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Description

BACKGROUND

Technical Field

[0001] The present invention generally relates to signal processing at communication base stations, and particularly
relates to differentiated linear equalization of user signals at such base stations.

Background Information

[0002] In certain types of wireless communication networks, the received signal at a given network base station
comprises a received composite signal that includes signals of interest from a plurality of mobile terminals ("users")
being supported by the base station. As one example, many users in a Code Division Multiple Access (CDMA) network
may simultaneously transmit on the uplink to a supporting base station. That base station receives all of these signals
of interest together as a composite, along with any number of interfering signals, and recovers each individual signal of
interest by, for example, correlating the composite signal with the unique uplink scrambling code of each user. Similarly,
in the downlink, a mobile terminal receives signals transmitted simultaneously from a plurality of multiple base stations.
[0003] Indeed, a common aspect of such processing is the correlation of the received composite signal with each
user’s (or base station’s) scrambling code at different code (delay) offsets, to obtain multipath versions of each user’s
signal of interest. As is well known, these multipath versions can be combined to obtain signal-to-noise ratio (SNR)
improvements. In a basic combining system, such as in the well known "Rake" receiver architecture, each signal of
interest is despread by a plurality of Rake "fingers" positioned at delay offsets corresponding to the (primary) multipath
propagation delays of the signal. A combining circuit then combines the finger output signals using combining weights
determined from the complex channel coefficient estimated for each delay path.
[0004] Rake processing in the above manner yields SNR improvements for each signal of interest in AWGN conditions,
i.e., in the absence of colored interference bearing on the signals of interest. Where spectrally biased interference is at
play, which is a common phenomenon in existing and developing wireless communication networks, more sophisticated
combining weights are needed to provide "whitening" of the combined signal. To this end, linear equalization receivers,
such as "Generalized Rake" (G-Rake) receivers and chip equalizer (CE) receivers, use combining weights that consider
the effects of colored interference. However, the computation of these more sophisticated combining weights is not
trivial, and generally involves potentially burdensome computations arising from the generation of correlation estimates
for each signal of interest. These correlation estimates provide the basis for the computation of whitening combining
weights.
[0005] In more detail, the received composite signal at a CDMA base station consists of a number of desired signals
from users in the base station’s own coverage area (cell/sectors), and a number of interfering signals from users in other
cells. The other-cell interference may include high-rate, high-power signals, which may arise, for example, from a lack
of user transmission scheduling coordination between cells. The presence of such high-power interfering signals will
often result in considerable performance degradation to the signals of interest. Thus, to improve system capacity and
stability, it is desirable to suppress such high-power other-cell interfering signals.
[0006] As noted above, linear equalization receiver structures are effective in suppressing dominating colored inter-
ference. When multiple receive antennas are available, multiple dominating interfering signals can be suppressed. As
is known, combining weights of G-Rake and CE receivers can be derived based on a Minimum Mean Square Error
(MMSE) formulation or a Maximum Likelihood (ML) formulation. Also, signal quality can be estimated.
[0007] According to the MMSE formulation, the combining weights are 

where Rd is a matrix of received signal sample correlations or pilot/data symbol despread value correlations, and h is
the net channel response. Signal quality can be estimated as 
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[0008] The ML formulation has combining weights given as 

where Ru is the impairment covariance matrix. Signal quality can be estimated as 

[0009] For the G-Rake receiver structure, the matrix elements of Rd and Ru are functions of the differences between
G-Rake "finger" delays. Equivalently, for the CE receiver structure, the elements of these matrices are a function of the
differences between equalization filter tap delays. The elements may also be a function of the sampling phase. In general,
delay differences are associated with receive antennas and sampling phases. Thus, when discussing same delay dif-
ferences, it implies same sampling phases as well.
[0010] More efficient G-Rake receiver processing has been proposed, based on the realization that multiple users of
interest may share the same finger delay differences. These teachings propose processing the composite received
(uplink) signal at the base station, which includes potentially many signals of interest from a plurality of users being
supported by the base station. Particularly, the proposed processing calculates received signal sample correlations for
a set of delay differences. For G-Rake, the set of delay differences includes the unique relative delay differences for the
signals of interest included in the received composite signal. In this manner, the received signal sample correlations can
be shared by users having the same relative finger delay differences. The same sharing methodology applies to CE
receiver realizations, where more than one user may share the same equalization filter tap delay differences.
[0011] Another proposed approach to obtaining shared correlations for use with more than one user’s uplink signal of
interest relies on the fact that there commonly are many unused codes for users in the uplink. That is, in the CDMA
uplink, each user’s uplink transmissions are covered by a different scrambling code, meaning that the underlying spread-
ing code set is distinguished between users, and most individual users do not come close to exhausting the full set of
spreading codes available in the set. Thus, for any given user, there are one or more unused uplink codes available for
estimating impairment correlations.
[0012] Particularly, an impairment covariance matrix can be directly estimated using the unused codes of a given user,
and this matrix can then be used to generate an estimated data covariance matrix for sharing among multiple users.
One approach forms the estimate as 

where hUOI and Ru,UOI are respectively the estimated net response and the estimated impairment covariance matrix

estimated using the unused codes for a first user of interest (UOI). The data covariance matrix  is shared among

the receivers at the base station for processing the signals of interest for other users.
[0013] However, while the use of shared correlations offers processing efficiencies, the approach may not provide
acceptable performance for processing uplink signals received from certain users. More broadly, the use of shared
correlations may not provide acceptable performance where the signal of interest is a relatively high power signal, e.g.,
where it is a dominant component in the composite received signal. In such cases, the received signal sample correlations
are of the form 

where hhH is a significant portion of Rd (The "H" denotes the Hermitian matrix.) With the estimated net response h, the
combining weights used for Rake combining become 

[0014] Note that the combining weights in Eq. (5) are determined jointly based on the true net response embodied in
Rd and the estimated net response h. This circumstance creates a mismatch problem that becomes significant when
hhH dominates the received signal sample correlation matrix and the net response estimate is noisy.

^ ^

^

^ ^
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[0015] For example, Fig. 1 is a graph illustrating simulated performance for a hypothetical practical G-Rake receiver
versus an idealized receiver, for a given signal of interest that is a high-rate/high-power signal. The performance is
shown for different amounts of sample averaging for the practical receiver in comparison with the performance of the
idealized receiver, where the idealized receiver maintains ideal MMSE combining weights for a given signal of interest.
One sees that no matter how much averaging is used to get received signal sample correlations, the raw Bit Error Rate
(BER) deviates significantly from the idealized receiver when shared correlation estimates are used for the signal of
interest.
[0016] From US 2007/189364 A1 a method of determining combining weights for processing signals of interest included
in a received composite signal is known.
[0017] From US 2007/0189363 A1 it is known to reduce the computation complexity required for interference sup-
pression in the reception of wireless communications from multiple users by sharing information among the users.

SUMMARY

[0018] The invention is defined by the independent claims.
[0019] The teachings presented herein improve the processing of individual signals of interest included in a received
composite signal by computing combining weights and/or signal quality estimates for each signal of interest, e.g., for
linear equalization, based on either shared or non-shared correlation estimates. As a non-limiting advantage, the use
of shared correlation estimates reduces computational loading as compared to the processing load that would be needed
for computing non-shared correlation estimates for all signals of interest. As a further non-limiting advantage, the con-
ditional use of shared and non-shared correlation estimates provides for the use of non-shared correlation estimates
where signal characteristic(s) of one or more of the signals of interest warrant such usage, e.g., for one or more high-
rate signals of interest.
[0020] The teachings may be implemented as a method and an apparatus, such as by appropriately configuring a
receiver system in a wireless communication network base station. In such embodiments, the received composite signal
comprises an aggregation of signals of interest from a plurality of individual transmitters-e.g., a plurality of remote radio
transmitters transmitting individual signals to the receiver-along with various interfering signals. As a non-limiting example,
then, the receiver system may comprise a Code Division Multiple Access (CDMA) receiver system that is implemented
within a CDMA base station or terminal device and configured to process individual signals of interest collectively received
together in a composite received signal. The receiver system may be implemented in hardware, in software, or in any
combination thereof, and may include, for example, any number of special- or general-purpose microprocessors that
are configured to carry out numerical and logical processing according to the method(s) described herein.
[0021] In at least one embodiment, a receiver system for use in a wireless communication network base station or
terminal comprises one or more processing circuits. The processing circuit(s) are configured to determine combining
weights for processing signals of interest included in a received composite signal by grouping the signals of interest into
first and second groups. The processing circuits are configured to compute the combining weights for each signal of
interest in the first group as a function of non-shared correlation estimates, and to compute the combining weights for
each signal of interest in the second group as a function of shared correlation estimates. In at least one such embodiment,
the receiver system includes one or more linear equalizers configured to combine multipath components of each signal
of interest in the first and second groups according to the combining weights computed for each signal of interest.
[0022] In one or more other embodiments, a method of determining combining weights for processing signals of interest
included in a received composite signal comprises grouping the signals of interest into first and second groups. The
method further includes computing combining weights for each signal of interest in the first group as a function of non-
shared correlation estimates, and computing combining weights for each signal of interest in the second group as a
function of shared correlation estimates.
[0023] At least one embodiment of the method also includes combining multipath components of each signal of interest
in the first and second groups in a linear equalization receiver system, according to the combining weights computed
for each signal of interest. By way of non-limiting examples, the linear equalization receiver system comprises a Gen-
eralized Rake (G-Rake) receiver system or, equivalently, a chip equalizer system. In the G-Rake implementation, the
combining weights for each signal of interest weight despread values of the signal of interest generated at different Rake
finger delays. Similarly, in the chip equalizer implementation, the combining weights for each signal of interest are used
to weight received composite signal samples taken at different delay filter tap outputs.
[0024] In another embodiment, a method of processing signals of interest included in a received composite signal
comprises logically placing each signal of interest into a first group or a second group. The method further includes, for
each signal of interest in the first group, determining signal-specific correlation estimates and computing combining
weights for processing the signal of interest from the signal-specific correlation estimates. The method further includes,
for each signal of interest in the second group, computing combining weights for processing the signal of interest by
extracting selected correlation estimates from a pool of shared correlation estimates.
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[0025] In at least one such embodiment, determining signal-specific correlation estimates comprises, for each signal
of interest in the first group, computing impairment correlation estimates from despread values obtained from one or
more unused channelization codes for the signal of interest. Further, at least one embodiment includes maintaining the
pool of shared correlation estimates based on determining correlations between data samples of the received composite
signal corresponding to processing delay differences of the signals of interest in the second group. With that processing,
extracting selected correlation estimates from a pool of shared correlation estimates comprises, for each signal of interest
in the second group, extracting those correlation estimates particularly corresponding to the signal of interest. For
example, extracting correlation estimates from the shared pool of correlation estimates maintained for the second group
of signals that particularly correspond to a given signal of interest in the second group comprises selecting those correlation
estimates associated with the processing delay differences associated with the given signal of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a graph illustrating simulated conventional performance for a hypothetical G-Rake receiver versus an
idealized receiver, for a given signal of interest that is a high-rate/high-power signal.
Fig. 2 is a simplified block diagram of a wireless communication network, which may be, according to one or more
embodiments taught herein, a CDMA-based network.
Fig. 3 is a block diagram of functional processing elements according to one embodiment of a receiver system for
use in a base station, where the receiver system is configured selectively to use shared and non-shared correlation
estimates for processing a plurality of signals of interest received at the base station.
Fig. 4 is a logic flow diagram of one embodiment of processing logic for implementing a method of using shared
and non-shared correlation estimates for processing signals of interest.
Fig. 5 is a graph of a data rate and/or received signal power threshold, which is used for one or more embodiments
of evaluating individual signals of interest to determine whether they are processed using shared or non-shared
correlation estimates.
Fig. 6 is a block diagram of one embodiment of functional processing elements, which provide for the consideration
of resource availability for determining whether shared or non-shared correlation estimates are used for processing
one or more signals of interest.
Figs. 7 and 8 are block diagrams of functional processing elements corresponding to embodiments of Generalized
Rake (G-Rake) and chip equalizer (CE) receiver architectures.
Fig. 9 is a block diagram of one embodiment of functional processing elements for determining path delays and
channel estimates in support of correlation estimation.
Fig. 10 is a graph of one embodiment of a delay processing grid comprising a predefined set of processing delay
offsets, which are used for placing G-Rake fingers and/or CE filter taps in one or more embodiments.
Fig. 11 is block diagram of one embodiment of a memory circuit or other storage device, implemented in a base
station for storing pre-computed correlation estimates corresponding to the delay differences defined by a predefined
processing grid.
Fig. 12 is a graph comparing the Bit Error Rate (BER) performance of one embodiment of a G-Rake receiver
configured according to teachings presented herein, in comparison with an idealized G-Rake receiver.
Fig. 13 is a graph comparing the BER performance of a practical G-Rake receiver configured according to an
embodiment presented herein for processing for lower-rate signals of interest using shared correlation estimates,
as compared to the performance of an ideal G-Rake receiver.
Fig. 14 is a graph comparing the BER performance of a practical G-Rake receiver configured according to an
embodiment presented herein for processing for lower-rate signals of interest using non-shared correlation estimates,
as compared to the performance of an ideal G-Rake receiver.
Fig. 15 is a logic flow diagram for one embodiment of processing logic for implementing a method of processing
received signals of interest using either shared or non-shared correlation estimates.
Fig.16 is a block diagram of functional processing elements for a G-Rake embodiment of a base station receiver
system.
Fig. 17 is a logic flow diagram for one G-Rake embodiment of processing logic for implementing combining weight
based signal processing, based on the selective use of shared and non-shared correlation estimates for computing
those combining weights.

DETAILED DESCRIPTION

[0027] Fig. 2 is a simplified block diagram of one embodiment of a wireless communication network 10, which includes
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a base station 12 comprising a receiver system 14, including one or more processing circuit(s) 16. The base station 12
includes or is associated with one or more base station antenna and/or antenna elements 17, and further comprises
additional processing/interface circuits 18 as appropriate for interfacing the base station 12 to one or more other network
entities, performing communication call processing, etc. The wireless communication network 10 comprises, as a non-
limiting example, a Code Division Multiple Access (CDMA) network, e.g., a Wideband CDMA network, and the base
station 12 correspondingly comprises a CDMA base station.
[0028] Germane to this discussion, the base station 12 provides service coverage, e.g., radio signal coverage, over
one or more service regions, such as cells or sectors (not explicitly shown). The base station 12 receives a composite
received signal on the uplink, which includes individual uplink signals from a plurality 20 of users being supported by
the base station 12. The users are represented by individual mobile stations 22-1, 22-2, ..., 22-N, each of which transmits
an individual uplink signal that represents a signal of interest within the received composite signal at the base station
12. The received composite signal at the base station 12 also includes interference from various interference sources
24, such as the uplink signals from users in other cells of the network 10, etc.
[0029] The receiver system 14 is configured to recover and process the individual signals of interest from the received
composite signal, such as for channel compensation and interference suppression in support of signal demodulation
and decoding for the recovery of transmitted data from each signal of interest. The generation of combining weights (for
each signal of interest) is one aspect of such processing, wherein the combining weights are used, for example, in linear
equalization in G-Rake or CE implementations of the receiver system 14. Signal quality estimation is another aspect of
such processing.
[0030] Advantageously, the receiver system 14 is configured to obtain computational efficiencies by using shared
correlation estimates for combining weight and signal quality computations at least where the usage of shared correlation
estimates is not expected to result in unacceptable signal processing performance. For example, in one or more em-
bodiments, the one or more processing circuits 16 of the receiver system 14 are configured to determine combining
weights for processing signals of interest included in a received composite signal by grouping the signals of interest into
first and second groups. The one or more processing circuits 16 compute combining weights for each signal of interest
in the first group as a function of non-shared correlation estimates, and compute combining weights for each signal of
interest in the second group as a function of shared correlation estimates. Signal quality can be estimated from the
combining weights or directly from the correlation estimates.
[0031] Broadly, the one or more processing circuits 16 comprise hardware, software, or any combination thereof. In
at least one embodiment, they comprise at least one special- or general-purpose microprocessor circuit, where that term
encompasses DSP-type processors. In such embodiments, the above-described operative configuration of the one or
more processing circuits 16 may be obtained by, for example, provisioning a memory/storage device of the base station
12 with a computer program comprising program instructions corresponding to the described processing. Of course, it
will be appreciated that it may be advantageous to implement at least a portion of the signal processing using dedicated
hardware-based processing elements.
[0032] In any case, Fig. 3 illustrates one embodiment of functional circuits implemented by the one or more processing
circuits 16. The illustrated functional circuits include a grouping function 30 operative to group the signals of interest into
the first and second groups, a combining weight function 32 operative to compute the combining weights for the signals
of interest, a correlation estimation function 34 operative to determine shared and non-shared correlation estimates as
needed, a combining function 36 operative to combine the processing path components of each signal of interest with
the corresponding combining weights, a signal quality estimation function 39 operative to determine signal quality esti-
mates, and additional signal processing functions 38, which include, e.g., G-Rake or CE processing circuits, decoding
circuits, etc., to operate on the combined versions of the signals of interest. (Note that the combining function 36 may
be an operative part of the G-Rake or CE processing circuits.)
[0033] Fig. 4 illustrates an embodiment of a method which can be implemented by the above-described functional
circuit arrangement, and by variations of that arrangement. The illustrated processing should not be construed as defining
a limiting sequential order of processing steps, unless noted, nor should the illustrated processing be construed as
necessarily representing stand-alone processing performed over a discrete interval of time. Indeed, at least some aspects
of the illustrated processing may be performed as part of a larger set of supporting base station functions, and parts of
the illustrated processing may be performed more frequently than others.
[0034] Processing "begins" with grouping the signals of interest included in the base station’s received composite
signal into first and second groups (Block 100). In one embodiment, the receiver system 14 is configured to group the
signals of interest into the first and second groups by placing each signal of interest into either the first group or into the
second group based on evaluating a data rate related criterion of each signal of interest. For example, Fig. 5 illustrates
that the receiver system 14 may store information defining a data rate or received signal power threshold 40, which may
be fixed or dynamically varied (such as by overall base station loading, processing resource availability, etc.). For
example, signals of interest whose assigned or actual transmission data rates are above the threshold 40 are placed
into the first group (Group 1), and the other signals of interest are placed into the second group (Group 2).
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[0035] Similarly, the receiver system 14 is configured in one or more other embodiments to group the signals of interest
into the first and second groups by placing each signal of interest into either the first group or into the second group
based on evaluating received signal powers of the signals of interest. Thus, the threshold 40 may be defined in terms
of received signal power. With that definition, the signals of interest having received signal powers (as measured by the
receiver system 14 or other entity in the base station 12) above the threshold 40 are placed into Group 1, with the other
signals of interest being placed into Group 2.
[0036] It should be noted that higher-rate ones of the signals of interest generally are transmitted at higher powers
than lower-rate ones, all other things being equal. Therefore, the term "data rate criterion" should be given broad con-
struction, and can indicate an explicit data rate criterion, or inferential criterion, such as measured received signal powers,
measured received signal qualities, identifications of the service types each signal of interest is supporting, etc.
[0037] Of course, computing non-shared correlation estimates for the Group 1 signals of interest potentially consumes
more processing resources than would the use of shared correlation estimates. Fig. 6 thus illustrates an embodiment
where the receiver system 14 includes a ranking function 42, which ranks the signals of interest in the received composite
signal by a data related criterion (rate, power, signal quality, such as SNR, or other parameter). With that ranking, the
grouping function 30 logically places signals of interest into Group 1 in rank order (highest ranked first).
[0038] The number of ranked signals of interest placed into Group 1 for non-shared correlation estimation can be
governed, for example, through use of a resource monitoring function 44. That function can be configured to track the
current allocations of processing resources, whether measured in logical or physical hardware, e.g., Rake finger avail-
ability, or measured in computational load, etc. Equivalently, the function can track the current reserve of allocable
resources. In either approach, the resource monitoring function 44 can be configured to indicate to the grouping function
30 when processing resource availability permits the assignment of signals of interest to Group 1. Thus, one or a very
few resource-hungry signals of interest may reside in Group 1 at a given time, but later a larger set of less resource-
hungry signals of interest may be placed in Group 1.
[0039] The evaluation and grouping may be performed rapidly, such as at every transmission interval in a Wideband
CDMA (WCDMA) system. Alternatively, it may be performed at multiples of a basic transmission interval, or on an as-
needed basis. For example, grouping placement occurs as new signals of interest become active. Also, it should be
noted that some service types, e.g., Voice-over-IP (VoIP), are relatively low-rate applications by definition, at least in
comparison to higher-quality multimedia broadcasting/streaming services. As such, where the service type(s) supported
by each signal of interest are considered, one or more signals of interest may be initially placed into Group 1 or Group
2 as a function of their service types, and the grouping placement need not be revisited unless their service types change,
or unusual signal conditions develop (e.g., unexpectedly high power).
[0040] Carrying that thought back to Fig. 4, then, it will be appreciated that all of Fig. 4 may be repeated in a looped
processing structure at a common rate, but that at least Block 100 may be performed more slowly and/or on an as-
needed basis. Regardless, the processing of Fig. 4 includes estimating combining weights for each signal of interest in
the first group (Group 1) using non-shared correlation estimates (Block 102). Generally, the processing of this block is
repeated as quickly as is needed to support the desired combining weight update rate. In turn, that rate must be fast
enough to provide desired whitening (colored interference suppression) and channel compensation performance. As
such, Block 102 may be repeated at, for example, the basic transmission interval rate associated with the base station’s
uplink processing of the signals of interest.
[0041] In one or more embodiments, the receiver system 14 is configured to compute the combining weights for each
signal of interest in the first group by deriving signal-specific correlation estimates from each signal of interest in the first
group, and to compute the combining weights for each signal of interest in the first group from the corresponding signal-
specific correlation estimates. For example, in at least one embodiment, the receiver system 14 is configured to derive
the signal-specific correlation estimates from each signal of interest in the first group by obtaining despread values from
each signal of interest in the first group, and estimating impairment correlations from the despread values. In one such
embodiment, the receiver system 14 is configured to obtain the despread values from each signal of interest in the first
group by obtaining despread values corresponding to one or more unused channelization codes of the signal of interest.
[0042] It will be remembered that for CDMA embodiments at least, the individual signals of interest can be recovered
from the received composite signal by correlating the received composite signal with a user-specific code, e.g., a scram-
bling or other long code that is unique to each mobile station 22-x (where "x" denotes any one of the mobile stations
22). Further, each signal of interest is channelized using, e.g., a set of Walsh codes or other orthogonal/quasi-orthogonal
spreading codes. To the extent that the mobile station 22-x does not transmit on all of the defined codes, the receiver
system 14 of the base station 12 can despread the signal of interest from the mobile station 22-x on one or more of that
mobile station’s unused codes and use those despread values to obtain signal-specific impairment correlation estimates.
"Impairment" in this context generally includes interference plus noise.
[0043] In another embodiment, the receiver system 14 implements a so-called "parametric" G-Rake receiver archi-
tecture and parametrically estimates signal-specific correlations for each signal of interest in the first group. (In a para-
metric G-Rake, impairment correlations are represented in a model, and the model is fitted to rough impairment correlation
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measurements taken from the signal of interest via a least-squares or other fitting process.) In yet another embodiment,
the receiver system 14 calculates signal-specific correlation estimates for each signal of interest in the first group using
despread pilot values or despread data values of traffic data symbols. Thus, while the calculation of signal-specific
correlations for each signal in the first group may preferably be based on computing individualized impairment correlation
estimates for each such signal from despread values obtained on the unused codes of each such signal, those skilled
in the art will appreciate that the teachings presented herein are not limited to that approach.
[0044] The processing of Fig. 4 further includes estimating combining weights for each signal of interest in the second
group (Group 2) (Block 104), and, depending on the particular signal processing desired, processing may continue with
performing signal combining based on the computed combining weights (Block 106). For example, the combining weights
computed for each signal of interest may be used for combining multipath components of each signal of interest in the
first and second groups in a linear equalization receiver system.
[0045] In the above descriptions for correlation estimation regarding the first group of signals of interest, the receiver
system 14 derived non-shared correlation estimates for each signal of interest from that signal of interest, e.g., using
the scrambling code of the signal of interest. In contrast, in one or more embodiments, the receiver system 14 is configured
to derive the shared correlation estimates from the received composite signal. In at least one embodiment, the receiver
system 14 is configured to compute the combining weights for each signal of interest in the second group as a function
of shared correlation estimates, based on deriving a set of correlation estimates from the received composite signal
corresponding to processing delay differences associated with the signals of interest in the second group. With that
approach, for each signal in the second group, the receiver system 14 is configured to extract from the set of correlation
estimates those correlation estimates particularly corresponding to the signal of interest.
[0046] Here, "particularly corresponding" does not imply that the correlation estimates extracted from the pool of shared
correlation estimates are absolutely unique to the given signal of interest in the second group. Instead, that phrase is
used because the pool of shared correlation estimates generated for the signals of interest in the second group includes
values for the at least one of processing delay differences, receive antenna differences, and, possibly, received signal
sampling phases, that are collectively associated with the signals of interest in the second group. Thus, selecting cor-
relation estimates from the shared pool that particularly correspond to a given signal of interest in the second group
comprises, for example, selecting those correlation estimate values corresponding to that given signal’s particular
processing delay differences, receive antenna differences, and, possibly, its sampling phases.
[0047] Continuing with illustrated details, Fig. 7 illustrates a set 50 of G-Rake functions 52, each of which can be used
to process a given signal of interest included in the received composite signal. Each G-Rake function 52 includes a
plurality of Rake fingers 54 (correlators) that allow one or more selected code channels to be despread from a signal of
interest. Each Rake finger outputs a finger signal (despread values obtained from the signal of interest), and each finger
signal is weighted by one of the combining weights (w1, w2, ..., wm) from the corresponding vector of combining weights
w determined for the signal of interest. A combining function 56 combines the weighted finger signals to produce a
combined signal for further processing (e.g., decoding to recover transmitted data).
[0048] For each signal of interest in the first group, the combining weights are computed using non-shared, signal-
specific correlation estimates. However, for each signal of interest in the second group, the combining weights are
computed using shared correlation estimates. For the G-Rake example, the shared correlation estimates can be com-
puted by determining the correlations between samples of the received composite signal at delay differences (for certain
sampling phases) corresponding to the delay and/or antenna differences between the Rake fingers 54. Thus, to the
extent that the delay differences for a first signal of interest are partly or wholly the same as the delay differences for
one or more other signals of interest, the correlation estimates computed for those delay differences may be shared
among the corresponding G-Rake functions 52.
[0049] As such, the processing circuit(s) 16 can be configured to generate a pool of shared correlation estimates
covering all of the delay differences between the Rake finger delays of each G-Rake function 52 being used to process
a signal of interest in the second group. To the extent that a given delay difference is applicable to more than one signal
of interest, the correlation estimate determined for that delay difference can be shared among the G-Rake functions 52
of those signals of interest. Broadly, the pool of shared correlation estimates includes correlation estimates for all of the
unique delay differences represented by the aggregate set of Rake functions 52 being used for processing the signals
of interest in the second group.
[0050] Fig. 8 illustrates a comparable arrangement for processing the signals of interest included in the received
composite signal, but one based on a CE receiver architecture rather than the above G-Rake receiver architecture. The
receiver system 14 in this embodiment includes a set 60 of CE functions 62, each of which can be used to process a
given signal of interest. Each CE function 62 includes a serial delay register 64, a combining circuit 66, and a correlator
68. The delay register 64 provides an output tap at each delay stage, such that samples of the signal of interest may be
taken at selected processing delays and weighted according to the combining weights (w1, w2, ..., wm) from the corre-
sponding vector of combining weights w determined for the signal of interest. Again, those combining weights are
computed from shared correlation estimates for signals of interest in the second group, and from non-shared correlation
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estimates for signals of interest in the first group.
[0051] As with the G-Rake implementations finger delay differences, one sees that the shared correlation estimates
may be computed for the filter tap delay differences of each CE function 62. That is, the digital filtering determined for
each signal of interest dictates the selection of tap outputs from a subset of delay stages in the delay register 64, and
two or more of the signals of interest in the second group may shared at least some of the same tap delay differences,
meaning that they can share correlation estimates corresponding to those shared tap delay differences.
[0052] With Figs. 6 and 7 in mind, it should be understood that the teachings herein provide a method wherein the
processing delays (used as the basis for shared correlation estimation) can comprise Rake receiver finger delays for
multipath processing of the signals of interest in the second group, or equivalently can comprise chip equalization filter
tap delays for multipath processing of the signals of interest in the second group. Further, it should be understood that
the receiver system’s one or more processing circuits 16 include, in one or more embodiments, hardware and/or software
resources that can be dynamically assigned or otherwise allocated for processing the signals of interest included in the
received composite signal. With that arrangement, pools of G-Rake or CE processing elements may be available from
which particular processing resources are assigned to each signal of interest.
[0053] Thus, the receiver system 14 can be configured to, for example, compute combining weights for each signal
of interest in the second group as a function of shared correlation estimates based on deriving a set of correlation
estimates from the received composite signal corresponding to processing delay differences associated with the signals
of interest in the second group, and, for each signal in the second group, extracting from the set of correlation estimates
those correlation estimates particularly corresponding to the processing delay differences of the signal of interest. That
is, in at least one embodiment, a control function or other processing element within the one or more processing circuits
16 selects the appropriate subset of correlation estimates from a pool of shared correlation estimates, for each signal
of interest in the second group. Here, the pool of shared correlation estimates comprises the aggregate collection of all
unique delay differences needed for processing the signals of interest in the second group.
[0054] In at least one such embodiment, the receiver system 14 is configured to maintain the shared correlation
estimates as a set of data sample correlations obtained from the received composite signal at delay differences corre-
sponding to a set of processing delay and/or antenna differences for the signals of interest in the second group. In this
context, maintaining the shared correlation estimates as the set of data sample correlations obtained from the received
composite signal at delay differences corresponding to the set of processing delay and/or antenna differences for the
signals of interest in the second group includes updating the set of data sample correlations to reflect changing multipath
characteristics of the signals of interest in the second group and to reflect signals of interest being added to and dropped
from the second group.
[0055] Fig. 9 illustrates processing functions (i.e., hardware and/or software based circuits) implemented within the
one or more processing circuits 16 in one or more embodiments of the receiver system 14, which are directed to generating
and maintaining the pool of shared correlation estimates. The illustrated functions may process all of the signals of
interest, or they may be functionally duplicated as needed, for like processing of multiple signals of interest in parallel.
As applied to any given signal of interest, the illustrated functions include a path searcher function 70, a Power Delay
Profile (PDP) function 72, a processing delay function 74 (e.g., a finger/tap placement processor), and a channel esti-
mation function 76. These functions are shown in context with the combining weight function 32 and correlation estimation
function 34 introduced in Fig. 3.
[0056] For each signal of interest, the PDP function 70 uses the received signal to generate a power/delay profile
(PDP) for the signal of interest. The path searcher function 72 identifies multipath components, e.g., by detecting cor-
relation peaks in the PDP on a defined timing grid. In turn, the processing delay function 74 determines which processing
delays are appropriate for multipath processing of the signal of interest-e.g., which CE filter taps or which G-Rake finger
delay placements to use. The correlation estimation function 34 computes correlation estimates using, e.g., received
composite signal samples taken at the identified processing delays, such that it produces inter-sample correlation esti-
mates for the differences between those delays.
[0057] Notably, the correlation estimation function 34 may include or be associated with a control element that recog-
nizes whether any of the delay differences identified for a particular signal of interest are shared with other signals of
interest in the second group, such that correlation estimation processing can be skipped for those delay differences, in
favor of reusing (sharing) correlation estimates already calculated for those delay differences. Any new correlation
estimates calculated for the signal of interest may be placed into the pool of shared correlation estimates, so that they
also can be shared. In any case, the combining weight function 32 uses the appropriate correlation estimates and
corresponding channel estimates (which generally are unique to each signal of interest) to compute the combining
weights for processing the signal of interest.
[0058] While the above approach includes dynamic calculation of shared correlation estimates to cover the unique
delay differences represented in the aggregate by the signals of interest in the second group, the teachings herein also
contemplate additional embodiments that offer further processing load reductions. Particularly, Fig. 10 illustrates a
processing delay grid, which represents, for example, a predefined set of allowed Rake finger placements or CE filter taps.
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[0059] With this predefined and constrained set of allowed processing delays, the receiver system 14 can be configured
with pre-computed correlation estimates corresponding to the universe of possible delay differences. Fig. 11 illustrates
that the receiver system 14 includes or is associated with a memory 80 or other storage device, which stores a data
structure 82 (table, list, etc.) containing pre-computed correlation estimates representing all of the possible delay differ-
ences applicable to the defined placement grid of Fig. 10.
[0060] Of course, regardless of whether the shared correlation estimations represent on-the-fly or pre-computed values,
the teachings of this disclosure reflect the insight that shared correlation estimates may not yield desired signal processing
performance for certain ones of the signals of interest. For very high-rate signals of interest ("users"), it may be necessary
to use non-shared, signal-specific correlation estimates, to achieve the desired signal processing performance. In par-
ticular, it may be preferred to compute non-shared correlation estimates for each such signal of interest using unused
(channel) codes to derive the combining weights for that signal of interest.
[0061] For example, Fig. 12 illustrates BER performance for base station decoding of a defined WCDMA uplink data
channel from a given mobile station 22-x, comparing the performance of a practical G-Rake receiver estimating impair-
ment correlations for the signal using unused codes with the performance of an ideal G-Rake receiver that has perfect
impairment correlation knowledge. One sees that impairment correlations determined from relatively few unused codes
are sufficient to approximate the performance of the ideal receiver.
[0062] Further, Figs. 13 and 14 illustrate that good signal processing performance can be achieved for low-rate signals
of interest, regardless of whether the G-Rake determines combining weights from unused code correlations (non-shared,
signal-specific) or from received composite signal sample correlations (shared, non-specific). Thus, for voice and/or
other low-rate applications, the receiver system 14 can reduce/simplify its processing by using shared correlations as
taught herein.
[0063] Fig. 15 accordingly sets forth one G-Rake based embodiment of a method of processing a plurality of signals
of interest included in a received composite signal. Those skilled in the art will appreciate that the processing qualifica-
tions/variations, looping control, etc., as described for Fig. 4 apply here.
[0064] With that in mind, the illustrated processing begins assuming that a given signal of interest included in the
received composite signal is being evaluated. As such, a sharing criterion is computed for the signal of interest (Block
110). As noted earlier, the sharing criterion may be defined as a data rate related criterion. For example, the sharing
criterion may be defined as a data rate or received signal power threshold, such as was shown in Fig. 5. The sharing
criterion also may consider current processing resource availability at the base station 12, such as shown in Fig. 6. It
will be understood that the same sharing criterion can be evaluated for each signal of interest, or the sharing criterion
can be computed differently for at least some of the signals of interest. For example, as signals of interest are logically
added to the first group for non-shared correlation estimation, the sharing criterion may be adjusted to raise the threshold
for adding another signal of interest to the first group.
[0065] Processing continues for the signal of interest with evaluating the sharing criterion (Block 112). If the sharing
criterion indicates that the use of shared correlation estimates is not appropriate for the signal of interest, processing
continues with the computation of non-shared correlation estimates, e.g., with the computation of a user-specific impair-
ment covariance matrix Ru (Block 114) and the determination of G-Rake combining weights based on the user-specific
correlation estimates (Block 116).
[0066] Conversely, if the sharing criterion indicates that the use of shared correlation estimates is appropriate for the
signal of interest, processing continues from Block 112 with the computation of shared correlation estimates for the
signal of interest (Block 118). That computation comprises, for example, extracting the appropriate subset of shared
correlation estimates from a pool of shared correlation estimates. That is, Block 118 may comprise forming Rd for the
signal of interest based on the G-Rake finger delay differences corresponding to the signal of interest.
[0067] Thus, according to the teachings presented herein, one or more embodiments of the base station 12 uses a
sharing criterion to determine whether user-specific correlations or shared correlations are used for determining the G-
Rake combining weights for given users of interest. By way of non-limiting examples, the sharing criterion can be a
transmission rate, received power, or received signal-to-interference-plus noise ratio (SINR), for the signal of interest.
The user-specific correlations can be, for example, impairment correlations estimated by using the unused codes from
the perspective of the user of interest, or other user-specific correlations such as parametric impairment or data covariance
matrices. The shared correlations can be, for example, received signal sample correlations. For example, the despread
values of unused codes can be used to derive the combining weights for the G-Rake receiver of a high-rate user, while,
for medium-to-low rate users, the combining weights are derived using shared receive signal sample correlations.
[0068] Fig. 16 illustrates another embodiment of a base station receiver architecture that can be embodied in the
receiver system 14 according to the above example using hardware and/or software provisioning of the receiver system
14. One sees despreading functions 84-1 and 84-2 used to obtain despread values from unused codes for two users
(User 1 and User 2), for which non-shared correlation estimates are to be used. Correspondingly, two impairment
correlation estimation functions 86-1 and 86-2 use the user-specific despread values to determine user-specific corre-
lation estimates in the form of impairment covariance matrices Ru, user1 and Ru, user2. In turn, G-Rake processing functions
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88-1 and 88-2 perform G-Rake combining of User 1’s signal of interest and User 2’s signal of interest, respectively, using
combining weights wuser1 and wuser2, as determined from Ru, user1 and Ru,user2.
[0069] For three other users, User 3, User 4, and User 5, the use of shared correlation estimates is appropriate. Thus,
a correlation estimation function 90 determines (as needed) shared correlation estimates for the processing delay dif-
ferences applicable to the G-Rake processing of signals of interest for Users 3, 4, and 5. For example, it determines
inter-sample correlations between data samples taken from the received composite signal for the processing delays of
interest with respect to Users 1-3. In turn, the receiver system 14 computes combining weights wuser3, wuser4, and wuser5
for combining the G-Rake finger signals for each of User 3, User 4, and User 5, in the respectively assigned G-Rake
processing functions 88-3, 88-4, and 88-5.
[0070] In further detail, for G-Rake processing of the signal of interest from a User i, whose signal of interest is to be

combined using combining weights determined from non-shared correlation estimates, let  be the despread

value from the ith user’s kth unused code during mth symbol interval (e.g., a defined symbol interval in a received WCDMA-
based uplink signal of interest). Note that the spreading factor for an unused code can be chosen arbitrarily. Note also

that  may contain despread values from multiple receive antennas-see, e.g., the one or more base station receive

antennas 17 shown in Fig. 2. The estimated impairment covariance matrix can be obtained by 

where K is the number of unused codes and M is the number of symbol periods used. The estimated impairment
covariance matrix Ru (i) is then used to formulate the G-Rake combining weights for User i.
[0071] The receive sample correlation for a delay difference Δ with respect to a (base station) antenna pair i and j,
and sampling phase m can be calculated by 

where Tc is the chip period, Ts is the sampling period, L is the smoothing factor, and rn (t) is the received composite
signal at time t from the nth base station receive antenna. The delay differences will include all the delay differences
between G-Rake fingers of every G-Rake processing function 88-i being used to process the signals of interest in the
second group (Group 2), which comprise all the medium-to-low rate signals of interest in one or more embodiments.
Each G-Rake processing function 88-i for each user i in the second group can thus obtain its own data covariance matrix
Rd (i) by taking or otherwise selecting the appropriate values from the pool of shared received composite signal sample
correlations.
[0072] As discussed in preceding examples, a given user is classified as a high-rate signal or medium-to-low rate
signal based on one or more criteria, such as the rate, the received power, the SINR, etc. The rate can be the actual
transmission rate of the user or the rate granted by the base station 12.
[0073] An exemplary flow chart for determining G-Rake combining weights at a CDMA-implementation of the base
station 12 is shown in Fig. 17. The previously mentioned qualifications regarding possible variations in processing order,
looping, etc., apply equally to Fig. 17.
[0074] With that in mind, processing begins (Block 120) with finding the path delays of a signal of interest using a path
searcher function (Block 122), e.g., path searcher function 70 from Fig. 9. The path delays are used to determine the
G-Rake finger delays for the processing of this particular signal of interest (Block 124). Then, the sharing criterion is
estimated. In the illustration, the sharing criterion is the signal’s transmission rate (granted or actual) or the signal’s
received power at the base station 12 (Block 126).
[0075] The sharing criterion is then evaluated (Block 128), with that evaluation serving as the basis for classifying
whether the signal of interest is a high-rate user-which may be evaluated from any one or more of signal rate, signal
power, and signal SNR. If the signal of interest is classified as being that of a high-rate user, unused codes for that user
are used to estimate an impairment covariance matrix for the user (Block 130). In turn, that user-specific impairment
covariance matrix is used to determine G-Rake combining weights for the user (Block 132).

^

^
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[0076] On the other hand, if the user’s signal of interest is not considered a high-rate signal by whatever sharing
criterion is used, the receiver system 14 checks whether the G-Rake finger delay differences applicable to the signal of
interest are all represented in the pool of shared correlation estimates (Block 134). More particularly, this embodiment
evaluates whether the delay differences applicable to the signal of interest represent any new delay differences for which
shared correlation estimates are not already available. If not, processing continues with the formulation of correlation
estimates for the signal of interest based on extracting or otherwise selecting the appropriate data sample correlations
from the pool (Block 136). While these data sample correlations are specific to the signal of interest in the sense that
they are selected to match the G-Rake finger delay differences applicable to the signal of interest, they are considered
to be "shared" within the context of this discussion because they are commonly available for use with any other signal
of interest having one or more of like delay differences.
[0077] That is, the correlation estimates to be used for computing combining weights for the signal of interest are
obtained by reading (extracting) the shared sample correlations according to the user-specific delay differences applicable
to the signal of interest and possibly sampling phases. In any case, the extracted data sample correlations are used to
compute combining weights for the signal of interest for G-Rake processing (Block 132).
[0078] On the other hand, with respect to Block 134, if one or more of the delay differences applicable to the signal
of interest are not represented in the pool of shared correlation estimates, processing includes updating that pool with
received signal sample correlations for those new delays (Block 138). In this manner, the pool may be maintained by
adding new data sample correlations as new delay differences come into play (and by deleting any data sample corre-
lations that become obsolete as users are dropped, added, and as conditions change). Of course, as mentioned earlier
herein, the pool of shared correlation estimates may comprise pre-computed values representing the universe of delay
differences corresponding to a defined processing delay grid (see Figs. 9 and 10, for example).
[0079] Broadly, the teachings herein logically place signals of interest included in a received composite signal into a
first or second group. That placement is driven by evaluating a sharing criterion for the signals, which indicates the
appropriateness or desirability of computing signal combining from non-shared correlation estimates, or from shared
correlation estimates. The use of shared correlation estimates reduces processing complexity, but may not yield desired
processing performance for high-rate signals of interest, for example.
[0080] In this regard, then, the teachings herein allow a base station receiver system, such as may be implemented
in hardware and/or software within a CDMA base station, to provide for the computation of non-shared correlation
estimates for use with one or more selected signals of interest, while simultaneously exploiting the signal processing
complexity reductions gained through the use of shared correlation estimates for other signals of interest.

Claims

1. A method of determining combining weights for processing signals of interest included in a received composite
signal, said method being for use in a wireless communication network and characterized by:

grouping the signals of interest into first and second groups;
computing combining weights for each signal of interest in the first group as a function of non-shared correlation
estimates; and
computing combining weights for each signal of interest in the second group as a function of shared correlation
estimates;

wherein said grouping of the signals of interest into the first and second groups comprises placing each signal of
interest into either the first group or into the second group based on evaluating a sharing criterion for each signal
of interest..

2. The method of claim 1, further characterized by combining multipath components of each signal of interest in the
first and second groups in a linear equalization receiver system (14), according to the combining weights computed
for each signal of interest.

3. The method of claim 1, further characterized in that said placing each signal of interest into either the first group
or into the second group based on evaluating a sharing criterion for each signal of interest comprises placing each
signal of interest into either the first group or into the second group based on evaluating a data rate related criterion
of each signal of interest.

4. The method of claim 1, further characterized by estimating signal quality of at least one signal of interest in the
first or second groups according to the combining weights computed for the at least one signal of interest.
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5. The method of claim 1, further characterized in that said computing combining weights for each signal of interest
in the first group as a function of the non-shared correlation estimates includes deriving signal-specific correlation
estimates from each signal of interest in the first group, and computing the combining weights for each signal of
interest in the first group from the corresponding signal-specific correlation estimates.

6. The method of claim 5, further characterized in that said deriving signal-specific correlation estimates from each
signal of interest in the first group comprises obtaining despread values from each signal of interest in the first group,
and estimating impairment correlations from the despread values.

7. The method of claim 5, further characterized in that said deriving signal-specific correlation estimates from each
signal of interest in the first group comprises obtaining despread values from each signal of interest in the first group,
corresponding to one or more unused channelization codes of the signal of interest, and estimating impairment
correlations from the despread values.

8. The method of claim 1, further characterized in that said computing combining weights for each signal of interest
in the second group as a function of shared correlation estimates includes deriving a set of correlation estimates
from the received composite signal corresponding to at least one of processing delay differences, antenna delay
differences, and sampling phases, that are associated collectively with the signals of interest in the second group,
and, for each signal in the second group, extracting from the set of correlation estimates those correlation estimates
particularly corresponding to the signal of interest.

9. The method of claim 1, further characterized by maintaining the shared correlation estimates as a set of data
sample correlations obtained from the received composite signal at delay differences corresponding to a set of
processing delay differences for the signals of interest in the second group.

10. The method of claim 9, further characterized in that said maintaining the shared correlation estimates as the set
of data sample correlations obtained from the received composite signal at delay differences corresponding to the
set of processing delay differences for the signals of interest in the second group includes updating the set of data
sample correlations to reflect changing multipath characteristics of the signals of interest in the second group and
to reflect signals of interest being added to and dropped from the second group.

11. The method of claim 9, further characterized in that the processing delays comprise Rake receiver finger delays
for multipath processing of the signals of interest in the second group, or equivalently comprise chip equalization
filter tap delays for multipath processing of the signals of interest in the second group.

12. The method of claim 1, further characterized in that the received composite signal comprises a composite of a
plurality of received Code Division Multiple Access (CDMA) uplink signals from a plurality (20) of remote radio
transmitters (22-1, 22-2, 22-N).

13. A receiver system (14) for use in a wireless communication network base station (12), said receiver system (14)
characterized by one or more processing circuits (16) configured to determine combining weights for processing
signals of interest included in a received composite signal by:

grouping the signals of interest into first and second groups;
computing combining weights for each signal of interest in the first group as a function of non-shared correlation
estimates; and
computing combining weights for each signal of interest in the second group as a function of shared correlation
estimates;

wherein the receiver system (14) is configured to group the signals of interest into the first and second groups by
placing each signal of interest into either the first group or into the second group based on evaluating a sharing
criterion of each signal of interest.

14. The receiver system (14) of claim 13, further characterized in that the receiver system (14) includes one or more
linear equalizers (38, 50, 60) configured to combine multipath components of each signal of interest in the first and
second groups according to the combining weights computed for each signal of interest.

15. The receiver system (14) of claim 13, further characterized in that the sharing criterion comprises a data rate
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related criterion and in that the receiver system (14) is configured to group the signals of interest into the first and
second groups by placing each signal of interest into either the first group or into the second group based on
evaluating the data rate related criterion of each signal of interest.

16. The receiver system (14) of claim 13, further characterized in that the receiver system (14) is configured to estimate
signal quality of at least one signal of interest in the first or second groups according to the combining weights
computed for that at least one signal,

17. The receiver system (14) of claim 13, wherein the receiver system (14) is configured to compute the combining
weights for each signal of interest in the first group by deriving signal- specific correlation estimates from each signal
of interest in the first group, and to compute the combining weights for each signal of interest in the first group from
the corresponding signal- specific correlation estimates.

18. The receiver system (14) of claim 13, wherein the receiver system (14) is configured to derive the signal-specific
correlation estimates from each signal of interest in the first group by obtaining despread values from each signal
of interest in the first group, and estimating impairment correlations from the despread values.

19. The receiver system (14) of claim 18, wherein the receiver system (14) is configured to obtain the despread values
from each signal of interest in the first group by obtaining despread values corresponding to one or more unused
channelization codes of the signal of interest.

20. The receiver system (14) of claim 13, wherein the receiver system (14) is configured to compute the combining
weights for each signal of interest in the second group as a function of shared correlation estimates by deriving a
set of correlation estimates from the received composite signal corresponding to at least one of processing delay
differences, receive antenna differences, and signal sampling phases, that are associated collectively with the
signals of interest in the second group, and, for each signal of interest in the second group, extracting from the set
of correlation estimates those correlation estimates particularly corresponding to the signal of interest.

Patentansprüche

1. Verfahren zur Bestimmung von Kombinationsgewichtungen für Verarbeitungssignale von Interesse, die in einem
empfangenen zusammengesetzten Signal enthalten sind, wobei das Verfahren zur Verwendung in einem drahtlosen
Kommunikationsnetzwerk vorgesehen und durch Folgendes gekennzeichnet ist:

Gruppieren der fraglichen Signale in eine erste und zweite Gruppe;
Berechnen von Kombinationsgewichtungen für jedes fragliche Signal in der ersten Gruppe in Abhängigkeit von
nicht geteilten Korrelationsschätzungen; und
Berechnen von Kombinationsgewichtungen für jedes fragliche Signal in der zweiten Gruppe in Abhängigkeit
von geteilten Korrelationsschätzungen;

wobei das Gruppieren der fraglichen Signale in die erste und zweite Gruppe das Einordnen jedes fraglichen Signals
in entweder die erste Gruppe oder die zweite Gruppe auf der Grundlage einer Beurteilung eines geteilten Kriteriums
für jedes fragliche Signal umfasst.

2. Verfahren nach Anspruch 1, weiterhin gekennzeichnet durch das Kombinieren von Mehrwegekomponenten jedes
fraglichen Signals in der ersten und in der zweiten Gruppe in einem Empfängersystem mit linearer Entzerrung (14)
gemäß den für jedes fragliche Signal ermittelten Kombinationsgewichtungen.

3. Verfahren nach Anspruch 1, weiterhin dadurch gekennzeichnet, dass das Einordnen jedes fraglichen Signals in
entweder die erste Gruppe oder die zweite Gruppe auf der Grundlage einer Beurteilung eines geteilten Kriteriums
für jedes fragliche Signal das Einordnen jedes fraglichen Signals in entweder die erste Gruppe oder die zweite
Gruppe auf der Grundlage einer Beurteilung eines datenratenbezogenen Kriteriums für jedes fragliche Signal um-
fasst.

4. Verfahren nach Anspruch 1, weiterhin gekennzeichnet durch Schätzen der Signalqualität mindestens eines frag-
lichen Signals in der ersten und in der zweiten Gruppe gemäß den für das mindestens eine fragliche Signal ermittelten
Kombinationsgewichtungen.



EP 2 229 738 B1

15

5

10

15

20

25

30

35

40

45

50

55

5. Verfahren nach Anspruch 1, weiterhin dadurch gekennzeichnet, dass das Ermitteln von Kombinationsgewichtun-
gen für jedes fragliche Signal in der ersten Gruppe in Abhängigkeit von den nicht geteilten Korrelationsschätzungen
das Ableiten von signalspezifischen Korrelationsschätzungen von jedem fraglichen Signal in der ersten Gruppe und
das Ermitteln der Kombinationsgewichtungen für jedes fragliche Signal in der ersten Gruppe mit den entsprechenden
signalspezifischen Korrelationsschätzungen umfasst.

6. Verfahren nach Anspruch 5, weiterhin dadurch gekennzeichnet, dass das Ableiten von signalspezifischen Kor-
relationsschätzungen von jedem fraglichen Signal in der ersten Gruppe das Erhalten von Entspreizwerten von jedem
fraglichen Signal in der ersten Gruppe und das Schätzen von Beeinträchtigungskorrelationen anhand der Entspreiz-
werte umfasst.

7. Verfahren nach Anspruch 5, weiterhin dadurch gekennzeichnet, dass das Ableiten von signalspezifischen Kor-
relationsschätzungen von jedem fraglichen Signal in der ersten Gruppe das Erhalten von Entspreizwerten von jedem
fraglichen Signal in der ersten Gruppe, die einem oder mehreren nicht verwendeten Kanalisierungscodes des
fraglichen Signals entsprechen, und das Schätzen von Beeinträchtigungskorrelationen von den Entspreizwerten
umfasst.

8. Verfahren nach Anspruch 1, weiterhin dadurch gekennzeichnet, dass das Ermitteln von Kombinationsgewichtun-
gen für jedes fragliche Signal in der zweiten Gruppe in Abhängigkeit von geteilten Korrelationsschätzungen das
Ableiten einer Menge an Korrelationsschätzungen von dem empfangenen zusammengesetzten Signal, die mindes-
tens einem der Verarbeitungsverzögerungsunterschiede, Antennenverzögerungsunterschiede und Abtastphasen,
die gemeinsam mit den fraglichen Signalen in der zweiten Gruppe verknüpft sind, und bei jedem Signal in der
zweiten Gruppe das Extrahieren derjenigen Korrelationsschätzungen, die insbesondere dem fraglichen Signal ent-
sprechen, aus der Menge Korrelationsschätzungen einschließt.

9. Verfahren nach Anspruch 1, weiterhin gekennzeichnet durch das Aufrechterhalten der geteilten Korrelationsschät-
zungen als eine Menge an Datenprobenkorrelationen, die von dem empfangenen zusammengesetzten Signal mit
Verzögerungsunterschieden erhalten wurden, die einer Menge an Verarbeitungsverzögerungsunterschieden der
fraglichen Signale in der zweiten Gruppe entsprechen.

10. Verfahren nach Anspruch 9, weiterhin dadurch gekennzeichnet, dass das Aufrechterhalten der geteilten Korre-
lationsschätzungen als die Menge an Datenprobenkorrelationen, die von dem empfangenen zusammengesetzten
Signal mit Verzögerungsunterschieden erhalten wurden, die einer Menge an Verarbeitungsverzögerungsunterschie-
den der fraglichen Signale in der zweiten Gruppe entsprechen, das Aktualisieren der Menge an Datenprobenkor-
relationen einschließt, um die sich ändernden Mehrwegeeigenschaften der fraglichen Signale in der zweiten Gruppe
wiederzugeben und um das Addieren von Signalen von Interesse zu der und das Entfernen solcher Signale aus
der zweiten Gruppe wiederzugeben.

11. Verfahren nach Anspruch 9, weiterhin dadurch gekennzeichnet, dass die Verarbeitungsverzögerungen RAKE-
Empfängerfingerverzögerungen für die Mehrwegeverarbeitung der fraglichen Signale der zweiten Gruppe umfassen
oder ebenso Verzögerungen durch die Chipentzerrung bei Filterabgriffen für die Mehrwegeverarbeitung der fragli-
chen Signale der zweiten Gruppe umfassen.

12. Verfahren nach Anspruch 1, weiterhin dadurch gekennzeichnet, dass das empfangene zusammengesetzte Signal
eine Zusammensetzung aus einer Mehrzahl an empfangenen Code-Division-Multiple-Access (CDMA)-Uplink-Sig-
nalen von einer Mehrzahl (20) von Fern-Funksendern (22-1, 22-2, 22-N) umfasst.

13. Empfängersystem (14) zur Verwendung in der Basisstation (12) eines drahtlosen Kommunikationsnetzwerks, wobei
das Empfängersystem (14) durch einen oder mehrere Verarbeitungsschaltkreise (16) gekennzeichnet ist, die zum
Bestimmen von Kombinationsgewichtungen für Verarbeitungssignale von Interesse in einem empfangenen zusam-
mengesetzten Signal durch Folgendes konfiguriert sind:

Gruppieren der fraglichen Signale in eine erste und zweite Gruppe;
Berechnen von Kombinationsgewichtungen für jedes fragliche Signal in der ersten Gruppe in Abhängigkeit von
nicht geteilten Korrelationsschätzungen; und
Berechnen von Kombinationsgewichtungen für jedes fragliche Signal in der zweiten Gruppe in Abhängigkeit
von geteilten Korrelationsschätzungen;
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wobei das Empfängersystem (14) dazu konfiguriert ist, die fraglichen Signale in die erste und zweite Gruppe durch
Einordnen jedes fraglichen Signals in entweder die erste Gruppe oder die zweite Gruppe auf der Grundlage einer
Beurteilung eines geteilten Kriteriums für jedes fragliche Signal zu gruppieren.

14. Empfängersystem (14) nach Anspruch 13, weiterhin dadurch gekennzeichnet, dass das Empfängersystem (14)
einen oder mehrere lineare Entzerrer (38, 50, 60) umfasst, die dazu konfiguriert sind, Mehrwegekomponenten jedes
fraglichen Signals in der ersten und in der zweiten Gruppe gemäß den für jedes fragliche Signal ermittelten Kom-
binationsgewichtungen zu kombinieren.

15. Empfängersystem (14) nach Anspruch 13, weiterhin dadurch gekennzeichnet, dass das geteilte Kriterium ein
datenratenbezogenes Kriterium umfasst und dass das Empfängersystem (14) dazu konfiguriert ist, die fraglichen
Signale in die erste und zweite Gruppe durch Einordnen jedes fraglichen Signals in entweder die erste Gruppe oder
die zweite Gruppe auf der Grundlage einer Beurteilung des datenratenbezogenen Kriteriums für jedes fragliche
Signal zu gruppieren.

16. Empfängersystem (14) nach Anspruch 13, weiterhin dadurch gekennzeichnet, dass das Empfängersystem (14)
dazu konfiguriert ist, die Signalqualität mindestens eines fraglichen Signals in der ersten und in der zweiten Gruppe
gemäß den für dieses mindestens eine Signal ermittelten Kombinationsgewichtungen zu schätzen.

17. Empfängersystem (14) nach Anspruch 13, wobei das Empfängersystem (14) dazu konfiguriert ist, die Kombinati-
onsgewichtungen für jedes fragliche Signal in der ersten Gruppe durch Ableiten von signalspezifischen Korrelati-
onsschätzungen von jedem fraglichen Signal in der ersten Gruppe zu ermitteln und die Kombinationsgewichtungen
für jedes fragliche Signal in der ersten Gruppe mit den entsprechenden signalspezifischen Korrelationsschätzungen
zu ermitteln.

18. Empfängersystem (14) nach Anspruch 13, wobei das Empfängersystem (14) dazu konfiguriert ist, die signalspezi-
fischen Korrelationsschätzungen von jedem fraglichen Signal in der ersten Gruppe durch Erhalten von Entspreiz-
werten von jedem fraglichen Signal in der ersten Gruppe abzuleiten und die Beeinträchtigungskorrelationen anhand
der Entspreizwerte zu schätzen.

19. Empfängersystem (14) nach Anspruch 18, wobei das Empfängersystem (14) dazu konfiguriert ist, die Entspreizwerte
von jedem fraglichen Signal in der ersten Gruppe durch Erhalten von Entspreizwerten zu erhalten, die einem oder
mehreren nicht verwendeten Kanalisierungscodes des fraglichen Signals entsprechen.

20. Empfängersystem (14) nach Anspruch 13, wobei das Empfängersystem (14) dazu konfiguriert ist, die Kombinati-
onsgewichtungen für jedes fragliche Signal in der zweiten Gruppe in Abhängigkeit von geteilten Korrelationsschät-
zungen durch Ableiten einer Menge an Korrelationsschätzungen von dem empfangenen zusammengesetzten Signal
zu ermitteln, die mindestens einem der Verarbeitungsverzögerungsunterschiede, Empfangsantennenunterschiede
und Signalabtastphasen, die gemeinsam mit den fraglichen Signalen in der zweiten Gruppe verknüpft sind, und bei
jedem Signal in der zweiten Gruppe diejenigen Korrelationsschätzungen zu extrahieren, die insbesondere dem
fraglichen Signal entsprechen, aus der Menge Korrelationsschätzungen.

Revendications

1. Procédé de détermination de poids de combinaison pour traiter des signaux d’intérêt contenus dans un signal
composite reçu, ledit procédé étant destiné à une utilisation dans un réseau de communication sans fil et étant
caractérisé par le fait de :

regrouper les signaux d’intérêt dans des premier et deuxième groupes ;
calculer des poids de combinaison pour chaque signal d’intérêt dans le premier groupe en fonction d’estimées
de corrélation non partagées ; et
calculer des poids de combinaison pour chaque signal d’intérêt dans le deuxième groupe en fonction d’estimées
de corrélation partagées ;

dans lequel ledit regroupement des signaux d’intérêt dans les premier et deuxième groupes consiste à placer chaque
signal d’intérêt soit dans le premier groupe soit dans le deuxième groupe sur la base de l’évaluation d’un critère de
partage de chaque signal d’intérêt.
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2. Procédé selon la revendication 1, caractérisé en outre par le fait de combiner des composantes de trajets multiples
de chaque signal d’intérêt dans les premier et deuxième groupes dans un système récepteur à égalisation linéaire
(14), conformément aux poids de combinaison calculés pour chaque signal d’intérêt.

3. Procédé selon la revendication 1, caractérisé en outre en ce que ledit placement de chaque signal d’intérêt soit
dans le premier groupe soit dans le deuxième groupe sur la base de l’évaluation d’un critère de partage de chaque
signal d’intérêt consiste à placer chaque signal d’intérêt soit dans le premier groupe soit dans le deuxième groupe
sur la base de l’évaluation d’une critère lié au débit de données de chaque signal d’intérêt.

4. Procédé selon la revendication 1, caractérisé en outre par le fait d’estimer la qualité de signal d’au moins un signal
d’intérêt dans les premier ou deuxième groupes conformément aux poids de combinaison calculés pour l’au moins
un signal d’intérêt.

5. Procédé selon la revendication 1, caractérisé en outre en ce que ledit calcul de poids de combinaison pour chaque
signal d’intérêt dans le premier groupe en fonction des estimées de’ corrélation non partagées consiste à déduire
des estimées de corrélation spécifiques des signaux à partir de chaque signal d’intérêt dans le premier groupe, et
à calculer les poids de combinaison pour chaque signal d’intérêt dans le premier groupe à partir des estimées de
corrélation spécifiques des signaux correspondantes.

6. Procédé selon la revendication 5, caractérisé en outre en ce que ladite déduction d’estimées de corrélation
spécifiques des signaux à partir de chaque signal d’intérêt dans le premier groupe consiste à obtenir des valeurs
désétalées à partir de chaque signal d’intérêt dans le premier groupe, et à estimer des corrélations de dégradation
à partir des valeurs désétalées.

7. Procédé selon la revendication 5, caractérisé en outre en ce que ladite déduction d’estimées de corrélation
spécifiques des signaux à partir de chaque signal d’intérêt dans le premier groupe consiste à obtenir des valeurs
désétalées à partir de chaque signal d’intérêt dans le premier groupe, correspondant à un ou plusieurs codes de
découpage en canaux inutilisés du signal d’intérêt, et à estimer des corrélations de dégradation à partir des valeurs
désétalées.

8. Procédé selon la revendication 1, caractérisé en outre en ce que ledit calcul de poids de combinaison pour chaque
signal d’intérêt dans le deuxième groupe en fonction d’estimées de corrélation partagées consiste à déduire un
ensemble d’estimées de corrélation à partir du signal composite reçu correspondant à au moins l’une de différences
de retard de traitement, de différences de retard d’antennes, et de phases d’échantillonnage, qui sont associées
collectivement aux signaux d’intérêt dans le deuxième groupe, et, pour chaque signal dans le deuxième groupe, à
extraire à partir de l’ensemble d’estimées de corrélation les estimées de corrélation qui correspondent particulière-
ment au signal d’intérêt.

9. Procédé selon la revendication 1, caractérisé en outre par le fait de maintenir les estimées de corrélation partagées
en tant qu’ensemble de corrélations d’échantillons de données obtenues à partir du signal composite reçu pour des
différences de retard correspondant à un ensemble de différences de retard de traitement pour les signaux d’intérêt
dans le deuxième groupe.

10. Procédé selon la revendication 9, caractérisé en outre en ce que ledit maintien des estimées de corrélation
partagées en tant qu’ensemble de corrélations d’échantillons de données obtenues à partir du signal composite
reçu pour des différences de retard correspondant à l’ensemble de différences de retard de traitement pour les
signaux d’intérêt dans le deuxième groupe consiste à mettre à jour l’ensemble de corrélations d’échantillons de
données pour tenir compte des caractéristiques changeantes des trajets multiples des signaux d’intérêt dans le
deuxième groupe et pour tenir compte de signaux d’intérêt qui sont ajoutés au deuxième groupe et en sont retirés.

11. Procédé selon la revendication 9, caractérisé en outre en ce que les retards de traitement comprennent des
retards de doigts de récepteur Rake pour le traitement par trajets multiples des signaux d’intérêt dans le deuxième
groupe, ou de manière équivalente, comprennent des retards de prises de filtres d’égalisation d’éléments pour le
traitement par trajets multiples des signaux d’intérêt dans le deuxième groupe.

12. Procédé selon la revendication 1, caractérisé en outre en ce que le signal composite reçu comprend un composite
d’une pluralité de signaux de liaison montante reçus à Accès Multiples par Répartition de Code (CDMA, Code
Division Multiple Access) provenant d’une pluralité (20) d’émetteurs radio distants (22-1, 22-2, 22-N).
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13. Système récepteur (14) pour une utilisation dans une station de base (12) d’un réseau de communication sans fil,
ledit système récepteur (14) étant caractérisé par un ou plusieurs circuits de traitement (16) configurés pour
déterminer des poids de combinaison pour traiter des signaux d’intérêt contenus dans un signal composite reçu
par le fait de :

regrouper les signaux d’intérêt dans des premier et deuxième groupes ;
calculer des poids de combinaison pour chaque signal d’intérêt dans le premier groupe en fonction d’estimées
de corrélation non partagées ; et
calculer des poids de combinaison pour chaque signal d’intérêt dans le deuxième groupe en fonction d’estimées
de corrélation partagées ;

dans lequel le système récepteur (14) est configuré pour regrouper les signaux d’intérêt dans des premier et deuxième
groupes en plaçant chaque signal d’intérêt soit dans le premier groupe soit dans le deuxième groupe sur la base
de l’évaluation d’un critère de partage de chaque signal d’intérêt.

14. Système récepteur (14) selon la revendication 13, caractérisé en outre en ce que le système récepteur (14)
comprend un ou plusieurs égaliseurs linéaires (38, 50, 60) configurés pour combiner des composantes de trajets
multiples de chaque signal d’intérêt dans les premier et deuxième groupes conformément aux poids de combinaison
calculés pour chaque signal d’intérêt.

15. Système récepteur (14) selon la revendication 13, caractérisé en outre en ce que le critère de partage comprend
un critère lié au débit de données et en ce que le système récepteur (14) est configuré pour regrouper les signaux
d’intérêt dans des premier et deuxième groupes en plaçant chaque signal d’intérêt soit dans le premier groupe soit
dans le deuxième groupe sur la base de l’évaluation du critère lié au débit de données de chaque signal d’intérêt.

16. Système récepteur (14) selon la revendication 13, caractérisé en outre en ce que le système récepteur (14) est
configuré pour estimer la qualité de signal d’au moins un signal d’intérêt dans les premier ou deuxième groupes
conformément aux poids de combinaison calculés pour ledit au moins un signal.

17. Système récepteur (14) selon la revendication 13, dans lequel le système récepteur (14) est configuré pour calculer
les poids de combinaison pour chaque signal d’intérêt dans le premier groupe en déduisant des estimées de cor-
rélation spécifiques des signaux à partir de chaque signal d’intérêt dans le premier groupe, et pour calculer les poids
de combinaison pour chaque signal d’intérêt dans le premier groupe à partir des estimées de corrélation spécifiques
des signaux correspondantes.

18. Système récepteur (14) selon la revendication 13, dans lequel le système récepteur (14) est configuré pour déduire
les estimées de corrélation spécifiques des signaux à partir de chaque signal d’intérêt dans le premier groupe en
obtenant des valeurs désétalées à partir de chaque signal d’intérêt dans le premier groupe, et pour estimer des
corrélations de dégradation à partir des valeurs désétalées.

19. Système récepteur (14) selon la revendication 18, dans lequel le système récepteur (14) est configuré pour obtenir
les valeurs désétalées à partir de chaque signal d’intérêt dans le premier groupe en obtenant des valeurs désétalées
correspondant à un ou plusieurs codes de découpage en canaux inutilisés du signal d’intérêt.

20. Système récepteur (14) selon la revendication 13, dans lequel le système récepteur (14) est configuré pour calculer
les poids de combinaison pour chaque signal d’intérêt dans le deuxième groupe en fonction d’estimées de corrélation
partagées en déduisant un ensemble d’estimées de corrélation à partir du signal composite reçu correspondant à
au moins l’une de différences de retard de traitement, de différences d’antennes de réception, et de phases d’échan-
tillonnage des signaux, qui sont associées collectivement aux signaux d’intérêt dans le deuxième groupe et, pour
chaque signal d’intérêt dans le deuxième groupe, en extrayant à partir de l’ensemble d’estimées de corrélation les
estimées de corrélation qui correspondent particulièrement au signal d’intérêt.
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