Mobile and Wireless Networks

Introduction



Scope of this course

» Study of the architecture and operations of mobile and
wireless networks.

» This area is huge and cannot be covered in one course.

» Divided in two parts
> Wireless/mobile Internet access
> Mobile networks

http://eclass.uoa.gr/courses/D211/



Parts of this course

Wireless/mobile Internet access Mobile Networks

» History, general principles of mobile > 4G networks — LTE - LTE-A

communications
» 5G architecture
» Problems of IP over wireless networks
> Quality of Service — Quality of
» Wireless communications — Experience
Modulation, transmission
> Radio resource management
» Wireless networks — WLANSs
> Interference management
» Mobility support
> Mobility support



Assignment

» Students that will attend this course, will have to prepare a
15-minute presentation on a subject related to the course.

» A list of subjects will be proposed by mid-November, while
the students will be allowed to propose a subject of their
own choice.

» The presentations will be recorded and uploaded through
eclass by the end of January 2022.

» The grade of the presentation will be 30% of the final grade.

» 70% of the grade will be through the final examinations
(language of your choice).
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The rapid development of wireless and mobile communications, that started in the 80's, mainly through WiFi and GSM, continues in our days with 4G
and now with 5G mobile networks. The aim of this course is to describe the principles and architecture of modern wireless and mobile networks,
focusing on their main functionalities. The course will cover:

Wireless/mobile Internet access:

- History, general principles of mobile communications

- Problems of Internet Protocol (IP) over wireless networks
- Wireless communications - Modulation, transmission

- Wireless networks - WLANS
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- IP mobility support
? Inactive module
admin y Mobile Networks:
- 4G networks - Architecture and operation
- 5G architecture
- Quality of Service / Quality of Experience support in modern networks
- Radio resource management
- Interference mitigation/management

- Mobility support in mobile networks

The course also includes an individual assignment for the students, in the form of a 15-minute presentation on a relevant subject. A list of
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Mobile communications start

THIS MEMORIAL IS DEDICA

Nl COMEANY
HE Vi 1 PEOFLE OF
NEWFOUNDLAND TQ ca NMURATE AN
OQUTSTANDING EVENT IN THE HISTQRY
OF NEWFOUNDLAND AND A NEW ERA
IN WORLD COMMUNICATIONS.

THE FIRST TRANSATLANTIC WIRELESS
SIGNAL WAS RECEIVED AY
GUGLIELMO MARCON!

MBER 12, 196¢t N THIS SPOT.




Mobile Communications at the beginning
of the 20t century

1924: First mobile radio telephone

Courtesy of Rich Howard



Generations of Mobile Networks

> 0G:
> 1G:
> 2G:
> 3G:

Briefcase-size mobile radio telephones
Analog cellular telephony (end ‘70s)

Digital cellular telephony (beg '90’s)
High-speed digital cellular telephony (including

video telephony) (beg '00)

> 4G:

IP-based “anytime, anywhere” voice, data, and

multimedia telephony at faster data rates than 3G
(beg '10)
» 5G: 10-times faster data rates, much more flexible in

mobility, Internet of Things (loT) support (cheap, low
energy, massive number of devices) (beg '20)



New applications

5G Era Enables New Applications

Automotive
. Fintech o o Smart Cities
Agriculture @ ® Utilities

Education @ @ Public Safety
Robotics @
@® Public Transport

Healthcare @

Broadband . Hotspots
Manufacturing @
: ® Events, Tourism
Retail @ Massive Critical
- Machine ¥  Machine -
Logistics @ Communication | Communication ® Mining, Ports
CONSUMER
Gaming @ @® Wearables

AR, 360 VR, 360 MR @ e o ® Fixed Wireless Access
HD - 4K and 8K Video Entertainment



Through the years

- The first official mobile phone used
in Sweden by the Swedish police in
1946; could make 6 phone calls
before car's battery was drained

- development of first cell phone
(creation of towers/cells at Bell Labs
in 1947

- 1983 Motorola DynaTAC 8000X
made commercially available: 2 Ibs
(900gr), $3,500

- 1991 Motorola MicroTac Lite
(350qgr) the lightest phone: $1,000



Through the years
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Mobile Subscriptions

14

8.8

| + 3.5bn

In 2826, 3.5 billion 5G subscriptions

7
are forecast.
&
M sG
5
B LTE {aG)
a B WEDMASHSPA (3G)
B G5M/EDGE-only (2G)
3 B TD-SCDMA (36)
B coMA-only (2G/3G)
2
L Mote: loT connections are
nait incleded in this groph.
4] Fized wireless ocoess (FUWA)
2815 2016 20817 2018 20819 2828 20821 2822 2923 2024 2925 2026  connections are included.
1G5A (April 2821).

A 5% subscription is counted as such when associated with a device thot supports Mew Rodio (MR,
as specified in 3GPF Release 15, and is connected to a 5G-enobled network.



4G/5G subscribers
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‘fears since first deployment

506 subscription uptake is expected
to be faster than for 4G.

M 5G (2918-2026)
B 4G (20092217}



Subscriptions per area

Bs5 BELUTE@G [ WCDMA/HSPA(3G) [l GSM/EDGE-only (2G) [l TD-SCDMA (3G) [l CDMA-only (2G/3G)

2828 2824 2828 2926 2828 28246 20208 2826 2020 20824 2828 2824 2028 2824 2028 2826 2828 2824 2828 2826
; 32% J18% C 2 e B

Sub-Saharan Middle East Latin India South East Cenitral and Morth Eost Western Gulf Morth
Africa and Morth America Asioand Eastern Asin Eurnope Conperation America
Africat Oceania Euwrope Cauncil

Maote: Except for 56, technologies with less than 1 percent of subscriptions are not shown on the graph.



Mobile data traffic

Global mobile netwark data traffic and year-on-year growth (EB per month)
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Mobile data traffic

Mobile data traffic by application category per month (ExaBytes)

|
£

O In 2022, video will

. Video . Software download
Audio @ Other
. Web browsing . File sharing

8 Social networking

2016 W 50%
8.8 ExaBytes video

9

2022

71 ExaBytes
account for around Y

75% of mobile
data traffic

1 ExaByte = 1018 bytes



Internet of Things (IoT)

Libelium Smart World

according to climate conditions and
unexpected events like accidents or

Smartphones Detection Electromagnetic Levels traffic jams

Detect iPhone and Android devices and in Measurement of the energy radiated
general any device which works with Wifi or by cell stations and and WiFi routers.
Bluetooth interfaces.

Perimeter Access Control Traffic Congestion

H ) Access control to restricted areas and detection Monitoring of vehicles and pedestrian

Forest Fire Detection of people in non-authorized areas. amuence?oopnmae driving a:d walking Getting advices in the point of sale
Menitoring of combustion gases and preemptive routes. according to customer habits, preferences,
fire conditions to define alert zones. Radiation Levels presence of allergic components for them
or expiring dates.

Air Pollution

Contral of CO, emissions of factories, pollution
emitted by cars and toxic gases generated in
farms.

Smart Lighting

Intelligent and weather adaptive lighting

in street lights.

Intelligent Shopping

Distributed measurement of radiation levels

in nuclear power stations surroundings to Noise Urban Maps
generate leakage alerts,

Wine Quality Enhancing
Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugar in
grapes and grapevine health.

Sound monitoring in bar areas and
centric zones in real time.

Offspring Care

Control of growing conditions of the offspring in
animal farms to ensure its survival and health.

th
iy
a

Sportsmen Care

Vital signs monitoring in high performance
centers and fields

Structural Health

Monitoring of vibrations and material conditions
in buildings, bridges and historical monuments.
\

'! 7
4

'II
‘\

Water Leakages

Detection of liquid presence outside tanks
and pressure variations along pipes

Vehicle Auto-diagnosis

Waste Management Information collection from CanBus to

Detection of rubbish levels in containers send real time alarms to emergencies
to optimize the trash collection routes. or provide advice to drivers.

Smart Parking Item Location

Monitoring of parking spaces availability Search of individual items in big surfaces
in the city. like warehouses or harbours.

Quality of Shipment Conditions Water Quality Golf Courses

Monitoring of vibrations, strokes, container openings Study of water suitability in rivers and the Selective irrigation in dry zones to . §
oreold chainmaintenanceTor nurance purpdses sea for fauna and eligibility for drinkable reduce the water resources required in l| bel| unm

use. the green. www.libelium.com

2uoTtnuarta Kivntwy kai [NpoowTrikwy ETTIKoIVWVIWY



Internet of Things (IoT)

The Internet of Things

Consumer &
Home

Telemadicine, ¢tc. Pumgpa Valves, Yats, Conveyors, Pipedines. ol cte.
Maters, Drives, Comvertng Rabricetion

E iBeReegz‘aarcmh AssarhlyPaciogng VeselTon, etc.

2uoTtnuarta Kivntwy kai [NpoowTrikwy ETTIKoIVWVIWY



loT growth

M Broodband IoT and Critical IoT (4G/5G) I Massive loT {NB-1oT/Cat-M) Legacy (2G/3G)

&

2a15 2816 2017 2818 2819 22820 2921 2822 2623 2824 2@25 ARG

IaT 2028 2026 CAGR

Wide-area IoT 17 5.8 23%

Cellular IoT* 16 54 23%

Short-range IoT 187 286 12%

Total 124 264 13% i i i i
2uoTtnuarta Kivntwy kai [NpoowTrikwy ETTIKoIVWVIWY



Frequency and Wave length

. . (A
> Relationship: o vevdlengh

> A = c/f

> wave length A,

» speed of light ¢ = 3x108m/s,
» frequency f

[frequency is number of
oscillations per second)
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Frequency of transverse waves

The frequency is the number of waves passing any point each second.

® frequency = number of waves past a point / time
® frequency is measured in hertz (Hz)

® 1 wave per second =1 Hz

If this set of transverse waves pass a point in one second, what is the
frequency? A Hz



(€b)
>
I
=
c 8
—~ QO
NS
c LD _
R.a, W
T 353
amm
SIS
Tl R
g L5
£5¢
(¢b)
525
P 3 @
v DG
T Q5
c
ROh
DL D > O
Q o S O
E £'= &
@ © =2 >
nunwOon
o

voltage/no voltage

1 bit (0/1)

['a va avénoovpe TV toydTNTO LETAOOCNG O

uropovUE va petmvovue to sample

2TV amAoVOTEPT TEPIMTMOON:
EM’ AMELPOV.

1 symbol

\

apOuod tov Tavav symbols (emmédwv
EVTOONG LETAOOONC, ONANOT EDPOVE GNLLOTOC)
20VN0E0TEPOC GLVOLACUOG TNG TEYVIKNG QTG

Mmopovpe OUmS v aLEAVOLLE TOV

Phase changes



Multiple modulations

e QPSK (Quadrature Phase Shift Keying) = 4 phase shifts, 1
amplitude level, 2 bits/symbol

e QAM-16 = 4 phase shifts, 4 amplitude levels, 4
bits/symbol
e QAM-64 = 4 phase shifts, 16 amplitude levels, 6

bits/symbol
90 90 a0
TIIEIXE
'3 M X B B B B B O )
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180 0 0 180 X N N AR X B W | 0
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QPSK QAM-16 QAM-64



Electromagnetic spectrum

THE ELECTROMAGNETIC SPECTRUM

Wavelength
(in meters)

Sire of a
wavelength

Comamion
name of wave

Sources

Frequency
{waves per
second}

Energy of
one photon
(electron volts)
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The EM Spectrum

»Note the overlap between
types of waves

»Visible light is a small
portion of the spectrum.

»Types are distinguished by
frequency or wavelength

»Signal behavior based on
the frequency

Frequency, Hz

1022
102!
1020
1019
1018
1017
1016

10" -

= { E Visible light

1014
1013
1012
1011
1010
10°
108
107
10°
10°
10*
103

4
|

Gamma rays

A

Ultraviolet

Infrared

A

A S ]

Microwaves A

l P

TV, FM

Radio waves

AM

T

Long wave

Wavelength

1 pm

The visible light
spectrum is
expanded to show
details of the colors.

1 mm

/‘ ~400 nm

Violet
Blue

Green
Yellow

Orange
Red

~700 nm

exhibit some overlap

Lem | Adjacent wave types
of frequencies.
1 m

1 km

|
|
|
|
\



Electromagnetic spectrum

Ultraviolet rays Gamma r

Radio waves Infrared rays

X-rays

Microwaves Visible light
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Radio waves Microwaves Infrared rays Visible light Ultraviolet rays X-rays Gant
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Signal propagation

Communication satellite

- Space wave

Iunnsphere
Los Sky wave
/ ound wave 1{3’ \\
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Signal propagation

Classification Band | Initials | Frequency Range Characteristics
Extremely low ELF <300 Hz

Infra low ILF 300 Hz - 3 kHz Ground wave
Very low VLF 3 kHz - 30 kHz

Low LF 30 kHz - 300 kHz

Medium MF 300 kHz - 3 MHz Ground/Sky wave
High HF 3 MHz - 30 MHz Sky wave
Very high VHF 30 MHz - 300 MHz

Ultra high UHF 300 MHz - 3 GHz

Super high SHF |3 GHz- 30 GHz Space wave
Extremely high EHF 30 GHz - 300 GHz

Tremendously high | THF 300 GHz - 3000 GHz




Signal propagation

» Signal attenuation due to
> Distance
> Obstacles

attenuation of
high-frequency signal

A%
distance

L

mmhrmw- =
1 c
! distance % U U
do U U do




Signal propagation

Propagation in free space always like light (straight line)

Receiving power proportional to 1/d?
(d = distance between sender and receiver)

Receiving power additionally influenced by

fading (frequency dependent)

shadowing

reflection at large obstacles

refraction depending on the density of a medium
scattering at small obstacles

diffraction at edges

"W ¥

shadowing reflection refraction scattering diffraction

L 0000 0O




Multipath propagation

Receiver

Transmitter

Direct paths

S—

— -_-:C-Puz

—

Reflected paths




Multipath propagation

Signal can take many different paths between sender and receiver due to
reflection, scattering, diffraction

~ S multipath
oo oo LOS pulses pulses

signal at sender >
signal at receiver

Time dispersion: signal is dispersed over time
=> interference with “neighbor” symbols, Inter Symbol Interference (ISI)

The signal reaches a receiver directly and phase shifted
=>» distorted signal depending on the phases of the different parts



Multipath propagation
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Fading

Amplitude

fast fading
lr‘i‘ ------ - slow fading

rl IY” ”,“ 7‘['%\&/




Fading

» Large-scale fading (slow - shadowing)

» Long term variation in the mean signal level caused
by the mobile unit moving into the shadow of
surrounding objects

» Small-scale fading (fast - multipath)

» Short term fluctuation in the signal amplitude caused
by the local multipath



Fading
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Noise and interference

> Transmissions from other sources

» Many devices transmitting in the same
frequency

» E.Q., 2.4 GHz wireless telephone, Bluetooth
and Wi-Fi use the same frequency band

» Electromagnetic n0|se (e.g., microwave oven)
e\
' J julﬁlj_




Effects of mobility

Channel characteristics change over time and location
Q signal paths change
Q different delay variations of different signal parts
Q different phases of signal parts

= quick changes in the power received (short term fading)

Additional changes in
' power 4 long term
Q distance to sender fading
QO obstacles further away

-> slow changes in the average power
received (long term fading)

>

v

/ t

short term fading



How we handle errors

» Fixed vs. Wireless
» Fixed: Errors due to congestion
» Wireless: many different reasons

> What to do

» Increase of transmitting power
» Increased power consumption (bad for the battery)
» Increased interference to other receivers

» Error detection and correction

» More powerful codes (processing, channel overhead)
» retransmissions (power consumption, channel overhead)



)i

Network Topologies
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Bus

All terminals on the bus
*Terminals can be connected/disconnected seamlessly
*End points
*Only one message at atime

Low cable cost



Tree
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Parent node can be a bottleneck

Parent node out of order -> all tree out of order
Add nodes at the lowest level



Ring

*Hop by hop transmissions
*Transmit/receive/check/forward
*Networks keep working on node errors



Star
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*All nodes connected in a central node
*Single point of failure



Mobile network topologies
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*Cellular or Ad-hoc
«Common medium (bus)

All traffic through a node (star)
*Hop-by-hop transmissions (ring)
*Multiple access control
*Error control
*Mobility




