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than the average power for OFDM [005] The high PAPR

for the OFDM wavef ormis undesirabl e and nmay degrade
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ve B? ) cause a power anplifier to operate in a
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[004] OFDM has certain desirable characteristics such as high spectral efficiency
and robustness against multipath effects. However, a major drawback with OFDM is a
high peak-to-average power ratio (PAPR), which means that the ratio of the peak power
to the average power of an OFDM waveform can be high. The high PAPR for the
OFDM waveform results from possible in-phase (or coherent) addition of all the
subcarriers when they are independently modulated with data. In fact, it can be shown
that the peak power can be up to K times greater than the average power for OFDM.
[005] The high PAPR for the OFDM waveform is undesirable and may degrade
performance. For example, large peaks in the OFDM waveform may cause a power
amplifier to operate in a highly non-linear region or possibly clip, which would then

cause intermodulation distortion and other artifacts that can degrade signal quality. The
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[009] In an embodiment for pilot transmission using LFDMA, a first sequence of
pilot symbols is formed based on a polyphase sequence and is transformed to the
frequency domain to obtain a second sequence of frequency-domain symbols. A third
sequence of symbols is formed with the second sequence of frequency-domain symbols
mapped onto a group of subbands used for pilot transmission and zero symbols mapped
onto the remaining subbands. The third sequence of symbols is transformed to the time
domain to obtain a fourth sequence of output symbols. A cyclic prefix is appended to
the fourth sequence of output symbols to form an LFDMA symbol, which is transmitted

in the time domain via a communication channel.



the fourth sequence of output synmbols to form an LFDVA
synbol, which is transmtted in the tine domain via a
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[018F€! VEIGS. 5C and 5D show two CDM pilot schemes with pilot and data being

combined across symbol periods and sample periods, respectively.

[019] FIG. 6 shows a wideband pilot time division multiplexed with data.

[020] FIG. 7A shows a process for generating a pilot [FDMA symbol.

[021] FIG. 7B shows a process for generating a pilot LFDMA symbol.

[022] FIG. 8 shows a process for performing channel estimation.

[023] FIG. 9 shows a block diagram of a transmitter and a receiver.

[024] FIGS. 10A and 10B show transmit (TX) data and pilot processors for the

TDM pilot schemes and the CDM pilot schemes, respectively.

[025] FIGS. 11A and 11B show IFDMA and LFDMA modulators, respectively.



[024] FIGS. 10A and 10B show transmt (TX) data and

pil ot processors for the TDM pil ot schenes and the CDM
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show | FDVA and LFDMA nodul ators, respectively.[026]

FI GS. 12A and 12B show | FDMX denpdul ators for TDM and

OFEhVR SRR AERRF £ SFOu TEpREL ek or Y afd EHRpiors,

respespedy.i vel y. DETAI LED DESCRI PTI ON [ 028] The word

"exenplary" is u er el an "servin S a .
102! E163 a5k Ay LTIV AR Grpduleigey FIopaSk fEHEDM pilos,
e g{i@gjy_descri bed herein as "exenplary" is not

ecessarily to be construed as preferred or
advant ageous over other enbodi nents or designs. [029]

The pilot transmss) an joation
t echni ques descmﬁwgﬁ u‘yag{“ﬁﬂe@i{?or vari ous
nication s th Wlize l.-calfler
(03800 acFBrv 3R EREMRy T MEusd] bolehf (el RBRElog o grame

inktaficeg ¥AisRatidnTe Senyt embodigneas ondysidiedassgbed loreia as “exemplary”

_frequency_division nultiple access (FDMA) system an .

is 3Pt PrIGEWEIY orbeqrasEyedasreierRd t Pi?\raara@e%éé@g Ote*eﬁgwgydlmems

or%é§i?ﬁ§ﬂ an SC-FDVA system an | FDVA system an LFDVA
system an OFDM based system and so on. These

[028Ehni dhe pilohyrandmsissibe and ediafingl estimatior teahuiqhésnédes¢abed herein

S B ot I
petfReh frQfuefcyCANTRLH fralti Wékl\i/;ﬁ—%s FeNtxahiifle, SMiedecBtidgued inay be used

overal |~ bandw dt h of , Which is partitioned into
fok 2o fregengen alivisiop bantiple Begesa(BEDY Ak pysicrai ek orhpganal frequency

. u K. T S, ' e ' a '
b FRE3RITNL NGUEET, 38 PORDE SUBRERT TR s,
arPNFDM A s, f OFDaI-byseidaysibmnavd st bn.aTkess a¢chuimes fray also be
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transmission and serve as guard subbands to allow the system to meet spectral mask

requirements. Alternatively, the K subbands may be defined over the usable portion of
the system bandwidth. For simplicity, the following description assumes that all K total
subbands may be used for data/pilot transmission.

[031] For subband structure 100, the K total subbands are arranged into S disjoint
subband sets, which are also called interlaces. The S sets are disjoint or non-
overlapping in that each of the K subbands belongs in only one set. Each set contains N
subbands that are uniformly distributed across the K total subbands such that
consecutive subbands in the set are spaced apart by S subbands, where K =S-N. Thus,

set u contains subbands u#, S+u, 2S+u, ..., N—=1)-S+u, where u is the set index and

ue{l,...,S}. Index u is also a subband offset that indicates the first subband in the set.
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K modulation and zero symbols are transformed from the frequency domain to the time
domain by performing a K-point inverse fast Fourier transform (IFFT) on the K
modulation and zero symbols to obtain K time-domain samples. The time-domain
samples can have high PAPR.
[035] FIG. 2 shows the generation of an IFDMA symbol for one set of N

subbands. An original sequence of N modulation symbols to be transmitted in one

symbol period on the N subbands in set u is denoted as {d,,d,,d,,...,dy} (block 210).

The original sequence of N modulation symbols is replicated S times to obtain an
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synmbol s (bl ock 214). Each output synbol in the
frequency-transl at ed sequence nay be generated as

wheyle| dyds thén neth rmoduatonf symbl <in thi eEpnddd sedvenes dmd ixg the n-th
the n-th nodul ation synbol in the extended sequence
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used to combat intersymbol interference (ISI) caused by frequency selective fading,
which is a frequency response that varies across the system bandwidth. The K +C
output symbols in the IFDMA symbol are transmitted in K+C sample periods, one
output symbol in each sample period. A symbol period for IFDMA is the duration of
one IFDMA symbol and is equal to K+C sample periods. A sample period is also
often called a chip period.

[038] Since the IFDMA symbol is periodic in the time domain (except for the
phase ramp), the IFDMA symbol occupies a set of N equally spaced subbands starting
with subband u. Users with different subband offsets occupy different subband sets and

are orthogonal to one another, similar to OFDMA.
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[041] The LFDMA symbol is generated such that it occupies a group of N adjacent

subbands starting with subband k+1. Users may be assigned with different non-
overlapping subband groups and are then orthogonal to one another, similar to OFDMA.
Each user may be assigned different subband groups in different symbol periods to
achieve frequency diversity. The subband groups for each user may be selected, e.g.,
based on a frequency hopping pattern.

[042] SC-FDMA has certain desirable characteristics such as high spectral
efficiency and robustness against multipath effects, similar to OFDMA. Furthermore,
SC-FDMA does not have a high PAPR since the modulation symbols are sent in the
time domain. The PAPR of an SC-FDMA waveform is determined by the signal points



with a K-point IFFT to obtain a sequence of K

ti me-domai n out put synbols (bl ock 416). The last C
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of the sequence to forman LEDVA synbol that contains

K + C output symbols (block £18). [041] The LFDVA
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pil ot and data being nmultiplexed across sy
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t he example shown in FIG 5A, D1 > 1 and P1 = 1. A
FRMHY sYiakol spnteining only Watedh sallpdyr data 86 iDMA symbol, which may be a
data IFDMA symbol or a data LFDMA symbol.
[045] FIG. 5B shows a TDM pilot scheme 510 with pilot and data being
multiplexed across sample periods. For this embodiment, data and pilot are multiplexed
within the same SC-FDMA symbol. For example, data symbols may be sent in D,
sample periods, then pilot symbols may be sent in the next P, sample periods, then data

symbols are sent in the next D, sample periods, and so on. In general D, >1 and

P,21. For the example shown in FIG. 5B, D, =1 and P, =1. A sequence of N data



one subband set/group in each synbol period used for

data transm ssion. A sequence of N pilot synbols nmay
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used for pilot transm ssion. .For each synbol period, a
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sequence 0 mul t1pli
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scal.ed data nbol s, wher > Each s
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{pi }ot+Isyibohml the saedndi gthogdnalisehueacs éc dmgl M-ehi-p}. The N data
ort hogonal sequence {wp } to obtain M sequences of
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sysditd Pksiod W9 equRRe@Ssyaibot gé@dm% N scaled data symbols are added with
the N scaled pilot symbols to obtain N combined symbols for that symbol period.

[049] FIG. 5D shows a CDM pilot scheme 540 with pilot and data being combined

across sample periods. For this embodiment, a sequence of N/M data symbols is

multiplied with the M-chip orthogonal sequence {w,} to obtain a sequence of N scaled
data symbols. In particular, the first data symbol d,(f) in the original sequence is
multiplied with the orthogonal sequence {w,} to obtain the first M scaled data symbols,
the next data symbol d,(z) is multiplied with the orthogonal sequence {w,} to obtain

the next M scaled data symbols, and so on, and the last data symbol d,,,(t) in the



synbol s are obtai ned by addi ng the M sequences of

scal ed data synbols with the M sequences of scal ed
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pidat dtaasimisisiont(os sinipdy, she pidot sehbftnds))/mbp bbe pler samak; ast dredifferent from

oSSR BARL Y IR R PILE R A e BHB S, Alkbio mey
alp@€bé 8ht on fewer or more subbands than the data. The data and pilot subbands may
be static for an entire transmission. Alternatively, the data and pilot subbands may hop
across frequency in different time slots to achieve frequency diversity. For example, a
physical channel may be associated with a frequency hopping (FH) pattern that
indicates one or more specific subband sets or groups to use for the physical channel in
each time slot. A time slot may span one or multiple symbol periods.

[053] FIG. 6 shows a wideband pilot scheme 600, which may be more applicable
for the reverse link. For this embodiment, each user transmits a wideband pilot, which
is a pilot that is sent on all or most of the K total subbands, e.g., all subbands usable for

transmission. The wideband pilot may be generated in the time domain (e.g., with a



[051] A CDM pilot may be sent in each synbol period,

as shown in FIGS. 5C and 5D. A CDM pilot may al so be
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power to allow the receiver to properly estimate the channel gains for these subbands.

The constant envelope avoids distortion by circuit blocks such as a power amplifier.
[056] In another embodiment, the pilot symbols used to generate the TDM and
CDM npilots are formed based on a polyphase sequence that has good temporal and

spectral characteristics. For example, the pilot symbols may be generated as follows:

p, = P , for n=1,...,N, Eq (2)



for the user. For the enbodinment shown in FIG 6, the
dat a subbands hop across frequency in different tine
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pilot. [054] FIGS. 5A through 6 show exenpl ary pil ot
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mul tigpkexi(pg1yGhenes. [055] The TDM and CDM pilots MY gq (3)
be generated 1 n various nmanners. In an enbodi nent, the
pil ot synmbols used to generate the TDM and CDM pil ots
are goayr ghiqyt synbols froma wel | -known signal Eq (4)
constellation such as QPSK. A sequence of N nodul ation
synbol s nmay be used for the TDM pil ot schene shown in
FI G ¢bA a0k + he(CONI-pD} ot schenme shown in FIG 5C. A Eq(5)
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schene shpvm 1192 f) A SBor Mesequence of N nmodul ation
synbeg), sqand the sequence of N M nodul ation synbol s nmayEq (6)
each be |s&l(@ctled: tQ/Kavfer Nlodda frequency spectrum t hat
is as flat as possible and (2) a tenporal envel ope
that varies as little as possible. The flat frequency
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i\SSi fficient power tq allowth N

e85 Th5E 1 PEYE, S LEELRRD PRI B4 Teb et M cgpation

for hedm ssquEnan dBhe FHPICAATIANeqREMNCe 8Rha3Y @h ¢l Erbitrary length.
power

g' tor on,b%g,ci rcuit bl ocks such as a

o kfﬂ i f i10F Pilpoyysibolsmay.alsp b sersseiad arfallowshe pi | ot

synbol s used to generate the TDM and CDM pilots are

formed based on aspol yphase, sequence,that h good
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the pilot synbols may be generated as follows: pn =el

ST A . Eq, (2)wh th h f, b
g o Do s e AL P RGP 81 SRS HRED (11 -
) -n, Eq (3) fnp-[(n-1)-(n- -1)] , Eg (5) In

equagion,(6), Q and re relatively prinme. Equation
(3) ‘s'"fgéz gfcﬁl 'rlTbl) éral’Jence, equation (4) is for a p3Eq (8)

sequence, equation (5) is for a P4 sequence, and

equap,i on _ | Spf Chy seguence...The P3, P4 and Ch
sequ ‘ﬁ'tésg%gw ﬁgvggga?/?%bﬁt ?&r@ll}sﬂ\gth. [057] The qu(g)
pil ot synbols may al so be generated as foll ows:

"-"’T_'{(59TS-7()F—2E+1)-[(T—l)/2—(m—1)] for Teven ,

= Eq (10)
(#/T)-(T~2L+1)-[(T~2)/2—-(m—-1)] forTodd .

Equation (8) is for a Frank sequence, equation (9) is for a P1 sequence, and equation
(10) is for a Px sequence. The lengths for the Frank, P1 and Px sequences are
constrained to be N =T ?, where T is a positive integer.

[058] A sequence of pilot symbols generated based on any of the polyphase
sequences described above has both a flat frequency spectrum and a constant time-
domain envelope. Other polyphase sequences having good spectral characteristics (e.g.,
a flat or known frequency spectrum) and good temporal characteristics (e.g., a constant

or known time-domain envelope) may also be used. A TDM or CDM pilot generated
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conversion process. A cyclic prefix is appended to
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hannel (bl ock 718). Alt hou%;h not shown in FIG "7A for

(bi‘?':%pmoéi the fipsk spvepee ol Abpilel siybade isriipnsigmedde the frequency
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sym@d;&eé@oﬂﬁﬁ@br ThenNr &itquegepdpmbint syt asy izal mapped onto N
st S e R o L D YR fre mapped o The Semaining
K-N subbands to obtain a third sequence of K symbols (block 764). The third
sequence of K symbols is transformed to the time domain with a K-point IFFT to obtain
a fourth sequence of K time-domain output symbols (block 766). A cyclic prefix is
appended to the fourth sequehce of output symbols to obtain a fifth sequence of K+C
output symbols, which is a pilot LFDMA symbol (block 768). The pilot LFDMA
symbol is transmitted in the time domain via a communication channel (block 770).
Although not shown in FIG. 7B for simplicity, the pilot symbols may be multiplexed
with data symbols using TDM and/or CDM, e.g., as described above for FIGS. 5A
through 5D.
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[063L i n FIG. 8 shows a process 800 performed by a receiver to estimate the response
of the communication channel based on a TDM pilot or a CDM pilot sent by the
transmitter. The receiver obtains an SC-FDMA symbol for each symbol period and
removes the cyclic prefix in the received SC-FDMA symbol (block 810). For IFDMA,
the receiver removes the phase ramp in the received SC-FDMA symbol. For both
IFDMA and LFDMA, the receiver obtains K received data/pilot symbols for the SC-
FDMA symbol.

[064] The receiver then undoes the TDM or CDM performed on the pilot (block

812). For the TDM pilot scheme shown in FIG. 5A, K received pilot symbols, r,(n)



synbol period t, where Ap is the difference between
subband set indices for two consecutive synbol

w@ersoass4 and the +1 is for an indexi ng scheneP€TiE$2006/008300
starts with 1 instead of 0. For exanple, if S =8 and
Ap -3, then pilot |IFDVA syn1t§ols may be transmtted
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eceiver to estimate the response of the communi cation
follR¥snel based on a TDM pilot or a CDM pilot sent by

the transmtter. The receiver obtains an SC FDVA

synbol fom each synbol period and renpoves the cyclic

pr ef kXn) At he, rétailved SC- FDMergywbol, K bl ock 810). For Eq(11)

| FDMA, thetlreceiver renoves the phase ranp in the

recei ved SC-FDVA synbol. For both | FDVA and LFDVA, the
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shown in FIG 5B, nmultiple received pilot synbols are
Egiptian (¢t fseumerahht SEFTIN pijotiis Iragonittad i aymbelepeTiDig 7, through
pilot. [065] For the CDM pilot schene shown in FIG
heOVhere Mdeitheelengd pim asthesenal segiensg- nKnepceived epy symbols are

OB RSB BRSEE TR AR, CERRERR e P oL ool as

[068] (| | )For tHe \WMsVIEpildttschéhhe isBoven iR FIGY 81, AbP lrécef v SC-FDMA
sanple period n in synbol periodt ; wl is the i-th

sysrthqb cortaining the Qﬂi\jaﬁét arg pRreered t9 scoverdhgpileitsymypals, asfollows:
(n) is a received pilot synbol for sanple period n.
Equation (1) assunes that the CDOMpilot is

tranghy£8dwi - Apbe)- Merj pdsfdr 4 A1.UKV M, Eq (12)
i=1

where r((n—1)-M+i) is a received sample for sample period (n—1)-M+i in the
received SC-FDMA symbol with the CDM pilot. K/M received pilot symbols are
obtained from equation (12) for the CDM pilot.

[067] A frequency selective communication channel causes intersymbol
interference (IST). However, the ISI is restricted to within a single SC-FDMA symbol
because of the cyclic prefix. Furthermore, because of the cyclic prefix, a linear
convolution operation due to the channel impulse response effectively becomes a
circular convolution, similar to OFDMA. Therefore, it is possible to perform channel
estimation, equalization, and other operations in the frequency domain when pilot
symbols and data symbols are not sent in the same SC-FDMA symbol.

[068] For the TDM scheme shown in FIG. 5A and the CDM scheme shown in

FIG. 5C, the receiver obtains K received pilot symbols for each pilot transmission. A



tM where Mis the length of the orthogonal sequence.
K received pilot synbols are obtained from equation
W@ 1y/09¢084 t he CDM pilot. [066] For the CDM pi | BET/BE81006r@8300
shown in FIG 5D, each recei}/ d SC- FDVA synbol
containing the CDM pil ot are (gr ocessed to recover the

KEPCIA Y RS ettt AR Ao ol bt AT

4 FeSai [ . peri L7 l)

b2 8 U P00 BB AR, R O Wy ¢ o

N ' j ; .S are obtained from
Sggugﬁféér?e{(\dfg?gg%fﬁ%ﬁgh% %’?(I%tgg [067] A frequency

sel ective comuni cati on channel causes intersynbol
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within a single SC FDVA synbol because of the cyclic

Erefix. Furt hernore, because of the cyclic prefix, a
whetge Wk k sriho iransng tied pidotatalusrfodsibbbnd £he channel

in’pulas@ response effectively beconmes a_circul ar
conv &l (R ilbie cemplex gain for terggmmumnsationghannel forjsybband ;

pOSSi i erf.orm.channel ~estjmation, equalization,
and (l)"lk;hérlsgbegrre‘é‘?‘?"?f{% qt Yalugs forsubhrsd&y 2¥bmai n when
pi | ot nbol s and data s ols are not sent in the
sameNé%y nQVﬁ‘g?fISPB?MFor the TDM schene shown in
FIG 5A and the CDM schene shown in FIG 5C, the
Thee Kepajatl Figh psg videsiK rreeedverdepilqsi vabies Sonthel K tpigt s@dehds. Only N
L: 1.SS1 Q. [ er f.or . on
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pijott subbbids) rarK re@irety afdd pihk ofeméalibie SKi-N't ﬁ’&efv@&%’r_ﬁﬂﬂcyalues are

d [ k) for k =1, ..., K (block 814).
SSEEBTauTh AE] Doty o b in sszpyi
B Wy

retaneidhgilat onhleearg dérotdddns tRYEL T GoRTRRI IG AL NONFeh gificit) Othe noise
subband k ; Rp (Jc) is the received pilot values for

mgy bbb asshndcl, todredaddftive) whise Chassiai sasé (AWKENP i xb€o mEAL and a
K- poi nt  FFT provides K received pilot values for the K

Vat”(ﬁlg%\efo Ubbands. Only N received pilot values for the N

089pbandse Us&ivdrOhaplck@hate’ MRCHRR] ' ;‘g?shk i
[ pi | ot s.ugb.and\é)r a?}g er et gi ned, gnd t éﬁl}éger?g%ﬁ?%lgse - geganous
chapeelj essignapion oechaguesssugheas an MMSE technique, a least-squares (LS)

technique, and so on. The receiver derives channel gain estimates for the N pilot
subbands based on the N received pilot values and using the MMSE or LS technique
(block 818). For the MMSE technique, an initial frequency response estimate for the

communication channel may be derived based on the received pilot values, as follows:

_R,(0)-P'(k)

Hoaree ()= |P(k)|* +N,

for k=1,..,N , Eq (14)

where ﬁmmse (k) is a channel gain estimate for subband k and “ * ” denotes a complex

conjugate. The initial frequency response estimate contains N channel gains for the N
pilot subbands. The pilot symbol sequence may be generated based on a polyphase

sequence having a flat frequency response. In this case, | P(k)|=1 for all values of %,

and equation (14) may be expressed as:



di scarded (bl ock 816). Different pilot subbands are
used for | FDVA and LFDVA and hence different received
w@erioen9ersd ues are retained for | FDVA and LFDMAPCTIE82006/008300
retai ned pilot values are deﬁ:ted as Rp (k) for Jc =
I, ..., N. For sinplicity, e noi se may be assuned
to be additiye P{(% Gaussi an noise (AWGEN) with zero
mean EaNd (/8 v f, No. [O€%] % Ehe neceiver may Eq (15)
estimate the chamhel frequency response using various
channel estimation techni ques such as an MVSE
techni que, a |least-squares (LS) technique, and so on.
Thecopgans fastorgdf(l vdb) c ke 1gaporMedde| pravide fmorunbisgged MMSE
f i ] ot subbands . based _OE the N received pilot val ues
TEHEOEE TBOSA &SRR Which BAYDCIFHPHEd 35! ock 818). For
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base "Uf‘i(]{)h—eR'i‘ geliggggypi | ot varu/{]e§,[l]"a’§\]f'ol | ows: where Eq (16)
H nmse (k) is a channel gain estimte for subband k
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aflat fre cy response. In this case, | P(k) |=1
for g lxya of k, and equajd.on-¢l4)nay be
expresfssfeg aBtk) J- R ' . for =Ir,...’,"|'\’l)l\.I'Eq (1S) The Eq {7

constant factor 1/(1 + 0) may be renoved to provide an
ognf)i ased MVBE frequency_ response estimate, which may )
[%&] ex pridesepulss respppee phihe-qRuppynicasioy) chanpedrmay be charagierized

by LE8pd Jerd Q7191y B0 Geds ShiLRD n’glgéf 3% ri?\g% grﬂglggcglg ag)lg)lied to the
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i mpul se is applied to the comuni cation channel
respaase i densndent lparthe delapsprtedwif the aystdreswhiah it He tSaegdifference
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i nst ances of I cl ent ener
impulse response estimate with L taps, A, (n) for n=1,...,,L, may be derived based on

the initial frequency response estimate, as follows:

~init

A ls _
h,, = (_W_;IXL_W_NXL) l_WﬁxLHle ’ Eq (18)

A init |

where Hy,, is an N x1 vector containing H (k) or A (k) for k=1,...,N;

mmse
Wy is a sub-matrix of a Fourier matrix W ;
~ls .. ~

h;,, is an Lx1 vector containing &, (n) for n=1,...,L; and

H .
“"” denotes a conjugate transpose.

The Fourier matrix W, is defined such that the (u,v)-th entry, f

u,v?

is given as:



receiver. A longer delay spread corresponds to a
| arger value for L, and vice versa. [072] A channel
WO pel%Es8s esponse estimate may be derived baserPCDNS100€008300
N channel gain estimtes and ¥sing LS or MVBE
techni que (bl ock 820). A | eab -squares channel inpuls
response ?%;(L—U@-tl)e with L taps, hls (n) for n =1, ...,
L, quay:be’ derd ved basedf@y £he. iRidnda) =11 equency Eq (19)
response estinmate, as follows: =(WLW .)-1IWn 1 , Eq
(18) Unit where H Nkl is an NxI vector containing Hls
white ®is & roWsi@déKhnd Oris be column inddN. ; W\ NXboritSin@ N rows of W
sub-matrix of a Fourier matrix WKxK ;" Is hLxl is an
chrxdsporadin@to tho™ piletisobbdnds. Eadh)rofosf Wzl contajnslthe fidndl, elements
" denotes a conjugate transpose. The Fourier matrix
oMeKcdisesgohdingdomuen what, thle Cintadth th 'L @k’ o the Mast-squares
is givenas:f UV =e k7, for M1, ..., Kand v =1,.
chanpelKmpulsg ré<bBhsedseimated. s a row i ndex and v is a colum
i ndex. WAXL contains N rows of WKxK correspondi ng to
[@78¢ N A MMSIhichams] itBpwse responde sdkbaate ovithalngps.ha,,,. (1) for
first L elements of the corresponding row of WKxK . h
ni7 b onk-amey beisrived bgsed en therigitiabfisquesgy smspansegaimale, as follows:
i mpul se response estimate. [073] An MMSE channe
i mpul.$g. respgnse estimate wth,L taps, hmse (n) for
rgp:-hjxl F.(_&fi_W,Nmﬁﬁxbe)_l@ﬂ:gmﬂm based on the initial Eq(20)
frequency response estimate, as follows: T =(WLW L

N)<1IWH, 20) wh N11xL i LxL. ..
Wit Novets i L 2 aoRvaiteneo o naioh @1 giesfisesnce £Bpr additive
wRHE ! Bad il ofse RUSTGRD. 0 SfinddVfilce) Mrix. may, be given as

N,$, £6€ DOWREe VG isARE Roisé\arlinB®l Rh N-pbiht MBYT #la$ A1sB®e performed
perfornmed on the initial frequency response estinaté

oh chedhitial frequenb@ Res@bnserestitnate 16 ebEANS ehastl ifgiubewedpdndé estimate
taps. [074] Filtering and/or post-processing nmay be
WﬁSrNB‘P?red on the initial frequency response estinmate

7010 GRS, SRS EOITLS dfim ey
redpasse ickidmatoeindivr (thd dedon822)pulsd espoake Estimopiie teeymprove the quality
of fiePchannel estimate, as described below (block 822). A final frequency response
estimate for all K subbands may be obtained by (1) zero-padding the L-tap or N-tap
channel impulse response estimate to length K and (2) performing a K-point FFT on the
extended impulse response estimate (block 824). A final frequency response estimate
for all X subbands may also be obtained by (1) interpolating the N channel gain
estimates, (2) performing least-squares approximation on the N channel gain estimates,
or (3) using other approximation techniques.

[075] A receiver can derive a longer channel impulse response estimate based on a
staggered FDM pilot. In general, a channel impulse response estimate with Ly taps may
be obtained based on pilot IFDMA symbols sent on Lt different subbands in one or

more symbol periods. For example, if L, =2N, then an impulse response estimate

with 2N taps may be obtained based on two or more pilot IFDMA symbols sent on two

or more subband sets in two or more symbol periods. A full-length impulse response



estimate for all K subbands may be obtained by (1)
zero-padding the L-tap or N-tap channel inpul se

WO e®ponseds estimate to | ength K and (2) perfor nPegus2006/008300
K- poi nt FFT on the extended inpul se response estimate
(bl ock 824). A final frequeH%y response estimate for

all, K. ands '
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channel gain estimates, or (3) using other . b
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estihhteS 18aHphGiEes of MMSH1ghanneb impelse redpagge estingates, and/or final
pattern. [076] The receiver. may_derive_a |longer . h
freqrens sespaasp shmates (qtaned for fidfegng bl W@g&n@o improve the
At i . p . .t i INE eSDONSE
e e et e
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beCafditeY PROH REhieMlle bffaRnwéd Tirdduerfafi@rsTBichbss, e.g., the desired
perfornmed over a sufficient nunber of synbal peri.ods

chamneb ytstimatet lqgalityndle abipli| e tagks dasisehasiges Hat'de phpmngl, filter
Fo CFE , filtering may be performed on initial

CQFF@ gh%€ﬁ$%§bonse esti mates, |east-squares or MVSE

[og$RNNE froquichSE réspomeNStinRst amtidres chandl mnpiflsenabponse estimate
frequency response estimates obtained for different .

for yhep spmpBpicaien channeh meAYealsh deRPiRined, i Othes piigH, uing other

' . [ ring my be based on a finite

Ch?ﬁr%élﬂ?gsﬂe&arne(éggcr@ked“%% R) filter, an infinite inpulse

[0725 pon¥eariphd R)st-prdcessing operaimme nwytherpetfppredfo ipresy the quality
The filter coeffjcients may.be selected to,achi eve .

of S P SHETC. ol YL P S L ) bk du it

erR@efdeNiR doh@féniedtfon@aieg bfta hiad Balyf Agh il Humbenoftaps in the
e.g., the desired channel estimate quality,  the .

timbidbingip. t Thet ¢hapRelfestimatipm degssibech alqys ramapiovide § changel impulse

oGPt i AP recE Rk bR o e SRR YRpiprocessing

I npul sponse est|
attempts to remove taps that result from noise and retain taps that result from the actual
channel.
[080] In one post-processing scheme, which is called truncation, only the first L

taps of the channel impulse response estimate are retained, and the remaining taps are
replaced with zeros. In another post-processing scheme, which is called thresholding,
taps with low energy are replaced with zeros. In an embodiment, the thresholding is

performed as follows:



for the communi cati on channel may al so be obtained in
ot her manners usi ng ot her channel estimtion

wao ewbndases. [079] Vari ous post-processi ng opePEr/Us2986/008300
may be perfornmed to inprove the quality of the channel
estimate. In certain operat?hg environments, such as a
mul ti path fading environnent, the communication
channel 00ten fets|ién) ly<dusmal | nupber of taps in the Eq 21)
ti mM*U8bmmin.. The channel estinati Wfﬁégcrﬂged above 1
may provid&)a CHERKEF 4 npul se response estimate having
a |l arge nunber of taps due to noise. The
post.- processing att ts to.renoye taps that result
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channel . [080] .l n one post.-processing schenme, which is
cal | ed t PGNP 4R Pron, (MO RF Yist’he ajf‘lgrst L taps of the

channel i npul se response estinate are retained, and
t he Frgheld peedioser e e ¥ EnGiY ¥ er 0s. I n anot her
post - processi ng schene, which is called threshol di ng,
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enbodi ment’, the thresholding is performed as
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LJTpul se response t apge:
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nye e h whi ch Il ed

anot post - processi ng scheme,” which is ca
rati@(SNR) &wntthe pilo@idie sansmaipsiomfthe ispectiahefificiencynelilasdata packet for

response estimte are retajned, where B > d
WHIGh B R o e e Ried B fme ST REBEIErof Y el two
beE@\Laﬁé Hm&%'f@ﬁaﬁfédQ§ tHR) reBBYeDSNR K iwi@an arfirv@iahsd(€g., from 0 to 5
val te.

may be sel ected based on a received =
desibglsaldBd)o thres best dans-1nay be fretpiand & thareesiVedNRYR fgpvithijpa second

i | ot/ dat LSSi-0Nn, i ed .
B G508, OB LRGN BB B0k glecion
wiliid/aQhiré Sifge 0. B¢ frofl (BiBESadB), faf sosmanpl e, two best

i b . . ; : e .
[OBZafzt mﬁ%ﬁ@gl Ee%{rgét?o%jrplg;rp% Bglgérgge%ll i}ll %96 ﬁcﬁeR dlorsnalyrvlI ttorr] I’d{]e ’?DM pilot

scheme shown in FIG. 5B, the CDM pilot scheme shown in FIG. 5D, and other pilot
schemes in which data and pilot symbols are sent in the same SC-FDMA symbol. A
rake estimator may be used to identify strong signal paths, for example, by (1)
correlating the received symbols with the transmitted pilot symbol sequence at different
time offséts and (2) identifying time offsets that provide high correlation results. The
time domain channel estimation provides a set of taps for a channel impulse response
estimate for the communication channel.

[083] For all pilot schemes, the channel estimation provides a channel impulse
response estimate and/or a frequency response estimate that may be used for

equalization of the received data symbols. A sequence of K received data symbols is



deci bels (dB)), three best taps may be retained if the
received SNRis within a second range (e.g., from5 to
w(a 006836784 our best taps may be retained if thePCEUS00€€)8300
SNRis within a third rangeé , from10 to 15 dB),
and so on. [082] Channel est llTBtI on may be perforned
obitainbd fortdabrE d&ta HU-PDMA s{MBol Tl j
FIG 5B, the CDM pil ot ghen@%%ommﬁ%%%&%%%#dﬂ FIG. 5A
angltfive eaqhi sebef Netserined $G-TMVIAhsyehcls ﬁmdhquDM pﬁgﬁﬂgbd:me shown in

Fl‘%‘fa & :nfl‘Jhsee qiilé]r?ceZo |T§ %ﬁéay%y ) nﬁgaﬁeec%?agllzgg n the time

dc&ﬂﬁﬁpi-ﬁhe fyqueddy dmidigl ati ng the received synmbols with
the transmtted pilot synbol sequence at different
[O8the offremiercifomein)equ lpflymﬁg be ineeforneds as folfaves A K-point

?svi*nq, A, rtgé ﬁ r'eggl Eecg aﬁéta g&nbgﬁe@éﬁg??rop r;g , K, to obtain

anne I’THt ron pr OVI

e T N,
vl fePFRNR s&%&ﬂd@isb@?olfﬁéaﬁ( I 38SmRsidh %ﬁ]@ Htaihb® uelnﬁethe e remaining

response estinmate and frequency responsé est
Ki-hBit revaived alates saluéoareedis@irdeziat The rethined eiataeczﬂuaseateok&hﬁted as

synbol s. sequence of K received data synbols
'é‘éb@%\?‘ﬁeﬁ gfrq each data SC FDMA syrrbol for the TDM
for eagh set

[Oggjcel v%‘glt}%%% Eéﬁ]ﬂ%lma@yl%?g%qﬁ 01?’85 %ﬁﬂeﬁﬂ' E]h‘é‘hg’el\ﬂI received

dasdealties usirfel the MIVISE toinifeU&ToRowE: K recei ved data
synbol s may be equalized in the tinme domain or the

frequency d&krmhég [084] Frequency-donai n equalization
may erR @3 follows. P FFT is first
perfgf d}l‘ﬁ‘(kﬁ)mﬁ recei ved d@g §rrb 5, rd (n) for Eq (22)

o obtain K frequency-domai n received
data values Rd @) for k =1, ..., K. Only N received

witkat aRy@) ue fhefrotei tddatab SIRDRAGSHBISE @, for data
transm ssion are retained, and the remaining K-N

recef\Ryl iflah@ channé® Sz err n
e ulé-lg grle hé o ed ng Rgstﬁhﬁ‘éai"oges‘%baﬂa k, %ﬁ:‘h Fﬁggfet 8qual to

Equal i zatHon (8 or @ &[msd in the frequency domai n
on the N ré&ived data val ues usi ng the MVBE

t echgj @yas tReqhaleaWata VAR B Rbbhid i S the received
data value for subband t , HX) 1s the channel gain

[0 (?]t ' naﬁaeu;jl%t@rﬁ %?aayn dls bemﬂélggrm%%yinbﬁlee g(?ulen(t:}(/) dlalrnrlgm( 021 the N

received data values using the zero-forcing technique, as follows:

R, (k)

Z,(k )—H(k)

for k=1,..,N . Eq (23)
[087] For both MMSE and zero-forcing equalization, the N equalized data values,

Z,(k) for k=1,..,N, may be transformed back to the time domain to obtain a

sequence of N data symbol estimates, d (n) for n=1,...,N, which are estimates of the
N data symbols in the original sequence.

[088] Equalization may also be performed in the time domain on the sequence of

K received data symbols, as follows:



Zd (k) is the equalized data value for subband k.
[ 086] Equalization may al so be perforned in the
w0 e@gei18y domai n on the N received data val ueBCTIER29g6/008300
the zero-forcing techni que, follows: zd (*) =7 .
for k =1, ..., N. Eq (23) ) [087] For both MVSE
and zef,Q-f [ gual i zation, the N equalized data
val ué%{rgzﬁ?a)@ggﬁ k =l , ..., , may be transforned Eq (24
back to the tinme domain to obtain a sequence of N data

whiiED @l (n§ Hehos 8 seqidile HOK rébetvel.data symbdls; Whi ch are
estinmates of the N data synbols in the original

sequenre dedd&Sdn infudleiréspbh@vimBim@isMaideeqpelifedy ned in

the tinme domain on the sequence of K received data

synba), @) desofeslalsequenZel(il equalized Ygta)symbols; andEq (24)

where rd(n) denotes the sequence of K received data

synb & senqiéni cidedaotmsvelntipmpperaton: esponse of a

ti me-domai n equalizer; zd(n) denotes a sequence of K
The|fratjieneyl rekpbasesofitho bqualiatidndy be daivaiddmsal oi theWWIBISE technique

convol utjon opgration. The frequency response of the
asqGat) z & (he( Hi@) et Ny)ediobased, .orN t h&hvMBEUeach mésponse of the

as: @ k) =H(k)/(\ Hk) \2+N0) , for ifc =1, ..., N _
equaliher thagglserbeyderiespbmsé onfthe herodqueing eehniqey asal GEk)ed / H(k),

derived based on the zero-forcing techni que as: Gé
foz1k Flk)-» N - f dihekequplizer frequencyTresp@sadniy &e transtprma

respaonse. nay, be transformed to the ti domain.to ,. . .
IR Bl e St B R CePatsi o g iy Ty o which is used
Fhe time- ; j oS f0orihe time-donmain
fdgalheatlnin; acllto ?Hgﬁn ?%aggﬁg?ilgﬁg%%%g .(21)089] The sequence of K
[0891al | ZEe stapenceyribidl esuilized datpu symiools (R4) eqaationi (34) Sontains S

copies,.,of the.tr mtt dat a nmhols. The S copi e

FHE et SEIRTIEEE DR, A 1Ey T ONED Jiod oSy RIS on a data
sy Dyt datOHfrAbd] bikisl & Gbtiv M0@Ata §PrhboBisBatedSasTONOWS :
S deﬁ) =zd(i N+ n) , for ng%?l ..., N. éq (25) i
0 Alternat ilvel y, the accunul ation is not perforned,
and equ&ihi zed.dat\a synbols for only.one copy of the
tran'sylfﬁl T%%@ﬁﬂa@e’ provi dedEogsn TE’é"’I{I\?data synbol Eq (25)
esti mat es.

k)
yio the time

Alternatively, the accumulation is not performed, and N equalized data symbols for only
one copy of the transmitted data are provided as the N data symbol estimates.

[090] The receiver may also estimate interference based on the received pilot
values and the channel estimate. For example, the interference for each subband may be

estimated as follows:
I(k)=|H(k)- P(k)-R, (k) |* , for k=1,..,N , Eq (26)

‘where I (k) is the interference estimate for subband k. The interference estimate I(k)

may be averaged over all N subbands for each SC-FDMA symbol to obtain a short-term
interference estimate, which may be used for data demodulation and/or other purposes.
The short-term interference estimate may be averaged over multiple SC-FDMA
symbols to obtain a long-term interference estimate, which may be used to estimate

operating conditions and/or for other purposes.



[090] The receiver may also estimate interference
based on the received pilot values and the channel
we@sioboet7es For exanple, the interference for eBCHUS2006/008300
subband may be esti mat ed as £é)| lows: 1(k) =\H(k)
-P(k)-R p(k) \2, for =1, N, Eq (26) where | (k)
[093] t he Otﬁéﬁfeﬁﬁﬁ1§ﬁ&9nﬁ§tdl§8&5@ uééar tosﬂl\?@% l% ddifly o the channel
interference estinmate n%BM aver age 8ver a

e%mmﬁa@quofroga@hTm PMMOE? tpdo‘o b {Thiese aachmques 1nclude an
R e T .

[090Dr t - tFek thé Niedthver vaelesdtinibs BEHLiIRR, ARG esBfife of the
mul tiple SC-FDVA synbols to obtain a gterm
CoRmEpicaianchanaeltip ﬁmtedeﬂm basedey theregsivad pdloesynbads. ¢.g., using

thi i) Bg %tafeg ncéclﬁlﬁlg{) Tﬁé) {mtgﬁl rl:%rénfelf regﬁl%?ifehlk Q19 gf& to derive

er t ec ni qu be
dagjaaymbyl efintates, ashdﬂ:’snﬁbecbslidvanﬂﬂ adeirmbtﬁﬁnéﬂtpfﬂeanfEﬂMence due to
t hese techni ues i ncl ude an

thlgltdéfatﬁy?l{;@?%% el?l i13) ﬁst{nézgﬁc}] aqgg oRige slata symbol estimates
I h . |5 ~ he -

309 S A SRR A SSER 9452 ROFR 5 % 7

d&dtdsTRé %t@xtfeﬂeﬁ& EQMMI %@tah&ﬂelcé}ﬁp&ﬁhlehts thd gk glﬁfb'oy Eimates

based on the received pilot synb u5|n
aryBEested| te abtain Cl@mtbé daeac Wheqimodém@ta I ﬂhlealprmmasedeh the same

o S 0 A R ARl it

cahvelved wilherhelatifalsonaii] $si@fath Iﬂ@olﬁlaﬂthe SiteipGbAce timate. For both
estimat ed based on the data s esti mates din) and

epbRdimants; the inipdergace %Sélffl%lséuét@?}ed framghe reggivied pylot symbols to
=d(n h Qt es e. iRterference
O et PR ok BRI {0D) T hm et G s YRSDIATS then used to

destl mat es arehgroeﬁessed tq,.obtain dec ded dat The

HRESHSTPHRYCY Ghanyq) ERImptSe ddie dHogers PRy "be dRpeaishios any number of

it@elidRr e dbRkn tPheorbsPRIVITei®l chMnePlestiMateMOFHS %e‘?glve channel
data synbols, which are convolved with the initial

e%lmﬁﬁ@ IteCélgtquma% enqr@ switgdafon tluehTé‘Danelplf sohemesshewniingfle, 5B, the

ﬁé’é{%h%ﬁ? N Iec%:sg :%\9j ﬁ) ot s?} li(’t ggﬁ%?sdp Avhich the

damﬁ}enlﬁcﬂf ;g ealisaﬂﬁtefs@dlbbl inmlfesem‘@@hshe Ppilot's¢fBdls= rp (n)
ﬁé whi ch are then used to derive an I nproved
[098%nneiFor die datg-al degchanyieh seigmationyteghniquep dag wegeived dagaysymbols

ar@lﬂlgaﬁéloﬁ’é vs)nth%@tréé% e{ﬁlo@ Q%Iﬁf)cﬁs P2 aﬁr?é'eg&ln%itl&% : %\gf:l]rst channel

channel ‘&sti mates. ative ¢ annel
estigwbemis qhnvq:ckbamd ®nghe teedivbd pﬂmhsg/nilﬂblm @id wiedse bbtn data symbol

ho FI G .5 shown in FI GS.
esBRA AoNeiA DERE G So Mol AL dHoth e Rpeved data
}@flﬂmsoérﬁl ﬂﬁB)ﬂa@aaéﬁ?odl REGHSUTOR! arl BhB6diRIRY) $he RReivBE data symbols

pi |l ot synbol s.
r,(n) are converted to frequency-domain received data values R,(k), and the data

symbol estimates c?(n) are converted to frequency-domain data values D(k). The

second channel estimate may be obtained by substituting R, (k) for R, (k) and ﬁ(k)

for P(k) in equations (14) through (18). In another embodiment, the data symbol
estimates are processed to obtain decoded data, and the decoded data is processed to

obtain remodulated data symbols D, (k). The second channel estimate may be



[ 093] For the data-aided channel estinmation technique,
the received data synbols are used along with the

w0 eweiowsst pi | ot synbol s for channel estinati onPCHUS1006008300
channel estimate is derived sed on the received
pil ot synbols and used to obtain data synbol

| I hep,.der i
oA S BN SR BB P e S s 0
ﬂﬁgﬁgﬂ@gps I'n an enbodi nent, the recei ved data synbols

(n) are converted to frequency domai n recei ved data
[Q%ﬂ u e s TR tivio)chaneal ¢stithates abainey midi thestéaretdesla (syu)nba}s end the

reggigl\é (rﬂl%@d : é’ﬁ J g% Oﬁélﬁ%ecﬁgg; l%gl‘%g%}aggﬁllggefiy%rgh channe? estimate.
ThidRSibinihg ey BE peifdrniedl] fdfRxbitpleatidfoBos) for P(k) in
equati ons (14) thr ough (18). In another enbodi nent,
the data synbol estimates are processed to obtain
decodgg, fabh a H Apce)t ﬁe(kjedeig,edc)dé; @&)i,s pfackesded Nq Eq (27)
obtain renodul ated data symbols Dm (k) . The second
channel estimate may beobtai ned by substituting Rd (k)
whede ﬁJ S ) ige@d dRahde pstirdite Bbtginell bagiua the Rseelvéd pilot symbols;
througﬁ (18). [094] The two channel estimtes obtained

vw thf hegs e&&e\eﬁghﬂen éeﬁna%%mg hed @Hs%dtomhé EiviE Eiflt?%/fﬁbols

O|§ are conbined to obtain an |rrprove overa

Chan@ekk)eéﬁd fkf} ard wef_gbh@lag%e%e%mw%w fr@%%@?vglir Und

exanpl’e,” as veral

.Hdat (k) h%l&leralcﬁg Ikéle%ti’mat%t ai N, Eq (27) where H

[ "Y”S” anne ned based on the
recel ved pi I ot synbols; data ( ) s me channel
Tresdnierdit B ohik) neg teakeidedbaseh @nrang dineicn @atE s yehos;
Cp (k) and Cd (k) are weighting factors for pilot and
catdidancer astheckliatslity, ofathd date swmhbol( estinmtdshendvebeiek factors. The

p%E?ﬁ%acrﬁ%ééﬁ%w&effﬁ%s% it it % ! Peragagh ieraion,
'ﬁ‘b(k %[p nf 'bagencf: ﬁla /tg? g le%;tg%%tlsr t5b¥a1 hﬂ%g}?s ata symbol
esﬁ%% o' sh%‘?l%ége%@f@%%?e?ﬂ%@ﬂg% pey @}%ré‘f%ﬁsstgaaws- The

R TSR T

mquMranu@mmlmg@eﬁmﬁbmwreﬁ]tﬁmﬂ GA thrbgh 8Bt a- ai ded
hannel astl mati on techni que maxé be used for all pilot

[092he me1G- Ashoys ﬁ&l@%dl“#m%a nyiteio? 1 Oseenaseyp@pp. For
th'grfoﬁlﬁ lin FAtrﬁrﬁﬁrﬂH&hQ s 1{389%] gsta%loﬁrh‘?x%e@eég%%@olrs part of a

iagramof a transmtter a recelver
wirkless dewieer. dEb1 thie, revarsnknk, ttramsmﬁfe@ 9'19 ip aott offa wirblassedevice and

st.ati .and receiver 950 | art.
receiver &5?) 1S part OF %ase statlgon A gas% statlon is generally a fixed station and may

(k), the

also be called a base transceiver system (BTS), an access point, or some other
terminology. A wireless device may be fixed or mobile and may also be called a user
terminal, a mobile station, or some other terminology.

[096] At transmitter‘910, a TX data and pilot processor 920 processes traffic data
to obtain data symbols, generates pilot symbols, and provides the data symbols and pilot
symbols. An SC-FDMA modulator 930 multiplexes the data symbols and pilot symbols
using TDM and/or CDM and performs SC-FDMA modulation (e.g., for IFDMA,
LFDMA, and so on) to generate SC-FDMA symbols. A transmitter unit (TMTR) 932



wirel ess device. For the reverse link, transmtter 910

is part of a wireless device and receiver 950 is part
wWo@Rooa/oa8e station. A base station is general | BCHUS100€€)8300

station and nay al so be call ed a base transceiver

system (BTS), an access poi #®, or sonme other

rim.nol o I

priciatiegt ea b b o 515 Stfitel TR, i e B App RS Fine SC
JY BN is?ﬂﬁbol@ ramglopeneadtéren tdionfraqiengy . (RIF)HGddudbted signal, which is

transm tter 910, a TX data and pil ot processor 920
tragppitissioda an pafena®3dat a to obtain data synbol s,

[0§ANer algSeRive @?@ ya'ﬁth%e?ma @5@ &Rk @l?egtrﬁrﬂﬁu@t% 8 Hhe bfovides

and pi [ ot sy DMA nodul at or

a mckivep| sxed t Aeredeiver myh‘lﬁﬁcyl?én%‘blcbmhtlst}snfmg s filtsisngmplifies,
TDM and/ or CDM and rfor

SC- FDVA, nodul ati on e g
PR BB, T BG5OSR BOSPAC & stream of
reSIVEdaapl&. L ARBEUFHAEN débdulitdMIR) pRh3eREERSEQSvdSaghples and
converts to anal og amplifies, fil ters and frequency

Ohtqms) necsives) dathesystobManG yresavasl aflet guRbolat ed shamgl estimator/

SRR O34V IRk LT s
FWA demedu&eter '96@ pt:ﬁanmsrréqdahzhtﬁjngmatheaecblmcb&dtd egmbols with the

received sig receiver unit (RCVR) 954 itions
chegne] estippiey aél.dsproalﬁlﬁq flatp s¥mbpl exiimAesy R ol gataprgcessor

97@' h{Ho? géal a%gaelheﬁewedaﬂ &e@aesttﬁe aeaeyﬁbel Atifalc@aU Provides
e|ve denodul ator 960 processes

dech@dr datei hegemm:tpthes)rmsumbal&%m%@|d¢mddlatcm 960 b d IRX data

A c¢ch L t
rfreSE B SrrpblamE Bl IRt finshieiotat P2 o g pigend TX
dak£&R1 MRA pRddeS¥or §2(mié§p§ct1\§@: RMiaskaraed @ or 960

erforns e ual i zation on the received data synbol s
(098 h t @ntmﬁwﬁ &40@eﬁ|Q?thhreahawp@mtwesofmugwﬁséwng units at

R 9, Ay SEFAL O B 5% R SR 552 o

prégianieddes amdata) used esndeliad 9@10 dad 890, respgetnetyal , t he
rocessi y SCF d duI ator %ﬁg and Rquata

09D cesJaF %9 FovechplochaimEp Giot (et GEaaslth g asgsor 9208,

W gg': ms’dihehﬁsf ﬁé&se&cbzi% ¢4t 20 and nﬁ?r Ibgtgu]sm RESRSPOM pilot

respective at transmtter 910
scemes. oI Wéthen qztccmmi 92®n, diraféict datheisopmoded dry @h encoder 1012,

t t m .t d
inedlearigery a8 grene e 14, 2nd mAERBI hin VISR 0L AGgYs! mapper
1630601 @ gﬂ@g b&BrA 6 eezcalgené}actea plﬂee@ 1RBols 0Blel, hased %n%@)olyphase

and 99 respectivel %d@%O% FIG 10A shows a bl ock

sequergqeam\ shultipfeserdMux) 4082 pedebtes pind qaalsiplexepthg dajihsyapbols with
the e%P fsgrﬁﬁglg 'b% o£ T’ﬂl\ﬁ contof ar?cggrolvfhegla%tregma&dmﬂﬁ%lagd data

and pilot symbols.
[0100] FIG. 10B shows a block diagram of a TX data and pilot processor 920b,

which is another embodiment of processor 920 in FIG. 9 and may be used for the CDM
pilot schemes. Within processor 920b, traffic data is encoded by encoder 1012,
interleaved by interleaver 1014, and mapped to data symbols by symbol mapper 1016.
A multiplier 1024a multiplies each data symbol with the M chips of the orthogonal

sequence {w,} for data and provides M scaled data symbols. Similarly, a multiplier

1024b multiplies each pilot symbol with the M chips of the orthogonal sequence {w,}



schenmes. Wthin processor 920a, traffic data is
encoded by an encoder 1012, interleaved by an

w0 paoendeaswer 1014, and mapped to data synbol s BYI/ES2006/008300
synbol mapper 1016. A pilotd%§nerator 1020 generates
pilot synbols, e.g., based a pol yphase sequence. A

fomﬁﬂbt Bh& ngﬁfw&égwﬁ[) scAlBd SiloESRhYAS ANy Hlet 106 >§@Iﬁs Hﬁ:escaled data

data synbols with the pil ot synbols based on a
sygahrel§ tthhathel spaled, pietssymbsts; egm asfshawhtin gllex 66 Qiai& amdcprovides

[0100] FIG 10B shows a bl ock diagram
C(%?blgéd%(ﬁ% and pil ot processor 920b, which is
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piﬂcﬁtesqhmmsy -Witiai $C-HDMA| denmidtatdri9s0l 5 cyalbia pdafiusatbvhbinit 1212

trans SSI N zero ols onto the
re]ng)[yg§ CI\PrgﬁdYb E«gxpgpgﬁ r%ﬁ:%ve IP%MR symbol. A phase ramp removal
unit 1214 removes the phase ramp in each received IFDMA symbol. The phase ramp

removal may also be performed by the frequency downconversion from RF to
baseband. A demultiplexer (Demux) 1220 receives the output of unit 1214, and
provides received data symbols to an equalizer 1230, and provides received pilot
symbols to channel estimator 980. Channel estimator 980 derives a channel estimate
based on the received pilot symbols, e.g., using the MMSE or least-squares technique.
Equalizer 1230 performs equalization on the received data symbols with the channel
estimate in the time domain or the frequency domain and provides equalized data

symbols. An accumulator 1232 accumulates equalized data symbols corresponding to



| FFT unit 1126 perforns a K-point |IFFT on the K
synbol s from mapper 1124 and provi des a sequence of K

W pove/iosmi N out put synmbols. A cyclic prefix gRCEUS1006/008300
1128 appends a cyclic prefix to the output synbol
sequence to generate an L FDIVA synbol . [0103] FIG 12A

AP L 98, S8R SN GTRAN 6 e OG8 symbo
esaﬂdae:qxra]y be useddfor thet -gI)-rDMQIGSDNA pi | glt _ ich;egeis;(
10ty aF TG 145 105 § Bl SPerR oLy PraiSisy Admediatanageb, which

is aﬁstﬁbe/&ﬂb&fmﬁtaéy Haﬁbdulﬁop b&s én F@@pgraﬁmﬁ@ b rﬂlbéd ﬂo%ltﬂe CDM

renoves the se ranp I n each received
IFDIMA ks GChearvp SEPrODAMA rrb;noslu]@tor t60p endlodese détty Charmehzer that
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trabdrtted %ﬁbt @Zﬁﬂbbﬂesf“dretﬁ€ idvRcthdahadizey, b@hRiplier #P24a multiplies the
equal i zer 30, and provi des recei ved gtlvl ot synbols to

outprenofemie S2il fewish B8OV clfipm ok Ithe datarrarthogonsh semenseedwa) and
channel estimte based on the received pil ot syrrbo

prgviges serdeh gaﬁah%ymlwés ofﬁnwéa%mul@myalr?e?éat aseRmplies, M scaled data
yﬁﬂ)lﬂ)?sj fof € Ch]t%ﬁlg alﬂi éﬁ}vﬁ(‘fé@ a%céxb&:‘q&a@& ?yrﬂl%i For the
at hanne e time

a sy O|SWI stimate I1n t
pitho Khammebzerf chmuttrpéxem emb wloltiplies tha duppuoef deis 12kuaith tedM chips
data _synbol s. An accumul ator_ 1232 accu
ofefify i} grhossnal ssAvscs kor ARk pesYefes ﬁ%ﬁatnﬂﬁr éYIEB?:‘P der each

trgl{;ﬁ%tgqed é@{r{%w@%@; w 1%}118%] adcglflr%gl% ysﬁrgagc ff\lltlgg Ef%% to obtaln a
reBdi A& ARyl B thPMandsnmed pist §me0brhe V@b&ﬁsﬂng by subsequent

anot her enbodi ment of denodul ator 960 in FI G
unitsy withinu SEHFPHIA t deanaDiator=-BRRD gk | &t dessindae saboge- mol\ﬁC-FDMA

de I r 960b includes a data channelizer that
d%”@‘% ?étaﬁe transmtted data synbols and a pil ot
[0205NNeFIGS13ARBOWE 8 IR [dSaghdi of hBRBEIFIDMVEI dghbdilator 960c, which
synbols. For the data channelizer, a multiplier 1224a

is gt anogher egbpgiancs pf) demedulafar 960 MEIGyO andimay ke Bssdder e TDM
LR SRSl SELEDGE, Rl S0P RSP 8 5

umcmmredmvas shenbyelis prefix Bachch r@BﬁzﬁdtﬂF&IMrAasmlsynbm FFT unit
and provid ar | ved ynbol For the

oRis 81 paink EFE) O 4L By pliatisy Feshoyeh B byl prefix

ng%des 1K1ﬁe&ﬁén|&y1daﬁqai\ﬂ GRives Oh fsﬁl?oaﬁﬂlté?-ts RbbN %ﬁ&ﬁ?ﬂer 1316

uence and provides M scal ed pilot” synbols
reeaws the é{nﬁmueney}dpmhmtvaéqpﬁmbyldamNdkﬁ@mc}ad@nm Ivatugsifor the N

“'?%/?ﬂlbcgl us]e rt %% ?ril%{si%zrﬁg?lgt cgﬁ%}s 3b ng%ﬂ%&%elfvedegcy-gommn values.
ARPEESBitNIB 18 YpesloBHe @kl @point FFT on the N frequency-domain values from
demapper 1316 and provides N received symbols. A demultiplexer 1320 receives the
output of unit 1318, provides received data symbols to an equalizer 1330, and provides
received pilot symbols to channel estimator 980. Equalizer 1330 performs equalization
on the received data symbols in the time domain or the frequency domain with a
channel estimate from channel estimator 980 and provides data symbol estimates.

[0106] FIG. 13B shows a block diagram of an SC-FDMA demodulator 960d, which is
yet another embodiment of demodulator 960 in FIG. 9 and may be used for the CDM
LFDMA pilot schemes. SC-FDMA demodulator 960d includes a data channelizer that



units within SC-FDVA denodul ator 960b is as descri bed
above for SC-FDMA denodul ator 960a. [0105] FIG 13A

W@ bwes9ashl ock di agram of an SC- FDVA denodul at BCT/88006/008300
whi ch is yet another enbodlnﬁ t of denodul ator 960 in
FIG 9 and may be used for t TDM LFDMA pi | ot

et Bhe WidshitledSGalDMIMBEIRDS at ?ﬂotg @Q%neﬁz&y ®dkt Crecovers the

prefix removal unit 1312 renoves the cyclic prefix for
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SReaHet R 10 Sk 2N h RO OOPRAS e dhtraey bove for SC-
FOOMARIdBmbikRrorosdannel estimate from channel esti mator
980 and provi des data synbol estimates. [0106] FIG

[018R] sholks pilds|teakmissiogrand Granag] @@rﬁmt@mm dessribed herein

oS5 00 TR S ISR o o
implbmemed iSChiidVAre] esabsdrat oF a96®hbiﬂaﬁb1hl d@ereaf.daFar a hardware

channel i zer thatrecovers the transmtted data synbols
imgplgmgntafiony the hE‘iﬁ’ﬁ%‘ismﬁe Hnith e de ogeEate @dy FranssRi ta gdot at a

oBihesxibeken SO ol GIBMBLE FGSTHINEL op. or s

cdvnbinatpesn of tlhh ephatkingr thogonaly begingiaredted! Witlindone or more

ovi.des scal.ed data.symb accunul ator 1326
&a}samn SeEICNp g ta?@%@n%lglrag SizDaERropesspIS ADSPRg digital
sidadla p %@m%%@w@f’ O SHESs) ﬂrﬁgﬂﬁn\ﬁ%lé%g icS yiebiels @@Ds) field
the pil ot annelizer, a miltiplier 1324b nmultiplies
Progeangnaiet gae |apRys uﬁlﬁRGés)wpwcprtshecmtmﬂem aictorgontrollers,
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flﬂlb&omstasﬂﬁbfﬁi Bﬁeimy ol ac@bifkli@i Gerdot26Phd Provisahd uits used to
r ceived pilot synbol for the transmtted pil ot

FhanTHSHMBEERs 8§ hiEPaslyes iy el inpipmpentod wathin one or more
A§§:§E)@£ﬁg, fyﬁ @aéq,qcegadqq b$pds described above for
SCF eno

u at or
[0108] For a software implementation, the techniques may be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit (e.g., memory unit 942 or
992 in FIG. 9) and executed by a processor (e.g., controller 940 or 990). The memory
unit may be implemented within the processor or external to the processor.

[0109] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,

and the generic principles defined herein may be applied to other embodiments without



[0107] The pilot transm ssion and channel estimation
t echni ques descri bed herein may be i npl enented by
waQ 20060u584reans. For exanpl e, these techni ques PERHURI®06/008300
i npl enented in hardware, software, or a conbination
t hereof. For a hardware inpl ntation, the processing
défiktine HSRGE ‘(%gﬂﬁ (3 @@561‘)% Sle b AABBAL 18P he f[j)re% ntainvenuon is not
transmtter h of the processi’ng
integndef Gsbe Bmiithd Cm@h eﬁ@BdlnmntsaslmWemn ibanisad bé hc&:orded the widest

ocessi n nt ed mnthl one or
schof ESSTAR o b bufebies Fnd PRvd Brinetotbb it ket aS cs)
di gital signal processors (DSPs), digital signa
processi ng devices (DSPDs), programmabl e | ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,
m croprocessors, electronic devices, other electronic
units designed to performthe functions described
herein, or a conbination thereof. The processing units
used to perform channel estimation at a receiver may
al so be inplemented within one or nore ASICs, DSPs,
el ectroni c devices, and so on. [0108] For a software
i npl enentation, the techni ques nmay be inplenented wth
nmodul es (e.g., procedures, functions, and so on) that
performthe functions described herein. The software
codes may be stored in a nenory unit (e.g., nenory
unit 942 or 992 in FIG 9) and executed by a processor
(e.g., controller 940 or 990). The nenory unit may be
i mpl emented within the processor or external to the
~processor. [0109] The previous description of the
di scl osed enbodi nents is provided to enable any person
skilled in the art to nake or use the present
i nvention. Various nodifications to these enbodi nents
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other enbodi nents w thoutdeparting fromthe
spirit or scope of the invention. Thus, the present
invention is not intended to be limted to the
enbodi nents shown herein but is to be accorded the
W dest scope consistent with the principles and novel
features disclosed herein. CLAIMS 1. An appar at us
conprising: a processor operative to forma first
sequence of pilot synbols based on a pol yphase
sequence; and a nodul ator operative to replicate the
first sequence of pilot synbols nultiple tines to
obtain a second sequence of pilot synbols for
transm ssion via a



conmuni cati on channel. 2. The apparatus of claim 1,

wherein the nodul ator is operative to apply a phase
WO 209p/096084 he second sequence of pilot synbol s POI/Uk1086/608300

a third sequence of out put nbol s. 3. The apparat us

of claim2, wherein the nodul"fator is further operative

to use at |least two diffqﬁg t gase sl opes for the

phase ranp in at least two difféerent synmbol periods to

transmt the first sequence of pilot synbols on at

| east two different sets of frequency subbands. 4. The

appak-at usAbRPRATANSEANPEARE ei n t he nodul ator is

operatjve._t lJ 6 prefi 0 S

coquoRisEsp? SBRREVE B GHE'Y Brfifahehcs ot Py SEARE based on o
podfphasd gequersaendial s suitable for transmission in tine

domain via the comruni cati on channel. 5. The appaL tus _ .

of i BodplptongReraive to Aeplisaiey R duY wapenssd Migd symbols multiple
. a vel ' j d N a I - :
Sl i A S A
comhmanmcdionwhenmsl.n t he processor is operative to forma

first sequence of data synmbols, to nultiplex the first

sequence of data synbols in a first synbol period, and

to mil tipreXappagathd 65612%€ Y URAGEInOhe RhoRllatsyRPLRLIVE tdapply a

second synbol period. 7. The apparatus of claim1l,
phaperasimtot the sgnope segisnce of ok pyunbela te pbtpipraibirdspguence of output
Sﬁ§§w§nce of data synbols, to nmultiplex the first

sequéence of pilot synbols with thefirst sequence of

data synbols, and to provide a sequence of nultipl exed

data_and pil ot synbols. 8. The appar at of .claim1,
wher<i n tﬁ}ée APRSERYS BY clpim 3p@'§1‘8’fei _ BtIBOﬁhI‘ESJPtH;F & #‘%“:hglt operative to
ussCHAURAE Gwof difRbeht ;ﬁ’yﬁg‘%oéﬁpes_t for Tt }ﬁihgié’ rdol}$ if laf $dast two different

sequence of data nobols"wth a rst orthogona
syseepl pagedst to todmsmitrtha fipdt seqiente obpil stexynbotsesn aifleast ave different
ata synbols,,.to nmultiply the first sequence of pil ot
Seﬁ%ﬁﬁfﬁ %P8 ond ort hogonal sequence to obtain a
plurality of sequences of scaled pilot synbols, and to

conbi ne the pIuraIi&y of sequences of scal ed data
synmbdl s wihhapmaeatyy efrcdaim I votereip diremedwlalor issengrasie to append a

I:.ot ¢ s ' |_ur al j f..s c 0
b TP s BB Shlle® O o' R Blgpepes of
oltpet Pyrabels Swiitabls fupefraisini®idno if afme adomain via the communication

channel.

5. The apparatus of claim 1, wherein the polyphase sequence has a constant

envelope in time domain and a flat spectral response in frequency domain.

6. The apparatus of claim 1, wherein the processor is operative to form a
first sequence of data symbols, to multiplex the first sequence of data symbols in a first
symbol period, and to multiplex the first sequence of pilot symbols in a second symbol

period.

7. The apparatus of claim 1, wherein the processor is operative to form a

first sequence of data symbols, to multiplex the first sequence of pilot symbols with the



first sequence of data synmbols, to nultiply the first

sequence of data synbols with a first orthogonal
wGeeweenoes t 0 obtain a sequence of scal ed data BgIS1086/008300

to multiply the first sequence of pilot synbols with a

second orthogonal sequence tol obtain a sequence of

, , ' . _
O A R MRS anft® phi ST B Enc e BERPRACE o and pilot
swybddol s to obtain a sequence of conbined synbols. 10.

The apparatus of claim1l, wherein the first sequence

of pilot synbols is sent on a first set of frequency

subbgnds, TR dp#ﬁﬂ&ﬁ@ lof c%hal,%ﬂg%ih&h@?{?qo‘é_ﬁs%} iOBp&ative to form a
second set of Trequency subbands contai ning nore

first eaquenreyo! satasambsls, nmultipdy the figst ssguencd of dgta sptbele with a first

t] pi | in_a l-cation syste
oFAHAL 1ol gt A pIFERY O (Ehicila 68 Flb o, ygbols. to
mhiiptyltherfirst sp@hanob as pileieghdoRayitian tedoaf bithagdnalsdqience to obtain
first sequence of pilaqgt synbols nultiple tines to )
a gipiality af sequsherss el getled papt symgplss wpe dpscamphine the plurality of
S e R A e acliB plor ymbols
topdteae apanplity of séquesessafdombied sgmboks. pi | ot synbol s to
obtain a third sequence of output synbols. 13. The
nmet hod of claim 11, further conprising: appending a

cycl9c prehd ¥pgRathfef SREAN viIRHIE RS pRiceRoh & ofetiR! 8 form a
to obtain a third sequence of output synbols; _ _
figsh pauenesraf detariymbels, thinpliipheidtia dustscgienoe ppdata symbas with a first

. ; . L . . L4 '
oAk HRURL R it USSR IR, i e s
sepacpeerufeilof spinbolk veiytrh sbcondastid gomal de@@ngP i@ sbtain a sequence of

sequence; g& nmeans for replicating the first sequence
sgfe p?lf%tsmg% o8 1| ompine thentequense gt wrledadasn spmbols with the
sBARENE Scalld Hﬁl!d&?mﬁbﬂm& bﬁmﬁbﬂ %g@é&efo@ LolbARAT AL

a a communi catfon channel . The appar at
claim 14, further conprising: neans for applying a

bt afth a T PRPoERELOLCaTb: DUEIUt My HBCieguers.of Rigt Sytnbols s
scAP B b it Setddf fidqabmyldhibbirdds ! HRINwik@BR datl §Y8ibols are sent on a second

set of frequency subbands containing more frequency subbands than the first set.

11. A method of generating a pilot in a communication system, comprising:
forming a first sequence of pilot symbols based on a polyphase sequence; and
replicating the first sequence of pilot symbols multiple times to obtain a second

sequence of pilot symbols for transmission via a communication channel.

12.  The method of claim 11, further comprising:
applying a phase ramp to the second sequence of pilot symbols to obtain a third

sequence of output symbols.

13.  The method of claim 11, further comprising:
appending a cyclic prefix to the second sequence of pilot symbols to obtain a

third sequence of output symbols; and



means for appending a cyclic prefix to the second

sequence of pilot synbols to obtain a third sequence
wo@booeeqst synbol s; and nmeans for transm tti ngP€TES2006/008300

third sequence of output sy s in time domain via

t he conmunij cati on channel. 177 An apparat us

CONMPrhSiniingathr 8RS SQfuehRE bRt durSutt §rivdidNi@ tfrhé Somain via the

sequence of pil ot synbols based on a pol yphase
ceremyeissiion ¢hadngd: nodul at or operative to transformthe

first sequence of pilot synbols to frequency domain to

obtain a second sequence of frequency-donmain synbols,

to f@¢n1aAhh?pﬁaﬁ@@Uﬁmﬁﬁngf synbols with the second
sequence of frequency-domain synbols na%ped onto a

gr oupreans forekpumigy asfish sparsnes ©f Hilet symbels based on a polyphase

L.sgion, and to transformthe third sequence of

Sés@%?éﬁ?o time domain to obtain a fourth sequence of

out putearssyfiob edpdicitirg the dinstrsequenodof/pitot 3ymbakumiltiplei tiiies to obtain
channel . 18. The, a argt us of claim17, wherein the L.
a R GReRcE BipBHa PUEDYS SHEEA JoR @ISO df & corgmunication
chdgeff Oourth sequence of pilot synbols to obtain a fifth
sequence of output synbols suitable for transm ssion

in time domain via the comruni cati on channel.19. The

appar at us.of _cl ai.m wh i.n the palyphase sequence

has Ze‘conzﬁ%\?ﬁpaé%ese%%%lq E‘[’?H%hetric %Hgﬁ'gi n and a flat
spectdeahs fo@ PERYEE: b Hhakee rdoiie & eRCiecEmIBédheneDof PiI6t symbols to
apparatus of claim17, wherein data synbols are sent
obfain third seanepsRfPIEPULSYBRABNCcY subbands cont ai ni ng

nore frequency subbands than the group of frequency
subbands used for pilot transm ssion. 21. An apparatus
conpié.si nGhe apparavessdaino pe fatthereotnprifiagm a sequence

of pil ot nbols, to fqorm a.seqyence of data symhol s,

and" 525 {9 SBRROinEH YU TR IRGecat BAEROB RiPESYmbols to
0§Mﬁhﬂhﬁd@&ﬂwh&%ﬁ%ﬁﬂﬂﬁ@?ﬁb@ﬁ;ﬂkiOt symbol's; and a

nodul at or operative to generate at | east one

si ngingamsafior frensohittérgidn dhirdl sequsnasrofmuitpuit slymbalsdr gisne domain via
ased on the tinme division

" EDVA). |
ty SCFE%%%%@X& 2?né“’f;yn*om s and pilot synbols.

17.  An apparatus comprising:

a processor operative to form a first sequence of pilot symbols based on a
polyphase sequence; and

a modulator operative to transform the first sequence of pilot symbols to
frequency domain to obtain a second sequence of frequency-domain symbols, to form a
third sequence of symbols with the second sequence of frequency-domain symbols
mapped onto a group of frequency subbands used for pilot transmission, and to
transform the third sequence of symbols to time domain to obtain a fourth sequence of

output symbols for transmission via a communication channel.

18.  The apparatus of claim 17, wherein the modulator is operative to append
a cyclic prefix to the fourth sequence of pilot symbols to obtain a fifth sequence of
output symbols suitable for transmission in time domain via the communication

channel.



22. The apparatus of claim 21, wherein the processor
is operative to nultiplex the sequence of data synbols

WO pooa/0p786t synbol period and to nultipl ex thePGEUS®NEES300
of pilot symbols in a second,synbol period, and
wherein the nodul ator is ope?itive to generate a first
SC- FDVA synbol for the sequence of data synbols in the
first synbol period and to generate a second SC- FDVA
synmbd?. f olhe hgparetyseeic lavn BY. whesymitisd polyphasee sepeoeri has a

oY RIGACHH 1Bl R e Ll B S sy

dehaidat a synbol s and the sequence of pilot synmbols in
di fferent sanple periods of a synbol period, and
wherein the nodul ator is operative to generate an

SC-F s | - il d
oyrbas 1 S gt bEFI 17, WHRATH ole' GhiiCeR Tt on a second
groopqf i fsdgugncynabbandsorontaining ngoe famendc sutbbnds thah the group of

synbol s; .nmeans %?r fornn%%pa,sequence of data synbol s;
frequeney sibbandshsedifariplobHanstitissi- exi ng t he sequence of

data synbol s and the sequence of pilot synbols;

andneans for generating at | east one single-carrier

f r eqdbncyAdiappaitup comptisipgie access (SC FDVA) synbol

based on_the ti Lvision multipl exed data synbols

and bPRBESsEE st Dre o dorti R RediSns Gufloe SynBS, SR Sequence of
dasheymbols) bed tedinge diefsidn MlEhlvt SheBediishdd f 8XthNYniHd& and the

sequence_of data synbols and the sequence of pilot
segyeRss1o8 PUeAYMbelss abans for nulti pl exi ng the sequence

o, APty b A she TRl sRPCHIN B8 AEROR i
mukipbn dceps(SC-FiaMiA)dsyniol Hdsed appaiteatiue dividgdminmnl@plexed data

erein t nmeans for tinme division nultiplexing the
“%@%%%ﬂggﬂg$sﬂﬁﬁﬂ&synbols and the sequence of pil ot
synbol s conprises nmeans for nultiplexing the sequence

of data synbols and the sequence of pilot synbols in
di f f&2-ent Theampb@aper dlodninf 24, sxhetrih ther prodess@7 is Aperative to

BB TTR b 0B 5 SRR EbISL R LB i e
sed@érte SO SymBOKR in a second symbol period, and wherein the modulator is
operative to generate a first SC-FDMA symbol for the sequence of data symbols in the
first symbol period and to generate a second SC-FDMA symbol for the sequence of
pilot symbols in the second symbol period.

23.  The apparatus of claim 21, wherein the processor is operative to
multiplex the sequence of data symbols and the sequence of pilot symbols in different
sample periods of a symbol period, and wherein the modulator is operative to generate

an SC-FDMA symbol for the multiplexed pilot and data symbols for the symbol period.

24.  An apparatus comprising:

means for forming a sequence of pilot symbols;

means for forming a sequence of data symbols;

means for time division multiplexing the sequence of data symbols and the

sequence of pilot symbols; and



a nodul ator operative to generate a w deband pil ot

based on the sequence of pilot synbols, to generate at
WO e@s9ose singl e-carrier frequency division nedT/U§1086/008300

access (SC- FDVA) synbol basezlon t he sequence of data

synbols, and to time division nmultiplex the w deband

pi | ofedid féh Bertatingast leasteoneCsin 2YFORbquetBy dl¥iSion multiple

apparatus of “claim27, wherein the processor 1s
aqspesr XG-FPM4) symbelthrsed en il Emetivisiononukiphexed slataagyabols and
, udo-random nunber (PN) sequence. 29. The
plg(%ﬁgrrng?%'s of claim 27, wherein the nodulator is

operative to generate at | east one interl eaved FDVA

(1 FDVA) synbol or at | east one |ocalized FDVA (LFDVR)
synb®?- f ot he nppawéitse O€ eclaim iy avBsraisolthe mgns time” division

oREREE RSt I & R BB ol Sompries
W debnamas for hodtiflexing e seqante ohédatatyrebolt irnnfirst ky@bolPeriod, and
The apparatus of .cl.aim 27, wherei.n the w deband pilo
i's tf“ﬁgnsa Ty RERIFRRE dhe |Segpence, 9 Rii%esrynwo BlaﬁdfeﬁPlP%tSYmbOI
pddgam at | east one other transmtter. 32. An apparatus
conprising: a denodul ator operative to receive at
| east one single-carrier frequency division nultiple
acce ( SG;. FDIVA mhel vi a co ni gati on _channgl L
and ?‘2 prsoi;%:“:ésal p%‘ﬁ%}éato 9I dag FheV 9119D<|@}f Ryatiore) t%f otime  division
mabipidxing theBegl@iat of dLs efnivds pid Bk séyurhed 6f pilh yrabols comprises
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28.  The apparatus of claim 27, wherein the processor is operative to form the

sequence of pilot symbols based on a pseudo-random number (PN) sequence.

29.  The apparatus of claim 27, wherein the modulator is operative to
generate at least one interleaved FDMA (IFDMA) symbol or at least one localized
FDMA (LFDMA) symbol for the sequence of data symbols.

30.  The apparatus of claim 27, wherein the wideband pilot is pseudo-random

with respect to at least one other wideband pilot from at least one other transmitter.
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estimate to zeros, where L is an integer one or

greater. 41. The apparatus of claim 32, wherein the .
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36.  The apparatus of claim 32, wherein the processor is operative to derive
frequency response estimates for SC-FDMA symbols sent on at least two sets of
frequency subbands, to derive channel impulse response estimates based on the
frequency response estimates, and to filter the channel impulse response estimates to
obtain an extended channel impulse response estimate having more taps than each of the

channel impulse response estimates.

37.  The apparatus of claim 33, wherein the processor is operative to retain a
predetermined number of taps in the channel impulse response estimate and to set

remaining taps in the channel impulse response estimate to zeros.
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43.  The apparatus of claim 32, further comprising:

pd
S
-

an equalizer operative to equalize received data symbols based on the frequency

response estimate.

44.  An apparatus comprising:

means for processing at least one single-carrier frequency division multiple
access (SC-FDMA) symbol received via a communication channel to obtain received
pilot symbols;

means for transforming the received pilot symbols to obtain frequency-domain
pilot values, and

means for deriving a frequency response estimate for the communication
channel based on the frequency-domain pilot values and using a minimum mean-square

error (MMSE) technique or a least-squares (LS) technique.
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a processor operative to derive a channel estimate for the communication

channel based on the received pilot symbols.

49.  An apparatus comprising:

a demodulator operative to receive at least one single-carrier frequency division
multiple access (SC-FDMA) symbol via a communication channel and to process the at
least one SC-FDMA symbol to obtain received pilot symbols; and

a processor operative to derive a channel estimate for the communication

channel based on the received pilot symbols and using a least-squares (LS) technique.

50.  An apparatus comprising:
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est Iam%itrsetsl'arocessor operative to derive the first channel estimate based on the
received pilot symbols, to estimate interference due to the received data symbols based
on the first channel estimate and the data symbol estimates, to derive interference-
canceled pilot symbols based on the received pilot symbols and the estimated
interference, and to derive a second channel estimate based on the interference-canceled

pilot symbols.

53.  The apparatus of claim 52, further comprising:

a second processor operative to process the data symbol estimates to obtain
decoded data and to process the decoded data to obtain remodulated data symbols, and
wherein the first processor is operative to estimate the interference based on the

remodulated data symbols.

54.  The apparatus of claim 52, wherein the demodulator and the first

processor are operative to derive the data symbol estimates, to estimate the interference,
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to derive the interference-canceled pilot symbols, and to derive the second channel

estimate for a plurality of iterations.

55.  An apparatus comprising:

a demodulator operative to receive at least one single-carrier frequency division
multiple access (SC-FDMA) symbol via a communication channel and to process the at
least one SC-FDMA symbol to obtain received pilot symbols and received data
symbols; and

a first processor operative to derive a first channel estimate for the
communication channel based on the received pilot symbols, to derive a second channel
estimate based on the received data symbols, and to derive a third channel estimate

based on the first and second channel estimates.

56.  The apparatus of claim 55, wherein the demodulator is operative to
process the received data symbols with the first channel estimate to obtain data symbol

estimates.

57.  The apparatus of claim 56, wherein the first processor is operative to
derive the second channel estimate based on the received data symbols and the data

symbol estimates.

58.  The apparatus of claim 56, further comprising;:

a second processor operative to process the data symbol estimates to obtain
decoded data and to process the decoded data to obtain remodulated data symbols, and
wherein the first processor is operative to derive the second channel estimate based on

the received data symbols and the remodulated data symbols.

59.  The apparatus of claim 55, wherein the first processor is operative to
derive the third channel estimate based on a function of the first channel estimate, the
second channel estimate, and an indication of confidence in reliability of the data

symbol estimates.



