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) Future Challenges

A-Basics of Communication

D Electroma ¢ Signals Né 3 wl'(#
Radio Commuaresion Principles

igital communication: Signal/Moise Ratio
Signal strength and Capacity: Shannon
B-Antennas and Propagation

Free Space Propagation

C-Propagation models
vt cha, g
Environments (indoor, outdoor to indoor, vehlcular)

Outdoor (Lee, Okumura, Hata, COST231 models)

jlndnnr (One-slope, multiwall, linear attenuation)
-System Comparison

Proximity: RFID, NFC é—’—f’f—#
Short Range: ZigBee, Bluetooth, ANT+,...

WLAN/WIifi/802.11...

Maobile: GSM, UMTS, IMT-A (WiMAX, LTE)

E biility
Mpbile Network mobility
P miobity

F-Metwork Building
uture Networks
5G Heterogeneous Networks
Basic Internet
Video Distribution Networks

Coverage simulabions

K Coverage simulations g I\M WLQ: Ll}\

Traffic simulations

| metwark Capacity simulstions
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C' | [1 ewiunik.no/wiki/B1-Free_Space_Propagation

-t-'_l' il
= Assume a plane wave: F., H.y. Show that — = Zj = \;p{.;‘ £0
4

Question: I still don't understand the propagation equation [ =2
G  W/a =4 =
. | Plowc e 2 -
% Task: Plane wave propagation = X e :2)
~% = — .
E, 7 D H=H a ¢ 16 4s)
Assume a plane wave: F ., Hy. Show that — = 2y = \f@!{;.;"--.‘u ) — =5 5
Hy Ly i U, D‘\j U:}
What is the relation between a plane wave and an omnidirectional wave? - 1 2.9
> P )
i [f Oy dq
% Free space propagation E ~- Gy Ee
: : 'S
develop propagation equation, see (http://www.antenna- —— a _
theory.com/basics/friis.php ) H a9~ PSF:\ ;\Jl
Power received in an area in a distance R from transmitter:
= area of a sphereis 4, — 4+ 7% R? Tof Q{]a
» power transmitted from isotropic antenna is Pr . TU? ;
» antenna area of receiver is -‘i.r 2 _‘.-"4,1— 2 = A [ h\}\ ;

» power received in A_r = P_r

P,=P* A fA, =P, =P+ A (4% T * R?)

O,
thus

2

AN
p,:pfa,a,( )
4

= convert into dB
» provide examples for f = 10 MHz, 1 GHz, 100 GHz ,3 - d{llnj

Ci({.‘\llf

w discuss influences on radiation pattern
How much is 0 dB_m and 10 dB_m? S \
» Convert dBm to mW is: mW = 107~(x/10), x = number of dBm
» Convert mW to dBm is: dBm = 10*log10(y), y = number of mW

So you get:
» 0 dBm = 10°(0/10) = 1 mW
» 10 dBm = 10"(10/10) = 10 mW
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Company 4 Revenue ¢ | Operating income 4 | Net income ¢  Employe
Statoil asa—— 431112 |114.449 Wﬂa,ms 21213
Norsk Hydro asa S 0 196234  |52.224 17.224 33.218
H {AA i 1 b{.l/!.-; ?M

Telenorasa |l 0 . 91,077 14,721 K*V ﬁﬁsss 31,500
—) Aker asa Y ook ¢ }{ Veapoes | 7359 3,508 3.d42 35.816

Orkla asa e = 52683 4.480 11263 28,663
—Aker Kvaernerasa 50,592 0 3.942 22722

Total E&2 Norge as 50,577 36,261 8,787 241

Exxonbahil Exploration and Production Norway as | 49,680 35,546 8.632 0

Yara International asa Al - 48.261 3,352 — 4210 7060

Ferh e -|—n}n .

Esse-Norge as 45.408 297 306 890

Kommunattandspensjonskasse gy )y 42581 5,086 5.086 312

NorgesGruppen asa 36,631 1.102 866 9.255

_}fcyoo{
Sterebrand-asa- Ly 34,074 5,549 1,505 1,305
Norske Skogindustrier asa 28,812 2,527 2.809 9.372
,Iandc“nL Lol

DnB NOR asa 28,439 14,066 11,808 11,993

Helse @st rfh 26,685 831 747 0

als Norske Shell 26,336 8,663 4334 673
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