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symbols received on the subband. In a fast-fading communication channel, the fading

rate normally prohibits the receiver from combining pilot symbols received on the same
subband from previous hops. Thus, to independently estimate the channel response for
each hop period, a sufficient number of pilot symbols needs to be transmitted in the hop

period so that the receiver can obtain a sufficiently accurate channel response estimate.
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TDM/CDM pilot transmission scheme, the sequence of received chips is demultiplexed

to obtain a sequence of received pilot chips and a sequence of received data chips. The
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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 shows a conventional pilot transmission scheme for a frequency hopping
OFDMA system;

FIG. 2 shows the TDM/CDM pilot transmission scheme;
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DETAILED DESCRIPTION

[0030] The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” Any embodiment or design described herein as “exemplary” is not
: necessarily to be construed as preferred or advantageous over other embodiments or
designs.

[0031] In the following description, a “channel gain estimate” is a time-domain estimate
of the complex channel gain for a propagation path from a transmitter to a receiver., A
“channel frequency response estimate” (or simply, a “channel response estimate™) is a
frequency-domain estimate of the channel response for a particular subband of a
communication channel between the transmitter and the receiver. (The communication
channel may include a number of propagation paths.) Channel gain estimates may be

processed and transformed to obtain channel response estimates, as described below. A
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channel hops from subband to subband in a pseudo-random manner determined by its
FH sequence.

[0035] For conventional pilot transmission scheme 100, a group of P pilot symbols
(depicted as solid boxes) is transmitted in a TDM manner with a group of data symbols
(depicted as diagonal boxes) in each hop period, where P>1. Typically, P is the

number of pilot symbols needed to allow a receiver to independently estimate the
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[0039] and SheowidebfHd3R]ot T Gravdrieb@RPer TOt sdesnds! AASHst 4 €L 0dici
every TWseconﬁ and has a per?lgdi%i%y 0 ﬁf&ﬁﬁs&ﬁ&odlclty of

Ty seconds. For the example shown in FIG. 2, T, =14.T;. In general, the pilot

periodicity T,, may be selected to be shorter than the coherence time 7 of the
communication channel, i.e., T, <z. The coherence time is the time interval over
which the communication channel is essentially constant. By selecting T, <7, the

channel response estimates can be assured to be valid for the entire Ty, seconds

between wideband pilot bursts.



TW seconds. For the exanple shown in FIG 2, TW
=14-Ts. In general, the pilot periodicity TWnay be
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The orthogonal code may e a W\
q@%ﬁ@@ﬁ?&‘m {tmctie K@Oi*“mr@dchongl f Abe 00vc(r€ll/§ﬁb;t fb@ds@ch ser is then

slgég@gl'rlye gﬂ %%lf%t%]% oaillflg E%S’V]%? Iflﬂ ge ‘31%‘: 1osncommon to all users. In

general, any PN code having charactenstlcs normally associated with a good PN code
(e-g., a flat spectral response, low or zero cross-correlation at different time offsets, and
so on) may be used for the spectral spreading. The PN code may also be referred to as a
scrambling code or some other terminology.

In another embodiment, the pilot symbol for each user is spectrally spread across
all N subbands with a PN code that is unique to that user. For this embodiment, the PN

code is used for both orthogonalization and speciral spreading. The user-specific PN



spectrally spread across all N subbands wth a PN code
that is common to all users. In general, any PN code
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PN code (e.g., a flat spectral response, |ow or zero
cross-correlation at different time of fsets, and so
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Fipgs ver can integrate/accunul ate many received pil ot
chips to realize a significant signal processing gain
f r omThee c@ivubwe egdetiandnpilati foir | ech twset Heterfg@k Nwith one another.

ﬁg@é{e{?:% @@w B]ig/tlsttga%g?nlslslj&% earlrtlelz (%Irlle \%Ydeetband pilots for all users
may be orthogonalized to mitigate pilot-to-pilot interference. The orthogonalization and
spectral spreading of the wideband pilots for all users may be achieved with 1)
different orthogonal codes and a common PN code or (2) different user-specific PN
codes, as described above. For clarity, the following description assumes that the
wideband pilot for each user is orthogonalized and spectrally spread with a user-specific

PN code to suppress pilot interference from other users.



possi bl e since the comuni cati on channel is coherent
over nultiple OFDM synbol periods. [0049] The
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with one another. Simlar to the TDM CDM pi | ot
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" gogeps3point, @ NedeHbuer semeathas| taroyingfopyp Tymminets 420 ateatypically

cﬁ%s%ﬁttﬁroﬁgmrsy&fem, and each terminal may be fixed or mobile. A terminal
may also be referred to as a mobile station, a user equipment (UE), a wireless
communication device, or some other terminology. Each terminal may communicate
with one or more base stations on the forward link and/or one or more base stations on
the reverse link at any given moment. This depends on whether or not the terminal is
active, whether or not soft handoff is supported, and whether or not the terminal is in
soft handoff. The forward link (i.e., downlink) refers to the communicatior\l link from

the base station to the terminal, and the reverse link (i.e., uplink) refers to the



users. System 400 includes a nunber of base stations
410 that provide comunication for a nunber of

WO eooniloeslie 420. A base station is a fixed statPONUSZ€014453

[0054]

[0055]

[0056]

[0057]

[0058]

for conmmunicating with the tegrmnals and may al so be
referred to as a base transcefﬁertgubsgsten1(BTS) an
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FH processor 522 receives
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 522
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.

An inverse fast Fourier transform (IFFT) unit 524 receives the N transmit

symbols for each OFDM symbol period. IFFT unit 524 then transforms the N transmit



the data synbols and provi des these data synbols on
t he proper subbands determ ned by an FH sequence for
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sequence indicates the specific subband to use in
each hop period and is providE@ by controller 540.
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pqmmnflmceﬂatletchmm}? shwnmlfi@r lSBposed over the data
| ot tr spmi ssi.on

chip for ont i nuous.
sche %ulﬁffi gTﬁlll g@%%@gcgglg o I§ TepGiEd by an antenna
5% aI‘ldeeE:ewé‘d"'hE&al o ahtBfna 552 is provided to and processed by a receiver

unit (RCVR) 554 to provide samples. Receiver unit 554 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 554 provides a
stream of “received” chips.

A receive (RX) pilot processor 560 receives and processes the stream of
received chips to recover the wideband pilot and the data chips transmitted by terminal

420x. Several designs for RX pilot processor 560 are described below. RX pilot



TDM CDM pi |l ot transm ssion schene, each transmt chip
is either a data chip or a pilot chip. For the
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transmt chipis a sum of a data chip and a pil ot
chip. Atransmtter unit (TMB 532 processes the

?Hc FH 9{/;\% P}(L | sr% %trf%@m&ts eg %P{l)?nb glﬁﬁl’an enr@ @@4(1%0@1&'“ 570

himbclhmael gl tstinmtes] 10 Qdikitd |s{gnabiioséreuvs(DSH)| 562K DRSS B Hfocesses
g{?ag n‘ﬁodlrrent of a ba e, s@tlon 41 Ox, which is

e CHINCH B SSUTALE @n el S%P%Wﬁﬂt}maﬁﬁr used for data
8&1&19411119&61-%% @&Eﬁbéﬁ%lév@ce' ver portion of base station

Ox is shown in FIG 5B. [0061] The nodul ated signal
t r an s Nw’lﬂme ORIVt @mndmwtomm;( ai @chepmﬁwa@nimyalamuamzmawes the

erec(i i,ved SI%“? from nte R%%/ls provi ded

et reteel 0ia ohips oA aempyRs ihe Gl R apgad joeach received
DFDN ASmRIMb SsbtailRes 8boeRled Ubddsforridd Hotr tﬂﬁrFIlple "R 594 then

sanple rate conversion (fromthe recelver sanpli
fransdons eaple rf@hind (fran@rrnddrserqlbehtoﬂlp tﬁaeqeencgdbnmut msmg an N-point

BB R It oG RRG: ° v IR AR g8k proeessor 576

oleaies Ve (NOfecdved byibels 65 Ractd BFIHVC 8y MBS FéHbd and provides the
processes the streamof received chips to recover 't he

Thceia e AEnbel| fsm éhfdpltomer gbband py the reecivrshdata eymw for that OFDM

8, 0 S T B 8 e
%EI(DEZDDéIyrﬁHLAé}fe&od i3 dblfeﬂﬁl(ﬁe@ oF thETED Eéliﬁ'eﬁ&sfo@ {8 FBET | chaunel

of e| ved, d]eé?ta chi ps_to an OFDM denodul ator 570 and
Lo tgEpIRa ana{hé%FHéeCHwa?f‘gliSﬂmVl@@dgbﬁaa cqrrtsdlen L. Since the

&a@?’ﬁ)ms’ﬁﬁgslo Eéﬁlﬁlapﬁ%@?%%ﬁncatﬂ %o g g}e+ubgslled;touss %and RX FH

estimates to obtain c res
propeSd(at 376 dpmawallatummm with dBX &FH peckebedros22 {n0f8@]nal 420x and
{&ln (]:DMde dulat %}O a cyclic prefix renpval

va 5 15 1PaiGd, (A SYEbOIS o e HOpE b bands o e T pqggence used

SG%SMF %76}5@ bhéé At 4102RP BAGhe & Jﬁ?%ﬁ sgquence used by

recel ve nbol to obtain a recelve rans
E%irﬁiélproq&ssomﬂmmt@rn&ﬂad ‘EﬁEn Moreavesf ﬂrenEHesaqltencm:al beRél station

nsft rne S re domai n i ng. an
4\}- poangt ‘%ég;b XSht %Xnﬁ éeﬂi}iﬁ%ﬁﬁ%ﬁ@ §ﬁprpwéieq\|a stream of
ﬁu&bﬁ@lﬁasyﬁﬁbo@@oﬁiﬂdﬂﬁ&ﬁWSOWG obtains the N
recei ved synbols for each OFDM synbol period and

pr ovildeodideor 38eiseetyes yandocoliarentlyt Wemodulptes thebbmaived data

rrbol f.or -t ha
S GTE! VeIl SRRl e R B et dua
syﬁmelsvedl"l(ihitoaaﬁwlib&bpdnﬁe Bl e sPsYah@d Ussd for data
det er nj ned_by FH sequence for the traffic channel

UAISIISSIOg- t%effl%‘il}ﬁtﬁaﬁgﬁﬁé}ﬂlef TemapF-thessernsnededats symbols to obtain
RERDGLARA 822 & UWUHAdaSEr RR0aer S fich Binterleaves and decodes the

demodulated data to provide decoded data, which may be provided to a data sink 584

for storage. In general, the processing by the units in base station 410x is
complementary to the processing performed by the corresponding units in terminal
420x.

Controllers 540 and 590 direct operation at terminal 420x and base station 410x,
respectively. Memory units 542 and 592 provide storage for program codes and data
used by controllers 540 and 590, respectively. Controllers 540 and 590 may also

perform pilot-related processing. For example, controllers 540 and 590 may determine
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Whta'mM%nﬁomrb%edﬁyMOlM 5dp.a PN code PNx (n) and
provides a stream of pilot chips. The pilot synbol

FIG. 6B shows a timing diagram for the TDM/CDM pilot transmission scheme.

The transmit chips from TX pilot processor 530a are composed of data chips time
division multiplexed with pilot chips. The TDM control determines when the data chips
and the pilot chips are provided as the transmit chips. The length of the PN code
PN, (n) may be selected to be equal to the duration of one wideband pilot burst, which

is N, -(N+C,) chips. Alternatively, the PN code length may be selected to be equal to

the duration of multiple OFDM symbols, the duration of multiple wideband pilot bursts,

or some other duration.
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priori by both term nal 420x and base station 41 Ox.
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multiple terminals.

FIG. 7A shows a block diagram of an RX pilot processor 560a, which may be
used for the TDM/CDM pilot transmission scheme. RX pilot processor 560a is one
embodiment of RX pilot processor 560 in FIG. 5B and includes a demultiplexer
(Demux) 712 and a rake receiver 720.
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Anlac¢ysaulator (ACC) 726 then accumulates the despread chips over N, chip periods

and provides a channel gain estimate G, for the assigned multipath component. The
accumulation interval N, is determined by an ACC control and may be selected to be

equal to the pilot burst duration, the PN code length, or some other time interval. (The
pilot burst duration may or may not be equal to the PN code length.) The M finger
processors 722a through 722m can provide up to M channel gain estimates for up to M

different multipath components with different time offsets. A multiplexer 728
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est i milGa<s7B shows a block diagram of an RX pilot processor 560b, which may be

used for the continuous CDM pilot transmission scheme. RX pilot processor 560b is
another embodiment of RX pilot processor 560 in FIG. 5B and includes rake receiver
720 and an optional pilot interference canceller 730.

Pilot interference canceller 730 receives the stream of received chips from
receiver unit 554 and processes these chips in a mamner described below to provide

received data chips. If pilot interference canceller 730 is not present, then the received
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Within each pilot generator 762, the pilot symbol is multiplied with the delayed PN
code PN (n+7;) by a multiplier 764 and further multiplied with the channel gain
estimate G, by a multiplier 766 to provide pilot chip estimates for the assigned

multipath component. Summer 768 then sums the pilot chip estimates from all assigned

pilot processors 762 and provides the pilot interference due to terminal 420x.
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FIG. 8C shows a flow diagram of a process 850 for receiving a wideband pilot
transmitted with the TDM/CDM pilot transmission scheme in a wireless multi-carrier
communication system. A sequence of received chips is obtained (step 852) and
demultiplexed to obtain a sequence of received pilot chips and a sequence of received
data chips (step 854). The sequence of received pilot chips is processed with a PN code

(e.g., using a rake receiver) to obtain channel gain estimates for multiple propagation



spectrum processing) to obtain a sequence of pil ot
chips for the wi deband pilot (step 812). The PN code
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The CDM npilot transmission schemes described herein can provide various
advantages for an OFDMA system. For the TDM/CDM pilot transmission scheme, a
receiver can derive an estimate of the entire wideband channel with one pilot

transmission. For the continuous CDM pilot transmission scheme, the receiver can
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The techniques described herein may be implemented by various means at the
transmitter and the receiver. The pilot and data processing at the transmitter and
receiver may be performed in hardware, software, or a combination thereof. For a
hardware implementation, the processing units (e.g., TX pilot processor 530, RX pilot

processor 560, DSP 562, and so on) may be implemented within one or more
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(PLDs), field programable gate arrays (FPGAs),
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m croprocessors, other elegironic. units designed to

performthe functions descﬁlb‘gEM:%er ein, or a

conbi nation thereof. [00100] For a software

i npl enentation, the pilot and data processing at the

transmi tt elA neetitbdr of eansarittingya bedébapd eilented wirkless multi-carrier

nodul es (e.g., procedures, functions, and so on) that

5 IR SYSURStOBIWEISHEs cr i bed herein. The software

codes t | by :

(i s PR R AGHEPn B ERBO e ol nac R @0 code to
pbt_aiIEa;smu?O(e@fglilpt dﬁ}:ﬂfgotﬂe@{dﬁdﬁﬁ? éndalnd 590). The nenory

unit may be | emented within rocessor or i

ext er RECTRS {12 S1BEOE d0 pCoordangp with £ UL Sgrmies moglation scheme
@@mﬁia%gﬁaﬁggfggggm?g’ to the processor via various

means as is known in the art. [00101] The previous

descr tiptei divisioh mitiplgkiag|ths safuendsadipiieh tlsips withrtbe sagj@ence of data

to epahl.e a erson skilled . he art to .nake. or .

cipS 8 ip 2ing BTSN Rliplexg0 rovh Salihes Gl it fe chips: and
t hesetendbeitingané TDM bbquesicd saliot MndP@RAEIRRS. t O those

skilled in the art, and the generic principles

defined herein may be applied to other enbodinments

wi t hodt dephet irthéd onf chémspl,r i whaeinscthpe witeledse multi-carrier
i.nventi on. Thus, .the ese invention.is not _intend

PR BIbcfon AR if i oPRTBE FRAeEtk HBieh i Binte Biresy OFDMA)
tembRnRELES Shtbni, hadwitdesh tﬁeclﬁaﬁi-cﬁﬁ&sm&&ﬁaﬁoﬂ/@ch%mho gonal

princi pl es and novel features disclosed herein.
frequenay fivisiesmuitiplegoz(OKMdl6 PCT/ US2004/ 014453 23
CLAIMS 1. A nmethod of transmitting a wi deband pil ot

in a wreless | ti-carrier. co nj ¢cation ste .
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sequence of pilot chips for the w deband pil ot;

piosesEgitp @bt the sgqusorsof mlodelips.dance with a

multi-carrier nodul ati on schenme to obtain a sequence

of data chips; ti i yi.Sion | tiplex] he sequence. .

of pi Fot o dipe of HAELI e Ahe G Loip ity Mentiies a
eiispdifting ehiifyRofdhe/ WideBindpildti pl exed (TDM sequence of

pil ot and data chips; and transmtting the TDM

sequence of pilot and data chips.
5 The method of claim 1, wherein the system includes a plurality of

. subbands, and wherein the data symbols are sent on different ones of the plurality of
subbands in different time intervals as determined by a frequency hopping (FH)

sequence.

6. The method of claim 1, further comprising:

scaling the sequence of pilot chips with a scaling factor to obtain a sequence of
scaled pilot chips, wherein the scaling factor is indicative of a transmit power level for
the wideband pilot, and wherein the sequence of scaled pilot chips is time division

multiplexed with the sequence of data chips.



2. The method of claim1l1l, wherein the wirel ess
multi-carrier conmmunication systemis an orthogona
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comuni cation system and wherein the nulti-carrier
modul ation scheme is orthogond# frequency division
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spread spectrum processing to obtain the sequence of

pilot chips. 4. The nethod of claiml1, wherein the PN

code &ni qué‘FV Fpgesatust ildsa awmeleaﬁslmlltwaxgeremomumcatmhe system,
?HQH pilot. 5. The nethod of claim1, wherein the

Sys ‘ncludes a plurality of subbands, and wherein

t he dateanSﬁn‘tmbSesahg as darist o Pildtf Hhbol wames psfudbiendom number
subbands in different tinme intervals as
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apparatus in a wireless multi-carrier conmunication

systen1 conprising: neans for processing at |east one

p| | ot IsymbOP WPPHRS pifkudl oWitelegio rmwltirdapiier CPMmMungEEon Osystem,
ﬂ.lmn?% sequence of pilot chips for a w deband pilot;

rrea )r processing data synbols in accordance with a

nul t i a amdulatsr opemadut i protess daRPmbEls R hedobdancs RAHANEE ti-carrier

of data chips; nmeans for tinme division nultiplexing
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chi ps,

Sequen?ﬁopgéréir#o@oﬁég%gregg\ﬂr& %]gg}élaét 034 §"P with a pseudo-
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apparatus in_.a wireless nmulti-carr
COIT]TU?’] pﬁlgtmlwréygrtagﬁe to time division multiplex (TDM) the sequence of pilot

chips with the sequence of data chips to obtain a TDM sequence of pilot and data chips;

and

a transmitter unit operative to process and transmit the TDM sequence of pilot

and data chips.
10. A terminal comprising the apparatus of claim 9.
11.  Abase station comprising the apparatus of claim 9.
12. A processor readable media for storing instructions operable to:
process at least one pilot symbol with a pseudo-random number (PN) code to

obtain a sequence of pilot chips for a wideband pilot in a wireless multi-carrier

communication system;



conprising: a nodul ator operative to process data
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synbol wi th a pseudo-random nunber (PN) code to

obtain_a sequence of pilot chips for a w deband pil ot

in a Wrel dsangtgd of gaeeivieg a sddehand crildtdn s yweiredess MBlti-carrier

%M&%ﬁéﬁj%gﬁ%&%ﬁuglM% 25 process data symbol s
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Eultl pl ex the_ sequence of pllot chips with the

Yo segiegee ereeetvedpijes apgd@nchips a time di vi si on
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wher er pRR TR he SEARSRPE: Rcibl) BlipEREfIhTh FlBR of rceived
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channel in.th stem é hod .of receiving
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processi ng the sequence of received pi ot chips wth a
psevared datmawrbolsmber (PN) code to obtain a plurality
of channel response estimates for a plurality of
subbands; and

14. The method of claim 13, wherein the wireless multi-carrier

communication system is an orthogonal frequency division multiple access (OFDMA)
communication system, and wherein the multi-carrier demodulation scheme is for

~ orthogonal frequency division multiplexing (OFDM).

15. The method of claim 13, wherein the processing the sequence of received
pilot chips includes

obtaining a plurality of channel gain estimates for a plurality of propagation
paths for the wideband pilot,

processing the plurality of channel gain estimates to obtain a sequence of chip-
spaced gain values, and

transforming the sequence of chip-spaced gain values to obtain the plurality of

channel response estimates for the plurality of subbands.



processi ng the sequence of received data chips in

accordance wwth a nulti-carrier denodul ation schene
w@ea4mdasine t he plurality of channel response esPCTHSRE4/014453

to obtain recovered data synbols. 14. The net hod of

claim 13, wherein the wirel es30multi-carrier
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gain estimates are obtained with a rake receiver

havi n? a plurality of fi ngerglpr ocessors, wherein each

fi ngefS:pr oA8s SPPARYS offbr it Wirelesso puldicessriera cdiniumication  system,

NG Rfind.ne plurality of propagation paths to provide

a channel gain estimate for the propagation path. 17.

The netehadfon fobtdimhgna k3quenbe bEirsteivee chifstthan inBlalieldLinR division
and_wherein the recovered data

lurality ﬁi\@ subband?, /
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code to obtain a plurality of channel response

fobiaimrecevered data gymbelsi ty of

19. An apparatus in a wireless multi-carrier communication system,
comprising;:

a demultiplexer operative to demultiplex a sequence of received chips to provide
a sequence of received pilot chips for a wideband pilot and a sequence of received data
chips, wherein the sequence of received chips includes a time division multiplexed
(TDM) sequence of received pilot and data chips;

a rake receiver operative to process the sequence of received pilot chips with a
pseudo-random number (PN) code to obtain a plurality of channel gain estimates for a
plurality of propagation paths for the wideband pilot;

a processor operative to process the plurality of channel gain estimates to obtain

a plurality of channel response estimates for a plurality of subbands; and



subbands; and neans for processing the sequence of
recei ved data chips in accordance with a
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plurality of channel response estimates to obtain
recovered data synbols. 19. AR7apparatus in a wireless
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comuni cati on system conprising: processing at | east
one pilot synbol with a pseudo-random nunber (PN) code

to objainfes I?xgégﬁgf o c1Rinh 00 NiyRSelO" alh %ff@l?%b gnqglti-carrier

pilot; process ata synbol Si n accordance W
perhunication eystamp dudraditogoashfraquentyo dividien muitiple aet@BE @OFDMA)

of data chips; sumping the sequence of pilot chips,
oI alielL S et &g e i U-gr nadyiation sSBefie derthogonal
%q&%@?ﬁﬂ?ﬁoxﬁnhﬁfpléﬂ% @ﬁchi ps, and transmtting the

sequence of conbined pilot and data chips. 21. The
nmet hod of claim 20, wherein the wireless multi-carrier
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schenme is orthogonal frequency division nultiplexing

(OFDV) .
23.  The method of claim 20, wherein the at least one pilot symbol is

spectrally spread with the PN code in time domain using direct sequence spread

* spectrum processing to obtain the sequence of pilot chips.

24.  The method of claim 20, wherein the PN code uniquely identifies a
transmitting entity of the wideband pilot.

25.  The method of claim 20, wherein the system includes a plurality of
subbands, and wherein the data symbols are sent on different ones of the plurality of
subbands in different time intervals as determined by a frequency hopping (FH)

sequence.



22. The nethod of claim 20, wherein the w deband pil ot
is transmtted continuously for the duration of the
w@eguamses of data chips. 23. The nethod of cl aP@T/RB82004/014453
wherein the at |east one pilot synbol is spectrally
spread with the PN code in ti @8 domain using direct
sequence spread spectrum processing to obtain the
sequence of pilot chips. 24. The method of claim 20,
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a freque oppi ng (FH) sequence. WD 2004/ 102816
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scal ed@7pi | dlhecm«ttbed ohiekaimi 20, tWiersin d¢hé nepuknct of combined pilot and
fj atsl .V & 4ransm t po | evel for the w deband
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met hod of claim 20, wherein the sequence of conbined
pi | ot 2&8nd Adatappeieiyss i sat maueloss t muli-carrier rasvemsmcationk system,
IBW% ysten1 28. An apparatus in a wreless
Trier comuni cati on system conprising: means
for plnmaﬁs fcbrr}goadsmhgaasllea@ﬂﬁn@pil&t symbob @ithg Rev@o-random number
seudo- r andom nunber \’9& code to obtain a sequence
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conpri sing: obtaining a sequence of received chips

that includes a sequence of conbined pilot and data

chi psa9r anﬁmrﬁeftlﬁﬁl BY réceliviRd SMwiddband Sttt tiX - o WARIGS "multi-carrier

t he sequence of
communication system, comprising:

obtaining a sequence of received chips that includes a sequence of combined
pilot and data chips transmitted by a transmitting entity, wherein the sequence of
combined pilot and data chips is obtained by summing a sequence of pilot chips for the
wideband pilot with a sequence of data chips at the transmitting entity;

processing the sequence of received chips with a pseudo-random number (PN)
code to obtain a plurality of channel response estimates for a plurality of subbands for
the transmitting entity; and

processing the sequence of received chips in accordance with a multi-carrier
demodulation scheme and with the plurality of channel response estimates to obtain

recovered data symbols for the transmitting entity.



conbi ned pilot and data chips is obtained by summ ng a
sequence of pilot chips for the w deband pilot with a
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processi ng the sequence of received chips with a

pseudo- random nunber (PN) co#® to obtain a plurality

of channel response estimates for a plurality of

subbands for the transnmitting entity; and processing
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ent | tg. 31. The nethod of claim30, wherein the
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’glgmg’ff%cﬁ?ﬁegﬁo 8@5‘?’9%? Iegﬂéﬁerﬁsﬂa?%iswn ﬁlé nmul ti-carrier
denodul ati on schenme is for orthogonal frequency
division nultiplexing (OFDM. 34. An apparatus in a
wi rel 35s nlihe | methodi eof cdamuni@at Whereigy sthemwireless multi-carrier

SHRLRA system is an orthogonal frequency division multiple access (OFDMA)

X

- communication system, and wherein the multi-carrier demodulation scheme is for

orthogonal frequency division multiplexing (OFDM).

34.  An apparatus in a wireless multi-carrier communication system,
comprising:

means for obtaining a sequence of received chips that includes a sequence of
combined pilot and data chips transmitted by a transmitting entity, wherein the sequence
of combined pilot and data chips is obtained by summing a sequence of pilot chips for a

wideband pilot with a sequence of data chips at the transmitting entity;



means for obtaining a sequence of received chips that
i ncl udes a sequence of conbined pilot and data chips
WO e@aamste ed by a transmitting entity, wherei nPCTES2004/014453
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with a multi-carrier demodulation scheme and with the plurality of channel response

estimates to obtain recovered data symbols for the transmitting entity.



