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/ —_ ﬁ /ﬂ Wave propagation and absorption mechanism
(= 7 —
Band % Eg D/ Fr'et%uency Wavelength  Propagation via D @ G
Very low frequency,§ i _ .
VLE 3-30 kHz 100 - 10 km  Guided between the earth and the ionosphere. A 0
Low frequency, LF iﬂz_ 300 10 - 1 km Guided between the earth and the D layer of the ionosphere. Surfac gg’ 408 /1)2
vHF
. 300 - 1000 - 100 . . . ] P
Medium frequency, MF 3000 kHz " Surface waves.E, F layer ionospheric refraction at night, when D laye 20041 Hé_

| UHE
s e el 3-30 MHz 100-10 m E layer ionospheric refraction. F1, F2 layer ionospheric refraction. b

(short wave) ‘S —%Z_
Very high frequency, 30-300 10-1m Sporadic E propagation Extremely rare F1,F2 layer ionospheric refra

VHF MHz activity up to 80 MHz. Generally direct wave.

>

~

Ultra high frequency, 300-3000

UHFE MHz 100-10 cm Line-of-sight propagation. Sometimes tropospheric ducting.

Super high frequency,

3-30 GHz 10-1 em Direct wave. T~
L TR Y e
Extremely high 30-300 10-1 mm Direct wave limited by a 63 e, 2 R (/
frequency, EHF GHz o~ T"L\
-

N
The frequencies which we use for mobile communications are ranging from\ 450 MHz (ICE)/ the old TV bands ~8Q0-%00 MHE (&
MHz (UMTS), 2400 MHz (Wifi), 2650 MHz (LTE), and 5100 MHz (TEEES0Z ile previously frequency ban sed
b LSS L L
refarming started in 2012 to open for communication Tm Examples of such refarming are LTE gqg ind

the 1800 band. Back in 2013 Apple surprised the European operators, as the iPhone came with LTE only in the 1800 band, and 1
2600 band.

(Source:http://enwikipedia.org/wiki/Radio_propagation) C 2 O
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Frequency And Time Division Multiplexing
Mult ot h

= Time domain, e.g. 8 slots in GSM

= Frequency domain, e/g. up cmd
in specific bands =)

oD T, _

m Code division (CDM)' specific codes ch 1 !szmaIchms].
[Source:K.E. Walter| Basics of Mobile N
Communications] ey Dozst

Iy
(QW { 200 kH I d
ne / ‘
) 7y :
- BP . time
15/26 ms slot
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Nyquist Theorem

= Shannon: If a function f(t)
contains no frequencies
higher than w [cycles/s],
it is completely
determinded by giving its

» band-limitation versus
time-limitation

I@_/qur'ier' fransfor'm)

j [soche: gﬂ_&nrﬁﬁ),71;948]
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Electromagnetic Channel ,,,,, . ..

i, TV 2. 1
The radio channel is

always affected by
noise, which

— restricts the
@an?,el/l information flow to
/ the receiver

g v
Lk Information | [Source:Neelakanta

C ﬁ)% ..
% destination | e+, ql., Figl.2]

Information
source

Additive
noise
sorces

Transmitter

J
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Sources Of Noise

= Spurious electromagnetics (lines radiating on the
chip)
= Fluctuations in power (switching CMOS circuits)

Radic {Q}'?‘C.g ﬁ
= In-band interference

= out-of band interference, e.g. GSM/NMT interference

* Electronic parts of transmitter and receiver (components) ’(

= radio channel, e.g. scattering, multi-path A ) r [ - |r' f
[Source:Wikipedia, "interference"] 7_%\\ |/ 'n\l.' Oln' %{ LQ@ v Irf/‘| WV /} |
| g
/1/9;3{ J(ow In ey vt \
/VT bﬂ”gmh X BGH(AL\,'M T _ °
ahldd X ’ “, =
Lin ; / ‘ | (o paating L_}(;[ 0 C a}g K

e )
. | 200 4y, | ZQELK

| 3300 LH?

o, 4}’0°0j/ ?ﬂﬁ J? P2 e Ly, <

= further explanations:\Telektronikk 4/95, Raekken and Loevnes, Multipath propagation
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where Pis average power

= why talking about noise? )
'@(mu T 0 4
= near-far problem CP @ ~ L %

[source: Wikipedia] 7/ W pT: o1,
=
o — 1Y
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Topics

Interference

125Sep2014 - Wave Propagation
19Sep2014 - Radiation equation, Antennas
265ep2014 - Propagation models: Yun Ai

265ep2014 - Frequency rande and type of wireless co

GSM and UMTS (cell breathing)
170ct2014 - LTE - Solomon
170ct2014 -Voice in LTE - Mikhail Yakubovich

100ct2014 - WiFi long lange standards - Mohsen

100ct2014 - WiMAX - Qihaoli
100ct2014 - Security in NFC - Seraj
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History, Mo nd Future
History

Pionegrs: Maxwell, Hertz,...

Future Challenges
‘A-Basics of Communication
Electromagnetic Signals

Radio Communication Principles

Signal strength and Capacity: Shannon
B-Antennas and Propagation
Free Space Propagation

Antennas, Gain, Radiation Pattern

Attenuation, Scattering

Mobile Communication dependencies

C-Propagation models

Qutdoor (Lee, Okumura, Hata, COST231

ndoor (One-slope, multiwall, linear atte)

D-System Comparison

1G/2G,... 5G networks | é/
Ffequencies and Standards (3 L

Digital communication: Signal/MNoise Ratio \
Multipath Propagation, Reflection, Diffraction

Interference and Fading (Rayleigh, Rician, ...}

Environments (indoor, outdoor to indoor, vehjcular)
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