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Abstract: This paperintroducesa new ChannelEstimation(CE) filter calledPolyphaseSInc-Interpolation(PSII)-filter
for downlink coherentRake-combiningin a DS-CDMA mobile environment. In this casesomeUTRA FDD scenarios
are takenfor showing the feasibility of this approach.It usesknown periodically time-multiplexed pilot symbolsfor
interpolatingthe channelcoefficients in between. Main advantageis the aptitudeof the PSII-CEespeciallyfor high
mobileenvironments.Unfortunatelythis advantageis paidby theuseof at leastsix pilot sequencesresultingin a three
slot delayandpoor noisereductioncapabilities. Somesimulationresultsof this PSII-filter comparedwith otherwell
known CE-filtersarepresented.
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1 Introduction
UMTS is the3rd generationmobilecellularcommunica-
tion systemof the(near)future. Uponothersit definesa
FDD-Wide-Band-CDMAschemeusinga coherentRake-
receiver asshown in figure 1. The Signal ����� after the
I&D-Operationis denotedas1
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with / 2	6 �)(*� is the real valuedchannelizationcodealso
known asOVSF-codewith spreadingfactor
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and / 13234

denotesthecomplex scramblingcode.
Thereceivedsignalaftermaximumratiocombiningfor

a 7�8 -fingerRake-receiver is denotedby
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with CE �	��
� is theestimatedchannelcoefficient for thel-th
finger.

In UMTS-FDD downlink a DedicatedPhysicalChan-
nel (DPCH) consistsof userdataalso called Dedicated
PhysicalDataChannel(DPDCH),time-multiplexedwith
control informationwithin the socalledDedicatedPhys-
ical ControlChannel(DPCCH)asdepictedin figure2 or
in [1]. The DPCCHitself is divided in TransmitPower
Control (TPC) Symbols,TransportFormatCombination
Indicator(TFCI), anda pilot sequence.FifteenslotswithF 1 ��G3H � .*I*J K

chipsusingthis structurearecombinedin
oneFrameof 10 mslength.Thepilot sequencechanging
for everyslotwithin aframeis usedfor channelestimation
by correlatingtheincomingsignalwith thepilot sequence.

1(*) denotesconjugatecomplex
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Fig. 1: Rake-receiver
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Fig. 2: Slot andframestructure

DenoteM � � M 1 ��G3HON MQP � ��G3H with
M 1 ��G3H � F 1 ��G3H$R ��� (3)

and
M P � ��G3H denotesthe numberof pilot symbol usedin



DPCCHwecanestimateachannelcoefficient in centreof
thepilot sequencein the S -th slot:

CE ��� T � �MQP � ��GbH UWVXZY�[ !��#\ %]UO^ � ��� � �3�	_ ��+ �- . +�`@0T �	_ N M � �7a (4)

With thepilot sequencèbTD�	_D� definedas:` T �	_D�dcfe� K g Kih _kj MQP � ��G3H� K g
otherwise (5)

Then,theseestimatesCE ��� T areprocessedfurther using
CE-filters. In generalall furthersignalprocessinghasto
copewith noiseand the time variantchangeof channel
coefficients. Unfortunatelybotheffectsarecontradictory
to eachother. To antagonisenoiseaveragingis mandatory
but this will deterioratetheperformancein a high mobile
environment. Thereforea compromisehasto be found.
Therearetwo standardlinear CE-filtersdiscussedin [2]
whichwill beusedasreferencein this paper.

The averaging filter also shown in figure 3a) tries
to reducethe noise and is not following the channel
coefficient within a slot at all. The linear interpolation-
filter is just drawing a line betweentwo neighbouring
estimatesto follow thechangeof thetimevariantchannel
coefficient of one Rake-fingeras shown in figure 3b).
Thereforenoisereductionof the linear interpolationCE
dependsonthepositionwithin theslot. Fromnoreduction
at the positionof the pilot up to threedB in the middle
betweentwo pilot sequences.
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Fig. 3: ClassicalCE,(a): Averaging,(b): Linearinterpolation

To examinethe performanceof thesetwo filters a bit
furthertheMeanSquaredError(MSE)betweenthe”real”
channelcoefficient and its estimationcan be expressed
with:

F ��� T>��
� g ��� c���� CE������ � TD��
� N E T>��
� ��� ��� (6)

In this caseexpectationis substitutedby time average
dueto ergodicity.
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with 
*),+ K�- .*I J*K R ��� N �/. and CE ����� is theestimateof the
consideredCE and with

E T>��
� �10 �¡� � ��!��\ % � E TD�	_D� and

E T>�	_ � is the real channelcoefficient calculatedfor every
chip .

UsingaonetapRayleighchannelatavelocity 2 with an�&3 R M ? of 8 dB andthe UMTS-transmissionslot format
#8 (SF=128, 2 pilot symbols per sequence)the MSE
dependson the positionwithin slot. This is depictedfor
thetwo slotaveragingCEin figure4.
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Fig. 4: MSEof averagingCE

A global minimum in the middle betweentwo pilot
sequencescan be seen in figure 4 according to the
intersection of the estimatedand the ”real” channel
coefficient in figure 3a. Especiallyfor higher velocities
this methoddegradesfast,but for lower velocitiesit does
effectuatea 3 dB gainagainstasingleslotCE. In figure5
theMSEfor thelinearinterpolationis displayed.
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Fig. 5: MSE of linearinterpolationCE

While at the edges(near the pilot sequences)and
for low velocitiesthis methodprovidesa threedB loss
againstthe averagingCE, it doesreachit in the middle
betweentwo pilot sequencesasexpected. On the other
handit doesprovide a muchbetterbehaviour in a highly



mobileenvironment. For highervelocitiesthe advantage
of 3 dB noisereductionin the middle will be countered
by ascendingnonlinearityof the real channelcoefficient
resultingin a globalmaximumat thecentre,thatcanalso
bededucedfrom figure3b).

2 Sinc-Interpolation
Looking on the channelestimationdone so far from
anotherpoint of view, we are trying to reconstructthe
time variant channelcoefficient from a set of samples.
Using the 3GPPUTRA FDD DL specification[1], the
samplingtheoremis fulfilled till doppler-shift of 750Hz.
Thereforethe theoreticalupperboundfor the maximum
velocity is 405km/h.465 � 7&8 � � �. + 4 1 � �. � I

� K ms
�:9 I*K Hz (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 sequencesof up to six slots are
usedtoobtainthechannelcoefficients.Thereconstruction
(mother)filter is thereforechosenas:; ��
� �=< "?>��A@ +´� � ��/BDC ? +*�
 N K a I � N,E �@ +ª� � ��/BDC ? +ª�
 N K a I � NFE � (9)

with

K�h 
Oj J + . I*J*K� � and ; ��
��� K
otherwise.

Note that thedelayof half a chip is only neededif the
numberof pilot symbolsis even. To overcomeproblems
associatedwith the leakageeffect, ; �
�� is additionally
weightedusinga Hammingwindow.

4 6 7 ��
� � K a IHGJI K a G´J +�K�L <NM . +O@ + 
J + .*I J*K R ��� N ��P (10); 6 7 �
���� ; �
���+ 4 6 7 �
�� (11)

with

Kih 
Oj J + . I*J*K� � and ; 6 7 �
���� KJ- 4 6 7 �
���� K
otherwise.

Thefilter ; 6 7 ��
� in timedomainis depictedin figure6
andin frequency domainin figure7.

Polyphasesof ; 6 7 areknow takenasfollows.; 6 7 �RQ ��
��� ; 6 7 ��
 ITS + .*I J*K R ��� � S 
VUW+ KX- I . (12)

With this anestimate
E P 1 �)��� T � � � �
�� for the S -th slot canbe

calculated.

E P 1 �)��� T � � � �
���� B#Q %@? E T ! Q � � � �@+ ; 6 7 �RQ �
�� (13)

The MSE of the PSII-CE using UTRA FDD slot
structure#9 is shown in 8.
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Fig. 8: MSE of PSII-CE

Becauseof the non perfect lowpass characteristic,
and the non ideal samplingof the channelcoefficients,
performanceof PSII-CEdegradeswith velocitieshigher
than 300 km/h on the onehandandwith very high

���
on the other. For lower velocitiesthe MSE is relatively
flat indicatinggoodbehaviour, neverthelessfor velocities
lower than130km/h the MSE of the linear interpolation
filter for an

� 3 R M ? �}| dB andaspreadingfactorof 128
is slightly betterdueto the betternoisereductionin the
centreof a slot.

3 Simulation Results
In this section simulation results are presented. The
slot formats taken for simulation are shown in table 1



Slot
���

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

Table 1: Usedslot formatswithin thesimulations

or the completelist canbe found in [1]. A Vehicular-A
channelis taken,describedin [4] with a definednumber
of delaysfor the channel-taps.This knowledgeis used
in the CE instead of searchingfor the best suitable
taps by correlation for some time, due to this only a
correlationis donefor the six definedtaps. This is not
a significantdrawback, becausethe correlationover the
whole time-axis will provide all possibletaps but will
increasesimulationtime without giving new insightsof
thefeasibilityof theCEs.

TheRake-receiver got six fingersbut is only usingtaps
for MRC thathave at least10%of thepower of themost
powerful tap, becausevery small tapsare very hard to
estimatedueto crosstalkandwrongselectionof delay2 is
alsopossiblewhenusinga long time correlationto find it
but this is commonto all CEs.Powercontrolandchannel
coding are not in use. Besidethe following simulation
alwaystheclassicalAWGN-curve is displayed.In figure
9 a Vehicular-A channelfor a velocity of 120 km/h and
slot format# 8 is taken.Thevelocity of 120km/h is still
much to high for the averagingto provide goodresults.
Thelinearinterpolationontheotherhanddoesprovidethe
bestresultsbecausetheinterpolationitself is goodenough
to copewith thetime varianceof thechannel.PSII-CEis
nearlyasgoodasthe linear interpolationwhich benefits
from the light noisereductionin the centreof eachslot
resulting in a better overall performanceof the system
with linearinterpolationCE.

Using a higher velocity, in this case300 km/h will
changethe performanceespeciallyfor higher

�~3 R M ? as
can be seenin figure 10. While averaging is further
degradingsois linearinterpolationbecausethisCEcannot
compensatetime variant effects any longer resulting in
an error floor at about

. + � Kª!�� . While for low
�~3 R M ? ,

noise is the dominating effect the PSII-CE does not
distinguisheditself from other CEs. As higher

� 3 R M ?
gets,asbetterbecomestheperformanceof PSII-CE.

In figure11and13simulationsfor slot format# 13and
# 16aretakenfor a velocity of 120km/h. While in figure
12 and14 the sameslot formatsaretakenfor a velocity
of 300 km/h. In generalthe measuresdo not change.
Averagingis out of touchfor this kind of velocity, while
linearinterpolationis bestfor 120km/handPSII-CEdoes
performsuperiorfor 300 km/h. As higher the datarate
gets(or as lower the spreadingfactor is set) the overall
performancedoesnaturallydegrade.

In thecaseof slot format# 16with its spreadingfactor� � � G
interferencebecomesa problembecauseof the

2Thisproblemwill not occurherebut in field testing
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Fig. 9: Vehicular-A slot format# 8, v=120km/h
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Fig. 10: Vehicular-A slot-format# 8, v=300km/h

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

4 Conclusion
In generalCE hasto copewith noiseand time variance
of the channel. Unfortunately both problems are
contradictory. Beginning with WMSA-CE by [3] on
the time invariantandnoisysideandendingup with the
hereproposedPSII-CEonthefastbut low noisesite.This
papershows the basicideaof the PSII-CEandprovides
somecluesof the utilizability of sucha scheme. This
schememay be improved by somepoints in the future.
For example insteadof looking for Sinc-Interpolation
we may try some sort of remez-synthesisfor a filter
with a lower bandwidth meaninglower velocities but
a betternoisereduction. Another point is to usemore
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Fig. 11: Vehicular-A slot format# 13,v=120km/h
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Fig. 12: Vehicular-A slot format# 13,v=300km/h

estimationsinstead of one CE 0� ��
� for the whole pilot
sequence.For examplefor every pilot symboltheremay
beoneestimation,usingthis hereproposedalgorithmas
describedandaveragingall

M P � ��G3H resultsat theend.
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