
A METHOD AND APPARATUS FOR IMPAIRMENT CORRELATION
ESTIMATION IN A WIRELESS COMMUNICATION RECEIVER
TECHNICAL FIELD The present invention relates to
wireless communication networks, and particularly
relates to estimating received signal impairment
correlations in multiple-antenna transmission systems,
such as in Multiple-lnput-Multiple-Output (MIMO)
systems and Multiple-Input-Single- Output (MISO)
systems. BACKGROUND The determination of received
signal impairment plays an important role in
communication signal processing. For example, some
types of interference-canceling receivers exploit the
correlation of signal impairments between multipath
components of the received signal to improve
'interference suppression. Generalized RAKE (G-RAKE)
receivers exemplify such operations by generating a
combined signal for demodulation based on combining
multipath delay components of a received signal of
interest using combining weights W that incorporate
impairment correlation estimates. In more detail, the
combining weights W may be expressed as W = R~ 'h ,
where R 1 is the inverse of an impairment covariance
matrix R , and h is the channel response vector. (The
covariance matrix may be used to represent zero-mean
impairment correlations.) G-RAKE combining thus
depends on the calculation of the impairment
correlation estimation, and similar dependencies exist
in other types of interference-canceling receivers,
such as chip equalizer architectures that calculate
(equalization filter) weights W based on impairment
correlations. Further, received signal quality, p ,
may be expressed as a function of the weights ( = h*W
= h*R h ) . Signal quality estimation, such as channel
quality estimation, plays an important role in many
types of wireless communication systems. For example,
some systems use rate-controlled channels that
transmit data to individual users at the highest rates
permitted by the available transmit power and the
prevailing user-specific radio conditions. The data
rate selected for a given user depends on channel
quality feedback from that user. The High Speed
Downlink Packet Access channels in the Wideband Code
Division Multiple Access (W-CDMA) standards represent
one type of rate-controlled channel dependent on
channel quality feedback, while the shared Forward
Packet Data Channels (F-PDCHs) in the cdma2000
standards represent another type of rate-controlled
channel. Regardless of the particular standards
involved, under-reporting channel quality 



generally results in system inefficiencies, because
individual users are served at rates lower than could
be supported by the actual conditions. Over-reporting
channel qualities also leads to inefficiencies and, in
fact, may be worse than under-reporting because the
ARQ protocols oftenused in such systems generate
excessive data retransmissions when data rates are set
too high for the actual conditions. With HSDPA
signals, and similar types of signals in other
communication network types, a number of users share a
packet data channel in time-multiplexed fashion. For
example, the information streams for multiple users
may be time-multiplexed by a base station scheduler
onto a shared packet data channel, such that only one
user is being served at any given time. Userspecific
radio conditions and the currently available transmit
power and spreading code resources at the transmitting
base station determine the per-user data rates
achieved on the shared channel. Service schedulers
oftentimes based ongoing scheduling decisions as a
function of the data rates each user can be served
at-i.e., schedulers often favor users in better radio
conditions, since such users can be served at higher
rates, which increases the aggregate data throughput
of the shared channel. Therefore, individual users
feed back channel quality estimates for the shared
channel signal, on an ongoing basis, in support of
dynamic scheduling. Practically, this fact means that
users estimate channel quality for the shared channel
during times whether or not they are actually
receiving data on the share channel. Accurate channel
quality reporting in the above context is challenging
in Single-lnput- Single-Output (SISO) systems, and
even more so in Multiple-lnput-Multiple-Output (MIMO)
and Multiple-lnput-Single-Output (MISO) systems.
Indeed, in systems having multiple transmit antennas,
such as MIMO and MISO systems, data signals may be
transmitted from more than one antenna, and data
signal spreading codes may be reused across the
antennas, i.e., multicoding may be employed. Further,
other signals-e.g., voice, dedicated packet,
broadcast, control, and overhead channel signals-may
be transmitted from one or more of the antennas.
SUMMARY A wireless communication receiver improves
signal impairment correlation estimation in MIMO/MISO
systems by considering different transmit power
allocations and different transmit antenna power
distributions in its impairment correlation
calculations. The receiver may be implemented
according to a variety of architectures, including,
but not limited to, RAKE receivers employing
successive interference cancellation methods, joint
detection methods, or minimum means squared error
methods. Regardless of the particular receiver
architecture 



adopted, the improved impairment correlations may be
used to calculate improved (RAKE) signal combining
weights and/or improve channel quality estimates for
reporting by receivers operating in Wideband CDMA
(W-CDMA) systems transmitting HSDPA channels via MIMO
or MISO transmitters. However, those skilled in the
art should appreciate that the present invention is
not limited to the above features and advantages.
Indeed, those skilled in the art will recognize
additional features and advantages of the present
invention upon reading the following
detaileddescription of selected embodiments of the
invention, and upon viewing the corresponding
drawings. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a partial block diagram of a wireless communication,
including a multiple antenna transmitter transmitting
to one or more wireless communication receivers. Fig.
2 is a diagram of transmit power allocations at the
transmitter of Fig. 1, for the different types of
signals being transmitted by it. Fig. 3 is a diagram
of transmit antenna power distributions at the
transmitter of Fig. 1, for the different types of
signals being transmitted by it. Fig. 4 is a logic
flow diagram of channel quality estimation at the
wireless communication receiver of Fig. 1, according
to one embodiment of channel quality estimation taught
herein. Fig. 5 is a block diagram of a Selective Per
Antenna Rate Control (S-PARC) embodiment of the
transmitter of Fig. 1, and wherein the wireless
communication receiver is adapted to provide antenna
selection feedback for S-PARC operations at the
transmitter. Fig. 6 is a block diagram of a Successive
Interference Cancellation (SIC) Generalized RAKE
(G-RAKE) embodiment of the wireless communication
receiver of Fig. 1. Fig. 7 is a block diagram of one
embodiment of a SIC G-RAKE stage, for the SIC GRAKE of
Fig. 6. Fig. 8 is a block diagram of a G-RAKE
embodiment of the wireless communication receiver of
Fig. 1 configured for minimum mean square error symbol
detection or joint symbol detection. Fig. 9 is a logic
flow diagram of one embodiment of processing logic for
determining an overall or total impairment correlation
estimate as a function of a data signal impairment
correlation estimate, an other signal impairment
correlation estimate, and an other-cell plus noise
impairment correlation estimate, according to a
full-parametric processing method. Fig. 10 is a logic
flow diagram of one embodiment of processing logic for
determining an 



overall or total impairment correlation estimate as a
function of a data signal impairment correlation
estimate, an other signal impairment correlation
estimate, and an other-cell plus noise impairment
correlation estimate, according to a
partial-parametric processing method. DETAILED
DESCRIPTION Fig. 1 partially illustrates a wireless
communication network 10, including a multiple antenna
transmitter 12, configured to transmit forward link
signals via multiple transmit antennas 14-1 through
14-M, referred to collectively as "transmit antennas
14." A wireless communication receiver 16, e.g., a
cellular radiotelephone or other type of wireless
communication device, receives one or more of the
forward link signals being transmitted by the
transmitter 12 on its receive antennas 18-1 through
18-R, referred to collectively as "receive antennas
18." With multiple transmit and receive antennas, Fig.
1 thus illustrates a Multiple-lnput-Multiple-Output
(MIMO) antenna system.Currently, there is a high level
of interest in MIMO antenna systems for enhancing the
data rates for the high-speed-downlink-packet-access
(HSDPA) provision of the WCDMA standard. These
high-speed, shared channels are also known as High
Speed Downlink Shared Channels (HS-DSCHs), and the
Forward Packet Data Channel (F-PDCH) defined by the
cdma2000 standards provides somewhat similar
functionality. In any case, two techniques that have
attracted significant attention are
spatial-multiplexing, e.g., Code Reuse Bell Labs
Layered Architecture Space-Time (CR-BLAST), which is a
variant of the Vertical (V-BLAST) system, and Per
Antenna Rate Control (PARC). These and other MIMO
approaches generally involve transmitting per-antenna
pilot signals to facilitate per-antenna channel
estimation at the receiver 16, transmitting data
signal substreams from all or selected ones of the
transmit antennas 14, and transmitting other
(additional) signals from one or more of the transmit
antennas 14. Examples of "other" signals include
overhead channels, broadcast and control channels, and
various dedicated channels (e.g., voice and dedicated
packet data). As used herein, the term "data signal"
and "data signals" generally connote high-speed,
shared data channels, such as the HS-DSCH, unless
otherwise indicated. Figs. 2 and 3 graphically
illustrate transmit power allocations and transmit
antenna power distributions for the data signal(s),
pilot signals, and other signals. In particular, Fig.
2 illustrates that the transmitter 12 has a finite
amount of transmit power available for allocation to
the various signal types to be transmitted, and thus
makes specific allocations of the total transmit power
to the data, pilot, and other signals. Further, the
transmitter 12 must split the 



power allocated to a given type of signal among the
available transmit antennas 14. That is, a certain
amount of allocated pilot signal power is distributed
to each of the antennas 14, and certain amounts of
data signal and other signal powers also are
distributed among the antennas 14. For example, a
certain amount of pilot power generally is transmitted
from each of the antennas 14, to facilitate
per-antenna channel estimation at the receiver 16.
However, the other signals all may be transmitted from
a single one of the transmit antennas 14, or from a
fixed subset of them, and thus the other signal power
allocation typically is not split out to all of the
antennas 14. Similarly, while the data signal(s) may
be transmitted from all of the antennas 14,
performance may be improved by transmitting them from
a subset of the antennas 14, particularly where that
subset is dynamically selected responsive to feedback
from the receiver 16. Providing accurate impairment
correlation estimation represents a significant
challenge for the receiver 16, in regard to the above
context. Because accurate impairment correlation
estimation stands as a precursor to other received
signal processing operations, such as combining or
equalization filter weight generation, or channel
quality estimation, the receiver 16 must
satisfactorily address such challenges. To that end,
the receiver 16 includes one or moreprocessing
circuits 20 that are configured to generate impairment
correlation estimates for one or more data signals
transmitted in conjunction with pilot signals from the
transmit antennas 14 of the transmitter 12. More
particularly, in at least one embodiment, the one or
more processing circuits are configured to calculate
the impairment correlations based on determining a
data-to-pilot signal transmit power ratio and transmit
antenna power distributions for the data and pilot
signals, and calculating the impairment correlations
as a function of the data-to-pilot signal transmit
power ratio and the transmit antenna power
distributions for the data and pilot signals. Further,
in one or more embodiments, such calculations consider
the current MIMO mode, which may affect, for example,
the transmit antenna power distribution for the data
signals. Thus, among other parameters or values, the
transmit antenna power distribution for the data
signals may be determined based on the current MIMO
configuration. In one embodiment, at least one of the
data-to-pilot signal transmit power ratio and transmit
antenna power distributions for the data and pilot
signals comprise signaled values received by the
receiver 16. More generally, this disclosure teaches a
method of supporting impairment correlation
estimations by wireless communication receivers
operating in a MIMO or 



MISO communication system that includes a transmitter
having multiple transmit antennas and transmitting one
or more data and pilot signals. In one embodiment,
such a method comprises signaling at least one of a
data-to-pilot signal transmit power ratio and transmit
antenna power distributions for the data and pilot
signals being transmitted by the wireless
communication transmitter. Further, such signaling may
be dynamically updated as a function of a current
Multiple-lnput-Multiple-Output (MIMO) mode. In this
way, changing power ratios and/or transmit antenna
power distributions can be signaled to the receivers
for use in calculating impairment correlations. In
another embodiment, at least one of the data-to-pilot
signal transmit power ratio and transmit power antenna
distributions for the data and pilot signals comprise
nominal values stored in the receiver 16. Further, in
another embodiment, other signals, including voice
signals, are transmitted from the transmit antennas 14
according to an other-to-pilot signal transmit power
ratio and a transmit antenna power distribution for
the other signals. In this case, the one or more
processing circuits 20 are further configured to
determine the other-to-pilot signal transmit power
ratio and the transmit antenna power distribution for
the other signals, and calculate the impairment
correlations additionally as a function of the
other-to-pilot signal transmit power ratio and the
transmit antenna power distribution for the other
signals. More particularly, the one or more processing
circuits may be configured to express the impairment
correlations as a sum of a first impairment
correlation term representing impairments arising from
the transmission of the one or more data signals and
scaled according to the data-to-pilot signal transmit
power ratio, a second impairment correlation term
representing impairments arising from the transmission
of the other signals and scaled according to the
other-to-pilotsignal transmit power ratio, and a third
impairment correlation term representing impairments
arising from noise plus other-cell interference. With
this method, determination of the other-to-pilot
signal transmit power ratio may be based on
determining a chip sample covariance matrix prior to
despreading the one or more data signals as received
and expressing the chip sample covariance matrix as a
function of a known data-to-pilot signal transmit
power ratio, known transmit antenna power
distributions for the pilot and other signals, a known
noise estimate representing noise plus other-cell
interference, an unknown or known currently selected
subset of transmit antennas being used for
transmission of the one or more data signals, and an
unknown other-to-pilot signal transmit power ratio.
The method continues with solving the expression for
the unknown other-to-pilot signal transmit power ratio
and, if unknown, the currently selected subset of
transmit antennas 



being used for transmission of the one or more data
signals, according to a maximum likelihood
formulation. In a similar embodiment, the currently
selected subset of transmit antennas is known, and the
expression thus comprises a function of a known
data-to-pilot signal transmit power ratio, known
transmit antenna power distributions for the pilot and
other signals, an unknown noise estimate representing
noise plus other-cell interference, a known currently
selected subset of transmit antennas being used for
transmission of the one or more data signals, and an
unknown other-to-pilot signal transmit power ratio. In
this embodiment, the method solves the expression for
the unknown other-to-pilot signal transmit power ratio
and the unknown noise estimate according to a maximum
likelihood formulation. In general, it should be
understood that the expression can have varying
numbers of unknowns and the maximum likelihood
formulation can be adapted accordingly. Of course, the
solution search space increases with more unknowns. In
another embodiment, the one or more processing
circuits 20 may be configured to model other-cell
interference as white noise and solve for the noise
plus other-cell interference by expressing the chip
sample covariance matrix as a function of the noise
plus other-cell interference and per-antenna
traffic-to-pilot signal transmit power ratios, denoted
as aT / P (m) , and defined as the ratio of the
aggregate data, other, and pilot power on the mth
transmit antenna 14 to the pilot power on the mth
transmit antenna 14. With this approach, the one or
more processing circuits 20 solve the corresponding
system of equations for the noise plus other-cell
interference according to a least squares formulation.
In another method embodiment, the impairment
correlations are used to generate channel quality
estimates for reporting by the receiver 16. For this
method, the one or more processing circuits 20 are
configured to calculate the impairment correlations
additionally as a function of the other-to-pilot
signal transmit power ratio and the transmit antenna
power distribution for the other signals by
calculating an other signal impairment correlation
termscaled by the other-to-pilot signal transmit power
ratio. In this case, the one or more processing
circuits 20 express impairment correlations arising
from the other signals as a function of a chip sample
matrix obtained from received signal samples from
which the influence of a currently selected set of
transmit antennas being used for data signal
transmission is removed. The method then determines
the impairment correlations for one or more desired
transmit antenna selections to be used for data signal
transmission to the receiver 16 by considering the
influence of those selections on the chip impairment
covariance matrix. In this manner, the 



receiver 16 may be configured to provide improved
channel quality estimates for the desired transmit
antenna selections. In general, the receiver 16 can be
configured to generate one or more channel quality
estimates for one or more selected transmit antennas
as a function of the impairment correlations, the
data-to-pilot signal transmit power ratio, and the
transmit antenna power distributions for the data and
pilot signals. Further, the receiver 16 may be
configured as a type of RAKE receiver, wherein the one
or more processing circuits 20 are configured to
generate signal combining weights from the impairment
correlations. One RAKE embodiment of the receiver 16
is configured for minimum mean square error (MMSE)
detection. The one or more data signals each carry
code symbols and the receiver 16 is configured to
detect code symbols transmitted during the same symbol
time on an individual basis, while treating all other
code symbols as (colored) noise. In another RAKE
embodiment, the receiver 16 is configured for joint
detection, wherein it detects code symbols of the same
code transmitted during the same symbol time on a
joint detection basis, while treating all other code
symbols as noise. All such embodiments may be used
advantageously for Wideband CDMA (W-CDMA) operation.
In particular, the methods and apparatus taught herein
for impairment correlation determination (and
subsequent combining weight generation and/or channel
quality estimation) may be advantages where the
transmitter 12 is transmitting one or more High Speed
Downlink Packet Access (HSDPA) channel signals from
the multiple antennas 14. With the above point in
mind, more detailed discussion begins with an
embodiment wherein the processing circuit(s) 20
comprise a net response calculator 20-1 that is
configured to calculate net response vectors from
per-antenna channel estimates, an impairment
correlation calculator 20-2 that is configured to
calculate impairment correlations, and, optionally, a
channel quality estimate generator 20-3 that is
configured to generate channel quality estimates as a
function of the net response vectors and the
impairment correlations. Those skilled in the art will
appreciate that the processing circuit(s) 20 can be
implemented in hardware, software, or any combination
thereof. In at least one embodiment, the one or more
processing circuits 20 are included in a baseband
digital signal processor, or the like, included in the
receiver 16. Fig. 4 illustrates one embodiment of
processing logic that may be implemented in the one or
more processing circuits 20, wherein the processing
circuit(s) 20 calculate net responsevectors for a
given set of receiver "finger" locations (Step 100)-
i.e., the receiver 16 includes one or more correlator
banks that are aligned with given multipath components
of the signals 



transmitted by the transmitter 12 and additional
correlation "fingers" may be aligned off-path as well,
such as is done in Generalized RAKE (G-RAKE)
applications. For example, fi , is the net response
vector corresponding to the mth transmit antenna,
where the tilde notation for f n emphasizes the fact
that the channel tap gains (on which the net response
depends) are scaled by the pilot energy per symbol (at
least in embodiments where the net response is formed
parametrically using channel estimates obtained from
the despread pilot symbols, which implicitly contain
this scaling). The q th element of the net response
vector , is given by where q indexes a particular
finger on the /th receive antenna 18. The location of
this finger is specified by the delay tq . P is the
number of channel taps, and t\mp and j)t are the delay
and (pilot) scaled channel gain, respectively, of the
p th tap of the channel between the mth transmit
antenna and /th receive antenna. x(t) is the
autocorrelation of the chip-pulse shape. As just
mentioned, the channel tap gains include the pilot
energy scaling and are expressed as fthnp = j p n
NpEpglmp Eq. (2 where Ep is the total energy per-chip
allocated to all pilots on all transmit antennas, Np
is the spreading factor used for the pilot channels,
e.g., N = 256 in the WCDMA standard, aps (m) is the
pilot signal transmit power distribution for the mth
antenna, and glmp is the channel gain (unsealed)
corresponding to . The quantity inside the square-root
is precisely the pilot energy per symbol on the mth
transmit antenna. Processing continues with the
calculation of impairment correlations as a function
of the net responses, and as a further function of the
data-to-pilot signal transmit power ratio, the data
signal power distribution across transmit antennas,
and the pilot signal power distribution across the
transmit antennas 14 (Step 102). Note that the
impairment correlation calculation may further
consider the other-to-pilot signal transmit power
ratio and the other signal power distribution across
the transmit antennas 14 (Step 102A). Thus, the
(total) impairment correlations may be expressed as
the sum of data signal impairment correlations, other
signal impairment correlations, other cell impairment
correlations, and, optionally, pilot signal impairment
correlations (Step 102B).With the impairment
correlations thus calculated, the processing
circuit(s) 20 generate one or more channel quality
estimates for one or more selected transmit antennas
14, as a function of the impairment correlations, the
data-to-pilot signal transmit power ratio, and the
data and pilot signal transmit antenna power
distributions (see Figs. 2 and 3) (Step 104). As an
example, the receiver 16 may calculate a channel
quality estimate as a per-chip Signal-tointerference- 



Ratio (SINR) on a per-code basis for an arbitrary
transmit antenna selection, which can expressed as
where b / ps '\s the data signal to pilot signal
transmit power ratio (total transmit power allocation
ratios), K is the number of multi-codes allocated to
the data signal (reused across active antennas), and (
) is the data signal transmit power distribution for
the wth antenna. Further, , is the net response vector
corresponding to the mth transmit antenna ( , is the
Hermitian transpose of the net response vector), and
is an impairment covariance matrix based on the
impairment correlation determinations performed in
Step 102. As noted in Step 102, the total impairment
correlations include several terms representing
different sources of impairment. Thus, in one
embodiment, the impairment correlations are expressed
as Eq. (4 where is a data signal impairment
correlation term that captures the interference due to
the data channel signal(s), fXos is an other signal
impairment correlation term that captures the
interference due to the other channel signals (e.g.,
voice, broadcast, overhead, etc.), and f 0 oc is an
other-cell interference plus noise impairment
correlation term that captures the combination of
other-cell interference and noise. If the other-cell
interference can be approximated as white, then ft,c
is a diagonal matrix given by tC0C = N0Rpujse where N0
is the power spectral density of the noise plus
other-cell interference and pu/se is the pulse shape
autocorrelation. (Note that the tilde notation
connotes the implicit scaling discussed for the net
response vector shown in Eq. (1).) The impairment
covariance matrix is split into several terms to
reflect the fact that the data and voice channels
traverse different fading channels. Also, note that
the expression in Equation Eq. (4) implicitly assumes
that pilot subtraction is performed in the receiver
16, thus there is no interference component due to the
pilots. If the receiver 16 does not perform
pilotsubtraction , it will include a pilot signal
impairment term, p s , in the impairment correlations,
. The above approach may be implemented specifically
in accordance with a variety of transmitter and
receiver architectures. For example, Fig. 5
illustrates a S-PARC transmit structure for the
transmitter 12, showing the transmission of N data
signal substreams from M transmit antennas 14( N < M )
. The illustrated S-PARC embodiment of the transmitter
12 



comprises a 1:N demultiplexer 22, a plurality of
encoders/modulators/spreaders 24, an antenna selector
26, a first summer 28, and additional summers 30-1
through 30-M corresponding to transmit antennas 14-1
through 14-M. In operation, the demultiplexer 22
splits an information stream, e.g., a HS-DSCH bit
stream, into N substreams, which feed into respective
ones of the encoders/modulators/spreaders 24. The
antenna selector 26 selects a subset of the antennas
14 for transmission of the resultant substreams output
from the encoders/modulators/spreaders 24. The summer
28 combines a first one of those substreams with the
other signals (voice, overhead, control, etc.) for
transmission from a first one of the antennas 14, and
the summers 30-1 through 30-M impress each of M pilot
signals onto a respective one of the M transmit
antennas 14. For S-PARC, the demultiplexer 22, the
encoders/modulators/spreaders 24, and the antenna
selector 26 all operate responsive to channel quality
feedback (e.g., Channel Quality Indicator (CQI)
feedback) from the receiver 16. Thus, the transmitter
12 generally attempts to maximize throughput (or some
other service metric) by selecting the number of
substreams, the encoding rate and modulation format,
and the particular transmit antenna subset, as a
function of the receiver's channel quality feedback.
In S-PARC (as well as in other MIMO systems), the
receiver's channel quality estimation operations are
complicated by the fact that the data signals, pilot
signals, and other signals all traverse different
fading channels. For example, Fig. 5 shows the data
signals transmitted from a selected subset of the
antennas 14, the other signals transmitted only from a
first one of the antennas 14, and the pilot signals
transmitted from all of the antennas 14. The latter is
necessary to enable estimation of all channels at the
receiver 16. CQI estimation is further complicated by
the fact that the multiple spreading codes used for
HSDPA are reused on different transmit antennas to
avoid a code-limitation problem. As a result, the SINR
measured by the receiver 16 on each of the pilot
channels (for which codereuse is not employed) is not
related in a simple way to the SINRs that would be
experienced by the data channel if the receiver was
receiving scheduled data signal transmissions.
Further, some receiver architectures apply
interference cancellation to the data signals, which
is not reflected automatically in pilot-based channel
quality estimation. An even more significant issue is
that the receiver 16 generally must report CQIs for
one or more transmit antenna selectionsthat are
typically different from the currently selected
transmit antenna subset. This circumstance arises
because all receivers being served on the shared data
signal could be 



required to report CQIs, even if they are not
scheduled, and the current antenna selection is valid
only for the scheduled receiver. A first detailed
approach to improved channel quality estimation, as
taught herein for MIMO systems (and in
Multiple-lnput-Single-Output (MISO) systems), may be
thought of as a full parametric method in that
parametric forms for all of the own-cell interference
(data, voice, pilots) as well as other-cell
interference are used to form the impairment
covariance matrix representing the impairment
correlations to be considered by the receiver 16 in
its channel quality estimation. Since the impairment
covariance matrix is formed "from scratch," it is not
necessary to remove the influence of the transmitter's
currently selected subset of transmit antennas 14.
Instead, the matrix may be formed directly for all
possible transmit antenna subsets for which the
receiver 16 wishes to report CQIs. An advantage of
this approach is that the bias correction method
required for a partial-parametric method described
later herein is not necessary. The trade-off, however,
is that the color of the other-cell interference is
not captured. Because propagation channel estimates
are not available for other surrounding radio cells of
the network 10, it is practical to model the
other-cell interference as white when constructing the
impairment covariance matrices that may be used to
represent the impairment correlations. (Note that the
term "impairment correlations" may be considered as
practically interchangeable with the term "impairment
covariance matrix," but it should be understood that
the methods taught herein are not limited to the use
of covariance matrices.) In constructing the
impairment covariance matrices, it generally is
necessary to scale the different components (data,
pilots, voice, and other-cell interference)
appropriately. Separate scaling is necessary for MIMO
and MISO systems since the data, pilots, and other
signals all traverse different fading channels as
mentioned before. This process is described in the
context of a Successive Interference Cancellation
(SIC) Generalized RAKE (G-RAKE) receiver architecture,
as shown in Fig. 6 , for the S-PARC transmitter
configuration shown in Fig. 5. Specifically, Fig. 6
illustrates a SIC G-RAKE receiver circuit 38 that may
be implemented in the receiver 16, and which provides
successive interference cancellation for a multi-coded
received data signal, included in the composite
signal(s) received via the one or more antennas 18 of
the receiver 16. The illustrated embodiment of the
receiver circuit 38 comprises a plurality of
interference cancellation stages 40-1 through 40-4
(other numbers of stages may be implemented as needed
or desired), with all but the last such stage
comprising a despreading 



circuit 42, a signal detection circuit 44, a signal
regeneration circuit 46, and a summing circuit 48 -
the last stage 40-4 omits elements 46 and 48. In one
or more embodiments, the "th stage 40 of the receiver
circuit 38 receives a stage input signal that is
derived from the received composite signal(s). A
cancellation signal from theprior stage 40-(n-1)
removes interference caused by the signal detected by
that prior stage and operations are carried out on
despread values of that reduced-interference stage
input signal. In the context of channel quality
estimation as taught herein, different channel quality
estimates are generated at the different stages 40, to
reflect the effects of successive interference
cancellation. The RAKE combining weights generated in
each stage also reflect successive interference
cancellation effects. For example, the signal
detection circuit 44 included in stage 40-n computes
impairment correlations between the despread values of
the stage input signal provided to stage 40-n. These
impairment correlations are used along with net
channel estimates, i.e., net response vectors, to form
combining weights that in turn are used to form a
combined signal by RAKE combining the different
streams of despread values of the stage input signal.
The different streams are generated by
differently-aligned fingers of a RAKE despreader
(i.e., by a number of correlators set to differing
time alignments relative to the received composite
signal). The combined despread values, i.e., the RAKE
combined signal, is demodulated to obtain soft values
corresponding to estimates of the bits detected in the
signal of interest. The signal of interest may
comprise coded bits, in which case, the soft values
may be decoded to obtain decoded bits. Stage 40-n
generates bits from the soft values, either by making
hard decisions directly on the soft demodulation
values to obtain hard-detected bits, or by reencoding
decoded bits obtained from the soft values. Each stage
may include a decoder circuit to obtain the decoded
bits from the soft values obtained from demodulation
of the RAKE combined signal, or a centralized decoder
may be used. Although re-encoding the decoded bits to
obtain coded bits needed for signal regeneration and
cancellation operations entails additional processing,
the re-encoded bits benefit from any error corrections
made during decoding the soft values. As such, using
re-encoded bits to generate the cancellation signal
for the next stage can result in a more robust
cancellation signal than one derived from coded bits
obtained by applying hard-decision logic directly to
the soft values. Fig. 7 aids better understanding of
the apparatus and methods described above by
illustrating exemplary details for a given one of the
stages 40. (Note that the illustration generally holds
for all stages 40 but it should be understood that the
last stage in the series 



could be configured without the signal regeneration
circuit 46, etc.) As shown, the exemplary signal
detection circuit 44 comprises a combining circuit 50,
a combining weight generator 52, an impairment
correlation estimator 54, a channel estimator 56. a
demodulator 58, and, optionally, a decoder 60. The
impairment correlation estimator 54 and channel
estimator 56 may comprise a portion of the
aforementioned processing circuit(s), which may be
distributed across the stages 40, or duplicated in
whole or in part in each stage 40, to carry out
channel quality estimation according to the methods
taught herein. In reviewing further stage details, one
sees that the signal regeneration circuit 46 may
comprise a hard decision processor 62 and a signal
regenerator 64, to provide the cancellationsignal for
the next stage 40 of the SIC G-RAKE circuit 38. As an
alternative to the hard decision processor 62, if the
detection portion of the circuit includes the decoder
60, the signal regeneration circuit 46 may include a
re-encoder 66. Of course, it should be understood that
the illustrated functional arrangement can be varied
as needed. For example, the decoder 60 can be
"located" in the regeneration circuit 46 and can
output decoded bits corresponding to the detected
signal for input to re-encoder 66 (and to higher-level
processing circuits as needed or desired). Regardless,
the combining circuit 50 receives the different
streams of despread values that comprise the stage
input signal (or are derived from it), and forms a
RAKE combined signal by combining the despread values
according to combining weight vectors generated by
combining weight generator 52. Those combining weights
are calculated at least in part from impairment
correlations between the despread values of the stage
input signal and from the net channel response(s)
associated with the signal of interest, i.e., the
end-to-end channel including transmitter/receiver
filter pulse shape and propagation effects. While the
channel estimator 56, which may be implemented
per-stage as shown here, or implemented elsewhere in
the receiver 16, provides the needed channel
estimates, the impairment correlation estimator 54
generates the needed impairment correlation estimates.
More specifically, the impairment correlation
estimator 54 may calculate impairment correlations for
the corresponding stage 40-n, according to the broad
method outlined in Fig. 4. In other words, the
impairment correlations and, hence, the combining
weights and channel quality estimates, computed in
each stage are stage-specific, and reflect the
successively reduced levels of interference in the
series of stages 40. Of course, the functionality of
the impairment correlation estimator 54 may be
implemented to support impairment correlation
estimation during times when the receiver 16 is 



unscheduled. During such times, the receiver 16
generally does not perform demodulation/decoding but
does report channel quality. That is, during
unscheduled times, the receiver 16 generally is not
performing SIC-based demodulation/decoding operations,
but still carries out impairment correlation
estimation for CQI reporting purposes. Returning to
the SIC G-RAKE details of Figs. 6 and 7 , formulation
of Signal-to- Interference Ratios (SINRs) underlying
channel quality estimation begins with defining the
datato- pilot signal transmit power ratio b / p s as
the ratio of the total amount of transmit power
allocated to the data channel signal at the
transmitter 12 to the total amount of transmit power
allocated to all pilot signals at the transmitter 12.
Similarly, the other-to-pilot signal transmit power
ratio bos / ps is the ratio of the total amount of
transmit power allocated to all other signals (voice,
control, overhead, etc.) at the transmitter 12 to the
total amount of transmit power allocated to all
pilots.Next, one may define several transmit power
distributions to be considered in channel quality
estimation. First, one may denote the length-M vectors
a , aos , and ap s as the distribution of the data,
other, and pilot signal powers across the transmit
antennas 14, with the mth elements denoted a s.(/") ,
aos (m) , and aps (m) , respectively. For example, say
there are M = 4 transmit antennas 14 and the data
signals are transmitted from antennas 2 and 4 of the
transmitter 12. Further, say that all of the other
signals are transmitted from antenna 1, and that 15%
of the total transmitter power is allocated to pilots
with 5% on each of antennas 1 and 2 and 2.5% on each
of antennas 3 and 4. In this case, a = [0 1/2 0 1/2],
where the factor of 1/2 accounts for the fact that the
data signal power is divided equally across the two
currently selected ones of the transmit antennas 14.
Furthermore, os = [1 0 0 0] and aps = [1/3 1/3 1/6
1/6]. By definition, the sum of the elements of each
power distribution vector is unity. One may now write
the SINR for the nth stage of the SIC G-RAKE receiver
circuit 38, which is denoted as p(ri) . This value
represents the true SINR that the receiver 16 attempts
to estimate in support of its channel quality feedback
obligation. The n\h stage is associated with a
particular one of the transmit antennas 14, whose
index is denoted as mn . For example, if transmit
antennas 2 and 4 are selected for data transmission,
there are two stages to the SIC G-RAKE receiver
circuit 38. Assuming that the ordering is such that
the data stream on antenna 2 is decoded first and that
on antenna 4 is decoded second, the antenna index for
stage-1 is i =2 and that for stage-2 is 2 =4. With
this notation, the per-chip SINR per-code for some
arbitrary antenna selection at the transmitter 12 is
given by m K )(Npaps (n,n)p"n m Eq. (5) 



where, as in Eq. (3), K is the number of multi-codes
allocated to the data channel (reused across active
antennas) and N is the spreading factor used for the
pilot channels, e.g., Np = 256 in the WCDMA standard.
However, is the net response vector corresponding to
the mth transmit antenna for the /;th stage of the SIC
G-RAKE receiver circuit 38, and R(") is the impairment
covariance matrix corresponding to the /?th stage. The
tilde notation for and R(n) is used to emphasize the
fact that the channel tap gains (on which the net
response and impairment covariance depend) are scaled
by the pilot energy per symbol. The net response and
impairment covariance are expressed in this way since
they are, in this embodiment, formed parametrically
using channel estimates obtained from the despread
pilot symbols which implicitly contain this scaling.In
more detail , the impairment covariance matrix for the
th stage is given by + -(6) where ( ) captures the
interference due to the data channel, os captures the
interference due to the other channels, and f(oc
captures the combination of other-cell interference
and 5 noise. If the other-cell interference can be
approximated as white, then, as previously noted, &oc
is a diagonal matrix given by 0C = N0Rputse . The
impairment covariance matrix is split into several
terms to reflect the fact that the data signal and the
other signals traverse different fading channels
between the transmitter 12 and the receiver 16, and
that SIC is applied to the data signal only, thus is a
function of 0 the stage index n . The expression in
Eq. (6) implicitly assumes that pilot subtraction is
performed in the SIC G-RAKE receiver circuit 38, thus
there is no interference component due to the pilots.
Pilot impairment correlations in the form of a pilot
impairment covariance matrix, f > p s , can be
included if needed. The other signal portion of the
impairment covariance matrix is given by ' 5 ft iOS =
Pbos t,ps yL f A. a< . ) k . Eaq . m\ <) where ,; ,
defined in Eq. (9) below, captures the interference
due to Inter-Symbol Interference (ISI) and Multiple
Access Interference (MAI) from the mth transmit
antenna. The data-signal portion of the impairment
covariance matrix taking into account SIC is given by 



0 Here A{n) denotes the subset of active transmit
antennas at the n th stage for which the data
interference has already been cancelled. The first
term of this expression captures the interference due
to code-reuse that has not yet been cancelled, and is
scaled by the spreading factor used for the data
channel, i.e., N5 =16 for HSDPA. The second term is
due to ISI/MAI from the transmit antennas yet to be
cancelled. The elements of the ISI/MAI matrix m > are
5 given by r l. 2) tq - t, ) Eq. (9)The goal is for
the receiver 16 to first estimate and then to report
quantized versions of the SINR p(ti) for one or more
stages 40 of the SIC G-RAKE receiver circuit 38, for
one or more different transmit antenna selections,
i.e., for one or more desired subsets of the transmit
antennas 14. Thus, a key part of this estimation is
for the receiver 16 to estimate the SINR as if it was
being served from each subset of transmit antennas 14
for which it reports channel quality estimates. The
reported channel qualities will be used at the
transmitter 12 in scheduling users (i.e., the receiver
16 and other such receivers being served on the HSDPA
signal being transmitted by the transmitter 12). Thus
the SINR estimates from the receiver 16 should not be
affected unduly by the current antenna selection at
the transmitter 12. That is, the best transmit antenna
selection for the receiver 16 likely is not the
current transmit antenna selection, which is being
used to serve another user. With this point in mind,
recall that the data signal transmit antenna power
distribution a is a function of the antenna selection.
Since the receiver 16 reports the SINRs for one or
more desired antenna selections, it has knowledge of a
, and may be configured to assume uniform power
distribution across the selected transmit antennas,
for a given total data signal power allocation at the
transmitter 12-i.e., whatever transmit power is being
used in the aggregate to transmit the data signal such
power splits evenly among whatever subset of the
transmit antennas 40 is under consideration. With this
approach, the receiver 16 avoids the influence of the
currently transmit antenna selection forming the
impairment covariance matrix R(n) and the net response
vector n parametrically and calculating the SINR p(u)
directly through Eq. (5). This channel quality
estimation is done for one or more transmit antenna
selections, a ,for which the receiver 16 wishes to
report SINRs. For example, the receiver 16 may
calculate SINRs for a variety of antenna selections
and choose the best one or more on which to report.
"Best" may mean the antenna selection(s) that maximize
either the SINRs themselves, or some function of the
SINRs, e.g., data rate. Of course, in tandem with the
SINR reports, the receiver 16 generally 



must feed back the antenna selection(s) to which the
SINR(s) correspond, so that the transmitter 12 can
select the proper subset of transmit antennas 14 from
which to transmit the data signal to the receiver 16
at the receiver's next scheduled time. The first step
in channel quality estimation is for the receiver 16
to estimate the channel tap delays timp , which may be
done through conventional path-searching techniques.
The next step is to estimate the scaled channel tap
gains p by despreading the pilot channel from each
transmit antenna and using knowledge of the pilot
symbol patterns. Because the despread pilot values are
always scaled by the pilot symbol energy, the
estimated channel tap gains are scaled implicitly,
which complements calculating the parametric forms for
the net response and impairment covariance matrix in
Eq. (1) and Eq. (6).With estimates of the tap gains
and delays thus computed, the net response vector hm
in Eq. (1) may be calculated directly for a given set
of finger locations (the r 's). The ISI/MAI portion of
the impairment covariance matrix, i.e., , in Eq. (9),
also may be calculated directly for the chosen finger
locations. The remaining parameters necessary for
computing channel quality estimates at the receiver
16, i.e., computing p(n) values, are the following: -
the data-to-pilot signal transmit power ratio bdsl ps
anc ' t p e number of multi-codes K ; - the
other-to-pilot signal transmit power ratio bos l ps
and tne otner signal power distribution aos ; - the
pilot signal transmit antenna power distribution ap s
; and - the other-cell interference impairment
correlations Ro c . Regarding the first item in the
bullet list, in at least one embodiment, the receiver
16 uses previously agreed-upon or nominal values for
bdsl ps and Because the SINR r{n) varies linearly with
both of these parameters, the transmitter 12 may scale
the SINR(s) reported by the receiver 16 by the actual
values used by it at the time of scheduling. In
another embodiment, the transmitter signals the actual
data-to-pilot signal transmit power ratio bdsl ps 'n n
e forward link, and the receiver 16 is configured to
receive such signaling information. As long as the
data-to-pilot signal transmit power ratio does not
change significantly over the selected signaling
delay, i.e., between signaling updated values, this
approach would yield good accuracy. Of course, the
number of codes, K, also may be a signaled value. The
WCDMA standard already includes a provision for
signaling the data-to-pilot signal 



transmit power ratio, but it commonly is not signaled
very often. One reason for signaling the data-to-pilot
signal transmit power ratio more frequently is that it
simplifies the estimation of the other-to-pilot signal
transmit power ratio bos / ps at the receiver 16, as
will be described later. With transmitter-to-receiver
signaling provisions assumed, it may be assumed that
the receiver 12 has knowledge of the actual value of
bdslps in tne below calculations. Regarding the second
item in the above list, it may be assumed that the
transmitter 12 transmits forward link signaling to the
receiver 16, that includes the other-to-pilot signal
transmit power ratio, bos / p s , and that the
receiver 16 is configured to receive such values via
transmitter signaling. Such signaling simplifies
channel quality estimation at the receiver 16, at the
expense of increased forward link signaling by the
transmitter 12.In an alternative embodiment, the
transmitter 12 does not signal the other-to-pilot
signal transmit power ratio bos l ps  and tne receiver
16 is configured to estimate the ratio. In support of
such estimation, the transmitter 12 could be
configured to signal the other signal transmit antenna
power distribution, aos , to the receiver 16. Since
the distribution commonly does not change frequently,
or at all, the distribution may be signaled
infrequently, or even once, such as at call setup. For
example, if the transmitter 12 is configured such that
all other signal power is transmitted from antenna 1
of the transmit antennas 14 all of the time, then aos
(m) - 1 for m= 1 and 0 otherwise. The below
calculations thus assume that the receiver 16 knows
the other signal transmit antenna power distribution,
whether by assuming a default value for it, or by
receiving it via signaling from the transmitter 12.
Regarding the third item in the above bullet list, we
assume that the pilot signal transmit antenna power
distribution p s is also known to the receiver 16.
Because this value typically does not change over
time, the distribution may be signaled from the
transmitter 12 to the receiver 16 once at call setup.
Alternatively, p s could be assumed as a default
value, or could be estimated through very long term
averaging. Regarding the fourth item in the above
bullet list, the receiver embodiment currently being
discussed is configured to assume that the other-cell
interference is approximately white. Thus, the other
cell impairment correlations can be expressed as Roc =
0Rp i,ise , where N0 is the power spectral density of
the noise plus other-cell interference. Since N0
generally is unknown, the receiver 16 is configured to
estimate it, in support of impairment correlation
calculations and channel quality estimations. Any
number of noise estimation methods may be implemented
in the receiver 16, but two advantageous methods, one
based on a Maximum 



Likelihood (ML) approach and one based on a maximum
Eigenvector approach, are detailed later herein. With
the above estimations, default assumptions, and/or
signaling in mind, it may be seen that, in at least
one embodiment, the receiver 16 has everything needed
for channel quality estimation, except for N0 and bos
/ p s . The receiver 16 may be configured to estimate
os / p s by, as a first step, estimating a covariance
matrix based on chip samples of the received
(composite) signal prior to despreading. This
covariance matrix may be denoted as R . The
chip-sample covariance matrix is of the same dimension
as the impairment covariance matrix . Moreover, the
delays of the received signal used in computing Rr are
the same as those used to estimate . The estimate is
obtained simply by averaging the outer product of the
vector r(/) ofdelayed chip samples over many positions
within a given window of time, such as within a single
W-CDMA Transport Time Interval (TTI), i.e., Because
there are a large number of chip samples in one TTI, a
very good estimate of R may be obtained. Other
embodiments of the receiver 16 may use other
approaches to obtain the average as well, e.g.,
sliding window, exponential weighted average, etc.
Regardless, the true value for the chip-sample
covariance matrix is given by where ag /p(m) is called
the traffic-to-pilot ratio and is defined as the ratio
of the aggregate data, other, and pilot power on the
mth antenna to the pilot power on the mth antenna. The
matrix m has the same form as Rn, defined in Eq. (9).
The only difference is that in the inner summation in
Equation Eq. (9), the k = 0 term should not be
excluded. This variation arises because there is no
notion of code orthogonality prior to despreading. The
receiver 16 may be configured to estimate the
other-to-pilot signal transmit power ratio os / p s ,
based on expressing the chip-sample covariance matrix
in Eq. (11) in the following equivalent form In the
above formulation, R is a function of the
other-to-pilot signal transmit power ratio bos l ps \o
be estimated. When the receiver 16 estimates the
chip-sample covariance matrix, the result is a
function of the current data signal transmit antenna
power distribution vector, denoted , which is not
necessarily the same as that corresponding to the
transmit antenna selection(s) on which the receiver 16
wishes to report SINRs. Consequently, for the purposes
of the estimation of bos/ p s , a is treated as an
unknown and thus is estimated. For purposes of
estimation, the receiver 16 can be configured to model
the other cell interference as white, i.e., Roc = N0Rp
ujse . Strictly speaking, the noise level N0 generally
is 



unknown, but the receiver 16 can avoid excessively
large search spaces by treating the noise level as
known. An initial estimate of the noise level can be
obtained using either of the two independent
approaches described in the next two subsections. A
refined estimate of the noise level may be obtained in
an iterative manner by first forming a ML estimate of
bos / ps and a s using the initial estimate of N0 .
Then these two parameters may be treated as known
values,and the ML estimation may be repeated, except
this time treating N0 as unknown. This iterative
process may be repeated by the receiver 16 as many
times as desired to refine the estimates of both
bos/ps and N0 . To estimate the other-to-pilot signal
transmit power ratio using an ML approach, the
receiver 16 may define the log-likelihood ratio (to be
maximized) as ( Poslps) = log P ads ,bos / ps ) where
r = [r(l) r(2) L r (N)f Eq. (13) is the concatenation
of N vectors of delayed chip samples at different
positions within the TTI. The processing may assume
that r(/) is a zero-mean complex Gaussian random
vector with covariance matrix R7. . A further
assumption is that the r(/) values are spaced far
enough apart that E\ r(i)r*(j) = 0 for i  j . With
these assumptions, the log-likelihood ratio is given
by l ( ds bos/ps) = - tr [ r~ %]-'r[M- 5*r)] Eq. ( )
where tr[\] is the matrix trace and log(A) is the
matrix log, not the log of the elements of A . In this
expression, Rr is calculated through Eq. (5) using
channel estimates in the parametric form for f(m . The
sample covariance matrix Rr is estimated through Eq.
(10). In order to maximize the log-likelihood ratio, K
ds- bos/ps) must b e calculated for all possible
values of the hypothesis a s is discrete, and thus
takes on only a finite number of values, 2M to be
exact. The other hypothesis, bos / ps is continuous,
so it may be quantized to limit it to a finite number
of values. Finer quantizations require larger search
spaces, indicating a trade-off in complexity versus
accuracy. The desired result of the maximization is
the most likely value of bos / ps , but in the process
the current antenna selection a s is also obtained. As
already mentioned, this is not required for channel
quality reporting (e.g., SINR reporting) by the
receiver 16, since the receiver 16 generally forms
impairment covariance matrices based on the antenna
selections a s it chooses. Knowing the data-to-pilot
signal transmit power ratio b i ps from forward link
signaling reduces the complexity of the ML estimation
of bos / ps , because, if the data-to-pilot signal
transmit power ratio was not known, then the
hypothesis would be of a higher dimension, and the
search space would become much larger. Conceptually
this is not a problem, and the 



receiver 16 could use the above formulation to
estimate b / ps if it was not a known value.It thus
remains the receiver's task to make a working
estimation of the noise level N0 . A number of
approaches might be used, but the methods disclosed
herein include two advantageous approaches to the
required noise estimation. Both approaches are based
on the estimated chip-sample covariance matrix Rr .
The first is a least squares (LS) solution using the
form of the chip-sample covariance matrix in Eq. ( 1
1). In this approach, the receiver 16 replaces Rr on
the left-hand side with its estimate Rr and models the
other-cell interference as white such that Roc = N0R
W/ e Furthermore, " on the right-hand side is
calculated using channel estimates in the parametric
form for this matrix in Eq. (9). The result is a
system of many equations with only M + 1 unknowns,
i.e., the Mtrafficto- pilot ratios ag /p(m) and the
noise level N0 . This system may be expressed as Ax =
b , where X= [Or7VP(I) at ,p(2) L aT ,p(M) No f Eq.
(15) is the vector of unknowns. The nth element of the
vector b is given by the (p,q)Vn element of the matrix
Rr , and the "th row of the matrix A is given by An
Npd(p -q)] Eq. (16) where $%,(p,q) is the (p,q)\.h
element of ?; and d( ) is the delta function. The LS
solution to the system of equations is There is
significant freedom in choosing the elements of the
matrices to form A and b . The minimum number of
elements that may be used is M + 1 to ensure that
there is a solution to the system of equations.
However, using significantly more leads to better
noise averaging. One example would be to choose the
elements corresponding to the first few diagonals of
each m . Only the main diagonal and upper diagonals
provide useful equations, since R , is Hermitian.
Noise level estimation using the LS approach tends to
bias the estimate, with the bias being particularly
evident at high Signal-to-Noise Ratios (SNRs), where
the noise level is small relative to the
traffic-to-pilot ratios and the estimate of N0
"absorbs" a relatively large amount of noise due to
the imperfect channel estimates used to calculate  .
The result is a positive bias (overestimate of noise
level) that is an increasing function of SNR. The bias
function depends on the variance of the channel
estimation error, and the type of channel itself. If
the statistics of the bias are known for a given
environment, then the receiver 16 can improve the
noise level estimate by applying a correction factor
to the estimate that reduces the bias. For example,
thecorrection factor could be a certain percentile of
the random bias. It is better from a CQI reporting
perspective to choose the percentile such that the
noise level is still slightly over 



estimated so that the final SINR estimate reported by
the receiver 16 is slightly underestimated. In this
way the link adaptation process at the transmitter 12
will not end up being overly aggressive, thus avoiding
an excessive number of retransmissions from the
transmitter 12 to the receiver 16. A second approach
that may be implemented in the receiver 16 bases noise
estimation on the calculation of the Eigen values of
the estimate of the chip-sample covariance matrix R,.
. As long as the dimension of Rr is much greater than
M , the largest Eigen values correspond to the signal
component, and the smallest ones to the noise
component. Consequently, an estimate of the noise
level is simply the minimum Eigen value of the
estimated chip-sample noise covariance matrix Rr .
Alternatively, the estimate may be improved in some
cases by averaging a number of the smallest
Eigenvalues. In a partial parametric approach to
channel quality estimation, as opposed to the fully
parametric approach outlined thus far, wherein
parametric forms for own-cell and other-cell
interference were used to form the impairment
correlations, only that part of the impairment
correlations arising from data signal interference is
represented in parametric form. Those portions of the
other signals in the same cell and the other-cell
signals are non-parametric, in the sense that measured
values are used in the impairment correlation
estimations. In this partial parametric approach, the
covariance matrix of the received chip samples prior
to despreading is first estimated. Alternatively, an
impairment covariance matrix may be estimated using
despread pilot symbols. However, the former is less
noisy, since there are many more chip samples in one
TTI than there are pilot symbols to use for forming
the estimate. Either way, since the portion of the
covariance matrix due to the data channel is affected
by the currently selected transmit antenna subset,
that portion is removed leaving the impairment due
only to the other signals, the pilot signals, and the
other-cell interference. If pilot subtraction is used
at the receiver 16, then the impairment due to pilots
may be removed as well. The resulting impairment
covariance matrix is then augmented by adding back in
a portion that is due to each possible transmit
antenna subset for which the receiver 16 wishes to
report CQIs. Assuming that SIC is employed by the
receiver 16 for the data channel, the augmentation is
handled differently for each stage 40 of the SIC
G-RAKE receiver circuit 38. Use of parametric forms of
the impairment covariance matrix that can be
calculated using estimates of the channel coefficients
and delays enables such augmentation. Once the
augmented impairment covariance matrices are formed,
the SINR for each stage 40 of the SIC 



G-RAKE receiver circuit 38 is calculated. One
advantage of this approach is that it implicitly
captures the color of the other-cell interference.
This is desirable from an interference cancellation
viewpoint, since the SIC GRAKE receiver circuit 38 is
able to exploit the color and partially suppress the
other-cell interference. Note, too, that the removal
of the impairment correlation component due to the
current transmit antenna selection should be
intentionally biased to avoid "over-subtraction" which
can lead to a negative definite impairment covariance
matrix in some cases. In more detail, the receiver 16
removes the influence of the transmit antennas 40 that
are active for the currently scheduled receiver from
the estimate of the chip sample covariance matrix Rr .
The receiver 16 then augments the result by adding
back components due to the transmit antenna
selection(s) for which it wishes to report SINRs. In
better understanding this approach, one may start by
considering the form for Rr contained in Equation Eq.
(12). Notice that this equation is a function of the
matrix , . In contrast, the impairment covariance
matrix in Equation Eq. (6), which was required for
calculating SINR in terms of R , does not include the
k = 0" term due to the use of orthogonal spreading
codes (see Equation Eq. (9)). However, one may rewrite
Equation Eq. (12) in terms of f(m by extracting the "k
= 0" term as follows R M Nr I ' P =I Eq. (18) + Roc To
remove the influence of the current antenna selection
(as well as the pilots), the receiver 16 can be
configured to perform the following subtraction M M
ROS OC = r - r  < t/p(" nA, - r  R N dslps + 1 JtX Eq.
(19) P w=l N P P 1,1=] p s(>") Note that if there are
no voice and "other" signals to consider in Eq. (20),
then there will be no bos/ps term ' and tne equation
would reduce to the Roc term. In practice, Ros c may
be estimated by the receiver 16 using Equation Eq.
(19), because estimates of all of the parameters are
known. Specifically, the data-to-pilot signal 



transmit power ratio Ros oc may be known through
forward link signaling; the current antenna selection
a may be estimated using the ML approach described
previously; and the traffic-topilot ratio ccf/p(m) may
be estimated using the LS approach described
previously. Furthermore, an estimate of Rr is obtained
by the time averaging of Eq. (10). Comparing the ideal
expression for Ro c in Equation Eq. (20) with Equation
Eq. (6), one sees that in order to form the required
impairment covariance matrix-and thus estimate
SINR-the receiver 16 needs only to add f js (n)
defined in Equation Eq. (8) to the estimate of Ros oc
obtained through Equation Eq. (19). This approach is
partially-parametric in the sense that the parametric
forms for R (") and the subtracted terms in Equation
Eq. (19) are used to construct the impairment
covariance matrix, but a non-parametric form for the
other signal plus other-cell interference component R0
6. is used. One advantage of this technique is that
the non-parametric form of R0 0C captures any
potential color in the other-cell interference, in
contrast to the fully parametric approach where the
other-cell interference was modeled as white.
Capturing noise color is desirable from an
interference cancellation viewpoint, because the
receiver 16 may be configured to exploit knowledge of
noise color and partially suppress the other-cell
interference. For example, the SIC G-RAKE circuit 38
is one type of receiver architecture that can exploit
noise coloration in its interference suppression by
incorporating knowledge of noise coloration into its
RAKE combining weight generation. One point to note
with the partially parametric approach is that the
estimation error in the traffic-to-pilot ratios aj j
p{m) can lead to an over subtraction of the terms in
Equation Eq. (19) which can cause the estimate of Ros
oc to become negative definite in some cases,
particularly by scaling this term by a value less than
one. Thus, the value needs to be small enough such
that Ro o is positive definite, but not too small that
it causes excessive errors in the estimated SINR.
While at least some of these and other details are
presented in the context of a SIC GRAKE architecture,
those skilled in the art will appreciate that channel
quality estimation as taught herein can be applied to
a variety of receiver architectures. For example, Fig.
8 illustrates a G-RAKE based receiver circuit 70 that
may be implemented in the receiver 16. More
particularly, the illustrated circuit 70 may be
configured to support different kinds of receivers.
For example, MMSE-based RAKE operations or joint
detection RAKE operations may be supported. As noted
earlier for MMSE detection, the receiver 16 is
configured to detect code symbols transmitted during
the same symbol time on an individual basis, while
treating all other code symbols as (colored) noise,
and, for joint detection, the receiver 16 is
configured to detect 



code symbols of the same code transmitted during the
same symbol time on a joint detection basis, while
treating all other code symbols as noise. In the
illustrated embodiment, the circuit 70 comprises a
number of correlator banks 72-1 through 72-n to
generate despread values from one or more composite
received signals rt (t)through r,/t) (for L receive
antennas), a G-RAKE combiner 74 to RAKE combine
despread values from the correlator banks 72 and that
includes or is associated with the one or more
processing circuits 20, to enable channel quality
estimation as taught herein, a soft value generator 76
to generate soft values from the RAKE combined values
output by the G-RAKE combiner 74, and a decoder 78 to
produce hard decision values from the soft values
output by the soft value generator 76. Assuming data
signals transmitted from all antennas 14, the despread
vector output from the correlator banks 72 may be
expressed as yk (i) =Hck (i)+ xk (i) Eq. (21) where
the vector cjt(/) = [cl (/).c2 (/),..., (/)]7"
contains the symbols during the /th symbol period that
share the same multi-code being used on the data
channel signal(s) being transmitted from the
transmitter 12. The QxMga\n matrix H [h].h2,...,h^/]
describes the MIMO (or MISO) channel in full, where
each gain vector h describes the channel between the
Twth transmitter antenna and the (possibly
multi-antenna) receiver 16. The vector x O) describes
the impairment process consisting of ISI, MAI, and
noise. In practice, the MAI also includes other signal
channels (voice, control, etc.), and pilots. The
impairment covariance matrix, which captures
impairment correlations across the RAKE fingers, is
denoted as R x = [c (Ox^(O] The iW-dimensional
decision statistic z (/) output from the G-RAKE
combiner 74 is generated by weighting the despread
vector as z (/) = W y (/) . For a JD implementation,
the G-RAKE weight matrix is given by W = Wj = Rx 1H .
The matrix S = H Rx 1H is analogous to the
s-parameters in MLSE-type receivers. For an MMSE
implementation, the weight matrix is expressed as WL/
=[HHt + Rx r 1H [h hI, + RX H? r 1H Eq. (22) where, in
the latter equality, one may redefine the impairment
covariance matrix as nm The weight vector
corresponding to the MMSE estimate of symbol c i)is
denoted as s far as this symbol is concerned, it 



"sees" an impairment with covariance matrix Rx , with
the extra term in R x , due to signals sharing the
same code. In contrast to the JD G-RAKE implementation
of the circuit 70, the MMSE G-RAKE implementation of
circuit 70 treats these signals as interference to be
suppressed, rather than jointly detecting them.In both
JD and MMSE implementation, the impairment covariance
matrix Rx may be calculated in consideration of the
transmit power ratios, transmit power distributions,
and the different fading paths. As such, the
impairment covariance matrices used in JD and MMSE
implementations of the receiver 16 provide an
advantageous basis for channel quality estimation as
taught herein. In further variations, the receiver 16
may operate in the context of transmitter systems that
do not employ transmit antenna selection. In such
cases, it is not necessary to remove the influence of
the current transmit antenna selection when estimating
SINRs, because the scheduled transmit antenna
selection in the future will be the same as that at
the time of reporting. This fact simplifies both the
full parametric and partial parametric CQI estimation
approaches described in detail herein. Specifically,
the ML estimation of the other-to-pilot signal
transmit power ratio is simplified in that the current
antenna selection 5 5 is known, thus the size of the
search space is reduced significantly. On that point,
for systems 10 with dynamic transmit antenna
selection, at least one embodiment of the transmitter
12 uses forward link signaling to provide the receiver
16 with the current transmit antenna selection,
thereby simplify the ML estimation of the
other-to-pilot signal transmit power ratio at the
receiver 16. Yet another way of simplifying CQI
estimation at the receiver 16 is to configure the
transmitter 12, such that it schedules the same
receiver for several consecutive service intervals
(e.g., TTIs) using the same transmit antenna selection
each time. In this case the nonscheduled receivers
would need to estimate the current transmit antenna
selection a during the first TTI, but would not need
to estimate it again until the scheduled receiver
changes. In the partial parametric approach, it is
possible to use the impairment covariance matrix
estimated from the despread pilot values instead of
the data covariance matrix estimated from received
chip samples prior to despreading. This alternative
simplifies the estimation of R0 C in Equation Eq.
(19), in that knowledge of the traffic-to-pilot ratios
aT / P (m) is not required. This is because the f ,
terms do not appear after despreading the pilots, as
the pilot codes on different ones of the transmit
antennas 40 are orthogonal. The trade-off is that the
impairment covariance matrix after despreading is
noisier than the data covariance matrix prior to
despreading, because there are many fewer pilot
symbols over which to average than there are 



chip samples. Similar to the above approach, the
impairment covariance matrix could be estimated
through despreading a code that is not used by the
transmitter 12. Again, estimation of the
traffic-to-pilot ratios would not be required. If the
unused codes are of small spreading factor, the
resulting covariance matrix may be less noisy than
that obtained by despreading the pilot codes.
Additionally, if there are several unused codes, the
estimated impairment covariance matrix could be
averaged over these codes in order to reduce the noise
even more.An alternative to explicitly estimating the
noise level N0 is to use some agreed-upon nominal
value since the level of other-cell interference power
does not change significantly with movement of the
receiver 16 in its current radio cell. Another
approach is to use an opportunistic estimate of the
noise level, i.e., when the estimated SINR is very
low, the noise level estimate may be quite good since
the bias in the estimate is reduced at lower SNRs. If
the receiver 16 is configured to keep track of the
SINRs estimated over time, then it can choose the
noise level estimate opportunistically. In some cases
the level of other-cell interference remains fairly
stable, because the level is an average from many
transmitters (e.g., radio base stations in a cellular
communication network), thus this approach can offer
reasonable accuracy. Also, rather than modeling the
other-cell interference as white in the
full-parametric approach, some fixed model for a
non-diagonal Roc could be used. For example this fixed
model could be designed to be channel independent, and
thus would capture the "average color" due to the chip
pulse shape. Thus, with the foregoing in mind, it will
be understood that the receiver 16 is configured to
determine impairment correlations for the received
signal in consideration of the different fading paths,
signal types, and transmit power allocations,
associated with complex transmission and reception
environments, such as MIMO. More particular, the
foregoing discussion presented a full parametric
embodiment for determining the various components of
the impairment correlation matrix , and a partial
parametric embodiment. For both the full and partial
parametric approaches, the goal is to form the
impairment covariance matrix for the nth stage of the
receiver 16-n may equal one-which is given in Eq. (6),
and repeated below as where ds (n) is given in Eq.
(8). In both the full approaches, all quantities in
Eq. (8) are assumed to be known, either at system
setup, through forward link signaling, or by using
nominal values. Thus, this part of the impairment
covariance matrix may be calculated directly using the
known net response vectors fi in Eq. (1) and the known
ISI/MAI matrix , given in Eq. (9). Both and , are
calculated based on channel estimates. Where the two 



approaches differ is how  t and t(oc are calculated.
In the full parametric approach, the receiver 16 is
configured to form s and c directly from their
formulas, hence the name "full parametric." The
equation governing  is Eq. (7), i.e.,In this approach,
the other-cell interference is modeled as white, thus
is given by Everything in these equations is assumed
to be known except for the other-to-pilot signal power
ratio boslps and the other-cell interference power N0
. Once these are estimated, these parts of the
impairment covariance matrix may be calculated
directly. As a review of the partial parametric
approach, the receiver 16 is configured to "lump" the
other signal and other-cell terms of the impairment
correlation estimates together, as a basis for
estimating that combined term as a unit. In other
words, the receiver 16 is configured to estimate S 0C
= " + Eq. (27) This approach is called partial
parametric because the receiver 16 forms (n)
parametrically, but derives osoc non-parametrically.
Of course, as detailed earlier herein, both the full
and the partial parametric approaches use several
estimation techniques. For example, this disclosure
highlights three techniques to estimate the needed
quantities, i.e., bmlpi and N0 for the full parametric
approach and J C for the partial parametric approach.
These estimation techniques include a least squares
(LS) technique, a maximum-liklihood (ML) technique,
and the minimum eigenvalue (MinEv) technique. The
least squares technique yields an estimate of the
other-cell interference power N0 and the so-called
traffic-to-pilot ratios aTIP (m) defined in relation
to Eq. ( 1 1). Further, the ML processing yields an
estimate of the other-to-pilot signal power ratio
bmlp<. and the current data signal transmit antenna
power distribution vector a defined earlier herein.
Finally, the MinEV technique yields an estimate of the
other-cell interference power N0 . As will be
appreciated from the foregoing details, the full and
partial parametric approaches use various combinations
of these estimation techniques. For example, the full
parametric approach depends on the estimation of
boslps and N0 . The receiver 16 uses either the LS or
MinEv techniques to obtain a first estimate of N0 and
the ML technique is then used to obtain b l p . The
current antenna selection a is obtained jointly in the
ML estimation, and may or may not be used later,
depending on whether a refined estimate of the
other-cell interference power is desired. A refined
estimate of the other-cell 



interference power 0 can be obtained by using ML
again, except this time treating bmlps and a as known
values (using the just obtained estimates) and N0 as
unknown.For the partial parametric approach, the
receiver 16 estimates R 1 . which requires knowledge
of the traffic-to-pilot ratios a n p (m) and the
current antenna selection a . The traffic-to-pilot
ratios at /p (w) are obtained through the LS
technique. The other-cell interference power N0 is
also obtained as part of this processing but is not
needed. The current antenna selection a is obtained
through the ML technique, which also yields the
other-to-pilot signal power ratio bM/p , which is not
needed in this approach. Fig. 9 illustrates one
embodiment of processing logic that may be implemented
in the one or more processing circuits 20 of the
receiver 16, for carrying out impairment correlation
processing in a full parametric approach. Such
processing may be performed within the receiver 16 by
hardware, software, or any mix thereof, and such
processing "begins" with forming an estimate of the
chip-sample covariance matrix R r as in Eq. (10), also
referred to as "data sample impairment correlations"
(Step 110). Processing continues with the calculation
of the ISI/MAI impairment correlations , ' according
to Eq. (9), except omitting the "k = 0" term (Step
112). Then, either the MinEv or the LS techniques
described earlier herein are used to obtain a "rough"
estimate of the other-cell interference power N0 (Step
114). (The traffic-to-pilot ratios at ip (m) are a
by-product of the LS technique, but these can be
discarded or otherwise ignored.) Processing continues
by using the estimate of N0 in ML processing to obtain
an estimate of the other-to-pilot signal power ratio
bosl , i.e., the other-to-pilot transmit power ratio
for the transmit antennas 14 (Step 116). As mentioned
above, the current antenna selection a is a by-product
of this technique, but may be used depending on
whether or not a refined estimate of the other-cell
interference power is desired. Note that the
processing of Step 116 may be iterated to obtain a
refined estimate of other-cell interference power and
possibly refined estimates of bm/ps . Processing
continues with using the final estimates of b , and N0
, the parametric forms for the other signal component
R and the other-cell component R1x , to calculate the
impairment covariance matrix R ) (Step 118). Fig. 10
illustrates a similar processing outline, but set in
the context of partial parametric determination of the
impairment correlations, c. Again, the one or more
processing circuits 20 of the receiver 16 may comprise
hardware, software, or any mix thereof to carry out
the illustrated processing. With this in mind,
processing "begins" with with forming an estimate of
the chip-sample 



covariance matrix Rr as in Eq. (10) (Step 120).
Processing continues with the calculation of
theISI/MAI impairment correlations ' according to Eq.
(9), except omitting the "Zc 0" term (Step 122). Then,
the receiver 16 uses the previously described LS
techniques to obtain estimates of the traffic-to-pilot
ratios aTIP (tn) (Step 124). As mentioned above, the
other-cellinterference power N0 is a by-product of the
LS technique, but it can be ignored with this
approach. Processing continues with the receiver 16
using a ML formulation to obtain an estimate of the
current antenna selection a (Step 126). As mentioned
above, the other-to-pilot signal power ratio boslps is
a by-product of this technique, but it too can be
ignored. Processing continues with the receiver 16
using the estimates of at ip ( ) and a , estimate the
combined other signal and other-cell portions of the
impairment covariance matrix (Step 128), i.e.,  oe
(see equation Eq. (27) above) using Eq. (19). Now all
terms of the impairment covariance matrix <( ) in Eq.
(24) are available for estimation of the overall
impairment correlations (Step 130). Thus, it should be
understood that the receiver 16 is configured to
determine impairment correlations in MIMO and other
potentially complex reception environments, and that
impairment correlation estimation as taught herein
considers the effects of different types of signals
being transmitted from different ones in a set of
transmit antennas 14. With that point in mind, then it
should be understood that the present invention is not
limited by the foregoing description, nor is it
limited by the accompanying drawings. Instead, the
present invention is limited only by the following
claims, and their legal equivalents.CLAIMS What is
claimed is: 1. At a wireless communication receiver, a
method of calculating impairment correlations for one
or more data signals transmitted in conjunction with
pilot signals from a transmitter having multiple
transmit antennas, the method comprising: determining
a data-to-pilot signal transmit power ratio and
transmit antenna power distributions for the data and
pilot signals; and calculating the impairment
correlations as a function of the data-to-pilot signal
transmit power ratio and the transmit antenna power
distributions for the data and pilot signals. 2. The
method of claim 1, wherein determining a data-to-pilot
signal transmit power ratio and transmit antenna power
distributions for the data and pilot signals comprises
receiving at least one of the data-to-pilot signal
transmit power ratio and transmit antenna power
distributions for the data and pilot signals as
signaled values. 3. The method of claim 1, wherein
determining a data-to-pilot signal transmit power
ratio 



and transmit antenna power distributions for the data
and pilot signals comprises using a nominal value for
at least one of the data-to-pilot signal transmit
power ratio and transmit antenna power distributions
for the data and pilot signals. 4. The method of claim
1, wherein other signals, including voice signals, are
transmitted from the one or more multiple transmit
antennas according to an other-to-pilot signal
transmit power ratio and a transmit antenna power
distribution for the other signals, and wherein the
method further comprises determining the
other-to-pilot signal transmit power ratio and the
transmit antenna power distribution for the other
signals, and calculating the impairment correlations
additionally as a function of the other-to-pilot
signal transmit power ratio and the transmit antenna
power distribution for the other signals. 5. The
method of claim 4, wherein calculating the impairment
correlations additionally as a function of the
other-to-pilot signal transmit power ratio and the
transmit antenna power distribution for the other
signals comprises expressing the impairment
correlations as a sum of a first impairment
correlation term representing impairments arising from
the transmission of the one or more data signals and
scaled according to the data-to-pilot signal transmit
power ratio, a second impairment correlation term
representing impairments arising from the transmission
of the other signals and scaled according to the
other-to-pilot signal transmit power ratio, and a
third impairment correlation term representing
impairments arising from noise plus other-cell
interference.6. The method of claim 4 , wherein
determining the other-to-pilot signal transmit power
ratio comprises: determining a chip sample covariance
matrix prior to despreading for the one or more data
signals as received; expressing the chip sample
covariance matrix as a function of a known
data-to-pilot signal transmit power ratio, known
transmit antenna power distributions for the pilot and
other signals, a known noise estimate representing
noise plus other-cell interference, an unknown or
known currently selected subset of transmit antennas
being used for transmission of the one or more data
signals, and an unknown other-to-pilot signal transmit
power ratio; and solving for the unknown
other-to-pilot signal transmit power ratio and, if
unknown, the currently selected subset of transmit
antennas being used for transmission of the one or
more data signals, according to a maximum likelihood
formulation. 7. The method of claim 6 , further
comprising modeling other-cell interference as white 



noise and solving for the noise plus other-cell
interference based on expressing the chip sample
covariance matrix as a function of the noise plus
other-cell interference and per-antenna trafficto-
pilot signal transmit power ratios, and solving the
corresponding system of equations for the noise plus
other-cell interference according to a least squares
formulation. 8. The method of claim 4 , wherein
determining the other-to-pilot signal transmit power
ratio comprises: determining a chip sample covariance
matrix prior to despreading for the one or more data
signals as received; expressing the chip sample
covariance matrix as a function of a known
data-to-pilot signal transmit power ratio, known
transmit antenna power distributions for the pilot and
other signals, an unknown noise estimate representing
noise plus othercell interference, a known currently
selected subset of transmit antennas being used for
transmission of the one or more data signals, and an
unknown other-topilot signal transmit power ratio; and
solving for the unknown other-to-pilot signal transmit
power ratio and the unknown noise estimate according
to a maximum likelihood formulation.9. The method of
claim 1, wherein other signals, including voice
signals, are transmitted from the one or more multiple
transmit antennas according to an other-to-pilot
signal transmit power ratio and a transmit antenna
power distribution for the other signals, and wherein
the method further comprises expressing the impairment
correlations as a sum of a first impairment
correlation term representing impairments arising from
the transmission of the one or more data signals and
scaled according to the data-to-pilot signal transmit
power ratio, and a second impairment correlation term
representing impairments arising from the transmission
of the other signals, other-cell interference, and
thermal noise. 10. The method of claim 9, wherein the
second impairment correlation term is determined by
measured impairment correlations, the data-to-pilot
signal transmit power ratio, and the transmit antenna
power distributions for the data and pilot signals,
according to a current Multiple-lnput- Multiple-Output
(MIMO) mode. 11. The method of claim 9 , wherein the
Impairment correlations further include a third
correlation term representing impairments arising from
the transmission of the pilot signals. 12. The method
of claim 1, wherein determining a data-to-pilot signal
transmit power ratio and transmit antenna power
distributions for the data and pilot signals comprises
determining the data-to-pilot signal transmit power
ratio and transmit antenna power distributions for the



data and pilot signals as part of determining an
estimate of total impairment correlations comprising a
data signal impairment correlation term, an other
signal impairment correlation term, and an other-cell
interference plus noise impairment correlation term.
13. The method of claim 1, wherein the transmit
antenna power distribution for the data signals is
determined based on a current
Multiple-Input-Multiple-Output (MIMO) configuration.
14. The method of claim 1, further comprising
generating a signal quality estimate from the
impairment correlations. 15. The method of claim 1,
wherein the transmitter and wireless communication
receiver are configured for Wideband CDMA (W-CDMA)
operation, and wherein the one or more data signals
comprise one or more High Speed Downlink Packet Access
(HSDPA) channel signals being transmitted by the
transmitter.16. A method of supporting impairment
correlation estimations by wireless communication
receivers operating in a
Multiple-lnput-Multiple-Output (MIMO) or
Multiple-lnput-Single-Output (MISO) communication
system that includes a transmitter having multiple
transmit antennas and transmitting one or more data
and pilot signals, the method comprising: signaling at
least one of a data-to-pilot signal transmit power
ratio and transmit antenna power distributions for the
data and pilot signals being transmitted by the
wireless communication transmitter. 17. The method of
claim 16, further comprising dynamically updating said
signaling as a function of a current
Multiple-lnput-Multiple-Output (MIMO) mode. 18. A
wireless communication receiver comprising one or more
processing circuits configured to generate impairment
correlations for one or more data signals transmitted
in conjunction with pilot signals from a transmitter
having multiple transmit antennas by: determining a
data-to-pilot signal transmit power ratio and transmit
antenna power distributions for the data and pilot
signals; and calculating the impairment correlations
as a function of the data-to-pilot signal transmit
power ratio and the transmit antenna power
distributions for the data and pilot signals. 19. The
wireless communication receiver of claim 18, wherein
determining a data-to-pilot signal transmit power
ratio and transmit antenna power distributions for the
data and pilot signals comprises receiving at least
one of the data-to-pilot signal transmit power ratio
and transmit antenna power distributions for the data
and pilot signals as signaled values. 20. The wireless
communication receiver of claim 18, wherein
determining a data-to-pilot 



signal transmit power ratio and transmit antenna power
distributions for the data and pilot signals comprises
determining at least one of the data-to-pilot signal
transmit power ratio and transmit power antenna
distributions for the data and pilot signals based on
nominal values stored in the wireless communication
receiver.21. The wireless communication receiver of
claim 18, wherein other signals, including voice
signals, are transmitted from the one or more multiple
transmit antennas according to an otherto- pilot
signal transmit power ratio and a transmit antenna
power distribution for the other signals, and wherein
the one or more processing circuits are further
configured to determine the other-to-pilot signal
transmit power ratio and the transmit antenna power
distribution for the other signals, and calculate the
impairment correlations additionally as a function of
the otherto- pilot signal transmit power ratio and the
transmit antenna power distribution for the other
signals. 22. The wireless communication receiver of
claim 2 1, wherein the one or more processing circuits
are configured to calculate the impairment
correlations additionally as a function of the
other-to-pilot signal transmit power ratio and the
transmit antenna power distribution for the other
signals by expressing the impairment correlations as a
sum of a first impairment correlation term
representing impairments arising from the transmission
of the one or more data signals and scaled according
to the data-to-pilot signal transmit power ratio, a
second impairment correlation term representing
impairments arising from the transmission of the other
signals and scaled according to the other-to-pilot
signal transmit power ratio, and a third impairment
correlation term representing impairments arising from
noise plus other-cell interference. 23. The wireless
communication receiver of claim 2 1, wherein the one
or more processing circuits are configured to
determine the other-to-pilot signal transmit power
ratio by: determining a chip sample covariance matrix
prior to despreading for the one or more data signals
as received: expressing the chip sample covariance
matrix as a function of a known data-to-pilot signal
transmit power ratio, known transmit antenna power
distributions for the pilot and other signals, a known
noise estimate representing noise plus other-cell
interference, an unknown or known currently selected
subset of transmit antennas being used for
transmission of the one or more data signals, and an
unknown other-to-pilot signal transmit power ratio;
and solving for the unknown other-to-pilot signal
transmit power ratio and, if unknown, the 



currently selected subset of transmit antennas being
used for transmission of the one or more data signals,
according to a maximum likelihood formulation.24. The
wireless communication receiver of claim 23, wherein
the one or more processing circuits are configured to
model other-cell interference as white noise and solve
for the noise plus other-cell interference by
expressing the chip sample covariance matrix as a
function of the noise plus other-cell interference and
per-antenna data-to-pilot signal transmit power
ratios, and solving the corresponding system of
equations for the noise plus other-cell interference
according to a least squares formulation. 25. The
wireless communication receiver of claim 2 1, wherein
the one or more processing circuits are configured to
determine the other-to-pilot signal transmit power
ratio by: determining a chip sample covariance matrix
prior to despreading for the one or more data signals
as received; expressing the chip sample covariance
matrix as a function of a known data-to-pilot signal
transmit power ratio, known transmit antenna power
distributions for the pilot and other signals, an
unknown noise estimate representing noise plus
othercell interference, a known currently selected
subset of transmit antennas being used for
transmission of the one or more data signals, and an
unknown other-topilot signal transmit power ratio; and
solving for the unknown other-to-pilot signal transmit
power ratio and the unknown noise estimate according
to a maximum likelihood formulation. 26. The wireless
communication receiver of claim 2 1, wherein the one
or more processing circuits are configured to
calculate the impairment correlations additionally as
a function of the other-to-pilot signal transmit power
ratio and the transmit antenna power distribution for
the other signals by expressing a chip covariance
matrix determined from received signal chip samples as
a function of an other signal impairment correlation
term scaled by the other-to-pilot signal transmit
power ratio, removing the influence of a current
transmit antenna selection from the chip covariance
matrix, and then considering the influence of one or
more desired transmit antenna selections to be used
for data signal transmission to the wireless
communication receiver. 27. The wireless communication
receiver of claim 2 1, wherein the one or more
processing circuits are configured to determine the
impairment correlations by calculating net responses
from per-antenna pilot signals.28. The wireless
communication receiver of claim 18 , wherein other
signals, including voice signals, are transmitted from
the one or more multiple transmit antennas according
to an otherto- 



pilot signal transmit power ratio and a transmit
antenna power distribution for the other signals, and
wherein the one or more processing circuits are
configured to express the impairment correlations as a
sum of a first impairment correlation term
representing impairments arising from the transmission
of the one or more data signals and scaled according
to the data-to-pilot signal transmit power ratio, and
a second impairment correlation term representing
impairments arising from the transmission of the other
signals, other-cell interference, and thermal noise.
29. The wireless communication receiver of claim 28,
wherein the one or more processing circuits are
configured to determine the second impairment
correlation term based on measured impairment
correlations, the data-to-pilot signal transmit power
ratio, and the transmit antenna power distributions
for the data and pilot signals, according to a current
Multiple-lnput-Multiple- Output (MIMO) mode. 30. The
wireless communication receiver of claim 28, wherein
the one or more processing circuits are configured to
express the impairment correlations as a sum further
including a third correlation term representing
impairments arising from the transmission of the pilot
signals. 31. The wireless communication receiver of
claim 18, wherein the transmit antenna power
distribution for the data signals is determined based
on a current Multiple-lnput-Multiple-Output (MIMO)
configuration. 32. The wireless communication receiver
of claim 18, wherein the one or more processing
circuits are configured to generate one or more
channel quality estimates for one or more selected
transmit antennas as a function of the impairment
correlations, the data-to-pilot signal transmit power
ratio, and the transmit antenna power distributions
for the data and pilot signals. 33. The wireless
communication receiver of claim 18, wherein the
wireless communication receiver is a Generalized RAKE
receiver, and wherein the one or more processing
circuits are configured to generate signal combining
weights from the impairment correlations. 34. The
wireless communication receiver of claim 18 , wherein
the transmitter and wireless communication receiver
are configured for Wideband CDMA (W-CDMA) operation,
and wherein the one or more data signals comprise one
or more High Speed Downlink Packet Access (HSDPA)
channel signals being transmitted by the
transmitter.35. The wireless communication receiver of
claim 18, wherein the wireless communication receiver
is configured for minimum mean square error detection
in which it detects each code symbol of interest
transmitted during the same symbol time on an
individual basis, while treating all other code
symbols as noise. 



36. The wireless communication receiver of claim 18,
wherein the wireless communication receiver is
configured for joint detection in which it detects
code symbols of interest having the same code and
transmitted during the same symbol time on a joint
detection basis, while treating all other code symbols
as noise. 


