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Abstract — It is intended to specify a new pre-distortion (PD) filtering technique to be used with a RAKE
Receiver, which can be used to combat the Multiple Access Interference (MAI), combined with two
kinds of Transmit Diversity (TD), namely the Selective Transmit Diversity (STD) and the Space-Time
Trangmit Diverdty (STTD) for high data rate transmissions over frequency selective Rayleigh fading
channels. By pre-digtorting the signals to be transmitted by the Base Station (BS) with a Minimum
Variance (MV) algorithm, the arthogonality between the desired signal and all interfering signals can be
improved. We combine the PD with STD and with STTD, allowing a reduction in the MAI and combating
the fading. Theincrease in performance is achieved with a small increase in power processing in the BS,

avoiding any need to increase complexity in the M obile Station (M S).
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[. INTRODUCTION

Much research has been undertaken in the area of the Multi-User Detectors [1,2] for Direct Sequence Code
Divison Multiple Access (DS-CDMA) technology. It can be mainly used by Base Sations (BS) where there is
enough power processing cgpability and where it is easer to know/estimate the uplink Channel State Informations
(CSl) and the spreading sequences of interfering users. However, the trend of the telecommunicationsis to become
more and more asynchronous and with higher data rates in the downlink than in the uplink. This is necessary for
sarvices like Web browsing, Data Base Access, Multimedia, etc. To obtan this, it is important to transfer the
complexity as much as possble to the BS, where the power processng and dectricd power availableis higher, so
asto combet the severa sources of interference.

With the aid of pre-distorting the signals to be transmitted by the BS, the orthogordity between the Sgnals seen by
the different users can be improved [3]. The proposed PD filtering is done taking into account the spreading
sequences and the Channel Impulse Responses (CIR) of the users present in the cdl. The current approach
consders a RAKE receiver in the MS. The proposed system can be seen as a Smple dternative to beamforming,
presenting a much lower complexity, without any increase in physicad dimensions and, hence, with an easer practica
implementation.

This paper is sructured as follows. Section 1l presents the system models for the PD filtering, STD and STTD.
Section 11 presents the performance results and analysis for the proposed schemes. The key findings of this paper

are then summarized in Section 1V.



[1. SYSTEM MODELSFOR THE PRE-DISTORTION FILTER, STD AND STTD

A. System Model for the Pre-distortion filter

With the proposed scheme, the loss of orthogondity in the MS due to different spreading sequences and CIRs can
be reduced. These are the cross-corrdations that we intend to estimate and to minimize by pre-ditorting the Sgnds,
before transmisson, inthe BS.

The PD is done taking into account the spreading sequences and CIRs of the different users present in the cell

condgdering that the MS has a RAKE recever to mitigate the effects of the channel and to provide multipath

diversty. Advanced W-CDMA networks consider the need to have knowledge about CIRs aso to provide power
control.

The proposed system is shown in Figure 1, where the PD filter is included in the CDMA-QPSK modulator of the
BS, jointly with TD technique (STD or STTD).

The PD filter is implemented based on the Finite Impulse Response (FIR) philosophy. The proposed transmitter

filter is
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In order to find the filter coefficients we will develop the proper matrix-vector representation.
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Figure 1 - Scheme of a CDMA-QPSK modulator with combined pre-digtortion filter and TD

We introduce  asa (-, channe Toeplitz matrix, denobed by, (hq;Lg),where h, isthe CIR of the user . A

Toeplitzmatrix. (. ), where x=[x %] is defined as
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being o the 1 column vector of al zero dements. We define the received signd S« a the ¢ MS due to the k™
transmission as[3]:

Surc [M] = 5, [MN] 5, [MN +1] %08, gm+1) N +L, - 23 )
being ,=m +L,-1, being . thelength of the FIR filter and being M the maximum delay spread expressed in chip
intervals. Assuming that the maximum delay soread is smdler that the symbol period the vector su[m can be

expressed as[3]:
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where « is the spreading sequence of user k defined as:
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andwheret, in(5) meansthe | delay expressed in chip intervals.

The received signd at the input of the g MS, from all K transmissions, is defined as[3]:
&
s[m=a sq[m] +hq[m] (7
k=1
being n, the background noise seen by the MS. The received signal a the output of the q" MS (RAKE Recdver)
is
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being the filter vector for the receiver filter Ce) the ¢ column (reference delay which dfects the performance) of
the vector C¢ and being ™™ =chalm . We define & as the covariance between the spreading sequence of the

reference g user (with path dday 1) and the spreading sequence of some k™ interfering user:
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¢ should be g, /24 for the caculation of ¢, and gL, +0))24 for the caculation of ) in order to achieve the better
performance. The operation g stands for the integer part of operand. Additiondly, we define Wex as the covariance
meatrix:
H
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In the calculation of M. (both as M’ and Ma™) it is considered 4 o[ =(ay = {axe *'), instead of the several path

coefficients, because a RAKE is employed in the recalver Sde, which originates an increase in the interferences.

The recelved sgna can be rewritten as.
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At the K" MS, the interfering signals due to the d" signds are given as aLI (W) g, [m. Thetotal sum of interfering

signalsto other M'S, due to the g signals comes:

?q[m| = a qw2)" acby [m]“+a é’ng( O gqb[m]E,&/ (12)
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Where the second parcel of the second member corresponds to the Inter-path Interference (IPI) vectors of the

proper user (k=g). In order to mitigate the interference, the filtering vector 9. should be caculated to

minmizeE {2 [m]IZS, while providing distortionless response to the " MS (reference user). The optimization based
on the Minimum Variance of Interfering Signas to Others (MVIS0) dgorithmisto find 9« such as.
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where Wo =Wa3 . There is a closed-form solution for the optimal filtering vector under the MVISO criterion in (13).

From (12) it comes [3]:
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and using the method of Lagrange multiplier, the optimal vector under the MVISO criterion comes:
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The pre-digortion weight vector should always have unit norm, i.e, loJf =17 because of power congtraints, since the

transmit power at the BSis aways limited.
Because the FIR filter introduces a delay in the Signal corresponding to Ly-1 samples, this delay has to be removed

after passing the sgnals through the pre-digtortion filter.

B. System Model for STD

In typica frequency or time diversty the same sgnd is tranamitted over different carrier frequencies or time dots.
This results in a decrease in the number of bits per Hertz and a consequent loss in spectrd efficiency. To maintain a
high spectra efficiency, frequency or time diversty should be based on the transmission of different information
symbols over the different frequencies or time dots. When the antennas are spaced sufficiently far gpart, the
transmisson from each antenna undergoes independent fading, and thus, providing transmit diversity without
reducing the spectrd efficiency.

The block diagram of this scheme is presented in figure 2.
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The STD scheme has a low rate (750 Hz 3 kHz) feedback link from the receiver (MS) telling the transmitter (BS)
which antenna should be used in transmission. There is acommon or dedicated pilot sequence, which is tranamitted.
Different antennas with specific pilot patterns/codes enable antenna selection. Then, the tranamitter has alink quality
information about the T (number of antennas) links and it tranamits a Sngle symbol stream over the best antenna.
The receiver is supposed to re-acquire the carrier phase after every switch between antennas. The Antenna Switch
(AS) hasthe capability to switch every dot duration, i.e., 0.667 ms (rate 1.5 kHz).

After usng STD from T antennas over the M-paths, each with equa average energy, then we have changed the
probability density function for each link. The corresponding BER andytica expression is described in [5].

The decison for the antenna sdection of the STD combined with the RAKE recaver (maximize multipath diversity)
is done in order to sdect the channd which maximizes the sum of the square of the absolute values of the paths

gains, i.e,, to maximize the expresson max§é1|am|2 Z

C. System Model for STTD

This kind of TD scheme is spectrd efficient and resstant to fading, where the base gtation uses T=2 tranamitting

antennas and the mobile only has one recaiving antenna. As long as the antennas are spaced sufficiently far gpart, the



transmission from each antenna undergoes independent fading. In opposition to the previoudy described STD, the
STTD scheme belongs to the open loop class. Between the recelver antenna and each transmitting antenna there are

M mulltipath, where each one has equd average energy. The corresponding probability dengty function for each link

isgiven by [6]
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where G is the average sgnd to noise raio of each path. The assumption of independent fading is vdid if the
transmitter antennas or time dots are spaced sufficiently far apart.

With the proposed STTD there are T=2 transmitting antennas and the symbols sent to them in two consecutive
symbol intervals ae s, s, in antenna 1 and -s;, S, in the second antenna. So the received symbols in two

consecutive symbol intervals are respectively:

rn=a,§-a,s,+n

r,=a,s, +a,s, +n,
(18)
r; is the symbol arived in the first symbol interva and r, is the symbol arived in the second intervel. a; a, are
complex random variables, characteridic of the single path fading channd, where the amplitude has a Rayleigh
distribution and the phase is uniformly distributed in [0,2p], . and r, are gaussian random variables. Note that the

mobile receiver only has a Sngle antenna. The receiver to demodulate the sgnals does the following processing:

rlaI + rz*az =(la, |2 +|a, |2)51+h12

rzai - rl*az =(la, & +la, |2)52 +h2;
(19)
We see that each tranamitted sgnal after demodulation is multiplied by the square of the channd coefficients. So, if

the channd has M multipaths between each transmitting antenna and the receiver antenna then the system is able to



get a diversity order of 2M (2 isthe number of transmitting antennas). When we consider aSTTD order higher than
two, it was shown in [7,8] that there is Intersymbol Interference (11S) from only one symbol in the decoding of any
other symbal, for a modulation scheme higher than BPSK. This means that the full diverdty of order 4M is not
directly achievable.

It is expected that STD should perform better than STTD for the single-path channd profile, whileit is expected that

STTD should outperform STD for achannd profile closer to the uniform power profile [4].

[11. NUMERICAL RESULTS

The Monte Carlo gpproach is taken for the smulations, i.e,, drawing a random independent sequence of channel
parameters, in accordance with the distribution of these parameters. For each set of drawn parameters the BER (bit
error rate) is evauated and after a sufficiently large number of parameter States (in our case 2') the eimate of the

BER distribution is constructed (we restrict ourselves to the signal to noise ratio interval B/ No =[312](98)),

All the smulation results in this section consdered the QPSK modulation in a frequency sdective Rayleigh fading
channdl, namely the Pedestrian A propagation modd of 3GPP. However, different smulations were implemented
with different propagation models, where smilar performance improvements were achieved. Due to Size congraints
these results with different propagation models are not shown in the current paper. The number of antennas
congdered in both STD and STTD was dways two. The smulations consdered dways the PD filter implemented
as a FIR with a dimension two hundred (L4=200). The processing gain (N) considered was 16, always with four
samples per chip, and consdering aroot raised cosine chip shaping filter with roloff excessfactor of 0.22.

In figure 3 it is shown the performance results for 12 interfering users. As can be seen the use of PD filter, done or
combined with any of the proposed TD techniques reaches a performance improvement over the corresponding

schemes without PD. Thisis done without any complexity cost a the MS and even the complexity & the BSis very



low. This happens because the proposed pre-distortion filter only takes into account the spreading sequences of the
different active usars, being caculated only ance, kept in memory, and used the same impulse response of the filter
aslong as the active users present are kept unchanged. The scheme that achieves the best overdl performanceisthe
combination of STD with the PD filter. While the PD avoids the MAI with areduction in the cross-correlation seen
by the reference M S, the STD provides an additiona gain due to the transmit diversity, thus, alowing the receiver to
select the antenna that presents lower fading. When we compare the performances achieved with STD and STTD,
for the conddered propagation environment, we find two oppaosite conclusions: on the one sde, when we congder
the scheme without PD, the STTD reaches better performance. On the other Side, if we consider the PD together,
the STD is the TD technique that reaches better performance. This Stuation can be inverted depending on the
propagation environment considered because the STD should outperform STTD for the Sngle-path channd profile,
while STTD should outperform STD for a channe profile closer to the uniform power profile [4]. Asthe consdered
propagation environment is closer to one or the other limit modds the TD that must be chosen varies. When we
compare the use of the STTD+PD with the RAKE+PD we find out that the latter reaches the best results. Thiscan
happen because RAKE recelver dready takes advantage of the multipath environment to provide a kind of
divergty, being this performance improvement higher than the one achieved with the use of the Space Time Codes,
i.e., with the space-time tranamit diversty.

In figure 4 it is shown that, for 6 interfering users, the PD filter tends to introduce a gain only for higher levels of
E,/N,-

Additionaly, when we compare the two kinds of TD diversties, we can observe that the STD achieves, in both

cases (with and without PD) the best performance.
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Figure 3 - BER performance for QPSK with 12 interfering users
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Figure 5 presents the results with 3 interfering users. The results obtained are smilar to those obtained for 6

interfering users.
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Figure 5 - BER performance for QPSK with 3 interfering users

When we compare the gain achieved with the PD filter, for different number d usars we find out that this gain
increases as the number of interfering users increase. 1t makes sense because the proposed PD filter consders the
MV dgorithm and therefore it is not precise, increasing the performance as the number of interfering users increase.
For lower number of users the predominant kind of interference is the fading, while for higher number of users the
system becomes MAI dependent. For lower number of users the RAKE receiver takes advantage of the multipath
environment to provide akind of divergty, combating the fading effectively. When the number of usersis higher, the
best gpproach to improve the performance conssts in combating the MAI, and hence, the PD seems to provide
best results. For dl that has been exposed, with the use of the proposed PD filter the performance of the network

becomes less dependent of the number of users active in the cell.



V. CONCLUSIONS

In this document we have presented a combined scheme to combat MAI and fading, which is a power and

bandwidth-efficient technique for the Rayleigh fading channd. Two specific schemes, namely, the PD scheme and
two different types of TD (STD and STTD) were introduced and combined. The BER was taken as a figure of

merit.

It was shown that the use of the proposed PD filter, done or combined with any of the proposed TD techniques
tends to reach a performance improvement over the corresponding schemes without PD. This is done without any
complexity cost a the MS and even the complexity at the BSis very low because this pre-distortion filter only takes
into account the spreading sequences of the different active users, being calculated only once, kept in memory, and
used aways the same impulse response of thefilter aslong as the active users present are kept unchanged.

In the current paper it was shown that the performance improvements of the PD filter increases as the number of

interfering users increase. This happens because for lower number of users the predominant kind of interference is
the fading, while for higher number of users the syssem becomes MAI dependent, being, in this Situation, the PD

filter the determinant tool to increase the performance.

With the use of the proposed PD filter, the decrease of performance observed with the increase in the number of

usersis lower than the decrease of performance achieved when the PD filter is not considered. For this reason, with
the use of the PD filter the performance of the network becomes less dependent of the number of active users
present in the cdll.

When we consider the use of TD we can see that, for the Pedestrian A propagation environment of 3GPP the STD

achieves the best performance.



For higher number of users, the best performance is achieved with a combination of the PD filter with a specified

TD technique. This happens because with the combination of both schemes, on the one Sde, the system is cleaner

of MAI, once the orthogondity between the signa's seen by the different users can be improved (PD filter) and, on

the other side, the TD combets the fading.
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