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TEK5110 - Before we start

® Questions to L1 - introduction?

e Paper selection, see: http://its-wiki.no/wiki/TEK5110/List of papers

= preparation, evaluation
= when to present

® Group work (later)

® Questions for Exam: http://its-wiki.no/wiki/ TEKS5110/List of Questions (to be

ampendium: http://its-wiki.no/wiki/Building_Mobile _and_Wireless_Networks Compendium
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Its-wiki.no/wiki/ TEK5110
TEK5110 - Lecture Plan

18Aug - L1: Introduction - Handouts Media:TEK5110-L1 Introduction_h20.pdf

» Notes Media:TEK5110-L1 lecture notes_h20.pdf, Media: TEK5110-L1_|ecture notes h19.pdf,

» Further reading: Building_Maobile_and_Wireless Networks Compendium, Introduction (UNIK4700)
« Video recording is not allowed (UiO rules). What do we do?

25Aug - L2: Radio principles - Handouts Media: TEK5110-L2 Radio_principles.pdf

« Notes Media:TEK5110-L2_|ecture notes h19.pdf,
« Home work:

« calculate capacity for W= 200 kHz, 3.8 MHz, 26 MHz, (all cases P/N = 0 dB, 10 dB, 20 dB)

« Ifthe SNR Is 20 dB, and the bandwidth available is 4 kHz, what is the of the channel?

« If it Is required to transmit at 50 kbit/s, and a bandwidth of 1 MHz is used, what is the minimum S/N required fi
» Further reading: Building_Mobile_and Wireless_Networks Compendium, Chapters AA1-AA4, Al1-A4, Bl

1Sep - L3 Digital Communications and Antennas

8Sep - L4: Propagation Characteristics - Handouts Media: TEK5110-L3 Progagation.pdf

« Regarding Capacity and Range, please refer to slide 31 in L2 lecture: Media:TEK5110-L2 Radio_principles.pdf

» Notes Media:TEK5110-L3 |ecture notes h19.pdf,

« Further reading: Building_Mobile_and_ Wireless Networks Compendium, Chapters B2-B6
XU/

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 3


http://its-wiki.no/wiki/TEK5110
http://its-wiki.no/wiki/TEK5110

Ui0 : Department of Technology Systems

The Faculty of Mathematics and Natural Scienes:

http://its-wiki.no/wiki/
Learning outcomes Building Mobile _and Wireless Networks Compendium

® Radio communications 38 History and Future[edit]
= Understand the basics of - History of wireless communlcatlons |
_ _ - Maxwell, Hertz, Marconi and other pioneers
communications . 1G, 2G ... 5G networks
- - Freguencies and Standards
= Relathn between range, frequency and . Future Challenges
capacity %8 TOC - Basics of
¢ Radio Systems Communication(edit]
PO - Electromagnetic Signals
)
from VICImty to lOng range - Radio Communication Principles
o Digital communication - Digital communication: Nyquist, Signal/
_ Noise Ratio
= Nyquist, Shannon - Signal strength and Capacity: Shannon

= Capacity
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Radio communications
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Connectivity & Affordability

® Mobile driven development, The Unconnected Market Landscape
= Revenue-driven

Unique Mobile Internet Users

® AffO rd a bl I Ity (COStS Of d ata) Population 15+ (bn) Total BMI NMI Unconnected
. . . Developed World 0.9 0.6 0.1 0.3
® Ind UStrIaI pe rS peCtlve Developing World 4.3 1.0 0.8 _ 3.3
Total 5.2 1.6 0.9 2.8

= |ndustry4.0, Internet of Things

® - Penetration 15+ (%) Total BMI NMI Unconnected
N Ovel Ap p roaCh req u | red Developed World 100% 64% | 0
Developing World 100% 23% 18% _ 77%

Total 100% 30% 2 53%

Source: GSMA Intelligence; figures reflect position at end of 2014 R
BMI = Broadband Mobile Internet (3G/4G); NMI = Narrowband Mobile Internet (<3G)

/7% don’t have

decent access
[Source: GSMA, Nov2019]
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Overview over topics in the course

. : "\ Topology, Distance |
_Transmitter '

i . R ) / 1 Network planning /—{ Coverage |
. Medium | . Principles | . Digital Access (UNIK4700)
- -‘- .~‘ ' -'.' '._- “.'

. ".’- -‘.“
: o :

- LCapacity |

. . :

. Recelver

t\\‘ “‘l -

~~{Mobile

* https://drive.google.com/file/d/
0B2fQNOmMvY0800Vp1RXVJaFNkS P
Ek/view?usp=sharing N— --I:\Systemsx:ﬁ II\erelessx::

i

_ Short Range |
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Can you do
this Do Lule
calculation?
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Voice vs electromagnetics

¢ How do we communicate?
¢ \What are the factors influencing voice quality?
¢ |s there a capacity in voice communication?

¢ And what is different in electromagnetics?

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 9
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The real researchers

® Michael Faraday (1791 - 1867),
focussing on the static fields

Recikver
¢ James Clerk Maxwell (1831 - 1879), ettt ] —
establishing the Maxwell equations for | 32E |
the interaction of the electrical and the (i) fmfi == : ‘,:'
magnetic component of an | S
electromagnetic wave \ I — oo
® Heinrich Rudolf Hertz (1857 - 1894) Spark Gap transmiter

experimented the theory for the

[Source:Magne Pettersen, Wikipedia]
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Heinrich Hertz - The electromagnetic wave

¢ Hertz did not realise the practical importance
of his experiments. He stated that, "It's of no
use whatsoever]...] this is just an experiment _ 16 o) e P 16 D

[ransvers o pace dedr:mjg)di: Wwave

that proves Maestro Maxwell was right - we — g g
just have these mysterious electromagnetic = Eon | |
waves that we cannot see with the naked 8 g L e s
eye. But they are there." [3] |

e Asked about the ramifications of his

discoveries, Hertz replied, "Nothing, |
guess.” [3]

I . X: A 5 b [ g M
— tedricoompanet - — — Magnetic component

[Source:Magne Pettersen, Wikipedia]
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Guglielmo Marconi - inventor

® Guglielmo Marconi (1874 - 1937)
experimented with Hertz waves In
1894/1895

= used 50000 UK pound on a
transatlantic experiment in 1901

= brought electromagnetics to life

TEKS5110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 12
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Antonio Meucci - inventor N

® |Invented the phone in 1856 %__,

® transferred voice from one room to . [ ,/ | "
another one 5 | ~

® surveillance of an ill person L__JY / /

® registered patent in 1871 ) ,
= failed to name "electromagnetics” Rad™s 4._{_.\‘ ’

= Graham Bell patented in 1876 rﬂ-v-/ ¥ I
1 ra ; ;\'t ?&S‘ v

Antonio’s Drawings of Telettrofono, lllustration by Shir-
lely Trievel

[Source: Wikipedia & Sandra Meucci, "Antonio and the electric scream: The man who invented the telephone”, Branden Books, 2010] 15
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Graham Bell - inventor

¢ Graham Bell (1874 -1922) invented th
phone,...

® but who invented also the mobile
phone back in 19247

® Bell considered his most famous b
Invention an intrusion on his real works
as a scientist and refused to have a
telephone in his study room

‘ .
1 _.._:
‘ -

[Source: unknown] TEKS5110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 14
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Wave propagation and absorption mechanisms

Band Frequency Wavelength Propagation via
://ﬁ;y e B 3-30 kHz 100 - 10 km Guided between the earth and the ionosphere.
30 - 300 . .
Low frequency, LF KH 7 10 -1 km Guided between the earth and the D layer of the ionosphere. Surface waves.
Medium frequency, MF igg -l gnOOO Skt Surface waves.E, F layer ionospheric refraction at night, when D layer absorption weakens.
Ly Heimih 3-30 MHz 100-10 m E layer ionospheric refraction. F1, F2 layer ionospheric refraction.
(short wave)
Very high frequency, 30-300 10-1 m Sporadic E propagation Extremely rare F1,F2 layer ionospheric refraction during high sunspot
VHF MHZz activity up to 80 MHz. Generally direct wave.
3::? rlleas B ?4?402-3000 100-10 cm Line-of-sight propagation. Sometimes tropospheric ducting.
g:zer DRI 3-30 GHz 10-1 cm Direct wave.
| Extremely high 30-300 : . . .
frequency, EHF GH2 10-1 mm Direct wave limited by absorption. 15
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Electromagnetic signals dieleCtriC_ QOnStant E,
e Prerequisite: Ohm's law, current, permeablllty U,

dielectric constant , conductivity
= "Pappa, what is voltage?"

= Alternating electric and magnetic field — —>
® Direction of wave from "right-hand rule” B —_ //tO//trH
I A E
* A A A A N
™ 1111 £TT7TH
o e o o i | L4 (e
* (7 2
+{ | . \/

[Source:Magne Pettersen, Wikipedia]
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Source free environment and free space.:

Maxwell, Wave equation.... 3} .
V:-E =0 (1)
® see: http://its-wiki.no/wiki/B1- — ) = .
Free_Space_Propagation BT
V- -B=0 (3)
, . ~ 0 = .
yields the wave equation: V X B = l,”(g“__E (4 )
O*E - T Ot o
—- — Cg VE = 0
(Ot~
P’ B S
(._ o Co VB = 0
(It~
with Co = — — 2.99792458 x 10° m/s
' v HOZ0
% 'Source: Wikipedia]
rv  anwny weew edNaging Networks Aug2018, J. Noll, M. Morshedi 17
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Homogeneous electromagnetic wave

@ QuestionS/TaSkS: A single frequency electro (E)-magnetic (B) wave is described by
: o jlwt—k-7)
= Group velocity for n=2 E(r) = Eye’ ",
3 (=) Jlwt—k-7)
= from where do you know n? B(r) = Boe’ &

'Source: Wikipedia]

where

= Show that for a plane wave:

« 7= (z,y,2)and k = (k. k,, k.) 50?
E » ] is the imaginary unit
A 7 = / « w = 27 f is the angular frequency, [rad/s]
H - 0 /10/80 = f is the frequency [1/s]
Y . pJWE _ (-(_)g(wt) + 7 _\‘inl::“,‘[:l Is Euler's formula
&) 1
with the group velocity (free space = speed of light) € = — —— and
1 [ JULE
\

[ pe

the refraction index 717 = |
\,‘ HOZ0

TEKS110 - Builaing ana ivianaging Networks AUQZU 1B, J. NOII, IVI. Iviorsneal 18
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Free space propagation

_ Power received in an area in a distance R from transmitter:
® Questions/Tasks:

. . » area of a sphereis 4 — 4 % 7 % R?
= Propagation equation in dB -

» power transmitted from isotropic antenna is F
= antenna area of receiver is A, 2 /4T
= provide examples for f = 10 MHz, 1 = power received in A_r = P_r

GHz, 100 GHz P.=PxA /Ay =P, =P x A /(4% 7 * R®)
thus

‘)
«» 0dBm = 1074(0/10) =1 mW A
= 10 dBm = 107(10/10) = 10 mW Amr

Wl
Free space attenuation L = 92, 4 + 20 log(d|km|) + 20log( f|/GHz]|)

see (http://www.antenna-theory.com/basics/friis.php)

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 19
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Now you can L
e
calculate Voun L

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 20
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what is different in uplink?

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 21
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There exists two EIRP power limits for the 2.4 GHz band, one for 802.11b rates with
CCK modulation (1, 2, 5.5 and 11 Mbps) and one for 802.11g/n rates with OFDM
modulation. The limit is set to 20 dBm (100 mW) for OFDM and 18 dBm

(63 mW) for CCK.

The spectral power limitation of 10 dBm/MHz (10 mW/MHz)
causes the lower power limit for 802.11b.

Regulations

Eu S 6 l-)5_

Indoor only sub-band I (5150 - 5250 MHz)

The first RLAN sub-band includes the channels 36 to 48 and has an EIRP power limit
to 23 dBm (200 mW). These channels are considered for indoor only usage and do
not require any Dynamic Frquency Selection (DFS) or Transmit Power Control (TPC)
features. It is comparable to FCC U-NII-1.

2348,

L3AKn,

SOcAR A,

36«49,5

Indoor only sub-band Il (5250 - 5350 MHz)

In the second sub-band of the RLAN band 1 with channels 52 to 64, the ETSI has set
the EIRP power limit to 23 dBm (200 mW) for devices with TPC and 20 dBm (100
mW) for devices without TPC. For a device with TPC, the mean EIRP at the lowest
power level of the TPC range must not exceed 17 dBm (50 mW). This band requires
DFS support and is comparable to FCC U-NII-2.

RLAN band 2 (5470 to 5725 MHz)

Channels from 100 to 140 are part of the second RLAN band and have an EIRP power
limit of 30 dBm (1000 mW) for TPC and 27 dBm (500 mW) for non-TPC devices or 20
dBm (100 mW) for devices without any TPC or DFS support. The mean EIRP power
level for a slave device with TPC must not exceed 24 dBm at the the lowest TPC
power level if the device is also capable of radar detection or 17 dBm otherwise. This
band can be used for in- and outdoor deployments as well and is comparable to FCC
U-NII-2e.

Broadband Radio Access Networks (BRAN) (5725 - 5875
MH2z)

Comparable to the FCC U-NII-3 (5725 - 5825 MHz) band with a higher upper

fronmancu ranaos the FTSI hac Aafinad thae crhannale 1858 +a 171 (188 18Q 142 147 172)

https://wlan1nde.wordpress.com/2014/11/26/wlan-maximum-transmission-power-etsi/
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Digital Communications

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 23
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Nyquist Theorem

e Shannon: If a function f(t) contains no
frequencies higher than W [cycles/s], it is
completely determinded by giving its ordinates
at series of points spaced 1/2W seconds apart

® band-limitation versus time-limitation
® Fourier transform

® Questions/Tasks
= Channel versus Frequency Band

® [source: Shannon, 1948]

TEKS110 - Building and Managing Networks

Additive
noise
SOrces

Information
source g

Channel l

Receiver

Information
destination

Ku92018, J. Noll, M. Morshedi

24



U10 ¢ Department of Technology Systems s | 1| 00 |

0

The Faculty of Mathematics and Natural Sciences

Modulation in GSM

!
|
. . |
* Principle: ASK (AM), FSK (FM), nhi,u'!g o (" N
PS K o ||| ll |‘|l .|H |.I l’ ‘U ‘l
® Applied as time, frequency, or | ]
frequancy low int
code 0.025
FSK 0 ¢

200 kHz I ﬁ

. BP - time

15/26 ms slot




Ui0 : Department of Technology Systems

The Faculty of Mathematics and Natural Sciences

Signal to Noise, Shannon P
s1gma

e in-band vs out-of-band noise “ Proise

® interference vs noise - Feignal
SNR'(IB' — [0 l(_)g“) — '

- tluisv

® Shannon theorem (1948)
= almost 30 years after Hartley C ~ W

C = W log,(1 + P/N) [bit/s]

= |nterference free environment: PIN P
= with Interference =
N.W + N Mot
0 T Interference

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 26
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Shannon - Excercises

® calculate capacity for W= 200 kHz, 3.8 MHz, 26 MHz, (all cases P/N = 0 dB,
10 dB, 20 dB)

¢ |[fthe SNR is 20 dB, and the bandwidth available is 4 kHz, what is the capacity
of the channel?

e |fitis required to transmit at 50 kbit/s, and a bandwidth of 1 MHz is used, what
IS the minimum S/N required for the transmission”?

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 27
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Cell capacity
e UMTS has already good spectrum

efficiency with respect to Shannon.

® Modulation schemes like QPSK
and 16-QAM are applied to
achieve higher bandwidth.

® Higher modulation schemes need

a higher signal to noise ration,
Why?

Supported effective data rate [Mbps]

—h
o
-

—
o

-
i

.
-
—

Shannon limit: et T
3.84MHz"log,(1+C/l) o
a, % = |
e QPSK : 16QAM
> -~
"y HSDPA link
-~ .
e adaptation curve
”~
L ~
15 HS-PDSCH allocation
(Rake, Pedestnan-A, 3km/h)
-19 -10 -9 0 O 10 15

Instantaneous HS-DSCH C/| before processing gain [dB]

TEKS110 - Building and Managing Networks

Aug2018, J. Noll, M. Morshedi
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Multiple-Input, Multiple-Output (MIMO)

N N
)
1+—7 Rx

TX > C = logo
N

sz S7 <~ RX2
Y C = Mlog,(l+—\ Y
Tx,, oM RX,.

number of antennas in the smaller of the
transmit and receive arrays

0 source: Reinaldo Valenzuela, Lucent Technology O

I L=I\NWV 1 1V — I_JUII\Jlllv Al I 1vidl |u3|||3 IN\UWULYVVUI NV T \UHLU 1V, U. 1NXUIL; 1IVI. 1VIVI I 1IUVUI 29
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MIMO laptop
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Range versus SNR

® max range

R .. = log,(1 + SNR)

L

Rm[ Syslenn, %
SMR (2 ey =
i e 3
“ A0 754 »

S0 S00 I, /‘s.z g

10

D S U 17 ([ umig = .
BN S T 1-9%listance Rmax [Ht990

11U IVIGIIGHIIIH INGCLVVUI NO
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Radio Topics: Antennas, Propagation

TEKS110 - Building and Managing Networks Aug2018, J. Noll, M. Morshedi 32
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Power

® https://drive.google.com/file/d/
Ira nS m IASnagulegﬂanP a ra m ete A 0B2fQNOmMvY0800Vp1RXVJaFNKS

Ek/view?usp=sharing

"” -“‘

i :

: ' M -
. ’

" J

r N ) )

! e B |
. TDMA | .

- »

" J

FDMA | | Digital Modulation |  { Modulation ),
— : | - : *  Amplifier |-

|

| CDMA

— n ' _

Sess (@ — ,' | | = Isotropic antenna = point source: (7. — 0dB
R ' = Hertz Dipol = Short dipol: G, = 1.5 = 1. 76dB

Gain =~
= A/2-Dipol: Gy =~ 1,64 = 2,15dB
I:\FHSS (freq. hopping)‘:l I:\Spread Spectrum;1~-- = ‘- I:-Antenna_::}--
-~ =\ — y D l o 4TTF’?)!l T l:H. \r? ] D. t‘v't v‘y.
' ( L ) f rada T « Ve e irec Ly
=/ T — 2K [o ] Fif, p)sin(f)dfdy
Coding /-~ :
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Recelver

_Transmitter |
_Medium /
D  Principles )
c\ SenS'tNity “n' "’ E p 3
‘ B |
.' .) ‘l
o A
) 1 . —
P, — Pf (” (1, Recelve Power — & D
T . Receiver /- _

l

Shannon

—. Capacnty Sgnal-to-Noiseq :
C'=W logy(l + P/N '[b'tS/SJ |y . h_ttps Jidrive. google.com/file/d!/

0B2fQNOmMvY0800Vp1RXVJaFNkKSE
k/view?usp=sharing
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The Faculty of Mathematics and Natural Sciences

Upcoming Topics / To do for next week

Upcoming Topics
® Propagation specifics
¢ Communication systems

To Do:

® Prepare questions to your papers http://its-wiki.no/
wiki/ TEK5110/List_of papers
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