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Abstract— The cyclostationary properties of Direct Sequence Spread nents separated by multiples of the symbol rate. It is thég-ch
Spectrum Signals are well known. These Cyclostationary plmerties im- acterlsuc that we explore to propose a nhew MAI Cance”er

ply a redundancy between frequency components separated byultiples . . .
of the symbol rate. In this paper we present a Multiple Accessriterference The paper is outlined as follows. In section two we show that

Canceller that explores this property and applies to UMTS-TID. This fre-  in @ DS signal non overlapping frequency bands separated by a
quency domain Canceller acts in the spreaded signal in suchay that min- - multiple of the baud rate are linearly related. This resilised

imizes the interference and noise at its output (Minimum Mean §uared : ; :
Error Criterium). The performance is evaluated in two detector configu- to present in section three the architecture of a MAI cagcell

rations: one including the Frequency Shift Canceller (FSC)and the other  that explores this redundancy. In section four we presem si
plus a Parallel Interference Canceller (PIC). The results & benchmarked ulation results that illustrate the performance providgdtie
against the performance of the conventional RAKE detector ad the con-  nhaw canceller. Finally in section five the main conclusiofis o

ventional PIC detector. this work are outlined
Keywords— cyclostationary, redundant , frequency shift, PIC, DS- '

CDMA
Il. THEORETICAL BACKGROUND

I. INTRODUCTION Let us consider a DS-SS signal:

Direct sequence spread-spectrum (DS-SS) code division mul
tiple access (CDMA) has emerged as one of the most promising s(t) = Z arg(t — kT) 1)
techniques to implement various radio communication syste k
It presents significant advantages over Time Division Mmt{/\/here{ak} is the sequence of information symbogsihe sym-

ple Access (TDMA), namely frequency diversity, multipaih d bol rate,g(t) the signature waveform which is given by:
versity and more spectrum efficiency on multicell systerhs[1 ’

which led to its choice as the technology for third generatiel- N—1 T
lular systems. The first generation of 3G systems will likily g(t) = Z aq(t —IT.) T, = — )
be based on the conventional RAKE receiver, which is known to =0 N

be limited by the multiple access interference (MAI) anduieg|
a very precise power control. To overcome these limitatams  Where{c; } is the chip sequence, ahtithe spreading factor.
therefore enhance the capacity of CDMA systems, joint detec Let us consider that the signal is filtered by a bank of rectan-
tion of the received DS-SS signals has been proposed to He ugi@lar bandpass filters with bandwid¢hand centered a .
at the base station (BS) or at the user equipment. The optimunif the elementary pulsg(t) has bandwidt@lf(l +a), where
joint detector[2] although well known requires however a-pr « depends on the pulse shaping filter, then the valu€ néeded
hibitively high computational complexity, and consequgef- to cover the whole bandwidth of the signal is:
fort has been made to devise suboptimum algorithms with good
compromise between performance and complexity that can be K — [N(l ta)- 1} 3)
implemented without prohibitive costs in near future CDMA 2 2
systems. This communication fits in this approach, and aims ) . )
at presenting a moderate complexity MAI canceller opegatifvhere(()] denotes the integerimmediately greater or equal than
on the broadband DS signal. The Frequency Shift Detector d8g input.
be used either as standalone unit or it can be used prior t6 a PI The output of the filter is given by:
multiuser detector where it is intended to produce signaisc
enough so that the first decisions of the PIC can be considered si(t) = Z ak gi(t — kT) (4)
reliable enough to be used by the subsequent stages. k

The DS-SS signal is a particular case of a stationary rando
modulation of amplitudes of pulses (symbols). This kind of
signals are known to have cyclostationary properties [&], [ T o) — ‘
Those properties imply redundancy between frequency cempo g(t) Gi(f) = G Wi(f)

ere:

N-1 (5)
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Fig. 2. Conceptual Schematic of the Canceller
s;(t) is a bandpass signal whose baseband equivalent is:

must not be distorted. This constraint implies that therflia

_ j2mit/T 12mi(t—kT) /T
sip(t) = si(t) T =3 " a g;(t — kT) 7> (=F)/ figure 2 which convert the bando bandm be of the form :
k

D) (f_m
=3 gt = k1) Ho(f) o Xon(p) = S0 )
¢ | | Gip(f = %)
(6)
WhereGgg(f) is defined as:
where: .
i Glop(f) = rect(FT)GV(f + ) ©)
f —
9iB(t) «— Gip(f) =rect(fT) Q<f * T) ' with G () being the Fourier transform gf ') (¢).
N—1 @) In those conditions the band of the signal at the output is:
) Z ¢, e 32 (f+4)nTe
n=0 ’Um = S(l) (Z azm)
We can then conclude that the output of the various band- U (10)
pass filters are in fact frequency shifted versions of Ili}_ear + Z Z (u)ﬁ ( kT)| + (t)
related baseband pulse amplitude modulation (PAM) signals |5
all modulated by the same information sequekaeg}. This _
means that the information transmitted in the various ban8i&'€re:
A — o &+ 5 isthesamefor=-x+1,..,0,...,K —1,and B (f) = e fg(u)f_m
T 27°T m QimAi,m i

the DS-SS S|gnal can be decomposed#n- 1 redundant sig- ) Z (NG5 ( r)
nals. The last band is omitted because the frequency support 1. G(“) m (11)
of the signal at the output of, « () does not fill a bandwidth - Z im(HGip (f = 7)

equal% (unlessf (1 +a) — L is an integer). This frequency of

the DS-SS signal can be used to reconstruct highly distuwbed The power spectral density of the noise terp(t) is:
distorted bands as illustrated in figure 1. For example iidban )

is highly distorted while is a clear one we can remove bahd Nout, (f) = Z | | | X i ()| i (F — )

and then reconstruct it using the information in band ‘ (12)

= Z |H7 m ‘ Nin;p (f - %)

I1l. PRINCIPLES OF THECANCELLER

The architecture of the canceller is shown in figure 2, for\gherer,,. . (f) is defined as:
given user. In a base station where all the signals have to be _
recovered the canceller consists of the replica of eactt basi Ninis (f) = rect(fT)min(f + 7) (13)

ceiver for each user. U The design criteria implies that the weightg,, are dimen-
The input signal-(t) in figure 2 is defined a$_ s*)(t) + sioned so that:

u=1
n(t) where U is the number of users anft) is stationary noise v ) 5
with power spectral density;, (). We consider without loss ™ | S~ ’aéu) / ‘ﬂﬁ)(f)‘ df | + T, /noutm (f)df (14)
of generality that user one is the user of interest. The tkgec «—2 | %
f f
and design criteria for the canceller is to minimize the alter
disturbance (MAI+noise) subject to the condition th&t (t)  !signature waveform of(1)(z)
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Fig. 3. Receiver with FSC

is minimized subject to the condition that «;,,, = 1. In (14) ¢

Tg, is the burst duration time and the sLymbab§ considered A Frequency | H PIC J
correspond to the ones existing in this burst. M contelier > —>
Each band of the output signalt) depends linearly of the in- 5 _?_
put bands with bandwidtk: and spaced by multiples gf. The -
performance of the interference canceller could be enlahifice Parameters
we divide the input and output bands in subbands of equalband
width. Then each output subband depends linearly of thetinpu
subbands with the same bandwidth and spaced by multiples of

% (symbol rate) of the output subband.

Fig. 4. Receiver including FSC plus PIC

3) has a resolution of four samples per chip and the first down-
IV. APPLICATION OF THECANCELLER TOUMTS-TDD  sampling has the same factor. The second downsampling takes
In this section we present the numerical results illusigati @ factor equal to the spreading factor. ihwe have the signal
the performance of the proposed detector configurationis Wgefor_e symbol dECISIOI’l..NOtICG that the Discrete Fouriensr
UMTS-TDD signals. The proposed configurations are mof@M is made only once in each slot (and burst). .
suitable to be implemented in the uplink because the detecto The second detector configuration to be evaluated is the de-
require knowledge of the spreading codes of the active usdf§tor composed by FSC plus PIC (figure 4). The FSC in figure
To evaluate the canceller performance a simulation cham whCcorresponds to the whole receiver chain of figure 3. The FSC

tional RAKE and conventional single stage PIC.

A. Transmitters
) ) ) ~ D. Results
The transmitters are compliant with the 3GPP specifications ) ) ) ]
for UMTS-TDD The simulations were made with the parameters shown in Ta-

ble | and the parameters estimates were assumed to be perfect
B. Channel Model
TABLE |

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

Lo : : . S ding Fact 16
Liberti [5]. This model was developed for microcell and pic- NErrﬁgelrnc?f ngso 4 5
ocell environments. The propagation channel is charaegri

S . . Channel GBSBEM
by L paths for each user, one in line of sight plus- 1 arriv- .
. e . Velocity 50 Km/h
ing from remote reflectors located randomly within an elips Paih L 37
where the base station and the mobile unit are at the focih Eac Ba tToss 1
path is characterized by complex constant and a delay. Thg de Murs_ ype Delay S g 50
is uniformly distributed between zero and the maximum delay aximum belay Sprea 1S
spread. The phase of the complex constant is uniformlyilistr Degrees of Freedom of FSC 16
uted in[0, 27[. The amplitude of the complex constant follows Number of samples per chip 4
a Rayleigh distribution. The channel parameters are ag$tone Line of Sight Distance 300m
be constant within each burst. Number of bits simulated 1000000

The BER shown in all the following plots is the overall BER
of the users considered. All multiuser detectors show bette

Figure 3 depicts the basic configuration for the detectar thaerformance than the conventional RAKE being good alterna-
includes the Frequency Shift Canceller. If we remove the Frigves to improve system capacity. The Frequency Shift Recei
quency Shift Canceller block the detector is a conventionsthows better results, abovg, /N, of 12 dB, than the conven-
RAKE. The Path Alignment and Downsampling are blocksonal PIC for eight and sixteen simultaneous users.
whose operations are done in frequency domain despite ¢he fa As can be seen in figure 5, 6 the FSC plus PIC is sufficient
that the names reflect the correspondent time domain opesati to remove practically all the interference for those scieisar
The path alignment includes delay alignment and maximum fiedrther work is ongoing to determine if the number of freedom
tio combining of the spreaded signal. The signaldir(figure degrees (that directly translates in complexity) can beiced

C. Receivers
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without significant performance penalty. For the case of six

teen simultaneous users in the same slot, there is still gape  Future work involves implementation of the FSC for various
relatively to the single user curve as shown in figure 7, bet tispreading factors and to evaluate the performance degradat
cancellation gains are considerable. for imperfect channel parameters estimation.

REFERENCES

[1] Ryuji Kohno, Reuven Meidan and Laurence B. MilstelBpread Spec-

. trum Access Methods for Wireless CommunicatitfEE Communications
In this work we presented a new MAI canceller, denoted Fre- \jagazine, January 1995 !

guency Shift Canceller that explores the frequency reducyla [2] Sergio Verdu,Minimum Probability of Error for Asynchronous Gaussian

of direct sequence signals. The proposed canceller was sim-'tj”;gig'gééccess Channgl¢EEE Transactions of Information Theory, Jan-
ulated in UMTS-TDD chain and the results compared againsf cardner, William A., Cyclostationarity in Communications and Signal

the PIC and RAKE receivers. The results show that consider- ProcessinglEEE PRESS, 1994
able improvement is achieved against the RAKE and the ng: Gardner, William A.,Exploitation of Spectral Redundancy in Cyclostation-

even outperforms the PIC for moderate to high valueSgiNo.  [s] 3.'C. Libert T. S. RappaporSmart Amennas for Wireless Commun-
The FSC was also tested as a precanceller to be used prior to &ations: 1S-95 and Third Generation CDMA Applicatioirentice Hall,
PIC and the results have shown that nearly complete interfer 1999

ence cancellation in a UMTS-TDD scenario with up to eight

simultaneous users in the same slot.

V. CONCLUSIONS



