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BACKGROUND OF THE DI SCLOSURE [0001] This application clains priority to
provi si orab 20béB2002ppl i cation Serial No. 60/588, 686 enti tcedseosoeasent al
Pilot Insertion For Channel/Interference Estimation,” filed My 16, 2004
and U.S. Application Serial No. 60/638,536 filed Decenber 22, 2004 which
are incorporated herein by reference intheir entirety. BACKGROUND OF THE
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relates to allocation of reéUJﬁ%EEﬂﬁN%ﬁﬁT “@ét iQﬁll on Descri ption of
Rel ated Art [0003] In a wireless comuni cation system such as one

i npl enenti ng Orthogonal Frequency Division Miltiple Access (OFDVA), the
recei ver can be configured to performchannel estinmation as part of the
dermodul ation process. The Be(&HGROUMNY OFIHBIMSCROMEE estimation in an

OFDMA syste npen atefor tinme varying fr.e e el ect.i ve, f adi
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channel estimation based in part on one or nore pilot channels that are
broadcast afildd Kinbwh6,t 200dhand Ec®i Application tSedak bief 6668 8,080 Hilerd Degerpbérol2,
channel s tg%)‘g\)%d r@ie' ver cha{%aﬁﬁ s}@é tlon hereJ a trade of f between
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[0005] A conmunication system allocates a mni rral nunber of pilot signals
for channel estimation in order to naxi mze the avail able signal bandw dth.

However, an inadequate al | BOAINGROBINT 4CTHENSCHOMBMhel estimation nmay
result in ilf gﬁqﬂatfo channel estimate, which may result in the inability
t o denodul a2 and degradati on of system performance. [ 0006]
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ensure each receiver is able to determ ne an adequate channel estimate, but
may bur den particularly, the disclosure relates to allocation of resources for channel estimation.

Description of Related Art

[0003] In a wireless communication system, such as one implementing Orthogonal
Frequency Division Multiple Access (OFDMA), the receiver can be configured to
perform channel estimation as part of the demodulation process. The receiver may
perform channel estimation in an OFDMA system to compensate for time varying

frequency selective fading.

[0004] A receiver in an OFDMA system may perform channel estimation in a blind
manner, without any knowledge of transmitted data, or may perform channel estimation
based in part on one or more pilot channels that are broadcast and known to the receiver.
In the configuration using pilot channels to aid receiver channel estimation, there is a
trade off between the resources allocated to channel estimation and the system

performance.

[0005] A communication system allocates a minimal number of pilot signals for
channel estimation in order to maximize the available signal bandwidth. However, an
inadequate allocation of resources to channel estimation may result in an inadequate
channel estimate, which may result in the inability to demodulate received data and

degradation of system performance.



the system and reduce its capacity. Li this configuration, the system
ensures the nost degraded receiver is able to determ ne an accurate channel
esti mat e WO 200602023t of capacity of other better situatedTrse@swesis? [ 0007]
It is desirable to allocate resources inya wireless communication systemto
al l ow for accurate channel estimation in receivers, but to mnimze the

egraded. B R EHR AR Bt Bon Gl BT  BBREr ) el clBRAR SRS 1Y
al | ocat i on systeeash regpiyear @tbk, to dadrmiat ho ddeqprate diasnd] @stadate.drut selydotrdenel y
0 rmne channel estimate in an

inproving the abilit f a.receiyver_to det

Ot hogonal .IE‘F %ﬂ@?gﬁd\'ﬁ%#%ﬁaﬁ@ﬁ‘ltﬁf‘ilﬁlt&sﬁe atiQye S@%?némes I&le\/ﬁ]?sél ess
conmuni cat i @8 rERVeA Rt dbkCtodlE PR inPick@hieChane kstrRRE LOME 3bdier to aid
channel estimation in one or nore receivers in conmunication wth the

system A repesitpeof ather bettensiveted ressivaist h t he system maybe unable to
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t he receiver una dur ate received data,
the wirel ess conmuni cati on systemcan increnentally insert additional pilot

channels in the synbol associated with the receiver. [0009] The disclosure
i ncl udes an apparatus for ﬁx@ﬁag'gﬁﬂgﬂﬁllgﬁ -fﬁE sRyfEes for channel
estimation. The appar at USBI ncl udes a c¢ g%jne ;ﬁ&gplity nodul e configured to
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al | ocation dul e coupled to t.he receiver and configured to, determne a
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inaccurate channel estimate. The receiver can communicate to a transmitter in the
system a request for additional channel estimation resources. The wireless
communication system can provide additional channel estimation resources by inserting
dedicated pilot channels into one or more of the frequencies allocated to symbols for the
receiver. If the receiver is still unable to demodulate received data, the wireless
communication system can incrementally insert additional pilot channels in the symbol

associated with the receiver.

[0009] The disclosure includes an apparatus for dynamic allocation of resources for
channel estimation. The apparatus includes a channel quality module configured to
determine a request for channel estimation resources, and a resource allocation module
coupled to the receiver and configured to determine a baseline resource level and a
variable resource level, the variable resource level based at least in part on the request
for channel estimation resources. The embodiment can also include a transmitter
configured to transmit a signal having a portion allocated to channel estimation based on

the baseline resource level and the variable resource level.



subset of carriers froma set of Othogonal Frequency Division Miltiple
Access (OFDVA) carriers, the first subset of carriers allocated to a conmon
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part on the common pilot signal and the dedicated pilot signal, and a

denodul at orsignatifallgogtedita hageshssiimnalian t he data carriers based in part on the
channel estinmate. [0012] The disclosure also includes a nmethod of
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[ 0013] The aliosatbdsushamad] sstithatodn, désnsfome nteddleafoupled ¢ themeceaves aghal  havi ng
dynam cal |y al.l ocated channgl i matign. resources, .i ncl udi ng.receiving an
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basel i ne | ef{Rkatffn module configured to determine a first subset of carriers corresponding to a

common pilot signal, a second subset of carriers corresponding to data carriers, and at
least one carrier from the second subset of carriers corresponding to a dedicated pilot
signal, a channel estimator coupled to the transform module and the carrier allocation
module, and configured to determine a channel estimate based in part on the common
pilot signal and the dedicated pilot signal, and a demodulator configured to demodulate

the data carriers based in part on the channel estimate.

[0012] The disclosure also includes a method of generating a signal having
dynamically allocated channel estimation resources, including assigning a baseline level
of resources to channel estimation, determining a request for additional resources,
allocating additional resources to channel estimation, and generating a signal based in

part on the baseline level of resources and the additional resources.

[0013] The disclosure also includes a method of receiving a signal having
dynamically allocated channel estimation resources, including receiving an Orthogonal
Frequency Division Multiple Access (OFDMA) symbol, determining a baseline level of

channel estimation resources included in the OFDMA symbol, determining additional



channel estinmation resources included in the OFDVA synbol, determ ning

addi ti onal channel estimation resources included in the OFDVA synbol ,

det er m niwgQ 20060hemmel estimate based on the baseline | evelr/tspasaekist i onal
channel estimation resources, and denodujating the received synbol based in
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reference nunerals. [0015], Fjgure illustrates functional block diagram
of an enbo l%mggh%eﬁ%v erﬁfﬁfid%??%ﬁn MRS G HENt i ng dynami ¢
pilot insertion for channel estimation. [0016] Figures 2A-2B illustrate

functional bl ock diagrans of enbodi ments of a generator and a receiver
configured for dynam c pi i i M paation. [0017]
Figure 3 illustrates a d.@%ﬁrﬁ%ﬁ%@&’ F?@Bﬁﬁ%@g trumof an OFDVA
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[0018] Figures 4A-4B illustrate flowharts of enbodi nents of processes for

dynam c al | krsamieaore fppanen dim thetdetpled descripiousat éestibhelpw vdrenitalesarini on.
[0019] Figure.5 j.llustrates a fl.o ri., of._an _enbodi,nent of a process of
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conditions where the baseline | evel of resources will bé insufficient
OFDMA system for various common and dedicated pilot channel configurations.

[0018] Figures 4A-4B illustrate flowcharts of embodiments of processes for

dynamic allocation of channel estimation resources by pilot insertion.

[0019] Figure 5 illustrates a flowchart of an embodiment of a process of

allocating channel estimation resources by pilot insertion.

[0020] Figure 6 illustrates a functional block diagram of an embodiment of a
process of receiving data in a system having dynamic allocation of channel estimation

resources.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0021] A wireless communication system, such as an OFDMA communication
system, can allocate a baseline level of resources for receiver channel and interference
estimation. The baseline level of resources can be determined based on a nominal
operating parameters for receivers and a corresponding probability of successful data

demodulation, given the baseline level of resources and receiver operating parameters.



for the receiver to accurately estimte channel and interference. The

i naccurate channel and interference estinmate can result in the inability of
t he receiwenods20@rodul at e data using the estimte. ThePCeaszas/02318N
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syst em can SYFiE®e HEEe Gasicopdtigns vhae dhes qﬂ‘?&?"? Hfdreéa%r@ewﬁﬁ%w et a
plurality oy fh%%é‘de‘i%%%o LQuesd m% BRfr8att BBt htefRnb Ot Bl BREAERe chdhnanot her

enbodi ment, the wireless co nication systemcan allocate additional
resour ces fand inthefomete estichatavtapréwilign dles inahilitypef tharageivictatdsthodolatendata

parti cul ar rece ver 0 the in ul at e, dat a.

wirel ess cdififgt ?Eﬁﬁt’rn&%g @é lgg{rpa&}lﬂéjf%{ y?%e’a‘g}ﬁ% %E’I% trﬁﬁ%lct,tﬁ{ %fet@ﬁannel
and i nt er f fRRGRsPSIdABd MUl MDA FELEx ahiple, SRR cEilerl AR bE RERMiMBES o dAPZ4] AN
exanmpl e of an OFDVA w rel ess conmuni cation system confq“gur ed for dynamc
resource al m@wmquumm@@sb@cqm@ tp oant seofiniEgoreln tiecgsage or
nore pil ot m%nal s for chan ula%'n The basel i ne IeveI of resources

can corresplgﬁ pf’%semé%ﬂﬁﬁ%ssg'ﬁf%? 8@8 rgurdtion, that can be, for exanple,

arranged substantially in a conb configuration. Furthernmpre, the conb

confi gur at i [6A2Hs T%Wﬁ@ﬁ%wwmﬁawfyﬁé%way theg alrlweaieeaﬂdltfqnehli?ww@@f or
different tdh@ﬁ?eil aﬁ‘&‘%téx@&e&%tekt%@%&c CIHI%Q gm%)ﬁdﬁx{[é‘ﬁt Fahé efdd ?Alﬁuﬁ]&ﬁ 09
"ot al s ure

pr edet er m ned. one éexa sign € con
oper at e as sgstsinaggeaitlechte @ddiuonml tdmhh&s that mtreaseghahlﬁh@l dfarpiaﬂaht}gofbet ween two

sets of frequencies. The rel ess cannu |cat| n s can transmt the
pi | ot si gndFEIHd? F%‘@St@?ée ’HP fanngkandqaierfe oﬁ’sanﬁ T F‘P ?émepq,g}f\ygeless
recei vers, (Eiuf%ﬂczﬁﬁ) & a&m&uﬁ Qﬂoéafé ddaatbaa lteséd}~es%f Sfanfé19A8 isedtichao

predeterm ned tines exchange of control 1 nformation. In another
enbodi ment , estilmatiiadedicated ﬂoeth@pamwlamwmrequrang thernaslityrid demodulatedatanor e

dedi cat ed | ot. nal s or. i nation of n.piJo

Conbi nat | oA YHSIaRGoBn iR st cene e TS PR Gty Gus® el ve
recei ver i Npfeh@rdlbOMNNIHORNEDarcRO IBFRLICS! theRectH@EsEM can be assigned a
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[0024] An example of an OFDMA wireless communication system configured for
dynamic resource allocation includes a transmitter configured to provide one or more
pilot signals for channel estimation. The baseline level of resources can correspond to a
common pilot configuration, that can be, for example, arranged substantially in a comb
configuration. Furthermore, the comb configuration of the common pilot may occur in
different frequencies for different times, and the pattern occupied by the pilot signals
may be predetermined. In one example, the pilot signals may be configured to operate
as a staggered comb, with the pilot signals alternating between two sets of frequencies.
The wireless communication system can transmit the pilot signals during the time that
data symbols are transmitted to receivers, or can be configured to transmit the pilot
signals during predetermined times for exchange of control information. In another
embodiment, the baseline level of resources can correspond to one or more dedicated
pilot signals or a combination of common pilot signals in combination with one or more

dedicated pilot signals.



know edge of the common pilot configuration, and can be configured to
determ ne an estimate of the channel and interference based on the received
comon piwotos/gmeiis. The recei ver can then denodul at e PetaiSe@d/ogisa based
in part on the channel and interference gstimte. The receiver can

denodul ate the recei ved data, provided the channel and interference
estimates Rzl Bhe fhle Lol BEAL EDIAR! FirdiSes 1 BinriliCiBh SthierRn b

recei ved signal” strength is sutficient. In sone iInstances, e recelver nmay
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denmodul at e tdnehafes@hy Bhrrlet fd ihidrSrabe Bastll bl ld RBeivdd\@niBSEhY G sigha. not
send an acknow edge nmessage (ACK), may transmt a retransm ssion request,

or may ot heFhs meciverdiandhen dspeodutrihiecéived dasa Hased deparhen thecsbpnmsd andt a. [ 0027]
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receiver for channel and interference estimation. For exanple, the wreless
communi cat i A renpited mignahstisaghopsiffoicatl to i ncl ude additional pilot signals.

I n one enbodi nent, the w reless comuni cation system includes additional

dedi cat ed pjo2s] shgsuahsinsthhessgibeirerivetimaly et beildod deteaimdesifisentled Wit hin
an OFDVA synbol in place of one or nore of fhe frequencies that would
nor mal |y beacgurate ¢heaneland interfergace qshmatsdupedemuiiie sprstondyiloh siendls.s EBe i vel y i s

code punct t : ' -] Of1:Si o]
o tect he BaceeRl o€ Rl BoPG, corhilfe RRPLERIEL ARl ARG IR relBIG 7,
si gnal usesdemoduisotheaessifadataariy sotthesitradion) thereceithemapaet sead awan use t he

dedi cated pil ot signal cod ctured onto the transmtted data to further
refine the %qlf&ﬂWéﬂg%@sﬁaﬁF Z%&gSéﬁ%“@?P}l%’feéﬂanWéﬁP‘éEe@P%Tm@éw ‘HIB‘FY&’F?ﬁ ne

the positiop gﬁtﬂyﬂggﬂityfo ddsidedisalved gifal ot signals based on a

pr edet er m ne gorithm™ I n anot her enbodinent, the wrel ess conmuni cation
system co | cat he sition and nunber .of.the dedicated pilot.signals
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configured to increase the amount of resources available to the receiver for channel and

interference estimation. For example, the wireless communication system can be
configured to include additional pilot signals. In one embodiment, the wireless
communication system includes additional dedicated pilot signals. The dedicated pilot
signals can be inserted within an OFDMA symbol in place of one or more of the
frequencies that would normally be data modulated. Thus, the dedicated pilot signal
effectively is code punctured onto the data symbol. The dedicated pilot signal does no
affect the channel bandwidth of any other user because the dedicated pilot signal uses
no resources from any other receiver. The receiver can use the dedicated pilot signal
code punctured onto the transmitted data to further refine the channel and interference
estimate. The receiver can determine the position and number of the dedicated pilot
signals based on a predetermined algorithm. In another embodiment, the wireless
communication system communicates the position and number of the dedicated pilot

signals to the receiver on a control or overhead channel.

[0028] In one embodiment, the other receivers can continue to estimate channel and

interference without any knowledge of the dedicated pilot signals. In another



I nterference without any know edge of the dedicated pilot signals. In

anot her enbodi nent, one or nore of the other receivers can use know edge of
t he dedi cabeadoguizbaxi to further increase the accuracy of pcmasSesvanesl7 and
interference estimte determ ned by those receivers. The wireless

comuni cation systemthus dynam cally varies the anount of resources
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towers. Thegu§elirell 6 opddads adddddinighd ohe/d rde|cynBaiidstiog dtaadmis. NThdeepase
station, for exanple 120b, that provides the strongest signal strength at a
recei ver witempipal e ogs be amertabls amitia mobilowst pr.patiogerst yat. pEisdiset at i ons
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150 that can be conf.i qured. to operate]iu_gif9 an it terface between the user

termnal 11gmspd H0psphovm g figukdyitis afyPieal WEalRES 150. The MSC
can al so be, oo r ¥ | bRl m nal
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Networ k (LANO.or a Wde Area Network (WAN). I n one enbodi nent, the network
160 includes the Internet. Therefore, the MSC 150 is coupled to the PSTN
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I nter-system handoffs w th ot her "Conmuni cati on
120a or 120b, here depicted as sectored cellular towers. The user terminal 110 will

typically communicate with the base station, for example 120b, that provides the

strongest signal strength at a receiver within the user terminal 110.

[0031] Each of the base stations 120a and 120b can be coupled to a Base Station
Controller (BSC) 140 that routes the communication signals to and from the appropriate
base stations 120a and 120b. The BSC 140 is coupled to a Mobile Switching Center
(MSC) 150 that can be configured to operate as an interface between the user terminal
110 and a Public Switched Telephone Network (PSTN) 150. The MSC can also be
configured to operate as an interface between the user terminal 110 and a network 160.
The network 160 can be, for example, a Local Area Network (LAN) or a Wide Area
Network (WAN). In one embodiment, the network 160 includes the Internet.
Therefore, the MSC 150 is coupled to the PSTN 150 and network 160. The MSC 150
can also be configured to coordinate inter-system handoffs with other communication

systems (not shown).

[0032] The wireless communication system 100 can be configured as an OFDMA

system with communications in both the forward link and reverse link utilizing OFDM



systens (not shown). [0032] The wi rel ess communication system 100 can be
configured as an OFDVA system with comuni cations in both the forward |ink
and reverwe 2boanioaztii | i zi ng OFDMcommuni cati ons. The t er mpCorusasod/okiink refers
to the communication link fromthe base gtations 120a or 120b to the user
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uniformly spaced tones selected from the OFDM frequency set. The uniformly spaced

configuration may be referred to as a comb pilot signal. As noted earlier, in other
embodiments, the baseline level of resources can be dedicated pilot signals or a

combination of common pilot signals with dedicated pilot signals.

[0034] The common pilot signal can include two or more sets of tones selected from
the OFDM frequency set and can transmit one of the sets of tones based on a
predetermined sequence or algorithm. In one embodiment, the common pilot signal can
be one of two tone sets, and the base station, for example 120a, can alternate between

the two tone sets.

[0035] The common pilot signal and modulated data experience distortion and
degradation attributable, in part, to the channel. The user terminal 110 can receive the
common pilot signal along with modulated data from a base station, for example 120a.
The time domain signal received by the user terminal can be modeled as y(t) = s(t)*h(t)
+ i(t) + n(t), where s(t), h(t), i(t) and n(t) represent, respectively, the modulated data, the
channel, the interference, and additive noise. The symbol "*" refers to the convolution

operator.



common pilot signal along with nodul ated data froma base station, for
exanpl e 120a. The tine donmain signal received by the user term nal can be
nodel ed awoy(dcyo2e023(t)*h(t) + i(t) + n(t), where s(t), RrCT)uS2006t2518nd n(t)
represent, respectively, the nodul ated data, the channel, the interference,
and additive noise. The synbol "*" refers to the convol ution
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denodul ate recei ved signal s because the channel quality is inadequate and
cannot suppogtalthrecovartisndata.ed rate of the data. Alternatively, the user
termnal 110 may be unable to successfully denodul ate the received signals
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situation, ddneodulasaRirtéetvediidhaiefen tougk ducchahig chd appoittihedadatifed at e.
However, allocating additional resources to channel and interference

estimation 42 iaebecanteciegeadation agrPwaie tor inedeapse chanmel andhinfenfreneso to be
abl e to demagifl g isIstﬁ?ﬁsﬁlgxggrrs%tvelrqurésﬁﬁﬂ?géctoh&%negﬁ}.a rate. [0039] The user

term nal 110 can be con ed to provide an ication to the wirel ess
communi catign_station 100, for exanple vi.a the base station 120a, of the
i nabi ity twoailnnim&'ﬁtfmqasawae@ca el ieeomeesn %ém}ei b @RSt o
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enbodi nent, the indicatipn can be a request fqr retransmn Ssio hi. anot her
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(ACK) . user terminal 110 to be able to demodulate the data at the transmitted data rate.

[0039] The user terminal 110 can be configured to provide an indication to the
wireless communication station 100, for example via the base station 120a, of the
inability to demodulate the data. The indication can be in the form of a message, or lack
thereof, transmitted from the user terminal 110 to the base station 120a. The user
terminal 110 can transmit the indication, for example, over a control channel or a
feedback channel.

[0040] In one embodiment, the indication can be a request for retransmission. In
another embodiment, the indication can be the lack of an acknowledgement message
(ACK).

[0041] If the wireless communication system 100 determines the inability of the user
terminal 110 to demodulate data, such as through the receipt of an indication by the base
station 120a, the wireless communication system 100 can allocate additional resources
to channel and interference estimation. In one embodiment, the base station 120a
includes additional tones in the common pilot signals. In another embodiment, the base
station can include dedicated pilot signals that code puncture the data transmitted to the

user terminal 110 that indicated the inability to demodulate data. The base station 120a



[0041] If the wirel ess communi cation system 100 determ nes the inability of
the user termnal 110 to denodul ate data, such as through the receipt of an
i ndi cat i omokosidzeo2base station 120a, the w rel ess comuRrCTAS2@S/0331sT em 100
can al locate additional resources to chagnel and interference estimation.

I n one enbodi nent, the base station 120a includes additional tones in the
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t hat experl&mﬁsﬁe(gyo%@aﬁﬁggl gﬁﬁgc Per %al elﬁcgfrp%&a%éﬁasﬁhapﬁ er th@D44]  hi

one enbodi ment cat ot sig e an unnodul ated tone
sel ected f rthepbwer éu thewemoiomspiles tohes. oThedmehcaat el pilot GEDNkasyaldoqiarticudartymi t t ed

to the user termnal 110. In an er e t he dedi.cated pil ot signal
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to the user termnal 110. [0045] The performance reduction attributable to

al | ocati on that m@snmccébytﬂm tones ussd for the common pilot signals.

[0044] In one embodiment, the dedicated pilot signal can be an unmodulated tone
selected from the frequencies used to generate an OFDMA symbol transmitted to the
user terminal 110. In another embodiment, the dedicated pilot signal can be null pilots
in which no signal is transmitted on a tone frequency selected from the frequencies used

to generate an OFDMA symbol transmitted to the user terminal 110.

[0045] The performance reduction attributable to allocation of resources to one or
more dedicated pilot signals can be mitigated to some extent through the use of a
Hybrid Automatic Retransmission Request (HARQ) configuration where successive
transmissions of data are carried out with corresponding lower rates if the prior

transmission is not successfully decoded at the receiver.

[0046] Because the dedicated pilot signals are inserted in the position of data carriers,
the allocation of dedicated pilot signals can be viewed as code puncturing. The initial
data transmission may be particularly sensitive to code puncturing because it can occur
at the highest code rate used by the system. In the embodiment where the wireless

communication system 100 is configured for incremental dedicated pilot insertion, the



nore dedi cated pilot signals can be mtigated to sone extent through the
use of a Hybrid Automatic Retransm ssion Request (HARQ configuration where
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the wireless portion of the system 100.

[0048] Other embodiments of the system 100 may include access points, node Bs, or
other structures in place of the base stations 120a and 120b. In such a system 100
embodiment, the BSC 130 and MSC 140 may be omitted and may be replaced with one

or more switches, hubs, or routers.

[0049] Figure 2A illustrates a functional block diagram of an embodiment of a
generator 200 configured for dynamic resource allocation for channel and interference
estimation. The embodiment of the generator 200 can be implemented, for example, in
one or both of the base station 120a or 120b and user terminal 110 shown in the wireless

communication system 100 of Figure 1.

[0050] The following discussion describes an embodiment in which the generator 200
is implemented in a base station of a wireless communication system configured for
OFDMA communications. The generator 200 is configured to transmit one or more
OFDMA signals to one or more user terminals. The generator 200 includes a data

buffer 210 configured to store data destined for one or more receivers. The data can be,



or nore switches, hubs, or routers. [0049] Figure 2A illustrates a
functional block diagram of an enbodi nent of a generator 200 configured for
dynam c rweawrseo@l| ocati on for channel and interferencecediseonanezin? The
enbodi mrent of the generator 200 can be ippl enented, for exanple, in one or
both of the base station 120a or 120b and user termnal 110 shown in the
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i ncl ude encodin forc%@ror detection and Forward Error Correction (FEC).
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to those par ata streans correspondi ng arriers allocated
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the OFDMA system with a corresponding data or pilot signal.

[0053] The output of the pilot module 220 is coupled to an Inverse Fast Fourier
Transform (IFFT) module 222. The IFFT module 222 is configured to transform the
OFDMA carriers to corresponding time domain symbols. Of course, a Fast Fourier
Transform (FFT) implementation is not a requirement, and a Discrete Fourier
Transform (DFT) or some other type of transform can be used to generate the time
domain symbols. The output of the IFFT module 222 is coupled to a parallel to serial
converter 224 that is configured to convert the parallel time domain symbols to a serial

stream.

[0054] The serial OFDMA symbol stream is coupled from the parallel to serial
converter 224 to a transceiver 240. In this embodiment, the transceiver 240 is a base
station transceiver configured to transmit the forward link signals and receive reverse

link signals.

[0055] The transceiver 240 includes a transmitter module 244 that is configured to
convert the serial symbol stream to an analog signal at an appropriate frequency for

broadcast to user terminals via an antenna 246. The transceiver 240 can also include a
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manner in which data from the data buffer 210 is read into the serial to parallel

converter 212 to ensure the frequency allocation is maintained.

[0057] Similarly, the resource allocation module 230 can determine which of the
carriers are allocated to a common pilot signal based on a predetermined common pilot
algorithm. For example, the resource allocation module 230 can be configured to
allocate resources to generate a staggered comb as the common pilot signal. The
common pilot signal is typically used by the user terminals to generate a channel and

interference estimate used in demodulating the received symbols.

[0058] The resource allocation module 230 is also configured to allocate carriers for
the dedicated pilot signals. Initially, the data transmitted to each user terminal may not
include any dedicated pilot signals. However, one or more of the user terminals may be
unable to decode the received signal. The user terminal can indicate the unsuccessful
demodulation to the generator 200. For example, the user terminal can broadcast a
retransmission request or a receipt unsuccessful indication to the receiver module 242 in

the transceiver 240. Alternatively, the generator 200can be configured to determine the



manner in which data fromthe data buffer 210 is read into the serial to
paral l el converter 212 to ensure the frequency allocation is maintained.
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[0061] In one embodiment, the receipt of an unsuccessful demodulation indication
results in retransmission of data. The retransmitted data is re-encoded at a lower data
rate before being stored in the data buffer 210. However, the use of a reduced data rate

for retransmission is not required.

[0062] In another embodiment, the receipt of an unsuccessful demodulation indication
results in additional channel and interference estimation resources, but does not result in
retransmission. Such an embodiment may be advantageous in time sensitive
implementations where there is insufficient time to retransmit the unsuccessfully

demodulated data.

[0063] In one embodiment of incremental resource allocation, the resource allocation
module 230 allocates one of the data carriers for the user terminal to a dedicated pilot.
The resource allocation module 230 can control the data buffer 210 such that no data is
provided to the serial to parallel converter 212 at the time corresponding to the data
carrier allocated to the dedicated pilot. The carrier assigned to the dedicated pilot signal
may be modulated with one or more predetermined symbols allocated to a dedicated

pilot. Alternatively, the carrier assigned to the dedicated pilot signal may remain
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denodul ation indication Is received for the same user termnal for
interference estimation based on the needs of the particular user terminal.

[0066] Figure 2B illustrates a functional block diagram of an embodiment of a
receiver 202 configured to operate in an OFDMA wireless communication system
having dynamic channel and interference resource allocation. The receiver 202 can be,
for example, part of a user terminal 110 or base station 120a or 120b shown in Figure 1.

The following discussion describes a receiver 202 implemented in a user terminal.

[0067] The receiver 202 can include an antenna 256 coupled to a transceiver 250
configured to communicate over a wireless channel with the generator 200. The
transceiver 250 can include a receiver module 252 configured to receive the wireless

signals, via the antenna 256, and generate a serial baseband symbol stream.

[0068] The output of the receiver module 250 of the transceiver 250 is coupled to a
serial to parallel converter 260 configured to convert the serial symbol stream to a
plurality of parallel streams corresponding to the number of carriers in the OFDMA

system.



whi ch a dedicated pilot is allocated, the resource allocation nodule 230
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264 that is configure to determ ne a channel and interference estinate
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264 can determ ne an estinmate using a | east squares nethod, a
[0072] The output of the channel estimator 264 including the frequency domain
transform of the received symbols and the channel and interference estimate is coupled
to a demodulator 270. The carrier allocation module 270 also informs the demodulator
270 of the carrier frequencies allocated to data transmission. The demodulator 270 is
configured to demodulate the received data carriers based in part on the channel and
interference estimate. In some instances, the demodulator 270 may be unable to
demodulate the received signals. As noted earlier, the demodulator 270 may be
unsuccessful because the channel quality is inadequate and cannot support the

transmitted rate of the data, or because degradation attributable to inadequate channel

and interference estimation is sufficiently severe to result in decoding error.

[0073] If the demodulator 270 is unsuccessful, it can generate an indication of the
inability to demodulate the received signals. The demodulator 270 can, for example,
inform the carrier allocation module 280 such that the carrier allocation module 280 can
expect a dedicated pilot signal in subsequent transmission. The demodulator 270 can
also provide an unsuccessful demodulation indication to the transmitter module 254 in

the transceiver 250 for transmission back to the generator 200.
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each tine epoch, but do not necessarily appear w thin each
common pilot signals in determining a channel and interference estimate. In some

embodiments, other receivers can be configured to receive the dedicated pilot signals

outside of a carrier block and use them to determine a channel and interference estimate.

[0076] For example, at time t; a first carrier block 310a includes one common pilot
signal but no dedicated pilot signals. However, a receiver assigned to the first carrier
block 310a uses all of the common pilot signals in determining a channel and
interference estimate. Similarly, another receiver assigned to carrier block 310d at time
to does not include any common pilot signals in its carrier block 310d, but estimates

channel and interference using all common pilot signals.

[0077] According to the example, at a time t; a receiver assigned to the carrier block
310d includes a dedicated pilot signal 331a. Thus, at time t; the receiver assigned to the
carrier block 310d determines a channel estimate based on the dedicated pilot signal
331ain addition to all common pilot signals, which include 321a-321d.
Advantageously, the dedicated pilot signal, 331a, is always within the block of carriers

assigned to the receiver. Thus, the channel and interference estimate derived using the
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dedi cated pilot signals typically have no affect on the receivers not
assi gned t oHoweverdf tiegeerivayindipasesttedhe ganethtqyi 4 sufficiently high signal quality, one

or more pilot resources within the carrier block 310g can be omitted and data symbols
transmitted instead. In such a situation, reduction in channel and interference estimation

resources can improve the system performance.

[0080] The reduction in resources need not be a reduction in common pilot resources.
For example, at time t; the receiver assigned to the carrier block 310b omits a dedicated
pilot that appeared in the previous time epoch. Thus, the reduction in resources can
include a combination of dedicated and common pilot resources. In one embodiment, a
transmitter can determine that a receiver has a signal quality greater than a
predetermined threshold. The receiver can, for example transmit a signal quality metric
back to the transmitter. In such a situation, the transmitter can reduce the amount of

resources allocated to the receiver.

[0081] Figure 4A illustrates a flowchart of an embodiment of a method 400 of
allocating resources for channel and interference estimation. The method 400 can be

implemented, for example, in the forward link path of the base stations 120a-120b of
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i npl enented in the reverse |ink path of the user station 110 of Figure 1.
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within a forward I'ink path of a base station. The me egl ns at
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determine if all of the recei vers 'successful Iy recei ved and dermodul at ed t he
transm t t edAGkirnesisages) the base statien proceeds to block 430 and adds channel estimation

resources to the unsuccessful receivers. The additional resources can be in the form of

additional common resources or dedicated resources. Additional common resources
may be less desirable because they may unnecessarily degrade the channel throughput
on the receivers not experiencing any demodulation problems. Therefore, it may be
advantageous to allocate additional resources as dedicated channel estimation resources.

Once the base station has allocated the additional resources, it returns to block 410.

[0085] Figure 4B illustrates an embodiment of a method 402 of receiving symbols
and channel and interference estimation in a system having dynamic allocation of
resources for channel and interference estimation. The method 402 of Figure 4B is an

embodiment of a complement to the method 400 of Figure 4A.

[0086] The method 402 can be implemented in the reverse link path of a base station
or in the forward link path of a user terminal. The discussion of Figure 4B describes an
implementation in the forward link path of a user terminal to complement the

description of Figure 4A.



there is no reason to allocate additional resources to channel and
interference estimation, and the base station returns to bl ock 410.
However, wo 2ad6/d2e¢@3t one recei ver coul d not successful | pcaaseailoatis7 t he
transmtted synbols, the base station prgceeds to bl ock 422 and determ nes
whi ch of the receivers were unsuccessful. Once the base station has

det er m ned O@ﬂ%@' dept b%ﬁm(&nlo%%%gftﬁ%ﬁf‘&g&é@id‘\kﬂl%r@%%\(s%f termfifal RXATR! €, using
requests f retransm ssion or € absence o nessages, the base
station prdaestiasttsgnibotc KThd3IReraBniasdsockantodilosks4 itnaid derermasstitcces to t he
unsuccessful receivers. The_ additional, respurces. can be in the form of

addi ti onal RESFHRSE grEBdigg repawice Aletrt v u Blindhe sysieyi Thiolssr teEBHitbn
resour ces i BidckaRto Btk L3R LRI AEAUAE iFhRY adiloli RRGAS SN YeAPOr ade the
channel throughput on the recelvers not experiencing any denodul ation
probl ens. Tilecatdbg thd tysteayfopehanebaddgevasntoestiniatioat e addi ti onal
resources as dedi cated channel estimation resources. Once the base station
has al | ocat [I@dsglh enrP@dichdORdre HRSRAIHOAS reddurdeBlatd dtinrhon Rlsegkeddded hOHB5]
Figure 4B illustrates an enbodi ment of a method 402 of receiving synbols
and channel resiitiof amohret eqceiverreguestimarésonrces the wsgs temmitish oamiesediyaddiizonal

all ocation of resources .fo% ?lhan el,a crl 'ntceregtclargletg]ce estimati gln. The net hod
402 of Fi gu?omglfegmérﬁese% di ﬁ@ﬁg a%qmeg%%faened% Yo ¥ 1RY H 8“32{5% of

Fi gure 4A. JA0&hhl Ehsurt®! RodedifAcCainhe andpltefeshatestihatiberdsiees thd i Nk

path of a base station or in the forward link path of a user termnal. The
di scussi on wr Erginabcapisgdbedgdinatedaasquiges orbnf the user has agerss faotbadedicated k
path of a u r gy . Lt [WolVYs A. 87] The
ot hod 402 BEaE” T estiiGhIRIGATY Ko Al anon bl B Gl ™ 200 o
synbol s. Thequsesd thefsdbmaks. pr oceeds to bl ock 450 and determ nes the

basel i ne channel estimation resources allocated within the system The user
term nal theggey o EOniBlnRGH D A8 SR IHEPresdurBdty tRIELL LARAk
resour ces h@ggﬂbegﬁ%gﬁ?tocdt e 1%61?%%1@5?“ m f or cE%nnuerFé%n qlgnt eﬁlﬁﬁe{r ence
esti mat i on. prp&&d} td blotlh46Q askdetdrarirestahvhamtd ahd onelfereres@stimets based anotheon

resources add as a result of anot.her, recei ver, request. resqu s,, the
User 1 or mi HARIEHIR TerORTCEmeABEEHATERARE s Gl L IR a T A eC AP Sang
i nt er f er enceyesdl Ao deMolitiBteGRS fockied §yrhthisls BAEH i HBbn [RI/MNERS are

dedi cat ed channel altr?g interference estimation resources, the

[0090] The user terminal then proceeds to decision block 472 and determines if the

receiver in the user terminal successfully demodulated the received signals.

[0091] If the user terminal determines successful demodulation, the user terminal
proceeds from decision block 472 back to block 440 to receive additional symbols. If,
at decision block 472, the user terminal determines that the symbols were not
successfully demodulated, the user terminal proceeds to block 480 and requests

additional resources for channel and interference estimation.

[0092] The request can be explicit where the user terminal transmits a request for
additional channel estimation resources. Alternatively, the request can be implicit, such
a where the user terminal requests retransmission of unsuccessfully demodulated data.
The user terminal need not even send a transmission for an implicit request. For
example, the user terminal may omit sending an ACK if the demodulation is
unsuccessful. The lack of an ACK may indicate a request for retransmission and may

also indicate a request for additional channel and interference resources.



user termnal can use the dedicated resources only if the user has access
to the dedicated resources. This restriction typically requires the user
term nal wo 2bh@weo@ievi ously requested the resources. [0@8F|USAI0SHR5157
determ ning the presence of any additiongl resources, the user termnal
proceeds to block 460 and determ nes a channel and interference estinmate
based on th ai r ' Fco Mol | . the user
term nal pr gz}%éfg!dsbt{ﬁgé @Ieggéﬂ%ﬁglr}g%%@%%pgféﬁlg& e%g%#gsf’ gﬁ%eﬂ{é@%}?égh&gd
synbol s basiesplicit, thamterdarmiha resitisrtabiock $00 8diecTie thestemstnittadi syadbotsh dm

roceeds to, decisi.on block 472 and determnes. . if the receiver in the user
!to erm nal subE&LEASRITGIRFERIOH TR RERISEAR tﬁ%@@’?%gei%ﬂh%ﬂl%?ar’[ PIrapfmIsHan s er

term nal deéﬁﬁ@?ﬁ%u§1§&%@e%§e‘dtﬁyﬂ%mﬂakﬁéré BRsuct s Aent@hlicqal proceeds

from deci si on ock 472 back to block 440 to receive additional synbols.
I f, at decigi bLock 47 the user, term nal term.nes ih synbol s
wer e not su@@g@sftﬁw %gﬁﬁ%ﬁﬁg?ﬁa}@%ﬁo ST Wlﬁéﬁfaﬁ?%%%(g%@%g bl ock 480
and request gloagkehg dhafnaél EBBMETR freds if B OFDIMARdrél Bds@bhRnanéiof S{dtemt | on.

[0092] The request can be explicit where the user termnal transmts a
request f orbxpitntinseritm. chgaprtho®sq erntticdsrfpaned; feresxampie, by it hage stgtion he

request can IRl Gt . e : . i u

retransm ss?égﬁgl%‘)r?ﬁ l}{ﬁgl{ﬂecf(%\g%? H}‘ﬁ?‘ﬁggle‘;r%'oaﬁpgk‘%%?%g?’g‘ﬁ%’krﬁ@l”ﬂésggl @%%%]zeﬁsael need
not even selk guth.r ahsfollbsinnditalssion degtpibectht nieditnde3n. asfeinggeafspheal b he user
termnal may omt sending an ACK if the denodul ation is unsuccessful. The

| ack of an PREKS®HN.| ndicate a request for retransm ssion and nmay al so

i ndicate a request for additional channel and interference resources.[0093]
Once t he usp0?iler TharalethodsS00dgpms beldoddsll @ whera ther lese staties initidiBt her explicit

or inplicit, the user termpal returns, to block 440 to.receive the
transm t t ediLSRIES cowmmﬁ%&@&#%ﬂm Sk OF %FOIP@P?%%’S‘?#E couRN pijgte

transmitt edarﬂYdéH{?:b&d%Bt 82 afodafld 18 REMR PARNNRE fetdi8e DERNARMS e Lomaloned
synbol s that were unsuccessfully denodul ated. [0094] Figure 5 illustrates a

fl owchart ofilodnarebddoi emantplefa staggered pdot5aG cvintandtioo af staggarbdipiletiand ohé nat i on
resources in an OF i r.el ess,co ni,cati on stem i.lot, insertion. The
ot hod 800 SAOTBEGUEPH IR S ICRAen B EErERses eRHES G OF i gure 1
in the forvwglgdated fthe3hihiRl altVintdrerd#es estir®dtidntfore badhi OFDRIA syrfibdlleg rever se
link path. The foll ow n<I:1 di scussi on describes the nethod 500 ‘as being

per f or med bspnze other interva

[0096] The base station then proceeds to block 520 where it determines the symbol
frequency set. There may be multiple user terminals simultaneously supported by the
base station, and each of the user terminal may be allocated a subset of the available
carriers remaining after the allocation of the common pilot carriers. The base station
can allocate a distinct number of carriers as data carriers dedicated to each of the active

user terminals.

[0097] The base station then proceeds to decision block 530 and determines if the
base station has received a request for additional resources for channel and interference
estimation for any of the user terminals. If not, the base station proceeds from decision
block 530 to block 540 where the base station allocates data to each of the carriers in the

frequency set for each of the user terminals.

[0098] If, at decision block 530, the base station determines that one or more of the
user terminals has requested additional channel and interference estimation resources,
the base station proceeds from decision block 530 to block 550. In block 550, the base

station determines which of the carriers in the set of carriers allocated to each of the user



base station. [0095] The nethod 500 begins at bl ock 510 where the base
station initially determ nes a comon pilot set, dedicated pilot set, or a
conbi nat iwo 20d66/carmon pi |l ot and dedi cated pil ot set all ecatusdoosn2zilannel
and interference estimation. The comon,pil ot can be, for exanple, a
staggered pilot or a conbination of staggered pilot and one or nore

i ndi vi dual ,pil-0f.S; . - : M (YT ' at are
allocated to t Ee@%:%%r%%er%&gcheg%?lﬁlt %%1 e?%%cé@gﬁl%gtﬂg%e gtr! e eglgﬁfogefﬁ%l&
synbol or somtbcRisEeEnd all@sataldata[t0@8d of thecdrdss is thet framendyeset potadieeatsd t o

bl ock 520 where_ it determ nes the synbol frequency set. There may be
mul tipl e udethedadigaredindlot pighls- o HaWE ST 91°§%%%§FH@GC 4 a9ete P4 i on, and

each of theirefed %ginm&as@%;@n 8dd R&ALBE carisHRe RS dfted 8 ndN A dAkre
carriers remaining after the allocation of the common pilot "carriers. The
base st at i csthaamscalulldnadelicatel] midteetrienunber of carriers as data carriers
dedi cated to each of the active user termnals. [0097] The base station

then proceqdpod)o HRChaE Mibh Bek ppefeditd HISIET701208 Yelctminde tRasEDRt | on has

received a request for additional resources for channel and interference
esti mat i on syobohfry thefusehtsrminels. {1derbasmstation mroensds tortecka¥bansh tranpwiis ficoceeds

from deci si on,bl ogk 530 t Q 40 where t station allocates data
to each of ﬁyﬁgokaﬁepé%grqsgoﬁhgﬁg }anu%fﬁ%%?eglﬁt‘%&%@g"éh of the user
term nal s. l[00098] 1f, at decisiaon block 530, the base statjon determ nes

that one orl0ffle Bigurafrillysisstces @ Havparsofimenhodiiaent of a serdhad 0 reseiiing and
g Ry . . =l
bl ock 530 (GEROREI RN haRRe difathip afaThA bt ABERGREATN FIERE DI OF

t he carri erbhd Methb®66@tante igglemaitsd, &b examplgl it the éawhrdiink bfa usetdraim nal s
Is to be replaced with a dedicated .pilot signal. The base st.atiaqn _{hen
proceeds t PBiHER 15eraahg mplescaicddn gaevpricdmk Ll hape ftﬁ%o’fb%’?élg'érreé i '€ he
frequency s : iBestlE il &b &6 iRhibRlentil S0 HeSuser thrnBAA 187 MOT €
of the dat ai%iclg‘?ir}{ge(?%sclulgsg&g %Sltclgetsetg to a gedi cg%d p?l ot teheSe base station
can | eave tdvepianeritehe praviodsid@aceptioroof thelaselstatiken on Figuteef.wi se nul | t he

dedi cated pilot carrier. The base station then proceeds to block 570 and

det er m nes fogﬁl]%ﬁﬁﬁ%boib@éiné Q@olbkﬁ@ﬁl()t\%éf& Al &er tEhRinAP&Rersliddsiviich

proceeds to block 580 and transmts the .
of the carriers is allocated to the common pilot signal. After determining the common

pilot set, the user terminal proceeds to block 620 and determines which of the remaining

carriers is allocated to communicating with the user terminal.

[0102] Afier determining the symbol frequency set, the user terminal proceeds to
decision block 630 and determines if additional channel and interference estimation
resources are present in the symbol. The user terminal can determine the presence of
the additional resources as a result of a prior request for additional resources, or may be
aware of the presence of additional resources due to prior inability to demodulate the
received data. For example, in a HARQ system, the base station may automatically
retransmit data if the user terminal does not provide an ACK. Additionally, the
retransmitted data may be a at a lower coding rate and may include dedicated channel
and interference estimation resources according to a predetermined algorithm. For
example. for each retransmission, the coding rate may drop by a predetermined factor

and a dedicated pilot may be included in the retransmitted data.

[0103] If additional dedicated pilot resources are present, the user terminal proceeds
from decision block 630 to block 640 and determines which of the carriers is allocated

to the dedicated pilot. As noted earlier, the user terminal may determine which of the



synbols, then returns to block 510 to prepare the next synbol. [0100]
Figure 6 illustrates a flowhart of an enbodi nent of a nethod 600 of

recei vi ngvoave/izo02an OFDVA syst em havi ng dynam ¢ al | ocarcorusedosobssnel
estimati on resources. The nethod 600 ca23be i npl emented, for exanple, in
the forward link of a user termnal of Figure 1, or can be inpl errented in a

reverse |i e 194 C I

descri bes '[%%H?érs ?Shéggééf)%&):&sael%n%pa%ir@ r?tg e%%fi%ntaﬁe}g%eiéeﬂrﬂu?ééﬁr%rg@t gﬁ% onpl enent

t he previ ousmdesiahérpprioosedoto bloek b3Be station in Figure 5. [0101] The net hod
600 begins at bl ock 610 where the user ternminal determnes which of the

carriers i gogddjocat ﬁfaea@loh%ckmeagér%m%mﬁ{ermﬁ{eg ®fat d6hedibINg the
comon pil ot set, e user termnal proceeds to block 620 and determ nes

whi ch of t rt@droatcdmmlphggtws e praseits theluserdtatmaigal o casdsrtatilock 65&3 Adihlpck he user

termnal. [Q10 Af ter .determ nin ol t he user

orm nal * pridletastSmins Rl SehassT e bEET R AL ploCh P uET
channel andrnenis@ftfeﬁﬁﬁaapan%%enm{el Othah@s OHd GRS fatRcemaR o8l Hettewabiel . The
user termnal can determ ne the presence of the additional resources as a

resul t of afithe exmmennidettsignal. Bawevaroi dediededpiletsignalsrargrayailpbleathamecrof t he
presence of add tio a r esou ces i r‘j 1 Y. de duI ate t he
%lorang SLSFRYS ac lgﬁ\%atte?fe%ﬂcg esti thp;'baéed 1§§ nB

recei ved da € base s

aut onat i Ca'thér’dé&&zft@cﬁ&[ﬁth@@l@&nﬂEhdd@)@]ﬂi@ﬁpﬂdt%fgﬁal@m does not pr ovi de an ACK.
Additionally, the retransnmtted data may be a at a lower coding rate and

may i ncl ud iC h EJ% S
according t ggﬁprgg {jer m negé ﬂfe{}%‘ %aﬁg(%@ée}%C% b b&%uséﬁ@ffﬁlﬁﬁ
retransm sgiroteeds tocblockdbGondatiempesyto dempdlhiyteah@slgnmmm@ﬂmptefrmuﬂyr and a
dedi cated pilot may he i ncI uded in the retrans d%@ [Q103] |If

addi t i onal tnaa'ieotT P UsTiFRERal prerssise, 181 0 a0 defspgnes

ds f d deterni whi ch of th
oyt ors | o HetEsdiibnll fkafeshitydoroipitd. 20 no?eﬁr;“ai‘??er 'the user
t | t whi f th L1 ocat dedi cat ed
el g T L P SR LS B R L et od
to bl ock 65QckkddRé 614 to ;ﬁ&paQ@fdr%&ﬁbxl@ dﬁ% 16%Qterﬁéﬁ%r§r8ﬁ*rthé @ePiei@inal, at

determ nes that no additional dedicate ilot signals are present, ‘the user
term nal prdecisivslock fi?locdﬁkems thiet thst reedivesbinta whenetseecessfily deodidated,ni nes

a channel tﬁ(te Iugé%ttgrm?r?a proceeds tQ %lock(|6%8 at and geqlﬁgs 9 8ddifiSrial dedicated pilot signals

to further improve the channel and interference estimate of subsequent received data.

[0107] Optionally, the user terminal can proceed to block 690 and request
retransmission. In some embodiments, no retransmission is requested. Instead, the
unsuccessfully demodulated data is dropped. As previously noted, in a system
implementing HARQ, retransmission may occur if the user terminal fails to send an
ACK. In some embodiments, the retransmission request and the request for additional
pilot signals is the same message, or omission. Following the retransmission request,

the user terminal proceeds back to block 610 to prepare for the next symbol.

[0108] A system , apparatus, and method have been disclosed for dynamic resource

allocation for channel and interference estimation. In an OFDMA system, the dynamic
resource allocation can be implemented as incremental pilot insertion. The incremental
pilot insertion can be implemented as dedicated pilot signals such that the performance

of the other users is not degraded by the addition of the resources.



The user term nal can determi ne a channel and interference estinmate solely
on the basis of the common pilot signal. However, if dedicated pil ot

si gnal s awe 2aacai2b@hbl e, the user term nal can determ ne a&cthseovsio2zand
interference estimate based on the conbipation of the dedicated pil ot
signals and the common pilot signals. [0105] After determ ning the channel
and interfe i . 1, >

rtenpt e t o dobdal St R e P el B o P o0 e e
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recei ved signal. uccessful | y denodu] at ed 0106] If the receLved data
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to prepare fegbndihigsiBethaSyopRlvidelat £dmRELV@IY or éddetrh¥e. TRE herli®iitinB@baindt

deci sion block 670 determ nes that the received data was not successfully

denodul at edatirithigablsterincreaseil sstimptiapoesiaces ab be signdgantzand caeqoesthen

addi ti onal detd'@ctﬁt ed eDi I(f)t .Si gnal s tag further inprove the channel and

i nt er f er encB> RS PHHEICEAST SHEE %gﬁ?urlggs(:ei ved data. [0107] Optionally, the
user term nal can Broceed to bl ock 690 and reoguest retransm ssion. In sone

enbodi ment s|014@] r dte aakensgBustitive logisglibloclss modples.cmd cirewids daserifesddnst ul |y
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ur i nal Parl s to 88

HARQ, retransm ssion may ocCC e user ter nd an ACK.
I n sonme enb@tth aRhéral piipodeirdRB®R) Sdipivdl sigalipdtesad DS, 4 Redirsd f or
additional pilot, signals is the sane nessage, .or, om ssion. Follow ng the

.or, Nl W ng
retransm ssingwugt Compiter (RISC) Pegcspsonl anmpplieation spediic ingeastted kirgn t o
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estimation resources can be significant and can nore than
in conjunction with a DSP core, or any other such configuration.

[0111] The steps of a method, process, or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software

module executed by a processor, or in a combination of the two.

[0112] A software module may reside in RAM memory, flash memory, non-volatile
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor such the processor can read
information from, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. Further, the various methods may be
performed in the order shown in the embodiments or may be performed using a
modified order of steps. Additionally, one or more process or method steps may be
omitted or one or more process or method steps may be added to the methods and
processes. An additional step, block, or action may be added in the beginning, end, or

intervening existing elements of the methods and processes.



justify the increased estimation resources. [0110] The various illustrative
| ogi cal bl ocks, nodules, and circuits described in connection wth the
enbodi mrenwe 2disaebesed herein nmay be inpl enmented or perf ecwas2euisoksiar gener al
purpose processor, a digital signal proggssor (DSP)5 a Reduced Instruction
Set Conputer (RISC) processor, an application specific integrated circuit
(ASI O, a fj . AL ogi c
devi ce, diJgggﬁepgggéﬁgg%@%%wg?é?g@ep%%F%gfgﬁé%reeg&ﬁgé%&ggg&ggg%g%glts, or
any conbi ngiskson dfloetiead; sidkinghest toompler drasaliciisdosned. i Varfoud eswlifidntidndier ei n.

A general purpose processor _may be a m croprpcessor, but_in the

al ternativeo these G@BS&WW Is%dlléz}?ypﬁqea@}ég@faﬁe,o 881%{1%%5}0&1.{1 the art, and

m crocontrgpl Elnerid okl o ﬁ@egl%agf&c%gﬁea td WD dRBertiPABERNt €d as a
co g dev or “exanpl e

conbi nation o ut i I ces, , a conmbination of a DSP and a
m cr opr oceskparting fwnuthel spirit oofcape of therdiscdssuo. sThusyihe discloswe ismatnojendagessor s
i n conjunction_ W, a DSP caore, or, any, ot.her sych confi ati.on 0111] The
steps of a tPrg’F I%‘H,egﬁ? Seesrabodgpents shey ngi)g&]rsﬁgga afcf?r‘i%#h%@’l“?e&hs‘%bp? h the
enbodi ment ,odisehOR RN G Bichld@nd evaTRAE disdiok&Chdriin N hardware, in a

sof tware nodul e executed by 'a processor, or in a conbination of the two.
[0112] A software nodule may reside in RAM nenory, flash nenory,

non-vol atile nenory, ROM nenory, EPROM nenory, EEPROM nmenory, registers,
hard di sk, a renovable disk, a CO-ROM or any other form of storage nedi um
known in the art. An exenplary storage mediumis coupled to the processor
such the processor can read information from and wite information to, the
storage nedium In the alternative, the storage nmedium may be integral to
the processor. Further, the various nmethods may be perforned in the order
shown in the enbodi nents or maybe perfornmed using a nodified order of

steps. Additionally, one or nore process or nethod steps may be omtted or
one or nore process or nethod steps nay be added to the nethods and
processes. An additional step, block, or action may be added in the

begi nni ng, end, or intervening existing elenments of the nethods and
processes.[0113] The above description of the disclosed enbodi nents is
provi ded to enabl e any person of ordinary skill in the art to nake or use

t he disclosure. Various nodifications to these enbodinents will be readily
apparent to those of ordinary skill in the art, and




the generic principles defined herein may be applied to other enbodi nents

w t hout departing fromthe spirit or scope of the disclosure. Thus, the

di scl osurwoi2soambozint ended to be limted to the enbodi meatrassévsnsiser ei n
but is to be accorded the w dest scope nsistent with the principles and
novel features disclosed herein.CLAIMS 1. An apparatus for dynamc

all ocation of resources for channel estimation, the apparatus conprising: a
channel quality nodule configured to determ ne a request for channel
estimation resources;: and a resource @ABYtion nodul e in comunication
with the receiver and configured to determ ne a baseline resource |evel and
a variable resource level, the variable resource | evel based at least in

part on the request fpr channel estimation. resources. 2. The apparatus of
Slai m 1, further compisimgnaoRFaRs i (YTt AIBPRPo reihiroed Dop paEter

al l ocation mdul@ﬁﬁﬁﬁoﬁ’QHéhM@dsédmﬁﬂs@igsrﬁt a signal having a portion

al l ocated to channel estimation based on the baseline resource |evel and

the vari abl e resour cea ¢hapa¢l qualityraedudp pridienieg tefdeterming arequgsetos changk
request for chan '%E '; sources conprises a request for
retransm ssion. %;ﬁh’?ﬁéﬁgppar‘:%&é&of claim1l1, wherein the channel quality

nmodul e det erm nes t hea reeoures hlldcation hadilelin esthim@ichtion with piey fecdiagegddon a
presence or absence of an acknow edge nessage. 5, The ap%ar atus of claiml,
wher ei n the basefaiguicdde deieaning pdpsclinarrsrurs leyet i Karpivlcgesalirefigrel 6. The
apparatus of cl aj : i i ﬁ@@gyg Lges a

dedi cated pil ot a@%%‘é?%%%%@%@?g‘%éé% al nlf %?Ir%%tei?ﬁ&: eavari abl e
resource | evel cetipratisescsanrcagldi tional pilot signal. 8. The apparatus of
claim1l1, wherein the variable resource |evel conprises a dedicated pil ot

signal 9. An apparatup Tor.dynam ¢ alJ pat) ol LeSoMl§ SRl Qe

coupled to the resource allocation module and configured to transmit a signal
having a portion allocated to channe] estimation based on the baseline resource

level and the variable resource level.

3. The apparatus of claim 1, wherein the request for channel

estimation resources comprises a request for retransmission.

4. The apparatus of claim 1, wherein the channel quality module
determines the request for channel estimation in part based on a presence or

absence of an acknowledge message.

5. The apparatus of claim 1, wherein the baseline resource level

comprises a common pilot signal.

6. The apparatus of claim 1, wherein the baseline resource level

comprises a dedicated pilot signal.

7. The apparatus of claim 1, wherein the variable resource level

comprises an additional pilot signal.

8. The apparatus of claim 1, wherein the variable resource level

comprises a dedicated pilot signal.



estimation, the apparatus conprising: a common pilot nodule configured to
determ ne a first subset of carriers froma set of Othogonal Frequency

Di vi si on Whl2vegpi2eo2Access (OFDVA) carriers, the first sulpsetusedosmasisi er s
allocated to a common pilot signal; a syabol npdul e configured to determ ne
a second subset of OFDVA carriers allocated to a communi cation |ink, the
second subset of OFDVA carriers distinct fromthe first subset of OFDVA
carriers; a dedicated pil oty spaudtes £0aihame adodadionll egatRedtfor tRamkl one
carrier fromthe second subset of OFDVA carriers to channel estimation; a
synmbol gener at orestmatigry drecPPEEUFIPEPESEEAan OFDVA synbol from t he OFDVA

carriers; and a transmtt fi I } -%h E% . havi ng
t he dedi cated pil ot saicaﬁgﬁéngﬁ %ﬁﬁg%%n(%gﬁﬁggees F%a Dton. e%f?éﬁ%%ﬁa

appar at us of cl gidim 8 setidT@rtiogohdlFreipshepbadsipn Multipte dukessi(OFDMAher
configured to null the at |east one carrjer fromthe second subset of OFDVA

carriers. 11. T@ﬂmﬁ%ﬁﬁﬁﬁ@ﬁ?‘ﬂfﬂ%e@ allgraled iha eorBme] pHet sigdher at or
conprises an |nverse an%giboFgﬂﬁhﬁzfoﬁﬁ%ﬁgﬁg{ cF@tén]s.tﬁ:Eel—% séggﬂ&'ls@ose&?f-o par at us

for channel estimation”based on dynha ocat | resources, the
appar at us conpr icairfegs albochreded weomanmidagon Halk,tthe seeomd mbsetrof@RDIdgonal

Frequency Division Multiple Access (OFDVA | having resources
al l ocated to ch#dHErs %EW%%Q%&{S fQSttSP W%P%Pﬁﬁ%&?@e%upl ed to the receiver
and configured to tr RlafBd t%%céﬁg%.gédﬁooalﬁac%%Pehétto\ﬁeesnﬁ?ﬁﬁhﬁr s, a

carrier allocation nodule configured to 1

ermne a first subset of
carriers correspbhaskcond subset afdMrRM Apédroers 40 grahel eatimetiomd subset of

carriers corresponding t ata carriers nd at |ea carrjer fromthe
second subset of carrd S@Pﬁ’ogg?rfe&t%%%ﬁb“eflgo §ellféﬁ?8%§ép&ﬁ\gﬁis(¥fnb8i ﬁﬂ%tﬁ%
channel esti mat QypSRUPERHedsOatde t ransform nodul e and the carrier

a transmitter configured to transmit the OFDMA symbol having the

dedicated pilot signals allocated to channel estimation.

10.  The apparatus of claim 9, wherein the dedicated pilot module is
further configured to null the at least one carrier from the second subset of

OFDMA carriers.

11.  The apparatus of claim 9, wherein the symbol generator

comprises an Inverse Fast Fourier Transform (IFFT) module.

12.  An apparatus for channel estimation based on dynamic allocation
of resources, the apparatus comprising:

a receiver configured to receive an Orthogonal Frequency Division
Multiple Access (OFDMA) symbol having resources allocated to channel
estimation;

a transform module coupled to the receiver and configured to transform
the OFDMA symbol to a plurality of carriers;

a carrier allocation module configured to determine a first subset of
carriers corresponding to a common pilot signal, a second subset of carriers
corresponding to data carriers, and at least one carrier from the second subset of

carriers corresponding to a dedicated pilot signal;



al l ocation nodule,, and configured to determ ne a channel estinmate based in
part on the common pilot signal and the dedicated pilot signal; and a
denodul atwo 20@R2d@ur ed t o denodul ate the data carriers lpasas2005/0past on t he
channel estimate. 13. The apparatus of gkaim 12, wherein the transform
nodul e conprises a Fast Fourier Transform (FFT) nodule. 14. The apparatus

of claim 12, wherei n,atcﬂ&xﬁ?gétﬁﬁétﬁ%ﬂgle@ttoﬂi%‘sfo%ﬁfﬁ%dxﬁ@&@th@'éhﬂriepi lot. 15,
The apparatus of claim 12, wherein the dedicated pilot signal conprises a

carri er nodul at etlosutioh nandulee aud coriieupidda dietsrmingadcheymd gstimaig baspdan apibar at us

of claim 12, wherejin the channel tokr. 1.s.further.configured to
deternine an i ntog&fﬁee?cgwggngﬂ?ﬁ %aga%da{g%él&lﬁlﬁa%%ﬁm()sﬁgr{a}iéan@ommn pi | ot signal
and the dedicated pilafenfidgRtdr codfigurédd tRddnasintite the datardatritgs Based gpart havi ng
dynam cally all ocated channel estinmation resources, the nethod conprising:

assi gni ng a bas@pithechagypd|esdmatcesour ces to channel estimation; determning
a request for additional resources; allocating additional resources for

channel estinmation; ngt Q%Q%g}tyir%s%iféfaﬂﬂ%, ‘pgégﬂ{%@ﬁ@%gwﬁ%@g basel i ne

| evel of resources an he additi onal resources. e of claim
17, wherei n assicghipfigestdiasbBoeier Teadséoral (F&T) mesloler ces conpri ses al | ocating
a predeterm ned nunber of carriers froma set of Othogonal Frequency

Division Multiple Access DVA) carriers.fto [oX0) ilot .signal. 19. The
met hod of claim 18, wher ei'i®&PPYE ioﬁﬁla{rﬂé5’p‘?’€%@flg$r‘??#‘?ﬁgﬁ‘t#}?@égl%?l carriers
conpri ses al | ocabimgsé AfdaiRr M ned nunber of carriers based on a

predeterm ned al gorithm 20.” The nethod of claim 17, wherein assigning the
baseline | evel of resources conprises allocating a predeterm ned nunber of

carriers froma set df. O tThegopaptusoéelaandy. wherpgithmdedigatedpilot sigaals s

(OFDMA) carrier Scortn%riges a carrier modulated with at least one predetermined symbol.

16.  The apparatus of claim 12, wherein the channel estimator is
further configured to determine an interference estimate based in part on the

common pilot signal and the dedicated pilot signal.

17. A method of generating a signal having dynamically allocated
channel estimation resources, the method comprising:

assigning a baseline level of resources to channel estimation;

determining a request for additional resources;

allocating additional resources for channel estimation; and

generating a signal based in part on the baseline level of resources and

the additional resources.

18.  The method of claim 17, wherein assigning the baseline level of
resources comprises allocating a predetermined number of carriers from a set of
Orthogonal Frequency Division Multiple Access (OFDMA) carriers to a

common pilot signal.

19.  The method of claim 18, wherein allocating the predetermined
number of carriers comprises allocating a predetermined number of carriers

based on a predetermined algorithm.



dedi cated pilot signal. 21. The nethod of claim17, wherein determ ning the
request for additional resources conprises receiving a request for
ret ransmwei2o0v/02821 The net hod of claim 17, wherein det @Cwius2e0g/0231687 r equest

for additional resources conprises detenrgining an unsuccessful
transm ssion. 23. The nethod of claim 1% wherein determ ning the request
for additional resources conprises determ ning that an acknow edge nessage

was not received withmn a tHs06hed BT flgkh mrwmeiﬁfasﬁgrﬂﬁ%ﬂl%asém@ 16®1 bpd of
claim17, wherein allocating additional resources to channel estinmation

conpri ses: det ermsimirery campriedallecatingedredmearinet nusaler o€ eayriprsda a settofof

cor r espondi ng- & Roasei Py e BB SnABR G IPEMETEEHE e e gt

carriers as a defddeat@ilpt siphalsi gnal . 25. The nmethod of claim 24, wherein
the dedicated pilot signal conprises a carrier nodul ated with at | east one
predeterm ned synbol. 26. The nethod of claim 24, wherein_ the dedjcated
pil ot signal conprisedl-a nthamghedef cloim 17 yeghssein dlgraming the sqpest her ei n

generating the sj i i ency Division
Mul tiple Accesssd(d%g%ﬂﬁ%égjﬁn%%ﬁ%ﬁ%\%@ %I%gélﬁggg? G%Et?g? 0 %lgi%??gr S );;r ovi di ng

the baseline | evel of resources and a second subset of carriers providing
the additional resour2®s. P& méhodvhcdinol 7 privees detegmping e atquesiviong
dynam cal ly all ggg@ltled hannel esti.rrasgi gn . esour ces, t?ﬁkﬁm had .

conpri si ng: pr oc AAHHARALETSRYIEes SGBIREF LG TEHRS THIUIUSES IS BFRhccess
(OFDMA) synbol ; determ ning a baseline | evel of channel estimation

resources included i m3 he ORRAYAKhsY BPElhim IBtvHdinidB@rmmethid the Aafuestifannel
estimation resources included in the OFDVA synbol ;
additional resources comprises determining that an acknowledge message was

not received within a predetermined period of time.

24.  The method of claim 17, wherein allocating additional resources
to channel estimation comprises:

determining a predetermined number of carriers from a set of Orthogonal
Frequency Division Multiple Access (OFDMA) carriers corresponding to data
carriers; and

configuring at least one of the data carriers as a dedicated pilot signal.

25.  The method of claim 24, wherein the dedicated pilot signal

comprises a carrier modulated with at least one predetermined symbol.

26.  The method of claim 24, wherein the dedicated pilot signal

comprises a null pilot.

27.  The method of claim 17, wherein generating the signal comprises
generating an Orthogonal Frequency Division Multiple Access (OFDMA)
symbol having a first subset of carriers providing the baseline level of resources

and a second subset of carriers providing the additional resources.

28. A method of processing a signal having dynamically allocated

channel estimation resources, the method comprising:



determ ning a channel estimte based on the baseline | evel and additional
channel estimation resources; and denodul ating the received synbol based in
part on twe 2obvanoeh estimate. 29. The net hod of cl ai m 2@CTwisesosions157
determ ning the baseline |evel of channgf estimation resources conprises
determning carriers corresponding to a common pilot signal. 30. The nethod
of claim 28, wherein determ o 0ghbihapBtighiyabiviiannalipgshbdas i on
resources conprises determning at | east one carrier corresponding to a
dedi cat ed pil ot (OFPhdL) sBiAbolThe nmet hod of claim 28, wherein deterrnining

t he additional channe] esti.matjon..resour comprises determ ni t | east
one carrier correspordcfffer%m’fl’&g% ?ﬁﬁ}l?e%"%oq%g%nﬁg%n .Onfﬁsé’uﬁg?hng? ggmcl ai m
28, wherei n det gpyrOPDREAH@baEdI tional channel estimation resources
conprises determning at [east one carrier corresponding to a dedi cated
pilot signal from a dlsterminingpddidons] ehanpelasEpmation apurceonpiydedimithons. 33.
The net hod of cldﬁgﬂ@w ht her conprising: determ ni ng whether the synbol
was successful | y denodul ated; and requesting additional channel resources
if the synbol was notdetgiiss b dhdnyeliatindtd imisation 8. baddlme idtchadt afdittdral m 33,
wherein requesting additional resources conprises transmtting a request
for retransni ssichamebsstimafioniatontgs:adc] ai m 33, wherein requesting

addi tional resources i i i ) !
nmessage. 36. A nethod o ggﬁggg%qe%ééé\;% ngﬁfﬁ%\%%ﬁgp%g%lg%%c@%ggﬁ%%t ed
channel estimation resources, the nethod conprising: determ ning a conmon
pilot set froma set 2% OTFheagehed ofelaiqus)oxheBiin dstconinig the phseline keasls

et orm ni ng v SGEEIE YmARn FrlEES EaRe CORTT S BT FoeatrPRanE o °

a common pilot signal.

30.  The method of claim 28, wherein determining the additional
channel estimation resources comprises determining at least one carrier

corresponding to a dedicated pilot signal.

31.  The method of claim 28, wherein determining the additional
channel estimation resources comprises determining at least one carrier

corresponding to a null pilot signal.

32.  The method of claim 28, wherein determining the additional
channel estimation resources comprises determining at least one carrier
corresponding to a dedicated pilot signal from a set of carriers allocated to data

communications.

33.  The method of claim 28, further comprising:
determining whether the symbol was successfully demodulated; and
requesting additional channel resources if the symbol was not

successfully demodulated.

34.  The method of claim 33, wherein requesting additional resources

comprises transmitting a request for retransmission.

35.  The method of claim 33, wherein requesting additional resources

comprises failing to transmit an acknowledgement message.



assigning at |least one carrier fromthe synbol set as a dedicated pil ot
signal; nodulating carriers of the synbol set with data except for the at

| east onewoansd/n02assi gned as the dedi cated pil ot signalPCcTaisdoogeedasat i ng an
OFDVA synbol fromthe set of OFDVA carrigrs. 37. A nethod of generating a
signal having dynami cally all ocated channel estimation resources, the

met hod conpri sing: assigning a baseline |evel of resources for channel
estimation; deternini®ng a resehyEsf Shnehdhg @iinbl Yavid djmenidB3aBbcdian a
predeterm ned threshol d; determ ning resources to be omtted fromthe

basel i ne | evel ofhapBelssiiwaton paenrerentieanstheyl eomp¥Rg: based in part on the

baseline | evel of res . V] . rﬁ)(% :!tQS sour ces
omtted fromthe base@#%le gggl&%?n@g’lﬁg%es. %géﬂ heﬁﬁr?%[gﬂ%lg:r%&%%% aim 37,
wher ei n t he resobDivigen biltipleddcea(OFD@Apseatieme | evel of resources conprise

a dedicated pilot signal. .39. The_ nethqd of cl ai 7, wherein the resources
onmitted fromthe basef§HEINEgs syapolset Hombs setafiih CERBFHFON pi | ot

signal . 40. An appar aiiismbRiAHIRE: foPaBEIEA bRue ARk R Gy nam cal | y
al | ocated channel estimation~resources, the apparatus conprising: neans for
assi gning a basel i ne &ssigeingodt leastsanercar fioncthaspmbokst asmiedicated@ibns f or
determ ning a rtar%g%i; for additional resources; neans for allocating

addi tional reso > for channel estinmation; andneans for generating a
signal based in part ﬁedmaﬁng)@a%ﬁéﬂs@?tﬂe%gﬁmopéet REBQELER e fBGt RAdiohEonal
resources. 41. The apparatus of claim40, wherein the means for assigning

t he basel i ne | evestrierfassignesliascibe dedieqted mited simaliend or al | ocating a

predet er mi ned nunber of carrier rom a.s of . Ort.h | Frequency
B3 vi st on Wit pl'e AccRos aRatg IR A haRST g tLnEhot g S Al RS

37. A method of generating a signal having dynamically allocated

channel estimation resources, the method comprising:

assigning a baseline level of resources for channel estimation;

determining a receiver signal quality metric greater than a predetermined
threshold;

determining resources to be omitted from the baseline level of resources;
and

generating a signal based in part on the baseline level of resources having
data symbols allocated to the resources omitted from the baseline level of

résources.

38. The method of claim 37, wherein the resources omitted from the

baseline level of resources comprise a dedicated pilot signal.

39. The method of claim 37, wherein the resources omitted from the

baseline level of resources comprise a common pilot signal.

40.  An apparatus configured to generate a signal having dynamically
allocated channel estimation resources, the apparatus comprising:

means for assigning a baseline level of resources to channel estimation;

means for determining a request for additional resources;

means for allocating additional resources for channel estimation; and



42. The apparatus of claim 40, wherein the neans for determ ning the
request for additional resources conprises neans for processing a request
for retranernesizanel 43. The apparatus of claim40, wherecm/ush@smeuss for
al l ocating additional resources to channgl estimation conprises: neans for
determ ning a predeterm ned nunber of carriers froma set of Othogonal
Frequency Division Mk for fatesmg(@ibihasedid pLf 6n ARMa8ARRMENgr t 0 dat a
carriers; and neans for reconfl guring at |east one of the data carriers as
a dedi cat ed pi | ofesyrgriaand thyaddigtonabisseesis configured to generate a signal
havi ng dynami cal 'y allocated channel estimation resources, the appar at us
conprising: nmeans forgpssigpi %&)a?au?saéfeéldlﬁezld %ﬁxlelﬁfh rngze%ﬁug&ea%l ﬁl@annel
estimation; neans for determning a receiver si greater
than a pr edet er rrbasehhetlhvés*ﬁmwmc&emmpﬁsos nﬁemsaforramqagnga@mﬂremlﬂed be

omttedfromthebsellnele ce nd means .f.or nerating a

si gnal based in PHPRSL 94 CHHET %rglasﬁteoefscg‘%& 08?1 F%@’(?B?%@é"lﬁ%?\a’duﬁﬁta synbol s
allocated to theAe@gg)(mppy Batd s 4 At ipgaPasel i ne | evel of resources.

45. The apparatus of claim 44, wherein the resources omtted fromthe

basel i ne | evel of resources conprise a dedicated pilot signal.46. The
appar atus of clai m 4442.wheFks ﬁtpptarﬁéusrcém(ﬂ@stﬂnetn’@dmmnfdrtdeteMgme

| evel of resourc carrier froman Ot onal Fr eque Di vi si on
ML o e Accons ERp I aa3Bo BBl Bt ob B ot BRI RS0 o Vo

apparatus for dynea:amsmngdld)mcatl on of resources for channel estimation, the
appar atus conpri si ng: a menory; and a processor configured to determ ne a

basel i ne resource |ev and a varlable resource | evel, the variable
resource | evel based &+ | ebks apparagiof claim 40, wherein the means for allocating

additional resources to channel estimation comprises:

means for determining a predetermined number of carriers from a set of
Orthogonal Frequency Division Multiple Access (OFDMA) carriers
corresponding to data carriers; and

means for reconfiguring at least one of the data carriers as a dedicated

pilot signal.

44.  An apparatus configured to generate a signal having dynamically
allocated channel estimation resources, the apparatus comprising:

means for assigning a baseline level of resources for channel estimation;

means for determining a receiver signal quality metric greater than a
predetermined threshold;

means for determining resources to be omitted from the baseline level of
resources; and

means for generating a signal based in part on the baseline level of
resources having data symbols allocated to the resources omitted from the

baseline level of resources.

45.  The apparatus of claim 44, wherein the resources omitted from

the baseline level of resources comprise a dedicated pilot signal.



request for channel estimation resources. 48. The apparatus of claim47,
wherein the processor is configured to determ ne the request for channel
esti mat i omoi2znoguani2zibased on a presence or absence of anPprathsewsaeiys?
message. 49. The apparatus of claim47, qherein the baseline resource |evel
conprises a conmmon pilot signal. 50. The apparatus of claim47, wherein the
basel ine resource | evel conprises a dedicated pilot signal. 51. The

apparat us of clai m 4746 wherkd shpahus/ciTol Ak 4, HASRU 6L rtRVRles 6NN &S an
addi tional pilot signal. 52, The apparatus of claim47, wherein the

vari abl e resour ciBebasetine kygrhpfireeairess gampasg eprprr Gomginghshogonal Frequency
Division Multiple Access (OFDMA) system assigned to a common pilot signal.

47.  An apparatus for dynamic allocation of resources for channel
estimation, the apparatus comprising:

a memory; and

a processor configured to determine a baseline resource level and a
variable resource level, the variable resource level based at least in part on a

request for channel estimation resources.

48.  The apparatus of claim 47, wherein the processor is configured to
determine the request for channel estimation in part based on a presence or

absence of an acknowledge message.

49.  The apparatus of claim 47, wherein the baseline resource level

comprises a common pilot signal.

50.  The apparatus of claim 47, wherein the baseline resource level

comprises a dedicated pilot signal.

51.  The apparatus of claim 47, wherein the variable resource level
comprises an additional pilot signal.
52.  The apparatus of claim 47, wherein the variable resource level

comprises a dedicated pilot signal.



