MC- CDVA MULTI PLEXI NG | NAN ORTHOGONAL UPLI NK BACKGROUND
Field [0001] The present invention relates generally

w0 0060601Ni cati on, and nore specifically to teedmuspeeso46741

[0001]

[0002]

[0003]

for supporting nulti-carrier code division nultiple
access (MC-CDMA) in an orthogonal uplink of a wireless
comruni cati on system Background [0002] In a frequency
hoppi ng spread spectrum (FHSS) conmuni cation system
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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.
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all ocating at | east one timne-frequency bl ock, each
ti me-frequency bl ock having a hopping duration and a
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generating an orthogonal waveform based on the mapped symbols, and means for
transmitting the orthogonal waveform.

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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BRIEF DESCRIPTION OF THE DRAWINGS

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:

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

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

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



wherein: [0012] FIG 1 illustrates the concept of
MC-CDMA in the context of FH OFDVA i n accordance with
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a termnal in accordance w4 h an enbodi nent; and
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greater reduction in the data rate for the data transmission, which limits system capacity.

Frequency hopping can average the inter-cell interference and reduce the
required margin. Increasing the frequency hopping rate results in better interference
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.

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



averagi ng and decreases the required margi n. Fast
frequency hopping rate is especially beneficial for
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subcarriers

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.

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,
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This technique is particularly effective 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.

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
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axaensravn vlRkgeh s Radd W e QU RSk NeaddaRAoPRAbAY From each block.

| onger transm ssion tinme. Longer transm ssion time of

Asyxaies KeCrhane areractoial pEKimodudatipnpyobeksgiengmeifneguancyt hleck, each
apsmtter, especiallyjn- a syst ere, H WS, ,

bUeBR ol Eh s BRRERL Haral A Dol Rl S el remains fany

tehdnit Guebdtih finei MdafbdqReidy) PasPEach Ufnhd-frequthc ABIVER] o can readily
frequengﬂy ference diversity while still_ usin

[inter . . g . :
PRRl¥ ShraMiCe CiM A pulgplesingdaghaiane: Aogrardicthat @ndypagh user is assigned

gfr?g\s/?g Elif{ ;&th%%ﬁajl Clodd' Qé’cﬂlehé’e‘gpk&%sm%dﬁf ?égpective data symbol.
Orthogonally-spread symbols are then put on appropriate sub-carriers from which an
OFDM waveform can be generated.

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.

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



can be used. In this setting, a user transmts the
one-bit quantity over nultiple tinmefrequency bl ocks in

woeaencrod | ect frequency/interference diversitBCT/US2005/046741

[0034]

[0035]

[0036]

[0037]

Furthernore, nultiple users$ are orthogonally
mul ti pl exed over a particular tinme-frequency block to
mnimze the overall bandw dth consunption. To see

this latter point, _ consider wher e use

o i SRS b i Py PEVER e PTGl BLipleved over

é\%ﬁut%elf}a:ahedxytmaaéges Sthaﬁgh foldlivetdid spreadiRay. t TRU@E bandwidth

time-frequency bl oc e., a user transmts over a

soting, h@ﬁwemmrtﬂlldcqo@es ml@nanpﬁltlcm ensle r(wheduis racfprm of spreading) is
n nbo .s fromeach bl ock. Assum ng t hat

ﬂﬁgﬁ@?éﬂﬁ ga %?%?O%f K nodul ation synbol s per

ti me- i @IFEAOFDM A cdttingachpditoakcodan difteusefilppamiecads to alleviate
nost KTN users. Cearly, if the channel renains fairly
bk dudgnt copsiragit for .1%@%&%*@@%%99(‘%@9 Bm"@aelh a user may not be
LOSR ¢ Y
R0 B Reky RURR el VR kR LB syrpboover one
trarymissomsGngnag dngtiiig hﬂmenmnmlhogmadanmdeasleqummnbol over
0 ﬁﬁdulate.a resg cti data s g

a 61‘,2}8?1{1?819%& W BIVET BQWER ﬁ%ﬂlfﬁ{ﬁnt 61ﬁne instants (i.e., through
ARE QB At RadH O)J @%ﬁ]eféf Sposel |u§é} IﬁﬁltlgéWgV@Mﬁﬁ@femhe desired
can be generated. assi gni ng an orthogonal
cosdls cgrelqmcrin@eﬂovle drmluselthe bﬁpdw&tkowée%i tegrmipemum.
mul ti lexe e [ [
pei ng i o2 eaubR Pk (et Z4R HballrR o bR Ay, which s
d86 prf abelitergninals Nin OEDM O RystemnDE). edwh siudplicitys ondyvthe transmitter
transmtting over the entire tine-frequency block, a
§9m°ﬁg>féﬁmrr?é 2P9xis shawpét Figdredh i mredi ate bypr oduct .
The |igp Iﬂh}? YOG ha1SEx " Gn CARRR e TBNVE L i}f %Je@%affﬁ&ﬁata from a
that each user Is transmtting over onger durati on.
daxa 3 jurcEn2 $0 tandnpoessibéy @ontrac tiataqami other alago fipen a controller 240.

%ﬁg@%r{tf?r f%g/grg% OFWIQ{J? ? te% Iﬁlgg BPtFSéaSISE er%eelrved data to provide
B&dddl daid. aA mébduldtdr 244@¥S nRRASRIA! tRe E&ITAtiata/ int &2€ordance with one or
transm ssion of each user such that mnmultiple users can

pererhedubitionesthomes (egchQPSke Mfﬂﬁ‘i}eM':QA@ﬂ()@Rd (so. en), to provide
thrOﬁggn asgdg{?zb%rat i g.r egaq bolshf tﬁ%c% %‘?jﬂi%gﬁ symbol is a

COI’TES tron co

cokpleR viafuedfof arspedific %)ane&dhl’s@nal Sorisfﬂhlaﬁ@mforttbe influlation scheme
transm ssi on. é0034] In an FH OFDVA setting, a
pegsdor thabmodglgdon symbado useful as a means to alleviate

thgegﬁdléﬁ]b&%@wagdru@ggr fé?forhgéﬁe@lg%y ifppirdelarft OFDKI 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.



able to neet the received SNR requi renent when
transmtting a coded synbol over one transm ssion. One

wown606929®et ti ng around this is to transmt eachCTUS®AS/046741

[0038]

[0039]

[0040]

[0041]

[0042]

synbol over nultiple transmi ssions, each with | ower
power, at different time instants (i.e., through
repetitions). CI earl y by appl yi ng the proposed user

mul tipgl exin t re can be .
Tt AR R R oo BE RIS WRE ek EaRvaothg N transmit
B baTy for e[aeﬂaﬂm?ﬂ GBI BerSRDWFFT (Hi02k BeRehAdTbPhs AB N transmit
enbodi nent of a term nal 220x, which is one of the

sEnpeln 4P $he H”@Itﬂmalsy@t"érﬁUZUfpomolm%ﬁSWcﬁot gbtaigrd ytransformed”

E{&ga&rl etﬁlﬁsc%{gggéjl B%et o%al gg&rh?; 18%218’25%%@ ghlg hsoﬁl\@oﬂlﬁex value to

eacadanitied e bheaMprpeaaaa (Bleechip satt iafeldted tbagha oveammtandwidth of
data source 210 and possibly control data and ot her

Hiet &Y¥§BM o cOXfliF oPEEK éﬁzv@ratcﬁn8%@ereslqlvﬁSefheelabéatazqups for each
H3hdIBined H63d répRsls la mgio%clneérvtﬁé u‘iah‘sff Xr%l R foRmlfA OFDM

provi de cdded data. A nodul ator 214 t tes the
syrdbal tHatt @onitaina ¢ &1 adare chipshwhere qulsnthe aumbdtibAdatarchips being
schenes (e.g., QPSK, MPSK, MQAM and so on) to

papeutede ledmbeatccblpoﬂy]mbﬁl(ﬂteﬁabfmedpbyas 4 detle prefix and is used to

| | )
FUPBS Budromil seEeRe SRF SRGRA b dRarpun ledtBe Fine. An
OFONI ayhihd O?%H@@Qoﬁéﬁﬁ)nﬁ@ﬁo ttllikaﬂul’iﬁgh”cﬁftdrfénOFDWb@&mbol which is
[ 0037] "An DM nodul at or 220 perforns frequency

R p 61, nehim neti @S DI yotio pesfisi gapefator 226eprdvitdes & yindzob of data chips for a
Wt hin OFDM nodul ator 220, a TX FH processor 222
pleerei 0QFDNesyabals.synbol s and provi des these data

S eauof st e BFproS AR C R AR Yy s and at e

3ROpilotT ByrabdtH TEOPI@RCEoLdICHrC2R(E gertdhes Qefi‘drxfol\xibaﬁdl and TX pilot
to use in each hop period and is provided

ersesser P40 pomedes tharepsn o (HNSBES <HiPs2 22 t{ﬁnwrt@ésmaa(FMTR) 232
%&E%Eithey}galg ak ﬁaﬁs)ﬁgt) g gy m %%J)é{l diel? xS %‘flzﬁ gea/ﬁ{ép l?ftﬁ%\sml tted

In a om nanner
E’dnsz&qammme%#mﬂxeéxahe@ﬂﬂ symbol peri od TX FH

2 s, for the ,
ELbbahtigre 5aael fPlorE Ausiam S5 OmRodFEnLS g ah, which
fabe §fym@(ﬂasé SatibeinsOPPMA sysiedh Jou. Hat ﬁxﬂp‘h@ft‘f r@rﬁ%'ft&nreceiver

(if data is being transmtted) and a signal
zemlonfot‘)ba@atﬂmos @B rcshevm infigurefor dat a

t(lrgg_sr | ?SJ ?]1:1 %%%10 Flél&%lﬁc%nss rdS l%/ E a3t F(}?bk is re créfavréafb%/ramn antenna
252. The received signal from antenna 252 is provided 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.

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



synbol s for each OFDM synbol period. |FFT unit 224
then transforns the N transmt synbols to the tine

waoloosaioen2osi ng an N-poi nt inverse FFT to obtai nPEI/US2005/046741

[0043]

[0044]

[0045]

"transformed” synbol that tontains N tinme-domain

“data" chips. Each data chip is a conplex value to be
transmtted in one chip period. (The chip rate is

related to the overall bandwi dth of the system) A

pryaskies thy dfinrelgzaie edinoriespEbizie shynng! rasponNe gaigaiehpird for data

or each transforned synbol and repeats a portion of
‘{emé)dflﬁgﬂg’faé?lﬁﬁc § 1(())I“)'/to form an OFDM synbol that
cont ajnsinNOFDEP ddbaulatoir 230, abesle @Epfik sembeal nunithZi2 wEeives the

data chi ps being repeated. The repeated. porti ' .

soreemrofredesyadedntd ehins aBd eSRANCE sy &HTic Pé% fRpeqditlfo geh received

(ﬁlgﬁplﬁts%ﬁl%le{ ; DbERPl Jf‘e'gE'QlE(fl RFH8OEmEd SymbeRUSAS BT unit 274 then
requency sel ective adi ng. An OFDM Synbol period

esfoemp endsret&ivéheadiborated spmbb! orthe GEDMnsy domiain yegcan N-point

o a5 P S BeB  LE CG e i igenr 7
S0l iRe N Q03N edAsihBdlS ok eﬁé'f?(bfﬂjMogyrﬁlbcﬂCpe&ﬁﬂl’ aB@rovides the

receives the streamof data chips and at |east one
pidived symimd|fronT xhepproper subberdsabihe 2aeri yehdta g wgbgl for that OFDM

nar.r onban ilot...TX pilot L :
CELLIRARE. P S B R SRR o LRSS g ol i
3R OFDNESHEES0l e 0atis darrmined barhaifH séjupscet forahe &iafficachannel

nmodul ated signal, which is transmtt.ed :
e e atsy Ml Sy Aot & ST BT B e e
FLERAM Rt REBAML o0 ol A ASRERI AARA s i
gﬂfyspxc IZV% operateg inhenisac eiitheT XpbBkt proeesedr B2k én ergrinad220x and

X is shown |{n figure, 3. 041] Th dul [
otsHeh S 63 Dk T At A e s
BPRX FREHHES6HVES AiKa8abalisPT GNisanegarrbas ie FH evqudact used by
to and processed by a receiver unit (RCVR) 254 to

PRoFHdosasmp 25, atReweinyle?20uni Mopswerrghe Fif 99eenGse af Bpsp station
?g@ggrtedo{e{aihglagz%eérgltsgr;l‘(fh(r&{igm. tﬁﬁ ¥ ﬁ)%c\éggor 5a ll'(g\fi‘&:s a stream of

) requency/ phase correction,
aldived beh sPmBolB @& Bsmbagaton28te sanpl es. Receiver unit

T e Bl A e b S I BRagh O R Aocives a
Q}r/rggcﬁg’%ﬁl {hlaechﬁﬁﬁe?qggp%f‘-se estimates from DSP 262 to obtain recovered data
symbols. The 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.

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 also

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



recei ved chips to recover the narrowband pilot and the
data chips transmtted by term nal 220x. Several

walzms/geveos or RX pil ot processor 260 are descriBenius2005/046741

{0046]

[0047]

[0048]

[0049]

[0050]

[0051]

bel ow. RX pil ot processor 260 provides a stream of
recei ved data chips to an OFDM denodul ator 270 and
channel gain estimates to a digital signal processor

Sk B S R R B ARES I EPBRNE L ol BB ana
fesme radpk@ively@s described bel ow. [0043] Wthin OFDM

denodul ator 270, a cyclic prefix renoval unit 272 '
r ecei Fersclanty, igueesn? and Peghew g@nyaission lang seegpton, aesneetvely, of

. Lic fi pended. e i

0 Ol b b BRE NP oAb RGeS g pfopmed for
pidttan@ ddiatrh@smissian oh elieforeadinkecei ved transforned

synbol to the frequency domain usi523£an N-point FFT tao

obt ai RhaerBRanerelssTIhPHGICER Sraytiteishd deb BRGSO NRORBIEAFDMA
%é%?\if is %l1|21317360tl:?51't glrglﬁast haidNcdRes b%ﬁ%uﬁ%g@&{ §ysfté?ﬁn% g ?SP example,

synbol perio provi des the recelved sy
thesmetiequesapey bs wistxh it ystehisahategeplog etitkatraulyoatradr modulation

for .that .synbol rio e specific subband from
GRS R P ERIEIMERT 2 Synbol i n each GOV
synmborhPeichRiduésSdebeliBidThae Ry theeuskH! feeefREHE nhR6wb&RL uplink
traffic channel assigned to termnal 220x. This FH

pitqi iengrmispionpinoy Tirael Dbyisian dyiplexdng efDDbdeplaymens. {lihe saving is in

S0, AP T 1ok 1ALE0L, 2P0, AP SO IRRS e wer

¢deh urinsidftting b RyhKoFblepnimee sisay sld 2edch user ramsalitsAB@ymbol at 1/3
and provides the recejved data synbols fromthe proper
SYSBUIRERD POPYFE Oy tBESS iBRcHOSsed by RX FH processor 276

at ba’gﬁe %ﬂﬁib‘f?& EesPhbddShdrllf R Be &5 feﬂﬁnféh‘&ﬁmﬁg%eam at the
used by TX FH processor 222 at” term nal 220X.

tviorsevn@T and He Fdeivenqu diteepilatt artslh data spratdaseing 24t Qke dreghsmitter and

term nal 220x are synchroni zed.. RX FH processor 6
ISFOVFGeY Besbs med TN TREG B Ay e s bGP R ign Thereof. Tor a
Reawn el iﬂ{;ﬂlﬂ!’mé{f@ﬁion} %%bcéaﬁngdm@t(@g., 380pN&GRbMRSoraIBd, RX pilot
coherently denodul ates the received data synbols with
pﬂ@eesemﬂﬁél DSEs ghs andsoi aak @2yt e mnpbpmemed twithipt efien or more

G AL BT Tl S SRR 7 B899,
$gmad d ptoatssing? @ vices t (DSPIg MgpegraumenabiC dugit edevdedsa (PLDs), field

synbols to obtain dempdul ated data. A .
RreBrERAtle y 8Rte d @Y r (ER82A0h e Arogesshise r FUIUIPHETSa nEpicro-controllers,

HRGO5I8SesEdIE, other electronic units designed to perform the functions described
herein, or a combination thereof.

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.

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



denodul ated data to provi de decoded data, which may be
provided to a data sink 284 for storage. In general,

WO bepsneessi ng by the units in base station 2ACRUSD05/046741
conpl enmentary to the processing perforned by the
corresponding units in termnal 420x. [0045]

Controllers 240 and 290 direct operation at term na

20x d.b [ 10k tively.. . ' :

5 RBOU8E br JU e Ry 2Bt By B T HEe AL seneric

%ﬁﬁ@ipl@y dERRd IRdréiR Mmay2iOaptliéd 28 Gthel emPBEImene Without de%)artin g from
ntrollers 240 and 290 may al so performpilot-rel ated

BreowadisomssopFef thexiangnton. cbinisy 81 pesenp gnveatien mogotpgignded to be

. 1 ngt h ' i nterval en .a. nar [ .
D o bl YR, oA B ATy sone
cespeal Wil te plifdiles afdriowvel foaturys dikdlgiedasrezn.and 3 show
transm ssion and reception, respectively, of pilot and
data on the reverse link. Simlar or different

' erfornmed for pilot and data
wg%gfnﬁsgggnmﬁﬁ?ﬁg forward |ink. [0047] The
techni ques descri bed herein nay be used for a
frequency hoppi ng OFDVA system as wel | as ot her
wireless multi-carrier comunication systens. For
exanpl e, these techniques may be used for systens that
enpl oy other multi-carrier nodul ati on techni ques such
as discrete nulti-tone (DMI). [0048] The techni ques
descri bed herein may be used for efficient narrowband
uplink pilot transm ssions in a Tinme Division
Dupl exi ng (TDD) depl oynent. The saving is in both
system bandwi dt h and |ink budget for each user. For
exanpl e, given three users, each transmtting a synbol
over three tine slots, each user transmts its synbol
at 1/3 transm ssion power over three tinme slots.
[ 0049] The techni ques descri bed herein may be
i mpl emented by various neans at the transmtter and
the receiver. The pilot and data processing at the
transmtter and receiver may be performed in hardware,
software, or a conbination thereof. For a hardware
i npl enentation, the processing units (e.g., TX pilot
processor 230, RX pilot processor 260, DSP 222, and so
on) may be inplenented within one or nore application
specific integrated circuits (ASICs), digital signa
processors (DSPs), digital



signal processing devices (DSPDs), progranmable |ogic
devi ces (PLDs), field progranmabl e gate arrays

W@ B@he9299 processors, controllers, m cro-cont redT/Esmps5/046741
m croprocessors, other eleddronic units designed to
performthe functions described herein, or a
conbi nation thereof. [0050] For a software
i mpl enentation, the pilot @JAIMS processing at the
transmtter and receiver may be inplenmented wth
nodul es (e.g., procedures functi ons, and so on) that
perforntthgkfunctlg es rhbed her ei
codes 'may be"E(SF &GS ePr%WB yctiﬂ?rt%‘”?“é‘“‘aca ‘%ﬁ%r%’ﬂ?zpmmg

uni t s déAdin@Bigh-2fAelsdnRin@plink imddosovaidhpaxeaotmd by
processors (e.g., controllers 240 and 290). The nenory

unit ﬁ}é‘?ﬁaﬂég F‘Wﬁﬁsé 9Be HEg-FgUBNGY blpek, ,g,a@jt@glgéfqu?ncy block having a
ﬁ B @hratiOn {3555§8§§§$Pu1%he&hlch case it can be

Icatrvely cou processor via various
rreans amgmmg & didfarenit settdﬁ erthoganal &fifed jo ddvd userevi ous

descr n of i scl osed e i [ OVi
o enabraliingyiphels ol o2 Pre e tendiceaiedds Tk e mgsigeauency

bldek ﬁ‘é@i‘ﬂt hé E?ﬂ'ﬁl%]b BPeack@lsbOMs sprRdd bRt oM EeteRt &,@%? h
enbog?nentg be rgga'sy apsg?entlt% those kil leq ogon!

codes laesiged, to gagh ushe generlc prlnC|pIes defi ned hereln

may be applied to o

o o BBk S8 d RhasTB Y hEERkGal bR iprifR 3 Jdalne ime-
PEQEMOY bicakention is not intended to be limted to the
enbodi nents shown herein but is to be accorded the

wi desgensEdpig amgndiogenah vaypformbrgeda the imsrped sk wad
feat u[rg %“qgﬁ% tRéSHh Ihgll ‘gav YA | S CLAI MED | S: CLAI M5
f

W rel®ess nulti-carrier comunications,
conpr|5|ng. di viding sub-carriers on an uplink into

non-oyerl a n al l ocatijn t | east qne )
time- ¥requ§ﬁ 99%'? ool cliga by Wheret lé@u%eﬁa -FrBER TWalgr fgmprises
8iviBRP LA g B Adub Q@i irfo B ABA-BVENdpPRRE % @p.oup;

assighing a different set of orthogonal codes to each

user; spreadlng synbol s of each user over the
al | ocat ed e, Li equency bl ock, where
Che “sombol Iheaies 3 Eima Fo MFRIRAR G i SRS waveform

%ﬁﬁ@sree Nden&@ting® fan ArtHdQERN SteqRORlsS didsssdrd ARULIH1O (OFDIM) waveform,

user; mappi ng each spread synbol to a nodul ation
aychWberei trepniging g sarthogenal jwavefasguesTeRrises transmitting an OFDM

waverform.

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

an OFDMA waverform.

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.



bl ock; generating an orthogonal waveform based on the

mapped synbols; and transmtting the orthogona
wownebenrm 2. The nethod of claim1, wherein dPeT/UsI995/046741

sub-carriers further conprilses dividing contiguous

sub-carriers into a non-overlapping group. 3. The

nmet hod of claim 1, wherein generating an orthogona

wavef orm conpri ses generating an orthogonal frequency

di vi spon tiple vefarm and wherejn ) )
trans 'ttrﬁbePﬁ@“@&%ﬁgg%hE?NW%VE§B @gﬁﬁvigbgmnunwessmfamng

hCaONMdK sEbas. OFDM waverform 4. The nethod of claim
1, wherein generating an orthogonal waveform conprises
generating an orthogonal frequency division nmultiple

Rt PV 20 Pl e BB s

o eymhps) 5. The nethod of claim 1, wherein the
non- over | apped groups hop independently. 6. The nethod
of claim1l, wherein spreading synbols conprises

spreadi ng i 7 : . of i . :
wher elg'n sp?g{%\ |eﬁlg6ésy I%Psl’c%ﬁrkgerlﬁgéggglg gggﬁlbgiélpxégf Rﬁdgreadmg
Ryodent symdls. The net hod of claim1, wherein spreading
synbol s conprises spreading CQ synbols. 9. The nethod

of claim1, wherein spreading synbols conprises

spreaghng TRAHRMdIDY FRAh S, whlreinthe o%b@&fil 8bdeS laA! Wakh codes.
wherei n the orthogonal codes are Wal sh"codes. 11. The

met hod of claim 1, wherein the orthogonal codes are

ol d des.., 12. pparatus for. . wreless

mul 41 £ r P Pifobh R T Wher LS R BPRGR qicten are Gold codes.
di vidi ng sub-carriers on an uplink into

non-overl appi ng groups; neans for allocating at |east .
one t i%re- f ABGRBHAIS APTovikeles R tit GARRRITCOBYIEYIA)ions, comprising:

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

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

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
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group; neans for assigning a different set of
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an antenna 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 an orthogonal code for a user.

15. A readable media embodying 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;
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