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 2026.

» 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 d
and now with 5G mobile networks. The aim of this course is to describe the principles and architecture of modern wireless and mobile ne
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

- IP mobility support

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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EOGNIKO KAI KATOAIXTPIAKO MANEMIZTHMIO AGHNQON

£ Mepigydpsve v Avalntnon Je AEEeIg - KAEIOIG O KATOYEYPAMUEVO TTEPIEXOUEVO n OgyaTIKN TTEPIOXT| ~ Tunua~ EkdnAwon ~

B AKadnpaiké 'ETog: 2024-2025 v [ KdavTe KAk yia aAAayr |

Q Evepyég EmAoyég Avaditnong: Kivnté kai AcUppara Aiktua % Maoodg NikéAaog ¥ Turiua MAnpopopikig kai TnAemmkovwvicy % Agaipeon OAwy %
Bpéénkav 35 amoteAégpara ¥ Hpepopnvia ~ =& Aetropsprig ~

A <« Mponyoupevn 1 2 Emopevn »

» 1. Kivntd kai AgUppara AikTua (2025-01-10-18:10:14) / Mépog 2 (Maoadg NikéAaog, Epyactpiaks AiBakTikG MpoowITIKS)
Kivnra kat AcUpuara Aiktua, Tunua MNMAnpogpopikig kai TnAemiKovwvidv

Mpoypaypatiopévn Metédoon pabrparog
E{dpnvo: Metarrruiaké | @ 2025-01-10 | W01:00:00 | @58

P 2. Kivntd kai AgUppara AikTua (2025-01-10-17:10:10) / Mépog 1 (Maoodg NikéAaog, Epyactpiakds AiSakTiké MooowrTika)
Kivnra kar Acupuara Aiktua, Tunua MNMAnpogpopikng kai TnAemiKovwvidv

Mpoypaypatiopévn Metédoon paBhpaTtog
E{dunvo: MeTamrruyioké | & 2025-01-10 | H01:00:00 | @42

» 3. Kivntd kai AgUppara AikTua (2025-01-10-19:10:14) / Mépog 3 (Maoadg NikéAaog, Epyactnpiaks AibakTiké MpoowiTika)
Kivnra kar Acupuara Aiktua, Tunua MNMAnpogpopikng kai TnAemiKovwvidv

Mpoypaypatiopévn Metédoon paBhpaTog
E{dunvo: MeTamrruyiaké | &8 2025-01-10 | W00:59:45 | @46

» 4. Kivntd kai AgUppara AikTua (2024-12-20-17:10:09) / Mépog 1 (Maoadg NikéAaog, Epyactnpiaks AibakTiké MpoowiTika)
Kivnra kar Agupuara Aiktua, Tunua MAnpogopikis kai TnAemikovwvikv

Mpoypaypatiopévn Metédoon pabrparog

E{dpnvo: Metarrruiokd | [ 2024-12-20 | W01:00:01 | 38

» 5. Kivntd Kai AcUpuarta AikTua (2024-12-20-18:10:14) / Mépoc 2 (Macodg NikéAaoc, Epyactnpiaks AiSAKTIKS [To0CwWITIKG)
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O EmAdere Turua' yio va TEpIPITETE Ta aToTEAETUaTa

Bpédnkav 5 amoTeAéapaTa

Tunipa ; B}
» 1. Aeitoupyikd ZucTAUATA (XaTlneubupiadng EveTdalog, Kaenynic)
MAnpogopikris kar Tnhemkovwvioy (5) Turipa MANEoPoRIKAE kai TRAETIKONV WY
Mdabnpa Efaunvo:50 | & 1510 | & 20peg | TF ApgiBiarpo (peydho), Tufpa Mhnpog. ko TnhAemk. | MpdoRacn: Ms IGpuponke hoyapiaoud
Liakpitd MaBnpankd (5:3) Zuviovi Merddoan | Kataypagh

Nikriwon Baoopévn ato Aoyiopiks

Eibikd ©fpara Kpavnkrg Minpopopiag

ke YToAoyioTikrg » 2. E15iIkd @£para KBavTikig NMAnpogopiag kal YoAoyIoTIKC (MavBnhapd Alkatepivn, Zuvesydmg)
EvigyuTikr pnxaviki paBnon kai Turpa NANCOPODIKIS Kal THAETTIKONWVILIY
Eroxaomkd Traiyvia Egdunvo: - | @ 15110 | @& 20pe¢ | T¢ AiBoucsa E, Tpfpa NAnpog. km TnAsmk. | MNpoéopaan: Me IBpupankd Aoyapiaoyd

Nemoupyika LuoTripara
({:}) ZwvTavA Merddoan | Kataypapr

Ymweouvog
AhwviaTiwTn ABavagia
p 3. AiKTOwon Baoiopévn o1o AoVITHIKS (AMIVISTIWTY ABavagia, AVamAnowroia Kasnyrtoia)

Kahoutrraidng Nikog
Turpa MANPe@oRIKIS Kai TRAETIKOVWVILIV

Mavdnhapa Akarspivn
Efaunvo: Mrammmuyiaké | & 15110 | & 30peg | 5 Aibovoa M, TpRpa MAnpogopikig ko TnAsmkowwviwy | MpooRaon: Me IGpupankd

Xapddpakag lwavvng Aoyaplagus

XarZnevBupadng Euordabiog
({:3) ZuwwrovA MerdBoan | Kataypagn

> 4. AlakpiTd MaBnpartikd (XauoSpakag lwdvvng, EIGiKO AIGTKTIKG MTpoowmiKGd)
Tunpa MANpoPopIKITS Kai TRAETTIKOIVWILIV

Egdunvo:1o | & 1310 | & 40pec | TF Appidéatpo A1, Tphqpa NAnpog. kal TnAemk. | Npdopacn: Me 1Gpupankd Aoyapiagpd

({:('-‘) Zwvravi Merddoan | Kataypagn
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Mobile communications start

"Are you ready"

ITHIS MEMORIAL IS RENt
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y WFOUNDLAND AND A NEW ERA
IN WORLD OMMUNICATIONS.
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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
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Enhanced mobile
broadband.
Wireless for industry.

2020s

w “ 0% Fast mobile broadband.
= \@§ Uses internet protocol.

i Mobile broadband.
=‘ ‘ Introduction of
A smartphones.

2000s

(:__5) Digital voice calls.
ﬁ Text messaging.

AL Basic data services.

1980s

Analogue voice calls.
Mobile connectivity.
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The Evolution O0f Mobiles
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Figure 1: Mobile subscriptions by technology (billion) 5G subscriptions are forecast to
o reach 6.3 billion by the end of 2030.
1e billion bi‘l;l-i4on
9 : 6 3
8
. /bn
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1 GSA and Ericsson (May 2025).
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to be foster than for 4G.
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B 4G (2e09-2017)
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Years since first deployment
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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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Figure 4: Global mobile network data traffic and year-on-year growth
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Figure 5: Global mobile network data traffic (EB per month)
FWA (4G/5G) [ Mobile data (5G) Mobile data (2G/3G/4G)
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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

Pumga, Vaivs, Yacx, Conveyors, Pipelines.
Maters, Orhves, Comvertng Rabeication
Assarbly Packoging Vessels/Tons etc.
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Avarrtugn loT

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

&

2815 28ls 2017 2018 2819 2820 2921 2822 2623 2824 2825  2RZs

IaT 2028 2026 CAGR

Wide-area IoT 1.7 5.8 23%

Cellular IaT? 1la 5.4 23%

Short-rangeIoT 187 286 12%

Total 124 264 13% i ; ; i
2uoTtnuata Kivntwy Kai [NpoowTrikwy ETTIKoIVWwVIWY



Al Mobile Traffic

EB/month
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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
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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
20 90 a0
eeese | seee
' M L R B B B B B B )
. ™ cole e sese | seee
180 0 0 180 X N N AR X B W | a
e ®| o @ L L L N N N N N
. . sese | seee
* e 00 T YT
X B 0 BRE B B N )
270 270 270

QPSK QAM-16 QAM-64



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
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Electromagnetic spectrum
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Signal propagation

Communication satellite

Space wave
e p
Ionosphere
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Signal propagation

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

Infra low [LF 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
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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

d X

shadowing reflection refraction scattering diffraction

L 00000




Multipath propagation

Receiver

Transmitter

Direct paths
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Multipath propagation

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

N 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

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

» Electromagnetic n0|se (e g., microwave oven)
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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
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)
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