaﬁfﬁoﬁﬂﬁg asrfocﬁf'm@&pﬂldagtéMotusei@tHa{’c' tPaM@tit mlésc%llsar@ Mdpping per
I'€xed 1 n the frequency domain. The nunb
one ozsaebemerEDM st thbalate firanes. Usghis way, t@enntee*ebeﬂynmfe(rel)lce can be

e all ocat,i of subcarriers can
mltlg%f@ds%rgf?ﬂéﬂ)agwa t?’ € 168% %]1& Cf“%ccordance with the

[0034]3r eS e rIt‘lghFé/ g ﬂthhé%Fatefs 'a%xfahﬁﬁla' PG IRBRLEYLy R plih@g where ten (10)
ornmed for the non-spread OFDVA subassenbly in

subcaanpﬂae sle9r amjumd/\ﬁy time peaiods of MO-T&\in hcqqrden@bwﬂihnthe present
1nven§1pﬁ.e gg ap]t awganl{%ﬁr, an 1%{.}@% ; iﬁgg] rrgeg'g Zsl?’glgkos_%%[r %%g{fgr spread
OFDMA {4RTES l’em\ﬂﬂilﬂgfsftﬁﬂkiﬁri@ﬁé are used for non-spread OFDMA. For the
subcarriers allocated for non-spread OFDMA, subcarriers and time periods allocated to
users are hopping in a pseudo-random way. For example, data for user 1 is
transmitted via s9 at TO, s7 at T1, s7 at T3, and s1 and s9 at T4, and data for user 2 is
transmitted via s4 at TO, s6 at T1, s3 at T2, s0 and s4 at T4. Therefore, data to
different users is transmitted over different OFDM symbols or frames and inter-cell
interference is mitigated.

[0035] Referring again to Figure 1, both the chips 105 and the data 115 are fed
into the IDFT processor 122. The IDFT processor 122 converts the chips 105 and data
115 to time domain data 123. The IDFT may be implemented by IFFT or an
equivalent operation. The time domain data 123 is then converted to a serial data 125
by the P/S converter 124. A CP, (also known as a guard period (GP)), is then added to
the serial data 125 by the CP insertion unit 126. Data 127 is then transmitted via the
wireless channel 160.

-6-
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domai n hoppi ng, subcarriers allocated to users that

transmt in a cell are hopping per one or several

OFDM synbol s or frames. In this way, the inter-cell
interference can be mtigated and averaged anong the

users and cells. [0034] Figure 4 illustrates an

exanpl e of tinme-frequency hoppi ng where ten (10)
subcarriers, s0-s9, are used for tinme periods of TO T6

in accordance with the present invention. As an

[0036Exanpl Bhe irecelvayu2@0 2ncladéx arspread QBDMVES sub8sseneblysii), a non-

spreag (DY Skasoembbs GICR DR CoRGROR RUTASHBCLY LPEFE Hybrid OFDMA.
The c&hhﬂﬁ%"&% F - aﬂp.? RicRAR s FEPRemBYRCALiE 269 52 BISohivBRer 204, an

peri ods users are hopping In a
N-pomsdm@eteaﬁdummﬁyanﬁ‘ormeM) procasar 206, aserqublizer 208 and a

trangmtted via TO, s7 [, S/ at : d sl
subcagtigr demapping u%lﬁi?eg'hae oo SrDbL4 stassemlily Bllindiides a code
4 4
domadf oy 1ofu0d e 237t T 50,904, ORDIA, ptggeombly 240
includweer PLH édrareeter 206DM syrrbol s or franmes and inter-cell

nterference.is mtigated 0035 Ref erri a|n to
[0037} gur e he Tes6ivsT 2R refhipes 4 rﬁﬁémb‘é? Vit channgl A CPis

removedtPorh H8cdibEd dﬁfé)f@f%% Hg%gg’ JeH}Rfah Rhik d20 mqo3]%'ger the CP is

converts the chips 1 ata 115 to tine domain
removadt avli2B.is Thee |doETainegatiae is npherméed éa payallélFdatar 2@n by the S/P

equi I oe L on. et'rred j data 1 th
convegiatis o RanEkd PR 20iE S BB S0t A b b entea o
frequerfed-doth 47 a(talz%@ mwm@an@ wﬁgfadm@aatao&n NRIDcartiSrs. The DFT
t n ad dd

he serial data 1 by t CP insertion

may benniplérﬁéntdadisaFETbr equtx’m&mﬁmsﬁvnl Ete ﬁneauehey domam data 207
W rel ess_cha 0036] The ,receiver )

is fed F%@aemlléeggﬁia’a PcasiEhS 93%6,%3?& A acTpbeagrior. As

o oI5 S AT gl

[0038]3P r enAfYext equilizaBiod, ateaPh Subcawart éataZ®@dresannding to a particular
user is separated by the subcarrier demapping unit 210, which is an opposite operation
performed by the subcarrier mapping units 104, 114 at the transmitter 100. In the
non-spread OFDMA subassembly 240, each user data 211 is simply converted to a
serial data 217 by the S/P converter 216. In the spread OFDMA subassembly 230,
data 212 on the separated subcarriers are further processed by the code domain user
separation unit 214. Depending on the way spreading is performed at the transmitter
100 corresponding user separation is performed in the code domain user separation
unit 214. For example, if the spreading is performed only in the time domain at the
transmitter 100, a conventional Rake combiner may be used as the code domain user
separation unit 214. If the spreading is performed only in the frequency domain at the
transmitter 100, a conventional (frequency domain) despreader may be used as the
code domain user separation unit 214. If the spreading is performed in both the time

T



N- poi nt discrete Fourier transform (DFT) processor
206, an equalizer 208 and a subcarrier demapping unit
210. The spread OFDVA subassenbly 230 includes a code
domai n user separation unit 214 and the non-spread
OFDVA subassenbly 240 includes a P/'S converter 216.
[0037] The receiver 200 receives data 201 transmtted
via the channel. A CP is renoved fromreceived data
201 by the CP renoval unit 202. Data 203 after the CP
domairs and e vieeguerycorhsint htrehd dpmhsmitodral 00,sa comv-drageency Rake
to parallel data 205 by the S/P converter.204. The
combiggy mavehe Heghaobhe P%def 2 LI BPFT %ngtél‘izos and
onver re ' ; .
[OOBQEar al I%Egr ata %n su a%‘}lﬂgir g f d%?w%x%%‘lglafﬁglf/ﬁ%% %aﬁéné\& Ralke
combingP BG(Dfediﬁf%iubyl ik E&’co@da@@lwnh theprespat 'Btviention Thke time-frequency
frequen i n dat 207 fed to
Rake egablgs Do parbns POBEPRB DAL Smnasang Heaon domainsin order o
.
recovHBRAERAEE cpfEad il in IR BN AR e o, ISV Ty Frgmomitter 100.

It shoﬁhﬂl% natatlithat 'die témeHfraqieney IHaéxB ,conidlizers 600 esporadinngjetmented in
particular user is arated. by the subca&rler

many g B‘tﬂw aéfﬁu and e leﬁr%téoraﬁhewaogx Fisser 4pmypvided as an
exam@% A ans m t P)%I%gaccflé Elt: e JTRRPbRAGHD élt\]%nﬂlgﬂ is Aotdirdited to the

non-sprea
Mmudﬂmbahoﬁﬂbhyhgdﬂa5each user data 211 is sinply

d d
(0040575 e tiwecs eaperame CoHBCERIR Smomees AeRrorr g2 and a
Rake %%&ggﬁ%qag(ﬁf egh 3493 e?%&'ac.’teﬁr &nd %ltl&‘%éd @6105 %?ﬁ*ﬁgum 438 by the

ommi i User ~ separation unit Dependi ng o
subcattier dayappingadiing10 $n Pardrerinfor tlag spﬂealeEiﬂMﬁ Sllﬂfﬁ?fssembly 2301s

ndi n t h d
oS RO St OEPE AL SO FEETO IR 08, 00,
despr(ﬁulﬁgdﬂonﬁle' ﬁag%@flgr(f@‘éhgr&%céﬂléﬁe Th@ed%?@éd’éra@oz hﬁcludes a

tter a conventional Rake conbiner may
pluralityed nasltipiers 6606 faanmaltiplyiey congegatedt0iSmf thm spreadmg dokles to the

dota A SRESECL D 2 Bt 0T SO e L SOUSHCY, o mormatier
o1 i MR O ORGSR Sl bl
procegzed fbgr thedRake bambirndres(4 trerecover the data of the user by time domain
combining.

[0041] Referring again to Figure 1, the transmitter 100, the receiver 200, or both
may include multiple antennas and may implement hybrid OFDMA in accordance with
the present invention with multiple antennas either at transmitter side, the receiver
side, or both.

[0042] Although the features and elements of the present invention are described

in the preferred embodiments in particular combinations, each feature or element can

be used alone without the other features and elements of the preferred embodiments or



-7- 0 domain and the frequency domain at the
transmtter 100, a tine-frequency Rake conbi ner may
be used as the code donmi n user separation unit 214.
[0039] Figure 5 is a block diagramof an exenplary
ti me-frequency Rake conbi ner 500 configured in
accordance with the present invention. The
ti me-frequency Rake conbi ner 500 performs processing
at both tinme and frequency domains in order to

in vari@ey@Ehbaat@dnkhaithios witheadother Hedfurts madadembneqefaheypresent

) domains at the transmtter 100. It should be noted

inventipBt the time-frequency Rake conbiners 500 nmaybe
impl emented in many different ways and the
configuration shown in Figure 5 is provided as an
exanple, not as alimtation, and the scope of the
present invention is not limted to the structure
shown in Figure 5. [0040] The tine-frequency Rake
conmbi ner 500 conprises a despreader 502 and a Rake
conbi ner 504. Data 212 separated and collected for a
particul ar user by the subcarrier demapping unit 210
in Figure 1 for the spread OFDVA subassenbly 230 is
forwarded to the despreader 502. The despreader 502
perforns frequency-donain despreading to the data 212
on the subcarriers. The despreader 502 includes a
plurality of multipliers 506 for nultiplying conjugate
508 of the spreading codes to the data 212, a sunmer
512 for summ ng the nultiplication outputs 510, and a
normal i zer 516 for normalizing the sumred out put 514.
The despreader output 518 is then processed by the
Rake conbi ner 504 to recover the data of the user by
time domain conbining. [0041] Referring again to
Figure 1, the transmtter 100, the receiver 200, or
both rmay include nmultiple antennas and may i npl enent
hybrid OFDVA in accordance with the present invention
with multiple antennas either at transmtter side, the
recei ver side, or both.



[0042] Although the features and el enents of the
present invention are described in the preferred
enbodi ments in particular conbinations, each feature
or elenment can be used al one w thout the other
features and el enents of the preferred enbodi nents or
-8- 0 in various conbinations with or w thout other
features and el ements of the present invention. -9- 0
CLAIMS 1. A wreless trasaiyérecei ve unit (WRU)
configured to performhybrid orthogonal frequency
division multiple access (OFDVA) comruni cati ons

1. A vca% r Isi{ﬂ?%&@ré%ii% ég{t | Ilflzéx(le e rt%g%%g@ﬂ%ﬁ? alatémogonal
frequéé%ﬂgt divis&t mRfiBRa RO EBNA PEb rRmiuini &tidis e pHising:

carriers and non- spread input data on a second
a recegyveyupndigused taredeave hybtid QEDMMA eymbold, ivharedhehybrid OFDMA

roc t he received bri,d DVA synbol s t A
B 55 LG58 A SR, BT P SGRER an on
spreag Eﬁ A130H a da8dadogroubefisubedrriirgup of subcarriers

the non-spread 1 nput data fromthe second group of
the resalyearconfigered thprowseitherecaimpd ihyibnigt OF M AecsicmbpipNi recover

singl RSSO e PSSP R AR GRS MR firt roup

of subR&Fi&sH {0t HeOktkh - S9MRUN NP € Ha BLRBHAE OB coRAR Gréup BNsubcarriers;
spread OFDVA subassenbly configured to recover second

the receipat ceaprsingom t he non- spread input data. 2. The

v or B PSSRt [t RSP om
multifdsBFHSREN i8R ERta By pderiidbqfe ddrhin Jsethi@p&idtidi@nd a non-

mul ti-user spread input data is spread by repeating
spread K 1I3MAysebagsemhily gonfighares tat regovdyi gecpnd énput data from the non-

spread input data.

2. The WTRU of claim 1 wherein the multi-user spread input data is spread in at least

one of a time-domain or a frequency domain.

3. The WTRU of claim 1 wherein the multi-user spread input data is spread by

repeating the single-user input data at a chip rate.

4. The WTRU of claim 1 wherein the spread OFDMA subassembly is configured to
recover common pilots transmitted on the first group

of subecarriers.

5. The WTRU of claim 1 wherein the non-spread OFDMA subassembly implements at
least one of time-domain hopping or frequency-domain hopping in demapping the

second input data from the second group of subcarriers.

-10-
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4. The WIRU of claim 1l wherein the spread OFDVA
subassenbly is configured to recover comon pilots
transmtted on the first group of subcarriers. 5. The
WRU of claim 1l wherein the non-spread OFDVA
subassenbly inplenents at |east one of time-donmain
hoppi ng or frequency-domai n hoppi ng i n demappi ng the
second i nput data fromthe second group of
subcarriers. -10 0 6. The WIRU of claim1 wherein the
spread OFDVA subassenbly conprises a Rake conbi ner

6. The WTRY &fidRuinofl wherien themmeeed (DT DMA prkassedbbrromprises a Rake
.Subassenbly conprises a tine- frequency Rake conbi ner.

combiger.The WIRU of claim 1 wherein the receiver conprises
mul tiple antennas. 9. The WIRU of claim 1 confi gured
as a User Equipnment (UE). 10. A nethod for hybrid

7. The WHBYoofallaifn &quearein thevipgead GHIDMAbebasse COEDNEYS a time-

¢ co qicatHgns in awreless transmt/receive unit

requ?“éﬂﬁ%,e?W%e%ﬁfhod conprising: receiving hybrid OFDVA
synbol s, where the hybrid OFDVA synbol s incl ude
mul ti-user spread input data on a first group of

8. The WTRLI ofarlsinarddwherreis phe aeceivegyuomizntises nnltipls epdemnas.
group of subcarriers; processing the received hybrid
OFDMA synbol s to recover single-user spread input

9. ThEHBRU Se1hhe 1Méhbisubsehs §W§é®%ﬁ@ﬂexﬂmpn the
first group of subcarriers and the non-spread input
data fromthe second group of subcarriers; recovering

TSI S T TR O
commiﬁﬂgﬁt&ﬁ%g:hg %i Wide RES 06 shl1P¥lcetd! @nft (WTRUS the insthlo8@8mprising:
receiving hybrid OFDMA symbols, where the hybrid OFDMA symbols include
multi-user spread input data on a first group of subcarriers and non-spread input data
on a second group of subcarriers;

processing the received hybrid OFDMA symbols to recover single-user spread input
data from the multi-user spread input data on the first group of subcarriers and the
non-spread input data from the second group of subcarriers;

recovering single-user input data from the multi-user spread input data by performing

code domain user separation; and recovering second input data from the non-spread

input data.

11. The method of claim 10 wherein the multi-user spread input data is spread in at

least one of a time-domain or a frequency domain.

12. The method of claim 10 wherein the multi-user spread input data is spread by

repeating the single-user input data at a chip rate.

-11-



11. The nmethod of claim 10 wherein the nulti-user
spread input data is spread in at |east one of a

ti me-domain or a frequency domain. 12. The net hod of
claim10 wherein the nulti-user spread input data is
spread by repeating the single-user input data at a
chip rate. -11- 0 13. The nethod of claim 10 further
conprising recovering common pilots on the first

13. T% %hi?fi of Ullg%r 1d ﬁfr‘éher]c%mp}rg_ﬁgg‘%g&%rﬁfg On@hBh %Qlots on the first

I'n at least one of ti mal n hoppi ng or
groupfaf egbenaiersdomai n hopping is perfornmed in demappi ng
the second input data fromthe second group of
subcarriers. 15. The nmethod of claim 10 further
3 .t r I : i t- :
14. THOFRUAG] R SER R0 WH il e R R M oA iR dr requency
domaieohpppiairig peefoamaid ingddrhepsimgetde sacpud idpttdate frioimtlzee second
cqde, donmi n using a tinme-frequency Rake conbi ner. 17.
group-ph SUREAIASof cl ai m 10 performed by a User Equi pnent
(UE). 18. A Node-B configured to perform hybrid
ort hogonal frequency division multiple access (COFDVA)
15. Thonetiedcatdans 10 fumphestamprisingsaparatintgthespread ispngdata with a
spread OFDVA subassenbly configured to spread
Rake egmbinegiser i nput data to generate nulti-user spread
i nput data; the spread OFDVA subassenbly configured to
map the multi-user spread input data to a first group
16. Tife miebloat of elasn 20 rfarthepreeapriDykepatrdsse the ppread input data

.,..configyred.to map non-spread i t data to a second

withinya code gf’mé‘&l‘bé‘ﬁ’rqg %F’é?e'gﬁﬂu?ﬂ@’ Rggﬁg T bei ng
configured to transmt the nulti-user spread input
data and the

17. The method of claim 10 performed by a User Equipment (UE).

18. A Node-B configured to perform hybrid orthogonal frequency division multiple
access (OFDMA) communications comprising:

a transmitter comprising:

a spread OFDMA subassembly configured to spread multi-user input data to generate
multi-user spread input data;

the spread OFDMA subassembly configured to map the multi-user spread input data to
a first group of subcarriers;

a non-spread OFDMA subassembly configured to map non-spread input data to a
second group of subcarriers; and

the transmitter being configured to transmit the multi-user spread input data and the
non-spread input data over the first group of subcarriers and second groups of

subcarriers, respectively, as part of hybrid OFDMA symbols transmission.

12- o



non-spread i nput data over the first group of

subcarriers and second groups of subcarriers,

respectively, as part of hybrid OFDVA synbol s

transm ssion. -12- 0 19. The Node-B of claim 18

wherein the spread OFDVA subassenbly spreads the

mul ti-user input data in at |east one of a tine-domain

or a frequency domain. 20. The Node-B of claim 18
19. THRENE4O B g'leclﬁﬂﬁel%ngé% BB ST RIPDMA 88HS8sdelifbly spreads the

mul t1-user 1 nput data by repéating single-user inpu
multidaea imputadathiip atdeast dhk. of Bhémediem Biroér & fiwiquengy domain.

wherein the spread OFDVA subassenbly and t he non-

spread OFDVA subassenbly maps the first group of

i t i reads the

20. THE SR BE IS TR D A pUR] R DRLRERb Bl ore
multiapee o GRRVA lyulepsatinglsyngle assminmut dgarasra ghipanse.on

the first group of subcarriers. 23. The Node-B of

cl ai m 18 wherein the non-spread OFDVMA subassenbly

21. T?@R{I&{Ee-ﬁto? d:ld?ﬁn h8asheR0E t1 shreFE- OPIMA SUBBRLI]9 and the non-

requency-donal n hoppi ng i n mappi ng the second I nput
spread @RDMA sulemssembhymgpe tihe fifstgrbepof suhcarrigrs arkhihe second group
Node-B of claim 18 wherein the transmtter conprises
of subgarets| dyngmicales. - 13 0

22. The Node-B of claim 18 wherein the spread OFDMA subassembly transmits

common pilots on the first group of subcarriers.
23. The Node-B of claim 18 wherein the non-spread OFDMA subassembly implements
at least one of time-domain hopping or frequency-domain hopping in mapping the

second input data to the second group of subcarriers.

24. The Node-B of claim 18 wherein the transmitter comprises multiple antennas.
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