1 METHOD AND SYSTEM FOR ADAPTI VE CHANNEL ESTI MATION I N
PI LOT SYMBOL ASSI STED MODULATI ON SYSTEMS Fi el d of the
I nvention [0001] The present invention relates to a
nmet hod and system for adaptive channel estimation in
Pil ot Synmbol Assisted Mdul ation (PSAM systens. In
particular, this invention telates to a nethod and
syst em for suppressing noise in channel estimtes in
dem receiver, in particular a rake receiver of a
ME@H@QMB Y SEMFORADAPTINE CHANNELESTIIOATION IN PILOT
radi o commMYiMBOLoASSINEERMODIHaA EIQNS ¥YHE
transmtted froma Base Station (BS), an exanpl e of
which is a radio transm ssion tower, to a Mbile
Station Receiver (MSR), an exanple of which is a
o byl . vice versa. The signals received by
hgﬁ’lﬁgﬁwgﬁpg%@%?lfn¥er fromthe original transmtted
signal, due to interference fromthe physica
envi ronnent during signal propagation.

By

t hedO9HAnkhe pregent é‘ng’ﬁH‘Pn redatestoet w@@w@rﬁaﬂm@r M%ptlve channel

si

ey b HTPRBE Bybol Aisd MEhion P RARA Rl M Fartcular,

[ 00BB] inSemeors yeddtesrto ésnmhochan&@?ﬁeﬂl'ﬂaﬁ\-sﬁmesmg nmsé in channel

use a pl | ot channel, . which is a continyous tion
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Using the pilot channel, it is possible to estimate

t he phase of different signals received correspondi ng

t o Badkigeownt ofthe Juyentionn pat hs before conbining them

toget her. [0004] Code Division Miultiple Access (CDVA)

systens are spread spectrum systens that enploy radio
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The signals received by the MSR often differ from the original transmitted signal,

due to interference from the physical environment during signal propagation. By
the time the transmitted signal is received by the MSR, the signals from each of the
different propagation paths may each be attributed with a different phase delay.

[0003] Some systems (such as 3GPP UTRA-FDD systems) use a pilot channel,
which is a continuous modulation of a known bit sequence of the transmitted
signal. Using the pilot channel, it is possible to estimate the phase of different
signals received corresponding to different propagation paths before combining

them together.

[0004] Code Division Multiple Access (CDMA) systems are spread spectrum
systems that employ radio channels with a much larger bandwidth (for example, 1.5
MHz for IS-95 systems and 5.0 MHz for 3GPP UTRA-FDD systems) than
conventional Frequency Modulated (FM) systems. In CDMA systems, a single




radi o channel can sinul taneously support nultiple

users, as opposed to FM systens, which can only

support one user per radio channel. [0005] In order to
differentiate information intended for different

recipients transmtted over a shared radi o channel in

a CDVA system each user is 4ssigned a unique pseudo
randon1(PN) code. For exanple, an information sequence
suctedies cannst cammimltiaogsly osupportr mukinle weerst es opposed to FM

par [ | nvol ves I ing each
el S B s e R Y ne
|ntended recipient's PN Code. The PN Code is a stream
of ch%gs where each bit of the information sequence

corlPShtlasordsr e @ﬁﬁe&ﬁ@ﬁe irfermaiiipéptendsd foy didiorent rgsipients
t hetra%cﬁl?t‘?e‘él' 8 E §ﬁ§r9& rad &}ﬁannéﬁﬁ 'Ar& % te%p %Wé}% ﬁ's%r 18 a531gned a
spread g, and is one o y ‘ways ansm

si g.nadlue psatdndadorh PN nmleusﬂﬂr eRataple ; earﬁhﬁfrﬁﬂtlcﬂn EH’(I]T.IGIhCC such as a
The si n%J is received by all users of shar.e

chafial HutitsdabedrnyotedsdRasdeui lgﬁeagfcp layplmemulﬂplymg
NBFéaee BitatdbRtddng tRhgREedadRe bvﬁ’th%‘é irRedddd %@enﬁ $PR Code.
phenonenon of encodi ng the data a PN sequence 1Is
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% to work properly, the follow ng nust occur:

the signals received by the MSR and PN code used for

de- spreadi ng nust be tine-aligned; the
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shared channel. Bits in the original transmitted information sequence are extracted

from the signal by de-correlating the PN Code with the signal received by the

MSR. This process of correlation is known as de-spreading.

[0007] For CDMA systems to work properly, the following must occur: the signals
received by the MSR and PN code used for de-spreading must be time-aligned; the
auto-correlation properties of the PN Codes are preferably high (This means the
correlation is high if the sequence is correlated with a zero-shifted sequence of
itself and nearly zero if it is correlated with a non-zero time shift of itself); and the
cross-correlation properties of the PN Codes are preferably near ideal (i.e. nearly

ZEro).



cross-correlation properties of the PN Codes are
preferably near ideal (i.e. nearly zero). 3 [0008]

As such, CDMVA systens may enploy a pilot signal to
maintain the integrity of the above conditions. The

pilot signal is a constant bit sequence that is

spread using a predefined PN code, which is specific

to that particular BS. Both the pilot signal bit
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Referring to FIG 1, a Rake Receiver 10 typi cal
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processing paths each via a Rake Finger 12 in the
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[0011] Referri to FIG.2, .a.fupctional bl.ock diagra
of cé-%)lr |ohe ﬁgag: r'lg:iuﬁfgrg}cfi\tlfgth.s na .n_aLt eeCqeHHnD i .nafnll. The
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of traffic signals (which are bits corresponding to

datld mgnle 8y usedgipilarbt inddage Stagiong @S)ch are bits
corresponding to pilot synbols). The Rake Finger 12

al so includes a Traffic PN Code Generator 22, which
gereo1d) EtheaCp@bince Ub ahen Bb@bihek Al dd-sprEiN o&ipds, fr@fttadh of the

Traffic Correlator 24, which correlates the traffic PN

Codiake Jingsranl 2end s5pds the combied euipt igerl 1ddorcdurthesrprogessing.

with the received input signal 11 and outputs
[0011] Referring to FIG.2, a functional block diagram of a single Rake Finger 12
of FIG.1 is shown. The Rake Finger 12 receives an input signal 11 comprising of
traffic signals (which are bits corresponding to data symbols) and pilot signals
(which are bits corresponding to pilot symbols). The Rake Finger 12 also includes
a Traffic PN Code Generator 22, which generates a particular unique traffic PN
Code, and a Traffic Correlator 24, which correlates the traffic PN Codes generated
by the Traffic PN code generator 22 with the received input signal 11 and outputs
de-spread data symbols 27.  Similarly there is a pilot PN code generator 21 and
pilot Correlator 23 to de-spread pilot symbols 18. The number of inputs (or also
known as "chips") from the received input signal 11 that are used in order to de-

spread one output bit corresponding to a data symbol 27 or a pilot symbol 18 is

known as the spreading factor. The spreading factor for the data and pilot symbols




de-spread data synbols 27. Simlarly there is a pilot

PN code generator 21 and pilot Correlator 23 to

de-spread pilot synbols 18. The nunber of inputs (or

al so known as "chips") fromthe received input signa

11 that are used in order to de- spread one output bit
corresponding to a data synbbl 27 or a pilot synbol 18

is known as the spreading factor. The spreadi ng
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synbol it is fixed at 256. [0012] Due to the tine

varying nature of the channel, the traffic and data
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phase del the tine ey reach t.h or_the
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purpose the Pilot Correlator 23 outputs de- spread
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the pilot and traffic PN Codes are synchroni zed to the

signal received by the MSR (i.e. they are kept tine
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[0014] Channel estimates 28 in the rake receiver are often corrupted by Additive
White Gaussian Noise (AWGN) and fading. Averaging the AWGN, results in the
reduction of AWGN noise power. In AWGN, the larger the averaging the better
the noise reduction. However, in a fading channel if the averaging length is too
long, the dynamics of the channel changes and the results will deteriorate.
Therefore, the shorter the averaging length the better the fading immunity provided
there is no deep fade occurring at that instance. A deep fade is a condition where
the signal quality is too bad for any estimation purposes. Due to these two
contradicting effects (AWGN and channel dynamics), the accuracy of the channel
estimates 28 and Bit Error Rate (BER) achieved is dependent on the averaging

length employed. The optimum averaging length to obtain the channel estimates is




reduction of AWGN noi se power. In AWGN, the |arger the
averagi ng the better the noise reduction. However, in

a fading channel if the averaging length is too [ ong,

t he dynami cs of the channel changes and the results

will deteriorate. Therefore, the shorter the

averaging length the better $he fading i mmunity

provided there is no deep fade occurring at that
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t Error Rate (BER) achieved is é%pendent on

avsﬂaggmg | engt h enpl oyed. The opti num aver agi ng

l ength to obtain the channel estimates is 5 dependent

on the speed (v) of the MSR and signal to noise ratio

(SNR) of the received signal. It therefore becones
necessary to find the opti numaveraging length to
|rrp$luumamefth¢alment1@su mates 28 as the speed v of the
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in a nodemreceiver, in particular a rake receiver of

a BSHMisyemem [0016] Accordingly, in one aspect, the

present invention provides an adaptive channe

estimation unit of a rake finger in a nobile station

r eqeosp rAcdohélng@aphlo\ne aspbaniiel peséntnbiémivpnupiolides an adaptive
estimatign unit, for processing

ri sing. a.channel
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averaging units for averaging the noisy channel

units, each of the plurality of averaging units having a different predetermined

averaging length; the plurality of averaging units for averaging the noisy channel
estimates to generate a corresponding plurality of noise-averaged channel estimates
according to the different predetermined averaging lengths; a plurality of
subtractors for subtracting the plurality of noise-averaged channel estimates from
the noisy channel estimates producing a plurality of noise-averaged differences; a
power calculations unit for calculating the power of the plurality of noise-averaged
differences; and a processor for calculating total error power for each of the
plurality of noise-averaged channel estimates and for selecting one of the plurality
of averaging units corresponding to the lowest total error power for suppressing

noise in the noisy channel estimates.

[0017] In another aspect, the present invention provides, a method for suppressing
noise in channel estimates of a rake finger in a mobile station receiver, the method

comprising the steps: receiving noisy channel estimates; averaging the noisy



estimates to generate a corresponding plurality of

noi se- averaged channel estinmates according to the

di fferent predeterni ned averaging lengths; a plurality

of subtractors for subtracting the plurality of

noi se- averaged channel estimates from the noisy

channel estimates producing @ plurality of

noi se- averaged di fferences; a power calculations unit

f orchaahd stimiateg wiklea pbwelity aff avhegplguengths yo obtain a corresponding

noi se-averaged differences; and a processor.for. .

cal BT RGOt areraesh Pl SHrsREHne Pyslisy O noise-averaged
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selecting one of the plurality of averaging units
corditfeysoersi ngcalenlating powiersef thst pluradity of nodsgegvetaged differences;
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Pr opuvite Jor cach Bt theplirality ofRBiseaséraged dddinftesi shdRBRARY one of the
estimates of a rake finger in a nobile station
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est%&g@%ﬁélﬁggl %Frgfrlagﬁlelte%ﬁg‘%%g\/e?agi ng | enét hs to

obtain a corresponding plurality of noise-averaged
estimates; subtracting the plurality of noise-averaged

estBABt Besch tdrehé'Dravinghannel estimtes to obtain a
plurality of noise-averaged differences; calculating

power of the plurality of noise-averaged differences;

cal tin he .noi,se. power. of the noisy. channel

oot Bl A PefsEe SRR AR P P Pl TResitioS PR S e gpore fully
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sel ecting one of the plurality of averaging | engths
corresponding to the |l owest total error power for
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enbodi nent of the present invention will now be nore
full descri bed, by way of exanple, with reference to
thdo&qobvﬁlﬁ}g%ﬂb‘ﬁtrﬁﬁ%Fﬁke[f@@i@‘]fﬁiﬁdé 1illustrates a
typical prior art rake receiver; [0020] FIG 2
illustrates a rake finger of FIG 1;
[0021] FIG.3 illustrates an adaptive channel estimation unit of FIG.2 in accordance

with the preferred embodiment;

[0022] FIG.4 illustrates a graph showing the relationship between averaging length

and error power in accordance with the preferred embodiment;

[0023] FIG.5 illustrates an adaptive averaging unit of FIG.3 in accordance with the

preferred embodiment;

[0024] FIG.6 illustrates a Noise power calculation unit of FIG.5 in accordance

with the preferred embodiment;




[0021] FIG 3 illustrates an adaptive channel
estimation unit of FIG 2 in accordance wth the
preferred enbodi nent; [0022] FIG 4 illustrates a graph
showi ng the rel ati onshi p between averaging | ength and
error power in accordance wth the preferred
enbodi nent; [0023] FIGS5 illustrates an adaptive
averaging unit of FIG 3 in accordance with the
pr gbeas] e GeTrilhdiraent ;flowdoi24] ofthGSntethdd insictatdasceawio tikepresent
power calculation unit of FIG5 in accordance wth
t hdNBe0o8r #¢d embodi ment: 7 [0025] FIG 7 illustrates
a flow chart of the method in accordance with the
present invention; and [0026] FIG 8 illustrates
r eq00263 I3G. &ilkistratestésolts phHa aingrlatpin infa @aph Bf BarErRatRate (BER)
(BER). ai nst Av ing,Length L; and [0027] FIG 9
i | ﬁ%{nrsggggrag%gﬁp ﬁgf a]gds.i mul ation in a graph of
Total Error Power against Averaging Length L.
Det ai | ed Description of the Invention [0028] In the
f ol [P@RRA riﬂ%%ﬁbrsttptqsansulﬁeqfaa bignudateonpinow igekpdi afolotal Error Power
descr i t he enbodi nent and alternative
enba(ganﬁé‘m[ rag@ggﬁ tF&be apparent to one skilled in the
art, however, that the preferred enbodi nent may be
practi ced wi thout such details. Sonme of these details
may not be described at length so as not to obscure
Detglﬂgd Qggc?rﬁq{oﬂleoq‘tﬁth%ﬂt [0029] The pref er red_
I'zes an adaptive channel estimation
unifpo28p Inrthe folloskng ﬂbffb@l@tloﬂ,%eﬁﬂsé‘aré @KﬁndsﬂCtel describOthefpreferred

a PSAM system. in the present exanp whi ch an_ VSR
i s mbadapentiaad altepativg srﬁbw@eeh Ahffb@ll b@sqppﬁxam orengnikilled in the

29 pf %va@e? QMQ %felﬁé& %rgﬁ(gcﬁﬁlegtsm 1%9&59%1' Wihout s%ch details.

de-spread pi ot s gna via an m averag
I erﬂgﬂﬁ‘e oﬂdtese nlietagld rhyy aot beldptdribed art/dm@h 18Q ad Mot to robscure the
t he hannel

pre err odiment.

[0029] The preferred embodiment utilizes an adaptive channel estimation unit 29 in
a rake finger 12 of a rake receiver 10 of a PSAM system, in the present example of
which an MSR is illustrated. The adaptive channel estimation unit 29 provides
channel estimates 28 by processing de-spread pilot signals 18 via an optimum
averaging length, determined by an adaptive averaging unit in the adaptive channel

estimation unit 29.

[0030] Referring to FIG.3, the adaptive channel estimation unit 29 further
comprises a channel estimation unit 30 and an adaptive averaging unit 32. The
adaptive channel estimation unit 29 first calculates noisy channel estimates 31 and

then adaptively determines the optimum averaging length.

[0031] The adaptive averaging unit 32 need not be present in all rake fingers 12 in
the rake receiver 10. At least one rake finger 12 having the adaptive averaging unit

32 in the adaptive channel estimation unit 29 is required. The optimum averaging




estimation unit 29. [0030] Referring to FIG 3, the
adaptive channel estimation unit 29 further conprises

a channel estimation unit 30 and an adaptive averagi ng

unit 32. The adaptive channel estimation unit 29

first cal cul ates noisy channel estimates 31 and then
adaptively determ nes the op8i mum averagi ng | ength.

[ 0031] The adaptive averaging unit 32 need not be

pr elsrgth foundiby the adgptivenganging 2init132 cotild beaklayédaedsg@sd other rake
10. _At | east one rake finger 12 having the adaptive
avelBEFTh2 (ReFvIngen ff%%&ﬁﬂﬁﬁ CSHAERAel estimation

unit 29 is required. The optinmum averaging 8 |ength

found by the adaptive averaging unit 32 could be

r el [@932) ImcarmsBemativt bmbodialeat, & plugditg of 2dapitwei averaging units 32

signals fromthe s baste station. [0032] |

21 57 De PP IS Ao & PEepfea oy irgHer i gbs o Theers 12. The
av &fed@ltsPordthé luddity TRYdAHivE TREAYHE unfts BRImAf thén be consolidated
predet er m ned nunber of the rake fingers 12" The

r esandtestimatemhavieg b tter pleifoymarice athydteiobéaiveder agi ng units

32 may then be consolidated and estimates havi ng

better performance may be obtai ned. [0033] The noi sy

chaoosd] B nbRY Uhaddel CRRIASEE3 PlcofPsiss @ delRed @hannel estimates
est| nat es (lfadl ng profile) and noise in the form of

Andipding progilerandmoirsiis éhepfoa of A WGiehavig exyoraieasermetwer E,. The
es.téoqgrt gﬁv&[‘nﬁéi e%Eiﬁﬁl e@eﬁ. elcrg Qhelnr}teg illlt(q ‘?heag%%td'vg Gv@Y 615? U182 where
uni 2 ere € Nnolse I'S suppresse usi ng averagl ng

t ectheingige ss supPestl ubing aavapagitedhni@egt h used to
average the noise is denoted by L. After averaging,
the error power of the averaged AWGN i s reduced from

Eg é/be‘tﬁ Eﬁﬁé‘zveéh@ggtlgﬁ?grtﬁ Ehgécpgo ﬁb&ggﬁ Eheg Ecgsé“fﬁeﬁ@rg)lt&gg}é sj.: After

Intro ors, since nne chan
s| caMeyaginge ithet érree. powke o£the aveqpged A WIGN it eedubel frvarBgoig,/L). In
depends..on the averaging |length L and speed of .the
VBRBG 134108 cbmast o ireiias BEWa YT B PREF PO g the channel
Chalaghss dSwioerdBROIER BYorGRder \the 14 M bR ingUEMnds on th
power E(L), 3{? t ﬁe aver ageOdr channele est | mat géé,m§8 ﬁ?ug on He
comyeiagasg lshgthhie aed spaed pdwer MR vhEhaemomgpertr due to averaging in
fading channels is thus denoted by E,(L,v). The total error power E(L), of the
averaged channel estimates 28 thus comprises of the error power of the averaged

AWGN and the error power due to averaging, given by:
E(L)=(E, /L) + E,(L,v) (Eq. 1)

[0035] In Eq. 1, E, is the noise power which is assumed known, a method of the

preferred embodiment for estimating F, is disclosed in later disucssions.
[0036] The power of the noisy channel estimates 31 may further be written as:

Power(31) =P + E, (Eq.2)




AVWGN and the error power due to averaging, given by:
E(L) = (E" /L) + Ea(L, v) (Eq. 1) [0035] In Eq. 1, E71
is the noise power which is assumed known, a method of
the preferred enbodinment for estimating En is

di sclosed in | ater disucssions. [0036] The power of
the noi sy channel estimates @1 may further be witten
as: Power(31l) =P+ FEz (Eg. 2) 9 where Pis the

powelier® P it i poivan BEthe@Sibhnbh baimteC@icorpted bh A WHR\In Q. 2, we
Eq. 2, we assune the channel to be constant over one

sy raseHmeyihe shamg] to beeconstanf ovey pnesymtjod d@afioméfer ri ng t o
FIG 4, as Légp eages, the total error power first
decreases, réachies a mini mum and thereafter,

I ncreases. [0038] To achieve a mninmumtotal error

ower E , an opt] averaging length Lops is used.
FLJof[_Poq@ (Itf‘lfﬁ‘“éﬁkge‘fﬁ? 151]5?,“4{,“ s lsglgée@sq,s_, thestofa) ETIH é)@al.eg)fﬁrqt creases,
?ﬁgbé egQﬁﬁ?ﬁﬁnﬁgndQ%ﬁgﬁgshﬁﬁgggsary to re-estimte

val ue of Lop, . I's 1§ equivalent to maxim zing
the SNR of the channel estimtes 28. [0039] The

ad i channel estimation unit 29 | oys. an .
At T R BRI (8bert) PadRp L LGk SRt B i sraging length
ang, SphRY. TheisRpédent &V HEAEAY. | ANGE g%éegmf thd'mobile changes it
averagi ng the noi sy channel estimtes . [0040]

Reflgcoinng neeeskang, B amdstiEhate Tthe twadueadfigpve Ahisr mgequjvalent to

unit 32.conpri processor 40 .,and a power
calCU R4 %n eéﬁog‘@_ec egﬁsglﬁ‘laitvg%aver agi ng unit 32

further conprises a plurality of averaging units 34.

Each averagi ng unit 34 having a different ) ) )
pr 40R30k rHerrdaptiieethapial gstiasigmhimit e neplpy eqreataptive averaging unit
pregdet er m ned a -i I f I | ur al | .

oy e LIRS NS0y GO0 IS gl AR L i

valavesgingQh«ddisyhdn@eltdRgmpteeSént enbodi ment refers to
each averaging unit 34 as a separate function, it is
understood that they may be inplenented using a single

f urteddoP M&ferring to FIG.5 and FIG.7, the adaptive averaging unit 32 comprises a
processor 40 and a power calculations unit 39. The adaptive averaging unit 32
further comprises a plurality of averaging units 34. Each averaging unit 34 having
a different predetermined averaging length. The different predetermined averaging

lengths of all the plurality of averaging units 34 are spread over a range of values.

[0041] While the present embodiment refers to each averaging unit 34 as a separate
function, it is understood that they may be implemented using a single functional

block for the entire range of the averaging lengths.

[0042] The plurality of averaging units 34 are for averaging the noisy channel
estimates 31 according to their respective averaging lengths. Referring to one of
the plurality of averaging units 34, namely averaging unit 34A, having an averaging
length of L1. The averaging unit 34A takes the input of the noisy channel estimates
31 from the channel estimation unit 30 and performs an averaging to obtain a noise

-averaged channel estimate 47.



bl ock for the entire range of the averagi ng | engths.
[0042] The plurality of averaging units 34 are for
averagi ng the noi sy channel estimates 31 according to
their respective averaging lengths. Referring to one
of the plurality of averaging units 34, nanely
averagi ng unit 34A, having d0 averaging length of L
1. The averaging unit 34A takes the input of the noisy
channel estimates 31 fromthe channel estimation unit
30 and perforns an averaging to obtajin a no

- aVi8043} eHhecpRipayeragedi Ghannel £5timaig 4{70@413 n W%Sted from the noisy
noi - . e i . .

fr oS Has STRTDRAMARL hIRL iy dgd R M RIPRAAR fed into
noi spowarerabgédiods fifiie 88.ndhe P8wanchltiiatorsunitedd dahdubatesathe power
po cal.cul ations,. unit . _The power, cal cul ati ons

o el e rased i enos alkand T ienting wabe fumdged

di fference 38 and nmay be witten in the form

Power (38) = En{(L1-1)/LI)} + Ea(Ll1l,v) (Eg. 3) [0044]

The powdtovefr(38he Bd(lsebduBr-adad..d) f f erence 38 is t her(Eq.3)
passed on to the processor 40. Al the values from

the averaging units 34 will be processsed sinilarly
ando@as SEik AewéiOoft 1he MiRCARSMedAAfERNCPBYGE $rdnBassdd18n to the
processor 40 will use all calculated powers of the

noiwecesser 4¢edAldliths erbies dromgghe faveraginghenitey 24 agllney processsed

units..34 to.deternine.the averagi unit .34 havin he .
oty a8 BESFL P REuk o SRR AP alitiyin, T0eeatlFo il
haujss @lltdakul seesdwdr batheaioiRravemped difdrences 38 of all the averaging
correspondi ngl y .be using_ the optinmm aver agi

| erltty. 34 oodetqrmyueg Bieravistaging Buik B4 dlanipathe ttOtglléllr;Z%WéWﬁﬁ@T power.
i . . . t . .

o IR R R 3o 0k ] By PRI A Brpondingly b

En{usihglthg bpfithubEyeraging[lép4i6] The adaptive averagi ng

unit 32 also conprises a switch 45 controlled by the
processor 40 for the selection of the averagi ng unit

34 [heue) rlgef&l?ﬁl]gqgtajvg?dgi‘nggﬁﬁﬁrﬁ%i Hﬂliﬁ%%&mﬁ@ el the tio%al error

estimaies 28 fromth aptive channel ‘es tion un
power can be written in the form :
E(L;) = Power(38) + E,{(2-L;)/L} (Eq. 4)

[0046] The adaptive averaging unit 32 also comprises a switch 45 controlled by the
processor 40 for the selection of the averaging unit 34 having the optimum
averaging length. Channel estimates 28 from the adaptive channel estimation unit
29 will then have the least amount of error from AWGN and averaging operation.
The concept of the switch 45 is notional and is understood by one skilled in the art

to be implementable by software or hardware means.

[0047] The adaptive averaging unit 32 further comprises a noise power calculation
unit 33 for calculating the noise power E, 46 of the AWGN in the noisy channel
estimates 31. The noise power E, in the AWGN is further used by the processor 40

in calculating the total error power for each of the averaging units 34.




29 will then have the | east anount of error from AWGN

and averagi ng operation. The concept of the switch 45

is notional and is understood by one skilled in the

art to be inplenentable by software or hardware

nmeans. [0047] The adaptive averaging unit 32 further
conprises a noi se power calddlation wunit 33 for

cal cul ating the noise power En 46 of the AWGN in the
noi[eg4st HEten@dise pewemadl@datdsh unih@3 noslsevp WETG B and cbinerises a
AVWCN is further used by the processor 40 in | )
calfé’iﬂdaﬁqsﬁ’gj’ntW@r%gé)liga}‘mgﬁP&ndﬁmO“feérca@&@ﬁOBthﬁé& The noisy
av of . Q) .
caraptaEstiieles ¥ Ko i G WP MRUP S RAUEE unit 50 where the
f i xediypdsinhelosstimagesadli nodarge tv&@giapdo tolripaheenoise fixed average
cal cul ati gn its 53..The noi channel . esti_mates 31 . .
o A $h o1 BB Y6 GSEIHC aVEPRGFHI ] T be writen in
whepesdRe nosiy channel estimates 31 undergo

averaging to obtain the noise fixed average estimate

51. The power of the noise fixed average estimte 51

may be itt in, .t rm. Power = P + (En/2)

Ea( 2, v;,igoé”efﬁi) (E)fé;%e"/@&% &3v) 5 &ébs”‘%?he aver agi ng (Eq. 5)
l ength = 2. [0049] The approxi mati on above hol ds true

in the above Eq. 5 as E'"(2, v) = 0 even at high

spedttse e aypragmglengtBG02.knf hr. [ 0050] The noi se fi xed
average estimate 51 is then fed into one of the power
calculation units 53 to cal culate the power of the

nol [6ﬂ9¥ I KRGpPYEiAEEoL S dveRoRIsTue in TReatwaTq. SfastA)@,v) = 0 even
noi sy fixed average estinmate 51 is then subtracted

f r onhighesppesised updd v = 0rkoi/by channel estimates 31,

which is cal cul ated by the other power calculation

unit 53. The resulting difference is then nultiplied

by [osop.CtiRf néike Zixed Bikfagk estihate §hes AQInSRJIP@YE bn&/lo tHS power
of the AWGN of the noisy channel estimates 31. [0057]
Thecalsslagion pwite 53 i calsulste thp @orpIN themoisedixadeavgrage eatgmate S1.

in ”ltl{%epofv%g OF the %%is?z é}@ﬁ\%&(agél LstimATP$E IR dubtractFRondthe power

of the noisy channel estimates 31, which is calculated by the other power

calculation unit 53. The resulting difference is then multiplied by a factor of 2.

This is then the noise power E, 46 of the AWGN of the noisy channel estimates 31.
[0051] The noise power E, 46 of the AWGN can then be written in the form :

E, = {Power(31) — Power(51)} *2 (Eq. 6)
[0052] While the system of the preferred embodiment has been described to
comprise the various units, it is understood by one skilled in the art that the system

and the various units are implementable by computer software means.

Furthermore, the later described method of the preferred embodiment is similarly



[0052] While the system of the preferred enbodi nent

has been described to conprise the various units, it

i s understood by one skilled in the art that the

system and the various units are inplenentable by

conmput er software neans. Furthernore, the later

descri bed nethod of the preflerred enbodi nent is

simlarly 12 known by one skilled in the art to be

i mptrementyabheskiledcmnthe tietrto defitnpdaneentabdnby canpathsoftware means
processing means. [0053] Referring to FIG 7, the

met HOHRST RTOGESTNGRAEE with the preferred enbodi ment

starts with the step of the adaptive averagi ng unit
receiving 110 the noisy channel estimates 31. Next,

t hel0ea3g pReferrange rtagFHg. 71 1tbe t methedi sy ashardaste wihi et preferred

31 | f i I [t f i ng..l t.h

o SRR TR Pt duch B o B iRy RYaie Qi GBRRR 4 10 the
estidiBt Ssanfél edtidQhd] 3 FOINRW the swpi Ghaviehisd €P5 @e noisy channel
subtracti n2h120 t he noi se-averaged estimates 47 from

t hesstiolagss Shanmsriossed nwitles Blurality pef fvraging tlongtbs 4p robtain a
they g@@g@%@& QflolLEENGEP ey OO Next, L he

calcu he "power € nol Se-aver aged
differences 38 is done in the Power Calculations Unit

39. &ﬁ%)SG] The step of cal culating 130 noi se power of

t hdO0RA SKpllomang athichsihe siapeef sybtrpetings] 2hthg dofsgrayeepged estimates

AT LRT q il 0 nt)l?g rcfr‘@lgfér le&hﬁeﬁg%g‘g?s }?%fogﬁgd @b Btairf E%S%Sﬁéaveraged

power IS per or ea e averagl ng
usidiffeteheesr38i se power of noi sy channel estimtes 31
and the power of the noi se-averaged differences 38.
[ 0057] The processor 40 then selects the averaging

unibosdf M-kt enk Q?lc@i‘éﬁﬁ?%ﬁf‘ gt thle?g%p of‘ﬁn\éinﬁﬁelapgraké’d‘@ﬁferences 38

total error power as e averaging unit 34 for

geniedand imghe PovwercCrdeidationsdiiinift es 28. Si nul ati on
Resul ts [0058] Sinulations were perfornmed using the
adaptive channel estimation unit of

[0056] The step of calculating 130 noise power of the noisy channel estimates 31 is
also performed. After which the calculating 135 of the total error power is
performed for each of the averaging lengths using the noise power of noisy channel

estimates 31 and the power of the noise-averaged differences 38.

[0057] The processor 40 then selects the averaging unit 34 with the averaging
length having the lowest total error power as the averaging unit 34 for generating
the channel estimates 28.

Simulation Results

[0058] Simulations were performed using the adaptive channel estimation unit of

the preferred embodiment.

[0059] A propagation channel was set up to simulate rayleigh fading with three
multipaths. The relative powers of the multipaths are all equal to 0 dB. Their



the preferred enbodi ment. [0059] A propagation channel

was set up to sinulate rayleigh fading with three

mul ti paths. The relative powers of the nmultipaths are

all equal to O dB. Their 13 relative delays are 0

chips, 3.75 chips and 15 chips where a chip period is

260 us. The nethod of the pBeferred enbodi nent was
applied on the strongest path. FIG 8 shows a graph

of rehdvbidtlags arer0 clips GBBERipAIdNKS cHipewhsreraagiip geriod is 260 us.
Ienﬂ}h L at various speeds v. A tot ﬁl of 1000 bits

wcher crregthed;of the peeiprrachembeslimenl e appHchen Hissdopeyt path. FIG. 8
EE%%SWE 2 gqg'plpgit thEBR & rr%t@{@ﬁ%ﬁj RGP tﬂc%era?ng‘é\ﬂlafﬁ%tﬁ I fi&arious

I's at m nimunm  an e optI nmum aver
| erspeddshopA tdatal ofdpehbinweenesidie speed v of the MSR
[0061] FIG 9 shows a graph of the total error power
agai nst the averaging length L at various speeds v.

Thepded) | M BHo&RR g beBERIVRd - "~ the total error
power decreases W th increasing averagi ng | engths,

reaches "a tiené muan ogigutrhevasaedine dengtle Loas¢ svhiclamiee BER is at a
t he opti num.aver a_%iggg | ength Lop, at which the total
error powe P8R its mnimmis dependent on the

speed ofs t iR dfeiman AveiRng[1ORER]L, 19 Aefdride onMhe speed v of the

estimate the optinum averagi ng | ength at which the
total err®Skhower is a mninum Denote this as L' opt,
the estinmated optimum averaging |ength. The act ual
val ue of the optinum averagi ng | ength Lopt can be

deqossafl FIGOMshdwsG grapindf the tbtaEerydl poeved bgaihstahe dveeagiiRength L
is a mninmum_[0063] The actual and estinated val ues

of A& Nerigpspagdn avdedeiiongne saybnobsewedconpared in Tabl e
1. S. No. %eﬁ)(ialvé@{)yBbw@ﬁk%ﬁe’g‘vﬁﬁﬁq}l%aﬁng averaging lengths,

reaches a minimum, and thereafter increases ; and
* the optimum averaging length L, at which the total error power reaches

its minimum is dependent on the speed of the MSR and SNR.

[0062] From FIG.9, we estimate the optimum averaging length at which the total
error power is a minimum. Denote this as Ly, the estimated optimum averaging
length. The actual value of the optimum averaging length L, can be deduced from

FIG.8 and is the value at which the BER is a minimum.

[0063] The actual and estimated values of the optimum averaging length are

compared in Table 1.

SI. No. | Speed v Actual Optimum Averaging | Estimated Optimum Averaging

length Lapt Length L ’opt
1 30 20-40 20
2 60 10-20 10

3 120 5-10 5




Estimated Opti mum Averagi ng | ength LoptLength L' opt
13020- 4020 26010- 2010 31205-105 14 4 2-5 3 240 Table 1
[ 0064] The followi ng can be observed: ™ the estinated
opti mum averaging |l ength L' opt is approximtely equa
to the true value Lop,; and » as the speed changes,
the true and estinmated opti gym val ues al so change
accordingly. [0065] Since the speed of the MSR may be

varyiing xonstantly, theooethod of the preferreg
enmhodi nent colulld be run at _fixed intlervals ta

conkabtubl y provide an estimate of the new optinmum
averagi ng val ue. Since the changes in MSR speed are
not very drastic, the frequency of the nmethod need not

be [boaal. THetfollwingRhs 8k bisedfedt he order of 0.1 seconds
-1 seconds. [0066] It will be appreciated that

al t hougH ofe gstimpiedraptinaimbaviraging lavgth bee s aphsexipatady equal to
in detail [ xanmpl e of an MSR, various
nDdificatigﬁgﬁgﬁénggﬁﬁsggenents can be nmade by a

person sKi hd gk speetihchanpts, whé haidt atepairhated dptiedanh halues also
scope of the present, invention. Further, the preferred
enbodi ment Chge perordiBglybe  utilized in a PSAM system

and in the Base Station of such a PSAM system

[0065] Since the speed of the MSR may be varying constantly, the method of the
preferred embodiment could be run at fixed intervals to continualy provide an
estimate of the new optimum averaging value. Since the changes in MSR speed are
not very drastic, the frequency of the method need not be high. It is typically of the

order of 0.1 seconds -1 seconds.

[0066] It will be appreciated that although one preferred embodiment has been
described in detail using the example of an MSR, various modifications and
improvements can be made by a person skilled in the art without departing from the
scope of the present invention. Further, the preferred embodiment may further be

utilized in a PSAM system and in the Base Station of such a PSAM system.




15 Cains 1. An adaptive channel estimation unit of a
rake finger in a nobile station receiver, the
adaptive channel estimation unit conprising: a channel
estimation unit for processing de-spread pilot synbols
and for generating noisy channel estimtes; and an
adapti ve averagi ng unit for 1guppressing noise in the
noi sy channel estinmates using averagi ng techniques;
Clanfierei n the adapti ve averaging unit conprises: a
plurality of averaging units, each of the plurality of
averaging units having a different predeterm ned
1. &v e,&&%h%%ideecﬁll%ﬁbl egtri]rﬁﬁl%nuﬁ@k bE %{.rﬁze ﬁf(sfer L HoBi1Y %té?tiofnotreceiver,
averagli ng the noi sy channel  esti nate {0 generate a
the addpties phagiengstiplativa it Yoraprising:se- aver aged channel
estimates according.to the different predeterm n?d .
av et Hinpg qsawgtlmwngf%mvgﬁﬁneg/d%fprgw of sywpelspgd for generating
noié)“@ltaflﬁé"lteg' a&?%nﬁ' urality of noise-averaged channel
stimates from the noi sy channel estinmates producing a
pl umahddpyivefaveragsg-avefagedpresing @apsadeshe aojspwhannel estimates
.calculations.unit for calculating the power of the
using YRS COIMSSse- aver aged differences; and a

Pr OGRSSRIthd MapGad SedraihdGnit S3rAbri@Er or power for each
of the plurality of noise- averaged channel estinates

anch ploralisedfaveragingomstsofach e thieuplatality offavavegirgyunys having a
LAunits .correspondin 0 the |lowest total error power
dlf#@ﬁEﬁﬁ??ré%@?(ﬂﬁveﬁacﬁn%’efepﬁti‘t he noi sy channel estimates.

2. The agaplir¥iey ©F a0ét8king Shitsria0frapkthOhoiSy Shdindl estimates to
further conprising a noise power calculations unit .
for cal cggngratng erafesporsbing pluralityhel peiseypveraaethehannel estimates

o7 o g N SR S BAR FRpRL LA ©

a plurality of subtractors for subtracting the plurality of noise-averaged channel
estimates from the noisy channel estimates producing a plurality of noise-averaged
differences;

a power calculations unit for calculating the power of the plurality of noise-
averaged differences; and

a processor for calculating total error power for each of the plurality of noise-
averaged channel estimates and for selecting one of the plurality of averaging units
corresponding to the lowest total error power for suppressing noise in the noisy channel

estimates.

2. The adaptive channel estimation unit of claim 1, further comprising a noise power

calculations unit for calculating noise power in the noisy channel estimates.

3. The adaptive channel estimation unit of claim 2, wherein the processor further uses
the noise power in the noisy channel estimates for calculating total error power for each of

the plurality of noise-averaged channel estimates.




t he noi se power in the noisy channel estimates for
calculating total error power for each of the
plurality of noise-averaged channel estimtes. 16 4.
The adaptive channel estimation unit of claim 2,
wherein the noi se power calculations unit conprises:
a fixed position averaging deit for averaging the
noi sy channel estinmates to produce a noise fixed
4. averigedgsiventiadncBBstimaenemnitcal cldimt 2 ongetdintthé afoise power
cal cul ating power of the noise fixed average estimate
calcypdiopbViif CHRPHSEE noi sy channel estimates; wherein the

po f L.se fi j j .

Pl p Atk Ak (KL AKEHRAR, G2 hPL Gl eqimates to produce
a nedsd fixedtagsragaadinfiate;tandr nul ti pl ying by two to obtain

the noi se power in the 0] Sy channel  est] es. 5. .

The? %fa*é&stc?@& AR E&C_@PCH&PPS ROYERS o oF ne}sg?%ea average estimate
andya%ﬁbﬂhé *asisg LKgfhePORtdQn  averaging unit has an

veraging length of 2. 6. The adaptive channel

whesinithapower afrthe noife fiked avetagef astitateris subtpactesi fngmahe power of the

o G LS AP ERA L08R B g n
noi$yihhn®l e@lrRdted. 6, wherein the switch is controlled by

the processor. 8. A nethod for suppressing noise in
channel estimates of a rake finger in a nobile

stat,ion.receiyver, the. nethod .conpri.sing the .stepss. a. . ..
5. 7 eckiey AP UNG) L aplasan iedy P SR T2 pEeiR (B e position
aveRRirpunet A A8 hv@siinfBingth ¥¥2.h a plurality of averaging

lengths to obtain a corresponding plurality of

noi se-averaged estimates; c. subtracting the plurality

of -ROI Se- ' . . ' .
6. O TR 5o OYECRARS) ERMIRL Byl OIS, ARASYcEIBAARL o svich o
selediifid Betapaete ptiralitglof dvatging upoyver of the plurality of

noi se- averaged di fferences;
7. The adaptive channel estimation unit of claim 6, wherein the switch is controlled by

the processor.

8. A method for suppressing noise in channel estimates of a rake finger in a mobile

station receiver, the method comprising the steps:

receiving noisy channel estimates;
averaging the noisy channel estimates with a plurality of averaging lengths to
obtain a corresponding plurality of noise-averaged estimates;

C. subtracting the plurality of noise-averaged estimates from the noisy channel

estimates to obtain a plurality of noise-averaged differences;

d. calculating power of the plurality of noise-averaged differences;
e. calculating the noise power of the noisy channel estimates;
f. calculating total error power for each of the plurality of noise-averaged estimates;

and



e. calculating the noise power of the noisy channe
estimates; f. calculating total error power for each
of the plurality of noise-averaged estimtes; and 17
g. selecting one of the plurality of averaging | engths
corresponding to the | owest total error power for
suppressing noise in the chagnel estimates. 9. The

nmet hod of claim8, wherein the step b. and the step e.

g. MyselRetiRebhosMBE phhlitylof aRaatist Yeng 3. coﬂi’@?oﬁﬂin@&d tiaf lowest total
claim@8, wherein the step f. is performed using the

CITOf PP Wer E@mprwlngtm@en@rwh@m pgimaet i mat es and t he
power of the plurality of noise-averaged differences.
11. The nmethod of claim8, wherein the step a. is
9. perTiar nethodyofatlaiad 8ptrheeeiavies s@prtg andrthé stephe malape ipeeformed
aver agl ng unit conprises a plurality of averaging
simpaneguslpach of the plurality of averaging units
having a different predeterm ned averaging |length. 12.
An adaptive channel estimation unit of a rake finger
10.1 n EheRBAtkbe ys thim & Inéherednl dpt steref. dh@mfedmeelslsinmﬂhb aoise power of

unit co sin hannel ti f:on unit for

the st SR Hubis B fregiorst oE el Srad tpit-aySheriffgnees.
noi sy channel estinates; and an adaptive averaging
unit for suppressing noise in the noisy channel

11. estTheamnethod wf chgm By harsimthetstaphniis peormeddiyedmadapiéve averaging

uni A s M R R SRR e Cy g oy of the
plurdityt & ah'él\égﬁ@ its ﬁaxflﬁga Qifferéit PeicRimiined Averd 8ind Jérpch.

| engt h; e plurality of averaging units for averaging
t he noi sy channel estimates to generate a

12.€0TA§ a@%@&“ ncq;ha%n lrgit r{lé/tl(%?-xhuﬁ}?' ?f e?a\f(%rﬁ% déhaaﬁgglM C?ystem the

estl accor I Ng rent term
adaptney ch@hid ebt@giidnSinitecopipeisilgt ty of subtractors for

subtracting the plurality of noi se-averaged, channel .

a channel estimation unit for processing de-spread pilot Symbols and for generating
noisy channel estimates; and

an adaptive averaging unit for suppressing noise in the noisy channel estimates
using averaging techniques;

wherein the adaptive averaging unit comprises:

a plurality of averaging units, each of the plurality of averaging units having a
different predetermined averaging length;

the plurality of averaging units for averaging the noisy channel estimates to
generate a corresponding plurality of noise-averaged channel estimates
according to the different predetermined averaging lengths;

a plurality of subtractors for subtracting the plurality of noise-averaged channel
estimates from the noisy channel estimates producing a plurality of noise-averaged
differences;

a power calculations unit for calculating the power of the plurality of noise-
averaged differences; and

a processor for calculating total error power for each of the plurality of noise-

averaged channel estimates and for selecting one of the plurality of averaging units



estimates fromthe noisy channel estimates producing a
plurality of noise-averaged differences; a power
cal culations unit for calculating the power of the
plurality of noise- averaged differences; and a
processor for calculating total error power for each
of the plurality of noise- ageraged channel estimates
and for selecting one of the plurality of averaging
corﬂéﬁ'[bdnﬁlir%gto tBO60&R enall &ort Povidr ot QUPSSssingtrdlise6h B¢ noisy channel
_power for suppressing noise in the noisy channe
estiggteb.mat es. 13. The adaptive channel estination unit of
claim 12, further conprising a noise power
calculations unit for cal cul ati ng noi se power in the
13. noi Fhe lbptiveedhagsd] ieBtivhetton urdt of IdEmAln Miirithe com@risial a noise power
estimatioon unit_ of claim 13, wherein the processor
calqulptiopgpnit {ps €alcplaling BPise POWHER thanaifyechapnal gstipalphel
estimates for calculating total error power for each
of the plurality of noi se-averaged channel estinmates.
14. 15. Thehelaptep thatmet batimationeswdit ofitlaom 18nwhendin teaprords8or further

erei.n the noi se powe cal cul atigns unjt, co i ses:
use%vmﬁ Nt RSP OPF BOlSY Sbrg! exfimates, f&@@f{!ﬁ&iﬂﬁ é@fﬂrm power for
each Bf th¥ ﬁﬂéi&?%'fn@ﬁ&-‘a%‘agéd dHnf¥] @eififtes. @ Noi se i xed

average estimate; and a power cal culations unit for
cal cul ating power of the noise fixed average estinate

an ower of the noisy channel t.i mat.es; wherejn the
15. P Baniie Sl P, B o Uat ey i tn? Adife power
calcohathiesohpyest he power of the noisy channel
estimates, and further nultiplying by two to obtain
t her fixsdspesitionarvetaginghait faoiveyagengihn abisy shanngl estimaies to produce
The.a %gtive %ha nel ,estimation unit of claim 12,
4 QKR ﬁ’% Fiec FY-eet© gi tion averaging unit has an
avef ggidi¢alcangibhs ahit Lor choulaTih? padapbf the nohka kel average estimate

estimation unit of claim12, further conprising a
andppivet pf the poisy channel estimates;

wherein the power of the noise fixed average estimate is subtracted from the power of the
noisy channel estimates, and further multiplying by two to obtain the noise power in the

noisy channel estimates.

16.  The adaptive channel estimation unit of claim 12, wherein the fixed position

averaging unit has an averaging length of 2.

17.  The adaptive channel estimation unit of claim 12, further comprising a switch for

selecting between the plurality of averaging units.

18.  The adaptive channel estimation unit of claim 17, wherein the switch is controlled

by the processor.

19. A method for suppressing noise in channel estimates of a rake finger in a PSAM

system, the method comprising the steps:




sel ecting between the plurality of averaging units.
18. The adaptive channel estimation unit of claim17,
wherein the switch is controlled by the processor.
19. A nethod for suppressing noise in channe
estimates of a rake finger in a PSAM system the
met hod conprising the steps49l9 a. receiving noisy
channel estimtes; b. averagi ng the noi sy channel
a. eStipaliag ntisyRhanR| imddtdsy of averaging lengths to
obtain a corresponding plurality of noise-averaged
b. estiveraging the neigpichawtel egtimhes pritr al plusaligh of averaging lengths to

noi se-.averaged estimates f.romthe nojsy. channel
ot i Ao RS TR o P Ve R e
c. di fdubtraneds thed pleadlitgubhdi’ng-apeged @btitnars Pirothathetnoi®f channel

noi se- averaged di fferences; e. calculating the noise
povistimstes ip ebtais aplualishefaoiestvieraged differences| cul ati ng
t ot r . L] ' f

d o Blolo@poR RIS By fR6 Deflist MR fibebe® o (1

e. Pl walduldtingahe Adiss poveardf tlenglidyschani¢l esgomds;ng to t he
| onest total error power for suppressing_.nojse in the .

. chaNatig tpiakewer PORRET fongachealHBn piFalky 2 ﬁpreg:avgm?%ﬁ%lmates;
th tep b. and the step e. may be perforned
simul'taneously. 21. The nethod of claim 19, wherein

g. t hesekictipg bne bSthp eidrelityed ausigigg tléretisoicsesporing tofthe lolest total
noiﬁy hannel esti nat.es and ttiegggwer of the plurality

errqg POy 198 SURRIPSSIEACUrh dpecipeaiel egimalet o ot hod of ¢l ai m
19, wherein the step a. is perforned by an adaptive
averaging unit, the adaptive averagi n% unit conprises

20.a pThe miethod off claive A 9givhereimthesstere hcindthet siep epmay dfei pepformed

simﬁ[} averagi ng units having a different predeterm ned

WeRB¥g | engt h.

21.  The method of claim 19, wherein the step f. is performed using the noise power of

the noisy channel estimates and the power of the plurality of noise-averaged differences.

22.  The method of claim 19, wherein the step a. is performed by an adaptive averaging
unit, the adaptive averaging unit comprises a plurality of averaging units, each of the

plurality of averaging units having a different predetermined averaging length.



