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Abstract: lterative multiuser interference cancellation schemes and beamforming, has been proposed in [6], assuming perfect
for Direct Sequence Code Division Multiple Access systems channel knowledge. In each iteration, for each user and each
exhibit good performance results for a reasonable complexity. path a conventional beamforming, linearly combining

W?\ St;.lldt)i/ in ef;‘tuciur?nttuter?ttuvetsc?zme'd‘i:r?mb'r:‘éng '”;ffrffrﬁzce signals from all antennas, allows additional interference
cancefiation, Soft Input SoTt oufput decoding a eamiorming. o qyction, thus improving the iterative process.

To deal with unknown channels, we add a pilot-aided space-time The trend in 161 is to includ . | .
channel estimation in each iteration. The iterative structure has € trend In [6] IS 10 Include as many signal processing
two advantages: the observation signal used for estimation functions as possible in the iterative process to further

contains less interference from one iteration to the following and improve the receiver performance. In this paper, we propose
soft estimates of coded bits are available for data-aided to integrate an explicit space-time channel estimation in each
estimation. iteration of an iterative space-time interference cancellation
| INTRODUCTION scheme. Since thg est_imation is renewed in each iteration, it
o i _ _ _benefits from the iterative process. Another approach to cope
The air interface of the third generation Universal Mobilgith unknown channels is presented in [7]: the adaptive
Telecommunication System (UMTS), is based on Wideban@ative space-time interference cancellation. A comparison
Code Division Multiple Access (W-CDMA). Even if both petween these two approaches is performed in [8].
Frequency Division Duplex (FDD) and Time Division The paper is organized as follows: In section II, the
Duplex (TDD) are considered to deal with the availablgrinciple of an iterative space-time interference cancellation
paired and unpaired frequency bands, the FDD moge presented for a Direct Sequence (DS) CDMA system with
currently ~ receives more interest from Europeagme-multiplexed pilot symbols. The space-time channel
manufacturers. The firstly proposed receivers will probablystimation is then inserted in the iterative process in section
be implemented in a very simple way, sufficient to face thgy performance results presented in section IV show that the
presumed relatively low traffic coming from third generationyroposed detection scheme almost achieves single-user
first users. Subsequt_antly, advanced rgceivers will havg to E@rformance even with the highly loaded simulated system.
employed to deal with the expected increase of traffic anslomising simulation results of the iterative receiver in a

associated interference. Therefore, interference mitigatigjink UMTS FDD mode, where pilots are multiplexed in

namely in Base Stations, where additional computational

complexity may be tolerated. Because of the large size of Il. ITERATIVE SPACETIME

spreading sequences in FDD mode, interference cancellation INTERFERENCECANCELLATION

techniques [1] seem appropriate to mitigate intra-cell Let us first consider a DS-CDMA system withusers as
interference with a reasonable complexity increase. Tlhpicted on Fig. 1. Information bits(i) of user k are
whole interference on a given user is rebuilt from a bank @bnvolutionally encoded. The trellis of each convolutional
Rake receivers and respreaders, producing the contributiorntghie is properly terminated in order to divide the data stream
all other users. This interference is then subtracted from thgg finite blocks of N, coded bitscgi),i= 0, ...,N;— 1.

received signal to produce a new clearer observation for figese coded blocks are then interleaved by a user-specific
user of interest. This process may be iterated. Several studjggarieaver Me to guaranty independence between the

e.g.[2][3], have shown that a performance increase could tﬂ‘ﬁ‘ferent users' codes if a very low spreading factor is

obtained by using channel coding and performing Soft Inpﬁgsigned. The obtained interleaved coded ity are then

Soft Output (SISO) decoding inside each detection iteration. . .
Alternatively or in conjunction, beamforming antenna arrayrsnalppeOI ontoNe /2 QPSK- symbols(i). N, QPSK pilot

may be used to reduce this interference [4][5]. An efficierﬁymboIS pdl) are inserted before the data sequence. The
i
|

scheme, combining interference cancellation, SISO decod =N /2 +N, obtained sym_b_olé)_k(O), - DNo — 1), are
ally spread by a user-specific signature oMgfps= SFNp

chips s(n), where SF is the spreading factor, before
This study has been realized in the scope of the IST-10%81 ASILUM transmission _On usek space-time Channel' Each user’s
(Advanced Signal Processing Schemes for Link Capacity Increase in UMT&annel contain® paths, each pathhaving a delay equal to

project, sponsored by the European Commission under the Im‘ormati@p‘p chips, a complex Gaussian coefficiént, = px 2XP{ Vi )
Society Technologies Program IST.
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Fig. 1: Structure of Direct Sequence CDMA transmitters.
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Fig. 2: Structure of the iterative space-time interference cancellation receiver.
and a direction of arrival (DOAY, . non-desired directions, a beamforming combines signals from

Fig. 2 depicts an iterative space-time interferencihel different antennas, using coefficiefis p,..., BcLp:
cancellation receiver witl iterations using a Uniform Linear () rin — e Gy 1
Array (ULA) with L antennas and a SISO decoding, as yk*p(l)_,zlﬁk""pxk"*p(l) )
described in [6]. The ULA geometry induces a constagtgnventional beamforming is used hefe; ;=exp(—j.¢x, -
additional propagation length from one antenna to the ne¥pservations for all paths of useare then combined using
equal tod.cos@,), whered is the distance between antennas:gefficients Oi1,..., Okp to provide us with a single
Thus, for DOA 6, the space-time channel Coefﬁdemobservatiorzk‘”(i) for each transmitted symbbj(i):

resulting from the specific phase rotatify) , on antennd is " P 0
N,y = pkypelfkmp z'(i)= pz:lak,ka,pO) ()
where &y, =Vt @y, =V, H( =19, Maximum Ratio Combining (MRC) is performed here:

1 = —j
v, +2n% (¢ ~Dcosb, ) @) =i exp(.vicp)-

A is the wavelength andy, is the constant phase rotation Di‘:'iiﬁ] Dopsehanell channel
between two consecutive antennas. The received signal on Of’;athl estimation 1 i coefficient estimates
each antenna is Antenna 175(n) Xh(
K P Despreadin DOA/channel
r,(n) = Z z hk,f,psk(n - Tk,p) +w,(n) 2 of pathP estimationP
=lp=l Xdn( ¥ DOA estimates
. e . . . () (i N .
wherew,(n) is the Additive White Gaussian Noise (AWGN) Xl (i Beamforming| y2() To pilot
. Despreadin 1 X
on antennd at tl_men._ . 3 . of path‘1 Combining e();trﬁctmn
In each receiver iteratiojy a user-specific multi-antenna antennaL 79(n) Xl z7M
. . ) . . B formil ;
observation signat? (n), where/ = 1,...,L , provided by the Despreadin eamIrming vy

of pathP
Fig. 3: Space-time combiner with channel estimation for user k.

previous iteratiorj — 1, is processed by a so-called 2D-Rake
receiver or space-time combiner. In the first iteration, this

observation signal is equal for all users to the received signal: . .
9 q 9 For each user, the observations on coded bits are

RPm=r() k=1...K () deinterleaved, after pilots have been extracted, and decoded
The space-time combiner is detailed on Fig. 3. Perfegy a SISO decodeg.g, a forward-backward decoder. The
estimation is assumed in this section. For each kismnd soft estimates on coded bits are then mapped on soft QPSK
each patlp, the observation signal on anterthis filtered by data symbole39(i) and pilot symbols are reinserted to form
a despreader matched to the path defgy We obtain the estimated sequence of transmitted symbols:
%, (i) for i=0,..,Np—1, which mainly contains the
contribution of a single path. To cancel residual signals in



D(iy=p (i P = - “ ND-1 )
Ak. (i) pk.(l) fori=0,...,N, -1 ©) Rm _ 1 me(i)x(k],?ﬁ 0 )
AP()=0"(-N,) fori=N,,... B

N, -1 NG
i Wiy = Q)i OGnT o T oH
Symbolsa (i) are respread and each user's contributiof"€r€%kp (1) = ®c1p (). XLp (1)) .+~ and+" denote the
in the global interference is rebuilt on each antenna, 6553

nspose and the transpose-conjugate operations,
filtering the signal by the space-time channel impuls

%espectively. In order to reduce the noise level on each
response. Using these contributions, interference cancellat%%va,”ance_ ma}tnx element, we correlate the®¢L)
is performed on the received signal to supply the foIIowinE;ece'Ved signa

matrixXy ) = X 2(0), ..., i DNO — 1))

. . (-1) — (n G-1) (-DND — 7)Y

iteration with a new cleared user-specific observation sign\g{fth the pilot sequenchy 1 = Bc(0), - ACTH(NT - 1))

U™ (n). Using coded bit estimates after SISO decoding Yy =~ A0 3) (8)
strongly improves the interference cancellation quality, N

> . : 0 with si : i
allowing high capacity and near-single-user performance. F'OM Vectoryy," with size L, we obtain a new spatial
covariance matrix estimate,
I1l.  ITERATIVE SPACE-TIME INTERFERENCE

S1(1) = (1) (DH
CANCELLATION WITH CHANNEL ESTIMATION Rich = YicpYiop ©)

As channels are unknown and pilots are available in tﬁlge elements of which are less noisy. It can thus be used in

system, we add a pilot-aided space-time channel estimationtl?rer root-_MUSI? algprlthm to improve the accuracy _OT the
each space-time combindre, in each iteration. Since the DO_A estimateg; Fmallly, the complex channel coefﬂmgnt
quality of the observation signaj’(n) improves from one estimate p, .exp(jv,) 1S computed at the beamforming
iteration to the following, the estimation accuracy will als@utPut, by simple averaging.

improve, thus making the detection less erroneous. Hence, Bid_.ow-Complexity Estimator

expect a performance improvement in comparison with aSince the root-MUSIC algorithm is quite complex and as
non-iterative estimation, which would be performed in theve aim at performing estimation in each iteration, we also
first iteration only. Furthermore, since the reliability of codedonsider a low-complexity estimator with the restrictive
bit estimates is increased thanks to SISO decoding, the safsumption that paths from different DOAs arrive with
values3Y(i) of data symbols may be used as new pilots idifferent delays. This estimator is derived from an
the following iteration for data-aided estimation. This largeapproximation of the ML criterion. From (1) and (2),
number of pilots for iterations 1 tb— 1 will further improve assuming that interference from other users and other paths

the estimation quality and thus the performance. has been perfectly cancelled, we can write the despread
As depicted on Fig. 3, the space-time channel estimatisignal as
individually computes the complex coefficient and the DOA xﬁf}yp(i) =he, D () + Wy, (i) (10)

for each pattp of userk, i.e., it works with signals¢, ;i)

for /=1,..,L and i=0,....N?—1. In iteration 0, the

estimation is performed just using pilot symbo”(= N, samples Wy, o), 0¢=1,..L, 0i=0,. N -1, are
L\ ) - T oLy by T Yyeeey ’

Oy = pu(i i = — i . ) . .
and A7) =py(i) for i =0,...,N,~1), whereas coded Dbit o, ,ssian and independent. To perform ML estimatiqn, gf
estimates are available to improve estimation in |terat|or;§kyp and 6, we must minimize the quadratic Euclidean

_ 0 = -ti imation.. : .
L..J=1 (NN"=Np). Two space-time channel estimationyigiance ¢i), ? between the received sequence and the
algorithms are considered: a root-MUSIC algorithm W“'?expected one:

spatial smoothing and a low-complexity estimator based on N1 L 2
an approximation of the Maximum Likelihood (ML) dii® = > Z|Xﬁ,'}),p(i)—hk,g,pA(g’l)(i)| (11)
criterion. =0 =1
A. Root-MUSIC Estimator

We first apply a classical root-MUSIC algorithm to DOA iy
estimation. A spatial smoothing [4] is added to allow it to£{) :argmim,ﬁvj},pz =argmird ¥ |Xl(<,jl),p(i)_pej{A(kj_l)(i)rE
distinguish coherent paths with same delay but different ¢ ¢ =0
DOAs. Originally blind, the root-MUSIC algorithm is :arg(A(k"‘l’Hx‘(k'}yp)D]—mn]
modified to benefit from the knowledge of pilot symbols,,pere X’k,,,p(j) - (xk‘,,p(j)(O),...,xk,,,p“)(N“)— 1)) and argg) is
Indeed, for each usdg each pattp and each iteratiofy it {he argument of the complex number Since the antenna
performs the eigenvector decomposition of the spatigay is a ULA, a phase unwrapping followed by a linear
covariance matrix estimate regression yields the estimate) and v() from £o ,

wherew', (i) is the noise sample on symbdbr antenn,
userk and pattp. For a given user and a given path, all noise

To simplify the minimization, we perform it separately on
each antenna to find the estimdte : (12)



£=1,...,L. Finally, () is obtained by minimization of In the second simulation scenario, 16 users transmit 78

dv, 2 kbps data in the uplink of a UMTS system in FDD mode
L o _ [10]. A block of 1560 information bits is transmitted over 2
2 Re{efj'&""’-A(kH)H -X'(k’?,p} frames of 10 ms. 8 parity check bits are added before rate 1/3
iy == LAUDH AGD (13) (557,663,711) convolutional encoding. Each frame is divided

into 15 timeslots. Each timeslot contains 2560 QPSK chips
i.e,, 160 coded bits, spread on the in-phase signal by a factor

These channel estimates, obtained either by the rodf: and 10 control bits, including 6 pilot bits, spread on the

MUSIC or the low-complexity estimator, are then employefuadrature signal by a factor 256. Data bits form the
in the space-time combiner including conventidra) MRC, Dedicated Physical Data Channel (DPDCH) and control bits
beamforming and MRC path combining. form the Dedicated Physical Control Channel (DPCCH).

After despreading and a multiplication byfer control bits’
observation, we obtain separately complex data observations
Simulation results are first presented for a highly interfereghd complex control observations. Theses observations may
system, which was taken as a first simulation step to validaie used in the space-time channel estimation. Note that pilot
the detection algorithm. The iterative receiver is subsequengymbms, used as a reference by the estimation algorithm, are
tested for a 78 kbps UMTS FDD uplink scenario with variougow BPSK symbols. Low-complexity channel estimation is

amplitudes of pilots. performed, with a 2-antenna ULA.
The first considered uplink transmission deals with the

signals of 9 users, spread by a factor 5, each user transmitting

I d .
where&, ) =v{) + 2717(6 -1cos6)).

IV. SIMULATION RESULTS

on a distinct 2-path channel. A rate ¥z (7,5) convolutional 1E01%¥"“\;§‘\\%& s T

channel coding is applied and 5 antennas compose the ULA ~J . e E S ——
at the receiver side. Blocks of 240 QPSK symbols, including S R R
17 % of pilots, are transmitted, which the space-time channel 150z w

is assumed stationary over. For each delay, a channei g

coefficient and a single DOA in a 120° sector, are randomlyg 1603 \é S

chosen in each transmission blpck. All users _have samé e T ‘

power and perfect power control is assumed, which explains o Blot & dataaided root- MUSIC, iter. 3

why single-user performance on AWGN channel is taken as a =" {75 pio- & datacaided low-comp. est. fer. 9

reference, with a shift in Signal to Noise Ratio (SNR) due to - Eglrjf?:itdeegtilnc:\gﬁgﬂﬂ?éfsst' tter0.ter.3
the pilot overhead. The 10lgg. dB gain due to multiple 1505 6 ;mgeuzer ; 4 ; 3 ! 2 ! : N

antennas explains the very low SNR values. To demonstrate
the interference mitigation capability of the receiver, the,
average Bit Error Rate (BER) over all users is drawn versus
SNR for different configurations on Fig. 4. With only 4

Signal to Noise Ratio (dB)

. 4: Comparison of different estimation schemes for the general scenario.

iterations, almost the whole multiuser interference is removed lEm”\ e
thanks to the efficient iterative channel estimation using root- —
MUSIC with spatial smoothing, modified to deal with pilot = |

symbols, and the interference mitigation scheme. When the
space-time channel is only estimated in iteration 0 and thé%: 1E03 -
same estimate is used in all the following iterations, ag \
performance loss of 0.8 dB appears after 4 iterations and for & )

1E-04

BER equal to 18. We find similar results for the low- Single user
complexity estimator. The loss observed by estimating the . [“Z" leatons

. . . . . . .y . . —4— |teration 3
channel in iteration O instead of estimating it in all iterations —6— lteration 2 (est. in iter. 0)

is equal to 2.4 dB for a TOBER. The estimator's low 1E-06 AN S NN B

complexity is translated into a loss of 0.9 dB at & BER as ! e 7 ianal 1 Nome Ratio 48) 5 !

compared to the root-MUSIC performance. Fig. 5: Influence of the number of iterations in the 78kbps FDD UMTS
scenario with equal DPDCH and DPCCH amplitudes.
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V. CONCLUSIONS g

The iterative scheme including interference cancellation, ie02
beamforming and SISO decoding exhibits near single-users

performance even when actual pilot- and data-aided spacef 1E03
g e

time channel estimation is performed. This excellent ™
performance is obtained thanks to the iterative structure of — 'Single user ;

the receiver, for both general and UMTS FDD uplink &% % EEEES
scenarios. The structure including channel estimation in each o jerations
iteration is particularly interesting in UMTS FDD uplink — qpgq Lo 22000, N
when DPCCH has a weak amplitude with respect to DPDCH T e

Ny

amplitude. Fig. 6: Influence of the number of iterations in the 78kbps FDD UMTS
io with DPCCH lit | .27 DPDCH li .
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