
Autre technique de transmission par les canaus sélectifs en f

Système à étalement du spectre
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Etalement du spectre

Au lieu de transmettre par un canal avec une bande passante
étroite, on transmet par un canal avec la bande passante très large,
mais à la puissance très petite (en-dessous du niveau du bruit).

1 La technique vient historiquement des applications militaires;
2 Elle offre une bonne protection contre l’interférence entre

symboles ou la selectivité en fréquence du canal;
3 En utilisant le récepteur RAKE, l’étalement du spectre assure

la combination cohérente des multi-trajets (gain de diversité);
4 La technique est bien adaptée aux systèmes multi-utilisateurs;
5 Il existe une possibilité de trouver le temps d’arrivée du signal

reçu, ce qui peut être utilisé dans le positionnement.
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Etalement de la bande passante (spectre)Fundamentals - Bandwidth Expansion
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Message/ignal transmis

Wireless Environment and Wireless LANs     

Direct Sequence Spread Spectrum 
(DSSS)

● Data signal is multiplied by a spreading code, and 
resulting signal occupies a much higher frequency 
band

● Spreading code is a pseudo-random sequence

Information after spreadingUser data

Spreading code

1101010010011

11010111010100100001101010010011111010100100111

11010111010100100001101010010011111010100100111 (…)
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Wireless Environment and Wireless LANs     

DSSS Example
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Principe de l’étalement du spectre

L’étalement du spectre est une technique de modulation avec les
propriétés suivantes:

Le signal obtenu occupe la bande beaucoup plus large que la
bande du signal utile (données);
Le signal d’étalement est pseudo-aléatoire, alors le signal étalé
ressemble à un bruit;
Le desétalement à la réception est obtenue par la correlation
du signal reçu avec un copie synchronisée du code d’étalement
utilisé.

5 / 13



Techniques de l’étalement - la séquence directe (DSSS)Types of SS Techniques - Direct sequence SS

Power spectrum of

Data waveform

PN sequence

generator

Power spectrum of

Power spectrum of

1

! Bandspreading is done by direct modulation of the data-modulated
carrier. Equally, the narrowband data is multiplied by a pseudo-random
wideband signal, referred to as a spreading code or a chip sequence.

L’étalement est effectué par la modulation du signal utile.
Notamment, il est multiplié par un signal pseudo-aléatoire de bande
large, appelé le code d’étalement ou la séquence des chips.
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Utilisation de plusieurs code d’étalement

Wireless Environment and Wireless LANs     

Spreading and De-spreading DSSS
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Récepteur: RAKE

system design, especially in time-varying wireless environments. Much work has been devoted to developing and

analyzing spread spectrum synchronization techniques. Details on the main techniques and their performance can

be found in [8, Chapter 12.5][5, Chapter 6] [11, Part 4,Chapters 1-2],[2, Chapters 4-5].

13.2.4 RAKE receivers

The spread spectrum receiver shown in Figure 13.5 will synchronize to one of the multipath components in the

received signal. The multipath component to which it is synchronized is typically the first one acquired during the

coarse synchronization that is above a given threshold. This may not be the strongest multipath component, and

also treats all other multipath components as interference. A more complicated receiver can have several branches,

with each branch synchronized to a different multipath component. This receiver structure is called a RAKE

receiver 4 and typically assumes there is a multipath component at each integer multiple of a chip time. Thus,

the time delay of the spreading code between branches is Tc, as shown in Figure 13.10. The RAKE is essentially

another form of diversity combining, since the spreading code induces a path diversity on the transmitted signal so

that independent multipath components separated by more than a chip time can be resolved. Any of the combining

techniques discussed in Chapter 7 may be used.
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Figure 13.10: RAKE receiver

In order to study the behavior of RAKE receivers, assume a channel model with impulse response h(t) =!J
j=0 !j"(t ! jTc), where !j is the gain associated with the jth multipath component. This model, described in

Chapter 3.4, can approximate a wide range of multipath environments by matching the statistics of the complex

gains to those of the desired environment. The statistics of the !j’s have been characterized empirically in [9]

4The name RAKE comes from the notion that the multibranch receiver resembles a garden rake, and has the effect of raking up the

energy associated with the multipath components on each of its branches. The RAKE was invented in the 1950s to deal with the ionospheric

multipath on a spread spectrum HF transcontinental link. The name was coined by the RAKE inventors Paul Green and Bob Price.

392

Le performance du récepteur RAKE avec L branches est équivalent
à n’importe quelle technique de diversité de l’ordre L.
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Exemple de détection avec RAKE

Spread Spectrum Systems 413

smaller than in simple impulse radio. The other type of gain stems from combining the pulses in
the different frames: the desired signal components from the different frames add up coherently,
while the noise components add up incoherently. Taken together, those two gains provide a total
gain of TS/TC.

Now, what is the advantage of this approach, compared with a regular pulse train? We can ascribe
different time-hopping sequences to different users. As we will show below, these sequences can
be constructed in such a way that pulses collide only in a few (Ncollide) frames, but not the others.
And as the receiver correlates the incoming signal with the time-hopping sequence of the desired
user, it sees interference only in those frames where there is actually a collision. This leads to a
suppression of interference by a factor Ncollide/Nf.

We have already mentioned that signals between desired user and interferer are not synchro-
nized, and thus can have an arbitrary timeshift against each other. Thus, time-hopping sequences
are constructed according to the following criterion: irrespective of the relative shift between the
different sequences, the number of collisions between pulses must not exceed a threshold ! (usually,
we choose ! = 1).11 This way the system designer does not have to worry about runtime effects
or synchronization between users; a good suppression of Multiple Access Interference (MAI) is
always guaranteed. Designing such sequences is difficult, especially if we want a large number of
sequences with small collisions; exhaustive computer searches are often the best method.

Example 18.3 The time-hopping sequence of a TH-IR system with Nf = 6 is [1, 2, 4, 6, 3, 5].
Find another hopping sequence that has at most one collision for arbitrary shifts.

By making a systematic search, we find that the sequence [1, 3, 5, 2, 6, 4] fulfills the require-
ments; this is shown in Figure 18.14.

Impulse radio can also be given a different, very useful, interpretation: it is a direct-sequence
CDMA system (like the one in Section 18.2), where the spreading sequence has a large number
of 0s, and a small number of 1s. Compare this with the conventional DS-CDMA systems, where

Desired user [1,2,4,6,3,5]

Interferer – no shift [1,3,5,2,6,4]

Interferer – one chip shift

Interferer – two chip shift

Interferer – three chip shift

Interferer – four chip shift

Interferer – five chip shift

Figure 18.14 Interference between two users, for all possible (integer) shifts between the two users. Circles
around a pulse indicate collisions.

11 It is interesting that this problem of constructing good time-hopping sequences has strong similarities to con-
structing good frequency-hopping sequences for FH spread systems (see Section 18.1).
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Performances sur le canal de Rayleigh avec N chips

27

Example of Performance Degradation

N=8 N=32
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Techniques de l’étalement - le saut de fréquence (FHSS)

Point faible du DSSS
Le DSSS demande plus de la bande passante que toutes les autres
techniques.

Frequency Hopping Spread Spectrum: le code d’étalement
controle les sauts de fréquence.

(FFH). In FFH there is frequency diversity on every symbol, which protects each symbol against narrowband

interference and spectral nulls due to frequency-selective fading. The bandwidth of the FH system is approximately

equal to NB, where N is the number of carrier frequencies available for hopping and B is the bandwidth of the

data signal. The signal is generated using a frequency synthesizer that determines the modulating carrier frequency

from the chip sequence, typically using a form of FM modulation such as CPFSK. In the receiver, the signal is

demodulated using a similar frequency synthesizer, synchronized to the chip sequence sc(t), that generates the
sequence of carrier frequencies from this chip sequence for downconversion. As with DS, FH has no impact on

performance in an AWGN channel. However, it does mitigate the effects of narrowband interference and multipath.
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Figure 13.4: Frequency Hopping.

Consider a narrowband interferer of bandwidthB at a carrier frequency f i corresponding to one of the carriers

used by the FH system. The interferer and FH signal occupy the same bandwidth only when carrier fi is generated

by the hop sequence. If the hop sequence spends an equal amount of time at each of the carrier frequencies,

then interference occurs a fraction 1/N of the time, and thus the interference power is reduced by roughly 1/N .
However, the nature of the interference reduction is different in FH versus DS systems. In particular, DS results in

a reduced-power interference all the time, whereas FHSS has a full power interferer a fraction of the time. In FFH

systems the interference affects only a fraction of a symbol time, so coding may not be required to compensate for

this interference. In SFH systems the interference affects many symbols, so typically coding with interleaving is

needed to avoid many simultaneous errors in a single codeword. FH is commonly used in military systems, where

the interferers are assumed to be malicious jammers attempting to disrupt communications.

We now investigate the impact of multipath on an FH system. For simplicity, we consider a two-path channel

that introduces a multipath component with delay ! . Suppose the receiver synchronizes to the hop sequence
associated with the LOS signal path. Then the LOS path is demodulated at the desired carrier frequency. However,

the multipath component arrives at the receiver with a delay ! . If ! > Tc then the receiver will have hopped to a

new carrier frequency fj != fi for downconversion when the multipath component, centered at carrier frequency

fi, arrives at the receiver. Since the multipath occupies a different frequency band than the LOS signal component

being demodulated, it causes negligible interference to the demodulated signal. Thus, the demodulated signal does

not exhibit either flat or frequency-selective fading for ! > Tc. If ! < Tc then the impact of multipath depends

on the bandwidth B of the modulated data signal as well as the hop rate. First consider an FFH system where

Tc << Ts. Since we also assume ! < Tc, we have ! < Tc << Ts. Since all the multipath arrives within a symbol

time, the multipath introduces a complex amplitude gain and the signal experiences flat fading. Now consider a

SFH system where Tc >> Ts. Since we also assume ! < Tc, all the multipath will arrive while the signal is at the

same carrier frequency, so the impact of multipath is the same as if there were no frequency hopping: ForB < 1/!
the signal experiences flat fading, and for B > 1/! the signal experiences frequency-selective fading. The fading
channel also varies slowly over time, since the baseband equivalent channel changes whenever the carrier hops

382
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FHSS et division en temps – un pas vers l’accès multiple

Le grand intérêt de l’étalement du spectre est dans le fait qu’il est
bien adapté à l’environnement multi-utilisateurs.

Exemple 1: FHSS et division en temps
Le signal s(t) occupe les fréquences de f0 + f1 − ∆f à
f0 + f1 + (M + 1)∆f , ce qui est une bande de largeur (M + 2)∆f .
L’occupation temps-fréquence du signal FHSS:

! sw(t) occupies the frequencies from f0 + f1 ! !f to
f0 + f1 + (M + 1)!f , which is a (M + 2)!f wide frequency
band.

! Time-frequency occupancy of a FH-SS signal:

! Slow and fast hopping corresponds to the cases where Th is
greater or less than the symbol duration, respectively.
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CDMA

Exemple 2:
Le système CDMA (Code Division Multiple Access) - à chaque
utilisateur on associe une "signature" (code d’étalement)

DS-CDMA - chacun des utilisateurs possède un code de
l’étalement unique.
MC-CDMA (Multicarrier CDMA) - combinaison du CDMA
avec l’OFDM : on effectue l’IDFT et puis on associe un code
d’étalement par chaque sous-porteuse.
FH-CDMA - chacun des utilisateurs possède une séquence des
sauts unique.
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