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Modulation and demodulation

O

analog
digital baseband
signal |
data i dl'gltal 9 | EﬂEng /\/\'IV
101101001 modulation /W modulation radio transmitter
radio
carrier ‘NW
analog
baseband digital
/\f\f\/ ‘ signal — .
analog synchronization . _ _
demodulation /\N decision 101101001 radio receiver

radio
W ‘[ carner

.




Digital modulation
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» Modulation of digital signals
known as Shift Keying
o Amplitude Shift Keying (ASK):
very simple
low bandwidth requirements
very susceptible to interference

» Frequency Shift Keying (FSK):
needs larger bandwidth

» Phase Shift Keying (PSK):

more complex
robust against interference




Spread spectrum technology

Problem of radio transmission: frequency dependent fading can wipe
out narrow band signals for duration of the interference

Solution: spread the narrow band signal into a broad band signal
using a special code

* protection against narrow band interference

Side effects:
coexistence of several signals without dynamic coordination
tap-proof

» Alternatives: Direct Sequence, Frequency Hopping
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Effects of spreading and interference
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Spreading and frequency selective fading
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DSSS (Direct Sequence Spread Spectrum)
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« XOR of the signal with «—1t —

pseudo-random number
(chipping sequence) e
many chips per bit (e.g., 128) result 0 ] " XOR
In higher bandwidth of the signal 5
» Advantages .

: : chipping
reduces frequency selective fading H H \‘ H H _ sequence
in cellular networks 01101010110101  _

base stations can use the same -
frequency range resulting
several base stations can detect and H H H signal

recover the signal
Soft handover

» Disadvantages t,- bit period
precise power control necessary t.. chip period
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DSSS (Direct Sequence Spread Spectrum)

O

spread
spectrum transmit
user data signal signal r
= X *» modulator
chipping radio
sequence carrier
transmitter
comelator
Inwpeiss sampled
ceived filtered products sums
signal signal ! data
demodulator ——— = X [— integrator H—* decision —
radio chipping
carrer sequence
receiver

—



FHSS (Frequency Hopping Spread Spectrum)
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» Discrete changes of carrier frequency

sequence of frequency changes determined via pseudo random
number sequence

» Two versions
Fast Hopping: several frequencies per user bit
Slow Hopping: several user bits per frequency

» Advantages
frequency selective fading and interference limited to short period

simple implementation
uses only small portion of spectrum at any time

» Disadvantages
not as robust as DSSS
simpler to detect
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Cell structure

* Implements space division multiplex: base station covers a

certain transmission area (cell)
» Mobile stations communicate only via the base station

» Advantages of cell structures:
higher capacity, higher number of users
less transmission power needed

more robust, decentralized
base station deals with interference, transmission area etc. locally

* Problems:
fixed network needed for the base stations
handover (changing from one cell to another) necessary
Interference with other cells

» Cell sizes from some 100 m in cities to, e.g., 35 km on the

country side
» (GSM) - even less for higher frequencies



Frequency planning
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» Frequency reuse only with a certain distance between the base
stations

» Fixed frequency assignment:
certain frequencies are assigned to a certain cell
problem: different traffic load in different cells
» Dynamic frequency assignment:

base station chooses frequencies depending on the frequencies already used in
neighbor cells

more capacity in cells with more traffic
assignment can also be based on interference measurements

% o Standard model using 7 frequencies
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Cell Breathing

» CDM systems: cell size depends on current load
» Additional traffic appears as noise to other users
 If the noise level is too high users drop out of cells
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