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(57) Abstract: A system is disclosed for use in a wireless communication system to provide an estimated pilot signal. The sys-
~~ tem includes a receiver and a front-end processing and despreading component in electronic communication with the receiver for
despreading a CDMA signal. A pilot estimation component is in electronic communication with the front-end processing and de-
spreading component for estimating an original pilot signal using a Wiener filter to produce a pilot estimate. A demodulation com-
ponent is in electronic communication with the pilot estimation component and the front-end processing and despreading component
for providing demodulated data symbols. The Wiener filter is configured by an offline filter determination process that calculates

parameters of the Wiener filter to minimize the mean-square error.
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METHOD AND APPARATUS FOR PILOT ESTIMATION USING A
WIENER FILTER

RELATED APPLICATIONS

Claim of Priority under 35 U.S.C. §119(e)

[1001] The present Application for Patent claims priority of U.S. Provisional
Application No. 60/386,964, filed June 5, 2002, assigned to the assignee hereof
and hereby expressly incorporated by reference herein.

FIELD
[1002] The present invention relates to wireless communication systems
generally and specifically, to methods and apparatus for estimating a pilot signal

in a code division multiple access system.

BACKGROUND

[1003] In a wireless radiotelephone communication system, many users
communicate over a wireless channel. The use of code division multiple access
(CDMA) modulation techniques is one of several techniques for facilitating
communications in which a large number of system users are present. Other
multiple access communication system techniques, such as time division
multiple access (TDMA) and frequency division multiple access (FDMA) are
known in the art. However, the spread spectrum modulation technique of
CDMA has significant advantages over these modulation techniques for multiple
access communication systems.

[1004] The CDMA technique has many advantages. An exemplary CDMA
system is described in U.S. Pat. No. 4,901,307, entitled "Spread Spectrum
Multiple Access Communication System Using Satellite Or Terrestrial
Repeaters", issued Feb. 13, 1990, assigned to the assignee of the present
invention, and incorporated herein by reference. An exemplary CDMA system
is further described in U.S. Pat. No. 5,103,459, entitled "System And Method
For Generating Signal Waveforms In A CDMA Cellular Telephone System",



WO 03/105364 PCT/US03/17895

2

issued April 7, 1992, assigned to the assignee of the present invention, and
incorporated herein by reference.

[1005] In each of the above patents, the use of a forward-link (base station to
mobile station) pilot signal is disclosed. In a typical CDMA wireless
communication system, such as that described in EIA/TIA 1S-95, the pilot signal
is a "beacon" transmitting a constant data value and spread with the same
pseudonoise (PN) sequences used by the traffic bearing signals. The pilot
signal is typically covered with the all-zero Walsh sequence. During initial
system acquisition, the mobile station searches through PN offsets to locate a
base station's pilot signal. Once it has acquired the pilot signal, it can then
derive a stable phase and magnitude reference for coherent demodulation, such
as that described in U.S. Pat. No. 5,764,687 entitled "Mobile Demodulator
Architecture For A Spread Spectrum Multiple Access Communication System,"
issued Jun. 9, 1998, assigned to the assignee of the present invention, and
incorporated herein by reference.

[1006] Recently, third-generation (3G) wireless radiotelephone
communication systems have been proposed in which a reverse-link (mobile
station to base station) pilot channel is used. For example, in the currently’
proposed cdma2000 standard, the mobile station transmits a Reverse Link Pilot
Channel (R-PICH) that the base station uses for initial acquisition, time tracking,
rake-receiver coherent reference recovery, and power control measurements.
[1007] Pilot signals can be affected by noise, fading and other factors. As a
result, a received pilot signal may be degraded and different than the originally
transmitted pilot signal. Information contained in the pilot signal may be lost
because of noise, fading and other factors.

[t008] There is a need, therefore, to process the pilot signal to counter the
effects of noise, fading and other signal-degrading factors.
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BRIEF DESCRIPTION OF THE DRAWINGS

[1009] FIG. 1 ié a diagram of a spread spectrum communication system that
supporis a number of users.

[1010] FIG. 2 is a block diagram of a base station and a mobile station in a
communications system.

[1011] FIG. 3 is a block diagram illustrating the downlink and the uplink
between the base station and the mobile station.

[1012] FIG. 4 is a block diagram of the channels in an embodiment of the
downlink.

[1013] FIG. 5 illustrates a block diagram of certain components in an
embodiment of a mobile station.

[1014] FIG. 6 is a flow diagram of one embodiment of a method for
estimating the pilot using a Wiener filter.

[1015] FIG. 7 is a block diagram illustrating the use of an offline filter
determination component to determine the parameters of the Wiener filter.
[1016] FIG. 8 is a conceptual block diagram illustrating the use of the Wiener
filter to estimate the pilot and to ‘minimize the difference between the original
pilot and the estimated pilot.

[1017] FIG. 9 is a block diagram illustrating an implementation of an FIR
Wiener filter.

[1018] FIG. 10 is a block diagram illustrating the inputs to and outputs from
the offline filter determination component and the real-time pilot estimation
component.

[1019] FIG. 11 is a block diagram of pilot estimation where the filtering is
broken down into its | and Q components.

DETAILED DESCRIPTION
[1020] The word “exemplary” is used exclusively herein to mean “serving as

an example, instance, or illustration.” Any embodiment described herein as

“exemplary” is not necessarily to be construed as preferred or advantageous
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over other embodiments. While the various aspects of the embodiments are
presented in drawings, the drawings are not necessarily drawn to scale unless
specifically indicated.

[1021] The following discussion develops the exemplary embodiments of a
pilot estimator by first discussing a spread-spectrum wireless communication
system. The use of a pilot signal in a spread-spectrum wireless communication
system is discussed. Then components of an embodiment of a mobile station
are shown in relation to providing a pilot estimate. Before the pilot is estimated,
the parameters of a Wiener filter in the pilot estimation component are
determined. Details regarding the offline filter determination component are set
forth. Included in the specification relating to the offline filter determination are
illustrations and mathematical derivations for minimizing the error. Conceptual
and implementation block diagrams are discussed. Formulas for both offline
filter determination and real-time pilot estimating are illustrated.

[1022] Note that the exemplary embodiment is provided as an exemplar
throughout this discussion; however, alternate embodiments may incorporate
various aspects without departing from the scope of the present invention.
[1023] The exemplary embodiment employs a spread-spectrum wireless
communication system. Wireless communication systems are widely deployed
to provide various types of communication such as voice, data, and so on.
These systems may be based on CDMA, TDMA, or some other modulation
techniques. A CDMA system provides certain advantages over other types of
systems, including increased system capacity. |

[1024] A system may be designed to support one or more standards such as
the "TIA/EIA/IS-95-B Mobile Station-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System* referred to herein as
the 1S-95 standard, the standard offered by a consortium named "3rd
Generation Partnership Project" referred to herein as 3GPP, and embodied in a
set of documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G
TS 25.213, and 3G TS 25.214, 3G TS 25.302, referred to herein as the W-
CDMA standard, the standard offered by a consortium named "3rd Generation
Partnership Project 2" referred to herein as 3GPP2, and TR-45.5 referred to
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herein as the cdma2000 standard, formerly called 1S-2000 MC. The standards
cited hereinabove are hereby expressly incorporated herein by reference.
[1025] Each standard specifically defines the processing of data for
transmission from base station to mobile, and vice versa. As an exemplary
embodiment the following discussion considers a spread-spectrum
communication system consistent with the CDMA2000 standard of protocols.
Alternate embodiments may incorporate another standard.  Still other
embodiments may apply the compression methods disclosed herein to other
types of data processing systems.

[1026] FIG. 1 serves as an example of a communications system 100 that
supports a number of users and is capable of implementing at least some
aspects of the embodiments discussed herein. Any of a variety of algorithms
and methods may be used to schedule transmissions in system 100. System
100 provides communication for a number of cells 102A-102G, each of which is
serviced by a corresponding base station 104A-104G, respectively. In the
exemplary embodiment, some of the base stations 104 have multiple receive
antennas and others have only one receive antenna. Similarly, some of the
base stations 104 have multiple tfansmit antennas, and others have single
transmit antennas. There are no restrictions on the combinations of transmit
antennas and receive antennas. Therefore, it is possible for a base station 104
to have multiple transmit antennas and a single receive antenna, or to have
multiple receive antennas and a single transmit antenna, or to have both single
or multiple transmit and receive antennas.

[1027] Terminals 106 in the coverage area may be fixed (i.e., stationary) or
mobile. As shown in FIG. 1, various terminals 106 are dispersed throughout the
system. Each terminal 106 communicates with at least one and possibly more
base stations 104 on the downlink and uplink at any given moment depending
on, for example, whether soft handoff is employed or whether the terminal is
designed and operated to (concurrently or sequentially) receive multiple
transmissions from multiple base stations. Soft handoff in CDMA
communications systems is well known in the art and is described in detail in
U.S. Patent No. 5,101,501, entitled "Method and system for providing a Soft
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Handoff in a CDMA Cellular Telephone System", which is assigned to the
assignee of the present invention.

[1028] The downlink refers to transmission from the base station 104 to the
terminal 106, and the uplink refers to transmission from the terminal 106 to the
base station 104. In the exemplary embodiment, some of terminals 106 have
multiple receive antennas and others have only one receive antenna. in FIG. 1,
base station 104A transmits data to terminals 106A and 106J on the downlink,
base station 104B transmits data to terminals 106B and 106J, base station
104C transmits data to terminal 106C, and so on.

[1029] FIG. 2 is a block diagram of the base station 202 and mobile station
204 in a communications system. A base station 202 is in wireless
communications with the mobile station 204. As mentioned above, the base
station 202 transmits signals to mobile stations 204 that receive the signals. in
addition, mobile stations 204 may also transmit signals to the base station 202.
[1030] FIG. 3 is a block diagram of the base station 202 and mobile station
204 illustrating the downlink 302 and the uplink 304. The downlink 302 refers to
transmissions from the base station 202 to the mobile station 204, and the
uplink 304 refers to transmissions from the mobile station 204 to the base
station 202.

[1031] FIG. 4 is a block diagram of the channels in an embodiment of the
downlink 302. The downlink 302 includes the pilot channel 402, the sync
channel 404, the paging channel 406 and the traffic channel 408. The downlink
302 illustrated is only one possible embodiment of a downlink and it will be
appreciated that other channels may be added or removed from the downlink
302.

[1032] Although not illustrated, the uplink 304 may also include a pilot
channel. Recall that third-generation (38G) wireless radiotelephone
communication systems have been proposed in which an uplink 304 pilot
channel is used. For example, in the currently proposed cdma2000 standard,
the mobile station transmits a Reverse Link Pilot Channel (R-PICH) that the
base station uses for initial acquisition, time tracking, rake-receiver coherent

reference recovery, and power control measurements. Thus, systems and
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methods herein may be used to estimate a pilot signal whether on the downlink
302 or on the uplink 304.

[1033] Under one CDMA standard, described in the Telecommunications
Industry  Association's TIA/EIA/IS-95-A Mobile Stations-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
~ System, each base station 202 transmits pilot 402, sync 404, paging 406 and
forward traffic 408 channels to its users. The pilot channel 402 is an
unmodulated, direct-sequence spread spectrum signal transmitted continuously
by each base station 202. The pilot channel 402 allows each user to acquire
the timing of the channels transmitted by the base station 202, and provides a
phase reference for coherent demodulation. The pilot channel 402 aiso
provides a means for signal strength comparisons between base stations 202 to
determine when to hand off between base stations 202 (such as when moving
between cells).

[1034] FIG. 5 illustrates a block diagram of certain components in an
embodiment of a mobile station 504. Other components that are typically
included in the mobile station 504 may not be illustrated for the purpose of
focusing on the novel features of the émbodiments herein. Many embodiments
of mobile stations 504 are commercially available and, as a result, those skilled
in the art will appreciate the components that are not shown.

[1035] If the pilot channel 402 were being sent on the uplink 304, the
components illustrated may be used in a base station 202 to estimate the pilot
channel. ltis to be understood that the inventive principles herein may be used
with a variety of components to estimate a pilot whether the pilot is being
received by a mobile station 504, a base station 202, or any other component in
a wireless communications system. Thus, the embodiment of a mobile station
504 is an exemplary embodiment of the systems and methods but it is
understood that the systems and methods may be used in a variety of other
contexts.

[1036] Referring again to FIG. 5, a spread spectrum signal is received at an
antenna 506. The spread spectrum signal is provided by the antenna 506 to a

receiver 508. The receiver 508 down-converts the signal and provides it to the
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front-end processing and despreading component 510. The front-end
processing and despreading component 510 provides the received pilot signal
512 to the pilot estimation component 514. The received pilot signal 512
typically includes noise and usually suffers from fading.

[1037] The front-end processing and despreading component 510 also
provides the ftraffic channel 516 to a demodulation component 518 that
demodulates the data symbols.

[1038] The pilot estimation component 514 provides an estimated pilot signal
520 to the demodulation component 518. The pilot estimation component 514
may also provide the estimated pilot signal 520 to other subsystems 522.

[1039] It will be appreciated by those skilled in the art that additional
processing takes place at the mobile station 504. The embodiment of the pilot
estimation component 514 will be more fully discussed below. Generally, the
pilot estimation component 514 operates to estimate the pilot signal and
effectively clean-up the pilot signal by reducing the noise and estimating the
original pilot signal that was transmitted.

[1040] Systems and methods disclosed herein use a Wiener filter to estimate
the pilot signal. Wiener filters are known by those skilled in the art. In short, a
Wiener filter is a solution of the linear minimum mean-squared waveform
estimation problem for the case in which the noise and the signal are stationary
random sequences. Many resources that include Wiener filter analysis and
design are currently available.

[1041] FIG. 6 is a flow diagram 600 of one embodiment of a method for
estimating the pilot using a Wiener filter. The system receives 602 the
baseband CDMA signal. Then the front-end processing and despreading
component 510 performs initial processing and despreading 604. The received
pilot signal is then provided 606 to the pilot estimation component 514. The
received pilot signal has been degraded by various effects, including noise and
fading. The pilot estimation component 514 estimates 608 the pilot channel
using a Wiener filter. After the pilot has been estimated 608, it is provided 610
to the demodulation component 518 as well as other subsystems 522,
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[1042]  Referring now to FIG. 7, before the Wiener filter in the pilot estimation
component 514 is used, the parameters of the Wiener filter are determined. As
shown, an offline filter determination component 702 is used to determine the
parameters of the Wiener filter. Inputs are provided to the offline filter
determination component 702 in order to determine the needed parameters.
Once the parameters have been determined, they are provided to the pilot
estimation component 714 and its Wiener filter, to process the received pilot
and estimate the original pilot in real time. In the embodiment disclosed herein,
the offline filter determination component 702 is used once to set up the
parameters. After the parameters have been determined, the system uses the
pilot estimation component 714 and no longer needs the offline filter
determination component 702.

[1043] Typically the offline filter determination 702 is used before the pilot
estimation component 714 is being used by the end user. For example, if the
system and methods were being used in a mobile station 204, when an end
user was using the mobile station 204, it 204 would be using the pilot estimation
component 714 to process the pilot in real-time. The offline filter determination
component 702 was used before the mobile station 204 was operating in real-
time to determine the parameters needed to estimate the pilot.

[1044] The following discussion provides details regarding the calculations
that will be made in the offline filter determination component 702 as well as the
pilot estimation component 714. Additional details and derivations known by
those skilled in the art are not included herein.

[1045]  The received pilot complex envelope after despreading is given by the
following formula:

Vi =8, +V, Formula 1.

[1046] The received complex envelope in Formula 1 is represented as ,.
The original but faded pilot signal is represented as 5,. The noise component is
represented as ¥,. For a single path mobile communication channel, the

original pilot signal may be represented by the mathematical model found in
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Formula 2. The corresponding noise component may be represented by the

formula found in Formula 3.

5, = 0, ¢ Ri(®) = g, NVE? R (@) F, Formula 2.

5 [ ~ [ o ~ Formula 3.
V, = 8\ Nloc tixt 8N Nlor ,,,=§,,§h” T, —T)w,

[1047] The variables and parameters in the formulas found in Formulas 2

and 3 are given in Table 1. ,
Table 1

VEP : | Pilot Envelope
Ioc' | Total AWGN Noise

I, | Total Transmit PSD

8« | AGC Control Signal

Pk - | Rice (Rayleigh) Fade Process

fi. :| Complex Gaussian Fade Process with Clark Spectrum

¢k . | Fading Phase

m, k: | Chip and Symbol Counts

N : | Processing Gain

R, (?) . | Correlation

7 . | Time Offset

nk, Wk | Zero Mean Unit Power Gaussian Noise

[1048] The demodulation component 518 requires the phase of the pilot
signal. In order to obtain the phase, the signals may be written in a form
comprising | and Q components rather than being written in an envelope form.

~

In Formula 4, 5 represents the received pilot comprising its | and Q
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components. The faded pilot, without any noise, is represented as § in

~

Formula 5. The total noise is represented in Formula 6 as ¥. Formula 7

illustrates the fade as f.

Y=+ Formula 4.
§=s,+ s, Formula 5.
¥ =v, + jy, Formula 6.
f=pe=f+jf, Formula 7.

[1049] Given the relationships of the formulas above, the | and Q
components of the faded pilot symbol without noise may be written as shown in

Formulas 8 and 9.

s, (k)= f,(KINE? Ru(D)g (k) Formula 8.
5006)= Fo(INVE? Ru(2)2(k) Formula 9.

[1050] FIG. 8 is a conceptual diagram illustrating the use of the Wiener filter

802 herein. As illustrated, and as shown in Formula 1, the received pilot ¥, is

the result of the original but faded pilot signal 5, being summed with the noise

component ¥,. The FIR Wiener filter 802 takes as input J, and outputs §‘k
which is an estimate of 5,. The FIR Wiener filter 802 is designed to minimize
the error ¢, between the estimate of the pilot and the pilot. The error signal €,
is shown to be the difference between §“k and §,, illustrated by a summer
subtracting 5, from s, .

[1051] FIG. 9 is a block diagram illustrating an implementation of an FIR
Wiener filter 802. As shown, the input to the filter is ¥, and the output is ?k.

The input ¥, includes the present input sample as well as past samples, as
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indicated by the delay blocks 902. The output may be calculated according to
the equation shown in Formula 10. The equation of Formula 10 may be written

in matrix form as shown in Formula 11.

) " ~ Formula 10.
5 =3k, F(n—k)
Sm)=H -Y(n) | Formula 11.

[1052] The Wiener filter is represented as H . It is understood by those
skilled in the art that the mean-square error (MSE) is minimized according to the

formula shown in Formula 12. Thus, the optimum Wiener filter for minimizing
the error between 5, and 5, is achieved by Formula 12. The Wiener filter

transposed is shown in Formula 13.

‘H=R_ R, =R, R, Formula 12.
H" =[hy,h,hy,..10,] ‘ Formula 13.°
R, =7T,(27f,T) Formuia 14.

[1053] The parameter R is known from the Clark spectrum and is shown in
Formula 14. The parameter J, is the spatial correlation of a component of the
fade and may be the spatial correction of the | or Q component of the fade. J,
is a modified Bessel Function, zeroth order, of the first kind. f, is the Doppler

frequency.
[1054] As shown in Formula 13, H is an Mx1 column vector. R,, R, and

R,, are all shown in Formulas 14-17. The term N is the processing gain. The
function R, (7) is the overall match filter input response not including the

channel given as a function of 7. E” is given and may be derived from the

transmitted pilot.
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Rys =R = azRﬂ»az = NzEc”R;h(’l') Formula 15.
_ Rff (0)+ NN, Rﬁ (1) Formula 16.
» R,()  R,(0)+NN,
| R ={Rff(0):l Formula 17.
58 Rﬂ (1)

[1055] The fading correlation per dimension is shown in Formula 18. The

variables of Formula 18 are defined immediately after Formula 18. The initial
total noise power N, is assumed for a most common geometry of the received

signal across the cell.

R, (i) =J,Q2xf,Ti) Formula 18.
i=0,1
V¢ Doppler, T

Ja

: carrier frequency

: total noise power

e
.
C :speed of light
Nt
T, : symbol time

[1056] FIG. 10 is a block diagram of calculation blocks of FIG. 7 that
illustrate the calculations made in each component. The offline filter
determination component 702 performs the calculations as shown to determine
the Wiener filter to be used in the pilot estimation (real time) component 714.
The block diagram also illustrates the inputs to and outputs from the offline filter

determination component 702 and pilot estimation component 714. The offline
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filter determination component 702 is provided the inputs R, and R,. The

Wiener filter H is determined by the calculation shown. The filter is tuned to a
particular speed and signal-to-noise ratio. Typically the filter is tuned to a speed
of approximately 100 km/hr and a signal-to-noise ratio of 0 dB. However, these
values are only typical values and it will be appreciated by those skilled in the
art that the filter may be tuned as desired.

[1057] After the offline filter determination component 702 has calculated the
Wiener filter H , the Wiener filter H is ready for use by the pilot estimation
component 714. The pilot estimation component 714 comprises the Wiener
filter 802 operating in real-time. Thus, at this stage the Wiener filter 802 is fixed
and is being used to estimate the pilot, given the received pilot as input. The

output §“k is generated by the pilot estimation component 714.

[1058] As discussed above, the pilot estimation component 714 uses a
Wiener filter to estimate the pilot. The calculations for the Wiener filter 802
operating in real-time are shown in FIG. 10 and are known by those skilled in
the art. The Wiener filter 802 is provided the online received pilot symbols and
. estimates the pilot. ‘As shown, the Wiener filter 802 included in the pilot
estimation component 714 produces an estimate for both the | and Q
components of the pilot signal.

[1059] FIG. 11 is a block diagram of pilot estimation where the filtering is
broken down into its | and Q components. As shown, the processing for the |
component is similar to the processing for the Q component. The particular
component is provided to the FIR Wiener filter 802. The FIR Wiener filter 802
generates an estimated pilot for that component. The pilot estimate is then
provided to the demodulation component 518 as well as other subsystems 522.
[1060] Use of a Wiener filter to estimate the pilot signal may be used for
many different kinds of situations. One situation where a Wiener filter may be
useful is when a user is moving at high speeds. For example, if the user were
aboard a bullet train his or her speed on the train may reach speeds of
approximately 500 km/hr. Estimating the pilot signal using a Wiener filter in
such situations may provide better results than other currently used methods.
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[1061] Those of skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any combination
thereof.

[1062] Those of skill would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpréted as causing a departure from
the scope of the present invention.

[1063] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such

configuration.
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[1064] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled io the processor such the processor can read
information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[1065] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention ié not intended to ‘be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[1066] WHAT IS CLAIMED IS:
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CLAIMS

1. In a wireless communication system, a method comprising:
receiving a CDMA signal;
despreading the CDMA signal;
obtaining a pilot signal from the CDMA signal; and
estimating an original pilot signal using a Wiener filter to produce a pilot

estimate.

2. The method as in claim 1, wherein the CDMA signal is transmitted on a

downlink and wherein the downlink comprises a pilot channel.

3. The method as in claim 1, wherein the CDMA signal is transmitted on an

uplink and wherein the uplink comprises a pilot channel.

4. The method as in claim 1, further comprising demodulating the pilot
estimate.
5. The method as in claim 1, wherein the Wiener filter was configured by an

offline filter determination process.

6. The method as in claim 5, wherein the offline filter determination process
comprises calculating parameters of the Wiener filter to minimize the mean-

square error.

7. The method as in claim 6, wherein the parameters of the Wiener filter are

calculated according to the following formula:

H=R'R,

8. In a mobile station for use in a wireless communication system, a method

comprising:
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receiving a CDMA signal;

despreading the CDMA signal;

obtaining a pilot signal from the CDMA signal; and

estimating an original pilot signal using a Wiener filter to produce a pilot
estimate.

9. The method as in claim 8, wherein the CDMA signal is transmitted on a
downlink and wherein the downlink comprises a pilot channel.

10.  The method as in claim 8, further comprising demodulating the pilot

estimate.

11.  The method as in claim 8, wherein the Wiener filter was configured by an
offline filter determination process.

12.  The method as in claim 11, wherein the offline filter determination
process comprises calculating parameters of the Wiener filter to minimize
the mean-square error. '

13.  The method as in claim 12, wherein the parameters of the Wiener filter

are calculated according to the following formula:

H=R R,

14. A mobile station for use in a wireless communication system, the mobile
station comprising:

an antenna for receiving a CDMA signal;

a receiver in electronic communication with the antenna;

a front-end processing and despreading component in electronic
communication with the receiver for despreading the CDMA
signal;

a pilot estimation component in electronic communication with the front-

end processing and despreading component for estimating an
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original pilot signal using a Wiener filter to produce a pilot
estimate; and

a demodulation component in electronic communication with the pilot
estimation component and the front-end processing and
despreading component for providing demodulated data symbols

to the mobile station.

15.  The mobile station as in claim 14, wherein the receiver receives the
CDMA signal transmitted on a downlink and wherein the downlink comprises

a pilot channel.

16.  The mobile station as in claim 14, wherein the Wiener filter was

configured by an offline filter determination process.

17.  The mobile station as in claim 16, wherein the offline filter determination
process comprises calculating parameters of the Wiener filter to minimize

the mean-square error.

18.  The mobile station as in claim 17, wherein the parameters of the Wiener

filter are calculated according to the following formula:

H=R'R,

19. A mobile station for use in a wireless communication system, the mobile
station comprising:
means for receiving a CDMA signal;
means for despreading the CDMA signal;
means for obtaining a pilot signal from the CDMA signal; and
'means for estimating an original pilot signal using a Wiener filter to

produce a pilot estimate.
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20.  The mobile station as in claim 19, wherein the CDMA signal is
transmitted on a downlink and wherein the downlink comprises a pilot

channel.

21.  The mobile station as in claim 19, further comprising means for
demodulating the pilot estimate.

22. The mobile station as in claim 19, wherein the Wiener filier was

configured by an offline filter determination process.

23. The mobile station as in claim 22, wherein the offline filter determination
process comprises calculating parameters of the Wiener filter to minimize

the mean-square error.

24.  The mobile station as in claim 23, wherein the parameters of the Wiener

filter are calculated according to the following formula:

H=R'R,
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