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 2027.

» 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
A Avevepyd epyaheia now with 5G mobile networks. The aim of this course is to describe the e
principles and architecture of modern wireless and mobile networks,
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Wireless/mobile Internet access:
- History, general principles of mobile communications
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- Wireless communications - Modulation, transmission
- Wireless networks - WLANS

- IP mobility support AVaKOLVWOELG Ohec..

Mobile Networks: AwPEAY CULETOXN OE TIPOYPAHHA
ETMLTAXuvong yvwong

- 4G networks - Architecture and operation TeTdpTn 23 TemtepPolou 2026 - 215,

- 5G architecture

- Quality of Service / Quality of Experience support in modern networks NpoBeopia yla epyaoieg otnv
EEETAOTLKN Zemtepfpiou 2026

= RIS TR TeTdpTn 16 ZemTepPplou 2026 - 810

- Interference mitigation/management



(9 open eclass

XPHZTHZ

v Emhoyég MaBnuatog

L AvakowmoeLe

L. Epyaociec

& Mnvipata 9

o  Opasdec Xpnotwy

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

ApxLkn Mpoowmkog Xwpog MaBnpata ZUXVEC EPWTNOELS Q AvaZiTtnon...

M Mpoowrtikée Xwpoe * Kwvntd kal AcUppata Aiktua - Mobile and Wireless... > ‘Eyypada

Kwntd kat Acuppata Aiktua - Mobile and Wireless Networks

M121 - EN23/IC1 - Nikoc Macoac “ @

‘Evyypada
Apxkoc katdhoyoc &

-~ Apxeio MéyeBog Hpepounvia
@ Winter Semester2025-2026 5/10/25

[ Winter semester 2026-2027 23/9/26

NI

e

I



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

(9 open eclass ApXLKA Mpoowmikég Xwpog Ma@nuata SUXVEG EPWTNOELG Q AvaZAatnon... ‘ N @ wv

A MNpoowmikoe Xopoc » Kivntd kal AoUppuata Aiktua - Mobile and Wireless... > Eyypada

XPHETHE A , . 7 - .
Kwvntd kat Acuppata Aiktua - Mobile and Wireless Networks n
M121 - EN23/IC1 - Nikoc Macode gl ©
v EmiAoyéc MaBnpatog
Evypada
0 Avakowhoele
0O ‘Eyy a Apxikoc katdhoyoe > Winter Semester 2025-2026 & T Emavw
pa
L Epyaciec
& Mnvipata @ ~ Apxelo MEyeBog Huepopnvia
. - ;
Ouddec Xpnotwv
a Opadecipnoty E Lecture 01-Introduction 458 MB 9/10/25, 11:04 T, &
. Lecture 02-IP over wireless 2MB 16/10/25, 3:05 .. &
[ Lecture 03-IP mobility 156 MB 26/10/25, 9:07 .. &
K. Lecture 04 - Wireless transmission 237MB 30/10/25, £:30u.4. L
. Lecture 05a- Subjects for the assignments 156 MB 6/11/25, 2:22 .. &
[ Lecture 05b- WiFipart 1 1.06 MB B/11/25, 2:150.4. &
I Lecture 06 - WiFipart2 124 MB 1411425, 5:31u.4. &
[ Lecture 07-WiFipart3 2.26 MB 25/11/25, 11:121mu. &
. Lecture 08 - Long Term Evolution 485 MB 12012125, 4:29u.4. &
. Lecture 09 -LTE/LTE-Advanced 6.05 MB 29/12/25, 219 4.4 &
. Lecture10 - LTE/ LTE-Advanced (cont) 4LEBMB 29/12/25, 2:24 .. &
I Lecture11-5Gpart1 3.92MB 21/12/25, B:521.44. &
E Lecture12-5Gpart2 6.33MB 16/1/26, 3:48 4. &



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

(9 open GCIOSS Apxikn Mpoowrnikdg Xwpog Mabnpata ZuxvEQ EPWTNOELS Q AvaZhaTnon... ‘ NN v
B A MpoowTkdg Xwpog > Kwntd kal AcUppuata Alktua - Mobile and Wireless... > AvVaKOW®GOELG
XPHETHE A , 5 7 . .
Kwvnta kat Acuppata Atktua - Mobile and Wireless Networks
N
M121 - EN23/IC1 - Nikoc MNagodg i" @ n

v Emioyég MaBnpatog

0 AVaKoW®@OoEeLS

‘Eyypada

AVAKOLVWOELC

Epdavice 10 v amoteréopata Avaganon...

Mnvupata @

Avakolvwon L Hupepounvia
Opadec Xpnotwv

0O
X Epyaoieg
]
-
L]
Awpedv CUPHETOXN OE MPOYPAHA EMLTAXUVONG YVWONG OMpEPT - 2:15 4.
To 5G-DiGITs Accelerator elval éva TAVEURWTTALKD
TPOYPAPKA ETILTAXUVONG YVGONG TTOU aTTeUBUVETAL OE
DOLTNTLIKES OPADBEC PE LOEEC yUPL OTTO TLE TEXV...
TEPLOOOTEPA

MpoBeopia yia epyaoieg otnv eEeTaotikn Zemtepppiou Tetdptn 16 SemTepBpiou 2026 - 8:10 ..
2026

‘Dool dev Exouv UTTORAAEL TNV EPYACLA TOUC OE TTPONYOUHEVN
£EETAOTLKA TIEPLODO KaL ETTLBUPOUY va TO KAVOUY TWEd, WOTE
va ouvutohoyloTel pagl pe..

TEPLOCOTEPA

EEétaon pabnpatog otig 16/9/26 AeUTEPQ 14 TETTTEpRPIOU 2026 - 4:48 4.
‘Omoloc/a okomeUEL VO CUHPETAOXEL OTNV TTPOYPAHHATLOPEYN

eEetaon otic 16/9 otie 18:30, ac pe evnPepwoEL HEow email,
yLa va hpovTiow Ta dLadLkaoT...
TEPLOCOTEPA



uniflix.uoa.gr

Ymmpeoia Akadnuaikwy BivieodiaAégewv kai EkdnAwoswv

] # =] =1 EQ

MeTadoo g BiveoBiixn Revice Aiaxgipion
AlaAéEswv AlGAEEEWV < MNepiexopévou

It Trol0UG aiTeuBUVETaI ) UTIPETIa

H ummpeoia ameuBiveTal OE QOIMTEG, EPEUVATEG, DIDAKTIKG TTPOCWITIKG, UTTOOTNPIKTIKG
TTPOCWITIKO TOU IBpUPATOC KAl OTO £UPU KOIVO. ATroTeAel EEAIEN TG «YTMpeoiag
AvaiZimong NoAupeoikol Mepiexopévour» delos uoa.gr, e vEO BEATIWPEVO
TEPIBAAAOV Kai Dicupupéveg DuVaToTnTEG.

Ti MPOCPEPEI ) UTIMPECTA OTOUG POITNTEG & XPHOTEG TOU
AiadikTiou

« [lapakoAotBnon Zwviavwv dIaAégewv amo Ti¢ aifouaeg BidaokKaAiag Tou I5pUpaTog
« lapakoAoUBnon {wviaviov SpacewV Kal EKONAOEWY
« pboBacn 010 KATAYEYPAUPEVO TTEPIEXOUEVO, OTIOIIONTTOTE OTIVHA anmd
OTIOIaDITIOTE CUOKEUT)
"E€umiv avaZinon TepieXopévou ava TpRpa, Maenpa, Aidaokovia ) EkdiAworn




uniflix.uoa.gr

Ynnpeoic Akabdnuaikwy Bivtzodiohiiswy kon EkSniwoswy B Apyikn

METAAOZEIZ AIAANEZEQN

L MNapakohouBeiots Zwvtavdr: AichéEsig amo Tig aiBouosg Sibagkahiog Tou |&pipaTocg

=
oy
=

i

23 YemrepPpiov 2026 | 16:25:30 2
H gediSar avavetveTon cuTouaTe KaBs 1% Mo GUETY GVOVEWST KAVTE KAIK OTO ElkoviSio

EMAZETE (MPOCIPETIKGY) KATIOWD oMo Tor sppori{OHEVT KPLTHPLD, VIO VOl TIEQLOPICETE TO OMOTEASOPOT
Q | EmA¢ETs Tprpo

@ MNpoypoppartiopsves Metadoosg @ Olordnpuwpiveg Metadooslg

® ZONTANEX METAAOZEIXZ

Az Bpébnkav Juwvtavig peTadooslg ot sE2MEn

© nNpoypappatiopéveg Metadoozig

D OAokAnpwpéveg Metadooslg




uniflix.uoa.gr

@ Yrnpeoia Akadnpoikwy Brivteobiaheizwy kot Ekdniwoswv

=] BINTEO®HKH AIANEZEQN

MayvnTookonnpeveg SloheEelg omé Tig aifouoeg Tou |Spupartog

Apxuwr) / BovBetn Avalrjtnon

=l © xaBopiopdg Axodnpaiks Erog | Akadnuoikod Etog 2025 - 20 v
@ | Tpripoe MANPoYopIKiG Kot TRASTIKO VWVIGIV © | Madnpo: Kivnta kon Acupporo AikTua © | ABaokwv: MNaoodg NikdAaog

© | Oepartikn Meproxn

Epgavion 1- 31 amé 31 (89 ms) = @ Hpepopnvio }2 ~ o8ivouoa T| ~

Tet 07 lav 2026 1. Kwnta ken Acupporta Aikua - Mépog 1
% Xeypepwo EEGunvo Maocodag NikdAaog - Kwnrd kol Acvppora Aiktua - Tpqpa NAnpogpopikng kot TRASTIKO WWVLLY
2025 - 2026 ™ Aifovoa E, Tpdua Minpog. ken Themik. 382 36 @ 01:00:01.10
Tet 07 lav 2026 2. Kwnré kot Acvppora Aiktua - Mépog 2
% Xapepwo EEGunvo Maoodag Nikdhaog - Kwntd kol Acvppora Aiktua - TpApa NAnpomopiknig kot TRASTIKO VWVLWY
2025 - 2026 ¢ Aifouoa E, Tpuo Minpog. ken Tiemik. 482 33 @ 01:00:00.14
Tet 07 lav 2026 3. Kwnra kai Acvppora Aiktua - Méepog 3
# Xapepwo EEGunvo Maoodag Nwdhaog - Kwnrd kon Acvppora Aikua - TpApa Ninpogopisng kon TAsmKowwviwy
2025 - 2026 ¢ Aifovoa £, TpAua Minpog. ken Tihemik. 482 38 @ 00:59:46.32
Map 19 Aek 2025 4. Kwnrd ko Aovppota Aiktua - Mépog 1
% Xapepwo EEGunvo Maoodg Nikdhaog - Kwntd kol Acvppora Aiktua - TpApa Ninpopopikng kot TRASTIKO WWVLWY

2025 - 2026 T Aifouoa 7, Tppa Minpog. koa Tnhsmk. 38 46 @ 01:00:00.79



delos.uoa.gr

[>] sinTEOEHKH AlANEZEQN

FPS 16.66 Mbit/s 0.91

Mobile and Wireless Networks

Introduction

£ Naoodag NikéAaog




ions

t

1ICa

ireless communi

Before w

. «.w

7

Lot o

"4 2

2]

vl
ao

g

s e NS

-




Mobile communications start

"Are you ready"
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Mobile Communications at the beginning
of the 20t century

1924: First mobile radio telephone

Courtesy of Rich Howard



Generations of Mobile Networks

» 0G: Briefcase-size mobile radio telephones
» 1G: Analog cellular telephony (end “70s)
» 2G: Digital cellular telephony (beg '90’s)

» 3G: 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 (IoT) support (cheap, low
energy, massive number of devices) (beg '20)



New applications

5G Era Enables New Applications

Automotive
_ Fintech | S Smart Cities
Agriculture @ ® Utilities

Education @ @® Public Safety
Robotics @
@® Public Transport

Healthcare @

Broadband @® Hotspots
Manufacturing @
; ® Events, Tourism
Retail @ Massive Critical
ar Machine ¥ Machine s
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
(350gr) the lightest phone: $1,000



Evolution

Enhanced mobile
broadband.
Wireless for industry.

2020s

! “ 0% Fast mobile broadband.
={ 4\ Usesinternet protocol.

Mobile broadband.

l‘l\ /
Q L H ‘ Introduction of
w7 smartphones.

2000s

@ Digital voice calls.
ﬁ Text messaging.

AL Basic data services.

1980s

Analogue voice calls.
Mobile connectivity.




Evolution

The Evolution O0f Mobiles
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Subscriptions per technology

Figure 1: Mobile subscriptions by technology (billion) 5G subscriptions are forecast to
o reach 6.3 billion by the end of 2030.
- 9.4
10 bi"l"on billion
|
9 !
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®
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4
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1 GSA and Ericsson (May 2025).
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Subscriptions 4G/5G

35

1)

25

28

15

1@

8s

3 4 5
Years since first deployment

5G subscription uptake is expected
to be foster than for 4G.

M 56 (2e18-2028)
B 4G (2e09-2017)



Subscriptions per region

Figure 3: Mobile subscriptions by region and technology (percent)

Msc [ LTE@G) M WCDMA/HSPA (3G) GSM/EDGE-only (2G) M CDMA-only (2G/3G)

2024 2030 2024 2030 2024 2030 2024 2030 2024 2030 2024 2030 2024 2030 2024 2030 2024 2030 2024 2030

Sub- South East Central and Latin Middle East India, North East Gulf North Western
Saharan Asia and Eastern America and North Nepal and Asia Cooperation America Europe
Africa Oceania Europe Africat Bhutan Council
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Mobile data traffic

Figure 7: Global mobile network data traffic and year-on-year growth

M Data — Year-on-year growth
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Mobile data traffic

Figure 8: Global mobile network data traffic
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loT traffic

Figure 4: Cellular IoT connections by segment and technology

(‘@ Legacy (26/36) ) (@ Massive IoT (NB-IoT/Cat-M) ) (@ Broadband IoT and Critical 1oT (46/56) )

] 1 2 3 4 5 & 7 g
billian



Internet of Things (loT)

Libelium Smart World

Smartphones Detection

Detect iPhone and Android devices and in
general any device which works with Wifi or
Bluetooth interfaces.

Perimeter Access Control

Access control to restricted areas and detection
of people in non-authorized areas.

Radiation Levels

Distributed measurement of radiation levels
in nuclear power stations surroundings to
generate leakage alerts,

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

Forest Fire Detection

Monitoring of combustion gases and preemptive
fire conditions to define alert zones.

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

Offspring Care

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

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.
A

Quality of Shipment Conditions

Monitoring of vibrations, strokes, container openings.
or cold chain maintenance for insurance purposes.

Water Quality

Study of water suitability in rivers and the
sea for fauna and eligibility for drinkable
use.

Electromagnetic Levels

Measurement of the energy radiated
by cell stations and and WiFi routers.

Traffic Congestion

Monitoring of vehicles and pedestrian
affluence to optimize driving and walking
routes.

Waste Management

Detection of rubbish levels in containers
to optimize the trash collection routes.

Smart Parking

Monitoring of parking spaces availability

in the city.

the green.

2uoTtnuata Kivntwy Kai [NpoowTrikwy ETTIKoIVWwVIWY

Golf Courses

Selective irrigation in dry zones to
reduce the water resources required in

Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or
traffic jams

Smart Lighting

Intelligent and weather adaptive lighting

in street lights.

Intelligent Shopping
Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates.

Noise Urban Maps

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

Water Leakages

Detection of liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis

Information collection from CanBus to
send real time alarms to emergencies
or provide advice to drivers.

Item Location

Search of individual items in big surfaces
like warehouses or harbours.

libelin

www.libelium.com



Internet of Things (loT)

Consumer &
Home

Beecham
Research

The Internet of Things

i
PublicSatety

Pumpa Vaives, Yais Conveyors, Pipcdines Toks cte.
Meters, Orhves, Comventng Rabeication
Assarbiy Paciogng VesselTans, ete.



Al Mobile Traffic
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Frequency and Wave length

. . (A)
> Relationship:  vevdengh

>  A=cff
> wave length A,

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



Signal modulation

Baseband: Transmission of an unmodulated signal
Large range of relatively low frequencies
High attenuation and limited transmission
Good only for short distances and low speeds

Modulation: The controlled variation of a parameter of the carrier
signal based on the information we wish to transmit

Amplitude (Width/Range)

Frequency

Phase

Modem: Modulation/demodulation device



Electromagnetic spectrum

THE ELECTROMAGNETIC SPECTRUM
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The EM Spectrum

Frequency, Hz

»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

1022
102!
1020
10]9
1018
1017
1016
0]5

o

1014
1013
1012
10]1
1010
109
108
107
10°
10°
10*
103

A

Gamma rays
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Ultraviolet

Infrared

[P ‘ E Visible light
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\

Microwaves
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TV, FM

Radio waves
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T

Long wave

1 pm

The visible light
spectrum is
expanded to show
details of the colors.
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g{ Adjacent wave types
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|
|
|
|
\

/ ~400 nm
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of frequencies.



Electromagnetic spectrum
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Modulation/demodulation

Transmitter RF Signals Propogate Receiver

J)) J) J)) 's -
. 3 é
4

l Audio

Voice, Music),
De-Modulator 5:;:.? usic)

l Test Tones

“W | l _

1

Audio

Voice, Music),
( Data) Modulator
Test Tones
RF Generator RF
Carrier

o




Types of modulation

Digital Data

Modulation

Frequency
Shift

Amplitude
Shift

Phase
Shift
Amplitude
and Phase
Shift



Modulation

a) Unmodulated (digital) signal
b | ' \\— ——\ [\ ——\[\—
) Amplitude Modulatlf)n (AM) ) /\/\‘ /\N\/\I . /V\, i "\/\ﬁ—
c) Frequency Modulation (FM) TR R R

FSK (frequency shift keying)
For digital signals

d) Phase Modulation (PM)

PSK (phase shift keying)
For digital signals

> f:carrier

1 I | | 1
| | | 1
| I | 1
| | 1
| 1
I
1
‘\ Phase Changes /



Samples/sec (Baud Rate)

Sample
Sample Rate

In the

Symbol = smallest unit of information

During a Sample, a "symbol" is sent
simplest case of AM:

1 symbol = 1 bit (0/1) = voltage/no voltage
To increase transmission speed, we cannot
decrease the sample duration indefinitely.

However, we can increase the number of

possible symbols (transmission intensity
levels, i.e., signal amplitude) of the AM.

The most common combination of this

technique is with PSK.

Phase changes
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Digital Modulation

» Modulation of digital signals, also known as Shift Keying

»> Amplitude Shift Keying (ASK):
> Very simple
» For low-rate requirements
» Sensitive to interference

» Frequency Shift Keying (FSK):
» Requires larger spectrum bandwidth
» Resistant to interference

> Phase Shift Keying (PSK):

» Complex
» More expensive

180° | 0°



Advanced Phase Shift Keying

> BPSK (Binary Phase Shift Keying): Q
bit value 0: signal

bit value 1: inverted signal (180°)
The simplest PSK

Low spectral efficiency

Robust (satellites) 10 Q 1

-0
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> QPSK (Quadrature Phase Shift Keying):
> 2 bits per symbol | e
» More complex 00 01

> Better spectral efficiency A /\450 1357\ 227\ 31 7\

11 10 00 01
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Quadrature Amplitude Modulation

» Quadrature Amplitude Modulation (QAM): combination of
amplitude and phase modulation

» Encoding of more bits per symbol
> 4 phase levels, same as QPSK

» The rate increases as n (number of amplitude levels) increases, but
with more errors compared to QPSK

Q, 0010 Example: 16-QAM (4 bits = 1 symbol)
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Quadrature Amplitude Modulation
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Multiple Modulations

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

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