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Abstract. We propose the use of the precoding (PC) scheme, which can be
used to combat both the Multiple Access Interference (MAI) and Inter-Path In-
terference (IP1), combined with the Selective Transmit Diversity (STD) for high
data rate transmissions. The proposed scheme is considered over frequency ®-
lective Rayleigh fading channels jointly with a RAKE in the receiver. With the
PC, the increase in performance is achieved with a small increase in power
processing in the BS, avoiding any need to increase complexity in the Mobile
Steion (MS) [1,2,3]. It is shown that the use of the proposed PC scheme, alone
or combined with the STD achieves a performance improvement over the corre-
sponding schemes without PC.

1 Introduction

Much research has been undertaken in the area of the Multi-User Detectors [4] for
Direct Sequence Code Division Multiple Access (DSCDMA) technology. It can be
mainly used by Base Stations (BS) where there is enough power processing capability
and where it is easier to know/estimate the uplink Channel Impulse Responses (CIR)
and the spreading sequences of interfering users. However, the trend of the telecan-
munications is to become more and more asynchronous and with higher data rates in
the downlink than in the uplink. This is useful for services like Web browsing, Data
Base Access, Multimedia, etc. To obtain this, it isimportant to transfer the canplexity
as much as possible to the BS, where the power processing and electrical power avail-
ableishigher, so asto combat the several sources of interference.

With the aid of pre-distorting the signals to be transmitted by the BS, the orthogo-
nality between the signals seen by the different users can be improved. The proposed
PC scheme is done taking into account the spreading sequences, transmitted symbols
and the CIR of the several users present in the cell. The current approach considers a
RAKE receiver in the MS. Moreover, we consider a combination of PC with the STD.

This paper is structured as follows: section 2 presents the system model for the
proposed Precoding; section 3 presents the system model for the Selective Transmit
Diversity; section 4 presents the performance results and analysis for the proposed
schemes; the key findings of this paper are then summarized in section5.
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2 System Model for the Precoding

Multi-user detection has been investigated mostly from the viewpoint of receiver
optimization. However, in the downlink situation, the MS usually does not have ac-
cess to information needed to perform the Multi-user Detection (M UD). Such infor-
maion corsists of spreading sequences, CIR and the symbols transmitted by different
users. Additionally, the processing capability and power energy at the MS is limited.
For these reasons, we propose to transfer the complexity from the MS to the BS, and
hence, we implement the PC scheme. The transmitted signal is x(t) =s' (t)TAb ,

where T isa (2M+1)K X (2M+1)K matrix to be chosen according to some optimdity
criterion. Therefore, with PC, the vector of MF output is given by y =RTAb+z-

Thus, the optimum PC transformation T, which minimizes the bit error rate (BER),
isderivedin[1] as T=R*. Thismakes y=Ab+z-

Assuming that the signal of each user is subject to frequency selective multipath
fading, thereceived signal at the pth receiver can be expressed as [1]:

(=5, (10)n, () ®
,(t0)= & & & BOAMR (5. IT-1T) .

being T the chip duration, b, (i) the transmitted symbol of the K user, k=1,....K,
i=-M,...M, A(i) is the amplitude of the k" signal in the i"" symbol interval. a! (i)
represents the gain of the channel of the " multipath component during the it" symbol
interval over the channel between the transmitter and the p" receiver. When we con-
sider (L- 1)T, <T, the window should have size 3, i.e, M =[-1,0,1]. Thus, the output
of the RAKE receiver comes:
) Ib_l (i L) p+ 1T ) ]
Y, () =a O a,@)r(t)s(t-iT,- nT)dt
n=0 T, +nT, (3)
To make this notation compact, we definea (2M +1)K * (2M +1)K R( - n) ma
trix asin [1]:
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where, due to the size window 3, {R(I - n)} =0 for every i,j, such that |i- j|>1.
]

Additionally, we define R(m- n) asa K" K matrix whose values are:
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Assuming that multipath intensity profiles do not change over the block length, we
define [1]:

A= diag A (-M) .. A (-M)....A(M).... A (M)
a(l)=diag@,(-M),...,a; (- M),...a; ( M),...a, (M) (6)

and K (2M +1)" 1 vectors such that:

L, T
b=&(-M)",..b (-M)" ...y (M) b (M)
< N 7
2=82(-M) vz (M) 1z (M) 2 (M) 8 0
Hence, we express the vector of the RAKE receiver outputs at al K sites as:
9:@(-M)T ..... y(M)TgT
5! (®)
=aaa(na()R(I-n)Ab+z
n=0 1=0

where y ={ yl,,,,,yK}T .
Making R :ggla(n)a(l)?(l - n) thematrix R can, now, be interpreted as the

n=0 1=0
cross-correlation matrix for an equivalent synchronous AWGN problem where the
whole transmitted sequence is considered to result from (2M +1)” K users, during

onetransmission interval of duraion T.=2M+1)" T,- The matrix R is not symmetric
anymore. The vector of decision statistics becomes now y=RTAb+z. Now, a multi-

user detection problem in multipath channels is reduced to K decoupled single user
detection problems.
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3 System Model for theSelectiveTransmit Diversity

The STD scheme has a low rate (750 Hz-3 kHz) feedback link from the receiver (MS) tell-
ing the transmitter (BS) which antenna should be used in transmission. There is a common or
dedicated pilot sequence, which is transmitted. Different antennas with specific pilot pat-
terns/codes enable antenna selection. Then, the transmitter has a link quality inform ation about
the M (number of antennas) links and it transmits a single symbol stream over the best antenna.
The receiver is supposed to re-acquire the carrier phase after every switch between antennas.
The Antenna Switch has the capability to switch every dlot duration, i.e., 0.667 ms (rate 1.5
kHz). After using STD fromM antennas over the L-paths, each with equal average energy, then
we have changed the probability density function for each link. The BER analytical expression
is described in [5]. The decision for the antenna selection of the STD combined with the RAKE
receiver (maximize multipath diversity) is done in order to select the antenna i | [1 M
which maximizes the multipath diversity, i.e., maximizes the sum of the square of the absolute
values of the paths gains, which coresponds to maximize max?é |h | |2 E.

1= 2

4 Results and discussion

All the simulation results presented in this section considered the QPSK modul &

tion in a frequeng selective Rayleigh fading channel, namely the Vehicular A prop &
gation model of 3GPP. This propagation models was selected to evaluate the effect of
IPI in the performance of the proposed PC scheme. Thus, the Vehicular A propaga-
tion model presents a high number of paths, whose average power profile is modelled
as [0.4874 0.3134 0.0905 0.0446 0.0397 0.0090 0.0055 0.0099], with a maximum
delay spread correspondent to seven chip periods.
The WalshHadamard spreading sequences were considered in the simulation with
spreading factor 16 and 64. Positions of interfering M Ss were defined randomly using
a uniform distribution inside a cell, as well as the correspondent CIRs for different
users. If we consider al users co-located with the reference user, i.e., same CIRs for
al users, performances are better than those presented in this paper. As can be seenin
Fig. 1 for SF=64 ad 15 users, an increase in the order of diversity to 2L (where L
corresponds to the number of multipaths) with the use of the STD, corresponds to an
improvement of performance. However, due to the presence of MAI, we can see that
the improvement of performance with the increase of EYNg is low. This was the main
motivation to add the proposed PC scheme to the STD, whose results correspond to a
gain over the STD aone. The use of the PC corresponds to an appreciated perfom-
ance improvement over the “Only RAKE", except for low values of B,/Np, where the
noise enhancement generated by the decarelator type precoding reaches a high value.
The PC is able to partly “clean” the MAI which was generated due to the presence of
the multipath envirmmment. Additionally, the best performance is achieved with the
combined scheme canposed of STD and PC.
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Fig. 1. BER performancefor 15 users, SF=64

The results of Fig. 28 are similar to the previous one, except that we now consider SF=16.
Similar results were obtained, with the exception that, in this case, the paformance obtained
with STD+PC only outperforms the STD for values of En/No below 11 dB. There are two steps
of performance: the first corresponds to the system without any kind of PC (with and without
STD), and hence, with ahigh level of MALI; the second corresponds to the system in which the
PC was used to remove part of the MAI, which originates a step in the performance.
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Fig. 2. BER performancefor SF=16, with a) 15 users and b) 4 use's

Due to lower level of MAI in Fig. 2b), the gain obtained with the PC (relaing to
“Only RAKE") is lower than that of Fig. 2d8). The performance improvement of the
STD+PC relating to STD is much higher than the performance improvement of the
PC relating to the “Only RAKE”. This confirms that the system considering the
STD+PC is able to achieve a performance with very low level of bit errors. With four
users, the gain obtained with STD+PC relating to “Only RAKE" is much higher than
with 15 users. This happens once the system is “cleaner” of MAI and, hence, the STD
is able to reach a better performance.



6 Maio Marques da Silval, Américo Correia2

5 Conclusions

In this paper we have studied the combination of two specific schemes, namely the

precoding scheme with the selective transmit diversity for the downlink, through the
Vehicular A propagation models of 3GPP. When the level of MAI was more intense
we observed that, even with the use of the STD, the performance obtained was lim-
ited. This was the main motivation to add the PC to the STD scheme. It was shown
that the use of the PC combined with the STD tends to reach a performance improve-
ment over the corresponding schemes isolated. This tends to happen because the PC
“cleans’ the MAI and, hence, the divesity provided by the use of the STD is able to
achieve better results. This confirms that the combination of STD and the PC fit very
well for the downlink 3GPP.
Our work considered the vehicular A propagation model which presents higher nun-
ber/level of multipath diversity, and consequently, originates higher level of MAI.
However, once most of propagation models of 3GPP present an order/level of multi-
path diversity similar to the Vehicular A propagation model, we should conclude that
the combination of STD with PC tends to achieve better results in several propagation
environments.
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