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Abstract—We address the problem of joint common-dedicated known dedicated pilots during the DPDCH period prevents
pilots downlink user dedicated channel estimation for W-CDMA  from directly tracking the channel variations in the presence
receivers, in particular in the presence of dedicated channel of fast fading. To overcome this problem several authors

transmit beamforming. The optimal dedicated channel estimate . . . .
is derived via a three steps procedure, consisting of building suggested the use of interpolation [5], [7], or Wiener filtering,

brute FIR dedicated and common channel estimates on a per- €.9. [1]-[3], between consecutive channel estimates. On the
slot basis exploiting the dedicated and common pilots respec- other hand the classical channel estimation approach based
tively, building a refined unbiased minimum mean square error only the CPICH common pilots can be easily implemented in
dedicated channel estimate by optimally combining the previous gy to track fast fading variations, although it neglects the a-
dedicated and common channels estimates, further refining the _ . .. f fi ilable f th ’DPCCH d th
obtained dedicated channel estimate by Wiener filtering across priort information availablie irom the an. € common
slots. Adaptive filtering implementation is addressed for the Structure shared by the the common and dedicated channels.
implementation of the optimal Wiener filtering. The proposed Only a few authors [4], [5], [8] have proposed solutions for
channel estimation technique is suited for structured multipath path-wise dedicated channel estimation aiming at exploiting
channels where the FIR channel estimates resulting from the ;41 gedicated and common pilots, assuming a perfect a-priori
previous three steps procedure are optimally approximated by a knowledae of the paths' delavs and identical dedicated and
multipath model in every slot. 9 p y
common channels though. Moreover, those methods cannot
. INTRODUCTION support channel estimation in the presence of dedicated trans-
dd h bi ‘g link dedi d ch mit beamforming. The UMTS standard already envisages the
W‘T address t ? probiem or downiin u_serh edicated chqiss of transmit beamforming for the dedicated channel at the
ge d.estlrgatlgn orl W—CDI\/_IAbrece:cvers. in t ﬁ presence Qf3se station to improve the system capacity, but not for the
edicated channel transmit beamforming. The UMTS St3Bp|cH which is normally broadcasted to all intra-cell (or intra-

dard [9] provides in th'e .downlink a user dedicatgd phySiC%Ctor) users. Thus, as seen from the mobile terminal receiver,
channel (DPCH) consisting of a dedicated physical conty e channel associated with the DPCH is in general different

channel (DPCCH) time multiplexed with the dedicated physe,m the one associated with the CPICH. A channel estimation

ical data channel (DPDCH)' consisting of dedlcaFed p'l?échnique relying only on the dedicated pilots would work also
and data symbols re_specuvely, and a common pilot chap-yna¢ case, although with all the previously described limi-
nel (CPICH) that contmgously transmits pilot symbols. BOttbtions. The problem of building a dedicated channel estimate
DPQCH and CPICH pilots can be u_sed_for chan_nel ESHS/ jointly exploiting the common and dedicated pilots would
mation purposes. Mostly channel estimation techniques 108, o)1y require the knowledge of the transmit beamforming
W-CDMA assume a discrete multipath wide-sense Stat'onaﬁé{rameters (i.e. the beamforming weight vector, antenna array
uncorrelatgd-scattermg (WS_S'US) sparse channel model Wl]%@ponses corresponding to the excited angles, and their related
each multlpath component IS characterized by a t'r“e'v‘"‘ry'g%tistics). Even in the absence of transmit beamforming the
comple_x co_eff|C|ent and a delay [6]. Sparse structured Chafiqer hetween the transmit powers assigned to the DPCCH and
nel estimation techniques have been proposed for W-CDM#b| oy is an unknown parameter which needs to be estimated
receivers generally based elther_on the dedicated p'IOtS_ (?&ethe mobile terminal receiver to jointly exploit the common
e.g. [1]. [2] and references therein) or on the common PO dedicated pilot chips information. In this paper we solve
(see e.g. [10]). B(_)th approaches are !nherent_ly SUb'th'maltﬁé problem of time-varying dedicated channel estimation by
they do not exploit the whole a priori information available aéptimally exploiting all known sources of information, i.e. by
the receiver. On the one hand the channel estimation accur?é%ng on both common and dedicated pilots, assuming the

when relying only on the DPCCH is limited by the reducefl o+ jelays as well as the beamforming parameters unknown.
number of dedicated pilots per slot. Moreover the lack of

Il. CHANNEL AND SIGNAL MODEL
Eurécom'’s research is partially supported by its industrial partners: Asco. .
Cégetel, France &lecom, Hitachi, IBM France, Motorola, Swisscom, Texa;:Fhe channel is assumed to follow the WSS-US [6]. The

Instruments, and Thomson CSF. time-varying channel impulse response in the presence of



transmit beamforming through & antennas array, and acomplex path amplitudes variations is modeled as an autore-
single antenna mobile receiver, can be represented accordjngssive (AR) process of order sufficiently high to characterize
to a spatio-temporal multipath-cluster model (see e.g. [11] atiet Doppler spectrum. Matching only the channel bandwidth
references therein). Multipaths belonging to the same clpstewith the Doppler spread leads to a first-order AR(1) model of

are assumed to have approximately the same dgldhe same ¢ forme(n) = pe(n—1)++/1 — p?Ac(n) = 1\/1—5;? Ac(n)
nominal propagation anglé,, and the same nominal angulag that, ¥ being constant, we obtain —re
spreads4, . Each multipath component is further characterized

by a time-varying complex channel coefficient (¢), modeling h(n) = ph(n—1)++/1— p2Ah(n)

the scattering near the mobile terminal and by an angle devia- o 1=p? Ah )
tion ¢;, (t) from the nominal anglé,,. Leta(#) andM,, denote T 1—pg ! ()

the antenna array response vector in the direcicand the
number of excited directions arourfg respectively. Then an
effectivearray r(]ev?ponse vector can be defined for each clu
p asa,(t) — 2, =1 90 + &5, (.t).)gjp (#). Given ';f:e transmit to both hy(n) and h.(n). The variance ofk-th component
beamforming vectorw and definingcq,,(t) = w™ a,(t) the

: , . ck(n)ofhe(n)iso? =02,  =,Dcpy wherey, de-
dedicated channel impulse response can be written as follor\]% es thek-th line of & and D, — diag(UQAcl, L Uicc‘p)-

Notice thato? == oX, . Similarly the variance ofk-th

where ¢—! denotes the delay operator such thaty(n) =
éP — 1) and p represents the AR process forgetting factor.
ince the Doppler spread is the same the model (3) applies

P—-1

ha(t,7) = ) cap(t)(T —7p) @) -
pz:% P P cc;]mponenﬂzdak(n) o2f ha(n), is 02,21“ = 0%, = Dy
S D, = di .
where P denotes the number of significant path clusters, c\)’y, ereta Iag(aﬁcd’l’ ’ UACE“’)
more simply, significanpaths « () represents the pulse-shape [1l. JOINT COMMON-DEDICATED PILOTS BASED
filter and (-)¥ denotes Hermitian transpose. In the above DEDICATED CHANNEL ESTIMATION

channel model we implicitly distinguished trfast Vanying | the sequel we shall derive a joint dedicated-common pilots
parameters;;, (t), ¢;, (£), an.dcd’l’(t)’ frOT“ the slow Vaning hased dedicated channel estimation, suited to operate in the
parameters,, o, , andr, Wh.'Ch are cor_15|dered approx"T“'j‘te'ypresence of dedicated channel transmit beamforming, assum-
constant over the obser\{at|on t|me-vy|ndqw. ._ing that neither the path delays,’s, nor the beamforming

In the absence of transmit beamforming, i.e. when the S'gnaL':?rameters are known. The proposed approach consists of a

trr?nsml;[ted ;[jhrloulgh a; omni-directional antenna, the Prévidiiee steps procedure where jirstly slot:wise LS FIR dedicated
channel model (1) reduces to and common channel estimates(n) andh,(n) are computed

Pl based on the a priori knowledge of the common and dedicated
he(t,7) = Y Cep(D)(r — 1) (2) pilot chips. Then for eaclt-th element off.(n) and hy(n)
p=0 A

_ with k = 0,..., MN — 1 a refined estimaté (n) of kg x(n)
wherec. () andcq,, (t) are generally correlated. The impulsgs pyilt by optimally combining the corresponding LS estimates
responses. andh, expressed by (2) and (1) are referred tgc +(n) and hux(n). Then successive estimatés j(n) of

_T_i the common and dedlgatted channelt_respectlvelyr/]._ th hax(n) are temporally filtered in order to exploit the temporal
e receiver is assumed to samplé times per chip the correlation due to the finite Doppler spread generating an

Iow—pa;s f||t§req received S|gna}l. Staclflng thé samplgs imforoved estimatéiy ,(n). As a fourth step the refined FIR
per chip period in vectors, the discrete-time representation g +

: : Stimatehg(n) = [hao(n)...hann-1(n)]” can be used
both common and dedicated channel at chip rate takesrfh : icn o . .
form hy — [hl,z...hM,z]T, which represents the vector o 0 build a path-wise channel estimate by finding the delays

_ T Tt _ T
the samples of the overall channel, including pulse Shaé-%&irggfﬁét‘ﬁiingag?oglaetr?qs coefficients, = [cq1 .- cap]
t

propagation channel and receive filters, where the superscrip
()T denotes transpose. Assuming the overall channel to have min Hfz(n) — Wey(n)|? (4)

a delay spread olV chip periods the dedicated and common Tcd

channel impulse responses take the féwm) = ¥c(n) where €.9. via the recursive early-late algorithm [2]. Since in this case
h = [h] ... RY]T € CMNX1 ¢(n) = [e1(n)...cp(n)]T e the delay estimation problem is considered as an instantaneous
CP*1 are the complex path amplitudes and the temporhannel estimation problem, the delay estimation has to come
index n relates to the time instant at which the time-varyings the last step of the whole channel estimation process.
channel is observed. The assumption of fixed delays Alternatively a moreclassicalstrategy can be pursued, where
over the observation window, yields to a constant pulse-shapte would firstsparsify the channel impulse response under

convolution matrix® € RMNxF given by the assumption of resolvable discrete-multipath component, by
B B estimating the paths’ delays,’s according to a long term
U=, ) =[(n)...¥(rp)] averaged power delay profile. Once the delays are known,

where)(7,) represents the sampled version of the pulse shapgmely the matrix¥ is known, the same previous three steps
filter impulse response delayed by. The evolution of the procedure can be applied in order to estimeién). Due to



lack of space we shall not detail this second approach in tiristhe next steps we shall determiifeas the linear unbiased
paper. MMSE (UMMSE) filter, i.e. by solving for allk’s the opti-

A. Least Square Dedicated and Common Channel EsnmatmIzatlon problem

We assume dedicated pilot chips are sent in every user slot minE|hg,(n) — frhi(n)]> st fi[log]" =1 (10)
during transmission. Let us defin8;(n) = Si(n) ® I, g

where® denotes the Kronecker product, as the block Hank&p determine the filteif,, we derive the analytical expression
matrix comprising the dedicated pilot chip sequence intendefithe covariance matriR;, ; = = Ehy(n )fzkH(n)

for the user of interest in slat. Similarly we refer toS.(n) =

S.(n)®I,, as the block Hankel matrix containing the common R = [ T T12 ] —

pilot chip sequence in slot. Let Y (n) be the received signal r21 T22 11
samples vector corresponding to stat The LS unstructured ) 1 1 17 o? 0 (11)
EIR common and dedicated channel estimates FIR are giverPhq,s { g } { ag } [ 0 —|-gt( .
y . . . :
ha(n) = argminHY(n) — 84(n)hg(n)]|? Having an estimate of the matnR,ALk;Lk, e.g. by temporal

(5) averaging, we can apply treovariance matching;riterion o]
thatohd L =T agd o Ok = ro1/(r11 — oed k) (i.e. ay has

that, if the pilot chips can be models as i.i.d. random vanablége same phase as;), where the following bounday| <

he(n) —argmmllY(n) Sec(n)he(n)]?

yield to Oher/Thar = \/(7’22 - O’?L k)/(rll - sz k) can be used in
ha(n) =~ 88T (n)Y (n) actual estimation. Furthermore it resud:t%c, =T — 05, —
he(n) ~ 418" ()Y (n) ) [ro1|?/(r11—02, ), so that the optimal UMMSE filter is given
c c c by o
where 84 and 3. represent the dedicated and common pilot B o .
chip sequences total energies respectively. Let us model the fr,ummse = ([1 %}Rh p L or]) T L eg] Ry
received signal a¥ (n) = S4(n)hga(n)+S.(n)h.(n)+V(n), = ([1a}]R 'L ow)")" [l a}]R?
where V(n) ~ N¢(0,021) denotes interference-plus-noise. (12)
Then referring tcé. ;(n) andé, ;(n) as the common and ded-where
icated channel LS estimation errors, by assuming the dedicated R Uﬁd . 0
and common pilot chips to be uncorrelated and invoking the - 0 +azck
whiteness of the pilot chip sequences, the errors covariance
matrices can be approximated as follows By denotmged & the estimation error after UMMSE combining
1 1 its variance is readily given by
Cee, =B 0.lyn and Cee, ~ B, o.lun  (7) .
, , , of  =(1og]R[Lag]")™
while for the errors mutual covariance matrix we have @dk . S )
Coo, ~ 0. = ([Laj]R; Y, el ag] = (1 — 02, )
2
B. Optimal Combining of LS Channel Estimates _ Ued NG x T o7, .)
Let hy(n) = [hax(n) her(n)]T denotes the vector of the LS oGilonl? +0f  +o2
estimates of theith elements of the dedicated and common (13)
pilot channel FIR responses at stoti.e. In order to estimate the LS channel estimation error variances
we observe that? =02 ando? =2 for impulse

~ . €d,k hq €e,k he
by (n) = [ hax(n) ] — { hak(n) } + [ fdvk(”) } 8) response samplels at which hax(n) = hex(n ) = 0. Hence
he k(1) he(n) Ceu(n) both 02 and o2 can be estimated fronk,; and he
In the light of the models introduced in section Il a gener&espeCthGW at delays larger than the channel delay spread.
channel model in the presence of dedicated transmit beaff-this end one may overestimate the delay spread, and exploit

forming leads to the tail of the channel estimate to obtain an unbiased estimate
of aA ands? by long term temporal averaging for delays
heo(n) = arhar(n) + zcp(n) k> MN at Which hax = her = 0 can be assumed.

where aihg (), represents the short-term linear minimunrAlternatively, in order not to increase the length of the channel
mean square error (MMSE) estimate /af () on the basis impulse response to be estimated, we can estmﬁateand
of hgk(n) and z.x(n) represents the associated estimatias? from thehax andh,.; with smallest variance as detailed
error. Then a refined estimate can be obtained as in [2].

;L (n) = f i (n) ) 1) Optimal Combining of LS Channel Estimates in the Ab-

d,k KITk sence of Beamformingtn the absence of dedicated transmit

by optimal combining of common and dedicated LS channeéamforming it resultey, = o € R, o > 0, independent of
estimates. In order not to introduce bias for the processiagdz. ;(n) = 0 Vk. Then the optimal UMMSE filterf, can



still be derived by accounting for the different structure of theo that

matrix R; ; ,i.e. +
o I ) Shd,khd,k(q) - { Ykq T B *
I Y i T \1—tbrg  1—pg?
o | Y A B S R B G S
Cerk _ Bk
from which o« and Uid,k can be estimated by approximated 1—pg!
non-orthogonal joint-diagonalization, more specifically by joinyhere
LDU factorization in which the parameter is in common, (1 _ pz) o2
along the lines of [12]. The details are left out here for lack By = hak and vy, = Biby
of space. Tz V@ (1= bip)
C. Optimal Wiener Filtering of Channel Estimates Substituting (17) in (15), we obtain
Once the optimal combining of LS common and dedicated Hi(q) = B — (18)
channel estimates has been performed via UMMSE filtering T/ (1= brg™1)
(12), optimal temporal causal Wiener filtering can be applidelading to
over successive estimatégk(n) (9) in order to further refine 3 — bk 1 2
) > : i = (n—1)+nh 19

the dedicated channel estimate. The dedicated channel estimate ak(m) eha(n =1) + mchak(n) (19)
after UMMSE combiningh, (1) = ha x(n)+¢é4x(n), is such where 2 L2
that the post-combining estimation erAréJM(n) is mutually e = B = Z‘““ ( — P ) b (20)
uncorrelated withig (1), é4.x(n) and éq ;(n) are mutually Teu VO TG p(1="bip)

uncorrelated for any: # j, and the variance ofq(n) IS When there is no time correlatiop & 0) over slots, we have
independent ofk while it depends on the mobile velocity ha
o} to2

(i.e. on the Doppler spread), on the channel power, and vaxTO5, .

the signal-to-interference-plus noise ratio (SINR). Then givés weighted byn, < 1, weighting between a priori variance

de(n) — [;Ld,o(n) o ]A;d’MNil(n)}T the refined estimati(n) information and estimation error. The estimation error variance
2 of hg r(n) is given by

18?1: 0 andny, = , SO that every channel coefficient

is of the formhy(n) = H(q)h4(n) where H(q) represents
the optimal Wiener filter (of unlimited order). For evekyth S

i i - o2, =0} - (21)
component of the channel estimate we can wiitg,(n) = Ea,k an 2

2 Uk,oo
Hi(q)hax(n) where

where o} = agdkak denotes the infinite order forward
1 S i (@) prediction error variance. Along the lines of [2] the optimal
_ d,kNd,k . . . . . .
Hy(q) = o - @ (15)  Wiener filter (19) can be implemented in adaptive fashion by
i adapting the two coefficients, andn, to match to the Doppler

ha,kha,k ha,kha,k

where S,.(q) denotes the power spectral density (PSD) égatistics of the channel taps, in order to minimize the mean
z, {}T and {-}~ denote the causal and anti-causal pa uare error betweeh, ;,(n) and the actual channél; ,(n).

respectively, andS..(q) = St (¢)So.(¢) is the spectral Intr'odu'cing temporal averaging over slots, with 'ex'po'ner?tial
factorization ofS,, (q) in its causal minimum-phase factor andV€ighting, the RLS adaptation algorithm for the minimization
in its anti-causal maximum-phase counterpart. Assuming grpblem stated above can be formulated where the coefficients
AR(1) model for the channel coefficients as in (3), the PSD B andr; are computed by recursive solution

~ . . ~ H

ha i (n) is given by hai(n —1) ] [ hdk’“(" -1 ]

R, = )\R,_1+Re 2 A
Shawhai (@) + 02 l ha,(n) ha.x(n)

ap (1 —brg™) (1 — by, 0
o ak( ka ) ( kq) P71APn—1[ ( ]

+

Sihan @

(N
car (L=pg=1) (1 - pq) %

€d,k

where, by defining the channel estimation signal-to-noise ratjo by _Rp
(SNR) Jy =07 /o2 andJ, =1+ p®>+ (1 —p?)J, mw—11] ~m°"
Gk (22)
1 /(= = where Ré€-} denotes the real part, ands the forgetting factor.
bo= o (Jo— 72— 40?) anday = p/b, (26) W : : :
K 2p ( F k P > ar = p/br (16) Since there are just two coupled parameters dizec? matrix
Thus inversion can be performed instead of using true RLS. The RLS
1—brg™! initialization requires onl to be different from zero, so we
st (¢9=o0; '\/akikq_l ; a —3 o 7 3
ha,kha,k dk 1—pgq can set it toRy = 1071, andhyx(0) = hgi(1).
_ 1—brg Finally the delays7, and the coefficients:q,(n) can be
szd,kﬁd,k(Q) T T VO estimated fromh4(n) by solving (4).



Dedicated Channel Est. NMSE, Vehicular A (120km/h, 4 paths)
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Fig. 1. DPCH channel estimation NMSE vs. DPC@H/ Ny, in fast fading
channel, for different values of common-dedicated channel correlatjon (

Dedicated Channel Est. NMSE, Ped. (3km/h, 3 paths)
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Fig. 2. DPCH channel estimation NMSE vs. DPCE@H/ Ny, in slow fading
channel, for different values of common-dedicated channel correlatjon (

IV. NUMERICAL EXAMPLES

dedicated channel by setting,  /oj = 2 for all k's so

thatr = r, = |ap|/v/2. We also denote the DPCCH receive
chip SNR E.E|h4(n)|?/o2 as “DPCCH E../N,". Figure 1
shows the dedicated channel NMSE vs. the DPCEHN,,

for different values of- under the assumption of a four paths
fast fading channel (mobile velocity of 120 km/h). Similarly in
figure 2 the dedicated channel NMSE vs. the DPCEHN,

is shown, for different values of, under the assumption of a
three paths slow fading channel (mobile velocity of 3km/h).
The performances of the dedicated pilots only based channel
estimation [2] are shown as well for comparison. As expected,
large performance improvements can be achieved by jointly
exploiting both dedicated and common pilots rather than only
dedicated pilots when the dedicated and the common channels
are highly correlated (up to 10dB in terms of DPC@H/N,

at NMSE ~ —10dB, for » = 0.99, in the examples shown
here).

V. CONCLUSION

We derived an optimal approach to estimate the user dedicated
channel in W-CDMA receivers, jointly exploiting common
and dedicated pilots, which is suited to operate in the pres-
ence of dedicated transmit beamforming without requiring
the prior knowledge of the channel paths delays and/or of
beamforming parameters. We showed that significant perfor-
mance improvements can be achieved by the proposed joint
common-dedicated pilots based dedicated channel estimation,
with respect to classical dedicated pilots only based channel
estimation approaches, particularly when the dedicated and
common channels are highly correlated.
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