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Abstract— Direct Sequence Code Division Multiple Access (DS- the symbol rate. It is this characteristic that is explo@g@ropose
CDMA) signals exhibit cyclostationary properties which imply a g new MAI canceller.
redundancy between frequency components separated by mullgs . . . -
of the symbol rate. In this paper a Multiple Access Interference Th_e paper '_S outlined as fOHOV_VS' In section Il it is shown
Canceller (Frequency Shift Canceller) that explores this propertyis that in a DS signal, non overlapping frequency bands segrat

presented. This linear frequency domain canceller operates on the by a multiple of the baud rate are linearly related. This Itesu
spreaded signal in such way that the interference and noise at its js used to present in section Ill the architecture and design

output is minimized (Minimum Mean Squared Error Criterium). T ;

The Frequency Shift Canceller (FSC) performance was evaluated pflnflpleli/o]t a MAIU(I\:/?'P;e':'IgrDthat explores thIISt_redunda?[uyf
for a UMTS-TDD scenario and multisensor configurations, where section 1v, Qr an_ B ] scenario, simu a_lon _resu 3 10
the cases of diversity and beamforming were considered. All thes Several configurations employing the FSC considering bbéh t
configurations are evaluated concatenated with a parallel interfe  beamforming and diversity cases are presented. Finallgdtion
ence canceller (PIC-2D). The results are benchmarked against ¢h \/ the main conclusions of this work are outlined.

performance of the conventional RAKE-2D detector, the convetional

PIC-2D detector and single user scenario, and we observe consid-

erable performance gains with the FSC specially for the diversity

case and a performance close to the single user case when it was II. THEORETICAL BACKGROUND

evaluated jointly with PIC-2D.

Index Terms— cyclostationary, redundant, frequency shift, PIC, A DS-SS signal is represented as
DS-CDMA, Beamforming, Spatial Diversity.
s(t) = arg(t — kT) @
k

I. INTRODUCTION i ) i
where{a; } is the sequence of information symbo}sxhe symbol

Direct sequence spread-spectrum (DS-SS) code divisioti-mylgte andg(t) is the signature waveform.
ple access (CDMA) has emerged as one of the most promisinghe Fourier Transform of this signal is
techniques to implement various radio communication syste
It presents significant advantages over Time Division Nbti S(f) = ZakG(f)e‘jz”f’“T =G(HA(f) 2)
Access (TDMA), namely frequency diversity, multipath disigy k
and more spectrum efficiency on multicell systems [1], whiGRith
led to its choice as the technology for third generationutail A(f) = Zake‘ﬁﬂf’” (3)
systems. The first version of third generation CDMA systems &
will be based on the conventional RAKE receiver, which i?rom (3) it is easy to verify that
known to be limited by the multiple access interference (MAI '
and require a very precise power control. To overcome these A(f+7)=A(f) VieZ 4
limitations and therefore enhance the capacity of CODOMA &y,
joint detection of the received DS-SS signals has been pampo
to be used at the base station (BS) or at the user equipmeat. Th Smp(f) =S8 (f + T) rect (fT) (5)
optimum joint detector [2] although giving the best perfame T
requires however a prohibitively high computational coexjily, and m
and consequently effort has been made to devise suboptimum Gmp(f) =G (f+ T) rect (fT) (6)
algorithms with good compromise between performance angI ) ) )
complexity that can be implemented without prohibitive tsosVErem |s_the index of the b_and. From now on the SUbSCBpt
in near future CDMA systems. This communication fits in thidreans a signal frequency shifted to baseband. Then using (2)
approach, and aims at presenting a moderate complexity MAI S (f) = Gmp(fA() 7)
canceller operating on the broadband DS signal.

The DS-SS signal is a particular case of a stationary randoni-€t us consider two values:;; andms for the band index
pulse amplitude modulation. This kind of signals are known t -
have cyclostationary properties [3]. Those propertiedymgdun- Smip(f) = Gmip(£)A() ®
dancy between frequency components separated by multiplesind

Let us define

SmaB(f) = GmaB(f)A(S) )
This work was supported by a PhD Grant from PRAXIS XXI, Furiapara . . » .
a Ciéncia e Tecnologia and the projects ASILUM and VISEF Therefore assuming,,,5(f) has no singularities, it can be
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@ { H_gi1,-k+1(f)
S(f+i/T) 6(f=(-K+1)/T)
@ { H; _k4+1(f) } ®
S(f+ (K ~-1)/T) V x+1,8(f)
@ { Hy 1,541 (f) .
S(f+ (=K +1)/T) .
® { H_gi1,m (f)
§(f +i/T) - §(f —m/T)
@ { Hi,,m (f) } @ 2 H
(f + (K = 1)/T) ~ Vms(f) V(f)
@ { HKfl.,m (f) "
3 (f +(-K +1)/T) .
& { H_gi1,x-1(f) :
§(f+i/T) - 0(f-(K-1)/T)
@ { Hi -1 (f) } *
S(f+(K-1)/T) Vic—1,5(f)
® { Hyg_1,x-1(f)
Fig. 1. Conceptual Schematic of the Canceller
concluded that in the interval € [— 5, 5= [ we have whereq; ,,, is a scalar weight factonﬁ}B(f) is defined in|(6)
a () and superscript!) refers to the user of interest.
Smen(f) = %Smlg(f) (10) In those conditions the baseband shifts of the output signal
GmlB(f) H
V(f) are given by
This means that the signal information in non-overlappirg f
guency bands spaced by a multiple of the baud rate are related Vi (f) <Z o m)
by a linear transformation. 12
" (12)
[1l. PRINCIPLES OF THECANCELLER + Z Zal(cu)@fj%rfkT@(:L%(f) + N ()
The canceller operates in the frequency domain and in a u=2 L k

practical implementation or in a simulation system, theetito

(1) . . .
frequency domain conversion is performed digitally thioagast where S, (f) is defined in((5) and

Fourier Transform (FFT). However in the following derivais () ;%}B(f) ()
we shall use a continuous signal representation. Bump(f) = Zai,m G(i) (Gig (f) 13)
The architecture of the canceller is shown in figre 1, for @ in (f)

a given user. In a base station where all the signals haveFom [(12) we conclude that the condition that the user ofréaste
be recovered, the canceller consists of the replica of thiicb is not distorted is verified ify_, o, = 1. The power spectral
receiver for each user. This canceller could be implemeintéite  density of additive the noise disturbandg, ,(f) is given by
mobile station provided the codes of active users are datect

Nout s (f Z |a; m|

The input S|gnal |n the frequency domaiR(f) in figure[1
The design criteria has the objective of minimizing the Mean

is defined asy"._, S()(f) + N(f) where U is the number of
users andV (f) is stationary noise in the frequency domain with

Squared Error (MSE), i.e. the weights ,,, are dimensioned so
that

(1)

’ s (f) (19)

G“’(f)

power spectral density;,,(f).The signalS™ (f) is the Fourier
transform ofs(*) (¢) given by (1) where the superscript refers
to the user. The block$V;(f) refer to the transfer function of
a rectangular filter with bandwidth equal to the symbol raid a

centered at.. /‘ﬂ(“) + Tgy /nouth(f)df (15)
We shall start by considering the case where all the users u=2 Y

have the same SF and then proceed with the generalization for

multirate. is minimized subject to the condition that, o; ., = 1. In

Let us consider without loss of generality that user one és th15) 7s: is the burst duration time and' correspond to the
user of interest. The objective and design criteria for eceller Number of symbols existing in one burst. The minimization of
is to minimize the overall disturbance (MAI+noise) subjexcthe (15) leads to a linear system of equations involving theakieis
condition thatS®) ( f) is not distorted. This constraint implies thatvi,-»- The number of degrees of freedom is defined as number
the filters in figure 1 which convert the bando bandm (see O©f independent parameters ,,, available to minimize the MSE.

section 1) be of the form The matrix to be inverted is Hermitian semi-definite positf
1) dimension equal to the degrees of freedom minus one and the
Him(f) = tim 5(f) (11) method used for inverting is the Cholesky decompositiomalt

G(l)(f) be proved that the minimization of the MSE and so the calimrat



of a;.m only needs to be performed for one output band (single | Scrambling Code |
value ofm) because in the other bands,, are the sameo ,,

do not really depend om). | Channelization Code| Channelization Code|
Each band of the output sign®(f) depends linearly of the

input bands with symbol rate bandwidth:X and spaced by | Symbol | Symbol |

multiples%. The performance of the interference canceller could {}

be enhanced if the input and output bands are divided in sudsba
of equal bandwidth. Then each output subband depends liinear | |
on the input subbands with the same bandwidth and spaced by

multiples of & of the output subband. The shorter the subbands |
better the performance.
. Let _us consider now the case of !Jsers with different SF_’SCWhiFig. 2. Decomposition of the signal seen at the transmitter
is of interest for UMTS-TDD. This standard was designed to

accommodate multiple symbol rates which can be done by using

different SF’s. In the standard the spreading code is defisétie g channd Mode

product between the channelization and the scrambling. ciduke
channelization code lasts for one symbol and its number ipsch

is equal to the SF. The scrambling code lasts@x.. chips or 1J_iberti [4]. This model was developed for microcell and piet

during @ze= symbols withQ being the SF. Then to construct™ - ) . .
Q S nay
the spreading code, the channelization code must be rebeﬁ@wronments. The propagation channel is characterized

% and multiplied by the scrambling code. The spreading co e of S'g?t (LﬂOS% tapl an(thd— 1 ;apsl for.tigch usir arrving
extends for more than one symbol When- Q... rom remote reflectors located randomly within an ellipsiseve

The approach to extend the canceller explained above fr% base station and the mobile unit are at the foci. Each tap

single rate canceller to multirate is to consider that atitipait of r rTl] egtch u;er (;inld ee_ll_chh t(JjUf|St) 'Sf chaLacterl.zetlj g.y a ﬁoTpolg)
the canceller there is a decomposition of each signal with-a gmplitude and a delay. The delay of each tap including the

different of sixteen in several signals with SF of sixteen. tap IS a rahndom vanabI.e charac[;terflzed dby a4pr2?tablllty.mpns
The representation in the time domain of an informatioifnction whose expression can be found in [4]. After evahgt

sequence spreaded using a SF of Q is then the delays of the taps, all LQS tgps delays of all users are
synchronized and the others shifted in according. The pbite

e tap is uniformly distributed iff0, 27[. The amplitude of the tap is
s(t) = Z Zaécgl (t —1IT — %kT) (16) obtained from a constant, dependent of the distance fotldwe
=0 & the tap (it is proportional td/dﬁ’l whered; is the distance and

where {a} are the sequences of information symbo}s,the pl is the pathloss) and normalized (such that the sum of square

symbol rate (depends on the SF) an(t) are the components of of th_at cgnstgnt_of all taps of that user is equal to one; ire cds
signature waveform. To obtain these components the sprgadiPatial diversity is equal to the number of antennas instéate)
code (length equal ta),..) is divided in $ze= sequences of times a random variable with Rayleigh distribution. The pter

lengthQ and then each one is pulse shapeg (Raised Cosine) dplitude (amplitude and phase of the tap) is Doppler fittere
affected by channel estimates. In this model the angle of arrival (AOA) of the LOS tap of

This signal is then divided ifzes signals each user is fixed for one simulation and the angles of otlapis t
Q are random variables with mean equal to AOA of LOS tap and a
sa(t) = dhg (t T %kﬂ (17) distribution given [4]. The channel parameters are assumde
= constant within each burst.

The channel model used in this work was the Geometrical
Based Single Bounce Elliptical Model (GBSBEM) proposed by

Qmax _ 1

with 7 € {0, 1..., Qmax/Q — 1} having each a signature waveform

gi(t — IT). Figure[ 2 illustrates this decomposition for the case. Receivers

Qmar — 9, assuming rectangular shaping. Fig.[3 and 4 depict two configurations for the detector that in
he cancellation process is repeated to recover each decemde the Frequency Shift Canceller, one for beamforminhaare

posed signal of SF of sixteen. The signature waveforms useddr spatial diversity §laximum Ratio+Delay-Combining+FSC).
the cancelling process are the ones of the decomposed signal

IV. APPLICATION OF THECANCELLER TOUMTS-TDD TABLE |

In this section some numerical results are presentedrifitisy SIMULATION PARAMETERS SETTINGS
the performance of the proposed detector configurationd wit
UMTS-TDD signals. To evaluate the canceller performance a | Number of Taps (per user and antenna) 2
simulation chain was implemented. Basically this simolathain Velocity 50 Km/h
is composed by a transmitter, a transmission channel and & Path Loss 3.7
receiver. Maximum Delay Spread 2.0 us

i Degrees of Freedom of FSC 18

A. Transmitters Number of samples per chip 4

The transmitters are compliant with the 3GPP specifications Line of Sight Distance 300m

UMTS-TDD.
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Fig. 4. Detector with FSC. ConfiguratioMaximum Ratio+Delay-Combining+FSC with multiple antennas and
spatial diversity. All the operations made between the FRI I&RF T blocks are frequency domain operations despite
the fact that some blocks reflect the correspondent time donmerations (delay, downsampling).

The other configurations evaluated are the configurations: A

Maximum Ratio+FSC+Delay-Combining and FSC+Maximum /

Ratio+Delay-Combining (each one obtained from the ones in Fig. *

[3 and_4, interchanging the macroblodkiaximum Ratio, Delay- Detector | U v v
Combining andFSC). These last two configurations have the same > with + PIC-2D + RAKE-2D
performance becauddaximum Ratio and FSC are linear blocks Fsc

and their order can be interchanged without functional geann o , » .

the behavior. However in terms of complexity for implemeiaia Fig. 5. Receiver including FSC plus PIC-2D. In the text obtaiticle when it is
€ e . > p y o .p referred to PIC-2D it means PIC-2D+RAKE-2D~=Number of UsersA=Number

the solutionFSC+Maximum Ratio+Delay-Combining is usually of Antennas.

preferable because it is the number of taps per user andrenten

less complex thataximum Ratio+ FSC+ Delay-Combining.

In the Configurations with beamforming’ the receptor Senﬂaximum beam pattern is in the direction of the direction of
is a circular array of four antennas with45)\ spacing between arrival of the tap [5].
elements. In figuré |13 the coefficients depend on the array In the configurations with space diversity, the antennasr)fo
configuration and the direction of arrival of the correspamtduser are spaced enough such that the channels are uncorrelated wi
and tap and they are such that for each user and tap the (mgeptach other. The average power of each user, across all astenn
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Fig. 6. Single Antenna Fig. 8. Spatial Diversity, four antennas (A).

Fig./6 shows the results with single antenna and [Fig. 7/ and 8
for the case of multiple antennas considering beamformimd) a
i spatial diversity respectively. For the curves of Fig. 7 @&nthe
results are presented considering the normali%ed.e removing
the antenna gaih0log,(A) so that the results can be comparable
directly with the ones obtained from single antenna.

The configurations with FSC, if we do not take in account
the array gain, there is a gain of 1.5 dB from the single an-

Average BER

!
w

107 v mfgﬁéomwsc tenna configuration to beamforming configuration and 6 dB to
-=- FSC-MaxRat-Comb A the spatial diversity configuration for a BER af)~2. For all
e T mb_FSCHPIC the configurations with FSC concatenate with PIC-2D is ryearl
pe gigéMSsxeFiat-Combw'C achieved single user performance. For the users with Stwerlo
1o"‘0 A : " 5 2 than Q,,.. the numerical results have shown identical behavior
Eb/No (dB) and also a performance very close to the single user case whel

using the cascade FSC+PIC-2D.

Fig. 7. Beamforming, Circular Array, four antennas (A).

V. CONCLUSIONS

is equal. In this communication a new linear multirate canceller aper

In figure'3 and 4 the first downsampling has a factor of tH8d in the frequency domain that takes advantage of frequenc
number of samples per chip. The second downsampling take€@undancy of the DS-SS signals was presented. The result
factor equal to the maximum SF (in the case of UMTS-TDIShow that a performance very close to the single user bound is
Qmaz = 16). In the frequency domain this operation correspon@§hieved either considering the single or multiple antecetze,
to a block frequency averaging operation. when the receiver configuration includes the concatenaifoa

The other detector configurations to be evaluated are fraéC and PIC-2D. For the channels considered the performance
detectors with FSC concatenated with a single stage PICigD (9@in (removing the array factor gain) obtained with beamiag
5). The configurations of reference are the conventional RAKIS moderate relatively to the case of a single antenna, buifsi
2D and conventional single stage PIC-2D. cantly improves when the receiving antennas are spacedyenou

for the channels to be considered uncorrelated.
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