In study period Vt-2 2010 you have the opportunity to study the course:

ETTO062 Principles of Spread Spectrum Multiple Access Communications, 7.5 hp, A-level.

Spread spectrum techniques means that a much larger bandwidth is used for communication than what normally

Is required with conventional digital communication methods. With this technique high-performing schemes can be
obtained, and it is very interesting in special applications.

Examples of important applications are the 3G system and the GPS system.

This course considers multi-user digital communication systems based on spread spectrum techniques.
The aim of this course is to give very good knowledge concerning principles, concepts, functioning,
performance and limitations for such communication systems.

Examples of what is included in the course are:

What is meant by spread spectrum and how does it work?

Why multi-user communication systems based on spread spectrum techniques?
What is meant by CDMA? How does it work and why is it so popular (3G, GPS,...)?
The evolution 3.5G, 4G, 5G,.....

Recommended qualifications: ETT051 Digital Communications.
If you have any questions concerning this course, please contact Goran Lindell, room E:2360, email:
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mailto:goran.lindell@eit.lth.se
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7.3.2 Additive Noise

Consider the receiver in Figure 7.8a, and assume now that noise 1s introduced
by the amplifier. This means that the decision variable £ will contain a noisy
component, here denoted by U,

£ =y(Tv) = AgN1, +U (et

Pr = Prob{Nt, +w > ajmg sent} = (7.43)
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Increasing L: Attenuation & dispersion (longer pulses)
may increase Pb too much!

EXAMPLE 7.7

Consider an tdeal on-off optical fiber communication system with no ISI. The transmit-
ted optical power for logical “1” equals -10 [dBm/, and zero for logical “0”. Assume that
the attenuation in the fiber is 2.5 [dB/km/, and that the so-called dispersion parameter
o for the pulse p(t), per kilometer, equals oy - 70 [ps/km/, where oy is the so-called
spectral width of the light source in [nm].

To limit the consegquences of inter-symbol interference (151) it is required that the length
of the fiber must be such that o Ry < 0.25.

It is also required that the length of the fiber must be such that the power Pp in the
pulse p(t) is large enough to achieve a given level of performance Py, e.g. P, = 1072,
If the first condition is dominating, we say that the system 1is dispersion-limaited,
otherwise it 1s notse-limated.

If Ry = 8 [Mb/s], P, = 107° is obtained with P, = 1077 [W], and the system is then
dispersion-limited with a mazimal fiber length of 11.16 [km].

Find the mazimal length of the fiber if the bit rate is reduced to Ry = 6 [Mb/s]. Py =
107 is required.
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Solution:
—10 [dBm] < 107* [W]
Ry, =6 [Mb/s]:

Attenuation:

— La < 10log Pin

out .G

10~4 G _
1[]1ug( ) > 2.5L . “Pp,e.:??p,g\/: Pps=10"" [W]
rpp_-ﬁ &

10 10 /8 o
= L < oE log (1(]? : \/a = 12.25 [km]

oRy =0y -T0-1072 - L-6-10° < 0.25

Pout 2 P, 6 = 10log

Dispersion:

But, ox - 70-107*% - 11.16 - 8- 10° = 0.25 (at Ry = 8 [Mb/s]).
.. 8
= L <1116 = = 14.88 [km]

So, at Ry = 6 [Mb/s], the system s noise-limited with mazimal length of the fiber
equal to 12.25 [km]. O
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Chapter 9

An Introduction to
Time-varying Multipath
Channels
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Figure 9.1: a) The digital communication system: b) A scattering medium;:
¢) Illustrating the fading envelope e, ().
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Compare with the time-invariant QAM-result:
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s(t) = cos((we +wy)t) , —oo <t <o (9.2)

2t) = Y an(t)cos((we +wi)(t—Ta(t))) =

= e,(t)cos((we +wi)t+6.(1)) (9.3)
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Observe that the quadrature components zj(f) and zg(t) In (9.3) are time-
varying. Hence, the output signal z(f) is not a pure sine wave with frequency
fe+ fi. This 1s a significant difference compared with the linear time-
invartant channel. It is seen in (9.3) that the quadrature components depend
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2(t) = Y an(t)cos((we +wi)(t —Ta(t))) =

= z1(t) cos((we + w1)t) — 2g(t) sin((we + w1)t)
= e(t) C'OS((UJC +wy)t+ 0, (tj)

Throughout this chapter it is assumed that 2;(f) and 25(t) may be modelled as
haseband zero-mean wide-sense-stationary (WSS) Gaussian random processes
(with variances o7 = r:rf;, = ¢2). This is a commonly used assumption when the
mumnber of scatterers is large, implying that central limit theorem arguments can
he used [43], [65], [68], [30]. For a fixed value of ¢, this assumption leads to a

Rayleigh-distributed envelope e, (1),

ex(t) = \[23(t) + 23(1) (9.4)

. E.l _52 /b . . y
Pel2) = € r = 0, Rayleigh distr. (9.5)
b= E{e3(t)} = 20% = 2P, (9.6)

and a uniformly distributed phase 6,(f) (over a 27 interval). The zero-mean
assumption means that there is no deterministic signal path present in 2(t). If a
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9.1.1 Doppler Power Spectrum and Coherence Time

Rp(f) = Fl(c.(T))

1 L .

C. (1) = 5 {zr(t +7) + jzo(t + 7)) [21(t) — jzo(t)]}
R“':f:IZE I:RI":\f_‘_ffr“‘f],:'+Rﬂi\f_fft_f1,:',:'

©

-

RD[D F'l EZ[T:I |
—
F
0 d 0
——— -E-.
Bp teoh= 1 Bp

Figure 9.2: Illustrating the Fourier transform pair ¢, (7) —— Rp(f).
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9.1.2 Coherence Bandwidth and Multipath Spread
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(9.9)
What can be said about the output signal z(f) if another frequency fo = fi 4+ fa
is used, instead of f;7 Are different frequency-intervals, in the input signal
spectrum, treated differently by the time-varyving multipath channel? To answer
these questions the correlation between z( f1.1) and z( fi + fa,t) can be found by
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Figure 9.3: Illustrating the Fourler transform pair ¢;, (7) «— ¢ freql(fa).
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z(t) = flm hiT,t)s(t — 7)dt (9.10)

delay power spectrum cp(7) (also multipath intensity profile) of the time-
varying impulse response h(t,1).

(1, )R (1,1)} (9.15)

h?(t,t 1 o R 1
L‘fh(?”]=a]’:7{1 {7 )}=§E{hﬂ?,t)+h‘@(?,ﬂ}=§

2
An example of the delay power spectrum ¢, (7) 1s illustrated in Figure 9.3. The
width of the delay power spectrum is referred to as the multipath spread of
the channel and it 1s denoted by T},,. This is an important parameter since if 7,
is too large, compared with e.g. the symbol time, then intersymbol interference
can occur.

T:rn ~ 1;,“}?&1}! (916)
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9.2 Frequency-Nonselective, Slowly Fading
Channel

T, < tooh (9.27

or equivalently,

)

Bp < R. (0.28)

This means that the channel 1s slowly fading, which imply that it can be

treated as a time-invariant channel within the coherence time.

In this subsection a frequency-nonselective channel is investigated. To obtain this
situation it is required that the bandwidth of the transmitted signal, denoted
W, 1s much smaller than the coherence bandwidth f..n of the channel,

W < feon (9.29)

or equivalently,

T,, < 1/W (9.30)

N,
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21(t) +72q(t) = 5/ [S1(f) + iSo(f)] [Hi(f,t) + jHo(f.t)]e”* ™ df

(9.33)

21(t) + jzg(t) = 5 / [S1(f)+7So(f)]- (Hy + jHq)e?* tdf (9.36)

w— O

zr(t) + jzgqlt) = 5 (sr(t) + jsolt))(Hr +jHg) =

= es(t)e??*) . qe?? = e, ()% V) (9.37)
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