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Abstract In this paper we present and evaluate a pre-distortion (PD) scheme for the
downlink of Wideband-code division multiple access (W-CDMA) systems considering a
Rake in the receiver in order to exploit multipath diversity. Its performance is compared with
schemes without the PD at the base station (BS), and combined with a transmit diversity
(TD) scheme to improve the performance by exploiting spatial diversity. It is shown that
the proposed PD scheme allows receivers (Mobile Stations) with very low complexity, con-
trarily to the case where a post-processing multi-user detector (MUD) approach is adopted to
improve the performance. Therefore, the proposed PD scheme can be seen as an alternative
to post-processing schemes.

Keywords W-CDMA - Pre-processing - Selective transmit diversity - Frequency-selective
channels - Downlink transmission

1 Introduction

Emergent services are demanding higher data rates, especially in the downlink. Wideband-
code division multiple access (W-CMDA) is a proven technology to reach this desiderate
in cellular communications. To obtain this, it is important to find schemes able to reduce
the effects of fading and exploit diversity, as well as to reduce inter-path interference (IPI)
and multiple access interference (MAI). When in the presence of frequency selective fading,
different symbols suffer from interference from each other, whose effect is usually known
as intersymbol interference (ISI), which tends to increase with the increase in the used
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bandwidth. In case of spread spectrum signals, a multipath environment also originates some
level of self-interference. In fact, the replicas of the transmitted signal are not synchronized
with the receiver’s matched filter, which leads to loss of the orthogonality as well as ISI. In
case of W-CDMA, this is also called IPI or self-MAI. When there is more than one user,
the multipath channel originates MAI (in this case, inter-users MAI), even for synchronized
networks with orthogonal spreading sequences. The Rake receiver, usually considered for
W-CDMA systems, takes advantage of the multipath channel to provide multipath diversity
(Rake stands for coherent combination of multipath components).

Much research has been undertaken in the area of the multi-user detectors (MUDs) [1,2]
for W-CDMA technology. Optimal MUD, usually known as Maximum Likelihood Sequence
Detector, are too complex for practical application. Its complexity increases exponentially
with the increase of the number of users. On the other hand, sub-optimal MUD has a com-
plexity that increases linearly with the increase of the number of users. The latter can take two
different forms: linear MUD (e.g., Decorrelating [3], minimum mean square error (MMSE))
[4] and subtractive MUD (e.g., Successive Interference Cancellation and Parallel Interference
Cancellation [1,4]). Linear sub-optimal detectors apply a linear transformation to the bank
output of the conventional detectors, in order to decrease the level of MAI seen by each user.
Nevertheless, a MUD is normally employed at the BS (uplink) where there is enough power
processing capability and where it is easier to know/estimate the uplink channel impulse
response (CIR) and the spreading and scrambling sequences of interfering users. Such power
processing capability is normally not available at the mobile station (MS) side, being for this
reason important to employ alternative schemes to improve the performance.

The trend of the mobile cellular communications is to become more and more asyn-
chronous with bottleneck in the downlink, being the uplink not so demanding in terms of
throughput requirements. This is useful for services like Web browsing, Data Base Access,
Multimedia Streaming, etc. To reach this desiderate, it is important that the complexity asso-
ciated to the high downlink traffic is transferred as much as possible from the MS into the
BS, where the power processing and electrical power available is higher, in order to combat
the several sources of interference.

Since conventional detection techniques for pre-processing systems are normally based
on the assumption of a flat propagation channel, they are usually employed for modulations
as the orthogonal frequency division multiplexing (OFDM) schemes, which have a flat fading
channel behavior at the sub-carrier level. Its extension to W-CDMA systems is not straight-
forward (due to severely time-dispersive channels), especially when only a Rake is employed
at the receiver to exploit multipath diversity [5].

When the downlink CIR information is available at the BS, the use of pre-processing
becomes an option, which allows simpler MS receiver implementations (and, eventually bet-
ter performances). By reducing the signal processing requirements at the MS, the battery
drainage can be reduced and terminal cost can be decreased, key aspects in the MS design.

In [6], the authors considered a synchronous multiuser W-CDMA system and developed
a pre-processing scheme using the MMSE algorithm, considering a Rake in the receiver. The
proposed algorithm by these authors did not take ISI into account.

In [5], the author developed a pre-processing scheme for the downlink of a W-CDMA sys-
tem, but considering a single decorrelator in the receiver. This approach presents an important
disadvantage, as this receiver does not allow multipath diversity exploitation, which is one of
the most important properties of W-CDMA signals. In order to exploit the main advantage
of W-CDMA, i.e. to exploit multipath diversity, a Rake receiver is normally considered, as
described by the Third Generation Partnership Project (3GPP) [7,8]. A wideband channel
enables the receiver to resolve a large number of multipath components. With multipath
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diversity, the independent signal copies are sampled in time domain, with the assumption
that signals arriving at different delays do not fully correlate.

In [9] the authors proposed a pre-processing scheme using the minimum bit error rate
(BER) method for Zero-Forcing equalizer at the receiver. This scheme requires a complex
receiver which demands an increase of complexity from the MS.

The contribution of this paper relies on the introduction of a new pre-processing scheme
that allows the transfer of the downlink complexity from the receiver (MS) into the trans-
mitter (BS), while keeping the ability to exploit the multipath diversity typical of W-CDMA
frequency-selective fading channels, by considering a Rake in the receiver, as considered by
3GPP. The current work was developed based on the work presented in [5], but modifying
the pre-distortion (PD) processing, as a Rake is considered at the receiver side. This pre-pro-
cessing scheme (for the sake of simplicity also called, in this paper, PD) is compared with
the conventional scheme without pre-processing and combined with the selective transmit
diversity (STD) [10,11], which is a specific TD scheme, as depicted in Fig. 1.

With the aid of pre-distorting the signals to be transmitted by the BS, the orthogonality
between the signals seen by the different users can be improved. The proposed system can be
seen as a simple alternative to beamforming or multiple input multiple output (MIMO) sys-
tems, presenting a much lower MS complexity, without any increase in physical dimensions,
and thus, with an easier practical implementation.

This paper is structured as follows: Sect. 2 reviews the two diversity techniques under
consideration (STD and Rake receiver); Sect. 3 presents the system model for the proposed
PD scheme; Sect. 4 presents the performance results and analysis for the studied schemes
in several different environments; the key findings of this paper are then summarized in
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2 Considered Diversity Techniques
2.1 The Selective Transmit Diversity (STD)

A significant effort has been devoted in 3GPP to develop efficient transmit diversity (TD)
solutions to enhance downlink capacity. TD schemes [10] are also applicable for terminals
with a single receive antenna, retaining the complexity at the BS. In typical frequency or
time diversity the same signal is transmitted over different carrier frequencies or time slots.
This results in a decrease in the number of bits per Hertz and a consequent loss in spectral
efficiency. To maintain a high spectral efficiency, frequency or time diversity should be based
on the transmission of different information symbols over the different frequencies or time
slots.

In the case of the downlink, the STD scheme [11] has a low rate feedback link from the
receiver (MS) informing the transmitter (BS) which antenna should be used for transmis-
sion. Then, the transmitter has link quality information about the several antenna links and it
transmits a single information stream over the best antenna. Assuming that the time interval
between switching of Time Division Duplex systems is small enough, knowledge about CIR
at the transmitter side can be considered available. This assumption is made throughout this
paper.

The mix of the PD with the STD can be seen as a composite scheme where the MAI
reduction is performed jointly with the exploitation of TD, without additional MS receiver
complexity. It is worth noting that the RAKE receiver is not changed by considering the STD
scheme, as its fingers are tuned to the multipaths of the channel associated to the selected
transmit antenna. Both the PD and the STD schemes refer to the transmitter (i.e., to the BS),
and therefore, do not have implications in the receivers’ complexity. The TD may also be
seen as a pre-processing scheme, as most of the processing is performed at the BS side.

2.2 The Rake Receiver

In a multipath channel, the original transmitted signal is reflected from obstacles such as
buildings and mountains, and the receiver sees several copies of the signal with different
delays. If signals arrive more than one chip apart from each other, the Rake receiver can
resolve them. From each multipath signal’s point of view, other multipath signals can be
regarded as interference and is partially suppressed by the processing gain. However, a fur-
ther benefit is obtained if the resolved multipath signals are combined using a Rake receiver.
Therefore, the signal waveform of W-CDMA signals facilitates the utilization of multipath
diversity. In the case of single-path, multipath diversity provided by the Rake receiver would
not bring any advantage, and the channel would be flat fading.

A diagram of a Rake receiver is depicted in Fig. 2, which consists of a bank of fingers,
each correlating to a different delayed replica of the received signal, followed by a combiner.

After despreading by the decorrelators, the signals are combined using, usually, the maxi-
mum ratio combining (MRC) algorithm.! Since the received multipath signals present uncor-
related fadings, diversity is achieved, and thus, performance is improved. After spreading and
modulation in the transmitter, the signal is passed through a multipath channel, which can be
modelled by a tapped delay line. In the multipath channel there are L multipath components
with different delays (71, T3, . .., Tr), attenuation factor (1, a2, . . ., o) and phase compo-

I An MRC combining is considered in the current description. Equal gain or selective combiner tends to
achieve poorer performance.

@ Springer



Pre-distortion Filtering and Selective Transmit Diversity 223

{d‘ ["]} l;l,A [”]
Finger 1 :l S P / Combiner
__________ s,
L ¥ !
Despreader ’:—"—>O :
1 I
c . Pl -3,
| | | /
. ! _’( : )_> 1
R;;:;‘;Td Demodulator Receive filter - ==== _L Z ered
(0 e : ; : I ! bits
: ! -
Carrier | b, [n] u,_i
recovery i ‘* H } :
|
1 Sampling H Despreader M i
| T !
| U buu[n]
T __ !
Fig. 2 Diagram of a Rake receiver
nents (01, 61, ..., 01 ), each corresponding to a different propagation path. The Rake receiver

has, ideally, a different finger for each multipath component. In each finger, the received

signal is correlated by the spreading sequence, which is previously time-aligned with the

delay of the corresponding multipath signal. After despreading, each captured multipath sig-

nal (in each jth finger of the Rake) is weighted, and combined with the others. Moreover, by

considering the MRC algorithm to combine the several multipath signals, the signal in each

finger is weighted by the complex conjugate (*) of the corresponding multipath coefficient
uj = (ajel?)" = ozje_jg) to allow a coherent sum.

Due to the mobile movement, the scattering environment will change, and thus, the delays
and attenuation factors will change as well. Therefore, it is necessary to measure the tapped
delay line profile and to reallocate Rake fingers whenever the delays have changed by a sig-
nificant amount. Small-scale changes, less than one chip, are taken care of by a code tracking
loop, which tracks the time delay of each multipath signal.

From the diagram depicted in Fig. 2, the jth finger is used to despread the received spread
spectrum signal, resulting in the set of despread values:

n-Sg

bixlnl = > dilml-sfiml, n=1...P, j=1...L, (1)
m=[(n—1)xSr]+1

where d; [m] stands for the mth sample (sampled at a chip rate) of the output of the receive
filter (chip shaping), with a delay corresponding to the jzh finger (i.e., to the corresponding
multipath) of the Rake receiver. P stands for the length of the symbol sequence under consid-
eration, and Sr stands for the spreading factor. Furthermore, b j.k [n] corresponds to the nth
estimated transmitted symbol by the k th user, whose estimate is performed using the signal
of the jth finger (whose value is based on the corresponding delayed version of the received
signal r (t — Tj)). These despread values are then combined using combining coefficients
uy, uy,...,ur toproduce a decision statistic.

L
belnl = uj-bjxlnl, )
j=1

where by [n] is subject to a block-decision, typically a hard-decision.

@ Springer



224 M. Marques da Silva et al.

Assuming that the combiner is based on an MRC, the impulse response of the Rake
receiver comes:

J
hR(T.0) = Dy 008 (A =1 4)), (3)
j=I

where A is some nominal delay that is required to ensure physical implementation of the Rake,
whose value should be higher than the delay corresponding to the last multipath captured by
the Rake, corresponding to the last finger. Its frequency response comes

J R ) N
H.(f, 1) = Za i (t)e= 100 71 (TJ‘A), 4)

j=1

where x stands for the estimated value of x and & i@ e 19 represents the estimate of the

complex conjugate of the multipath coefficient &; (¢) el0i®,

The fully exploitation of spreaded signals is only achieved by the use of the Rake receiver,
because this is the tool to take advantage of multipath diversity. In W-CDMA, the utilization
of the spread spectrum with a Rake receiver allows using the frequency selective of the chan-
nel as a kind of diversity. For this reason, it is usually stated that the Rake is also a kind of
frequency diversity. The resolution of the Rake receiver is the chip period. This is the reason
why the resolution is improved when the spreading factor is increased. With a lower chip
period, it better discriminates different multipaths, allowing higher order of multipath diver-
sity. On the other hand, when the chip period is too long, the several multipaths are received
within the same chip period, providing chip interference and not allowing the corresponding
discrimination and diversity.

3 System Model For The Pre-Distortion Scheme

Due to the demanding increase of throughputs in the downlink, it is important that the com-
plexity is transferred as much as possible from the mobile station (MS) into the BS, where
the power processing and electrical power available is higher in order to combat the several
sources of interference. Some previous work has been developed in this area. In [6], a pre-
processing scheme was introduced without taking ISI into account, which is an important
factor to be considered in the W-CDMA channels. A different pre-processing scheme for the
downlink of a W-CDMA system was introduced in [5], but considering a single decorrelator
in the receiver (instead of a Rake). In this case, multipath diversity could not be exploited,
which is one of the most important properties of W-CDMA signals.

As can be seen from the diagram depicted in Fig. 3, the proposed pre-distortion (PD)
processing takes into account the spreading sequences and CIR of the different users present
in the cell.

The PD scheme is implemented based on the finite impulse response (FIR) philosophy.
The impulse response of the FIR filter for the g/ user is defined as

8 = [g4 10184 [1]... g4 [Lg — 1]]T (5)

where L stands for the length of the FIR filter. In order to deduct g,, we need first to develop
the received signal, after being pre-distorted, spreaded and transmitted by the BS (for the
sake of simplicity, a single transmit antenna is here assumed, i.e. no STD) and propagated
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Fig. 3 Scheme of a CDMA-QPSK modulator with combined pre-distortion scheme (STD included)

through a frequency selective fading channel. The received signal at the antenna of the gth
MS due to the kth transmission ¢, 1] is defined, as in [5], by

gk [n] = S\VH, giby [n]
+SUVH, by [n — 11+ SVH giby [n + 1] (6)

where the H, matrix, sized Ly x Lg, is the channel filtering matrix corresponding to a
Toeplitz matrix composed of CIR of gth user, defined as T (hq; L g)_z by [n] is the original
symbol to be transmitted. Let’s also introduce L¢, which is definedas Lo = M + Ly — 1,
being M the maximum delay of the latest multipath under consideration, expressed in chip
intervals. The CIR vector of the gth user, which composes the H, matrix, is defined as
h, = [y [0] hy[1] ... hyIM —11]", and where hy, [m] (1) = (@)l s — T,),
as defined for the Rake receiver. For the sake of simplicity the variable ¢ is omitted in the
deduction of the PD scheme.

The Toeplitz matrix S,(CO) [n] of size (SE+ Lo —1) x Lg is defined as S,((O) [n] =T (sx; Lo),
where sy is the spreading sequence of k th user, defined as

T

St = [sx [0] sk [1] ... s [Sp— 111", (7)
2 The generic Toeplitz matrix 7 (x; L), with x = [x]x3...x,], is defined as T (x;L) =
[ x 04717

X1
N , being 0, the r x 1 column vector of all zero elements.
-

LOryr—1 - X ]
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and where S stands for the spreading factor. In (6) S,(cl)Hq g:bi [n + 1] and S,((_I)Hq 8. bk
[n — 1] are IPI vectors where

0 sg[Sp—1] --- Sk[SF—L()—l-l]
1 )
S, = — [SF —1]
0g, O, - 0g,
(8)
OSF OSF OSF
SI((])_ igk[o] ... :..
sk[Lo—2] --- s [0] O

The received signal at the input of the g th Rake receiver, from all K transmissions, is defined as

K
cg 1] =D cqrnl+ 24 [n], )

k=1

being z, the background noise seen by the MS.

Let’s define V((Imk’ ") as the vector with the cross-correlation values between the spreading
sequence of some krh interfering user and the shifted version by m + 1 of the spreading
sequence of the gth reference user as

(m i) _ @) 0)
v (s ) 'S

q,(m+1) (10)

The ith index of S,(Ci) can take the values [—1 0 1], i.e., S(O) [n] = T (sg; Lo) fori = 0, and
as defined by (9) fori = —1 and i = +1. The (m + 1) index of S(O) stands for the the

selected column of the spreading sequence of the gth reference user (Sé )), corresponding

to the multipath order selected by the Rake finger. Additionally, W;i,)k is defined as the L,
vector corresponding to the sum of the cross-correlations of Vc(fk’i), already weighted by the

multipath interference Hém) (shifted versions of CIR) as
M—1
— ymi
=2 (Hém)) ok (11)
m=0
where H((]m) corresponds to H, multiplied by the complex conjugate (*) of the corresponding
multipath gain of the gth user, i.e.,

H" =H, - h}[n]. (12)

From (12), it can be understood that it corresponds to the weight of the Maximum Ratio
Combining, performed by the corresponding finger of the Rake receiver. The received signal
at the output of the Rake receiver of the gth user, after MRC, comes

-3

k=1i

||| M_

( ffk) gebi [n + i1+ 24 [n]. (13)
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K 1
At the gth MS, the interfering signals due to K signals is given by > > (w,(cl)q) g,b,y
k#qi=—1
[n+i] i=—1,0, 1. The total sum of interfering signals to other MS, including IPI terms

due to the gth signal is written as

vy ln = ZZ(W/(JZ) by In]

k#qi=—1
+(w qD) g by [n — 11+ (w,gl;) g by [+ 11. (14)

In order to mitigate the interference to others, the filtering vector g, should be calculated
to minimize E [lvk [n]lz], while providing distortionless response to the gth MS (refer-
ence user). The optimisation based on the minimum variance of interfering signals to others
(MVISO) algorithm is to find g, such that [5]

rgun E [‘ Vg [n]‘z}

subject to W g, = 1

(15)

where wy, = Wy, ZI There is a closed-form solution for the optimal filtering vector under the
MVISO criteria in (15). From (14) it comes:

1
sy [w(w (W@) ]
E[[vg ] =gl {7 =i L o) g (16
! -0 (D\E @m\7
TWa.q '(Wq,q ) T Wa.q - (Wq,q)

Defining

W= 5[ 3 [ (o)

i=—1
H
+Wé,_ql) ’ (wc(z,_ql)) + w;l}] ' ( 21)4) ’ a7

and using the method of Lagrange multiplier, the optimal vector under the MVISO criteria
comes:

Wyl 1, 2,....K (18)

8q = —71 > 9=1 2 ..., K.

wiIW, w,
This approach corresponds to changing the original users spreading sequences, taking into
account the spreading sequences assigned to all users (and their cross-correlation properties)
and the several CIRs, in order to minimize the total sum of MAI present in the cell.

4 Numerical Results
In this section we present a set of performance results, obtained by simulation, concerning
the proposed PD technique, where a Rake in the receiver was always considered. In the

simulations the downlink of W-CDMA is considered, using quadrature phase shift keying
(QPSK) modulation in a frequency selective Rayleigh fading channel. Both the Pedestrian
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A and Vehicular A of 3GPP [8] were considered. Only uncoded BER performances were
computed, with and without the PD scheme, and compared with the 3GPP receiver, which
only considers a Rake in the receiver. Walsh-Hadamard spreading sequences were adopted,
with spreading factor SF = 16. The chip period is T¢c = 1/3.84 ws. The channels associated
to different antennas are uncorrelated and perfect channel knowledge is assumed at both the
receiver and the transmitter sides. The performances are compared at the link level with BER
as performance index, and both fading and interference are jointly studied in the multipath
multi-user environment. The BER, using the Monte Carlo simulation, was computed by first
sending an extremely long sequence of bits over the described system, and measuring the
errors at the receiver side. The BER was then computed by dividing the number of erroneous
bits by the total number of transmitted bits.

Different simulations were performed with different multipath environments and spread-
ing factors, where similar performance improvements were achieved. Due to size constraints
these results with different conditions are not shown in the current paper. The simulations
considered always the PD scheme implemented as a FIR with a dimension six (L g = 6),
which leads to better performance than other FIR dimensions (not shown in this paper but
part of the research developed). The number of transmit antennas considered to implement
the STD was always two. For comparison purposes, this section presents results with “Only
Rake” which stands for the system without PD or STD. In this case, the MAI suppression
is not achieved, and only multipath diversity is exploited. In addition, results with a “Single
user” were also computed and are presented, where the system is only corrupted by ISI,
but not by MAL In this case, a Rake is also considered in the receiver to exploit multipath
diversity. This curve is also considered for comparison purposes representing, in some cases,
a lower bound.

In Fig. 4 it is shown the performance obtained with 4 users, for the Pedestrian A propaga-
tion model of 3GPP. As can be seen, the PD scheme, alone or combined with STD, reaches a

_1 \\ T T T T T T T
10 5 ]
\\\\\\ |
x ~I~3
X I
x \
X N
T L AN
%10 i X X \\‘\\ ~ _:
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X « )
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3 x STD
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6 8 10 12 14 16 18
Eb/NO (dB)

Fig. 4 BER performance for Pedestrian A propagation model with 4 interfering users
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performance improvement over the corresponding schemes without PD (i.e., over the “Only
Rake” or STD). This is achieved without any complexity cost at the MS (relating to the 3GPP
receiver which considers a Rake) and even the additional complexity at the BS is relatively
low. The scheme that achieves the best overall performance is the combination of PD with
the STD scheme (PD+STD). While the PD avoids the MAI with a reduction in the cross-
correlation seen by the several MS’s, the STD provides an additional gain due to the TD,
thus, allowing the receiver to select the antenna that presents better fading conditions, and
higher level of multipath diversity.

It is known that the STD normally outperforms the Alamouti Space-Time Coding [12]
for the single-path channel profile, while the Alamouti Space-Time Coding normally out-
performs the STD for a channel profile closer to the uniform power profile [12]. Since the
Pedestrian A propagation model is close to the single path propagation model, it can be seen
from Fig. 4 that the performance improvement achieved with the STD over the “Only Rake”
is relatively high. It can even be observed that the STD outperforms the “Single user” curve.
This occurs because the system with a single user is corrupted by ISI, while the STD exploits
TD, even though it has some level of MAI introduced by the 4 users present in the cell.

In all situations, the performance improvement achieved with the PD (with or without
STD) is higher for higher levels of Ej/Ny.

The results depicted in Fig. 5 are similar to those obtained from Fig. 4. As can be seen,
for 15 users and with the Pedestrian A propagation model of 3GPP, the PD scheme is also
able to reach a performance improvement over the “only Rake”. As before, the best overall
performance is achieved with a combination of the PD with the STD. While the PD avoids
the MAI with a reduction in the cross-correlation seen by the several MS’s, the STD provides
an additional gain due to the TD by allowing the receiver to select the antenna that presents
less intense fading, and more intense multipath diversity.

In Fig. 6 it is shown the performance obtained with 4 users, for the Vehicular A propaga-
tion model of 3GPP. It can be seen that the performance improvement achieved with the PD

10"
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10

- - - Single user
—— Only Rake
— - PD

x STD

3 PD+STD
1 o 1 1 1 1 1

4 6 8 10 12 14 16 18
Eb/NO (dB)

Fig. 5 BER performance for Pedestrian A propagation model with 15 interfering users
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Fig. 6 BER performance for Vehicular A propagation model with 4 interfering users

scheme for this environment is higher than that achieved with in Fig. 4 (Pedestrian A prop-
agation environment). This happens because the Pedestrian A profile is closer to the single
path propagation model, and therefore, the multipath able of producing MAI is less intense
than that of the Vehicular A propagation model. In other words, the Vehicular A produces
higher level of MAI, due to higher power of IPI vectors, than that of the Pedestrian A, and
so, the gain obtained with the PD scheme is also increased. It is worth noting that in the
downlink, the transmissions to the different users are synchronized. Since Walsh-Hadamard
spreading sequences (which are orthogonal) were considered, the MAI is only generated by
the multipath propagation channel.

By comparing Fig. 6 with Fig. 4, it can be observed that the performance improvement
achieved with the STD relating to “Only Rake” is much higher for the Pedestrian A prop-
agation model than for the Vehicular A propagation model. This happens because the STD
tends to achieve better results for propagation models closer to the single-path channel pro-
file [11], while the Alamouti Space-Time Coding tends to perform better in the presence
of environments closer to the uniform power profile [12]. Nevertheless, the proposed PD
scheme was not properly designed to work with the Alamouti Space-Time Coding, due to its
specific decoding algorithm, but with the Rake in the receiver (which allows the combination
of the STD scheme without any modification). In any case, the scheme that achieves the best
overall performance is the combination of STD with the PD scheme (PD+STD), for higher
levels of Ej/Ny. In addition, it can be seen that the “Single user” performance tends to be
even better than the PD+STD for E;/Nog > 10dB because the level of MAI generated by
the Vehicular A propagation model is extremely high, even for 4 users, due to the high level
of multipath interference.

In Fig. 7 it is shown the performance obtained with 15 users, for the Vehicular A prop-
agation model of 3GPP. Once again, the gain achieved with the STD for the Vehicular A
propagation model of 3GPP with 15 users is lower than that obtained with STD shown in
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Fig. 7 BER performance for Vehicular A propagation model with 15 interfering users

Fig. 5 (Pedestrian A). As before, the best overall performance is achieved with the combina-
tion of the PD with the STD. It can also be seen that the “Single user” performance tends to
be even better than the PD+STD for E;,/No > 5dB because the level of MAI generated by
the Vehicular A propagation model is extremely high. In this case, the “Single user” curve
can almost be seen as a lower bound.

5 Conclusions

This paper exposed a pre-processing scheme that allows the transfer of the downlink com-
plexity from the receiver (MS) into the transmitter (BS), while keeping the ability to exploit
the multipath diversity typical of W-CDMA frequency-selective fading channels, by consid-
ering a Rake in the receiver. The proposed scheme can be seen as a simple alternative to
MIMO systems or beamforming, presenting a much lower space requirement from the MS
(due to the use of a single antenna), and therefore, with an easier practical implementation.
Additionally, it is performed without any complexity cost at the MS side (related to the 3GPP
Rake receiver).

As a key finding of the proposed PD scheme it can be stated that it tends to achieve a
performance improvement over the scheme without PD, especially when combined with the
STD, while providing the ability to exploit multipath diversity. The combination of the PD
scheme with the STD diversity technique outperforms the component schemes. This happens
because, with the combination of both schemes, on the one side, the system is cleaner of MALI,
once the orthogonality between the signals seen by the different users can be improved (PD
scheme) and, on the other hand, the STD combats the fading.

With the use of the PD scheme we have changed each spreading sequence of each user by
a new spreading sequence, which takes into account the several CIRs, in order to minimize
the total sum of MAI.
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The performance of the proposed scheme with imperfect downlink channel knowledge at
the transmitter side will be considered as a future work.
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