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[ 0001] The present application clainms priority to
w@eaxiosissnal U.S. Application Serial No. 60/ 718CHR82006/032895

entitled "A METHOD FOR PBLOT OVERHEAD REDUCTI ON I N

| FDVA SYSTEMS, " filed August 22] 2005, assigned to the

assi gnee hereof and incorporated herein by reference.
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Wi rel ess communi cation system a transmitter typically
rocesses (e.g., encodes and synbol maps) traffic data
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the transmitted signal with a channel response and
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interference. [0004] ABACKIGROUNBI ves t he
transmtted signal and processes the received signal
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receiver then perforns data detection (e.d.,

equal i zation) on the received data synbols with the
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data. The receiver can typically obtain a better
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[0004] A receiver receives the transmitted signal and processes the received signal
to obtain received data and pilot symbols. For coherent data detection, the receiver
estimates the response of the wireless channel based on the received pilot symbols and
obtains a channel estimate. The receiver then performs data detection (e.g.,
equalization) on the received data symbols with the channel estimate to obtain data
symbol estimates, which are estimates of the data symbols sent by the transmitter. The
receiver then processes (e.g., demodulates and decodes) the data symbol estimates to
obtain decoded data.

[0005] The quality of the channel estimate has a large impact on data detection
performance and affects the quality of the data symbol estimates as well as the

reliability of the decoded data. The receiver can typically obtain a better channel



over head that reduces the efficiency of the system
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[0009] The pilots may be time division multiplexed (TDM) pilots and/or some other
type of pilot. The pilots may be sent using various multiplexing schemes such as
IFDMA, LFDMA, EFDMA, OFDMA, and so on. Pilots and data may be sent using the
same or different multiplexing schemes.
[0010] Various aspects and embodiments of the invention are described in further

detail below.



draw ngs in which |ike reference characters identify

correspondi ngly throughout. [0012] FIG 1 shows a
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FIG 2A illustrates an H ARQ transm ssion. [0014] FI G

2B shows multiple HARQ interlades. [0015] FIGS. 3A
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[0027] FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a
wireless communication system 100. For the forward link (or downlink), transmitter
110 may be part of a base station, and receiver 150 may be part of a terminal. For the
reverse link (or uplink), transmitter 110 may be part of a terminal, and receiver 150 may
be part of a base station. A base station is a station that communicates with the
terminals. A base station may also be called, and may contain some or all of the
functionaﬁty of, a base transceiver system (BTS), an access point, a Node B, or some
other network entity. A terminal may be fixed or mobile and may also be called, and

may contain some or all of the functionality of, an access terminal (AT), a mobile



wirel ess device, a cellular phone, a personal digital
assistant (PDA), a wireless nodem a handhel d devi ce,
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(e.g., symbol demaps, deinterleaves, and decodes) the data symbol estimates and
provides decoded data. In general, the processing by receiver 150 is complementary to
the processing by transmitter 110.

[0030]  Controllers/processors 140 and 180 direct the operation of various
processing units at transmitter 110 and receiver 150, respectively. Memories 142 and
182 store program codes and data for transmitter 110 and receiver 150, respectively.
[0031] System 100 may employ a hybrid automatic repeat request (H-ARQ)
transmission scheme. With H-ARQ, the transmitter sends one or more transmissions for

a data packet until the packet is decoded correctly by the receiver or the maximum



182 store program codes and data for transmtter 110

and receiver 150, respectively. [0031] System 100 may
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one or nore transm ssions for aSdata packet until the

acket .i s decoded correctl y receiver or _the
e ERATy P RPLoiBhe FRSREEAMPLSHre Tolidhiey for data
tro RGO @S af Silppoith irdtY ali@tatthil fr phaReinSthe ?fhs@{‘lh‘é' of changes in the
supports rate adaptation for packets in the presence
chmelrongiéions.n t he channel conditions. [0032] FIG 2A

' str a i.sslon... Th ransm.tter
o | e e e S L
efdddek eid Aodildlegenahal packeuRdcRée A) Dnddgdnerddsoglugipld (D) data
dat a packet al so be called_ a codeword and so on.

may A
blesks idaaparks) Testsdle ealed égodoweidsadisaOn. dndap hlgk may also
bé ANRITh S5hAket2H AR trah8h{si0A! B LoDk, f%{cht %?a black for the

packet may contain sufficient information To allow the
padkeeinag conteincorffigent infatmataietd dipvp deketeiverdercorrectly decode the

TR DE S T
dfrhgen? a6dididandsamiodakidn Hbp eile PRXel e FR6N WaiabiBcH e sent in a

whi ch may span any duration of tinme. The D data bl ocks
frame, whish naavespap agy dirasion of ttimet HEhepllatst blpekst ase ménianedr a time

. . 1SS re spaced apart
o i el 05 T Bl R s PG o B o Ao frames,
whbe @brist data bl ock (Block Al) for Packet Ain frane
n. The receiver receives and processes (e.qg.,
[W87Dh d ul e esansmattet cicpd ety B dick data bibek gBhoakes 1) fat Packet A in
Packet i s _decaoded in error, and sends negati ve
AR o B RRERT FCRNKT 05 PEESEF A gmAETRA s P flscqres Block
Al, Wigérghifesi ShithPatRadback drtédedantl bfrof] Rl . sdf¥® a negative
transmtter receives the NAK and transmts the second
agkapwladperarnt @Ak tathe ransnmidderiiat frame m £ g avdetd g-iQthe feedback
ei ves Bl ock A2 esses Bl oc

oG hEIeh, SheiienpLock 82 R ORESCE DOtk o,

S [ h friame.n +Q +q . e Dbl ock .
b@?%r@%%gs‘f&%n%r@dg‘ RRK A s fame g’zﬁaqg/' ciﬁ% TRGE e Jog%ve Block A2,
piiok#BB&s BloBksd RE 284 M liBte SRR tHaPPEIE A%6\deddRd in error, sends a
transmitter transmits the third data bl ock ?Brfoc 3\%31

NA infzoRe 2 #Qi+y f Thebloek 2@nsmitkion raed N AK respenei meg continue up
B]ho,ck A3, processes Blocks Al through A3, determnes

o RedtmgsadRete mamplgabonRdn ENfr e thy raapmites fgasmaits the third data

bIBEK BN R IGSNRA P LRASHA ihr}"r ey %sz%e qe%ei\)gl]q: ceives Block A3,
transmtter receives the and“term nates the

plot&eSNBREkOA 10thrdiah k&3, ddterhiiestthANSd¥ket &Tis (d8€8Hed correctly, and

processes the )
sends an acknowledgement (ACK) in frame n+2Q+¢g. The transmitter receives the

ACK and terminates the transmission of Packet A. The transmitter then processes the
next data packet (Packet B) and transmits the data blocks for Packet B in similar
manner.

[0034]  In FIG. 2A, a new data block is sent every Q frames. To improve channel
utilization, the transmitter may transmit up to Q packets in an interlaced manner.

[0035]  FIG. 2B shows an embodiment of multiple (Q) H-ARQ interlaces. In this

embodiment, H-ARQ interlace 1 includes frames n, n+Q, and so on, H-ARQ interlace



next data packet (Packet B) and transmits the data
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[0037]  System 100 may utilize one or more multiplexing schemes for each of the
forward and reverse links. For example, system 100 may utilize (1) SC-FDMA for both
the forward and reverse links, (2) one version of SC-FDMA (e.g., LFDMA) for one link
and another version of SC-FDMA (e.g., IFDMA) for the other link, (3) OFDMA for
both the forward and reverse links, (4) SC-FDMA for one link (e.g., reverse link) and
OFDMA for the other link (e.g., forward link), or (5) some other combination of
multiplexing schemes. It may be desirable to use SC-FDMA (e.g., IFDMA) on the
reverse link to achieve lower PAPR and to use OFDMA on the forward link to

potentially achieve higher system capacity.
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s, for s€{L,...,S}, contains subcarriers having indices k that satisfy the following:

(s—1)-L<(k modulo K)<s-L.

[0041] In general, a subcartier structure may include any number of sets, and each
set may contain any number of subcarriers. The sets may contain the same or different
numbers of subcarriers, and the number of subcarriers in each set may or may not be an
integer divisor of K. The subcartriers in each set may be arranged in any manner, e.g.,

distributed uniformly or non-uniformly across the system bandwidth. Modulation
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[0045]  The pilot transmission techniques described herein may be used for the

forward and reverse links. The techniques may also be used for various multiplexing
schemes such as SC-FDMA and OFDMA. For clarity, certain aspects and embodiments
of the techniques are described for IFDMA.

[0046] A single set of N subcarriers may be assigned for transmission on a single H-
ARQ interlace. If each frame spans T symbol periods, then N-T transmission units are
available in each frame of the assigned H-ARQ interlace, where a transmission unit is

one subcarrier in one symbol period. A total of N-T symbols may be sent in each
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hopping so that a different subcarrier set may be used for transmlssmn in each symbol

period. The particular subcarrier set to use in each symbol period may be determined by
a frequency-hopping pattern that is known by both the transmitter and the receiver.
Frequency hopping may improve frequency diversity.

[0049] FIG. 4A shows an embodiment of a pilot pattern 400 that may be used for
transmission on a single subcarrier set in one H-ARQ interlace. For pilot pattern 400,
'TDM pilots are sent in the first and last symbol periods of each frame in the assigned H-
ARQ interlace. Each TDM pilot is composed of pilot symbols that are sent on all
assigned subcarriers in a symbol period. The TDM pilots maintain a low PAPR for a
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frapad 1| ST E-ARY ikerifeal uakigih net tdithe TDM pilot sent in the first symbol
period of frame 1 of H-ARQ interlace 2. These TDM pilots would be essentially
redundant and would represent inefficient use of the system resources. As shown in
FIGS. 4A and 4B, pilot pattern 400 may be good for transmission on one H-ARQ
interlace but is inefficient for transmission on multiple consecutive H-ARQ interlaces.
[0053] In an aspect, the amount of pilots and the placement of the pilots are
determined by the assignment of resources for transmission. In an embodiment,
different pilot patterns are used for different assignments of resources, which may

correspond to different numbers of frames, different numbers of H-ARQ intérlaces,



each pilot pattern having different placenent of

pilots in a frane. The pilot pattern that provides the
wheaw/opest or mance may be sel ected for use. [00BQAT/UR00€032895

pattern 400 may provi de good perfornmance when a

transm ssion is sent periodicallly, e.g., in every Q

franes on the assigned A interl ace, .a own i n
R et R e Oar. (e B G nuRT pRRRS may'be used for
ehdM @iffeRHE ré@dbercs RIGSEM@RANH thdy bd ABsigldd ' prévil@bed derfdtmance

the channel may result in the pilot observations in
while reduging Mot averbeast e or obsol ete for another franme.

ARe, ERETSE ST, 00U 465 DL TR B may o

€ recel ve

uest forataashidsioh lvata finglesubfBH524et h Gwo 4Bnsebwtive: HsER Qf interlaces.
pilot pattern 400 for transm ssion on two consecutive
A prfiefame grloh patem mayihe wewsd app €0n93leRREY At Y|t single-frame
e i: T il r - [PXa A
pffodieRls REhif S0 A S aleEpoiithe fhr iR Tast symbol
pasadsgridchnk¢ARQE HRAR() iatcelac\$ (sthiframei IN1)Fhid a ZBM tplilet {EEkAt in the

i | gt t i he .| nbol ' f 1 of
SRR Lol b S M TR ARE Blorkee 2 Blpn 1)
chdhnkh&stibdaiStor $¥AHROL, 1064y Rd@fvell badl oh 1€ THM\BRbts sent in the first

interlace 2. These TDMpilots would be essentially

ape eheyarol asdodaed this frepee Sechanpelefstimeicdnt Frage b2 mayde derived

t re s sh i N, El 4 nd . pi.lo .
R e TSP a1 BN Bl o g, 1R bt it
sétigrthacecdndt toi 1asti sy@ftol Gefiod of @raink aNE MR TDMPilot in the first
mul ti pl e cqonsecutive i.nterl aces. &80_53], In an

H- Al
syapdieriog 1pb Frmpsuhe i%)fepchsgwéthamﬁ- t He BPAEpifetiin Feyme @ may be
r@gjogi%ﬁecp{oqﬂg,%\gw%ﬁga&g' t he assi gnment of resources

or transmssion. |In an enbodi nent, different pilot
[{5651 er nNELGar B3 siseds droembodifrentof a Ss&amgepdot patefn 510 that may be

ur%q%s @F rg‘%gé%lls%&mfgtlp ](C:)g rare?;\%/gl% 8%88 ?gg’[ 1%33}3%50258%%1?&venﬁ%ﬁésmteﬂaces
FbPpitst RGeS, 0! h TN HilBHEREASIn Fhe SEBEREYhES]eriBd B BOme 1 of H-
on. One or nore pilot patterns nay be ‘used for each

ARQ fréerdace lr(esBuamsel , s DM pilnts azmsbniritythb dirstesil gase syrlool periods
OBk AT Y SR d S DR e e scons

to21dst ayrabeli peptodpett frehe 1560 H-ARQ faridee LIs@drhake 1,3). A channel
transm ssion on a single subcarrier set in two

ceppdiedot Framel ARopy heetarived Pased auithe T rmilopispwst in the second
SBPRASERIS REHSUE0 ooy PASSALAT Py B e
1,2DM phamekestinantes o tFrame 1 2emby bes terdwed Hasst orsshetddM pilots sent in

ol TS Y PG o Sh S, by g bt GO Begme 1.3 may
b1§: pg@n\gdl@gé)sé_l &@A RITHRAEot S in the MRS MUl pBE&d 6f Ffine 1,2 and the
TDM pilot sent in the second to last symbol period of Frame 1,3.

[0056] FIGS. 5A and 5B show exemplary pilot patterns for two and three
consecutive H-ARQ interlaces, respectively. These pilot patterns maintain a uniform
spacing of 7 symbol periods between consecutive TDM pilots. Other pilot patterns may
also be defined and used for transmission.

[0057] - In an embodiment, different single-frame pilot patterns may be used for

different frames depending on the resource assignment, e.g., as shown in FIGS. 5A and

5B. In this embodiment, the pilot patterns for different frames may have the TDM
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selected for use for the entire transmission. For example, pilot pattern 500 may be used

if two consecutive H-ARQ interlaces are assigned, and pilot pattern 510 may be used if
three consecutive H-ARQ interlaces are assigned. A different pilot pattern may be
selected whenever the assignment changes, which may occur frequently or infrequently.
[0061]  The resource assignments may be dynamic, may change rapidly over time,
and may not be known far in advance. In this case, it may not be possible to select a
specific pilot pattern to use for an extended period of time since the selected pilot
pattern may not perform well for different assignments. For example, a packet may be

sent on a given H-ARQ interlace until the packet is terminated, and a new packet may
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Thepkeémentsipeied TOM pild)tCih piat fnﬁfdﬂn 6502 Us@tdriinedbyeite @mﬁhem of
period of tinme since the selected pilot pattern may

thg FOMdrlobsyimpiet pattegt 6 ) ysed i e paigs {igmeent s.  For
|
g T TN Y e S——

blpamtfehreﬁﬁqpnieen Irbéls&mnbochmemthpﬁot Iahé2) Glﬁheuéedcfer. the Iﬁ1ra frame of

agcess em the avail abl e
the tranm%lssm urst, an fot rIglattern 613l 18 use?i or the second frame, as described

above. For the third frame, a single-frame pilot pattern 614 is selected to provide good
performance for this frame with pilot pattern 612 being used for the second frame. Pilot
pattern 614 includes a TDM pilot in the third to last symbol period of the frame. The
placement of the TDM pilot in pilot pattern 614 may be determined by the placement of
the TDM pilots in pilot pattern 612 used in the prior frame or pilot patterns 610 and 612
in the two prior frames.

[0065] FIGS. 6A and 6B show embodiments in which the pilot patterns maintain a
uniform spacing of 7 symbol periods between consecutive TDM vpilots. This

embodiment may be extended to cover assignments of more than three consecutive



interlaces may be shared by all users, and new packets

may be sent whenever HARQ i nterl aces becone avail abl e.
wab@7onert ai nty over when new packets nmay be BENUSZS6/032895

well as the HARQ interlaces used to send these

packets may result in dynam c add unpredi ctabl e

R R E DR RS 9087 e 3 HE T mol orio

eQUES €6 tmainthi theo karas Spadngnt @themﬁlowlﬂa@tem@a;hbwdnso be used for
sel ection may be perforned for each transm ssion

UBIERISSIOlhi ch is a continuous transnission in one or

q&%ﬁsﬁ]&g@e&%ég}(lﬁmf 5mﬁlvgp gjag%o% 188wk ed%glli]ce thE slpec1f1c pilot

I on st ma vvnlnavanc

pexanpteeusevitativgkces mm@ﬁnaﬁﬁ@lﬂ@sblgﬁﬂﬁ@hm&lﬁ ab@ld the need to send
aSSI gned may not pe known until_the current frane. The
sighplgie fﬁa%oé‘e?hthled?ﬂoé RRYFTRS tongserd cd 1s8Eeq eI ZHHEBHISHysociated

V\Eﬂﬁea e'cHIc &ﬁft&(x Sthep! %@Sl&%l&%&? %BF%%@%F (r%?ogc’e 6a&§i§§{ment may

in t cur transm ssio
bs mwsdamdeasbnnlplrmmmgmihrgl fayt thpl weeni@ad HIO0 phtierna  Alternatively,
rgn msst) n Wr@t o{) t wo frﬁ%rrea. In this enbodi nent,
S‘ﬂB‘i’" MEHB2Y Py STPHHAMENEYP PRESY SRR RALCHR BUiSt, a
[0067Y! e- T gideeniiddaheRR RV IORIGS. S ASBlQEdhesh, ttHe RiceMeHfhay save
good performance for this frame, w thout relyi ng on

thenpilesi plsesyatipnsg op ftheo purterd namd m@ﬂw @ues fraones efer guse for channel
t |4 he fi.rst
FARaDTLSE AAAD ASIAPER LRI Biond Agh{Gad Kol Bhranne

es]fmﬁtim mrmm §ﬂ3‘nm1a1an§for re-optifi@ing fof @l potl Iotations as well as

‘?1%8 rn 612 is selected to provi de good_performance
FUQTH TS PEQTHergad an &tﬁrofralaaﬁ ¢ Elerces fyeml syglens eldicieppy may be

ih S ved WRhodt'i ern 612 includes a TDM

' pﬁ%V I n ?he e%tgﬁf %gc% synbol period of the

[(068he. HIGS. ﬁ%atd:umghmﬁ)ﬁhdm emTBB)Mhmntsah whiclp ehat sypatiol @etiod has

R R i Abioh B4 AR Yo ool PETOf g shorter o
ldnkéz thE SheYRbAN peikPdbiRita, Of FHRY |e§£mﬂ'eacae @E&ﬁer(S@%l\rf[ Opilot of

a transni ssion burst of three franes.
ammaﬁ@mhalfﬁm Gurapar meaynb® generaied by @effonntngea Pipogtt FFT on P

oS Baf 5o B80T 5 e Sl 0P DB BLE e,
inks&@ing befcﬂvzﬂﬁ@m@r tiee ¥i /gt B-rbmaiigngPédbehrriea, fp@ﬁﬁrn@iké al K/2-point
selected to_provide good performance for this frame

W% iRngjappending @ ydicarplipeifagh suhegrriesin threshosiepAPM pilot would
lot in the

th

o378 3 BN I
[0069L e et chifity, hhae fﬁ[[ﬂthin‘smissﬂon t@hhidjuephdviecsedn ddstribey wita TDM

’g%%gmnedb Iac {; $f he TDM pjlots _in pil ot
pilh epie 6o stgpitgt spberrersy phess TRA pilpisgmay be
g&bPat@fh @#8rent manners for IFDMA and OFDMA, as described above. The pilot
transmission techniques may also be used for LFDMA and EFDMA as well as for
OFDMA with other subcarrier structures. In general, the pilot should be distributed
across both a frequency range of interest and time in order to capture frequency and
time variations in the channel. The frequency range of interest typically covers the
frequency range used for data transmission, which may be the entire system bandwidth
or a portion of the system bandwidth.
[0070] For subcarrier structure 300 in FIG. 3A and subcarrier structure 320 in FIG.

3C, each subcarrier set spans across the entire system bandwidth. A TDM pilot sent on



in the two prior franes. [0065] FIGS. 6A and 6B show

enbodi nents in which the pilot patterns naintain a
wanio7oe4v8spaci ng of 7 synbol periods between PCT/US2006/032895

consecutive TDM pilots. This enbodi nent nmay be

extended to cover assignnents df5 nore than three

consecutivefra . .The .1 ot for. each subsequent .
oFf ARGy B BL oo E] b RUBRIE b6 CRPF] BRboye Aro% the entir
sy bandwidhe Heiee, SRaActNG: in R AImBrlo@rINApiIBEsH8ay B achicved as

al so be used for transm ssion. [0066] The transmtter

dessaibed aavgaesardlpssftrhathes wr not faeiuaneehappénssip eviptayed.
il ot t : i.cal |
AP, oA R0 RS (PP SE B MR EE M ey onty o

froomaeyf theeengid ofstep@bhmtwigtht OAURBM pifot@aston 68O rrier set may
assignnment is associated with a specific pil ot )
theathedisgd tq ¢rbimaie Be shamsl Tesppnse agieps/ {rasting ofdhe siystqan bandwidth.

h . . ol et ; .
AT Ry S CORSLIRL B 85 Dbl 413 U08 f e
Traengs bibew apdeiadtionyingbe mutmberc oh THOM tpiletspinhp be pahiceed ss tiescribed

se. 67] |In.the enbodi nts s in FLGS.. 5A )
o 3Pou g 8o R doPBo D GRS b CHfracH ugeartier sets are used in
AFRFEt IRdrh @D $hedf the BEloE Bbie@itiiofd foPORSirRnY ey A6t B ApRRable for
for use for channél estimation in |ater franes. The

apefberofrape |ib thegh Sampatocony differand freqnensirerangss. cHemmee’DM pilot
- ' ' fr for re-optidn zin
e AR TE

fenamptheaftains. | ater franes. Hence, overall system

ef ficiency nmay be inmproved without inpacting )
0724 or ricbickoth (S5oEBMK| s, OFAM iy Ry PBgSsRabe sent as described
oqi; ST NNy - I [ L S 3
SO HIENSTON WAGE pRatih 08 DR 07 STARE SR s
FpMAothdt OFDMA, pHotr aet data dyorbgésr niakaaisca bs ymiddpleped ioaddifferent

for data. For exanple, a sharter. TDM pil ot of

SUBBRISRT it SPRa P, 2ot aX T Ry BET ST GRredCEPMA. The
nRfif18%ifE BE pAotarRAd mal prodE mbid AbxiBNAPH SduBBRRiPCoverhead.
the P frequency-domain values to P assigned

Feubsample e sonej subeartiphept A8 ragsigreeidy enf gitot tthay k¢ 2e® on half of the

remai ni n bcarriers,. per.formng a K/ 2 -point | FFT,. .
sURARIGN R 1% AVRbR fericll ok Ttk fhynalf B e subatpigrs in the
figdo QY61 phiabld raif ki@t nen® Erighe | lﬂﬁﬁuﬁi@ﬁ{bﬂb\ﬂ&ﬂ@@é&@&‘é%é{ €ned, then pilot

subcarriers in the regular. TDM pilot. [0069] For

may i §et op pEe Sbentrier e sidsdAty maly diensing 98 She avmsaipiagrsubcarrier
S%&zcri bed with TDM pil ots being sent on uniformy
I'Stributed subcarriers. These TDM pil ots may be
[¢58er at’Be pibotdisthitebetiic trammettar fnay HeFDA oy cheOrelObier &5 derive
descri bed tabove. The pil ot , . .

various types of channel information. The receiver may derive a frequency-domain
channel] frequency response estimate and/or a time-domain channel impulse response
estimate based on the received pilots. The receiver may also estimate the received
signal quality for the transmitter based on the received pilots. Signal quality may be
quantified by a signal-to-noise ratio (SNR), a signal-to-noise-and-interference ratio
(SINR), a carrier-to-interference ratio (C/I), an energy-per-symbol-to-noise ratio
(Es/No), and so on. The received signal quality may be conveyed by a channel quality
indication (CQI) report, a packet format, a data rate, and so on. The receiver may also
derive an interference estimate based on the received pilots. Techniques for deriving

these various estimates are known in the art and not described herein.



transm ssion techni ques may al so be used for LFDVA and

EFDVA as well as for OFDVA with ot her subcarrier
wa@eooaoe49es. I n general, the pilot should be PCT/US2006/032895

di stributed across both a frequency range of interest

and tine in order to capture frléquency and tinme

riati .'n he chann The .fre ran
[q\bﬁf%r es t%}p?f ct:{%ﬁrvs%love?csn Ges f ?Séaﬂt‘efﬂv% g%ﬁélé%fj fogvarious
nfk@ie:lih @ BEHENES 288 , varibucty ﬁﬁﬁbf BRot, Re nBRYl db%véys{théf’féchm ues are
bandw dth or a portion of the s%ﬁ em bandw dth. [0070

egpegialy Bé\éanﬁgé@usSfpt sistapsethaioniliza TEINE piless, egd te misbain lay PAPR
t | h
for L FFPANTA iﬁﬁ\q Qt g @S]?lgl% bzlﬁl %t ﬁf; %ﬁl\[f, E 1@%2@% tdegree of

across fthe en
freevoneimsieiodang pﬁast cSIetheﬂmyTheh&BhlﬁQuéﬂsStﬁd réduce pilotteghdall or TDM

channel resg}gnse actro S the entire system bandw dt h.
Pilpth geWell a3 aWEEBPEHON Rilof Heils maAbdAingte SaolipsHiPBRYChay be

[(6d95] evasy éix%%v‘é rah%oﬁﬂﬁé’rﬁ %35?55&? g%g ﬁr t}f_ﬂ?ﬁﬁ]ﬂﬁhg OF receiving

not” frequency hopping is enplo
cafiizueabld pﬂots;t Pueess B)Bhoy be peifGmaEB)y drdhansmittararireteiver. An

set n a fraction of the entire system . .
REITRRRCE, FROVER (71 BEPSUAROD T chamEHlBRa P aOgystem s
ddtb@iine BERE Ym)estbifdshtt PRcGHANNEH HASRORRE udkd 85 Bfferent

fraction of the systembandw dth. |f frequency hopping

agsignmentse aptespsEreand Thhepleeamens Lifc ailets efor sibe trensug@wn is then

d%%{{é.tﬁ&? B%sezl o %egassfggﬁ‘fgrelgoefgt%g@?%éggglﬂcg 72115')2 blg 'lge{P dte ttansmltted by
thenegs@itey (dmpmvrgi bysthe mpdedyeeataiite dind freqenty sovataiy detdrmined
in_different frames, then the pil ot

s are use
bY)ﬁ’e?é]l?\‘FStquh%f the Pl Pl ) may not be applicable for
[0076] NerTHe R ﬂt@n’c&@ifﬁe fdr %E[{)?/I& HTb?é‘PéﬁsgéJtlfvE FelMes. Tge placement

frequency ra ges nce, reduction may
ofaati¢asy ext piltt e vanh firdree mab/cthemﬂzfs@rtmahn@hlsasé@ bn dmemﬁcremmt of at

ed for another .fra 0072 both SC-
e e AR S b S A P T K
udd o at st HaM [ﬁg/At ot & the %ﬁ’éhtdfrﬁﬁe h&We RABRRiALS ba%&i BRPMAleast one
For both SCF and OFDMA, pilot "and data synbol s nay

syanbod pseodused fsir e depsb Anel pleteinem prigufieme r i Bespilats tiag be placed

albeit with higher PAPR for
‘ﬁm@%ﬁ‘é@ﬁfﬁﬁ @x Plheé nggmgxisl ot and data may
[007 DV i dqmﬁgﬁmemxbay bé Jori ohero@ dhbksit Y ARG HtePaces. hrmel placement

For exanp i.f one_subcarrier set is assigned, then
ol 18@8%&5‘7 Blot 4B 56Cly HoARC insgrlac anay, Hiearba eatermmined hased on the

ndrﬁliéé oPHIRRQ Hﬁéﬂ%gs th@ ré?mér%rﬁé?ﬁ %g&.la%gmléﬁt (%f é%fl%atesg ?ne pilot in a

arriersint I rst
precaaimg HEARQuihteilpdesasdificar.r i er sets are aSS|gned then
one subcarrier set,

[Oﬁzg;]s ent! i8N Qéas@%%téthg r}n HQUCED CRRY | b stafic’ an seg t f%r the entire

transmission. The pilot placement may then be static and known a priori based on the
assignment. Alternatively, the assignment of resources may be dynamic and variable
during the transmission. For example, whether the next frame is assigned may not be
known until the current frame. The pilot placement may then be dynamic and may be
ascertained as additional resources are assigned.

[0079]  The placement of pilots may be determined by one or more pilot patterns.
Different pilot patterns may be used for different assignments of resources. At least one

pilot pattern may be selected for use based on the assignment. If the assignment



set(s). [0073] The pilots sent by the transmtter may

be used by the receiver to derive various types of
w@b@ne493l nf ormati on. The receiver may derive BCT/US2006/032895

frequency-domai n channel frequency response estinmate

and/or a time-donmain channel i npul se response estimnate

recei ved 0 The recei ve al s

Cgl%Pf‘fﬁﬁtr%ulilﬂlg clp‘g%eé; % dfrgrlnésntg1 eént glp li)g/pa?tan {%Léseyfor eacﬁ frame may
bt deRatinkl Bhsddanade pilot fﬁﬁfteﬂh&@ed #2d miok Blagne Si gnal

ual ity may be quanti a signal-to-noise ratio
Uﬁ@ﬂ T aengishleaeloPiSinaay. %ﬁﬁfm 2] @nff @F BeEesybaairiers in one or more

C t

Sﬁf*’“ g O30 bR s A BBKPRRIES LR 15U oy cent on
aél’sh@edesmecatﬁdrssmgm ptedeemhinty thmy dhetiogna gy efe bymaol period. The

hannel quality indication port, a pack
PrGFHERL, Of a?aa*atTﬁfYIa%let H@mesd&gwneﬁr@sqde% mﬁe%sswaywaq skhe pilots
rrﬁil‘?rﬁev&n@ﬁsmgtv%ﬁgﬁr FRESISIAE EHemeD T4 OFHNG, TGFNMEEFDMA,

| ots. Techniques for deriving these various

@Mﬁatm s¢ ek nRilots and hdataampayabhd seot udimgcthebeane or different

herein.[0Q74] The pilot transm ssion techniques
nﬂﬁ%@?@ﬂéagﬁ@#ﬁin may be used for various nultiplexing

[6081§ MESFRR.IS ¥R hS embBitnedf oPhh @ppar@ss 8OO @GpRRGYE configurable
The techni ques are especially advant ageous for systens

pilptat ARnargteelathinchidespre opmgre progessaisnioaidptelminimAPRassignment
f?%%o{:}é%r t n@ﬁ@kgm@lﬁgfasge ﬁs} g%glglﬁ%@%ng;r}%\ﬂnp l(blgékc’ 812), one or

nmme lpimaskorsTfme dbmﬂhfﬂnﬁg.lﬁhcﬁﬂéht ro hilos flot kit transatisseacbdsed on the
s as vvel as other types of pilot while:

amr}weént AEFoYESE (PloFl §i frntie onmmqle FEregessorS, Kefulganggpitting (or
QAR Rts 2 tife %@‘:Ifeﬁﬁgl QPN ntsrcfé%ge%i &gt}fér %lacement of the

recel ving configurable "ot s. rocess
pﬂeﬂSf(lenleal(ﬁy the transmtter or receiver.

(@R n ke S &SRR PR Pl B e UR T 1effwlﬁge'coe Hgurable
pitbisf PERRBEs FWoARLTBOD& el Qﬁesreaéleeﬂ" S894kbehiht Qf' eftﬁ@arsﬁéﬁe pilot in

assi gnrrents of resources. p acenent of pl ots for
acHeent tEansmissEingA dﬁt@rrnmeﬁ ba@d@mln@@hemagédt least tone pilot in at least
g I ots .are . .
offe BN Rm N (A £33, EpRaFeate inaht POkt Fifmission and the

af leaRionie rphoatraﬁsmﬁemn drefﬁr@@umqy dbegathansl Medriiafibmestock 914).
by the placenment of the pilots (block 716). [0076] The

Didereginplasmengs, ofpilatymay Bk vgrd o ﬂlﬁff%@ﬁﬁ%&@mﬁ-‘/@s PF giyeurces. The
p?ﬁgﬁ&ggﬁ?ﬂgﬁﬁn e ﬁfrxgh@ LorRii € aﬂéﬂlﬁglohg]m%? t{gta(féfeeﬁ@r{ed based

eterm ne on’ t he pl acenen
ontle gprigomentofatsdueast Thaeupentand fpnan&ansﬁnmmsanw ks reatived in

e TP B i O A el b B Blion oy
bé @2 %lan@M8sion in a frame, on an H-ARQ interlace, and so on. The channel
information may comprise a channel frequency response estimate, a channel impulse
response estimate, a receive signal quality estimate, an interference estimate, some other
estimates, or a combination thereof.

[0083] FIG. 10 shows an embodiment of an apparatus 1000 for receiving
configurable pilots. Apparatus 1000 includes one or more processors for determining
placement of at Jeast one pilot in a current transmission based on placement of at least

one pilot in at least one prior transmission (block 1012), and one or more processors for



synbol period used for at |least one pilot in a prior

frame. The pilots may be placed uniformy across the
WO c@m®34962 i n ot her manners. [0077] The assi gnPENUSI00§032895

be for one or nore HARQ interlaces. The placenent of

at |least one pilot in each HAR® interlace may then be

det ermi ned based on the nunber, of H ARQ interlaces . in .
PR Rene e e BHIE sPom(Ctaetd gfe ks i prior
tranPhiea6dioebtiin ARQieNin€srineion (B16¢k s®49n. [0078] The

assi gnnment of resources may be static and used for the
[Q03H r e Theapitatitesmpmissiorrechpiques descabedrbereimany hadmplranented by

- At d riord assi "

ity e, o O GaBoR A5k BARSRES by ol RENRTREY in hardware,
fickyward, Gofitvdrey i | A bdmbulatiom gherdud. t Fanamiaséwas. infpdémentation, the

exanpl e, whether the next franme is assigned may not be

PTG IS 2t AHEMEMR TS 0F STPERET MYebpimpIPmpniad afithin opgmgr more
. . r . e e

PSR RUIRTh g TR SRS ISt Re bl ek, i

signgl Ipeoadestieg ndavemts byDSPIRS)or programmpdbilot logist tdeviess (PLDs), field

Different pi]ot patt y be used for djfferent
PRSI E ARG 251 FEOuNEEGATA PRESED on oFe lts:patipiorgprollers,
@Y% pRReE 6l le@fohie! ddisRs PBaRH cRRtbAR AR BEMBRY. to! berform the

t he assi gnnmentconprises nultiple consecutive franes,

fyneipng descifieddiergmtar ércpmbination thessofeach frame nmay be
iwed | d,.f .pri
G "V O8 e s hablaF il BRDSRCSE e lepRylidsnay be

ioplenonted suthciasttictiogs (9g.ppecalurdsd fticEyid) ahd pe bhplat maiee used
gi | ots may be TDM%iaI ots, with each TDM pil ot bei ng _

DY GRE Op MOLF ProgesOFibat BEIFRHEY the dpactions dessribad heres. ndhe firmware
' I . 1 0d.. Th e :
SO L Mg £y e PBE DAL  BREMRY ISR 162
FHg sl )gamkatecuiEdebypbhoos nmay poeceswnd (aig., pgooessor ddd or 180). The

mul tipl exin chepes .such as | FDVA, LF FDVA,
A e DB (oR B (he FHOSTCE Ok Ero el PLSeRsgT-
[0086] SamhePreHbhd @s@ﬁﬁtjdﬂ’dﬁth@&i@&b% SEIBents Esgﬁé&ihed to enable
FIG 8 shows an enbodi nent of an apparatus 80
arjudsewoni siglledrini ther atl o phaket o1 yspplcapreserB 0 veniidnide¥arious
. O r rocessors .for,. deter.m nin n Si t.
Bl du SFRER TG 01 B ey AP e 3RS TR i e
agbtiBgehafd praftiglysdded ek mB3 Bl apphel @ oth& é@nbodiments without

processors_ for determ ni ng pl acenent of pilots for the
denagtifgniram; the spisit O8 senpet Hdhe sweghorenihey. the prssent dgvention is not

inthtHdQ& l‘o @ﬁﬁﬁte?{bdthg BEnbB; sesthvg?lgisezlff)l?Ll i%rg({ %en%fcorded the widest

ransmtting (or recelving) pi
sdope qoresistant wathathée prisciples endmovetifdaturéddisqibseddwerid. of t he

[0087] 'WHAT IS CLAIMED IS:



pilots (block 816). [0082] FIG 9 shows an enbodi nent

of a process 900 for receiving configurable pilots.
wee@eos®3D00 nay be perforned by the recei ver.PCT/US2006/032895

Pl acenment of at |least one pilot in a current

transm ssion is determ ned basd® on pl acenment of at

| east one pilot in at |east one prior transm ssion

(bl ock 912). Pilots recei CAAAIMS he current

transm ssion and the at | east one prior transm ssion

are processed to obtain channel information (bl ock

914) Di f fyg of pilots nmay be used for

dlfferent gf%ﬁg%ﬁ%ﬁ%s o?&%esources. The pl acenent of

pi | otsleadt ohbgracesspeednfgactdpri or transmi ssions nmay then

be detern1ned based.on the assignnment of resources.

The &urdetaAmIngn dip AFSEFIIRG S Nt OTES Py UBRSTRIEYRR B3] Wireless
cGARRBRUibY Systdn@ga, on different H ARQinterlaces, and

So on. Each transmission may be a transmission in a

frameg sghciarpllbfr @R@emnnterbac@ onamlte sssignmerkhef césmome$, wherein

for hannel. uency response
el S AT Sriar SRRt ot G Sirres
r eceb\f@elﬁdrgraahplgwanl thé Yt RadtioN@pceddBr.i Nt er f erence
estimate, sone other estimates, or a conbi nation

thereof. [0083] FIG 10 shows an enbodi nent of an

appakat us iy f ilots.

Apparrzat usT%lgggpe[erﬁf Sgglg 1 ég/gl%%ﬂl thdl l’cli'éﬁ é:rgerg c %p?xg?s at least one
frdetpeach fitang: phadese @tedefermtneﬂela&t duiwﬂtﬁ)rpl lot in a

current transm ssion based on placenent of at | east

one pilot in at |least one prior transmssion (block

1012}, an‘i‘h@”ﬁ)g atfPIE BRBE S S QhdrelPthE gzﬁe étngn?'eﬂrBEe%sor is
received int current transm ssion and the at ast
cartguped or transmi ssion to obtain channel information

(blogck 1014)..[0084 i | ot ansn1ss on te

Gosc i Bk steminige DR drahi ey i Dt e EHBaE Bised on
plOEmEN IR BastbhepBotlif GhRhWAS pABYrife | ifRAENent ed in
hardmare firmware, software, or a conbination

thereof For a hardware inplenentation, the processing
unitg t ecejver Y

i nmpl errent 28éw ﬁ{grtlﬁso??g %%n?mir’ e%gﬁrs i ﬂga % nféé‘% Q' j Rrocessor is
cmﬂﬁgﬂﬁ&ued circuits (ASICs), digital slgnal processors

( DSPs) gital signal processing devices

pr ogF% ﬁ?ﬁ%re%e ptdepst Opfendingbed peradg)use f@feﬂtéeﬂé? %mhﬁﬁb¢%h frame
bRl Snaf (Y Inkk Fg ) periBll AEEPRP hSteadt OAL Pﬂ!}tj ifi" ?least one prior frame,
m cro-controllers, “'mcroprocessors, ectroni
ifcyi ces, ot her electronlc units deS|gned to perforn1

the functions described herein, or a conbination

t hereof. [0085] For a firmnvare and/or software

| npl gMent qthé @ppardtheot Q&ML AWRSeMBMe BBots are placed uniformly across

the at least one frame.

6. The apparatus of claim 1, wherein the assignment is for at least one H-
ARQ interlace, and wherein the at least one processor is configured
to determine placement of at least one pilot in each of the at least one H-ARQ

interlace.



i npl emented with instructions (e.g., procedures,

functions, and so on) that may be used by one or nore
w@e@ces®er s that performthe functions descri brdI/US2006/032895

herein. The firmvare and/or software instructions may

be stored in a nenory (e.g., m&@ory 142 or 182 in FIG

1) and executed by one or nore processors (e.g.,

pr océssor Thd@pparattg0f claimhé, whemmythamiacbemeiingf] therenkeast one pilot

. Wt hi .processor. or._external .to the or , )
LR AR B BEE 30 e Blind St e s P EF SRR tertaces in the
asig@dnfent s is provided to enabl e any person skill ed

in the art to make or use the present invention.

Various nodifications to these enbodi nents wll be

readikly a Se ~Ski LNt n .

encbt Y oRRERRal o PORE G bR B e i
irotdeb H-ARID ditertt 3s detbhiuéd depdiohithgplhtaiet R aShstiohe ilot in a

scope é@ﬁi i nventjon. Thus, the present invention is
PR s nfeglage i ted to the enbodi ments shown

herein but is to be accorded the w dest scope

consi stent with the principles and novel features

di scPosedTherpparatuf 00 8AIm WHNTietedr AfirdvEDiIbSpAtefdd\iBe hssociated

/ aratus conprising: at |east, one processor ,
o FPERPE T RRe o ReburfFonelf grirerin P Hobayraespipgessor is
cédfigetl ssion in a wrel ess conmuni cation system and

to select pilot placenents based on the assignnent of

r esolfr deigrmiggedte{ogstdppg @ilehpafienote pheadentdhe pilaisebassddn the

' ssignnents of resources; and a nenory
a%%’g%?gg‘f%gﬁ‘ééat | east one processor. 2. The

apparatus of claim11, wherein the assignnment conprises

at Iz st n:rorﬂe frame, each frame spanning a _

pr ed&f-er mi i@ POPAREISY O a17igh 2, 3Whasim Abs At aleast eRe qiragessor is
cohfigfgr ei n the at |east one processor is configured to

sel’ect by determ ning placenent of at |east one pil ot

i n etcdetérmanea lpidsepattam pd aseeive sichoframe bhsedsin @ pdotppdtetn for a

I. N fat | east one prior franme, if any. 4. The apparatus
PIET TG} BY- wherein the at | east one processor is

configured to determ ne at | east one synbol period to

use for at least one pilot in each frame
11.  The apparatus of claim 1, wherein the pilots comprise time division

multiplexed (TDM) pilots; and wherein the at least one processor is configured
to determine placement of each of the TDM pilots based on the assignment of

resources.

12.  The apparatus of claim 1, wherein the at least one processor is
configured
to send the pilots at time and frequency locations determined by the placement

of the pilots.

13.  The apparatus of claim 1, wherein the at least one processor is
configured
to receive the pilots from time and frequency locations determined by the

placement of the pilots.



based on at | east one synbol period used for at |east

one pilot in at |east one prior frane, if any. 5. The
wappanzaoes of claim2, wherein the pilots are PCHUS206/032895

uniformy across the at | east one frame. 6. The

apparatus of claim 1, wherein tHe assignnent is for at

| east one HARQ i nterl ace, and wherein the at | east one

processor is confi gured to deterrri ne pl acerrent of at

| east, ,onepil ot e at J.east. one

i nt entlflaceTge a?ﬂaéatéilfap 2 o‘?’ Erait Ots WHe¥ éfnﬂ LERS@ Interleaved
FRiqaesyEDilvisidn MiRipaé Ab@s%§(IPDMAPI | ot In each H ARQ

interlace is deternm ned based on the nunber of H ARQ

interlaces in the assignnent. 8. The apparatus of

cl ai g6, ' f

oi Fot>i n aepbipPai it Bpe P el g orEhee R3Sl Sggle Carier
Ftdqaelmyabm?ﬁ Mlﬁltlﬁ% heast (mhmﬂlwtorl(bmmg@h];ﬂCElfél]ﬂ@cy Division

I nter | f any. 9. The apparatus o claim1,

%@%MC%SKP@P@% ‘pil ot patterns are associated wth

di fferent assignnents of resources, and wherein the at

| east one processor is configured to determ ne at

| easfl6.oneTpe lapparptas tof ichimol , vaerdinrthe hasignniant of basedenis static

t$e ﬁ]Si nnenttof resources. 10. The apparatus of

AT A§e GRS TAOPRISIZP. | east one processor is

configured to determne a pilot pattern to use for

each frame based on a pilot pattern for a prior frame,

i f alw 1The Hppagpsaphtal@mofl, avherein 1thewpssigament pg resources is

P b anE QR Bt I onb pr ocessor i s

configured to determ ne placenent of each of the TDM
pilots bagsed on the assignment of resources. 12. The
appallg’c usZo‘?l @P%FWR“SIWTH ein the at |east one

pr ocﬁétéﬁﬁlni GANhLi e Rt B S(‘ég)q% e (ﬁJ lt hSmfkioh! M #NWireless
frequency I cations determ ne acemsnt
communication system; and
selecting pilot placements based on the assignment of resources, wherein

different pilot placements are used for different assignments of resources.

19.  The method of claim 18, wherein the assignment comprises at least one
frame, and wherein selecting comprises
determining placement of at least one pilot in each frame based on placement of

at Jeast one pilot in at least one prior frame, if any.

20. The method of claim 18, wherein the assignment comprises at least one
H-ARQ interlace, and wherein selecting comprises
determining placement of at least one pilot in each H-ARQ interlace based on

placement of at least one pilot in a preceding H-ARQ interlace, if any.

21.  The method of claim 18, wherein the pilots comprise time division

multiplexed (TDM) pilots, and wherein selecting comprises



of the pilots. 13. The apparatus of claim1l, wherein
the at | east one processor is configured to receive
wo b@7/24961 s fromtime and frequency | ocati ons PCT/US2006/032895

determ ned by the placenent of the pilots.14. The
apparatus of claim1l1, wherein tde pilots are sent

using Interleaved Frequency Division Miultiple Access

(| FDeEermibing placcragp axf atcts ob thecTBMpil pts\vilasede bm thehassignment of
%:OI ots are sent using Single-Carrier Freguency
TSPWET-on Mul tipl e Access (SC-FDVA) or Orthogonal

Frequency Division Miultiple Access (OFDMA). 16. The
apparatus of claim11, wherein the assignnent of

r esod2ces Ths msathed of claith L& evhefein thepilatmetersent using Single-Carrier

nsm ssi.on. J7.. The a t f claiml erej
AR a8 R REC I o A BRemg b Raft Ry Division
MidtiplegAdcbe (OFDMMA)ssi on. 18. A nethod conpri sing:
determ ning an assi gnnment of resources for
transm ssion in a wreless comuni cati on system and
sel ecki Ng i . based on the assignnment of
reso%?bes,ﬂvé@%%%gﬁﬁ?gﬁght pil ot placenents are used
for dicahef@rictaaniinn ae adsipnadent efwaowcess. fot Gansbhhissioeihadireless

of claim 18, wherein the assignnment conprises at | east
COmEUNICIHAN SYHNAA8r ei n sel ecting conprises deternining

pl acenmpl raf de@érrﬂiﬁﬁgtpﬂ%ﬂ ﬁlaﬁéxh&{ts ibBseBas e AFBnRAHESF RBources,
pl acenent of at |east one pilot in at |east One prior
vihegaie diffefrerd pilot pleceni®nes ave tseslfondifictent assigimantreorfaesourdes.

assi gnnent conprises at | east one HARQ interlace, and
wherei n sel ecting conprises determ ning placenent of

at | east qme appdrofus biicleRe D3 HviREh it &klgatenbamsgstisedat least one
pl acenent of at |east one pilot in a precedi ng H ARQ

fiappee pprchwBerejnf the panipr sotp@IGCORPESH cl ai m 18, wherein

t he pi c [:se t] | V]S] [ T

pi 1 oty Tor BBk e plEaRht bEAORATAE THOPH? Shch Hibhe based on
piHcamenmyftat hsteme Ipilof intah &eadildve prioo frambais @ady.on t he

assi gnnent of resources.

25.  The apparatus of claim 23, wherein the assignment comprises at least one
H-ARQ interlace, and wherein the means for selecting comprises
means for determining placement of at least one pilot in each H-ARQ interlace

based on placement of at least one pilot in a preceding H-ARQ interlace, if any.

26.  The apparatus of claim 23, wherein the pilots comprise time division
multiplexed (TDM) pilots, and wherein the means for selecting comprises
means for determining placement of each of the TDM pilots based on the

assignment of resources.

27.  The apparatus of claim 23, wherein the pilots are sent using Single-
Carrier Frequency Division Multiple Access (SC-FDMA) or Orthogonal Frequency
Division Multiple Access (OFDMA).



22. The nethod of claim 18, wherein the pilots are

sent using Single-Carrier Frequency Division Miltiple
wee@wemns1965C- FDVA) or Ort hogonal Frequency Di vi BEDOS2006/032895

Mul ti ple Access (OFDMA). 23. An apparatus conprising:

means for determ ning an assi gmisent of resources for

transm ssion in a wireless conmuni cati on system and

meang8f or Adptce:swion irerglablic | medip imtwdieg isstivaded therephmehat may be

assi nt resour ces n.different pilot
oo e G B bR ob SRR s of
I esOuise@stiond4for RerMPRAE ah USsighmentbiMeddurc¥ fireirdhsiiion in a
assi gnment conprises at |east one frame, and wherein
Wlf?éesﬁ‘é‘afﬁ@uﬂ@ﬂﬁ%ﬂééqmr@ conpri ses nmeans for
det er [ in_each
oL TARRG DL PEREEN o Bk 5501 808 ki AP e
wheasi diffeeend plademEnta ibe pilotk anised fcﬁ.dlffélenm@pigﬁménns obfesources.
clai m 23, wherein the assignnment conprises at | east
one H ARQ i nterl ace, and vvher ein the neans for
sel eghi ng AP 5* for determning placenment of
at | east one&% [ n ea "H-ARQ i nterlace based on
pl acenienst oob patcelsseasonftgmeecm lot in a pr ecedi ng H-ARQ

arat us of. cl

interl

wner & REiEiing of st &5 ior e il SrSpuft vt eapprmission
blasdaMh A 1dast She wwﬂlom hElehkt toh@pfr@taﬁ %t fe@dt 0n8 pL6E drMbmission, and
conprises neans for determ ning placement of each of

t he TORIgsRsoRiPthEeselyedin theecuarst Ganvnission an@ gwurtdesst one prior

t wherein the pilots are

téésn %Jlg? 200&% i c?ﬁm%&an%x%épo iraen(ﬁluency Division Miultiple
AcceQSne(n%ylEBMﬂ):d aF thexat kagonabprdcesatiency Di vi si on

Mul tiple Access (OFDMA). 28. A processor readable nedia

i ncluding instructions thereon that nay be perforned

by ong or Tﬂ@raﬁg&raﬁﬁ ESCOhRy 20NG/mERS FiE il@t@st:om rise time d1v1510n
conpri si ng tructions for determnihg an a &3 gne
mofltipleswiTEg) pitots,tand véweress therat laastaonai predesss is conflgured

communi cation systeny and i nst c ions f electin
pi | of® FFEEBRENTTS lséﬁsés%tl‘f atf‘ﬂ’eog 'ﬁﬁh@ﬂ? ng:fﬁr @i‘&ﬁnc , current
tﬂ&ﬁﬁfu@élﬁn dhdetiOmenlieRt sLRBitich FHat RakOde BRI pididn HIRY at least one
di fferent assignnents of resources. 29. An apparatus

peionisarisglissipn.

31.  The apparatus of claim 29, wherein the at least one processor is
configured
to receive the current transmission and the at least one prior transmission in

consecutive frames.

32.  The apparatus of claim 29, wherein the at least one processor is
configured
to receive the current transmission and the at least one prior transmission on

multiple H-ARQ interlaces.



at | east one processor configured to determ ne at
| east one location of at |east one pilot in a current
WO e@nsei93si on based on at | east one | ocati on OPCHUS2006/032895
| east one pilot in at |east one prior transm ssion,
and to process pilots received24n the current
transm ssion and the at | east one prior transm ssion
t o oBBai nThhappasktus pf olaim2Powheraindtha chemet infemasios domprises a
h | east one processor. 30. The aratus of. claim .
obygfelhren @Ry cPOp SEEREETHFiDue! PRl iBrbR cdlimbte” s Receive
sighdltqupligxRdmattDM intdrfedérie eaidlathel £éomBiRRicathéeast one
processor is configured to determ ne at | east one
| ocation of at |least one TDM pilot in the current
trangpi ssio .aL. | east one | ocation of at
Ieastgmone g??g?sﬁ%ﬂ%he at | east one prior
t r andetessinong. atJdast dhe leqapan af 4s leakt exleapitot 29 a sbp@hLirAinsmission
t he at Laeast Sne progessor is configured to receive |
3558 OB 1oGROnE HeHILAT SL iJRash Ale PHRS Thet IE ope Bigr tHBRSsion; and
tr an?fﬂ_c@@ﬁ ildls FRBREE Y Mol RSnsnidsion Bfid BRPANELH Sne prior
of claim 29, wherein the at |east one processor is
trenanfisgon tdottan chamielmfetnmtionr r ent transni ssion and the
at | east one prior transm ssion on multiple H ARQ
interlaces.33. The apparatus of claim29, wherein the

chanpg! i mhermBhb®bfCARR 396 WiRrdiRaR §liloty 8BRS time division
response estimate, a channel inpul se response

madinlerede(TDM} pdetpvandsvherain e sleterypinieg pivgess ongriocation of the at
16;'%%:(1?1%&,%5?&%6 Slﬁlrénf{ﬁgg%miggiogc&%;@%egat ion thereof. 34. A

conpri Si ng: ermning at | east one | ocation
of atletemaintngonelepitl ofe ildtadon WIT@nkadtr@RSTDMS i vt iAS@E current
on at | east one |ocation of at |east one pilot in at )
trpRspupsie, D235 Q5 PRFSiREH At dpast Re T clatiingheiat drast one prior
trhiRGaly&H in the current transm ssion and the at |east
one prior transm ssion to obtain channel information.
35. The nethod of claim 34, wherein the pilots

conpise tinme division ltiplexed (TDM pilots, and
V\,heréé‘n t%e e a4 ﬁfaﬁr&rggt hﬁ“@ﬁ%‘fo Meocation of the
at | gRetvirf thePdrRint itAnsRsi6H @ Nthe {4 ABSMoRE | Hbr transmission in

conpri ses
consecutive frames.

37.  An apparatus comprising:

means for determining placement of at least one pilot in a current transmission
based on at least one location of at least one pilot in at least one prior transmission; and

means for processing pilots received in the current transmission and the at least

one prior transmission to obtain channel information.

38.  The apparatus of claim 37, wherein the pilots comprise time division
multiplexed (TDM) pilots, and wherein the means for determining at least one location
of the at least one pilot in the current transmission comprises

means for determining at least one location of at least one TDM pilot in the
current transmission based on at least one location t of at least one TDM pilot in the at

least one prior transmission.



determining at | east one |location of at |east one TDM

pilot in the current transm ssion based on pl acenent
wo@tooan2498nst one TDM pilot in the at | east oneP@I/US2006/032895

transm ssion. 36. The nethod of claim 34, further

conprising: receiving the curré® transm ssion and the

at |l east one prior transm ssion in consecutive franes.

37. An apparatus conprising: neans for determning

I f I [ '
[ anom silof BhuafR 3BT ofhei bl 07 o o

| eastmeange k| Rteivihgdlhd @agéntotandhisaén tamANSHY 98110kt one prior
and neans for processing pilots received in the

U@DSTRISHON i1 eOTSRTEREAMMEAd the at | east one prior

transm ssion to obtain channel information. 38. The
apparatus of claim 37, wherein the pilots conprise

time4d0i vi A prodesdok irpddatle dnédiDifclypdihg tisstruatichsvihereen nhat may be

t%e nmeans for determ ning at | east one | ocation of the

PSHOTTREERY QMO IRPISPIPGEsIORR REURFIEHEIORT CHTRPHERS: on

CONMPI S8t BRARS db@mlRloSl Tadl B BladoRditat A& drRGAE A current

of at least one TDM pilot in the current transm ssion

thaase@sion tased east leaseohobwaiion of apieasit oneepidat inrat 1§ddhone prior
ilot in the at |east one prior transm ssion.39. The

UABYRPYPES™St clai m 37, further conprising: means for

I eceliydtgtibhero Prdcefking piddts MceRe@in BRtbiRat Binsh8a%dn and the at

one prior transnmission In consecutive frames. 40. A

lepshenespyey traagiaispioa torplfpia chaenelénfeignationt r uct i ons

thereon that may be perforned by one or nore

processors, the instructions conprising: instructions

for determining at | east one |ocation of at |east one

pilot in a current transm ssion based on at | east one

| ocation of at |east one pilot in at |east one prior

transm ssion; and instructions for processing pilots

received in the current transm ssion and the at | east

one prior transm ssion to obtain channel information.




