Channel Estimation Filter Using Sinc-Interpolation for UTRA FDD Downlink
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Abstiact This paperintroducesa new ChannelEstimation(CE) filter called PolyphaseSinc-InterpolationPSII)-filter
for downlink coherentRake-combiningn a DS-CDMA mobile ervironment. In this casesomeUTRA FDD scenarios
aretakenfor shaving the feasibility of this approach.It usesknown periodically time-multiplexed pilot symbolsfor
interpolatingthe channelcoeficientsin between. Main adwantageis the aptitudeof the PSII-CE especiallyfor high
mobile environments.Unfortunatelythis advantageis paid by the useof at leastsix pilot sequencegesultingin athree
slot delay and poor noisereductioncapabilities. Somesimulationresultsof this PSlI-filter comparedwith otherwell

known CE-filtersarepresented.
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1 Introduction

UMTS is the 3rd generatiommobile cellularcommunica-
tion systemof the (near)future. Uponothersit definesa
FDD-Wide-Band-CDMAschemausinga coherenRake-
recever asshavn in figure 1. The Signaly;p afterthe
I&D-Operationis denotedas
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with ¢4 () is the real valued channelizatiorcode also
known asOVSF-codewith spreadindactor S F ande;.,
denoteghe complex scramblingcode.

Therecevedsignalaftermaximumratio combiningfor
a Lr-fingerRake-receier is denotedoy

Lr
ymrc (i) = Z yrp.(i) - b (i) 2)
=0

with (i) is the estimatecthannelcoeficient for thel-th
finger

In UMTS-FDD downlink a DedicatedPhysicalChan-
nel (DPCH) consistsof userdataalso called Dedicated
PhysicalDataChannel(DPDCH), time-multiplexed with
controlinformationwithin the so called DedicatedPhys-
ical ControlChannel(DPCCH)asdepictedn figure 2 or
in [1]. The DPCCHitself is dividedin TransmitPowver
Control (TPC) Symbols, TransportFormat Combination
Indicator(TFCI), anda pilot sequenceFifteenslotswith
Mg,: = 2560 chipsusingthis structureare combinedin
oneFrameof 10 mslength. The pilot sequencehanging
for every slotwithin aframeis usedfor channekstimation

by correlatingheincomingsignalwith thepilot sequence.

1(*) denotesonjugatecomplex

. y,D,LR/.\(j) >LA(1) Viorea(l)
h;_](i)@% hlﬂ.ﬁ)@% lxn.g(i)@%
|

L,-Rake - Fingers

L]

SF

]

SF

+

JL Yare(i)

Fig. 1: Rake-receier
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DF;CH: Dedicated Physical Chanel TPC: Transmit Power Control
DPDCH: Dedicated Physical Data Chanel TFCI: Transport Format Combination Indicator
DPCCH: Dedicated Physical Control Chanel Pilot: Pilotsequence

Fig. 2: Slotandframestructure

Denote
ND — Nslot - Npilot with N.slot — Mslot/SF (3)

and N,;,; denotesthe numberof pilot symbolusedin



DPCCHwe canestimatea channekoeficientin centreof
thepilot sequencén thev-th slot:

Nsioi—1

> walk)- % -pi(k — Np). (4)

k=Np

1

ill v =
' Npilot

With thepilot sequence, (k) definedas:
0
niy { 20

Then, theseestimatesh;,, are processedurther using
CE-filters. In generalall further signal processindghasto
copewith noiseandthe time variantchangeof channel
coeficients. Unfortunatelyboth effectsarecontradictory
to eachother To antagonis@oiseaveragingis mandatory
but thiswill deterioratehe performanceén a high mobile
ervironment. Thereforea compromisehasto be found.
Therearetwo standardinear CE-filtersdiscussedn [2]
whichwill beusedasreferencen this paper

The averaging filter also shovn in figure 3a) tries
to reducethe noise and is not following the channel
coeficient within a slot atall. The linear interpolation-
filter is just draving a line betweentwo neighbouring
estimatego follow the changeof thetime variantchannel
coeficient of one Rake-fingeras shovn in figure 3b).
Thereforenoisereductionof the linear interpolationCE
depend®nthepositionwithin theslot. Fromnoreduction
at the position of the pilot up to threedB in the middle
betweertwo pilot sequences.
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Fig. 3: ClassicalCE, (a): Averaging,(b): Linearinterpolation

To examinethe performanceof thesetwo filters a bit
furthertheMeanSquaredrror (MSE) betweerthe"real”
channelcoeficient and its estimationcan be expressed

with:
1 e

In this caseexpectationis substitutedby time average
dueto emgodicity.

MSE,(i) == E{ howa,w (i) — hu (1)
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with i € [0,2560/SF — 1] andh,, is theestimateof the
consideredCE andwith h, (i) = Y057~ h, (k) and

h, (k) is the real channelcoeficient calculatedfor every
chip.

UsingaonetapRayleighchannehtavelocity » with an
Ep /N, of 8 dB andthe UMTS-transmissiorslot format
#8 (SF=128, 2 pilot symbols per sequencethe MSE
dependon the positionwithin slot. This is depictedfor
thetwo slotaveragingCE in figure4.
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Fig. 4. MSE of averagingCE

A global minimum in the middle betweentwo pilot
sequencexan be seenin figure 4 accordingto the
intersection of the estimatedand the "real” channel
coeficient in figure 3a. Especiallyfor higher velocities
this methoddegradedast, but for lower velocitiesit does
effectuatea 3 dB gainagainsiasingleslot CE. In figure5
the MSE for thelinearinterpolationis displayed.
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Fig. 5: MSE of linearinterpolationCE

While at the edges(near the pilot sequencespnd
for low velocitiesthis methodprovides a threedB loss
againstthe averagingCE, it doesreachit in the middle
betweentwo pilot sequencesas expected. On the other
handit doesprovide a muchbetterbehaiour in a highly



mobile ervironment. For highervelocitiesthe advantage
of 3 dB noisereductionin the middle will be countered
by ascendinghonlinearityof the real channelcoeficient

resultingin a globalmaximumatthe centre thatcanalso

be deducedrom figure 3b).

2 Sinc-Interpolation

Looking on the channelestimationdone so far from

anotherpoint of view, we are trying to reconstructthe

time variant channelcoeficient from a set of samples.
Using the 3SGPPUTRA FDD DL specification[1], the

samplingtheoremis fulfilled till dopplershift of 750Hz.

Thereforethe theoreticalupperboundfor the maximum
velocity is 405km/h.

1 1 15
5 fs_210ms_750Hz (8)
To reconstructan original signal out of a sampled
version of it, a Sinc-interpolation(ideal lowpass) is
needed. Like the WMSA channel estimation filter
introducedby [3] pilot sequencesf up to six slots are
usedto obtainthechannetoeficients. Thereconstruction
(mother)filter is thereforechoseras:

fd,maz‘ =

oli) = sin(m -« (25 - (i — 0.5) — 3) ©)
T (2L (i - 0.5) — 3)
with
2
>60 otherwise.

0§z<6-S—F and g(:)=0

Notethatthe delayof half a chip is only neededf the
numberof pilot symbolsis even. To overcomeproblems
associatedvith the leakageeffect, ¢(7) is additionally
weightedusinga Hammingwindow.

2.4
hm (5 = 0.54 + 0.46 - . —T—
Fm i) =0.5440 6COS<6-2560/SF—1> (10)

ghm (1) = g(8) - [ (3) (11)
with

2560 .
0 < i< 6-—5 andgum (i) = 0, f"™ (i) = 0 otherwise.

Thefilter gnm () in time domainis depictedn figure6
andin frequeng domainin figure7.

Polyphasesf g5, areknow takenasfollows.

ghm,u (i) = ghm (i + p - 2560/SF) pin[0,5] (12)
With this anestimateh,,;;(,.;)(¢) for thev-th slotcanbe
calculated.

5
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p=0

(13)

The MSE of the PSII-CE using UTRA FDD slot
structure#9is shovnin 8.

Fig. 6: Polyphasemotherfilter g . (i) with SF = 128 and
onepolyphaseynm, . (9)
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Fig. 7. Polyphasemother filter (SFF = 128) in frequeny
domain(0, f,] andideallowpasswith f, = 750 Hz

Fig. 8: MSE of PSII-CE

Becauseof the non perfect lowpass characteristic,
and the non ideal samplingof the channelcoeficients,
performanceof PSII-CE deggradeswith velocitieshigher
than 300 km/h on the one handand with very high SF
on the other For lower velocitiesthe MSE is relatively
flat indicatinggoodbehaiour, neverthelesdor velocities
lower than 130 km/h the MSE of thelinear interpolation
filter for an F5 /Ny = 8 dB andaspreadindactorof 128
is slightly betterdueto the betternoisereductionin the
centreof aslot.

3 Simulation Results
In this section simulation results are presented. The
slot formats takenfor simulation are shovn in table 1



Slot SF DPCH DPDCH Pilot
Format in Symbolsper Slot
#8 128 20 17 2
#13 32 80 70 8
#16 4 640 624 16

Table 1: Usedslotformatswithin thesimulations

or the completelist canbe foundin [1]. A VehicularA

channelis taken,describedn [4] with a definednumber
of delaysfor the channel-taps.This knowledgeis used
in the CE instead of searchingfor the best suitable
taps by correlationfor sometime, due to this only a
correlationis donefor the six definedtaps. This is not
a significantdrawvback, becausehe correlationover the
whole time-axiswill provide all possibletaps but will

increasesimulationtime without giving new insightsof
thefeasibility of the CEs.

The Rake-receier got six fingersbut is only usingtaps
for MRC thathave atleast10% of the power of the most
powerful tap, becausevery small tapsare very hard to
estimatedueto crosstalkandwrongselectionof delay is
alsopossiblewhenusingalong time correlationto find it
but thisis commonto all CEs. Pawver controlandchannel
coding are not in use. Besidethe following simulation
alwaysthe classicalAWGN-cune is displayed.In figure
9 a VehicularA channelfor a velocity of 120 km/h and
slotformat# 8 is taken. Thevelocity of 120km/hiis still
muchto high for the averagingto provide goodresults.
Thelinearinterpolatiorontheotherhanddoesprovidethe
bestresultsbecaus¢heinterpolationtselfis goodenough
to copewith thetime varianceof the channel PSII-CEis
nearly as goodasthe linear interpolationwhich benefits
from the light noisereductionin the centreof eachslot
resultingin a better overall performanceof the system
with linearinterpolationCE.

Using a higher velocity, in this case300 km/h will
changethe performanceespeciallyfor higher F5 /Ny as
can be seenin figure 10. While averagingis further
degradingsoislinearinterpolatiorbecausé¢his CE cannot
compensateime variant effects ary longer resultingin
an error floor at about2 - 10=*. While for low Ep/No,
noise is the dominating effect the PSII-CE does not
distinguisheditself from other CEs. As higher F5 /Ny
gets,asbetterbecomesheperformancef PSII-CE.

In figure11 and13simulationdor slotformat# 13and
# 16 aretakenfor avelocity of 120km/h. While in figure
12 and 14 the sameslot formatsaretakenfor a velocity

of 300 km/h. In generalthe measuresio not change.

Averagingis out of touchfor this kind of velocity, while
linearinterpolationis bestfor 120km/handPSII-CEdoes
performsuperiorfor 300 km/h. As higherthe datarate
gets(or aslower the spreadingfactor is set) the overall
performancealoesnaturallydegrade.

In the caseof slot format# 16 with its spreadingactor
SF = 4 interferencebecomes problembecausef the

2This problemwill notoccurherebut in field testing
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Fig. 9: VehicularA slotformat# 8, v=120km/h
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Fig. 10: VehicularA slot-format# 8, v=300km/h

lower separatiorcapability of the Gold-Code. Meaning
that noiseis the dominatingissuealso for a velocity of
120km/hthereforein ahigh noiseervironmentaveraging
doeshave an advantageover PSII-CE. Neverthelesghe
performanceis bad and all CE-schemesare to close
togetherin theseareasthat by using a channelcoding
resultsmaybedifferent.

4 Conclusion

In generalCE hasto copewith noiseandtime variance
of the channel. Unfortunately both problems are

contradictory Beginning with WMSA-CE by [3] on

the time invariantandnoisy side and endingup with the

hereproposedSll-CEonthefastbut low noisesite. This

papershaws the basicidea of the PSII-CEand provides
somecluesof the utilizability of sucha scheme. This

schememay be improved by somepointsin the future.

For example insteadof looking for Sinc-Interpolation
we may try some sort of remez-synthesigor a filter

with a lower bandwidth meaninglower velocities but

a betternoisereduction. Another point is to use more



o CE using UMTS Mode 13 and Vehicualar A-Channel with 120 km/h
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Fig. 11: VehicularA slotformat# 13,v=120km/h
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Fig. 12: VehicularA slotformat# 13,v=300km/h

estimationsinstead of one A} (i) for the whole pilot
sequenceFor examplefor every pilot symboltheremay
be oneestimation,usingthis hereproposedalgorithmas
describedandaveragingall N,;;,; resultsattheend.
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