«: e3ekAk>: z6TO9H 1 A Method of Esti mati ng Fading in a Pilot Channel

Background and Field of the Invention s This invention r t hod
of estimating fading in a pilot channel, nore particul arl gmm mmmmm‘r
exclusively, for estimating fading of nmulti-Ilevel nodul at als. " I'n

Wi rel ess conmuni cations systens, the wirel ess channel poses a ‘§P8at io

chal l enge as a nediumfor reliable high %peed communi cations. To increase
the speed of transmtyi vi de VOi _ce ta _over hannel , different
modul ati on techni quesA %@oﬁ%ﬁﬁ%mi@@%%&g&'@ra ?UOSMt appl i cati on
requi renents. For exanple, binary signalling which uses two voltage |evels
or synbols to represent the digital data was the primary technique in the

early days of digital is technology and is still being used ﬂ '
dermand f or Badkiaesurid amd Fieldiobthe lventiomti - | evel signalling wﬁﬂ\ mmmmﬂmmi
so that nore binary data can be represented by each vol tage | evelgé:«
synbol. An exanple of a nulti-level signalling nodulation technique is

mul tilevel 20 quadrature anplitude nodul ati on (M QAM . Exanpl es of M QAM

i ncl ude .16 : algg@@yl ?Aé\g i : : ] 44t i gnal
over thg wre gg/;é C agéle 1 S Surg{ef@gy 0 %ﬁ%ﬁ&gﬁdﬂgﬁ !sr{ %ﬁ)t"%gﬂaﬁr}'éclh%ré
significantly.affects the anplitude _and bhgse of .the transm tted siqgnal.

S noe demodaristiaRy it po EsRE: o riEratre e AioniReRunk Bndistod .
detection of the anplitude and 2s the phase of the signal, the estination
of fading sianals by the channel is critical 2 for a decoding cal cul ation

at the receiver end to denodul ate the transmtted signal. Typically, such
an estimation is obtained by sending a known pil ot signal

In wireless communications systems, the wireless channel poses a great
10 challenge as a medium for reliable high speed communications. To increase the
speed of transmitting video, voice or data over a channel, different modulation
techniques have been devised to cater to different application requirements. For
example, binary signalling which uses two voltage levels or symbols to
represent the digital data was the primary technique in the early days of digital
15 technology and is still being used today. With demand for higher transmission
rate multi-level signalling was introduced so that more binary data can be

represented by each voltage level or symbol.

An example of a multi-level signalling modulation technique is multilevel
20 quadrature amplitude modulation (M-QAM). Examples of M-QAM include
16QAM, 64QAM or 256QAM. In M-QAM modulation, the transmitted signal over
the wireless channel is subject to multipath distortion which significantly affects
the amplitude and phase of the transmitted signal. Since demodulation of a
multi-level signal is very much dependent on the detection of the amplitude and

25 the phase of the signal, the estimation of fading caused by the channel is critical



*s t-hrough a pilot channel which is used concurrently with a data channel
(the channel being used to transmt the actual information). In this way,
the pilot signal is subjected to the sane anobunt and type of interference
as the actual transmtted data. The transmitted pilot signal is known and
can be fixed for exanple, to all binary ?nes or zeros so that this
"reference" signal can be used io for estimating fadi ng experienced by the

actual tra it i fiLtar, i ' I at
fhe recel vap &ndegastag aidhiBior ot IRE3REEL ehl1g At eBhER, e SRMIAES L g
process is needed since the pilot signal is also subjected to distortion
caused by vti¥1&- noise and other is interference, in addition to fading. The
pil ot channel filter is thus used to renove such unwanted interference so
as to obtain a nore accurate fading estimate. Such a pilot filter may
produce reasonably reliable fading estimtes for nodul ati on techni ques such
as QPSK. Hohypically, fsachhaghestimatitar isrosbthimedoby 2seridingra cresvrs tlbt asigrid] QAM
the output signals still possess a high variance which does not allow an

accurat ¢ eshidighl ani{bft_dﬁé‘hnfeﬁwm& 1§ Ykl CebricRimeMByONith & idak %agfgglt 'ghsve'

nodul ated signals. 1t is an object of the inventidn to provide met hod

O e e R A A R AL i S
transm t ¢ ccPgA dRgHDIEtAd R Ui 3R GeHAG alddves clinerergice phdhs el
being divided into franes _each of a plurality of synmbols, the nethod

conpri si ng tfansmjtted datadefhe itiapsmitied inigt signehde kopwnhand aasobe fixegefosed i n

each franme, of the formRnio x" _ ((n-1)In)x"_ ~+ 1R ( ~y, )i =R(n-1
) +1 wher e example o albbinagy anes ageeods shdhatythisolrefesendelrsigraleiance usedt he
frame, xn_~ is a previously cal cul ated noving average, R is the nunber of

recei ved syapestimaiins fadimseRparidrvedl HVibeddudiararomitetdatsl and n is the
nunber of ~s averages cal cul ated per franme, each average providing a fading

estimate for the

A pilot channel filter is typically employed at the receiver end to “smoothen” the
demodulated pilot signal. This smoothing process is needed since the pilot
signal is also subjected to distortion caused by white noise and other
15 interference, in addition to fading. The pilot channel filter is thus used to remove

such unwanted interference so as to obtain a more accurate fading estimate.

Such a pilot filter may produce reasonably reliable fading estimates for
modulation techniques such as QPSK. However, for higher order modulation
20 techniques such as M-QAM, the output signals still possess a high variance
which does not allow an accurate estimation of the fading required for

demodulation of multilevel modulated signals.

It is an object of the invention to provide for a method of estimating fading which

25  alleviates this disadvantage of the prior art.



-frame. Typically, the nunber of received synbols R is dependent on a
desired output frequency of the digital filter and the nunber of averages n
is derived froman 20 input frequency of the digital filter divided by a
desired output frequency of the digital filter. Preferably, the nunber of
received synbols Ris two or three and the cal cul ation of the noving
average in a franme is perfornmed no nore than five as tines. 4 Preferably,
the signal is nodulated using nulti-level signalling and the digital filter
used in the nethod is an IR filter. An advantage of the described

enbodi nent Qf the inyention.s that a nore s accurate estimation of the
channel fadﬁ%@%ﬁi&bﬂ&ﬂﬂ% whi ch can be used during the denmpdul ation
process, particularly if the data is nodul ated using nmulti-Ievel

signalling. Brief Description of the Drawings io An enbodi nent of the
invention will now be described, by way of exanple, with reference to the
acconpanyi nig alfisiiaspsctiof thaiimrentiengtivese 1s povidddl achettiodmfastinfating fading
conventional IIR digital filter used in a pilot is channel; and Figure 2 is

a bl ock gi agh amedulatedosighaFitahsmitéddihrélgH al pikit chemPefuBmgt & didital Filesent
invention. Detailed Description of the Preferred Enbodi nent” 20 An i nport ant

Ui cati P ) _ , . el , i nk
2P 2L O oa(Leis AR it 4988 sl 4 GERaINERY Ryl P Bl |
iR R B AR

each frame, of the form

Rn
10 Xn = ((N-1)/MXn1+ /RN (Y v )
i = R(n-1)+1

where X, is the moving average of the symbols so far received for the frame,

Xn-1 i @ previously calculated moving average, R is the number of received

symbols since the previous average was calculated and n is the number of
15 averages calculated per frame, each average providing a fading estimate for the

frame.

Typically, the number of received symbols R is dependent on a desired output
frequency of the digital filter and the number of averages n is derived from an
20 input frequency of the digital filter divided by a desired output frequency of the

digital filter.

Preferably, the number of received symbols R is two or three and the
calculation of the moving average in a frame is performed no more than five

25 times.



5 I'n HSDPA) the data signals may be coded using 16QAM t echni que. The
separate pilot signal transmtted over the pilot channel, also known as
comon pilot channel 2 is pre-defined and may be a string of ones which are
QPSK nodul ated. QPSK i s chosen because the transm ssion and reception of
QPSK s is relatively easier than QAM and ,t he accuracy of the channel
estimation may be nore accurate by using this sinpler nodul ati on technique.

At the recej , thaf L . Sd; uliaki.pn,
thirty symool2eri e B6hafle piddRIteq i inRiER] ety o GERHE bt
decoded pi l channel  si |g.are ained. ldeally, these pilot synbols
shoul d be cﬁ'&?f&fﬁeé*dndbeﬂgeqﬁﬁaﬁ ﬁat”%b#"g‘?fi ng only in order to obtain an
accurate fading estimate. However, in reality, the pilot synbols are al so
subject to other types of interference resulting in "coarse" synbols
especially in a slow fading channel. A conventional IR filter 10 as shown
in Figure lAnsadweatage ofl thevdescritiedi embadiment efnthd hievertiont js thatbelmolke . e.
i nput frequency of 30/2ns = 15Khz) are snoothed using the IR filter 10 to

remove the aseat estimbiior of e rAanAEISRdiNeear del bistainet®hidh £8F bbOused™s
two sets of signals 11,12 which are wei ghted by two constant coefficients

(i.e. twot 2t : i I i . St ored
Vai e of tnamig Jhe Tietbkdac, pHOER, Soaryguiay it e St 3" Roadhied Bk 10
is the sumof .a rFu oﬁ the incomng thirty synbols. The size of the group
depends on F“@“Hgg wBHa'Pgter out put frequency, for exanple, if the

requi red output frequency is 7.5Khz, the size of the group would be two
synbol s and thus the group consists of input synbols y2~ ~ and y2n 25 6
The output of the IIRfilter of figure 1 can be represented by: xn = axn-1
'~ (1 - a) Bhehbéseri of(the Dratvingsonst ant coefficient o is chosen such
that the output signals of the filter do s not deviate too nuch from each

other. Jypically, the choice of the coefficient a also depends on a desired
out put frequency response of the filter.

An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings in which,

Figure 1 is a block diagram of a conventional IIR digital filter used in a pilot
15 channel; and
Figure 2 is a block diagram of a modified IIR digital filter according to the

present invention.

Detailed Description of the Preferred Embodiment

20
An important application of pilot channel filtering is in 3GPP WCDMA high
speed downlink packet access (HSDPA') and thus a problem of the
conventional filter in the prior art and a solution proposed by the present
invention will be described with reference to such an application.

25



- Using the above nethod, IIRfiltering is a sinple and effective way to
snooth the thirty pilot synbols which is adequate if the data signals are
nodul ated i 0o using QPSK. However, in HSDPA, a 16QAM data channel is used
and it has been found that the IIRfilter 10 of the prior art is not
adequate to produce an accurate fading egtimate of the received pilot
signals. The descri bed enbodi nent of the present invention provides a

met hod of g MW Re 3d4T8" §i I ' it |

pil ot synbols transhi ttedé[tghrIgﬁgﬁugﬁxgﬁggggﬁﬁvﬁgG‘%ﬁgﬁrslﬁgﬁhﬁbgg' f(;1[(Plsrél ow
fading (i.e LT [ |} ter. quipu requen of  7.5Khz)
channel , t h%ersgzigﬁeé%éfsﬂﬁ tﬁ‘ﬁbﬁ@@@%ﬁ“@ %','03 Cb%BbS{' @Esch Ené\&e A LQNIEoN

decrease 20 gradually and iaﬁgmngl anounts. Therefore, the nmean of_the 30
symbol s wouPilPtfhanngbots BER- @Nd; mayr bei hSting of nas whidk gre LQR8Kas:

Xn=~Y~ +Y2+ ... +yen)~2n, where x~ is the filter output at nth synmbol) y"
i s the i npumodylated. QR8Knis=cHosendecguse.the trarmissionrands redeption dfRPSK
averages cal cul ated per frane. 2s From (2), the noving average of the

out put xn cigireReivelyt éasiedtrasi QAM and(theladouracy of thd thamé!estimationYdly, (3)
whi ch processes two received synbols yen-1 and yen at the sane tinme and

Xn_, IS | | ' iSn kb | :
n_ a %@W‘ucﬁéséébu‘f@secg)( Yshiy tHRY E“?B%ﬁﬁ&%ﬂ?te'%‘ técHrﬁalgé’.”K?mfPéecsén‘iabr

express the coefficlen Xn.™~ an as t vari a and a

iﬁg:"?t ‘? " S diietval ik PigPRYSAl] LG N Feplistont ey, SbodB e s,
n:algo. 50005380608, 8B cEERICA d1r48. 2mGontaryalsef. deeerdrd piobehanngo. 0s3

370. 85710. 071480. 87500. 062590. 88890. 0556100. 90000. 0500110. 90910. 0455
signals are obtained. Ideally, these pilot symbols should be corrupted by

10  multipath fading only in order to obtain an accurate fading estimate. However, in
reality, the pilot symbols are also subject to other types of interference resulting

in “coarse” symbols especially in a slow fading channel.

A conventional lIR filter 10 as shown in Figure 1 is used to alleviate this
15 problem. The thirty symbols (i.e. input frequency of 30/2ms = 15Khz) are
smoothed using the IIR filter 10 to remove the “unwanted” interference
described earlier. The filter 10 sums two sets of signals 11,12 which are
weighted by two constant coefficients (i.e. two taps) of a and 1- a, where a < 1.
The first signal 11 is a stored value of the previous filter output symbol x,, and
20 the second signal 12 is the sum of a group of the incoming thirty symbols. The
size of the group depends on the desired filter output frequency, for example, if
the required output frequency is 7.5Khz, the size of the group would be two

symbols and thus the group consists of input symbols yan.1 and yan.

25



8 120.91670. 0417130. 92310. 0385140. 92860. 0357150. 93330. 0333 As observed from
table 1, the values of the coefficients a and a are varied for each group
of received synbols. s To sinplify the conputation further, exam ning table
1 reveals that the coefficients a and a between n =5 and n = 15 are very
simlar. Therefore, alternatively, it is_possible to use only five val ues
of each coefficient to produce reliable 8utput filter synbols for all the

oarrs are. ¢ e oAt Bethe el O nblkr BRhB BbreRBRied B0 e aver age of

coefficients 5 to 15, Tabje 2

naal00. 5000%07 @5@06.(150&3 2666721 166740. 75000. 12505(1()and above) 0. 97650. 0518
9 Figure 2 shows the architecture of equation (3) according to the
preferred enbodi nent of the present invention. For a different n, a
different pair of a and a coefficients according to Table 2 are |oaded to a

modi fi ed | |'Thé cbhstan?Boéfficiebt aiis chosen isagh ahal thecoutput signalscefi thediltey afpol s
to provide the fading estimates of the s synbols at a rate of 7.5Khz. Table

3 shows 4 hendti deviatei 88 mgéeh Fom BQ&M’%@%@W&S%Q&' tp@%ﬁéﬁé& bP i coéfficient ker 10

using a constant a of 1/16 and the nodifiéd I ilter 20 according to the

1 equency2TOREB s B8 DRIk odbhl Rbefoy ERpRode SFARNEL 070wt h Speed

of 3knf hNunmber of nultipath signal s2,3Power of nultipath signals[0, -10],
[0, O, O] (dB)Delay of nmultipath signals[0, 4], [0 4, 77] (chip)Data
conbi ning for Ml tipat hRAKE conbi ni ngFranme | engt h2nsSpr eadi ng

f act or 16Nundeingdheahaviecomethsl, diR fitenag isia simpleland e&gqta@wawtorsm@amng
rate of 3/4Channel codi ngTurbo Code (PCCC) 113 10 Channel

est i mat i onGReCHRbvpIlob Ey@BbisHWhizhmm adBglate EhthenddtnlSignals e madwdhted
transm ssi on power Max. no. of iterations for Turbo Coder6Metric for Turbo

Coder Mayy | ogsiMNRIPSKE Howelier bid HSORIR T SaABANR At schappebis used/ind i hasf
transm ssion attenpt4 The results of the sinulation under a 2-path fading
and 3-path fadi il fhat the IR filter 10 of the prior art is not adequate to produce an

accurate fading estimate of the received pilot signals.

The described embodiment of the present invention provides a method of
15 producing a more accurate fading estimate, especially for pilot symbols

transmitted through a slow fading pilot channel.

For a slow fading (i.e. slow in relative to the filter output frequency of 7.5Khz)

channel, the values of the thirty symbols are expected to increase or decrease
20 gradually and in small amounts. Therefore, the mean of the 30 symbols would

be a good estimate of the fading which can be expressed as:

Xn=(y1+y2+... +yan)/2n, (2)

where X, is the filter output at nth symbol, y, is the input symbol and n = {1, 2, 3,

...., 18} which is the number of averages calculated per frame.

25



"presented in Table 4 which [ists the maxi num t hroughput achi evable for the
two different pilot filters under these two different fading conditions. s
Tabl e 4 2-path case3-path caseMax. throughput w th40%20%rior art IIR
filterMax. throughput w th95%90%odified IIR filer Fromthe above results,
it can be shown that the proposed nethod allows a nore accurate estimation
of the fading anplitudes using the nodified IR filter 20 as conpared to
the convent impagl(2 b'tﬁefmd)\?lﬁé a%@rag?éﬂh%u%:but' V%n 5 8BRlindd'dst © gai ning
escri be

recogni tion and popularityy the ment can be used to 11
obtain an accur in t 0, t hat the nodul ati on process can
recover the&ﬁnégﬁg/hggé*gf@?é %dﬁ'}zzﬂél y. The &®bodi ment descri bed shoul d
not be construyed as linmtative. appl e, t he invention, can he

modi fied toYWHgtBQOCEsFes B eGH v SyRbo nm@nQ\b@néb efampdinge andee- is
recei ved synbols at a tinme depending on the desired pilot filter output
frequency se@ praviously asteulatedpnovingeyyeeags: i s changed from 7. 5khz to SKhz)
equation (3) becones: xn = ((n-1)/n)x~_~ + (1/3n)( yin-2+yin-1 + Yan) (4)
to wheresn = {1, 2, 3,...,10} and where a = (n-1 ) / n a=1/3n In this way,
the noving average is recal cul ated every three received synbol s conpared

W th two intecBh@eneto %ﬂlﬁ?@éd% .cobfiet lsu@qsxn déepelg%g‘?fi'ﬁ'f%stwé a

and a are thus adjusted accordingly since t ey are nt on the n

be- ext ended PHABEF gPlq R RRAR G pBNE e mblfe s rioe B M0dor di ngl .

equatlons (%) &hq 4) can be further general i sed as: 20 Rn x~ _ ((n-1
)/ n)x" _ 7 i = R(n-1)+1 where Ris the nunber of received

symbol s SI nce %t}% pr eV| ous average was cal cul ated. 25
a= n.

10

Table 1 lists the values of a and a for all the 15 filter output sequences.

Table 1
n a a
1 0 0.5000
2 0.5000 0.2500
3 0.6667 0.1667
4 0.7500 0.1250
5 0.8000 0.1000
6 0.8333 0.0833
7 0.8571 0.0714
8 0.8750 0.0625
9 0.8889 0.0556
10 0.9000 0.0500
11 0.9091 0.0455




+ 12 ‘I ncreasing the nunber of synbols in the averagi ng operation inproves the
channel estimation since accuracy is inproved but this will reduce the
output filter frequency. This may be particularly useful if the fading in

t he channel has a smaller tinme-variant. s In the described enbodi ment, two
filter coefficients a and a are used to gontrol the filter characteristics.
However, this nunber nmay vary for different systens. Having nore filter
coefficients inproves thg TT{jer [Fegpongg amd t Ipi§4PF ovi des a better
channel estination. The downside|is that the hardware i npl enentation of to
the nodified IR filter Z8—szmoffe—copphex—Stneceapge—tapPs are required to
cater to the increased fiIteT3coefng?g%f§. Theﬁ%q%ﬁi, en designing a
pil ot channel, the accuragcy-—of the channel estination and the hardware
conpl exity of the filter [sholfd ge bHLBGered. 0035 addition, the

descri bed enbodi nent useqd 16QAM das an exanplie of a nmulti |l evel nodul ation
techni que for the data channth. Howdk8333the i neB33IDNn i$ al so applicable
to other "high" order nodul ation|schenes su¢h as 64QAM 256QAM M PSK and
M ASK. 20 Having now ful l'y described the 1nvention, 1t should be apparent
to one of ordinary skill in the art that many nodifications can be nade

hereto w t hgut i t | & 1
"H gh speed SouREREd 8 LA, B S60BR A6 efftiontsTand i 8 vafadtsr 1)
(Release 5)7, 3 CPP Technical Report TR 25.855, v.5.0.0 (2001-09) 2)

"Physi cal cRAFhEIAPL deﬁﬁlﬁfﬁaﬁéf"&%st'r ansport channels onto physical s
channel s (FDD) (Rel ease 1999)", 3GPP Technical Report TS 25.211, v3.0.0
(2000- 06)

s To simplify the computation further, examining table 1 reveals that the
coefficients a and g between n = 5 and n = 15 are very similar. Therefore,
alternatively, it is possible to use only five values of each coefficient to produce
reliable output filter symbols for all the input symbols. Table 2 lists the five pairs
of coefficients. The first four pairs are the same as in Table 1, but the fifth pair is

10 the average of coefficients 5 to 15.

Table 2
n a a
1 0 0.5000
2 0.5000 0.2500
3 0.6667 0.1667
4 0.7500 0.1250
5 (and 0.9765 0.0518
above)




+14 CLAIMS 1. A nethod of estimating fading of a nodul ated si gnal

transmtted through a pilot channel

using a digital filter, the signal

being divided into frames s each of a plurality of synbols, the nethod

conprising the step of deriving a noving average of the synbols received in
of the formRn x" _ ((n-1)!
to where xn is the noving average of the“synbols so far
frame) x-“Fighd PIAUUAIMY dralifdthiects
0 € préevious aver
nunber of averages caIcHIated er franme
plirperaf t

estimte fofMPR

each frane,

recei ved sy

S since t

Bl

)X" ~+ 1LIRn ( ~ Y, )

filter divided by a desired out put

frequency oé mdwingavetagie dfithe eeceided Symbolsod providecthe Jadingasfinvaies of tHehe

preceding clains, wherein Ris two synbols. 25

to any one mpbididts rhté of P.5KMerein Ris three synbols. 6. A nethod

according to any one of
the noving average in a frame is perfornmed no nore than five tines.

the preceding clains, wherein the s cal cul ati on of
7. A

met hod according to any one of the preceding clains, wherein the

10

Table 3 shows the simulation results between a typical conventional IR filter 10

using a constant a of 1/16 and the modified IIR filter 20 according to the

invention as applied in a HSDPA system.

Table 3

Parameter Value
Carrier frequency 2Ghz

Chip rate 3.84M

Propagation conditions

Rayleigh Fading with speed of 3km/h

Number of multipath signals

2,3

Power of multipath signals

[0, -10], [0, O, 0] (dB)

Delay of multipath signals

[0, 4], [0 4, 77] (chip)

Data combining for Multipath RAKE combining

Frame length 2ms

Spreading factor 16

Number of Multicodes 5

lor/loc Variable

Modulations 16QAM with coding rate of %

Channel coding

Turbo Code (PCCC) 1/3

I - R-n_1)+1
recei ved for the

. . ¢
Rt 45 ReGra ol ., 0 TR

, X | di f adi
pProsent INuemiaR. Kok & OFTREPT!SN @ AIMGrant Rgle PLArRN
dependent on a desired output frequency of the digital filter. 3. A nethod

accor di ng t & coefficiants accordingter Eabletharerloaded toa modifiad dR fiter2Qte ehtained

froman input frequency of the digital

15 5. A nmethod accordi ng




- signal is

filter. is

nodul ated using multi-|evel
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signal | i ng.
to any one of the preceding clains) wherein the digital

to 8. A nmethod accord
filter is an I
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From the above results, it can be shown that the proposed method allows a

more accurate estimation of the fading

amplitudes using the modified IR filter

20 as compared to the conventional IIR filter 10. With multi-level signalling

gaining recognition and popularity, the

described embodiment can be used to
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() - YNG 10tMeliiention can be modified to process or recalculate the moving average of
every three received symbols at a time depending on the desired pilot filter
output frequency so that if the output frequency is changed from 7.5Khz to
5Khz, equation (3) becomes:
Xn = ((N=1)/N)xn-1 + (1/30)( Yan-2 + Yan-1 + Yan) (4)
10 wheren={1,2,3,...,10} and
where a=(n-1)/n
a=1/3n
In this way, the moving average is recalculated every three received symbols
compared with two in the preferred embodiment. The values of the coefficients
15 a and g are thus adjusted accordingly since they are dependent on the n"

average calculated per frame as shown above. Therefore, the averaging can be

extended to a larger number of symbols instead of just two.

Accordingly, equations (3) and (4) can be further generalised as:

20 Rn

Xn = (01N + 1/RN (Y v )
i = R(n-1)+1

where R is the number of received symbols since the previous average was
calculated.
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In the described embodiment, two filter coefficients a and a are used to control
the filter characteristics. However, this number may vary for different systems.
Having more filter coefficients improves the filter response and thus provides a
better channel estimation. The downside is that the hardware implementation of
10 the modified IIR filter 20 is more complex since more taps are required to cater
to the increased filter coefficients. Therefore, when designing a pilot channel,
the accuracy of the channel estimation and the hardware complexity of the filter

should be considered.

15  In addition, the described embodiment uses 16QAM as an example of a multi-
level modulation technique for the data channel. However, the invention is also
applicable to other “high” order modulation schemes such as 64QAM, 256QAM,

M-PSK and M-ASK.
20 Having now fully described the invention, it should be apparent to one of

ordinary skill in the art that many modifications can be made hereto without

departing from the scope as claimed.
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a moving average of the symbols received in each frame, of the form

Rn

Xn = (N-1)MXna+ 1/RA( Y, Wi )
i =R(n-1)+1

10 where X, is the moving average of the symbols so far received for the
frame, xp.1 is a previously calculated moving average, R is the number of
received symbols since the previous average was calculated and n is the
number of averages calculated per frame, each average providing a
fading estimate for the frame.

15

2, A method according to claim 1, wherein R is dependent on a desired

output frequency of the digital filter.

3. A method according to claim 1 or 2, wherein the number of averages n is
20 derived from an input frequency of the digital filter divided by a desired

output frequency of the digital filter.

4. A method according to any one of the preceding claims, wherein R is two
symbols.
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calculation of the moving average in a frame is performed no more than

five times.

7. A method according to any one of the preceding claims, wherein the
signal is modulated using multi-level signalling.
10
8. A method according to any one of the preceding claims, wherein the

digital filter is an IIR filter.
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