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Aopun Mabnuatoc

e Eelilelc oto oxebLaouo Kal TNV vAomoinon KvnTtwv SIKTU WV
4AnS Meviag pe epdoaon oto cvotnpa LTE (Long Term
Evolution).

e AlalEéelc oe PaoLkd EpeuvNTIKA BEpOTa OTNV TTOLPATIAVW
TEPLOXN KOLL OTTO TIPOCKEKANUEVOUC EPEVVNTEC.

* JUVTOUEC TTOPOUOLACELC poLtnTWV o€ BEpata TS EMAOYNC
TOUG e OXeTIKNA kaBobnynon.

e Telwkn mtpodopikn e€etaon.

e Ektetapevn xpnon tou eclass (eclass.uoa.gr/courses/DI1304/)
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[Mpoypoppo ALaAECEWY

Elocaywyn — EEEALEN KvNTWV/OCUPUOTWVY ETUKOLVWVLWV
Atktua 4nc yeviacg (LTE, LTE-A)

Alwaxeiplon Kwvntikotntog o€ diktva LTE-A

E€owkovounon evepyelac o diktua LTE-A

Avtipetwriton mapepPolwyv oe diktua LTE-A

Alaxeiplon mOpwv o€ mponyueva acuppato/Kivnta diktua
Alktuo koppou cuotpatoc LTE (Evolved Packet Core)
Emikolvwvia cuoKeunc-pe-cvokeun oe diktua LTE-A
Mowotnta umtnpeciog Kat epmnelpioc os diktva LTE-A

10 Software Defined Networking - Network Functions Virtualization
11. AodpAAELO KLVNTWV ETUKOLVWVLWV

LN RWNE
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Introduction to Wireless/Mobile
Communications
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Lecture Contents

Mobile
communications A few words for

evolution each lecture

Local area
communications
evolution (WiFj

Metropolital area
communications
evolution (WiMaX)

Typical
Transmission
methods and
access control
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The beginning of mobile communications

It all started 100 years ago

Heinrich Hertz, 1857-1894
e Electromagnetic waves 1887

Guglielmo Marconi 1874-1937
e First radio 1897

Reginald Fessenden 1866-1932
e \oice transmission over radio 1906
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Mobile Communications at the beginning of the 20t century

1924: First mobile radio telephone

A

L] e

B N

] - r ___.1__._'. o - 0
ff%a.-m,iw

Andars Suneson

Courtesy of Rich Howard
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Cellular Networks Impact our Lives

More Infrastructure
Deployment
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Exabytes per Month of Mobile Data Traffic

Decimal
Value Metric
1000 kB kilobyte
10002 MB megabyte
1000° GB gigabyte

1000* TB terabyte
10005 PE petabyte 25 24.3 EB
1000° EB exabyte
10007 ZB zettabyte
1000% YB yottabyte 20
16.1 EB
15
Exabytes
per Month 10 10.7 EB
6.8 EB
5 4.2 EB
, | |

2014 2015 2016 2017 2018 2019
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Global mobile devices

® Other Portable Devices (0.2%,0.2%) ™ Tablets (1%,3%) 9% CAGR 2014-2019
12 ®Laptops (3%.2%) " M2M (7%,28%)
B Smartphones (29%,40%) ® Non-Smartphones (61%,27%)
10
8
Billions of 6
Devices
4
2
0

2014 2015 2016 2017 2018 2019
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Growth of smart devices

14 ® Non-smart Devices and

9% CAGR 2014-2019

Connections
12 ® Smart Devices and
Connections
10
Billions of 8
Devices 6
4
” 49%

2018 2019
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30
25
20
Exabytes
15
per Month
10

0

10% 94%
12% - 92%
_
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Growth of smart traffic

® Non-smart Traffic

® Smart Traffic f 57% CAGR 2014-2019

2014 2015 2016 2017 2018 2019 |
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Global mobile traffic

24
16
Exabytes
per Month
8
0 209
2014 2015 2016 2017 2018 2019
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Internet of Things (lIoT)

Libelium Smart World

according to climate conditions and

unexpected events like accidents or
Smartphones Detection Electromagnetic Levels feafficjaris:

Detect iPhone and Android devices and in Measurement of the energy radiated H H

general any device which works with Wifi or by cell stations and and WiFi routers. Smart nghtlng

Blustooth interfaces. Intelligent and weather adaptive lighting
in street lights.

Air Pollution
Control of CO, emissions of factories, pollution
emitted by cars and toxic gases generated in . E—— o ‘ =
farms, : Control Traffic Congestion

Intelligent Shopping

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

Access control to restricted areas and detection
of peogle in non-autherized areas

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

Forest Fire Detection

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

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

Wine Quality Enhancing

Noise Urban Maps

Sound monitering in bar areas and
centric zones in real time

Monitoring soil moisture and trunk diameter
in vineyards to contral the amount of sugar in
grapes and grapevine health

Offspring Care

Control of growing canditions of the offspring in
animal farms ta ensure its survival and health,

Sportsmen Care

Vital signs monitering in high perfarmance
centers and fields.

Structural Health

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

Water Leakages

Detection of liquid presence autside tanks
and pressure varations along pipes,

Vehicle Auto-diagnosis
Infarmation collectien from CanBus to
send real time alarms ta emergencies
or provide advice to drivers.

Waste Management

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

Smart Parking Item Location

Manitering of parking spaces availability
in the city.

Search of individual items in big surfaces
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 . ﬁ »
or cold chain maintenance for insurance purposes sea for fauna and eligibility for drinkable reduce the water resources required in ll bell lm
use. the green

www.libelium.com
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Internet of Things (lIoT)

The Internet of Things

Pamig, Vislves, Yais, Cormvoyon, Plpcliogs

0143, Drives, Coonertng Fabricstion

8%?1:2 AssarebiyPackaging VeuelTania, erc.
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Smart Energy

UTILITY

Erlﬂrg'rdul'u Serve
(EnDE)

-

adband
F‘-:lw
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Reference architecture

SMART=NRG

-
P
:--ELP/ ; >N —
1)
1/ N A ‘XQ o~
O N -y A
S T A e
=iz
i) £\ A
ZigBee / IEEE - Wireless Mesh with
802.15.4

Relay and NC Cellular Network With Relays and NC

Electric Utility

Substation
Residential / Industrial / Commercial

Community - Microgrid

http://gain.di.uoa.gr/smart-nrg/
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Dense urban scenario

SMART=NRQ®
\
£

BAN |
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Dense rural scenario

SMART=NRQ®
\

MEDIUM 5[ZE
BUILDING

: L] 4”, e, 5
o "‘menmr‘\\\s\lf){ﬁ &H' 1

St ME‘;E’ ,’; SENs0T

= ﬂr SEnsor

: -.ﬁ'ﬂ.se-nsu \ ;f?
| b sensor & Smart i o =
Pl Aenzor Meter

SENE0T
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Dense rural scenario

SMART=NRQ®
\

MEDIUM S[ZE
BUILDING

; 4IJH e
HAN . g
.5 IWHEnmr ‘\\‘S\Fﬁ‘) ( T, fr .

Ens or o
SENsor
sensar ME‘” k

& ~'-‘l'ils Emﬁ\ 5

h. SEensor

ﬁen.sur eter
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Industrial scenario
SMART=NRQ®

MEDIUM SIZE g

BUILDING

2 )
* n‘nensnr n‘:‘s‘ﬂ‘}{’m g
ETS O L

sensar ME‘ESE_:ED:EMDF

HN'.I

n‘m.s Erﬁﬂﬁ\ % ,JF;,

¢ b sensor Smart

SENS0r

éan.mr Meter Sl
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Cellular Network Generations

e |tis useful to think of cellular Network/telephony in terms of
generations:

— 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 (loT) support (cheap, low energy, massive
number of devices) (beg '20)
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Evolution of Cellular Standards

CDMA 2000

5-95 =====
CDMA

1X-DO \
ANALOG — [>-136 TDMA/CDMA LTE
FDMA TDMA \ / OFbM

GSM ——=—=-* EDGE — UMTS
TDMA TDMA CDMA
1G 2G 2.5G 3G 4G
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Global Convergence

 LTE is the major technology for mobile broadband

communications

— Convergence of 3GPP and 3GPP2 technology tracks
— Convergence of FDD and TDD into a single technology track

-~

D-AMPS ™.
PDC i \\\\ 3GPP
GSM WCDMA HSPA LTE
TD-SCDMA HSPA/TDD ) FDD and TDD
1S-95 cdma2000 EV-DO
3GPP2
~ [wimax K
IEEE
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Evolution of terminals and services

2G 1O = 3G O T 4G

«Closed», vertical
services

«Open» horizontal

services
* Telephony «IP based
. Com.plementary « Added value
services
e Fax Java “““‘l‘ .
Standard ,,e***" 105,
EditiQﬂ" _ Android,
» Java Micro full IP
_ | Edition o
WAP
EEEN EEEEEEEEEEEn f'--

TDMA D”ﬁf; sjg:fnce WCDMA - OFDM
FDD Sl TD-CDMA TDD
Hopping
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Business model evolution
2G o > 3G T 4G

Application
provider

Content

provider : \"'
h :
- T : V
. Ser\{:;e e CONEENE Content
provider -~ ) Aggregator iprovider
\\\ \,..;f. -~ sk e v " “.(‘\.,. ‘
! A QUMTS RN e
/ / Operator Service
! Transport :

~

_ , | provider Aggregator
provider ; Transport ' ™. y
\ / ! provider j "-.__Transport"‘u.,
\\\ ACCeSS /I ‘\‘ II' '-‘ prOVIder “"..“ > :-
provider Access ' ' '
. ,/ provider J Access Access
I provider ~_provider
~eli- e -¥ » K P4

Mediator

Subscriber..

Subscsfiber

Subscribeér
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Mobility

Qutdoor

Vehicle

Walk

Fixed

Indoor

Walk

Fixed/
Desktop

Wireless Standards

f oA WAN i aN

orformance WLAN

1 LAN

Bluetooth

A 4

0,1 1 10 100 1000

Mbps (PHY layer)
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2. LTE/LTE-A Basics

* Mobile standards evolution towards 4G

GSM->GPRS->UMTS->LTE->LTE-A
e Key features of Long Term Evolution (LTE)

e LTE architecture / components / functionality

e LTE transmission techniques

e LTE-Advanced enhancements
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Evolution of Radio Access
Technologies

‘ -
..E LTE-Acdv
L% 4G
?5* LTE
CODMAZO00 EV-DO/ 3.xG
DV W-CDMA/HSDPA
g 3G ® LTE (396) .
% CDMA/GSM/TDMA
E 3GPP release 8~9
2G
PTG e LTE-Advanced (4G):
o 1G
| 3GPP release 10+
=
- >
~144 Kbps ~400 Kbps ~40 Mbps 150 Mbps 500 Mbps Data Rates
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3. Mobility Management in LTE-A Networks

Macmcell -
=5 Mobile Operator

Network acket Data

Mobility Mg nag

tity .
g
=
Femtocell |

N Broadband
~_Router P Network
Internet =

Secure
Gatewa
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Focus of the Lecture

— Motivation
— Support of femtocells in LTE-A

— Key aspects and research challenges
e Cell search
e Cell selection / Reselection
e Handover decision
* Handover execution

— Handover decision for femtocells in LTE-Advanced (LTE-A)
 Handover decision criteria and context

e Classification and survey of handover decision algorithms
e Comparative summary and future research directions
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4. Energy Saving in LTE-A Networks

e The use of devices such as smart phones, tablets etc., is
widespread.

e |nevitably user expectations also rise in terms of higher data
rates, instant internet connectivity and a much larger variety
of applications to play with.

 Higher speed data transmission or reception requires higher
power consumption; this in turn drains the battery quickly.

e To support battery-operated mobile devices, LTE has
developed energy-saving features that allow mobile devices
to operate for longer durations without having to recharge.
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Huge increase of femtocells

Millions

70

20

Number of BTS/access points deployed
8

10

2,011 2,012 2013 2014 2015

¥ Femtocells ™ Macrocells " Microcells ¥ Metrocells ¥ Picocells

Source: Informa Telecoms & Media
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Focus of the Lecture

— Motivation
— Component-Level Energy Saving

* Energy consumption model for component-level energy saving
* Opportunities for component-level energy saving for femtocells

— System-Level Energy Saving
* Energy consumption model for system-level energy saving
* Opportunities for system-level energy saving for femtocells

e Performance comparison of system-level energy saving
approaches

e Research directions
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5. Interference Management in LTE-A

Heterogeneous environment - Different types of interference

i Macrocell Macrocell
Picocell Picocell Distributed
‘B’ Antennas H
Relay

Distributed

Anlennas‘E
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The Interference problem in
Femtocell-Overlaid LTE-A networks

During the interference management lecture we will deal with:

e The LTE-A tools/technologies that are related with the interference
management

 The state-of-the-art approaches for interference management
e The interference management in control channels
 The relation between interference and QoE
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INTERFERENCE PROBLEM IN FEMTOCELLS

. Co-channel Interference

« Uncertainty of Placement due to User-Deployment

. Degradation to and from other Femtocell and Macrocell
Basestations

INTERFERENCE SCENARIOS

Macrocell UE Femtocell BS
Macrocell BS —— Femtocell UE — Cross-Tier
Femtocell UE Macrocell BS

Femtocell BS Macrocell UE ]
Femtocell ‘A’ UE Femtocell ‘B’ BS |
Femtocell ‘A’ BS Femtocell ‘B’ UE |

-~ Co-Tier

;o kWM R
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6. Radio/Resource Management in Modern

Wireless/Mobile Networks (focus on LTE-A)

e Synchronous wireless networks important characteristics
 Frequency band
e MAC architecture
e Transmission scheme
e Modulation

e Multiple access schemes
e Single Carrier
« OFDM
« OFDMA
e SC-OFDMA

e Point-to-multipoint & mesh architectures
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Typical RRM Problem

i : DL - Subframe UL - Subframe ——
F
c| DLburst #1 (SS02 DL burst #2 (SS 0
H
-8
=
al| =] Pt
s |- '
4 - Tt DL -burst #4 (55.10) L
o= |
o .9 2] 1eenz) e
2| x | It b
= . am.
) P (
b
=
: DL burst #5 (55 09)
)
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Resource Management — Theory vs reality

e How QoS affects scheduling & resource management

* Importance of resource management for wireless networks
efficiency

e Commonly used algorithms for scheduling & resource allocation
e Complexity vs performance

* Operator’s point of view

e Customer's (Public/Civil/Military/Industry) point of view

e (Casestudyon LTE
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7. Evolved Packet Core — The Core Network of LTE

M W S
y

 Internet

EPC

o

E-UTRAN

MME (Mobility Management Entity)

HSS (Home Subscriber Server)

S-GW (Serving Gateway)

P-GW (Packet Data Network Gateway)
PCRF (Policy and Charging Rules Function)
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8. Device-to-Device Communications in LTE-A Networks

Cellular Why D2D?

link s
D2D \ﬁ% eNB e Higher throughput, lower delays,

link o T h\\>\ reduced power consumption

e Increased spectrum utilisation

e eNB offloading and network
decongestion

e All benefits of centralised eNB
control (higher security etc.)

* New service opportunities
e (Can be transparent to the user

» D2Dis ideal for short range data
intensive peer-to-peer
communications, e.g. games, video
streaming etc.

» Focus on:

- Network-assisted D2D links
- Utilising licensed spectrum
- Direct pair communication
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Main research issues

e Intra- and Intercell interference mitigation (co-existence of
cellular & D2D links): Power control optimisation mechanism for
D2D, Exploitation of proximity/neighbourhood information etc.

e Radio resource management (Resource Blocks allocation)
e Comparison between cellular and D2D performance

e D2D session setup and management

e Peer device and service discovery techniques

TX UE a
e :‘: ., eNB-2
, D2D
using
= / Strong interference / resléul‘rce
b e
=
RX UE
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9. QoS vs QoE in LTE-A Networks

What is Quality of Experience (QoE)?
e The overall acceptability of an application or service, as

perceived subjectively by the end-user.

e The degree of your delight or annoyance over a product,
application or service.

User
Quality of Service
Grade of Service System
Quality of Resilience
Context
Content

T
o
/

o
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Learning objectives

QoS in LTE-A

QoS versus QoE

Motivation behind QoE

The QoE concept & its significance

Major influence factors

QoE provisioning framework in LTE-A
Relationship between QoS and QoE

How can it be measured? = QoE modeling
How can it be controlled? - QoE management
Standardization

Non-technical challenges (legal, business, etc.)

JemKidy EmoTrudy

Turjua MNMAnpo@optknig kat TnAermikol

VOVLWV
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QoE provisioning

Goal: Optimize end-user QoE, while making efficient use of
network resources & maintaining a satisfied customer base.

M
+-# Function1l |IUF :> Function2 |[fo :> Function3 | A E>-~-
E N
C
E I =
D T -
B 0 oE-centric
QoE A QoE R Q 0
: . management N
data collection| ¢ modeling I
K N & control S
G
/WL ‘
~What to From ™~ How? Which ™" How
S G IE@EJ%KWL)@D /_L
How to > > How to >
transfer?. diagnose? deliver? -
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10. Software Defined Networking — Network Functions Virtualization

Mobility, explosion of devices and traffic:
huge capital investment.

Network operators face an increasing disparity
between costs and revenues

Complexity: large and increasing variety of
proprietary network hardware appliances
Lack of flexibility and agility

Launching new services is difficult and takes too long.

/ Two complementary solutions \

revenue

Service Provider
bankruptcy point

Software Defined Networking Network Functions Virtualization
SDN is an approach to networking in which NFV aims to virtualize the network
the standardized networking protocols are functions previously carried out by
replaced with centralized software proprietary, dedicated  hardware
applications that may configure all the appliances, so they can run in
network devices. software.
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Why we need SDN/NFV?

. . . . APPLICATION LAYER I
1. Virtualization: Use network resource without [ JJ
worrying about where it is physically located, Husiness Applcations
how it is organized, etc. I*P'

CONTROL LAYER

2. Orchestration: Should be able to control and SDN ="
Control -
manage thousands of devices with one Software l

Control Data Plane interface

command. (e.0.. OpanFlow)

3. Programmable: Should be able to change the
network behavior on the fly.
4. Automation: To lower OPEX by minimizing

manual involvement SDN/NFV Benefits

1. Reduced operator CAPEX and OPEX
through reduced equipment costs

2. Reduced time-to-market to deploy
new network services

3. Greater flexibility and agility to
evolve services

4. Openness to the virtual appliance
market and pure software entrants

INFRASTRUCTURE LAYER

MNetwork Deviea

Natwork Davica

Matwark Device

Metwork Davics Metwark Device
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eNodeB
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Virtualizing eNBs

o

($ o

- #’ y

8

§ s
--. & o

:
"> &

- UEs

Physical Resources
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11. Security in Mobile Communications

e Security architectures for mobile networks
e Security services provided

- User Identity Confidentiality

- User and Network Authentication

- Keying material generation

- User data and signaling confidentiality and integrity
protection

e Network domain security services designed for future
networks

e Security Weaknesses and Vulnerabilities
e Possible Attacks and their Impact
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12-13. Student’s Presentations

e Each student will do a 10-15" presentation in
one of there areas

e Paper presentation or comparison of two
papers

e Assistance and supervision during preparation

 Questions from audience

* 60% of the final grade
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From Aloha & wired networks to
synchronous wireless networks

e Introduction to access techniques and spectrum exploitation

e More than a Century of wired communications > few
decades of wireless communications

e Spectrum has more difficulties than wire

e Great evolution in microelectronics helps

e How we deal those difficulties during the evolution of
wireless networks (standards 802.11, 802.16 etc)

4G wireless networks are quite mature but

* There are still many challenges and research opportunities
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TCP/IP Reference Model

TCP/IP

EBvikd kat Kanodiotplakd
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ISP
S

[

1
1

1 RN
1 N

Broadcast Networksf}
/' (DAB, DVB-T)

Wireless
LANSs

1P-based ,
# micre:mobility .-

~
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Electromagnetic Spectrum

THE ELECTROMAGNETIC SPECTRUM

Wavelength
{in meters}

Size of a
wavelength

Cormamicn
name of wave

Sources

Frequency
{waves [per
second)

Ennrgy of
one photon
{electron volts)
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ISM Band (Industrial Scientific Medical)

26 83.5 125
Bandwidth ~MHz - MHz - MHz -
Fradq. 902 928 2.4 24835 5. 735 5,860
MHz MHz GHz GHz GHz GHz

e Unlicensed, free to use
e Mainly used for WLANs
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The Multiple Access Problem

 The base stations need to serve many mobile
terminals at the same time (both downlink
and uplink)

e All mobiles in the cell need to transmit to the
base station

* Interference among different senders and
receivers

 So we need multiple access scheme, to control
transmissions from/to mobile terminals
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Multiple Access Schemes

frequency frequency frequency

. E time
FDMA e TDMA e CDMA

3 orthogonal Schemes:

* Frequency Division Multiple Access (FDMA)
e Time Division Multiple Access (TDMA)
e Code Division Multiple Access (CDMA)
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Frequency Division Multiple Access

Guard Band

[ NN Y YN

frequency

 Each mobile is assigned a separate frequency channel for the
duration of the call

e Sufficient guard band is required to prevent adjacent channel
interference

e Usually, mobile terminals will have one downlink frequency band
and one uplink frequency band

e Different cellular network protocols use different frequencies
 Frequency is a precious and scare resource. We are running out of it
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Time Division Multiple Access

FRAME j FRAME j+1 FRAME j+2

SLOTZ[J SLOT 2 I SLOT 3 I SLOT 4 I SLOT 5 I SLOT 6

Guard time — signal transmitted by mobile
terminals at different locations do no arrive
at the base station at the same time

e Time is divided into slots and only one mobile terminal transmits
during each slot

— Like during the lecture, only one can talk, but others may take the
floorin turn

e Each user is given a specific slot. No competition in cellular network
— Unlike Carrier Sensing Multiple Access (CSMA) in WiFi
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Code Division Multiple Access

e Use of orthogonal codes to separate different transmissions
e Each symbol of bit is transmitted as a larger number of bits
using the user specific code — Spreading

— Bandwidth occupied by the signal is much larger than the information
transmission rate

— But all users use the same frequency band together

JE— J S— \ Orthogonal among users

Data Signal

Fseudorandom Code

Transmitted signal:
Data Signal XOR with
— — — — — the Pseudorandom

=
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ALOHA

User

Time ———
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A comparison of simple protocols

0.01-persistent CSMA

Nonpersistent CSMA

0.1-persistent CSMA

o= o
N ® 0 O
|

0.5-persistent

06 = .~ CSMA

er packet time)

P

o

o
|

Slotted
ALOHA

ut

P
o
o

|

1-persistent
Pure + CSMA

»~ALOHA

through
o
W
I

S
© ©
=~
|

| | | | : | | |
3 4 5 6 7 8 9
G (attempts per packet time)

o
o
—
N
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QDFip

CERTIFIED®

e Based on IEEE 802.11 standard and its amendments
(a,b,g,n,...)

e Simple but efficient especially for light/medium
traffic

e Cheap to implement and operate
* Constantly upgraded to be up to date

* Follows the evolution in wireless communications
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802.X Family of Standards

IEEE 802.2 Logical Link Control (LLC) T
OSl Layer 2
1) (Data Link)
MAC l
v
IEEE 802.3 | IEEE 802.4 | IEEE 802.5 IEEE 802.11 T T
CSMA/CD Token Token ... | Wireless oS! L .
: ayer
e AU PHY (Physical)

| |
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802.11 OSI Protocol Stack

OS5I Reference Model

[Applicatinn La'fer]
{PFEEEHthiﬂH Laym:]

Network r[ Session Layer

Operating TCP
Sy 4 [ Transport Layer

(NOS) -.[ Network Layer ] IP

_ Logical Link Control (LLC) 802.2
| -Pata Link Layer-| jyiiim Access Control (MAC)

[ Physical Layer

802.11b {
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802.11 — Ethernet Wireless Extension

<< Application Level Data >
Applications Application
5 Network addressing, routin i
\l g g l/
Tsft:apéLP _ TCP/IP
Bridge control IP routing
802.11 802.11
WLAN .| WLAN | Ethernet Ethernet Ethernet
radio | eeeeeeer”’ radio
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Access Modes

Distributed Coordination Function

(DCF) Required for Contention
Free Services
- Mandator i
4 Faint
- Basic access mode Coardination Used for Conterntion
Function Services and basis for PCF
- Contention-based MALC PCF -
Externt
Point Coordination Function (PCF) Distributed
_ Coordination Function
- Optional DCF

- Contention-free

- Lower delay variance
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Distributed Coordination Function

CSMA/CA based protocol

— Listen before talk
— Collision Avoidance instead of Collision Detection
— Different than CSMA/CD used in wired Ethernet (why ??)

e Uses acknowledgment for all transmission
e Data correction through retransmissions

e 4-way handshake (RTS/CTS/Data/Ack) for «Virtual Carrier
Sensing»

 Handles hidden terminal problem
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Distributed Coordination Function

Sense the medium

medium free for t > DIFS ?
l Yes

No

Backoff and Send RTS
Collision ?

l NO B
. - Backoff
Recelve CTS

l

Send data

Error ?
l No

Receive ACK DIFS: DCF Interframe Space

Yes

Yes (Retransmission)
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Collision avoidance in node B

RTS

CTS
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SIFS
DIFS l .
RTS Data
Source
SIFS SIFS
i vl —_— N
] CTS ACK
Destination
— DIFS
NAVY (RTS CWw
Other (RTS) / /
MAV (CTS)
MNAV (data)

» Always SIFS<DIFS
» Power saving through the NAVs

Backoff started

Defer access
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Example of DCF Transmission

S S S
. ] random I I I new random
station 1 nav backoff FlCTS F|ACK FIACK|  backoff
reset (7 slots) S S S (10 slots)
. D S S D
station 2 nav , RTS || DATA || DATA | ||| station defers
reset F F F F
_ S S S - S
. random remaining I
station 3 nav back-off backoff F|ACK
reset (9 slots) (2 slots) S
station 4 NAV D station defers, but keeps backoff counter (=2) D S
reset II: station sets NAV upon receiving RTS Il-'
|S S S
station 5 F [ACK station sets NAV upon receiving RTS
S 2
station 6 station sets NAV upon receiving CTS,
DATA this station is hidden to station 1 . >
time
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Disadvantages of DCF

Unpredicta
Unpredicta

Unpredicta

0
0

0

e number of collisions
e delays
e throughput

Equal opportunities for transmission (no

priorities)

And one advantage

 Low delays and good performance in light traffic
load conditions
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Point Coordination Function

ol Contention free period -
SIFS SIFS SIFS PlFS SIFS
— - — |- — b — co
| H D1 +Poil 2 + ALK -+ Poll D3+ ACK-+FPoll Dd-+Poill CF-End
L1 +ACK L2 +ACK A~ ACK

— — — —

FlFS i | SlkFS slkS
MAY

\ A

\

Synchronization beacon

Variable duration of
Contention Free Period
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Disadvantages of PCF for QoS

v Terminals cannot transmit their requirements to the AP
v The AP cannot stop a transmission to transmit the
synchronization beacon *

v Polling does not include time to reserve the channel *

* Maximum packet (MPDU) allowed 4095 bytes = 32760 bits
= 32,76 msec (yia kavaAt 1Mbps)
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woosmoss| | IEEE 802.11n |

| 1EEE 802.11n |

54 Mb/s

| 1EEE802.11¢ |

| IEEE 802.11a |

11 Mb/s

| 1EEE802.11b |

2wbis || |EEE 802.11 |

1 Mb/s
2,4 GHz 5GHz
802.11a 802.11b 802.11g 802.11n
Maximum Data 54 Mbps 11 Mbps 54 Mbps 600 Mbps
Rate
Modulation OFDM DSSS OFDM OFDM
RF Band 5 GHz 2.4 GHz 2.4 GHz 2.4 GHz or 5 GHz
Number of spatial 1 1 1 lto4
streams (MIMO) °
Channel Width 20 MHz 20 MHz 20 MHz 20 MHz or 40 MHz
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e IEEE

WirelessMAN
* 80216 «_*

IEEE 802.16
WiMaX

"Air Interface for Fixed Broadband
Wireless Access Systems”
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WirelessMAN: Wireless Metropolitan Area

~ SOHO
Basestatlon ({ customer

Multi-tenant
customers

Core

" repeater o\
Basastatlon Sustomer

Source: Mokia Networks
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WiMaX Layers

J 1| Upper
'1 ] layers
Service specilic convargence sublayer
------------------------------------------- Data
MAC sublayer common part link
"""""""""""""""""""""" layer
Security sublayer
o
Transmission convergence sublayer )
_________________________________________  Physical
Fhysical medium ) i layer
dapandeant Euhlay‘-&r{ QPSK QAM-16 -‘ QAM-64
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The 802 Family

802.2 Logical Link
802.1 Bridging Data
Link
Layer
802.3 802.4 802.5 802.6 802.11 802.12 802.16
Medium| | Medium| | Medium| | Medium| | Medium| | Medium| | Medium
Access Access Access Access Access Access Access
802.3 802.4 802.5 802.6 802.11 802.12 802.16 Physical
Physical| | Physical| | Physical| | Physical| | Physical| | Physical| | Physical Layer
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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
80 80 a0
LA L L AR B R 1
o | o il cece|ecee
180 o il il 0 180 il 0
o | o b bl cecs(ocse
ol esse | seee
L X L X BN X B B )
270 270 270
QPSK QAM-16 QAM-64
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Adaptive modulation

QAM-64 (6 bits/baud)
QAM-16 (4 bits/baud)
QPSK (2 bits/baud)
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Adaptive modulation in WiMaX

Modulation | FEC Coding | Uncoded Burst End to End Ethernet
Rate Rate (Mbps) Throughput (Mbps)

BPGE ¥ 6 5.7

BPGE Ya 9 8.6

QFSKE ¥ 12 114

QPLE Ya 13 17

160 AT ¥ 24 22.4

1604 Ya 36 33

64 AN 23 43 432

64 AN a 54 45.1
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Time Division Duplexing (TDD)

MAC Frame | MAC Frame | MAC Frame

Movable boundaries

<“—> «—> “—>

Downlink
Carrier

A
A\ 4
A
v
A
v
A
v

Broadcast Reserved Random Reserved
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Media Access Control (MAC)

 Connection oriented petadoon

— Connection ID (CID)
— Uni-directional

e Channel access:
— UL-MAP

— Includes reservation information for the uplink
— Who transmits (to the Base Station) and when

— DL-MAP
— Includes reservation information for the downlink
— Who receives (from the Base Station) and when

— UL-MAP and DL-MAP are transmitted at the beginning
of each time frame (broadcasting).
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DL Subframe UL Subframe
L >
Pra- DL-Burst | DL-Bursts | DL-Burst | DL-Burst Initial Bw UL-Burst LIL-Burst
ambie #1 #i-4 #o #G ranging | request #e e
/’ =
i =

IE IE IE

DL-Bursts

FCH 1.4

amble

A OFDM

QoS - Priorities
Uplink = problem ?

Frequency
1
i

Time
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Bandwidth request and allocation

Downlink
implicit requests
(queues)

1] =t EE) Pﬂfﬂf—i’ﬂ—pﬂfﬁlf
Fixed BWA

backhaul

(IEEE 802.16-2004) ernad

] &
n L b "
Residential — _oeeeee -
,,,,, -
..... .
,,,,,,
,,,,,,

QoS parameters
per connection

last mile

Base
Station

Maohile User

“Mobile BWA™
(IEEE 802.16¢e)

Industrial

direct requests
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Extensions in 802.16e

e Mobility support

e Orthogonal time division multiple access
(OFDMA)
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Dimensionize Resource Management

: Hardware
Spectrum Topologies:
" MIMO PMP / Mesh (Mem, CPU Power)

Interference System -
Multiple Access

Techniques, Coding

Architecture OFDMA
—

SA

Channel Conditions
Mobility
QoE

QoS Classes

ARQ (H-ARQ)
Mechanism
Time parameters

—> (delay, jitter)

~

Time
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Scheduler/RA’s role
QoS

Wireless
Resources @160 162N X1]4s System

Architecture

Transmission / Access
Techniques
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OFDM: Orthogonal Frequency Division Multiplexing

. Freguency Division Multiplexing (FDM)

0 At=Symbol Bate (B,) = ZBandwidth (B}
4 Sye(S) 16
14 Symbol 1 Symbol 2 Symbol 3 Symbol 4
12+
1
.. 0.8-
Traditional FDM g
0.4+
0.2
0
0.2-|
o4 Ta To + At To+2 At To + 34t To +4dAt
06|
0.8~
S s i o o e o o A w0
- k- redlal 1|
OFDM ! carriers ; g4

Modulation__ @ | |

»

"/L'req uency

OFDM
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OFDM pros and cons

Pros
e Spectral efficiency
e Robust against narrow-band co-channel interference

e Higher throughput in the same frequency band (more
Su bcarrierS) (3] Conventional FOM (b OFDOM

Spectrurn
Spectrurn

[n] [n] L
= 4 = =] [x] 2 4 = =]

o =
ConS Frequency (1/T) Frequency (1/T)

e |t is more sensitive to carrier frequency offsets

e More energy requirements due to high peak-to-average
power ratio (PAPR)
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SC/OFDM/OFDMA

>

A SC + OFDM OFDMA

Frequency
Frequency
V1 v B
A
Frequency

Time Time Time
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OFDMA/TDD structure

i : DL - Subframe UL - Subframe ——
F
c| DLburst #1 (SS02 DL burst #2 (SS 0
H
-8
=
al| =] Pt
s |- '
4 - Tt DL -burst #4 (55.10) L
o= |
o .9 2] 1eenz) e
2| x | It b
= . am.
) P (
b
=
: DL burst #5 (55 09)
)
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Sub Channels Logical Number

OFDMA/TDD structure

JIE BLnsnes]

LIS

DL Burst #2 BUrst #3

k+2 |

APV b4 AN

ot I A
T ..J'l__l
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Advantages of OFDMA

e More flexible allocation of the available spectrum.

e Avoid transmission in low quality carriers (e.g., due to interference).
e Lower maximum transmission power for users.

e Higher overall throughput.

e Allows simultaneous transmissions from several users.

e Lower delay variance.

e Averaging interferences from neighboring cells, by using different carriers
when possible.

Disadvantage
e Considerably complex in design and implementation
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Thank you for your attention
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