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METHOD- SW TCHED FI LTERS Rel ated Applications [1000] This application clains
priority t vi sional Application No. 60/454,378,, rch 12,
2003. Fi elvg0 ﬁlog%EQThe present invention relates to wir qif@%ﬁ%@%%’?ca“ on
systens generally and specifically, to nmethods and apparatus for estimating
a pilot signal in a code division multiple access system Background

[1002] In a w rel ess radiotel ephone comruni cati on system nmany users

conmuni cate over a wireless channel. The use of code division multiple
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- present. Other multiple accesSWoHfamEda B¥S em techni ques, such as
time division multiple access (TDVA) and frequency division nmultiple access
(FDVA) are known in the art. However, the spread spectrum nodul ati on

- technique of CDMA has significant advantages over these nodul ation

techniq 8, ! access conmunication systens. [1003] The CDVA
techniq ql@é sAﬂr’ijfag%sgnt ages. An exenplary CDVA systemis described in
U.S. Pat[lOﬂ(ﬂ 4TBB hpflication ntairhd mibritHpry Ut PBpasional dypplitatiqol Mo.AOéds378,

- Communi cat ng Satellite O Terrestrial Repeaters", issued Feb.
13, 199 e‘i %ﬁﬂﬁ% ‘he assignee of the present invention, and
i ncor porat ed herein by reference. An exenplary CDVA systemis further

described in U S. Pat. No. 5,103,459, entitled "System And Method For
Generat ilfigldSi gnal Wavefornms In A CDMA Cel lul ar Tel ephone Systent, issued
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di scl osed. Commonly in a W rel ess communi cati on system
access system.
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Background

[1002] In a wireless radiotelephone communication system, many users communicate
ovér 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 mmliple access
communication systems,

[1003] 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”,
issued Apr. 7, 1992, assigned to the assignee of the present invention, and incorporated herein
by reference.

[1004] In each of the above patents, the use of a forward-link {base station io mobile

station) pilot signal is disclosed. Commonly in a CDMA wireless communication system,
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the pilot signal is a "beacon" transmtting a constant data value and
spread Wt/ pseudonoi se (PN) sequences used by the traffic bearing
si gnal s. ez%&gﬁsgfgg‘; gnal is typically covered with t hePGUSZ8YH} sn
sequence. During initial systemacquisition, the nobile station searches
through PN offsets to | ocate a base staion's pilot signal. Once it has
acquired the pilot signal, it can then derive a stable phase and magnitude
reference for coherent denodul ation, such as that described in U S. Pat. No.
5,764, 6 entd t.l - ' or_- i tuke Fok e um
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different than the originally transmitted pilot sig tion
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ot her fact o%s. %&007 Th‘e‘iﬁ IS .a nﬁe:la_d therefore, to process the pilot
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~Spread spectrum comuni cation systemthat supportS a nunber of users.
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a Reverse Link Pilot Channel (R-PICH) that the base station uses for initial acquisition, time

tracking, rake-receiver coherent reference recovery, and power conirol measurements.

[1006]  Pilot signals can be affected by noise, fading and other factors. As a resulf, a
received pilot signal may be degraded and different than the originally transmiited pilot
signal. Information contained in the pilot signal may be lost because of noise, fading and
other factors.

[1007]  There is a need, therefore, to process the pilot signal to counter the effects of noise,

fading and other signal-degrading factors.

BRIEF DESCRIPTION OF THE DRAWINGS
[1008] FIG. 1 is a diagram of a spread spectrum communication system that supports a
number of users.
{1009] FIG. 2 is a block diagram of a base station and a mobile station in a
communications system.
[1010]  FIG. 3 is a block diagram illustrating the downlink and the uplink between the base
station and the mobile station.
[1011]  FIG. 4 is a block diagram of the channels in an embodiment of the downlink.
[1612]  FIG. S illustrates a block diagram of certain components in an embodiment of a

mobile station.



[1011) FIG 4 is a block diagramof the channels in an enbodi nrent of the
downlink. [1012] FIG 5 illustrates a bl ock diagram of certain conponents
in an enbogi ; a nobile station. WO 2004/ 082166 P 4 7681 3

[ 1013] FI Gw%%PIsmsgkfél ow di agram of an enbodi nent of a m?éﬁ%g‘}/&"ggﬁl, mat i ng
the pilot wusing a switched double IR (Infinite Inpul se Response) filter.
[1014] FIG 7 is a block diagramillustgating the inputs to and outputs from
a pilot estimation conmponent. [1015] FIG 8 is a flow diagram of an

enbodi mrent of a nethod for estimating the pilot wusing a switched double IR

filter. ] [ : lragr ' tyratl : od
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i s a bl ockingiaagitalmdaiouplel IR (edihiterBtpdse Mésponse) figted.i [ tering i s broken down
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a spread-spectrum w rel ess comuni cation system The nethodology for the
systens hemgiaswitpkad dpabledByéilteng t he Doppl er spectrum as nore than one
subchann d | r one fdilter .wher fd ro.. gt or a
parti cul ﬁ“ﬁiubﬁgﬁgﬁ?aa&%ﬁ% e % fpﬂtgﬁeseur%%‘(?lnﬁwe%?ggfe féﬁetln%il% él%létégt%g‘g% are
shown i nintehinesdQtcomponents.di ng a pilot estimate. Included in the
specification are illustrations and mat hemati cal derivations for a
Prediction Error Method (PEM based pilot estimator. A switching nethod for
using the nultiple filters is gpICEBDESFRIPLAON formulas and cal cul ations

for the real - v
[1018] The word “exemplary” is used exclusively herein to mean “serving as an example,

C

instance, or illustration.” Any embodiment described herein as “exemplary” is not necessarily
to be construed as preferred or advantageous 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.

[1019]  The following discussion develops the exemplary embodiments of a data-driven
pilot estimator by first discussing a spread-spectrum wireless communication system. The
methodology for the systems herein includes modeling the Doppler spectrum as more than
one subchannel and using more than one filier, where each filter is tuned for a particular
subchannel. Components of an embodiment of a mobile station are shown in relation to
providing a pilot estimate. Included in the specification are illustrations and mathematical
derivations for a Prediction Error Method (PEM) based pilot estimator. A switching method
for using the multiple filters is disclosed. Exemplary formulas and calculations for the real-
time pilot estimation are illustrated.

[1020] Note that exemplary embodiments are provided as exemplars throughout this
discussion, however, alternate embodiments may incorporate various aspects without
departing from the scope of the present invention.

[1021]  One exemplary embodiment employs a spread-spectrum wireless communication

system. Wireless commumication systems are widely deployed to provide various types of



time pilot estimation are illustrated. [1020] Note that exenplary

enbodi ments are provided as exenplars throughout this discussion however ,
al t er nat e yebnd gﬁaﬁs may i ncorporate various aspects w.thout rt|ng
fromthe scope o e present invention. [1021] One exerﬁﬁ%‘ﬂ%}”‘éﬁ]ﬂ f ment
enpl oys a spread-spectrum w rel ess conmuni cation system Wreless

comuni cation systens are w dely depl ojed to provide various types of WO
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as an exarrpl e of a comunications system 100 that supports a numb

users amtﬁndadcﬁpabﬂjecdledllﬁtﬁo@MJ dde atanflads titgbaeinghevctase bérebn emm&sbe pts

di scussed heretl h varl ety of methods may be used to schedul e
transm SROHEAE ergqu erﬁ?ei " Syst em 100 provi des communication for a number

of cell §10032A- 1826, staiahl @[femfma]ly‘ hiefifiesS @i \roestsily oF @4 F6S RaBehifgorD &5
station 104A- 104G respectively. In the exenplary
base station to mobile, and vice versa. As an exemplary embodiment the following discussion

considers a spread-spectrum communication system consistent with the CDMA?2000 standard
of protocols. Alternate embodiments may incorporate another standard.

[1024] FIG. 1 serves as an example of a communications sysiem 100 that supports a
number of users and is capable of implementing at least some aspects of the concepts
discussed herein. Any of a variety of methods may be used to schedule transmissions in
systern 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 muitiple receive antennas and others have
only one receive antenna. Similarly, some of the base stations 104 have multiple transmit
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.

[1025]  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



enbodi nent, sone of the base stations 104 have nultiple receive antennas and
others have only one receive antenna. Simlarly, sone of the base stations
104 have myd sgakgsridsansm t  antennas, and ot hers have S|gg?%<hﬁg@§

antennas. There are no restrictions on the conbinations Prans

antennas and receive antennas. Therefore, it is possible for a base station
104 to have nultiple transmt antennas gnd a single receive antenna, or to
have multiple receive antennas and a single transmt antenna, or to have
both single or multiple transnit and receive antennas. [1025] Term nals 106

in the C%E&Q%é”t&%nﬂayxsb&‘es ng St% rated® 38‘ el “&*&}hérﬁxan figwn in
FIG 1, various termnals 10 are erse rougho yste ach
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FIG 1, hﬁﬁ&O&I@iﬁﬁMﬁMﬂ{tHaaﬂstméﬁlm Raristhitsalat maémﬁﬂ@&%nradd 1065 base the
downl i nk base tgqt;latlon 104B transmits data to term nals 106B and 106J, base
station Fien Py sapsmitsdatatotemaad0RG) andge®™ and so on. [1027] FIG 2 is a

bl ock di aggam of miche tta% kadih Z&Zthgnﬁs@atahhﬁ z@&aa}nu%oﬁﬂél staflo 204 in a

conmuni cati ons system A ase station isin wreless comunications with
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that receive the signals. In addition, mobile stations 204 may also transmit signals to the base
station 202. -

[1028] FIG. 3 is a block diagram of the base station 202 and mobile station 204
iljustrating 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,

[1029]  FIG. 4 is a block diagram of channels in an embodiment of the downlink 302. The
downlink 302 includes a pilot channel 402, a sync channel 404, a paging channel 406 and a
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.

[1030]  Although not illustrated, the uplink 304 may also include a pilot channel. Recall
that third-generation (3G) wireless radiotelephone communication systems have been
proposed in which an uplink 304 pilot channel is used. For example, in a 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 confrol measurements. Systems and methods herein may be used to

estimate a pilot signal whether on the downlink 302 or on the uplink 304.



[1028] FIG 3 is a block diagramof the base station 202 and nobile station
204 illustrating the downlink 302 and the uplink 304. The downlink 302
refers to“h;ﬁﬁgﬁhﬁ%ions fromthe base station 202 to the nobile station .
204, and the uplink 304 refers to transnissions from tRETAGBINEO%EELt i on 204
to the base station 202. [1029] FIG 4 is a block diagramof channels in an
enbodi ment of the downlink 302. The dgwnlink 302 includes a pilot channel
402, a sync channel 404, a pagi ng channel 406 and a traffic channel 408.
The downlink 302 illustrated is only one possible enbodi nrent of a downlink
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(such as when_noving between cells). [1032] FIG 5 il]ustrates a bl ock

di agr anh®eing eMaay prth0§ mebilgnstaiiansdilfesre emugercially available and, as a -
resnit, those skilled in the art will appreciate the components that are not shown.

[1033] If the pilot channel 402 were being sent on the uplink 304, the componenis
illustrated may be used in a base station 202 to estimate the pilot channel. It is 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.

[1034] Referring again to FIG. 5, a spread spectrum signal is received at an antenna 506.
The received spread spectrum signal is provided by the antenna 506 to a receiver 508. The
receiver 508 down-converts the signal and provides the down converted signal to the froni-
end processing and despreading component 510. The front-end processing and despreading
component 510 extracts the received pilot signal from the down converted signal and provides
the received pilot signal 512 to the pilot estimation component 514. Thé received pilot signal
512 commeonly includes noise and degradation from fading.

(10351  The front-end processing and despreading component 510 also provides the traffic

channel 516 to a demodulation component 518 that demodulates the data symbols.



nmobi l e station 504. O her conponents that are typically included in the
nobi l e station 504 may not be illustrated for the purpose of focusing on
t he novel Wweasufesepf the enbodi ments herein. Many enb bile
stations 504 are comercially available and, as a resuf%?:‘I @Ed§§8§8?F|ed in
the art will appreciate the conponents that are not shown. [1033] If the
pi |l ot channel 402 were being sent on tWe uplink 304, the conponents
illustrated may be used in a base station 202 to estinate the pilot channel.
It is to be wunderstood that the inventive principles herein may be used
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516 to aesﬂmangﬂhabn aLpilbegr th&hﬁastttmt;mateamdul ates the data syrrbol s. WO

2004/ 08 PCT, U82004/ 07681 ] The pilgt estjinmation_conp t 514
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multiple Tnfinite | npulse Response (IIR) filters, as wll be further
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corrponen;re %Lundamenta}s of Kalman Filtering: A Practical Approach" by Paul Zarchan and Howard
Musoff, "Kalman Filtering and Neural Networks" by Simon Haykin and "Estimation and
Tracking: Principles, Technigues And Software” by Yaakov Bar-Shalom and X. Rong Li, all
of which are incorporated herein by reference.
[1039]  Multiple IIR filters are used to estimate the pilot signal. An exemplary system
wsing two IIR filters will be illustrated and discussed. However, it will be appreciated that
- more than two IR filters could also be used by following the principles set forth herein.
[1040] FIG. 6 is a flow diagram 600 of one embodiment of a method for estimating the
pilot using a PEM-swiiched double IIR. The system receives 602 the baseband CDMA
signal. Then the fromt-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 vsing the PEM-switched double IIR. After the pilot has been estimated 608, it is
provided 610 to the demodulation component 518 as well as other subsystems 322.

[1041]  Referring now to FIG. 7, before the PEM-switched double IIR in the pilot

estimation component 514 is used, several parameters that may be used by the PEM-switched



be nore fully discussed bel ow Generally, the pilot estimation conponent 514
operates to estimate the pilot signal and effectively clean-up the pil ot

si gnal by i he noise and estimating the original pilot signal that
was transnvf‘?%%ﬁ?i%BB] Systems and met hods di scl osed hé) i’[ﬁgzﬁ‘%‘ép”?;\&kal man
filter to estimate the pilot signal. Kalman filters are known by those
skilled in the art. In short, a Kalmangfilter is an optinmal recursive data
processing nethod. A Kalman filter takes as inputs data relevant to the
system and estimates the current value(s) of variables of interest. A nunber

el ran Apiia A s oplAipedtings pnge, Tog® offtufed prraRit ooy i fdf sl
Fi | teri peadiforld aglgisddy BoEARRB] BituRaktc. Zas cians@Bdbéiowar drheMdsiafded of<al man

Filtering and Neural Nétworks" by Sinbn Haykin and "Estimation and
Tr acki ngeteppinge ipprascter aeth prejidest inthegpiatvestiatatipy cvmpinsnt BAd- Sibito Eafkd X

Rong Li,_ _al . wWhi are inecorporated herein b ef er.ence 10 ltiple R
iR 11 |t pRohen RYUEHRE Jo Bl IFERRRE Pllon R R sthmite SEOEEEN e 8k L oF g
two || R[i0424 er sinwihlid efibollinddns!t 5 P BNosed] SCHBHKELcaklo WG Sqikdie EMS)o6r
appreciated that nore than two HR filters could al so be used by fol]low ng
the pri AdmpPws Mean Panars Bieor (MMSEXYbavwspl gstimatags,i BEM does\potinged arpremnblss one

enbodi f f ' ' - Di ' - wi t ched doubl e
HR. Thg%y\%% ecr%ﬂl ieggéé]?\?%%a %'Eﬁt%'h%g%aﬁse g%lciiﬂa @B@A‘k"q’é}?g’ﬁg%“%ﬁg@ﬁ% ie front-end

pr ocessi[H3nd Tiesfolleadig discssion pravidssl Oetpidy fapiarding thet ¢aldulatjpme cles sviligbeand
despr eadi .604. The received pilot signal_ is then provided 606 to the pil ot
esti mat iﬂEﬁ:’}l%dBﬁlﬂfo Sl estmationcemipgRe T pradtiongl gietails rpad d&@é?P‘H’édﬁ"Q&’é‘g%y
vari ous ygfst eehsd in thO Y N9 i119%&E RpghL.f adi ng. The pilot estinmation conponent
514 estimates 608 the pilot channel using the PEM swi tched double DR After
the pil di04dds OBerrcesvedpiieidcadidsx envelape giren viestwaaddigist giverhby dentodiovatg on
conponent 518 as well as other subsystens 522. [1041] Referring nowto FIG
7, bef or &% PEM swit ched double HR in the pilot estination conponent 514
is used, several paraneters that nay be used by the PEM sw tched WO

2004/ 082166 PCT/ US2004/ 007681 8 double HR are obtai ned and/ or determ ned.
These det erm ned ﬁ{gl:aﬁigt-ieﬁks may include initial Yeondlatlions, enpirically
determ ned val ues,” etc., as discussed bel ow. The obtai ned or

[1045}  The received complex envelope in Formula 1 is represented as y,. The original
but faded pilot signal is represented as §,. The noise component is represented as v, . For a

single path mobile communication channel, the original pilot signal may be represented by the
mathematical model found in Formula 2. The corresponding noise component may be

represented by the formula found in Fornula 3.

3:,& = p}; ej% th (T) = g],_N Y Ef Rf:k (T) fk Formula 2.

Formnula 3.

¥, = 8Nl jis + 8\ NI 2. R, (mT —7)W,

[1846]  The variables and paramsters in the formmlas found in Formulas 2 and 3 are given
in Table 1.



determ ned paraneters are provided to the pilot estimtion conponent 714 and
its PEM switched double Ilk, to process the received pilot and estimte the

original pwedskigal time. [1042] In this enbodi nent E&BW@M.

Unl i ke Least Mean Square (LMsS) or M nimum Mean Square Error -based
estimators, PEM does not need a preanble. PEMis conpletely data driven and
can be used in blind communication receiwvers. [1043] The follow ng

di scussion provides details regarding the calculations that will be nade in
the pilot estimation conponent 714. Additional details and derivations known
by those skilled in the art are not included herein. [10441 The received
pil ot conpl ex envel ope after despreading is given by the followng formula:
Yk = WK + Vk Fornmula 1. [1045] The received conplex envelope in Fornula 1 is
represented as yk . The original but fngd pilot signal is represented as
sk . The noi se conponent is representgﬁbﬁ vk . For a single path nobile
communi cation channel, the original pilot signal nay be represented by the

" mat hemati cal nodel found in Formula 2. The correspondi ng noi se conponent nay
be represented by the formula found in Formula 3. S'"" (Z) = g NEP R (2)
f Formula 2. k WePs jPitotEnkéloge vk=gk N o~nk+gk Nl o, M~SKR,,, (; TT-2z) wk

" Formula 3. [1046] The variables and paraneters in the fornmulas found in
Fornmul as 2 and 3 &€ dlotelAWIGN Taiee 1. WO 2004/ 082166 PCT/t JS2004/ 007681 9
Table 1. EP Pilot Envel ope 10c: Total AWGN Noise 'or: Total Transmt PSD

gk : AGC Control 8&j gnafotal Transmit PSD
8,: AGC Control Signal

Pr - Rice (Rayleigh) Fade Process

f;, :  Complex Gaussian Fade Process with Clark Spectrum

¢ : Fading Phase
k

m, k: Chip and Symbol Counts
N : Processing Gain
th (T ) :  Correlation

7! Time Offset

Fir,Wr: Zero Mean Unit Power Gaussian Noise

[1047]  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 I and Q components

rather than being written in an envelope form. In Formula 4, § represents the received pilot

comprising its I and Q components. The faded pilot, without any noise, is represented as § in

Formula 5. The total noise is represented in Formula 6 as v . Formula 7 illustrates the fade as

—~

f-
[1048]  Since demodulation requires pilot phase, we are going to deal with I and Q instead

of the envelope.



Pk: Rice (Rayleigh) Fade Process 4 Conplex Gaussi an Fade Process with Cark
Spectrum 0 Fadi ng Phase k in k : Chip and Synbol Counts N : Processi ng

Gai n th%)) 4/%2£§relat|on : Time OFfset nk, wk : Zero Mean Power
Gaussi an NS ¥&“P1¥47] The denodul ation conponent 518 reEﬁT’P@%ﬂ"f’ﬂ@‘S’b‘hase of
the pilot signal. In order to obtain the phase, the signals may be witten

ina formconprising | and Q conponentgg rather than being witten in an
envelope form In Formula 4, y represents the received pilot conprising its
| and Q conponents. The faded pilot, w thout any noise, is represented as s
in Formula 5. Thg total noise is represented |n]?E 6 as v . Formula 7
illustrates the fXd€ ¥Bst JyQ[ 1045] Si nce denpdul ati B ‘gw res pilot phase,
we are going to deal with I and Q instead of the envel ope. WD 2004/ 082166 .
PCT/ US2004/ 007681% 05 Y4 J -h JYQ Formula 4. Soem8k 3. i 50 Formula 5. i =
VI -h jvQ Fornmul a 6. Pe" E 47 fQ=.f Fornmula7. [1049] G ven the

rel ati onshi ps of the fornulas above, the I and Q nts of the faded
pi | ot synbol wi t hBuT Yot s&’ sBgray be witten as shown in Formulas 8 and 9. S,
(k) =f, (KKNE Rh (z)g(k) Eornmula 8. SQk)= fQk)N ERhh(2-)g(k) Fornula
9. [1050] Stat e cphed, and Kafman filtering techni lagf-e used in

i npl ementing the present 'systens and nethods. A first-order state space
Mar kov nodel nay be used including the

[1049] Given the relationships of the formulas above, the I and Q components of the faded

pilot symbol without noise may be written as shown in Formulas 8 and 9.

s, (kY= f.(k)N JE Ru(D)g (k) Formula 8.
S, (k)= fQ (k)NJE_g R (T)g (k) Formela 9.

[1050]  State space and Kalman filtering techniques are used in implementing the present
systems and methods. A first-order state space Markov model may be used including the

equations as illustrated in Formulas 10 and 11. As shown by Formula 10, the Gauss Markov
model has a pole at @. The parameters W, and V, are uncorrelated white noise processes.
A corresponding steady-state Kalman filter is given by Formula 12. The pole for the Kalman
filter is a(l— K ) in Formula 12. The parameter K is the Kalman gain and may be
obtained from the solution of an Algebraic Riccati Equation (ARE). In addifion, the Kalman

gain may be obtained by running the Kalman filter until it reaches a steady state.

x, =ax,_, +bw, Formula 10.
Y, =X, +V, Formula 11.
}?: = a(l — I{ ) j:Z—I + qu Formula 12,

{1651]  The Xalman Filter filtered estimate was given by Formula 12. The equation of
Formula 12 is an IR filter. If @ = 1, the filter is a DC-unit gain IIR filter.



equations as illustrated in Fornmulas 10 and 11. As shown by Fornula 10, the
Gauss Markov nodel has a pole at a. The paranmeters W and Vk are

uncorrel at ) oi se processes. A correspondi ng st - | man
filter is g’iq)vz\gﬁil 39116 ormula 12. The pole for the Kal man el?(?li@s;z&)@@% 1- K) in
Formul a 12. The paraneter Kis the Kalman gain and may be obtained fromthe
solution of an Al gebraic Riccati Equation (ARE). In addition, the Kal man
gain nmay be obtained by running the Kalman filter until it reaches a steady
state. xk = axk-1 + bYl k Fornmula 10. Y7, xk + Vk . Formula 11. = a(1- K)}

+ K)~ For 12, . k-1 kI, [1051] The Kalman Filter fil4ered estimate was

gi ven by A, aDiE oAl T Gt uoeR P rgmpies 8 andy K71 Ry Sranie, pieh - 1,
the filtern_ i . DGy uni t. .gal IR fi r 004 81
111 1052 TR PR e bR o e e iR RS Lidpme o I
system imeniitheanhaiod deehst dehimatahbng anpiatiprestigpkaiales my be used
to conmpute a and K. The sw tching nmethod disclosed herein assunes an

- enpi ri calf9538st i Madidale IR JBtery mey3be weed fto)|aecomipish; the ghilot pslimpions el pee
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DR 111 ¢ erlg® BeRgsh Bnine odhes R fUees e be oot 3 gkt enapats- n e ang
| ow bandwi dth UR_ fiJtersy [1 The par e B, d BZ.may be used to
repr esentmfphga‘ﬁagaﬁei &pd J “tggﬁ ad8 JEﬁ%ﬁt ggeehiﬁéztf'@d'("% é‘ﬂgll%‘f’ ﬁ:ﬁ‘ﬂg‘ﬁ’*qﬁi gl;R

gai ns Kl’ﬁlté%?' Each paraneter Bis indicative that its respective filter
has its own" pole and its own gain. Then {e } inplies the relationships as
shown by I - ThegK fl . .S.4Sho Far

predi ct or{'flegsﬂusﬁmﬁ%gfﬁrgu la%ﬁgég%\sﬁl‘éi Zoteeg&ga{rigl ?%F%gx?thglegﬁr %né'% ‘r?a;?bg%e set

to 1. The fetmd models Pgexvgnekalman filter gains K, K,). Each parameter 0, is indicative that

its respective filter has its own pole and its own gain. Then {€ } implies the relationships as

shown by Formulas 13-15. The Kalman filter is shown by Formula 13. The predictor is
shown in Formula 14. As stated earlier, the term ¢ may be set to 1. The term @ may be set
to other values including, but not limited to, 0.9 or 0.95. Those skilled in the art may set @ as
needed by the particular design and implementation. The error is given in Formula 15.

[1055] The switching method may run both filters simultaneously or alternately. The
switching method uses Prediction Error Method (PEM) Bayesian switching to accomplish soft
switching (combining) of the two outputs.

#0)=0-K)x (6)+Ky, Formula 13.
x,., (Q ) =a X, (Q ) Formula 14.
€, (9;) =V, — X (Q) Formula 15.

[1056]  The prediction error power is the cost associated with 6’, . Formulas 16-19 provide

useful background information relating to the Bayesian-PEM switching. The prediction error

power is given by Formula 16. The Maximum A Posteriori Probability (MAP) selection of

the IR filter is determined through use of Formulas 17 and 18. The values of C and



to other values including, but not limted to, 0.9 or 0.95. Those skilled in
the art may set a as needed by the particular design and inplenmentation.
The error iven in Formula 15. [1055] The switching nethod may run both
filters éVQﬂWﬁQﬁ@@hsly or alternately. The switching ﬁ%ﬂﬂ&ﬂ“%@@éﬁprediction
Error Method (PEM Bayesian switching to acconplish soft swtching

(combi ning) of the two outputs. z:(B. i(l-K)x (6) +Kyk Formula 13. xk+ (~)
= a zk (B) Formula 14. ek (0 \ = yk+i""-"'xk+, (B) Forrmul a 15. [1056] The
prediction error power is the cost associated with 0, . Fornulas 16-19
provi de useful background information relating to the Bayesi an- PEM

swi t chi GYC, TheC papdiwhithat e raobabilitwesunisstogil v eThebitmbetion| varibfice §heheM&ki mum A
Post eri ori Probablllty (MAP) selectlon of the DRfilter is deternined :
t hr oughmags iogivEonEdramial®.and 18. The val ues of C and WD 2004/ 082166

PCT/ US2004/ 007681 12 C1C2 ... C. are such that the probability sunms to 1.
The i nnovation variance of the e nodel is given in Fornula 19

)2 i N g el g)grgytormi 17 sl o e 02 "o

[ 1057] Each of the IIRflIters may performthe cal culations as_ set forth in

For mul as 20- 23. e e uatl on _]E 2120 illustratesfermaldiTtering. The
equation in Fornﬂ-’P :I:I(Q's@ ‘ rediction. The prediction error is
shown in Fornula 2 eequatlonlﬁzﬁ la 23 illustrates how to obtain
t he noi se power or error variance. is (B) = a, (1- K)sk, (9 + KYki =1,2
Formula 20. 's i - 1, 2~For a . k+t B)-disk (Vvi/ )

%:'_C"lft'f' ?é'k Formula 18

— 2 Formula 19.
Q(6)=E{e(6,) }

[10571 - Each of the IR filters may perform the calculations as set forth in Formulas 20-23.
The equation in Formula 20 illustrates the filtering. The equation in Formula 21 illustrates the
prediction. The prediction ermror is shown in Formula 22. The equation in Formula 23

illustrates how to obtain the noise power or error variance.

+ K; y, i=12 Formula 20.

§A.+I (9, ) =da, §k (‘9‘ i= 1,2 Formula 21.

e, (6’1,) =y, 8, (6’,,) i=12 Formula 22.

OK1=A0 [k~1]+(1-A)2(@)  i=12  TFormula2s.
0<A<l1

[1058] The equation in Formula 24 indicates one way to determine the posteriori
probabilities. The metric may be determined according to Formula 25. The parameter )8 is
the hardness parameter. The hardness parameter may be empirically determined by those

skilled in the art as needed by the particular design and implementation. The MAAP combining

coefficients may be determined through use of the squations shown in Formulas 26 and 27.

The PEM-MAP estimate is given in Formula 28. The solution of s EMSE of Formula 28 is the

pilot estimate.



ek (B) yk - 5k (0) i 1,2 Forrmula 22. 9;[k]=AA;[k-1]+(1-2)ek (8,.) i =1,2
Formul a23. 0 <A<l [1058] The equation in Fornula 24 indicates one way t

det erm ne tWwe paak8ELOri  probabilities. The netric nmay 1%1281{4

i

according to Fornula 25. The parameter /3 is the hardness pararnsrgw};sij Th
har dness paraneter may be enpirically determ ned by those skilled in th
art as needed by the particular design #ghd inplenentati on. The MAP conbi
coefficients may be determi ned through use of the equations shown in

Formul as 26 and 27. The PEM MAP estinmate is given in Fornula 28. The

solution of SA MSE of Fornula 28 is the pilot estinmate. WO 2004/ 082166
PCT/ US2004/ 007681 13 [k} ~1 [~~] Formula 24. 2 2 1 ( | Formula 25. L]

p QZ4Yi

) i.)=,vlikl p 1lYk r 1 2 2 = p(c |yk)=Foppahi2¢k) Fornu
27. Formula 28. ﬂgﬂ@z %L_%j‘ m k e2 [1059] Soft or hard

swi tching nay be u
expressions in Fornulas 29-32 il Iu’*strate an enbodi ment of cal cul ations that
may be used for soft switchy
Formula 29. Kk, MSE | E
Formula 31. | if[kq

sysg}mto Q\ntch between the IIR filters.

%?]V D( % an MVBE esti mate. FefinmaBgS K }
e

e 1 Formula 26.

o =ploly')= 1+ Llk]
a, = p(@zly")zl—p(glly") Formula 27.
§; e = O §: (49I )-l— , ,'57: (92 ) Formula 28.

[1'059] Soft or hard switching may be used in the system to switch between the IR filters.
The expressions in Formulas 29-32 illustrate an embodiment of calculations that may be used

for soft switching or for an MMSE estimate.

N {S lyk} Formula 29.
— E{E{Sklyk;gz’}l yk} Formula 30.
— E{ §: (Q)] yk} Formula 31.

Formula 32.

=>p@y)35:(0)

il

[10601  The expressions in Formulas 33-34 illustrate an embodiment of calculations that

may be used for hard switching or for a MAP-model signal estimate. In Formnula 33 the

parameter QMAP [k] is equal to that shown in Formula 34.

& g (é [‘,,]) Formula 33.
& i

k MAP MAP

A

o [k] = arg max p(ﬁi,y" ) i=12 Formula 34,

MAP

(0]
e

e
ni ng

le] =
| a

The

FWKj Fornula 30. = E{ S+ (ai )I Yk}



t" Yk / 1 Sk (Bi Fornula 32. [1060] The expressions in Formulas 33-34
i1lustrate an enbodi nent of cal culations that may be used for hard

swi t chi ng P- nodel signal estimate. In Fornula 33 the ar anet er
'tOA?AP [k \?blzf;@gg%g%m that shown in Formula 34. ~+ ~+ RCHYR24{4/48 la 33.
k. A1AP k | MAP | d J/ BMAP[ K] =argmax p(B;lyk);i=1,2 Fornul a34. WO

2004/ 082166 PCT/ US2004/007681 14 [106{4 Figure 8 is a flow diagram
illustrating an enbodi nent of a method for estimating a pilot signal using
a PEM swi tched double fIR The input signal is fed 802 into both HR

filters. The IIRfilters each determne 804 a filtered estimate and a
prediction error. The prediction errors are used 806 to drive the swi tching

nechani 161l nakibye ¢ 8@ ﬂ%ENalwge%n iPuktPding ShicioBirhéht B 8 Yiefiash B9 8st1n{1a191@?a]

Figure 9 is a bl 6ck diagramillustrating an exanple of the overal |l nethod.
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xk . Therddidolyirror® ERORAT 8080 &axeemmsmm emedtagkii CERANS, forPRMauh 2.

The pilof estinmate is out ut fromthe nmethod as shown and as illustrated by
For nul aPﬂBteSFI_E@@S‘PPF?V@Ed 8is a block diagram of pilot estimation where the

LR 2@)63? t E:%g&% sl bldcﬁtcﬂ%%&? hu&&ﬂngeaﬁho 5&%%‘615@@1;%6511 hu%gxoﬁStT tion

i s achi usi n descri bed a nitial

condi t | zs%éj’}(ﬂtﬁ %Qﬁh 1R fifdfo®. | Phe &ﬁﬂddi&%h@& 5 riggeRARaths: &ﬂo“ﬂ]f{/%ﬁte s{::

the proc rfg for corrponent I's"sim e processing
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pilot for that conmponent. The p| I of,estimate is then provided to the
denodul @tedmmoocmqomﬂgmdaﬁtea@ ouespikt ;ﬁ,§ dhe FEMMABcotrpreB 204 dek@daies Throse of
skill in the art would understand that information and signals may be

coefficients for &, and &,. The pilot estimate is output from the method as shown and as

llustrated by Formula 28.

[1063] FIG. 10 is a block diagram of pilot estimation where the filtering is broken down
into its I and Q components. The pilot estimation is achieved through using the switching
method, as described above. Initial conditions are provided to the pilot estimation
components 514. As shown, the probessing for the T component is similar to the processing
for the Q component. The particular component is provided to the pilot estimiation component
514. The pilot estimation component 514 generates an estimated pilot for that component.
The pilot estimate is then provided to the demodulation component 518 as well as other
subsystems 522.

[1064] Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techmiques. 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,
eleciromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[10651  Those of ordinary skill in the art would further appreciate that the various
illustrative logical blocks, modules, circuits, and method 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 bardware



" causi ng 4e8pEy £

represented using any of a variety of different technol ogi es and techniques.
For exanple, data, instructions, conmands, information, signals, bits,
synbols, a ' at may be referenced throughout the above description
may be rep?§%§ﬁ?§%”%§ vol tages, currents, el ectromagnet & InaeRE0 gnet i ¢
fields or particles, optical fields or particles, or any conbination
thereof. [1065] Those of ordinary skillijgn the art would further appreciate
that the various illustrative |ogical blocks, nodules, circuits, and nethod
steps described in connection with the enbodi nents disclosed herein nay be

I mpl emen el ectroni I f ke . Or | | of
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thereof designed to performthe functions descr herei n” A general
pur pose pﬂ@ubg‘bﬁmm‘s}elé programingblepatscarsayoFP Gvtorjother peogaammeblatlpgie devige

pr ocessor,. ny..cQ tio ont rol ) n r,
b Oct ot o sk Pie Mo SN ek Witorlil BEFRARE comfithisd ok Bhy ORBLREORMRC;
conput i Ndedgd0® erford the funenoiy Matiicyd ireia. DSBersial PurpdRIBPEREESRAY be &
plurality of mcroprocessors, one or_ nore m Ccroprocessors In_conjunction
With a DEPCIOBrOsessar bukay the mitprnative: he MEpessoatngn 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.

[1067] The steps of a method or method 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 mediom known in the art. An
exemplary storage medium is coupled to 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 medinm may
reside in an ASIC. The ASIC may reside in a user terminal. In the alternative, the processor
and the storage medinm may reside as discrets components in a user terminal.

[1068] The order of the steps or actions of the methods described in connection with the
embodiments disclosed herein may be changed by those skilled in the art without departing
from the scope of the present invention. Thus, any order in the Figures or detailed description

is for illustrative purposes only and is not meant to imply a required order.
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enbodi nents di scl osed herein may be enbodied directly in hardware, in a
sof tware cuted by a processor, or in a conbi i the two. A
sof twar e %§H+4208§g§ reside in RAM nenory, flash nemry?%ﬂ&&ﬂ??é}, EPROM
menory, EEPROM nenory, registers, hard disk, a renovable disk, a CO-ROM or
any other form of storage nedium knownign the an. An exenplary storage
mediumis coupled to the processor such the processor can read information
from and wite information to, the storage nmedium In the alternative, the
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[1070] WHAT IS CLAIMED IS: 17 Wat is clainmed is: 1. A nethod for
estimating an original pilot signal, the nmethod conprising: receiving a
CDMA signal; obtaining a pilot signal fromthe CDVA signal; and



estimating an original pilot signal using a pilot estimtor having first and
second filters and a sw tching conponent, each of the first and second
filters generating fromthe pilot signal a filter estimte and prediction
error, and wherein the swi tching conponent applies a conmbining coefficient
to each of the filter estinmates based qpn the filter estimte's prediction
error, and conbines the filter estimates to produce a pilot estinmate. 2.
The method as in claim1, wherein the first and second filters each includes
a Kal man fWhatdrclaim&iis:The nmethod as in claim?2, wherein the Kalman filters
are inplementing Infinite Inpulse Response filters. 4. The nethod as in

claim 3, relnthe switchin one first error variance to
conmput e t\rll\@ BRI Friegtrpatipg any % P&ng @tf'? ‘?’o‘fﬁ”fpé'?m%stl mate and a second
error varirgeridngaCl¥dfrpiatal t he conbi ning coefficient to apply to the second

filter estiygBMifyamotsidhel fnﬁ{thg)gogg sighdl/angl @i m 4, wher e| n the p| I ot estimte
i s obtained, accordin -M\ 2]

where h + %M R}@gapgnqui‘pl h%rlaf lésglglarf’é{?r.’}%ﬁm%ﬂmrlhaﬂgzﬂrﬁta@d Pr%CHlut rﬁ@"?:%effl cients
k (01) is siitehinig qogtporent, Bechsxﬂths@tsl agitsecon fitrs ineraliR)fransthe hitt sgrwbmiitef i | t er ed

estimat e OGegtihBie ahBbrB@ClioR Srrdrarfel vibefBnthe ?Mft@ﬁl &nﬁ@r@ﬁt Q@WQ ddoRBinfgef ficient is
obt ai ned t hr %Euse ?]IH cg:tlonotalned

or i
accor di ng $8MEHY 14 & BW%G@P?%'“R'FS based 8’? the erFSt"‘]aﬁaslpr‘i OLHEYE s the first
vari ance, eontinesthe fiker ssivertas teprpduce aaildt astoate7. The nethod as in claim1,
wherein the swtchi ng conponent uses a soft-swi tching net hod 8. The met hod

as in clai n the sw tchi conponent uses .a bard-sw tchi ng net hod.
£n Tgie methoé as |n claim 1, wherein thepfgst an econdr}llters each includes a Kalman Flter 9

3. The method as in claim 2, wherein the Kalman filters are implementing Infinite Impuise
Response filters.

4. The method as in claim 3, wherein the switching component uses a first error variance to
compute the coefficient to apply to the first filter estimate and a second error variance to compute
the combining cosefficient to apply to the second filter estimate.

5. The method as in claim 4, wherein the pilot estimate is obtained according to the following:

S8 04057 (0,)
where

e

PERMSE s the pilot estimate,

» g are combining coefficients

R T ATRS
Sy (al) is the first filtered estimate, and

_' +(e .....
B AV} is the second filtered estimate

6. The method as in claim 5, wherein each combining coefficient is obtained through use of a
postenorl probabllltles function obtained according to the following:
SR 0 ,‘" ﬂn[k] ﬂl[ﬁ:]

- m'@ft'i% e %;ﬂ;z_;; :




9. The nmethod as in claim1, wherein the nethod is inplemented in a nobile
station, 10. A nobile station, conprising: a receiver for receiving a CDVA
signal; a front-end processing and despreadi ng conponent for obtaining a
pilot signal fromthe CDVMA signal; and a pilot estimation conponent having
first and second filters and a switching conponent, each of the first and
second filters generating fromthe pilot signal a filter estimte and
prediction error, and wherein the sw tching conponent applies a conbining
coefficient to each of the filter estimtes based on the filter estimate's
predictionr@gé and conbines the filter estimtes to produce a pilot
estimate. The nobile station as in claim110, wherein the first and
second filt¢€Rs each includes a Kalman filter. 12. The npobile station as in
claim11, mheiéﬁﬁeﬂﬁﬁmﬁﬁpﬁéwdflIters are inplenenting Infinite |npulse
Response flgﬁ?rs 13. The nobile station as in claim 12, wherein the
switching c ORemiset@rrar varigrgk error variance to conpute the conbining
coefficient to apply to the first filter estinate and a second error
variance to conpute the conbining coefficient to apply to the second filter
estimate. I4TheTiRthordpintaing f awhesyin e swithipg earponent usgsarseft-awitchied pethed: est i mat e
i s obtained according to the follow ng: skNMSE+= aIss+(Cn)+a24+(02) 19 where
5+ Xist Iy ~1) is
the first P ETl'[%er ed E Jﬁ{-ﬁ Wﬁeréd" ‘ﬂg‘s%’“%@g% ée%“?régee(liﬁ’(oén S%‘1'tfhmgﬁ{f’ﬂéosdt| mat e.
15. The nobile statlon as in claim14, mhereln each conbi ning coefficient is
obt ai ned t lor THéGhethed@s in claim 1, wherein the method is implemented in a mobile station.

10. A mobile station, comprising:

a receiver for receiving a CDMA signal;

a front-end processing and despreading component for abtaining a pilot signal from the CDMA
signal; and

a pilot estimation component having first and second filters and a switching compenent, each of
the first and second filters generating from the pilot signal a filter estimate and prediction error,
and wherein the sWitching compohent applies a combining coefficient to each of the filter
estimates based on the filter estimate's prediction error, and combines the filter estimates to
produce a pilot estimate.

11. The mobile station as in claim 10, wherein the first and second filters each inciudes a Kalman
filter.

12. The mobile station as in claim 11, wherein the Kalman filters are implementing Infinite

Impulse Response filters.

13. The mobile station as in claim 12, wherein the switching component uses a first error variance
to compute the combining coefficient to apply to the first filter estimate and a second error
variance to compute the combining coefficient to apply to the second filter estimate.

14. The mobile station as in claim 13, wherein the pilot estimate is obtained according to the

following:



of a posteriori probabilities function obtained according to the foll ow ng:
12, ~[3 z[ f [K] =1n where is the first error variance, and is the second
error variance. 16. The nobile Station as in claim 10, wherein the sw tching
conponent uses a soft-switching nethod. IT. The nobile station as in claim
10, wherein the sw tching conponent usqé a bard-switching nethod. 18. A
nobi |l e station, conprising: neans for feceiving a CDMA signal; neans for
obtaining a pilot signal fromthe CDVA signal; and nmeans for estinmating an
original piesd signal using a pilot estimator having first and second
filters ang a. svgﬁtchi ng corrponent, each of the first and second filters
generating:#g tB E? i a filter estimate and prediction error,
and wherein the swi't ¢hP! &)es 5'%onent applies a conbining coefficient to each
of the flltm EZS%IITB'LES based on the filter estimates prediction error, and
combi nes the i 1T ére eupingspeiiciants produce a pilot estinate.

Ty
' 3‘* (ﬁ 1) is the first filtered estimate, and

oo o)
Sk(ez) is the second filiered estimate.

15. The mobile station as in claim 14, wherein each combining coefficient is obtained through use
of a posterlorl probabllltles functlon obtained according te the following:

.ﬁz[ﬁc R "

=l

where

¥ 1 is the first error variance, and
g is the second error variance.

16. The mebile Station as in claim 10, wherein the switching component uses a soft-switching
method.

17. The mobile station as in claim 10, wherein the switching component uses a bard-switching
method.

18. A mobile station, comprising:

means for receiving a CDMA signal;

means for obtaining a pilot signal from the CDMA signal; and

means for estimating an original pilot signal using a pilot estimater having first and second filters
and a switching component, each of the first and second filters generating from the pilot signal a
filter estimate and prediction error, and wherein the switching component applies a combining
coefficient to each of the filier estimates based on the filter estimates prediction error, and
combines the filter estimates to produce a pilot estimate.





