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sigﬁgnce assigned to the user. The FH sequence
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[0003] An OFDMA system utilizes OFDM and can support multiple users

simultaneously. For a frequency hopping OFDMA system, data for each user is
transmitted using a specific frequency hopping (FH) sequence assigned to the user. The
FH sequence indicates the specific subband to use for data transmission in each hop
period. Multiple data transmissions for multiple users may be sent simultaneously using
different FH sequences. These FH sequences are defined to be orthogonal to one
another so that only one data transmission uses each subband in each hop period. By
using orthogonal FH sequences, intra-cell interference is avoided, and the multiple data

transmissions do not interfere with one another while enjoying the benefits of frequency

diversity.



[0005] In an aspect, a nethod of wireless nulti-carrier
comruni cati ons, conprises dividing sub-carriers on an
uplink into non-overl appi ng groups, allocating at |east
one time-frequency bl ock, each tinme-frequency bl ock
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assigning a different set of orthogonal codes to each
user, spreading synbols of each user over the
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generating an orthogonal wavcform based on the mapped symbols, and means for
transmitting the orthogonal waveform.

[0008] In yet another aspect, a computer readable media embodying a method for
wireless multi-carrier communications comprises dividing sub-carriers on an uplink into
non-overlapping groups, allocating at least one time-frequency block, each time-
frequency block having a hopping duration and a non-overlapped group, assigning a
different set of orthogonal codes to each user, spreading symbols of each user over the

allocated at least one time-frequency block, wherein the symbols of each user are spread

using the different set of orthogonal codes assigned to each user, mapping each symbol
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[0010] Various aspects and embodiments of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features, nature, and advantages of the present invention will become more
apparent from the detailed description set forth below when taken in conjunction with
the drawings in which like reference characters identify correspondingly throughout and
wherein:

[0012] FIG. 1 illustrates the concept of MC-CDMA in the context of FH-OFDMA in
accordance with an embodiment;

[0013] FIG. 2 shows a block diagram of a terminal in accordance with an embodiment;
and

[0014] FIG. 3 shows a block diagram a base station in accordance with an embodiment.



[0014] FIG 3 shows a block diagrama base station in

accordance wth an enbodi nent. WO 2006/ 069299
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word "exenplary" is used herein to nean "serving as an
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desi gn described herein as #exenplary" is not

necessarily to be construed as preferred or

advant ageous over other enbodi nents or designs. [0016]

An OFDVA system may be deployed with nultiple cells,

where a cell typically refers to a base station and/or
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subband in one cell acts as interference to another
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reque op an_avera
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averaging and decreases the required margin. Fast frequency hopping rate is especially
beneficial for certain types of transmissions that encode data across multiple frequency
hops and which cannot use other techniques, such as automatic request for
retransmission (ARQ), to mitigate the deleterious effects of interference.

[0019] Multi-Carrier Code Division Multiple Access (MC-CDMA) system with an FH-
OFDMA uplink is a communication system based on a combination of CDMA scheme
and orthogonal frequency division multiplexing (OFDM) signaling. MC-CDMA is an
effective transmission technique on the downlink, as the orthogonality between

multiplexed signals can still be preserved even after going through a multi-path channel



and orthogonal frequency division nultiplexing (OFDM
signaling. MC-CDMA is an effective transm ssion

techni que on the downlink, as the orthogonality between
mul ti pl exed signals can still be preserved even after
WoroegoeRough a nulti-path channel WO 2006/ 0&92352005/046741
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averagi ng over tine. In an enbodi nent, sub-carriers on
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' %ﬁbﬁﬁﬂ/ﬁp%ﬁlp‘olyga clos%-tl(go%eﬁphgﬁ ‘time-control mechanism to ensure that all

uplink signals arrive within a small time window (i.e., within a cyclic prefix duration),
which helps facilitate inter-symbol interference (ISI) and inter-carrier interference (ICI)
mitigation.

[0023] In an embodiment, FH-OFDMA supports MC-CDMA multiplexing either across
different users or across different signals from the same user. Figure 1 illustrates the
concept of MC-CDMA in the context of FH-OFDMA in accordance with an
embodiment. The horizontal axis is for OFDM symbols 102. The vertical axis is for

sub-carriers 104.



[0023] In an enbodi nent, FH OFDVA supports MC- CDVA

mul tiplexing either across different users or across
different signals fromthe sane user. Figure 1
illustrates the concept of MC-CDMVA in the context of
WORW@FDMRYY n accordance with an enbodi ment. PR&/US2005/046741
horizontal axis is for OFDM synbols 102. The verti cal
axis is for sub-carriers 104. WO 2006/ 069299
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[0029] This technique is particularly effectlve in multiplexing low- spectral efficiency
transmissions from different users (e.g., pilot symbols, ACK/NACK symbols, etc.) over
the same time-frequency allocation on the uplink. Furthermore, this technique can also
be used to help alleviate link budget constraint in certain scenarios.

[0030] As an example, a one-bit transmission (e.g., a pilot or ACK/NACK symbol) on
the uplink is considered. In order to meet the performance requirement, a certain
amount of received SNR must be achieved. A user can either transmit the bit over one
transmission at a very high power or transmit at a lower power over several
transmissions (e.g., through repetition). The former technique results in high bandwidth

efficiency (i.e., only one transmission is required) but may suffer from link budget



transm ssions fromdifferent users (e.g., pilot
synbol s, ACK/ NACK synbols, etc.) over the sane
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reliable detection at the receiver ut this is at the
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reasonabl e amount of bandwi dth. A structure wt
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| atter point, consider a_ scenario where a user
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time-frequency S, a user tra s over
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t RBF Tat grt%%‘%onfﬂs SPIK SSEEIFS 1D GHG & ottt symbol.
t iorhopsralyepeyd byrabds arakbn phi @ckplﬁaphdtmarb &Hi@oIffon@tvhich an
m&)%ID KIN users. Clearly, if the channel remains fairly
M waveform can be generated.

[0032] By assigning an orthogonal code sequence to each user, up to K users can be
multiplexed in each time-frequency block while still being able to collect the same
amount of energy (after despreading). In addition, since each user is now transmitting
over the entire time-frequency block, a saving on the link budget is an immediate
byproduct. The link budget saving comes primarily from the fact that each user is
transmitting over a longer duration.

[0033] This transmission technique can also be generalized to work in a setting where

users are transmitting more than just one bit each. In particular, it is always possible to



constant (in both tinme and frequency) over each
ti me-frequency bl ock, one can readily apply the
MC- CDVA nul ti pl exi ng techni que. Towards that end, each
user is assigned one of the orthogonal code sequences
WO 2000de2% e a respective data synbol . PCT/US2005/046741
Ot hogonal | y-spread synbol $ are then put on appropriate
sub-carriers fromwhich an OFDM waveform can be
generated. [0032] By assigning an orthogonal code
S r
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spreading) is 1nherent transm ssion. [0034] In
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as_a n 0 all ew li nk g trant
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transmtting a coded synbol over one _transm ssi

(0036]hay of WGHYR Feigindf ddPt Arfnsoqes/intelaayengls feceé%tr%fgaé’ata from a
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power, at different tine instants (i1.e., through

r @pe@detllrml;)wer@lééorln}ats legcadpp lapd nrgerﬂeheeqouhg pessvgd We@rto provide
éedpJaF L@grrodgﬁ 2:IutJ ﬁientnlg]hoeduga?e% éﬁe %{dﬁd %%tlflll %a&%n%a?& with one or

eve over

mnmrmdu[aﬁeﬁ&]ché?hgu(e% 2 QPBRWM PSHKI, QVIIQ,dlvagmﬂmmfon}amo provide
errbodhmsnt oL a term nal
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Figure 2. [0036] Wthin termnal 220x, an

eH&@d@TmeWI%mévamz receives traffic data froma
[0037]3 g: g ??\g ﬁn(fg)lg%rﬁ?(?lggf)g ?ﬁgh%l“c%mg ?r%zlue(?\lcy %gf)ﬁngqu 61:@:1‘\}’1 processing
for the data symbols. Within OFDM modulator 220, a TX FH processor 222 receives
the data symbols and provides these data symbols on the proper subbands determined
by an FH sequence for a traffic channel assigned to terminal 220x. This FH sequence
indicates the specific subband to use in each hop period and is provided by controller
240. The TX FH processor 222 provides data symbols. The data symbols dynamically
hop from subband to subband in a pseudo-random manner determined by the FH
sequence. For each OFDM symbol period, TX FH processor 222 provides N “transmit”
symbols for the N subbands. These N transmit symbols are composed of one data

symbol for the subband used for data transmission (if data is being transmitted) and a

signal value of zero for each subband not used for data transmission.



Encoder/interl eaver 212 formats, encodes, and

interl eaves the received data to provide coded data. A

nodul at or 214 then nodul ates the coded data in

accordance with one or nore nodul ati on schenes (e.

VAPBIG/O0GRPSK, M QAM  and so on) to provide mBEGIUARI0Ep6T41

synbols (or sinply, "data fynbols"). Each nodul ati on

synmbol is a conplex value for a specific point in a

signal constellation for the nodul ati on scheme used
[(b038f2‘:’r thah #odd Fhd FduB¥MB@hsfortdD OFFET) ARit FIMVkdreBE MON transmit

perforns frequency hoppi ng and OFDM processin for
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transrit P;gég?n‘oo s§forﬁgac (J:aDM synbol Serl gd | FET Do ore

URiréan2@OFD®Isyirbansf ornms the N transnmit synbols to the
time domain using an N-point inverse FFT to obtain a

[0039% t r ansAdransit (TX) pihesiProgssor 230eeaives the stcam-of gaichips and at least
dat ?1101059ng§ylln 53 11@ﬁﬁ>ﬁ>c9§§brpzé(ﬁ géh% e&g#%r&!@hé& bifbe. PEX pilot

transmtte eri od iprateis
r pratsdr 230 pﬂwdwersabam bﬁﬁmwsdmth ct)fps tA rasywttemunit @MTR) 232

cyclic efix eratr22 ceives, the N data.chips .

F oreeeeh M sy AR Rl ey iy SSRR = ARl sppfpichls Bnsmivea
tmrbntarmse‘nawwtostyab@lesmoﬁ orm an OFDM synbol that
contains N+C, data chi where C, i s the nunber

of
(00405t o chiggte bedomg 2 B %E’é%i“ ofrpeerpRasiimend of g Hate %%vomsﬂ()x which
ofid &R &1ethba&dsthifon@Sn DIIMAI §sBhmeSdox pd?%ﬂnéhdf@egnl&o(he receiver

conmbat inter-synbol interferénce (I1Sl) cau
f perjige ot hasg elation 210x if aldivngn figare 30FDM synbol peri od

[0041f0r res n%ﬁodh]%betéirﬁ%n%}] {r%rt&i/mq ecp {))b ng:%x:?serzrttég%w%\l\g} %rb antenna

PROY.i m%reaelséd sigimal dfonsl aﬁtanrﬂmis fn@Mdad to and processed by a receiver

unit (RCVR) 254 to provide samples. Receiver unit 254 may further perform sample

rate conversion (from the receiver sampling rate to the chip rate), frequency/phase

correction, and other pre-processing on the samples. Receiver unit 254 provides a
stream of “received” chips.

[0042] A receive (RX) pilot processor 260 receives and processes the stream of

received chips to recover the narrowband pilot and the data chips transmitted by

terminal 220x. Several designs for RX pilot processor 260 are described below. RX

pilot processor 260 provides a stream of received data chips to an OFDM demodulator

270 and channel gain estimates to a digital signal processor (DSP) 262. DSP 262



stream of OFDM synbols. [0039] A transmt (TX) pilot
processor 230 receives the stream of data chips and at

| east one pilot synmbol. TX pilot processor 230

generates a narrowband pilot. TX pilot processor 230
woauwaes2on stream of "transmt” chips. A trangdigd8ds046741
unit (TMIR) 232 processes iphe stream of transmt chips

to obtain a nodul ated signal, which is transmtted

froman antenna 234 to the base station. [0040] Figure

3 shows a bl ock diagram of an enbodi ment of a base

SPrREdsens thel ohenneligairhestimates e olpintchannshsspasa estipaies yped for data

%%u?a\ﬁ%%e d%&%tef? losi mplicity, only the receiver
|

ion o ase 's on 210x is shown in figure 3.
[0043][ 0041] Within OBDM déeraddsatgn2il0, tircgeismprefie detbyva eniri2ialreceives the

220x i s receiyved an antenna, 252. The recejved .
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processin ecel ver unit
pbl&mmdeBe N reder\eamyofbol'sr ﬁmaiavled)Fli penbol G@4i2yi ahd provides the

receiv roce rece|ve and cess
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PEytol ?&%d henedptafie Ehhﬂb‘énd framSMiéR RCbURn tﬂeae&elml da?2fnbol in
Several designs for pil ot processor 260 are

deash O pEtehperod lsmese@mlrﬁﬁ dyeBe &H seaperse Jo1 Hiedragtic channel
fo
SRRl aRrg10d, SASE AR B RGN SRR ADOT Sivce

pdaie éssoTiss{dSH) teﬂﬁlzal DBP dgGivilly20p6 r06:9528Band to subband, RX FH
PCT/ US20 046741 . 10. roc sses .t he chan gai n .
CERPIRETOe GOShEs i VBRE A TSkt eceatr e, betuny p2gx and
dpfoRidesl EROEEH Wdi Ak sydsbotheBei itheptop@! savbant90FRE FW defisdhce used
OFDM denodul at or 270, a cyclic prefix renoval unit 272

r By BiX/BH Professos 276 ahbase Sﬁaé@b?l%ds dher wmeraspghe BHdeRuanes seed by

sy%‘o%%‘ %{1‘60%381: 9&2 At @Bﬂﬁﬁfj%b { OM%%% er! Bfe H%g%ugﬂ:% b&slgl station

obtain a recel ved transforme .
ual(lx zﬁﬂétemlhed 220x aresfyoehrenizalc FRX é&bpme@smﬁk@sﬁrovid&h stream of

nbol using an N-point FFT to
gvﬂj%ﬁ? é@ g?@m ‘the N subbands. An RX FH
[0044]p roc eSE&hodmﬁor @80 ate&ivésh@ndN doR&Bhte defvablales dher re@@@éli data

OFDM synbol period and provides the received synbo
f F)GTPﬁotlﬁhlé“tb s elanaeyeEnenseaestimates fer Rﬁé’d@a@aownﬂ%ﬂovwsﬁ data

tgﬁﬁbog.:Dthe channel response estimates are for the subbands used for data
transmission. Demodulator 280 further demaps the recovered data symbols to obtain
demodulated data. A deinterleaver/decoder 282 then deinterleaves and decodes the
demodulated data to provide decoded data, which may be provided to a data sink 284
for storage. In general, the processing by the units in base station 210x is
complementary to the processing performed by the corresponding units in terminal

420x.
[0045] Controllers 240 and 290 direct operation at terminal 220x and base station 210x,
respectively. Memory units 242 and 292 provide storage for program codes and data
used by controllers 240 and 290, respectively. Controllers 240 and 290 may aiso

perform pilot-related processing. For example, controllers 240 and 290 may determine



synbol period. The specific subband fromwhich to

obtain the received data synbol in each OFDM synbol
period is determ ned by the FH sequence for the traffic
channel assigned to termnal 220x. This FH sequence is
W0 20p6/0@29%y a controller 290. Since the dat CT/US2005/046741
transm ssion by term nal 220x dynamnically hops from
subband to subband, RX FH processor 276 operates in

uni son with TX FH processor 222 in term nal 220x and

Q\H ?ﬁt&{[bﬁs W ezi P{eﬁﬂ)»\qﬁﬁ@ EMEBP%MEXOZEOR Qﬁmﬂa ‘BQ%ransrr%lged and

ban sequence processor
atecbaederespanuvehy 210x is the sane as the FH sequence

used proces 22 t termn 20x. .
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t B¥dt1aRd datd 3R ¥hedre PerSe/ MEKN r S (G €6 di fReSe fittpride0si B AV be performed for
provi des a stream of received data synbols to a

dBhg@nd deta ranggssigoete fewawding or 280 recei ves and
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t he channe sponse estimates from DS
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are for, the subbands ta SﬁlS
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S Yl ses lsOc o tdic fete MERDIBHE adMIT). dat a. A

dei nter| eaver/ decoder 282 then deinterl eaves and

[0048]g e c odeEhe fehnigussuigenribed ergin may c?eplfseﬂ/ farettgeydagroykend uplink
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uni t S

genera the processi ng Ph’base statio
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o P FEPRRDE el 65isR L ot B Sl B ool w 13
2&@nmmtbntmﬁ~er slarthredti@d Osts. respectively. Menory units
and 292 provide storage for rogram c&;ges and data
[0049]used byh%ﬁﬁtﬁmﬂ)‘fePéiF%C”?ﬂ‘b SfRG BYYHP F'@Eﬁ’@é'ﬂtF pyarious means at the

Coitshithdrednd @i CGreddiéhr2 %héT?Mota!nﬁp datR §Ird QL é3 A %e fréenh s@‘tlﬁg and

processi ng. For exanple ontrollers 240 and

desceiven may \n© @d@ﬁﬂ%w@@d\@@w BEDG0S/ @%?Mbmmort Hhereof. ndFor a
whand pi | f | 22 .

| ﬁgrg{vér% iR maeﬂga?non,atnr SrOE%leggulcr:lggi(le oﬁ“X XA F())g]g%]o%e 93%) RX pilot

[9@4&];0%060 CD8Pi 222, dndgstf ea) Zn&’ynde 3@mntddaﬁ'$tmn83h@rbr more
and reception, respective pi |l ot and data on

- SRR ARG iisEred Clbcwtamlé%s)e (eiat garad gr%@SS%¢%88> digital

PEEADT PRAeSAE dBVibRt (BEphgat h S B4
orgvvar g%l ?Sn g [0647] (The ?ecrﬁ%%rqﬁggmgezig??bdeéglchef(gLr?S) field

nas@g@@m@éﬂj gaoe arrdys e f5RMAS), hpiopésaers,ORDNollers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described

herein, or a combination thereof.

[0050] For a software implementation, the pilot and data processing at the transmitter
and receiver may be implemented with modules (e.g., procedures, functions, and so on)
that perform the functions described herein. The software codes may be stored in
memory units (e.g., memory units 242 and 292 in FIGS. 2 and 3) and executed by
processors (e.g., controllers 240 and 290). The memory unit may be implemented
within the processor or external to the processor, in which case it can be
communicatively coupled to the processor via various means as is known in the art.

[0051] The previous description of the disclosed embodiments is provided to enable any

person skilled in the art to make or use the present invention. Various modifications to



systemas well as other wireless nmulti-carrier

communi cati on systens. For exanple, these techniques

may be used for systens that enploy other nulti-carrier
nodul ati on techni ques such as discrete nulti-tone
W@DY/069pP048] The techni ques descri bed her ei RCHEF2008046741
used for efficient narrowbdhd uplink pilot

transm ssions in a Tinme Division Duplexing (TDD)

depl oynent. The saving is in both system bandw dt h and

' - I Y h -
e AR B Redd i aon i (HRRE LGNV e generi
spriricsplesedetinedi deeint maynbarapipdied tsothypmdmbodanerks ithout departing from
transm ssi on ngFr.over t hy.ee %ine slots..koo49 .Thedd b
t BERRIG CESCHER T EY M i 1'UTalP® RESSF NP ETERD &Yy Pyintended to be
VAfMited!So TRARMbBGInteR® shovangditih tiit iand dehgecorieai tHerwiddsh&cope
pil ot and data processing at the transmtter and

r RNSistERt Wit jhegusingiples andrayvel featvegsdlivglosed kegeipvwar e, or a
conbi nation thereof. For a hardware inplenentation,
the processing units (e.g., TX pilot processor 230, RX
PWHAT ISrCicABdBD IS60, DSP 222, and so on) may be

i mpl emented within one or nore application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field progranmble
gate arrays (FPGAs), processors, controllers,
mcro-controllers, mcroprocessors, other electronic
units designed to performthe functions descri bed
herein, or a conbination thereof. [0050] For a software
i npl enentation, the pilot and data processing at the
transmtter and receiver may be inplenented with
nodul es (e.g., procedures, functions, and so on) that
performthe functions described herein. The software
codes may be stored in nmenory units (e.g., nenory
units 242 and 292 in FIGS. 2 and 3) and executed by
processors (e.g., controllers 240 and 290). The nenory
unit may be inplenmented wthin the processor or
external to the processor, in which case it can be
comuni catively coupled to the processor via various
nmeans as is known in the art. [0051] The previous
description of the disclosed enbodiments is provided to
enabl e any person skilled in the art to nake or use
the present invention. Various nodifications to WO
2006/ 069299 PCT/ US2005/ 046741 12 these enbodi nents
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other enbodi nents w thout departing from



the spirit or scope of the invention. Thus, the present
invention is not intended to be limted to the
enbodi nents shown herein but is to be accorded the
wi dest scope consistent with the principles and novel
features disclosed herein. WHAT IS CLAIMED I S: 13
CLAIMS 1. A nethod of wirel g@ss nulti-carrier
comuni cations, conprising: dividing sub-carriers on
an uplink into non-overl appi ng groups; allocating at
| east one tinme-frequency@lLAadMSeach tine-frequency
bl ock having a hopping duration and a non-overl apped
group; assigning a different set of orthogonal codes to
eac ver the
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or t hogonal maveforn1based on the mapped synbol s; and

t pEBrEsINg 4 qilffgrenhw offmtf@gomﬁémdr\ﬁ\v@mh wser2. The met hod of
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wherelDthe @ymbd;lapmaag ugdfr(abepsprefﬁd ufing theedifferdntakt 6ff @thdzbnal codes assigned
wherei n generating the orthogonal waveform conprises
to each iy at i ng an ort hogonal frequency division nultiple

( %ﬁ%%‘é@é{@c hRaMsyABS YRS RLRtiod ST the @gleglﬂ%ne t1r[r)1|c<:/|frequency

ort nal maveforn1conpr|ses transmtting t
bkwkmavefornl 4. The nmethod of claiml, wherein generatlng

oG BRA TP Rg Gy U1 SLBH hOF a1 RASLS*(orDM A

e @dneltt Mg tRNGHIIEH L iwhvefoFransi tting the orthogonal
wavef orm conpri ses transmtting the OFDVA waveform 5.

The nethod of claiml, wherein the non-overl apped

2. gr‘[ﬂ%’%t%ﬁ%f%ﬁgﬁqe&q@r wdﬁiggJﬁ‘SarH&%?%e?E Bﬂg?}d?)\ﬂtiding

wher el n spreadi ny sy nprises spre
contigipndaibscarrieds infa a Ffdnmmtah]mdg gfoupl ai m 1, wherein
spreadi ng synbol s conprises spreadi ng ACK/ NACK
synbol s.

3. The method of claim I, wherein generating the orthogonal waveform comprises
generating an orthogonal frequency division multiple (OFDM) waveform, and wherein

transmitting the orthogonal waveform comprises transmitting the OFDM waveform.

4. The method of claim 1, wherein generating the orthogonal waveform comprises
generating an orthogonal frequency division multiple access (OFDMA) waveform, and wherein
transmitting the orthogonal waveform comprises transmitting the OFDMA waveform.

5. The method of claim 1, wherein the non-overlapped groups hop independently.

6. The method of claim 1, wherein spreading symbols comprises spreading pilot symbols.



8. The nethod of claiml, wherein spreading synbols
conprises spreading CQ synbols. 9. The nethod of
claim1, wherein spreading synbols conprises spreading
Request synbols. 10. The nethod of claim1l, wherein
t he orthogonal codes are Wal sh codes. 11, The net hod
of claim1, wherein the orthggonal codes are Cold
codes. 12. An apparatus for wireless nulti-carrier
conmuni cati ons, conprising: nmeans for dividing
7. siibe owthod @f slaon 1 awherpinispicading eynmtmrs congprisapgireaglingy AGREYACK
ans for allocating at | east one tine-frequency bl ock,
Symbggch ti me-frequency bl ock having a hopping duration
and a non-overl apped group; neans for assigning a
different set of orthogonal codes to each user; neans
8. f dhe gthod @if alging y miybireingpreading symlals eppenrisehepregdingca®@bgymbols.
at | east one time-frequency block, wherein the synbols
of each user are spread using the different set of
9. offThbagdivdlof clattes, whasingpeddihg syaladis crsegrisesrgaaslifeoRequest
qapping each spread synbol to a nodul ation synbol in
symbelpe” at | east one time- frequency bl ock; means for
generating an orthogonal waveform based on the napped
synbols; and neans for transmtting the orthogona
10.  wadhefrnsthed of 8laimi, wpgraindhaigrtifogpnalicoddsessWalshtcpdasar ri er
comuni cations, conprising: a controller operative to:
di vide sub-carriers on an uplink into non-overl appi ng
1. gmaepthodlof oRah @, Aherki@abd ofaRotdl dBdds ha00eldeyddl ock,
each tinme-frequency bl ock having a hopping duration
and a non-overl apped group; and assign a different set
12. OrQUbhaBONG! witQEe i@ cERE cdtBilnicy B AR BASAL
operative to: 15 spread synbols 6} each user over the
aneaesfoedivating sdstarmareon ameplinkdéooencypviillappkng gubersei n
the s ols of each user are spread using.the different, .
s St Pp iR b el Ry Dlod SadrineBpotegrgbigphavine
a hoppiag duSyewad 4 fordoveRidppedtdr@rp; synbol in the at |east one
ti me-frequency block; and a transmtter operative to:

means for assigning a different set of orthogonal codes to each user;

means for spreading symbols of each user over the allocated at least one time-frequency
block, wherein the symbols of each user are spread using the different set of orthogonal codes
assigned to each user;

means for mapping each spread symbol to a modulation symbol in the at least one time-
frequency block;

means for generating an orthogonal waveform based on the mapped symbols; and

means for transmitting the orthogonal waveform.

13, An apparatus for wireless multi-carrier communications, comprising:
a controller operative to:
divide sub-carriers on an uplink into non-overlapping groups,
allocate at least one time-frequency block, each time-frequency block having a
hopping duration and a non-overlapped group; and
assign a different set of orthogonal codes to each user;

a processor operative to:



generate an orthogonal waveform based on the mapped
synbols; and transmt the orthogonal waveform 14. A
receiver in a wireless nulti-carrier comunications

system conprising: an antenna for receiving an

ort hogonal waveform a denodul ator for denodul ating the

ort hogonal waveform thereby creating spread synbols ;

a processor for determningisa time-frequency block from
the spread synbols; and a de-spreader for de-spreading
the spread synmbols in the tinme-frequency block wusing a

di f f er emgadsgmbels op pachagermakr e dBecatpdsit ipaetpne dimealienuency block,
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processor ing-a or W
toemhmhﬂ;mﬁarrler comuni cations, the nethod conprising:
di vidin carr ers on an u k into non-overl
gr oups™ PP s g kaion shabd iers @aa&a&ym@%@em@b'mk
eaeh time-frequency bl ock having a hopping duration
and a non-overl apped group; assigning a different set
of transhgforpalativotie s to each user spreadi ng synbol s of
each useenrera VenrorLO nal a se ?hSt on%d bols: and
time-fFequent l]ggf'w er |% 983 IS B e M “user
are Spﬁ@ﬁduumeBgmkﬁﬂmdwﬁéﬁﬁmnt set of ort hogonal codes
assigned to each user; mapping each spread synbol to a
nodul ati on synbol in the at | east one tine-frequency
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nappe sy transmtting ort hogona
wav ef oammantenna for receiving an orthogonal waveform

a demodulator for demodulating the orthogonal waveform, thereby creating spread
symbols ;

a processor for determining a time-frequency block from the spread symbols; and

a de-spreader for de-spreading the spread symbols in the time-frequency block

using a different set of orthogonal codes assigned to each user.

15. A readable media embodying code executable by a processor for implementing a method
for wireless multi-carrier communications, the method comprising:

dividing sub-carriers on an uplink into non-overlapping groups;

allocating at least one time-frequency block, each time-frequency block having a hopping
duration and a non-overlapped group;

assigning a different set of orthogonal codes to each user;

spreading symbols of each user over the allocated at least one time-frequency block,
wherein the symbols of each user are spread using the different set of orthogonal codes assigned
to each user;

mapping each spread symbol to a modulation symbol in the at least one time-frequency
block;

generating an orthogonal waveform based on the mapped symbols; and

transmitting the orthogonal waveform.



