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Interference is cancelled from a baseband signal by synthe 
sizing interference from estimated symbols in interfering 
subchannels. The estimated symbols are hard-coded, soft 
weighted, or Zeroed, depending on the value of an estimated 
pre-processed signal-to-interference-and-noise ratio (SINR) 
in each Subchannel in order to maximize a postprocessed 
SINR. The estimated pre-processed SINR is obtained from 
averages of estimated symbol energies and estimated noise 
variances, or from related Statistical procedures. 
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INTERFERENCE SUPPRESSION FOR CDMA 
SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/266,928, entitled “Soft Weighted 
Interference Cancellation for CDMA Systems, filed Nov. 4, 
2005, and published as U.S. Patent Application Publication 
Number 2006-0227854A1, which is a Continuation-in-Part 
of (1) U.S. patent application Ser. No. 1 1/233,636, entitled 
“Optimal Feedback Weighting for Soft-Decision Cancellers.” 
filed Sep. 23, 2005, and published as U.S. Patent Application 
Publication Number 2006-0227909 A1; and (2) U.S. patent 
application Ser. No. 1 1/100,935, entitled “Construction of 
Projection Operators for Interference Cancellation, filed 
Apr. 7, 2005, and published as U.S. Patent Application Pub 
lication Number 2005-0180364A1, which is a Continuation 
in-Part of (a) U.S. patent application Ser. No. 1 1/773,777, 
entitled “Systems and Methods for Parallel Signal Cancella 
tion, and filed on Feb. 6, 2004, now U.S. Pat. No. 7,394,879; 
(b) U.S. patent application Ser. No. 10/686,359, entitled 
“Systems and Methods for Adjusting Phase.” and filed Oct. 
15, 2003, now U.S. Pat. No. 7,068,706; (c) U.S. patent appli 
cation Ser. No. 10/686,829, entitled “Method and Apparatus 
for Channel Amplitude Estimation and Interference Vector 
Construction, and filed on Oct. 15, 2003, now U.S. Pat. No. 
7,580,448; (d) U.S. patent application Ser. No. 10/294,834, 
entitled "Construction of an Interference Matrix for a Coded 
Signal Processing Engine.” and filed on Nov. 15, 2002, now 
U.S. Pat. No. 7,200, 183; and (e) U.S. patent application Ser. 
No. 10/247,836, entitled “Serial Cancellation Receiver 
Design for a Coded Signal Processing Engine.” and filed on 
Sep. 20, 2002, now U.S. Pat. No. 7,158,559. The entirety of 
each of the foregoing patents, patent applications, and patent 
application publications is incorporated by reference herein. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates generally to interfer 
ence cancellation in received wireless communication signals 
and, more particularly, to forming a composite interference 
signal for interference cancellation. 
0004 2. Discussion of the Related Art 
0005. In an exemplary wireless multiple-access system, a 
communication resource is divided into subchannels and 
allocated to different users. For example, Subchannels may 
include time slots, frequency slots, multiple-access codes, 
spatio-temporal Subchannels, or any combination thereof A 
plurality of Subchannel signals received by a wireless termi 
nal (e.g., a Subscriber unit or a base station) may correspond 
to different users and/or different subchannels allocated to a 
particular user. In some systems, a plurality of Subchannels 
may be allocated to at least one user such that the number of 
users is less than the number of Subchannels. 
0006 If a single transmitter broadcasts different messages 
to different receivers, such as a base station in a wireless 
communication system broadcasting to a plurality of mobile 
terminals, the channel resource is subdivided in order to dis 
tinguish between messages intended for each mobile. Thus, 
each mobile terminal, by knowing its allocated Subchannel 
(s), may decode messages intended for it from the Superpo 
sition of received signals. Similarly, a base station typically 
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separates signals it receives into PN-coded subchannels in 
order to differentiate between users. 
0007. In a multipath environment, received signals are 
Superpositions of time delayed (and complex scaled) versions 
of the transmitted signals. Multipath can cause co-channel 
and cross-channel interference that correlates, the allocated 
Subchannels. For example, co-channel interference may 
occur when time-delayed reflections of transmitted signals 
interfere with a line-of-sight signal from the same source. 
Cross-channel interference occurs when signals in a subchan 
nel leak into and, thus, impair acquisition and tracking of 
other subchannels. 
0008 Co-channel and cross-channel interference can 
degrade communications by causing a receiver to incorrectly 
decode received transmissions, thus increasing a receiver's 
error floor. Interference may also have other degrading effects 
on communications. For example, interference may diminish 
the capacity of a communication system, decrease the region 
of coverage, and/or decrease maximum data rates. For these 
reasons, a reduction in interference can improve reception of 
selected signals by addressing the aforementioned limitations 
due to interference. 

SUMMARY OF THE INVENTION 

0009. In view of the foregoing background, embodiments 
of the present invention may provide for identifying interfer 
ence components for the purpose of forming a composite 
interference signal for use in any subtractive or projective 
interference canceller. The identification of interference com 
ponents and the cancellation of Such components may be 
implemented using a parallel, serial, iterative, or one-shot 
mode of operation. 
00.10 Embodiments of the invention may be employed in 
any receiver configured to Support one or more CDMA stan 
dards, such as (1) the “TIA/EIA-95-B Mobile Station-Base 
Station Compatibility Standard for Dual-Mode Wideband 
Spread Spectrum Cellular System” (the IS-95 standard), (2) 
the “TIA/EIA-98-C Recommended Minimum Standard for 
Dual-Mode Wideband Spread Spectrum Cellular Mobile Sta 
tion’ (the IS-98 standard), (3) the standard offered by a con 
sortium named "3rd Generation Partnership Project” (3GPP) 
and embodied in a set of documents including Document 
Nos. 3GTS 25.211,3GTS 25.212, 3GTS 25.213, and 3GTS 
25.214 (the WCDMA standard), (4) the standard offered by a 
consortium named "3rd Generation Partnership Project 2' 
(3GPP2) and embodied in a set of documents including “TR 
45.5 Physical Layer Standard for cdma2000 Spread Spec 
trum Systems, the “C.S.0005-A Upper Layer (Layer 3) Sig 
naling Standard for cdma2000 Spread Spectrum Systems.” 
and the “C.S0024 CDMA2000 High Rate Packet Data Air 
Interface Specification' (the CDMA2000 standard), and (5) 
other CDMA standards. 
0011 Embodiments of the invention may provide for ana 
lytically characterizing the received signal-to-interference 
and-noise ratio (SINR), estimating it in a composite signal or 
in an interfering user subchannel, and choosing feedback 
terms (e.g., adaptive weights from a companding function) to 
construct an interference-cancelled signal that maximizes 
this quantity. In one embodiment of the invention, a means for 
determining an SINR estimate in each subchannel uses an 
estimated SINR for each estimated symbol. In this case, each 
estimated symbol may be generated by a means for producing 
symbol estimates from a received baseband signal. Alterna 
tively, symbol estimates may include resolutions of the base 
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band signal into multiple antenna copies, multipath compo 
nents, or the like. A means for determining whether to use 
weighted soft decisions or hard decisions for each subchannel 
compares each subchannel's SINR estimate to a predeter 
mined threshold. A means for generating hard decisions and/ 
or weighted Soft decisions for each symbol estimate produces 
either a hard estimate or a weighted soft estimate for each 
symbol estimate based on how the corresponding SINR esti 
mate compares to the threshold. A means for producing a 
synthesized interference signal may synthesize a composite 
interference vector from the hard or soft-weighted symbol 
estimates. A means for emulating channel distortions in the 
synthesized interference signal may simulate channel effects 
corresponding to paths other than a predetermined path of 
interest. A means for producing an interference-cancelled 
signal combines a received baseband signal with the synthe 
sized interference signal in order to Subtract or project out 
interference in the received baseband signal, or in one or more 
rake-resolved components of the baseband signal. 
0012. The means for producing symbol estimates corre 
sponding to a received baseband signal may include, by way 
of example, a rake receiver, a plurality of rake receivers 
coupled to a rake combiner, an equalizer, and/or any CDMA 
receiver employing antenna diversity, equalizers, and/or 
other elements of an advanced receiver. 
0013 The means for determining an SINR estimate in 
each subchannel may include, by way of example, an appa 
ratus or method configured for filtering complex amplitudes 
and estimated variances of the complex amplitudes for each 
subchannel. The means for determining an SINR estimate 
may include an apparatus or process configured for calculat 
ing a mean-squared error due to noise plus interference or a 
component or method for computing a broadband noise plus 
interference floor. 
0014. The means for determining whether to use weighted 
Soft decisions or hard decisions for each subchannel may 
include, by way of example, any apparatus or method config 
ured for comparing estimated SINRs to at least one predeter 
mined threshold. 
0015 The means for generating hard decisions and/or 
weighted soft decisions for each pre-processed symbol esti 
mate may include, by way of example, an apparatus or 
method for generating hard decisions, an apparatus or method 
for generating weights on Soft estimates, and/or an apparatus 
or method for discarding soft estimates with a low estimated 
SINR. 
0016. The means for producing a synthesized interference 
signal may include, by way of example, a CDMA signal 
generator configured for performing an inverse fast Walsh 
transform (IFWT), PN covering, pulse shaping, and channel 
emulation. 
0017. The means for emulating channel distortions may 
include, by way of example, an apparatus or method config 
ured for convolving the synthesized interference signal with a 
channel profile, which in some cases, excludes channel 
effects corresponding to one or more predetermined paths or 
rake fingers of interest. 
0018. The means for producing an interference-cancelled 
signal may include, by way of example, a Subtractive cancel 
ler, a weighted Subtractive canceller, a projective canceller, 
and/or a weighted projective canceller. 
0019 Receivers and cancellation systems described 
herein may be employed in Subscriber-side devices (e.g., 
cellular handsets, wireless modems, and consumer premises 
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equipment) and/or server-side devices (e.g., cellular base sta 
tions, wireless access points, wireless routers, wireless relays, 
and repeaters). Chipsets for subscriber-side and/or server 
side devices may be configured to performat least some of the 
receiver and/or cancellation functionality of the embodi 
ments described herein. 
0020 Various functional elements, separately or in com 
bination, depicted in the figures may take the form of a micro 
processor, digital signal processor, application specific inte 
grated circuit, field programmable gate array, or other logic 
circuitry programmed or otherwise configured to operate as 
described herein. Accordingly, embodiments may take the 
form of programmable features executed by a common pro 
cessor or discrete hardware unit. 
0021. These and other embodiments of the invention are 
described with respect to the figures and the following 
description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. Embodiments according to the present invention are 
understood with reference to the schematic block diagrams of 
FIGS. 1, 2A, and 2B, and the flow diagrams of FIGS. 3, 4A, 
and 4.B. Various functional units depicted in the figures may 
take the form of a microprocessor, digital signal processor, 
application specific integrated circuit, field programmable 
gate array, or other logic circuitry programmed or otherwise 
configured to operate as described herein. Accordingly, 
embodiments shown herein may take the form of program 
mable features executed by a common processor or a discrete 
hardware unit. 
0023 FIG. 1 is a system diagram illustrating a communi 
cation system configuration in which embodiments of the 
present invention may be configured to operate. 
0024 FIG. 2A is a block diagram of an interference-can 
celling circuit, which may be configured for removing inter 
ference from a predetermined multipath component. 
0025 FIG.2B is a block diagram showing an embodiment 
of an interference-cancelling circuit configured to cancel 
interference in a receiver employing antenna diversity. 
0026 FIG. 3 is a flow chart that illustrates a cancellation 
method in accordance with an embodiment of the invention. 
0027 FIG. 4A illustrates a method for estimating sub 
channel symbols as part of an interference-cancellation tech 
nique. 
0028 FIG. 4B illustrates a method for estimating sub 
channel symbols for a system (e.g., an HSDPA system) that 
employs different signal constellations and spreading codes 
for different data rates. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0029. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. 
0030 FIG. 1 shows an exemplary CDMA system configu 
ration for the purpose of illustrating embodiments of the 
invention configured to perform Soft-weighted Subtractive 



US 2011/0080923 A1 

cancellation. In the present example, a k" user terminal 100 
receives communications from Sources (e.g., base stations) 
101 and 102 via signal paths 111 and 112, respectively. In an 
alternative embodiment not shown, the sources 101 and 102 
may correspond to two propagation paths from one base 
station. The sources 101 and 102 employ orthogonalizing 
(e.g., Walsh) codes W, with PN/Scrambling code covers P 
where j=1 or 2. The orthogonalizing codes spread the symbol 
transmission by a factor of N. 
I0031) A data symbol forak” user of aj' base-station may 
be represented by a A received signal rn at the k" user 
terminal 100 for ann" chip and a symbol duration that spans 
N chips is expressed by 

K K2 

r|n) = c P. In XEW, Inlais (+ c2 P(n XEW, Inlaak () + u(n), 
iN < n < (i+1)N - 1 

where W. In denotes the n” chip of the k" user from thei" 
Source, and un is additive white Gaussian noise of variance 
O,. Although this exemplary embodiment excludes puls 
eshape filtering effects, alternative embodiments that con 
sider pulse shaping may be provided. The variables K and K 
denote the number ofuser channels multiplexed by the 1 and 
2"transmit sources, respectively. If both sources correspond 
to the same base station, then Ki-K2. The values c, are com plex channel gains corresponding to the signal from the j" 
base station to the receiver. Although a single path per base 
station is described, embodiments of the invention may be 
configured to account for multiple paths from each base sta 
tion. 

0032. If the first base station 101 transmits a signal of 
interest, then transmissions from the second base station 102 
may comprise interference. Interference cancellation, such as 
Subtractive and/or projective cancellation may be employed. 
According to one aspect of the present invention, a receiver 
may synthesize interference from a combination of Soft 
weighted and hard-coded pre-processed symbol estimates. A 
synthesized interference signal S. In corresponding to the 
second base station 102 may be expressed by 

S2n = c. P. In X W2n-2 (al) al., iiN < n < (i+1)N - 1 
k=1 

where all is a pre-processed soft estimate of a k" user's 
symbol on symbol period 1, and (all) is a companding 
function acting on the estimated symbol al. Although the 
expression for the synthesized interferences. In may assume 
perfect channel estimates ca, uncertainty in the channel esti 
mates may be factored into the functions w(al). The 
receiver may subtract the synthesized interferences. In from 
the received signal rin. An interference-cancelled version of 
the first path 111, r is given by 

K 
in = rin-S2n = c Pl In X Winal + 
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-continued 
K2 

c2P In X. Win(a2-2 (al)al) -- in 
k=1 

Each chip of a corresponding PN-stripped output X n is 
given by 

K 

x, (n) = P, In, (n) = c XEW, Inlai (I)+ 
k=1 

c2 PnP In X Win (al-A2 (d2kl)all) + Pinun 
k=1 

where * denotes a complex conjugate and the identity P*In 
Pnl is enforced. This step is followed by matching to an 
m code for a user of interest. The result of this operation, 
a 1, 1S 

where the orthogonality 

W 

XW. In Wik (n) = 0, 
=l 

has been enforced, and p is the correlation between the m' 
code of the first base station 101 and thek" code of the second 
base station 102 that includes the effects of the PN covers: 

W 

pink = XW. In Pi (n)P. In W2. In 
=l 

Symbol estimates all for the m” user signal from the first 
base station 101 are 

din l = calml 

W 

ciXEW, InP, Inu(n) 
=l 

The post-processed SINR for user m is given by 

E 4. 
SINR = Imlci 

K2 s: y : 12 Icical X. Ep. Elaak - A2 (a.k)a2+ cloi, 
k=1 
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where the noise 

W 

w(t) =XEW, InP, Inu(n) 
=l 

is modeled as a complex random variable with Zero mean and 
variance O, f, and E, is the expected value of la f. 
0033. The post-processed SINR is maximized by mini 
mizing the expectation terms per Subchannel (e.g. Walsh 
channel). This is accomplished by decomposing the function 

(a) into its real and imaginary components and differ 
entiating with respect to each component. The minimizing 
function is the real scalar weighting Wa. 
0034. The symbol estimates a may be assumed to be 
uncorrelated symbol estimates, which have mean as and 
variance O. The post-processed SINR, for a particular sub 
channel m may be maximized by selecting weights for the 
other subchannels as 

SINRS 
SINR + 1 

where E2-Ela is the average energy of subchannelk for 
source 2. Ela-E--O, and 

E. 2k SINR = 
O5. 

is the pre-processed SINR. If E is known, the soft weight 
may be estimated as 

2k = avg (1a2...) 

where avg.(...) denotes an average of the variable (...) over a 
sequence of symbol transmissions. This average may be quite 
general, and it may be based on prior knowledge or probabil 
ity models for E. and/or O. 
I0035) If E is unknown and O, is known, then a may 
be estimated as 

2, 12 y -2 
r C - O 2k = mato. arguerri. avg (d2k) 
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If ... is quantized to Zero or one, such as for selecting active 
Subchannels, then W is 

s. 2 avg (i2) 
2 > 2. 

O5. i 2k 
O, otherwise 

where Z is a predetermined threshold value. In one embodi 
ment of the invention, the threshold value Z-2 may be used. 
I0036). If neither E. nor O is known, then O. may be 
estimated from another subchannel having a common value 
O-O, known E, and known symbols. Then may be 
estimated as 

r avg (Ia) - avg (Öi.) 
2k = max 0, - 

avg (i2) 

or with a corresponding quantized version. In some cases, 
avg(O2) can be obtained from avg(s) as an estimate of 
O2-Ela-VE2a2 if, where a2 is a known symbol on a 
pilot channel. Similarly, other channels having known values 
of a 2, and VE2 may be used. 
0037. If there is prior information about the distribution of 
E, then W may be estimated as the posterior mean, given a 
sequence of symbol estimates {all, l=1,2,..., L: 

--E?la III, l=1, 2. . . . . L. 

0038. The expectation is over the posterior distribution of 
E given the sequence {al. When the posterior mean is 
intractable to compute, it may be numerically approximated 
to produce estimates of J2. Ela'? (E1a2+O.) that are 
companded versions of la/(la. --O.) or companded 
versions of (1a-O2)/a. 
0039. In some embodiments, hard decisions may be made 
for the pre-processed symbol estimates when we exceeds a 
predetermined threshold. The derivation for the SINR in such 
embodiments is described in the co-pending application, 
entitled “Soft-weighted subtractive interference cancellation 
systems.” which is hereby incorporated by reference. 
0040 Some embodiments may employ weighted soft 
decisions on Some subchannels and hard decisions on others. 
In one such embodiment, all subchannels having a prepro 
cessed SINR' between two predetermined thresholds 
employ soft weighted (e.g., companded) estimates for inter 
ference synthesis. Subchannels having values of SINR' 
below the lower threshold may be zeroed. Subchannels hav 
ing values of SINR'' above the upper threshold may be 
hard-coded to a nearest constellation point (i.e., hard deci 
sions are used). A CDMA2000 system in which symbols are 
drawn from a single QPSK constellation may use a combina 
tion of soft and hard decisions based on predetermined 
thresholds. However, in a system where W-CDMA and 
HSDPA coexist, constellations for various users may differ. 
Thus, the constellations of interfering users are typically 
unknown at the receiver, making hard decisions impractical, 
unless constellation classification is performed per user. 
However, the estimation of E2+O2 remains unchanged. 
Other embodiments may quantize the weighting of soft esti 
mates. 

0041 FIG. 2A is a block diagram that shows a receiver 
embodiment of the invention that may be employed in a 
CDMA system. The receiver includes a baseband receiver 
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201 coupled to an SINR-estimation module 202 and a com 
panding module 204. A thresholding module 203 is coupled 
between the SINR-estimation module 202 and the compand 
ing module 204. The companding module 204 is coupled to 
an interference synthesizer 205, followed by a channel emu 
lator 206, and a canceller 207. 
0042. The baseband receiver 201 provides pre-processed 
symbol estimates for subchannels of a received baseband 
signal. For example, a rake receiver may be employed for 
producing pre-processed estimates for all of the received 
CDMA subchannels. In another embodiment, symbol esti 
mates may be chosen per rake finger. In some embodiments, 
the baseband receiver 201 may comprise an equalizer 
receiver. 

0043. The pre-processed estimates are coupled into the 
SINR-estimation module 202, which estimates a pre-pro 
cessed SINR' for each subchannel. SINR estimates may be 
extracted from EVMs. Alternatively, the noise-plus-interfer 
ence variance may be measured on a representative subchan 
nel (e.g., a pilot channel) and used for all Subchannels. The 
value avg(l?’) may be used to estimate E+O, directly 
without resolving onto a constellation. 
0044) The thresholding module 203 compares estimated 
SINR to a predetermined threshold for determining whether 
Soft or hard decisions are to be used for generating interfer 
ence-symbol estimates for each subchannel. The companding 
module 204 generates the hard decisions and/or weighted soft 
decisions for each pre-processed symbol estimate. The com 
panding module 204 may employ filtering for each subchan 
nel to estimate user amplitudes, and amplitude Scaling may be 
employed prior to hard decisions. The estimated SINR may 
be used to generate weights used to soft weight symbol esti 
mates for each Subchannel. 

0045. The interference synthesizer 205 performs source 
specific operations on the symbol estimates (which may be 
Soft and/or hard symbol estimates) to produce a synthesized 
interference signal. For example the interference synthesizer 
205 may performan Inverse Fast Walsh Transform (IFWT) to 
respread user symbol estimates, followed by a PN covering 
that provides for PN/Scrambling cover codes. A transmitter 
pulse-shaping filter may be used to shape the scrambled, 
code-multiplexed signal. 
0046. The channel emulator 206, which may optionally be 
part of the interference synthesizer 205, adds channel distor 
tions to the synthesized interference signal. In one embodi 
ment, apath of interestis selected from a multipath signal. For 
example, the first signal path 111 from base station 101 cor 
responding to a first finger of a rake receiver may be denoted 
as the path of interest. In this case, the channel emulator 206 
may convolve the synthesized interference with a channel 
profile that excludes the channel effects corresponding to the 
first finger (i.e., the first signal path 111). This enables a 
canceller (e.g., canceller 207) to remove effects of other mul 
tipath components from the path of interest (i.e., signal path 
111). Receiver embodiments of the invention may be config 
ured to remove any number of multipath components from a 
path of interest. Furthermore, when multiple transmit sources 
are present, signals from Sources other than the source corre 
sponding to the path of interest may be removed. 
0047. The canceller 207 may include a subtractive cancel 
ler or a projective canceller configured to remove interference 
from the received baseband signal, which may be obtained 
from a receiver pulse-shaping filter (not shown). Thus, the 
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interference synthesizer 205 or the channel emulator 206 may 
optionally emulate the effects of receiver pulse-shaping for 
the synthesized interference. 
0048. In some embodiments of the invention, the canceller 
207 may provide for a scale factor C. to adjust the amount of 
interference that is removed. In some cases, the received 
signal and the synthesized interference are not to Scale. For 
example, Walsh Codes and PN codes typically are not nor 
malized. Walsh stripping and Walsh insertion together intro 
duce a scale equal to the code lengthN, and PN codestripping 
and insertion together introduce an additional factor of 2. 
Furthermore, MRC combining for Mpaths results in a scaling 
factor given by 

whereb, is a weighting factor employed for ani' finger. For 
example, Ib,’=|c,’ or b. =lc,°/o°. The normalizing factor 
in this case is 

1 

- 2N, 

and the interference-cancelled signal is given by 

0049. The term C. may also represent a projective cancel 
lation factor that accounts for path correlations, An example 
of C. for Such a case is given by 

Where P is a projection operator P. ss'?s's. 
0050 Interference-cancelled signals output by the cancel 
ler 207 may be coupled to one or more rake fingers. In an 
exemplary rake receiver configured to process four multipath 
components, interference-cancelled signals in which the 
effects of a third and a fourth path are removed may be 
coupled to fingers configured for processing first and second 
multipath components. A comparator (not shown) may 
optionally be employed for selecting one of the interference 
cancelled signal and the uncancelled signal for processing by 
a rake receiver, 
0051 Embodiments of the invention may be configured 
for receivers having more than one receive antenna. For 
example, in FIG. 2B, each of a plurality N of rake receivers 
201.1-201.N corresponding to a different receive antenna 
(not shown) may include an interference canceller 207.1-207. 
N, respectively. A generalized combiner may be used to com 
bine paths that are common to two or more receive antennas. 
A combiner 211 may perform maximal ratio combining 
across the rake 201.1-201.N fingers. Alternative types of 
combining may be performed. Pre-processed soft estimates 
are output by the combiner 211 and used to produce synthe 
sized interference, such as described previously. The synthe 
sized interference is coupled to a plurality of channel emula 
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tors 206.1-206.N., wherein each channel emulator 206.1- 
206.N has an associated rake receiver 2011-201.N. 
0052. In an exemplary two-antenna system configured for 
receiving two multipath components from a single transmit 
Source, a first channel emulator produces two interference 
signals corresponding to the two paths received by the first 
antenna. Similarly, a second channel emulator produces two 
interference signals corresponding to the two paths received 
by the second antenna. In this case, the receiver may include 
four rake fingers, each matched to one of the four paths. The 
first finger may be assigned to the signal received by the first 
antenna, wherein interference due to the second path is 
removed via subtractive or projective cancellation. The sec 
ond finger may be assigned to the signal received by the first 
antenna wherein the interference due to the first path is 
removed. Similarly, the third and fourth fingers may be 
matched to the multipath components received by the second 
receive antenna. 
0053. In “data optimized” CDMA, such as High-Speed 
Downlink Packet Access (HSDPA), multiple subchannels 
transmitting high data rates have the same frequency-selec 
tive fade and each of these coded subchannels has the same 
transmission amplitude. These Subchannels coexist with 
voice channels, which have a lower data rate. Unlike the 
high-rate subchannels, these low-rate channels may have dif 
ferent amplitudes. In such systems, only one weight may be 
calculated for each of the K Subchannels carrying high data 
rates. Signal amplitudes may be averaged over time and/or 
across subchannels, and the noise power may also be aver 
aged over subchannels to obtain a single SINR estimate. In 
one embodiment of the invention, an SINR estimate may be 
compared to a predetermined threshold for determining 
whether to perform hard decisions, weighted Soft decisions, 
or Zeroing for all of the high data rate Subchannels. 
0054 FIG. 3 is a flow chart that illustrates a cancellation 
method in accordance with an embodiment of the invention. 
Rake synthesis 301.1 processes a received baseband signal to 
produce soft symbol estimates for data symbols modulated on 
Subchannels by a first source (e.g., a first base station). Simi 
larly, rake synthesis 301.N produces soft symbol estimates 
for data symbols modulated on subchannels by an N” source. 
The rake synthesis steps 301.1-301.N may optionally be 
cross-coupled if source diversity is present for at least some of 
the Subchannels, such as may typically occur during a soft 
hand over. For each source, an SINR estimate or a vector 
magnitude is made from the soft symbol estimates 302.1-302. 
N. These measurements are used to determine the reliability 
of the soft symbol estimates. Based on this reliability deter 
mination, eithera hard decision or a weighted soft-decision is 
produced for each soft symbol estimate 303.1-303.N. This 
companding process 303.1-303.N may implement subchan 
nel selection, Such as by discarding Subchannels that have a 
signal energy that falls below a predetermined threshold. 
Interference synthesis (such as providing for PN covering, 
Walsh covering, pulse shaping, and channel emulation) 304. 
1-304.N is performed to synthesize interference received 
from each source (i.e. each base station and/or multipath). 
0055 Interference for a particular rake finger is synthe 
sized 305 using synthesized multipath signals from each of 
the first source to the N" source. Scaling 306 may optionally 
be used to scale interference received from the different 
sources. Some form of interference cancellation 307 (such as 
Subtractive cancellation, weighted Subtractive cancellation, 
projective cancellation, or weighted projective cancellation) 
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is provided for cancelling interference from a predetermined 
path of interest. Rake finger input selection 308 is performed 
to select between an interference-cancelled signal and the 
original received baseband signal (depending on which signal 
has the highest value of estimated SINR or an alternative 
figure of merit) prior to coupling the resulting selected signal 
into a rake finger. Rake synthesis 309 produces soft estimates 
for each subchannel. Signal and noise powers are measured 
310, followed by another selection process 311 configured to 
select either soft estimates produced by some combination of 
rake synthesis 301.1 to 301.N or soft estimates produced by 
rake synthesis 309. The selected signals may be output for 
further processing. 
0056 Those skilled in the art should recognize that 
method and apparatus embodiments described herein may be 
implemented in a variety of ways, including implementations 
in hardware, Software, firmware, or various combinations 
thereof. Examples of such hardware may include Application 
Specific Integrated Circuits (ASICs), Field Programmable 
Gate Arrays (FPGAs), general-purpose processors, Digital 
Signal Processors (DSPs), and/or other circuitry. Software 
and/or firmware implementations of the invention may be 
implemented via any combination of programming lan 
guages, including Java, C, C++, Matlab'TM, Verilog, VHDL. 
and/or processor specific machine and assembly languages. 
0057 Computer programs (i.e., software and/or firmware) 
implementing the method of this invention may be distributed 
to users on a distribution medium such as a SIM card, a USB 
memory interface, or other computer-readable memory 
adapted for interfacing with a consumer wireless terminal. 
Similarly, computer programs may be distributed to users via 
wired or wireless network interfaces. From there, they will 
often be copied to a hard disk or a similarintermediate storage 
medium. When the programs are to be run, they may be 
loaded either from their distribution medium or their inter 
mediate storage medium into the execution memory of a 
wireless terminal, configuring an onboard digital computer 
system (e.g. a microprocessor) to act in accordance with the 
method of this invention. All these operations are well known 
to those skilled in the art of computer systems. 
0.058 FIG. 4A illustrates a method for estimating sub 
channel symbols as part of an interference-cancellation tech 
nique. For a given pre-processed SINR, hard decisions are 
employed if the SINR is higher than a first predetermined 
threshold 401. Weighted soft decisions may be employed for 
an intermediate range of SINRs defined by an upper bound 
(e.g., the first predetermined threshold) and a lower bound 
402 (e.g., a second predetermined threshold). Subchannel 
symbol values may be discarded (e.g., set to Zero) if the 
pre-processed SINR falls below the second predetermined 
threshold 403. In a related embodiment, an interference can 
cellation circuit may be turned off if the measured SINR falls 
below a predetermined threshold, since, in some embodi 
ments of the invention, it is known that interference cancel 
lation may not be as useful as power conservation at lower 
pre-processed SINRs. 
0059 FIG. 4B illustrates a method for estimating sub 
channel symbols for a given system that employs different 
signal constellations corresponding to different data rates. A 
system identification 400 is performed for each subchannel. 
For example, system identification 400 may distinguish 
between HSDPA subchannels and non-HSDPA subchannels, 
which have a lower data rate. For subchannels (e.g., HSDPA 
Subchannels) having a higher data rate, Some predetermined 
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strategy may be used to estimate subchannel symbols based 
on whether the symbol constellation for those subchannels is 
known or unknown. Weighted soft estimates may be 
employed or cancellation may be bypassed for HSDPA sub 
channels in which the constellation is unknown. If the con 
Stellation is known, hard decisions 411, weighted Soft deci 
sions 412, and/or no cancellation 413 may be performed. For 
non-HSDPA (e.g., WCDMA) subchannels, it is assumed that 
the constellation is known. Thus, hard decisions 421, 
weighted Soft decisions 422, and/or no cancellation 423 may 
be performed. 
0060. The functions of the various elements shown in the 
drawings, including functional blocks labeled as “modules' 
may be provided through the use of dedicated hardware, as 
well as hardware capable of executing software in association 
with appropriate software. When provided by a processor, the 
functions may be performed by a single dedicated processor, 
by a shared processor, or by a plurality of individual proces 
sors, some of which may be shared. Moreover, explicit use of 
the term “processor or “module' should not be construed to 
refer exclusively to hardware capable of executing software, 
and may implicitly include, without limitation, digital signal 
processor DSP hardware, read-only memory (ROM) for stor 
ing software, random access memory (RAM), and non-vola 
tile storage. Other hardware, conventional and/or custom, 
may also be included. Similarly, the function of any compo 
nent or device described herein may be carried out through 
the operation of program logic, through dedicated logic, 
through the interaction of program control and dedicated 
logic, or even manually, the particular technique being select 
able by the implementeras more specifically understood from 
the context. 

0061 The method and system embodiments described 
herein merely illustrate particular embodiments of the inven 
tion. It should be appreciated that those skilled in the art will 
be able to devise various arrangements, which, although not 
explicitly described or shown herein, embody the principles 
of the invention and are included within its spirit and Scope. 
Furthermore, all examples and conditional language recited 
herein are intended to be only for pedagogical purposes to aid 
the reader in understanding the principles of the invention. 
This disclosure and its associated references are to be con 
Strued as applying without limitation to Such specifically 
recited examples and conditions. Moreover, all statements 
herein reciting principles, aspects, and embodiments of the 
invention, as well as specific examples thereof, are intended 
to encompass both structural and functional equivalents 
thereof. Additionally, it is intended that such equivalents 
include both currently known equivalents as well as equiva 
lents developed in the future, i.e., any elements developed that 
perform the same function, regardless of structure. 

We claim: 

1. A CDMA receiver, comprising: 
a signal-to-interference-and-noise ratio (SINR)-estimation 

module in a receiver, the SINR estimation module con 
figured for producing one or more SINR estimates cor 
responding to one or more subchannels of a received 
multipath signal; 

a thresholding module configured for comparing each of 
the one or more SINR estimates to a threshold to deter 
mine whether to employ a weighted Soft decision or a 
hard decision; 
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a companding module configured for generating the 
weighted soft decision or the hard decision determined 
by the thresholding module for each of the one or more 
SINR estimates; and 

a Suppressor configured for producing at least one interfer 
ence-suppressed signal from one or more of the soft 
decisions or hard decisions generated by the compand 
ing module. 

2. The receiver recited in claim 1, wherein the SINR 
estimation module is configured for producing the one or 
more SINR estimates by averaging symbol amplitudes over at 
least one of a set of parameters, the set of parameters includ 
ing time and a plurality of Subchannels. 

3. The receiver recited in claim 1, wherein the thresholding 
module is further configured for determining an estimated 
SINR below which weighted soft decisions provide better 
performance than hard decisions, and above which hard deci 
sions provide better performance than weighted soft deci 
sions. 

4. The receiver recited in claim 1, wherein the companding 
module generates a weighted Soft decision for each of the one 
or more SINR estimates that is below the threshold and gen 
erates a hard decision for each of the one or more SINR 
estimates that is above the threshold. 

5. The receiver recited in claim 1, wherein the thresholding 
module is further configured for determining a cutoff SINR, 
below which corresponding symbol estimates are set to Zero. 

6. The receiver recited in claim 1, wherein the thresholding 
module is configured for determining an estimation strategy 
based on whether subchannel constellations are known. 

7. The receiver recited in claim 1, further comprising a 
baseband receiver configured for producing one or more sym 
bol estimates for one or more subchannels of the received 
multipath signal. 

8. The receiver recited in claim 7, wherein the thresholding 
module is further configured for determining a cutoff SINR, 
below which corresponding symbol estimates are set to Zero. 

9. The receiver recited in claim 7, wherein the baseband 
receiver comprises a rake receiver. 

10. The receiver recited in claim 1, wherein the compand 
ing module is configured for producing at least one weight 
expressed by an estimate of 

SINR) 
SINR) + 1 

where SINR') is a signal-to-interference-and-noise ratio for 
a user or subchannel k. 

11. The receiver recited in claim 7, wherein one or more of 
the SINR estimates are estimated via a function of the one or 
more symbol estimates. 

12. The receiver recited in claim 1, further comprising a 
synthesizer configured for producing a synthesized interfer 
ence signal. 

13. The receiver recited in claim 12, wherein the synthe 
sizer comprises a channel emulator configured for providing 
channel distortions to the synthesized interference signal. 

14. The receiver recited in claim 1, further comprising a 
channel emulator configured to perform channel emulation. 

15. The receiver recited in claim 1, wherein the suppressor 
is configured to perform Scaling. 
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16. The receiver recited in claim 1, wherein the suppressor 
is configured to perform at least one of Subtractive Suppres 
Sion, weighted Subtractive Suppression, projective Suppres 
Sion, and weighted projective Suppression. 

17. The receiver recited in claim 1, further comprising a 
rake combiner configured to perform maximal ratio combin 
ing across a plurality of rake fingers. 

18. The receiver recited in claim 17, wherein the SINR 
estimation module is coupled to the Rake combiner. 

19. The receiver recited in claim 1 configured to operate in 
at least one of a handset and a base station. 

20. A method of receiving a CDMA signal, comprising: 
producing in a receiver one or more SINR estimates cor 

responding to one or more subchannels of a received 
multipath signal; 

comparing each of the one or more SINR estimates to a 
predetermined threshold for determining whether to 
employ a weighted Soft decision or a hard decision; 

generating the weighted Soft decision or the hard decision 
determined for each of the one or more SINR estimates 
to produce at least one interference-symbol estimate; 
and 

producing at least one interference-suppressed signal from 
a received baseband signal and the at least one interfer 
ence-symbol estimate. 

21. The method recited in claim 20, wherein producing one 
or more SINR estimates comprises averaging symbol ampli 
tudes over at least one of a set of parameters, the set of 
parameters including time and a plurality of subchannels. 

22. The method recited in claim 20, wherein comparing 
comprises determining an SINR below which weighted soft 
decisions provide better performance than hard decisions, 
and above which hard decisions provide better performance 
than weighted soft decisions. 

23. The method recited in claim 20, wherein comparing 
comprises determining a cutoff SINR, below which corre 
sponding symbol estimates are set to Zero. 

24. The method recited in claim 20, wherein comparing 
comprises determining an estimation strategy based on 
whether subchannel constellations are known. 

25. The method recited in claim 20, further comprising 
producing one or more symbol estimates for one or more 
Subchannels of the received multipath signal. 

26. The method recited in claim 20, wherein generating 
comprises generating a weighted soft decision for each of the 
one or more SINR estimates that is below the threshold and 
generating a hard decision for each of the one or more SINR 
estimates that is above the threshold. 

27. The method recited in claim 20, wherein generating the 
weighted Soft decision or the hard decision comprises pro 
ducing at least one weight expressed by an estimate of 

SINR) 
SINR) + 1 

where SINR." is a signal-to-interference-and-noise ratio for 
a user or subchannel k. 

28. The method recited in claim 25, wherein SINR'' is 
estimated via a function of one or more of the symbol esti 
mates. 

29. The method recited in claim 20, further comprising 
producing a synthesized interference signal. 
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30. The method recited in claim 29, further comprising 
emulating channel distortions in the synthesized interference 
signal. 

31. The method recited in claim 20, further comprising 
performing channel emulation. 

32. The method recited in claim 20, wherein producing at 
least one interference-suppressed signal includes Scaling. 

33. The method recited in claim 20, wherein producing at 
least one interference-suppressed signal comprises perform 
ing at least one of subtractive Suppression, weighted Subtrac 
tive Suppression, projective Suppression, and weighted pro 
jective Suppression. 

34. The method recited in claim 20, further comprising 
performing maximal ratio combining across a plurality of 
rake fingers. 

35. The method recited in claim 25, wherein producing one 
or more SINR estimates includes receiving the one or more 
symbol estimates from a Rake combiner. 

36. A chipset configured to perform the method recited in 
claim 20. 

37. A digital computer system programmed to perform the 
method recited in claim 20. 

38. A computer-readable medium storing a computer pro 
gram implementing the method of claim 20. 

39. A base station configured to perform the method of 
claim 20. 

40. A handset configured to perform the method of claim 
20. 

41. A CDMA receiver, comprising: 
a means for determining an SINR estimate for each of one 

or more Subchannels of a received signal; 
a means for determining whether to use weighted Soft 

decisions or hard decisions for each of the one or more 
Subchannel; 

a means for generating the weighted soft decisions or hard 
decisions determined for each of the one or more SINR 
estimates; and 

a means for producing an interference-suppressed signal 
from a received baseband signal and at least one inter 
ference-symbol estimate, wherein each of the at least 
one interference-symbol estimate comprises a hard deci 
sion or a weighted Soft decision of a corresponding 
symbol estimate. 

42. The receiver recited in claim 41, further comprising a 
means for determining at least one SINR threshold. 

43. The receiver recited in claim 42, wherein the means for 
determining at least one SINR threshold is configured for 
determining an SINR below which weighted soft decisions 
provide better performance than hard decisions, and above 
which hard decisions provide better performance than 
weighted soft decisions. 

44. The receiver recited in claim 43, where the means for 
generating is configured for generating a weighted Soft deci 
sion for each of the one or more SINR estimates that is below 
the SINR threshold and generating a hard decision for each of 
the one or more SINR estimates that is above the SINR 
threshold 

45. The receiver recited in claim 42, wherein the means for 
determining at least one SINR threshold includes a means for 
determining a cutoff SINR, below which the processed sym 
bol estimates are set to Zero. 

46. The receiver recited in claim 41, further comprising a 
means for generating at least one weight for weighting at least 
one of the plurality of soft symbol estimates. 
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47. The receiver recited in claim 46 wherein the at least one 
weight is expressed by an estimate of 

SINR) 
SINR) + 1 

where SINR') is a signal-to-interference-and-noise ratio for 
a user or subchannel k. 

48. The receiver recited in claim 41, wherein the means for 
producing an interference-Suppressed signal comprises a 
means for producing a synthesized interference signal from 
the at least one interference-symbol estimate. 

49. The receiver recited in claim 48, wherein the means for 
producing a synthesized interference signal includes a means 
for emulating channel distortions in the synthesized interfer 
ence signal. 

50. The receiver recited in claim 41, wherein the means for 
determining an SINR estimate is configured for estimating an 
SINR in each of the one or more subchannels. 

51. The receiver recited in claim 41, wherein the means for 
producing an interference-Suppressed signal is configured for 
performing Scaling. 

52. The receiver recited in claim 41, wherein the means for 
producing an interference-Suppressed signal is configured to 
perform at least one of Subtractive Suppression, weighted 
Subtractive Suppression, projective Suppression, and 
weighted projective suppression. 
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53. The receiver recited in claim 41, wherein the means for 
determining the SINR estimate is coupled to a means for 
producing one or more symbol estimates corresponding to a 
received baseband signal. 

54. The receiver recited in claim 53, wherein the means for 
determining the SINR estimate is configured for averaging 
amplitudes of the one or more symbol estimates over at least 
one of a set of parameters, the set of parameters including 
time and a plurality of Subchannels. 

55. The receiver recited in claim 41, wherein the means for 
determining whether to use weighted soft decisions or hard 
decisions is further configured for determining an estimation 
strategy based on whether subchannel constellations are 
known. 

56. A CDMA receiver, comprising: 
a signal-to-interference-and-noise ratio (SINR)-estimation 

module in a receiver, the SINR estimation module con 
figured for producing one or more SINR estimates cor 
responding to one or more subchannels of a received 
multipath signal; 

a thresholding module configured for comparing each of 
the one or more SINR estimates to a threshold to deter 
mine whether to employ a weighted Soft decision or a 
hard decision; and 

a companding module configured for generating the 
weighted soft decision or the hard decision determined 
by the thresholding module for each of the one or more 
SINR estimates. 


