
PILOT DESIGN FOR IMPROVED CHANNEL AND INTERFERENCE
ESTIMATION [0001] The present application claims
priority to provisional U.S. Application Serial No.
60/883,756, entitled "PILOT DESIGN FOR IMPROVED
SIMPLIFIED CHANNEL AND INTERFERENCE ESTIMATION WITH
DEDICATED PILOT TONES FOR OFDMA" filed January 5,
2007, assigned to the assignee hereof and incorporated
herein by reference. BACKGROUND I . Field [0002] The
present disclosure relates generally to communication,
and more specifically to a pilot design for a wireless
communication system. II. Background [0003] A wireless
multiple-access communication system can support
multiple users by sharing the available radio
resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems,
Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier
FDMA (SCFDMA) systems. [0004] A wireless
multiple-access system may support multiple-input
multipleoutput (MIMO) transmission on the forward
and/or reverse link. On the reverse link (or uplink),
one or more terminals may send transmissions from
multiple (NT) transmit antennas at the terminal(s) to
multiple (NR) receive antennas at a base station. A
MIMO channel formed by the NT transmit antennas and
the NR receive antennas may be decomposed into Nc
spatial channels, where Nc  min {Nt , NR }. Improved
performance (e.g., higher throughput and/or greater
reliability) may be achieved by exploiting the spatial
channels formed by the multiple transmit and receive
antennas. 



[0005] For MIMO transmission on the reverse link, the
wireless channel between each terminal and the base
station is normally estimated and used to recover the
data transmission sent by the terminal via the
wireless channel. Channel estimation istypically
performed by sending pilot from each terminal and
measuring the pilot at the base station. The pilot is
made up of symbols that are known a priori by both the
terminal and the base station. The base station can
thus estimate the channel response for each terminal
based on the pilot symbols received from that terminal
and the known pilot symbols. Since pilot transmission
represents overhead, it is desirable to minimize pilot
transmission to the extent possible. However, the
pilot transmission should be such that the base
station can obtain a good channel estimate for each
terminal. [0006] There is therefore a need in the art
for techniques to send pilot such that a good channel
estimate may be derived. SUMMARY [0007] Techniques for
transmitting pilot and for processing received pilot
to obtain channel and interference estimates are
described herein. A transmitter (e.g., a terminal) may
generate pilot symbols for a first cluster in a time
frequency block (or tile) based on a first sequence
and may generate pilot symbols for a second cluster in
the time frequency block based on a second sequence.
The transmitter may further generate pilot symbols for
a third cluster in the time frequency block based on
the first sequence or a third sequence and may
generate pilot symbols for a fourth cluster in the
time frequency block based on the second sequence or a
fourth sequence. Each cluster may cover a group of
pilot symbols, typically adjacent to one another, in
the time frequency block. The first, second, third and
fourth sequences may include common elements arranged
in different orders and may be considered as different
versions of a single sequence. For example, the
elements in the second sequence may be in a reverse
order (or flipped) with respect to the elements in the
first sequence. The transmitter may transmit the pilot
symbols in their respective clusters in the time
frequency block. 



[0008] Multiple transmitters may share the time
frequency block and may be assigned different
sequences that are orthogonal to one another for each
cluster in the time frequency block. Each transmitter
may generate pilot symbols for each cluster based on
the sequence assigned to that transmitter for that
cluster. [0009] A receiver (e.g., a base station) may
obtain received pilot symbols from multiple clusters
in the time frequency block. The receiver may form
multiple basis vectors for a transmitter, with each
basis vector being formed with multiple versions of a
sequence assigned to that transmitter. A basis vector
is a vector of elements used for processing received
symbols. The multiple versions of the sequence may
correspond todifferent orderings of the elements in
the sequence and may be considered as different
sequences. The receiver may form the multiple basis
vectors further based on a particular channel model,
e.g., a channel model with linearly varying time
component and linearly varying frequency component.
The receiver may process the received pilot symbols
with the multiple basis vectors to obtain a channel
estimate for the transmitter. The receiver may repeat
the same processing (e.g., the generation of the basis
vectors and the processing of the received pilot
symbols with the basis vectors) for each transmitter
sharing the time frequency block. The receiver may
also obtain a noise and interference estimate based on
the received pilot symbols and at least one basis
vector not used for channel estimation. [0010] Various
aspects and features of the disclosure are described
in further detail below. BRIEF DESCRIPTION OF THE
DRAWINGS [0011] FIG. 1 shows a block diagram of two
terminals and a base station. [0012] FIG. 2 shows a
tile structure. [0013] FIGS. 3A through 3D show
designs of four pilot patterns. [0014] FIG. 4
illustrates different combining options for four pilot
clusters. [0015] FIGS. 5A through 5D show use of
multiple versions of a scrambling 



sequence to obtain symmetric pilot symbols for the
four pilot patterns shown in FIGS. 3A through 3D.
[0016] FIG. 6 shows a process performed by a
transmitter to transmit pilot. [0017] FIG. 7 shows an
apparatus for transmitting pilot. [0018] FIG. 8 shows
a process performed by a receiver to process received
pilot. [0019] FIG. 9 shows an apparatus for processing
received pilot. DETAILED DESCRIPTION [0020] The
techniques described herein may be used for various
communication systems that support MIMO transmission
and utilize a form of frequency division multiplexing
(FDM). For example, the techniques may be used for
systems that utilize orthogonal FDM (OFDM),
single-carrier FDM (SC-FDM), etc. OFDM and SC-FDM
partition the system bandwidth into multiple (K)
orthogonal subcarriers, which are also referred to as
tones, bins, etc. Each subcarrier may be modulated
with data. In general,modulation symbols are sent in
the frequency domain with OFDM and in the time domain
with SC-FDM. The techniques may also be used for
transmissions on the reverse link (or uplink) as well
as the forward link (or downlink). For clarity, the
techniques are described below for transmissions on
the reverse link. [0021] FIG. 1 shows a block diagram
of a design of two terminals HOx and HOy and a base
station 150 in a wireless communication system. A
terminal may also be referred to as a user equipment
(UE), a mobile station, an access terminal, a
subscriber unit, a station, etc. A terminal may be a
cellular phone, a personal digital assistant (PDA), a
wireless communication device, a handheld device, a
wireless modem, a laptop computer, a cordless phone,
etc. A base station may also be referred to as a Node
B, an evolved Node B (eNode B), an access point, etc.
In FIG. 1, terminal 11Ox is equipped with a single
antenna, terminal 11Oy is equipped with multiple
antennas, and base station 150 is equipped with
multiple antennas. Each antenna may be a physical
antenna or an antenna array. For simplicity, FIG. 1
shows only processing units for data 



transmission on the reverse link and signaling
transmission on the forward link. [0022] At each
terminal 110, a transmit (TX) data and pilot processor
120 may receive traffic data from a data source 112,
process (e.g., format, encode, interleave, and symbol
map) the traffic data, and generate data symbols.
Processor 120 may also generate and multiplex pilot
symbols with the data symbols. As used herein, a data
symbol is a symbol for data, a pilot symbol is a
symbol for pilot, and a symbol is typically a complex
value. The data symbols and pilot symbols may be
modulation symbols from a modulation scheme such as
PSK or QAM. Pilot is data that is known a priori by
both the terminals and the base station. [0023] At
terminal 11Oy, a TX MIMO processor 122y may perform
transmitter spatial processing on the data and pilot
symbols based on direct MIMO mapping, precoding,
beamforming, etc. A data symbol may be sent from one
antenna for direct MIMO mapping or from multiple
antennas for precoding and beamforming. Processor 122y
may provide Ny streams of output symbols to Ny
modulators (MOD) 130a through 130ny. At terminal HOx,
processor 12Ox may provide a single output symbol
stream to a modulator 130x. Each modulator 130 may
perform modulation (e.g., for OFDM, SC-FDM, etc.) on
the output symbols to obtain output chips. Each
modulator 130 may further process (e.g., convert to
analog, filter, amplify, and upconvert) its output
chips to generate a reverse link signal. At terminal
HOx, a single reverse link signal from modulator 130x
may be transmitted from antenna 132x. At terminal
11Oy,Ny reverse link signals from modulators 130a
through 130ny may be transmitted via Ny antennas 132a
through 132ny, respectively. [0024] At base station
150, N R antennas 152a through 152nr may receive the
reverse link signals from terminals HOx and HOy and
possibly other terminals. Each antenna 152 may provide
a received signal to a respective demodulator (DEMOD)
154. Each demodulator 154 may process (e.g., filter,
amplify, downconvert, and digitize) its received
signal to obtain samples and may further perform
demodulation (e.g., for 



OFDM, SC-FDM, etc.) on the samples to obtain received
symbols. Each demodulator 154 may provide received
data symbols to a receive (RX) spatial processor 160
and may provide received pilot symbols to a channel
processor 162. Channel processor 162 may estimate the
response of the wireless channel from each terminal
110 to base station 150 as well as noise and
interference based on the received pilot symbols. RX
spatial processor 160 may perform MIMO detection on
the received data symbols with channel estimates and
noise and interference estimates from channel
processor 162 to obtain data symbol estimates. An RX
data processor 170 may process (e.g., deinterleave and
decode) the data symbol estimates and provide decoded
data to a data sink 172. [0025] Base station 150 may
send traffic data and signaling (e.g., assignments of
time frequency resources) to the terminals. The
signaling may be processed by a TX signaling processor
174 and further processed by modulators 154a through
154nr to generate N R forward link signals, which may
be transmitted via N R antennas 152a through 152nr. At
each terminal 110, the forward link signals from base
station 150 may be received by one or more antennas
132, processed by one or more demodulators 130, and
further processed by an RX signaling processor 134 to
recover the signaling sent by base station 150. [0026]
Controllers/processors 14Ox, 14Oy, and 180 may control
the operation of various processing units at terminals
11Ox and 11Oy and base station 150, respectively.
Memories 142x, 142y, and 182 may store data and
program codes for terminals 11Ox and 11Oy and base
station 150, respectively. A scheduler 184 may
schedule terminals for transmission on the forward
and/or reverse link. [0027] FIG. 2 shows a tile
structure 200 that may be used for the forward and/or
reverse link. The time frequency resources available
for a given link may be partitioned into tiles, which
may also be referred to as time frequency blocks,
resource blocks, hop regions, etc. Each tile may cover
multiple (F) subcarriers in multiple (T) symbol 



periods, where F and T may each be any integer value.
The F subcarriers in a given tilemay be consecutive
subcarriers or may be distributed across the K total
subcarriers. Each tile includes F-T resource units,
where a resource unit is one subcarrier in one symbol
period. F-T modulation symbols may be sent in the F-T
resource units in each tile. Each tile may be assigned
to one or more terminals for data transmission. [0028]
FIG. 2 also shows a frequency hopping scheme that may
be used for the forward and/or reverse link. Frequency
hopping may provide frequency diversity against
deleterious path effects and randomization of
interference. With frequency hopping, a terminal may
be assigned tiles in different parts of the system
bandwidth in different hop periods. A hop period is
the time duration of one tile and spans T symbol
periods. [0029] Data and pilot may be sent in various
manners in a tile. In one design, data and pilot
symbols are sent in different resource units. The
pilot symbols may also be sent based on a pilot
pattern that indicates specific resource units to use
for the pilot symbols. In general, a pilot pattern may
include any number of pilot symbols, and the pilot
symbols may be located anywhere within a tile. The
number of pilot symbols may be selected based on a
tradeoff between pilot overhead and channel estimation
performance. The spacing of the pilot symbols across
frequency may be selected based on expected delay
spread of the wireless channel. Smaller frequency
separation between pilot symbols may be used to handle
larger delay spread. The spacing of the pilot symbols
across time may be selected based on expected Doppler
spread of the wireless channel. Smaller time
separation between pilot symbols may be used to handle
larger Doppler spread. [0030] The pilot symbols may
also be placed to support spatial multiplexing
techniques such as MIMO and/or Spatial Division
Multiple Access (SDMA). With spatial multiplexing,
multiple data streams may be transmitted
simultaneously via multiple spatial channels or layers
formed by multiple transmit antennas and multiple 



receive antennas. To support spatial multiplexing, the
pilot symbols may be arranged in clusters within a
tile. The number of pilot symbols (M) in each cluster
may be equal to or larger than the spatial rank to be
supported. Spatial rank refers to the number of
spatial channels, and hence the number of data streams
that may be transmitted in parallel. The pilot symbols
in each cluster may occupy a contiguous region in time
and frequency such that, for each terminal, the
variations of the wireless channel across the pilot
symbols in one cluster are as small as possible.[0031]
FIG. 3A shows a design of a pilot pattern 310 for a
16x8 tile that covers F = 16 subcarriers in T = 8
symbol periods. In this design, the tile includes 12
pilot symbols that are arranged in four clusters
located at four corners of the tile. The four clusters
may be given indices of 1, 2, 3 and 4, as shown in
FIG. 3A. Each cluster includes M = 3 pilot symbols
sent on one subcarrier in three consecutive symbol
periods. The three pilot symbols in each cluster may
be used for channel estimation for up to three spatial
channels. [0032] FIG. 3B shows a design of a pilot
pattern 320 for a 16x8 tile. In this design, the tile
includes 12 pilot symbols that are arranged in four
clusters located at four corners of the tile. Each
cluster includes M = 3 pilot symbols sent on three
consecutive subcarriers in one symbol period. The
three pilot symbols in each cluster may be used for
channel estimation for up to three spatial channels.
[0033] FIG. 3C shows a design of a pilot pattern 330
for a 16x8 tile. In this design, the tile includes 16
pilot symbols that are arranged in four clusters
located at four corners of the tile. Each cluster
includes M = 4 pilot symbols sent on two consecutive
subcarriers in two consecutive symbol periods. The
four pilot symbols in each cluster may be used for
channel estimation for up to four spatial channels.
[0034] FIG. 3D shows a design of a pilot pattern 340
for a 16x8 tile. In this design, the tile includes 24
pilot symbols that are arranged in eight clusters
located in four rows of the tile. Each cluster
includes M = 3 pilot symbols sent on one subcarrier in
three 



consecutive symbol periods. The three pilot symbols in
each cluster may be used for channel estimation for up
to three spatial channels. [0035] FIGS. 3A to 3D show
four example pilot patterns. Various other pilot
patterns may also be defined. In general, a pilot
pattern may include any number of clusters, and each
cluster may include any number of pilot symbols.
Furthermore, the clusters and pilot symbols may be
arranged in any manner in a tile. For clarity, much of
the description below assumes the use of pilot pattern
310 in FIG. 3A. [0036] In general, one or more
terminals may share a given tile. If the tile has
clusters of M pilot symbols, then up to M data streams
may be transmitted on up to M spatial channels or
layers. A terminal with a single antenna (e.g.,
terminal HOx in FIG. 1) may transmit a single data
stream on a single spatial channel. A terminal with
multiple antennas (e.g., terminal 11Oy in FIG. 1) may
transmit multiple data streams on multiple spatial
channels.[0037] For clarity, much of the following
description assumes that Q terminals share a given
tile, where 1 Q  M , and that each terminal transmits
one data stream on one spatial channel. The processing
for this tile is described below. [0038] The base
station may obtain F-T received symbols from the tile
for the Q terminals. The received symbols may be
expressed as: Q y = D h oz + n0 , Eq (I) where tq is
an F -T x I vector of modulation symbols transmitted
by terminal q on the F-T resource units in the tile,
hq is an F -T x I vector of complex channel gains for
the F-T resource units in the tile for terminal q, D2
is a scalar for a power offset for terminal q, y is an
F -T x I vector of received symbols for the F-T
resource units in the tile, n0 is an F -T x I vector
of noise and interference for the tile, and 



"  " denotes an element-by-element multiply. [0039] In
equation (1), the first F elements of each vector
correspond to the F subcarriers in the first symbol
period of the tile, the next F elements correspond to
the F subcarriers in the second symbol period, and so
on, and the last F elements correspond to the F
subcarriers in the last symbol period. hq contains the
frequency-domain complex channel gains for terminal q,
which may be assumed to be complex Gaussian random
variable with zero mean and a known covariance matrix.
The channel gains may be assumed to be independent
among the Q terminals. For simplicity, the noise and
interference n0 may be assumed to be additive white
Gaussian noise (AWGN) with a zero mean vector and a
covariance matrix of s2 1, where s2 is the variance of
the noise and interference and I is the identity
matrix. [0040] The base station may estimate the
channel gains for each terminal as well as the noise
and interference based on the received pilot symbols.
The base station may perform channel estimation based
on an assumption that the statistical properties of
the wireless channel for each terminal are known and
that the channel gains across the tile for each
terminal are correlated.[0041] A covariance matrix for
each terminal q, where e {l, ..., Q} , may be
approximated as follows: {h h } i c IL !! , Eq (2)
where U is the z-th approximate eigenvector for the
channel for terminal q, X q is the z-th eigenvalue for
the channel for terminal q, E{} denotes an expectation
operation, and " H " denotes a Hermitian or complex
transpose. [0042] Equation (2) is based on an
observation that, for cases of practical interest, the
covariance matrix of a terminal has at most three
significant eigenvalues and may be approximated with
three eigenvectors U1 , U2 and U3 . These three
approximate eigenvectors have dimension of F -T x I
and may be used instead of the actual 



eigenvectors for channel estimation for terminal q
across the tile. Furthermore, for the cases of
practical interest, the first eigenvalue X1q is
typically at least one order of magnitude larger than
the other two eigenvalues X1 q and X3 q . [0043] The
three approximate eigenvectors may be expressed as: U1
= ur 0 <8> uP 0 , U2 = ur 0 <8> uP l , U3 = ur 1 <8> U
0 , Eq (3) where uP 0 = ..., l ] r F x I vector, ] r F
x I vector, ut 0 = -.., I ] T x I vector, - (T - I) :
2 : (T - l) T x I vector, and " (8> " denotes a
Kronecker product. [0044] For an n \ vector a xl = a i
, a2, ..., an\ t and an mx l vector bmxl = \b , b2,
..., bm]t , where " t " denotes a transpose, the
Kronecker product cmB i = a xl <8> bmxl may be given
as:a i mxl -mnxl =[a b,axb2,..., axbm,a2bx,a2b2,...,
a2bm,..., anbx,anb2,..., anbm\ cmnxX is an mn x 1
vector containing the product of each element of a xl
with each element of b mxl . [0045] In equation (3),
up 0 is a vector of all ones, scaled by a constant to
achieve unit power for up . up is a vector with values
from -(F-I) to (F-I) in steps of 2, scaled by a
constant to achieve unit power for up . up x varies
linearly across the F subcarriers of the tile. ur 0 is
a vector of all ones, scaled by a constant to achieve
unit power for ur 0 . ur l is a vector with values
from -(T-I) to (T-I) in steps of 2, scaled by a
constant to achieve unit power for ut x. ut x varies
linearly across the T symbol periods of the tile.
[0046] U1 is an F -T x I vector of all ones, scaled by
a constant to achieve unit power for U1 . U2 is an F T
x 1 vector containing T sequences of the F elements in



U 1 , scaled by a constant to achieve unit power for
U2 . U3 is an F T x 1 vector containing F repetitions
of each of the T elements in ur , scaled by a constant
to achieve unit power for U3 . U1 models DC or average
component. U2 models variation of the channel in
frequency. U3 models variation of the channel in time.
[0047] The channel response of each terminal q across
the tile may be modeled as a random function of
frequency and time, xq(f,t) . This function may be
approximated by the first three terms of the Taylor
series expansion, as follows: x (f,t) x (fo,to)+(f Eq
(4) [0048] In equation (4), the 2-dimensional (2D)
function xq{f,t) is approximated with (i) a first term
for the value of xq{f,t) at the origin, or xq(f 0,t0)
, (ii) a second term for a linear function across
frequency, or SFq -(f - / 0) , and (iii) a third term
for a linear function across time, or STq -(t- t0) .
The slopes SFq and S1 q of the linearfunctions across
frequency and time are determined by the slope of
xq{f,t) with respect to frequency and time,
respectively, at the origin. [0049] Based on the
channel model shown in equation (4), the channel
response of terminal q may be expressed as: hq(nf ,nt
) ~ aq +bP -(nf - nf 0) +bT -(nt - nt0) , Eq (5) where
aq is an average channel gain, which corresponds to
the term xq(f 0,t0) , bF q is the slope of the linear
function across frequency for terminal q, bt q is the
slope of the linear function across time for terminal
q, and hq{nf ,nt ) is a 2D function for the channel
response of terminal q. [0050] As shown in equation
(5), the channel response of terminal q across the
tile may be characterized by three complex parameters
aq , bF q and bT q . The center of the tile may be
given as (nf 0,nt0) , where nf 0 = (F + l)/2 and nt0 =
(T + l)/2 . The channel response for a symbol at
discrete coordinates (nf ,nt ) may be obtained as
shown in equation (5). 



[0051] A pilot pattern may include P total pilot
symbols that may be arranged in four clusters, with
each cluster including M pilot symbols, so that P = 4M
. The pilot symbols may be placed at locations that
are symmetric about the center of the tile, e.g., as
shown in FIGS. 3A through 3D. If each terminal
transmits one data stream on one spatial channel, then
the number of terminals that can share the tile is
limited to M, or Q  M . [0052] The Q terminals may
share a cluster, and each of the Q terminals may
simultaneously transmit M pilot symbols in that
cluster. Each terminal may scramble or spread its M
pilot symbols with a scrambling sequence assigned to
that terminal. The scrambling sequences for the Q
terminals may be denoted as sq , for q =\, ..., Q ,
and should be orthogonal to one another. The
scrambling sequences may also be referred to as
spreading sequences, orthogonal sequences, pilot
sequences, sequences, etc. The scrambling sequences
may have unit modulus elements and should be of length
of M. In one design, M scrambling sequences are
defined based on M columns of an M xM Fourier matrix,
with each scrambling sequence containing M elements of
one column of the Fourier matrix. The element in the
n-th row and m-th column of the M xM Fouriermatrix may
be given as e J2 n mlM for n =0, ..., M - \ and m = 0,
..., M - 1. The M scrambling sequences may also be
defined in other manners. In any case, Q scrambling
sequences may be selected from among the M available
scrambling sequences. In one design, each terminal is
assigned one scrambling sequence and uses the same
scrambling sequence for all clusters in the tile. In
another design, each terminal may use different
scrambling sequences for different clusters in the
tile. [0053] The pilot symbols transmitted by terminal
q in the tile may be expressed as: -i,? r - Eq (6)
where l 4xl is a 4 x 1 vector of all ones, and r_l q
is a P x I vector of pilot symbols transmitted by
terminal q in the tile. 



[0054] The first M elements of _lq are for pilot
symbols sent in cluster 1 in the upper-left corner of
the tile, the next M elements are for pilot symbols
sent in cluster 2 in the upper-right corner, the next
M elements are for pilot symbols sent in cluster 3 in
the lower-left corner, and the last M elements are for
pilot symbols sent in cluster 4 in the lower-right
corner. The pilot vectors _lq for terminals 1 through
Q are orthonormal. [0055] FIG. 3A shows the
transmitted pilot symbols for pilot pattern 310 with
scrambling sequence q =[a b c ] t , where a, b and c
are three elements of the scrambling sequence and may
have any complex values. The three elements a, b and c
in s are applied to three pilot symbols from left to
right in each cluster in the tile. [0056] FIG. 3B
shows the transmitted pilot symbols for pilot pattern
320 with scrambling sequence sq =[a b c ] t . The
three elements a, b and c in sq are applied to three
pilot symbols from top to bottom in each cluster in
the tile. [0057] FIG. 3C shows the transmitted pilot
symbols for pilot pattern 330 with scrambling sequence
sq =[a b c d ]t . The four elements a, b, c and d in s
are applied to four pilot symbols in a z-pattern in
each cluster in the tile. [0058] FIG. 3D shows the
transmitted pilot symbols for pilot pattern 340 with
scrambling sequence q =[a b c ] t . The three elements
a, b and c in sq are applied to three pilot symbols
from left to right in each cluster in the tile. [0059]
A set of basis vectors may be defined for each
terminal q, as follows:where V1 [0060] FIG. 4
illustrates vectors V1 through V4 . The four vectors
V1 through V4 have different combinations of signs for
the four clusters in the tile and represent different
combining options for the pilot symbols received in
the four clusters, as described below. [0061] Each
terminal q is associated with a set of four P x I
basis vectors _lq , r 2 , r 3 and r 4 q . _Xq contains
the transmitted pilot symbols. r 2q is generated with
V2 and is used to detect channel variation across
frequency. r 3q is generated with V3 and is 



used to detect channel variation across time. r 4 q is
generated with V4 and may be used for noise and
interference estimation. [0062] If the number of
degrees of freedom of the channels for the Q terminals
sharing the tile is lower than the total number of
pilot symbols in the tile, then pilot symbols not used
to estimate parameters of the channels may be used to
estimate noise and interference power in the tile. The
observation space has P dimensions corresponding to
the P total pilot symbols in the tile. In the design
described above, the channel of each terminal may be
characterized by three parameters, and 3Q dimensions
may be used to estimate the channel parameters for all
Q terminals. The remaining P - 3Q dimensions of the
observation space may be used to estimate noise and
interference power. [0063] The noise and interference
may be estimated as the power of the projection of a
received signal onto dimensions not occupied by pilot
signals transmitted by the Q terminals. The received
signal may be projected onto the basis vectors for all
M available scrambling sequences, as follows: , ,q = q
' for = l, ..., 4 and q =\, ..., M Eq (8) where x is a
P x I vector with P received pilot symbols in the
tile, andWq is the result of the projection of
received vector x onto basis vector x_ q . [0064] For
each terminal q, equation (8) effectively despreads
the M received pilot symbols in each cluster with the
scrambling sequence s for that terminal q. Equation
(8) further accumulates the four despread results for
the four clusters in different manners for different
basis vectors. Referring to FIG. 4, for 1q , the
despread results for the four clusters are summed to
obtain W1 , which is indicative of an average channel
gain for terminal q. For r 2 q , the despread results
for the two upper clusters are subtracted from the
despread results for the two lower clusters to obtain
w2 , which is indicative of channel variation across
frequency for terminal q. For r 3q , the despread
results for the two left clusters are subtracted from
the despread results for the two right 



clusters to obtain w3 , which is indicative of channel
variation across time for terminal q. For r3q , the
despread results for the upper-right and lower-left
clusters are subtracted from the despread results for
upper-left and lower-right clusters to obtain [0065]
The noise and interference power may be estimated as
follows: where s2 is the estimated noise and
interference power. [0066] In equation (9), the first
summation captures the power of the projection of x
onto _Lq , which is not used for channel estimation
for any terminal. The first summation may be used as
an estimate of the noise and interference power but
may include channel modeling error if the channel of
each terminal does not vary linearly across the tile.
The double summation captures the power of the
projection of x onto x_ q generated with scrambling
sequences not used by any of the Q terminals. The
double summation is present if Q < M . [0067] A
channel estimate may be derived for each terminal q
based on minimum mean square error (MMSE) criterion,
as follows: q =E {hq xH }(E {x X11 1X , Eq (IO)where
hq is an F -T x I vector for the channel estimate for
terminal q. hq is an estimate of hq in equation (1).
[0068] Using the channel model shown in equation (2),
the channel estimate for each terminal q may be
expressed as: where and [0069] q and qp identify the
center of the pilot clusters in the tile and are thus
dependent on the placement of the pilot symbols in the
tile. The center of the upper-left f a , 1 a _i_ i l
cluster may be given by - ,- . For example, QF =1 if
the pilot symbols are placed in the topmost row of the
tile, QF =3 if the pilot symbols are placed in the
second topmost row, etc. [0070] In equation ( 11), the
channel estimate h for terminal q may be obtained 



based on a sum of three weighted vectors, where U1 ,
U2 and U3 are defined in equation (3). The weight for
u is determined by parameter p t , eigenvalue q ,
power offset D2 , noise and interference estimate s2 ,
and projection result Wq . The eigenvalues X q may be
estimated in any manner known in the art. [0071] An
assumption used in deriving the channel estimate is
that the channel of each terminal is constant for the
M pilot symbols in each cluster. If the channel varies
across the M pilot symbols in each cluster, then the
descrambling/despreading may have residual errors that
may degrade the channel estimate. [0072] To see the
effects of despreading errors, equation (8) may be
expanded as follows:w H l.,q = r Y."q (H, 0 ,, ) + , D
h or +rf S0 i =l,i  where hk is a P x I vector of
complex channel gains for terminal k for the P pilot
symbols, and S0 is a P x 1 vector of noise and
interference for the P pilot symbols hk contains P
elements in hk for the P pilot symbols, and B0
contains P elements in n0 for the P pilot symbols.
[0073] As shown in equation (12), projection result W
for terminal q includes a component from terminal q as
well as contributions from other terminals and noise.
The contribution n k from another terminal k in the
projection result W for terminal q may be expressed
as: n,,q,k = "q (E  r ) , where k  q Eq (13) [0074] If
the despreading is perfect, then q k =0 for all other
terminals, and no contributions from other terminals
appear in the projection result Wq for terminal q.
However, the contributions from other terminals are
non-zero when their channels vary across the M pilot
symbols in a cluster. 



[0075] Based on the channel model in equation (5), the
channel response of each terminal k may be expressed
as: h : a k (V1 <8> l Mxl ) + 2b F k (nf - nf 0 ) (v 2
<8> l Mxl ) + 2b t k v r Eq (14) [0076] For the pilot
pattern shown in FIG. 3A, vr may be given as: Eq
(15)[0077] Combining equations (6) and (14), term VP~
h or _l q may be expressed as: where [0078] The
contribution from terminal k may then be expressed as:
H P -Ii1 = P - O 1 ) H , H = k ( 1 1)(S k ) +2bF k (nf
- nf 0) (v, v 2)(s s Eq (17) T (nt - nt0) ( v3)(sH H .
+2b s + 2bt j c (vf (r) ) q [0079] The scrambling
sequences for the Q terminals are orthogonal, so that:
H = d qj Eq (18) Equation (18) indicates that the dot
product of s with sk is equal to 1.0 when q =k and is
equal to 0.0 otherwise. [0080] Vectors V1 through V4
are also orthogonal, so that: H Y-k = 4di.,k Eq (19)
[0081] Equation (17) may then be simplified as
follows: H H H P n Lj c =2bT (V- (r) s ) q = 2bT (vT
Y1)(S; ) Eq (20) [0082] Equation (20) indicates that
for terminal q, time variation in the channel of
another terminal k introduces an error or bias n q k
in the projection result Wq k for terminal q. This
error is due to the fact that s e  0 if k  q . [0083]
To mitigate the error contributions from other
terminals, the scrambling 



sequence for terminal q may be applied in a symmetric
manner about the center of the tile. For the pilot
pattern shown in FIG. 3A, a flipped scrambling
sequence sq of length 3 may be defined for terminal q,
as follows:[0084] If each cluster includes M = 3 pilot
symbols, then the original and flipped scrambling
sequences for terminal q may be given as: s = [a b c
original scrambling sequence, and Eq (22) =[c b a\
flipped scrambling sequence. [0085] The original
scrambling sequence may be used for the two clusters
to the left of the tile center, and the flipped
scrambling sequence may be used for the two clusters
to the right of the tile center. The original and
flipped scrambling sequences may also be considered as
two versions of the same scrambling sequence. [0086]
FIG. 5A shows use of the original and flipped
scrambling sequences for the pilot pattern shown in
FIG. 3A. In this example, elements a, b and c in the
original scrambling sequence s are applied to three
pilot symbols from left to right in each cluster to
the left of the tile center. Elements c, b and a in
the flipped scrambling sequence sq are applied to
three pilot symbols from left to right in each cluster
to the right of the tile center. The pilot symbols are
symmetric about the center of the tile. This pilot
symmetry reduces error in the channel estimate for
terminal q. [0087] FIG. 5B shows use of the original
and flipped scrambling sequences for the pilot pattern
shown in FIG. 3B. In this example, elements a, b and c
in the original scrambling sequence s are applied to
three pilot symbols from top to bottom in each cluster
above the tile center. Elements c, b and a in the
flipped scrambling sequence sq are applied to three
pilot symbols from top to bottom in each cluster below
the tile center. The pilot symbols are symmetric about
the center of the tile. [0088] FIG. 5C shows use of
four versions of the scrambling sequence for the pilot
pattern shown in FIG. 3C. In this example, each
cluster includes M = 4 pilot symbols, and four
versions of the scrambling sequence may be given as: 



s =[a b c d ]t , first version of the scrambling
sequence, Eq (23) S 2 = [b a d c ] second version of
the scrambling sequence,3 =ic d a b] t , third version
of the scrambling sequence, and sq4 =[d c b a] t ,
fourth version of the scrambling sequence. [0089]
Elements a, b, c and d in the first version s are
applied to four pilot symbols in a z-pattern in the
upper-left cluster. Elements b, a, d and c in the
second version s 2 are applied to four pilot symbols
in a z-pattern in the upper-right cluster. Elements c,
d, a and b in the third version s 3 are applied to
four pilot symbols in a zpattern in the lower-left
cluster. Elements d, c, b and a in the fourth version
s 4 are applied to four pilot symbols in a z-pattern
in the lower-right cluster. The pilot symbols are
symmetric about the center of the tile. [0090] FIG. 5D
shows use of the original and flipped scrambling
sequences for the pilot pattern shown in FIG. 3D. In
this example, elements a, b and c in the original
scrambling sequence s are applied to three pilot
symbols from left to right in each cluster to the left
of the tile center. Elements c, b and a in the flipped
scrambling sequence sq are applied to three pilot
symbols from left to right in each cluster to the
right of the tile center. The pilot symbols are
symmetric about the center of the tile. [0091] FIGS.
5A through 5D show four examples in which multiple
versions of the scrambling sequence are used to obtain
pilot symbols that are symmetric with respect to the
center of the tile. In general, any number of versions
of the scrambling sequence may be used to achieve
symmetric pilot symbols, depending on how the clusters
are defined. All versions of the scrambling sequence
may have the same elements, but these elements may be
arranged in different orders in different versions.
[0092] For the pilot pattern shown in FIG. 5A, using
the original and flipped scrambling sequences shown in
equation (24), basis vectors r_ q for = 1, ..., 4 may
be expressed as:[0093] Channel estimation and noise
and interference estimation for terminal q may be
performed in the manner described above, albeit with
the basis vectors r _ q being 



defined as shown in equation (24) instead of equation
(7). The contribution from another terminal kto the
projection result Wqk for terminal qmay be expressed
as: l l,q,k = (H* ) = L Eq (25) where t - e [0094] It
can be shown that n qk = 0 for z= 1, 2, and 4 due to
flipping of the scrambling sequence. n3qlc may not be
equal to 0 even with flipping, which means that there
may be an error affecting w3q for the time-varying
component of the channel. Nevertheless, the error
introduced in the channel estimate is smaller with
flipping because of multiplication by an MMSE ratio
corresponding to the time-varying component. [0095]
For the pilot pattern shown in FIG. 5D, using four
versions of the scrambling sequence shown in equation
(23), basis vectors r q for i=1, ..., 4 may be
expressed as: [0096] Computer simulations show that
for high signal-to-noise-and-interference ratio
(SINR), the floor of the channel estimation error may
decrease by approximately 2 decibels (dB) for
vehicular channels with the pilot pattern shown in
FIG. 5A. This may improve packet error rate and data
performance. [0097] For clarity, the techniques have
been described for pilot transmission on the reverse
link and for channel and interference estimation for
terminals. The techniques may also be used for pilot
transmission on the forward link and for channel
estimation for a base station. On the forward link,
different spatial channels or layers may beassigned
different scrambling sequences. The processing for the
different layers on the forward link may be analogous
to the processing for different terminals on the
reverse link. [0098] FIG. 6 shows a design of a
process 600 performed by a transmitter to transmit
pilot to a receiver. Process 600 may be performed by a
terminal to transmit pilot on the reverse link to a
base station. Process 600 may also be performed by a
base station to transmit pilot on the forward link to
terminals. The transmitter may thus be a 



terminal or a base station, and the receiver may be a
base station or a terminal. Pilot symbols for a first
cluster in a time frequency block (or tile) may be
generated based on a first sequence (block 612). Pilot
symbols for a second cluster in the time frequency
block may be generated based on a second sequence
(block 614). Pilot symbols for a third cluster in the
time frequency block may be generated based on the
first sequence or a third sequence (block 616). Pilot
symbols for a fourth cluster in the time frequency
block may be generated based on the second sequence or
a fourth sequence (block 618). The pilot symbols may
be transmitted in their respective clusters (block
620). [0099] The first, second, third and fourth
sequences may include common elements arranged in
different orders and may be considered as different
versions of a single sequence. For example, the
elements in the second sequence may be in a reverse
order (or flipped) with respect to the elements in the
first sequence. The pilot symbols may be generated
such that they are symmetric about the center of the
time frequency block, e.g., as shown in FIGS. 5A
through 5D. The pilot symbols in all clusters may also
be arranged in other manners, possibly non-symmetric
manners. Each sequence may include M elements used to
generate M pilot symbols for one cluster, where M may
be three, four, etc. Each sequence may include
elements in a column of a Fourier matrix or elements
defined in other manners. [00100] For the reverse
link, the first sequence may be assigned to a terminal
and may be orthogonal to at least one other sequence
assigned to at least one other terminal sharing the
first cluster. Similarly, the second, third, and
fourth sequences may be assigned to the terminal. Each
sequence assigned to the terminal may be orthogonal to
other sequence(s) assigned to other terminal(s) for
the cluster in which that sequence is used. For the
forward link, the first sequence may be assigned to a
layer and may be orthogonal to at least one other
sequence assigned to at least one other layer for the
first cluster.[00101] FIG. 7 shows a design of an
apparatus 700 for transmitting pilot. Apparatus 



700 includes means for generating pilot symbols for a
first cluster in a time frequency block based on a
first sequence (module 712), means for generating
pilot symbols for a second cluster in the time
frequency block based on a second sequence (module
714), means for generating pilot symbols for a third
cluster in the time frequency block based on the first
sequence or a third sequence (module 716), means for
generating pilot symbols for a fourth cluster in the
time frequency block based on the second sequence or a
fourth sequence (module 718), and means for
transmitting the pilot symbols in their respective
clusters (module 720). The first, second, third and
fourth sequences may include common elements arranged
in different orders. Modules 712 to 720 may comprise
processors, electronics devices, hardware devices,
electronics components, logical circuits, memories,
etc., or any combination thereof. [00102] FIG. 8 shows
a design of a process 800 performed by a receiver to
process pilot received from one or more transmitters.
Process 800 may be performed by a base station to
process pilot received on the reverse link from one or
more terminals. Process 800 may also be performed by a
terminal to process pilot received on the forward link
from a base station for one or more layers, where each
layer may be considered as a separate transmitter. The
receiver may thus be a base station or a terminal, and
the transmitter may be a terminal or a base station.
Received pilot symbols may be obtained from multiple
clusters in a time frequency block (block 812). Each
of multiple basis vectors may be formed with multiple
versions of a sequence assigned to a transmitter
(block 814). The sequence may include M elements, and
the multiple versions of the sequence may correspond
to different orderings of the M elements in the
sequence. The multiple basis vectors may be formed
further based on a particular channel model, e.g., a
channel model with linearly varying time component and
linearly varying frequency component, as shown in
equation (7). The received pilot symbols may be
processed with the multiple basis vectors to obtain a
channel estimate for the 



transmitter, e.g., as shown in equations (8) and ( 11)
(block 816). The received pilot symbols may also be
processed with at least one other basis vector to
obtain a noise and interference estimate, e.g., as
shown in equations (8) and (9) (block 818). [00103]
For block 814, each basis vector may be formed based
on an original version and a flipped version of the
sequence, e.g., as shown in equation (22).
Alternatively, each basis vector may be formed based
on four versions of the sequence, e.g., as shown in
equation (23). In any case, the multiple versions of
the sequence may be used togenerate pilot symbols for
the multiple clusters such that the pilot symbols are
symmetric about the center of the time frequency
block. [00104] For block 816, multiple complex values
(e.g., Wq ) may be obtained based on dot products of
the received pilot symbols with the multiple basis
vectors, e.g., as shown in equation (8). The multiple
complex values may comprise a first complex value
indicative of an average channel gain for the time
frequency block, a second complex value indicative of
channel variation across frequency, and a third
complex value indicative of channel variation across
time. The channel estimate for the transmitter may be
derived based on the multiple complex values, e.g., as
shown in equation ( 11). [00105] FIG. 9 shows a design
of an apparatus 900 for processing received pilot.
Apparatus 900 includes means for obtaining received
pilot symbols from multiple clusters in a time
frequency block (module 912), means for forming each
of multiple basis vectors with multiple versions of a
sequence assigned to a transmitter (module 914), means
for processing the received pilot symbols with the
multiple basis vectors to obtain a channel estimate
for the transmitter (module 916), and means for
processing the received pilot symbols with at least
one other basis vector to obtain a noise and
interference estimate (module 918). The multiple
versions of the sequence may correspond to different
orderings of elements in the sequence. Modules 912 to
918 may comprise processors, electronics devices,
hardware devices, electronics components, 



logical circuits, memories, etc., or any combination
thereof. [00106] The techniques described herein may
be implemented by various means. For example, these
techniques may be implemented in hardware, firmware,
software, or a combination thereof. For a hardware
implementation, the processing units at an entity
(e.g., a terminal or a base station) may be
implemented within one or more application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform
the functions described herein, a computer, or a
combination thereof. [00107] For a firmware and/or
software implementation, the techniques may be
implemented with modules (e.g., procedures, functions,
etc.) that perform the functions described herein. The
firmware and/or software instructions may be stored in
a memory(e.g., memory 142x, 142y or 182 in FIG. 1) and
executed by a processor (e.g., processor 14Ox, 14Oy or
180). The memory may be implemented within the
processor or external to the processor. The firmware
and/or software instructions may also be stored in
other processor-readable medium such as random access
memory (RAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), programmable read-only
memory (PROM), electrically erasable PROM (EEPROM),
FLASH memory, compact disc (CD), magnetic or optical
data storage device, etc. [00108] The previous
description of the disclosure is provided to enable
any person skilled in the art to make or use the
disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other variations without departing from the
spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the
examples described herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein.CLAIMS 



WHAT IS CLAIMED IS: 1. An apparatus comprising: a
processor configured to generate pilot symbols for a
first cluster in a time frequency block based on a
first sequence, and to generate pilot symbols for a
second cluster in the time frequency block based on a
second sequence; and a memory coupled to the
processor. 2. The apparatus of claim 1, wherein the
first and second sequences include common elements
arranged in different orders. 3. The apparatus of
claim 2, wherein the elements in the second sequence
are in a reverse order with respect to the elements in
the first sequence. 4. The apparatus of claim 1,
wherein the pilot symbols in the second cluster are
symmetric with respect to the pilot symbols in the
first cluster about a center of the time frequency
block. 5. The apparatus of claim 1, wherein the
processor is configured to generate pilot symbols for
a third cluster in the time frequency block based on
the first sequence, and to generate pilot symbols for
a fourth cluster in the time frequency block based on
the second sequence.6. The apparatus of claim 1,
wherein the processor is configured to generate pilot
symbols for a third cluster in the time frequency
block based on a third sequence, and to generate pilot
symbols for a fourth cluster in the time frequency
block based on a fourth sequence. 7. The apparatus of
claim 6, wherein the first, second, third and fourth
sequences include common elements arranged in
different orders. 8. The apparatus of claim 1, wherein
the processor is configured to generate M pilot
symbols for the first cluster based on M elements in
the first sequence, and to generate M pilot symbols
for the second cluster based on M elements in the
second sequence, where M is an integer greater than
one. 



9. The apparatus of claim 1, wherein the first
sequence is assigned to a terminal and is orthogonal
to at least one other sequence assigned to at least
one other terminal for the first cluster. 10. The
apparatus of claim 1, wherein the first and second
sequences are assigned to a terminal, wherein the
first sequence is orthogonal to a first set of at
least one other sequence assigned to at least one
other terminal for the first cluster, and wherein the
second sequence is orthogonal to a second set of at
least one other sequence assigned to the at least one
other terminal for the second cluster. 11. The
apparatus of claim 1, wherein the first sequence
includes elements in a column of a Fourier matrix. 12.
The apparatus of claim 1, wherein the first and second
sequences each include three elements used to generate
three pilot symbols for one cluster. 13. The apparatus
of claim 1, wherein the first and second sequences
each include four elements used to generate four pilot
symbols for one cluster. 14. A method
comprising:generating pilot symbols for a first
cluster in a time frequency block based on a first
sequence; and generating pilot symbols for a second
cluster in the time frequency block based on a second
sequence. 15. The method of claim 14, wherein the
first and second sequences include common elements
arranged in different orders. 16. The method of claim
14, further comprising: generating pilot symbols for a
third cluster in the time frequency block based on the
first sequence; and generating pilot symbols for a
fourth cluster in the time frequency block based on
the second sequence. 17. The method of claim 14,
further comprising: 



generating pilot symbols for a third cluster in the
time frequency block based on a third sequence; and
generating pilot symbols for a fourth cluster in the
time frequency block based on a fourth sequence. 18.
The method of claim 14, wherein the first and second
sequences are assigned to a terminal, wherein the
first sequence is orthogonal to a first set of at
least one other sequence assigned to at least one
other terminal for the first cluster, and wherein the
second sequence is orthogonal to a second set of at
least one other sequence assigned to the at least one
other terminal for the second cluster. 19. An
apparatus comprising: means for generating pilot
symbols for a first cluster in a time frequency block
based on a first sequence; and means for generating
pilot symbols for a second cluster in the time
frequency block based on a second sequence. 20. The
apparatus of claim 19, further comprising:means for
generating pilot symbols for a third cluster in the
time frequency block based on the first sequence; and
means for generating pilot symbols for a fourth
cluster in the time frequency block based on the
second sequence. 21. The apparatus of claim 19,
further comprising: means for generating pilot symbols
for a third cluster in the time frequency block based
on a third sequence; and means for generating pilot
symbols for a fourth cluster in the time frequency
block based on a fourth sequence. 22. A
processor-readable medium including instructions
stored thereon, comprising: a first instruction set
for generating pilot symbols for a first cluster in a
time 



frequency block based on a first sequence; and a
second instruction set for generating pilot symbols
for a second cluster in the time frequency block based
on a second sequence. 23. An apparatus comprising: a
processor configured to obtain received pilot symbols
from multiple clusters in a time frequency block, to
form each of multiple basis vectors with multiple
versions of a sequence assigned to a transmitter, and
to process the received pilot symbols with the
multiple basis vectors; and a memory coupled to the
processor. 24. The apparatus of claim 23, wherein the
multiple versions of the sequence correspond to
different orderings of elements in the sequence. 25.
The apparatus of claim 23, wherein the processor is
configured to form each basis vector based on an
original version and a flipped version of the
sequence. 26. The apparatus of claim 23, wherein the
processor is configured to form each basis vector
based on four versions of the sequence used to
generate pilot symbolsfor the multiple clusters, the
pilot symbols being symmetric about a center of the
time frequency block. 27. The apparatus of claim 23,
wherein the processor is configured to form the
multiple basis vectors further based on a channel
model with linearly varying time component and
linearly varying frequency component. 28. The
apparatus of claim 23, wherein the processor is
configured to obtain multiple complex values based on
dot products of the received pilot symbols with the
multiple basis vectors, and to derive a channel
estimate for the transmitter based on the multiple
complex values. 29. The apparatus of claim 28, wherein
the multiple complex values comprise a first complex
value indicative of an average channel gain for the
time frequency block. 



30. The apparatus of claim 29, wherein the multiple
complex values comprise a second complex value
indicative of channel variation across frequency and a
third complex value indicative of channel variation
across time. 31. The apparatus of claim 23, wherein
the processor is configured to obtain at least one
complex value based on dot product of the received
pilot symbols with at least one other basis vector,
and to derive a noise and interference estimate based
on the at least one complex value. 32. A method
comprising: obtaining received pilot symbols from
multiple clusters in a time frequency block; forming
each of multiple basis vectors with multiple versions
of a sequence assigned to a transmitter; and
processing the received pilot symbols with the
multiple basis vectors. 33. The method of claim 32,
wherein the multiple versions of the sequence
correspond to different orderings of elements in the
sequence.34. The method of claim 32, wherein the
processing the received pilot symbols with the
multiple basis vectors comprises obtaining multiple
complex values based on dot products of the received
pilot symbols with the multiple basis vectors, and
deriving a channel estimate for the transmitter based
on the multiple complex values. 35. The method of
claim 34, wherein the multiple complex values comprise
a first complex value indicative of an average channel
gain for the time frequency block, a second complex
value indicative of channel variation across
frequency, and a third complex value indicative of
channel variation across time.36. The method of claim
32, further comprising: obtaining at least one complex
value based on dot product of the received pilot
symbols with at least one other basis vector; and 



deriving a noise and interference estimate based on
the at least one complex value. 37. An apparatus
comprising: means for obtaining received pilot symbols
from multiple clusters in a time frequency block;
means for forming each of multiple basis vectors with
multiple versions of a sequence assigned to a
transmitter; and means for processing the received
pilot symbols with the multiple basis vectors. 38. The
apparatus of claim 37, wherein the means for
processing the received pilot symbols with the
multiple basis vectors comprises means for obtaining
multiple complex values based on dot products of the
received pilot symbols with the multiple basis
vectors, and means for deriving a channel estimate for
the transmitter based on the multiple complex values.
39. The apparatus of claim 37, further comprising:
means for obtaining at least one complex value based
on dot product of the received pilot symbols with at
least one other basis vector; and means for deriving a
noise and interference estimate based on the at least
one complex value. 40. A processor-readable medium
including instructions stored thereon, comprising: a
first instruction set for obtaining received pilot
symbols from multiple clusters in a time frequency
block;a second instruction set for forming each of
multiple basis vectors with multiple versions of a
sequence assigned to a transmitter; and a third
instruction set for processing the received pilot
symbols with the multiple basis vectors. 




